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कृिष का भारतीय अथ��व�था एवं जीिवकोपाज�न के िवकास म� िवशेष �थान है। कृिष के िविभ� �े�ो म� 

हो रहे �मागत उ�ित ने नई तकनीको ंऔर उपकरणो ंका िवकास िकया है, िजसके फल��प खेती 

के लगभग सभी पारंप�रक तरीको को बदला जा सका है | यह एकमा� ऐसा �े� है िजसने न केवल  कृिष 

�े�ो के अिपतु देश के अ� �े�ो ंके िवकास म� भी ब�मू� योगदान िदया है | जैव िविवधता के संर�ण म� 

जैव�ौ�ोिगकी का िवशेष मह� है | कृिष जैव�ौ�ोिगकी फसल की पैदावार बढ़ाने तथा पौधो ंकी 

िवशेषताओ ंको और अ�िधक कृिष-उपयोगी बनाने के िलए अनुवांिशक �प से संशोिधत पौधो ंको 

िवकिसत करने पर क� ि�त है।  घटते �ाकृितक संशाधनो एवं जलवायु प�रवत�न की �ितकूलता के दौर म� 

कृिष वै�ािनको ंपर रा� के िलए  खा� एवं पोषण सुर�ा सुिनि�त करने की महती िज�ेदारी है | �

यह मेरे िलए अ�ंत हष� का िवषय है िक भा.कृ.अ.प.- रा�ीय पादप जैव�ौ�ोिगकी सं�थान, नई िद�ी  �

�ारा, 28-30 अ�ैल 2022 के दौरान “एडवांसेस इन �ांट बायोटे�ोलॉजी ए� �ूट� ीशनल िस�ो�रटी 

(APBNS-2022) िवषय पर एक अंतरा�ीय संगो�ी एवं �ांट िटशू क�चर एसोिसएशन (इंिडया) की �

43 वी ंवािष�क बैठक का आयोजन िकया जा रहा है |

मै इस अवसर पर संगो�ी केआयोजको ंएवं इसम� भाग लेने वाले सभी वै�ािनको,ं छा�ौ ंएवं अ� 

िहत धारको ंको बधाई देता �ँ और संगो�ी के सफल आयोजन के िलए अपनी हािद�क शुभकामनाऐ ं

पेिषत करता �ँ | 

मुझे िव�ास है िक रा�ीय पादप जैव�ौ�ोिगकी सं�थान, नई िद�ी �ारा आयोिजत यह �

अंतरा�ीय संगो�ी कृिष, जैिवक एवं अनु�यु� अनुसंधान के �मुख �े�ो ं म� काय�रत िविभ� वै�ािनको,ं �

छा�ौ,ं �शासको ंएवं �वसाियक िनकायो ंएवं सभी िहत धारको ंको एक साथ लाने वाला मंच सािबत 

होगा | तथा यह संगो�ी नए िवचारो ंएवं सुझावो ंको �भावी �प से लागू कराने के िलए िनिश्चत तौर पर 

माग� �श� करेगी | इस िदशा म� उठाए गये �भावी कदम िकसानो ंकी आय को दोगुना करने के सरकार 

संक� को िस� करने म� भी सहायक होगें |

D.O. No.............../AM263
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मुझे पूण� िव�ास है िक अंतरा�ीय संगो�ी मौजूदा प�रपे� म� खा�य एवं पोषण सुर�ा की ज�रतो ंको �

पूरा करने एवं मानव संसाधन और बुिनयादी ढ़ाचे को िवकिसत करने की �मता के िनमा�ण म� सहायक 

िस� होगी | म� काय��म के सफल आयोजन की मंगलकामना करता �ँ | और सभी को बधाई देने के 

साथ ही सभी के उ�वल भिव� की कामना करता �ँ

मुझे यह जानकर अित �स�ता हो रही है िक “एडवांसेस इन �ांट बायोटे�ोलॉजी ए� �ूट� ीशनल 

िस�ो�रटी (APBNS-2022) िवषय पर भा.कृ.अ.प.- रा�ीय पादप जैव�ौ�ोिगकी सं�थान, नई िद�ी �

�ारा एक अंतरा�ीय संगो�ी एवं पादप िटशू क�चर एसोिसएशन (इंिडया) की 43 वी ंवािष�क बैठक का �

आयोजन िकया जा रहा है | 

भारत एक कृिष �धान देश है, यहाँ कृिष केवल आजीिवका का साधन ही नही ंहै ब�� जीवन जीने का 

एक तरीका भी है | सरकार इस �े� के िवकास के िलये  लगातार �यासरत है | �ौ�ोिगकी म� �गित के 

साथ साथ उ�त उपकरणो,ं बेहतर िसंचाई सुिवधा एवं कृिष के िवशेष �ान म� सुधार; इस िदशा म� 

�ांितकारी कदम है | इससे हमारा कृिष �े� कई देशो ंकी तुलना म�  काफी सु�ढ़ �आ है और िजसके 

फल��प हम कई खा�ानो ंके सबसे बड़े उतपादक  एवऺ िनया�तक भी बने है |

वत�मान म� भा.कृ.अ.प.- रा�ीय पादप जैव�ौ�ोिगकी सं�थान, नई िद�ी एवं पादप िटशू क�चर �

एसोिसएशन (इंिडया) के कई �ित�त सद� िटशू क�चर एवं पादप जैव�ौ�ोिगकी म� देश एवऺ िवदेश म� 

अ�णी भूिमका िनभा रहे है और उ�ोनें कृिष �े� के िवकास के िलए उ�ेखनीय काय� िकया है |

(कैलाश चौधरी)

शुभकामनाओ ंसिहत
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TRILOCHAN MOHAPATRA, Ph.D.

SECRETARY & DIRECTOR GENERAL

Hkkjr ljdkj
d`f"k vuqla/kku vkSj f'k{kk foHkkx ,oa

Hkkjrh; d`f"k vuqla/kku ifj"kn
d`f"k ,oa fdlku dY;k.k ea=ky;] d`f"k Hkou] ubZ fnYyh 110 001

GOVERNMENT OF INDIA

DEPARTMENT OF AGRICULTURAL RESEARCH & EDUCATION

AND

INDIAN COUNCIL OF AGRICULTURAL RESEARCH

MINISTRY OF AGRICULTURE AND FARMERS WELFARE

KRISHI BHAVAN, NEW DELHI 110 001

Tel.: 23382629; 23386711 Fax: 91-11-23384773

E-mail: dg.icar@nic.in

I am happy to know that ICAR-National Institute for Plant Biotechnology (NIPB),

New-Delhi is organizing the International Symposium on Advances in Plant   Biotechnology 
rd

and Nutritional Security (APBNS-2022) along with the 43  Annual Meeting of the Plant 
th thTissue Culture Association (India) during 28  - 30  April, 2022. The symposium will provide 

a good opportunity to discuss advances in plant biotechnology, especially in the areas of plant 

tissue culture, genetics, breeding functional genomics, bioinformatics and also in the area of 

nutri-genomics. The symposium will focus on relevant issues related to crop yield in 

changing climatic regime, decreasing natural resources  and growing human  population.

I hope , the recommendations of this symposium will go a long way in giving the much 

needed impetus to the agricultural biotechnology research in the country. I convey my 

greetings to all the delegates and participants of the symposium and wish the event  a grand  

success. 

thDated the 8  March, 2022
New Delhi

( T. MOHAPATRA )

MESSAGE
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Government of India

Ministry of Science and Technology

Council of Scientific & Industrial Research
Department of Scientific & Industrial Research

MkW- 'ks[kj fpa- ekaMs
,Q,u,] ,Q,,llh] ,Q,u,,llh

lfpo
oSKkfud vkSj vkS|ksfxd vuqla/kku foHkkx rFkk

egkfuns'kd
Dr. Shekhar C. Mande

FNA, FASc, FNASe
Secretary

Department of Scientific & Industrial Research and

Director General

I am happy to know that ICAR-National Institute for Plant Biotechnology is organising 

"international Symposium on "Advances in Plant Biotechnology and Nutritional Security 

(APBNS-2022)" and 43rd Annual Meeting of the prestigious Plant  Tissue Culture  Association 
th th(PTCA), India during  28  - 30  April, 2022.

Indian Agriculture over the past few decades has been hugely benefitted by  the consistent 

advancements in science and technology. Convergence of advancements in the area of molecular 

breeding and plant biotechnology such as the sequencing technology, genome editing 

technologies, have brought the country on the brink of technological revolution. The theme area of 

the symposium "Nutritional genomics and Genetics" is appropriately chosen and well timed. The 

symposium would bring all the stakeholders of agriculture into one unique platform that would 

enable them to communicate, share and discuss the frontier areas of genomics and genetics. I am 

confident that the discussions on "Advances in Plant Biotechnology and Nutritional Security" will 

benefit and assist in designing future strategies.

My best wishes for successful and productive scientific sessions of the symposium.

st
21  March - 2022

New Delhi. (Shekhar C. Mande)

Anusandhan Bhawan, 2, Rafi Marg, New Delhi-110001
Tel. : 23710472, 23717053, Fax: (91-11) 23710618, E-mail : secy-dsir@gov.in; dgcsir@csir.res.in and dg@csir.res.in, Website : www.csir.res.in

MESSAGE
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Dr. S. Chandrasekhar

Secretary
Government Of India

Ministry of Science and Technology
Department of Science and Technology

5th April, 2022

      It gives me immense pleasure to note that Indian Council of Agricultural Research - 
National Institute for Plant Biotechnology (ICAR-NIPB), New Delhi is hosting the 
International Symposium on "Advances in Plant Biotechnology and Nutritional Security" 

rd (APBNS-2022) and 43 Annual Meeting of Plant Tissue Culture Association (India), [PTCA 
(I)] in association with PTCA (i). The events would be conducted in "Hybrid" mode at 
National Agriculture Science Centre (NASC), Indian Agricultural Research Institute, New 

th thDelhi during 28  to 30  April, 2022. The annual meeting of the PTCA (I), together with a 
symposium on pertinent contemporary themes including advances in plant tissue culture, 
nutritional genomics and plant biotechnology, is expected to provide an outstanding forum to 
stimulate ideas, establish collaborations as well as initiate discussions about innovative 
research findings in basic and applied field of Plant Biotechnology.

      The international symposium shall feature National as well as International experts, 
R&D personnel from Industry and academia and importantly, young minds from various 
areas of plant science. One of the major thematic areas of the symposium is "Nutritional 
Security", which is in line with the vision of the Nutritional Self Reliance, thus enabling 
India's leadership on nutritional front in the world. The theme of the conference is very timely 
and pertinent to inspire young minds and researchers, considering the fact the although India 
is self-sufficient in food grain production, yet we have a long way to go to combat 
malnutrition and sustain food grain production.  

    I convey my warm greetings to all the participants for having very meaningful 
rddeliberations during the international Symposium on APBNS-2022 and the 43  Annual 

meeting of  PTCA (I).      

(S. Chandrasekhar)

Technology Bhavan, New Mehrauli Road, New Delhi - 110016

Tel: 0091 11 26511439 / 26510068     Fax: 00 91 11 26863847     e-mail: dstsec@nic.in     website: www.dst.gov.in

  I also extent my best wishes to the organizers for all success of the two events.

MESSAGE
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Dr. RAJESH S. GOKHALE

SECRETARY

GOVERNMENT OF INDIA

MINISTRY OF SCIENCE & TECHNOLOGY

DEPARTMENT OF BIOTECHNOLOGY
thBlock-2, 7  Floor, CGO Complex

Lodhi Road, New Delhi-110003

MESSAGE

        It gives me immense pleasure to note that the ICAR-National Institute for plant Biotechnology 
(NIPB), New Delhi is organizing an important scientific event "International Symposium on 

rdAdvances in Plant Biotechnology and Nutritional Security (APBNS-2022)" along with 43  Annual 
th thMeeting of the prestigious Plant Tissue Culture Association (PTCA) India during 28  - 30  April, 

2022.

      Agricultural intensification has led to unprecedented gains in food production making India 
self-sufficient. Sustainable growth in agricultural production and productivity have become a priority 
in wake of exponential  population growth, climate change and associated biotic/abiotic stress factors, 
shrinking arable land as well as natural resources. The focus of plant breeding and biotechnology is 
thus slowly shifting towards developing crops which are nutritionally and quality wise superior, 
climate resilient  tolerant to various biotic and abiotic stresses and have high input use efficient. 
During the last few decades there has been tremendous advancement in understanding the molecular 
biology of agriculturally important traits along with parallel developments in plant breeding and 
biotechnology tools. These have led to development of several exciting and fruitful technologies 
including precise genome editing technologies that have raised exciting possibilities to rapidly 
accelerate genetic gains. Multipronged efforts for crop improvement will play a pivotal role in 
harnessing the full potential of these technologies in engineering crops with desirable characteristics.

        I am delighted to observe that the theme of the symposium "Nutritional genomics and Genetics" 
is extremely relevant to the current agriculture scenario and would provide a platform for productive 
discussions and knowledge sharing among the scientific community with an ultimate goal to meet the 
evolving needs of the farmers, consumers, export markets and country at large. I believe, the seminar 
on "advances in Plant Biotechnology and Nutritional Security" would address the various facets 
pertaining to nutritional security and would come out with recommendations that will usher 
transformative changes in the livelihood of the farmers of the country. On a similar note, I would also 

rdlike to congratulate the organizers for the 43  Annual Meeting of prestigious Plant Tissue Association 
(PTCA), India that would lay another milestone in achieving our collective scientific and national 
goals.

       My greetings and best wishes for all the participants and organizers of the Seminar who have 
strived to make the symposium effective, successful and productive.

(Dr. Rajesh S Gokhale)

Phone : 24362950/24362881 Fax : 011-24360747 E-mail : secy.dbt@nic.in
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I am delighted to know that "International Symposium on Advances in Plant Biotechnology 
rdand Nutritional Security (APBNS-2022)" and the 43  Annual Meeting of the prestigious 

Plant Tissue Culture Association (PTCA), India will be organized by the ICAR-National 
th thInstitute for Plant Biotechnology (NIPB), New Delhi during 28 -30  April, 2022.

Plant Tissue Culture Association of India is a veteran scientific organization in India meeting 

annually. This society deals with the Plant Biotechnological research covering tissue culture, 

molecular biology, molecular breeding, genomics among others. It  provides an opportunity 

to various stakeholders such as students, post-Doctoral Research Fellows, Scientists, Private 

entrepreneurs to exchange their valuable research. India through Green Revolution and farm 

mechanization has achieved the self-sustainability in foodgrains production. However, there 

is hidden hunger in the country which can be achieved only by improving the nutritional 

security. Therefore, our plant biotechnologists should focus on improving the nutritional 

quality in the agricultural crop produce. I am glad that the central theme of this conference is 

"Nutritional Security," a need of the hour.

My best wishes for a successful and productive scientific sessions of the symposium.

Dr. G R Chintala
Chairman, NABARD
24 March 2022

jk"Vªh; d̀f"k vkSj xzkeh.k fodkl cSad
National Bank for Agriculture and Rural Development

Plot No. C-24, 'G' Block, Bandra-Kurla Complex, Bandra (E), Mumbai - 400 051  •  Tel.: +91 22 2653 0000  • Fax: +91 22 2653 0113 • E-mail : chairman@nabard.org

IykWV ua- lh&24] ̂th* CykWd] ckank & dqykZ dkWEIysDl] ckank ¼iwoZ½] eaqcbZ & ��� ���   Vsfy-% % $91 22 2653 0000  QSDl % $91 22 2653 0113  bZ&esy % chairman@nabard.orgz z
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ubZ fnYyh 110001] Hkkjr

Indian Council of Agricultural Research

Ministry of Agriculture and Farmers Welfare

Govt. of India, Krishi Bhavan

New Delhi 110001, India

MkW- fryd jkt 'kekZ

mi egkfuns'kd ¼Qly foKku½

Dr. T. R. Sharma, Ph. D.
FNA, FNAAS, FNASc, JC Bose National Fellow

Deputy Director General (Crop Science)

It gives me immense pleasure to learn that ICAR-National Institute for Plant Biotechnology 
(NIPB), New-Delhi is organizing the international Symposium on Advances in Plant 

rdBiotechnology and Nutritional Security (APBNS-2022) & 43  Annual Meeting of the 
th thprestigious Plant Tissue Culture Association (India) during 28  - 30  April 2022. The theme of the 

Symposium, "Advances in Plant Biotechnology and Nutritional Security" is very appropriate in 
the background of the Sustainable Developmental Goals (SAGs) of the United Nations 
Development Program (UNDP) and calls for immediate attention by the Plant Biotechnology 
research community across the globe. The innovations and researches in plant biotechnology are 
already impacting the farming society positively and hence we could expect more innovations 
that will contribute not only to farmers but also to the sustainability of human beings in these 
challenging times.  I am sure that this symposium will provide an excellent opportunity to discuss 
advances in plant biotechnology, particularly in the areas of plant tissue culture, plant stress 
response and tolerance, genetics, pre-breeding and breeding, bioinformatics, functional 
genomics and nutri-genomics.

Disseminating the scientific output to the common masses is one of the prime responsibility of 
our scientific community and their commitment towards the development of our society. I 
appreciate the planning of the Symposium with a focus on relevant issues related to crop yield in 
changing climate regime, decreasing natural resources and growing human population. I am 
extremely glad that ICAR-NIPB, New-Delhi has taken up the onus of organizing this 
international level event to bring together international and national experts, emerging scientists 
and young researchers to discuss and deliberate various aspects of plant biotechnology dealing 
with emerging aspects of their field of specialization with particulars relevance to agriculture and 
farmers' welfare. I hope, the recommendations of this Symposium will go a long way in giving the 
much needed impetus to the agricultural biotechnology research in the county. I convey my 
greetings to all the delegates and participants of the Symposium and wish all the best for a very 
productive and successful event with great outcomes.

thDate: 9  March, 2022

Place: New Delhi
(T.R. Sharma)

E-mail: ddgcs.icar@nic.in Phone: 91-11-23382545 Fax: 91-11-23097003

MESSAGE

Hkkd`vuqi



February 25.2022

I am pleased to learn that ICAR - National Institute of Plant Biotechnology ( NIPB), New Delhi, is 
rdhosting 43  Annual meeting of Plant Tissue Culture Association, India and also organizing an 

international symposium on Advances in Plant Biotechnology and Nutritional Security. It is very 
appropriate that this meeting has been dedicated to Late Prof  V. L. Chopra, who was a visionary and 
who was the founder of NIPB in its earlier avatar as Biotechnology Centre of IARI. He was an 
honorary member of PTCA (I).

The advances in developing reliable protocols for raising tissue culture and regeneration in many 
plants of economic importance have been the basis for utilizing the technology of efficient gene 
transfer via Agrobacterium mediated transformation. With ever increasing number of plant genomes 
being sequenced, it is imperative to relate gene(s) with physiology and development. Analysis of gene 
functions is thus dependent on good regeneration and transformation systems. Moreover with 
immense knowledge obtained through various omics platforms, it is now possible to select the right 
kind of gene(s) towards increasing yield and developing stress tolerant plants. Genes have also  been 
identified for enhancing essential nutrients in the edible parts of the plant by regulating the uptake and 
translocation, in fruit, or grain. Though there are still some regulatory issues in many countries which 
do yet not allow the testing and use of transgenic crops, It is very satisfying to note that Phillipines has 
now allowed the experimentation and utilization of vitamin enriched rice in the region.

Other than transgenic approach, many groups are now using genomics assisted plant breeding to 
improve the traits of interest including those which would enhance nutritional security. Malnutrition, 
or hidden hunger. is a serious concern in many developing countries leading to health issues in 
children and women. I am happy that his topic is a central theme in this symposium.

With increase in genomic data and quality information available on gene functions, many groups are 
now using the new genome editing technology to precisely modify, mutate a gene or insert a gene of 
interest at the precise location in the genome to get a desirable trait. I am hopeful that his technology 
will meet the approval of the regulators in India too, as has recently been done in China.

The symposium, I understand, will have research papers presented on tissue culture, plant 
differentiation and regeneration, gene functions and developing transgenic plants, and also utilizing 
genome editing tools. The advanced biotechnologies along with the plant breeding methods will help 
in the productions of crops which will give higher yields with low inputs, as well as with high nutritive 
value. One can fore see that big genomic data, use of informatics tools, and new technologies will 
enable molecular breeders in creating climate resilient and demand based crop plants which will meet 
the food and nutritional requirement in future. I am sure many of these issues will be discussed during 
the meeting.

I wish the symposium all the success.

Sudhir K Sopory, Professor
SERB Distinguished Scientist and Senior Emeritus Scientist

INTERNATIONAL 

ICGEB Campus, P.O. Box  10504, Aruna Asaf Ali Marg,
New Delhi - 110 067. India
http.//www.icgeb.trieste.it

Tel : 91-11-26741358/61
91-11-26742357/60

91-11-26741007
Fax : 91-11-26742316

E-mail : icgeb@icgeb.res.in

CENTRE FOR GENETIC ENGINEERINGAND BIOTECHNOLOGY
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I wish grand success to the symposium.

Plant tissue culture has great commercial applications such as crop improvement, secondary 
metabolite production, and various strategies for inducing genetic modifications, besides 
conservation of plants. Food grains sufficiency in the country has been possible due to 
commendable contributions of Indian scientists. Now farmers choose to grow biotech crops 
as they increase yield and lower production costs. However, new insights into crop 
improvement are still required for increased food grains production for feeding the 
burgeoning population as well as for climate change mitigation. I am confident that the 
symposium will provide an excellent platform to researchers from across the globe to discuss 
advances in the field of plant biotechnology and present their recent contributions. 

It is a matter of great pleasure that the 43rd Annual meeting of Plant Tissue Culture 
Association (India) and International Symposium on 'Advances in Plant Biotechnology and 
Nutritional Security' are being organized by ICAR-National Institute for Plant 
Biotechnology, New Delhi during April 28-30, 2022. I Complement the organizers for 
dedicating these events to Late Prof. V.L. Chopra for his immense contributions in the areas 
of genetics and crop improvement biotechnology.

March 5, 2022
Pramod Tandon

Address for Correspondence :
Prof. Pramod Tandon, D-802, Shalimar Gallant, Mahanagar, Lucknow 226 006
Email : proftandon@gmail.com, Mob. +91 9402135333
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Dr. Ajit Kumar Shasany
FNAAS, FNASc

Director

It gives me immense pleasure to welcome all the distinguished guests, speakers and participants to 
rd43  Annual meeting of plant Tissue Culture Association (India) & International Conference on 

Advances in Plant Biotechnology and Nutritional Security being hosted by ICAR-National    
th thInstitute for Plant Biotechnology, New Delhi during Apr. 28 -30 , 2022.

The theme of the conference is very pertinent in the present scenario. During last few decades,      
plant biotechnology has played a significant role in achieving global food security. However, 
ensuring availability of nutritious food to rising global population is still a challenge. Achieving     
this goal is even more challenging under impeding global climate change. Change in climatic 
conditions have been predicted to alter the nutritional profile of important crops. However, recent 
advancements in genome sequencing and genome editing technologies provide opportunities to     
not only enhance the crop productivity, but also improve nutritional quality of agricultural and 
horticultural crops. I am happy to note that workshop on Nutritional genomics is also being  
conducted as part of the conference, which will prove to be highly beneficial to the young   
researchers and students.

I wish to thank PTCA(I) for entrusting ICAR-NIPB, New Delhi for organizing this important     
event. The conference has been planned to bring together international and national experts,
young researchers and students to deliberate on the recent developments in plant biotechnology     
and challenges in achieving global food and nutritional security. I am sure that deliberations by  
global experts will encourage young researchers to formulate new ideas to meet the challenges in 
Plant Biotechnology.

I once again welcome and wish a pleasant stay to all the delegates and participants of the conference.

I wish the event a grand success.

(Ajit Kumar Shasany)

Ph. : +91-11-25848783
Fax : +91-11-25843984

E-mail : director.nrcpb@icar.gov.in
Website : www.nipb.icar.gov.in

www.nrcpb.res.in
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43�� ANNUAL MEETING OF PLANT TISSUE CULTURE ASSOCIATION-INDIA (PTCA-I)
&

INTERNATIONAL SYMPOSIUM ON "ADVANCES IN PLANT BIOTECHNOLOGY AND NUTRITIONAL SECURITY"
(APBNS-2022)

(APRIL 28-30, 2022)

Organized by: ICAR-Na�onal Ins�tute for Plant Biotechnology, New Delhi-110012, India
In Associa�on with: Plant Tissue Culture Associa�on-India (PTCA-I)

We, the Organizing Committee with honor welcome you all to the International Symposium on 
rdAdvances in Plant Biotechnology and Nutritional Security (APBNS-2022) & 43  Annual Meeting of 

the prestigious Plant Tissue Culture Association (India) to be hosted by ICAR-National Institute for 
th thPlant Biotechnology (NIPB), New-Delhi during 28  -30  April, 2022. This year the conference has 

been dedicated to Late Prof V L Chopra, Ex DG ICAR and Honorary member of PTCA who has 

immense contribution for developing the plant biotechnology related research in India. The 

conference this year shall boring experts from various fields of Plant Biotechnology including young 

researchers, emerging scientists, private entrepreneur to discuss and deliberate on the vivid aspects 

including in the symposium, especially in the areas of plant tissue culture, Plant stress, genetics, 

breeding, functional genomics, bioinformatics and also in the area of nutri-genomics. The symposium 

has been specially designed to cover the area of advanced strategy for nutritional enhancement in 

crops through various methods within the scientific themes in the plenary, keynote, memorial and 

invited talks as well as in oral and poster presentations. The symposium will also provide opportunities 

to students, young researchers and entrepreneurs to interact with renowned experts and exchange 

experiences in the frontier areas of plant biotechnology. We with immense pleasure once again 
rdwelcome you to APBNS-2022 43  Annual Meeting of the prestigious Plant Tissue Culture Association 

(India). We strongly believe that your presence, scientific contribution and ideas will help in providing 

solutions to challenges in the field of Plant Biotechnology. We also deeply express our sincere 

gratitude to the Indian Council of Agricultural Research and Department of Agricultural Research and 

Education, Ministry of Agriculture and Farmers Welfare, Government of India, Department of 

Science and Technology, Department of Biotechnology, Council of Scientific and Industrial  

Research, New Delhi, for their financial support. Further the financial assistance received from 

research and development fund of National Bank for Agriculture and Rural Development (NABARD) 

towards publication of journal/printint of the proceedings of the symposium is gratefully 

acknowledged. We further wish to thank all the members of the advisory committee and organizing 

committee for their  guidance and support.  We are  greatly thankful  to all our  sponsors participating  

in the symposium.

Wishing you all a very fruitful discussion during the symposium.

Convener Organizing Secretary

MESSAGE



43rd ANNUAL MEETING OF PLANT TISSUE CULTURE
ASSOCIATION (INDIA) 

& 
INTERNATIONAL SYMPOSIUM ON ADVANCES IN PLANT 
BIOTECHNOLOGY AND NUTRITIONAL SECURITY-2022 

(April 28-30, 2022)  

TECHNICAL PROGRAM 

Day 1: April 28, 2022 (Thursday) 
Registration 
(8.30-9.30) 

WELCOME & INAUGURATION 
(Venue: AP Shinde Hall) 

9:30-9.35 Welcome address 
Dr. Ajit Kumar Shasany, Director, NIPB and 

Symposium Chair 

9.35-9.40 About the Symposium 
Dr. Tapan Kumar Mondal, Principal Scientist, ICAR-

NIPB and Convener  

9:40-9:50 Address by Secretary, PTCA (I) 
Padma Shri Prof. Pramod Tandon, Secretary, 

PTCA(I) 

9:50-10:00 Address by the Guest of Honor 
Padma Shri Prof. Sudhir Kumar Sopory, Former 

Vice-Chancellor, JNU, and  Symposium Chief Patron 

10:00-10:10 Address by the Guest of Honor Dr. Tilak Raj Sharma, DDG (CS), ICAR and 

Symposium Patron 

10:10-10:55 
Address by the Chief Guest and 

Prof V L Chopra memorial lecture 

Dr. Trilochan Mohapatra, Director General, ICAR 

and Secretary DARE, Symposium Chief Patron 

10:55-11:00 Vote of Thanks 
Dr. Rekha Kansal, Principal Scientist, NIPB and 

Organizing Secretary 

HIGH TEA 
(11:00-11:30) 

PLENARY LECTURE 
Chair:  Prof. R P Sharma 

11:30- 12:10 Dr Tilak Raj Sharma, Deputy Director General (Crop Science), ICAR, New Delhi 

Title: Agricultural Innovations for Food and Nutritional Security 

KEYNOTE LECTURES 

Chair: Prof. Sudhir Kumar Sopory 
Co-Chair: Dr. I.D. Arya 

12:10-12:40 Prof. Swapan Kumar Datta, University of Calcutta, Kolkata, India 

Title: Perception of modern plant biotechnology with the past history of plant regeneration 

from protoplast, microspore and future strategies in genome research for crop improvement 

12.40:13.10 Prof. Nagendra Kumar Singh, NIPB, New Delhi, India 

Title: Decoding of the plant genomes economically important for India 
LUNCH BREAK 

(13:10 – 13:50) 

PCTA(I) MEMORIAL LECTURES 

Chair: Prof. Akhilesh Tyagi 
Co-chair: Dr. Sneh L. Singla-Pareek 

13:50-14:15 Prof. H E Street Memorial Lecture by Prof. Anjan Banerjee, IISER, Pune 

Title: Tuber (aerial and belowground) development in potato: An example of modulation of 



plant architecture and plasticity 

14:15-14:40 Prof. HC Arya Gold Medal Award Lecture, Prof. S Rama Rao, NEHU, Shillong 

Title: Evaluation of tissue culture regenerants-Genomic perspectives 
14:40-15:05 Prof. Gadgil Memorial Lecture, *Dr. Suchitra Banerjee, CIMAP, Lucknow 

Title: Reminiscing my scientific journey down memory lane against the backdrop of 

Medicinal & Aromatic Plant Research 

TEA BREAK 
(15:05-15:20) 

PTCA(I) MEMBERSHIP PRESENTATIONS 

Chair: Prof. Pramod Tandon 
Co-chair: Prof. Rakhi Chaturvedi 

Time Speaker 
15:20-15:35 Dr. Anil Khar, IARI, New Delhi 

Title:  Onion and Garlic Biotechnology- The road less travelled 
15:35-15:50 Dr. Ananda Mustafiz, South Asian University, New Delhi 

Title: Reverse Genetics: A quest to find the master regulator of abiotic stress response 

15:50-16:05 Dr. Devanna, NRRI, Cuttack  

Title: Tissue-culture based rice genetic transformation for resistance against major diseases 

16:05:16:20 Dr. Jasmine M. Shah, Central University of Kerala, Kasargod 

Title: From plant tissue culture to genetic engineering and genetic/epigenetic changes in 

plants 
16:20-16:35 Dr. Iram Siddique, Aligarh Muslim University, Aligarh 

Title: Biotechnological approaches for propagation and conservation of some important 

medicinal and aromatic plants 
16:35-16:50 Dr. Malay Das, Presidency University, Kolkata 

Title: Bamboo biotechnology:  many avenues of commercial exploitation and fundamental 

knowledge gain from a non-timber, forest plant of high utility 
16:50-17:05 Dr. Penna Suprasanna, Homi Bhabha National Institute, BARC, Mumbai 

Title: Radiation induced in vitro mutagenesis approaches for improving crop plants 

17:05-17:20 Dr. Rohit Jain, Manipal University, Jaipur 

Title: Experimental morphogenesis, metabolome & transcriptome studies of medicinally 

important plants 

17:30-18:30 
Annual General Body Meeting of PTCA(I) 

(Venue: NIPB Auditorium) 
17:20-18:50 Workshop on Nutritional Genomics 

Chair: Dr. Ajit Kumar Shasany 
Co-Chair: Amitha Charu 

17:20-17:45 

Dr. Ajit Kumar Shasany, Director, NIPB, New Delhi 

Title:  Metabolomics channeling and biotechnological intervention in medicinal and 

aromatics plants for health and immunity. 

17:45-18:00 

 Dr. Monika Garg, NABI, Mohali, India  

Title: The rising demand for healthy foods-Anthocyanin biofortified, antioxidants rich 

colored wheat is a new research trend 

18:00-18:15 

Dr. Dinesh Nagegowda, CIMAP, Bengaluru,  

Title: Functional characterization of two inducible potato terpene synthases and their role in 

biotic stress tolerance 

18:15-18:30 
*Dr. C.N. Neeraja, IRRI, Hyderabad.

Title: Biofortification in rice: molecular breeding for high grain zinc 

18:30-18:45 

Dr. Dipak Santra, University of Nebraska, USA 

Title: Genetic manipulation to improve proso millet and pea for climate-resilient food and 

nutritional security through biotechnology and genomics 

19.00-20.15 
Cultural Program 

Coordinator: Dr. Sharmistha Barthakur 



Day 2: April 29, 2022 (Friday) 
KEYNOTE LECTURES 
Chair: Prof. S. L. Mehta 
Co-chair: Dr Anil Datta 

9:00-9:30 Dr. Ashok Kumar Singh, IARI, New Delhi 

Title: Molecular breeding for biotic stress tolerance in rice 
9:30-10:00 Dr. D K Yadav, ICAR, New Delhi, India 

Title: Enhancement of nutritional quality in crops in India: Status and prospects 
10:00-10:30 Prof. Ashwani Pareek, NABI, Mohali, India 

Title: Ensuring seeds in salt but no salt in seeds. 
TEA BREAK 
(10:30-10:45) 

CONCURRENT SESSIONS 
SESSION 1:  Abiotic Stress 
Tolerance 
Chair: Dr. Pradep Kumar Chand 
Co-Chair: Dr. Kanika 
Venue: AP Shinde Hall 

SESSION 2:  Biotic Stress Tolerance 
Chair: Dr. Anupam Verma 
Co-Chair: Dr. S. Gopalakrishnan 
Venue: Conference Hall 

SESSION 3: Genetics and 

Genomics  

Chair: Dr. K. V. Bhat 
Co-Chair: Dr. Akshay 
Talukdar 
Venue: Training Hall 

Time Speaker Time Speaker Time Speaker 

10:45-11:05 Viswanathan C, 
IARI, New Delhi 

Title: Genome editing 

for improvement of 

yield and abiotic stress 

tolerance of rice  

10:45-11:05 Maitrayee Das 
Gupta, 
Univ. of Calcutta, 

Kolkata 

Title: ENOD40-

DONE40, a sense-

antisense lncRNA 

pair is at the root of 

nodule organogenesis 

during rhizobia-

legume symbiosis 

10:45-11:05 *Paul E.
Verslues, 

Academic 

Sinica, 

Taiwan. 
Title: 

Opposing 

gradients of 

EGR 

phosphatase 

and 

Microtubule-

Associated 

Stress Protein1 

control root 

meristem size 

and activity 

during drought 

stress. 

11:05-11:25 G. Venkataraman, 
MSSRF, Chennai 

Title: Role of 

rhizomatous tissues in 

the salinity tolerance 

of the halophytic wild 

rice, Oryza coarctata' 

11:05-11:25 Manoj Prasad, 
NIPGR, New Delhi 

Title: Sw5a: The 

Trojan Horse against 

ToLCNDV infection 

in tomato 

11:05-11:25 *Blanca
Estela 
Barrera, 

Univ. of 

Papaloapan, 

Mexico 

Title: 

Development 

Co-coordinators: Dr. Monika Dalal, Dr Pankaj Singh 

DINNER 
END OF THE DAY 

https://www.facebook.com/blanca.barrera.f?__cft__%5b0%5d=AZW_weS9s3v7fkwiv8ymdSRqNW3vcBQip32PorNQx0nWmeC2p8pz9xj4EX2ajiAfl75_BMyrgebJzKyhf8YRbR7_ziQT4Jfmuip1AeAo7QsPoKNAGf7Z1wvSL1pyiLaaPYI&__tn__=-UC%2CP-R
https://www.facebook.com/blanca.barrera.f?__cft__%5b0%5d=AZW_weS9s3v7fkwiv8ymdSRqNW3vcBQip32PorNQx0nWmeC2p8pz9xj4EX2ajiAfl75_BMyrgebJzKyhf8YRbR7_ziQT4Jfmuip1AeAo7QsPoKNAGf7Z1wvSL1pyiLaaPYI&__tn__=-UC%2CP-R
https://www.facebook.com/blanca.barrera.f?__cft__%5b0%5d=AZW_weS9s3v7fkwiv8ymdSRqNW3vcBQip32PorNQx0nWmeC2p8pz9xj4EX2ajiAfl75_BMyrgebJzKyhf8YRbR7_ziQT4Jfmuip1AeAo7QsPoKNAGf7Z1wvSL1pyiLaaPYI&__tn__=-UC%2CP-R


of RNAi-based 

fungicides for 

protection of 

tropical crops 

11:25-11:45 Debashish 
Chakraborty, NBRI, 

Lucknow 

Title: Tau class 

Glutathione-S-

Transferase have more 

functions than a Swiss 

army knife 

11:25-11:45 Ashis Kumar Nandi, 
JNU, New Delhi, 

India 
Title: NPR1-

Independent SA 

signaling in 

Arabidopsis  

11:25-11:45 

C. Bhardwaj 
 IARI, New 

Delhi. 

Title: Morpho 

physiological 

processes, 

gene 

mechanisms 

underlying 

drought 

tolerance in 

chickpea and 

development 

of Super 

Chickpea Pusa 

10216 through 

MABC 

approach 
11:45-12:05 Ashverya Laxmi, 

NIPGR, New Delhi,  

Title: Understanding 

role of sugar signal 

transduction in 

regulating plant 

growth development 

and stress responses 

11:45-12:05 Divya Chandran, 

RCB, Faridabad 

Title: Medicarpin 

confers powdery 

mildew resistance in 

Medicago truncatula 

and activates the 

salicylic acid 

signalling pathway. 

11:45-12:05 Rohini Garg 
SNU, G. 
Noida 
Title: 

Decoding 

DNA 

methylation 

dynamics 

during drought 

and salinity 

stress in 

chickpea and 

rice 

12:05-12:15 Soumitra Kumar 
Paul, Univ. of 

Calcutta, Kolkata 
Title: Lectins in 

developing climate 

resilient rice: A 

mechanistic approach 

12:05-12:15 *Sambasivam
Periyannan 
Agriculture & Food, 

CSIRO, Australia 

Title: Engineering 

rust disease resilient 

wheat to safeguard 

global food security 

12:05-12:15 Firoz 
Hossain,  
IARI, New 

Delhi,  

Title: 

Genomics-

assisted 

breeding for 

biofortification 

in maize: 

Status and 

Prospects 

12:15-12:25 Deepak Kumar, 

UBKV, West Bengal. 

Title: Role of 

glutathione in 

modulating the 

expression of Heat 

shock proteins 

12:15-12:25 Navin Chandra 
Gupta, NIPB, New 

Delhi. 
Title: Chemodiversity 

profiling in 

differentially 

aggressive Sclerotinia 

sclerotiorum isolates 

12:15-12:25 Deepak Singh 
Bisht, NIPB, 

New Delhi.  

Title: De novo 

assembly and 

genetic 

mapping 

revealed a 



under axenic 

conditions 

PPR cluster 

restoring 

Moricandia 

arvensis 

cytoplasm 

induced 

sterility in 

Brassica 

juncea 

12:25-12:35 Gaurav Zinta, 
IHBT, Palampur 

Title: Elevated CO2 

differentially mitigate 

the impact of abiotic 

stresses on C3 and C4 

cereal crops  

12:25-12:35 Hossain Ali Mondal 
CAU, Meghalaya 
Title: Novel 

perspectives in plant-

aphid interaction 

biology for addressing 

plant defense 

response to aphid 

clonal proliferation on 

leaf foliage 

12:25-12:35 Krishnamurt
hy, CSSRI, 

Karnal 

Title: 

Arvattelu: 

Genome 

sequencing 

and analysis of 

rice landrace 

for salinity 

tolerance at 

seedling stage 
12:35-12:45 Abhijit Hazra, 

NIPGR, New Delhi 
Title: Methionine 

Sulfoxide Reductase 

(MSR) improves seed 

vigour and longevity 

in rice. 

12:35-12:45 Amolkumar U 
Solanke,  
NIPB, New Delhi 
Title: Understanding 

rice-Magnaporthe 

oryzae interaction for 

panicle blast 

resistance in rice 

12:35-12:45 Gireesh C, 
IIRR, 

Hyderabad 

Title: 

Breeding for 

direct seeded 

rice 

improvement: 

Present Status 

and future 

prospects 

12:45-12:55 Aditi Dwivedi, 
NIPGR, New Delhi  

Title: Transcriptional 

landscape of 

evolutionarily 

different plant species 

to environmental 

changes. 

12:45-12:55 Jyoti Singh,  
NBRI, Lucknow 
Title: Mechanism of 

action of a novel 

insecticidal plant 

protein in whitefly 

(Bemisia tabaci) 

12:45-12:55 Haritha 
Bollinedi, 
IARI, New 

Delhi 
Title: 
Deciphering 

the molecular 

and 

biochemical 

mechanisms 

contributing to 

Glycaemic 

potential in 

rice  

LUNCH  
(12:55-13:45) 

CONCURRENT SESSIONS 
SESSION 4: Yield and Quality 

Traits 

Chair: Dr. Malavika Dadlani 
Co-Chair: Dr. Debasis Pattanayak 
Venue: AP Shinde Hall 

SESSION 5: Plant Tissue Culture, 

Transgenics 

Chair: Prof. Mohammad Anis  
Co-chair: Dr. A. Mujib 
Venue: Conference Hall 

SESSION 6: Developmental 

Biology, Epigenetics 

Chair: Dr.  R. Srinivasan  
Co-Chair: Dr. Subodh 
Sinha 
Venue: Training Hall 

Time Speaker Time Speaker Time Speaker 



13:45-14:05 M.K. Reddy, ICGEB, 

New Delhi 
Title: Targeted 

genome editing for 

improved agronomic 

performance in rice  

13:45-14:05 Veena Agarwal, 
Univ. of Delhi, New 

Delhi 
Title: Generation of 

sex-linked markers 

and Genetic Diversity 

analysis 

in Simmondsia 

chinensis:  a 

multipurpose oil-

yielding dioecious 

crop 

13:45-14:05 P. V. 
Srivaprsad, 
NCBS, 

Bengaluru  
Title: Small 

RNA-

mediated 

regulation of 

crop 

phenotypes  

14:05-14:25 Navin C Bhist, 
NIPGR, New Delhi 
Title: Improving 

oilseed mustard by 

CRISPR/Cas9-

mediated genome 

editing 

14:05-14:25 *Bharathi N,
Grow More, Tamil 

Nadu 

Title: Commercial 

micropropagation of 

bamboo 

14:05-14:25 *Sharmila
Chattopadhy
ay, IICB, 

Kolkata. 

Title: To 

unravel the 

non-model 

medicinal herb 

– 

Podophyllum 

hexandrum 

14:25-14:45 Siddharth Tiwari,  
NABI, Mohali 

Title: Banana genome 

engineering for 

combating vitamin A 

deficiency 

14:25-14:45 Jasdeep Padaria, 
NIPB, New Delhi. 
Title: Agrobacterium 

mediated 

transformation studies 

in Indian bread wheat 

(Triticum aestivum 

L.) 

14:25-14:45 Alok Sinha, 
NIPGR, New 

Delhi, 

Title: 

Crosstalk 

between MAP 

Kinase and 

ABA signaling 

in Arabidopsis 

14:45-15:05 Kutubuddin Ali 
Molla, NRRI, Cuttack 

Title: Precise single 

nucleotide insertion 

and replacement in 

rice for disease 

resistance  

14:45-15:05 Dipankar 
Chakraborti, 
University of 

Calcutta, Kolkata 
Title: Plumular 

meristem 

transformation system 

to implement clean 

gene technology in 

transgenic pigeonpea 

conferring resistance 

against Helicoverpa 

armigera 

14:45-15:05 Ram Yadav, 
IISER, Mohali 

Title: Abiotic 

stress induced 

transcription 

factors 

orchestrate 

cytokinin 

signal 

homeostasis in 

Arabidopsis 

shoot apex 

15:05-15:25 *Sangram K. Lenka,

Gujrat Biotechnology 

University, Gujarat 

Title: Metabolic 

engineering of rice 

cells with vanillin 

synthase gene 

(VpVAN) to produce 

vanillin 

15:05-15:25 Alka Narula, Jamia 

Hamdard, New Delhi.  
Title: 

Micropropagation and 

transformation of 

Dendrocalamus 

strictus Nees 

15:05-15:25 *Ananda
Kumar 
Sarkar, 
JNU, New 

Delhi,  

Title: The 

miR775-

GALT9 modul

e plays an 

important role 

in the post-

submergence 



recovery 

process 

in Arabidopsis 

thaliana 

15:25-15:40 *Ratna Kalita, AAU,
Jorhat 
Title: Engineering of 

CRISPR/Cpf1-

mediated Potato Virus 

Y (PVY) resistance in 

Bhut jolokia 

(Capsicum chinense 

Jacq.) 

15:25-15:40 Neelakantan 
Arumugam, 
Pondicherry Univ., 

Puducherry 
Title: Purification of 

larvicidal N-

alkylamides from 

Acmella ciliata HBK 

Cass. 

15:25-15:40 Sribash Roy, 

NBRI, 

Lucknow 

Title: Indian 

Himalayan 

natural 

Arabidopsis 

thaliana 

accessions 

with abolished 

miR158 levels 

exhibit robust 

miR173-

initiated trans-

acting cascade 

silencing 

15:40-15:55 Prashant 
Mohonpuria, PAU, 
Ludhiana 
Title: RNA 

interference 

technology for fruit 

fly [Bactrocera 

dorsalis (Hendel)] 

resistance in guava 

15:40-15:55 Davinder Singh, 
TIET, Patiala 
Title: Strategies for 

the screening of 

existing germplasm of 

Eucalyptus 

tereticornis Sm. for 

salt stress 

15:40-15:55 Saloni 
Mathur, 
NIPGR, New 

Delhi 
Title: Insights 

into the role of 

coding and 

noncoding 

RNAs in 

cultivar-biased 

regulation 

during heat 

stress in 

tomato 
15:55-16:05  Kajol B M Singh, 

NIPGR, New Delhi 
Title: Identifying the 

epigenetic writings on 

rice genome during 

seed development 

15:55-16:05 Alvareen Nongsiang, 
NEHU, Shillong 
Title: Meristem 

culture and 

subsequent 

regeneration of 

Cymbidium iridioide 

15:55-16:05 Shipra Goyal, 
University of 

Delhi, New 

Delhi 
Title: 

Characterizati

on of CcKIP1 

gene promoter 

in Arabidopsis 

thaliana 

16:05-16:15 Chirag Maheshwari, 
IARI New Delhi 
Title: Impact of 

ribulose-1,5-

bisphosphate 

carboxylase/oxygenas

e (Rubisco) and 

glycine 

decarboxylase 

complex h (Gdch) 

knockdown on 

photosynthesis and 

16:05-16:15 Lucy 
Lalthafamkimi, 
NEIST, Assam 

Title: Metabolite 

bioprospection and 

expression analysis of 

patchoulol synthase 

gene in different 

callus lines of 

Pogostemon 

cablin (Patchouli) 

16:05-16:15 Simran Kaur, 
TERI 

University, 

New Delhi 
Title: An 

integrated 

approach to 

understand 

complex 

combinatorial 

interaction 

patterns 



growth 

characteristics of rice 

plants 

among 

homeologs of 

SOC1 

promoter and 

its upstream 

transcription 

factor FUL in 

B.  juncea

TEA BREAK 
(16:15-16:30) 

KEYNOTE LECTURES 
Chair: Prof. K. C. Bansal 

Co-chair: Dr. Pradip Kumar Jain 
16:30-17:00 *Robert J Henry, UQ, Australia

Title: Sequencing and assembly of plant genomes: advances in methods and applications.

17:00-17:30 Ramanjulu Sunkar, Oklahoma State University, USA

Title: The role of RNA methylation in cold stress responses in Arabidopsis 
17:30-18:00 *Stephen P Moose, University of Illinois, USA

Title: Multiplex CRISPR/Cas9 editing of genes targeted by long-term selection for grain

protein concentration in maize. 

Parallel Poster Session 

Time Session 

18:00-20:00 

Poster Session-I 

Poster Session-II 

Poster Session-III 

Poster Session-IV 

Poster Session-V 

Poster Session-VI 

DINNER 

END OF THE DAY 

Day 3: April 30, 2022 (Saturday) 
KEYNOTE LECTURES 
Chair: Prof. R.K. Jain 

Co Chair: Dr. Sarvjeet Kaur 
9:00-9:30 Dr. Himanshu Pathak, NIASM, Baramati, Maharashtra

Title: Managing Emerging Abiotic Stresses in Agriculture 
9:30-10:00 Dr. Subhra Chakraborty, NIPGR, New Delhi

Title: System level understanding of organeller control of multi host resistance in fungal

disease 

10:00-10:30 Dr. Prabodh K. Trivedi, CIMAP, Lucknow

Title: Small molecules as regulatory components play bigger role in plant growth and

development 

TEA BREAK 
(10:30-10:45) 

CONCURRENT SESSIONS 
SESSION 7: Genome Sequencing,

Bioinformatics 

Chair: Dr. Anil Rai 
Co-Chair: Dr. Kishor Gaikwad 

SESSION 8: Pre-breeding, Wild

Relatives of Crop Plants 

Chair: Dr. J.C. Rana 
Co-Chair: Dr. Manjusha  Verma 

SESSION 9: Emerging

Threats in Indian 

Agriculture, Biopiracy, IPR 

issues 



Venue: AP Shinde Hall Venue: Conference Hall Chair: Prof. Deepak 
Pental  
Co-Chair: N. Raghuram 
Venue: Training Hall

Time Speaker Time Speaker Time Speaker 
10:45-11:05 A.R. Rao, ICAR, New

Delhi

Title: Artificial 

Intelligence and 

Genomics – A blended 

approach for 

unravelling some 

underlying complex 

trait phenomena in 

plants

10:45-11:05 Bhaskar C. Patra,

NRRI, Cuttack 

Title: Pre-breeding for

enriching the gene 

pool of rice crop for 

both cultivated and 

wild/weedy rice

10:45-11:05 Sunil C. 
Dubey,

ICAR, New 

Delhi 

Title:

Safeguardin

g Indian 

agriculture 

from 

pandemic 

situation 

through 

effective 

and 

stringent 

biosecurity 

and 

biosafety 

11:05-11:25 Divyank Mahajan, 
RedCliff, Noida

Title:  Targeted SNPs

to Spatial Genomics– 

tools to navigate and 

harness the molecular 

knowledge 

11:05-11:25 Mohar Singh,  
NBPGR, Shimla. 

Title: Pre-breeding

and genetic 

enhancement for 

breaking yield barriers 

in grain legumes 

11:05-11:25 Malathi 
Laxmikum
aran,
Laksmikum

aran & 

Sridharan, 

New Delhi, 

Title: India

Patenting in 

the area of 

Plant 

Biotechnolo

gy 

11:25-11:45 Nityanand Sharma, 
Premas Life Science, 

New Delhi 

Title: Advancing 

agrigenomics 

breakthroughs with 

advanced technologies

11:25-11:45 Nevtaj Singh Bains,

PAU, Punjab 

Title: Introgression

strategies using 

progenitor and non 

progenitor species for 

wheat improvement

11:25-11:45 N. 
Raghuram, 
IP 

University, 

New Delhi.

Title:

Research 

and 

Publishing 

Ethics in 

Plant 

biology 

11:45-12:05 Prabina Kumar 
Meher, IASRI, New

Delhi 

Title: Machine 

learning driven 

prediction of multiple 

abiotic stress-

responsive genes in 

11:45-12:00 Mridul Chakraborty,

NRRI. Cuttack. 

Title: Development

and utilization of 

chromosome segment 

substitution lines 

(CSSLs) for pre-

breeding in rice 

11:45-12:05 Vibha 
Ahuja,

BCIL, New 

Delhi. 

Title:

Regulation 

of genome 

editing in 



plants: A novel 

computational model 

plants 

12:05-12:25 Ajay Mahato, CDFD, 
Hyderabad 
Title: Decoding of 

mango genome 

(Mangifera indica L.) 

Variety ‘Amrapali’ 

and its parents 

Dushehari" and 

Neelam, via next-

generation trio binning 

approach 

12:00-12:15 P. Revathi, IARI, 

New Delhi 
Pre-breeding to 

enhance the yield 

potential of hybrid rice 

parental lines. 

12:05-12:25 Alka Singh, 
IARI, New 

Delhi Title: 
Role of 

social 

studies on 

formulating 

the research 

aim in 

biotechnolo

gy 

12:25-12:45 Rakesh Murya, 
Next Gen Bio., New 

Delhi.  

Title:  High accuracy 

Single molecule 

sequencing and 

chromosome level 

assemblies 

12:15-12:30 Soni Chowrasia, 
NIPB, New Delhi 
Title: Oryza coarctata 

an excellent source for 

various stress 

tolerance genes 

12:25-12:45 Shilpi Paul 
SERB, New 

Delhi 

Title: 

Research 

funding 

policies in 

Science and 

Technology 

in India 

12:45-13:05 Ramachandran 
Baskaran,  Nucleome 

Informatics Pvt Ltd, 

Hyderabad 

Title: Iso-Seq based 

full length 

transcriptome for 

Novel Gene and 

Isoform discovery 

12:30-12:45 Preetesh Kumari, 
IARI, New Delhi. 
Title: Introgression of 

genes responsible for 

climate resilience in 

Indian mustard from 

allied member 

(Sinapis alba L.) 

through somatic 

hybridization 

12:45-13:05 Pratibha 
Bhambi, 
NBPGR, 

New Delhi 

Title: 

Policies and 

Guidelines 

for access 

and use of 

genetic 

resources 12:45-13:05 Annaliese Mason*, 
University of Bonn, 

Germany  
Title: Polyploidy and 

hybridization 

for Brassica crop 

improvement 

LUNCH BREAK 
(13:05 –13:50) 

Time 
13:50-15:30 Poster session –II 

15:30-16:00 VALEDICTORY AND AWARD DISTRIBUTION 

HIGH TEA 

*lectures will be delivered on-line mode
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Workshop on

Nutritional Security
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Invited speakers: 

Session 1 :Abiotic stress Tolarence
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Invited speaker: 

Session 2. Biotic Stress Tolerance
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Invited speakers: 

Session 3: Genetics and Genomics
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Invited speaker: 

Session 4. Yield and Quality traits
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Invited speakers: 

Session 5 Plant Tissue Culture, 

Transgenics
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Invited speaker: 

Session 6. Developmental Biology, 

Epigentics
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Invited speaker. 

Session 7. Genome Sequencing, 

Bioinformatics
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Invited speaker 

Session 8. Pre-Breeding, 

Wild Relative of Crop Plants
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Session 9. Emerging Threats 

in Indian Agriculture, Biopiracy,

 IPR issues
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Session1. Abiotic Stress Tolerance 
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S1-PP-01 
Assessing the phenotypic response of the recombinant inbred lines derived from IR 29 (Oryza sativa 
L.) /African rice (Oryza glaberrima Steud.) for seedling stage salinity tolerance in rice

Abhishek Mazumder
1
, Megha Rohilla

1
, Paresh Chandra Kole

2
, Subbaiyan Gopala Krishnan

3
, Tapan 

Kumar Mondal
1
 

1
ICAR-National Institute for Plant Biotechnology, New Delhi, India 

2
Department of Genetics and Plant 

Breeding, Palli Siksha Bhavana, Visva-Bharati, West Bengal, India 
3
Division of Genetics, ICAR-Indian 

Agricultural Research Institute, New Delhi, India 

(Correspondence: mondaltk@yahoo.com)

The global climate change along with rapid degradation of soils across the world is a major threat for rice 

production. Salinity stress is a major abiotic stress factor affecting the productivity of rice. With 

increasing land degradation and seawater intrusion in the lowlands, there is a need to improve agricultural 

productivity from saline soils. With this background, a recombinant inbred lines (RIL; F6:7) population 

from the cross, involving two rice genotypes IR 29 (Oryza sativa L.)/African rice (Accession no. TKM-

239) {Oryza glaberrimaSteud.} contrasting for the response to salinity stress in seedling stage in 

hydroponics experiment had been developed. Seeds of the two parents were germinated in petriplates in 

moist germination paper at 30
0
 C for four days before transferring to hydroponics Yoshida nutrient 

solution (pH = 5.0) in perforated PCR plates in plastic trays and kept inside the tissue culture room for 

growth. A controlled environment with 16-h light/8-h dark photoperiod at 25–26
0
 C and a relative 

humidity of 60–70% had been maintained for the growth of the seedlings for the next two weeks. The 

seedlings were grown in a control condition with a standard protocol as per the Standard Evaluation 

System of IRRI for salinity screening in hydroponics system. At 18 days after sowing (DAS), the 

seedlings were exposed to 100, 150 and 200 mM salt (NaCl) stress for 7 days for standardizing the 

concentration of salinity stress treatment. One set of control was maintained alongside. At 25 DAS, 

significant phenotypic differences were observed between the parents i.e. {IR 29, salt-sensitive (SES = 9) 

and African rice, salt-tolerant (SES = 3)} at 100 mM NaCl (EC ~11.65 dS/m) stress. The individual 

lines/families of the RIL population (population size = 226) were screened for seedling salinity tolerance 

at 100 mM NaCl, which showed that 77 lines were highly tolerant (SES = 3), 72 lines moderately tolerant 

(SES = 5), 52 lines moderately sensitive (SES = 7) and 25 lines were highly sensitive (SES = 9) to salt 

treatment.  Phenotypic parameters such as root and shoot length of the seedlings, fresh weight and dry 

weight of the root and shoot, total chlorophyll content from the leaf, sodium (Na), potassium (K) and 

Na/K ratio from the whole plant under salinity stress were recorded and compared with the control. Five 

individual seedlings in one replication had been scored for all phenotypic measurements. Phenotyping and 

yield trial experiments will be conducted in saline soil to evaluate the performance of the RIL population 

at reproductive stage. Along with, genotyping of the parents and RIL population through Genotyping by 

sequencing (GBS) approach will be executed to identify single-nucleotide polymorphism (SNP) markers 

linked to different parameters of seedling and reproductive salinity. Statistical correlation analysis 

between the phenotypic and genotypic data will help in identifying quantitative trait loci (QTL) regions 

associated with seedling and reproductive salinity tolerance in African rice accession.  Mapping the QTLs 

and identification of candidate genes associated with seedling salinity tolerance will be helpful for 

marker-assisted introgression of the QTLs/ candidate genes to develop high-yielding, salt-resistant rice 

cultivars capable of producing optimum yield in the farmers’ field in the coastal regions affected with 

natural salinity. 
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S1-PP-02 
Effect of abiotic stress on seed germination in Kalmegh (Andrographis paniculata) 

Abhishek Kumar and Mahesh Pal 

Department of Phytochemistry, CSIR-National Botanical Research Institute, Lucknow, India 

(Correspondence: m.pal@nbri.res.in)

The changing environmental conditions and concentration of heavy metals has been a serious threat to the 

soil. It has been a major concern for the growth of medicinal plants widely used in ayurvedic formulation 

and pharmaceuticals. There is a need to develop an effective strategy under changing environmental 

conditions. This requires an understanding of the agronomic requirements of the medicinal plant species, 

including the variations in growth conditions of abiotic stress. Present study is an attempt to determine the 

growth of Andrographis paniculata under the influence of salinity, water deficit, heavy metal onseed 

germination, and seed vigor index (SVI). Andrographis paniculata is an important medicinal plant of the 

Acanthaceae family, growth of which was enhanced by all three factors tested i.e., water deficit, heavy 

metal, and salinity. Seedling growth and seed vigor index was suppressed by NaCl, PEG, where as 

cadmium stress was most inhibitory. The therapeutically active compound andrographolide was high in 

stressed plants as compared to normal plants.  A. paniculata has a protection mechanism against oxidative 

damage by maintaining higher constitutive and induced activities of enzymatic, non-enzymatic 

antioxidant, and high content of its therapeutically active constituents.  

S1-PP-03 
Elucidating the role of microRNA169:NF-YA module in heat stress 

Apoorva Gupta, Sombir Rao, Sarita Jha, Chandni Bansal, Saloni Mathur 

National Institute of Plant Genome Research, New Delhi, India 

(Correspondence: apoorva.gupta@nipgr.ac.in)

Heat stress adversely affects the productivity of agriculturally important crops worldwide. Regulatory 

feedbacks are at the basis of different stress and developmental networks in plants. Here, we report that 

tomato and Arabidopsis plants improve their heat stress tolerance through heat stress transcription factor 

(HSF)-mediated transcriptional regulation of microRNA169 and post-transcriptional regulation of 

Nuclear Factor Y-Subunit A (NF-YA) transcription factors. We show that HSFs recognize tomato and 

Arabidopsis MIR169 promoters using yeast-one-hybrid/ChIP-qPCR. Silencing tomato HSFs using virus-

induced-gene-silencing (VIGS) reduce Sly-MIR169 levels and enhance Sly-NF-YA9/A10 target 

expression. Further, tomato transgenic plants overexpressing Sly-MIR169 and Sly-NF-YA9/A10-VIGS 

knock-down tomato plants as well as Arabidopsis plants overexpressing At-MIR169d and At-nf-ya2 

mutants showed a link with increased heat tolerance. In contrast, Arabidopsis plants overexpressing At-

NF-YA2, or those expressing a non-cleavable At-NF-YA2 form (miR169-resistant At-NF-YA2) as well 

as plants inhibited for At-miRNA169d regulation (miR169d mimic plants) were more sensitive to heat 

stress, highlighting NF-YA as negative regulator of heat tolerance. Furthermore, post-transcriptional 

cleavage of NF-YA by elevated miR169 levels result in alleviating the repression of heat stress effectors 

HSFA7a/b in tomato and Arabidopsis revealing a retroactive control of HSFs by the miR169:NF-YA 
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node. Hence, a regulatory feedback loop involving HSFs, miR169s and NF-YAs plays a critical role in 

the regulation of heat stress response in tomato and Arabidopsis plants 

S1-PP-04 
Identification and characterization of abiotic stress responsive USP genes in Triticum aestivum 

Arunima Singh and Paramjit Khurana 

Department of Plant Molecular Biology, University of Delhi, South Campus, New Delhi, India 

(Correspondence: arunimasingh1994@gmail.com)

The changing global environment adversely affects plant growth and yield. In response to these abiotic 

stresses plants have evolved sophisticated and delicate defence mechanisms. Abiotic stresses are 

multigenic in nature and multiple stress responsive genes act in a synchronized manner to attain tolerance 

to abiotic stresses. Universal Stress Proteins (USPs) are one such types of proteins that are known to be 

responsible for providing tolerance to a plethora of abiotic stresses. The Universal Stress Protein (USP) 

was first discovered in Escherichia coli and their members thrive abundantly in plants, with as high as 

142 members in Brassica napus. Several USPs are reported to exhibit DNA binding, repairing, and 

refolding activities, protecting the nucleic acids from external stresses. However, the structure, 

biochemical function, regulation of  USPs are largely unknown in many plants. We have identified and 

characterized six abiotic stress responsive USPs in Triticum aestivum. Real time PCR was done to check 

for their differential gene expression in various abiotic stresses. Interaction and localization studies were 

also done. TaUSPs were found to be extensively forming homodimers and heterodimers within the 

selected members. These interactions of TaUSPs within the members could be used as a signal for stress 

response or act as a crosstalk to gain a better stress adaptability under varieties of stress. Localization of 

the TaUSPgenes revealed their presence in Endoplasmic Reticulum (ER) and Golgi complex. The 

presence of TaUSP family members in the ER could suggest their probable role in protein folding under 

abiotic stresses, however, their specific functions need to be investigated further. 

S1-PP-05 
Genome wide identification and expression analysis of isopentenyl transferase and cytokinin oxidase 
gene family in mulberry 

Chanchal Singhal, Arun K. Sharma, Paramjit Khurana 

Department of Plant Molecular Biology, University of Delhi, South Campus, New Delhi, India 

(Correspondence: chanchal.singhal01@gmail.com) 

Cytokinins are important plant hormones that regulate numerous biological processes in plants, such as 

cell division and differentiation, vascular and flower development, nutrient allocation, leaf expansion, 

root development and seed germination.  Cytokinins (CKs) also help plants to militate against abiotic and 

biotic stresses.  The cytokinin homeostasis in cells is maintained via major three processes comprising the 

rate of biosynthesis, inactivation/activation and degradation.  Mulberry is an economically important crop 

and its foliage is the only source of nourishment for the growth and development of domesticated 
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silkworm (Bombyx mori L.) for the production of natural silk.  Mulberry growth is the key determinant of 

leaf yield and in turn a major factor contributing to the sericultural economics.  Herein, we identify 6 

MnIPT genes and 6 MnCKXgenes in Morus notabilis using hmm search.  The gene structures, conserved 

domains and phylogenetic relationships were analyzed.  This revealed the presence of introns in three 

genes and absence in the other three genes for MnIPTs, whereas presence of four introns in each 

MnCKXs. On the basis of domains and phylogenetic analysis, MnIPTs can be divided broadly in two 

families- Adenylate IPT and t-RNA IPT. The phylogenetic analysis of MnCKXs distributes 6 MnCKXs 

in three clades with clade II and clade III further divided into two sub-clades.  The promoter region (2kb) 

in MnIPTs revealed the presence of several stress responsive elements such as ABRE, ARE, LTR, DRE, 

TGACG motif, etc., along with auxin response element and Aux-RRs.  The cis-elements in MnCKXs 

included abiotic stress responsive, light and circadian rhythm regulation, disease resistance and seed 

development, etc. Expression analysis in mulberry for both MnIPTs and MnCKXs shows preferential 

expression of genes in tissues including root, stem, bark, leaves and flowers.  The qPCR data of MnIPT 

genes under hormonal and stress conditions revealed genotype-specific responses. We find higher 

expression of IPTs in M. indica cv. K2 under all conditions as compared to the other genotypes tested. 

The qPCR analysis of all MnCKXs under BAP and Br treatment along with drought stress showed their 

upregulation suggesting their potential role under abiotic stress conditions and regulatory mechanisms of 

plant hormone homeostasis. The appropriate modulation of endogenous CKs levels by IPT and CKX 

genes is a promising approach for developing economically important high-yielding and high-quality 

stress-tolerant crops in agriculture. 

S1-PP-06 
Rice E3 Ubiquitin ligase imparts heat and drought stress tolerance in transgenic Arabidopsis 

Harmeet Kaur and Tapan Kumar Mondal 

ICAR- National Institute for Plant Biotechnology, New Delhi, India 

(Correspondence: harmeet.nrcpb@gmail.com) 

Ubiquitination of cellular proteins is an important post translational modification allowing for proteolytic 

degradation of ubiquitin tagged proteins. Regulation of the cellular proteome by Ubiquitin and 

proteasome mediated degradation is a key process enabling plants to counter these environmental 

severities and improve their survival under such circumstances. Rice plant U-box family (PUB) contains 

77 putative protein coding genes and most of these are expressed proteins. PUB family members are 

actively involved in crucial cellular functions like growth and development, biotic and abiotic stress 

response. PUB63 is one such abiotic stress responsive PUB gene which encodes for a CDS of 1032bp 

with a predicted protein of 344 amino acid residues and was shown to be upregulated during heat and 

dehydration stress treatments in rice. A time course quantitation of the transcript during heat stress 

revealedPUB63 to be an early heat inducible gene with the transcript levels going up as soon as 15 

minutes of heat treatment and reaching highest at 30 minutes after which it started to decline. 

Overexpression lines in Arabidopsis were analysed for their tolerance towards heat and dehydration 

stress. The results revealed the transgenic lines as tolerant to heat stress at different stages e.g., seed 

germination, seedling stage and mature plant stage. These lines also demonstrated tolerance to drought 

stress treatment at mature plant stage. Thus, our results suggest the role of PUB63 in heat and dehydration 
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stress response which provides tolerance even when overexpressed in heterologous system like 

Arabidopsis. 

S1-PP-07 
Understanding the regulatory role of protein tyrosine phosphatases during dehydration stress in 
foxtail millet (Setaria italica L.) 

Jyoti Maurya, Roshan Kumar Singh, Manoj Prasad 

National Institute of Plant Genome Research, New Delhi, India 

(Correspondence: jyotimaurya202@nipgr.ac.in)

During their entire life cycle, plants encounter various biotic and abiotic stresses, which hamper normal 

growth and development and lead to compromised yield in crop plants. As a counter mechanism, plants 

adopt different physiological and molecular mechanisms to ensure their adaptability against stresses. One 

such mechanism is activation or deactivation of regulatory proteins through phosphorylation and 

dephosphorylation. Phosphorylation refers to the addition of phosphate group on protein molecules and is 

facilitated by protein kinases. On the other hand, dephosphorylation is the removal of a phosphate group 

by protein phosphatases. Kinases and phosphatases, thus, can activate or deactivate downstream proteins 

involved in a signalling cascade. Protein phosphatases are broadly categorized into serine/threonine 

(Ser/Thr) phosphatase and tyrosine phosphatase (PTP). Most of the studies available till now, highlight 

the role of kinases and Ser/Thr phosphatases during plants biotic and abiotic stress however, the role of 

PTP are still understudied. Identification of PTPs has been done through in silico analysis of foxtail 

millet(Setariaitalica)genome. Contrasting foxtail milletcultivars IC4 (dehydration stress tolerant) and 

IC41 (dehydration stress susceptible) were grown and 21 days old seedlings were treated with 20% PEG 

(Polyethylene Glycol) for 1h, 6h and 24 h to induce dehydration stress. Total RNA was extracted from 

control and stressed samples, cDNA was prepared and qRT-PCR has been performed. Subcellular 

localisation has been performed in Nicotiana benthamianaleaf cells and visualized in confocal 

microscopy. Bacterial induction and purification of candidate phosphatase has been done. GST-pulldown 

followed by LC-MS/MS has been done to identify substrate/interacting partners. Present study has 

identified a total of 6 PTPs in C4 model crop, foxtail millet. Expression profile of all the identified PTPs 

has been analysed during dehydration stress in contrasting stress tolerant cultivars of foxtail millet. 

SiPTP3 was found to be expressed up to 60 folds higher during dehydration stress in tolerant cultivar 

relative to the non-stressed condition. Thus, SiPTP3 has been selected as a candidate gene for exploring 

the role of PTP during dehydration stress. SiPTP3 was found to be localized in cytoplasm and nucleus of 

the cell. In total 36 substrate proteins of SiPTP3 were identified through LC-MS/MS analysis which 

needs to be further studied. Altogether, the study would provide novel clues on the role of PTP in 

regulating protein activities under dehydration stress. 

S1-PP-08 
Study of allantoin mediated salinity tolerance in rice genotype IR-29 
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Rice is the most widely consumed cereals of the world, especially in Asia. Salinity stress is one of major 

abiotic stress, causes significant amount of yield loss in rice. Genetic factors, agronomic practices and 

different chemical amelioration can reduce the effect of salinity stress. Allantoin is a nitrogenous 

compound, derived from the degradation pathway of purine. Moreover, allantoin also plays an important 

role in ROS (reactive oxygen species) and in the activation of abscisic acid (ABA) biosynthesis under 

various stress condition. This purine metabolite has been found to enhance the abiotic stress tolerance 

through synergistic activation of ABA metabolism. But the exogenous application of allantoin to improve 

salinity tolerance in salt sensitive rice has not been reported till now. The role of allantoin in augmenting 

salt stress tolerance is a relatively new development. Therefore, the present study is based on the 

exogenous application of allantoin to mitigate the salinity stress of salt-sensitive rice genotype IR-29. 

Biochemical changes such as proline content, allantoin content, Na+/K+ ratio, chlorophyll content and 

morphological changes like root and shoot length, fresh weight and dry weight of root and shoot under 

different conditions of IR-29 was studied. Relative expression of auxin (OsYUCCA1), gibberellin 

(OsGA20Ox2), ABA (OsNCED1) and brassinosteroid (OsCYP90B2) biosynthetic genes were also 

analyzed through qRT-PCR. Morphologically distinct differences were found between the plants grown 

in NaCl (100mM) and NaCl (100mM) along with allantoin (0.01mM) treated condition for short term 

period. Considerable increment of root length, shoot length, fresh weight and dry weight of root as well as 

shoot were found due to exogenous application of lower concentration of allantoin under salinity. Even 

shoot tip necrosis was not observed in presence of allantoin under salinity stress. We found that allantoin 

improved salinity tolerance up to 5 days in IR-29 by increasing the accumulation of proline, which acts as 

osmoprotectant and maintained the osmotic pressure within the cell. Treatment also decreased the Na
+
/K

+
 

ratio, MDA content, and increased the total soluble sugar content, chlorophyll content as well as total 

allantoin accumulation in NaCl along with allantoin treated plants compared with only NaCl-treated 

plants. We also found through qRT-PCR analysis, that biosynthetic genes of phytohormones were 

upregulated, when exogenous allantoin was applied under salinity. All of these effects ultimately lead to 

the higher photosynthesis, thereby improving yield and biomass of the salt sensitive rice genotype such as 

IR-29. We conclude that exogenously supplied allantoin at low concentration gave salinity tolerance to 

salt-sensitive rice genotype IR-29. 

S1-PP-09 
CAMTA transcription factor regulates drought tolerance in chickpea (Cicer arietinum L.) 

Meenakshi and Indraneel Sanyal 

Plant Transgenic Laboratory, CSIR-National Botanical Research Institute, Lucknow, India 

(Correspondence: i_sanyal@rediffmail.com.) 

Chickpea (Cicer arietinum L.)  is one of the most important legume crops and ranks third in the world in 

terms of production. It is a small, much branched herbaceous plant and contains high quality dietary 

protein. Various abiotic stresses like drought, salinity, high temperature, and chilling adversely affect the 
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plant growth and crop productivity. Terminal drought stress is one of the major concerns which limit the 

growth and yield of chickpeas. CAMTA (Calmodulin binding transcription activator) transcription factor 

plays a major role in drought, as well as several other stress responses, in maintaining osmotic balance, in 

apoptosis and photosynthesis. To overcome drought stress, the CAMTA gene has been expressed in 

chickpea by Agrobacterium-mediated transformation. The physiological and biochemical parameters of 

the putative transgenic events were investigated. The expression of CAMTA gene was enhanced in all the 

transgenic events of chickpea as evident by qRT-PCR analysis. The stress markers like TBARS and H2O2 

during the onset of abiotic stress were also reduced in all the transgenic lines. Thus, CAMTA gene 

provides tolerance against drought by maintaining biochemical, physiological, and morphological 

performances provides tolerance against drought and could be exploited for genetic engineering strategies 

to overcome stress in other economically important crop plants. 

S1-PP-10 
In Silico proteome wide analysis of drought response dehydrin proteins (DHNs) across fabaceae 
family 
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Dehydrin proteins (DHNs) are widely known to be present in higher plants and are believed to play an 

essential functional role in embryonic development and abiotic stress responses especially droughts. 

However, there is a current lack of systematic analyses on the DHNs protein family in fabaceae. In this 

study, a total of 27 DHNs proteins were identified across 12 fabaceae species using BLASTp against 

Cajanus Cajan. The in-silico analysis of these 27 DHNs proteins were classified into six distinct groups 

based on their conserved domains and phylogenetic relationships. Structure analysis revealed that all the 

DHNs are highly hydrophillic in nature and disordered characteristics which can change their 

conformation based upon their environment. This analysis increases our understanding of DHNs that 

would be helpful for functional characterization of the DHNs protein family in legumes plants aimed at 

improving the abiotic stress tolerance of legumes. Furthermore, these results are beneficial for future 

functional studies of DHNs genes/proteins that will help preserve the recalcitrant legumes seeds for a long 

time and genetically improve legumes plants. 

S1-PP-11 
Investigating the impact of DNA polymorphism on heat stress response in contrasting tomato 
cultivars 

Monika Shrivastava, Sonia Balyan, Saloni Mathur 

National Institute of Plant Genome Research, New Delhi, India 

(Correspondence: saloni@nipgr.ac.in)
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Tomato is an important agricultural crop, that is increasingly becoming a cash crop in regions of warmer 

climates (the tropics and subtropics). Heat stress is one of the major adversity impacting the growth, yield 

and quality of tomato. The inherent heat stress response of contrasting tomato cultivars may be 

predominantly governed by the genome framework impacting the regulome at different molecular levels. 

We analysed genome resequencing data of heat tolerant (CLN1621L) and sensitive (CA4) tomato 

genotypes to understand the influence of DNA polymorphism on the heat stress response in tomato. 

Common to genotype specific sequence variants including small nucleotide variations (SNVs), multiple 

nucleotide variations (MNVs), insertions, deletions and replacements were identified w.r.t the reference 

Heinz genome. The genome-wide distribution analysis and annotation of sequence variants revealed the 

genotype specific sequence variants in regulatory regions and gene body of annotated transcripts, 

microRNAs and long noncoding RNAs. Further several splice site and non-synonymous amino acid 

change variants were also identified. The comparative analysis of genetic variants with the transcriptome 

of CLN and CA4 under heat stress identified the high confidence set of sequence variants that may be 

instrumental in governing the cultivar specific heat stress response in tomato. The above data suggested 

that genome variations may play a critical role in orchestrating the heat stress response in tomato.  
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A comparative study on tomato quality and yield under different soil and nutrient management 
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In the present study four cultivars of tomatoes DVRT-2, GT-2, GT-6 and GT-7 were analyzed for their 

quality and yield under different soil and nutrient management for two subsequent years (2019-2020) and 

(2020-2021). The response of the crop was recorded under three different types of soil i.e., conventional, 

saline and organic. The results depicted that, among the different cultivation methods, the saline grown 

DVRT-2 cultivar revealed highest total carbohydrate content (5.493%), dry matter (5.04%), total 

antioxidant activity by DPPH (53.6%), vitamin C (15.67mg/100gm), lycopene (15.8 mg/100gm). DVRT-

2 produced highest enzyme activities like ascorbate peroxidase (APX) (166.04 mmol H2O2 g
-1

 min
-1

),

catalase (CAT) (8.23 mmol H2O2 g
-1

 min
-1

 mg
-1

), peroxidase (POD) (45.64 IU min
-1

g
-1

 fresh wt), SOD

(71.21 UA g
-1

 mg
-1

), but saline grown GT-6 had highest PAL enzyme activity (6.70 mmol cinnamic acid 

g
-1

 mg
-1

). Control grown DVRT-2 had highest ash (18.26%), fat (0.0809%) and total protein content 

(0.79%). Organic grown DVRT-2 cultivar had highest Crude fibre (1.19%), chlorophyll a, chlorophyll b 

and total chlorophyll content at different growing stages. Morphological characters like fruit size and fruit 

girth were found to be larger in tomato as compared with conventional management type followed by 

organic and saline management type. 
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S1-PP-13 
Investigations on salinity stress signaling pathway in chickpea: Insights into the missing link 
between CBL-CIPK signaling pathway and Potassium uptake by high affinity potassium 
transporter HAK5 

Paheli Malakar and Debasis Chattopadhyay 
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(Correspondence: debasis@nipgr.ac.in)

Root is the first organ which senses salinity stress in the soil environment. Ion transport through root is 

the crucial starting point that determines salinity stress tolerance in plant. Despite extensive studies on the 

role of Ca
2+

signaling and Ca
2+

 dependent protein phosphorylation in regulating ion transport, the function 

of Ca
2+

 sensors and their downstream effector proteins in regulating plant growth and development in 

salinity stress remains largely unexplored so far, apart from SOS pathway. Therefore, the potassium ion 

transporter, CaHAK5 and its regulator, CaCIPK23 in chickpea have been focused in this study. In 

Arabidopsis, HAK5 has been shown to be phosphorylated by CIPK23 but no interaction between them 

has been established. Therefore, this study seeks to investigate mechanistic details underlying specific 

interaction between CIPK23 and HAK5. It has been observed that HAK5 phosphorylation by CIPK23 is 

interaction-independent in chickpea. Two open questions are how cytosol-localized CIPK23 

phosphorylates and activates plasma membrane-localized HAK5, and how CIPK23 preferentially 

phosphorylates and activates HAK5 in low intracellular K
+
 concentration during salt stress as there is 

competition by other ion transporters in PM for phosphorylation by CIPK23. Here, we observed novel 

interaction between HAK5 and CBL1/4 in chickpea. Additionally, CIPK23 has been found to interact 

only with the PM-localized CBLs in chickpea, which is distinct from the reports of other plants. We also 

observed CBL1/4 mediated targeting of CIPK23 at PM requires both myristoylation and palmitoylation of 

CBL proteins suggesting the role of dual lipid modification of CBL in recruiting CBL-CIPK23 complex 

at PM to phosphorylate and activate PM-localized nutrient transporters. Although CaCBL10 does not 

harbor such lipid modifications, it has a hydrophobic domain between amino acid residues Ala-20 and 

His-42 which spans across membrane and has been shown to be localized both at PM and tonoplast as 

well as recruit CaCIPK23 from cytosol to PM. These findings suggest that CBL1/4 recruits CIPK23 in 

vicinity of HAK5 to phosphorylate and activate it. While CaCIPK23, CaCBL1 and CaCBL10 are 

expressed in both root and shoot, CaCBL4 and CaHAK5 are expressed only in root. Further analyses 

revealed that expression of CaHAK5, CaCIPK23 and its interacting partner CaCBL4 get highly reduced 

in salt stress in chickpea root. Likewise, expression of CaCIPK23 and its interacting partners CaCBL1/10 

drastically goes down in chickpea shoot in salt stress. Taken together, these studies indicate that CBL4-

CIPK23-HAK5 module is repressed in chickpea root and CBL1/10-CIPK23 signaling pathway is 

inhibited in chickpea shoot under salt stress.  

S1-PP-14
Physio- biochemical response of mungbean [Vigna radiata (l.) wilczek] genotypes under high 
temperature stress at reproductive stage. 
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The increase in temperatures is because of climate change that causes negative effects on different crops. 

Mungbean (Vigna radiate L.) is grown as a summer-season crop. The suitable temperature for growth of 

mungbean is 28–30 °C, increase in temperatures above these limitswill cause damage especially during 

reproductive stage, which inhibits its crop productivity. So, this study was conducted to evaluate the 

effects of high temperatures during reproductive stage and to evaluate the performance of mungbean 

tolerance capacity during high temperature conditions. Five mungbean genotypes (LGG-460, RMG-344, 

PLM-118, CHAIT MUNG, and PLM-502) were grown in field condition at late-sown (LS). The heat 

stress was given to plants at the reproductive stage and this impact on mungbean genotypes for analyzing 

following parameters such as: phenology, duration of flowering, podding reduction in biomass, pod set, 

number of filled pods, seed number, seed yield, pollen viability and lipid peroxidation. There was a 

significant reduction observed in biomass, pod set, no. of filled pods, seed number and seed yield while as 

phenology, duration of flowering and podding were not affected. Further reduction in reproductive 

function of the plants such as pollen viability was highly affected. The biochemical analysis revealed that 

under heat stress, all the five plants produced more malondialdehyde (MDA) which indicates the lipid 

peroxidation. It concluded that all the five mungbean genotypes LGG-460, RMG-344, PLM-118, CHAIT 

MUNG, and PLM-502 were found heat tolerant and can be used to enhance the crop productivity. 

S1-PP-15 
PIMT and HSF- The combating role against seed aging 

Rakesh Kumar Achary, Kamble Nitin Uttam, Manoj Majee 
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Seeds are specialized propagation vectors that can mature to a quiescent, desiccated state, allowing them 

to remain viable in harsh conditions anywhere from a few years to millennia. Orthodox seeds can survive 

for a prolonged period and get deteriorate over time during aging or storage. Reduction of seed vigour and 

longevity is often associated with damage of nucleic acids, proteins, and lipids during storage. 

Accumulations of one of the Protein Repairing Enzymes [PRE], PROTEIN L-ISOASPERTYL 

METHYLTRANSFERASE (PIMT, EC 2.1.1.77), seed-specific Heat Shock Factors (HSFs), and Heat 

Shock Proteins (HSPs) show emerging roles in seeds to remain viable. PIMT, through robust repairing 

mechanisms and HSF, directly or indirectly through chaperons protects the proteins from damages. Still 

their direct or indirect mystery molecular link in regulating the role to maintain the cellular and 

biophysical stability in a dormant state to remain alive is still elusive. During resolving the detailed 

molecular riddles of PIMT in seed, interestingly we found HSF as a molecular partner in aged rice seeds 

by Co-Immunoprecipitation (Co-IP) followed by MS/MS identifications. The interactions have been 

further confirmed by Yeast-two-Hybrid (Y2H) and Bimolecular Fluorescence Complementation (BiFC) 

assay. Transcript data analyses using quantitative real-time PCR showed the high expression of selected 

HSFs in the later and mature stages of seed development. However, the root of interaction is still a 
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mystery. We speculated that HSFs may accumulate isoAsp during seed maturation which can be repaired 

by PIMTs. For that, we performed an iso-aspartate (isoAsp) quantification assay by transiently expressing 

HSF and PIMT in Nicotiana plants in both control and heat conditions.  Indeed, HSF accumulates isoAsp 

during heat conditions when expressed without PIMTs. The results showed that isoAsp accumulation was 

low when PIMT is expressed cordially. To analyze the functional implications in planta, overexpression 

lines have been constructed in rice plants. Further, the activity of HSF in terms of transcriptional 

activation of HSP will be analyzed. Therefore, it is very interesting to investigate the cause and molecular 

details of interactions of PIMT, HSF, and HSP and their role in seed-related traits.  

S1-PP-16 
Mediator complex facilitates crosstalk between JA and auxin signalling to regulate 
thermomorphogenesis 
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Plants continuously monitor environmental conditions and adjust their growth and development 

accordingly. At mild increase in temperature (28°C), model plant Arabidopsis shows dramatic changes in 

its architecture. The transcriptional regulator PHYTOCHROME INTERACTING FACTOR 4 (PIF4) and 

its downstream targets are known to regulate these ambient temperature-responsive changes in 

Arabidopsis. Mediator, the transcriptional co-activator has recently emerged as an integrator of signalling 

pathways during plant development. In this study, we have delineated the role of Mediator in the 

regulation of ambient temperature response in Arabidopsis. We found that plants defective in one of the 

subunits of Mediator head module, MED17, show reduced responsiveness towards ambient temperature. 

The med17 plants exhibit reduced elongation in hypocotyl as compared to WT plants. The role of auxin 

signalling has already been established in thermomorphogenesis. Here we are elucidating the previously 

unexplored role of jasmonic acid (JA) signalling and its interaction with mediator complex and auxin 

signalling during thermomorphogenesis. During warmth, the co-receptor of JA, CORONATINE 

INSENSITIVE 1 (COI1), is stabilized whereas the JA-signalling repressor JASMONATE-ZIM-

DOMAIN PROTEIN 9 (JAZ9) is degraded. Activation of JA signalling further triggers the occupancy of 

master regulator of JA signalling MYC2 on the promoter of MED17 leading to the transcriptional 

regulation of MED17. MED17 in turn occupies the promoters of thermosensory genes such as PIF4, 

YUC8, IAA19 and IAA29. MED17 also influences the epigenetic status of the promoters of these genes 

during warmth.  Thus, this study elucidates the important role of Mediator in thermomorphogenesis and 

establishes it as an integrator of JA and auxin signalling. By using molecular and genetic tools, we have 

shown the important role of Mediator complex during thermomorphogenesis.  This study also establishes 

Mediator as a central signalling processor. This study explains the crosstalk of auxin and JA signalling 

during thermomorphogenesis which can be used further to develop the temperature tolerant crop by 

engineering these pathways. 
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S1-PP-17 
Glutathione regulates iron deficiency response by modulating subcellular iron homeostasis in 
Arabidopsis 
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Glutathione (GSH) plays a fundamental role in regulating various physiological and developmental 

phenomena in plants. Recently, its involvement in regulating iron (Fe) deficiency response was 

established in Arabidopsis. However, the role of GSH in modulating subcellular Fe homeostasis remained 

unexplored till date. Here we have dissected the role of GSH in regulating Fe homeostasis in Arabidopsis 

shoots under Fe limited conditions. The two GSH depleted mutants, cad2-1 and pad2-1, were selected for 

this study and were exposed to Fe limiting conditions. Their response to Fe deficiency was analyzed using 

different morphological and biochemical parameters. The expression of different Fe responsive genes was 

then analyzed in these mutants by qRT-PCR. Pharmacological approach was undertaken to further 

confirm the role of GSH in regulating the identified Fe transporters. Promoter analysis of this identified 

Fe transporters was performed through histochemical GUS assay. The transcription factors (TFs) 

involved in regulating these Fe transporters were identified by yeast one-hybrid assay. The post-

translational regulation of the identified TFs via S-nitrosylation was further analyzed. The two GSH 

depleted mutant, cad2-1 and pad2-1 displayed increased sensitivity to Fe deficiency with smaller rosette 

diameter and higher chlorosis level compared with the Col-0 plants. Interestingly, the expression of the 

vacuolar Fe exporters, AtNRAMP3 and AtNRAMP4, and the chloroplast Fe importer, AtPIC1 were 

significantly down-regulated in these mutants. The expression of these genes were up-regulated in 

response to exogenous GSH treatment while treatment with BSO, a GSH inhibitor, down-regulated their 

expression. Moreover, the mutants accumulated higher Fe content in the vacuole and lower in the 

chloroplast compared with Col-0 under Fe limited condition suggesting a role of GSH in modulating 

subcellular Fe homeostasis. This regulation was, further, found to involve a GSNO-dependent pathway. 

Promoter analysis revealed that GSH as well as GSNO induced the transcription of these genes. It was 

further identified that this transcriptional regulation involved the S-nitrosylated TFs, AtbHLH29, 

AtbHLH38 and AtbHLH101. 

S1-PP-18 
The R2R3-MYB gene family in Cicer arietinum: genome-wide identification and expression analysis 
leads to functional characterization of proanthocyanidin biosynthesis regulators in the seed coat 

Ruchika Rajput, Jogindra Naik, Ashutosh Pandey 
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Chickpea (Cicer arietinum) is among the eight oldest crops and has two main varieties, i.e., desi and 

kabuli, whose most obvious difference is their seed colors. We show that this color difference is due to 

differences in proanthocyanidin content of seed coats. Using a targeted approach, we performed in silico 

analysis, phytochemical, molecular, genetic and biochemical studies to decipher the transcriptional 

regulatory network involved in proanthocyanidin biosynthesis in the seed coat of C. arietinum. Based on 

the annotated C. arietinum reference genome sequence, we identified 119 typical CaMYB encoding 

genes, clustering in 32 distinct clades. Three CaR2R3-MYB transcription factors, named CaPAR1 to 

CaPAR3, clustering with known proanthocyanidin regulators (PAR), were identified and further analysed. 

The expression of CaPAR genes was found to be well correlated with the expression of the key structural 

proanthocyanidin biosynthesis genes CaANR and CaLAR and with proanthocyanidin levels. Protein-

protein interaction studies suggest the in vivo interaction of CaPAR1 and CaPAR3 with the bHLH-type 

transcription factor CaTT8. Co-transfection analyses using Arabidopsis thaliana protoplast show that the 

CaPAR proteins form a MBW-complex with CaTT8 and CaTTG1, able to activate the promoter of 

CaANR in planta. Finally, transgenic expression of CaPARs in the proanthocyanidin-deficient A. thaliana 

mutant tt2-1 leads to complementation of the transparent testaphenotype. Taken together, our results 

reveal main components of the proanthocyanidin regulatory network in C. arietinum and provide CaPARs 

as a tool for genetic manipulation to improve agronomic traits. 

S1-PP-19 
Case studies on application of heavy metal stress for modulating secondary metabolism in 
triterpenoid yielding medicinal herbs  
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Abiotic stress stimuli are known to influence production of the desirable secondary metabolites in 

medicinal herbs, sequentially affecting the cell signalling communication leading up to differential 

expression of the stress inducible genes. Among these factors, heavy metals are notable “elicitors” 

affecting the accumulation of these desirable secondary metabolites. The present study investigates the 

effect of heavy metals on saponin production in cell suspensions of two ginseng congenersi.e., Panax 

quinquefolius and P. sikkimensis in vitro, followed by effect of exogenous addition of heavy metals in soil 

on growth and metabolism in Centellaasiatica and Gymnemasylvestrein planta. In vitro studies on 

application of cobalt and nickel salts on ginseng cell suspensions, revealed the stimulatory effect on 

ginsenoside and /or anthocyanin production in both the cell suspensions to the tune of 2.4-3.2 folds more 

than control. Enhanced associated enzyme activities and real time PCR based quantification of 

corresponding gene transcripts were also found to be higher than the respective controls. Also, for the first 

time, elicitation-based exudation and induction of ginsenosides, not present in control cultures were 

reported. On the other hand, in planta studies with Centellaasiatica and Gymnemasylvestre, when 

exposed to different concentrations of cadmium and lead salts exogenously applied to the soil mix, 

revealed the potential of the former as a cadmium bioaccumulator, with sustained plant growth and 25 

folds more centelloside content as compared to control cultures, with no such effect observed on 

application of heavy doses of lead salts. Interestingly, application of 200-400 mg/kg leads salt to the soil, 
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lead to a 1.5-2.5 folds increase in gymnemmagenin content of Gymnemasylvestre plantlets. Also, 

cadmium and lead accumulation within the aerial parts as well as the roots was insignificant in G. 

sylvestre plantlets.  Detailed data will be discussed during the presentation.

S1-PP-20 
Characterization of the role of Arabidopsis Methyl-CpG binding domain protein 1 (AtMBD1) in salt 
stress 

Vijendra Singh and Arun Kumar Sharma

Department of Plant Molecular Biology, University of Delhi, South Campus, New Delhi, India 

(Correspondence: arun@genomeindia.org)

Methyl CpG binding domain proteins bind to methylation marks on DNA and mediate gene silencing by 

recruiting other proteins of the silencing complex to the target loci. However, their physiological roles 

remain largely unknown. Therefore, we setup the present study to characterize the physiological role of 

AtMBD1 encompassing in-slico analysis of promotor sequence which would provide information about 

the responsiveness of the promotor based on the presence of cis-acting regulatory element it harbors. 

Exogenous NaCl application leads to a significant change in transcript abundance of AtMBD1 whereas no 

alterations in its mRNA level was observed in response to ABA and IAA treatments. Further, 

homozygous knock-out lines and transgenic lines overexpressing AtMBD1were analyzed for phenotypic 

differences on half strength MS medium supplemented with 180mM NaCl. Over-expression lines showed 

normal germination as that of wild-type while seeds. The post-germination growth was hampered in over-

expression lines. However, in case of knock out lines no significant difference in pre- and post-

germination capacities was observed when compared to wild-type plants. Extensive search of protein 

interactome databases revealed putative interaction of AtMBD1 with some auxin repressors Aux/IAAs 

and other proteins indicating the role of AtMBD1 in the integration of hormonal pathways involved with 

salt tolerance. Few of putative interactions including the interactions with Aux/IAA2 and Aux/IAA17, 

have been validated by us using yeast-two-hybrid and BiFc assays. To elucidate possible integration of 

auxin signaling pathway with salt tolerance, double knock-out lines mbd1/iaa2 and mbd1/iaa17 have also 

been generated. Further identification of putative targets of AtMBD1 by ChIP-PCR, biochemical and 

phenotypic analysis of overexpression lines and double knock-out line will provide useful insights about 

the mechanism involved in the regulation of AtMBD-mediated plant growth and development under salt 

stress.  

S1-VO-01 
Genome-wide characterization of miRNAs and their functional relevance in drought stress 
response in rice   

Anuj Kumar Dwivedi and Mukesh Jain 
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Drought is one of the consequences of climate change and a serious threat to rice production.  The 

miRNAs are important regulators of drought responsive genes in rice. A few rice genotypes have 

naturally evolved and developed tolerance against drought. A comparative characterization of microRNA-

mediated stress regulatory networks in tolerant and sensitive rice cultivars is important to decipher the 

molecular mechanisms involved in drought tolerance. In this study, we performed a high-depth small 

RNA sequencing and examined the miRNAs profiles in drought-sensitive (IR64) and drought-tolerant 

(N22) rice cultivars under control and drought stress conditions. We identified 168 known and 390 novel 

miRNAs via a stringent pipeline. We observed a cultivar-specific response of miRNAs, irrespective of the 

condition (control or drought). The putative target genes of miRNAs were found to participate in terpene, 

terpenoid, glutathione, amino acid and response to stress related metabolic processes. We observed that 

putative target genes of a few down-regulated miRNAs were up-regulated under drought stress in IR64 

and N22 and vice-versa. Our analysis indicated that the up-regulation of the target genes involved in ROS 

scavenging regulate the drought stress response in IR64 and N22. In conclusion, our study provides new 

insights into the miRNA mediated drought stress response in rice.  

S1-VO-02 
Morphological and SSR marker-based genetic diversity of indigenous submergence rice 
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Flash flood submergence is an important hazard to the agriculture of West Bengal related with climate-

change. The present study has evaluated 45 indigenous rice under submergence to estimate the extent of 

genetic divergence using ten morphological characters and 25 SSR markers at the Instructional Farm of 

RRS (OAZ), UBKV, Majhian, West Bengal during 2019-2020. The experiment was laid out in RCBD 

with three replications. Among the varieties, maximum yield in terms of seed weight per plant was 

observed in Nagra (124.60 gm), followed by Mandira (103.36 gm), Maguri (94.80 gm), Sadamota (85.92 

gm) and least was in Bhasha Manik (16.09 gm). Based on D
2 
values, the morpho-physiological parameter, 

45 rice genotypes were grouped into eight clusters. Cluster I comprised maximum 22 genotypes, followed 

by Cluster V and Cluster VI, with eight genotypes. The other entire Cluster was digenotypic except 

Cluster VIII (monogenotypic). On the basis of the cluster means, cluster VI was found important for days 

to 50% flowering, survival rate, plant height, panicle number per plant, test weightand grain yield per 

plant. Analysis of divergence pattern based on SSR markers allowed differentiation and classification of 

rice varieties into six clusters. A total of 120 alleles were detected, with an average of 7.6 alleles per 

locus. The number of polymorphic alleles detected by each SSR marker ranged from 2 to 4. Considering 

the number of alleles in conjunction with the level of polymorphism detected, the primers RM 8300, RM 

316, RM 23958, RM 257, RM 23901, RM 215, RM 23928, RM219, RM 23915, RM 23668, RM 8303, 

ART 3 and RM7175 appeared to be more informative primers. The result of cluster means clearly 

indicated that Jaldubi, Maguri, Sabita and Keralasundari were the most prominent to submergence stress 

and exhibited maximum similarity in the divergence analysis using SSR markers. These landraces, may 
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be, therefore useful, especially in lowland rice growing regions with stagnant water and can serve as 

valuable genetic resources in breeding program for submergence tolerance. 

S1-VO-03 
miRNA based molecular marker system in rice with special reference to abiotic stress tolerance 

Dip Pal and Narottam Dey 

Rice Biotechnology Laboratory, Department of Biotechnology, Visva-Bharati, Santiniketan, West 
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Now-a-days microsatellite (SSRs, simple sequence repeats) marker is widely used in marker-assisted crop 

breeding programme. But being a category of structural marker, it has the major limitation for use in 

functional aspect different valuable traits. Thus, with the rapid development of plant genomics and 

transcriptomics, a good number of functional markers have been attempted to develop of which miRNA 

linked molecular marker is the significant one along with SNPs. MicroRNAs (miRNAs) are highly 

conserved non-coding RNAs of 20-24 nucleotides, which are abundantly found in all groups of organisms 

and are considered as the regulatory elements of different genes at both transcriptional and post-

transcriptional level. In most of the crop plant, miRNAs are reported to be involved in all sorts of 

physiological responses including abiotic stress responses. In most of the major crops including rice 

(Oryza sativa L.) where highly curated genomics and transcriptomics information is available, an 

enriched miRNA-based database is available in public domain. In this present work, a standardized 

bioinformatics pipeline was standardized for development of miRNA linked SSR based molecular 

markers linked with three most popular abiotic stresses (drought, salinity and submergence). The 

developed miRNA linked molecular markers were validated in a heterogenous rice population, which 

were reported to be tolerant to abiotic stresses mentioned earlier. The amplified products were resolved to 

identify the polymorphic marker in relation to abiotic stress (drought, salinity and submergence) 

tolerance. The workflow and findings of this work form a basic frame for application of functional 

markers in rice. All the detailed findings will be presented in this presentation.   

S1-VO-04 
Leveraging genomics and epigenomics to address heat-stress tolerance and improve wider climatic 
adaptability of fibre flax 
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Fibre (linen) and linseed (seed oil) are two key commercial products of flax (Linum usitatissimum) that 

are gaining global appeal due to their diverse usage potential in Industries ranging from textile to food to 
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pharmaceutical. One of the biggest constraints to widespread flax cultivation in a hot and humid tropical 

region like India is the crop’s extended cool climatic needs. The scarcity of characterized genetic 

resources that are tolerant to early and terminal high-temperatures stress, is a barrier to developing 

varieties appropriate for broader climate adaptation; hence, traditional stress tolerance breeding is also a 

time-consuming proposition at the moment. Under these conditions, genomics and epigenomic methods 

are suitably poised to accelerate genetic improvement of a ‘climate smart flax’ and pave the way for 

widespread production of this crop regardless of climatic constraints. We developed a large number of 

potentially polymorphic molecular markers, such as nuclear SSRs and InDels, to use in characterising 

germplasm and marker-assisted stress breeding. These markers were developed using a comparative 

genomic approach in five genome sequences of different flax cultivars available in public domain 

databases. Flax contains a number of transcriptome resources relevant to abiotic stresses. Candidate gene 

families, such as heat shock factors and NAC-domain transcription factors, have been identified as 

playing roles in high-temperature stress as well as other abiotic stresses, such as dehydration and salt 

stress. For functional validations of the identified LuHSFA2a, LuHSFA2b, and LuNAC003 candidate 

genes, CRISPR/Cas9 vectors were designed for generating knockout flax lines through genome-editing. 

Furthermore, we created two high-quality transcriptome resources linked to heat stress that identified 

differentially expressed genes, long noncoding RNAs, and miRNAs. To discover epigenetically 

responsive and differentially methylated CpG sites and their relationship to heat-stress response, a 

bisulfite library sequencing technique was used to generate methylome profiles from heat-stressed flax. 

The predominant epigenomic response to heat stress in flax seedlings was revealed as hypomethylated 

DMRs in CHH sequence contexts, notably in promoters of heat responsive and DNA methylation genes.  

'Heat priming' is an epigenetic approach used to instil stable inheritance of heat stress resistance in a 

variety of plants, and it may also be used to generate flax lines with increased terminal heat-stress 

tolerance. Though the benefits of genomes, comparative genomics, and epigenomic techniques may take 

some time to make a discernible influence on heat stress tolerance in flax, the route to attain the goal has 

been laid out. 

S1-VO-05 
Impact of heat stress on the storage protein content in germinating seeds of Vigna radiata (L.) 

Divya Batra and Yogesh Kumar 
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Globally agriculture productivity is inhibited by ever changing climatic conditions and abiotic stresses 

such as salinity, drought, high temperature and heavy metals. Among all these factors, rising 

temperature have a severe effect on the growth and yield of plants, and thereby increasing the risk of 

food security. Under these conditions, the usually recognized benefits of legumes in cropping system are 

needed now more than ever. Legumes are consumed worldwide as a cheap source of protein, complex 

carbohydrates (including dietary fibres), vitamins and minerals. Vigna radiata (mungbean) is one of the 

common legumes and has a major role in ensuring the nutritional security of developing countries. The 

seeds of heat-sensitive and heat-tolerant genotype were allowed to germinate in sterilized Petri Plates. 

One set of Petri Plates with the seeds of both genotypes were kept at normal temperature and other was 

kept in BOD incubator at high temperature. The seeds were collected at different stages of development 
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and heat dried at 50
O
C in the oven. The dried seed were analyzed for proportion of four protein fractions 

(albumins, globulin, prolamins and glutelins) and electrophoretic patterns on SDS-gel. Out of four 

protein fractions, globulin representing the highest proportion followed by glutelins, albumins and 

prolamins in both tolerant as well as sensitive genotype. Prominent band pattern was observed between 

Mr 12000 to Mr 42000 while darkly stained with low intensity detected at Mr 45000. Lightly stained 

pattern observed in between Mr 51000 to 72000. In comparison to tolerant genotype, more reduction in 

storage protein was investigated in the sensitive genotype. 
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Phenotyping of root traits and characterization of OsSOR1 orthologs in soybean 
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Root architecture traits play important role in acquisition of water and nutrient from soil and are crucial 

for plant survival and seed yield. Soybean is a rainfed crop which frequently experience drought stress at 

early vegetative growth. In soybean, limited studies are available on root trait diversity and no root 

architecture gene is characterized. Using hydroponic culture, 25 soybean genotypes were characterized 

for root architecture traits at early vegetative stage. Roots were scanned and analysed using WinRHIZO 

software and data were recorded for total root length (cm), root diameter (mm), root tips, surface area 

(cm
2
) and root volume (cm

3
). A drought tolerant genotype EC538828, and a waterlogging tolerant 

genotype NRC 128, had shown high total root length values. EC538828 also showed highest root surface 

area (155.2 cm
2
) and root volume (2.21 cm

3
), whereas genotype JS 20-34 showed lowest values for root 

surface area (70.8 cm
2
) and root volume (0.77 cm

3
). Genome wide search for OsSOR1 homology in 

soybean genome identified 17 gene models showing significant matches. These 17 ortholog genes were 

distributed on 14 different soybean chromosomes. Expression data of these 17 gene models among 14 

different soybean tissues were downloaded from SoyBase. Heatmap of gene expression data showed two 

genes, Gm08.SOR1 and Gm14.SOR1, have exclusively higher expression in root tissue. These two genes 

were further analyzed using real-time PCR in contrasting trait genotypes EC538828 and JS 20-34. Root 

tips of primary roots and lateral roots of one week seedlings were analyzed for gene expression. Relative 

expression of Gm08.SOR1 was lower in primary roots but higher in lateral roots of EC538828 as 

compared to JS 20-34. Whereas, expression of Gm14.SOR1 was higher in primary roots as well as in 

lateral roots of EC538828, as compared to JS 20-34. This association of high expression of Gm14.SOR1 

in EC538828 compared to primary and lateral roots of JS 20-34 suggests it’s potential role in soybean 

root development. Gm14.SOR1 is a novel gene for root development in soybean which shall be validated 

by allele mining in germplasm, through near isogenic lines or gene editing. 
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Impact of saline irrigation on morphophysiological, biochemical and molecular traits of chickpea 
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In this study, effect of saline irrigation (ECiw6 dS m
-1

and 9 dS m
-1

) on the roots of chickpea (Cicer

arietinum L.) genotypes (CSG 8962, BG 1103, S7, DCP 92-3, ICCV 10, KWR 108, BG 256, K 850, JG 

16 and ICC 4463) at morphophysiological, biochemical as well as molecular level was investigated. 

Hastening of root growth due to salinity is a common process but less affect was seen on the roots of 

genotypes KWR 108, ICCV 10, CSG 8962 and S7 as compared to the other genotypes. Tolerant 

genotypes were able to maintain the optimum water relations to balance the cell turgor and accumulated 

more osmoprotectants (proline and total soluble sugars) when compared with the sensitive cultivars. 

Salinity caused the oxidative stress as MDA and H2O2 content enhanced with salinity but low 

accumulation was reported in tolerant genotypes due to the higher activity of enzymatic antioxidants 

(SOD, CAT, APX, GR and POX). Na
+
/K

+
 ratio increased but more increment was reported in sensitive 

cultivars. On the basis of the present and our previous studies salinity contrasting genotypes (tolerant 

KWR 108 and sensitive ICC 4463) were selected and along with the salt tolerant check the expression of 

various genes in response to salinity was studied. Upregulation in the expression of the genes encoding 

proline synthesizing enzymes P5CS and P5CR and downregulation of the proline degrading enzyme PD 

was noticed more being observed in KWR 108 and CSG 8962. Higher expression of the genes encoding 

the enzymes (SOD, CAT, APX, MDHAR, DHAR, GR and POX) was noticed in KWR 108 and CSG 8962 

as compared to ICC 4463. It was noted that, HKT1 gene plays an important role in maintaining the ion 

homeostasis in chickpea root. These root factors enabled the entire plant to survive in the saline 

environment and such root studies should be considered during chickpea breeding for the development of 

high yielding salt tolerant varieties. 

S1-VO-08 
SOG1 promotes the onset of endoreduplication following salinity induced double strand breaks 
(DSBs) in Arabidopsis thaliana 

Kalyan Mahapatra and Sujit Roy 
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In plants, DNA damage responsive cell cycle checkpoints play crucial role in genome stability 

maintenance through extensive regulation of cell cycle progression and induction of endoreduplication for 

repairing DNA damage. Both ATM and ATR (ATAXIA-TELANGIECTASIA-MUTATED and RAD3-
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RELATED) function as sensor kinases and play crucial role in the transmission of DNA damage signals 

to the downstream cell cycle regulators. The plant-specific NAC domain family transcription factor 

SOG1(SUPPRESSOR OF GAMMA RESPONSE 1) plays crucial role in transducing signals from both 

ATM and ATR in presence of DSBs in the genome for the regulation of key genes involved in cell cycle 

progression, DNA damage repair, endoreduplication and programmed cell death. In this study, we report 

that Arabidopsis exposed to high salinity shows generation of oxidative stress induced DSBs along with 

the concomitant induction of endoreduplication, displaying increased cell size and DNA ploidy without 

any change in chromosome number. These responses were significantly prominent in SOG1 

overexpression line than wild-type Arabidopsis, while sog1 mutant lines showed much compromised 

induction of endoreduplication under salinity stress. We have found that both ATM-SOG1 and ATR-

SOG1 pathways involve in the salinity mediated induction of endoreduplication. SOG1 promotes G2-M 

arrest in Arabidopsis under salinity stress by downregulating the expression of the key cell cycle 

regulators, including CDK1, CDK2, Cyclin B1 and WEE1 kinase. Our results suggest that Arabidopsis 

undergoes endo-reduplicative cycle in response to salinity induced DSBs, showcasing an adaptive 

response in plants under salinity stress. 

S1-VO-09 
Decoding DNA methylation dynamics during salinity stress response in chickpea cultivars 

Khushboo Gupta and Rohini Garg 

Department of Life Sciences, Shiv Nadar University, Gautam Buddha Nagar, Uttar Pradesh, India 

(Correspondence: rohini.garg@snu.edu.in) 

DNA methylation is one of the epigenetic mechanisms that govern gene regulation in response to abiotic 

stress in plants. In our study, we sought to understand the role of epigenetic variation by looking at 

methylation and integrating it with gene expression and DNA polymorphism in response to salinity stress 

in tolerant and sensitive chickpea genotypes. To identify these methylation dynamics, firstly methylated 

cytosines were identified in control and stress samples from bisulfite sequencing data. This was followed 

by the identification of differentially methylated regions in response to stress and control conditions. 

Genome-wide DNA methylation profiles showed higher CG methylation in the gene body regions and 

higher CHH methylation in the TE body regions. Analysis of differentially methylated regions (DMRs) 

suggests more hypermethylation in response to stress in tolerant genotype as compared to sensitive 

genotype. We also observed CG DMRs being more enriched in genes and CHH DMRs being more 

enriched in transposable elements. The cross-talk between DNA methylation patterns and gene expression 

showed a positive correlation between gene expression and CG gene body methylation. Enrichment 

analysis of these DMR associated DEG reveals genes involved in pathways like lateral root development, 

transmembrane transporter activity, GTPase activity and in regulation of gene expression. Correlation 

between CG, CHG and CHH methylation context revealed a high correlation of CG with CHG and CHH 

methylation context suggesting spreading of methylation within the three methylation contexts. Further, 

the contribution of small RNAs (smRNAs) towards DNA methylation suggested the role of smRNAs in 

inducing hyper methylation in CHH context methylated cytosines in transposable elements (TE) to further 

regulate gene expression of TE associated genes. The integration of DNA polymorphism with DNA 

methylation and gene expression resulted in the identification of epialleles that might have a probable role 

in determining salinity stress response in chickpea. Overall, the cross-talk between DNA methylation, 
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small RNAs, gene expression and DNA polymorphism has provided insights into the regulatory 

mechanism behind the abiotic stress response in chickpea. 

S1-VO-10 
Investigating heat sensitivity of underutilized C4 grain Amaranth (Amaranthus hypochondriacus) 

Komal Goel
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Global climate change threatens agricultural productivity and nutritional food security.  Also, the growing 

world population will intensify agricultural food demand. Thus, the agricultural system needs 

diversification wherein mainstreaming of underutilized crops can be a promising avenue. Underutilized 

crops possess high adaptability towards climate change factors, maintain higher yield under 

environmental stress, and are nutritionally rich, suggesting them as potential future crops. In this context, 

underutilized pseudocereals of the Amaranthaceae family, including grain amaranths could play an 

important role. They are called “the grains of the 21st century” as they are gluten-free and highly 

nutritious. However, responses of grain amaranths to global change factors such as heat stress have not 

been investigated. Stress responses are developmental stage-specific and instigate a plethora of 

physiological, biochemical and molecular responses. Importantly, Heat Shock Factors (HSFs) form the 

central module of heat stress sensing in plants to impart thermotolerance by facilitating the expression of 

Heat Shock Proteins (HSPs). Thus, we performed growth and physiological analysis of Amaranthus 

hypochondriacusexposed to heat stress. Furthermore, genome-wide identification, organization, structure, 

and promoter analysis of the HSF gene family was done, followed by expression profiling at the tissue 

and developmental scale resolution under heat stress. Our work represents the first step towards 

understanding how C4 grain amaranth respond to heat stress. Also, gene expression data generated in this 

study is crucial to identify genes for developing thermotolerant cultivars. 

S1-VO-11 
Morpho-physiological, biochemical and yield attributes in response to drought heat and their 
interactive effect in rice (Oryza sativa L.) 

Kongkong Mondal and Narottam Dey 

Rice Biotechnology Laboratory, Department of Biotechnology, Visva-Bharati, Santiniketan, West 

Bengal, India 

(Correspondence: narottam.dey@visva-bharati.ac.in) 

Rice is a sensitive crop to drought and heat stresses, particularly at the anthesis stages of development. 

The current study investigated the individual and combine effects of drought and heat stresses on morpho-

physiological growth, yield, and oxidative metabolism in two rice lines, one is improved line ‘N22’ and 

another is rice land races ‘Noichi’. The stress treatments were applied at anthesis period for 4 days. 
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Drought, heat and their combine stress caused oxidative stress by the over-production of ROS (H2O2, 

OH
−
) and enhanced malondialdehyde (MDA) contents, which led to reduced photosynthetic components 

and yield attributes. The concurrent occurrence of drought and heat was more severe for rice growth than 

the single stress. However, both stresses induced the ROS accumulation and enzymatic antioxidants to 

prevent the oxidative damage. The performance of ‘N22’ was more prominent than the ‘Noichi’. The 

greater tolerance of ‘N22’ to heat, drought and their combine stresses was attributed to strong antioxidant 

defense system, higher osmolyte accumulation, and maintenance of photosynthetic pigments compared 

with ‘Noichi’ which are tolerant to drought stress, but moderately tolerant to heat and combine stress. 

S1-VO-12 
Detrimental impacts of pollen drought stress on: floral volatiles, floral rewards, pollinator activity 
and seed set in Ocimum basilicum L. plants 

Naira Nayab 

Department of Botany, Jai Prakash University, Chhapra, Bihar, India 

(Correspondence: nayabnaira@gmail.com) 

Drought is a major abiotic stress that limits performance of sweet basil (Ocimumbasilicum L.), which is 

an important aromatic plant for flavor foods and traditional medicines. Pollen represents the substantial 

stage in plants. Fertile pollen play an important role in seasoned plant reproduction. Plant–pollinator 

interactions are mediated by floral signals and by the quantity and quality of floral activities. But biotic 

and abiotic disturbances can influence plant reproductive success through both by direct effects on plant 

performance and indirect effects on pollinator attraction. In this study, we examined the effects of drought 

on OcimumBasilicum plants which is known globally as an annual herbaceous plant in the mint family 

Lamiaceae. It inclined to drought stress, dependent on insect pollinators for reproduction, and 

increasingly utilized in on-farm conservation. Between drought-stressed and control plants, we compared: 

nectar quantity and chemical composition, pollen quantity, floral volatile emissions, visits by both 

managed and wild pollinators, and plant reproductive success. Drought-stressed plants produced 

significantly fewer flowers and less nectar per flower, though pollen quantity per flower was unaffected. 

Our results show that drought stress can have significant effects on floral traits and pollinator attraction, 

reducing plant reproductive success, and the nectar resources available to pollinators.  

S1-VO-13 
Sub1A and SK locus -Regulation and role in submergence tolerance of rice (Oryza sativa L.) 

Pratyasha Samanta, Sandip Pal, Narottam Dey 

Rice Biotechnology Laboratory, Department of Biotechnology, Visva-Bharati, Santiniketan, West 

Bengal, India 

(Correspondence: narottam.dey@visva-bharati.ac.in) 

Based on the genomic diversity in context of submergence tolerance, rice plants are grouped into three 

basic categories of which the tolerant genotypes are either Sub1A or SK type. Though the Sub1A QTL 
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have been studied extensively with attempt to introgress in HY background, SK loci is still yet to explore. 

Keeping this as a significant area of research an initiation was taken to explore both the loci at genomic 

level followed by study on possible regulatory network associated through genomics and transcriptomics 

analysis. In this study, a group of 26 less popular indigenous rice landraces grown by the marginal 

farmers in limited and restricted water-logged rice fields of Eastern India were physiologically screened 

for submergence tolerance following standard protocol. For genomic diversity assessment targeting 

availability of Sub1A/SK loci, genomic DNA was amplified with primer sequence designed from both the 

loci. Biochemical and transcriptome study was performed for selected lines to confirm the physiological 

attributes in relation to submergence tolerance.  In addition to regular network of both the loci, an attempt 

was taken to identify miRNAs which target both the ERFs (SK1 and SK2) involved in escaping mode of 

submergence tolerance under submergence. Two miRNAs (osa-MIR1319b and osa-MIR1439) were 

selected, both of which target SK1 and SK2 respectively. The predicted binding sequences of target 

sequences were aligned with their respective miRNAs to find out most probable binding region that 

showed above 70% of base conservation. The secondary structure predicted for miRNAs was also 

considered for the minimum free energy (MFE) which was able to determine structure-function 

relationship of the miRNAs. All the findings form a complete basic regulatory network associated with 

Sub1A/SK related to submergence tolerance in rice. 

S1-VO-14 
Heterologous expression of ACC deaminase gene in Pelargonium graveolens showed elevated 
tolerance to chromium stress 

Pooja Singh and Laiq ur Rahman 

CSIR-Central Institute of Medicinal and Aromatic Plants, Lucknow, Uttar Pradesh, India 

(Correspondence: pooja.singh@cimap.res.in) 

As result of urbanization, industrialization, municipal waste disposal, and intensive agriculture, use of 

sewage water and sewage sludge, extreme toxicity of heavy metal showed a major threat to the 

environment. Although the toxicity of heavy metal affects both animal and plants but the plant represents 

the principal entry point of metals into a food chain, ultimately consumed by the animals. Chromium is 

one of the most toxic and non-essential heavy metals to plant above certain threshold levels, affects the 

plant growth and development. Pelargonium graveolens is an important aromatic plant known for its 

essential oil. This essential oil used widely in cosmetic, perfumery, aromatherapy and pharmaceutical 

industries. However, P. graveolens shows much sensitive behaviour against chromium. Likewise, other 

environmental stresses, heavy metal stress also increase the ethylene synthesis which has detrimental 

effect on plants in terms of plant growth, root development and causes early senescence. In order to 

reduce the stress of ethylene due to heavy metal, transgenic P. graveolens was developed expressing ACC 

deaminase gene from Achromobacterxylosoxidans, encoding 1-aminocyclopropane-1-carboxylic acid, 

under the control of CaMV 35S promoter. Transgenic as well as WT P. graveolens were exposed to four 

different concentrations of chromium (100 µM, 200 µM, 300 µM, and 500µM) treatment in the form of 

potassium dichromate (K2Cr2O7) in glasshouse conditions. On exposure of chromium stress, WT plant 

tolerated up to 200 µM, while transgenic plants survived comfortably up to 300 µM treated concentration 

of chromium, reflected by higher root length, RWC, chlorophyll content, antioxidant activity and proline 
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content than the WT control plant. The transgenic P. graveolens plant with ACC deaminase gene 

developed in this study could be potentially a valuable resource for cultivation in chromium rich areas.   

S1-VO-15 
Physiological and molecular response of coloured wheat seedlings against phosphate deficiency is 
linked to accumulation of distinct anthocyanins 

Satveer Kaur
1,2 

and Monika Garg
1 

1
National Agri-Food Biotechnology Institute, Mohali, Punjab, India 

2
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(Correspondence: satveerkaur5555@gmail.com) 

Anthocyanin rich coloured wheat with additional health benefits has created interest among breeders, 

consumers and policy makers to address the prevailing malnutrition in the vulnerable population. 

Researchers are exploring how colored wheat could perform under different nutrient conditions for the 

maintenance of growth and development. The present study was aimed to investigate the differential 

response of phosphorous (Pi) deficiency at the seedling stage using hydroponics. Our results showed that 

Pi-deficiency triggered typical response in the wheat along with the changes in the plant root morphology, 

total biomass, micronutrient concentration and distinct anthocyanin accumulation. Our physiological and 

biochemical data revealed that these parameters were positively altered under stress in the colored wheat 

and the adaptation followed the trend of white < blue <purple < black. Our results also confirmed that 

stress induced accumulation of distinct anthocyanins including derivatives of cyanidin, delphinidin and 

peonidin in a genotype dependent manner. Differential expression pattern visualized for the transcripts 

encoding phosphate transporters, anthocyanin biosynthesis, putative transporters and regulators may be 

one of the underlying factors. Altogether, our data showed that the black wheat genotype with highest 

anthocyanin content could adapt better with the P stress. This study will help in identifying suitable 

colored wheat for adaption to the stress condition and have potential for influence on the future 

agricultural cultivation practices.  

S1-VO-16 
Ionomic Approaches for Discovery of Novel Salt Stress‐Resilient Genes in wheat (Triticum aestivum 
L.) 
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, Amit Kumar Singh
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Salinity is a major abiotic stress factor that limits wheat production worldwide. To improve salt tolerance 

in wheat, an in-depth understanding of ionic balance is needed. Ionomics requires the application of high-

throughput technologies and their integration with both genomic and bioinformatics tools. Hence, 

optimized uptake of mineral ions creates potential routes for enhancing plant health during salinity stress. 
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Recently, essential and non‐essential minerals have been identified as key factors in salt stress, owing to 

their multifarious functions. However, a substantial understanding of the correlation between different 

ions and salinity stresses is still lacking. In this context, ionomics will be provide new platforms for not 

only understanding the function of the different minerals’ ions during salinity stress but also identifying 

the candidate genes and regulatory pathways related to ionic accumulation and transportations under 

normal as well as salt stress conditions. Integrated multi-omics analysis is highly suitable for 

identification of the genes for salt tolerance traits. Moreover, ionomics advances being used to identify 

genetic loci using qualitative trait loci (QTLs) and genome‐wide association analysis (GWAS) of ionic 

uptake and transport within plant tissues, as well as genetic variation within species, are explored. 

Furthermore, recent advancements in ionomics for the discovery of salt tolerant genes in wheat can be 

used to develop more reliable crops within a higher nutritional value for sustainable agriculture 

production. 

S1-VO-17 
Biochemical and epigenetic memory of drought stress impart enhanced stress tolerance in rice 
(Oryza sativa L.) 

Simardeep Kaur, Chetna Chugh, Chetna Gangwar, Archana Singh, Suresh Kumar 

Division of Biochemistry, ICAR-Indian Agricultural Research Institute, New Delhi, India 

(Correspondence: sureshkumar3_in@yahoo.co.uk) 

Plant, being sessile in nature, encounters numerous unfavourable conditions that lead to reduced 

productivity and yields. Drought is one of the frequently occurring environmental stresses that severely 

affect plant growth, development, and productivity. Different types of memories (short-term and long-

term memories) in animal systems have been the well-known phenomena; however, occurrence of such 

memories in plants has always been debated. More interestingly, the occurrence of transgenerational 

memories in animals has been an issue of serious debate and believed to rarely occur in human beings. 

Studies indicate that some of the plants are capable of modulating their biochemical, physiological, and 

molecular responses to environmental stress in a more efficient and quicker manner on reoccurrence of 

the stress to cope up with the stress. It has been suggested that plants remember what they 

experience/adopt to cope with a stress utilizing antioxidant activities, accumulation of protective 

biomolecules, and expression of stress-associated genes, having evolved as stress-protecting strategy, 

which enable a quicker and efficient response to the stress next time it is encountered. To get insights into 

the occurrence of stress memory in terms of biochemical and epigenetic interventions playing important 

roles in modulating plant responses in protection/acclimatization to drought stress, an experiment on 

drought stress tolerance in rice was designed. Rice cultivars (Nagina-22, drought tolerant, and IR-64, 

drought sensitive at reproductive stage) were grown in pots and imposed with drought stress at 

reproductive stage by withholding irrigation about a week before panicle initiation. After collection of 

leaf tissues from the control and drought treated plants, the stressed plants were re-watered and leaf 

tissues were collected again after 10 days of recovery from the stress. The tissue samples were used for 

biochemical and epigenetic analyses, and tissues were collected from the rice plants grown repeatedly for 

three consecutive years (2017-2020) under the same experimental setup. A set of droughts tolerant 

[Sahbhagidhan-1 (SBG-1), Nagina-22 (N-22), IR64-DTY1.1 (DTY1.1)] and drought sensitive (IR-64) rice 

genotypes were used for physio-biochemical (chlorophyll, total phenolics, proline contents, antioxidant 



154 

43rd  Annual Meeting of PTCA(I) & International Symposium on “Advances in Plant Biotechnology and Nutrational security” 

APBNS-2022, April 28-30, 202

potential) and global changes in 5-methylcytosine (5-mC) content under water-deficit stress. We observed 

genotype-dependent significant increase in proline and total phenolic contents (TPC), antioxidant 

activities, and 5-mC contents under the stress, while a decrease in chlorophyll content on drought stress. 

A part of increased TPC, proline content, antioxidant activity, and 5-mC was retained even after 

withdrawal of the stress, particularly in the drought-tolerant rice (SBG-1, Nagina22, and IR64-DTY1.1) 

genotypes. Increase in 5-mC content (hypermethylation) was observed in the drought-tolerant rice 

genotypes, while hypomethylation was observed in the drought-sensitive (IR64) genotype under the 

stress. Our findings suggest biochemical and epigenetic basis of stress acclimatization and inheritance of 

the acquired characters in plant. The potential transgenerational inheritance of the stress memory can be 

utilized to develop climate-smart crops, and to further improve crop productivity under the changing 

global climate towards sustainable food production. 

S1-VO-18 
Pteridophytes: heavy metal stress tolerance 
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Accelerated anthropogenic activities and few natural factors are responsible for increased heavy metal 

exposure in the environment.  Today it is a global problem faced by humans, plant, animals and microbes 

alike. To mitigate this problem phytoremediation, a plant-based approach of remediating organic and 

inorganic environmental pollutants from soil and water is practised. Pteridophytes exhibit natural 

tolerance to heavy metals and offer eco-friendly and cost-effective clean-up the environment. They have a 

wide geographical distribution, environmental adaptation and exhibit resilience in tolerating heavy metal 

toxicity.  The presentation will discuss the trends in the are of use of pteridophytes for removal of heavy 

metals. 

S1-VO-19 
Marker assisted improvement of an elite rice variety Sabour Shree for submergence tolerance 

Sweta Sinha, Kumar Sarvjeet, Yogendra Kumar, Digvijay Singh, Saurav Kumar, Amarendra Kumar, 

Satyendra, Suresh Prasad Singh, Mankesh Kumar, Prabhas Kumar Singh

Bihar Agricultural University, Sabour, Bhagalpur, Bihar, India 

(Correspondence: swetabaumbge@gmail.com) 

Bihar is one of the floods prone states in India. Out of 13.6 lakh hectares lowland area of rice in Bihar, 

around 11 lakh hectares rice growing areas are regularly affected by flood. The rice crop unpredictably 

suffers from frequent flash flood which is occurring mostly after second week of August in major part of 

the Bihar which damages the standing crop under current climate change scenario. Therefore, there is a 
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great need of submergence tolerance ability in the locally adapted popular variety to sustain rice 

productivity in the state. To address the problem of submergence due to flash floods, work was started to 

improve an elite rice variety Sabour Shree for submergence tolerance through marker assisted 

backcrossing approach. To introgress submergence tolerance QTL, the crosses were made between 

Sabour Shree and Swarna Sub1. For foreground selection, Sub1BC2 marker linked to submergence QTL 

were used to select plants possessing the Sub1 QTL. GBS approach was used for the background 

selection on the selected lines. The improved lines were found superior over recurrent parent. The 

improved lines with submergence tolerance QTL in background of Sabour Shree rice variety has the 

immense potential to help farmers in reducing losses due to submergence. 

S1-VO-20 
Genome wide association studies (GWAS) for water logging tolerance in Soybean: Comprehensive 
phenotyping for multiple traits 
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Soybean is considered a wonder crop due to its exclusive combination of protein and oil, making it 

suitable to be used as food and feed both. In last decade, water logging stress has been emerged as most 

deleterious abiotic stress for soybean (Glycine max L. Merrill) in India. Identification of potential climate 

resilient soybean germplasm as well as genomic regions associated to water logging tolerance traits are 

the need of the hours for soybean breeding programs. In present study, a panel of 320 diverse soybean 

germplasm lines was assembled after screening of around 2000 soybean germplasm accessions for abiotic 

stress related traits and yield traits. The GWAS panel was evaluated for water logging tolerance in Kharif 

2019 and Kharif 2020 at IISR, Indore. The water-logged conditions were provided in vegetative growth 

stages (V2 -V3) of plant for 10 days by saturating the soil with water up to 10 cm above the soil surface in 

stressed plot while counter control plot was maintained with normal irrigated conditions. Soybean 

genotypes were evaluated for water logging tolerance traits i.e., foliar damage score (FDS), plant 

mortality rate (PSR), stem elongation rate (SER), adventitious root rating (ARR) and diverse yield 

attributing traits. Plant mortality rate in panel was found be varied in range of 0% - 65.30% and 0% - 

92.50% during Kharif 2019 and Kharif 2020, respectively. Foliar damaged score (1-9 rating scale) was 

observed with mean value of 3.33 and 4.90 during Kharif 2019 and Kharif 2020, respectively. Percentage 

reduction in seed yield. Plant-1 after water logging stress ranged from 0% to 90.09% and 0% to 97.80% 

with mean reduction of 35.11% and 61.03% during Kharif 2019 and Kharif 2020, respectively. Other 

yield attributes also exhibited larger variations in regard to water logging tolerance. On the basis of bi-

plot survey, around 22-24% soybean germplasm lines of panel showed more tolerance than tolerant check 

JS 97-52, while 18-20% soybean accessions showed found be more susceptible than susceptible check JS 

90-41, depicting great variation in GWAS panel. Some of soybean germplasm accessions i.e.   TGX 317-

37 E, EC 456556, TGX 854-42 D, EC 528623 and EC 391346 showed superior tolerance for more than 
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three traits including seed yield during both years of phenotyping, these can be used as potential donors in 

breeding program. Genotyping of same panel was being done at ICRISAT, Hyderabad using genotyping 

by sequencing approach. This is the first study on phenotyping for water logging tolerance traits for a 

genome wide association studies (GWAS) panel in India. Identified potential donors would pave the way 

for soybean breeding program for water logging tolerance. 

S1-VO-21 
Regulation of MIR160 and its targets ARF10, ARF16, and ARF17 in regulating root system 
architecture (RSA) under nitrogen deficit conditions in Brassica juncea 
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Plasticity in RSA fosters effective N acquisition in plants. MIR160 targets members of AUXIN 

RESPONSE TRANSCRIPTION FACTOR (ARF10, ARF16 and ARF17) to regulate establishment of RSA 

under N-deficit. Understanding involvement of MIR160 under N-starvation is crucial for Brassica 

improvement given N-poor soil status of India. Herein, we characterize role of MIR160 and target ARFs 

in shaping RSA under N-starvation in B. juncea. To understand role of Brassica MIR160 under N 

starvation, root morphology was monitored in 10-day old seedlings under N-deficiency (0mM, 5mM) and 

sufficiency (15mM) vis-à-vis reference MS media (9.96mM). Expression levels of miR160, pri-miRNA 

160, and cleaved transcripts products of ARFs were quantitated using stem-loop primed PCR from root 

samples and native ARF expression using ΔΔCt method. Relative Quantification (RQ) values and 

statistical variation estimation were calculated, error bars indicating relative minimum/maximum 

expression levels about mean RQ expression were plotted. WinRhizo
TM

data were analysed for root trait-

specific parameters such as Total Root Length (TRL) and Average Root Diameter (ARD). Student t-test 

was performed taking reference sample as 9.96 mM. Since nitrogen deficiency is correlated to chlorosis, 

total chlorophyll content and Nitrate concentration were measured. Analysis of root morphology 

(WinRhizo
TM

), mir160, pri-miRNA 160, native ARF, and cleaved target-ARF levels in 10-day old 

seedlings grown under N-deficient (0mM, 5mM) and sufficiency (15mM) environments vis-à-vis 

reference MS media (9.96mM), revealed interesting trends. Increased TRL and decreased ARDcorrelated 

with increased mir160 levels during N deprivation. Relative quantitation of mir160and cleaved ARF 

levels showed highest and least expression in 0mM and 15mM concentrations, respectively, whereas, 

ARF 10, 16, and 17 cleavage products showed the highest accumulation at 5mM. Among the ARF 10, 16, 

and 17 homeologs, ARF10 was not detected in roots of 10 DAS whereas, ARF16 showed the highest 

expression. Cumulative levels of pri-miRNA160b homeologs showed highest expression among the other 

homologs of pri-miRNA160. Cumulative mir160 levels and ARF10 cleavage product displayed a negative 

correlation whereas ARF16 and ARF17 cleavage product showed a positive correlation to ARD. Total 

chlorophyll content and nitrate concentration were directly proportional to decreasing N concentration. In 

conclusion, our study suggests involvement of MIR160 homolog complex in conferring plasticity to RSA 
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under N deprivation in B. juncea. Such insights are crucial for understanding adaptive responses in 

context to Brassica improvement.  

S1-VO-22 
Understanding the role of ‘Hinge region’ of phytochrome-A in low light perception and signaling in 
rice 

Gowtham T.P. and Prasanta K. Dash 
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Phytochromes are inter-convertible molecular light switches that perceive red and far-red light and 

mediate various photomorphogenic responses to the signal in higher plants.Phytochrome A is the most 

abundant phytochrome in dark-grown seedlings enabling their de-etiolation in response to far-red 

light.The interaction of phyA with its signal transducers was shown to be regulated by phosphorylation of 

a serine residue in the hinge region of oat phyA, because phytochromes are phosphoproteins, they must be 

phosphorylated and dephosphorylated by protein kinases and phosphatases.Interaction of Oat phyA with 

its putative signal transducers, Nucleoside Diphosphate Kinase-2 and Phytochrome-Interacting Factor-3, 

is inhibited by phosphorylation at Ser598 in the hinge region in vivo, demonstrating the functional role of 

phosphorylation as a signal-modulating site via protein-protein interaction and also supporting the notion 

that the hinge region is preferentially exposed in the Pfr form. The phosphorylation sites in the hinge 

region may also serve as a switch for interdomain interaction between the N- and C-terminal domains. 

Three phosphorylation sites (i.e.S590, T593 and S602) in the hinge region of Arabidopsis thaliana were 

found to be essential in regulating the function of phyA, mutation in these sites changed the interactions 

of mutant phyA with FAR RED ELONGATED HYPOCOTYL 1(FHY1) and FHY-LIKE (FHL), and also 

delayed the light-mediated degradation of the mutant phyA. Furthermore, these mutations had a 

significant impact on the in vivo development of a phosphorylated phyA form, and the abundance of this 

form corresponded well with the level of phyA function, suggesting that the phosphorylated phyA form 

plays a critical role in generating the far-red light response. However, little is known about the role of 

hinge region of rice phyA. To address the role of ‘Hinge region’ in regulating PhyA function, we have 

used the NetPhos-3.1 server to predict the possible phosphorylation sites in the ‘Hinge region’ of PhyA, 

and identified three phosphorylation sites namely two threonine and a serine (with a NetPhos score of 

T589(0.534), T597 (0.610), and S601 (0.991) respectively). We speculate that these sites are 

phosphorylated in-vivo and are responsible for definingPhyA function. Low light intensity cannot be 

mitigated agronomically in open field circumstances, unlike other stresses like drought and salt. In order 

to identify or design superior cultivars with highly efficient photosynthetic capacity under low light 

intensity, detailed information on natural variation as well as the identification of functional alleles for 

genes underlying the biochemical and morpho-physiological traits identified is required. Therefore, 

breeding for and selecting low light tolerant genotypes is critical for increasing rice yield, particularly in 

areas where cloud cover is severe throughout the rice growing season. With the aid of Allele mining we 

tried to dissect the naturally occurring allelic variation in the ‘Hinge region’ of the low-light tolerant and 

susceptible rice cultivars namelySwarnaprabhaand IR64 respectively, but unfortunately we couldn’t 

screen out any possible mutations among these cultivars. Furthermore, the extent of the in vivo 
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phosphorylated form of phyA has to be addressed in further studies to find the role of this phosphorylated 

phyA in inducing the Far-red light response. 

S1-VO-23 
Fine mapping of QTL qDTY3.2 for yield under drought in Rice (Oryza sativa L.) 
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Rice (Oryza sativa L.) is the most important food crop for human population in Asia region and accounts 

for 23% of the world’s calorie intake. Drought stress is a serious limiting factor to rice production, which 

results in huge economic losses and increase in drought intensity is anticipated due to ongoing global 

climatic changes. The green revolution high yielding rice varieties are particularly sensitive to drought 

and there is a need of climate resilience varieties for sustainable rice production. Molecular markers 

facilitate the identification of genomic regions and candidate genes controlling drought tolerance by 

analysis of quantitative trait loci (QTL).The large size of the DTY (drought yield) QTL regions with 

likely presence of negative linkage drags make it imperative to fine-map these regions to facilitate their 

precise introgression and to identify candidate genes within these QTLs for development of functional 

markers. The qDTY3.2 QTL is located on the short arm of rice chromosome 3 in a region of 3Mb and it is 

the most consistent QTL identified for GY under drought. The qDTY3.2 QTL-NILs was crossed with the 

recipient parent Samba Mahsuri Sub1 and the F1s produced were checked for true hybridity using DNA 

markers. The QTL peak SSR marker RM523 (position 1.3 Mb) for Foreground selection whereas RM60 

(position 0.1 Mb) and RM22 (position 1.5 Mb) were used for recombinant selection on distal and 

proximal ends, respectively. The F2 population of 1000 plants was developed and 160 plants homozygous 

for qDTY3.2 were selected with the peak marker RM523. The flanking marker RM22 showed 

polymorphism while RM60 was monomorphic. Hence there is need to develop a polymorphic flanking 

marker for recombinant selection to narrow down the QTL and gene identification. The QTL region 

of qDTY3.2 will be reduced significantly by fine mapping. The underlying candidate genes will be 

identified based on the differential RNA expression profiles between the two parents, which will facilitate 

further map-based cloning of the genes underlying qDTY3.2 as well for marker-assisted transfer of the 

desirable gene for drought tolerance in rice using functional rather than QTL-linked SSR markers. 

S1-VP-01 
Growth promotion of tomato plant under arsenic stress by rhizobacteria Bacillus subtilis RK27 
isolated from rice rhizosphere 

Abu Barkat Md Gulzar and Pranab Behari Mazumder 
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Arsenic is one of the most abundant heavy metals with no known biological functions and is released into 

the environment through various natural and anthropogenic activities. The presence of arsenic beyond the 

threshold limit exhibit various adverse effects on the environment and plants. It also disturbs the soil 

microbial community which has great potential for soil fertility and soil health. The contamination of 

agricultural land with heavy metals like arsenic may lead to a significant reduction of plant growth and 

productivity due to its toxicity. The present study was conducted with the aim to understand the 

effectiveness of rice rhizospheric PGPR strain in the enhancement of the growth and production of 

tomatoes under arsenic stressed condition. Rice rhizospheric soil sample was collected from Karimganj 

district of southern Assam. Rhizospheric microbes were isolated and were screened for their PGPR 

activity like IAA production, ammonia production, phosphate solubilization, and protease production on 

different growth media. Based on the PGPR activity four rhizobacterial isolates KK20, KK21, RK27, and 

RK40 were selected for further screening. The selected rhizobacterial isolates were further tested for 

arsenic stress tolerance as well as for PGPR activity under stressed condition. The rhizobacterial 

isolateRK27 was found resistant to sodium (meta) arsenite (NaAsO2) up to 350 mg/l. The rhizobacterial 

isolate was also showed efficient PGPR activity under arsenic stressed condition. Through molecular 

characterization, the rhizobacterial isolate was identified as Bacillus subtilis RK27. The application of 

multifunctional PGPR strain Bacillus subtilis RK27 also increased the germination rate, germination 

percentage, and seedling height of tomato plants under both stressed (10mg/l NaAsO2) and non-stressed 

conditions. The result suggests that application of Bacillus subtilis RK27 may improve overall plant 

growth, development as well as productivity under arsenic stressed as well as non-stressed conditions. 
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Response of cucumber (Cucumis sativus L.) genotypes against drought stress under hydroponic 
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Cucumber is one of the important salad vegetables throughout the world which highly sensitive to 

moisture stress as it prefers high temperature (32-36 
o
C) and high soil moisture for better growth and 

successful production. There is also a problem of severe water shortage for crop management particularly 

in north and north-western India during peak growing season of cucumber (Mar-May). Considering the 

above facts, we have used 100 cucumber genotypes to study the response against drought stress under 

hydroponic medium, consisting of Hogland solution at National Phytotron Facility, New Delhi-12 (India) 

during Sept, 2021. Till date, hydroponic system was not well exploited to screenout drought tolerant 

genotypes in cucumber. In our study, drought stress was imposed on 12 days old seedlings by removing 

them from the nutrient solution and exposed the entire plants to air for 4 hrs daily for a period of 5 days. 
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However, control plants remain kept under nutrient solutions for these entire periods. All these 96 

genotypes were grouped into 0-4 scale (Drought Tolerance Index; DTI) where lowest score indicated 

higher degree of tolerance and vice-versa. On the basis of DTI, seedling survivability %, root and shoot 

dry weight, root and shoot length, six contrasting genotypes (three tolerant and three sensitive) were 

selected which were further validated using PEG-mediated (7.5% PEG6000) water stress as well as under 

open field condition. After exposure to air, highly tolerant genotypes showed 100% seedling recovery 

when they return back to hydroponic solution continuously for 5 days. However, highly sensitive 

genotypes failed to recover (0% recovery) under hydroponic solution after the first day of stress and 

started drying after that. Further, all the sensitive genotypes showed reduction in length of both root and 

shoot compared to tolerant genotypes. In future, these contrasting genotypes could be used as an ideal 

material to study the mechanism in response to drought stress as well as identification of QTLs and gene 

expression analysis.  

S1-VP-03 
Augmentation of morphological parameters of Glycine max seedlings by jasmonic acid treatment 
under dual stress of drought and sodicity 

Anmol Sidhu and Geetika Sirhindi 
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Plants, due to their sedentary habitat are compelled to live in an environment characterized by numerous 

challenges in terms of dynamic environmental conditions. Among the various known stress conditions, 

drought stress has destructive effects on plants that prevail even after the onset of favourable conditions 

and the hazardous effects of drought. Ruinous effects of drought include disturbed growth and 

metabolism, resulting in uncoupling of major physiological and biochemical process like photosynthesis 

which fosters reduced growth and yield. Along with this, drought stress is likely to worsen with 

anticipated soil sodicity which is increased sodium (Na) saturation in the soil as a result of periodic 

drought causing a major reduction in stomatal conductivity, photosynthetic efficiency, pigment content 

and chloroplast development. Application of phytohormones in agriculture is one of the modish strategies 

employed to enhance crop productivity under stress conditions making the plant more tolerant to adverse 

environmental conditions. Jasmonic acid a fatty-acid derived phytohormone is involved in many stress-

regulatory mechanisms of plants. The present study explores the potential of Jasmonic acid (1nM, 10nM, 

100nM) supplementation on the morphological growth and photosynthetic pigment content of Glycine 

max seedlings under drought and sodic stress. Results suggested that the primming treatments of 

Jasmonic acid to seeds under drought and sodicity stress ameliorated the effect of dual stress by 

enhancing the morphological parameters like shoot length, root length, fresh weight and dry weight. Also, 

the pre-treatment of JA under drought and/or sodicity stress showed a significant enhancement in 

photosynthetic pigments. Thus, JA application under drought and/ sodicity stress could act as a promising 

strategy to induce resistance mechanisms for increasing photosynthesis and growth under the era of 

changing climate.  
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Responses of rice plants to combination of light and drought stresses: A physiological and 
biochemical approach 

Atreyee Chatterjee
1
, Rup Kumar Kar

1
, Narottam Dey

2

1
Department of Botany, Visva-Bharati, Santiniketan, West Bengal, India 

2
Department of Biotechnology, 

Visva-Bharati, Santiniketan, West Bengal, India 

(Correspondence: rupkumar.kar@visva-bharati.ac.in) 

Under natural conditions, plants usually encounter combination of various stresses (biotic and abiotic) 

that becomes often more deleterious to crops rather than a single stress. The present work is mainly 

focused on the combined effect of drought and light (irradiance) on rice plants. In our country, drought is 

very common in most areas causing extensive yield loss, but when it combines with bright sunlight it 

becomes even more destructive.  In the present study, four selected rice lines (viz., IR36, N22, CRD40 

and Bhootmuri) were subjected to different levels of drought (100%, 50%, 25%, 12.5% of water) in 

combination with three light regimes (high, medium and low). After 7 days of stress, seedlings were 

analysed for different physiological and biochemical parameters. Plant height and relative water content 

(RWC) were relatively low but root length increased with increasing water stress level and light intensity. 

Total protein content increased with increasing water stress and light intensity, while chlorophyll level 

was higher at higher light intensities. Malondialdehyde (MDA) content, an indicative of lipid 

peroxidation, increased with water stress and light intensities and becomes highest at highest level of 

water stress (12.5%) combined with highest light intensity. Among the antioxidant enzymes, superoxide 

dismutase (SOD), peroxidase (POX) and ascorbate peroxidase (APX) activities increased with combined 

drought and light stress level, whereas catalase (CAT) activity was higher at higher light intensities. 

Regarding ROS production, superoxide (O2
.-
) level was higher with increasing water stress and light

intensity, but in case of hydrogen peroxide (H2O2) production a completely different scenario was 

observed. It may be inferred that light-induced reactive oxygen species (ROS) production aggravates 

under drought stress leading to the development of oxidative stress.  

S1-VP-05 
Identification of genes governing heat stress tolerance in rice (Oryza sativa L.) by expression 
profiling of candidate genes from major QTL regions 
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Rice, a staple food crop of the globe is sensitive to heat stress, especially, at grain filling stage. Though a 

few major QTL regions governing heat stress tolerance are identified the underlying genes are not known. 

Of these, two major ones on chromosome 5 and 9 (qSTIY5.1 /qSSIY5.2and qSTIPSS9.1), were identified 

from a mapping population derived from pair of contrasting rice genotypes for heat stress tolerance, IR 64 

and Nagina 22 (N22). We compared the CDS and amino acid sequences of the parents, IR64 and N22 in 
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the entire QTL region for identification of the SNPs and changes at amino acid level in all the genes. Out 

of the 54 genes in the QTL qSTIY5.1 and qSSIY5.2 and 65 genes in the QTL qSTIPSS9.1, 16 and 15 genes 

had non-synonymous amino acid changes between the parents N22 and IR64. Further these 119 genes 

were subjected to network analysis using RiceFREND and Cytoscape and the hub genes and the major 

interacting genes were identified, which gave a set of 57 genes additional genes for expression analysis. 

Primers for expression analysis was designed to check whether these genes showed differential 

transcription between the parental lines. Wherever alternate splice forms have been implicated, additional 

and distinct primers were designed for the expression analysis of the splice variants. For this, the parental 

genotypes were grown in field and transferred to pots at their early active tillering stage; one set of three 

replication of the plants were kept under control conditions outside the glass house and another set was 

shifted to controlled environment, (phenotyping facility, ICAR-NIPB) where high temperature (40°C) 

was maintained between 11 am and 2 pm following gradual diurnal variation. The panicles were collected 

from plants kept under both control and high temperature stress condition after 5 days of heat stress in the 

latter. The results revealed that out of the 34 transcripts in the QTL region, 9 on qSTIY5.1 /qSSIY5.2 and 7 

on qSTIPSS9.1 were differentially expressed between the parental genotypes while the remaining 18 were 

either upregulated or downregualted in both the genotypes. Similarly, among the 57 network genes, 27 

were differentially expressed while the rest showed similar response to heat stress. The DEGs identified 

in the present study are potential candidates in providing stress tolerance to rice and can be functionally 

characterized for deciphering their exact role and mechanism of heat stress tolerance. 

S1-VP-06 
Toxicity of CuO Nano and bulk particles on Maize (Zea mays L.): Interpretation of antioxidant 
defense mechanisms 
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The present study aimed to systematically investigate the particle size effects of copper(II) oxide [CuO-

NPs (<50 nm) and CuO-BPs (<10 µm)] on maize (Zea mays L.) seedling growth. Seeds of hybrid maize 

[Zea mays L., Trivikram (TMMH-802)] were surface sterilized and allowed to germinate in a growth 

chamber under 25°C temperature, 60% relative humidity and a photoperiod of16/8 h (light/dark) with 

600 µmol photons m
-2

 s
-1

. Two days old maize seedlings were transplanted into water (control) with CuO 

nanoparticles (CuO-NPs) [8 mM copper(II) oxide suspension, <50 nm particle size, Sigma–Aldrich, 

USA] and CuO bulk particles (CuO-BPs) [8 mM copper(II) oxide suspension, <10 µm particle size, 

Sigma–Aldrich, USA] solutions and maintained for 6 days. Each treatment group contained 30 uniform 

and healthy seedlings. Initially, series of pilot experiments were carried out to optimize the effective 

concentration of CuO-NPs for imposing the stress. Among the wide range of concentrations (2-10 mM 

CuO-NPs), significant decline in shoot height was evident in 8 mM onwards. Bioaccumulation of Cu, in 

vivo ROS generation, membrane damage, transcriptional modulation of antioxidant genes, cellular redox 

status of glutathione and ascorbate pool, expression patterns of COPPER TRANSPORTER 4 and stress 

responsive miRNAs (miR398a, miR171b, miR159f-3p) with their targets were investigated for better 

understanding the underlying mechanisms and the extent of CuO-NPs and CuO-BPs induced oxidative 

stress damages. Appearance of deep blue and dark brown spots on stressed leaves revealed after staining 
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with NBT and DAB respectively demonstrated the induction of severe oxidative burst in CuO-BPs 

seedlings. Fluorescence imaging further confirmed comparatively higher ROS generation in CuO-BPs 

challenged roots. Moreover, higher retention of Evans blue stain in roots of CuO-BPs stressed maize 

seedlings indicates cell death as compared to CuO-NPs exposed plants. The SEM analysis reveals that 

accumulation of Cu in maize roots markedly affect rhizodermis as apparent from enhanced sub apical root 

hairs formation in CuO-NPs exposed seedlings. Notably, no such structural alteration on the root surface 

was evident in CuO-BPs treated maize seedlings when compared with control roots. Restricted root 

development on exposure to CuO treatments irrespective of particles size may result in the reduced 

surface area for water uptake leading to osmotic stress. DHE and CM-H2DCFDA staining further 

supported elevated ROS generation in CuO-BPs stressed roots. CuO-BPs exposed seedlings accumulated 

much higher amount of Cu in roots as compared to CuO-NPs stressed plants with low root-to-shoot Cu 

translocation. Moderately high GR expression with maintenance of a steady GSH-GSSG ratio in CuO-

NPs challenged leaves might be accountable for their rather improved performance under stressed 

condition. miR171b-mediated enhanced expression of SCARECROW 6 might participate for the marked 

decline in chlorophyll contents in CuO-BPs exposed leaves. Ineffective recycling of AsA pool is another 

decisive feature of inadequate performance of CuO-BPs stressed seedlings in combating oxidative stress 

damages. Taken together, our findings revealed that toxicity of CuO-BPs was higher than CuO-NPs and 

the adverse effects of CuO-BPs on maize seedlings might be due to higher Cu ions dissolution. 
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Characteristics of the root system in the diploid progenitors and domesticated wheat under low 
nitrogen stress 

Gayatri
1,2

, Pranita Roy
 2
, Pranab Kumar Mandal

1

1
ICAR-National Institute for Plant Biotechnology, New Delhi, India 

2
Amity Institute of Biotechnology, 

Amity University, Noida, Uttar Pradesh, India 

(Correspondence:  Pranab.Mandal@icar.gov.in) 

Among cereal crops, domesticated wheat is used as a major source for human food consumption. In the 

current scenario, to satisfy the high-quality food demands of growing human population in variable 

environmental conditions, breeders need to access the diverse wheat resources. The diploid progenitors of 

domesticated wheat (bread and pasta wheat) represent an ideal gene pool for the use of wheat breeders, as 

these harbor useful features which can be exploited for the resistance to various environmental (biotic and 

abiotic) stresses. Root system architecture is a prime feature of plant performance to adapt different soil 

environmental conditions like nutrient and water stress. Diploid progenitors and domesticated wheat have 

never been compared and assayed for their nitrogen responsiveness in terms of root parameters. Here we 

report the root study of 6 diploid progenitors of wheat belong to Aegilops and Triticum genus and 

compared them with two durum and two bread wheat genotypes under optimum and stressed nitrogen 

conditions. Interspecies and intraspecies variations were observed in most of the root system architecture 

parameters. Root systems of A. speltoides (BB) accessions AN84 and AN3570 were found to be least 

affected, whereas the domesticated wheat genotypes were most affected under low nitrogen stress. 

Hexaploid wheat genotypes HD-2967 and GW-322 showed much pronounced total root size with reduced 

lateral root size under low nitrogen stress condition. Lateral root size and lateral root density got 

decreased in all the species under low nitrogen stress. Usually, all genotypes showed more number of 
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second order lateral roots at both conditions compared to first order lateral roots. Our study reveals the 

RSA diversity among diploid progenitors and domesticated wheat in response to low nitrogen stress. This 

study also suggests that significant hidden potential exists for the use of wheat progenitors to improve the 

root traits for different nutrient, as well as, water use efficiency. 
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28-Homobrassinolide restores growth in Brassica juncea seedlings under cadmium toxicity 
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Plants, the sessile living organisms of the ecosystem are prone to even mild environmental changes as 

they cannot escape from the deteriorating effects posed by this dynamism. Furthermore, environmental 

pollutants have become integral part of the abiotic sources like soil and water thereby affecting the growth 

and productivity of several economically as well as nutritionally imperative plants. Heavy metals (HMs) 

are one such pollutants that are non-biodegradable in nature and have become inevitable part of the food 

chain. Among HMs, Cadmium (Cd) is a carcinogenic, mutagenic and neurotoxic contaminant that holds 

no biological importance and impacts the lives of all the life forms even at lowest concentrations. 

However, in order to cope up with noxious effects of Cd toxicity in plants, phytohormones play a 

significant role. Ever since the discovery of polyhydroxylated sterols from the pollens of rape, 

Brassionosteroids (BRs) have received immense attention in mitigating the deleterious effects of 

environmental stress including HM toxicity. Therefore, the present study was carried out to analyse the 

toxic effects of different concentrations of Cd (10, 30 and 50 µM) on the growth attributes 

(photosynthetic pigments and carbohydrate content) of 15 days old Brassica junceaseedlings raised under 

controlled laboratory conditions and also the rescue potential of various concentrations (1, 10 and 100 

nM) of 28-Homobrassinolide (28-HBL) against afore-mentioned toxic Cd concentrations was explored. 

The results revealed increased lipid peroxidation (MDA content) when the seeds were raised under 

different Cd concentrations which is due to imbalance between the production and neutralization of the 

reactive oxygen species. Seed priming with 28-HBL lowered the levels of MDA, thereby protecting the 

plant from harmful effects of Cd. Cd also affected the photosynthetic efficiency of B. junceaseedlings by 

declining the contents of photosynthetic pigments and also affected the total carbohydrate content and 

reducing and non -reducing sugars. However, the ameliorative potential of 28-HBL was observed on the 

photosynthetic efficiency and carbohydrate profile of B. junceaseedlings which proves the promising 

potential of 28-HBL in improving the growth of the plant even under the conditions of Cd toxicity. 

S1-VP-09 
Understanding the role of GQS Helicase in stress adaptation in Arabidopsis thaliana 
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Gene regulation is a multi-layer phenomenon. One of the layer of the regulation in gene expression is 

rendered by the dynamic structural transitions between classical B-form DNA and non-canonical DNA 

folds such as G-Quadruplexes structures, triplex forming oligos, hairpins and cruciforms, and i-Motif 

structures. GQS have been secured most attention among these non-canonical folds and are formed within 

certain guanine and cytosine rich regions of the genome. GQS presence have been associated with 

genomic instability, impairment of DNA replication and repair mechanism directing to the epigenetic 

reprogramming. Several G-Quadruplexes helicases resolves GQS and contribute in maintaining genomic 

stability but detailed understanding of their activity in plants is not clear. To gain insight about the 

physiological role of GQS helicases in Arabidopsis, we performed phenotypic analysis with different 

GQS helicase homolog mutants and double mutants and found morphological alterations in the root 

structure, hypocotyl and bolting. Further, we examined GQS helicase mutant seedlings under different 

abiotic stress conditions and interestingly found mutants showed susceptibility towards different abiotic 

stresses. We characterized the activity of GQS helicases and identified they preferentially bind to GQS 

structure and have GQS helicase activity. Results of our study suggested GQS helicases are responsible 

for enhancing stress tolerance.  
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Functional characterization of stress responsive genes through the analysis of transgenic plants is a 

standard approach to comprehend their role in stress tolerance of plants and subsequently exploit them for 

crop improvement. Domain of unknown function 740 (DUF740) is a gene family that has not been 

functionally characterized, until now. We investigated the function of a member of the DUF740 gene 

family, OsSRDP (Oryza sativa stress responsive DUF740, LOC_Os04g59420) which showed up-

regulation in response to drought stress in the available global expression data. In this study, we 

developed transgenic plants of a drought stress sensitive rice cv. Pusa Sugandh2 expressing OsSRDP 

under the control of a stress inducible AtRd29A promoter, and confirmed for the stable chromosomal 

integration of the transgene in the transgenic plants by PCR, Southern hybridization and expression 

analysis. Homozygous transformants showed better resilience than the wild type (WT) under drought, 

salinity and cold stresses but not heat stress. Additionally, the transgenic plants showed resistance when 

challenged with a virulent strain of leaf blast fungus Magnaportheoryzae thus unraveling an interesting 

feature of this gene. The transgenic plants maintained higher RWC, photosynthetic pigments, and proline 

under drought and salinity stresses. Further, they exhibited less accumulation of reactive oxygen species 

than WT plants under drought stress as seen from the transcript abundance of the transgene and ROS 

scavenging genes, superoxide dismutase and peroxidase, under drought stress in the transgenic plants. 
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However, the root system architecture of AtRd29A::OsSRDP transgenic plants was similar to that of WT 

plants under irrigated as well as drought stress conditions. Under cold stress, OsSRDP transgenic lines 

illustrated lower relative electrolyte leakage and lipid peroxidation than their WT counterparts. 

Altogether, our findings established that stress inducible expression of OsSRDP can significantly enhance 

tolerance to multiple abiotic stresses and a biotic stress.    
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Development of climate smart wheat varieties to tackle abiotic stresses 
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Rapid climate changes have intensified the prevalence of abiotic stresses, mainly drought, salinity, 

submergence/flood, and temperature stress across the globe. Hence, sustaining crop productivity and 

quality under such a scenario has become an important area of focus as crucial as developing high-

yielding varieties across all crop breeding programs. Wheat is one of the major food crops ensuring global 

food security and widely used crops due to its economic and social values. This crop is vital in many parts 

of the world for food and feed, and its productivity is highly vulnerable to high temperature, drought, 

frost, and salinity which affect wheat production significantly. Improving tolerance to these abiotic 

stresses is a challenging assignment for wheat breeders/researchers, and more research is needed to better 

understand these stresses. The availability of high-quality reference genomes, the explosion of genomic 

knowledge, low-cost high-throughput genotyping tools, and the identification of important genes and 

genomic areas for the major abiotic stressors have all aided this effort. Wheat breeders have shifted the 

focus from enhancing the yield to developing climate smart varieties to reach sustainable agricultural 

development for food security under climate change. Though, diversity for tolerance to abiotic stress 

exists within the wheat gene pool and elite germplasms, reconstitution of elite varieties is required by 

introgressing one or more genes and quantitative trait loci (QTLs) that provide abiotic stress tolerance via 

trait-linked or functional markers. Using effective screening technologies, speed breeding and parent 

recycling to improve the breeding process could have a significant impact on the varietal development 

process. In addition, developments in genomic technologies, such as better and cheaper molecular 

markers and enhanced genomic selection prediction models, may help breeders develop stress-tolerant 

germplasm. There are opportunities to boost grain yield trends under abiotic challenges, but they must be 

used properly and efficiently. The advances in genomic technologies, such as better and cheapermolecular 

markers and improved prediction models for genomic selection couldfurther contribute to breeding for 

stress tolerant germplasm. Opportunities exist toincrease the grain yield trends under abiotic stresses, 

which need to be effectivelyand efficiently utilized. The advances in genomic technologies, such as better 

and cheapermolecular markers and improved prediction models for genomic selection couldfurther 

contribute to breeding for stress tolerant germplasm 
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Development of low phosphorus tolerant soybean varieties with wider adaptability to fit in the era 
of climate change 

Mahrukh and Khazin Hussain 
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Soybean (Glycine max L.) is an essential source of protein, oil and micronutrients in human and animal 

diets, has become an increasingly important agricultural commodity, with a steady increase in worldwide 

annual production due to its excellent nutritional value and health benefits. This can be attributed to its 

high grain nutritional value with 40% protein and 20% oil that makes it an important raw material for 

food and oil processing industries. Phosphorus (P) is one of the essential mineral elements in plant growth 

and reproduction and it is involved in many metabolic processes such as energy and cell membrane 

formation, nucleic acid bio-synthesis, photosynthesis and respiration. Soybean is a phosphorus requiring 

crop, and it is one of the important factors affecting the growth and yield.Globally, 43% of 1.37 billion 

hectares of arable land are phosphorus deficient.Therefore, phosphorus deficiency becomes a common 

problem around the world, as a major obstacle restricting agricultural production.At present, application 

of phosphorus fertilizer is the most common way to compensate for phosphorus deficiency in soil, but 

excessive and improper fertilization not only seriously affect the environment, but also lead to 

diminishing phosphorus fertilizer reserves. Selection and development of crop varieties that can 

efficiently utilize the soil phosphorus and perform well under low soil phosphorus conditions are 

considered as a sustainable and economical approach to withstand the low phosphorus availability 

problem.Soybean can survive in a wide range of temperatures depending on genotype but that degree of 

adaptability may not be enough under the influence of climate change.Wild soybeans may harbour a high 

diversity of adaptive traits against adverse environments. More in-depth research is needed to discover 

and make good use of these valuable genetic resources. The publishing of the reference genome in 2010 

has accelerated soybean research in various ways and has the potential to improve phosphorus efficiency 

by identification of Phosphorus efficiency genes, which is one of the important strategies for increasing 

soybean yield and adaptability.  

S1-VP-13 
Regulatory role of silicon for mitigation of potassium deficiency stress tolerance in peanut (Arachis 
hypogaea) through ion homeostasis, activation of antioxidant defense, and metabolic dynamics 
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Potassium (K) scarcity of arable land is one of the important factors that hamper the growth of the plants 

and reduce the yield of the crops worldwide. In the current study, we examine the physiological, 
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biochemical, and metabolome response of Arachis hypogaea (GG7 genotype: fast-growing, tall, early 

maturing, and high yielding) under either K limitation or K limitation with Si supplementation to 

elucidate the ameliorative role of Si. The reduced fresh and dry biomass of peanut and photosynthetic 

pigments content was significantly alleviated by Si supplementation. Si application did not affect the leaf 

and stem K
+
 although it enhanced root K

+
 in K-limitation, which is probably due to up-regulated 

expression of genes responsible for K uptake. Si improves the potassium use efficiency under K-

limitation conditions as compared to control. This result suggests that Si enhances nutrient use efficiency 

under nutrient deficiency along with nutrient toxicity. Si supplementation also promotes the absorption of 

cations like Mg
2+

, Ca
2+

, and Na
+
 which are involved in various functions like enzyme activation, osmotic 

balance, and cellular pH control. K-deficiency increased MDA, O2
•−

, and H2O2 levels in leaf and root of

peanut. Si improved/maintained the activity of antioxidative enzymes, thereby lowered the ROS 

accumulation significantly under K-limitation conditions. The AsA/DHA and GSH/GSSG ratio was more 

or less unaffected in both leaf and root, which suggests that cellular redox potential is maintained in K-

starved peanut. The metabolic profiling employing GC-QTOF-MS/MS and HPLC-DAD was carried out 

to evaluate the metabolic adjustments of Arachis hypogaea under K-starvation with and without Si. The 

metabolite profiling identified a total of 65 and 75 metabolites from leaf extract and 62 and 63 

metabolites from the root extract of peanut under K-deficient alone and combined with Si, respectively. 

These metabolites include organic acids, amino acids, sugars, sugar alcohols, hormones, and polyphenols. 

The principal component analysis (PCA) and partial least squares-discriminate analysis (PLS-DA) were 

used for determining the variations among control and treated groups. Furthermore, correlation-based 

networking and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis were 

employed to elucidate metabolic pathways involved in the alleviation of K-deficiency in the presence of 

Si. The phytohormone profiling of peanut revealed that Si application differentially modulated the 

phytohormone levels in leaf and root, suggesting that phytohormonal cross-talk has an imperative role in 

stress defense, growth improvement, and tolerance to K-nutrient deficiency. Si supplementation promotes 

the accumulation of sugars, sugar alcohols, and phytohormones, indicating their probable involvement in 

signal transduction, osmotic regulation, and improvement of stress tolerance. The up-regulation of 

aspartic acid and glutamic acid down-regulation of lysine, histidine, and arginine maintain charge balance 

in K-deprived peanut. The significant accumulation of polyphenols under K limitation supplemented with 

Si suggests the role of polyphenols for ROS scavenging. Our results demonstrated that Si as a beneficial 

element can mitigate K-nutrient toxicity and improve KUE of peanut under K-limitation conditions. 

Moreover, our results demonstrate that Si application can improve crop yield, quality, and nutrient use 

efficiency under nutrient limitation conditions. 

S1-VP-14 
Brassinosteroids induced temperature stress tolerance in Brassica juncea seedlings by modulating 
the ROS scavenging machinery 

Neha Dogra and Geetika Sirhindi 
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(Correspondence: dogra.neha003@gmail.com) 

Plants serve food and economic benefits to the mankind due to which their endurance and productivity 

enhancement has been major concern since time immemorial. But biotic and abiotic stresses pose a major 
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challenge for plant researchers to accomplish increasing food demand. Researchers are trying their best to 

generate stress-tolerant or resistant varieties using classical genetics and modern gene-editing tools; 

however, both approaches have limitations. Chemico-genetics has emerged as an alternative, where 

treatment of certain chemicals can impart stress resilience. Brassinosteroids (BR) are a group of 

phytohormones that regulate various biological processes, including stress management. Owing to their 

role, we analysed the impact of selected BRs, namely, 24-epibrassinolide (EBL) and 28-homobrassinolide 

(HBL), on Brassica junceaunder temperature stress. Seeds pre-treated with BRs, and grown until 

seedlings stage at normal conditions, were subjected to low (5°C) and high (35°C) temperatures. The 

seedlings were analyzed for their growth, antioxidant enzyme activities, and other physiological 

parameters. Stress resulted in a significant reduction in growth, chlorophyll, and vitamin contents in 

conjunction with increased accumulation of reactive oxygen species in seedlings without any pre-

treatment. On the contrary, BR treatments significantly improved the growth and physiological 

parameters with an enhanced antioxidant defense under both stress and stress-free conditions. Presently, 

downstream mechanisms of this BR-induced stress tolerance are being investigated. Nevertheless, our 

results convincingly showed that exogenous appliance of BR could improve plant protection and yield.  

S1-VP-15 
Deciphering genetics of lodging tolerance in maize 

Priyanka, Rajkumar Uttamrao Zunjare, Vignesh Muthusamy, Gopinath Ikkurti, Gulab Chand, Ravindra 

Kasana, Ashvinkumar Katral, Firoz Hossain 
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(Correspondence: fhgpb@yahoo.com) 

Maize is third most important cereal crop worldwide. It is utilized as food, feed, fodder and raw material 

for variety of industrial applications. It belongs to poaceaefamily that mostly prone to lodging that 

eventually results into reduced grain yield. Genetic variability analysis of plant lodging tolerance among 

diverse maize inbreds has revealed presence of significant variation for the lodging associated traits. In 

the present study, we aimed to decipher quantitative trait loci (QTLs) for lodging associated traits using 

bulked segregant analyses (BSA) strategy. The contrasting inbreds viz., two resistant (CE16 and HKI163-

PVA+PVE) and two susceptible parents (PMI-SWT020 and MGU-lodg-su1su1) were crossed, and the 

respective F1s were selfed to generate three F2 mapping populations. F2 were raised and evaluated for 

lodging associated traits. Phenotypic analysis revealed 3:1 ratio for stalk lodging character across the 

three populations indicating single gene inheritance with dominant allele being responsible for tolerance. 

S1-VP-16 
Crucial roles of GSH in plant stress response: In perspective to the improvements in Indian 
agriculture 

Priyanka Boro, Riddhi Datta, Deepak Kumar, Sharmila Chattopadhyay 
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Glutathione (GSH) plays a fundamental role in regulating plant stress response against environmental 

stress that limits the productivity of agricultural crops. GSH regulates signaling molecules viz. 

phytohormones [salicylic acid (SA), jasmonic acid, abscisic acid (ABA), ethylene (ET) etc.], in addition 

to several defense modulators like heat shock proteins (HSPs) and so on, in order to activate the effective 

defense mechanism. Here, transcriptome analysis of combined stress treated Arabidopsis thaliana 

mutants were carried out to elucidate the crosstalk between the ABA, ET and GSH. Microarray 

experiment revealed the differential regulation of about 2313 and 4131 transcripts in ein2 (ethylene 

mutant) and aba1.6 (abscisic acid mutant) respectively. Functional analysis exposed common down-

regulated stress and defence, and secondary metabolite biosynthesis in ein2, aba1.6 and pad2.1 (GSH 

mutant) in response to combined stress treatment. Interestingly, the involvement of GSH with ET to 

combat environmental stress has also been reported. It was noted that GSH induces ET biosynthesis by 

modulating enzymes, viz. 1-aminocyclopropane-1-carboxylate synthase (ACS) and 1-

aminocyclopropane-1-carboxylate oxidase (ACO). Transgenic Arabidopsis plants exhibiting enhanced 

GSH content (AtECS) exhibited remarkable up-regulation of ACS2, ACS6, and ACO1. It was further 

observed that GSH induced ACS2 and ACS6 transcription in a WRKY33-dependent manner, while ACO1 

transcription remained unaffected. Furthermore, GSH was also noted to induce the expression of 

important HSP genes in Arabidopsis. Expression of BiP3, HSP70B, and HSP90.1 was positively 

regulated by GSH. Lower expression of BiP3 and HSP70B in the GSH-fed Atmyb21 mutant and of 

HSP90.1 in the GSH-fed Atbzip10 mutant, in comparison with GSH-fed Col-0, revealed a role for GSH in 

activating their promoters through the transcription factors MYB21 and BZIP10. Together, our 

investigations highlight the intricate cross-communication of GSH with other established signalling 

molecules as well as stress modulators in the context of plant stress response which eventually play a key 

role in various perspectives of Indian Agriculture like crop improvements, development of stress resistant 

crop plants and so on. 

S1-VP-17 
Diversity in Indigenous Collections for agro-morphological traits 
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Wheat is cultivated on more land area worldwide than any other crop and adapted to a wide array of 

moisture conditions. With increasing awareness among the population regarding health hazard of 

chemical-based agriculture, low fertility or organic farming is advocated. Genetic resources preserved in-

situ by our ancestors serve the raw material for this purpose. The contribution of indigenous collections of 

wheat has been a valuable resource to stabilize yield under these adverse environmental circumstances. 

Today’s cultivars are not suited for low fertility condition as per their high yield penalty.  Looking for the 

option we visited back to Indigenous collections (ICs) by planting an experiment of 120 indigenous 

collections under low fertility conditions. These ICs were evaluated for NDVI, Coleoptile Length (CL), 

Plant Height (PH), Yield and Thousand Grain Weight (TGW) traits in field condition. Wide range of 

variation was observed for coleoptile length 2.6-10.2cm, NDVI 0.25-0.68, Plant Height 75-135cm, yield 
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103-480g and Thousand Grain Weight 17-54g. Significant positive correlation was observed between 

coleoptile length and NDVI data (r=0.44, P\0.001).Various studies indicated that coleoptile length is an 

important trait for early establishment of crop and can withstand stress conditions. Set of higher yielding 

genotypes with higher coleoptile length and moderate value for plant height were identified. These were 

IC212190, IC321958, IC321855, IC322007A, IC321877, LGM79, IC47073B, IC59581, IC212184, and 

IC321898. The correlation in the various traits among the identified genotypes matrix indicate that 

coleoptile length had significant relationship with NDVI, yield, TGW, while PH had positive correlation 

with yield indicting indirect selection for these traits which can be utilized for the purpose of low field 

fertility conditions. These ICs are best suited to low field fertility conditions however cultural practice 

may be evolved as per the requirement. The study provides an opportunity to the breeders and farmers to 

venture with these promising genotypes. 

S1-VP-18 
MYB4 regulates cadmium tolerance via protection against oxidative damage and glutathione-
dependent pathway in Arabidopsis 

Samrat Banerjee, Puja Agarwal, Mehali Mitra, Sujit Roy 
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Bengal, India 
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Being sessile in nature, plants cannot avoid the environmental stress conditions such as drought, salt, UV-

B, heavy metals, insects, fungal and bacterial pathogens. Enhanced accumulation of heavy metal elements 

in the environment represents one of the major stresses for plants. Several reports have confirmed the 

toxic effects of the non-essential mineral elements, such as cadmium (Cd), lead (Pb), mercury (Hg) and 

chromium (Cr) in plant cell. After the entry into the plant cells through the membrane bound transporters, 

the heavy metal ions bind to the functional sites of various functional and structural proteins and 

membrane lipids, leading to the alteration in their structural conformation and frequently damage cellular 

components due to oxidative damage through generation of reactive oxygen species (ROS), thus 

disrupting normal functioning of plant cell. Plants have developed extensive mechanisms for 

detoxification of heavy metal ions and development of tolerance to heavy metal stress. The detoxification 

mechanisms include sequestration of heavy metal ions into vacuole, pumping out through plasma 

membrane and chelation or binding to different thiol compounds in the cytosol. Induction of antioxidant 

mechanisms also represent one of the majorsignaling mechanisms activated under Cd and Pb stress in 

plants. Moreover, several studies have demonstrated pivotal role of glutathione (GSH) in the 

detoxification of harmful effects of heavy metals, such as Cd. The phytochelatins (PCs), the thiol group 

containing low molecular peptides, are synthesized from glutathione by the activity of phytochelatin 

synthase (PCS) and play a crucial role in the vacuolar sequestration of Cd and other heavy metal ions. In 

Arabidopsis, the transcription factor MYB4 is a member of R2R3-subfaqmily of MYB domain proteins 

and plays important role in the regulation of accumulation of UV-B absorbing phenyl propanoids. Here, 

we describe functional characterization of Arabidopsis thaliana MYB4 transcription factor, a member of 

R2R3-subfamily of MYB domain protein, in the regulation of Cd-stress tolerance. Transgenic 

Arabidopsis plants overexpressing MYB4 showed appreciable Cd tolerance than wild-type plants, while 

MYB4 loss of function mutant lines (atmyb4) showed increased sensitivity to Cd-stress. MYB4 
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overexpression lines showed strong activation of anti-oxidant defense than the wild-type and atmyb4 

mutant lines under Cd-stress. MYB4 overexpression line showed increased Cd accumulation and found to 

regulate Cd-tolerance via glutathione (GSH)-dependent pathway. MYB4 overexpression was correlated 

with the coordinated activation of phytochelatin (PC) synthesis related genes expression and specifically 

enhanced the transcript abundance of phytochelatin synthase 1 (PCS1) and metallothionein 1C (MT1C) 

genes under Cd-stress. On the other hand, atmyb4 mutant lines showed reduced Cd accumulation and 

compromised expression of PC-synthesis related genes. Electrophoretic gel mobility shift assays have 

demonstrated specific binding activity of recombinant AtMYB4 to the putative MYB4-binding motifs 

ACCAACCAA and GGTAGGT identified in the promoters of PCS1 and MT1C genes, respectively. 

Overall, our results provide evidence that MYB4 regulates Cd-tolerance via coordinated activity of anti-

oxidant defense and through GSH-dependent pathway with the enhanced expression of PCS1 and MT1C 

under Cd-stress. 

S1-VP-19 
Genetic exploration of rice landraces for submergence tolerance 

Sandip Pal and Narottam Dey 
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Flood is one of the most precarious cataclysmic disasters and an utmost stress curtailment to rice 

production throughout the rice growing areas of world which results in tremendous financial loss. The 

recurring flood is a phenomenon which is not at distant future because of worldwide environmental 

changes. Cultivation of flood tolerance rice is a difficult task because of the intricacy of the trait, 

screening techniques, ecological factors and genetic exchange. A huge advancement has been made by 

the identification of  SUB1 QTL and SK loci, the main genetic attributes which act through fine regulation 

of ERF  under varied duration and depth of flood water regime. In order to utilize the tolerance in 

breeding programme, the first step is the precise identification of submergence tolerant varieties through 

the physiological screening followed by marker-based genotyping. Among the different marker systems, 

simple sequence repeat (SSR) based rice microsatellite (RM) is the most common followed by miRNA 

linked markers for Marker assisted selection (MAS) and utilization. In this present work a subset of 

submergence tolerant rice landraces from lowland rice fields of Bengal and Assam have been screened for 

submergence tolerance following standard protocol and genotyped with SSR based rice microsatellites 

linked with submergence tolerance loci and associated miRNAs. A good number of allelic forms for the 

studied loci were detected among the rice landraces which were used to select the beneficial loci and also 

genetic divergence study among the rice lines. This study made a basic platform for utilization of the 

promising rice landraces in submergence tolerance breeding programme. 

S1-VP-20 
Physico-biochemical changes of in vitro cultured mango (Mangifera indica L.) calli under PEG 6000 
induced drought stress 
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An experiment was conducted in vitroto understand thevariousphysico-biochemical changes under the 

PEG 6000 induced drought stress in calli of five mango(MangiferaindicaL.) genotypes.Nucellus tissue 

excised from mango fruits of 5-6 week-old,were used as the explant for induction of callus.Poly ethylene 

glycol(PEG) (Molecular weight 6,000) of various concentration ranging from 5 to 25% was supplemented 

in the callus induction media (CIM) for induction of drought stress.Various morphological and physico-

biochemical parameters were estimated in the calli cultured under drought stress.Survival per cent was 

noted in the calli under various treatment regimes, which showed a significant reduction in treatment as 

compared to the control (CIM without PEG).Irrespective of the genotypes, the lowest (12.10%)callus 

survival was observed in the Treatment 5 (T5) consisting of 25% PEG 6000.Total phenols in the callus 

increased significantly with increase in PEG concentration and the highest was observed in the T5 (32.72 

GAE mg g
-1

 FW).Change in the compatible osmolytes like proline and total soluble sugars content was 

also estimated.It was estimated that the control calliwas containing the lowest concentration of both the 

osmolytes i.e. proline(0.080 µM g
-1 

FW) and total soluble sugars(16.01mg g
-1

 FW). From this experiment, 

it was well evident that, PEG 6000 induced drought stressled to significant changes in differentphysico-

biochemical parameters of in vitro cultured mango calli. 

S1-VP-21 
Methyl jasmonate modulation of ROS scavenging mechaniary for cadmium tolerance in Cajanus 
cajan 

Shruti kaushik
1, 2

, Geetika Sirhindi
1
, Anil Kumar Singh

2
 

1
Department of Botany, Punjabi University, Patiala, Punjab, India 

2
ICAR-National Institute for Plant 

Biotechnology, New Delhi, India 

(Correspondence: shrutikaushik22@gmail.com) 

Environmental pollution caused by heavy metals such as Cadmium (Cd) has received considerable 

attention as it leads to disruption in plant growth and development. Phytohormone such as methyl-

jasmonate (Me-JA) is widespread in the plant kingdom that helps to counteract the effect of different 

abiotic and biotic stress conditions. Plants have evolved with antioxidant defense system to scavenge 

ROS that leads to stress tolerance and it is the need of hour to understand the action of antioxidants in 

response to Me-JA specially to metal stress. Here, we examined the putative role of exogenously applied 

methyl jasmonate (1, 10, 100 nM) on plant defense system of Cajanus cajan L. Millsp. var. AL-882 and 

PAU-881 under cadmium stress. Seeds were raised under different concentration of Cd (1, 2, 5 mM) with 

or without Me-JA under controlled laboratory conditions with standard temperature (25°C), light (16 h 

Dark/Light period; having intensity of 200 μmol (photon) m
-2

s
-1

) and 80% relative humidity. Cd treatment 

triggered accumulation of H2O2 and the increased value of H2O2 observed in 5mM Cd in both var. PAU-
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881 and var. AL-882 by 40% and 45% respectively. The content of MTs in AL-882 was decreased by 

50% under 1 mM Cd when treated with 1 nM Me-JA treatment but in PAU-881, 1nM Me-JA+1mM Cd 

showed 30% diminution in MTs content. Scavenging mechanism of reactive oxygen species consist of 

antioxidants like SOD, POD, CAT. It was found that the two genotypes taken for study showed different 

impact of Me-JA with or without cadmium. Overall, it was 100 nM Me-JA which was proven to be the 

best concentration for mitigating the toxic effect of cadmium by enhancing the antioxidant defense system 

of Cajanus cajan. These results can be used for making the plant cadmium tolerant through tight 

regulation of reactive oxygen species scavenging mechanism. 

S1-VP-22 
Segregation distortion and linkage analysis in rice for drought tolerance using microsatellite 
markers 
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Moisture stress is significant abiotic stress that limits rice production and yield stability in rain-fed 

conditions, and worsens global climatic change. Rice is highly sensitive to moisture stress during the 

reproductive stage; even moderate stress at the reproductive phase can drastically reduce total grain yield. 

In Asia alone, 23 million ha of rice area is being adversely affected by the drought of different 

intensities. Drought stress in the reproductive phase significantly limits the yield of Samba Mashuri, a 

popular, semi-dwarf, and high-yielding rice variety. Therefore, estimation of segregation statistics and 

making framework linkage map in RIL population were set as objectives of the study to elaborate the 

genetic basis for drought tolerance/susceptibility in rice. The materials under the present study included a 

150 RIL population derived from CT 9993 X Samba Mashuri. The RIL population was developed and 

genotyped with 60 microsatellite markers to understand the genetic basis of drought tolerance. The 

genotyping was done in Agilent BioAnalyzer, and linkage map was drawn in QTL IciMapping 4.2 

software.  A chi-square analysis was performed for each segregating marker to test the deviation from the 

expected segregation ratio for the studied mapping population. Here the degree of freedom for this test 

was found to be two as we had three parameters, a (parental type– CT99993), b (parental type– Samba 

Mashuri), and h (heterozygote). No heterozygote was observed since we worked on RIL population. The 

genetic map was constructed from a scaffold linkage map using these markers spanning 679.5 cM having 

an average marker density of 11.32 cM of the rice genome. 65% of the marker loci agreed well with the 

expected Mendelian segregation ratio. A distorted banding pattern was observed in 35% of the markers. 

The linkage groups ranged in size from 26.37 to 86.79 cM. The exclusion of gametes by a lethal factor 

located next to the marker loci is one of the leading causes of the segregation bias. However, the present 

study will undoubtedly promote QTL mapping and map-based cloning of genes imparting drought 

tolerance. 
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Melatonin (N-acetyl-5-methoxytryptamine) is a ubiquitous signaling molecule playing crucial role in 

growth and development of plants under stress. Soil salinity is one of the major abiotic stress limiting 

plant growth and productivity across the globe. Usage of melatonin as a bioregulator to ameliorate stress 

impact in plants is emerging. Here, we investigated the role of exogenous melatonin application in 

alleviating salt stress in an important floricultural crop Tagetes erecta L. (marigold). Four-week old 

marigold seedlings were given a pretreatment of 100 μM melatonin and exposed to soil salinity of 100 

and 200 mM NaCl. Salt stress doses significantly reduced plant growth characteristics and photosynthetic 

efficiency, where a decline in root and shoot biomass, chlorophyll content, photosynthetic activity, and 

photosystem II (PSII) efficiency was observed. However, exogenous melatonin pretreatment improved 

growth and photosynthetic parameters, suggesting the stress ameliorative effects of melatonin against salt 

stress. Overall, this study unraveled the crucial role of melatonin in salt stress mitigation on growth and 

photosynthetic traits in marigold seedlings, demonstrating its usage in salt stress management in 

floriculture crops. 





Session 2. Biotic Stress Tolerance 
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S2-PP-01 
GSH mediated phytohormonal signaling- fine tuning the mode of stress mitigation 
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Plants being sessile confront with a range of suboptimal environmental factors, both biotic and abiotic, 

that leads to the development of stress, and hence compromised growth and yield. However, plants have 

been equipped with a well-developed immune system to ensure their survivability. Glutathione (GSH), 

the tripeptide, non-protein antioxidant is one of the key players known to have a versatile role along the 

multi-tiered plant immune network. However, the molecular nature of its interaction with phytohormones 

and other phyto-protectants are still getting explored. In the present study initially Arabidopsis plants with 

varied GSH contents were treated with salicylic acid (SA), jasmonic acid (JA), ethylene (ET), and 

abscisic acid (ABA), exogenously. Transcript analysis by quantitative real time-PCR (qRT-PCR) of some 

stress responsive genes from control and hormone treated plants, revealed that GSH can modulate stress 

gene expressions in beneficial ways for the plants. This inference is strengthened further when 

Arabidopsis plants with optimum and enhanced GSH contents were treated with AAL toxin, the major 

virulence factor obtained from Alternaria alternata f. sp. lycopersici, known to cause necrotic cell death 

in plants. The proteomic profile obtained from nano LC–MS/MS analysis of all the control and AAL 

treated plants and later validations of selected genes and protein species identified in the proteomic 

studies, with qRT-PCR, western blotting and HPLC demonstrated the fact that, GSH not only crosstalks 

with hormones and certain other small molecular phytoprotectors in mitigating stress in plants, the 

favourable outcomes are possible as a result of concentration dependent interplay among the 

phytohormones as well. 

S2-PP-02 
Deciphering the molecular mechanism of silicon mediated resistance against rice blast 

Gitanjali Jiwani, Amitha Mithra Sevanthi, Amol Kumar U Solanke 

ICAR-National Institute for Plant Biotechnology, New Delhi, India 

(Correspondence: amol.solanke@icar.gov.in) 

Rice is an agronomically important crop plant for humans. Its production is adversely affected by 

pathogen attack causing disease and leading to severe reduction in productivity. Rice blast is caused by a 

hemibiotropic fungus Magnaporthe oryzae, which causes chlorotic lesion on leaves. It has been observed 

that silicon application in plants provides protection against a broad range of pathogens. Two modes of 

action for silicon have been predicted. Firstly, it acts as a physical barrier, where in Si is deposited under 

the cuticle forming a double layer preventing penetration of fungi and leading to disruption of infection. 

The second mechanism is action of soluble silicon by modifying the host resistance system. The action of 

silicon is confirmed earlier as a physical barrier, by showing silicon treatment leading to resistance 

against appressorial penetration of blast causing fungi M. oryzae in Rice. Scientific literature supports the 
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fact that silicon can impart tolerance against diseases in rice. However, the exact molecular mechanism is 

still not known. Deciphering the molecular mechanism of silicon mediated resistance by real time PCR 

analysis shall lead us to identify genes involved in this process. Identification of differentially expressed 

genes is the best approach to find out genes involved in imparting resistance towards blast disease. 

Characterization of Magnaporthe oryzae infection in the presence of silicon along with a negative control, 

shall lead to identification of genes and pathways involved in blast resistance in rice. The effect of silicon 

on rice blast disease was checked in both susceptible (HP2216) and resistant (Tetep) varieties of rice. The 

experiment was conducted on rice plants supplied with and without silicon. M. oryzae spores were 

sprayed on rice plants and symptoms were recorded along with harvesting samples for RNA isolation. 

The phenotypic scoring of blast disease was done for both the varieties of rice also with and without 

silicon application. Our results showed that when silicon supplied plants were infected with M. oryzae 

spores the impact of disease was less as compared to plants which were not supplied with silicon. There 

were more chlorotic lesions in rice plants which were not amended with silicon. Real time analysis was 

done for control and test samples and differential genes were checked for fold change of gene expression. 

The phenotypic results corelated well with the real time data, indicating towards the role of silicon in 

imparting resistance against rice blast disease. This study led to identification of putative silicon mediated 

genes which impart resistance in response to rice blast disease. 

S2-PP-03 
Role of cAMP dependent protein kinase in Rhizoctonia solani pathogenicity 

Ila Mukul Tiwari and Tapan Kumar Mondal 

ICAR-National Institute for Plant Biotechnology, New Delhi, India 

(Correspondence: mondaltk@yahoo.com) 

Developing resistance against fungal pathogens in cereal crops has been a major challenge because of 

limited availability of germplasm having natural resistance to fungal disease as well as because of rapid 

breakdown of natural resistance by fungal pathogen. Present investigation was initiated to find out 

whether the expression of RNAi molecules derived from an essential pathogenicity gene of Rhizoctonia 

solani in transgenic rice could confer genetically stable resistance against pathogen under field conditions. 

Our approach was to identify an essential gene which is responsible for development and overall viability 

of fungus in plants, and then to target the same gene through transgenic plants.  

Environmental RNAi has applications for functional genomics and agricultural pest control.  The 

possibility of using a food source to silence gene in pests and pathogens, has offered an alternative 

strategy for crop improvement. This strategy has been referred to as Host Induced Gene Silencing (HIGS) 

or Host Delivered RNAi (HD-RNAi). Identification of suitable candidate genes for HD-RNAi strategy 

represents the most crucial step. In the absence of available literature on identified pathogenicity genes in 

R. solani we started with the genes that have been identified to be crucial for pathogenicity process post-

penetration, to succumb to environmental RNAi. On the basis of available literature Cyclic AMP 

dependent protein kinase gene was selected as candidate gene. Experiments had proved that this particular 

gene deletion mutants are incapable of forming appressoria, the chief infection structures used by fungus 

to penetrate plant cuticle. Also, experiment done using wound inoculation showed that this gene is vital 

for disease development post penetration. In the present study, host delivered RNAi (HD-RNAi) was used 

to produce transgenic rice lines carrying a RNAi construct targeting cAMP dependent protein kinase. The 
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silencing of pathogen gene had a clear positive effect on the ability of the transgenic lines to fight 

infection. All transgenic lines displayed enhanced resistance to R. solani with delayed disease symptom 

development. It was observed that after infection the leaf area covered under disease lesions was 

significantly reduced in transgenic lines (5.5cm) as compared to (8.94cm) in control plants. Percentage of 

disease incidence was also reduced to 47% in transgenic plants as compared to 77% in control plants. 

Inhibition of fungal mycelia formation was also confirmed with microscopic studies. It was observed that 

the hyphal mass and no. of lobate appressoria which subsequently leads to formation of infection 

cushions were more in case of control plants at establishment phase of fungus. With the increase in 

incubation period extensive colonization of the fungal hyphae and appressorium was observed in control 

plants as compared to transgenic plants. These findings validated that the chosen gene is responsible for 

maturation of fungal appressorium, cuticle penetration and viability inside the host plant 

Present investigation demonstrates the effectiveness of HD-RNAi against sheath blight and offers new 

opportunities for durable control of the disease. Although the development of RNAi-based transgenics 

against plant fungal pathogens is still in the preliminary stage, they offer novel management strategy for 

the future and the strategy can also be extended to other crops and pathogens. 

S2-PP-04 
Host delivered RNAi-mediated Helicoverpa armigera resistance in tobacco by combinatorial 
silencing of acetylcholine esterase (Ace-1) and 20-hydroxyecdysone receptor (EcR) genes 
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The insect pests are continuously intimidating agricultural sustainability by causing devastating damage 

to crops. A polyphagous insect, Helicoverpa armigera is distributed far and wide throughout the world. It 

has stagnated or decreased the yield of various economically important crops, including pulses, brinjal, 

cotton and tomato. Yearly yield reduction in pulse crops, mainly in chickpea and pigeonpea, caused by H. 

armigera infestation are enormous (25-40%). Because of the colossal damage it causes to crops in India, 

it assumes the status of a national pest. The chemical pesticides are found partially ineffective for its 

control. Conventional breeding approaches have secured little success for development of resistant 

cultivars due to the scarcity of crossable resistant germplasm sources. Among transgenic 

approaches, Bacillus thuringiensis (Bt) insecticidal proteins have shown considerable success in insect 

pest management. Though the sustainability of Bt technology is a key issue as insects gain resistance 

against the Bt insecticidal protein. Host delivered RNAi-mediated resistance development by targeting 

important genes of pests could be a potent option to complement conventional breeding and Bt 

technology. Here, we have targeted two vital genes of H. armigera, acetylcholine esterase (Ace-1) and 

20-hydroxy ecdysone receptor (EcR), having roles in signal transduction and development, respectively, 

through HD-RNAi for developing resistance. A recombinant binary vector cassette, pBI121:IR-EcR-
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Ace1-Com, was designed containing Ace1 and EcR inverted repeats, intervened by GBSS intron, for 

simultaneous silencing of H. armigera Ace1 and EcR genes. This combinatorial inverted repeat gene 

construct was transferred into tobacco to express EcR: Ace1 dsRNA using Agrobacterium-mediated 

genetic transformation. Around 48 putative transformants were generated. After screening by PCR and 

RT-PCR using gene-specific and nptII specific primers, 32 positive transgenic lines were confirmed and 

tested for H. armigera resistance by detached leaf insect bioassay. Compared to control plants 11 

transgenic lines exhibited moderate to high level of resistance. H. armigera larvae fed on the 11 

transgenic leaves showed growth deformity and caused less damage. Our results promise to be effective 

in controlling H. Armigera insect pest in crop plants. 

S2-PP-05 
Development of transgenic tuberose (Polianthes tuberosa) for root knot nematode resistance 
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Polianthes tuberosa is a lucrative crop owing to its huge demand in floriculture, perfume and 

pharmaceutical industry. Root knot nematode, especially Meloidogyne incognita poses a major 

impediment on tuberose yield. Currently nematode management in tuberose relies on the use of hazardous 

nematicides and other inefficacious means viz. crop rotation and soil solarization. The continual quest for 

an ecologically sustainable and target specific approach, led to the development of genetic modification-

based techniques to target genes vital for nematode survival. Until recently, genetic transformation of 

tuberose remains a neglected aspect. Hence, this study established the first ever report of Agrobacterium-

mediated transformation in tuberose in the world. Tuberose tubers were pricked using a sterile 30G 

syringe at the apical meristem of the axis and at the tiny white meristematic buds just emerging from 

them, followed by infection with Agrobacterium harboring pCAMBIA3301 vector and a GUS reporter 

gene. GUS histochemical staining of the transformed tuberose leaves implicated that 200μM 

acetosyringone was optimal. Further, we determined the effect of concomitant silencing of three vital 

nematode flp genes (flp1, flp12 and flp18) using RNAi in tuberose against M. incognita. For this, 

Agrobacterium harboring the RNAi pB7GWIWG2(I) vector containing fusion gene was employed. 

Molecular analysis of putative transgenic lines confirmed the presence and integration of fusion transgene 

using PCR, qRT-PCR and southern blot analysis. The in planta transformation of RNAi fusion construct 

in tuberose resulted in approximately 4% of transformation efficiency. Bioefficacy analysis of transgenic 

plants against M. incognita resulted in reduction in nematode multiplication factor (73.75%), thereby 

demonstrating the effectiveness of the three flp genes in nematode management. The transformation 

protocol established in this study paves way for future opportunities in tuberose crop improvement and 

can further be extended to other recalcitrant monocot crops. 



183 

43rd  Annual Meeting of PTCA(I) & International Symposium on “Advances in Plant Biotechnology and Nutrational security” 

APBNS-2022, April 28-30, 202

S2-PP-06 

Expression of novel Puccinia triticina pathogenicity related genes in susceptible and resistant wheat 
varieties 

Kanti Kiran and Nagendra Kumar Singh

National Institute for Pant Biotechnology, New Delhi, India 

(Correspondence: kantikiran@rediffmail.com)  

Puccinia triticina is a devastating fungal pathogen that causes leaf rust disease in wheat. Several 

approaches have been practiced to prevent the disease and improve the yield and quality of wheat. 

Availability of the leaf rust genome sequence has opened up new source of investigating the genes of the 

pathogen during infection and disease development stages. Among the several computationally identified 

uniqueand potential pathogenicity related genes from Puccinia triticina genome, ten genes were selected 

to study their possible role in pathogenesis and/or infection of wheat plants. Real time expression studies 

were conducted within the urediniospores of pathotype Pt-77-5, a susceptible wheat variety HS240 and a 

resistant wheat variety HW2063 infected with the fungal strain. Among the ten genes, five genes showed 

expression in the fungal urediniospores.  Expression patterns for three genes viz Pt-159, Pt-375, Pt-174 

were observed in planta in the susceptible and resistant wheat variety at different time intervals. We 

observ edvaried patterns of expression at different intervals but negligible to no expression in the infected 

or control plants of the resistant variety. These results point towards these genes having a crucialrole in 

disease development and pathogenesis in wheat. Further studies are required to understand the exact role 

of such genes during infection and disease development in wheat and the interaction of metabolic 

pathways involved within the pathogen and host for a better rust management strategy. 

S2-PP-07 
Knockdown of Sclerotinia sclerotiorum oxaloacetate acetylhydrolase gene by host-induced gene 
silencing confers Sclerotinia stem rot resistance 
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Sclerotinia sclerotiorum, the causal agent of Sclerotinia stem rot is a devastating necrotrophic pathogen 

poses major threat and serious yield losses to rapeseed production worldwide. The pathogen has 

continued to defy genetic mitigation despite huge efforts. In this study we functionally analyzed the 

Ssoah1 gene in S. sclerotiorum. We utilized host-induced gene silencing (HIGS) of S. sclerotiorum 

oxaloacetate acetylhydrolase (Ssoah1) gene to develop Sclerotinia resistance in Arabidopsis thaliana. 

This gene is known to be associated with oxalic acid biosynthesis by this fungus. The primary sequence 

analysis of Ssoah1 indicated a fair degree of sequence conservation with several other fungi, particularly 

the necrotrophic fungus Botrytis cinearea. A HIGS based vector was constructed and transformed into A. 

thaliana for silencing of the Ssoah1 gene. The pathogenicity assay in A. thaliana revealed three promising 

mailto:kantikiran@rediffmail.com
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transgenic lines in T3 generation which showed significantly increased resistance to the Sclerotinia. The 

average lesion area of transgenic lines varies from 0.37-0.52cm
2
 and 0.80-0.83cm

2 
in vivo and in vitro 

conditions respectively, exhibited moderate level of resistance against S. sclerotiorum. There was a 

concomitant reduction in the expression level of the Ssoah1 gene and OA content in the necrotic regions 

of transgenic lines as compared to the non-transgenic controls. The target gene silencing of Ssoah1 gene 

in A. thaliana decreased targeted gene expression by 28.2%-55.6% as compared with control. The oxalic 

acid content in necrotic region of transgenic lines was between 1.28-1.78 mg/g which was 45.9%-61.3% 

and 35.8% -54.0% lower than that of the wild type and empty vector plants. We also observed higher 

accumulation of hydrogen peroxide (H2O2) in transgenic plants as compared to the wild types. This 

research describes Ssoah1 crucial role in oxalic acid metabolism, pathogenesis which enhances infection 

and oxidative stress tolerance which provides novel insights into the functional mechanism of the gene 

against S. sclerotiorum. 

S2-PP-08 
The role of nitrogen nutrition and nitric oxide in resistance against Botrytris cinerea in tomato 

Rekha Jaiswal, Pradeep Kumar Pathak, Vemula Chandra Kaladhar, Kapuganti Jagadis Gupta 

National Institute of Plant Genome Research, New Delhi, India 

(Correspondence: Jaiswalrekha1995@gmail.com) 

Pathogen enters and colonize in the host by different pathways to get nutrition and affects them adversely 

which results in detrimental disease symptoms and lower yields. Necrotrophic fungus Botrytris cinerea, 

also known as graymold enters in the host cell by secreting cell wall degrading enzyme and cause necrotic 

lesions and dark colored sclerotia development over the host surfaces. In response to Botrytris cinerea 

plants deploy array of defense responses which may depends on the supply and form of nitrogen nutrition. 

Under nitrate nutrition plants generate nitric oxide a free radical signal molecule which elicit defense 

responses against invading pathogens. In this study, different form of nitrogen such as nitrate, ammonia 

and ammonium nitrate were used to investigate NO mediated defense response of tomato plants against 

Botrytris cinerea. Interestingly, we found that inoculation of Botrytris cinerea spore suspension induced 

the expression of non-symbiotic hemoglobin (Phytoglobin1) nsHbgene up to 2.5 folds just after infection. 

Further, use of nsHb OE lines disclosed the involvement of NO mediated stomatal movement in the 

defense response against Botrytris cinerea infection. Stomata open percentage was 100% and 94% at 

30min and 100% and 92% after 120h post infection in WT and nsHb OE respectively. nsHb OE lines 

shows reduced levels of NO, which prevents stomatal closing during pathogen attack which was 

confirmed using DAF- FM DA (Diaminofluorescein-FM Diacetate) dye method for NO localization in 

the guard cells of stomata under confocal microscopy. Our result revealed that nitrate dependent NO 

production during Botrytris cinerea play role in enhancing plant defense. 
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Bacillus thuringiensis is a gram-positive, soil dwelling entomopathogenic, spore-producing bacteria 

naturally found in soil. It produces Cry (Crystal) and Cyt (Cytolytic) proteins during sporulation phase of 

growth. In addition to these, it produces Vip (Vegetative insecticidal protein) and Sip (soluble insecticidal 

proteins) proteins during vegetative growth phase. These proteins have insecticidal activity against insects 

belonging to various orders including Lepidoptera, Coleoptera, Diptera, Hemiptera, Hymenoptera, 

Mallophaga, and Orthoptera. The genome size of B. thuringiensis ranges from 2400-5700 kb. 

Megaplasmids of size 4.56-228 kb are also present and cry, cyt, and vip genes are known to be present on 

these mega plasmids. Specific insecticidal activity of these toxins to target insects and safety to non-target 

species has made B. thuringiensis a viable option for use as sprayable biopesticide and transgenic crops 

carrying insecticidal genes to combat insect pest damage. However, continuous exposure to a single kind 

of Bt toxin has led to development of resistance in target insects. Furthermore, due to narrow host range 

and low toxicity of existing toxins towards certain target pests, new types of toxin genes are required. 

Search of B. thuringiensis isolates from different habitats is ongoing for discovery of novel insecticidal 

proteins. Thus, there is a need for isolation of B. thuringiensis strains from diverse geographical 

conditions and cloning of new types of insecticidal protein genes. Mostly, novel genes have been isolated 

using PCR and its various modifications, such as PCR-RFLP, PCR-hybridization and multiplex PCR. 

Recent methods include whole genome sequencing analysis of Bt isolates for mining candidate 

insecticidal genes of potential interest.  Many Bt isolates have been characterized worldwide using 

Illumina or PacBio sequencing in order to obtain complete genome sequence.  It is a rapid and efficient 

strategy for discovery of novel insecticidal protein genes. A promising native B. thuringiensis isolate SK-

758 recoveredin our laboratoryfrom Sorghum grain dust, Guntur, Andhra Pradesh and found to have 

toxicity towards Helicoverpa armigera neonate larvae, was used in this study. The16S rRNA sequence 

confirmed this isolate to be B. thuringiensis (NCBI GenBank accession number KX595328) and 

molecular typing was done by Repetitive Element Palindromic Sequences-PCR (REP-PCR) previously. It 

showed 10 per cent mortality at 5 ppm concentration towards first instar larvae of H. armigera in 

laboratory bioassays. A gene (NCBI GenBank accession number GQ866915), named as cry2A f2 by the 

Bacillus thuringiensis Nomenclature Committee (http://www.lifesci.sussex.ac.uk/home/Neil_Crickmore/ 

Bt/toxins2.htmlwww.bpprc.org)  and found to be toxic to H.armigera in laboratory bioassays, was cloned 

from this isolate. Based on its promising characteristics, SK-758 isolate has been submitted to (National 

Agriculturally Important Microbes Culture Collection (NAIMCC) at ICAR-National Bureau of 

Agriculturally Important Microbes (NBAIM) Mau, UP, India (WDCM 1060) with accession number 

NAIMCC-B-02023. In this study, its glycerol culture was streaked on Luria agar plates containing 

Penicillin (10µg/ml) and incubated overnight at 28
0
C. Single bacterial colony waspicked from freshly 

streaked plate and inoculated in 5ml Luria Broth supplemented with Penicillin (10µg/ml) and kept 

http://www.lifesci.sussex.ac.uk/home/Neil_Crickmore/
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overnight at 28
0
C in a shaker incubator at 200 rpm. Total DNA was extracted using Qiagen DNAeasy 

blood and tissue kit and quality of genomic DNA (OD260\280nm and OD230\260nm) was examined and 

DNA sample was given for whole genome sequencing to service provider. Sequencing was performed 

using Illumina MiSeq sequencing platform in paired-end mode with 2×150 base pair (overlapping reads). 

Quality of raw reads was checked and data were analyzed to identify novel insecticidal genes of potential 

interest using bioinformatics tools and computational pipeline. Presence of cry1C, cry8E, vip3Bb and 

cry2Af genes was detected. This data has yielded useful information about candidate insecticidal gene 

sequences for further PCR-based amplification and cloning of genes.   

S2-PP-10 
Host-induced gene silencing (HIGS) of Fusarium oxysporum f. sp. lycopersici specific fasciclin like 
protein (FoFLP) controls vascular wilt disease in tomato (Solanum lycopersicum) 

Sambhavana Chauhan and Manchikatla Venkat Rajam 
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(Correspondence: sc4745@gmail.com)

Tomato is an important vegetable crop and adversely affected by a variety of stresses, which cause a 

significant yield loss. Annually, 30-40% yield loss is reported by biotic agents, in which 70% is solely 

contributed by fungal pathogens. Fusarium oxysporum f. sp. lycopersici (Fol) is one the important fungal 

pathogens in tomato, which cause vascular wilt disease. Therefore, HIGS of vital genes of Fol was used in 

the present study to control this disease. Fasciclin like proteins (FLPs) are reported to be involved in cell-

to-cell adhesions and therefore, selected as a target to control Fol spread. The off-target free and potent 

FoFLP sequences for generation of siRNA were selected using NCBI BLAST and WI siRNA selection 

programme, respectively and RNAi constructs were prepared against FoFLP1, FoFLP4 and FoFLP5. The 

Agrobacterium-mediated tomato transformations were carried using A. tumefaciens LBA4404 strain 

harbouring FoFLP-RNAi constructs. The molecular characterization of tomato transgenic was performed 

in T0 and T1 lines. The transgenes (nptII and FoFLPs) were detected using PCR and Southern 

hybridization, and FoFLP-specific siRNAs were detected using Northern hybridization. The T1 progenies 

of FoFLP-RNAi tomato transgenics were tested for resistance against Fusarium vascular wilt disease and 

disease severity was assessed. The expression levels of FoFLP1, FoFLP4 and FoFLP5 were detected 

using real time PCR in the respective Fol infected tomato RNAi lines. The RNAi transgenic lines 

expressing FoFLP1, FoFLP4 and FoFLP5 genes were separately raised and the presence of transgenes 

was confirmed by PCR screening in to transformants. Further, Southern analysis revealed the integration 

of single and multiple copy(s) of the transgene in the RNAi lines. Stable expression of siRNAs-specific to 

FoFLP1, FoFLP4 and FoFLP5 was also recorded in RNAi lines. The T1 progenies of FoFLP-RNAi 

transgenic lines showed enhanced resistance against Fol infection with late disease onset and significant 

reduction in disease symptoms, when compared with mock and empty vector controls. This study 

confirmed that FoFLPs are the potential RNAi target to control vascular wilt disease in tomato.   
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White rust, caused by Albugo candida, is an economically important and destructive disease of oilseeds 

and vegetable Brassica causing yield losses of up to17- 60% in severe cases. Infection has been one of the 

most variable responses since isolates from different Brassica species/cultivars or geographical regions 

might differ significantly with regard to incubation period, latent period, sporangia and zoospore 

production, pustule size, shape, and texture, and ferocity. Screening of indigenous as well as exotic 

germplasm against multiple races of A. candida is significant to evaluate the resilient accessions across 

the Brassicaceae family. The focus of this research was to uncover the resistant accessions among wild 

relatives of Brassica, resynthesized B. juncea accessions, introgressed lines from ICAR-NIPB, New Delhi 

and exotic/indigenous Brassica germplasm from ICAR-NBPGR, New Delhi. A. candida isolates from 12 

key mustard growing areas were assessed both under natural field conditions as well as artificial 

inoculation in environment-controlled conditions. The accessions were assessed using per cent disease 

index (PDI), which was measured both at the cotyledonary and true leaf stages after 12-15 days post-

inoculation. Under artificially inoculated conditions, wild germplasm of Brassica species including such 

Brassica oxyrrhina, Camelina sativa, Diplotaxis erucoides, D. muralis, D. siettiana, Erucastrum lyratus, 

E. canariense, two exotic accessions of Crambe abyssinica, EC694071 and EC694138, and three 

indigenous accessions of Eruca sativa (IC57706, I62597 and IC62599) were found immune (PDI = 0) 

against five isolates of A. candida. Only one accession of Lepidium species, IC572843, was found 

immune to isolated strains, whereas six indigenous E. sativa accessions, IC508400, IC508401, IC508402, 

IC508404, IC310971 and IC369447 indicated resistance to 2-4 isolates. B. juncea accessions EC766192 

and EC766164 revealed immune response against 6-7 isolates of the pathogen at both the cotyledonary 

and true leaf stages. Other accessions, including EC766191, EC313380, EC766272, IC414324, as well as 

IC399312, were also proven to be resistant against 4-5 isolates of the pathogen. Two accessions of B. 

carinata, namely EC206642 and EC206654 were recorded immune to 5-6 isolates of the pathogen. 3-7 

isolates of A. candida exhibited immune response in introgressed Brassica lines and resynthesized 

Brassica (RBJ) lines viz., ERJ12, ERJ15, ERJ39, ERJ40 and RBJ9, RBJ18, RBJ34 and RBJ40. Under 

natural field conditions at Delhi, two indigenous accessions, IC265495 and IC597932, and ten exotic B. 

juncea accessions, EC766311, EC766313, EC766133, EC766134, EC766144, EC766145, EC766148, 

EC766164, EC766148 and EC766193 as well as two B. carinata accessions, EC206641 and EC206642 

were ended up finding to be immune to white rust disease both under natural and artificial conditions for 

the Delhi isolate. Among various management strategies, breeding for resistant varieties is the most 

environment conscious, cost-efficient, and effective method for disease management. Therefore, all the 

accessions identified as immune/ resistant could be utilized for mapping and tagging genes/ QTLs against 

A. candida for developing resistant varieties. 
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S2-PP-12 
Recent advances and challenges in Bacillus thuringiensis research for crop protection from insect 
pests 

Sarvjeet Kaur, Mamta Gupta, Anupma, Bhupendra Singh Panwar, Ashika Debbarma, Ashfak Mujawar, 

Rishika K.S. 

ICAR-National Institute for Plant Biotechnology, New Delhi, India 

(Correspondence: Sarvjeet.Kaur@icar.gov.in)

Integrated pest management (IPM) strategies are essential to minimize crop production losses incurred 

due to insect pests, so that the goal of enhanced food security is achieved in a sustainable manner. An 

important component of IPM are viable and environmentally safe biopesticides, since several major insect 

pests have evolved resistance due to indiscriminate use of chemical pesticides. Accumulation of these 

harmful pesticides to ecologically hazardous levels is a serious environmental concern. Bacillus 

thuringiensis (Bt), an aerobic, gram-positive, spore-forming bacterium producing insecticidal proteins 

such as Cry, Vip, Cyt and Sip, has been used as a major biopesticide for control of lepidopteran, 

coleopteran and dipteran insects for over five decades;because of its specific toxicity against target 

insects, lack of polluting residues and safety to non-target organisms.However, use of Bt formulations has 

been limited due to narrow host range, low persistence and inability to reach inside plants. 

Biotechnological improvements in the design of Bt biopesticidesfor enhancement of insecticidal 

spectrum, field-persistence and low-cost production have been done. Recombinant Bt strains having 

desired combination of insecticidal proteins with enhanced toxicity have been engineered. Btbiopesticides 

with enhanced field persistence have been developedby employing alternate delivery systems such as 

microbial encapsulation, endophytes and longer-persisting Bacillus species and improved formulation 

technology. Search for new Bt strains having novel insecticidal genes with broader spectrum towards 

target insects by various molecular methods including genomicsis ongoing worldwide.  Transgenic crops 

carryingcry and vip genes are beingsuccessfully grown in several countries. However, while Bt transgenic 

crops are a viable method of pest management and can reduce reliance on insecticide sprays, development 

of resistance in insect pests towards Bt proteins expressed singly in transgenic crops has been a 

disconcerting threat. Therefore, in second-generation transgenic crops, multiple insecticidal genes have 

been stacked and modified through protein engineering for increased toxicity and resistance management. 

Furthermore, elucidation of molecular mechanisms and genetics of resistance development in pests has 

been useful in developing viable resistance management strategies.  Stringent implementation of 

resistance management strategies and regulatory regime is a must for long-term efficacy of transgenic 

crops. Successful transgenic technology requires effective risk assessment and management with 

multidisciplinary participation. For appropriate risk assessment of transgenic crops, genomics, proteomics 

and metabolomics are being used for improvement of risk assessment methodologies. Accurate risk 

assessment and adequate management will help in formulation of future regulations and strategies for 

development and deployment of transgenic crops. For wider public acceptance, involvement of scientific 

experts for imparting understanding to public with regard to transgenic technology and perceived risks 

thereof, is necessary. Enormous potential exists for development of novel Bt strains and transgenic plants. 

Some other potential solutions to pest control such as, biological control and changes in farm practices 

also hold merit as components of IPM, based on their efficacy and sustainability. 
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Molecular pathways regulating the resistance against Alternaria blight in Brassicaceae 
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Oilseeds crops are the second most important determinant of agricultural economy of India, next only to 

cereals. In India Brassica juncea (Indian mustard) occupies a large share among the oilseed crops. 

However, the productivity of Indian mustard is constrained due to several biotic and abiotic stresses. 

Among the biotic stresses damage due to Alternaria blight disease is significant. Earlier resistance to 

Alternaria brassicae has been identified in one of the cruciferous wild species Diplotaxis erucoides. 

Through interspecific hybridization between B. juncea and D. erucoides, and subsequent screening of the 

segregating generations, introgression lines B. juncea have been developed. Gene expression profiling 

and metabolite profiling of resistant introgression lines of B. juncea have been attempted in order to 

elucidate the mechanism of resistance in these lines. Aiming to unveil the contributing genetic factors 

regulating the resistance towards A. brassicae, molecular and biochemical study of introgression lines as 

well as resistant parent Diplotaxis erucoides were conducted through RNA-seq analysis and LC-MS 

based study. Outcome of RNA-seq analysis and LC-MS study fairly indicated the polygenic nature of 

Alternaria resistance and show the involvement of different category of genes in a regulatory manner. 

KEGG pathway analysis showed metabolic pathways and biosynthesis of secondary metabolites are the 

top contributing pathways. Under secondary metabolites, glucosinolates are found to be synthesized at 

higher levels in D. erucoides compared to their levels in B. juncea. Several candidate genes have been 

predicted which are directly associated to enhanced resistance in D. erucoides.  

S2-PP-14 
PIMT: a safeguard for proteins under stress 

Shikha Gautam, Nitin Uttam Kamble, Srayan Ghosh, Gopaljee Jha, Manoj Majee 

National Institute of Plant Genome Research, New Delhi, India 

(Correspondence: manojmajee@nipgr.ac.in) 

Proteins are fundamental macromolecule for proper cellular functions but are continuously affected by 

various intrinsic and extrinsic factors. Proteins accumulate spontaneous damage such as oxidations or 

covalent modifications, which often leads to the loss of protein functions and affects several intracellular 

pathways. Protein repair system comprises of protein repairing enzymes (PREs) which restores the 

structure and function of damaged protein by reversing the modifications. One such repair enzyme 

PROTEIN L-ISOASPARTYL METHYLTRANSFERASES (PIMT) reversibly repairs the damaged 

proteins by conversion of L-isoaspartyl residues to normal L-aspartyl in an S-adenosyl methionine 

(AdoMet) dependent methyl esterification reaction. Previously our lab has shown that PIMT reduces age 

induced IsoAsp accumulation in seed and helps in preserving seed vigor and longevity in various plant 
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species.  It has also been shown that PIMT improves seed vigor and longevity by modulating ROS 

homeostasis in seeds. Abiotic and biotic stress induces production of reactive oxygen species (ROS) 

comprising hydroxyl radical, superoxide radical and hydrogen peroxide. It has also been shown that 

PIMT plays a key role in plant growth and survivability through ROS homeostasis by repairing IsoAsp 

mediated damage of antioxidative enzymes. Apart from abiotic stress, ROS correlates with successful 

disease resistance response in plants. Therefore, possible role of PIMT mediated ROS homeostasis during 

biotic stress in plants is speculated. Oryza sativa subspecies Pusa Basmati I and Nicotiana benthamanian 

were used in this study.  To study the disease resistance, we infected one-month old plants of Wild type, 

PIMT Overexpression and PIMT RNAi lines with sclerotium of Rhizoctonia solani and collected leaf 

tissue samples at different time intervals post days inoculation. Total crude protein was extracted from 

infected plant tissue. PIMT activity was assayed in control and infected plants using vapor diffusion 

method and isoAsp content was measured using IsoQuantisoAsp quantification kit. Relative disease index 

in infected plants was assayed by lesion length and lesion area. Bi-molecular fluorescence microscopy 

was used to detect protein protein interaction using CD3-1648 and CD3-1651 vectors. In present study, 

we investigate the role of PIMT in resistance against rice sheath blight disease caused by Rhizoctonia 

solani. We have shown that upon infection of Rhizoctonia solani in rice, detrimental isoAsp accumulation 

in proteins is significantly increased, and to reduce such isoAsp accumulation, PIMT activity is also 

increased. We have also shown that constitutively overexpressed OsPIMT1 and OsPIMT2 transgenic lines 

exhibit increased resistance to R. solani infection. Further analyses revealed that such increased tolerances 

to R. solani infection of these transgenic lines are associated with reduced ROS accumulation. We have 

shown that OsPIMT interacts with ascorbate peroxidase (OsAPX) and aldehyde dehydrogenase 

(OsALDH). 

S2-PP-15 
The von Willebrand factor domain A containing gene vWA36 confers blast resistance in rice 

Suhas Gorakh Karkute, Maryam Mukhtar, Arvind Yadav, Amitha Mithra Sevanthi, Kishor Gaikwad, 

Amol Kumar U Solanke 

ICAR-National Institute for Plant Biotechnology, New Delhi, India 

(Correspondence: amol.solanke@icar.gov.in) 

Rice blast disease is the major threat for global rice production. Blast resistance in rice is governed by 

resistance (R) and defense regulator (DR) genes that can be effectively used for developing blast resistant 

cultivars. Owing to the frequent breakdown of R gene mediated resistance, DR genes are gaining more 

attention as they provide broad-spectrum durable resistance. Comparative transcriptome analysis of blast 

resistant Tetep and susceptible HP2216 cultivars at different time intervals lead to the identification of 

several novel gene including two von Willebrand factor domain A containing genes. Genome-wide 

screening of vWA genes in rice lead to identification of 40 vWA genes which were characterized for 

transposon insertion polymorphism, SNPs, evolutionary relationship and expression during different 

environmental stresses. Rice blast responsive expression was analysed by qRT-PCR that showed vWA9, 

vWA18, vWA22, vWA36 and vWA37 were highly induced at 48-hour post inoculation of Magnaporthe 

oryzae. Blast responsive vWA36 gene was cloned from Tetep and 3 different transgenic events 

overexpressing vWA36 gene were developed in blast susceptible TP309 cultivar. The transgenic plants 

were confirmed by PCR, southern hybridization and qRT-PCR for expression of transgene. Phenotypic 
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analysis of transgenic plants for blast disease was carried out by detached leaf assay, and syringe 

inoculation of panicles in T0 plants and seedling spray inoculation assay of T1 plants using highly virulent 

Mo-ni-025 strain of M. oryzae. The transgenic plants exhibited significant resistance response against 

blast disease as compared to wild type TP309 plants. Thus, the study shows the important role of vWA36 

gene in blast disease response. The mechanism of resistance governed by vWA36 gene need to be 

explored in detail to utilize the gene in breeding program.  

S2-PP-16 
Novel Trio Sw-5a- Myb33-miR159: An Arsenal against ToLCNDV infection in tomato 

Namisha Sharma, Ashish Prasad, Susmita Sett, Manoj Prasad 

National Institute of Plant Genome Research, New Delhi, India 

(Correspondence: susmitasett@nipgr.ac.in) 

Viruses are obligate pathogens that are rapidly transmitted to distant areas through vector and cause upto 

100% yield loss. Tomato leaf curl New Delhi virus (ToLCNDV) is a bipartite old-world Begomovirus 

widespread across the globe and infects more than 43 plants. Twin icosahedral structure of ToLCNDV 

contains two genome components DNA-A and DNA-B. Proteins involved in replication and transcription 

of viral genes are encoded by DNA-A whereas DNA-B encodes movement related proteins. Major 

symptoms include leaf curling, stunted growth, vein thickening and chlorosis. Several resistance (R) 

genes are reported to provide tolerance against different viruses. R gene encoded intracellular nucleotide 

binding leucine rich repeat (NB-LRR) receptor recognize invading viral protein as avirulent (Avr) 

component and initiate hypersensitive response (HR) to restrict pathogen at the site of infection.  In the 

present study, we identified a R gene; SlSw5a, that is active against ToLCNDV in resistant tomato 

cultivar. SlSw5a interacts with viral AC4 protein (viral suppressor of RNA silencing) to trigger HR. 

Further investigation revealed that SlMyb33 regulates the relative expression of SlSw5a. Additionally, 

sly-miR159 acts upstream of SlMyb33 to modulate the abundance of the transcription factor. Expression 

profiling of miR159 was studied in contrasting tomato cultivars (cv. H-88-78-1, resistant and cv. Punjab 

Chhuhara, susceptible to ToLCNDV) in mock treated and virus infected condition. RNA ligase mediated 

rapid amplification of cDNA ends (RLM RACE) was performed to validate the miRNA target; SlMyb33. 

Y1H assay confirmed DNA cis-element binding activity of SlMyb33. To identify downstream targets of 

SlMyb33, chromatin immunoprecipitation coupled with ChIP-Seq was performed. For further validation 

of SlMyb33 binding with SlSw5a promoter, electrophoretic mobility shift assay (EMSA) was done. Y2H 

analysis with ten viral protein elucidate AC4 as Avr determinant of Sw-5a R gene. This result was 

additionally validated through bimolecular fluorescence complementation (BiFC) and Chromatin 

immunoprecipitation (Co-IP). To investigate the interface site of AC4 responsible for Sw-5a mediated HR 

manifestation, site directed mutagenesis (SDM) was performed for confirming the prediction obtained 

from homology modelling. Among 45 novel miRNAs from sRNA libraries, sly-miR159 exhibited 3.0-

fold up-regulation in susceptible and 4.0-fold down-regulation in the resistant cultivar during ToLCNDV 

infection. Sly-miR159 was found to target SlMyb33. Transcript accumulation of SlMyb33 was 

significantly 2.5-fold up-regulated and 2-fold down-regulated in resistant and susceptible cv., 

respectively, upon ToLCNDV infection. Silencing of SlMyb33 displayed severe leaf curling and increased 

viral titre in resistant cv. H-88-78-1 compared with mock-inoculated plants at 21 dpi. In SlMyb33-silenced 

plants, the mRNA level of SlSw5a was reduced, suggesting SlSw5a is downstream of the sly-miR159-
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SlMyb33 module. Sw-5a mediated HR lesions appeared as a result of increased reactive oxygen species 

(ROS) production along with reduced expression of ROS scavenging enzymes. SDM results suggested 

that RTSK motif of AC4 is essential for interaction with SlSw-5a to initiate HR. Thus, in this study we 

have identified a novel R gene acting against ToLCNDV that is modulated by miR159-SlMyb33 module. 

S2-PP-17 
Harnessing underutilized variation in rice germplasm collection for identification of novel 
QTLs/gene(s) for sheath blight tolerance 
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Rice is a major cereal crop which is cultivated in different agro-climatic zones across the world. It is 

prone to a number of abiotic and biotic stresses at all stages of its development. Among the biotic 

stresses, sheath blight (ShB), disease, caused by fungal pathogen Rhizoctonia solani has become a major 

threat after blast disease to the rice cultivation. The broad host range andvariability of the fungal pathogen 

and lack of germplasm having adequate level of resistance are the major obstacles in sheath blight 

management. The wild relatives including landraces of  rice, despite being agronomically inferior, can be 

exploited to search for novel genes for sheath blight tolerance. A systematic phenotyping approach is 

required for evaluation of conserved rice germplasm and identification of new donors for desirable traits. 

Association mapping, a high-resolution and less time-consuming method can be used in ShB-resistant 

loci identification. Despite the availability of high-quality genome sequence, and the existence of large 

rice germplasm, association mapping is poorly explored to identify the region associated with the sheath 

blight resistance. In this study we have made an attempt to evaluate the rice germplasm consisting of 

landraces for sheath blight tolerance and to identify new source of stress tolerance. We have screened a 

diverse panel of rice landraces for ShB tolerance at multilocations (at IARI New Delhi and BAU) and 

identified genotypes with varied levels of resistance to this pathogen. Although several genotypes are 

reported for sheath blight resistance but none of the genotypes were found with absolute resistance. Total 

2000 rice landraces, which are not yet characterized for any traits including general agronomic and yield 

parameters or even any biotic or abiotic stresses, were collected from NBPGR, New Delhi and grown 

during 2020 and 2021(for two years) in IARI farm. Rice cultivars PB1, BPT5204, and Swarna were taken 

as positive check and IR-64 as negative check. They have been phenotyped for different morphological 

and yield parameters. Pre-harvest observations include date to flowering; Plant height at maturity, Days to 

maturity. Post harvest observations include panicle length, panicle number and 1000 grain weight. They 

were also evaluated for sheath blight tolerance by subjecting to pathogen infection after one month of 

transplanting. The inoculum was prepared using typha plants collected from marshy lands as media.  One 

to two infected typha cuttings were tied in first three plants in each line of landraces. The data was 

recorded after 15-20 days of infection once visible signs of infection was there. Compared with cultivated 

genotypes ShB infection spread was slow in landraces due to vigorous vegetative growth. Out of total 

landraces screened 70-80% was found to be highly susceptible. We have identified a panel consisting of 
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around 200 rice landraces with varied level of tolerance to the pathogen from the 2000 lines screened. 

Genotyping by sequencing (GBS) technique, is being used for genotyping of the selected panel and to 

identify the association with the trait. 

S2-PP-18 
Standardization of syringe inoculation method of panicle blast disease and identification of 
resistance wild rice genotypes and Nagina 22 mutants 

Vishesh Kumar, Zaherul Islam, Amitha Mithra Sevanthi, Amol Kumar U Solanke 

ICAR-National Institute for Plant Biotechnology, New Delhi, India 

(Correspondence: amol.solanke@icar.gov.in) 

Among the different types of disease, panicle blast is the most devastating kind of biotic stress 

responsible for yield loss in rice. Screening of rice crops against the panicle blast is always a big problem 

to solve, as it requires an efficient method of inoculation, an artificial facility to provide the necessary 

temperature and humidity for fungus proliferation inside the panicle neck. Due to increasing 

pathogenicity of fungus and the uncontrollable changing climatic conditions, rice blast infection needs to 

be studied with more accuracy. Thus, we have standardized a method of infection for screening the rice 

genotypes against panicle blast disease. In this study, fungus inoculum was inserted into the neck of the 

panicle using a syringe just above the two inches from the first node of the panicle. To maintain the 

humidity level, cotton moist with distilled water was used to wrap the point of injection and covered by 

aluminum foil to retain the humidity and darkness, responsible for the spore germination of fungus. Our 

method increases the possibility of disease occurance by injecting spores inside the panicle neck and 

distill water moisten cotton covered with aluminum foil to provide the necessary humidity and 

environment for infection. This method of infection is simple, efficient and can be done with low labour 

and resource coast for the screening of large germplasm in cereal crops. Standardization of this method 

was done in blast resistance (Tetep) and blast susceptible (HP2216) cultivars. This method was then 

verified by checking phenotypic observation and expression profiling of pathogenesis related (PR) genes. 

This method was further used to screen 45 EMS-induced mutants of Nagina 22 and 12 wild rice lines. Out 

of these, 12 EMS lines from Nagina 22 mutants and 5 novel rice genotypes from wild rice were identified, 

against the panicle blast disease, to be used for breeding programs. 

S2-PP-19 
Evaluation of Brassica juncea parental lines for White rust resistance BjuWRR1 gene 
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Indian Mustard (Brassica juncea), a widely cultivated predominating oilseed crop accounting for 90% of 

the total rapeseed-mustard area in India as well in NE India during Rabi season and, affected by major 

biotic factors like White rust, Alternaria blight, Downy Mildew, etc. Among them, White rust caused by a 

biotrophic fungus Albugo candida is one of the most widely destructing diseases, resulting in yield losses 

of up to 60%. With a limited white rust resistant line in India and its unsuitability and non-adaptability to 

the local environment of NE India, the identification of white rust resistant genotypes from locally 

adapted germplasm is ideal for the development of white rust resistant varieties for sustainable production 

of Mustard. Thus, the present investigation was carried out to identify the potential R gene(s) of white 

rust disease within Brassica juncea genotypes under the natural condition of Manipur using gene-specific 

markers. The screening of 30 genotypes for white rust disease were evaluated in Augmented block design 

with three replications using nationally reported check lines viz., Varuna and NCDR-2 as susceptibles, 

Basanti and NRCB-101 as tolerants, and Bio-YSR and JM-1 as resistants. Among 30 lines, the ten lines 

exhibited less than 10 PDI with superior agronomic performance which are Bio-YSR, CAULC-1 (Awang 

Potshangbam, Manipur), CAULC-2 (KakchingWairi), CAULC-3 (KakchingLamjao, Manipur), CAULC-

4 (Sekmai, Manipur), CAURM-2, CAULR-7, CAURM-4, CAURM 4-1 (CAULC-1 X Kranti) and 

CAURM 4-2 (CAULC-1 x Bio-902). These ten lines were genotyped for the presence of BjuWRR1 gene 

using gene-based marker and found presence in five genotypes viz., Bio-YSR, CAULC-1 (Awang 

Potshangbam, Manipur), CAULC-3 (KakchingLamjao, Manipur), CAURM 4-1 (CAULC-1 X Kranti), 

and CAURM 4-2 (CAULC-1 x Bio-902). The amplicon from these five genotypes were compared by 

sequencing and found identical to earlier reported in an East European Brassica juncea line, Donskaja-IV, 

completely resistant to various isolates of Albugo candida. The findings from the present study suggested 

that these local lines CAULC-1 and CAULC-3 would be one of the potential white rust resistance 

resources/donors in disease resistance breeding programmes for the development of improved cultivars. 

S2-VO-01 
Comparative transcriptome profiling of resistant and susceptible tomato (Solanum lycopersicum L.) 
cultivars in response to infection by Groundnut bud necrosis virus 
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Tomato is one of the most popular crops in the world and a preferred host for several viruses including 

Groundnut bud necrosis virus (GBNV). It is an RNA genome contained plant virus, threatens tomato 

production in India and worldwide by causing leaf necrosis and bud blight disease in plants. Studies related 

to host gene expression in response to GBNV infection have mostly been unexplored and few of performed 

with other viruses. In the present study, tomato gene expression analysis has been performed to understand 

resistance response against GBNV infection. GBNV infection resulted in enhanced expression of genes 

associated with hypersensitive response, programmed cell death, hormonal response and resistance response 

pathways and reduced expression of genes for photosynthesis, carbohydrate metabolism and sugar transport. 

A total of 10,209 probe sets containing 9,542 unique coding tomato sequences represented on the tomato 

GeneChip were successfully applied for the expression profiles of the tomato during virus infection. Finally, 

3131 tomato transcripts were differentially-expressed in resistant and susceptible tomato plants infected 
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with GBNV. Of these transcripts, 447 genes were up-regulated while 485 genes were down-regulated when 

we compared the expression level among all resistant and susceptible cultivars. Gene ontology analysis 

revealed, some sets of defense related genes and their expression levels were not similar among the tomato 

cultivars. Comparative expression analysis of selected transcripts in the susceptible and a resistant variety 

displayed differential expression of host gene involved in inter-cellular virus movement and long distance 

signaling of systemic acquired resistance. The present study provides insights into various reactions 

understanding the successful establishment of resistance to GBNV in the R tomato lines, and helps in the 

identification of important defense-related genes in tomato for GBNV disease management. 

S2-VO-02 
Understanding the mechanism of rust resistance in lentil through RNA-seq and QTL mapping 
approaches 

Baljinder Singh, Kuldeep Tripathi, Sarvjeet Singh, Tilak Raj Sharma, Sabhyata Bhatia 
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Lentil is a diploid (2n=2x=14), annual self-pollinating crop with haploid genome size of ~4 Gbp. Lentil 

seeds serves as a rich source of proteins, carbohydrates and micronutrients in developing nations. Despite 

its importance, yield and productivity of lentil are still low in various developing nations due to different 

biotic and abiotic stresses. One of the major biotic stresses of lentil is rust, which is caused by Uromyces 

viciae-fabae (Pers.) Schroet. Therefore, the present study was undertaken to dissect the rust resistance 

mechanism in lentil using two different approaches. Transcriptome sequencing was carried out using one 

rust resistant (FLIP-2004-7L) and one rust susceptible (L-9-12) accession of lentil under control and 

infected conditions to identify genes playing role in late stage of rust resistance. Reference based analysis 

led to identification of 2,335 differentially expressed genes (DEGs) that included various defence 

response related genes such as chitinases, PR proteins, heat shock proteins and kinases etc. GO and 

KEGG analysis of DEGs indicated enrichment of defence related biological processes and genes involved 

in phenylpropanoid pathway and glutathione metabolism which might be playing role in rust resistance. 

Further, the sequenced data was utilized for identification of putative candidate effectors employed by 

fungi during rust infection. Moreover, ddRAD (Double digest restriction-site associated DNA) 

sequencing was performed in a bi-parental mapping population (FLIP-2004-7L X L-9-12) contrasting for 

rust resistance trait. Linkage map construction followed by QTL mapping led to identification of three 

putative QTLs. Genes were predicted from these QTLs using FGENESH. Expression of these genes were 

analysed using the insilico data. SNP, SSR markers and genes identified from this study could serve as a 

base for lentil crop improvement for rust resistance. 

S2-VO-03 
Introgression of transgenic cotton event Tg2E13 (cry1Ac) through marker assisted backcross 
breeding for sustainable bollworm management 

Santosh H.B., Raghavendra K. P., Vivek Shah, Gaikwad K. R., Raghu E., Waghmare V. N., Prasad Y. G. 
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Cotton (Gossypium hirsutum) is an important fiber crop of the world which is highly susceptible to a 

large number of lepidopteran pests, and a major one on the Indian subcontinent is American bollworm 

(Helicoverpa armigera). Bt-cotton technology represents an elegant and eco-friendly bollworm 

management strategy accepted world-wide. Bt cotton is widely cultivated as Bt hybrids in India since 

2002. Delhi University South Campus has developed a transgenic event, named ‘Tg2E13’ using truncated 

cry1Ac gene in the background of Gossypium hirsutum cv. Coker310 for management of H. armigera. 

This event produces higher levels of Cry toxin compared to the commercialized Mon531 event. In order 

to develop cotton varieties with indigenous transgenic events for effective management of H. armigera, 

the Tg2E13 event was introgressed in to three elite upland cotton genotypes through marker assisted 

backcross breeding under contained facility of ICAR-CICR, Nagpur during 2015-2021. Presence of gene 

(cry1Ac) and the event (Tg2E13) was confirmed. The event was validated for Cry toxin expression and 

bioefficacy against H. armigera. The popular upland cotton varieties/genotypes viz., CISH 3178 (North 

Zone), NH615 (Central Zone) and Suraj (South Zone) were chosen as recipients/recurrent parents for 

event introgression. In every backcrossing cycle, the backcross populations of three crosses viz., Suraj × 

Coker310 (Tg2E13), NH615 × Coker310 (Tg2E13) and CISH3178 × Coker310 (Tg2E13) were raised 

along with the recipient genotypes (Suraj, NH615 and CISH3178). Qualitative ELISA was conducted at 

20-30DAS and non-Bt plants from the segregating backcross populations were roughed out. Quantitative 

ELISA was conducted again at 60DAS to identify Bt positive plants having high toxin expression which 

were further used in backcrossing with their respective recipient genotypes. There was a differential Cry 

toxin expression among the plants of the backcross population of the same cross and also between 

backcross populations of different crosses. Rapid generation advancement was achieved through embryo 

culture protocol wherein immature embryos from unopened boll 40 days after anthesis were explored 

under plant tissue culture conditions for germination and seedling development. After four backcrosses, 

the event positive plants of BC4F1 populations were selfed to produce BC4F2 populations and plants 

carrying Tg2E13 event in homozygous conditions were identified. Introgressed lines are seed multiplied 

for their further evaluation for toxin expression, bio-efficacy and agronomic performance.  

S2-VO-04 
Protein thiol oxidation acts as an oxidative stress marker during Fusarium infection in Triticum 
aestivum 

Abhaya Kumar Sahu, Punam Kumari, Bhabatosh Mittra 

Post Graduate Department of Biosciences and Biotechnology, Fakir Mohan University, Vyasa Vihar, 

Balasore, Odisha, India 

(Correspondence: punam.lifescience@gmail.com) 

Plant cells have evolved to employ reactive oxygen (ROS) and nitrogen species (RNS) as crucial 

signaling molecules, despite the fact that excessive ROS and RNS can disrupt redox equilibrium. Their 

ability to change redox-sensitive cysteine residues has emerged as a critical phenomenon for controlling 

the activity, structure, protein-protein interaction, and localization of immunological signaling proteins. 

Regulated reversal thiol (-SH) oxidation is dependent on the activities of the thioredoxin (TRX) enzyme 
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and antioxidant enzyme system. In this study, protein thiol oxidation was assessed during Fusarium 

infection in wheat seedlings. Fusarium infected seedlings showed a high disease severity index as 

compared to untreated control seedlings. An enhanced level of ROS and carbonyl content (CO) due to 

irreversible protein oxidation were observed in Fusarium infected seedlings compared to untreated 

seedlings. Further, a comparative biochemical assay showed enhanced superoxide dismutase (SOD), 

ascorbate peroxidase (APX) and catalase (CAT) activity in Fusarium infected tissues as compared to 

untreated control tissues. Moreover, reduced glutathione (GSH) and ascorbate (ASC) content were 

observed in Fusarium infected tissues as compared to untreated control tissues. Untreated control tissues 

showed enhanced free protein thiol content as compared to Fusarium infected tissues. The ratio of free 

thiol to thiol disulfides (-S-S-) was also observed to be increased in untreated control tissues as compared 

to Fusarium infected tissues. It was further confirmed through the quantitative assay by Ellman's reagent 

and qualitatively by diagonal gel electrophoresis showed enhanced protein thiol-disulfides in Fusarium-

infected tissues as compared to untreated control tissues. Furthermore, thioredoxin which is responsible 

for the reverse reduction of protein disulphide bonds, was found to be increased in untreated control 

tissues versus Fusarium infected tissues. Accordingly, the cell death content was observed to be high in 

Fusarium infected tissues as compared to untreated control tissues. Thus,protein thioloxidation is a 

reversible protein oxidative modification developed through the interaction of ROS with protein thiol 

groups in Fusarium infected wheat seedlings. ROS triggered protein thiol oxidation is suggestive of 

offering susceptibility against Fusarium-induced oxidative stress and acts as an oxidative stress marker in 

wheat plants. 

S2-VO-05 
Screening for defense related genes against Alternaria blight in rapeseed mustard 

Reshma Ahmed and Priyadarshini Bhorali 

Department of Agricultural Biotechnology, Assam Agricultural University, Jorhat, Assam, India 

(Correspondence: reshahmed5555@gmail.com) 

Alternaria brassicicola, the causal agent of Black spot disease of Brassica spp. is one of the most 

common pathogen worldwide especially in cultivated species such as Brassicarapa, resistance mechanism 

to it are still poorly understood. Conventional breeding to develop resistant cultivars is confounded due to 

non-availability of suitable resistance sources within the available germplasm of cultivated species of 

Brassica. However non-host resistance has been reported in the wild relatives of Brassica species- 

Sinapis alba against Alternaria blight. In the present investigation, we attempted to dissect the 

morphological and transcriptomic changes taking place during infection by A. brassicicola in a 

susceptible B. rapa (TS-38) and S. alba. The pathogen was isolated from infected tissues of TS-38 and 

was identified and confirmed by morphological, molecular and pathogenecity assay. Artificial inoculation 

was conducted in both the cultivars and leaf tissues were collected at 48 and 72h post inoculation. Total 

RNA extracted from leaf samples were subjected to sequencing through 2X 150bp chemistry on 

illuminaHiSeq X Ten platform. The raw data were quality trimmed (Q>30) with Trimmomatric v36 and 

analyzed by taking Brassica as reference through RSME pipeline. Among 53,973 genes mapped to the 

reference genome of B. rapa, 15,613, and 3,513 genes were up- and down-regulated between TS-38 and 

S. alba respectively at 48 and 72h post inoculation (hpi). Functional annotation showed that most of the 

differentially expressed genes are involved in metabolism, transport, signal transduction and defense. The 
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differentially expressed genes involved the higher expression of defense related genes including pathogen 

related proteins at the initial time period in both the cultivars. We selected 12 defense related genes from 

RNA-seq data and validated their expression at 0, 24, 48 and 72 hpi in both the cultivars by qPCR 

analysis. A significantly high expression of all these selected genes showed a greater expression in S. alba 

as compared with B. rapa. Moreover, the dataset generated by transcriptomes profiling showed a large 

number of disease resistance genes including various uncharacterized genes that are modulated during the 

interaction. The characterization of these uncharacterized genes may further help in discovery of 

resistance mechanism in S. alba against A. brassicicola that can be utilized in the production of 

Alternaria resistant variety. 

S2-VO-06 
Characterisation of chickpea R2R3 transcription factor of CaMYB78 in modulation of biotic stress 
response and anthocyanin biosynthesis 

Surbhi Shriti, Sathi Paul, Sampa Das 

Division of Plant Biology, Bose Institute, Kankurgachi, Kolkata, West Bengal, India 

(Correspondence: sampa@jcbose.ac.in) 

Chickpea is an important grain legume providing for protein dietary needs in Indian population. But its 

yield is constantly threatened due to the attack of Fusarium oxysporum (Foc) causing severe wilting of 

the crop. Lack of resistance gene pool among its cultivars restricts development of resistance against wilt 

of this valuable crop. Our lab recently reported the presence of some transcription factors, especially 

MYB78, upregulated during chickpea- Fusarium interplay in resistant chickpea genotype.The present 

group has recently identified a member of MYB family of transcription factors, CaMYB78, upregulated 

during chickpea- Fusarium interplay in resistant chickpea genotype. However, nothing is known about 

the role of this TF in biotic stress tolerance in chickpea.MYB transcription factors (TFs) are well known 

for significant functions in plant development and stress responses. Recalcitrant nature of chickpea 

rendered transformation of chickpea with desired gene of interest difficult until recently. To overcome 

this hurdle, tissue culture independent plumular meristem transformation protocol was done for successful 

introgression of CaMYB78. Overexpressing plants showed enhanced resistance against Foc1 infection by 

reduced accumulation of reactive oxygen species and upregulation of defence related genes. A remarkable 

phenotype of reduced accumulation of anthocyanin was also observed in overexpressing flowers. For 

better understanding of this phenomenon, in-silico analysis was done and CaMYB78 was found to be 

grouped under Subgroup-4 type MYB anthocyanin repressors. Gene expression analysis showed the 

strong down-regulation of endogenous anthocyanin structural and regulatory genes 

by CaMYB78 overexpression. Transient promoter assay conducted on tobacco plants demonstrated that 

CaMYB78 also   regulates the promoter activity of UDP-glucose: flavonoid 3-O-glucosyltransferase 

(UFGT), a key anthocyanin biosynthetic gene and downregulates anthocyanin accumulation. Molecular 

analyses confirming the unique regulatory roles of CaMYB78, in resistance response against Foc 1 in one 

hand and suppression of pigmentation during flower development on the other will be discussed in detail. 
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S2-VO-07 
Fusarium udum interaction with pigeonpea cultivars leads to earlier and stronger induction of 
defense related genes in roots of resistant cultivars 

Vishal Patil
1
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(Correspondence: drvishalrpatil@gmail.com) 

Roots of resistant and susceptible Pigeonpea cultivars were infected with Fusarium udum pathogen and 

analyzed at 2h, 24h, 48h and 72 h after infection in order to study response of defense related gene 

expression. Relative quantification of 10 defense related genes viz., PR2, PR10, PAL2, CHS8, IFS1, F3H, 

LOX, ADC, SPDS and SPMS was studied at using qRT-PCR. Higher and earlier expression was reported 

in all studied genes in resistant cultivars as compared to susceptible cultivars after Fusarium udum 

infection. PR2, PR10 and CHS-8 genes expression were at peak level at 48h after infection and retained 

higher in resistant cultivars than that of susceptible cultivars at all stages. IFS1 and F3H genes expression 

were induced higher at all stages in resistant cultivar, while remain unaltered in susceptible cultivars after 

infection. LOX gene expression induced earlier at 2h and decreased later on in resistant cultivars, while in 

susceptible cultivars, it was seen unaltered gene expression. Polyamine synthesis genes ADC, SPDS and 

SPMS expression level were found to reach a peak level at 24h in resistant cultivars, while very low level 

of expression was reported in susceptible cultivars. Most promising defense gene PAL isolated from 

resistant pigeonpea cultivar Vaishali and characterized by nucleotide sequencing. Our results suggest that 

activation and stronger induction of defense gene expression were reported at early stages of infection in 

Fusarium wilt resistance in pigeonpea. 

S2-VO-08 
Identification of a suitable method of infection for reducing background effect in mock-inoculated 
controls during plant-Agrobacterium interaction studies 

Yamuna K.T., Hamza Areekan, Jasmine M. Shah 

Department of Plant Science, Central University of Kerala, Kasaragod, Kerala, India 

(Correspondence: yamuna.krishna.kt@gmail.com) 

Molecular tools play a promising role in this post-genomic era to study plant-microbial interactions from 

a genomic and epigenetic perspective. Transcriptomics helps researchers to gather high-throughput 

information on the function and regulation of genes involved in plant-microbe interactions. A suitable 

infection method is thus crucial since it is a potential stress that may influence the gene expression in 

addition to the microbe, thereby providing misleading information. Previous studies indicate that the 

combinatorial effect of two or more stresses could lead to changes which are different from those induced 

by each of the stresses alone.  The Arabidopsis-Agrobacterium pathosystem has proven to be an effective 

model system for studying plant-pathogen interactions. Our group is mainly focused on plant-microbe 

interaction studies, particularly plant-Agrobacterium interaction. During our experiments to analyze plant 



200 

43rd  Annual Meeting of PTCA(I) & International Symposium on “Advances in Plant Biotechnology and Nutrational security” 

APBNS-2022, April 28-30, 202

defence gene expression under the influence of various Agrobacterium strains, we noticed that the mock-

inoculation using syringe masked the plant responses due to the bacteria. Considering the advancements 

in the sensitive high-throughput sequencing-based techniques, our observation, and previous reports of 

wound-induced interference on host defence pathways, we realised that it was important to identify a 

method where the mock-inoculation gave results that were much closer to those from uninfected control. 

The first step in our goal was to compare four different mock-infection methods, followed by testing five 

different resuspending liquids. A mock-infection was conducted at three different time intervals in order 

to determine the dynamicity of all experimental conditions. We believe that we have formulated a reliable 

method of infection which has a least influence on the plant host gene expression. Based on the 

Arabidopsis-Agrobacterium pathosystem we studied the generation of superoxides (H2O2 and O2) due to 

each treatment using DAB and NBT staining. We analysed the expression of two important defence genes 

PR1 and NPR1. The four different mock-infection methods were wounding, low and high vacuum 

infiltration and flood inoculation. The five different resuspending liquids were LB broth, AB media, 10 

Mm MgCl2, 0.9% NaCl and deionized water (DW). The dynamicity of all experimental conditions was 

assessed by mock-infecting at three different time intervals (3, 24 and 48h). In order to check the bacterial 

infectivity with the suitable method and resuspending liquid, we infected the plants with Agrobacterium 

strain carrying the GUS reporter gene. The variation between multiple groups was analysed using 

ANOVA and significant variation (p<0.05) between individual groups were analysed using Tukey’s HSD 

post-hoc analysis. Analyzing the host response due to plant -pathogen interaction revealed the 

interference of infection method on defense gene expression. Flood inoculation using DW as the 

resuspending liquid had the least interference with the host response. In order to develop strategies 

towards enhanced disease resistance for crop improvement, a better understanding of the dynamics of 

host gene expression and regulation during plant-pathogen interaction is imperative. Thus, we have 

formulated a reliable method of infection for plant-microbe interaction studies particularly for gene 

expression analysis. This method could be promising for gene expression and regulation studies involving 

other microbes and plants. 

S2-VP-01 
Immuno compromisation of wheat host by the development of carbonylation (CO) during 
Fusarium infection 

Abhaya Kumar Sahu, Punam Kumari, Bhabatosh Mittra 

Department of Biosciences and Biotechnology, Fakir Mohan University, Odisha, India 

(Correspondence: punam.lifescience@gmail.com) 

Plants are becoming susceptible due to being sessile in nature and being continuously attacked by various 

biotic stress factors such as bacteria, fungi, viruses, and herbivores. Among the numerous soil borne 

pathogenic fungi, Fusarium oxysporum reduces crop yielding by inducing wilting symptoms due to 

disruption of redox equilibrium in wheat. Protein Carbonylation (CO) is an irreversible protein oxidative 

modification developed during the interaction of hydrogen peroxide (H2O2) in a plant cellular system. In 

this study, the wheat seedlings were immune-compromised during primed with 1mM buthionine 

sulfoximine (BSO) and 2,4-dichlorophenoxyacetic acid (2,4-DPA). Fusarium induced oxidative stress 

was assessed through the process of carbonylation in co-stressed (1mM buthionine sulfoximine (BSO) 

and 2,4-dichlorophenoxyacetic acid (2,4-DPA) pre-treatment followed by Fusarium inoculation 
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separately) wheat seedlings. Co-stressed seedlings showed a high disease severity index (DSI), which 

revealed the presence of Fusarium spores as compared to untreated control seedlings. A comparative 

phenotypic observation clearly showed stunted and rudimentary growth of root and shoot length, fresh 

and, dry weight, and relative water content (RWC) in co-stressed seedlings. An enhanced level of H2O2 

concentration and qualitative analysis by DAB staining showed more brown coloured spots in co-stressed 

seedlings as compared to untreated control seedlings. Further, a comparative biochemical assay showed 

enhanced SOD, CAT, and APX activity in co-stressed tissues as compared to untreated control tissues. 

Co-stressed tissues showed an enhanced oxidised glutathione (GSSG) content and a decreased glutathione 

(GSH) content as compared to untreated control tissues. Cell death contents and its blue stained spots 

were observed to be high in co-stressed tissues as compared to untreated control tissues, which indicates 

the severe pathogenesis occurs in seedlings. Moreover, a decreased lignin content and stained spots were 

localised in co-stressed tissues as compared to untreated control tissues. It was confirmed that, an 

enhanced carbonyl content was observed in co-stressed tissues as compared to untreated control tissues. 

Thus, a low dose of BSO caused the depletion of GSH content and 2,4-DPA disrupted the lignin 

biosynthesis pathway, induce susceptibility in wheat plants, as resulting protein carbonylation against 

Fusarium-induced oxidative stress. 

S2-VP-02 
Apoplasmic metabolite profile during Pseudomonas syringaepv T1 infection in tomato plants 

Anjali, Urooj Fatima, Muthappa Senthil-Kumar 

National Institute of Plant Genome Research, New Delhi, India 

(Correspondence: anjali@nipgr.ac.in) 

Pseudomonas syringaepv tomato T1 known to cause bacterial speck disease of tomato worldwide. In 

India, the southwest region is highly affected from this disease. Pseudomonas syringae species is among 

the well-studied inhabitant of the leaf apoplast where various molecular and physiological processes 

including nutrients transport, plant-bacterial interactions and defence responses occurs. Apoplastic fluid 

contains sugars, amino acids, organic acids and inorganic mineral ions that serve as a source of nutrients 

for bacterial pathogens. This nutrient rich environment of apoplast act as a preferable site for colonization 

and multiplication of P. syringaepv tomato T1. After pathogen infection, dynamic changes occur in status 

of apoplastic sugars, amino acids and other metabolites. In this study, we have critically analysed the 

alteration in levels of various metabolites by untargeted and targeted metabolite analysis via GC-MS. We 

demonstrate that Pst T1 infected apoplast sample showed fold increased in some metabolites as compared 

to untreated samples. These metabolites can be a part of a pathway associated with pathogenicity or a 

nutrient source for Pst T1. 

S2-VP-03 
Expression Analysis of Putative Candidate Genes Present within the QTL, qShB-1.1 in response to 
Sheath Blight Disease Resistance in Rice (Oryza sativa L.) from the Cultivar CR 1014 

Archana Bal, Pankajini Samal, Mridul Chakraborti, Arup Kumar Mukherjee, Kutubuddin Molla, Soham 

Ray, Lambodar Behera, Meera Kumari Kar
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Rice (Oryza sativa L.) is the primary staple food for nearly half of the world’s population and plays a 

critical role in global food security. Sheath blight (ShB) disease of rice caused by the soil borne fungus 

Rhizoctonia solani Kuhn (Teleomorph: Thanatephorus cucumeris (Frank) Donk) is one of the most 

destructive disease of rice. Till date only partial resistant lines have been identified for ShB resistance. CR 

1014, a popular low land variety developed by ICAR-NRRI, Cuttack was identified as a moderately 

resistant genotype against the virulent strain CRRI-RS-8 (MTCC12232, IMTech, Chandigarh) of 

Rhizoctonia solani. Swarna-Sub1 and Tapaswini are high yielding semi-dwarf varieties but both are 

highly susceptible to ShB. A stable QTL qShB-1.1 was mapped on long arm of chromosome 1 in F2:3 lines 

of cross Swarna-Sub 1 / CR 1014 and validated in alternative population (Tapaswini / CR 1014). The 

QTL, qShB-1.1 was flanked by linked markers RM11935 (homologus position: 37.8 Mb of Nipponbare 

chromosome 1) and RM11968 (homologus position: 38.3 Mb of Nipponbare chromosome 1) covering 

~0.51 Mb region. A total of 81 genes were predicted using rice data base (RAP-DB) search tool, within 

the QTL, qShB-1.1 region. Out of 81 genes, 11 genes (LOC_Os01g65100.1, LOC_Os01g65440.1, 

LOC_Os01g65450.1, LOC_Os01g65450.2, LOC_Os01g65460.1, LOC_Os01g65460.2, 

LOC_Os01g65650.1, LOC_Os01g65800.1, LOC_Os01g65900.1, LOC_Os01g65920.1, and 

LOC_Os01g65950.1) were found to be disease responsive. An in-silico expression profile of leaf and 

shoot tissues for the selected 11 genes were obtained from Rice Expression Database. Two leucine rich 

repeat (LRR) motifs containing genes (LOC_Os01g65650 and LOC_Os01g65920) and a Chitin-inducible 

gibberellin-responsive (CIGR) protein coding gene (LOC_Os01g65900) showed high expression levels in 

leaf and shoot tissues. To study the time course gene expression analysis both the parents Swarna-Sub1 

and CR 1014 were inoculated with virulent strains of Rhizoctonia solani under the net house condition 

(kharif-2021). Leaf samples were collected at different time course intervals (0hr, 24hr, 48hr, 72hr and 

96hr) of inoculation. Total RNA was isolated by using Qiagen RNAeasy plant mini kit (Qiagen, 

Germany), and the quantification of the extracted RNA was done by Nanodrop Spectrophotometer. 

Reverse transcriptase reaction was done to synthesize cDNA of respective RNA samples using cDNA 

synthesis kit. Primers were designed for 11 predicted genes using Primer 3 software. Two genes 

LOC_01g65800.1 (Powdery mildew resistant protein 5) and LOC_Os01g65450.1 (Ubiquitin-like domain-

containing CTD phosphatase 1) were validated through quantitative real time PCR (qRT-PCR).  The 

result showed that the expression of both the genes were relatively higher in case of CR 1014 as 

compared to Swarna-Sub1. Expression analysis of the rest nine genes are under progress. This study 

identified plant defense related genes involved in imparting tolerance to ShB disease from the cultivar CR 

1014. It also helped in understanding the mechanism of defense against the complex ShB disease in Rice. 

S2-VP-04 
Jasmonic acid induces the expression of genes involved in ROS-regulation in rice against 
Rhizoctonia solani AG1-IA infection 

Pratibha Chaudhary
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Rice (Oryza sativa) is a major staple food for about half of the world's population. Rice is susceptible to 

various biotic and abiotic stresses, resulting in its reduced yield. Sheath blight is a significant rice disease 

caused by the necrotrophic, soil-water-borne pathogen Rhizoctonia solani Kühn AG1-IA, which is an 

extremely damaging pathogen worldwide. Due to necrotrophic nature with a broad host range and high 

genetic variability, rice cultivars with complete resistant against R. solani infection has not been identified 

to date. Reactive oxygen species (ROS) are known to play a significant role in pathogen virulence and 

plant defence during host-pathogen interactions. ROS accumulates in cells during plant-pathogen 

interactions, causing oxidative damage to pathogens as well as plants. From the perspective of the plant, it 

is critical to comprehend how plants' antioxidant machinery maintains a delicate equilibrium of ROS in 

order to protect itself from its fatal consequences. The R. solani infection initiated the higher production 

of ROS in moderately tolerant rice genotype (ShB) compared with susceptible rice genotype (PR114) at 

the site of inoculation, evident with the NBT staining. Further to verify this observation, the expression 

level of ROS scavenging genes viz., superoxide dismutase, ascorbate peroxidase, catalase, and 

glutathione reductase in these two rice genotypes were analysed, which exhibited higher expression in 

moderately genotype compared to the susceptible genotype at all experimental time points. Interestingly, 

the exogenous application of Jasmonic acid (JA), a hormone known to play a key role in necrotrophic 

interactions, enhanced the expression of these genes in the susceptible genotype, implying that JA may 

play an important function in regulating the antioxidant machinery. 
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S3-PP-01 
Transcriptome of developing grain reveals differential regulation of genes in wheat genotypes 
contrasting for grain filling efficiency under nitrogen stress 
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High yielding wheat varieties have increased the production during the green revolution, but these 

varieties are mostly selected for higher fertilizer input. Due to the environmental implication of nitrogen 

fertilizers, varieties efficient in nitrogen use in low nitrogen regimes are the need of hour. Nitrogen (N) 

uptake and utilization are two major components of Nitrogen Use Efficiency (NUE), where N-utilization 

is primarily the incorporation of the acquired nitrogen within the bio-molecules of plant followed by 

utilization of these bio-molecules to produce economic yield. In wheat, grain yield can be defined as the 

product of sink capacity and filling efficiency. To understand the mechanism of grain filling and 

development in response to N stress at the whole gene expression level and to identify the candidate 

genes related to it, a comparative transcriptome study was carried out using RNA-seq analysis in the 

developing grains of two wheat contrasting varieties (HB-208 and Chotilerma). They were grown in soil 

(having around 125kg/ha and 220 kg/ha of available nitrogen in stress and control pots respectively) with 

two nitrogen treatment, 120 kg/ha (Control) and 0 kg/ha (Stress). These varieties were selected based on 

their contrasting grain filling efficiency in low nitrogen input.  cDNA libraries were constructed by 

pulling equimolar amounts of RNAs from immature grains of four developmental stages (14, 21, 28 and 

35 days after anthesis). Total of 697 (493-Upregulated, 204-Down regulated) and 859 (738 -Upregulated, 

121-Down regulated) differentially expressed genes under N stress were identified in Chotilerma and HB-

208, respectively, where only 2.8% DEGs were common among the two genotypes. GO term enrichment 

analysis revealed that transcription factor (TF) activity in chotilerma, an efficient grain filling genotypes 

were dramatically upregulated. Among these, TF belongs to the AP2-ARF family was most prominent, 

followed by HSF, MYB and EIL family TF. KEGG enrichment analysis revealed that the genes in the 

pathways involved in carbon metabolism, biosynthesis of amino acids and plant hormone signal 

transduction had enhanced expression under N stress in HB-208. Five-fold upregulation of a bHLH 

transcription factor, APG-like, negative regulator of grain length was also seen in HB-208. This study 

reveals that under N stress, the DEG profile is very diverse among genotype contrasting for grain filling 

efficiency. 

S3-PP-02 
Genetic variability and character association studies for cane yield and quality in advanced clones 
of sugarcane 

Arati Yadawad, Kongawad B. Y., Kadlag A. D., Baligar Veena 

K. J. Somaiya Institute of Applied Agricultural Research, Sameerwadi, Karnataka, India 
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The present investigation was carried out to study the genetic variability and character association for 

cane yield and quality traitsin advanced clones of sugarcane. Fifteen genotypes along with three standards 

were assessed during 2019-2021 using Randomized Block design with three replications at K. J. Somaiya 

Institute of Applied Agricultural Research (KIAAR), Sameerwadi, Karnataka, a voluntary center of 

peninsular zone of AICRP for conducting sugarcane research and multi-location testing of varieties. Data 

were collected on eleven important yield contributing and quality traits like number of shoots (000’ha
-1

), 

number of internodes, cane height (cm), cane girth (cm), brix (%), polarized sugar (%),cane yield (t ha
-

1
)and commercial cane sugar (CCS) yield (t ha

-1
). Highly significant differences among the genotypes 

were recorded for brix (%), polarized sugar (%) and cane yield (t ha
-1

). Genotype Co 14012 (137.98 t ha
-1

 

and 21.18 t ha
-1

) found significantly superior to three standards Co 86032 (89.07 t ha
-1

 and 11.85 t ha
-1

), 

CoC 671 (79.58 t ha
-1

 and 9.70 t ha
-1

) and CoSnk 05103 (106.24 t ha
-1

 and 16.46t ha
-1

) for cane yield and 

CCS yield. All other varieties were on par with Co 86032 for cane yield. Analysis of variance for two 

plant and one ratoon crop individually and pooled data analysis over the three crops indicated highly 

significant differences among the treatments for all the traits except for number of shoots and cane girth. 

High Phenotypic and genotypic coefficients of variation were recorded for CCS yield. Moderate estimates 

of PCV and GCV were recorded for rest of the traits except number of shoots, cane girth and CCS yield. 

Positive significant correlations were observed for number of millable canes (0.787), CCS% (0.752) and 

CCS yield (0.973) with cane yield. Among the yield parameters positive significant association was 

observed for single cane weight with cane height and number of internodes indicating the need for 

emphasis on these traits during selection. Similarly negative significant association of number of shoots 

with cane height (-0.595) and single cane weight (-0.592) indicated that clones with less number of shoots 

can contribute for higher cane yield due to higher millable cane height and single cane weight. Path 

analysis showed highest positive direct effect on cane yield (t ha
-1

) is exerted by CCS yield exhibiting its 

importance in clonal selection program for evolving improved sugarcane genotypes. Results indicated the 

importance of quality traits in addition to yield contributing traits in clonal selection program for 

developing improved sugarcane varieties.  

S3-PP-03 
Protein L-isoaspartyl methyl transferase increases seed length and weight in Arabidopsis by 
protecting enolase 

Nitin Uttam Kamble, Bhanu Prakash Petla, Shraboni Ghosh, Manoj Majee 

National Institute of Plant Genome Research, New Delhi, India 

(Correspondence: kamble@nipgr.ac.in) 

Protein L-Isoaspartyl O-Methyltransferase (PIMT) is a protein repairing enzyme and catalyses the 

conversion of spontaneously modified isoAsp to Asp in protein. Biological role of PIMT enzyme in 

maintaining longevity and survivability of organisms particularly under stress conditions has been 

established in lower organisms, animal and plant systems. These studies revealed that PIMT maintains a 

low level of deleterious isoAsp in proteins and combat the effect of aging and stresses in cells with low 

metabolic activity. Even though the biological role of PIMT has been well elucidated in lower organisms 

and animals, the role and regulation of PIMT in seeds is largely unknown. Agrobacterium tumefaciens 

mailto:yadawad.arati@somaiya.edu
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mediated transformation of Arabidopsis was carried out. Seed size and weight analysis were carried out in 

the AtPIMT1 and AtPIMT2 overexpression and RNAi T3 homozygous lines. PIMT assay was done 

following vapor diffusion method. Yeast two hybrid screening was performed using Arabidopsis cDNA 

library against AtPIMTgenes. Protein-protein interactions were confirmed by bimolecular fluorescence 

complementation (BiFC) analysis. The isoAsp content was quantified using ISOQUANT isoaspartate 

detection kit in recombinant Enolase before and after stress treatments. TheisoAsp residues most sensitive 

to modification were identified using LC-MS/MS analysis.  CDT was performed in order to test the seed 

vigour of seeds. Enolase activity was also quantified during seed aging using Enolase assay kit. Herein, 

we report over expression of PIMT increase seed length and weight while RNAi lines show the reduced 

seed length and weight. Further, we report novel protein interaction of PIMT with enolase by which 

PIMT increase seed length and weight. We showed that enolase activity goes on decreasing due to 

increase in isoaspartate residues. Our invitro and invivo analyses show that ENO2 proteins are susceptible 

to isoAsp formation, butPIMT physically interacts and repairs detrimental isoAsp formation in ENO2 and 

facilitates their functions that lead to increased seed length and weight in orthodox seeds. Furthermore, 

ENO2 over expression shows increased while eno2 mutant and RNAi seeds showed reduced seed length 

and weight in Arabidopsis thaliana. Furthermore, ENO2 over expression enhances while eno2 mutant and 

RNAi seeds showed reduced seed vigor and longevity in Arabidopsis thaliana. Further, metabolite 

analysis showed that PIMT along with ENO2 or alone can maintain the metabolic status in orthodox 

seeds. Our results thus illustrate a new function of the PRE PIMT in seeds apart from acquisition of seed 

vigor and longevity in orthodox seeds. The present study in Arabidopsis demonstrates the novel 

interaction of PIMT with Enolase by which PIMT increase seed length and weight. The isoAsp 

accumulation in Enolase due to stress or desiccation during seed maturation affects its enzymatic activity. 

However, PIMT interact and repairs such isoAsp residues thereby helps in increased seed length and 

weight along with increased seed vigor and longevity in Arabidopsis.Therefore, exploitation of such 

PIMT-mediated improvement in seed vigor and longevity in crops may have a huge impact on the 

agricultural economy. 

S3-PP-04 
Identification and expression analysis of candidate genes involved in β carotene biosynthesis in 
chickpea (Cicer arietinum L.) 
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Pulses are important crops providing protein and micro nutrients for majority of human population in 

developing countries and it is a key to nutritional security. Chickpea production ranks third among the 

pulse crops and it is cultivated in more than 50 countries. India is the largest producer of chickpea in the 

world, accounting for 65% (9.075 MT) of the total production. The combination of proteins, 

carbohydrates and vitamins particularly provitamin A carotenoids in seeds makes chickpea an important 

pulse crop. To develop chickpea cultivars with higher carotenoid concentration, information on the 

genetic basis of carotenogenesis in chickpea as well as the key genes of the pathway are important. In this 
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study, we aimed to identify and quantify the expression of key genes of carotenoid biosynthesis pathway 

in chickpea by transcriptomics approach.Two chickpea genotypes KWR 108 (High β carotene, (Desi)) 

and HK (Haryana Kabuli Chana 2)94-134 (Low β carotene) were used in the study. Samples for RNA 

isolation were collected from two independent plants (representing replications) of each genotype. The 

protocol comprised of purification of the polyadenylated RNA, cDNA synthesis and adaptor and barcode 

ligation and the libraries were sequenced on Illumina Hi-Seq 2500 platform to generate >30 million 100 

bp length paired-end (PE) reads each sample. The mapped reads from each sample along with the genome 

GFF were used to perform reference annotation-based transcript assembly using Cufflinks v2.0.2. The 

normalized expression of all the samples was estimated in FPKM. To identify DEGs between the two 

genotypes a corrected p value < 0.05 and the absolute value of log2 (fold change) ≥ 2 were selected as 

thresholds for evaluating the significance of the differences in gene expression. Further we carried out 

validation of 28 genes comprising DEGs and carotenoid biosynthesis genes by qRT-PCR. The sequences 

of genes involved in the carotenoid pathway were collected from A. thaliana genome in the GeneBank at 

NCBI. The sequences were blasted against CDC Frontier genome assembly in order to retrieve the gene 

sequences from chickpea. The relative level of gene expression was calculated using the 2(−ΔΔCt) 

algorithm. Our study provides a transcriptome-based analysis of differentially expressed genes associated 

with carotenoid accumulation in chickpea. A total 128.1 million (98.65%) high quality reads were 

obtained and were mapped on to chickpea reference genome. Total number of DEGs were identified as 

1381 out of which 616 were upregulated in HK-94. The results of qRT PCR showed that the relative 

expression levels of some of the selected genes were different from the data determined by RNAseq; 

however, the expression trends of all the selected genes were consistent with those obtained from RNA-

seq indicating that our analysis of RNA-seq was accurate and reliable. Results of this study is an insight 

into carotenoid biosynthesis in chickpea and it also provides an important reference for further study in 

this area in related pulse crops. 

S3-PP-05 
Genetic diversity analysis for yield and yield contributing traits in chickpea (Cicer arietinum L.) 
under timely and late sowing conditions  
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The experiment was carried out with 45 genotypes of chickpea (Cicer arietinum L.)  in randomized block 

design with three replications under timely and late sowing conditions during Rabi season of 2018-19 at 

research farm of Department of Genetics and Plant Breeding, CCS University, Meerut, Uttar Pradesh, to 

evaluate genetic diversity for yield and yield related traits. The analysis of variance (ANOVA) revealed 

significant genetic differences among all the genotypes for all the traits in both the conditions. Genotypic 

coefficient of variance and Phenotypic coefficient of variance were higher for 100-seed weight followed 

by number of pods/plant, number of seeds/plant, biological yield/ plant, seed yield/plant, number of 

branches/plant and number of seeds/pod under both conditions.  In timely sowing condition, the 

estimates of broad sense heritability and genetic advance measured as percent of mean were higher for the 
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traits, viz., 100-seed weight, number of seeds/plant, number of pods/plant, seed yield/plant, biological 

yield/plant, number of branches/plant and number of seeds/pod while in late sowing, the traits viz. seed 

yield/plant, 100-seed weight, biological yield/plant, number of seeds/plant and number of pods/plant 

showed high  heritability and genetic advance as percent of mean. The genetic divergence analysis based 

on Mahalanobis D
2
 statistics revealed that all genotypesof chickpea were grouped in five clusters. The 

cluster Iis having 35(maximum) genotypes however minimum 2 genotypes were placed in cluster III, IV 

and V. The maximum intercluster distancewas observed between cluster III and Vin timely sowing 

condition. While in late sowing, all the 45 genotypes were grouped into five clusters and the cluster Iis 

having 32 genotypes (maximum) and while minimum 1 genotype was placed in cluster IV and V. The 

maximum intercluster distance was observed between cluster I and V. The genotypes belong to clusters 

showing maximum intercluster distance in both the conditions can be utilized for future breeding 

programme in chickpea improvement.  

S3-PP-06 
The R2R3-MYB gene family in Cicer arietinum: genome-wide identification and expression analysis 
leads to functional characterization of proanthocyanidin biosynthesis regulators in the seed coat 

Ruchika Rajput, Jogindra Naik, Ashutosh Pandey 

National Institute of Plant Genome Research, New Delhi, India 

(Correspondence: ashutosh@nipgr.ac.in) 

Chickpea (Cicer arietinum) is among the eight oldest crops and has two main varieties, i.e., desi and 

kabuli, whose most obvious difference is their seed colors. We show that this color difference is due to 

differences in proanthocyanidin content of seed coats. Using a targeted approach, we performed in silico 

analysis, phytochemical, molecular, genetic and biochemical studies to decipher the transcriptional 

regulatory network involved in proanthocyanidin biosynthesis in the seed coat of C. arietinum. Based on 

the annotated C. arietinum reference genome sequence, we identified 119 typical CaMYB encoding 

genes, clustering in 32 distinct clades. Three CaR2R3-MYB transcription factors, named CaPAR1 to 

CaPAR3, clustering with known proanthocyanidin regulators (PAR), were identified and further analysed. 

The expression of CaPAR genes was found to be well correlated with the expression of the key structural 

proanthocyanidin biosynthesis genes CaANR and CaLAR and with proanthocyanidin levels. Protein-

protein interaction studies suggest the in vivo interaction of CaPAR1 and CaPAR3 with the bHLH-type 

transcription factor CaTT8. Co-transfection analyses using Arabidopsis thaliana protoplast show that the 

CaPAR proteins form a MBW-complex with CaTT8 and CaTTG1, able to activate the promoter of 

CaANR in planta. Finally, transgenic expression of CaPARs in the proanthocyanidin-deficient A. thaliana 

mutant tt2-1 leads to complementation of the transparent testa phenotype. Taken together, our results 

reveal main components of the proanthocyanidin regulatory network in C. arietinum and provide CaPARs 

as a tool for genetic manipulation to improve agronomic traits. 
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In India, maize (Zea mays L.) is third most important food crop after rice and wheat. Maize contributes 

about 9% in national food basket. Among the maize growing countries, India stands 4
th
 in area and 7

th
 in 

production. Maize has various nutritional elements including carotenoids, and important carotenoids are β 

carotene (BC), β -Cryptoxanthin (BCX), zeaxanthin (ZEA), lutein (LUT). BC and BCX act as precursor 

of Vitamin A. Malnutrition due to Vitamin A deficiency causes various disease like night blindness, 

vision loss, more susceptibility towards disease etc. World-wide almost 190 million pre-school children 

and 19 million pregnant women suffer due to vitamin A deficiency. Yellow corn is a rich source of 

carotenoids including βcarotene, and can act as natural food supplement for Vitamin A for reducing 

Vitamin A deficiency (VAD). Carotenoid content of maize endosperm is affected by enzymes which are 

responsible for cleavage of carotenoid and production of apo-carotenoid which are act as substrate in 

some other metabolic pathway. Carotenoid Cleavage Dioxygenase1 (ccd1) is one of most prominent 

enzymes which are responsible for carotenoid degradation. CCD1 is a non-heme protein and use Fe
2+

 as a 

co-factor for cleavage in the double bond present in carotenoid compound at position 9,10 and 9′,10′ 

symmetrically and generate (di-) aldehydes and ketones. Gene responsible forthis enzyme Carotenoid 

Cleavage Dioxygenase1 (ccd1)gene is present in Wc locus of maize.  Ccd1 gene present as a single copy 

gene in Zm-B73-Reference-NAM line. Gene sequence of Ccd1 hits many places in various chromosome 

of maize during BLAST but in chromosome 9 complete gene sequence is get hit against Zm-B73-

Reference-NAM line gene sequence. Vegetative part is obtained from seedlings (21DAP) of two 

contrasting genotype V335PV and HKI161PV and gene expression is checked by using Real-Time PCR. 

PAM sequence present in functional domain of CCD1 enzyme is identified and this sequence is utilized 

to developed CRISPER-CAS9 cassette. High carotenoid content maize line can be obtained by 

successfully knocking down Ccd1 gene by using CRISPER-CAS9 cassette. 

S3-PP-08 
Investigation of the role of mitogen activated protein kinase cascade in regulating photosynthesis in 
rice 

Sarvesh Jonwal, Balakrishnan Rengasamy, Alok Krishna Sinha 

National Institute of Plant Genome Research, New Delhi, India 

(Correspondence: alok@nipgr.ac.in) 

Photosynthesis is the basis of almost all life forms on earth, and is the main component of crop yield that 

contributes to the carbohydrate partitioning to the grains. Maintaining the photosynthetic efficiency of 
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plant in challenging environmental conditions by regulating the associated factors is a potential research 

area which will help in improvement of crop yield. The molecular regulation of photosynthesis occurs at 

various levels including the control of nuclear and plastid transcription, RNA processing and translation, 

protein translocation and assemblies including post translational modifications. Post translational 

modification enables rapid response of plants towards changing environmental conditions. 

Phosphorylation is known to play crucial role in the regulationof photosynthesis. However, Mitogen 

Activated Protein Kinase (MAPK) cascade which are known to regulate a variety of processes (such as 

cytokinesis, ovule development, stomatal patterning, cell differentiation during early embryo 

development, grain size and weight, submergence tolerance, tolerance to abiotic as well as biotic stress), 

does not have any direct reported role in the regulation of photosynthesis. To elucidate the regulatory role 

of MAPKs in photosynthesis, we investigated the changes in net photosynthesis rate and related 

parameters in DEX inducible over-expressing (OE) lines of two members of MAPK gene family namely 

OsMPK3 and OsMPK6 in rice. Interestingly, OsMPK6-OE lines showed a significant increase in net 

photosynthesis rate and stomatal conductance compared to its wild type relatives. However, no such 

significant increase was observed in OsMPK3-OE lines. We further analyzed the effect of OsMPK3 and 

OsMPK6 over-expression on the expression of photosynthesis related genes. Since MAPKs are known to 

be confined to nucleus and cytoplasm, we searched for other proteins that are localized in cytoplasm and 

are regulated by MAPKs and might involve in photosynthetic regulation. This study will also report a 

novel gene that is a member of MAPK cascade family and possibly involved in regulating photosynthesis. 

S3-PP-09 
Gibberellic Acid-mediated spatial control of cell division expounds the leaf size differences between 
cultivated and wild rice 

Vikram Jathar and Aashish Ranjan 

National Institute of Plant Genome Research, New Delhi, India 

(Correspondence: aranjan@nipgr.ac.in) 

Leaf size is a major determinant of the crop performance by influencing leaf physiological processes, 

such as light capture, transpiration, and gas exchange. Therefore, understanding the genetic basis of leaf 

size regulation is imperative for crop improvement. Natural variation in leaf size for a crop plant is a 

valuable genetic resource for detailed understanding of leaf size regulation. We investigated the 

mechanism controlling the rice leaf length using cultivated and wild rice accessions that showed 

remarkable differences for the leaf features. Comparative transcriptomic profiling of the contrasting 

accessions suggested the involvement of Gibberellic Acid (GA), Growth Regulating Factor (GRF) 

transcription factors, and cellcycle in the rice leaf size regulation. Leaf kinematics studies showed that the 

increased domain of cell division activity along with faster cell production rate drove the longer leaves in 

the wild rice Oryza australiensis compared to the cultivated varieties.  Higher GA levels in the leaves of 

Oryza australiensis, and GA-induced increase in the rice leaf length via increase incell division zone 

emphasized the key role of GA in rice leaf length regulation. Zone-specific expression and silencing of 

the GA biosynthesis and signalling genes confirmed that OsGRF7 and OsGRF8 function downstream to 

GA for controlling cell cycle to determine the rice leaf length. The GA-GRF-cell cycle module for rice 

leaf length regulation might have contributed for optimizing leaf features during the domestication and 

could also be a way for plants to achieve leaf plasticity in response to environment. 

mailto:aranjan@nipgr.ac.in
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Quality Evaluation of Oroxylum indicum through HPLC fingerprint for flavonoids 
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Oroxylum indicum Vent., also known as Shyonaka in Sanskrit is an important ayurvedic medicinal plant. 

It belongs to Bignoniaceae family and is widely found in Tropical Asia. Samples (21) were collected from 

various locations of India and contents of four components i.e., Scutellarin, Hispidulin, Baicalein and 

Biochanina-A, were determined and Baicalein was used as internal reference standard in this research. 

Comprehensive evaluation of quality of Oroxylum indicum was done by HPLC fingerprint analysis 

combined with the quantitative analysis of multi-components by a single marker (QAMS) method. It was 

established that there is no major difference between the QAMS method and the traditional external 

standard method (ESM) (RSD<2.00%) signifying that QAMS is a competent method for the content 

determination of multiple components, particularly when there is non-availability of multiple reference 

standards. This method was also validated in terms of linearity, precision, stability, recovery and 

reproducibility. Hence it can be effectively applied for quality assessment of Oroxylum indicum in various 

ayurvedic formulations. 

S3-VO-01 
Enrichment of Sweet Corn Hybrids with provitamin A, lysine and tryptophan through Marker-
Assisted Introgression of crtRB1 and opaque2 alleles 

Brijesh Kumar Mehta
1
, Vignesh Muthusamy, Rajkumar Zunjare, Aanchal Baveja, Hema Chauhan, 

Rashmi Chhabra, Ashok Singh, Firoz Hossain 

ICAR-Indian Agricultural Research Institute, New Delhi, India 
1
Present address ICAR-Indian Grassland 

and Fodder Research Institute, Jhansi, Uttar Pradesh, India 

(Correspondence: brijesh.mehta@icar.gov.in) 

Sweet corn has emerged as one of the most preferred vegetables worldwide due to its delicious taste and 

diverse uses in various soups and snacks items. However, traditional sweet corn is poor in nutritional 

quality due to low levels of provitamin-A (proA), lysine and tryptophan. In present study, two shrunken2 

(sh2)- based sweet corn hybrids, viz., ASKH-1 (SWT-16 × SWT-17) and ASKH-2 (SWT-16 × SWT-18) 

were targeted for nutritional enrichment through marker-assisted introgression of favourable alleles of β-

carotene hydroxylase1 (crtRB1) and opaque2 (o2). PMI-PV-5 and PMI-PV-8 were used as donor parents. 

Gene-based markers; umc1066 (SSR) and 3'TE-InDel were utilized for foreground selection of o2 and 

crtRB1, respectively in BC1F1, BC2F1 and BC2F2 generations. Background selection using 102-113 

polymorphic SSRs recovered >90% genome of recurrent parents. Introgressedinbreds possessed higher 

level of proA (18.87 μg/g), lysine (0.37%) and tryptophan (0.08%) compared to parental lines (proA: 3.04 

μg/g, lysine: 0.19%, tryptophan: 0.05%). Reconstituted hybrids recorded 18.98 μg/g of proA with a 

maximum of 7.7-fold increase over original hybrids (3.12 μg/g). The lysine and tryptophan concentration 

http://www.echemcom.com/?_action=article&au=844654&_au=Tapan+Kumar+Nailwal
https://www.britannica.com/biography/Jagadish-Chandra-Bose
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in improved hybrids was 0.39% and 0.10% with an average enhancement of 1.71- and 1.79- fold, 

respectively over original versions (lysine: 0.23%, tryptophan: 0.06%). The average dehusked cob yield 

(11.82 t/ha) and brix (17.66%) of improved hybrids was at par with their original versions (dehusked cob 

yield: 11.27 t/ha, brix: 17.04%). The converted inbreds and hybrids also showed high degree of similarity 

for plant-, ear- and grain- characteristics to their respective original versions. This is the first report to 

stack sh2, crtRB1 and o2 genes to improve nutritional quality in sweet corn. The eighteen converted sweet 

corn hybrids were also evaluated for nutritional quality at 20-, 24- and 28- days after pollination (DAP) 

under three sowing dates. Decreasing trend of accumulation for lysine, tryptophan, BC, BCX and proA 

was observed at 20-, 24- and 28-DAP, respectively. However, mean brix attained the peak at 24-DAP 

followed by 20-DAP and lowest brix recorded at 28-DAP. Considering both nutrition and sweetness, 20-

DAP was the best suitable time for harvesting of sweet corn ears. Later date of sowing recorded higher 

concentration of nutritional traits compared to earlier dates of sowing. We also analyzed the expression 

pattern of crtRB1 and o2 genes among introgressed and traditional sweet corn inbreds at 20-, 24- and 28-

DAP. Biofortified sweet corn inbreds possessed significantly lower expression levels of crtRB1 (4.1-

folds) and o2 (2.2-folds) compared to their wild type alleles in traditional sweet corn inbreds across 

DAPs. The expression of crtRB1 and o2 increased from 20-DAP to attain the highest peak at 24-DAP, 

and further decreased by 28-DAP. Lower expression of crtRB1 and o2 genes strongly correlated with the 

higher nutritional profiles (r= >0.70) during different stages of kernel development. The newly 

biofortified sweet corn hybrids with enhanced proA, lysine and tryptophan assume great significance in 

providing balanced nutrition. Further, the information generated here holds immense promise in 

understanding the dynamics of gene-regulation during kernel development in sweet corn. 
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Limited concentration of essential amino acids like lysine and tryptophan reduces the nutritional quality 

of endosperm protein in maize and aggravate the implications of protein energy malnutrition (PEM). 

Traditional maize possesses low level of lysine (0.150-0.250%) and tryptophan (0.030-0.040%). 

Recessive opaque2 (o2) gene has been enormously utilized for the development of quality protein maize 

(QPM) cultivars. But recessive o2 alone cannot enhance the nutritional content as much as required for 

the daily intake of human. Recently, a novel recessive opaque16 (o16) gene has been found to further 

enhance the level of lysine and tryptophan when combined with o2 background. Combination of o2 and 

o16 genes enhances the optimum nutritional quality in maize as required by human being. Here, we 

introgressedo2 and o16 genes into three parental lines viz., HKI1344, HKI1378 and HKI1348-6-

2,through marker-assisted selection. These inbreds are the parents of two popular white endosperm-based 
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hybrids viz., HM5 (HKI1344 × HKI1348-6-2) and HM12 (HKI1344 × HKI1378). The o2 gene-specific 

SSRs (umc1066 and phi057) and o16 linked SSRs (umc1149 and umc1141) were successfully utilized 

genotyping BC1F1, BC2F1 and BC2F2 populations.  More than 110 SSRs were used for background 

selection which led to the recovery of 90-95% of recurrent parent genome (RPG). Progenies with o2, o16 

and o2o16 gene combination were selected. The accumulation patterns of lysineand tryptophan in o2, o16 

and o2o16-based maize inbreds and original wild types was observed at different stages (at 15-, 30- and 

45-days after pollination) of kernel development. Decreasing trends of accumulation for lysine and 

tryptophan were observed at 15- (lysine; 0.634%, tryptophan: 0.306%), 30- (lysine: 0.524%, tryptophan: 

0.187%) and 45-DAP (lysine: 0.424%, tryptophan: 0.100%). The scanning electron microscopy (SEM) 

revealed that wild types and o16 genotypes having more compact starch granule structure and packed 

with more proteinaceous matrix as compared to o2 and o2o16 based genotypes across the kernel stages. 

This is the first report on accumulation pattern of lysine, tryptophan and kernel modification at different 

stages of endosperm development in o2, o16 and o2o16-based biofortified maize. This information holds 

immense promise in understanding the regulation of o2 and o16 genes for accumulation of lysine, 

tryptophan and kernel modification during kernel development.  
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Diet associated non-communicable diseases (NCDs) including obesity, type II diabetes, cardio-vascular 

diseases etc. are the emerging public health issues in the world and specifically in India. According to the 

recent estimates of International Diabetes Federation (IDF, 2021), every 1 in 10 individuals in the aged 

20-79 have diabetes. This equals to about 537 million people globally suffering from diabetes and is 

estimated to rise to 784 million by 2045. India stands second in the world homing about 73 million 

diabetic people. Rice is the major staple food sustaining more than half of the global population.  The 

polished white rice which is popularly consumed is predominant in starch making it high glycaemic and 

disposing rice eating population to NCDs. We have assessed a set of 192 rice germplasm accessions for 

various starch parameters like rapidly digestible starch (RDS), slowly digestible starch (SDS) and 

resistant starch (RS) and various starch viscosity parameters of RVA, texture profile analysis and grain 

compositional traits like total starch, amylose, amylopectin, oil, protein, dietary fiber etc. Significant 

variation was found in the panel for all the traits analyzed. The amylose content of the lines ranged from 

4.5% to 35.8 % while RS content found be ranging from 0.15 to 5.38%. The association of these 

parameters with the glycaemic response has been analyzed and the determinants of glycaemic response 

were identified. Further, we carried out genome-wide association mapping for these traits which led to the 

mailto:haritha.agrico@gmail.com
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identification significant marker-trait associations in different chromosomes. These results will have 

direct implications in the development of diabetic friendly low glycaemic index rice varieties. 
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Accelerated development of vitamin-A and vitamin-E rich sweet corn hybrids through marker-
assisted introgression of crtRB1 and vte4 genes 
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Sweet corn has gained immense popularity all over the world, and is mainly consumed in the form of 

vegetable, snacks, soups and corn flakes. Demand of all three forms- fresh, frozen and canned sweet corn 

has increased significantly in last decade. However, traditional sweet corn is deficient in α-tocopherol 

(vitamin-E), and β-carotene and β-cryptoxanthin (vitamin-A), deficiency of which leads to malnutrition in 

humans. In the present study, parental lines of two shrunken2 (sh2)-based hybrids (PSSC-2 and ASKH2) 

were targeted for introgression of favourable alleles of vte4 (γ-tocopherol methyl transferase) and 

crtRB1(β-carotene hydroxylase1) genes by marker-assisted selection (MAS). Gene-based markers, 

118bp-InDel specific to vte4 and 3’TE InDels pecific to crtRB1 were successfully used in BC1F1, BC2F1 

and BC2F2 generations. >100 SSRs were used for background selection leading to recovery of >90% of 

recurrent parent genome. Reconstituted hybrids showed higher provitamin-A (~19.00 ppm) against 

original hybrids (~3.50 ppm). These newly developed sweet corn hybrids also had higher α-tocopherol 

(~20.00 ppm) over original version (~9.00 ppm). These biofortified sweet corn hybrids rich in 

provitamin-A and α-tocopherol also showed higher sweetness (brix: 18-20%) as found in popular sweet 

corn hybrids. These biofortified sweet corn hybrids assume great significance in providing the balanced 

nutrition through sustainable and cost-effective way. This is the first report of simultaneously improving 

vitamin-A and vitamin-E in sweet corn hybrids 

S3-VO-05 
Molecular characterization of aspartate kinase2 gene – A key regulator in amino acid biosynthesis 
pathway in maize   
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Aspartate derived amino acids include essential amino acids, e.g., lysine, threonine, isoleucine and 

methionine. Aspartate kinase2 (Ask2) (EC 2.7.2.4) is the first and limiting enzyme of the aspartate 

pathway. Here, we characterized the sequence of Ask2 gene in 10 maize inbreds and its orthologues of 
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related grass family members including Arabidopsis thaliana. Phylogenetic analysis revealed that the 

members are distributed in three major clusters. Number of exons varied from 11 to 14 in maize lines 

with length varying from 12 to 513 bp. While in orthologues, number varied from 7 to 17 with length 

ranging from 39 to 495 bp. Longer introns (longest with 2850 bp) and shorter introns (shortest with 42 

bp) were observed in orthologues and maize respectively. Top match for query motifs includes ethylene-

responsive transcription factor RAP2-9 and homeotic protein PISTILLATA. Amino acid kinase and ACT 

domains are conserved in maize and its orthologues. Alanine and leucine are the major amino acids in all 

ASK2 protein of maize and most of its orthologues. The present study provides a comprehensive analysis 

of sequence and amino acid variation in Ask2 gene and identified allelic forms in maize and orthologues. 

The information generated here would be immensely helpful in enhancing essential amino acid 

concentration in maize kernels. 

S3-VO-06 
Development of novel popcorn inbreds with enhanced protein quality using molecular breeding 
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Popcorn is an extreme flint type speciality corn that pops to form delicious large expanded flakes at 

sufficient high temperature. Popcorn is rich in fibre, antioxidants, vitamins and other nutrient including 

iron besides being low in fat with low glycemic index making it a highly booming business. Lysine and 

tryptophan are the most limiting essential amino acids in maize including popcorn thereby possessing 

inferior protein quality. Usually, introgression of opaque2 (o2) gene causes reduction in α-zeins in 

addition to reduced lysine degrading enzyme in endosperm, thereby improving lysine and tryptophan 

content in kernel. However, pleiotropic effects of o2 expressed as soft and opaque endosperm results in 

yield losses, processing challenges and rendering loss in popping in unmodified form. Selection for o2 

donors with characteristic vitreous hard kernels is associated to endosperm and amino acid modifiers, is 

an important step in breeding. Recessive opaque16 (o16) is another mutant gene which maintains grain 

hardness and α-zein profile as normal maize, yet increases kernel lysine and tryptophan. We aimed for 

conversion of two promising popcorn hybrids (APCH2 and APCH3) by introgressing o2 and o16 into 

elite parental lines. A flint donor (o2o2/o16o16) with highly vitreous and hard endosperm was crossed 

with popcorn lines. SSRs, viz. umc1066 and umc1149, associated with o2 and o16 respectively, were 

used in genotyping of BC1F1 and BC2F1 populations. Heterozygotes (O2o2/O16o16) in BC2F1 were selfed 

to generate BC2F2 populations. The homozygotes (o2o2/o16o16) will be used as parents in the 

reconstitution of the hybrids. This is a first attempt in India to enrich popcorn hybrids for protein quality. 

S3-VO-07 
Expression of Zmzip1 gene involved in Zinc Transport after nutrient application in Oat (Avena Sativa L.) 
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Mineral deficiency, mostly Zinc (Zn), is one of the well-documented problems in food and forage crops 

affecting agricultural production and subsequently human and animal health. Although many studies have been 

performed on the biofortification of staple crops with Zn, few studies have focused on forage crops. Oat (Avena 

sativa L.) is a winter crop in many parts of the world and is used as a multipurpose crop for grain and forage. 

Oat is sensitive to Zn, which is major dry fodder and thereby causes Zn deficiency in animals. Application of 

micronutrients could be a sustainable agronomic approach to increase the soil availability of Zn for 

nutritionally rich oats. In this study, the role of micronutrient application on regulation of Zn-regulated 

transporter gene (ZmZIP1) was assessed by quantitative real-time reverse transcription PCR and semi-

quantitative PCR, in control (without micronutrient application) and in treatment condition (with micronutrient 

application) in different tissues of whole life cycle of oat. ZmZIP1 gene undoubtedly upregulated in all tissues 

with ≤ 1 or ≥ 1fold change especially up to 80 DAE, whereas at plant maturity particularly at 100 DAE ≥ 1fold 

change were observed in all tissues. These results suggest that ZmZIP1 in oat is an oat zinc transporter that 

could be responsible for the Zinc transportation and will inform genetic engineering strategies aimed at 

increasing the efficiency of crop Zn biofortification.   
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Diversity assessment for disease resistance and fatty acid profiling based on morphological, 
biochemical and molecular makers in Groundnut (Arachis hypogaeaL.) 
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Groundnut (Arachis hypogaea L.) is one of the most important food and oilseed crop cultivated and 

consumed in most parts of the world. It is widely accepted as an excellent source of nutrition to both 

human and animals due to its high protein content. It is the 4
th 

most important source of oil and third most 

important source of vegetable protein. The development and profitability of groundnut are unfavourably 

influenced by a variety of biotic factors, for example, disease foliar ailment. Among the primary foliar 

parasitic infections, early leaf spot (ELS) caused by Cercospora arachidicola and late leaf spot (LLS) 

caused by Phaeoisariopsis personata can cause loss of over 50-70%. In the present investigations an 

attempt was made to screen groundnut genotypes based on morphological characteristics, biochemical 

qualities, leaf spot disease indexing and molecular marker. At field level 12 morphological traits,i.e,.days 

to 50% flowering, days to maturity, fresh plant weight, fresh pod weight, dry pod weight, average pod 

/plant, average weight of kernel, hundred kernel weight (gm), sound mature kernel, early leaf spot, late 

leaf spot and leaf area. During scoring 9 germplasms out of 96 were found to be highly resistant for Early 

and late leaf spot disease. Among all the yield related traitsFresh pod weight was negatively significant 

and highly correlated with ELS 30 (r= -0.332) and ELS45 (r= -0.300) at 1% significance level. ELS30 

was positively significant and highly correlated with ELS45 (r= 0.963), LLS75 (r= 0.762) and LLS85 
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(r=0.795) at 1% significance level. ELS45 was positively significant and highly correlated with LLS75 

(r= 0.766) and LLS85 (r= 0.838) at 1% significance. A total of 11 biochemical parameters were analysed, 

i.e., (total chlorophyll 45 days from 1.37 Sl-46 to 3.13 Sl-26), (chlorophyll 70 days from ICGV 13555 -

1.44 to 3.44 Gnagapuri), (Carotenoid 45 days from ICGV13250- 2.35 to 8.11 - Shivpuri local-69), 

(Carotenoid 70 days from JGN-3 – 2.41 to 8.10 Shivpuri local 54), proline, sugar, protein, oil, linoleic 

acid, oleic acid, palmitic acid, stearic acid. Proline varied from 20 (SL-52) to 284 (SL-58), total sugar 

from 4 (ICGV-13229) to 25 (ICGV-13280), total protein from 18 (SL-65) to 32 (ICGV-4927), total oil 

from 43 (ICGV-13555) to 58 (Sl-65), linoleic acid from 23 (SL-37) to 51 (SL-65), oleic acid from 25 

(SL-29) to 54 (SL-37), palmitic acid from 10 (ICGV-13288) to 14 (SL-47), stearic acid from 1 (ICGV-

13249) to 4 (KDG-128). A set of fivegene-based markers were selected for screening all the 96-groundnut 

germplasm for foliar disease. Among the polymorphic SSR markers the highest genetic diversity (0.3855) 

was observed with GM1536. SSR molecular markers with higher PIC value may be used for screening of 

large numbers of germplasm line(s). Information generated by validation of linked SSR molecular 

markers, morphological data and by biochemical analysis indicated that 2 genotypes namely Sl-37 and Sl-

69 were found resistant against foliar disease. Highly resistant varieties, Sl-37 and Sl-69 validated at 

genomic level can be used for hybrid for groundnut improvement. 

S3-VO-09 
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Maize with high amylopectin also known as ‘waxy’ has emerged as a preferred food, feed, and industrial 

products. Traditional maize contains ~70-75% amylopectin, whereas waxy maize contains ~95-100% 

amylopectin due to recessive waxy1 (wx1) gene encoding granule-bound starch synthase (GBSS). Here, 

the recessive wx1 gene was introgressed into seven elite inbreds that are the parents of nine popular sub-

tropically adapted maize hybrids through genomics-assisted breeding. MGU-102-wx1 was used as a 

donor for the wx1 gene. The gene-based marker, phi022 (SSR) and wx-2507F/RG (InDel) specific to wx1 

were successfully used to genotype BC1F1, BC2F1 and BC2F2 populations. Wx1 gene segregated as per 

Mendelian inheritance. Background selection using more than 100 SSRs helped in recovering more than 

94% of recurrent parent genome. MAS-derived hybrids possessed an average of 98.6% amylopectin 

(range: 97.1-99.4%) compared to 71.5% (range: 69.1-74.4%) among original hybrids. The reconstituted 

hybrids showed 1.4-fold increase in amylopectin compared to the original hybrids. These hybrids with 

high amylopectin also exhibited high phenotypic similarity with the original versions for majority of 

agronomic and morphological characters. These newly developed waxy hybrids also possessed similar 

grain yield (mean: 6104 kg/ha) with their original hybrids (mean: 6045 kg/ha). These high yielding waxy 

http://hillagric.ac.in:1003/cskhpau/
http://hillagric.ac.in:1003/cskhpau/
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hybrids assumes great significance for food security and livelihood generations. This is the first report of 

genomics-assisted breeding for high amylopectin maize in India. 
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Molecular insights into genetic diversity and population dynamics of carnation (Dianthus 
caryophyllus L.) genotypes and mutants developed using gamma irradiation 
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Carnation (Dianthus caryophyllus L.), a member of Caryophyllaceae family ranks second among the 

leading cut flowers in the world and is believed to be the native of Mediterranean region.The 

improvement of carnation relies directly on the characterization of genetically diverse genotypes which 

can be achieved through molecular markers.Very little information is available on the reference genome 

of carnation hence, PCR based markers can be utilized to determine the variation and relatedness among 

its different genotypes. Keeping this in view, molecular characterization of carnation genotypes and 

mutants developed using gamma irradiations was performed using RAPD, ISSR and SSR markers for 

designing future breeding strategies.RAPD markers showed 70.00 to 94.74 percent polymorphism among 

the genotypes and mutants investigated whereas,for ISSR and SSR markers 83.33 to 94.44 and 66.67 to 

87.50 percent polymorphism was recorded, signifying variability among different genotypes tested. 

Jaccard’s coefficient was used to compute the similarity index and UPGMA based analysis of cluster 

separated carnation genotypes and mutants into two discrete groups. Maximum similarity among mutants 

was found between Tempo and UHFSCar-2 and in genotypes between Diana Yellow and Hermis. RAPD, 

ISSR and SSR markers were subjected for comparative analysis like effective multiplex ratio, marker 

index, polymorphic information content, resolving power and gene flow wherein, highest EMR (13.00), 

MI (5.33) and Rp (70) value was recorded for ISSRs and maximum PIC value (0.63) and gene flow (3.33) 

was recorded for SSR which clearly reflects the reproducibility of SSRs and theirability to detect 

variability among the studied genotypes and mutants.To determine the genetic structure, a model-based 

analysis was performed using STRUCTURE software and based on the highest Delta K value, K = 6 

appeared to be the best model. Significant level of genetic variation in carnation was depicted by 

AMOVA. This study suggests the usefulness in carnation breeding programmes and unique bands 

identified can be utilized for varietal recognition. In brief, these molecular markers were rapid, simple and 

effective in assessing genetic variation among the carnation genotypes and mutants investigated and could 

be utilized in related plant species. 
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Deploying marker-assisted breeding for accelerated development of dual-purpose baby corn hybrid 
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Sweet corn and baby corn have emerged as a popular and healthy food worldwide. These are used as 

fresh or canned vegetable, salad and different snack items. Thus, dual purpose maize hybrid with both 

baby corn and sweet corn traits assumes huge scope for enhancing farmers’ income in India. HM4 is a 

high yielding hybrid with excellent baby corn quality. The shrunken2 (sh2) gene located of chromosome 

3L functions upstream in the starch biosynthesis pathway and aids in the formation of glucose in the 

endosperm. The sh2 based sweet corn known as ‘super sweet’ hybrid possessed high sugar in the kernels. 

Marker-assisted introgression of recessive sh2gene in the parental lines (HKI1105 and HKI323) of HM4 

would lead to the development of ‘sweet corn’ version, as HM4 can be harvested either as ‘baby corn’ 

and ‘sweet corn’. Here, PMI-SWT016 and PMI-SWT017 were used as a donor lines. Foreground 

selection in BC1F1, BC2F1 and BC2F2 generations was carried out successfully using sh2-based markers. 

The genotypic ratio of 1 (Sh2Sh2): 1 (Sh2sh2) among the progenies of BC1F1 and BC2F1 populations was 

observed. The chi-square test revealed segregation pattern of single gene among the backcross 

populations as per expectation. The shrunken seeds on BC2F1 harvest were identified through phenotypic 

selection and subsequently homozygous progenies (sh2sh2) were raised. Background selection based on a 

set of 80-100 genome-wide polymorphic SSRs achieved >90% recurrent parent recovery (RPG). The 

progenies with sh2sh2 with higher RPG were identified to reconstitute the sweet corn version of HM4. 

This research work is the first effort on development of dual-purpose baby corn and sweet corn hybrid in 

the country. 
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Enhancement of kernel sweetness through genomics-assisted pyramiding of shrunken 2 and sugary 
1 genes in sweet corn  
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Sweet corn holds significant share in both domestic and international market. Being consumed both as 

fresh and processed vegetable; it is very popular in urban and peri-urban areas. Two genes affecting the 

starch metabolism, viz., sugary1 (su1) and shrunken2 (sh2), have been extensively used for development 

of sweet corn cultivars. Su1gene present on chromosome-4S encodes a starch-debranchingenzyme, SU1 

isoamylase which hydrolyses α-1,6 linkage and plays an important role in the development of crystalline 

amylopectin. Sugary varieties (su1su1) at the milky ripening stage contain nearly three-times more 

reducing sugar and sucrose and ten-times more water soluble phytoglycan (WSP) compared to ordinary 

maize. Sugary kernels have creamy texture and possessexcellentflavour and attractive glossy kernels. On 

the other hand, sh2gene present on chromosome-3L codes for large sub-unit of ADP-glucose 

pyrophosphorylase, which accumulates six-fold higher sugar at milky ripening stage than the ordinary 

maize. The depletion of sugar level is much slower in sh2 type even without refrigeration; thus varieties 

have extended shelf life.  Sugary varieties (su1-based) are popular in US and European countries 

primarily due to consumers’ preference on attractiveness of kernels caused due to elevated levels of WSP. 
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Thus, combining both su1 and sh2 holds immense promise to elevate the kernel sweetness besides 

combining shelf-life with attractive looks and flavour. So far, no double mutant-based sweet corn hybrids 

have been commercialized in India. In the present study, su1 gene introgressed into the parental lines of 

two popular sh2-based sweet corn hybrids, viz., Pusa Super Sweet Corn 1 (SWT019 × SWT020) and Pusa 

Super Sweet Corn 2(SWT016 × SWT017). Gene-based markers, viz., SNP_TC2 for sh2, SuDel36 forsu1 

were used for foreground selection in BC1F1, BC2F1 and BC2F2 generations.  More than 100 SSRs were 

employed for background selection which led to more than 90% recovery of recurrent parent genome 

(RPG). Double mutant kernels were more crumbled than sh2 kernels.The reconstituted hybrids with 

su1su1/sh2sh2 genetic constitution possessed higher brix (23-25%) compared to the sh2-based original 

hybrids (brix: 18-20%). These hybrids also showed high degree of similarity with their original versions 

for agronomic, yield and other morphological traits. The multi-environmentanalysis showed that yield 

potential of improved hybrids was similar to original hybrids (10.0-12.0tonnes/ha). The reconstituted 

su1su1/sh2sh2-based hybrids are first of its kind of hybrids in India that possessed enhanced sweetness, 

outstanding tenderness, creamy texture, flavour of su1 as well as extended longevity of the sh2 type. 
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Agriculture faces numerous challenges, where there is a need to generate 70% more food for the growing 

population, and further agricultural output is not increasing in lockstep with food security. Plant morpho-

physiological factors have a direct impact on food commodity production and their yield. Quercetin, a 

flavonoid, is a great source of antioxidants that aid in the control of physiological and biochemical 

processes, which would be extremely vital for both biotic and abiotic stress tolerance. The present 

investigation was aimed to understand the plant morpho-physiological enhancement by quercetin and its 

effect on proteins that are responsible for improving morpho-physiological traits by using in-silico 

analysis. The surface-sterilized seeds of Indian soybean cv. JS335 imbibed at 110 rpm at 25±2ºC for 

24hrs were inoculated in MS medium supplemented with different concentrations of quercetin (10 µM, 25 

µM, 50 µM, 75 µM, and 100 µM). After 14 days of germination, the plant morphological characters 

(plant height, number of leaves, and biomass accumulation) and physiological changes (total chlorophyll 

content, and relative water content-RWC) were recorded. In the present investigation, the soybean seeds 

germinated in MS medium supplemented with 75 µM quercetin showed the maximum biomass 

accumulation (fresh weight 2.78±0.11 gm), the total height (16.3±0.22 cm), and the mean number of 

leaves (11.45±0.22) compared to other quercetin supplemented treatments and control. Moreover, the 

total chlorophyll content (0.32±0.08 mg/g FW), and the percentage of relative water content (51.1±0.16) 

were higher compared to other treatments.In in-silico analysis, the protein sequences were retrieved from 
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the NCBI database and the protein sequences of seed germination responsive proteins and photosynthetic 

responsive proteins such as GmTGA4, GmHistone deacetylase 5A, GmRuribulose-1,5-bisphosphate 

carboxylase/oxygenase large subunit, GmRibulose bisphosphate carboxylase small subunit, 

chloroplastic2 were modeled by using the SWISS model. The structure of protein models was validated 

through the Ramachandran plot values are 94.8%, 89.2%, 93.9%, and 82.5% and these modeled protein 

structures are highly stable. The molecular docking studies were carried out using Schrödinger. The 

compound quercetinwas docked against those above-mentioned proteins to determine the maximum 

gliding (G) score(-6.089, -4.725, -7.012, and -7.365), docking (D) score (-6.057, -4.693, -6.98, and -

7.333), and binding affinity (-22.642kcal/mol, -31.9kcal/mol, -42.076kcal/mol, and -44.025kcal/mol). Our 

findings conclude that quercetin is a multi-potent compound that can enhance morpho-physiological traits 

of plants raised in in-vitro conditions and in-silico analysis.  
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Assessment of bioenergy potential of seven bamboo species by biochemical, FT-IR and thermo-
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With the increasing depletion of petroleum resources, lignocellulosicbiomass (LCB)is being considered as 

a viable, renewable, sustainableand environment-friendly energy source. Particularly, biofuels derived 

from LCB provides new hope to cater global energy crisis. Bamboos, a group of non-timber grasses, offer 

a great promise for the LCB industry due to their very fast growth resulting into rapid accumulation of 

lignocellulose biomasses, high fibre contents, low maintenance cost and existence of a diverse genetic 

pool. The plant group has approximately 1670 species representing 125 genera and is spread across 

22.0 × 10
6 

ha, of the forest areas across the world. India has approximately 128 to 136 species belonging 

to 18 genera.In this study, we aimed to analyse chemical composition of LCBs obtained from internode 

tissues of seven, abundantly available bamboo species of India (Bambusa balcooa, B. tulda, B. bambos, 

B. nutans, B. striata, Dendrocalamus giganteus, and D. strictus) by performing Attenuated Total 

Reflection-Fourier Transform Infrared (ATR-FTIR) spectroscopyanalysis. Four anatomical parameters 

were analysed using 63 tissue sections stained with cellulose and lignin specific dye to predict ‘superior’ 

bamboo species/genotypes having high cellulose vs. low lignin content. The predictions were correlated 

to the biochemical estimates of these 63 samples. In order to assess the bio-fuel potential of these 

samples, thermo-gravimetric analysis (TGA)was performed to study thermal stability, moisture and 

hemicellulose content of these samples. Taken together, this study identified a reference bamboo plant for 

the lignocellulose industry. Future studies need to be conducted to standardize pre-treatment and 

saccharification reactions for successful bioenergy production from these LCBs. 
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Vitamin B6 (Vit.B6) or pyridoxine is a very important compound for general cellular metabolism and is 

one of the most central molecules in the cells of living organisms. It is a critical co-factor for a diverse 

range of biochemical reactions that regulate basic cellular metabolism, which affects overall morphology 

and physiology. Vit.B6 also contributes to fatty acid biosynthesis, breakdown of certain storage 

compounds in animals and plants, as well as in the biosynthesis of plant hormones, neurotransmitters, and 

organelle-specific compounds such as chlorophyll. Seed priming is an essential strategy for improving the 

germination rate and breaking the seed dormancy. The present study aims to identify the priming effect of 

Vit.B6 on morphological and physiological attributes in Indian soybean cv. JS335. The surface-sterilized 

seeds were primed with different concentrations of Vit.B6 (10 µM, 25 µM, 50 µM, 75 µM, and 100 µM) 

and inoculated in MS basal medium. After 2 weeks of germination, the morpho-physiological analysis 

was carried out. The current results showed that 50 µM Vit.B6 primed seeds germinated efficiently with 

the greatest accumulation of biomass (fresh weight 3.78±0.01 gm), the total number of leaves 

(10.45±0.22), and total plant height (16.3±0.22 cm) compared to control and other primed treatments. 

Moreover, the 50 µM Vit.B6 primed seeds showed the maximum total chlorophyll content (0.27±0.22 

mg/g FW) and the percentage of relative water content (43.33±0.58) was also higher compared to other 

treatments. These results indicate that soybean seeds primed with vitamin B6 played a positive role in 

changing the morpho-physiological changes. Further investigation is required to understand the effect of 

Vit.B6 at the molecular level (gene expression analysis). 
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Enrichment of multinutrients in maize using genomic-assisted stacking of lpa-1, opaque2 and 
crtRB1 genes 
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In India, after rice and wheat, maize is the third most important food grain crop. Enhancement of 

micronutrients in maize thus is important. Iron (Fe) and zinc (Zn) are the two micronutrients that cause 

the most serious health problems worldwide. Phytic acid, an anti-nutritional factor, is present in maize 

grain to the amount of ~80-90% of total phosphorous, and reduces the bioavailability of Fe and Zn.  

Further, traditional maize has less provitamin-A (1-2 ppm), lysine (0.150-0.250%) and tryptophan (0.030-

0.040%). In the present investigation, marker-assisted selection (MAS) was employed to reduce phytic 

acid; and enhance provitamin-A, lysine and tryptophan through genomics-assisted backcross breeding by 

stacking lpa1-1, crtRB1 and opaque2 (o2) genes into four elite maize inbreds, viz., PMI-PV5, PMI-PV6, 

PMI-PV7 and PMI-PV8. These inbreds serve as the parents of four biofortified hybrids, viz., Pusa 

HQPM1 Improved, Pusa HQPM5 Improved, Pusa HQPM7 Improved and APQH4. In BC1F1, BC2F1 and 

BC2F2 generations, SNP marker associated to lpa1-1; andInDel and SSR markers associated with the 

crtRB1 and o2 genes, respectively, were used. While segregation distortion was observed forlpa1-1 and 

crtRB1 genes, o2 displayed Mendelian segregation. Backcross generations were used to select 

heterozygotes (lpa1
+
lpa1-1), while selfed generations were used to select homozygotes (lpa1-1lpa1-1). 

Homozygotes (o2o2/crtRB1crtRB1) for the o2 and crtRB1 genes were selected in BC1F1 and their 

homozygous condition was validated in BC2F1 and BC2F2. Background selection through more than 100 

SSRs and intensive phenotypic selection led to development of introgressed inbreds with favourable 

alleles and superior agronomic performance. The hybrids were reconstituted using the selected inbreds 

and were tested for grain yield, agronomic performance and grain quality traits like kernel phytic acid, 

lysine, tryptophan, and provitamin-A in three different locations (Bajaura, Delhi, and Jhansi). The 

reconstituted hybrids possessed more than 30% reduction in phytic acid coupled with increased lysine 

(>0.350%), tryptophan (>0.070%) and provitamin-A (>8.00 ppm). The newly developed maize hybrids 

would pave the path for a holistic approach to malnutrition alleviation.  

S3-VO-17 
Altering the expression of CAld5H gene in lignin biosynthetic pathway using CRISPR- Cas9 
technology in Sorghum for getting better biofuel yield 
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Lignin is a major component of plant secondary cell wall (biomass). Interest in biomass has received 

imperative consideration in the 21
st
 century owing to its ability to become an alternative source of carbon 

for the gasoline and coal. The biofuels are non-polluting and safe to environment. Biomass pretreatment 

process is the critical step in the upstream biofuel production. Lignin rich in G units have relatively more 

carbon-carbon bonds, which is more resistant to chemical degradation than lignin rich in S units with 

more ether β-O-4 linkages. CAld5H gene plays important role in S units’ construction in lignin. The 

present study envisages altering the expression of CAld5Hgenein lignin biosynthetic pathway using 

advanced CRISPR Cas9 technology in Sorghum. Hence, modifying the lignin content and composition 

through altering Cald5H gene expression can facilitate the pretreatment process and benefit in getting 

better biofuel production.  
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Rice is a staple food crop as it is the most widely consumed cereal grain in the world. Rice production is 

to be increased by 1-2% each year to feed the nine billion population by 2050, unaccompanied by 

increase in area under rice cultivation. Yield and quality of rice grains can be attributed to sink capacity 

and grain-filling efficiency when source is not the limiting factor. Although efforts have succeeded in 

increasing sink capacity, inefficient grain filling is one of the limiting factors while aiming for extra-large 

sink capacity. Hence, identification of genes thatregulate grain filling and grain number would help us to 

understand the molecular mechanisms that gives better grain filling. In this context, the present study was 

carried out to understand molecular mechanism and identify causal genes of grain number and grain 

filling using two, EMS induced mutants of Nagina 22 (wildtype, WT), MG469 and MG502, contrasting 

for these two traits. The difference in grain number between the two mutants is primarily due to the 

difference in the number of their secondary branches. The transcriptome of panicles of pre-anthesis and 

post-anthesis stage in two replications from MG469 (very high grain number but with poor grain filling) 

and MG502 (higher grain number ~280, complete grainfilling) along with the wild type Nagina 22 (N22) 

was studied. Each independent sample had 13.5 to 19.8 million reads with an average of 17.49 million 

reads per sample of which 98.7% of the reads could be mapped. The analysis is underway to identify the 

candidate genes for the target traits. Whole genome resequencing (WGS) data generated at ~69x and 44x 

depth for these two PA mutants showed that 0.09% and0.127% of the genome had variations with 70595 

and 81422 non-synonymous (NS) substitutions, 108 and 118 new stop codons and 602 and 408 splice 

junction variants in MG469 and MG502 respectively. Out of the 64 candidate genes analysed for stop 

codons, splice junction and NS variants, while no stop codons or splice junction variationsin MG502 and 

MG469 could be found they had 22 and 20 NS changes. However, the number of NS changes was 

minimal in these genes except for SLG7 and An-1 for both the mutants. The phenotype of the erect and 

longer panicles of the mutant MG502 corresponded with the higher number of NS changes in IPA1 as 

compared to 4 changes in MG469 which had sorghum like panicle. The latter was also accompanied by 3 

NS changes in LAX2 and 7 NS variations in Hd1 gene. Integration of WGS with the RNA-seq data of the 

pre and post anthesis panicles as compared to each other and with the WT is expected to unravel the 

molecular basis of variation in the panicle architecture of these two mutants. 
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Use of biofilm to improve food shelf life and nutritional quality 
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The rise in population has also resulted in increased demand for food. Even though the production 

capacity is high but still a lot of food is spoiled globally. Food spoilage acts as a crucial problem affecting 

public health, environment, and the economy in the conditions where the population is on a high rise 

along with the degradation of natural resources. On an average nearly 470 million small scale farmers 

lose 15 percent of their gross income due to food spoilage across developing countries. Spoilage of food 

can arise at each of the food production stage from harvesting till it reaches to the consumer. Degradation 

of the food is largely dependent upon the existence of the moisture and the food pathogens. Conventional 

techniques such as the use of chemical additives which are being followed by the industries for the 

preservation purposes of the food and food products are not only expensive, but they do have potential 

adverse side effects on human health and environment. Therefore, there is a demand to explore an eco-

friendly alternative way by which we can not only inhibit the food pathogens and prevent food wastage, 

but we can also improve the food shelf life. Biofilms produced using plant extracts do have the possibility 

for this purpose. Plants extracts include numerous phytoconstituents which show antimicrobial properties 

and act as a boon for application in agriculture and food sector. A large number of plants species are still 

unexplored and can be used for the production of these biofilm coatings. This needs to be further explored 

as the biofilms prepared from plant extracts can serve as an opportunity to not only reduce the food 

spoilage by increasing the shelf life of food and food products but also improve its nutritional quality. 

S3-VP-03 
Enrichment of kernel oil through marker-assisted introgression of dgat1 and fatb genes in elite 
multi-nutrient rich maize inbreds 
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Maize is the third most important cereal crop and acts as source of food and nutrition worldwide. Maize 

oil is gaining more popularity due to its unique health benefits and it enhances the bioavailability of fat-

soluble vitamins particularly vitamin-A and vitamin-E. Maize genotypes with high oil concentrations are 

of particular interest to poultry and piggery, primarily because of higher calorific value of the grain. 

Normal maize provides 3-4% of oil, whereas high oil maize contains more than >6% of oil. Complexity 

of these traits pose difficulty in phenotypic based selection. Acyl-CoA diacylglycerol acyltransferase 

(dgat1-2) gene catalyzes the final step of oil synthesis and increases oleic acid by 107% and oil content by 

41%. The fatb gene encodes fatty acyl-ACP thioesterase and reduces palmitic acid thereby modify ratio of 

saturated to unsaturated fatty acids. In the present investigation, we targeted for introgression of dgat1-2 

and fatb into elite biofortified inbred lines viz. PMI-Bio-101, PMI-Bio-102, and PMI-Bio-103 through 

marker-assisted selection. These inbreds are biofortified maize inbredswith high lysine, tryptophan, 

provitamin-A and vitamin-E due to presence of favorable alleles of opaque2, crtRB1, lcyE and vte4 

genes; and are parents ofpromising hybrids viz., APTQH1, APTQH5 and APTQH7.  Illinois high oil 

(IHO) lines were used as donor sources for dgat1-2 and fatb genes. Markers associated with opaque2, 

crtRB1, lcyE, vte4, dgat1-2 and fatb genes were used for genotyping at BC1F1, BC2F1 and BC2F2 

generations along with background and phenotype-based selection to attain maximum similarity with 

recurrent parents. Selections at BC2F2 generation led to the favorable homozygotes for all the six genes, 
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viz., o2, crtRB1, lcyE, vte4, dgat1-2 and fatb. These inbreds are first of its kind developed in India, and 

assume great significance as they can increase the bioavailability of vitamins in humans. 
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Marker-assisted stacking of opaque2 and crtRB1 genes in ‘Pusa Super Sweet Corn-1’ hybrid for 
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Recessive shrunken2-based sweet corn consumed as immature kernels, has gained popularity because of 

its diversified usage as vegetable and snacks. However, the traditional sweet corn hybrids are low in 

provitamin-A and essential amino acids viz., lysine and tryptophan. A natural variant of crtRB1 gene 

enhances provitamin-A in kernels by 2-10-fold, while recessive mutant of opaque2 gene improves the 

level of lysine and tryptophan by 1.5-2 fold. In this study, a shrunken2-based sweet corn hybrid, 

‘PusaSuper Sweet Corn-1’ released by IARI, New Delhi was targeted for enhancing provitamin-A and 

essential amino acids using marker-assisted introgression. The parental inbreds, PMI-SWT-19 and PMI-

SWT-20 were crossed with a donor line having favourable alleles of opaque2 and crtRB1 genes. F1s were 

tested for hybridity and backcrossed with recurrent parents. Gene-based markers viz.,3’TE-InDel (for 

crtRB1) and umc1066 (for opaque2) were used for genotyping of 90-130 individuals in BC1F1, BC2F1 and 

BC2F2 generation. >100 SSRs were used for recovery of recurrent parent genome leading to >90% 

recovery in BC2F2 generation. The reconstituted sweet corn hybrids possessed significantly higher 

provitamin-A (>18.00 ppm), tryptophan (>0.070%) and lysine (>0.350%) compared to the original hybrid 

(provitamin-A: <4.00 ppm), lysine (<0.040%) and tryptophan (<0.270%) across environments. These 

nutritionally enriched sweetcorn hybrids also possessed similar grain, ear and plant characteristics of the 

original hybrid. The nutritionally enriched sweet corn hybrids developed here would provide a sustainable 

solution to alleviate malnutrition. 
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Isolation of pure alkaloids from Gloriosa superba by a novel technique, metabolomic and proteomic 
studies for the identification of key enzymes in the alkaloid pathway 
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Gloriosa superba is a tropical, medicinally important plant used in the treatment of gout, rheumatism, and 

other ailments. It produces pharmaceutically important alkaloids like colchicine, gloriosine, 

thiocolchicoside and others. In the present study, a novel chromatographic technique (applied for an 

Indian patent) was used to isolate 94 to 97.5% pure colchicine, gloriosine, 3-demethyl colchicine and 3-

demethyl gloriosine from rhizomes of G. superba. Morphogenic cultureswere initiated on Murashige and 

Skoog’s medium fortified with 2 mg/l 2,4-D, 0.5 mg/l NAA, 4% sucrose and 0.1% activated charcoal. To 

enhance the content of the alkaloid colchicine, morphogenic cultures were treated with different 

concentrations of abiotic elicitors like metals, precursors and a combination of them. Abiotic elicitors 

have markedly (p ≤ 0.05 or ≤ 0.01) enhanced the colchicine content either at lower or higher 

concentrations. Among the metals, the highest amount of 11.67 mg of colchicine g/dry wt was noticed at 

60 mM rubidium chloride, followed by 60 mM NaCl (11.18 mg g/1), but not biotic elicitors. Among the 

aromatic amino acids, phenylalanine at 500 mg/l influenced the highest accumulation of 19.48 mg/g dry 

tissue, followed by tryptophan (12.47 mg/g), and tyrosine (9.87 mg/g), a direct precursor of colchicine 

biosynthesis, while intact tubers and leaves contained 4.65 and 4.16 mg of colchicine/g dry tissue 

respectively. The results suggest that the elicitor-stimulated colchicine accumulation was a stress response 

and can be exploited further for commercial production. Further, gas chromatography (GC)-mass 

spectrometry (MS) method was deployed for the identification of low abundance phytochemicals in 

mercuric chloride (elicitor)-treated leaves. The analysis revealed nearly 500 molecules including 15 key 

secondary metabolites like estragole, N-methylloline (alkaloid), aphidocolin, 3-hydroxykynurenine, octyl 

salicylate, butibufen, anonaine (aporhine alkaloid), bolasterone, austricin, bolandione, 

octahydrocoumarin, jacaranone, bonducellin, quinacridone, and β-carotene that may have medicinal 

importance. Liquid chromatography-mass spectrometry (LC-MS) analysis of leaf proteome in the control 

and phenylalanine (a precursor of colchicine)-treated tissues revealed a total of 983 and 938 proteins 

respectively. In precursor-treated tissues, 365 differentially expressed proteins were noticed besides 

others. Key proteins involved in shikimate/chorismate pathway such as phenylalanine ammonia-lyase, 

chalcone-flavone isomerase (associated with flavonoid biosynthesis), chalcone synthase (involved in the 

synthesis of bioactive compounds in plants), chorismate synthetase, chorismate mutase, tryptophan 

synthase, and medium chain triglyceride protein were detected. Importantly, detection of nearly 155 

proteins with unknown functions may hold key and play a role in colchicine and gloriosine biosynthetic 

pathways. These studies suggest that while metabolomic studies help to detect new secondary plant 

products, proteomic studies assist us in identifying key enzymes implicated in the biosynthetic pathway of 

alkaloids. 
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Identification of good quality trait genotypes of Oil Palm using SSR markers 
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Oil palm (Elaeisguineensis Jacq.) is an introduced crop, has widely been accepted as the highest oil yielding 

crop among oil seed crops to ameliorate the acute shortage of edible oil in India. This oil is richest source 

for Vitamin A and E. The major constraint in oil palm improvement is narrow genetic base in its cultivated 
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varieties on one hand and very less germplasm available in India on the other. Looking at grim genetic 

resource situation in oil palm in India and difficulties in getting germplasm from source countries, an 

exploration programme was undertaken. Polymorphic simple sequence repeat (SSR) markers play an 

important role in genetic diversity and mapping studies in a crop like oil palm. Totally 42 polymorphic 

SSRs identified and grouped the 10 cross combinations into two major clusters and the clustering pattern 

observed was that based on geographical origin. SSR marker analysis resulted in total of 58 alleles with an 

average of 1.7 alleles per locus. The highest number of four alleles were registered by the primer 

SMG00026. The dendrogram based on SSR similarity matrices separated the ten genotypes into two main 

clusters. The cluster I includes 5 x 577 and the cluster II was further grouped into two sub-clusters which 

includes 78 x 435, 90 x 577, 158 x 116, 131 x 435 in one sub cluster whereas131 x 435, 70 x 577, 28 x 435, 

345 x 577 in another sub cluster. The identified polymorphic SSR loci can be effectively used in mapping 

and genetic diversity studies of oil palm. The exploration programmes for collection of germplasm from 

their sources will be helpful in oil palm breeding programme in future for incorporating desired traits into 

the existing palms to strengthen the genetic resources in India. 
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Rice bran oil (RBO) is emerging as a popular edible oil as it is typically high in essential fatty acids and 

gamma-oryzanol (dietary antioxidant). Rancidity in rice bran reduces its shelf-life, creating challenges to 

the edible oil processing industry and limiting its usefulness for wider use of bran for human nutrition 

(oil, fiber and minerals in bran). RBO is extracted from bran as a by-product of milling. During milling, 

the physical barriers that sequester endogenous lipases and lipoxygenase away from the stored oil are 

disrupted, and these enzymes become activated by moisture. The oil is hydrolyzed by the lipases (Lip) 

causing the release of free fatty acids. Further oxidation of these free fatty acids, especially the linoleic 

acid, is catalyzed by lipoxygenases. This reaction produces conjugated hydroperoxides of linoleic acid, 

which decompose and form secondary oxidation products responsible for strong undesirable off-flavors. 

The outcome is a deterioration of bran lipids and significant loss of oil during the refining process. There 

are several pre-milling techniques that can reduce rancidity, but all add cost, increased energy 

consumption and reduced quality of nutritional components. To increase the inherent capacity of the crop 

to produce more stable bran, it is pivotal to understand the mechanism of lipase mediated. There is 

currently a critical lack of knowledge in this area. Our results show that the primary source of storage 

lipids in bran is TAG, and its mobilization starts at 4 days after imbibition (4 DAI). Using publicly 

available RNA-seq data and phylogeny analyses, we selected a total of 18 lipase genes in rice for their 

expression profiles during onset of lipid mobilization. Gene expression analyses revealed OsLip1 as one 

of the most predominantly expressed genes in bran of germinating rice grains. Heterologous expression of 

Lip1 in yeast shows its distinct effect as the total lipid content reduces by ~50% in yeast triple mutant 

(Δtgl). FACS analysis also shows a similar trend as the fluorescence intensity of Δtgl- OsLip1 0.5 times 
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less the intensity of Δtgl which indicates its role in the degradation of LDs. The information generated in 

this study is being used in our lab to manipulate the genes to enhance the shelf-stability of bran lipid 

reserve. The approach of CRISPR-mediated editing has been followed and constructs of OsLip-1 have 

been transformed in embryogenic calli of rice (Taipei-309) via Agrobacterium-mediated transformation. 

The transformants have been screened and homozygous cas9-free lines are being generated in order to 

study its effect on rice bran. This study will facilitate a better understanding on CRISPR-mediated genetic 

manipulations of bran-specific lipases and will pave a path towards multiplexing in order to ensure rice 

bran storability. 
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Finger millet (Eleusine coracana (L.) Gaertn.) is one of the important millets in sub-Saharan Africa and 

south Asia. It is the most widely cultivated millet in the semi-arid tropical and subtropical regions of the 

world. It is also one of the critical plant genetic resources for the agriculture and food security of farmers 

inhabiting arid, infertile and marginal lands. Nutritionally finger millet is a good source of nutrients 

especially of calcium, other minerals and fibre. Yield is the most important and complex trait in crops. It 

refers to the interaction of the environment with all growth and developmental process that occur 

throughout the life cycle. Continued improvement of yield remains the top priority in most of the 

breeding programs. Yield depends on various growth and component traits, and is the final outcome of a 

combination of different yield components. An increase in grain yield could be effectively achieved 

through yield component improvement since yield components have higher heritability than grain yield. 

The objective of the study is to identify high yielding finger millet genotypes suitable for Southern zone. 

With this objective the present study was carried out to evaluate the newly developed promising 

prerelease finger millet genotypes for yield and yield contributing traitsThe present study was carried out 

at Agricultural Research Station, Perumallapalle during Summer 2020-21. Twenty-three promising 

prerelease finger millet cultures developed at ARS, Perumallapalle along with two checks (Vakula and 

Tirumala) were evaluated in RCBD during Summer 2020-21. Data was recorded for days to maturity, 

plant height (cm), number of effective tillers / plant, Ear length (cm), number of fingers per ear and grain 

yield (q/ha).  In the tested entries PPR 1202 (100 days) matured early followed by PPR 1207 (101 days) 

when compared to early duration check Vakula (103 days). Among twenty-five genotypes, PPR 1216 

(45.85 q/ha) and PPR 1222 (39.45 q/ha) recorded significantly higher grain yields than high yielding 

check Tirumala (36.88 q/ha). Entries PPR 1206 (38.83 q/ha) PPR 1207 (38.30 q/ha), PPR 1214 (38.21 

q/ha) and PPR 1202 (38.12 q/ha) recorded numerically higher grain yields than high yielding check, 

Tirumala (36.88 q/ha).  
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Accessing nitrogen use efficiency in EMS induced N22 rice mutants under the hydroponic system 
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Nitrogen is the most abundant nutrient element for any plant including rice. Nitrogen act as limiting factor 

when deficient in media and ultimately it affects growth and productivity of rice. In the present study, we 

have assessed the nitrogen use efficiency of 900 ethylmethanesulfonate (EMS)-induced mutants lines of 

Nagina 22 (N22) rice verity under the hydroponics condition. Indigenously designed and standardized 

hydroponics apparatus was used in this study. We have screened the N22 mutants at the seedling stage 

during the year 2019 by growing themin the media containing 8 mM (N-optimum) and 0.08 mM (N-

stress) of nitrogen. We have recorded root and shoot fresh and dry weight as well as root and shoot 

length, both under N-optimum and N-stress conditions. Based on the observations, we have selected 28 

mutants from N-optimum condition and 31 mutants from N- stress conditions and grown during the year 

2020 till maturity. We have recorded the above morphological parameters, yield and N-content in the 

root, shoot and grain. Under N-optimum condition, highest N content was observed in roots, shoot and 

grain tissues in M878, M669 and M6957 respectively. Similarly, under N-stress condition, highest N 

content was observed in roots, shoot and grain tissues in M878, M669 and M6957 respectively. We have 

observed the highest yield in mutant line M808 (3.83g/plant) under N- optimum condition and in mutant 

lines M3437 (2.46g/plant) under N-stress condition. The highest root dry weight was observed in M669 

(10.31g/plant) and shoot dry weight in M3437 (64.53g/plant) under N- optimum condition. Under N-

stress condition, highest root dry weight was recorded in M808 (1.68g/plant) and shoot dry weight in 

M7006 (6.31g/plant). Despite of N- Stress mutant line 2315 was showing higher nitrogen content in shoot 

tissues and grain tissues. However, we found that the stress with 0.08mM Nitrogen up to maturity is too 

much for the plants. Hence, we felt that the N-stress condition of the experiment should be conducted 

with a higher dose (0.8mM of N, i.e., 10 time’s lass then the optimum) of nitrogen. However, the data 

generated in the present study is very useful in preliminary screening of N-use efficient genotypes among 

the N22 mutants.  
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Grasspea (Lathyrus sativus L.) is an important legume crop due to its hardiness and low cost of 

cultivation. But, the presence of neurotoxic compound ‘β-N-oxalyl-L-α, β-diaminopropionic acid (β-

ODAP)’ in its seeds and other plant parts hinders its widespread cultivation and usage. The development 

of grass pea varieties with low β-ODAP content would be beneficial for food and feed purposes that 

would adopt/promote widespread cultivation of grass pea. In the present study, a set of 133 grasspea 

genotypes obtained from ICARDA-Food Legume Research Platform, Amlaha, India, were evaluated for 

seed β-ODAP content using a high-throughput plate-based spectrophotometer protocol. The β-ODAP 

content ranges from 0.05% to 0.9% (w/w) were recorded in different grass pea genotypes. The Indian-

origin grass pea variety Mahateora (BioL212 x JRL2) exhibited the lowest ODAP content (arbitrary 

threshold of <0.1%) among the tested genotypes. However, the rest of the genotypes were found varying 

ODAP contents. Further efforts are needed to identify suitable low ODAP genotypes by deploying 

strategies like wide hybridization (embryo rescue), induced mutagenesis both by random 

(physical/chemical) and targeted (CRISPR-Cas/Cpf1) mutagens or by screening large number of 

germplasms of diverse geographical origin. 
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The doubled haploid (DH) technology enhances the efficiency of maize breeding by reducing the time 

required to produce completely homozygous inbred lines. Traditionally, 6-7 generations of self-

pollination are required to produce near homozygous inbreds. DH technology produces fixed inbreds in 

only two generations. MATRILINEAL (MTL) gene on chromosome-1 and DOMAIN MEMBRANE 

PROTEIN (DMP) gene on chromosome-9 are the underlying genetic factors for induction of maternal 

haploids in maize. Till now no locally adapted inducer (HI) line has been developed in India. Exotic 

haploid inducers especially of temperate background show poor plant vigour, undesirable tassel 

characteristics, poor pollen production ability and very low seed set. A set of F2 populations segregating 

for the MTL and DMP gene were developed by crossing a set of subtropically adapted elite inbreds with 

temperate HI donor line. Breeder-friendly MTL specific InDel marker and DMP specific SNP marker 

were developed, and further used to genotype the populations. Both MTL and DMP genes showed severe 

segregation distortion. Progenies homozygous for the mutant MTL and DMP genes, and dominant R1-

Navajo (R1-nj) colour marker gene were selected. R1-nj inferred purple colour in the endosperm and 

facilitated easy identification of haploid kernels. These HI inbreds showed haploid induction rate (HIR) of 

>8%. The newly developed HI inbreds also possessed desirable agronomic characteristics and yield, and 

produced abundant pollen in diverse locations of India. These locally adapted HI inbreds thus assumes 

great significance in DH production in maize. This is the first report of development of locally adapted HI 

inbred of maize in India using molecular breeding.  
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Meta-analysis of QTLs for chalkiness in Rice: Approach to robustness 
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Rice, one of the major cultivated crops around the world, is highly influenced by high temperature stress 

resulting in deterioration of grain quality especially with enhanced chalkiness. Chalkiness is an opaque 

part in rice grain which isan important quality characteristic that decreases the market price due to its 

undesirable appearance, cooking quality and palatability. A number ofgenetic mapping studies undertaken 

for grain chalkiness in rice has given a very large number of quantitative trait loci (QTLs) indicating huge 

chunks of the genome as responsible while no robust QTL is known. Meta-analysis is an approach for 

integrating the information from multiple QTLs studies across different mapping population irrespective 

of their type and size. This imparts greater statistical power to QTL detection and improves the estimation 

of genetic effects asitemploys the modified Akaike information criterion based on several models, by 

developing an integrated genetic map with proper marker intervals which is further used to define robust 

QTLs and their confidence intervals from across several experiments. We used BioMercator software to 

develop automated map compilation and QTL meta-analysis, which visualize co-location between genes 

and QTL through a graphical interface. We collated information from of approximately 150 QTLs from 

studies related to chalkiness in rice of which 84 QTLs were from the public domain database 

(www.gramene.org) while the rest were from published literature. Results showed Meta QTLs identified 

by the best model and with lowest Akaike information criterion value. They include QTL on chromosome 

5, chromosome 6 and chromosome 7 with the different confidence interval lying in a range from 80-150 

centimorgan. The resulting QTL regions were further subjected to bioinformatics analysis so as to find 

candidate gene underlying the genes for carbohydrate metabolism. A set of Indica non-basmati and 

basmati varieties under heat stress treatment and control environment conditions were grown for 

experimental validation. For imposing heat stress, the experimental material was grown in heat chambers 

for the entire grain filling period. Gene expression analysis was carried out for GBSSI,  AGPase, SS1, 

SSII, SSIII, SSIV, BEI, BEII, ISA, PUL1 etc. in different genotypes to understand the role of major genes 

in grain quality under heat stress.  
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HPLC reveals different tissues specific accumulation of nimbin from neem plant (Azadirachta 
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Insects are constant threat to agricultural crops since ages. Considerable attention is increasing for natural 

product-based bio-insecticides in integrated pest management (IPM) practices. Commercially available 

synthetic insecticides are persistent for longer duration in nature, contaminates agricultural field, 

air/ground/surface water, and causes extinction of non-targeted beneficial organisms. In these 

circumstances finding some naturally available bio-insecticides will be highly fruitful for sustainable 

agriculture. Nimbin is highly acknowledged bio-insecticides available in neem plant (Azadirachta indica). 

Molecular and structural complexity hinders in the chemical synthesis of nimbin in the laboratory. To 

address such limitations, comparative analysis of nimbin content has been analyzed among different 

tissues of neem plant such as leaf, root, flower and seed. Samples were harvested from 3-years-old neem 

plants from the experimental garden at IIT Guwahati. The samples were dried in oven at 30±2°C 

temperature. Optimum separation and purification of nimbin was achieved by high performance liquid 

chromatography (HPLC). Gradual increase of nimbin content was observed from flower (0.01±0.00 

mg/gm), leaves (0.02±0.00 mg/gm), root (0.25±0.01 mg/gm) and seed (0.26±0.0.02 mg/gm). With this 

route highest nimbin content was obtained from seed and least nimbin content from flower. In conclusion, 

this study has screened tissue specific nimbin content in neem plant and that tissue would be a unique 

source for higher metabolites extraction and commercialization.  

S3-VP-14 
OsCRY2 controls flowering time, plant height and spikelet fertility in rice 
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Plants perceive light as a source of energy to regulate their growth and development. Therefore, sensing 

changing light conditions is critical for plants to adjust metabolism and to initiate developmental 

transitions. The perception of light quality, quantity, periodicity, duration and direction is mediated 

through various photoreceptors in plants including red and far-red light sensing phytochromes (PHYs: 

phyA to phyE), the blue/ultraviolet-A (UV-A) photoreceptors including cryptochromes (CRYs: cry1, 

cry2, and cry-DASH), phototropins (PHOTs: phot1 and phot2), Zeitlupe family members (ZEITLUPE, 

FLAVIN-BINDING KELCH REPEAT F-BOX1, LOV KELCH PROTEIN 2) and UV-B light sensing 

UV resistance locus 8 (UVR8). Cryptochromes are photolyase-like flavoproteins that mediate a number 

of physiological responses in bacteria, fungi, animals and plants. They are composed of two domains: N-

terminal Photolyase Homology-Related (PHR) domain and a Cryptochrome C-terminal Extension (CCE) 

domain. They are composed of two domains: N-terminal Photolyase Homology-Related (PHR) domain 

and a Cryptochrome C-terminal Extension (CCE) domain. The over-expression and knock-down 

transgenic lines of the OsCRY2 gene were generated in Basmati 370, a traditional tall variety that is late 

flowering and would flower only under short day conditions, irrespective of the time of sowing. For this 

work, two constructs, i.e. pB4NU for over-expression lines and pANDA for knock-down lines were 

generated and variety Basmati 370 was transformed following the tissue culture protocol established in 

our laboratory. The T3 generation lines raised subsequently were morphometrically analyzed. On 

measuring the total plant height of the transgenics, it was observed that OsCRY2
OE

lines showed 12-20% 

reduction in height whereas OsCRY2
KD

lines were much longer than the wild type plants, with 10-20% 
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increase. Also, the quantitative analysis of flowering time (recorded as the day of heading) clearly showed 

that OsCRY2
OE

lines flowered about 25-30 days earlier that the wild type. However, OsCRY2
KD

lines 

showed delayed flowering as they flowered about 9-12 days later than the wild type. The pB4NU and 

pANDA empty vector transgenic lines were used as vector controls for over-expression and knock-down 

lines, respectively. The remarkable early and delayed flowering phenotype of over-expression and knock-

down transgenic lines of OsCRY2, respectively, in a photoperiod sensitive variety of rice clearly 

establishes the role of OsCRY2 in controlling flowering time. The over-expression and knockdown of 

OsCRY2 did not alter the length of the panicle. However, the spikelet fertility (calculated as percentage of 

filled florets) was about 52-56% in OsCRY2
KD

 lines whereas OsCRY2
OE

 lines showed no difference as 

compared to wild type. Moreover, OsCRY2
KD

 lines showed seed shattering. In conclusion, OsCRY2 

controls flowering time, plant height and spikelet fertility in rice. 
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Genetic and molecular characterization of low phytic acid-2 (lpa2)-based maize inbreds for its 
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Maize offers diverse end use as human food and poultry feed besides industrial applications. Maize grain 

possesses higher concentration of phytic acid compared to rice and wheat, an anti-nutritional factor that 

drastically reduces bioavailability of mineral elements like iron and zinc, causing micronutrient 

malnutrition. Therefore, reduction of phytic acid in maize genotypes assumes immense significance in 

enhancing bioavailability of mineral elements. In the present investigation, a set of 24 sub-tropically 

adapted lpa2-1-based maize inbreds developed at ICAR-Indian Agricultural Research Institute, New 

Delhi were evaluated along with seven wild-type inbreds at multilocation for grain yield, yield-attributes, 

grain quality parameters. The lpa2-1 mutants were at par with grain yield and yield-attributes compared 

to the wild-type inbreds. However, mean phytic acid and inorganic-phosphorus varied significantly 

between mutant and wild type inbreds. Mutant lines possessed mean phytic acid of 1.9 mg/g that was 

significantly low over the wild type inbreds that possessed 2.6 mg/g of phytic acid. Mean reduction of 

~26% of phytic acidwas observed among the lpa2-1 mutants. Inorganic phosphorous in mutant inbreds 

was three-fold higher than the wild type inbreds. Molecular profiling by use of 61 SSR markers generated 

a total of 181 alleles among the 24 mutant inbreds with mean polymorphism information content of 0.40. 

Marker based clustering classified the genotypes into three major clusters and the pattern was in 

accordance with the pedigree. Potential hybrid combinations have been identified based on concentration 

of phytic acid and genetic distance. This information generated here hold promise in development of low 

phyate maize hybrids in the biofortification programme. 
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Deficiency of vitamins and minerals leads micronutrient malnutrition; and has emerged as an alarming 

health issue with socio-economic concerns. Though malnutrition is globally prevalent, it is persistent with 

higher magnitude in the developing countries. Substantial research efforts have been made in enrichment 

of micronutrients through genetic approaches, otherwise called as ‘biofortification’, which offers 

sustainable solution to alleviate micronutrient malnutrition. Maize is one of the most important cereals 

that possess diverse end usage as human food and animal feed besides industrial applications. 

Considerable progress has been achieved in enhancinglysine, tryptophan, provitamin-A, α-tocopherols, 

iron and zinc in maize grains. Several biofortified maize hybrids and composite varieties have been 

developed with one or more above micronutrients. Though significant progress has been made in 

development of biofortified maize genotypes, bioavailability of these enhanced micronutrients in the 

human gut is the next major concern to be addressed. This would help in achieving the twin goals of 

enhancing the availability of the biofortified micronutrients and fulfillment of recommended dietary 

allowance. To enhance the bioavailability of iron and zinc, low phytic acid mutants like lpa1-1 and lpa2-1 

has been characterized and utilized for development of low phytate maize. Provitamin-A carotenoids and 

α-tocopherols being fat soluble vitamins, the genotypes rich in these vitamins have been targeted for 

increase of oil content by introgressing dgat1-2 and fatb genes for enhancement of bioavailability of 

vitamin-A and vitamin-E in the human body. Research efforts have also been made to develop maize 

genotypes with combination of these micronutrients to enhance the bioavailability of multiple 

micronutrients; which possess immense scope to alleviate the micronutrient malnutrition. 
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Marker-assisted introgression of waxy1 gene into elite biofortified maize inbreds 

Subhra Jyotshna Mishra
1,2

, Vignesh Muthusamy
1
, Jitender Kumar

2
, Rajkumar U. Zunjare

1
, Rashmi 

Chhabra
1
, Vinay Bhatt

1
, Zahirul A. Talukder

1
, Ravindra Kasana

1
, Ashvinkumar Katral

1
, Elangbam L. 

Devi
3
, Konsam Sarika

3
, Firoz Hossain

1
 

1
ICAR-Indian Agricultural Research Institute, New Delhi, India 

2
Amity Institute of Biotechnology, Amity 

University, Noida, Uttar Pradesh, India 
3
ICAR-Research Complex for Nort East Hills Region, Manipur, 

India 

(Correspondence: jyotsnasubhra@gmail.com)  

Maize is considered as an important diet for poor people in the developing countries. Besides, it is also 

used as an animal feed and industrial applications. The Wx1 locus encodes the enzyme granule bound 

starch synthase I required for synthesis of amylose; and in waxy maize presence of recessive wx1 allele 

causes enhanced accumulation of amylopectin. Normal maize possesses ~70% amylopectin in starch 
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whereas, waxy maize possesses high endosperm amylopectin (~95-100%).Waxy maize is preferred as a 

breakfast diet in North-Eastern states of the country. Due to high amylopectin composition, it is also 

highly preferred in starch industries. In the present investigation, wx1 allele was introgressed into 

multinutrient rich maizeinbreds viz. PMI-PV9 &PMI-PV5 having recessive crtRB1 and opaque2 genes. 

These parental inbreds are parents of the hybrid, APQH8 that possesseshigh provitamin-A, lysine and 

tryptophan.  Inbredswith opaque2 and crtRB1 alleles were used as recurrent parents. Around 100-120 

plants of BC1F1, BC2F1and BC2F2were genotyped for using markers viz. 3’TE-InDel (for crtRB1), phi057 

(for opaque2), phi027 (for wx1) andwx2507 (for wx1). Foreground selection of BC1F1 andBC2F1 

populations showed progenies with wx1 gene in heterozygous state, and crtRB1 and o2 gene in 

homozygous state, and these progenies were selfed to develop BC2F2 populations. The homozygous 

progenies for all the three genes were identified through the markers. Background selection using>90 

SSRs covering ten chromosomes were used for recovery of the recurrent parents and intensive phenotypic 

selection was carried out for recurrent parent characteristics. The introgressed inbreds possess high 

amylopectin, provitamin-A, lysine and tryptophan and would lead to development of waxy maize hybrids 

with high amylopectin and nutritional quality. 
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Altering the expression of CAld5H gene in lignin biosynthetic pathway using CRISPR- Cas9 
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Lignin is a major component of plant secondary cell wall (biomass). Interest in biomass has received 

imperative consideration in the 21
st
 century owing to its ability to become an alternative source of carbon 

for the gasoline and coal. The biofuels are non-polluting and safe to environment. Biomass pretreatment 

process is the critical step in the upstream biofuel production. Lignin rich in G units have relatively more 

carbon-carbon bonds, which is more resistant to chemical degradation than lignin rich in S units with 

more ether β-O-4 linkages. CAld5H gene plays important role in S units’ construction in lignin. The 

present study envisages altering the expression of CAld5H gene in lignin biosynthetic pathway using 

advanced CRISPR Cas9 technology in Sorghum. Hence, modifying the lignin content and composition 

through altering Cald5H gene expression can facilitate the pretreatment process and benefit in getting 

better biofuel production.  
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The target gene of miR775 regulates arabino galactan biosynthesis in Arabidopsis thaliana 
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Plant cell wall is a highly complex structure that plays an important role in regulating diverse plant 

processes. Arabinogalactans (AGs), a class of complex carbohydrates have a major role in regulating the 

structure and function of plant cell wall. Arabinogalactans are usually present as components of 

arabinogalactan proteins (AGPs) and rhamnogalacturonan I (RG-I), a pectic glycan. Though 

heterogeneous, arabinogalactans mainly consist of β-1,3-galactan backbone along with β-1,6-galactan 

side chains, to which varied sugar moieties are attached. Here we present the functional significance of 

the target gene of microRNA775 (miR775), a non-conserved microRNA reported so far only in 

Arabidopsis thaliana. The miR775 was identified to target a probable  β-(1,3)-galactosyltransferase 

through RNA ligase mediated RACE (RLM-RACE) and expression analysis. The β-(1,3)-galactosyl 

transferases are known to be involved in forming the  β-(1,3)-galactan content of arabinogalactans. We 

investigated the putative involvement of the target gene of miR775 in arabinogalactan biosynthesis using 

differential Yariv staining. The qualitative test of arabinogalactans showed marked difference in staining 

intensity in stem cross sections of the wild type and the null mutant of the target gene indicating a critical 

role of miR775 target gene in regulating arabinogalactan biosynthesis. This further suggests a probable 

function in influencing cell wall dynamics and thereby the associated phenomena. 
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Withania coagulans (Stocks) Dunal commonly known for its milk coagulating properties, is a widely 

used medicinal herb, and its micropropagated plants produce some novel withanolides. Trasncscriptome 

sequencing of leaves and roots of micropropagated plants of W. coagulans produced 8.08 and 6.35 GB of 

raw reads, which were assembled into 292,074 and 16,474 high quality (HQ) reads, out of which 267,119 

and 15,758 unigenes were identified in WcL and WcR, respectively. Further, 40.6% WcL and 55.05% 

WcRunigenes were annotated using more than one database. Distribution pattern of unigenes across 

different protein families was determined by identifying number of unigenes coding for similar proteins, 

and it was revealed that Pkinase, ACR_tran, ABC_tran, Pkinase_Tyr were the most abundant domains in 

leaf transcriptome, while HSP70, ACR_tran, ABC_tran, GTP_EFTU were most abundant in root 
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transcriptome. 10.2% (leaf) and 13.6% (root) annotated unigenes belonged to KOG class R (general 

function prediction only) and class J (translation, ribosomal structure and biogenesis), respectively. 

Metabolic process and cellular components were identified as dominant categories in gene ontology. 

20,927 WcL and 2,474 WcRunigenes were mapped to different biological pathways. Pathway annotation 

revealed that maximum unigenes clustered for “terpenoid backbone synthesis [PATH:ko00900]”, 

followed by “ubiquinone and other terpenoid-quinone biosynthesis [PATH:ko00130]” and 

“phenylpropanoid biosynthesis [PATH:ko00940]”.KEGG classification aided in identification of genes 

involved in biosynthesis of withanolide precursor, 24-methylenecholesterol.All the genes related to 

withanolide precursor biosynthesis were present only in WcL, indicating de novo biosynthesis of 

withanolides, while absence of some rate limiting enzymes in WcR suggested biosynthesis of 

withanolides through salvage pathway(s). Further, differential expression of these genes revealed details 

of enzymes involved in biosynthesis of tissue-specific withanolides. The whole transcriptome sequencing 

and annotation thus provides a comprehensive information on genes/enzymes involved in various 

physiological/metabolic processes, which could thus be used for pathway engineering and establishment 

of plant cell factories. 

S4-PP-03 
Role of MAPKs in mango fruit ripening 
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Mitogen-activated protein kinases (MAPKs) are components of the three-tier signalling pathway. 

Members of MAPK family have been found to play important roles in protecting the plant from abiotic 

and biotic stress. Their role in fruit ripening is still unclear. In this study, a transcriptomic study has been 

done in order to identify MAPK gene family in mango (Mangifera indica). Transcriptomic analysis 

identified 16 contigs of the MAP kinase kinasekinase (MiMKKK), 3 of MAP kinase kinase (MiMKK), 16 

of MAPK (MiMPK) family. MiMPK3 and MiMPK4 (homologs of AtMPK3 and AtMPK4 respectively) 

which showed differential expression during fruit ripening were chosen for detailed study.  To know 

about the function MiMPK3 and MiMPK4, these genes were silenced in mango fruit using VIGS 

technique. Expression analysis of pulp tissue of silenced fruit showed 70-90% reduction in transcript 

levels of MiMPK4 and 3 respectively as compared to the control fruit. Interestingly silencing of these 

genes resulted in enhanced transcript levels of MiACS6 and MiEIN2. As MiACS6 and MiEIN2 have been 

reported to play important roles in the Ethylene biosynthesis and signalling respectively, enhanced 

transcript levels of the two genes in the silenced fruits of MiMPK3 and MiMPK4 suggest that MiMPK3 

and MiMPK4 play an important role in regulating these genes and fruit ripening.  
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Nitrogen is a primary nutritional element for plant growth and development. Nitrate (NO3
-
) is one of the

major nitrogen sources for most cultivated crops. Nitrate transport is one of the most important processes 

in plants mediated by transmembrane proteins, i.e., nitrate transporters. Plants have two major types of 

nitrate transport systems, e.g., Low and High Affinity Nitrate transporters, encoded by NRT1 (NPF) and 

NRT2 protein families for nitrate uptake from soil to root and root to different parts of plants. Low 

affinity nitrate transporters (NRT1) and high affinity nitrate transporters (NRT2) are involved in nitrate 

uptake/transport under its optimum and limited availability conditions respectively. NRT2 also interacts 

with an accessory protein and its essential for its activity, i.e., Nitrate Assimilation Related (NAR). Here, 

we aimed to identify the members of these two families (NRT2 and NAR2) genes in the bread wheat 

genome on a genome-wide scale. In our study, we identified nitrate transporter (NRT2) as well as Nitrate 

Assimilation Related (NAR2) encoding genes in the Chinese Spring reference genome, the phylogenetic 

relationship among members of these two-family genes with possible interaction between NRT2-NAR2 

family members using in-silico co-expression approach. We also studied expression patterns using a 

publically available RNAseq expression database together with qPCR expression analysis in root and 

shoot tissues of two wheat cultivars under nitrate-limited conditions along with their homologs specific 

expression of selected genes. We have also studied in-vitro and in-vivo protein-protein interaction using 

split ubiquitin and bimolecular fluorescence complementation (BiFC) assay using selected members of 

NRT2 and NAR2. A total of 46 and 8 genes of NRT2 and NAR2 families respectively have been 

identified. The expVIP database revealed tissue specific differential expression patterns in NRT2 and 

NAR2 transcripts. We observed, nitrate-limiting and nitrate-induced expression of a few NRT2 as well as 

NAR2 genes together with homeolog expression bias in root tissues of both genotypes. Our results 

showed NRT2 interact with NAR2 and which are located in the plasma membrane.  
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Integrated transcriptome analyses revealsgenome-wide profiles of alternative splicing in Vigna 
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Vigna mungo is a highly consumed crop in the pan-Asian countries for their elevatedseed protein content 

and several health promoting benefits. Although, India is the world's largest producer, the global average 

yield per hectare is still inadequate due to multiple biotic and abiotic constrains. Understanding the 

functional genomic landscape, especially the post-transcriptional regulatory cascades may underpin large-

scale genetic improvement to develop stress resilient crops. Alternative splicing (AS) is a key player in 

this context that increases the complexity of transcriptome and proteome through generation of AS 

isoforms across tissues, developmental stages, and stress conditions.AS regulates the bulk of transcript 

generation, thereby producing functionally divergent proteins and hence, accurate annotation and 

manifestation of the AS events in the genome is crucial for functional genomic studies. In the current 

study, genome-wide analysis of the AS events were catalogued based on various RNA-seq data and 

subsequently the splicing dynamics were characterized. The aim was to maximize AS identification 

towards a robust and updated reference gene annotation in V. mungo and to characterize the functional 

intricacies of various transcription factor genes across multiple tissues and conditions. The alternative 

splicing landscape reveals 54,526 unique events (including exon skipping, intron retention, alternative 

donor, alternative acceptor and others) occurring throughout the V. mungo genome. Moreover, among the 

36,594 predicted genes, a total of 15,507 were found to undergo AS, that, in turn generate 57,405 

transcripts cumulatively. Most of the splicing intensive genes belong to various transcription factors; AS 

variants of which are expressed differentially across different tissues and environments. Overall, the 

identified AS dynamicity with accurate gene annotations would provide an invaluable resource for future 

endeavours in blackgram genomics. 
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The present paper discusses about involvement of CRISPR Cas 9 system for crop improvement and crop 

variety development. The CRISPR Cas 9 tools prominent and efficient technology for crop improvement 

and crop development in horticultural crops and agricultural crops. The tools are more accurate than Zinc 

finger Nucleases (ZFNs), Transcription activator like effecter nucleases (TALENs) in generic 

manipulation. Till 2020 year, the tool improved 41 food crop species, 15 industry crops, 6 oil crops, 8 

ornamental crops and 1 fibre crops. The tool has improved morphological characters, genotypic 

characters, yield, biofortification charters, abiotic stress, biosynthetic pathway, metabolism, chemical 

composition content, hybrid vigour, self imcompactibilty, male sterility haploid induction, gene delivery, 

translation modification in crops. The tool has developed several varieties such as waxy corn maize, New 
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Kasalath rice, New TeTe Pu rice and modified Swarna Rice with fulfilling desired traits. Further, the tool 

will overcome constraints of inbreeding depression, dioceous, bioremediation, phytoremediation, stress 

tolerance, embryo breakdown in the crops. The improvement will drive industry, society and farmer 

growth. Incorporation of Novel Biotechnological tools for transforming Conventional Breeding into 

Speed Breeding, Speed Breeding may develop climatic adapted crops for the education, research and 

nation development, Gene Manipulation in Agricultural and Horticultural Crops, Variety Development in 

Agricultural and Horticultural Crops. 
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Sweet corn has gained immense popularity all over the world, and is mainly consumed in the form of 

vegetable, snacks, soups and corn flakes. Demand of all three forms- fresh, frozen and canned sweet corn 

has increased significantly in last decade. However, traditional sweet corn is deficient in α-tocopherol 

(vitamin-E), and β-carotene and β-cryptoxanthin (vitamin-A), deficiency of which leads to malnutrition in 

humans. In the present study, parental lines of two shrunken2 (sh2)-based hybrids (PSSC-2 and ASKH2) 

were targeted for introgression of favourable alleles of vte4 (γ-tocopherol methyl transferase) and

crtRB1(β-carotene hydroxylase1) genes by marker-assisted selection (MAS). Gene-based markers,118bp-

InDel specific to vte4 and 3’TE InDelspecific to crtRB1were successfully used in BC1F1, BC2F1 and 

BC2F2generations. >100 SSRs were used for background selection leading to recovery of >90% of 

recurrent parent genome. Reconstituted hybrids showed higher provitamin-A (~19.00 ppm) against 

original hybrids (~3.50 ppm). These newly developed sweet corn hybrids also had higher α-tocopherol 

(~20.00 ppm) over original version (~9.00 ppm).These biofortified sweet corn hybrids rich in provitamin-

A andα-tocopherol also showed higher sweetness (brix: 18-20%) as found in popular sweet corn hybrids. 

These biofortified sweet corn hybrids assume great significance in providing the balanced nutrition 

through sustainable and cost-effective way. This is the first reportofsimultaneously improving vitamin-A 

and vitamin-Ein sweet corn hybrids. 

S4-VO-04 
Genome editing studies in sorghum towards the management of parasitic weed Striga 
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Sorghum (Sorghum bicolor L. Moench) is one of the primary staple foods for millions of people in Semi-

arid regions of the world. But its production is constrained by the parasitic plant Striga that attaches to the 

roots of many cereals crops, including sorghum, causing severe stunting and loss of yield. In the present 

study, the CRISPR/Cas9 gene-editing tool was used to target the strigolactones (SLs) pathway genes such 

as Carotenoid Cleavage Dioxygenase 7 (CCD7), Carotenoid Cleavage Dioxygenase 8 (CCD8), More 

Auxiliary growth (MAX1) genes. Highly efficient guide RNAs were designed in the first exon of each 

gene using CRISPR-direct and Cas-Designer tools. A ternary vector system was used for cloning guide 

RNAs and a Cas9 expression cassette into the destination vector through multisite gateway cloning. The 

genetic transformation was done for three expression constructs harboring CCD7, CCD8, and MAX1 

guide RNAs to the most popular sorghum cultivars BTX623 and Parbhani Shakthi through Immature 

Embryo based Agrobacterium-mediated transformation. Sorghum plants integrated with npt II and Cas9 

genes were subjected to mutation detection using surveyor assay and Sanger sequencing. Most of the edits 

were either single nucleotide insertion or deletion. T0 edited plants were further selfed and advanced for 

further generation. Our results also confirmed stable inheritance of induced mutations in all three target 

genes. Moreover, our results did not show any off-target site mutations indicating specific and efficient 

mutagenesis in sorghum. T2 homozygous sorghum edits carrying SbMAX1, SbCCD7, and SbCCD8 

mutations displayed altered physiology viz. Reduced plant height and leaf area and increased tiller 

number compared to the case of reduced plant height and leaf to their wild-type counterparts. Our study 

also reports decreased transcript levels of the downstream genes in CCD7, CCD8, and MAX1 sorghum 

mutants. Considering the impact of Striga plant-parasitic weeds on agriculture and the difficulty of 

effective control methods, the current study offers insights into developing a new, efficient way to 

combine various collections of resistant sorghum varieties. 

S4-VO-05 
Effect of temperature in regulation of flowering in bamboo (Bambusa tulda) 
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Flowering is one of the most important biological processes that directly impacts the existence of 

angiosperms in this earth. Timing of flowering can be controlled by various external (e.g., light, 

temperature) and internal factors (e.g., age, hormones). Bamboos are members of the family Poaceae, 

subfamily Bambusoideae and are very unique with respect to long vegetative phase (upto 150 years), 

flowering extent (sporadic or gregarious) and ecological impacts (increase in rat population). While 

studies have been undertaken to identify and characterize light regulated (photoperiodic pathway) genes 

in bamboo, not much efforts have been initiated to understand the impact of low (vernalization pathway) 

and ambient temperature (ambient temperature pathway) on bamboo flowering. Therefore, the main aim 

of this study is to identify and characterize major vernalization pathway genes such as VERNALIZATION 

INSENSITIVE 3 LIKE 1 (VIL1), VERNALIZATION INSENSITIVE 3 LIKE 2 (VIL2), VERNALIZATION 
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INSENSITIVE 3 LIKE 3 (VIL3), VERNALIZATION INSENSITIVE 3 LIKE 4(VIL4) and VERNALIZATION 

2 (VRN2)/CONSTANS 9 (CO9) and ambient temperature pathway genes such as SQUAMOSA 

PROMOTER BINDING LIKE 3 (SPL3), FLOWERING LOCUS M (FLM), SHORT VEGETATIVE PHASE 

(SVP), APETALA2 LIKE (AP2-like) from Bambusatulda. Till date, single homologous gene copies of 

VIL1, VIL2, VIL4 and two copies of CO9gene have already been identified from B. tulda. Detailed 

sequence, phylogenetic and expression analysis of these genes provide new clue regarding involvement of 

these genes in bamboo flowering.  
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Babycorn cultivation is gaining prominence in India. Presence of more than one ear per plant known as 

‘prolificacy’ is the most important trait for breeding high yielding superior babycorn hybrid. ‘Sikkim 

Primitive’ is a very distinct maize landrace from North Eastern Himalayan region, as it possesses 5-9 ears 

per plant as against one per plant in traditional maize. Prolificacy is a result of branching which after 

morphogenesis turns into female inflorescence or ears. Prolificacy in teosinte (20-200 ears per plant) is 

distinct with ears developing in place of secondary branches, while primary branch is tipped by tassel. In 

‘Sikkim primitive’, ears develop from different node on main stem. The genetic and molecular 

mechanism governing prolificacy is still unclear and hence require a thorough analysis. We performed 

generation mean analysis (GMA) to determine the genetics of prolificacy using segregating generations 

developed by crossing a prolific inbred MGUSP101 (developed from ‘Sikkim Primitive’) with diverse 

non-prolific inbreds (LM13, BML7, HKI161 and HKI1128). Multi-location analysis predicted the 

presence of one major gene governing prolificacy. To map this locus, we performed bulk segregant 

analysis (BSA) based targeted QTL mapping using F2:3 population of MGUSP101  HKI1128 and 

MGUSP101  UMI1200. BSA was performed using 228 genomes wide SSR markers and 

identifiedumc2199 and umc1141 (both located in bin 8.05) that differentiated the bulks and parents. 

Targeted QTL mapping was performed using dense SSR markers of bin 8.04, 8.05 and 8.06. A QTL 

named as ‘qProl-SP-8.05’ was predicted with LOD 12.8 and explaining 31.7% R
2
using Inclusive 

Composite Interval Mapping (ICIM). To further, understand the genomic uniqueness of ‘Sikkim 

Primitive’, genomic characterization of MGUSP101 along with six other non-prolific inbreds revealed a 

candidate gene underlying ‘qProl-SP-8.05’ region which is associated with pectin biosynthesis pathway. 

http://hillagric.ac.in:1003/cskhpau/
http://hillagric.ac.in:1003/cskhpau/
http://hillagric.ac.in:1003/cskhpau/
http://hillagric.ac.in:1003/cskhpau/
http://hillagric.ac.in:1003/cskhpau/
http://hillagric.ac.in:1003/cskhpau/
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To analyze the variation in teosinte branched1 (tb1; major domestication locus governing branching and 

tillering in teosinte) gene, sequence comparison was undertaken among ‘Sikkim Primitive’ derived 

prolific inbred (MGUSP101) and five non-prolific maize inbreds (LM17, UMI1200, HKI1128, BML7 

and CML425) along with four teosinte accessions (Zea mays ssp. parviglumis, Zea mays ssp. mexicana, 

Zea perennis and Zea luxurians). An InDel marker having 6bp insertion (located at 420bp downstream of 

coding region) in teosinte was designed and validated among a set of inbred. This new breeder-friendly 

marker can be easily used in baby corn program for enhancing prolificacy from teosinte. The present 

study possesses immense importance in shaping future breeding of babycorn hybrids and understanding 

of molecular and physiological basis of branching and inflorescence development in maize for increasing 

sink capacity and ultimately yield. 
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Around 372 genera and 4060 species are associated with the Brassica genus which comprises the most 

important group of rapeseed-mustard and cruciferous vegetables like cabbage, broccoli, kale, turnip, 

cauliflower. These brassica species are economically very important and are being used worldwide in the 

form of vegetables, edible oils and condiments. There are total six cultivated species in which three are 

amphidiploids and three are diploid in nature. The amphidiploids are derived from the intercrossing and 

chromosome duplication of the diploid species. In 1935, Nagaharu U described the inter-relationship 

among the amphidiploid and diploid species. The genetic base of amphidiploid species is very low as it 

evolved in nature by a complex process over the years. Due to low genetic base and non availability of the 

gene(s) and genetic factors in the native gene pool of Brassica juncea, the parental diploid species as well 

as wild crop relatives becomes very important assets to diversify the gene pool.  At ICAR-NIPB, Delhi 

we are working in the area of broadening the genetic diversity of B. juncea through resynthetis and alien 

introgression. In resynthesis we are utilising the diploid progenitor species of B. juncea i.e., B. rapa and 

B. nigra  through wide hybridization. The vast potenstial of crop wild relatives is being employed for 

alien introgression for trait transfer as well as genetic diversity. At NIPB Delhi we are having around 27 

wild crop relatives of Brassica which have been identified for tolerance to different abiotic viz., heat and 

drought; biotic stresses viz., alternaria, sclerotinia, white rust.  Over the past few years, we have 

developed 137 resynthesized B. juncea lines (RBJ lines) comprising B. rapa and B. nigra as parents. 

Also, we have developed one alien introgression population of B. juncea comprising 192 lines (ERJ) 

using Diplotaxis erucoides as donor parent for Alternaria resistance. The morphological and molecular 

diversity were analysed in the resynthetic B. juncea and introgression lines which exibited a good amount 

of variation. These lines can be further used in the rapeseed-mustard imptovement program.  
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Soybean (Glycine max L.) is the world's most important oilseed crop, accounting for around 56% of 

global oilseed production. Iron deficiency is one of the major nutritional problems for soybean production 

which can be ameliorated by foliar feeding of Fe. Biofortification through foliar application might 

increase seed Fe content as well as could improve overall how ever, mechanism of nutrients uptake 

through foliage is still unclear. It was hypothesized that foliar applied Fe enters the leaf cell by 

transporter/carrier proteins expressed in the plasma membrane. To investigate the leaf proteome profile, 

an experiment was carried out on soybean (var. DS-2614) under control, Fe stress, and Fe recovery 

conditions. Plants were grown in complete nutrient solution under controlled condition in a glasshouse 

and Fe starvation was imposed on plants after 15 days of growth until the appearance of the first visible 

symptom. Fe deficient plants were sprayed with 2 mM Fe-citrate and leaf samples were collected at 0h 

(before foliar application) and 24 h after foliar applications. In the control, Fe stress, and Fe recovery 

conditions, 2D gel electrophoresis depicted 126, 134, and 120 differently abundant proteins, respectively. 

The intensity of 36 protein showed more than two-fold change under Fe stress compared to control, while 

38 proteins exhibited more than two-fold variation in Fe repleted plants compared to the Fe stress plants. 

Under Fe stress, more than two-fold upregulated expression of 25 and 27 proteins was observed relative 

to the expression of protein under control and Fe recovery, respectively. Similarly, 10 and 11 proteins 

were down-regulated by more than two-fold under Fe stress compared to control and Fe recovery, 

respectively. Protein identifications and annotation revealed the involvement of these proteins in diverse 

functions including transmembrane transporter activity, ion binding activity, carbohydrate, protein, and 

lipids metabolism. In addition, we found 25 novel proteins which functionally characterized might 

revealed the pathway of Fe transported in the leaf.  
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Deficiency of vitamin-E or tocopherol results in several neurological and age-related disorders in humans. 

Though traditional maize is rich in total tocopherols, it is deficient in α-tocopherol, the most active form 
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of vitamin-E. Marker-assisted selection for favourable allele of vte4 gene led to the development of 

several -tocopherol rich (16-19 g/g) maize genotypes at ICAR-Indian Agricultural Research Institute, 

New Delhi. However, degradation of tocopherols during post-harvest storage substantially affects its 

efficacy as a tool for combating the adverse effects of micronutrient deficiency. Here, a diverse panel of 

vte4-based inbreds along with its wild type (VTE4) genotypes was analyzed to study genetic variation for 

retention of tocopherols during storage and effect of lipoxygenase (LOXs) on retention of tocopherols. 

Mean -tocopherol among vte4-based inbreds reduced to 5.32 g/g after a period of six months of storage 

from 21.36 g/g in the freshly harvested kernels. In normal inbreds, it got reduced to 1.28 g/g from the 

initial level of 11.60 g/g at harvest. Retention of -tocopherol in the vte4-based inbreds was 24.78% 

which was significantly better than the normal inbreds (11.06%). HKI323-PVE, HKI1105-PVE, HKI161-

PVE and HKI1128-PVE were the promising -tocopherol rich maize inbreds with >20% retention after 

six-months of storage. Lipoxygenase activity in the two contrasting genotypes with differential retention 

for -tocopherol viz. HKI323-PVE(high retention) and HKI193-1-PVE(low retention) showed a perfect 

negative correlation (r = -0.725) of specific activity of lipoxygenase enzyme with retention of -

tocopherol. The correlation between expression level of LOX3 and retention potential for -tocopherol 

was significant and negative(r = -0.826), revealing that higher expression of LOX3gene led to low 

retention of -tocopherol during storage. The information generated in this study signifies the crucial 

effect of LOX3geneon retention of -tocopherol. Promising genotypes with high retention of -

tocopherol, favourableLOX3 allele and reduced lipoxygenase activity can be effectively utilized in the 

biofortification programme to develop -tocopherol rich maize hybrids with higher retention during the 

post-harvest storage. 

S4-VO-10 
In silico STMS-marker cross-transferability analysis can aid in quick, easy and low-cost 
identification of markers for studying comparative genomics of genic region in closely related 
angiosperm species  
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Sequence tagged microsatellite sites (STMS) are PCR-based, single-locus, co-dominant markers derived 

from the unique genomic regions flanking a simple sequence repeat (SSR). SSRs are dispersed through-

out the genome and have been implicated ingenome plasticity and adaptive evolution within and across 

species. These are quite abundantly distributed within the genome and considered as the third major class 

of genetic variation along with single nucleotide polymorphisms (SNPs) and copy number variations 

(CNVs). Angiosperms, being paleopolyploids, have evolved throughlarge-scale duplications of the 

whole- or parts- of their common ancestors’ genome during 100~160 million years ago. SSRs in plants 

have co-evolved with the plant-genesduring genome evolution. Besides, being low complexity repeat 

elements, differential lineage-specific amplification of different SSR motifs has aided in radiating new 
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predecessor species from a common ancestor and thus shaping the evolution in a radiating manner. Due to 

the lineage-specific amplification SSRs are grossly not conserved across species. However, SSRs located 

in the genic region depict some degree of conservation in closely related species as the pressure of natural 

selection imposed on the genic region but is lacking on the non-genic counterpart. Hence, genic region 

derived STMS markers have higher probability of getting cross-transferred across closely related species. 

But, since every STMS marker provide information of a single locus, one need a set of cross-transferable 

STMS markers between two species to study their comparative genomics. For this to happen, numerous 

STMS markers has to be tried through PCR assay to obtain an optimum number of usable STMS markers 

which not only involve considerable cost-input but also require investment of significant time and effort. 

To address this issue, we have developed an in silico assay which not only aid in easy identification of 

cross-transferable STMS markers between/across species but also significantly cut down on cost, time 

and effort that has to invested for this purpose. Using this pipeline we predicted cross-transferability of 

23,499 Rice Microsatellite (RM) markers available in GrameneDatabase to all the AA genome containing 

Oryza species and also to the two most distant member of Oryza complex, O. brachyantha (FF) and O. 

coarctata (KKLL). Differential cross-transferability of these markers was observed, where expectedly, 

the cross-transferability was higher in case of Asian species and it gradually reduced in African species 

followed by South American species and finally was lowest in Australian species (with minor 

exceptions). Conspicuous variations in the number of cross-transferable markers among species-pairs 

were also evident. Finally we could identify 1100 markers which are common and cross-transferable 

across all the species belonging to AA genome of Oryza. These markers were distributed well across the 

AA-genomes. We validated all these 1100 markersin all the eight OryzaAA-species using in vitro PCR 

assay. With a few exceptions, all the markers were amplified in all genotypes and showed predicted 

amplicon size. This core marker set for AA genome is now being utilized to develop single segment 

substitution lines involving all the species of AA genome in the background of O. sativa genotype CR 

Dhan 307. A set of chromosome segment substitution lines (CSSLs) and a comprehensive BC3 based 

mapping population for mapping yield related traits have been developed from the cross of CR Dhan 307 

x O. rufipogon (AC 100444). Rest of the populations are at different stages of development at ICAR-

NRRI. We also observed that the cross-transferability not only declined with genetic distance between the 

species under study but also the cross-transferable markers were mostly localized in the genic region. The 

phenomenon is more conspicuous when the genetic distance between the species under study is more. For 

example, only 0.75% and 1.5%of rice (O. sativa) STMS markers were cross-transferable to O. 

brachyanthaand O. coarctata, but among the cross-transferred markers 75%and 76%, respectively 

belonged to genic regions. These markers can provide very important information on evolution of the 

closely related species. For example, we could successfully classify primitive and modern species within 

Oryza AA-species complex by comparing divergence dating information and Agarose gel derived 

amplicon profile of a single STMS marker, RGNMS3515. We opine that the cross-transferable STMS can 

serve as a useful and low-cost tool to study comparative genomics of the genic region, as well as aid in 

alien genome introgression from wild relatives to domesticated plant species.  

S4-VP-01 
Molecular analysis of flower color variants of Tecomella undulata using start codon targeted 
markers 

Aastha Sharma and Desha Meena
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Tecomellaundulata (Rohida) is an important timber yielding tree species of Rajasthan.The flower of 

Rohida is recognized as state flower of Rajasthan. Geographically it spans in the arid and semi-arid plains 

of Northwestern India and adjoining plains of Pakistan. It is an out-breeding species and exhibits 

variability in the onset of flowering. With this, prominent morphological variations were also observed in 

the color of the flower of Tecomellaundulata. The state flower of Rajasthan exits in three flower color 

variants i.e., Orange, Red and Yellow. For this study, PCR based marker systemic Start Codon Targeted 

Markers were employed to study the variation at molecular level. SCoT markers are dominant and 

reproducible marker system that is based on the short-conserved region in plant genes surrounding the 

ATG translation initiation codon, it has lower recombination levels between SCoT markers and the 

gene/trait than random markers such as RAPDs. This makes it possible to be used directly in marker-

assisted breeding programs. To investigate the variations among three different morphotypes of 

Tecomellaundulata, 45 samples (15 samples from each flower color morphotypes) were collected from 

Jalore district of Rajasthan. Using standardized conditions of PCR, 14 shortlisted SCoTprimers were run 

against 45 samples. All the chosen primers amplified across the 45 individuals studied, with the number 

of amplified fragments ranging from 20 (SCoT 25) to 118 (SCoT 18). These fragments varied in size 

from 100 to 1500 bp. A total of 1045 polymorphic amplicons were scored. The clustering analysis using 

Jaccard’s coefficient showed the three morphotypes into two clusters. Red and orange flower color 

morphotype formed one cluster and yellow was separated from the two morphotype forming second 

cluster.   
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Global food security has become a major concern as the human population is raising and the environment 

is changing and it isinsufficient to fulfil future demand with the current rate of improvement of several 

significant crops.The extended generation times of crop plants are partly responsible for the slow rate of 

progress.Speed breeding technique reduces generation time and speeds up breeding and research activities 

significantly.Plant development can be accelerated for research goals, such as phenotyping adult plant 

properties, mutant studies and transformation, through speed breeding in fully enclosed controlled-

environment growth chambers.In a glasshouse environment, the use of supplemental lighting enables for 

quick generation cycling by single seed descent, as well as the potential for adaptation to larger-scale crop 

development projects.Researchers anticipate that combining speed breeding with other modern crop 
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breeding technologies, such as high-throughput genotyping, genome editing and genomic selection, has a 

lot of potential for speeding up crop improvement. 

S4-VP-03 
Potential of teosinte accession (Zea mays ssp. parviglumis) for enhancement of prolificacy in baby 
corn through molecular breeding 

Irum Gul, Rashmi Chhabra, Elizabeth Mathew, Rajkumar U. Zunjare, Vinay Bhatt, Gulab Chand, 

Ravindra Kasana, Nitish R. Prakash, Vignesh Muthusamy, Firoz Hossain 
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(Correspondence: irum.gulshah@gmail.com) 

In maize, prolificacy is scored as the number of ears on a plant. Domesticated maize has 1-2 ears per 

plant, while teosinte accessions have higher prolificacy with multiple ears (>50) per plant. Teosinte 

branched-1 (tb1) has been known as the major gene that governs prolificacy in maize. The tb1 allele in 

maize is expressed twice as compared to teosinte, and over-expression of the suppressor protein leads 

todecrease of branching in maize. This overexpression is due to the presence of Hopscotch (~58-64 kb) 

transposable element (TEs) at ~58-69 kb upstream of tb1 coding sequence in maize. Hopscotch TE 

wasfound to be absent in teosinte. In the present study, tb1 allele of teosinte accession (Zea mays ssp. 

parviglumis) was crossed witha series of elite maize inbreds. A PCR marker (Hop378/Hop379 & 

Hop378/Hop381) was used that differentiated the presence and absence of Hopscotch TE in the 

segregating generations. Marker linked to tb1 gene and various genome wide SSRs showed segregation 

distortions. Progenies with tb1 allele of teosinte possessed up to five ears per plant. These inbreds derived 

through molecular breeding also show typical plant and ear characteristics of cultivated maize. 

Theseintrogressed genotypes thus hold significance in enhancing prolificacy in baby corn breeding 

program.  

S4-VP-04 
Comparative transcriptome analysis of stay-green mutants and their wild type in rice reveal 
differential expression of genes associated with photosynthesis and chloroplast machinery 
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Artificially induced mutations have greatly advanced the understanding of genetics of crop plants and to 

date around 2,428 crop varieties have been released through mutagenesis; among them, 501 are rice 

varieties. Two Ethyl Methane Sulfonate (EMS) induced Stay green (SG) mutants viz SGM-1 and SGM-3 

were subjected to in-vivo Dark Induced Senescence (DIS) along with their wild type Nagina 22 (N22) 

after anthesis to understand the molecular basis of delayed senescence. RNAseq was performed at 

different time points of DIS namely Day 0 (D0), Day 6 (D6) and Day 9 (D9) respectively using Illumina 
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platform. A total of eight datasets were generated since the D9sample of N22 was not available for 

RNA-seq as it had senesced completely. The number of raw reads across the eight RNA-seq data sets 

ranged from 40.02 million in D9SGM-3to 60.06 million in D0 SGM-1 with a total of 378 million raw 

reads and an average of 47.25million reads across different time points. A total of 384 unique DEGs 

associated with photosynthesis were extracted across different time-point comparisons (TPCs). Of the 

384 DEGs, the highest fold change was observed in PSBR (11.77) in N22 (D0 N22vs D6 N22). For the 

same, the mutants had no differential expression at D0. Post DIS condition (D6), SGM-1 had 

upregulation by2.52foldwhereasSGM-3 had same expression level as that of N22. When compared 

between the mutants, SGM-3was down regulated by 3.54 fold at D6 (D6 SGM-1 vs D6 SGM-3) and by 

10.14 fold at D9 (D9 SGM-1 vs D9SGM-3) which is also the lowest expression for PSBRas well. 

Unweighted gene co-expression network analysis of the 384 DEGs showed that genes associated with 

Photosystem II (PS II) and Photosystem I (PS I) to be the hub genes. The corresponding expression 

profile of these genes in different TPCs also suggests that these genes could be responsible for the SG 

nature of the mutants. Further functional characterization would   help in elucidating the role of these 

genes in controlling the functional SG properties.  
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Soybean (Glycine max L. Merrill, 2n=40), the “Golden bean,” contains 40-45% quality protein and 18-

20% health-friendly oil along with several essential nutritional elements. However, it consistently sustains 

loss of seed viability during ambient storage after harvesting to next planting season which is a significant 

obstruction in the quality seed production that leads to the shortages of quality seeds eventually increase 

in the seed rate and cost of production. In this study genetics of the seed viability and mapping of the loci 

linked to seed viability were undertaken. Five highly viable genotype (>90% germination after one year 

of storage) viz. EC-1023, EC-105790, G2651, UPSL34, UPSL736 and three poorly viable genotype 

(<70% germination after one year of storage) viz. MACS-565, PK1243, VL5-61 were hybridized in all 

possible combination. F1 hybrids were obtained from three crosses viz., EC1023 x VL561, UPSL736 x 

PK1243 and UPSL736 x MACS565 and advanced to the subsequent generations individually. For 

phenotyping the F2:3 seeds of the cross EC1023 x VL5-61 along with the parental genotypes were 

subjected to accelerated ageing under the optimized conditions of 41
0
C and ~100% RH for 72 hours 

followed by germination test. The germination of the seeds of EC1023 and VL5-61 after accelerated 

ageing was 40% and 14%, respectively, while the same for the F2:3 seeds ranged from 4.16% to 71.42% 

with an average of 17.31%. The continuous distribution of germination in the F2:3 seeds indicated that the 

seed viability is controlled by many genes or quantitative trait loci (QTL). Parental polymorphism studied 

with 506 SSR markers indicated it to 20.35% and the distribution of the polymorphism was not uniform 

across the chromosomes; Chr. 15 had 46.15% polymorphism as against 15.78% on Chr. 3 and 4. Mapping 

of QTLs were performed through inclusive composite interval and mapped 8 QTL for seed viability on 
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Chr. 6, 7, 8, 10, 13 and 17, respectively. Out of eight QTLs two were seems as major QTL as their PVE% 

is more than 10. Previously reported 8 SSR markers viz, Satt538, Satt434, Satt285, Satt600, Satt371, 

Satt453, Satt618 and Satt423 linked to seed viability were also validated in the parental genotypes and out 

of all only one marker i.e Satt538 could differentiated the five good and three poor storing genotypes 

through specific bands. Thus, this would be a candidate marker for mapping of seed viability and 

developing improved soybean genotypes with longer viability of the seed in ambient storage. The 

information on genetics of seed viability and QTLs and markers identified in this study will pave the way 

for developing genotypes with enhanced seed viability through molecular breeding. 

S4-VP-06 
Genetic study of seed coat colour in soybean [Glycine max (L.) Merr.] 
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Soybean exhibits natural variation in flower and seed coat colours via the deposition of various 

anthocyanin pigments in the respective tissues. The visual appearance of the soybean seed has been 

altered as a result of domestication during the transition of the wild Glycine soja to the current cultivated 

Glycine max. Colour is one of the phenotypic markers mostly used to study soybean in the study of 

genetic, molecular and biochemical processes, due to their easy recognizability. All modern commercial 

high yielding soybean (Glycine max) germplasms possess yellow seed coats with a range of hilum colours 

(brown, black, imperfect black, buff, yellow), whereas the wild soybean (Glycine soja) accessions possess 

black seed coats. Therefore, to investigate the inheritance of seed coat colour in soybean, a cross was 

made between a vegetable soybean genotype AGS 457 (Brown seed coat) and a grain type soybean SKAF 

148 (Yellow seed coat). All the F1s obtained were brown in colour which indicates that the seed coat is 

maternal in origin. F1s were advanced to produce F2s which were green in colour that possibly shows the 

interaction of different genes in determining the seed coat colour in soybean. Further, the F2 population 

was advanced to produce the F3 population. Seed coat segregation was observed for Green, yellow and 

brown seed coat colour in the F3 population that further confirming the interaction of different genes 

involved in seed coat colour determination in soybean. 
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Identification of specific threonine phosphorylation sites imparting dual-affinity to nitrate 
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Among nutrients, nitrogen (N) is required in large amounts by plants to maintain growth and productivity. 

The uptake of N is primarily through nitrate transporter, NRT1.1 gene, which is a ‘dual-affinity’ nitrate 

transporter as well as a ‘receptor’, first characterized in Arabidopsis AtNRT1.1 (CHL1/AtNPF6.3). The 

‘dual-affinity’ function in AtNRT1.1 gene was reported due to the phosphorylation of Threonine (Thr) 

residue at position 101. We conducted a comprehensive in silico study including monocot (Oryza sativa 

indica, O. sativa japonica, Triticum aestivum, Brachypodiumdistachyon, Zea mays, Hordeum vulgare, 

and Sorghum bicolor) and dicot (Arabidopsis thaliana and Glycine max) species to identify the Thr 

position that might provide dual-affinity to NRT1.1. The coding sequence of AtNRT1.1 was used as a 

reference to examine the Thr position in different monocots and dicots. The homologous sequences 

having maximum percent similarity (>60%), high query coverage, and all the motifs and domains as in 

AtNRT1.1 were chosen for further analysis. The AtNRT1.1 possessed five exons and four introns whereas 

the number of exons and introns ranged from two to five respectively in other plant species. The NRT1.1 

protein consists of 12 transmembrane helices except in T. aestivumon A genome. The identified dual-

specificity kinase specific phosphorylation sites (p-sites) of Thr residues were found to be deleterious 

(PROVEAN score between 3.85 to 4.05) and were present either inside the cytoplasm or on the 

transmembrane helix. However, no phosphorylation sites were found in NRT1.1 of T. aestivum and H. 

vulgare. Thirty-five putative chemical substrate binding pockets were identified in the proteins of selected 

monocots and dicots, out of which 18 were highly conserved. The identified deleterious threonine 

residues may be mutated at specific sites and functionally validated for the change in affinity from low to 

high which may result in improved N acquisition.  
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Improving food quantity and quality remains a challenging issue to meet the demand of an 

increasinghuman population globally. In parallel, micronutrient deficiencyinthehuman diet leads to 

malnutrition and several health-related issues collectively known as ‘hidden hunger’ especially in 

developing countries around the globe. To mitigate this challenge, biofortification is one of the potential 

approaches to improve grain micronutrients in various crops including grain legumes. Hence, improving 

grain micronutrients invarious legumes crops via biofortification approach could greatly assist in 

combating micronutrient related problems in underdeveloped and developing countries across the globe. 

Among the various approaches, harnessing genetic variability for various micronutrients existing across 

the various gene pools is one of the prerequisites for developing biofortified grain legumes. Similarly, 

modern "omic" technologies such as genomics, transcriptomics, ionomics, and metabolomics could 

greatly aid in identifying the underlying candidate gene(s)/QTLs/genomic regions, molecular networks, 
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and metabolic pathways that contribute to improved micronutrient availability. Likewise, transgenic and 

emerging genome editing tools hold great promise for designing nutrient-rich grain legumes. Thus, 

collectively, various breeding approaches in concert with modern ‘omic’ and emerging breeding 

techniques could promisingly help in developing biofortified grain legumes to ensure global nutritional 

security. 
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Effects of various combinations of Rhizobium, VAM and fertilizer on nodulation and yield in 
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Malnutrition, often known as hidden hunger, affects more than half of the world’s population, including 

pregnant women and younger children in developing nations. One of the most important responsible 

factors for malnutrition is food insecurity whichaffects almost a billion people worldwide. Chickpea has 

been identified as one of the most economically important foods, which is a significant source of different 

macro and micronutrients. Protein has been identified as one of the important sources for the fulfilment of 

nutritional deficiencies. Nitrogen and phosphorous are crucial elements required for chickpea plant 

growth and development. Several Rhizobium species have been used in agriculture for promoting 

nitrogen-fixing ability in legumes. Similarly, fertilizers and VAM (vesicular-arbuscular mycorrhizae) 

enhance crop growth and yield. Thecurrent study presents the understanding of the effects of the 

exogenous supply of Rhizobium, VAM and fertilizer on chickpea for the fulfilment of nutritional 

requirements, ARA estimates and chickpea plant growth in terms of yield and production.During 2020-

21,theAcetylene Reductase Activity for all these 20 genotypes was conducted in order to estimate the 

Nitrogenase activity with the help of GCMS (Gas chromatography mass spectrophotometry) technique to 

estimate the nitrogen fixation potential of root nodules. The maximum values of Nitrogenase 

(𝜂𝑚𝑜𝑙𝑒𝐶2𝐻4/𝜂/𝑔/1000) for control, VAM and rhizobium were recorded in BG -3022, ICC-9085 and

ICC-2083 respectively. 
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The advent of CRISPR/Cas9 technology has revolutionised agriculture and plant biology with its 

unprecedented application to modify any target genomic sites. This system has been modified with the 

base editor, which can install substitution of one base to another within a specific editing window. Both 

the base editors, i.e., cytosine base editors (CBEs) and adenine base editor (ABEs) can create transition 

mutations i.e., C-to-T and A-to-G, respectively, unable to perform transversion base substitutions. This 

problem has recently been resolved by the discovery of a highly advanced genome editing tool, prime 

editing (PE), that directly copy the desired edit installed within prime editing guide RNA 

(pegRNA)without requiring any DSBs (double stranded break) or donor DNA template. In addition, this 

precision engineering tool can install all the twelve types of point mutations, large deletions, insertion, 

and other possible changes. Initially applied in mammalian system, prime editing has recently been 

applied in a wide range of plants, but the editing efficiency remain low.In this study, we have selected 

two rice genes, acetolactate synthase (ALS) and zebra3 (Z3) for installation of specific mutation using 

prime editing tool.A substitution of tryptophan to leucine at 548 position of the ALS protein gives rise to 

herbicide resistance, whereas mutant z3 plants exhibit a phenotype of alternate transverse dark-

green/light-green stripes in the leaves and stunting growth. We had tried to install three base insertions in 

the OsZ3 and three base pair substitution in the OsALS locus using prime editing that can create EcoR1 

and XhoI restriction sites, respectively. Two respective prime editing constructs were mobilized into 

Agrobacterium, which subsequently used to transform embryogenic calli of Kitaake (Oryza sativa L. ssp. 

japonica) rice variety. At least, 260 and 300 regenerated T0 transgenic rice plant lines for each construct 

were selected for analysis. Genomic DNA was isolated from individual plants and restriction enzyme 

digestion of PCR amplified products performed to identify desired edit. In addition, pooled genomic 

DNA was collected from hygromycin selected 20 individual calli for each construct, and target region 

amplified using PCR. Deep sequencing of the pooled PCR samples revealed no desired edit at the target 

region but unintended edit on nearby site was observed. Our results demonstrate that the system needs 

further improvements such as, optimizing the length of RT template and primer binding sites, and 

addition of other repair proteins to enhance the editing outcome in rice. 

S4-VP-11 
Fine mapping of qPH5.1 QTL region for dwarfness in pigeon pea (Cajanus cajan L. Milsp. cv Pusa 
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Pigeon pea (Cajanus cajan Lin. Milsp.) is an important grain legume crop with specific importance 

providing proteins and nutrients in day-to-day Indian vegetarian diet. The plant growth habit of pigeon 

pea is an important area of research to develop plants of ideal height for mechanical harvesting and higher 

harvest index. Pusa Dwarf is a breeding line with determinate and dwarf nature and is being used in 

breeding programs.QTL qPH5.1 for plant height with recessive dwarfness allele from Pusa dwarf was 

reported earlier from our lab. A BC6F1 QTL-NIL population developed by crossing CMS line GT288 

with recurrent parent Pusa Dwarf developed by Dr. R.S Raje, Division of Genetics, ICAR-IARI was used 
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in this study for fine mapping of QTL qPH5.1. The population grown in field were phenotyped for plant 

height and leaf samples were collected for DNA Isolation.  DNA from the two parents, as well as medium 

and dwarf bulked NILs (20 plants each) from the population were used for genotyping using62K SNP 

chip array ‘CcSNPnks’. The data was analyzed using latest version of the pigeon pea genome sequence 

available in lab, 1547 SNPs polymorphic between parents and also between the bulks were selected for 

further analysis. 312 such polymorphic SNPs were located in the qPH5.1 QTL region. QTL flanking 

SNPs have been identified for use in selection of recombinants and fine mapping. Phenotyping of the 

parents and population revealed early loss of apical dominance and branching leading to the dwarf bushy 

nature of the Pusa dwarf allele. Plant hormones were applied to elucidate the hormone involved in the 

development of determinate and bushy nature. After auxin application, Pusa Dwarf continued to grow 

without lateral branching till the auxin application plug was removed suggesting that the dwarfness may 

be due to impaired auxin synthesis or transport at this growth stage. Further fine mapping and molecular 

characterization of the trait is being continued to find the locus and its function. 
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S5-PP-01 
SlHSFB3, a heat shock transcription factor plays role in root as well as aerial development in 
tomato under unstressed conditions 
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Root development is a complex plant process that is monitored by environmental as well as plant 

developmental cues. Tomato, being an agronomically important crop has been studied widely, although 

its root development is scantly explored. So, to obtain an insight to the transcription factors governing 

root development in tomato, a differential transcriptomic analysis of tomato tissues was carried out and 

the transcriptomic analysis showed that 279 genes were differentially expressed in roots. The analysis 

included about 92 genes and regulatory proteins that encode different plant transcription factor families. 

Two HSF gene family members (SlHSFB3a and SlHSFA7) showed root specific expression. Plant HSFs 

or heat shock transcription factors are known to play crucial roles in stress sensing and signaling during 

heat stress conditions and are widely characterized till date on the basis of their thermotolerance, 

however, their role in plant development is not very clear. As SlHSFB3a was considered for further 

studies for its root specific expression under unstressed conditions, hereby, we discuss SlHSFB3a related 

studies. SlHSFB3a acts as a repressor. Yeast two hybrid system depicted strong interaction of SlHSB3a 

with four other co-repressors expressed in tomato root, SIN3a, SIN3b, SIN3c and TPL6 suggesting that 

this TF might perform different functions by interacting with different type of co-repressors. Exogenous 

treatment of IAA, BAP, ABA, enhanced expression of SlHSFB3a whilst, its transcript levels were 

suppressed by ACC, JA and SA treatment. Salinity stress and nutrient deficient conditions also negatively 

regulated SlHSFB3a expression. In silico analysis of SlHSFB3a promoter revealed the presence of ABA 

and JA motifs and its regulation in tomato root was observed by transgenic hairy root generation. 

Transgenic hairy roots transformed with SlHSFB3a promoter showed expression in specific root tissues 

on exposure to ABA and MeJA. Manipulation of SlHSFB3a affected root architecture. Over-expressed 

transgenic lines exhibit reduced primary root length, increased lateral root number and lateral root 

density. Interestingly, increased plant height was observed in 30 days old over-expressed transgenics 

suggesting its possible role in regulating hormonal crosstalk for plant aerial phenotype. Furthermore, 

studies are being carried out to identify the changes in other phenotypic parameters in over-expressed and 

silenced (CRISPR-Cas9) transgenic lines and identifying probable targets of SlHSFB3a in root growth. 
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Maize (Zea mays L.) is the third most planted cereal crop after wheat and rice worldwide. With the rise in 

global population, production is no longer sufficient to meet individual demands. Moreover, 

environmental and biotic stresses also limit its productivity. An efficient genetic transformation protocol 

is necessary to transfer desirable genes via Agrobacterium mediated transformation or gene editing 

methods. Our experiments with immature embryos of three inbred lines viz. V390, HK193-2 and HK1-

163 resulted in plant regeneration and development of transgenic plants. The cobs were harvested after 

10-15 days of pollination and immature embryos were isolated after following the sterilization 

procedures. 80-100 immature embryos were isolated from each genotype. Agrobacterium tumefaciens 

LB4404 and the binary vector pCAMBIA3301 were used for the transformation experiments. The binary 

vector pCAMBIA3301 contains the bialophos/phosphinothricin resistance (Bar) gene and GUS reporter 

gene. Following infection, the embryos were co-cultivated for 16-18 hours in dark and subsequently 

subcultured on a regeneration media containing 5µM Dicamba and 3µM 2,4-dichlolorophenoxy acetic 

acid (2,4-D). Embryogenic callus along with coleoptiles were observed after 7-10 days. The callus was 

transferred to shooting media containing 2µM kinetin and 4µM thidiazuron and kept for 2 weeks in dark 

for regeneration of shoots. For rooting, the regenerated shoots were placed on rooting media containing 

2µM NAA for 2 weeks in light. The well-developed plants were transferred to pots.  DNA was extracted 

from (100mg) leaves of putatively transformed and untransformed plants. Putative transformed shoots 

were PCR-screened to detect the presence of bar selectable marker gene and Gus reporter gene. On PCR 

amplification with the bar primerswe obtained 402bp band in the transgenic plants and with Gus primers 

we obtained a band of 802bp. We successfully confirmed 23 PCR positive plants from a total of 44 plants 

regenerated and the overall transformation efficiency ranged from 3-10%.  

S5-PP-03 
Insight into the potential application of gold nanoparticles in enhancing biomass production in 
bamboo 
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Bamboos are fast growing evergreen perennial flowering plants belonging to family Poaceae having 

notable economic and cultural value. Because of their fast growing nature and being an inexpensive and 

renewable resource for biomass production, it can be used as a substitute for expensive timber or wood, 

and hence is termed as “the green gold”. However, macro-propagation (through seeds and cuttings) is 

restricted by the environmental factors such as temperature, humidity, water balance, soil conditions, light 

intensity, wind speed and pathogens. Therefore, the increasing market demand cannot be met through 

macro-propagation. Consequently, it is important to establish an efficient micropropagation protocol for 

mass propagation of these species for commercial scale cultivation in India. Further, the effect of 

nanoparticles in plants causes various changes in the physiology, morphology, and genotoxicity level, and 

their understanding is important for the effective use of nanotechnology in plant growth and development. 

Nanoparticles are either molecular or atomic aggregates with sizes ranging from 1 and 100 nm. Among 
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various types of nanoparticles, gold nanoparticles are well documented to stimulate plant development 

and ameliorate stress in different crop species. In this study, we performed in vitro studies to enhance 

biomass production in different bamboo species with the help of chemically synthesized gold 

nanoparticles (received from Dr. Amitabha Acharya) under controlled environmental conditions. Our 

results showed that differential coating (positively charged vs negatively charged) and concentration of 

gold nanoparticles significantly affect in-vitro shoot multiplication in bamboos. Various morphological, 

anatomical and biochemical parameters were found to be differentially regulated in the concentration 

dependent manner by these nanoparticles under in vitro conditions. We concluded that gold nanoparticles 

improve shoot multiplication and optimized the effective concentrations of gold nanoparticle in 

improving in vitro shoot multiplication in different bamboo species. 

S5-PP-04 
Optimization of physical factors responsible for callogenesis in soybean towards haploidy 
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Glycine max (L.) Merill (soybean) is a popular oilseed and an important legume. Soybean androgenesis is 

very challenging and many efforts have been made in this area so far, but the success is limited to only 

2%. Given the nutraceutical properties and increased production of soybean, this study focused on an 

effective micropropagation protocol of indirect organogenesis using anther or ovary-derived callus. In the 

present study, the induction of soybean androgenesis and gynogenesis was investigated using modified 

Gamborg's medium (B5) and B5 long media, supplemented with different concentrations of plant growth 

regulators (PGRs). Six genotypes, namely JS335, SL1074, Pusa12-13, SL958, SL525 and DS9712, were 

cultured on B5 medium provided with various PGR, sucrose and organic compounds for callus initiation 

and organogenesis. Also, different temperature conditions were provided. The combination of 10 mg/L 

2,4-D, 1 mg/L IBA and 1 mg/L BAP supplemented with 30 g/L sucrose and 200 mg/L myoinositol and 

temperatures of 22 1 and 26 1 produced the best callus induction for gynogenesis, whereas androgenesis 

showed no response. The present protocol can be further studied for large-scale micro-dissemination for 

commercial purposes. The present study reports the first case of soybean gynogenesis. 

S5-PP-05 
Germline transformation of Artemisia annua L. by in planta transformation technology 
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For millennia, Artemisia annua L. has demonstrated significant medicinal benefits due to the presence of 

artemisinin, a sesquiterpene lactone having promising antimalarial activity and also the part of 

artemisinin-based combination therapies (ACTs) to treat malaria. Being the versatile pharmacological tool 

of nature, artemisinin and its derivatives are used to treat various types of pathogen in diseases including 

SARS-CoV-2. To date, the main method of artemisinin production is its extraction from Artemisia 

annua L. Profitable commercialization of ACTs is however, challenging due to the low content of 

artemisinin (0.01-1% dry wt.) in A. annua. Genetic engineering of Artemisia annua can emerge as one of 

the most promising strategies for increasing artemisinin yield and making it accessible to the poorest. To 

genetically engineer A. annua for improved production of artemisinin, we have used the direct in planta  

transformation approach by Floral dip transformation event. It can result in identically transformed male 

and female gametophytes, which might result in a large number of T1 plants that are homozygous for the 

T-DNA insertion when self-fertilized. This is the alternative method to circumvent the necessity of tissue 

culture phase for  transgenic plant regeneration. Thus, we for the first time successfully transformed   

Artemisia annua L. by floral dip transformation method with enhanced expression of artemisinin 

biosynthesis genes, which may possibly increase the artemisinin biosynthesis and its yield. A. annua 

capitula were dipped in infiltration media of Agrobacterium tumifaciens strain EHA105 carrying 

expression vector with our genes of interest. The T1 seeds were collected and germinated on soil in 

transgenic containment facility. After four weeks, transformed progenies were confirmed by PCR 

amplification of hpt gene. Positive transformants were selected and grown to maturity. The infiltration 

medium comprised of 1/2MS, Tween-20(0.075%) and Acetosyringone (50mM) generated the highest 

number of transgenic lines with transformation efficiency of 26.9% that is unexpectedly high. We only 

choose unopened bud stage capitulum of floral development for high efficiency transformation. Our 

results suggest the feasibility of A. annua floral dip transformation as a time-saving and cost-effective 

method as compared with traditional methods. To our knowledge this is the first report that describes a 

simple, inexpensive and an efficient method of A. annua L. transformation that has yielded a higher 

transformation rate  than the current available methods. 

S5-PP-06 
In vitro regeneration potentiality evaluation from different explants of curry leaf [Murraya koenigii. 
(L). Spreng.] 
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Murraya koenigii (L.) Spreng, commonly known as curry leaf tree, is an aromatic deciduous small tree 

found throughout India.Itis a rich source of several carbazole alkaloids, namely murrastifoline- F, 

euchrestine B, bismurrayafoline E, mahanine, mahanimbicine, mahanimbine, 9-carbethoxy-3-

methylcarbozole and 9-formyl-3-methylcarbazole, murrayanine and 8, 8’’-biskoenigine.These alkaloids 

are proved to be anti-microbial, antioxidative, anti-trichomonal, anti-carcinogenic, anti-cancerous and 

have chemopreventive activity in humans and other mammals. The conventional method of propagation 

of this tree is limited to seeds only, again, which are recalcitrant in nature. No information has been 

gathered for genetic improvement of M. koenigii because of high heterozygosity, self- and cross 

incompatibility, facultative apomixis and long juvenile periods. Hence, non-conventional breeding 
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approach namely, genetic transformation, in vitro-polyploidization, -mutation, somaclonal and 

gemetoclonal variation may be practicedfor its overall genetic improvement. But it requires an efficient 

plant regeneration protocol. Before our publication of direct and indirect somatic embryogenesis protocol 

in the year 2011, Murraya koenigii was believed to be a recalcitrant species in respect to their 

regenerative ability. There are many pluri- or totipotent cell populations present throughout the plant 

body, but their proper expression in a right environment is the prerequisite of plant regeneration. On that 

background, we have evaluated the regenerative ability of different explants in a fixed chemical and 

physical in vitro environment. The matured seeds from Curry leaf plant were surface sterilized with 

standard procedure and germinated in MS medium. After dissection from the germinated seeds, 

cotyledonary node (CN), shoot node (SN) were inoculated in MS+5.35µM1-Naphthaleneacetic acid 

(NAA)+4.44µM 6-Benzylaminopurine (BA) medium for shoot multiplication; and cotyledon, ZE axis, 

hypocotyl, epicotyl were cultured in 4.54µM Thidiazuron (TDZ) containing MS medium for direct 

morphogenetic study. The cultures were maintained at 25 ± 1
o
C, 16-h photoperiod under 35 µE m

-2
 s

-1
 

light intensity and 55–60% relative humidity. All experimental data were analyzed by Duncan’s multiple-

range test (DMRT) using SPSS for Windows version 16.0. During the study of regenerative ability of 

different explants, CN and SN explants showed axillary shoot proliferation after two weeks of culture, but 

their frequency of average shoot formation per explants was varied. The statistical analysis showed that 

CN(9.80±0.230) performed much better than SN (6.16±0.050) in terms of number of shoots per explant. 

All the five different explants used for morphogenic response,showed embryogenic potentiality when 

cultured in TDZ containing medium except the hypocotyl that showed both organogenic and embryogenic 

potentiality; but the days required to induce morphogenic potentiality, percentage of explants responded 

and the frequency of somatic embryos varied from explant to explant.The highest frequency (66.02±0.82) 

of somatic embryos were noticed from 94.44% ZE axis explants, whereas the lowest regeneration 

frequency was obtained from both cotyledon and cotyledonary explants. In conclusion, it may be inferred 

that ZE axis and CN explants of Murraya koenigii were the most suitable for induction of somatic 

embryogenesis and axillary shoot proliferation respectively.  

S5-PP-07 
Standardization of genetic fidelity testing protocols for tissue culture raised plants under National 
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National Certification System for Tissue Culture Raised Plants (NCS-TCP) is the unique quality 

management system for the plants derived through tissue culture and is governed by DBT, Govt. of India. 

ICAR-NIPB is the referral centre (RC) of tissue culture raised plants and it holds the responsibility for 

identifying the molecular marker system and a set of markers for unambiguous fidelity protocol of the 

mother plant and its tissue culture multiplied progenies. DNA markers serve as an important tool to check 

the genetic uniformity and identity of micro-propagated plants. The IRAP and ISSR marker system are 

used to test the genetic fidelity of the tissue culture raised plants. Under this programme, we have 

developed protocols using Inter Simple Sequence Repeat (ISSR) universal primers which were used to 
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screen the polymorphism between different varieties of the crop, and IRAP markers system derived from 

a retrotransposon source. The ISSR proved to be simple, quick, reliable, and cost effective amongst 

various DNA based markers. In IRAP, combinations of primers pointing outward from the LTR of 

retrotransposons are used to amplify the region between two retroelements. As retrotransposon integration 

patterns vary between genotypes, the number and size of the resulting amplicons can be used for 

differentiation of genotypes or cultivars, to measure genetic diversity. IRAP could be one of the best 

marker systems for genetic fidelity testing of tissue culture raised plants. Our RC has developed protocols 

for genetic fidelity testing in various crops such as banana, sugarcane, date palm, bamboo and potato 

using ISSR and IRAP markers. Currently, the protocols developed by our RC are used by the NCS-TCP 

system through five Accredited Testing Laboratories (ATLs) to validate the tissue culture derived plants 

produced by more than 100 tissue culture companies before providing it to farmers. The objective of the 

project is to provide quality planting material in terms of genetic similarity for enhancing their market 

reach through a certification process. The brief methodology for genetic fidelity testing includes DNA 

extraction, quantification, followed by PCR amplification with the ISSR markers and interpretation with 

data analysis. The ultimate aim of this work is to provide genetically similar, true to type quality planting 

material through NCS-TCP system to farmers.  
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Ferula assa-foetida L. (Apiaceae) is a perennial and herbaceous plant indigenous to Iran and Afghanistan. 

The oleo-gum resin obtained from the fleshy roots of this plant makes an integral part of Indian cuisine 

and also been used as a traditional medicine for various diseases. The key metabolites of F. asafoetida are 

the terpenoids (sesquiterpenes) and phenylpropanoid metabolites (coumarins). Despite its popularity, and 

extensive usage in Indian vegetarian cooking, F. assa-foetida had never been cultivated in India, until the 

efforts made by CSIR-IHBT. CSIR-IHBT pioneered the establishment of this valuable herb in India 

through seeds. However, conventional propagation of F. asafoetida is restricted by long seed dormancy, 

thus an alternative method of propagation is the need of the hour to establish and propagate en-masse. 

Keeping the above facts in mind, in vitro protocol for callus induction for indirect somatic 

embryogenesis, shoot regeneration or secondary metabolite production was established. Excised leaves 

from the healthy plants grown under controlled conditions and, in vitro leaves and petioles were used as 

explant for callus induction. Thoroughly sterilized leaves were inoculated to Murashige and Skoog (1962) 

medium supplemented with Kinetin (0.5 - 2 mg/l), BAP (0.5-2 mg/l), NAA (0.5 – 2.0 mg/l) or 2,4-D 

(0.25 - 1.0 mg/l) in combinations. Induction of callus was observed after 45 days of incubation under 

specified regimes of temperature and light. Proliferation of callus, somatic embryogenesis and shoot 
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regeneration was also observed in presence of various phytohormone combinations. The standardized 

protocols can be used for en-masse proliferation and the genetic improvement in F. assa-foetida.  

S5-PP-09 
Ex situ conservation of Bulbophyllum griffithii (Lindl.) Rchb.f, an endangered medicinal orchid of 
Northeast India 
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Worldwide, orchids are known as beautiful ornamental plants and possess high therapeutic potential. 

However, very less emphasis has been given to their medicinal attributes. Bulbophyllum griffithii is one 

such important orchid species reported by the Chinese and used traditionally to treat fractures, abscesses, 

chronic coughs, bronchitis, etc. In order to assess the presence of medicinally important phytochemicals 

in B. griffithii, the HR-LCMS analysis was carried out for leaves, pseudobulbs and roots using ESI -ve 

mode and ESI +ve mode. A total of 48,49 and 33 compounds were reported in leaves, pseudobulbs and 

roots respectively using ESI -ve mode. On the other hand, using ESI +ve mode, 43,40 and 37 compounds 

were reported. Further, analysis of the antioxidant activity in different tissues using FRAP, DPPH and 

Metal Chelating Activity revealed that the roots exhibited the highest activity followed by leaves and 

pseudobulbs. Due to over-exploitation of orchids for commercial as well as medicinal purposes, their 

population in nature is diminishing fast. Therefore, there arises an urgent need toconserve and minimise 

the over exploitation of orchids from nature. The cultures of B. griffithii were raised through in vitro a 

symbiotic seed germination technique. The highest seed germination percentage (72.18%) was recorded 

in Mitra medium followed by Knudson C, Gamborg B5 and MS media. The seeds inoculated in Mitra 

medium supplemented with PGRs (TDZ, Kinetin, BAP, IAA, NAA) at concentrations ranging from 2-10 

µMs howed both PLBs formation and direct plantlet development whereas seeds inmedium supplemented 

with chitosan at concentrations ranging from 1-10mg/l formed plantlets. Best plantlet growth and 

development was observed in Mitra medium supplemented with chitosan at 7mg/l. The findings of the 

present study will lead to an enhanced production of plants of B. griffithii which will minimize its over-

collection from nature thereby resulting in ex situ conservation and sustainable utilization. 
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The present study reports the use of silver nanoparticles as a gene carrier, substituting gold microcarrier 

for biolistic gene delivery in Nicotiana tabacum L. Efficiency of biolistic transformation using silver 

nanoparticles (100 nm) was compared with that of gold microcarriers (0.6 micron) under varying helium 

pressure (450 psi, 650 psi, 900 psi and 1100 psi) and target distance (6 cm and 9 cm). Among the 

different concentrations (0.01–100 mgL
−1

) of silver nanoparticles tried, 10 mgL
−1

 produced the highest 

number of transient GUS expression (30) with statistical significance. Helium pressure of 650 and target 

distance of 9 cm, and 900 psi pressure and 6 cm distance resulted in the highest GUS expression with 

gold microcarriers and silver nanoparticles, respectively. Regeneration efficiencies of tissues bombarded 

with gold microcarriers and silver nanoparticles were 62.5% and 70.83%, respectively. Stable transgene 

integration was confirmed using PCR. Transformed plantlets produced the expected amplicon of size of 

298 bp confirming the presence of GUS gene. There was no GUS amplicon in the control. Transformation 

efficiency was significantly higher with silver nanoparticles than gold microparticles as carriers resulting 

in a reduction up to 37.5-fold on the cost of consumables. 

S5-PP-11 
Development of callus and cell culture as alternative in vitro system for production of saffron 
bioactives 

Nitu Gautam and Amita Bhattacharya 

Division of Biotechnology, CSIR-Institute of Himalayan Bioresource Technology, Palampur, Himachal 

Pradesh, India 

(Correspondence: gautam.neet5@gmail.com) 

Saffron (Crocus sativus L.) is an important bulbous crop and is one of the most expensive herb spices in 

the world. It has been cultivated since ancient times and its long scarlet stigmas are used worldwide for its 

colouring and odoriferous properties in cuisines as a seasoning or condiment ingredient. It is also popular 

for its potential benefits in preventive and curative medicine. It is due to these properties that demand for 

saffron and its bioactives is increasing day by day. However, so far there have not been much 

valid reports on producing compounds under in vitro conditions fromcell suspension culture in saffron. 

Therefore, the present study was conducted to produce cell suspension cultures as an alternative for 

bioactives production. Friable callus cultures of corm, ovary, in vitro root and leaf explants were 

established using optimized cytokinin supplemented MS medium with 3% sucrose. The biomass of these 

were upscalable after regular subculturing and were also used for the development of upscalable 

suspension cultures. 1.0 g callus of each from different explants were inoculated in 25 ml of agar free 

liquid MS and incubated in dark at 25±2°C and 80 rpm on an orbital shaker. A thin layer of cells started 

depositing on the walls of the flask at the liquid/air interface and attained a golden yellow colour after 2-3 

weeks. The cultures were then analysed for potential bioactives using acid-base test, thin layer 

chromatography, UV-Vis spectroscopy and Fourier-transform infrared spectroscopy. All these tests 

indicated the presence of appreciable amounts of bioactives. The bioactive content of these cultures was 

further enhanced through elicitation with salicylic acid (SA) and chitosan (CH) respectively. The LC-MS 

analysis of these cultures after elicitation confirmed the presence of crocin, picrocrocin and safranal. The 
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callus and cell cultures can therefore serve as season and weather independent, up scalable in vitro 

systems for the production of valuable bioactives. 

S5-PP-12 
Development of a novel protocol using internodal explants of mature seeds for in vitro regeneration 
in maize  
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Maize is one of the major cereal crops around the world. It is the most important crop in terms of 

productivity, industrial products, animal feed and fodder. The traditional way of cultivating maize in the 

field is insufficient to meet the demands of an ever-increasing population. Furthermore, various biotic and 

abiotic elements have an impact on the crop yield. Rapid and efficient in vitro regeneration methods 

enabling the production of multiple plants are vital to both micropropagation and successful genetic 

modification of plants. Here, we established a novel and quick method of regeneration from split 

internodes in maize genotype 75028. Murashige and Skoog (MS) medium supplemented with 23µM 2, 4-

dichlorophenoxy acetic acid (2, 4-D) and 14µM 6-benzylaminopurine (BAP) was used to germinate the 

seeds. The longitudinally split internodal region of seedlings were placed on MS medium containing 9µM 

2, 4-D, and 4µM BAP. After two weeks of incubation in the dark, clumps of multiple shoots emerged 

from the edges of the internodes. These clumps were then sub cultured on MS medium containing 8µM 

BAP, 4µM Kinetin and 2µM Naphthalene acetic acid (NAA) for another week in light for shoot 

elongation. Individual plantlets were then separated from the clumps and placed on rooting media for root 

development. Plantlets with well established roots were transferred to pots filled with soilrite for primary 

hardening. Through this protocol we were able to successfully regenerate 4-6 plants per split internodes. 

This study provides a rapid and efficient method for micro propagation of maize and can further be 

extended for genetic transformation studies. 

S5-PP-13 
Transformation of rice with legume-derived symbiosis related genes that mediate rhizobial 
infection and colonization in roots 
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Rice is a major cereal crop in the world. Nitrogen (N) is a critical nutrient for rice productivity. N 

requirement of rice is conventionally met by the application of chemical N fertilizer. It is well established 
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that the excessive use of synthetic N fertilizer is the major cause of degradation of soil, and pollution of 

water and the environment, in addition to increasing the cost of cultivation. Therefore, an integrated 

approach is required to reduce the use of chemical N fertilizer without compromising the yield. In our 

studies, employing genetic and biotechnological approaches we are endeavouring to engineer rice to make 

it amenable to forming symbiosis with nitrogen-fixing rhizobia akin to legumes, to augment the N needs 

of this cereal crop through biological nitrogen fixation (BNF). In the present study, we have transformed 

rice with five important genes derived from the legumes Medicago truncatula/Lotus japonicus. For this 

purpose, we have utilized the plant transformation vector PA5 consisting of linked expression cassettes of 

the genes MtN6, MtFLOT2, MtFLOT4, MtRPG and LjCERBERUS to transform the rice cultivar Taipei 

309. Promoters derived from rice were used to drive the expression of all these legume genes. Dehusked, 

surface-sterilized rice seeds were used for callusing, and the embryogenic calli were utilized as explants 

for Agrobacterium-mediated transformation. Three successive sub-cultures were performed on the CHU-

N6 selection medium consisting of hygromycin. The selected calli were transferred to a regeneration 

medium for shooting followed by rooting. Putative transgenic plantlets were transferred to soilrite for 

gradual hardening. The presence of transgenes in the putative transgenic rice plants was confirmed by 

PCR amplification of MtN6, MtFL4, MtRPG, and HPT genes. In this endeavour, a few important legume 

genes could be assembled in the rice plant. We have selfed the plants and produced stable homozygous 

lines, and confirmed them through Southern hybridization. We are in the process of studying the root 

phenotype of transgenic plants after inoculation with rhizobia. Simultaneously, we are transferring other 

important symbiosis related genes from legumes to rice. 

S5-PP-14 
Direct somatic embryogenesis from root explant of limonium misty blue (Limonium latifolium X 
Limonium bellidifolium) 

Priyanka Raha, Gourab Saha, Ishita Khatua, Tapas Kumar Bandyopadhyay 

Department of Molecular Biology and Biotechnology, University of Kalyani, Kalyani, West Bengal, India 

(Correspondence: priyankambbt19@klyuniv.ac.in) 

Limonium, popularly known as statice, a genus of Plumbaginaceae is gaining its popularity in floriculture 

industry because of their unique branches are used for bouquets, corsages and other floral decoration.  A 

data from the “Facts and Figures 2020 of Royal Flora Holland” clearly indicates that this auction house 

alone imports 16 million-euro of Limonium flowers with an increase rate of 11.6% from the previous 

year, the data is amazing in this current pandemic situation. The genus Limonium has an added advantage 

that it can tolerate both salt and drought condition due to its Mediterranean origin. Recently, Limonium is 

gaining popularity in many areas of Europe, Africa, Australia, Asia and North America but Indian 

growers are not attracted too much because of their lack of knowledge on the potentiality of this flower. 

The commercial propagation of particular plant is mainly done through micropropagation because most of 

the cut-flower yielding plants are hybrid in nature, and conventional propagation through root cutting 

takes 6-8 months’ time with a lower success rate. A very few publications on this particular plant attracted 

us to work in this field. In this background, we have selected Limonium (Misty Blue), an interspecific 

hybrid of Limonium latifolium& Limonium bellidifolium having stunning purple-blue flowers, to develop 

somatic embryogenesis protocol. In our previous experiment we have tried to develop somatic 

embryogenesis from leaf of Limonium (Misty Blue) as we reported earlier in Limonium sinensis. But we 
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failed to do so, further we have tried to develop somatic embryogenesis from root. In 2017, we have 

reported direct organogenesis from root explant of the same hybrid. Now, in this research work we are 

going to report direct somatic embryogenesis from root explants.  The root explants (1.5-2.5cm) from 

green-house grown plants were cultured in full and ½ strength of MS basal media with 43.82μm sucrose 

and 0.7% agar along with different combinations of NAA (2.7μm) and BAP (0.44-8.88 μm). After 4 

weeks of culture, we found ½ MS basal medium supplemented with 2.7μm NAA and 2.22 μm. BAP is the 

best combination to induce average 7-9 numbers of somatic embryos per explant. The morphological 

observation through stereo-zoom and inverted microscope, histological and SEM study clearly indicated 

the occurrence of direct somatic embryogenesis after 30 days of culture. As the conversion ratio is very 

low, the responded explants were further sub-cultured in MS basal medium with different combinations 

of NAA (0.54-1.07μm) and BAP (0.44μm); the medium augmented with 0.44μm BAP and 1.07μm NAA 

induced 70.12% of cultured roots for conversion of somatic embryos to plantlets. After hardening, 80% of 

plantlets were totally acclimatized and out of these, 75.6 % plants survived after secondary hardening 

under greenhouse conditions. The embryo derived plants successfully flowered in the field. Inter-simple 

sequence repeat (ISSR) marker analysis revealed the genetic homogeneity of embryo derived plantlets. 

S5-PP-15 
SlDREB3 alters ABA levels and regulates plant growth, flowering time and fruit ripening in 
tomato. 
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Fruit ripening is complex process under the control of several transcription factors. It involves the action 

of hundreds of genes and a crosstalk between various hormones like ethylene, ABA, auxin and GA. 

During the course of our studies, we identified a ripening-associated transcription factor SlDREB3 that 

regulates ABA responses and is up-regulated during ripening. Suppression of SlDREB3 accelerates the 

process of ripening by 4-5 days but also affects whole plant development. Suppression lines show 

increased ABA responses and higher ABA levels due to suppression of ABA metabolism genes 

CYP707A3 and UGT75C1. In contrast, over-expression lines show reduced ABA responses and lower 

ABA levels due to up-regulation of CYP707A3 and UGT75C1. Early ripening in SlDREB3 suppression 

lines is associated with an early peak of ABA (which is known to preceed ethylene evolution) at 35 DPA 

while it is delayed by 7-8 days to ~ 43 days in over-expression lines.  Manipulation of SlDREB3 affects 

both vegetative as well as reproductive phases leading to faster growth, greater leaf area, reduced leaf 

number, acceleration of flowering time and increase in flower number and fruit set in suppression lines 

while over-expression lines show reciprocal phenotypes. The results show that SlDREB3 functions as a 

key regulator of plant growth and fruit ripening by negatively regulating ABA levels and responses.  
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Impact assessment of gold nanoparticles on in-vitro development and growth of Nardostachys 
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The corner stone of nano science and nano technology have an immense potential and functional ability to 

unravel diverse arena in crop improvement. The effect of nanoparticles in plants causes various changes 

in the physiology, morphology, and genotoxicity, and their understanding is important for the effective 

use of nanotechnology in plant growth and development. Previous researchers suggested that properties of 

nanoparticles and their mode of application affects both positively as well as negatively on plant growth 

and development, depending upon the species. Therefore, an elaborate investigation is required for 

deciphering the engineered nanomaterials, assessing their effect on the growth dynamics and 

phytochemical analysis in various ethnomedicinal plants. Nardostachys jatamansi is a critically 

endangered, high valued Himalayan medicinal plant belongs to family Caprifoliaceae. Roots and 

rhizomes of this plant are majorly rich in secondary metabolites and used in Ayurveda system of medicine 

as hepatoprotective and neuroprotective medicine. Now a day’s engineered nanoparticles are being used 

as a novel elicitor for the regulation of plant growth and development as well as for the biosynthesis of 

bioactive compounds. In current study, we assessed the impact of chemically synthesized gold 

nanoparticles (received from Dr. Amitabha Acharya) on in-vitro grown Nardostachys jatamansi in 

different coating (positively charged vs negatively charged) and concentration dependent manner under in 

vitro conditions. Various morphological, physiological, biochemical and phytochemical parameters were 

found to be differentially regulated in the concentration dependent manner by these nanoparticles under in 

vitro conditions. Our results indicated the overall positive impact of gold nanoparticles on root 

elongation. This is the first study evaluating the growth dynamics of Nardostachys jatamansi using gold 

nanoparticles. 

S5-PP-17 
MusaATAF2, a NAC transcription factor regulates senescence and shoot multiplication in banana 
plants 
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NAC domain containing transcription factors family is largest among all plant specific transcription 

factors. It regulates a broad spectrum of plant functions such as development, growth, architecture, abiotic 

and biotic stress tolerance. ATAF2 is a NAC transcription factor known to regulate biotic stress responses 

and senescence in Arabidopsis thaliana. MusaATAF2 is a homolog of ATAF2 transcription factor in 

banana and its over expression in banana plants results in two different phenotypes at two different stages 

of its life cycle. At early stage of plantlet growth, MusaATAF2 induces cytokinin hypersensitivity 

resulting in vigorous multiplication of in vitro grown shoots, while at later stage of plant growth and after 

rooting it positively regulates senescence in banana. Here, we have demonstrated a detailed mechanism of 

action of MusaATAF2 in regulating shoot development and senescence in banana plants. MusaATAF2 

coding sequence was placed under control of maize polyubiquitin promoter and transgenic banana plants 

were regenerated by Agrobacterium mediated gene transformation of banana embryogenic cells. 

Phytohormone quantification and estimation of secondary metabolites were performed using LC-

MSanalysis. Chlorophyllcontent analysis, H2O2 estimation, H2DCFDA staining and microscopic analysis 

was performed in transgenic plants to understand the biochemical and physiological functions of 

MusaATAF2. Transcript profiling of MusaATAF2 under stress and relative abundance of chlorophyll 

catabolic genes, H2O2 metabolizing enzymes and cytokinin signalling pathway genes were performed 

using qRT-PCR.Transcript abundance of MusaATAF2 were significantly induced in response to drought 

and salinity stress indicating towards its potential roles in the stress response of banana plant. Our 

observation suggested significantly enhanced shoot multiplication of invitro growing transgenic banana 

shoots overexpressing MusaATAF2 which prompted us to further analyse their phytohormone and 

secondary metabolites. Phytohormone content analysis indicated presence of relatively high cytokinin and 

low auxin content in transgenic lines. Transgenic lines also harbour significantly elevated flavonoid 

content suggesting a flavonoid mediated negative regulation of auxin signalling in transgenic plants. 

QPCR analysis of transgenic lines indicated higher abundance of genes coding for receptors for cytokinin 

signalling (AHKs) and Type B ARRs which acts as positive regulator of shoot multiplication. Moreover, 

expression of Type A ARRs which acts as inhibitors of cytokinin responses was reduced in transgenic 

lines corroborating with cytokinin hypersensitivity of transgenic lines. During later stages of plant life, 

transgenic banana plants showed precocious senescence associated with increased expression of two 

chlorophyll catabolic genes, H2O2 accumulation and reduced total chlorophyll content. These results 

suggest H2O2 mediated leaf senescence in transgenic lines controlled by MusaATAF2 which is 

corroborated by lower transcript abundance of H2O2 catabolic genes. Together these data signify that 

MusaATAF2 induces shoot multiplication in presence of external cytokinin by inducing cytokinin 

hypersensitive response and flavonoid accumulation and on the other hand it induces senescence by 

inducing H2O2 accumulation and chlorophyll catabolism. Senescence in banana plant induces side 

suckers from corm tissues before the plants could complete its life cycle, and MusaATAF2 could be one 

of the potential regulators of this unique phenomena of shoot induction in banana plant. 

S5-PP-18 
In vitro propagation of Pholidota articulata Lindl. (Medicinal orchid): A novel method for 
enhancement of secondary metabolites and antioxidant activity in cultures 
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Pholidota articulata, commonly known as articulated or jointed Pholidota, is traditionally used as 

medicine to treat ulcers, skin eruptions, cancer, fractured and broken bones. Secondary metabolites are the 

source of various therapeutic properties of a plant. HR-LCMS was used to evaluate the existence of 

secondary metabolitesin the leaves, roots and pseudobulbs of P. articulata using ESI +ve and ESI -ve 

mode. Using ESI +ve mode,24 compounds in leaves, 22 compounds in pseudobulbs and 19 compounds in 

roots were identified; whereas with ESI -ve mode 45 compounds in leaves, 49 compounds in pseudobulbs 

and 46 compounds in roots were as certained. In-vitro plantlets of P. articulata were raised in Gamborg 

B5 medium supplemented with chitosan at varying concentrations (1-5 mg/l). Assessment of 

phytochemicals present in the in vitro raised plantlets was done after 24 weeks of treatment with chitosan. 

In-vitro plantlets showed higher accumulation of phytochemicals and an increased antioxidant activity 

compared to in vivo grown plantlets. With 4 mg/l of chitosan in the medium, highest amount of 

phenolics(81.73±0.32 mg/g of dry tissue), alkaloids(38.53±0.07 mg/g of dry tissue), tannins(33.10±0.10 

mg/g of dry tissue) and flavonoids(30.21±0.04 mg/g of dry tissue) were recorded. The root tissues of 

treated plantlets exhibited highest antioxidant activity as recorded by DPPH free radical scavenging assay 

(87.63%), metal chelating activity (60.61%) and FRAP value.The present study reveals that the in vitro 

grown plantlets accumulated higher secondary metabolites as compared to in vivo plantlets. Hence, these 

in vitro plantlets can be used for extraction of various bioactive compounds or for downstream 

processingin pharmaceutical industries which in turn will help inreducing the excessive exploitation of P. 

articulate from the natural habitat. 

S5-PP-19 
Effect of light and precursor feeding on the production of vanillin in cell suspension cultures of 
Decalepis salicifolia 
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Vanillin – ‘the queen of flavors’ is the most popular flavor and aroma compound used in food and 

beverage, flavor and fragrance, cosmetic and pharmaceutical industries. In 2019, the global vanillin 

market reached 40,529 Tons and is estimated to reach 59,458 Tons by 2024. Natural vanillin is obtained 

from the orchid Vanilla planifolia and a few other species of Vanillia. However, the cultivation and 

production of vanillin from vanilla beans is a painstakingly long process with several problems. This has 

resulted in a low world production and high price of natural vanillin and subsequently the extensive use of 

low-cost synthetic vanillin. Less than 1% of the vanillin in the market is of natural origin. Alternative 

sources of natural vanillin are globally sought after owing to the possible adverse effects of synthetic 

compounds and general consumer consciousness towards health as well as natural and plant-based 

products. Our study has shown the production of vanillin in cell suspension cultures of the plant, 

Decalepis salicifolia. Friable callus induction was obtained in MS + BAP + NAA containing media 

followed by suspension shake flask culture in liquid media with the same composition. The accumulation 

of cell biomass was observed at different culture duration. The production of vanillin as well as ferulic 
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acid was studied. In addition, the influence of light on accumulation of biomass and metabolite 

production was determined. Since vanillin is biosynthesized via the phenylpropanoid pathway and ferulic 

acid is known to be the precursor of vanillin, precursor feeding was also investigated. Optimum 

concentration of ferulic acid and duration of feeding was standardized for enhanced vanillin 

accumulation. The metabolites were quantified by HPLC. Further scale-up of the technique can be useful 

to explore industrial production and provide an alternate source of natural vanillin. 
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negatively regulate adventitious root formation in stem cutting of poplar 
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Abstract 
Recalcitrant adventitious root (AR) development is a major hurdle in propagating commercially important 

woody plants. Although significant progress has been made to identify genes involved in subsequent steps 

of AR development, the molecular basis of differences in apparent recalcitrance to form AR between 

easy-to-root and difficult-to-root genotypes remains unknown. To address this, we generated cambium 

tissue-specific transcriptomic data from stem cuttings of hybrid aspen, T89 (difficult-to-root) and hybrid 

poplar OP42 (easy-to-root) and used transgenic approaches to verify the role of several transcription 

factors (TF) in the control of adventitious rooting. Increased peroxidase activity is positively correlated 

with better rooting. We found differentially expressed genes encoding Reactive Oxygen Species (ROS) 

scavenging proteins to be enriched in OP42 compared to T89. A higher number of differentially 

expressed TF in OP42 compared to T89 cambium cells was revealed by a more intense transcriptional 

reprograming in the former. PtMYC2, a potential negative regulator, was less expressed in OP42 

compared to T89. Using transgenic approaches, we have demonstrated that PttARF17.1 and PttMYC2.1 

negatively regulate adventitious rooting. Our results provide insights into the molecular basis of 

genotypic differences in AR and implicate differential expression of the master regulator MYC2 as a 

critical player in this process. 
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Ruta graveolens L., commonly known as Rue is known to contain furanocoumarins which have gained 

wide applications in pharmaceutical industry. In vitro callus production is an alternative source to produce 

furanocoumarins. Callus tissue was raised from the nodes of Ruta graveolens on MS medium 

supplemented with growth regulators and amino acids. L-Phenyl alanine was used as a precursor to 

increase the production of Psoralen and Bergapten in the callus cultures. NAA (10.74M) + BAP 

(4.44M) supplemented with L-Phenyl alanine of various concentrations yielded more callus. HPLC 

analysis revealed that nodal extract contained less amount of Psoralen and Bergapten whereas Psoralen 

was absent in nodal derived callus. The highest amount of Bergapten of 27.45 mg/g DW was produced in 

the callus raised on MS medium supplemented with NAA (10.74M) + BAP (4.44M) + L-Phenyl 

alanine (2.42mM).   
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SCoT marker assisted clonal stability assessment and flow cytometric genome size analysis of in 
vitro direct and somatic embryo regenerated Carthamus tinctorius L. – an important medicinal 
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Carthamus tinctorius L. (Safflower) is an annual broad leaf herbaceous oilseed - medicinal plant, one of 

humanity’s oldest crops, belonging to the family Asteraceae, harbouring important phytochemicals such 

as quinochalones, flavonoids, alkaloids, polyacetylene, aromatic glucosides, organic acids, etc. C. 

tinctorius has vast ethno-pharmacological applications: anti-inflammatory, anti-diabetic, anti-thrombotic, 

anti-tumor, anti-fibroitic, anti-coagulant, neuroprotective, antioxidant, immunomodulatory effects and 

effective in treating cerebrovascular and orthopaedic diseases. An efficacious and reproducible in vitro 

regeneration technique for Safflower (variety, ISF-764) procured from (ICAR-IIOR, Hyderabad, India) 

was established using varying concentrations and composition of plant growth regulators (PGRs) 

supplemented Murashige and Skoog (MS) medium for accomplishing successful in vitro seed 

germination to capitulum (inflorescence) production through direct regeneration and somatic 

embryogenesis in C. tinctorius L. Successful in vitro seed germination in half strength MS (H-MS) with 

1.4µM GA3 resulted in procurement of sterile explants (cotyledons, apical meristems) for in vitro study. 

Callogenesis (2.2µM BAP + 2.7 µM NAA), indirect organogenesis of shoot buds (0.54 µM NAA + 9.08 

µM TDZ), somatic embryogenesis (2.2 µM BAP + 5.4 µM NAA) and somatic embryo germinated 

plantlets (H-MS + 1.4 µM GA3 + 2.2 µM BAP + 5.4 µM NAA) were successfully obtained. Histological 

study and scanning electron micrographs of embryogenic callus revealed pre-globular, heart-shaped and 

torpedo stages of dicot embryogeny. H-MS + 8 µM NAA showed maximum rhizogenic response with a 

mean root and shoot length of 17.5 mm and 48.50 mm respectively in 2.2 µM BAP + 0.54 µM NAA 
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bearing an average of 9 capitula per plantlet with 70% post transplantation survival rate. The clonal 

fidelity of in vitro raised C. tinctorius was confirmed using SCoT molecular markers, to check the degree 

of polymorphism at molecular level, exhibiting 100% and 97.3% monomorphic bands for direct and 

somatic embryo regenerated plants respectively. Flow cytometry method (FCM) was employed for 2C 

DNA content analysis. The histogram peaks of 2C nuclear DNA content of in vitro regenerated safflower 

(direct and embryo derived) were similar to the peak of field grown donor plant. 2C nuclear DNA content 

of field grown, direct and somatic embryo regenerated C. tinctorius was 2.65±0.04 pg, 2.62±0.06 pg and 

2.68±0.04 pg respectively, further verifying genetic homogeneity. Thus, no variability was displayed 

among the tissue culture raised plants when compared with mother plant. The present protocol ensures 

large-scale production of regenerated safflower plantlets available all year long. The methodology 

described herein will be feasible for maintenance of coveted genotype for safflower genetic 

transformation experiments to transfer agronomical novel traits for crop improvement. This will also 

facilitate in vitro elicitation of cell/callus culture and regeneration of economically important plant parts 

such as seeds, capitula, leaves and roots for production and extraction of important phytochemicals of 

interest. 

S5-VO-03 
Embryogenic callus induction and high frequency plant regeneration in Buckwheat (Fagopyrum 
tartaricum Gaertn.) 
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Buckwheat (Fagopyrum spp.) is a pseudocereal and economically important nutraceutical crop. The two 

most commonly cultivated species grown in the Himalayas are Fagopyrum esculentum (Common 

Buckwheat) and Fagopyrum tartaricum (Tartary Buckwheat). Fagopyrum tartaricum is a highly suitable 

crop that grows in extremely cold conditions.  It contains rutin (antioxidant polyphenol), quercetin, 

vitexin and D-chiro inositol (soluble carb). In this study, an efficient indirect organogenesis protocol has 

been established for F. tartaricum (Tartary Buckwheat). Callus induction medium containing Murashige 

and Skoog’s (MS) medium supplemented with 2mg/l of 2,4-dichlorophenoxyacetic acid (2,4-D) produced 

the optimum callus using leaf of F. tartaricum. Shoot proliferation medium (SPM) containing Murashige 

and Skoog’s (MS) medium supplemented with 3.0 mg/l 6-benzylaminopurine (BAP) and 0.5mg/l 

Naphthalene acetic acid (NAA) yielded the highest shoot regeneration frequency (85.00%) with an 

average of 12.15±0.25 shoots per explant and 4.25±0.30 cm shoot length in tartary buckwheat. Rooting of 

the regenerated shoots was achieved in full-strength MS medium containing indole-3-butyric acid. 

Rooting medium containing 3 mg/l IBA exhibited highest rooting frequency (100%) with an average root 

length of 4.00 ± 0.10 cm. In vitro rooted shoots transferred to the field conditions resulted in 100% 

survivability. 
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Antioxidant status of in vitro cultures of Solanum virginianum (L.) treated with Turquoise Blue 
H5G dye 
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Many textile industries pollute the water bodies with dye-based effluents which are mutagenic and 

carcinogenic. Phytoremediation using Solanum virginianum (Solanaceae) to overcome this problem is 

nontoxic and eco-friendly approach. The in vitro plants used in the phytoremediation reported remarkable 

results related to pollution control. The plants treated with Turquoise Blue H5G dye were further used in 

antioxidant studies. Six different solvent systems (distilled water, Methanol, Ethanol, Chloroform, 

Acetone and n- Hexane) were used for extraction of plant material (treated and untreated). MS Basal 

medium was used as Biotic Control, while different test concentrations of Turquoise Blue H5G dye (10, 

30,50,70,90,110,130 and 150 mg/l) were used in all the experiments conducted. The FICA highest 

activity in all treated concentrations was recorded in aqueous (98.10%) for 10mg/l, in aqueous (84.96%) 

for 30mg/l, in aqueous(98.06%) for 50mg/l, in ethanol(63.46%) for 70mg/l, in chloroform(92.86%) for 

90mg/l, in methanol(67.11%) for 110mg/l, in ethanol(64.90%) for 130mg/l and in acetone(78.80%) for 

150mg/l. The SOAS activity was observed highest in aqueous (80%) for 10mg/l, in aqueous (50%) for 

30mg/l, in methanol (86.90%) for 50mg/l, in methanol (83.03%)for 70mg/l, in methanol(63.70%) for 

90mg/l, in acetone(91.60%) for 110mg/l, in n-hexane (65.47%) for 130mg/l and in acetone(56.25%) for 

150mg/l. The PMo activity was found highest in aqueous (87.04%) for 10mg/l, in methanol and aqueous 

(66.83%) for 30mg/l, in methanol (84.31%) for 50mg/l, in acetone (75.25%) for 70mg/l, in chloroform 

(68.75%) for 90mg/l, in methanol (82.22%) for 110mg/l, in chloroform (62.03%) for 130mg/l and in 

ethanol (70.88%) for 150mg/l. The antioxidant potential though found reduced in the dye treated plants as 

compared to control, there was no total loss of antioxidant recorded in all the dye treated plants. This 

supports the fact that, the plant can be successfully used for control of pollution caused due to dye 

contamination in the water bodies.  
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Enhancement of vincristine under in vitro culture of Catharanthus roseus supplemented with 
Alternaria sesami endophytic fungal extract as biotic elicitor 
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Catharanthus roseus (L.) G. Don. (Apocynaceae) is well known plant to have high medicinal value and is 

home to a variety of endophytic fungi. It produces secondary metabolites such as vincristine and 

vinblastine known to have anticancer properties. Vincristine, one of the major vinca indole alkaloid of C. 

roseus is of great importance in cancer treatment and vindoline is a precursor molecule for its synthesis. 

Studies show that there is limited production of vindoline in tissue culture of C. roseus due to which 

vincristine production in thetissue is very less. Endophytes have been known  to produce host specific 

secondary metabolites which might act as elicitors in tissue culture techniques for large scale production 

of medicinally important compounds like vincristine from C. roseus  tissue culture.Vindoline-producing 

endophytic fungus Alternaria sesami was isolated from the surface-sterilized root cuttings of C. roseus. 

The compound was identified using high performance liquid chromatography and mass spectroscopy 

techniques by matching retention time and mass data with reference molecule. Vincristine production was 

enhanced under in vitro culture of C. roseus using fungal extract of the endophyte A. sesame as an elicitor 

and a supplement of vindoline in the culture medium. Vindoline, a precursor molecule of Vincristine was 

detected for the first time from the fungal endophyte A. sesami, using HPLC and Mass spectrometry, 

which was used as a biotic elicitor to enhance Vincristine content in the C. roseus callus. Two different 

hormone combinations were selected for C. roseus callus culture in MS (Murashige and 

Skoog)media.Supplementing heat sterilized A.sesami endophytic fungal culture extract into callus culture 

medium of C. roseus enhanced the vincristine content in C. roseus callus by 21.717% after 105-day 

culture.This study shows that A. sesami fungal methanol extract can be used as a biotic elicitor for the 

large-scale production of vincristine in the callus of C. roseus cultured in laboratory condition which 

might help in increment of the yield of the bioactive secondary metabolite vincristine with the help of 

vindoline produced in the fungal culture. As vincristine is used in various cancer treatments this method 

might reduce the high cost of such products and may prove to be revolutionary in medical industry. 

S5-VO-06 
Genome editing of carotenoid cleavage dioxygenase4 (CCD4) gene revealed its role as a negative 
regulator of β-carotene in banana  
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Carotenoids are lipid-soluble metabolites, which act as precursors for the biosynthesis of  abscisic acid 

and other carotenoid cleavage products. Carotenoid cleavage dioxygenases (CCDs) belong to a small 

gene family playing a vital role in the carotenoid metabolism.  However, their mode of action is 

unexplored in banana. The present study focuses on understanding the role of CCD4 in β-carotene 

homeostasis in banana cv. Rasthaliby CRISPR/Cas9. Different tissues of two contrasting cultivars, viz., 

Nendran (high β-carotene) and Rasthali (low β-carotene) were used to study the expression pattern of 

various CCDs in carotenoid accumulation. The higher expression of the RAS-CCD4 is inversely 

correlated with β-carotene accumulation in fruit-pulp of the Rasthali. Further, docking analysis and an 

enzyme assay of purified RAS-CCD4 showed that β-carotene and 10-apo-β-carotenal are its preferred 
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substrates. In-vivo validation of RAS-CCD4 was accomplished by bacterial complementation assay using 

pAC-BETA in E. coli and overexpression of the RAS-CCD4 in the Arabidopsis thaliana. While the 

former affirmed the RAS-CCD4 role in β-carotene degradation, the later showed a significant reduction of 

β-carotene in A. thaliana tissue.  Subsequently, CRISPR/Cas9 mediated editing of CCD4 was 

demonstrated in the protoplasts and embryogenic cell lines of Rasthali. Protoplasts were used for transient 

expression of CRISPR/Cas9 cassette and thus validate sgRNA efficiency in vivo, whereas ECS were 

transformed by particle bombardment. The carotenoid profiling using HPLC in stable mutant lines 

revealed higher fold β-carotene accumulation in non-green tissue (roots) than in green tissue (leaf) 

compared with the unedited control plants. Additionally, differential expression of various carotenoid 

pathway genes was correlated with the accumulation of the metabolite in the edited lines that exhibited 

their critical roles in determining the content of β carotene. Therefore, the present study suggests that 

carotenoid catabolism is regulated by the CCD4 in tissue-specific manner in the banana, and also 

demonstrated the use of the genome editing tool in developing transgene-free banana plants. 

S5-VO-07 
In vitro propagation from seeds and synthesis of podophyllotoxin from root callus of Podophyllum 
hexandrum Royle (Himalayan Mayapple) - an endangered medicinal plant 

Manisha Thakur and Neha Sharma 
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Podophyllum hexandrum Royle commonly known as ‘Himalayan Mayapple’ is a perennial highly valued 

medicinal herb found in Alpine Himalayas of Jammu & Kashmir, Himachal Pradesh, Uttarakhand, 

Sikkim and Arunachal Pradesh at an altitude of 2700-4200 msl. The rhizomes of this plant are the source 

of naturally occurring lignin, podophyllotoxin (PTOX) used as a precursor for the semi-synthesis of 

etoposide and teniposide, effectively used for treating tumours, lung cancer and leukemia. Chemical 

synthesis of PTOX is difficult hence, its rhizomes are unscrupulously harvested from the wild to meet the 

increasing demand of the drug industry resulting in making this plant rare and endangered. A single step 

protocol for in vitro propagation of Podophyllum hexandrum Royle through seeds and podophyllotoxin 

(PTOX) production from three geographical locations of Himachal Pradesh (India) was achieved. 

Maximum in vitro seed germination (56.23%) was obtained on petriplates containing moist absorbent 

cotton after dark incubation of 77 days after pretreatment of HCl (10%) for 20 seconds. Highest shoot 

multiplication (1:11) was observed on transferring the germinated seeds on MS medium containing BA 

(2.0 mg/L), NAA (0.2 mg/L) and CaCl2 (0.7 mg/L) after fourth sub-culture. Rooting was observed at the 

base of shoots during in vitro shoot multiplication hence, the shoots were directly transferred for 

hardening to pots containing sand: soil: FYM (1:1:1) without adopting additional rooting passage. For 

PTOX production, callus was induced from leaves and roots of in vitro plantlets produced by germination 

of seeds collected from three districts of Himachal Pradesh i.e.Kullu, Kinnaur and Lahaul-Spiti with 

different altitudes. Highest callus induction from leaf and root explants (95%) was recorded on B5 

medium supplemented with BA (0.1 mg/L) + NAA (1.0 mg/L) and BA (0.5 mg/L) + 2,4-D (0.5 mg/L), 

respectively under dark incubation.HPLC analysis revealed maximum PTOX production (0.27%) from 

callus induced from in vitro roots excised from plantlets regenerated from seeds of district Kinnaur 
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followed by Lahaul-Spiti (0.26%) and Kullu (0.25%), thus signifying the role of high altitudes in 

enhanced PTOX accumulation. 

S5-VO-08 
Attenuation of phenolic interference in Cocos nucifera L. suspension culture utilizing charcoal 
impregnated calcium alginate spherules 
Neema M., Aparna V., Chandran K. P., Ramesh S. V., Anitha Karun 
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Cell suspension culture warrants quantification of the multiple cell culture growth factors through a 

number of stages for better comprehension of cell growth and differentiation. During cell culturing, 

oxidative browning is a very common and often severe problem encountered due to the accumulation and 

oxidation of phenolic compounds. In coconut, activated charcoal is added to the tissue culture media to 

circumvent the problem of phenolic interference. Nevertheless, addition of charcoal to the liquid media 

greatly hampers the visibility as well as the quantification of cell culture growth parameters. The charcoal 

gets adhered to the cultures, resulting in erroneous quantification of weight and volume of the cell 

cultures. To address this predicament, activated charcoal impregnated in calcium alginate spherules is 

added to the media. Seventy combinations of calcium alginate spherules of two different sizes (S1:6 mm; 

S2:4 mm diameter), impregnated with 1,2,3,4 and 5% sodium alginate and 0.025, 0.05, 0.1, 0.2, 0.3, 0.4 

and 0.5 M calcium chloride were prepared to investigate them for orbital shaker tolerance and 

autoclavability. The solution in which the autoclaved beads were kept for 15 days in orbital shaker was 

tested for turbidity and the beads with less nephelometric turbidity unit (S1T20: 3% sodium alginate, 0.4M 

calcium chloride; S2T13:2% sodium alginate, 0.4M calcium chloride and S2T28: 4% sodium alginate, 0.5M 

calcium chloride) were selected. Twelve combinations of the selected beads were prepared with 0, 1, 1.5 

and 2g L
-1

 activated charcoal and were tested for phenol adsorption in gallic acid as well as in coconut 

suspension cultures. The results reveal that S1 beads with charcoal 2g L
-1

 adsorbed more phenols than S2 

beads with less charcoal while the beads without charcoal did not adsorb phenols. Among the smaller 

sized beads, S2T13 adsorbed more phenols than S2T28.This study thus provides a way forward alternative 

of incorporating activated charcoal impregnated calcium alginate spherules, in cell suspension cultures, to 

circumvent the problem of phenolic interference as well as enhancing the visibility and quantifiability of 

the cultures. 

S5-VO-09 
In vitro propagation from rhizomes and molecular evaluation of regenerants in Himalayan May 
Apple (Podophyllum hexandrum Royle)- critically endangered medicinal plant 

Neha Sharma, Manisha Thakur, Pooja Sharma 

Department of Biotechnology, Dr Yashwant Singh Parmar University of Horticulture and Forestry, 

Nauni-Solan, Himachal Pradesh, India 

(Correspondence: neha.nea.sharma@gmail.com) 

mailto:neema.agri@gmail.com


286 

43rd  Annual Meeting of PTCA(I) & International Symposium on “Advances in Plant Biotechnology and Nutrational security” 

APBNS-2022, April 28-30, 202

Podophyllum hexandrum Royle (May Apple), an endangered perennial herb is one of the highly valued 

medicinal plant belonging to the family Berberidaceae. The rhizome and roots of P. hexandrum contains 

predominating active metabolite called podophyllotoxin which belongs to diarylnapthelene group and 

serve as a starting precursor for the synthesis of antineoplastic drugs. Podophyllotoxin is in high demand 

around the world due to its many desirable properties and low availability from natural sources which 

limits the pharamaceutical firms to produce beneficial drugs. Under natural conditions, P. hexandrum 

may regenerate from seeds and rhizomes but only the summer months are congenial for its growth. Poor 

regeneration and unscrupulous harvesting of P. hexandrum has resulted in making this plant scarce, 

consequently it has been affirmed as endangered medicinal plant by IUCN and listed in Red Data Book 

requiring good natural regeneration as well as rapid and effective conservation.The present study reports 

an optimized single step protocol for high frequency in vitro propagation through rhizome buds and 

molecular analysis in Podophyllum hexandrum Royle. Maximum in vitro establishment of buds (96%) 

was achieved on 0.2 mg/L BA and 0.1 mg/L GA3. Highest multiplication rate (1:5) was achieved on MS 

medium fortified with 2.0 mg/L BA and 0.2 mg/L NAA after 5
th
 sub-culture. Shoots with swollen 

rhizomes when directly transferred for hardening to pots containing sand: soil: FYM (1:1:1) showed 

100% survival after one month. Molecular analysis using SCoT markers resulted in 148 amplicons of 

100-3000 bp and depicted genetic diversity between experimental plants procured from Kullu, Kinnaur 

and Lahaul-Spiti, whereas showed 99-100% similarity between mother plants and their tissue culture 

raised progeny. 
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Factors affecting in vitro organogenesis in commercially important Actinidia species (Kiwifruit and 
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Using bud explants, the varied responses of in vitro organogenesis were recorded in two commercially 

important Actinidia species i.e., Kiwifruit (Actinidia deliciosa) and Kiwiberry (Actinidia arguta). For this 

purpose, MS nutrient medium was used in both species. In Kiwifruit (Actinidia deliciosa), 84.81 per cent 

maximum in vitro establishment was found in MS medium fortified with BA, IBA, and GA3. The highest 

multiplication rate of 1:6 was recorded on MS medium fortified with the same combination of plant 

growth regulators. On the other hand, Kiwiberry (Actinidia arguta) showed shoot tip necrosis (STN) on 

MS nutrient medium supplemented with plant growth regulators during in vitro establishment. On basal 

MS nutrient medium, Kiwiberry showed the highest 56.58 percent in vitro establishment rate with 

delayed STN appearance. While, the highest shoot multiplication rate of 1:5 was obtained on MS medium 

fortified with Zeatin only. Therefore, the influence ofvarious factors like the concentration of MS salts 

and growth regulators, etc. were taken into consideration to establish healthy cultures of this 

commercially important species. 
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Genetic diversity analysis and in vitro mini rhizome induction in an endangered medicinal herb 
Trillium govanianum (Nag chhatri) - substantial insights towards conservation prioritization 
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Trillium govanianum Wall. ex D. Don (Nag chhatri), the ethnomedicinal herb of family Melanthiaceae 

holds therapeutic as well as medicinal importance due to the presence of steroidal saponins, tannins, 

sterols and flavonoids, etc. Among these, a spiro-stanol saponin ‘diosgenin’ is the primary bioactive 

component that accumulates in rhizome as ‘trillarin’. Moreover, it also contains a significant number of 

compounds like quercetin, myricetin and kaempferol which adds ups to its bioactivity potential. Thus, 

illegitimate trade and unsustainable extraction for meeting the demands of the pharmaceutical industry 

(usually 450 plants need to be uprooted for one-kilogram dry weight of roots) has listed it one of the 

endangered medicinal plants. Hence, the present study was focused to provide a comprehensive insight 

towards its conservation, first by analysing genetic diversity for exploring elite genotypes and 

furthermore by establishing effectual propagation method using identified elite genotype(s). The low 

level of genetic diversity was revealed using germplasm characterization (SSR markers) as well as 

biochemical (HPLC) analyses. Further, the rhizome buds were excised and used for the establishment of 

in vitro cultures. Substantial increase in the production of lateral buds was found on modified MS 

medium. Higher concentration of sucrose, growth regulators and additives showed significant effect on 

minirhizomes development from in vitro derived lateral buds. The in vitro regenerants were rooted and 

hardened successfully. Besides, the regenerants were found to be true to type with their mother plants 

while assessing their genetic uniformity using SSR markers. Therefore, the present findings are 

emphasizing on executing efficient prioritized effective means (ex-situ propagation measures and strict in-

situ conservation policies) towards its biodiversity conservation due to narrow genetic base in natural 

habitat. 
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Vanillin production by metabolic engineering of proprietary microbial strains has gained impetus due to 

increasing consumer demand for naturally derived products. Here, we demonstrate the use of rice cell 
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cultures metabolically engineered with vanillin synthase gene (VpVAN) as a plant-based alternative to 

microbial vanillin production systems. VpVAN catalyzes the signature step to convert ferulic acid into 

vanillin in Vanilla planifolia. As ferulic acid is a phenylpropanoid pathway intermediate in plant cells, 

rice calli cells are ideal platform for vanillin synthesis. In this study, rice calli derived from embryonic 

rice cells were metabolically engineered with a codon optimized VpVAN gene using Agrobacterium-

mediated transformation. The putative transformants were selected based on their proliferation on 

herbicide supplemented N6D medium. Expression of the transgenes confirmed through a β-glucuronidase 

(GUS) reporter assay and polymerase chain reaction (PCR) analysis provided evidence of genetic 

transformation. The semi-quantitative PCR and real time (RT)-qPCR revealed expression of VpVAN in 

six transgenic calli lines. High performance liquid chromatography identified the biosynthesis of vanillin 

in transgenic calli lines, with the highest yielding line producing 544.72 (± 102.50) μg of vanillin g
-1

 fresh 

calli. The work serves as a proof-of-concept to produce vanillin using metabolically engineered rice cell 

cultures. 

S5-VO-13 

An Introduction to Plant Tissue Culture: Advances and Perspectives 

Sameena Lone
1
, Narayan S.

1
, Hussain K.

1
, Khalid Z. Masoodi

2
, Majid Rashid

1
, Syed Mazahir Hussain

1 

1
Division of Vegetable Science, Sher-e-Kashmir University of Agricultural Sciences and Technology of 

Kashmir, Shalimar, Srinagar, Jammu and Kashmir, India 
2
Transcriptomics Laboratory, Division of Plant 

Biotechnology, Sher-e-Kashmir University of Agricultural Sciences and Technology of Kashmir, 

Shalimar, Srinagar, Jammu Kashmir, India 

(Correspondence: sameenalone77@gmail.com) 

Plant tissue culture techniques are the most widely used biotechnological tools for a variety of basic and 

applied purposes, including plant developmental studies, functional gene studies, commercial plant 

micropropagation, generation of transgenic plants with specific industrial and agronomical traits, plant 

breeding and crop improvement, virus removal from infected materials to render high-quality healthy 

plant material, preservation and conservation of plant material. Plant cell and organ cultures are also 

being studied for the synthesis of secondary metabolites that have industrial and pharmacological 

applications. Genome editing paired with tissue culture and Agrobacterium tumefaciens infection are 

currently promising options for highly targeted genetic manipulation of interesting agronomical or 

industrial properties in crop plants. The application of omics (genomics, transcriptomics, and proteomics) 

to plant tissue culture would undoubtedly aid in the unravelling of complicated developmental processes 

such as organogenesis and somatic embryogenesis, allowing regeneration techniques for refractory 

species to be more efficient. Furthermore, using metabolomics in tissue culture will make it easier to 

extract and characterise complex combinations of natural plant compounds with economic value. This 

edition discusses the general and specialised aspects and applications of plant tissue culture, as well as the 

advancements and future prospects. 
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Malaria, a vector-borne disease, causes several deaths every year especially in developing countries. 

Targeting the vector of disease is one of the ways to minimize the spread of a vector-borne disease. In the 

present investigation, different plant parts of Cassia occidentalis L. (Fabaceae) and its callus culture were 

studied for the presence of rotenoids (sumatrol, rotenone, rotenol, deguelin, and elliptone). The maximum 

rotenoid content was found in roots and minimum content in stem. The rotenoid extract was found to be 

effective against A. stephensi larvae. The production of bioactive compounds was enhanced in callus 

culturefor more than one-fold, as compared to the control, using precursors (phenylalanine and 

methionine).   
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Genome editing studies in sorghum towards the management of parasitic weed Striga 
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Sorghum (Sorghum bicolor L. Moench) is one of the primary staple food for millions of people in Semi-

arid regions of the world. But its production is constrained by the parasitic plant Striga that attaches to the 

roots of many cereal crops, including sorghum, causing severe stunting and loss of yield. In the present 

study, the CRISPR/Cas9 gene-editing tool was used to target the strigolactones (SLs) pathway genes such 

as Carotenoid Cleavage Dioxygenase 7 (CCD7), Carotenoid Cleavage Dioxygenase 8 (CCD8), More 

Auxiliary growth (MAX1) genes. Highly efficient guide RNAs were designed in the first exon of each 

gene using CRISPR-direct and Cas-Designer tools. A ternary vector system was used for cloning guide 

RNAs and a Cas9 expression cassette into the destination vector through multisite gateway cloning. The 

genetic transformation was done for three expression constructs harboring CCD7, CCD8, and MAX1 

guide RNAs to the most popular sorghum cultivars BTX623 and Parbhani Shakthi through Immature 

Embryo based Agrobacterium-mediated transformation. Sorghum plants integrated with npt II and Cas9 

genes were subjected to mutation detection using surveyor assay and Sanger sequencing. Most of the edits 

were either single nucleotide insertion or deletion. T0 edited plants were further selfed and advanced for 

further generation. Our results also confirmed stable inheritance of induced mutations in all three target 

genes. Moreover, our results did not show any off-target site mutations indicating specific and efficient 

mutagenesis in sorghum. T2 homozygous sorghum edits carrying SbMAX1, SbCCD7, and SbCCD8 

mailto:vats_sharad@yahoo.co.in
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mutations displayed altered physiology viz. Reduced plant height and leaf area and increased tiller 

number compared to the case of reduced plant height and leaf to their wild-type counterparts. Our study 

also reports decreased transcript levels of the downstream genes in CCD7, CCD8, and MAX1 sorghum 

mutants. Considering the impact of Striga plant-parasitic weeds on agriculture and the difficulty of 

effective control methods, the current study offers insights into developing a new, efficient way to 

combine various collections of resistant sorghum varieties. 

S3-VO-16 
Assessment of bioenergy potential of seven bamboo species by biochemical, FT-IR and thermo-
gravimetric analysis 

Subhadeep Biswas
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With the increasing depletion of petroleum resources, lignocellulosicbiomass (LCB) is being considered 

as a viable, renewable, sustainable and environment-friendly energy source. Particularly, biofuels derived 

from LCB provides new hope to cater global energy crisis. Bamboos, a group of non-timber grasses, offer 

a great promise for the LCB industry due to their very fast growth resulting into rapid accumulation of 

lignocellulose biomasses, high fibre contents, low maintenance cost and existence of a diverse genetic 

pool. The plant group has approximately 1670 species representing 125 genera and is spread across 

22.0 × 10
6 

ha, of the forest areas across the world. India has approximately 128 to 136 species belonging 

to 18 genera. In this study, we aimed to analyse chemical composition of LCBs obtained from internode 

tissues of seven, abundantly available bamboo species of India (Bambusa balcooa, B. tulda, B. bambos, 

B. nutans, B. striata, Dendrocalamus giganteus, and D. strictus) by performing Attenuated Total 

Reflection-Fourier Transform Infrared (ATR-FTIR) spectroscopyanalysis. Four anatomical parameters 

were analysed using 63 tissue sections stained with cellulose and lignin specific dye to predict ‘superior’ 

bamboo species/genotypes having high cellulose vs. low lignin content. The predictions were correlated 

to the biochemical estimates of these 63 samples. Inorder to assess the bio-fuel potential of these samples, 

thermo-gravimetric analysis (TGA)was performed to study thermal stability,moisture and hemicellulose 

content of these samples. Taken together, this study identified a reference bamboo plant for the 

lignocellulose industry. Future studies need to be conducted to standardize pre-treatment and 

saccharification reactions for successful bioenergy production from these LCBs. 

S3-VO-17 

Development of in-vitro protocol for Conservation and Rapid Multiplication of Aerides multiflora 
Roxb.: A Medicinal and Ornamental Orchid 

Sumita Pradhan, Bandan Thapa, Pushkar Sharma 
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An efficient protocol for In-vitro regeneration and conservation was developed for Aerides multiflora 

Roxb., a Medicinal and Ornamental Orchid from its immature seeds which were naturally pollinated. 

Immature seeds were germinated on MS medium containing sucrose(3%,w/v)and α-napthelene acetic 

acid (NAA,4µM) which showed germination percentage of 80% seeds after 125 days of culture in the 

medium. Protocorm-like bodies were formed on the same medium from the germinated seeds which was 

further differentiated into young plantlets. A significant response in shoot proliferation among different 

concentration of Indole -3-Acetic Acid (IAA) and α-napthelene acetic acid (NAA) was found. The 

number of shoot production (5.4 ± 0.51) was highest for Protocorm like Bodies (PLB’s) inoculated in 

Murashige and Skoog media + 3% (w/v) sucrose + 3.0 mg/l IAA + 2.0 mg/l NAA. Similarly, average 

length of initial shoot proliferation and average length after 45 days was recorded highest of ,1.78 ± 0.18 

and 5.10 ± 0.46 respectively for Murashige and Skoog media + 3% (w/v) sucrose + 3.0 mg/l IAA + 2.0 

mg/l NAA. Well-developed plantlets were hardened in a potting mix of leaf mould: coconut husk:s and 

(1:1:1). Healthy seedlings with well developed roots were obtained which were then hardened and 

transplanted to community pots for further acclimatization to the nursery conditions. The regenerated 

plants can subsequently be used for commercial and conservation purposes. 

S5-VO-18 
Direct somatic embryogenesis on leaf explants of Stichoneuron membranaceum hook. f. an 
endangered species of tripura, north-east India. 

Supriya Adhikari and Rabindra Kumar Sinha 

Cytogenetics and Plant Biotechnology Laboratory, Department of Botany, Tripura University, 

Suryamaninagar, Tripura, Assam, India 

(Correspondence: supriya.botany@tripurauniv.in) 

Stichoneuron membranaceum is belonging to an ethnomedicinally important monocotyledonous family 

i.e., Stemonaceae. It is endemic to the Indo-Myanmar hotspot region of the world, mainly found in a few

places of Meghalaya and Tripura in Northeast India, Sylhet in Bangladesh, and Northern Burma. Extracts 

from different parts of Stemonaceae plants were popularly used as insecticides, vermifuges, and 

traditional medicine against cough or ectoparasites and various respiratory diseases. Stichoneuron 

membranaceumis restricted in some places of Tripura and grows in a very limited area, resulting in a 

small population with only a few individuals. Nowadays due to unregulated anthropological activities, it 

has become an endangered species in Tripura. Despite its ethnomedicinal significance, no conservation 

attempts have been made so far for this plant yet. In the present investigation, an efficient regeneration 

protocol was established through direct somatic embryogenesis from the leaf explants of Stichoneuron 

membranaceum. Young in vitro leaves were used as explants and were cultured onto the medium with 

different plant growth regulators. Murashige and Skoog (MS) medium supplemented with high cytokinin 

(BAP) along with the low concentration of auxin (NAA) induce somatic embryogenesis from leaf 

explants of Stichoneuron membranaceum.  BAP 10.0 mgL
-1

 with NAA 1.0 mgL
-1

 was found effective for 

generating somatic embryo from the leaf explants after incubation of four weeks. Culture for two to three 

more weeks on MS + BAP 10.0 mgL
-1

 + NAA 1.0 mgL
-1

 accelerate the germination of those somatic 
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embryos developed from the leaves of Stichoneuron membranaceum. Young plantlets were developed 

from the germinated somatic embryos on MS medium supplemented with BAP 4.0 mgL
-1

 + NAA 0.5 

mgL
-1

. Adventitious roots were induced from the regenerated plantlets on MS media supplemented with 

IBA. Maximum roots were achieved from each plantlet on ½ MS + IBA 8.0 mgL
-1

. This is the first report 

for the establishment of an in-vitro protocol for somatic embryogenesis of Stichoneuron membranaceum 

which could play a vital role in the conservation of this endangered medicinal plant of Tripura. 

S5-VO-19 
In vitro regeneration of Cynodon dactylon variety Selection 1 

Swati Patel, Vaibhav Mehta, Patel R.M.

ASPEE Shakilam Biotechnology Institute, Navsari Agricultural University, Surat, Gujarat, India 

(Correspondence: swati_20188@nau.in)

Cynodon dactylon L. known as Bermuda grass is utilized in the preparation of sports grounds like golf 

courses, cricket, party plots and other grounds. Broadleaf weeds are the restricting factor for growing and 

maintaining C. dactylon in grounds. Optimization of in vitro regeneration protocol having intermediate 

callus would be useful for setting up a transformation system to obtain resistant variety for a particular 

trait.Node from mature plant  Cynodondactylon variety Selection 1,which was procured from ASPEE 

College of Horticulture, Navsari Agricultural University, Gujarat, Indiawas grown in the 

greenhouse.Nodes were sterilized and inoculated onto plates containing MS media supplemented with 

various concentrations of 2,4-D ranges from 4.52 µM to 22.62 µM with and without the addition of 0.44 

µM BAP.A white translucent friable callus was obtained on Murashige and Skoog (MS) media 

supplemented with 18.10 µM 2,4-D and 0.44 µM of BAP using node as an explant.After four weeks fully 

developed callus was transferred to shoot induction media having 0.44 µM to 2.66 µM BAP. Same media 

formulations were used for the multiplication of shoot. The lower level of cytokinin, BAP in the 

concentration of 0.44 µM in MS media gives 67.06% shoot induction. Well elongated shoots having a 

size of 3-4 cm were transferred for in vitro rooting on media supplemented with NAA ranging from 0.54 

µM to 1.61 µM and IBA ranging from 0.49 µM to 1.48 µM. IBA in the concentration of 0.49 µM is best 

to achieve root induction. Media as a combination of coco peat, vermicompost, and sand in the ratio of 

2:1:1 was the best for hardening of in vitro regenerated plants.For indirect organogenesis, a friable callus 

of C. dactylon  var. J1224 was induced with the use of 2,4-D in the concentration of 4.52 µM to 22.62 µM 

with and without 0.44 µM of BAP. White translucent callus was induced around the node having an 

average size of 6.9 mm with 93.82% frequency and fresh weight of 0.94 gm on media MS supplemented 

with 18.10 µM 2,4-D and 0.44 µM of BAP.  Callus was further transferred to shoot induction media for 

shoot induction. For shoot induction, simple MS, as well as MS with 0.44 µM BAP to 2.66 µM of BAP 

was used. The shoot induction frequency was 67.06% in MS supplemented with 0.44 µM BAP. Green 

meristemoids were observed in callus after three weeks, which results in shoot primordia. Average 9.24 

shoots were obtained from the callus with a shoot length of 1.86 cm with an average 2.84 leaves. In 

advance, shoots were further elongated on the same media. A fully elongated shoots were transferred to 

root induction media having MS supplemented with 0.54 µM to 1.61 µM NAA or 0.49 µM to 1.48 µM 

IBA. Within 5-6 days shoot showed induction of root at the base on MS media having a 0.49 µM IBA. 

The good architecture of root was observed with 88.34% root induction frequency with 7.6 roots having 
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7.42cm of root length. Average 90.54% of plants were hardened with Coco peat, vermicompost, and sand 

in the ratio of 2:1:1. They were planted in a pot for secondary hardening and maintained in a greenhouse. 

S5-VO-20 
In vitro shoot regeneration, evaluation of genetic fidelity and elicitation of luteolin and rutin in root 
callus of Rumex hastatus D. Don 

Tikkam Singh
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Rumex hastatus D. Don, is a traditional medicinal plant known for its, antitumor, antiangiogenic and 

antibacterial potential. The ever-increasing demand for the herbal products is encountered by collections 

from natural habitat, making them susceptible of being threatened and even extinct in some cases. Plant 

cell, tissue and organ culture technique offers a sustainable approach for germplasm and resource 

conservation as well as the enhancement in the production of secondary metabolites. There is a dire need 

to develop a cost-effective protocol to meet the demands of the pharmaceutical, nutraceutical industries 

and folk medicine. In vitro elicitation of bioactive compounds facilitates the yield of higher amounts of 

pharmaceutically desirable compounds with limited resources without sacrificing the entire plants. In 

order to select the elite plant part, the content of luteolin and rutin was evaluated in various plant parts 

such as root, stem and leaf of R. hastatus through HPLC. HPLC analysis of different in vivo plant parts 

such as root, stem and leafrevealedthat roots showed highest quantity of bioactive molecules, luteolin 

(747.32 ± 20.7µg/g d.w.) and rutin (1689.43 ± 25.43 µg/g d.w.) followed by leaf and stem. In vitro roots 

were thus, used for indirect shoot regeneration. For callus induction, in vitro roots were cultured on MS 

medium fortified with different concentrations (0.1, 1.0, 5.0 or 10.0 µM) of plant growth regulators such 

as BAP, IAA, IBA, NAA, 2,4-D and TDZ. In vitro roots cultured on MS + 5 µM TDZ induced greenish-

brown and compact calluses in 98% of explants. Maximum shoot bud differentiation was achieved on MS 

+ 5.0 µM TDZ, where 75% cultures induced an average of 10.50 ± 1.29 shoot buds per explantafter 30–d 

of cultures. Root callus-derived shoots were excised and inoculated on MS medium augmented with 

different concentrations of various auxins such as IAA, IBA and NAA for differentiation of roots. MS + 

0.1 µM IBA was effective for organizing12.03 ± 2.49 roots per shoot. Rooted plantlets were successfully 

acclimatized under greenhouse conditions followed by field transfer. Genetic fidelity of regenerants using 

SRAP and SCoT markers revealed 95% similarity with mother plant and their true-to-type nature was 

confirmed through monomorphic banding profile. For elicitation of luteolin and rutin, root calluses were 

treated with various concentrations of elicitors such as chitosan, phenylalanine, proline, salicylic acid and 

yeast extract. The highest luteolin accumulation of 407.18 ± 10.58 μg/g d.w. (17.42–fold) was achieved 

with 100 mg/L phenylalanine compared with the control (22.10 ± 0.57 μg/g d.w.). Maximum 

rutinsynthesis increased to 1169.07 ± 46.49 μg/g d.w. (2.74–fold) at 25 mg/L chitosan over control 

(312.41 ± 12.42 μg/g d.w.).  



294 

43rd  Annual Meeting of PTCA(I) & International Symposium on “Advances in Plant Biotechnology and Nutrational security” 

APBNS-2022, April 28-30, 202

S5-VO-21 
Effective seed germination and regeneration of Psoralea corylifolia L. 

Vibha Pandey and Alka Narula 
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Psoralea corylifolia (Family Leguminosae) commonly known as ‘babchi/bakuchi/bavachi’,is used in 

all traditional medicinal systems. Therapeutic values of P. corylifolia makes it affective against cancer, 

Alzheimer’s, Parkinson’s, leprosy, leukoderma, obesity, osteoporosis and bone fractures. Seeds 

and other parts of P. corylifolia have led the pharmaceutical actions of the plants due to more 

than 190 chemical constituents. Psoralen, isopsoralen, bakuchiol, bavachin, isobavachalcone, 

daidzein and genistein, important metabolites present in the plant, are used in various 

formulations. Conventional methods for the propagation of P. corylifolia through seeds are 

unreliable due to high mortality of the seedlings under natural conditions. Besides, healing 

nature of P. corylifolia prompted us to develop efficient protocol for seed germination followed 

by regeneration from mature and immature explants. MS media of half strength and full strength 

supplemented with and without GA3 (2 and 5 mg/l) in liquid as well as in semi-solid form, were 

used to inoculate seeds. Seeds were pre-treated with HCl (0.1 N, overnight) and high 

temperature (70℃/1 hour and 40℃/overnight) before and after surface sterilization, 

respectively. In another set of experiment, seeds were incised opposite to micropyle end just 

before inoculation. Seeds treated at 70℃ for 1 hour showed 10 -12% germination. However, 

when a cut was made in seeds, germination was enhanced from 80-85% in ½ MS to 92-95% in 

½ MS supplemented with 5 mg/l GA3. Germinated seedlings were used to study in-vitro 

regeneration of P. corylifolia. MS media supplemented with different concentrations and 

combinations of IAA, NAA, BAP and kinetin were used to analyse the regeneration efficacy and 

in vitro flowering of nodal segment(s) and leaf explant(s). MS media enriched with BAP along 

with or without IAA induced regeneration of 4 shoots/leaf explants within 4 weeks. Synergistic 

effect of BAP, kinetin and IAA enhanced regeneration to 7 shoots/explant in 4 weeks. Nodal 

segment regenerated 5 shoots/explant in presence of BAP used alone. Synergistic effect of BAP, 

kinetin and IAA enhanced regeneration efficiency to 10 shoots/explants along with basal 

callusing. Supplementation of kinetin with or without IAA induced regeneration only in nodal explants 

with less shoot buds in 4-weeks, as compared to BAP. The regenerated shoots of kinetin augmented 

media developed flowers within 6-weeks in 90% cultures. Though smaller in size, the in vitro generated 

flowers were morphologically comparable to the natural flowers. MS media supplemented with NAA 

and kinetin induced rooting in shoots differentiated from both the explants tried. However, MS 

media with NAA and BAP induced callusing in explants. Thus, the protocol devised by us is 

significant in propagating Psoraleacorylifolia on large scale under in vitro conditions. It also induced 

flowering in only 6-weeks in all seasons. However, natural flowering in P. corylifoliaoccurs during 

August to December. The established regeneration protocol can further be used to develop 

Agrobacterium mediated transformation in this medicinally important plant.  
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Eco-friendly approaches towards synthesis and characterization of silver nanoparticles derived 
from leaves of in vitro grown Stevia rebaudiana 

Vinod Kumar and Rakhi Chaturvedi
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Pharmaceutical and biomedical applications of nanoparticles have elevated in the recent years due to its 

immense functional abilities in various therapeutic domain. Among the different methods employed for 

synthesis of nanoparticles, the green synthesis of nanoparticles has additional advantages over the 

chemical synthesis because of its eco-friendly nature and better bioactivity. In the present study, the in 

vitro cultures of medicinally important Stevia rebaudiana were established on Driver &Kuniyuki (DKW) 

medium supplemented with cytokinin and an auxin. The leaves from in vitro plantlets were collected and 

utilized for the extract preparation and further nanoparticles synthesis. The silver nanoparticles (AgNPs) 

were synthesized by mixing the different concentrations of aqueous leaf extract with the silver nitrate 

solution. The synthesized nanoparticles were characterized by using UV-visible spectroscopy, X-Ray 

diffraction (XRD), dynamic light scattering (DLS) and Fourier transform infrared (FTIR) spectroscopy 

analysis. The strong characteristic absorbance peak for silver nanoparticles is observed at around 428-435 

nm. In addition, the XRD peaks could be attributed to the crystallographic planes of silver at 27º, 32º and 

46º Bragg’s reflections of ‘fcc’ structure of silver. DLS analysis also shows z-average particle size of 58.8 

nm of AgNPs. Further, the FTIR measurements indicate that Stevia leaf extract is responsible for reducing 

and capping of silver nanoparticles. The characterization studies revealed that synthesized silver 

nanoparticles have optimal morphological features, which can be used for further biological assays to 

elucidate their bioactive potential. This study comprehensively addressed synthesis and characterization 

of AgNPs, with special emphasis on eco-friendly approaches by using plant extracts of in vitro grown 

Stevia plant. 

S5-VO-23 
Gamma irradiations induced morphological and biochemical variations in in-vitro regenerated 
ginger (Zingibe rofficinale Rosc.)- An invaluable medicinal spice 

Vishal Sharma and Manisha Thakur

Department of Biotechnology, Dr. Yashwant Singh Parmar University of Horticulture and Forestry, Solan, 

Himachal Pradesh, India 

(Correspondence: vishalshrm073@gmail.com) 

The study was conducted to evaluate the effect of gamma irradiations on morphological, cytological and 

biochemical variations of in vitro shoots, regenerated plants and rhizomes of ginger (Zingiber officinale 

Rosc.) var. Himgiri. In vitro established shoot cultures were treated with different doses of gamma 

irradiations (10-100 Gy). Non irradiated shoots were used as controls. Radio sensitivity of shoots and in 

vitro growth parameters were recorded. Surviving shoots along with controls were multiplied, rooted and 
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hardened. Irradiation effect on chromosomes was evaluated by comparing with controls. Morphological 

and biochemical observations were recorded in regenerated plants and rhizomes and compared to controls. 

Irradiated shoots showed decline in survival percentage (95% in 10 Gy to 12.33% in 100 Gy) with 

increase in dose rate after 4 weeks of irradiation. Shoot survival significantly decreased with irradiation 

dose rate above 20 Gy.Shoot multiplication rate showed an increase from 1:2 in 1
st
 subculture to 1:9 after 

5
th
 subculture, in 10 Gy irradiated cultures with 4.5 cm average length of shoots and 8.19 number of 

leaves after 5
th
 subculture. Average rooting showed an increase from 15.55 % after 2

nd
 subculture to 100 

% after 5
th
 subculture, in 10 Gy irradiated shoots however, no multiplication and rooting was observed in 

higher doses. In vitro rooted shoots were subjected to hardening with 100 percent survival in a mixture 

comprised of soil, cocopeat and FYM. One year old hardened plants when observed for morphological 

variations showed non-significant variations in comparison to controls. Rhizomes obtained from 10 Gy 

irradiated plants showed enhanced concentration of 6-gingerol and reduced crude fibre content when 

compared with controls. Gamma irradiation doses upto 10 Gy resulted in non-significant phenotypic 

variations, but can positively affect biochemical composition of rhizomes leading to development of 

biochemically improved mutant lines of ginger with increased 6-gingerol and lowered crude fiber content. 

Therefore, lower doses of gamma irradiations for improvement of  biochemical constituents in 

vegetatively propagated plants is suggested. 

S5-VO-24 
Development of in vitro plant regeneration system and genetic fidelity assessment by flow cytometry 
in Digitalis purpurea L. 

Yashika Bansal and Mujib A. 

Cellular Differentiation and Molecular Genetics Section, Department of Botany, Jamia Hamdard, New 

Delhi, India 
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Digitalis purpurea L., commonly known as foxglove, belongs to plantaginaceae family and has been 

grown as an important medicinal herb. D. purpurea is the source of cardiac glycosides such as digoxin, 

digitoxin and lanthosides which are used against congestive heart failure. It also possesses anti-cancerous 

and antiviral properties. In the present study, a simple, rapid and effective system of seed germination, 

shoot induction and callogenesis has been established and discussed in D. purpurea. Firstly, the surface 

sterilized seeds were cultured in half and full MS (Murashige and Skoog, 1962) medium for germination. 

The seeds showed maximum germination in full MS (63.2%) as compared to half strength MS medium 

(42.1%). The germinated seedlings were later transferred to benzylaminopurine, BAP (0.5-1.0 mg/l) 

added MS for shoot proliferation. The best shooting response (59.2%) was observed in 0.75 mg/l BAP 

added MS, followed by 1.0 and 0.5 mg/l BAP. To evaluate the callus and somatic embryo induction 

efficiency, different explants like leaf, petiole, hypocotyl were cultured on 2,4-dichlorophenoxyacetic 

acid (2,4-D), BAP and naphthaleneacetic acid (NAA) added medium. Profuse callus was noted in leaf and 

hypocotyl explants on 2.0 mg/l BAP + 0.5 mg/l 2,4-D added MS medium. Direct somatic embryo 

induction was also observed in hypocotyl explants on 1.0 mg/l BAP amended MS medium. Histological 

analysis of calli was conducted in order to understand the mode of morphogenesis. The study revealed the 

presence of globular and heart shaped somatic embryos in culture. Flow cytometric analysis has often 

been performed to assess the genetic homogeneity of in vitro regenerated plants. Here, the same technique 
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was used to measure the 2C DNA content of field grown and in vitro (somatic embryo) regenerated 

plants, which revealed no significant change in DNA content or ploidy, thus validating the genetic 

homogeneity. The protocol developed here is easy, cost effective and can be used for raising genetically 

uniform plantlets to facilitate the sustainable supply of plant materials to pharmaceutical industry. 

S5-VP-01 
Effect of different growth regulators, carbon sources, agar, amino acids and adjuvants on direct 
somatic embryogenesis and regeneration in sugarcane spindle leaf segments  

Palvi Malik, Ajinder Kaur, Gosal S.S. 

School of Agricultural Biotechnology, Punjab Agricultural University, Ludhiana, Punjab,  India 

(Correspondence: ajinder.biotech@pau.edu) 

The potential of tissue culture technique in rapid and true to type plant multiplication has resulted in 

phenomenal strides in area of plant biotechnology.  The present study was undertaken on a high 

sugared sugarcane variety CoJ 64 to evaluate effect of various auxins, cytokinins, carbon sources, 

agar, amino acids and adjuvants on induction of somatic embryos without an intervening callus phase 

in order to maintain genetic uniformity. Maximum direct somatic embryogenesis and regeneration 

was achieved on MS + NAA (5.0 mgL
-1

) + Kin (0.5 mgL
-1

) medium, i.e. 79.63 and 75.17%, 

respectively. Replacement of NAA with IBA or IAA and of Kin with BAP reduced both somatic 

embryogenesis and plant regeneration. Culturing of spindle leaf segments on NAA (5.0 mgL
-1

) + Kin 

(0.5 mgL
-1

) medium served as a single-step regeneration medium, as complete plants were 

regenerated without transferring shoots to rooting medium, thus requiring less time to obtain plants 

and minimizing the chance of somaclonal variations. This medium designated as SEM-1, was utilized 

for further investigation. The effect of gibberellins on induction of somatic embryos and regeneration 

in SEM-1 was found to be insignificant. Iincreasing the desiccating conditions in SEM-1 by 

enhancing agar from 8 to 16 gL
-1

,increased rate of embryogenesis (84.07%) and regeneration 

(80.68%) significantly, owing to increased osmotic stress disrupting plasmodesmatal connections 

among pre-embryonic cells, making the cells physiologically isolated, and allowing a greater number 

of cells to differentiate. Effect of different carbon sources viz. sucrose, glucose, maltose, sorbitol and 

mannitol at different concentrations (20 gL
-1

, 30 gL
-1
and 40 gL

-1
) supplemented in MS + 5 mgL

-1 
NAA 

+ 0.5 mgL
-1

 Kin + 1.6% agar medium (SEM-2) was studied, amongst which  20gL
-1 

maltose supported 

maximum somatic embryogenesis and regeneration from explants, i.e. 97.61 and 93.74%, respectively, 

followed by 30 gL
-1 

maltose, 30 gL
-1

 sorbitol, 40 gL
-1
 glucose, 30 gL

-1 
sucrose and 30 gL

-1 
mannitol. 

Addition of glutamine, casein hydrolysate and aspartic acid at varying concentrations in SEM-2 enhanced 

embryogenesis and regeneration to maximum 89.97 and 85.12% obtained by adding 100 mgL
-1

 

glutamine. Activated charcoal (1.0 gL
-1

) along with citric acid (100 mgL
-1

) controlled the problem of 

browning in SEM-2 and also promoted somatic embryogenesis (90.33%) and regeneration (86.19%). 

Based on these observations, medium that significantly enhances somatic embryogenesis and 

regeneration over SEM-1 was standardized as MS + 20 gL
-1 

maltose + 5 mgL
-1 

NAA + 0.5 mgL
-1

 Kin 

+ 1.6% agar + 100 mgL
-1

glutamine + 1 gL
-1 

activated charcoal + 100 mgL
-1

 citric acid. The plantlets 

were shifted to ½ MS medium for shoot elongation, followed by shifting to ½ MS + NAA (5 mgL
-1

) + 

sucrose (7%) to promote profuse rooting. The plants were hardened and transferred to field soil 
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supplemented with farm-yard manure in polybags kept in glasshouse. The plants transferred to soil 

exhibited a mean survival rate of 87.81%. 

S5-VP-02 
Regeneration in Commiphora wightii through somatic embryogenesis using leaf explants 

Alisha Gupta and Rajam M. V. 

Department of Genetics, University of Delhi South Campus, New Delhi, India 

(Correspondence: rajam.mv@gmail.com) 

Commiphora wightii (Arn.) Bhandari popularly known as “Guggul” belongs to the family Burseraceae. It 

is an endangered important medicinal plant species widely distributed in arid and semi-arid regions of 

Africa and Asia. The plant exudates a medicinally important yellow-brown coloured oleo-gum resin from 

the incision made on the bark. The main constituents of this gum include phytosterols, guggulipids and 

the ketonic steroid compound (guggulsterone) mainly E and Z guggulsterones which has important 

medicinal properties, includingthe lowering of hepatic cholesterol level by acting as an antagonist of the 

FXR bile acid receptor and in the metabolism of cholesterol. It acts as an antiarthritic, astringent, 

antispasmodic, anthelmintic. Apart from the medicinal uses, it also has economical uses in the incense 

and perfume industry. Natural propagation in Commiphora is very slow and is mainly through apomixes 

and it takes around 8 to 10 years for the plant to become commercially exploitable through tapping and 

yields 700 to 900g resin. After which, the plant invariably dies due to the traditional tapping methods 

used to extract the oleo-gum resin. Coupled with its commercial importance resulting in overexploitation, 

its natural population is dwindling fast. It has been listed in the IUCN Red List of threatened species. 

Hence, tissue culture holds promise to mass-multiply this valuable species, which is on the verge of 

extinction. Therefore, we have developed a regeneration protocol through somatic embryogenesis using 

leaf explants. Leaf was sterilized and leaf segmentsof 1-2 (~1 cm?) cm were inoculated on MS medium 

fortified with different concentrations of auxins out of which auxins at low concentration proved to give 

the best response for embryogenic calli formation. On obtaining embryogenic calli, they were cultured on 

maturation medium rich in cytokines and amino acids for induction and maturation of somatic embryos. 

Two different cytokines 6-Benzylaminopurine and Kinetin at different concentrations were used. Both the 

cytokines gave somatic embryos but the better response in terms of number and development was 

observed on maturation medium with a high concentration of cytokine BAP. The fully developed and 

matured somatic embryos were transferred to a germination medium where 60% germination was 

observed.  Thus, our study suggests that using a low concentration of auxins for embryogenic calli 

formation and a high concentration of BAP for the induction and maturation of somatic embryos is 

important for efficient regeneration. Currently, the developed regeneration protocol is being used to 

develop transgenic plants for the enhanced production of guggulsterones by targeting steroid pathway 

genes using the Agrobacterium-mediated gene transfer method. 
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5-VP-03 
Efficient in vitro embryo rescue technique in grape 

Jadhav A.K. and Singh S.K. 

Division of Fruits and Horticultural Technology, ICAR-Indian Agricultural Research Institute, New 

Delhi, India 

(Correspondence: sanjaydr2@gmail.com) 

The experiment was conducted to enhance the efficiency of in-ovuloembryo rescue technique in grape 

involving early maturing seeded × seedless and seedless × seedless cross combinations for high plant 

recovery using soft seeded (Pearl-of-Csaba and Cardinal) and seedless (Beauty Seedless, Flame Seedless, 

Centennial Seedless, Perlette and Pusa Urvashi) genotypes for ascertaining ideal stage (DAP) for in-ovulo 

embryo rescue and to standardise the culture media. It is found that 22-day-old immature fruitlets of grape 

is ideal stage for rescue under sub-tropical conditions of Delhi. It is found that modified NN media with 

1.5 mg L
−1  

IAA, 0.5 mg L
−1  

GA3 30 g L
−1 

sucrose, 7 g L
−1 

agar–agar and 1.5 g L
−1 

activated charcoal; pH

adjusted to 5.8 for ovule excision, modified Woody Plant Media with 0.2 mg L
−1  

IBA, 0.2 mg L
−1  

BAP, 

30 g L
−1 

sucrose, 7 g L
−1 

agar–agar and 1.0 g L
−1 

activated charcoal; pH adjusted to 5.8 for embryo 

germination and full-strength MS media, 0.2 mg L
−1  

IBA, 0.2 mg L
−1  

BAP, 30 g L
−1 

sucrose, 7 g L
−1 

agar–agar and 1.5 g L
−1 

activated charcoal; pH adjusted to 5.8 rooting media were beneficial for high 

plant recovery./  

S5-VP-04 
 FRET analysis of Ca2+ signalling in Oryza sativa root hairs expressing the legume Nod factor 
receptor kinases MtNFP and MtLYK3 

Anjulata Singh
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, Smrutisanjita Behera
3
, Pallavolu M. Reddy

2
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The Energy and Resources Institute, School of Advanced Studies, New Delhi, India 

2
The Energy and 
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3
CSIR-Indian Institute of Chemical 
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(Correspondence: pallavolu.reddy@teri.res.in) 

Nitrogen is a critical nutrient for rice production. Its limitation affects the crop productivity. With the 

advent of green revolution, chemical N fertilizers, produced by using non-renewable energy resources, 

have become the main source of nitrogen for crop production. Indiscriminate use of chemical fertilizers 

has adversely affected human and environmental health. As plants can only utilize 30-50% of applied 

chemical fertilizers, the remaining is lost to the environment causing eutrophication, greenhouse gas 

emissions, etc. Legumes have an ability to form symbiotic association with rhizobia as well as arbuscular 

mycorrhizal fungi (AMF) to fix atmospheric nitrogen and uptake of phosphorus, respectively. Formation 

of symbiotic associations in legumes with rhizobia and AMF utilize a shared genetic network known as 

common symbiosis pathway (CSP). Rice forms symbiotic association only with AMF to uptake 

phosphorus, and possesses an analogous CSP network that promotes the formation of mycorrhizal 

symbiosis similar to legumes. These findings implied that a part of the genetic network which supports 

rhizobial symbiosis in legumes is also conserved in rice, and it could form building blocks to add-on 
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legume-specific symbiotic genetic networks to construct a rice plant responsive to rhizobial association. 

One reason for inability of rice to form symbiotic association is that some crucial genes which are 

essential for perception of Nod factors to promote rhizobial symbiosis are not well conserved in rice. 

Hence, in order to make rice amenable to form intimate association with Rhizobium, as an initial step we 

have developed transgenic rice lines expressing legume nodulation-specific receptor kinases (MtLYK3 

andMtNFP) and assessed their ability to perceive rhizobial Nod factors. Confirmation of the presence of 

transgenes in transgenic rice plants was done using gene-specific primers and PCR amplification. To 

investigate the ability of the rice plants expressing MtLYK3 andMtNFP to perceive rhizobial Nod factors 

and effect appropriate nod signal transmittance, we crossed these transgenic plants with another 

transgenic rice line expressing the ratiometric Ca
2+

reporter system Chameleon, and assessed the Nod 

factor-induced Ca
2+

 spiking around nuclei in root hairs. Confocal laser scanning microscopic analysis of 

the root hairs in the hybrid transgenic plants revealed that Nod factors are able to promote Ca
2+

 fluxes at 

root hair tip as well as Ca
2+ 

spiking around nuclei. These results clearly demonstrated that the rice plants 

expressing the nodulation specific MtLYK3 andMtNFP gained the ability to perceive Nod factors and 

transmit nod signal appropriately to trigger calcium fluxes and spiking akin to that in legume roots.  

S5-VP-05 
In vitro callus induction from seeds of Indian black rice (Oryza sativa L.) 

Arabindu Debbarma
1
 and Rakhi Chaturvedi

1,2 

1
Center for Rural Technology, Indian Institute of Technology Guwahati, Guwahati, Assam, India 

2
Department of Biosciences and Bioengineering, Indian Institute of Technology Guwahati 

Guwahati, Assam, India 

(Correspondence: rakhi_chaturvedi@iitg.ac.in) 

The Indian black rice is a lesser-known variety, locally cultivated in a few states of India. Tissue culture-

based study is limited in this variety due to rare availability. In the present study, the objective was to 

develop an effective protocol for optimum callus induction from mature seeds used as an explant. 

Murashige and Skoog (MS)medium supplemented with growth regulators, such as 2,4-

Dichlorophenoxyacetic acid (2,4-D) alone or in combination with Naphthalene acetic acid (NAA) was 

used to induce callus. More than 90% cultures showed calluses from mature seeds at higher concentration 

of 2,4-D when used alone. The combined presence of growth regulators, NAA and 2,4-D, at different 

concentrations, induced calluses only in 93% cultures. When NAA was used alone in the medium, 76% of 

the cultures showed callus development. MS basal medium devoid of any growth regulator was used as 

control and seed germination was observed without any callus development. The experiments on 

regeneration from these calli is in process. 

S5-VP-06 

Development of in vitro tuberization protocol for Dipcadi erythraeum, a threatened medicinal plant 

Ayesha Masih and Vinod Kataria 

Biotechnology Unit, Department of Botany, Jai Narain Vyas University, Jodhpur, Rajasthan, India 
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Dipcadi erythraeum, commonly known as piazi belongs to the family Asparagaceae. It is a flowering 

perennial herb having tunicated bulbs. It is a threatened plant of medicinal value, endemically found in 

the Thar Desert and is reportedly distributed in the rocky and gravelly soil of north-west Rajasthan. Bulbs 

of this plant are edible and resemble Digitalis in its activity and are chiefly used in the treatment of 

cough; whereas its leaves are utilized as a laxative and as an ointment for wounds. It is therefore 

necessary to conserve this elite species both via ex situ and in situ techniques. One such technique is that 

of micropropagation which is widely used for conservation and multiplication purposes. Efficient 

micropropagation protocols have been developed for D. erythraeum using Murashige and Skoog’s (MS) 

medium, both in liquid and semi-solid form. Various concentrations and combinations of different plant 

growth regulators (PGRs) were tested and best results of seed germination was observed on MS+0.5 

mg/LBAP (6-benzylaminopurine) following proper surface sterilization procedures and treatment with 

gibberellic acid, with approximately 100 percent germination rate. The roots of these germinated 

seedlings were cultured in vitro to develop callus on MS+1.0 mg/L 2,4-D (2,4-dichlorophenoxyacetic 

acid)+0.5 mg/L BAP. The callus was white and healthy growing. After first subculture, callus was 

transferred in 100 mL flasks containing semi-solid and liquidMS mediums with same concentration of 

PGRs and tuberization was observed in appreciable amount within 15-20 days after subculture.Thein vitro 

generated plantlets were transferred to soilrite in the greenhouse for hardening and acclimatization. In 

comparison to auxin individually, a combination of both auxin and cytokinin was observed to be 

beneficial for the growth of healthy and fast-growing tubers.The present protocol for in vitro propagation 

can be successfully used for large-scale propagation and conservation such valuable threatened plant 

species. 

S5-VP-07 
CRISPR CAS 9 mediated editing of COMT and CCoAOMT genes of Sorghum for improving 
lignocellulosic biomass and bioethanol production 

Prashanth B., Vinod Kumar A., Prashant S. 

Department of Genetics Biotechnology, Osmania University, Hyderabad, Telangana, India 

(Correspondence: prashantsingam@gmail.com) 

Fossil fuels are used as an energy source, predominantly for transportation and in the production of 

diverse biomaterials. Replacement of fossil fuel with biofuel such as bioethanol derived from plant 

biomass has the potential to greatly reduce greenhouse gas emissions. Deconstruction of plant 

lignocellulosic biomass to release fermentable sugars is one of the key steps for bioethanol production. 

Lignin, a vital component of cell wall, hinders optimum utilization of cellulose and hemicellulose for 

release of fermentable sugars. However, lignin is very important for mechanical strength and plant fitness. 

Research on the regulation of lignin biosynthesis pathway enzymes for increased polysaccharides and 

decreased lignin content has the potential to increase cellulosic bioethanol production. In this study, we 

aim to modify the composition & content of lignin by gene editing of CCoAOMT and COMT genes of 

Sorghum, a potential bioethanol crop. We have isolated and cloned full length CCoAOMT and COMT 

genes of Sorghum bicolor (cultivar R-16) and characterized their sequences using bioinformatics tools. 

The nucleotide sequence of SbCCoAOMT showed 97% similarity with the ortholog of Miscanthus 

mailto:prashantsingam@gmail.com
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sinensis, 96% Panicum virgatum, 90% Zea mays and 83% Oryza sativa respectively. The nucleotide 

sequence of SbCOMT showed 89% similarity with the ortholog of Miscanthus sinensis, 78% Zea mays, 

68% Panicum virgatum and 66% Oryza sativa respectively.  Multiple Sequence alignment of 

SbCCoAOMT and SbCOMT with MsCCoAOMT, MsCOMT, ZmCOMT, McPFOMT and related OMTs 

showed the presence of SAM binding motif. Phylogenetic analysis showed that SbCCoAOMT is closely 

related to CCoAOMT of Panicum virgatum and SbCOMT is closely related to COMT of Miscanthus 

sinensis. The possible unique CRISPR gRNA targets for SbCCoAOMT & SbCOMT genes were designed 

using CHOPCHOP online tool with minimum off targets. Among these, gRNAs with highest frame shift 

mutation frequency were finalized for construct preparation. We obtained CRISPR-Plant expression 

vector with gRNA target for SbCCoAOMT and SbCOMT from Sigma-Merck. CRISPR-gRNA-

CCoAOMT & CRISPR-gRNA-COMT constructs were mobilized into A. tumefaciens by Freeze thaw 

method. Recombinant A. tumefaciens clones were confirmed by colony PCR and restriction digestion. 

Further, we will genetically transform Sorghum with Agrobacterium tumefaciens strains harboring 

CRISPR/Cas9 constructs of SbCCoAOMT & SbCOMT genes respectively and characterize the mutants. 

Finally, we will analyse the lignin content & composition, cellulose content and evaluate the ethanol 

production in Sorghum mutant lines along with controls.  

S5-VP-08 
Development of cryopreservation and plant regeneration protocol for Saussurea costus - a critically 
endangered Himalayan medicinal herb 

Charu Sharma and Papiya Mukherjee 

Department of Botany, Panjab University, Chandigarh, Punjab, India 

(Correspondence: sharma95.charu@gmail.com) 

Saussurea costus (Falc.) Lipsch. (Asteraceae) commonly known as “Kuth” is a commercially valued 

medicinal herb of the Indian Himalayan region. The costus oil extracted from its roots has been used in 

the pharmaceutical industry because of its anti-inflammatory, anticancerous and hepatoprotective 

properties. The huge demand of costus oil and overexploitation has put enormous pressure on the wild 

population of this species and has enlisted it in critically endangered category. Therefore, there is a need 

to develop long-term conservation methods for sustainable utilization of this plant species. The present 

study aimed to establish an efficient and long-term conservation protocol through cryopreservation, a 

long-term conservation method in liquid nitrogen (-196°C). The cryotechnique followed for this study 

was a vitrification-based protocol. Shoot tips of S. costus were excised from the in vitro raised plants and 

treated with osmoprotectant (0.3 M sucrose) for 16 hrs followed by loading solution (2 M Glycerol and 

0.4 M Sucrose) for 20 min. The dehydration time with Plant Vitrification Solution (PVS2) was optimized. 

The shoot tips were dehydrated with PVS2 solution for 0 to 130 minutes at 0°C and plunged in liquid 

nitrogen. Post cryogenic storage, shoot tips were thawed and treated with unloading solution (1.2 M 

sucrose). Results showed 60% direct regeneration of shoot tips on recovery growth media supplemented 

with 1 mg/l BAP, 0.2 mg/l NAA and 0.2 mg/l GA3. The above study presents a robust cryopreservation 

and plant regeneration protocol for the long-term conservation of S. costus for safeguarding this valuable 

species for future use. 
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S5-VP-09 
Development of highly efficient protocol of protoplast isolation from rice and transfection study 
with CRISPR-Cas9 plasmid targeting rice semi-dwarf 1 gene 

Debasmita Panda, Subhasis Karmakar, Priya Das, Manaswini Dash, Baig M.J., Kutubuddin Ali Molla

National Rice Research Institute, Cuttack, Odisha, India 

(Correspondence: kutubuddin.molla@icar.gov.in) 

Genome editing tool such as CRISPR/Cas9 has transformed studying biology and developing superior 

crops with its simplicity and high precision. Delivery of genome editing reagents to plant nucleus is one 

of the major bottlenecks due to the cell wall barrier. Plant scientists mainly use callus-mediated 

transformation method through Agrobacterium cells or biolistic gun and regenerate the transformed cells 

into whole plants. Regeneration procedure is time consuming. Therefore, evaluating guide RNA 

efficiency or validating genome editing strategies in vivo needs 3-4 months’ time. Plant protoplast does 

not have cell wall and represents an attractive explant for rapidly validating guide RNA designs, Cas 

proteins, act as a platform for DNA-free gene editing. Here, we have developed modified protocol for 

protoplast isolation from rice tissue and high efficiency transfection using PEG (polyethylene glycol). In 

our protocol, the transfection efficiency of isolated protoplast was measured as high as 83%. The 

workflow of this procedure involves the digestion of cut piece of rice seedlings in a mixture of enzyme 

solution and the isolation of viable and healthy protoplast using a sucrose density gradient. Plasmid vector 

harbouring the Cas9 and sgRNA was introduced into protoplast using PEG mediated protoplast 

transfection. GFP plasmid was used to measure the efficiency of transfection. After three days, GFP 

fluorescence was visualised under fluorescent microscope using GFP filter. Using these isolated 

protoplasts, we also further evaluated CRISPR/Cas9 mutagenesis efficiency attherice semidwarf-1 

(OsSD1) locus. PCR was performed from isolated genomic DNA to amplify the target genomic site. 

Sanger sequencing of PCR amplified product revealed targeted knock outs, and variety of mutation 

outcome. This high efficiency protocol of rice protoplast isolation and transfection will assist researchers 

for rapidly evaluating efficiencies of gRNAs, Cas proteins, editing strategies before calli mediated 

transformation. Moreover, this protocol would also be beneficial for DNA-free genome editing if RNP 

reagents are used. 
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In vitro adventitious roots of Valeriana jatamansi: A sustainable source of valerenic acid derivatives 
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Valeriana jatamansi is a Himalayan medicinal and aromatic plant, whose rhizome contains numerous 

phytochemicals. Owing to their tranquilizer properties, the root extracts are often used in traditional and 

modern systems of medicine worldwide. Generally, the traders or local healers indiscriminately uproot 

the plants from the wild. Consequently, it has put enormous pressure on natural resources and forced 

government agencies to categorize V. jatamansi under vulnerable plant species of the Himalayas. In this 

study, efforts were made to develop an alternative means of getting valuable valerenic acid and its 

derivatives without destroying the natural plant population. Therefore, in vitro adventitious roots were 

induced from V. jatamansi leaves using plant tissue culture technology. For this, three different nutrient 

media [Murashige and Skoog (MS), Schenk and Hildebrandt (SH), and Gamborg (B5)] were examined to 

induce adventitious roots. A significantly (p ≤ 0.05) high root induction (90%) was achieved on SH 

medium supplemented with 9.84 µM indole-3-butyric acid (IBA). Further, different in vitro process 

parameters (IBA concentration, sucrose and medium strength) were optimized under submerged 

cultivation for higher root biomass yield. The half-strength SH medium fortified with 2% sucrose and 

4.92 µM IBA resulted in maximum fresh root biomass (144.09 ± 11.36 g/L) along with a high relative 

growth rate (2.01 ± 0.04) and growth index (13.41). Moreover, the accumulation of total valerenic acid 

derivatives (1525.14 g/g dry weight (DW)) in adventitious roots was considerably higher than the leaf and 

rhizomes of the donor plant. When compared individually, valerenic acid accumulated higher in plant 

rhizomes (506.27 µg/g DW), while acetoxyvalerenic (534.91 µg/g DW) was higher in adventitious roots. 

Interestingly, hydroxyl valerenic acid (919.57 µg/g DW) was only detected in adventitious roots, which 

otherwise absent in donor plant parts. Additionally, the production cycle in the developed protocol is 

substantially shorter (two months) than V. jatamansi field cultivation (approximately 2-years). In 

conclusion, an enriched metabolic profile along with a significantly shorter cultivation cycle under 

submerged condition demonstrated the ability of leaf-induced V. jatamansi adventitious roots as a 

sustainable source of valerenic acid derivatives to meet the demand of phytopharmaceutical industries. 

S5-VP-11 
Effects of sterilant on establishing in-vitro callus induction in Hemidesmus indicus L. R. Br: An 
important endangered medicinal Plant 
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Hemidesmus indicus is an endangered medicinal plant which holds a valuable bioactive compounds and 

industrially important secondary metabolites. This plant has a promising role in treating a wide spectrum 

of ailments, including cancer, respiratory difficulties, liver disorders, diabetes, and neurological diseases. 

The sterilisation procedure differed between species, so the prime goal of this study was to determine the 

efficacy of various sterilants on in vitro callus induction using Hemidesmus indicus leaf segments. 

Surface sterilised young leaves (12mm x 8mm) were treated with different concentrations of sterilants 

such as Bavistin
TM

 (0.01-0.4%), HgCl2 (0.01-0.4%) and EtOH (60-100%). The treated explants were

inoculated in Murashige and Skoog (MS) medium enriched with various hormones such as 0-2.5mg/L 1-
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Naptheleneacetic Acid (NAA) and 0-2.5mg/L 2,4-Dichlorophenoxyacetic acid (2,4-D). The best 

hormonal concentration for callus induction within 15 days was found to be 1mg/L NAA. Our findings 

suggest that lower contamination was found when explants were treated with a combination of 0.1% 

Bavistin for 1hr followed by 0.1% mercuric chloride (HgCl2) for 4 minutes, and 70% ethanol (EtOH) for 

50 seconds. It was observed that after 30 days highest percentage of callus induction was observed in MS 

medium fortified with 1mg/L NAA (92.99±1.4 %) compared to other hormonal concentrations of 2,4-D. 

Further, MS media supplemented with NAA 1 mg/L showed the highest mean callus fresh weight 

(1.80±0.09
a
) and dry weight (0.77 ±0.01

a
) compared to other hormonal concentrations (0.5,1.5 and 2 

mg/L). The calli proliferated from the cut edges of leaf explants were white and friable. This optimized 

protocol for callus induction and proliferation will be highly relevant to produce pharmaceutically 

important bioactive compounds and to conserve the endangered medicinal plant. 

S5-VP-12 
Effect of explants and growth hormones for Plb formation of Vanda coerulea 

Himal Pokhrel and Amitava Paul 

Institute of Agriculture, Visva- Bharati, Shantiniketan, West Bengal, India 

(Correspondence: amitava.paul@visva-bharati.ac.in) 

Blue Vanda (Vanda coerulea) an epiphytic orchid with monopodial growth habit is an endangered 

species bearing a good export market. In vitro propagation from seeds and tissues is the only 

method to propagate the species for conservation and commercialization. So, the study was to 

identify superior explant and promising hormone for in vitro PLB proliferation. Well grown 6 months old 

healthy axenic plantlets developed from seed culture with more leaves and roots were selected. Explants 

(leaf tip, leaf median, leaf base, shoot and root) were implanted in MS medium with 9 hormonal 

treatments i.e., control, BA (1 mg/l), BA (2 mg/l), NAA (1mg/l), NAA (2 mg/l), BA (1 mg/l) + NAA (1 

mg/l), BA (1 mg/l) + NAA (2 mg/l), BA (2mg/l) + NAA (1mg/l), BA (2mg/l) + NAA (2mg/l). The pH of 

media adjusted to 5.3. Cultural condition maintained was 25±2 
0
C with 12 hours photoperiod providing 

3500-4000 lux light intensity. After, few weeks explants started swelling, callusing and formation of 

PLBs were observed. In the meantime, experiment was repeated and sub-culturing was done. It took 2-3 

months to develop PLBs from the time of culture initiation. The leaf base recorded maximum survival 

percentage (53.39%), minimum days taken (45.22) for PLB formation and maximum number (8.25) of 

PLB formation. Media supplemented with BA 1mg/l + NAA 2mg/l produced highest survival percentage 

(62.77 %), days taken (38.06) for PLB formation and number of PLBs (8.80) per explant. The interaction 

effect of leaf with BA 1mg/l + NAA 2 mg/l showed higher survival percentage (83.33 %), minimum days 

taken (30.00) for PLB formation and a greater number of PLBs (14.66 per explant). In a line earlier report 

showed 80% proliferation in Vanda (Mathews and Rao,1985). More PLB formation in leaf than root in 

Ascocentrum ampullaceum (Shadanget al., 2016). In Vanda coerulea PLBs formation in 40 days (Gantait 

and Sinniah, 2012) and in Arachnis labrosa 35 days (Deb and Temjensangba, 2006). Combination of BA 

and NAA produces maximum PLBs (Roy et al., 2011), PLB formation after 12 weeks in Phalaenopsis 

amabilis (Sinha and Jahan, 2011), formation of callus free PLBs in 4 -8 weeks in Vanda coerulea (Seeni 

and Lata, 2000) and formation of maximum number of PLBs (15.93) with coconut water (Gegiet al., 

2020). The combination of BA + NAA with leaf found promising for induction of PLB of Vanda 

coerulea (Seeni, 1988), PLBs development without callus phase in Vanda hybrids (Sharma and 
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Chaturvedi,1988), callus free PLBs in leaf base of Vanda coerulea (Seeni and Latha, 2000), PLB 

formation from leaf in Aerides crispum (Sheelavanthmath et al., 2005). In Dendrobium the leaf produced 

PLB after 4 weeks of culture in 3mg/l NAA and 5mg/l BAP (Chong et al.,2010). From the study the 

explant leaf base, the hormonal combination BA 1mg/l + NAA 2 mg/l and their interaction effect was 

recorded best for multiple PLBs generation in short time.  
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Bt Brinjal: A new array of hope towards sustainability 
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Brinjal is also known as eggplant and aubergine in North America and Europe respectively. A poor man’s 

crop it might be, but brinjal is also called by some as the ‘King of Vegetables’. Low in calories and high 

in nutrition, the vegetable has very high-water content and is a very good source of fiber, calcium, 

phosphorus, folate, and vitamins-B and C. It is also used in ayurvedic medicine for curing diabetes, 

hypertension and obesity. In spite of its popularity among small and resource-poor farmers, brinjal 

cultivation is often input intensive, especially for insecticide applications. Brinjal is prone to attack from 

insect pests and diseases, the most serious and destructive of which is the fruit and shoot borer (FSB) i.e., 

Leucinodes orbonalis. FSB feeds predominantly on brinjal and is prevalent in all brinjal producing states. 

It poses a serious problem because of its high reproductive potential. FSB larvae bore into tender shoots 

and fruits, retarding plant growth, making the fruits unsuitable for the market and unfit for human 

consumption. Fruit damage as high as 95% and losses of up to 70% in commercial plantings have been 

reported. Farmers resort to frequent insecticide applications and biological control measures to counter 

the threat of FSB. However, since FSB larvae are concealed within shoots and fruits, the pest normally 

escapes insecticide sprays. Therefore, farmers tend to over-spray insecticides, because they rely mainly on 

the subjective assessments of the visual presence of the pest. In addition to the financial cost associated 

with indiscriminate insecticide applications and its negative effects on the environment, high pesticide 

residues in vegetables and fruits pose serious risk to consumers’ health and safety. FSB-resistant brinjal 

or Bt brinjal was developed using a transformation process similar to the one used in the development of 

Bt cotton. Bt brinjal incorporates the cry1Ac gene expressing insecticidal protein to confer resistance 

against FSB. The cry1Ac gene is sourced from the soil bacterium Bacillus thuringiensis (Bt). When 

ingested by the FSB larvae, the Bt protein is activated in the insect’s alkaline gut and binds to the gut 

wall, which breaks down, allowing the Bt spores to invade the insect’s body cavity. The FSB larvae die a 

few days later. Bt Brinjal was developed by the Maharashtra Hybrid Seeds Company (Mahyco). The 

company used a DNA construct containing the cry1Ac gene, a CaMV 35S promoter and the selectable 

marker genes nptII and aad, to transform young cotyledons of brinjal plants. A single copy elite event, 

named EE-1, was selected and introduced into hybrid brinjal in Mahyco’s breeding program. Mahyco.  

The event EE-1 was backcrossed into open-pollinated brinjal varieties for development of tolerant 

breeding lines.  
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Vitex commonly called as a “chaste tree” is the largest deciduous shrub and comes under the Lamiaceae 

plant family. This genus has nearly 250 species and is widely distributed worldwide as V. pinnata 

(Singapore), V. trifolia (Vietnam, India, Australia), V. agnuscastus (Africa Europe), V. negundo (Srilanka, 

India, Pakistan), V. altissima (India, Malaysia, Myanmar) and V. roduntifolia (Korea, Japan, United 

States). These species are well-known native species for their economic and therapeutic values. Among 

them, Indian species Vitex negundo commonly called as a powerful medicinal plant that holds valuable 

bioactive compounds and industrially important secondary metabolites. Hence, the present study is an 

attempt to establish an efficient in-vitro adventitious root induction protocol for Vitex negundo usingMS 

solid medium. Surface sterilized leaves of V. negundowere used for explants (12mm x 8mm) preparation. 

The explants were then initially inoculated in MS medium supplemented with different concentrations of 

1-Naptheleneacetic Acid (NAA). A maximum of 60% of explants responded and produced adventitious 

roots with maximum biomass (Fresh Weight-92 mg; Dry Weight-13mg) in MS+NAA (0.5mg/l) after 14 

days of culture. The combinatorial effect of NAA with sodium nitroprusside was also studied. After 14 

days of culture, the parameters related to biomass such as fresh weight and dry weight were assessed. The 

synergistic effect of NAA (1.5mg/l) with sodium nitroprusside (1mg/l) resulted in the highest frequency 

of root formation (73.3%) and yielded supreme biomass (Fresh Weight-175mg; Dry weight-98.4mg) 

compared to other combinations and individual concentrations tested when compared to control (Fresh 

Weight-50mg; Dry Weight-36mg). Thus, the adventitious root induction of Vitex negundo using sodium 

nitroprusside can significantly produce more roots than treatment with auxin hormones alone. This work 

depicts that sodium nitroprusside has a potent role in enhancing the formation of adventitious roots. Thus, 

an improved adventitious root culture system from Vitex negundo can be achieved through sodium 

nitroprusside.  
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Large scale production of anti-malarial compound from adventitious root cultures of Spilanthes 
acmella using stirred tank bioreactor 
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Spilanthes acmella (Asteraceae), commonly known as anti toothache plant, has increasingly high demand 

worldwide due to its vast medicinal usage. The plant is a natural resource of various important bioactive 

metabolites, such spilanthol, an alkylamide. It’s leaves and flower has various sensory properties, like 

mouth-watering, tingling, numbing.  The root extract of the plant has larvicidal activity against malarial 

and filarial vectors. In vitro  tissue culture methods has been widely explored for large scale production of 

Spilanthes biomass and its active metabolites. In the present study, adventitious root culture of the plant 

was established at first at shake flask level using half strength Murashige and Skoog medium (½MS; only 

macronutrients reduced to half strength) with 5% sucrose. Thereafter, the root biomass obtained was 

scaled-up in a stirred tank bioreactor (3 litre capacity with working volume of 1.5 litre), fitted with marine 

type impellers in the same medium composition. The growth of adventitious root biomass in shake flask 

and bioreactor was compared by keeping the same inoculum size and medium volume. The growth of 

root biomass was found to be significantly higher in bioreactor where 10-fold increase in biomass growth 

was observed after 28 days of culture. Two important factors including size of inoculum and aeration rate 

were also optimized for enhanced biomass growth. Aeration at 0.1 vvm (volume of air per volume of 

liquid per minute) was found to be optimum for the growth. Design of explant and size of inoculum were 

also optimized for shake flask and bioreactor systems. Presence of spilanthol was detected and quantified 

by High performance liquid chromatography (HPLC) analysis. The results of the study will reduce the 

overharvesting of medicinal plants and provide an alternate way to produce the bioactive metabolites at 

large scale without hampering the natural habitat of the plants. 

S5-VP-16 
In vitro propagation of Glinus lotoides L.: an important medicinal plant species of Western 
Rajasthan 
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Glinus lotoides L. is a seasonal medicinal herb belonging to family Molluginaceae. The local name of 

plant is bakada, hata and dholakani. It is found in muddy beds of the water reservoirs and has many 

traditional uses in cultures across its large native range, as medicine and as food. This plant has potent 

antispasmodic, antiulcerogenic, antioxidant, chemoprotective, wound healing, antimutagenic, anticancer 

and anti-inflammatory properties. Due to important medicinal properties, this plant has been uprooted 

extensively from natural habitat by manufacturers for various medicinal preparations. Therefore, there is a 

need for development of non-conventional methods for propagation of this important medicinal plant 

species. The fresh, healthy and disease-free plant material of G. lotoides was collected from wild habitat 

of western Rajasthan. The plant was identified and authenticated by Botanical Survey of India, Jodhpur, 

Rajasthan. Murashige and Skoog’s (MS) medium supplemented with 3% (w/v) sucrose and 0.8% (w/v) 

agar was used during the present study. To establish an in vitro propagation protocol of G. lotoides, nodal 

shoot segments bearing 1-2 nodes were evaluated for multiple shoot proliferation on MS medium 

supplemented with 6-Benzyladenine (BA) and Kinetin (Kn) singly or in combination at different 

concentrations (0.5-2.5 mg/L). During the present set of laboratory experimentation, nodal shoot 

segments evoked significant response on BA as well as Kn. However, maximum number of multiple 

shoots were obtained on MS medium supplemented with Kn (1.5 mg/L). It is also relevant to mention 
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here that maximum shoot length was also achieved on same concentration of Kn. No significant response 

was observed on lower concentrations of Kn (0.5-1.0 mg/L), however, with a further increase in the 

concentration of Kn (1.5-2.5 mg/L), decline in shoot number and shoot length was observed. These shoots 

were further taken for in vitro rooting on MS medium supplemented with auxins, Indole-3-butyric acid 

(IBA) and Indole-3-acetic acid (IAA) at different concentrations (0.25-2.0 mg/L). However, optimal 

results were obtained on MS medium supplemented with IBA (0.25 mg/L).  

S5-VP-17 
Efficiency of Agrobacterium strains in onion transformation 
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Transient gene expression methods are useful for evaluation of gene constructs, promoter analysis and 

also for studying the effectiveness of VIGS. Further transient methods are also useful for evaluation of 

Agrobacterium strains suitable for transformation experiments. Here we examined different 

Agrobacterium strains for transient expression of an intron-containing β-glucuronidase gene. In the 

present study, 4 different Agrobacterium strains LBA4404, EHA105, AGL1 and GV3101, harboring 

pCAMBIA1305.1 construct were used for transient expression studies in onion. Two different explants 

viz. seedling radicle of 4-5 mm length and 3-4 mm
2
 sized 8-week-old embryogenic calli emerged from 

seedling radicle; of Indian late kharif onion cultivar Bhima super were infected independently with these 

4 different Agrobacterium strains for 30 min. The infected explants were placed onto co-cultivation 

medium for 3 days at room temperature in dark condition. Later, explants were washed thoroughly with 

sterile water, incubated in GUS solution at 37 ˚C in dark condition and visualized for blue stain 10 h after 

the incubation. The transient transformation efficiency of embryogenic calli was found to be 1.33 % in 

LBA 4404 and EHA105, 1 % in GV3101 and 0.67 % in AGL1; whereas in seedling radicle, it was 1.0 % 

in LBA4404, 0.75 % in GV3101 and EHA 105, and 0.5 % in AGL1. Conclusively, Agrobacterium strain 

LBA4404 was found to be better strain for Agrobacterium-mediated transformation of onion. 

S5-VP-18 
In vitro juvenile cells production in C3, C4 and C3-C4 intermediate plants an approach to address 
genetic manipulation for desired expression 
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Among different types of photosynthesis, the C4 plants are said to be more advanced and efficient in 

comparison to C3 plants in photosynthetic rate, water and nitrogen use under hot and dry conditions. C3-

C4 intermediate plants shows functional moderate features of both C3 and C4 plants at physiological and 

morphologically level. These plants grow in hot and arid environment dominantly. The potentiality of C4 



310 

43rd  Annual Meeting of PTCA(I) & International Symposium on “Advances in Plant Biotechnology and Nutrational security” 

APBNS-2022, April 28-30, 202

and intermediate plant could be useful in designing of more potent crops in changing climate. Callus cells 

(able to convert in root or stem or complete plant) are more effective to agrobacterium-based 

transformation in cells for genetic modification for context objectives.  Here, we report in vitro callus 

induction and proliferation protocol for aC3 - Corbichonia decumbence, C4- Mollugo cerviana(Linn.) Ser. 

(Molluginaceae) and Gisekia pharnaceoides Linn. (Gisekiaceae) and a C3-C4 intermediate- Mollugo 

nudicaulis plants. All these species found on sandy dry places of tropical and subtropical regions around 

the world as a hot evader. Activated seeds and seedling parts- hypocotyl, root, and cotyledonary leaves 

from all the selected species were used as explants and inoculated on MS (Murashige and Skoog) medium 

on different combination of Auxin (2,4-D, NAA and other) and Cytokinin (BAP and Kin). Strong nature 

synthetic auxins such as Dicamba and Picloram (micro quantity) were also applied for callus induction 

response in case of M. cerviana and G. pharnaceoides. The area of callus proliferation was measured for 

optimum response. The result of the study showed that the callus induction rate (%) was maximum in C3 

plant Corbichonia decumbence in comparison with others on the same medium composition. The 

proliferation rate was higher in C3 and C3-C4 intermediate plants compare to the C4 species.  However, 

the response of cells towards applying of exogenous plant growth regulators is depended on endogenous 

level of hormone but at cellular level there might be crosstalk between cells functional physiology and 

hormone interaction, however, further investigation is required. The optimisation is useful to obtain 

juvenile cells for targeted transformation-based gene insertion in these plants.  
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Development of high frequency adventitious shoot regeneration protocol using de-embryonated 
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Sesame (Sesamum indicum L.; 2n = 26) is an annual herbaceous plant, belongs to family Pedaliaceae and 

is most important oilseed crop of semi-arid tropics. The seed contains 50-60 % oil, which has valuable 

nutrients such as 44-66 % essential mono and poly unsaturated fatty acids, 20-25 % proteins, vitamins, 

antioxidant minerals and folic acid. Also, sesame is one of the most desirable oils due to its flavour and 

restrained rancidity characteristics. It is cultivated on a total area of over 1.95 million ha area in India with 

total production is 0.85 million tons (493 kg ha
-1

 productivity; www.sopa.org-india-oilseeds-area-

production and productivity). The development of new sesame varieties is quite limited due to the 

recalcitrant nature of sesame, sexual incompatibility and post fertilization barrier. The aim of this study is 

development of an efficient in-vitro regeneration protocol to be used for genetic transformation of 

sesame. Among the various age of explants (0, 1, 3, and 5-d-old), the cotyledon (de-embryonated) 

explants were used for development of adventitious shoots. To determine the effect of different growth 

regulator on regeneration Murashige and Skoog (MS) medium with 0, 5, 10, 15, 25, 35 or 50 μM of BAP 

in all possible combination of 2, 4 or 6 μM IAA and 10,20 or 30 μM TDZ. The cotyledon showed high 

regeneration frequency in both GT-3 (33.3 ± 1.1 %) and GT-4 (30 ± 0.0 %) varieties on MS medium 

supplemented with 25 µM BAP (6-benzylaminopurine) and 2 µM IAA (indole-3-acetic acid) after 6 

weeks of culture. Regeneration frequency improved further by fortifying with 20µM TDZ in both GT-3 
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(63.3 ± 1.1 %) and GT-4 (26.7 ± 1.1 %) varieties. To study the effect of silver nitrate, the optimized 

regeneration medium from previous experiment for regeneration (MS containing 25 µM BAP and 2 µM 

IAA) was supplemented with 0, 20, 30 and 40 µM AgNO3 and 2 or 4µM ABA. In addition of 4 µM 

abscisic acid (ABA) showed highest shoot regeneration in GT-3 (83.3 ± 3.3 %) and GT-4 (70.0 ± 0.1 %) 

at 0-d-old cotyledons after 6 weeks. For elongation of the shoots, the regenerated shoots transferred on 

MS medium with 5 μM BAP and 2 μM IAA or 1 μM GA3 (Gibberellic acid) showed good elongation. 

The elongated shoot was transferred to root induction medium (MS medium supplemented with 1 and 2 

μM IAA, IBA or NAA). The highest root induction frequency (70.0 ± 2.3 %) was achieved on MS 

medium with 2 μM α-naphthalene acetic acid (NAA) after 4 weeks. The rooted sesame plants are 

transferred to soil in green house showed normal vegetative growth and flowering. 

S5-VP-20 
Cis genesis: A one-step gene transfer technique integrating modern and traditional breeding for 
sustainable agriculture growth 
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Traditional plant breeding consists of searching for appropriate genetic variation and combining novel 

traits from wild germplasm with existing traits by crossing and selection. Many new tools for plant 

breeding have been found in plant biotechnology, such as in vitro techniques like embryo rescue, 

protoplast fusion, vegetative propagation, and transformation (transgenics). Today’s era is focusing on 

combining advanced genomic tools (genetic mapping, marker assisted selection, whole genome 

sequencing etc.) with conventional breeding techniques which has potential to give results with accuracy.  

Marker-Assisted Recurrent Selection (MARS)  is  a recurrent selection scheme using molecular markers 

for the identification  and  selection  of  multiple  genomic  regions involved  in  the  expression  of  

complex traits  to  assemblethe  best-performing   genotype  within  a  single  or  across related 

populations (Ribaut et al., 2010). Marker-assisted Recurrent  Selection  (MARS)  is  a recurrent selection 

scheme using molecular markers for the identification  and  selection  of  multiple  genomic  regions 

involved  in  the  expression  of  complex traits  to  assemble the  best-performing   genotype  within  a  

single  or  across related populations (Ribaut et al., 2010). Marker-assisted Recurrent Selection  (MARS)  

is  a recurrent selection scheme using molecular markers for the identification  and  selection  of  multiple  

genomic  regions involved  in  the  expression  of  complex traits  to  assemble the  best-performing   

genotype  within  a  single  or  across related populations (Ribaut et al., 2010). Recently, Genetically 

Modified (GM) breeding has emerged as a strong tool for improving existing varieties. But with the 

increase in awareness among the people about health and bio safety issue, there is reluctance for the 

acceptance and use of transgenic crops since it includes combination of genes between species that 

cannot hybridize by natural means. As an alternative, a different approach, cisgenesis being a new world 

genome editing tool, introduced by Schouten et al. in 2006, as a crop plant that has been genetically 

modified with one or more desired endogenous genetic elements isolated from a crossable donor plant 

(cultivated/progenitor). Compared with induced translocation and introgression breeding, cisgenesis is a 

one-step gene transfer without linkage drag and enhances the use of existing alleles while remaining 
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within the gene pool of classical breeder. There are several successful cisgenic studies involving biotic & 

abiotic stress resistance, quality control, value added to the economic products. For e.g., In durumwheat, 

1 Dy10 glutenin gene transferred from bread wheat D genome for enhancing baking properties. Similarly, 

in a marker-free cisgenic barley, gene HvPAPhy_a introduced to improve mature grain phytase activity. 

The regulation of cisgenic crops is currently being reviewed in the EU, while regulators in US are 

debating whether a subset of these crops should be exempted from regulation. As cisgenesis has to speed 

up the breeding process in plants, in particular to obtain durable multigenic resistance, such a decision 

would greatly benefit health, economic & environmental prospects of agriculture. If the researchers and 

scientists expand their investigation area to include such biotechnological interventions, cisgenic crops 

will play a critical role in relishing crop enhancement in a sustainable manner thus encouraging the 

technology adoption by small-midsize enterprises and public research organisations, along with their 

usage in minor economic crops nationwide that may be essential for meeting the global needs in near 

future. 
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Coconut (Cocos nucifera L.) is one of the most recalcitrant species for in vitro regeneration. There is a 

strong interest in coconut micropropagation due to a rapidly growing need for improved coconut varieties, 

particularly those resistant to root (wilt) disease. Use of immature coconut inflorescences is one of the 

most successful explants as they contain numerous meristematic tissues. The type of gelling agent and 

type of culture vessel used has a great influence on the growth of the tissue in culture. Traditionally, agar 

has been used as the preferred gelling agent for tissue culture, and is very widely employed for the 

preparation of media.  The lid of culture vessels protects the culture medium from microbial infections 

and prevents excessive evaporation of water from the culture medium. The type of vessel and lid also 

affects the gaseous composition inside the vessel as well as light penetration. This study aimed to 

investigate the effect of different culture vessels and gelling agents on in vitro culture of coconut. 

Rachillae bits collected from immature inflorescence of coconut was used as explant. Culture vessels such 

as commercial jam bottle with polypropylene cap, Magenta vessel and conical flasks with special glass 

stoppers as well as different gelling agents (Agar, Carrageennan, Gellan gum and CleriGar) were used 

and their effect in terms of browning, contamination, number of multiple shoots and vitrified shoots were 

studied. In the culture initiation phase, the parameters studied were not significantly affected by the type 

of gelling agents. In contrast, in the multiplication phase, the gelling agent used in the medium 

significantly influenced the parameters like number of shoots per explant and quality of cultures. Among 

different gelling agents, gellan gum at 2.5 g/L resulted more multiple shoots (6.2), followed by Clerigar at 

5g/L. However, no. of vitrified shoots was more in cultures grown in media containing Gellan gum when 

compared to agar, even though the apparent gel firmness was similar. Among the different culture vessels 

tested, microbial contamination was minimum in cultures grown in conical flasks with special stoppers 

(less than 1%) compared to jam bottles (2.5%) with polypropylene lids and magenta vessel (6.2%). 
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During multiplication phase subcultutring frequency could be reduced when cultured in conical flask with 

stopper (once in 2 months) where as monthly subculturing was necessary for other culture vessels. This 

could be due to the presence special lid having inner S shaped structure plugged with cotton which allows 

gas exchange. In case of delayed subculturing beyond one month, the cultures in both jam bottle and 

magenta vessel showed browning and senescence symptoms, when compared to conical flasks. This may 

be due to the fact that tightly closed vessels reduce gas exchange which result in accumulation of ethylene 

gas levels inside the vessel.  Higher ethylene level in turn may affect negatively the normal growth and 

development of plantles.  
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Curcuma amada Roxb. (Family: Zingiberaceae) is an important medicinal plant with food, economic, 

pharmaceutical, and industrial values. It is more commonly known as “Mango ginger” or “Amba ada” 

due to raw mango flavour of its rhizome. This plant is usually propagated through rhizome which is 

season dependent and slow process. Furthermore, rhizomes are easily infected by different soil borne 

pathogen, which deteriorates the quality and quantity of production. Hence, the present study was 

conducted to develop one step plant regeneration protocol using rhizomatic bud on meta-Topolin (mT) 

supplemented medium. About 600 plants were produced on Murashige and Skoog (1962) (MS) medium 

supplemented with 3.0 mg/L mT after twelve weeks of culture. Well rooted plants were successfully 

hardened (95%) and subsequently all the plants were established in the field. The quantitative 

phytochemical estimation and assessment of chemical composition of essential oil by Gas 

Chromatography-Mass Spectroscopy (GC-MS) was confirmed the phytochemical stability of the field-

established tissue culture plants. Robust therapeutic activities such as antioxidant, anticancer, and 

antimicrobial activities were found in the rhizome extract and essential oil of the field-established tissue 

culture plants. It was concluded that field established tissue cultured plants are at par with the mother 

plant in terms of phytochemical compositions and therapeutic activities. Therefore, this protocol could be 

useful for the production of a large number of plants aiming for its conservation, propagation as well as 

sustainable utilization in food, beverage, and pharmaceutical industries. 



314 

43rd  Annual Meeting of PTCA(I) & International Symposium on “Advances in Plant Biotechnology and Nutrational security” 

APBNS-2022, April 28-30, 202

S5-VP-23 
An assessment of factors affecting Agrobacterium-mediated transformation efficiency in soybean 

Shruti Shukla
1
, Anita Rani

1
, Meeta Jain

2
, Vineet Kumar

1

1
ICAR-Indian Institute of Soybean Research, Khandwa Road, Indore, Madhya Pradesh, India 

2
School of 

Biochemistry, Devi Ahilya Vishwavidyalaya, Khandwa Road, Indore, Madhya Pradesh, India 

(Correspondence: anitavks@yahoo.co.in) 

An assessment of conditions affecting Agrobacterium-mediated transformation was done in soybean. 

The objective of this study was to observe the major factors affecting Agrobacterium-mediated 

transformation efficiency in soybean. In present study, 3 major factors including explants types, phenolic 

compound and antioxidants were analyzed to achieve high transformation success rate by estimating GUS 

transient expression (TE). The efficiency of Agrobacterium-mediated transformation of soybean was 

compared among 3 different explant types, Cotyledonary-Nodes (CN), Half Seeds (HS), and Embryonic 

Tip (ET) on randomly selected 11 soybean varieties, namely, JS 335, DS 228, KHSb2, JS 72-44, JS 72-

280, NRC 149, Punjab 1, NRC 37, Maus-32, NRC 138 and SL 525. These 3 explants of each variety were 

inoculated and co-cultivated with Agrobacterium strain EHA105 carrying the binary vector 

pCambia1305.1 containing both a gus-intron gene and a hpt selectable marker for 5-days. Histochemical 

GUS assay using the GUS Plus reporter gene showed that ET was more susceptible to Agrobacterium-

infection with high TE (upto 100%) followed by HS and CN in all selected varieties (except Punjab-1). 

Further, the effect of 7 different concentration combination of antioxidants (Cysteine and DTT) and 3 

different concentrations of phenolic compounds (Acetosyringone) were checked on ET explants of JS 335 

and DS 228. High TE without necrosis was found higher in Co-Cultivation Media (CCM) containing high 

concentration of Cysteine (262mg/L) and dithiothreitol (200mg/L) as compare to other 6 combinations. 

Likewise, TE was high in stained ET when co-cultured in CCM containing 75mg/L Acetosyringone. 

Identified explant type ET may use in routine soybean transformation with optimized concentration of 

antioxidant and phenolic compound.  

S5-VP-24 
Comparative estimation of antimicrobial potential of Tinospora cordifolia from different districts of 
Himachal Pradesh  

Sneh Sharma, Ashish K. Rajvanshi, Vivek Sharma 

Dr. Yashwant Singh Parmar University of Horticulture and Forestry, Solan, Himachal Pradesh, India 

(Correspondence: snehasharma_ss@yahoo.co.in) 

Tinospora cordifolia commonly known as giloe is used in the traditional ayurvedic medicine and Indian 

System of Medicine (ISM) since times immemorial. T. cordifolia is rich in nutrients such as 

carbohydrates, proteins, fiber, iron, calcium, vitamin C, and other essential nutritional elements. Based on 

these evidences the present study was conducted with aim to determine the antimicrobial potential of T. 

cordifolia against food borne pathogens.  Briefly, Samples were collected from three districts (Hamirpur, 

Mandi and Kangra) of Himachal Pradesh and the antimicrobial activity of various extract i.e., methanol, 

ethanol, chloroform and aqueous roots, stems and leaves extract were tested using disk diffusion method 
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against Staphylococus aureus, Escherichia coli, Pseudomonas aeruginosa and Aspergillus niger. 

Briefly10 µl of bacteria (10
6 
cells/CFU/ml) was inoculated and streaked on agar plate using cotton swabs. 

Discs containing different concentration of T. cordifolia leaf stem and root extract were plates inoculated. 

Plates were incubated overnight for 37 ⁰C for 24 h of S. aureus, E. coli, P. aeruginosa and 28⁰ C for 48 h 

of A. niger. Zone of inhibition was measured after 24 h and 48 h and the zone of inhibition was measured. 

It was concluded that the maximum zone of inhibition was found against S. aureus i.e., 7.00mm and P. 

aeruginosa. i.e., 3.00 mm in roots as an explant. Similarly, in case of stem, maximum zone of inhibition 

was found against S. aureus i.e., 10.00mm, E. coli i.e., 5.00mm and P. aeruginosa. i.e., 5.00 mm. In 

leaves, maximum zone of inhibition with E. coli i.e., 5.00mm, S. aureus i.e., 8.00mm, P. aeruginosa and 

i.e., 11±00mm.  After checking the antimicrobial activity of roots, stem and leaf with different extracts

(Methanol, Ethanol, Aqueous and Chloroform) of T. cordifolia on S. aureus, E. coli, P. aeruginosa and A. 

niger it is observed that the leaf methanolic extract get the maximum zone of inhibition. Therefore, It is 

concluded that T. cordifolia is a rich source of phytochemical constituents and has antimicrobial activity 

on  various pathogenic organisms. The results of the present study are promising as all the tested 

pathogens exhibited sensitivity to extracts of T. cordifolia, and also support the traditional uses of the 

plant for the treatment of various infections. 

S5-VP-25 

In vitro cleavage assay demarcates the potential of long form of tracrRNA (tracr-L) in plant genome 
editing  

Subhasis Karmakar, Deeptirekha Behera, Kutubuddin Ali Molla, M.J. Baig

ICAR-National Rice Research Institute, Cuttack, Odisha, India 

(Correspondence: mjbaigcrri@gmail.com) 

CRISPR-Cas system offers an immunological memory in prokaryote and archaea against viruses and 

foreign invaders. In addition to the existing pre-crRNA of Streptococcus pyogenes, CRISPR-Cas system 

also carries another non-coding tracrRNA, which assists in CRISPR immunity. In S. pyogenes, two 

promoters transcribe long (tracr-L) and short (tracr-S) form of tracrRNA, where tracr-S alone can 

control biogenesis and inhibition of crRNA both in vitro and in vivo condition. The role of tracr-L is to 

suppress the expression of CRISPR-Cas by directly targeting the promoter of Cas9, and thus preventing 

autoimmunity. Deletion of 73 nucleotides from the tracr-L generates Δtracr-L which remain functional 

and active as wild- type tracr-L for target repression. Here, we have cloned both the short (tracr-S) and 

long-form (tracr-L) of tracrRNA in the binary vector pRGEB32 background for the first time. Under this 

two tracrRNA, and also with the canonical tracrRNA, we have cloned three protospacers targeting Cas9 

gene from S. pyogenes, rice phytoene desaturase (OsPDS), and OsSWEET11 genes. Transcripts were 

synthesized under in vitro conditions using commercially available kits. To compare the cleavage activity 

using three different tracrRNA, we have performed an in vitro cleavage assay with purified Cas9 and 

synthesized sgRNAs. Genomic target sites were amplified using PCR, and incubated with Cas9-sgRNA 

complex under in vitro condition. After incubation, the products were run on the gel, and the efficiency of 

cleavage for each target analysed. Our finding for the first time demonstrates that the long form of 

tracrRNA (tracr-L) and also its shorter version (Δ tracr-L) can be reprogrammed to targeted plant 

genome editing, only by changing the 20 nucleotides form its 5’ ends. The two different forms of 
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tracrRNA evaluated here will be a significant addition in the CRISPR-Cas toolbox for plant genome 

editing.     

S5-VP-26 
Standardization of somatic embryogenesis in Grapes 

Supriya Babasaheb Aglawe
1
, Anuradha Upadhyay

1
, Komal Thorat

1
, Kashmir Singh

2
 

1
ICAR-National Research Centre for Grapes, Pune, Maharashtra, India 

2
Panjab University, Chandigarh, 

Punjab, India 

(Correspondence: sumukti003@gmail.com) 

Grape (Vitis vinifera L.) is a perennial horticultural crop of high nutritional and economic value. Many 

biotic and abiotic stresses influence grape production in the country. To fully utilize grapes potential in 

India, varieties which are high yielding, efficient in nutrient management and tolerant to various stresses 

needs to be developed. Grape improvement through conventional breeding is time consuming due to long 

gestation period and high heterozygosity. Optimization of somatic embryogenesis and regeneration 

protocol is the prerequisite for successful application of genetic engineering for crop improvement. In this 

study, different explants like young leaf, nodal and internodal segments, ovaries and anthers from three 

different grape varieties viz., Thompson Seedless, Crimson Seedless and Red Globe are tried for somatic 

embryogenesis. Different concentrations of auxins and cytokinins were used. We observed callus 

induction from young leaf in all the tried combination of auxins and cytokinin without much difference. 

Among nodal section and internodal section, inter-nodal segments were found to be more suitable and 

responsive for inducing callus. We observed variable response with floral part as explants for 

embryogenic callus induction. The factors like stages of anther, ovary and buds followed by genotype 

affects the process of embryogenic callus induction the most. In Thompson Seedless the callus induction 

was early compared to Crimson Seedless and Red Globe. Obtained embryogenic calli were transferred on 

somatic embryo development and maintenance medium. Somatic embryos at cotyledonary stage will be 

used for Agrobacterium mediated transformation. 

S5-VP-27 
Establishment of in vitro culture of Phyllanthus niruri using nodal segment cultures 

Tapas Das
1 
and Rakhi Chaturvedi

1,2
 

1
Centre for Rural Technology, Indian Institute of Technology Guwahati, Guwahati, Assam, India 

2
Department of Biosciences and Bioengineering, Indian Institute of Technology Guwahati, Guwahati, 

Assam, India 

(Correspondence: rakhi_chaturvedi@iitg.ac.in) 

Phyllanthus niruri, belonging to the Euphorbiaceae family is a perennial medicinal herb, distributed 

throughout India.Whole plant, fresh leaves and fruits are being used to treat various ailments like 

hepatitis, diarrhoea, dyspepsia, genitourinary infections and kidney stones. Several bioactive molecules, 

such as lignans, phyllanthin, hypophyllanthin, flavonoids, glycosides and tannins, have been identified in 
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the extracts of P. niruri. The seeds of P. niruri are less viable, therefore, micropropagation is helpful to 

multiply the plant in vitro.A suitable micropropagation protocol was established using cytokinin, 6-

benzylaminopurine (BAP) as the plant growth regulator.Two-centimeter-long, single node explants 

bearing an axillary bud was surface sterilized and inoculated on Murashige and Skoog (MS) medium 

consisting of macronutrients, micronutrients, vitamins, iron and varying concentrations of BAP. Carbon 

source was sucrose at 3% concentration while myo-inositol was freshly added during media preparation. 

The cultures were incubated in the culture room with temperature 25
o
C, 50-60% humidity and 

photoperiod of 16 hrs light and 8 hrs dark. The surface sterilization protocol including Tween-20, and 

0.1% HgCl2 proved to be most effective in eliminating the contaminants from the explants. Axillary bud 

proliferation was observed after 3 days of culture on 5µM BAP. Further experiments will involve the 

acclimatization and analysis of the phytochemicals. 

S5-VP-28 
Auxin induced non embryogenic callus induction in Kinnow mandarin 

Theivanai Murugan and Om Prakash Awasthi

Division of Fruits and Horticultural Technology, ICAR- Indian Agricultural Research Institute, New 

Delhi, India 

(Correspondence: theivanaiiari2017@gmail.com) 

North western part of India is known for producing quality Kinnow mandarin. This beautiful fruit crop, 

however needs to be improved for specific quality traits such as seedlessess (<10 seed/fruit in contrast to 

35 seeds/fruit). The desired objective can be achieved through faster breeding tools such as in vitro 

induced mutagenesis. However, for attempting mutagenesis, it is apparent that efficient regeneration 

protocol should be standardized. In this backdrop for induction of embryogenic callus from the cultured 

tissues, various explants were evaluated (epicotyl segments, juicy vesicles and nodal segments). During 

the preliminary experiments nodal explants cultured in vitro exhibited strong premature abscission. To 

control premature abscission hardwood explant cultured on the GA3 10 mg L
-1

was subcultured on MS +

BAP 2.5 mg L
-1 

+ GA3 10 mg L
-1

 + Silver thiosulfate 5 mg L
-1

 supplemented medium which gave a

considerable success for obtaining in vitro shoots. Subsequent to that, callus induction experiment was 

conducted by using juvenile (epicotyl segment), vegetative (nodal segment from in vitro shoots) and 

reproductive (juicy vesicles) explants. Medium containing auxins (NAA, 2,4-D 1-4 mg L
-1

) along with 

malt extract, casein hydrolysate and coconut water at various combinations and concentrations were 

evaluated. The result revealed that inclusion of auxins in the callus induction medium induces non 

embryogenic callus from epicotyl and juicy vesicle explants by exhibiting various degree of compactness, 

on the other hand nodal segments become brown and gradually dry which have not been reported by the 

earlier researchers. This might be due to the insufficiency in balance between endogenous hormonal 

levels and exogenous applied treatments. The nature of callus suggests that initial explant might have a 

higher level of auxins which caused browning and compactness in the induced callus. Further 

experiments on increasing cytokinin by subculturing callus on the cytokinin supplemented media induced 

nodular callus in juicy vesicles. Thus, it is concluded that although auxin causes non embryogenic 

tendency in Kinnow mandarin regeneration, it can be overcome by balancing auxin and cytokinin 

concentration. This paper deals with some of these issues.   
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S5-VP-29 
Factor affecting shoot regeneration of Eclipta alba: An important medicinal plant 

Vasudha Datta and Diwakar Aggarwal 

Department of Biotechnology, Maharishi Markandeshwar, Mullana, Ambala, Haryana, India 

(Correspondence: diwakaraggarwal@yahoo.co.in) 

Eclipta alba (L.) Hassk (also known as Eclipta prostrata Roxb.) belongs to the family Asteraceae and is 

commonly known as false daisy in English and bhringoraj or bhringraj in India. It is regarded as a weed 

of ethnomedicinal significance. It is known in the three major forms of traditional medicinal systems in 

the Indian subcontinent, namely, Ayurveda, Unani, and Siddha, as bhringoraaja, bhangraa, and 

karissalaankanni, respectively. E. alba is best known for hair revitalizing properties and as a 

heptoprotectant. The present study was taken for the development of efficient shoot regeneration protocol 

from the selected plants of E. alba. The regeneration of shoot buds is prerequisite for the development of 

genetic transformation protocol. Aseptic cultures were established taking explants from selected mature 

plants using standard tissue culture protocol. Protocol for the regeneration of shoots were standardized 

using leaf as explants. The various factors such as role of media formulations (MS, WPM, B5, N6), PGRs 

and explant maturity index etc. was investigated to optimize the regeneration of shoots. Shoot 

regeneration was achieved from leaf segments taken from microshoots on MS medium supplemented 

with 5.0 M benzylt adenine (BA) and 1.0 M 2,4 - dichlorophenoxyacetic acid (2,4-D). Location of 

explant and photoperiod were also found to influence shoot regeneration. Efforts are going on for 

establishing the clonal fidelity of the regenerated plantlets using ISSR and RAPD markers. 

S5-VP-30 
Use of salicylic acid as adjuvant enhances in vitro regeneration potential in nodal explants of 
Lagerstroemia speciosa L.  

Waquar Ahmad and Saad Bin Javed 

 Department of Botany, Aligarh Muslim University, Aligarh, Uttar Pradesh, India 

(Correspondence: saadjaved84@gmail.com) 

Diabetes is one of the most prevalent worldwide diseases. As per WHO report, the global prevalence of 

diabetes among adults has risen from 4.7% in 1980 to 8.5% in 2014. International Diabetes Federation 

prognosticates those statistics may increase to 380 million by the year 2025. Synthetic drugs used in the 

treatment of diabetes not only have many adverse effects but also there may be a chance of cell resistance 

to the synthetic drugs. Treatment of chronic diseases like diabetes without any side effects has always 

remained a major challenging problem for health care practitioners. Phytochemicals obtained from 

medicinal plants possess a long history of pragmatic clinical application, hence they are assumed to be 

effective due to their negligible side effects. Lagerstroemia speciosa (Lythraceae), an important medicinal 

tree commonly called Banaba in the Philippines. The medicinal importance of this plant is due to the 

presence of secondary metabolite ‘Corosolic Acid’ which displays the potential of the anti-diabetic 

property. The distribution of this plant is limited due to very low seed germination capacity and survival 
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rate. Therefore, the conventional method of plant propagation is not suitable to meet the increasing 

demand for corosolic acid obtained from this plant. In the present study, the nodal segments collected 

from the mature plant were used to assess the effect of PGRs and adjuvant (SA) on shoot regeneration, 

multiplication, rooting and acclimatization. Nodal segment (1cm) inoculated on MS medium 

supplemented with different concentrations of plant growth regulator (BA, KIN, TDZ and mT) showed a 

differential response in terms of shoot regeneration and multiplication. Among the tested concentration of 

cytokinin, meta-Topolin (mT) at 5.0µM was found to be the best with a maximum response of 81.5 % 

producing 9.5 shoots per explant with an average shoot length of 5.9 cm after 8 weeks of incubation. 

Further, the optimized concentrations of cytokinin were used in combination with various concentrations 

of SA (10-100µm). Of the tested concentrations, mT (5µm) in combination with SA (40µm) was found to 

be best with a maximum response of 91% producing 14.2 shoots per explant with an average shoot length 

of 6.5 cm after 8 weeks of incubation. Micro-shoots excised from in vitro raised culture were transferred 

to ½ MS media for rooting supplemented with different concentrations of various auxin viz. IAA, IBA 

and NAA. In-vitro rooted plantlets with 4-5 fully developed leaves were transferred in thermocol cups 

containing sterile soilrite®. After 4 weeks, regenerated plantlets were transferred to the greenhouse under 

natural environmental conditions. 





Session 6.  
Developmental biology and epigenetics 
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S6-PP-01 
OsATL, a RING-H2 domain containing protein, modulates lignin biosynthesis in rice 

Pratikshya Borah, Aishwarye Sharma, Arun Kumar Sharma, Paramjit Khurana, Jitendra Paul Khurana 

Interdisciplinary Center for Plant Genomics and Department of Plant Molecular Biology, University of 

Delhi South Campus, New Delhi, India 

(Correspondence: param@genomeindia.org) 

Lignin is one of the most important secondary metabolites produced by plants. It provides mechanical 

support to cell walls, water resistance to vascular bundles and prevents the entry of pathogens in plants. 

Cinnamoyl CoA-reductase (CCR) is one of the key enzymes that help in monolignol biosynthesis, which 

is the structural unit in lignin biosynthesis. We have identified a RING-H2 domain containing protein 

OsATL which interacts with OsCCR14, the Arabidopsis CCR1 ortholog in rice. OsCCR14 knock down 

(OsATL
KD

) plants are known to possess less lignin. To understand the role of OsATL, we raised OsATL 

knock-down and OsCCR14 overexpression (OsCC14
OX

) transgenics. The transgenics showed similar root 

phenotype during seedling development and roots of OsATL
KD 

and OsCC14
OX  

plants showed increased 

amounts of lignin. Under confocal microscope, anthers of OsATL
KD 

and OsCCR14
OX

 possessed more u-

shaped lignin rings, as compared to wild-type. OsATL
KD 

plants also accumulated elevated transcript levels 

of OsCCR14. These results indicate that OsATL might act as a negative regulator of OsCCR14 both 

transcriptionally and at the protein level. OsFBK1, an F-box containing protein, was found to interact 

with both OsATL and OsCCR14 and carry out their turnover in different cellular compartments. This 

regulation was found to be jasmonic acid dependent. Thus, we demonstrate the possible regulatory 

functions of OsATL and OsFBK1 in lignin homeostasis in rice.   

S6-PP-02 
Methylome remodeling under elevated CO2: A strategy better adopted by the low elevation 
Arabidopsis thaliana population than high elevation one 

Ashwani Kumar Verma
1,2

, Akanksha Singh
1,2

, Rajneesh Singh
1,2

, Prabhatam Mishra
1,2

, Sribash Roy
1,2

1
CSIR-National Botanical Research Institute, Rana Pratap Marg, Lucknow, Uttar Pradesh, India 

2
Academy of Scientific and Innovative Research, Ghaziabad, Uttar Pradesh, India 

(Correspondence: sribashroy@nbri.res.in) 

The impact of elevated CO2 on plant growth is a major concern to feed the growing population. Plastic 

phenotypic responses towards elevated CO2 on plants have been studied extensively initially, using 

various controlled or closed experiments. Subsequently, open top chambers (OTCs) or free air CO2 

enrichment (FACE) experiments provided plethora of information widening our knowledge on impact of 

elevated CO2 on overall performance of different plant species. Besides plasticity, physiological and 

genetic mechanisms, epigenetic factors e.g., DNA methylation are the additional layer of plants strategic 

response mechanism towards environmental changes. DNA methylation patterns are known to be 

responsive to various abiotic environmental conditions and play role in gene regulation. In the present 

study, we aim to understand how the populations historically evolved under contrasting environments of 

high elevation (3400 m amsl) and low elevation regions (700 m amsl) of Indian Himalayas responds 
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towards elevated CO2 in relation to their DNA methylation pattern, global gene expression and 

manifestation of various physiological and morphological traits. The two populations were grown under 

ambient (400 ppm ±10) and elevated CO2 (550 ppm ±10) in FACE. Various morphological and 

physiological parameters were recorded at vegetative and reproductive stages. Subsequently methylome 

and transcriptome of the populations were analyzed following standard protocols. Both the populations 

show increased chlorophyll content, chlorophyll fluorescence, photosynthesis, intrinsic water use 

efficiency, biomass, yield (siliques) and decreased stomatal density under elevated CO2 condition. 

Genome-wide methylation analyses showed although there were no significant variations in global mCs 

content in the two populations, however the pattern of mCs differed between the two and the overall CG-

mC was dominant in both the populations either under ambient or elevated CO2. Moreover, it was evident 

that methylation remodeling mostly occurred in protein coding genes in both the populations and more so 

in the low elevation population than the high elevation population. The low elevation population and the 

high elevation population exhibited different classes of differentially methylated genes under elevated 

CO2. Data further indicated there was evidence of methylome remodeling in response to elevated CO2 in 

both the populations, the direction and magnitude of which depended on the origin of the population.  To 

assess the impact of methylome remodeling on molecular function and vice-versa, global gene expression 

was carried out which suggested difference in gene expression pattern. Overall, the data suggested 

expression dynamics of gene, a large fraction of which were transcription factors. The study may provide 

insight into the epigenetic mechanism of plant adaption under changing global climate and means to 

provide alternate food security. 

S6-PP-03 
Phosphorylation of cell cycle regulator, E2F2 by rice MAP kinase controls cell division and 
proliferation 

Dhanraj Singh, Gopal Banerjee, Alok Krishna Sinha 

National Institute of Plant Genome Research, New Delhi, India 

(Correspondence: dhanraj0522@nipgr.ac.in) 

In multicellular organisms, the development is regulated by the coordination between proliferation and 

differentiation of cells. The transition from cell proliferation to cell differentiation is govern by the 

(Retinoblastoma-related) RBR-E2F pathway in higher plants. The canonical role of RBR is to control the 

cell cycle through repressing the E2F transcription factor. E2F, a family of transcription factor, controls 

the DNA replication, cell division and proliferation in plants by inducing expression of several S phase 

cell cycle regulatory genes. E2F-RBR pathway is associated with regulation of cell cycle entry during 

G1/S phase. It is interesting to note that in animals, well characterized Mitogen-activated protein kinase 

(MAPK) cascade has been reported to play role in normal cell proliferation, survival and differentiation. 

Aberrant regulation of these pathway leads the development of cancer and other human disease. However, 

in plants there is no report of MAP kinase playing a role during cell division. We, therefore, are interested 

to elucidate a possible role of MAP kinase cascade during cell division in plants. The MAP kinase 

signaling cascade is a three-tier phosphor-relay signaling module which is conserved in the all eukaryotes. 

In this study we found that a cell cycle regulatory gene, E2F2 shows higher transcript accumulation when 

rice seedlings are exposed to MAPK inhibitor. Interestingly, the transcript level of MAP kinases too 

showed upregulation in the presence of the same inhibitor. Protein-protein interaction study using yeast-
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two-hybrid assay, revealed that E2F2 interacts with MPK3, MPK4 and MPK6. We further validated the 

interaction in planta using BiFC assay and observed that the interaction of E2F2 with MPKs is taking 

place in the Endoplasmic reticulum. The protein sequence of E2F2 possess nuclear localization sequence 

and appropriately it was found to be localized in the nucleus. We further checked and confirmed that 

E2F2 is a phosphorylation target of MAP kinases in rice. 

S6-PP -04 
Regulation of root system architecture by mediator in Arabidopsis thaliana 

Pallabi Thakur, Sourobh Maji, Alim Junaid, Jitendra Kumar Thakur

Plant Mediator Laboratory, National Institute of Plant Genome Research, New Delhi, India 

(Correspondence: jthakur@nipgr.ac.in) 

Mediator complex (Med) is a gigantic multiprotein complex that facilitates the transcriptional regulation 

of eukaryotic genes. The whole structure seems to be stabilized by MED14, which act as backbone for the 

complex.  We have found that the AtMed14 subunit affects development of Arabidopsis root system 

architecture. The root system is very much fragile in nature and its growth is dependent on cell division 

followed by cell elongation. These inter and intra cellular mechanisms are regulated by so many 

transcription factors. Reduction in the level of AtMED14 leads to reduced primary root growth, but there 

is increase in lateral root elongation and root hair formation. The transcriptomic analysis of med14 roots 

revealed the downregulation of flavonoid biosynthesis genes leading to deficiency of flavonoids. Due to 

flavonoid deficiency, med14 roots show increased ROS, which poses a notable threat that may eventually 

lead to DNA damage followed by cell cycle arrest at the root meristem zone of med14 root. Higher 

accumulation of ROS in the epidermal cells of med14 leads to a greater number of root hair and also 

alteration in the primary root growth. Overall, our story reveals important role of MED14 in the cell 

division and cell proliferation by regulating the flavonoid modulated ROS homeostasis in the root apical 

meristem of Arabidopsis. 

S6-PP-05 
Gibberellic acid-mediated spatial control of cell division expounds the leaf size differences between 
cultivated and wild rice 

Vikram Jathar and Aashish Ranjan 

National Institute of Plant Genome Research, New Delhi, India 

(Correspondence: aranjan@nipgr.ac.in) 

Leaf size is a major determinant of the crop performance by influencing leaf physiological processes, 

such as light capture, transpiration, and gas exchange. Therefore, understanding the genetic basis of leaf 

size regulation is imperative for crop improvement. Natural variation in leaf size for a crop plant is a 

valuable genetic resource for detailed understanding of leaf size regulation. We investigated the 

mechanism controlling the rice leaf length using cultivated and wild rice accessions that showed 

remarkable differences for the leaf features. Comparative transcriptomic profiling of the contrasting 
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accessions suggested the involvement of Gibberellic Acid (GA), Growth Regulating Factor (GRF) 

transcription factors, and cellcycle in the rice leaf size regulation. Leaf kinematics studies showed that the 

increased domain of cell division activity along with faster cell production rate drove the longer leaves in 

the wild rice Oryza australiensis compared to the cultivated varieties.  Higher GA levels in the leaves of 

Oryza australiensis, and GA-induced increase in the rice leaf length via increase incell division zone 

emphasized the key role of GA in rice leaf length regulation. Zone-specific expression and silencing of 

the GA biosynthesis and signaling genes confirmed that OsGRF7 and OsGRF8 function downstream to 

GA for controlling cell cycle to determine the rice leaf length. The GA-GRF-cell cycle module for rice 

leaf length regulation might have contributed for optimizing leaf features during the domestication and 

could also be a way for plants to achieve leaf plasticity in response to environment. 

S6-PP-06 
Green Synthesis of sulphur nanoparticles using Cannabis sativa leaves and it’s effect on in vitro 
regeneration of Cannabis sativa 

Khushboo Dasauni and Tapan Kumar Nailwal 

Department of Biotechnology, Sir Jagadish Chandra Bose Technical Campus, Bhimtal, Kumaun 

University Nainital, Uttarakhand, India 

(Correspondence: tapannailwal@gmail.com) 

Cannabis sativa L., vern Bhang has since times immemorial been exploited in many parts of the world for 

its fibre, oil, medicinal and recreational purposes. It is categorised as industrial cannabis (Hemp) for its 

fibre and oil and medicinal property (Cannabis). With the legalisation of cultivation of C. sativa in many 

parts of the world (also in the states of Uttarakhand and Himanchal Pradesh in India), has opened doors 

for various researchers to explore its physiology, biochemistry and most importantly its molecular 

biology. Today, Cannabidiol is used in a broad spectrum of bioactivities on human health for treatment of 

Alzheimer’s, HIV/AIDS, Cancer, Parkinson’s diseases, multiple sclerosis, seizure disorders, severe or 

chronic pain, analgesic, antidepressant, and Cannabis compounds also have the ability to kill the virus 

causing Covid-19, in a study by researchers in US. High frequency shoot regeneration and 

proliferation using nodal segments containing axillary buds and leaves can be achieved on MS medium 

supplemented with various combinations of different plant growth regulators like TDZ, BAP, Kn and 

GA3. Sulphur nanoparticles using Indian Himalayan Region (IHR) Cannabis varieties have been 

successfully prepared (Green Synthesis) from sodium thiosulfate in the presence of C. sativa leaf aqueous 

extract at room temperature. The resulting sulfur nanoparticles were characterized by X-ray diffraction 

(XRD), Fourier transform infrared spectroscopy (FT-IR) and scanning, electron microscopy (SEM) 

equipped with energy-dispersive X-ray spectroscopy (EDS). The obtained results revealed that the in vitro 

regeneration of C. sativa with sulfur nanoparticles is very beneficial for its growth and development as 

compared to control. Genetic improvement through nanobiotechnology is a promising approach and there 

already are reports of its beneficial use for improvement in Cannabis. 
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S6-VO-01  
Genetic basis of carnivorous leaf development 
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Carnivorous plants develop a set of morphological features termed ‘carnivorous syndrome’, which 

facilitate the capture and digestion of attracted prey. This syndrome is manifested mostly on leaves and 

has been the focus of research ever since the publication of Charles Darwin’s bookin 1875 entitled 

Insectivorous plants. Studies have now shed light on why plant carnivory evolved, leading to a deeper 

understanding of the underlying mechanisms governing prey entrapment and digestion. It took a hundred 

and forty years later, through excellent studies involving Sarracenia purpurea, Utricularia gibba and 

Nepenthes khasiana, that the developmental basis of these highly specialized leaves became known. I 

present these findings and discuss them in relation to the flat-shaped leaves of the model plant 

Arabidopsis. The relevant information on leaf development in S. purpurea, U. gibba, N. khasiana and the 

model plant Arabidopsis were retrieved from Google Scholar and PubMed. Data on N. khasiana, relevant 

to the topic, but not yet published are also presented and discussed. Leaves arise from the peripheral zone 

of the SAM. In Arabidopsis and other model plant organisms, the process begins with the recruitment of 

leaf founder cells. This recruitment is critical to determine the region at the flanks of SAM where 

primordia will initiate. As development progresses, structural changes begin to appear on the leaf 

primordia of carnivorous plants. In S. purpurea, the adaxial side of the developing leaf primordium 

becomes elevated, forming a ridge. Further growth and development of the adaxial ridge resulted in the 

formation of a hollow structure at the distal part of the primordium, which eventually develops into a 

pitcher. In U. gibba, trap develops laterally on a leaf. But not all U. gibba leaf bears a trap; rather, 

filiform-shaped leaflets develop. Interestingly, both leaflet and trap primordia look alike during the initial 

stages of development. Changes appear at later stages: leaflet primordia turn into cylinders with tapered 

ends whereas trap primordia become spherical in shape, due to growth in both the longitudinal and 

transverse directions. In Nepenthes, pitchers are attached to a flattened leaf base lamina via a tendril. It 

was previously thought that pitcher initiation occurs at the tip of a tendril. However, recent evidence 

suggests that pitcher formation in N. khasiana occurs early in leaf development and shares anatomical 

features with the young in-rolled leaf base lamina. How does a U. gibba plant direct its leaf to develop a 

trap, instead of a leaflet? The answer lies in the expression pattern of the class III HD-ZIP gene 

PHAVOLUTA (PHV). In U. gibba, PHV showed extended as well as restricted expression patterns on the 

adaxial side of the developing leaf primordia. Primordia showing restricted PHV expression developed 

into traps. Thus, trap initiation in U. gibba is a result of restricted PHV expression. In S. purpurea, 

however, no distinct PHB or FIL expression patterns were seen between the hollow and the ridge regions, 

indicating that neither of the two genes play a role in pitcher initiation. Instead, changes in the orientation 

of cell division in the developing leaf primordium led to the development of the pitcher-shaped leaf in S. 

purpurea. Arabidopsis mutants of the HD-ZIPIII genes display leaf phenotypes similar to those seen in 

pitcher plants, particularly Nepenthes. These gain-of-function mutations transform the flat-shaped leaves 

of Arabidopsis into trumpet-shaped. In severe cases, these trumpet-shaped leaves grew out from the 

abaxial midvein of the slightly narrower leaf lamina, resembling the pitcher-shaped leaves of Nepenthes. 

The rev phenotype is due to a single nucleotide change in the putative lipid/sterol-binding START 
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domain of the REV gene, which prevented recognition and thereby negative regulation by miR165. In N. 

khasiana, REV showed increased expression in the tip of the young N. khasiana leaf that later developed 

into a pitcher. It is likely then that the increased and expanded expression of REV probably led to the 

development of the Nepenthes pitcher. Trumpet-shaped leaves were also seen in Arabidopsis plants with 

defective PIN1 and REV genes, but not on single pin1 or rev Arabidopsis mutants. PIN1 encodes for an 

auxin efflux carrier protein that mediates local auxin accumulation during leaf initiation. Neither the 

addition of 1-Naphthaleneacetic acid (NAA) nor 1-N-Naphthylphthalamic acid (NPA), an auxin transport 

inhibitor, prevented the formation of the ridge and the hollow regions in the leaf primordia of S. purpurea. 

In N. khasiana, addition of NPA to the growing MS medium increases shoot branching, as a result of 

axillary bud growth. At higher NPA concentration, pitchers of N. khasiana failed to develop. Altogether, 

these results suggest that auxin might have an indirect role in the formation (or the expansion) of the N. 

khasiana pitcher. Leaf shape can vary to change in environmental conditions such as temperature and 

light. Interestingly, carnivorous plants also respond to change in temperature and nutrient availability. 

When the Australian pitcher plant Cephalotus follicularis was grown at 15°C under continuous light 

conditions, more flat leaves developed than pitcher-shaped leaves. We know that Nepenthes, including N. 

khasiana, grow in nutrient-deficient soil. So, upon adding sufficient nutrients to the substratum, prey-

deprived N. talangensis plants respond to this change in condition by developing leaves that lack pitchers. 

We replicated this experiment in vitro by growing dissected shoot apices of 3-months old N. khasiana 

seedlings in MS medium of varying strengths. Most shoot apices of N. khasiana grown in 2 MS (twice 

the strength of full MS i.e. 1 MS) failed to grow, but if they survive, the plantlets develop narrower leaves 

completely devoid of pitchers. By modifying nutrient content in the growing medium, we are now 

presented with N. khasiana plants lacking pitchers.  

S6-VO-02  
Biochemical Characterization of GQ Ses helicase homologue from Arabidopsis thaliana 

Surabhi Singh, Shivsam Bady, Rohini Garg 

Department of Life Sciences, Shiv Nadar University, Gautam Buddha Nagar, Uttar Pradesh, India 

(Correspondence: ss125@snu.edu.in)

G-quadruplex helicases are the proteins which are involved in removing the GQSes road blocks from 

different cellular machineries like replication, transcription and translation. GQSes prevalence promotes 

genomic instabilities and pose threat to important cellular machineries for their completion. Their 

counteracting protein - GQSes helicases, on the other hand resolves these highly stable   non-canonical 

DNA secondary structures. In-vitro studies in Saccharomyces cerevisae have shown patrolling behavior 

of GQSes helicase at transcription/translation start sites and thereby rescuing such cellular processes. In 

plants, the role of GQSes helicase is not known and their involvement in such important molecular 

processes made them an ideal candidate for this study. We first identified homologues of yeast and human 

GQS helicase in Arabidopsis. Multiple sequence alignment and motifs analysis through MEME suggested 

conserved ATP and DNA binding sites in Arabidopsis homologues. In order to understand, if plant 

GQSes helicase have the ability to bind DNA and have the GQS resolution power to untie the knots of 

GQSes in the DNA, we cloned the Arabidopsis thaliana GQSes helicase homologue into the bacterial 

expression vector. Expressed GQSes helicase protein was purified through immobilized affinity 

chromatography and was subsequently used for the in-vitro enzymatic activity assays. Enzyme mobility 
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shift assays showed GQSes helicase to be involved in binding with GQSes mimicking oligonucleotides. 

Further, binding affinity experiments through microscale thermophoresis confirmed fluorescently tagged 

GQSes helicase protein interaction with different GQSes DNA systems. ATPase activity of GQSes 

helicase analysis through phosphatase assays hinted towards ATPase activity. Fluorescence based 

helicase assay suggested resolution of GQSes by Arabidopsis homologue in an ATP dependent manner. 

Overall, enzymatic and biophysical assays proved plant GQSes helicase protein showcasing in-vitro DNA 

binding and helicase activity. 
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Resynthesis and alien introgression in Brassica juncea: Diversifying the native genetic stock 
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Around 372 genera and 4060 species are associated with the Brassica genus which comprises the most 

important group of rapeseed-mustard and cruciferous vegetables like cabbage, broccoli, kale, turnip, 

cauliflower. These brassica species are economically very important and are being used worldwide in the 

form of vegetables, edible oils and condiments. There are total six cultivated species in which three are 

amphidiploids and three are diploid in nature. The amphidiploids are derived from the intercrossing and 

chromosome duplication of the diploid species. In 1935, Nagaharu U described the inter-relationship 

among the amphidiploid and diploid species. The genetic base of amphidiploid species is very low as it 

evolved in nature by a complex process over the years. Due to low genetic base and non availability of the 

gene(s) and genetic factors in the native gene pool of Brassica juncea, the parental diploid species as well 

as wild crop relatives becomes very important assets to diversify the gene pool.  At ICAR-NIPB, Delhi 

we are working in the area of broadening the genetic diversity of B. juncea through resynthetis and alien 

introgression. In resynthesis we are utilising the diploid progenitor species of B. juncea i.e., B. rapa and 

B. nigra through wide hybridization. The vast potenstial of crop wild relatives is being employed for alien 

introgression for trait transfer as well as genetic diversity. At NIPB Delhi we are having around 27 wild 

crop relatives of Brassica which have been identified for tolerance to different abiotic viz., heat and 

drought; biotic stresses viz., alternaria, sclerotinia, white rust.  Over the past few years, we have 

developed 137 resynthesized B. juncea lines (RBJ lines) comprising B. rapa and B. nigra as parents. 

Also, we have developed one alien introgression population of B. juncea comprising 192 lines (ERJ) 

using Diplotaxis erucoides as donor parent for alternaria resistance. The morphological and molecular 

diversity were analysed in the resynthetic B. juncea and introgression lines which exibited a good amount 

of variation. These lines can be further used in the rapeseed-mustard imptovement program. 

mailto:mraoicar@gmail.com
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enhancement in rice  
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Rice is the world’s most important staple food crop. The genus Oryza consists of 24 species amongst 

which, Oryza sativa L. and Oryza glaberrima S. are cultivated and the remaining are wild relatives 

distributed around the globe. Cultivated plants are known to have a relatively lower level of tolerance to 

stress as compared to crop wild relatives that are considered rich sources of unexplored genes for these 

traits. Green revolution has increased agricultural productivity worldwide, but limited resources still pose 

a serious threat to future global food security. MicroRNAs (MIRNAs) are small non-coding RNAs that 

play important roles in a wide range of biological processes in plant growth and development. MIR397 

and MIR408 belong to the most conserved MIRNA families that either negatively or positively regulate 

their target genes. Apart from being involved in abiotic stress tolerance, MIR397 and MIR408 have been 

reported to be involved in improvement of agronomic traits like yield. Over-expression of OsMIR397 

improves yield in rice by promoting panicle branching and increasing grain size. Constitutive expression 

of MIR408 improves biomass and seed yield in Arabidopsis. Tae-MIR408 is known to be involved in 

regulating heading-time in wheat. In the present study we identified homologs of  MIR397 and MIR408 

taking Oryza sativa (2n=24) as reference genome, in six wild relatives of rice namely Oryza glaberrima 

(2n=24, AA), Oryza rufipogon (2n=24, AA), O. punctata (2n=24, BB), O. glumaepetula (2n=24, AA), O. 

barthii (2n=24, AA) and O. brachyantha (2n=24, FF) along with three non-Oryza but poaceae members – 

(i) Zea may (2n=20), (ii) Sorghum bicolor (2n=20) and (iii) T. aestivum (2n=42). One non-poaceae genus 

Arabidopsis was also included to study the contrasting pattern of evolution of two important MIRNA 

controlling yield enhancement and abiotic stress tolerance.  We analyzed the 100 kb segments harboring 

MIRNA homologs from eleven genomes to get a comprehensive view of their evolution around this loci in 

farthest (distant) relative of rice. Our study shows that mature MIR397 and MIR408 were highly 

conserved only among Oryza species. Comparative genomic analysis revealed that the microsynteny of 

the 100 kb region surrounding MIRNAs was conserved only among Oryza spp, disrupted in Sorghum, Z. 

mays and Triticum while completely lost in Arabidopsis. There were deletions, rearrangements, 

translocations within 100 kb segments in Oryza spp but the overall microsynteny of the region was 

maintained. This could be due to gene gain/loss or chromosomal repatterning during the course of 

evolution that might lead to structural variation but the overall gene content and order is retained. 

Phylogenetic analysis of precursor region of all MIRNAs under study revealed a biomodal clade with 

common origin. This comparative analysis of MIRNAs involved in agronomic trait enhancement/yield 

improvement in plants provides a deep insight into the view of genome evolution of wild relatives of rice 

vis-à-vis cultivated crops and can be a powerful tool for future Oryza studies for leveraging the yield 

potential of crop wild relatives (CWR). 

mailto:prasanta01@yahoo.com
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Auxin and BR coordinates to regulate root growth under high ammonium stress
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Plants have developed adaptive strategies to cope up with the fluctuating nitrogen (N) sources by 

adjusting their root growth as an adaptative strategy. Ammonium (NH4
+
) as a sole N source inhibits

primary root elongation whereas nitrate (NO3
-
) as a sole N form promotes it. Therefore, attenuation or

enhancement of primary root elongation depends on the availability of N forms in a heterogeneous N 

environment. Here we have uncovered a molecular mechanism of high ammonium mediated root growth 

inhibition in Arabidopsis. High NH4
+
 as a sole N form represses brassinosteroids (BRs) signaling by

promoting BRI1 kinase inhibitor 1 (BKI1) levels in the root vasculature. Exogenous application of BR 

was able to promote root growth by increasing root meristem length and cell elongation by promoting 

polar auxin transport. We show that auxin alone was sufficient to increase the meristematic cell number. 

However, it failed to promote cell elongation under NH4
+
 stress. In contrast, BR was able to promote both

meristem size and cell elongation by regulating auxin transporters. Therefore, our data showed that 

crosstalk between auxin and BR signals pathway components regulate root growth and cell expansion 

under high NH4
+
 stress that could be an important strategy of plant adaptation under high NH4

+
 nutrition.
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Saffron flowering determines the crop yield, and thus its regulation is of utmost importance. Flowering in 

saffron is supposed to be regulated by a complex regulatory network, including both endogenous and 

environmental signals. In angiosperms phosphatidyl ethanolamine-binding proteins (PEBP) genes 

functions both as promoters and suppressors of flowering and in controlling plant architecture. The PEBP 

gene members comprises of Flowering locus T Terminal flowering, Mother of FT and TFL (FT, TFL and 

MFT) in plants. PEBP gene family has not been identified, neither their role in saffron is well established 

due to the non-availability of genomic resources. To understand the role of the PEBP gene family in 

saffron flowering regulation, we isolated their homologues in saffron and cloned in pGEMT followed by 

sequencing. To understand the functional role of PEBP genes in the floral bud initiation and flower 

development process, we performed real-time quantitative PCR analysis to examine the spatial and 

temporal expression patterns of PEBP genes in different tissues and during flowering progression. By 

studying expression profiling of different PEBP genes we are able to examine their alleged role in 
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flowering.We reported at least 6 FT (FT1-6), 2TFL (TFL1a-1b), and 2 MFT (MFT1-2) genes are present 

in saffron. The sequence analysis suggests they possess a conserved genetic organization with PEPB gene 

members of other plant species. The expression of identified PEBP genes varied among different tissues. 

The spatial and temporal expressions during flowering initiation and development stages suggest that they 

might have different functions. The study also confirmed the antagonistic role of FT and TFL in flower 

initiation and also indicated that MFT might behave more closer to TFL and have a negative role in 

saffron flower initiation. Tissue and organ-specific expression profiling at different stages suggest that 

CsatFT3 might act locally in apical buds to promote flowering, while CsatFT1 and 2 are involved in 

promoting vegetative growth. Antagonistically, CsatTFL1 and CsatTFL2 act on regulating vegetative 

growth and flowering, respectively. 
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Photoperiodic regulation of corm development in saffron (Crocus sativus L.) 
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Saffron (Crocus sativusL.) is an autumn-flowering perennial geophyte producing an expensive spice used 

in medicines and culinary.  Saffron being triploid, does not produce seeds, and thus corms are the only 

source of cultivation. Corms are underground storage organs developed by a growing plant to survive 

adverse conditions. Saffron corms remain dormant during warmer climatic conditions, and when there is a 

decrease in temperature, it starts sprouting, followed by the production of flowers and leaves. The plant 

utilizes the mother corm as a source organ to support the growth/sprouting of a new plant, and while the 

growing season, the plant produces daughter corms, which can then serve as mother corm for the next 

bearing. Thus corm development in saffron is of utmost importance, yet not explored. Two main 

environmental factors determining plant growth and development are photoperiod and temperature. In 

geophytes like onion and potato, storage organ formation is linked with photoperiod but has not been 

studied in saffron. In this study, to investigate what regulates corm development in saffron, we followed 

corm development in different photoperiod and temperature regimes. Saffron corms were grown in the 

field under the natural growing condition, and other sets were grown under long photoperiod (16hl/8hd) 

and short photoperiod (8hl/16hd) conditions with two different temperatures.The preliminary results 

obtained from the experimentations suggest that long photoperiod might promote corm development. The 

saffron corms grown under long photoperiod showed early corm development compared to short 

photoperiod and field-grown plants. Further detailed analysis is required to get regulatory insight into the 

mechanism of photoperiodic regulation of corm development. The conclusion is the long photoperiod 

induces corm development in saffron. 
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Transcriptome analysis of ovules in Cicer arietinum L. for exploring set of key regulatory genes 
activated after fertilization 

Reetu Singh and Vinay Kumar 

Department of Botany, Central University of Punjab, Bathinda, Punjab, India 

(Correspondence: vinayihbt@gmail.com) 

Fertilization is a highly complicated regulatory event that involves the fusion of two haploid gametes and 

subsequently leads to the development of an embryo for a new generation. Fertilization triggers activation 

of sets of genes for proper development of seeds to meet the corresponding demand at RNA, proteins, and 

metabolite levels. Chickpea (Cicer arietinum) is one of the important agricultural crops and an in-depth 

understanding of biological complexity of fertilization will help to understand the important 

developmental clues for better yield. Considerable morphological and molecular differences have been 

observed in ovary and ovules just before fertilization and just after fertilization stages of chickpea. In the 

present work, we proposed the comparative expression profile of just before and just after fertilization 

stages using RNA-Sequencing approach. Transcriptome analysis of just before fertilized and just after 

fertilized ovules of ICC4958 chickpea desi cultivar generated more than 208 million high-quality reads on 

Illumina platform. The mapping of high-quality reads with reference genome was approximately 92%. 

Reference guided assembly of genome generated more than 28,000 genes. The differential expression 

analysis was carried out on all stages and curated 3,399 differentially expressed genes. These involved 

highly upregulated genes, including LOC101500970 (CO(2)-response secretedprotease-like), 

LOC101506539 (amino acid permease 4-like), and highly downregulated genes, LOC101493897 (myb-

related protein 305-like), LOC101491695 (receptor like protein 29). In addition, the transcription factor 

families including UDP-glucuronosyltransferase, NAC transcription factors, heat shock transcription 

factors, and auxin response transcription factors were found to be activated after fertilization. Quantitative 

real-time PCR analysis was performed using randomly selected 17 genes among total differentially 

expressed genes to verify transcriptome analysis results and revealed a statistically significant correlation 

with transcriptome data. The data presented in this investigation will offera source for unraveling the 

function of many genes involved during fertilization events in chickpea and provide the clue for crop 

improvement program. 
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Continuance of life depends mostly upon the successful fusion of two compatible cells/gametes namely 

sperm cell and egg cell. In flowering plants, pollen grainsde liver male gametes (sperm cells) in the 

vicinity of egg cell which eventually, after fertilization followed by embryogenesis, forms ground for a 

new plant. Thus, the reproductive success requires proper pollen development. In our lab one such novel 

gene, OsCPK29, has been functionally characterized which is involved in pollen development in rice. 

Earlier, we have found that OsCPK29 is a mature anther preferential gene and encodes anuclear localized 

calcium-dependent protein kinase. Investigations by reverse genetics approach and cytological analysis of 

anther revealed that silencing of OsCPK29 produces collapsed non-viable pollen grains resulting in 

reduced seed set as pollen maturation is defective in the plants. Further analysis of knockdown and 

overexpressing rice transgenics plants suggested that pollen grains also fail to germinate. Such collapsed 

pollen grains lacking germination ability are usually associated with abnormal pollen wall development. 

Considering this, intine and exine layers of the pollen wall were observed by staining pollen grains with 

Calcofluor white and Auramine O, respectively. It was evident that pollen in OsCPK29 silenced plants 

lack functional intine but exine formation is not affected. Furthermore, OsCPK29 was found to interact in 

vitro as well as in vivo with MADS68 transcription factor which is known to function during pollen 

maturation and co-expresses with OsCPK29 during different developmental stages in rice. Collectively, 

our investigation suggests that OsCPK29 may control pollen development by interacting with MADS68. 

S6-VP-06 
A molecular switch from adaptation to survival strategy in plants depends on DELLA signaling 
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The plants experience wide range of environmental challenges and in order to cope up, they undergo 

various adaptive strategies such as a change in shallow to deeper root system architecture (RSA) and vice-

versa. The equilibrium of adaptation to survival is the key to speciation. Here we identified a new 

mechanism underlying plant adaptation to survival during salinity stress under low nitrogen (N) that 

depends on gibberellic acid (GA) signaling and response. We show that during combined stress, low 

nitrogen (LN) and high salt, roots experience hypersensitive response as compared to sufficient nitrogen 

(SN). Further, we uncovered that exogenous application of GA reduces the toxic effect of high salt under 

LN condition. The negative regulator of GA signaling, DELLA, integrates N and salinity stress response 

via Salt Overly Sensitive (SOS) signaling pathway to modulate RSA as a consequence of survival 

strategy.Our study led to the identification of a complex signalling cascade that trigger deeper roots in 

response to LN as an adaptive strategy whereas under combined stress (LN along with high salt) triggers 

shallow roots as a survival response by modulating DELLA-SOS responses. Therefore, we proposed that 

a molecular circuit comprising DELLA-SOS module is necessary for plant adaptation and survival during 

nitrogen deficiency and salinity stress in plants. 
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Pigeonpea [Cajanus cajan (L.) Millspaugh] is an important pulse crop of tropics and subtropics. 

Pigeonpea is a perennial shrub that is traditionally cultivated as an annual crop in developing countries 

with a large temporal variation (90–300 days) for maturity. Broadly four maturity groups are recognized 

in pigeonpea: extra-early (90 – 120 days), early (120 – 150 days), medium (150 – 200 days), and late 

maturing (200 – 300 days).These traits make its cultivation possible in a range of environments and 

cropping systems. The short duration pigeonpea varieties were found to adapt better as they can escape 

terminal drought in October-November and the sufferings from frost/cold stress injury in December and 

early January. An extra early maturing pigeonpea cultivar (TAT10) was developed from a cross between 

two mutant lines (TT8 and TT2) derived from Fast Neutron treatment of T21 (Medium duration). TAT10 

is high yielding and matures earlier (≥ 30 days) than T21. The present study proposes to improve the 

understanding of early maturity at the genomic level through resequencing of the parent genotype (T21) 

and its early maturing mutant genotype (TAT-10). For this study, two genomic DNA libraries- one each 

for T21 and TAT10 were prepared using NEB Next UltraII DNA library prep kit for Illumina and were 

sequenced on Illumina HiseqX Ten platform. About 135.67 and 146.34 million 150 bp long sequencing 

reads were generated for T21 and TAT10 respectively with coverage (X) of 34.32 and 37.02 on the 

reference genome. The preliminary raw-sequencing reads were further processed using Trimmomatic 

software for removing low quality reads and adapter sequences. Then high-quality reads were mapped 

against pigeonpea reference genome using BWA-MEM tool with mapping percentage of 99.12 and 99.15 

for T21 and TAT10 respectively. By using Samtools and Picard tools, aligned reads were sorted; 

matefixed, deduplicated, and the reads with mapping quality of ≥20 were selected for variant 

identification. GATK variant calling pipeline was used to identify the genomic variations. About 1.67 and 

1.71 millions of genomic variations were identified in T21 and TAT10, respectively. Among these 

genomic variations 1397178 SNPs, 276741 InDels were from T21 and 1419904 SNPs, 292347 InDels 

were from TAT10. These genomic variations were annotated using SnpEff program and found that 

genomic variations are highly enriched in intergenic regions followed by upstream and downstream 

regions of the gene. Using SnpSift and Bcftools, TAT10 specific high quality genomic variations 

including InDels (79157) and SNPs (199299) were identified affecting 24987 and 22324 genes, 

respectively. Further, these InDels can be developed in to molecular markers and used for the trait 

introgression in to elite pigeonpea cultivars. 
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Wheat intolerance is an emerging issue for a considerable population in the world, which cause 

gastrointestinal problem when wheat products are consumed. Though wheat seed is a rich storehouse of 

nutrition, it contains some intolerant proteins (IP) causing negative responses to some genetically 

indisposed people. The negative responses include non-celiac wheat sensitivity (NCWS) caused by 

amylase-trypsin inhibitors (ATIs); Irritable Bowel Syndrome (IBS) caused by gluten; celiac disease (CD) 

caused by gluten and ATIs; Bakers asthma caused by serine peptidase inhibitors (serpins), ATIs and 

gluten. When the two most cultivated wheat species are compared in terms of their intolerance, hexaploid 

wheat is reported to be more intolerant/ immunogenic compared to tetraploid. Hence, we performed a 

comparative (bread vs. durum wheat) expression analysis of genes encoding for different intolerant 

proteins during grain development through transcriptomics. Developing grain samples were collected at 2, 

3, 4 and 5 weeks after anthesis (WAA). Approximately 75.20 and 103.81 million reads were generated 

from four libraries (two from each genotype) resulting in 117.7K, and 121.3K numbers of transcripts in 

tetraploid and hexaploid wheat respectively. Mapping was carried on latest version of reference genome 

of T. aestivum (IWGSC 119 RefSeq v2.1). A total of 20506 differentially expressed genes (DEGs) were 

found in bread vs. durum wheat. Highly up- and down-regulated DEGs were subsequently validated 

through quantitative reverse transcription polymerase chain reaction (qRT-PCR). Only five DEGs related 

to IPs were found under ‘Molecular Function’ and no pathway was found for any of the IP genes. Total 

146 and 133 IP transcripts were identified in hexaploid and tetraploid wheat respectively, which belonged 

to the major categories of thionin, serpin, ATI, gliadin and glutenin. Bread wheat was harbouring more 

number of IPs and majority of the IP gene expression was found higher in comparison to durum wheat. IP 

genes with higher expression in both the genotypes were analysed for their stage specific expression 

during grain development. Thionins, gliadins and glutenins were mainly expressed at 4-5 WAA; whereas, 

serpins and ATIs were expressed at 3-4 WAA. The overall expression of thionins and serpins were 

comparatively less throughout the grain development process when compared to other IPs. This study is 

another support for the hypothesis that tetraploid durum wheat is less intolerant and better for 

consumption for the vulnerable population than that of hexaploid bread wheat. 

S7-PP-03 
Deep Learning-based sequence alignment of genomic data 
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The next-generation sequencing technology provides an abundance of biological information. When it 

comes to determining the relationship between sequences, sequence alignment is always required. 

Sequence alignment is a tough operation for big input sequences. By developing new alignment 

techniques, researchers have been trying to optimize accuracy, speed, and resource usage. In this scenario, 

deep learning can help by learning the patterns present in a genomic sequence and predicting the possible 

location of the input (short or long) sequence-read. In this direction, we have proposed a framework for 

training a deep learning-based model to estimate the potential locations of the short read in a genomic 

reference sequence. The present work describes a simulation study on an artificially generated genetic 

sequence and training of a DL-based model for performing alignment tasks.  To begin, a genomic 

sequence is used to generate artificial short reads. Following that, the positions corresponding to the reads 

are stored separately. Data is divided into two parts, i.e., training, and testing. Later, a deep learning 

model is trained to take the short read as input and predict the location of the read on the reference 

genomic sequence. The trained model is tested on the unseen data to assess the potential of the proposed 

technique. The experiments had shown promising results and opened up a way to use deep learning in a 

novel manner for genome data analysis. 

S7-PP-04 
In silico identification model for mineral transportation genes in flowering plants 
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The nutritional value enrichment of grain is very much essential to counter the problem of malnutrition in 

developing countries. Research for improvement of the nutritional quality of plants has historically been 

limited due to almost insurmountable challenge of resolving complex branches of various metabolic 

pathways. Besides, grain nutritional quality is governed by complex trait involving numerous genes 

responsible for transportation, accumulation, biosynthesis, and storage of nutrients in grains. However, 

important genes across various tax on can be identified by using contemporary bioinformatics and 

genomics tools, which subsequently helps in study the expression and interaction of transgenes on several 

endogenous genes simultaneously. In the present work, genes responsible for mineral transportation have 

been retrievedusing gene ontology keyword searches for specific nutrients, plants, crops and their 

nutrient-related role. In the process, nutritional genes for 14 minerals (i.e. Calcium, magnesium, 

potassium, sodium, phosphorous, chromium, cobalt, copper, iron, manganese, molybdenum, nickel, 

selenium, and zinc), from 4 databases, viz., GenBank, Ensembl Plants, Gramene and UniProt, have been 

retrieved. Further, functional annotation studies at gene and protein level were made to develop 

comprehensive information for the collected genes. To establish prediction model, sequence data was 

converted into numeric features with various encoding schemes by using protr package in R-software. 
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The extracted features are, AAC (Amino Acid Composition, Dipeptide Composition, and Tripeptide 

Composition), CTD (Composition, Transition and Distribution), and PAAC (Pseudo Amino Acid 

Composition, and Amphiphilic Pseudo Amino Acid Composition) aggregating 697 sub-features. Multi-

class classification model was built using SVM (support vector machine) classifier with the extracted sub-

features. Furthermore, 46 important sub-features out of 697 were identified by performing feature 

selection using SVM. 5-fold cross validation was performed using the identified sub-features for 

improving precision and accuracy of the model. The cross validation result suggested that SVM classifier 

with the selected sub-features, achieved more than 99% classification accuracy. 

S7-PP-05 
Identification and analysis of salt-stress responsive circRNAs from salt-susceptible and salt-tolerant 
rice genotypes 
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Salinity, limiting the agricultural productivity of salt-sensitive crops worldwide, is a serious abiotic stress 

and through a series of regulatory mechanisms, plants protect themselves from these abiotic stresses.  In 

response to salinity stress, plants activate their own physiological traits and metabolic pathways under the 

supervision of different sets of genes. The varying expression levels of these genes are the key aspects for 

plants to activate defense mechanism against salinity stress during post-transcription period. Salinity 

tolerance is controlled by several domains of molecular mechanisms such as genetic and epigenetic 

mechanisms. While genetic mechanisms involve genes, QTL, proteins etc. epigenetic mechanism is 

controlled by non-coding RNAs including miRNAs, lncRNAs, and circularRNAs (circRNAs). Rice is one 

of the most salt sensitive crop as salinity above threshold of 3 dS/m started to result in yield loss and 

based on salinity tolerance level, rice can be classified broadly as glycophyte or salt- susceptible (e.g. 

IR29), salt tolerant (e.g.  O. sativa cv. Nonabokra, FL478, Pokkali etc) and halophytes (e.g.O. coarctata).  

To fulfil the yield demands in rice for the increasing population, we need efforts to understand their 

mechanism aiding in their tolerance to salt and then apply those understandings to improve the responses 

in susceptible or sensitive varieties. We have collected one of the publicly available RNA seq dataset of 

salt sensitive O. sativa Indica cv. IR29 and salt tolerant O. sativa cv. FL478 from control and salt stress 

(150 mM) subjected root samples for identification and comparative analysis of circRNAs in these two 

contrasting genotypes. The downloaded data was quality filtered and mapped to the respective reference 

genome and subjected to CIRI2 for the circRNA prediction. Further CIRI-AS and CIRI-full was 

employed to identify all possible full-length circRNA isoforms. In the downstream analysis, the 

differential expression analysis was performed at threshold of 1 and 0.05 for log2Fold-change and p-value 

respectively, followed by functional annotation of differentially expressed circRNAs (DECs) and their 

target or parent genes.  We had over 24 million high-quality (HQ) reads per replicates for both control 

and treated samples of IR29 and FL478. Over 91% HQ reads were mapped over respective genomes. We 

had predicted a total of 3004 circRNAs with 1564 and 1528 in IR29 and FL478, respectively. As only 88 

circRNAs were found common between IR29 and FL478, a good amount of genotype-specific circRNAs 
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were predicted. More importantly we have identified 206 DECs in IR29 as compared to 119 in FL478. 

The comparative analysis of these DECs along with their targets for the functional annotation and 

pathway analysis will definitely aid in understanding the   epigenetic mechanism in controlling salinity 

tolerance. 

 S7-VO-01 
Genomic and comparative protein structure analyses of UV-absorbing microsporin-like amino acid 
(MAAs) biosynthesis in cyanobacteria 
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Cyanobacteria are an ancient monophylectic group of organisms present in all light exposed habitats on 

the Earth. During their growth in different habitat, they are subjected to dynamic light conditions i.e., 

visible radiation and ultraviolet radiations (UVR). To avoid the toxic effects of UVR on their growth they 

synthesize compounds like mycosporine-like amino acids (MAAs). MAAs are a family of low molecular 

weight, water-soluble, UV-absorbing compounds that contain cyclohexenone or cyclohexenimine ring 

which gives protection against damage caused by UVR. It is proposed that MAAs can be produced by 

MAAs biosynthesis pathway as well as by shikimate pathway in cyanobacteria. The key enzymes that are 

involved in these two pathways are 4-Deoxy gadusol synthase and 3-Dehydroquiqnate synthase, 

respectively. The aim of this study was to find out difference between 3-Dehydroquiqnate synthase (3-

DHQS) and 4-Deoxy gadusolsynthase (DDGS) and to predict their involvement in MAAs biosynthesis. 

This study includes three cyanobacteria i.e., Anabaena variabilis PCC 7937, Nostoc punctiforme PCC 

73102 and Synechococcus elongatus PCC 7942, for their ability to synthesize MAAs and conducted 

comparative structure analyses of DDGS and DHQS to investigate if two enzymes could be involved in 

MAAs biosynthesis in cyanobacteria. MAAs coding genes of A. variabilis and N. punctiforme were blast 

against S. elongatus genome to identify the presence of any genes that involved in MAAs biosynthesis. 

Further, the protein sequences of DHQs and DDGs encoded by the respective genes from A. variabilis, N. 

punctiforme and S. elongatus were retrieved from Swiss-Prot database and the 3D structures of those 

protein sequences were generated and visualized in UCSF Chimera. From this study it was found that S. 

elongatus PCC 7942 does not produce MAAs due to lack of MAAs biosynthesis genes cluster but present 

in genomes of both N. punctiforme and A. variabilis. Comparative structure analysis suggested that 

DDGS but not DHQS is required for MAAs biosynthesis. From the structure-based study it was 

confirmed that the conformations of DDGS and DHQS are different. This structural study further 

confirms their involvement in different catalytic processes. 

S7-VO-02 
Molecular docking study of TGR5/GLP1 pathway as possible antidiabetic mechanism of action of 
triterpenoid from Tithonia diversifolia leaves 
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Plant metabolites with their derivatives had been used in ethnomedicine for a long time, meanwhile 

concerns exist about the safety and mechanism of action. The current understanding of TGR5 as a target 

to induce glucagon-like peptide-1 (GLP-1) secretion which subsequently leads to insulin release suggest 

that TGR5 agonists may constitute a novel approach to treat type 2 diabetes. In this study, triterpenoid 

saponin from Tithonia diversifolia leaves (TDS) which has similar structural scalfold with cholic acid a 

natural agonist of TGR5 was probe. The 2D structure of cholic acid, was retrieved from PubChem 

compound database (PDB ID: 221493). The two ligands were optimized into 3D for docking using 

Marvinsketch. TGR5 “Fasta” file was downloaded from www.pubmed.org with accession number 

(NP_001308879.1 GI: 1013395910), and used as starting structure of TGR5 protein. Homology modeling 

was done on Swiss Model Server.The result of the study identified TDS as better ligand for TGR5 better 

than cholic acid due to higher binding affinity of TDS with TGR5. TDS interacted at the active site of 

TGR5 and the amino acids stabilizing the interaction of TDS with TGR5 are Ala 67, Thr 64, Trp 237, Ser 

270, Tyr 240, Leu 266, Gln 158, Leu 262, Ala 159, Tyr 89, Thr 70 Pro 92, Ser 95 Val 88.Triterpenoid 

saponin from Tithonia diversifolia leaves (TDS) blood sugar lowering ability is via TGR5 agonism 

leading to increase GLP-1 expression and subsequently insulin release. Further invivo experiment is 

required to determine safety and dosage. 
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Artificial Intelligence-based approach for identification of severity levels of maydis leaf blight 
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Severity levels of the diseasesisone of most important factors that has significant impact on the overall 

production of any crops. Identification of the disease at the early severity stage is very essential for the 

proper management of the disease. However, traditional approaches like visual assessment and laboratory 

analysis for the identification of disease severity levels require highly trained and experience personnel 

which is practically not feasible in every case. Hence, there much need of automated approach for the 

identification of disease severity levels in field conditions. Now-a-days, Deep Learning (DL) techniques 

of Artificial Intelligence (AI) have shown significant achievements in the field of agriculture. Using in-

field images of Maydis Leaf Blight (MLB) disease of maize crop, we developed a Deep Learning (DL) 

based Convolutional Neural Network (CNN) model for identification of severity levels. In this study, we 

used around 1,249 images of MLB disease captured from different experimental fields of AICRP-Maize 

in non-destructive manner. For experimental convenience, the images of MLB disease were further 
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categorized into four classes such as healthy, low severity, medium severityand high severity levels by 

domain experts of maize crop from ICAR-IIMR. In order to increase the images in training data and to 

reduce the chance of overfitting, the images from each class were augmented with artificially generated 

images. The proposed CNN model is 7-layer deep, containing six convolution operation and followed by 

one global average pooling layer. The proposed model was trainedon 80% of the whole dataset for 500 

epochs with a batch size of 32 images. We tested the proposed model on the remaining 20% of the dataset 

and accuracy of 94.75% with 95% recall was reported. The reported results suggest that deep learning 

models are capable of learning the distinguishable features of the images where images have complex 

backgrounds and having high intra-class similarities. 

S7-VO-04 
Transcriptomic profiling of Triticum aestivum near-isogenic lines for stripe rust resistance 

Parinita Das 

Division of Bioinformatics, ICAR-Indian Agricultural Statistics Research Institute, New Delhi, India 

(Correspondence: parinitadas61@gmail.com) 

Stripe rust of wheat, caused by Puccinia striiformis f. sp. tritici (Pst) is one of the largest biotic stress 

factors limiting wheat production worldwide. Despite the efficiency of fungicide treatments, genetic 

resistance is considered to be the most economical and environmentally friendly way to control the 

disease.To study the early defense response induced by P. striiformis infection, a global transcriptome 

profiling of the leaves of two near-isogenic lines (NILs) of stripe rust-resistant (FLW-29) and stripe rust-

susceptible (PBW343) bread wheat (Triticum aestivum) was performed by RNA-seq. RNA samples were 

collected at three different time points, i.e., 12, 48, and 72 hours post inoculation (hpi) with Pst. 46S119 

pathotype and as well as mock inoculated. A total of 486 and 409 transcripts were differentially expressed 

between PBW343 and FLW29 for Pst inoculated and mock inoculated samples, respectively. The highest 

number of differentially expressed genes (DEGs) was detected at 48 hpi. Functional categorization using 

Blast2GO classified the genes into biological processes, molecular function and cellular components. The 

resistant line showed much higher number of differentially expressed protein kinases and pathogenesis 

related proteins such as PR proteins as compared to susceptible genotype. Pathway annotation with 

KEGG categorized genes into more than 20 sub-classes with phenylpropanoid biosynthesis being the 

most dominant followed by purine metabolism, thiamine metabolism, tyrosine and tryptophan 

biosynthesis, glutathione metabolism, riboflavin metabolism, drug metabolism - cytochrome P450 which 

are involved in wheat defense mechanism to biotic stresses and contribute to the ability of the adult plant 

to inhibit fungal growth and development. It was apparent from the whole transcriptome sequencing that 

the resistant line FLW29 directed the expression of different genes involved in building the resistance 

response in the host to combat invading pathogen. The RNAseq data and differentially expressed 

transcripts identified in present study is a genomic resource which can be used for further studying the 

host pathogen interaction for Yr16 and wheat transcriptome in general. 
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Rice (Oryza sativa) is one of the most widely cultivated and consumed cereal crops in the world. Among 

the fungal diseases of rice, sheath blight disease caused by fungus Rhizoctonia solani AG1-1A Kühn 

(Teleomorph: Thanatephorus cucumeris (A. B. Frank) Donk.) is ranked next to blast disease caused by 

Magnaporthe oryzae, in terms of economic importance. The limited success towards achieving reliable 

and persistent resistance against this fungal pathogen has been due to lack of knowledge of resistance 

mechanisms and gene regulation during host-fungal interaction. Long non coding RNAs (lncRNAs) are a 

class of non-protein coding RNAs that play a crucial role in regulating gene expression through a variety 

of mechanisms, including interactions with biomolecules such as DNA, RNA, and proteins. In this study, 

we utilized the RNA sequencing data of 4 rice cultivars including two sheath blight disease susceptible 

(TN1 and BPT5204) and two sheath blight resistant (Tetep and Pankaj) genotypes for identification of R. 

solani induced lncRNAs. Further, expression of these lncRNAs was compared between susceptible and 

tolerant genotypes to identify the potential lncRNAs associated with resistant phenotype. After quality 

assessment of sequencing reads, we got a total of 522561 assembled transcripts out of eight samples from 

control and test conditions. Among them, 3543 lncRNA transcripts were identified by filtering on the 

basis of multiple parameters like read length≥200 nucleotides, exon numbers ≥2, FPKM ≥0.5, coding 

potential score < 0 etc. PFAM and RFAM were used to filter out all possible protein coding genes and 

housekeeping RNAs respectively. A total of 71, 67, 47, and 47 lncRNAs were up regulated in fungal 

infected samples of TN1, BPT5204, Tetep, and Pankaj, respectively. Eleven lncRNAs were present in all 

the samples. A total of 44 lncRNAs including Osalnc_00067996, Osalnc_00039712, and 

Osalnc_00154810 were uniquely expressed in Tetep whereas expression of 25lncRNAs 

(Osalnc_00152407, Osalnc_00155320, Osalnc_00125019 etc.) were unique in Pankaj cultivar. It was 

observed that number of commonly expressed lncRNAs in the susceptible cultivar and corresponding 

control sample were more whereas very few lncRNAS were expressed in both resistant and its 

corresponding control sample.  This is a first report of rice lncRNAs induced during R. solani infection 

which will pave the way for better understanding the gene regulation during sheath blight disease and 

devising effective strategies for resistance development.  

S7-VO-06 
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Patanin-like phospholipase proteins generally are broad group of proteins possessing non-specific 

lipolytic acyl hydrolase activity. A mutant allele of a gene termed as Matrilineal (Mtl) encoding a protein 

with patanin-like phospholipase activity has been recently identified in maize. It is also involved in in-

vivo maternal haploid induction in other plants. This matrilineal-based haploid inducer provides the basis 

for large scale doubled haploid (DH) production worldwide. However, knowledge on molecular 

mechanism of in-vivo haploid induction is limited in many crops belonging to both monocot and dicot 

species. Therefore, an analysis was aimed for optimization of a machine learning based algorithm to 

predict the patanin-like phospholipase activity of the unknown protein. Four different kernels were used 

for building support vector machine classifiers using six different sequence-based compositional features. 

Of the four kernels used, radial basis function (RBF) and polynomial kernel were effective in prediction 

of patanin-like protein from non patanin-like proteins. Among the six sequence-based compositional 

features, di-peptide composition attained more than 90% prediction accuracies using RBF and polynomial 

kernels. Using mutual information, most explaining di-peptides were identified and contributed to the 

highest in the prediction process. The developed SVM model opens a new paradigm for the experimental 

scientists working in the field of in-vivo haploid induction in commercially important crops.  
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Homology Modeling of Photosystem I Iron-Sulfur Center (PsaC) from Citrullus Lanatus using 
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Photosystem I (PSI) is a multiprotein complex present in the thylakoid membranes of photosynthetic 

organisms where the light energy is used for electron transfer from plastocyanin to ferredoxin. 

Photosystem I (PSI) Iron-Sulfur Center, also known as drought protein, is one of the polypeptide of PSI 

that accelerates the electron transfer and acts as an apoprotein for two 4Fe-4S centers FA and FB of PSI. 

Citrullus Lanatus is a xerophyte that has strong resistance in drought/high-light stress, which is dangerous 

for most plants. In the present study, in-silico 3D structure prediction of Psa C protein from Catullus 

lanatus has been performed by homology modelling. Structure of photosystem I super complex protein 

from Zea mays, having 93.83% sequence similarity to query protein was taken as template and multiple 

model structures were constructed using Modeller 9.22.  From the constructed structures lowest Dope 

model was chosen for structure assessment by Rampage, PDB sum (ProCheck), MolProbity, and UCSF 

Chimera. Results from Rampage unveiled that 89.9% of residues were present in favored region of 

Ramachandran Plot, C-alpha chirality and chi1-chi2 plots with bond lengths-angles appeared satisfactory, 

MoloProbity Score was 2.54 and identical superimposable target-template structure was obtained in 

Chimera. Further, 0.217Å RMSD value was found for the selected model in PyMol and z-score of -3.85 

was obtained in ProSA. All the structural assessment results appeared satisfactory and confirmed that the 
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obtained model is a reliable model. The predicted model provides a starting point for further functional 

proteomics research and can be used to gain insight of structural regulation of this protein. 

S7-VO-08 
PlDBPred: an Artificial Intelligence-based generalized computational model for discovery of DNA 
binding proteins in Plants 
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DNA-binding proteins (DBPs) are crucial for various cellular processes, such as recognition of specific 

nucleotide, regulation of transcription, and regulation of gene expression in plants. Various structure and 

sequence-based computational methods have been proposed to identify DBPs which are exclusively for 

human and mouse. Some models have been developed for Arabidopsis only. However, these methods 

suffer from lower accuracy, for other model plants. Besides, there is no generalized tool available for 

predicting DBPs particularly for plant species. Thus, developing an efficient model for identifying the 

DBPs is the need of the hour.This study proposed a predictor called PlDBPred for DBPs identification in 

plants by employing the SVM-based machine learning technique with evolutionary features. Higher 

accuracy of 91% was achieved with SVM which outperformed the other state-of-art machine learning 

algorithms such as Logit Boost, Random Forest, AdaBoost and XGBoost, while evaluated with 5-fold 

cross validation. Further, we compared the developed method with seven different existing toolsviz. 

DNAbinder, DPP_PseAAC, iDRBP_MMC, mscDPB, IDRBP-PPCT, PDBP-fusion, DeepDRBP-2L and 

StackDPPred. The prediction accuracy of the developed generalized model was more than 90%, whereas 

for the existing models it was below 70%. The results showed that the developed computational model is 

more efficient compared to the existing models for predicting DBPs in plants. To the best of our 

knowledge, this is perhaps the first computational method for identifying plant specific DBPs. 

Additionally, we developed a freely accessible user-friendly web-server PlDBPred for the convenience of 

the vast majority of experimental scientists. 
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Kernel row number (KRN) is one of the important domestication traits that have a direct correlation with 

grain yield. Genetic control of this trait is evident by its high heritability across growing environments 
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and many genes, viz., fea2, fea3, td1, etc. were cloned. Recently, Byoung et al 2016, isolated an allele 

fea3 that increases inflorescence meristem size and number of primordia without reducing ear length or 

triggering fasciation, both of which would be detrimental to yield. However, the possibility of additional 

variation due to the different genetic backgrounds, cannot be ignored. Hence,to understand the cause of 

KRN variation in tropical field corn, a next-generation sequencing methodology was employed.A set of 

four genotypes with high KRN (16-24) and six genotypes having low KRN (10-14) were studied in the 

present investigation. Genomic DNA was isolated and primers to amplify reference gene sequences of 

fea3 (Gene ID: GRMZM2G166524) were designed manually through DNA club software with standard 

parameters. Complete gene (3431 bp) was amplified in all the genotypes specific Taq polymerase (Takara 

PrimeSTAR GXL) and with customized PCR protocol. Further amplicon-sequencing was done using 

Illumine sequencing 2500 platform. The generated gene sequences were aligned through Clustal Omega 

for multiple sequence alignment along with B73 reference sequence and variant-calling was performed 

for identification of SNPs and/or INDELs. These SNPs and/or INDELs were visualized through 

SNAPGENE viewer with default parameters. Gene Structure Display Server (GSDS 2.0) was used to 

identify the exonic as well as the intronic region of the genes. The SNPs and/or INDELs variation present 

in the exonic region were only considered for the transitional change using FGENESH software. The 

translated sequences present in the open reading frame were aligned using the Clustal Omega and 

identified the variation in amino acid sequences. Swiss model tool was used for homology modeling of 

amino acid sequences.Total 63 SNPs- C/T (12), C/G (10), G/A (10), T/A (3), T/C (15), T/G (4), G/T (5), 

and A/C (4) were present in the tested amplicons. Among them, 50 SNPs belonged to high KRN 

genotypes and 13 were in low KRN genotypes, in comparison to the reference gene (fea3 of B73). This 

indicates studied genotypes had variations other than one recorded earlier. In the exonic region, a total of 

twelve SNPs were recorded, among them, seven SNPs caused non-synonym amino acid changes, viz., 

T>752>C (Valine-Alanine), T>758>C (Valine-Alanine), T>2189>C (Valine-Alanine), G>2273>C 

(Serine-Tryptophan), G>2474>A (Glycine-Aspartic acid), G>2870>T(Glycine-Valine) and 

C>2961>T(Alanine-Glycine), between high and low KRN genotypes. To locate the effect of non-

synonym changes in the resulting protein, homology modeling of amino acid sequences of low and high 

KRN genotypes was subjected to the SWISS Model. The predicted model showed higher similarity with 

LRR receptor-like serine/threonine-protein kinase FLS2, which is involved in axillary meristem initiation, 

that finally decides the number of kernel rows in maize (Mc Steen et al., and Moreira et al., 2015). Hence, 

these seven SNPs may be further validated and utilized to capture the phenotypic variation of KRN in 

topical field corn. 

S7-VP-02 
Identification and characterization of AcMSH1 gene in onion (Allium cepa L.) 

Mainkar Pawan Sitaram, Major Singh, Anandhan S. 

ICAR-Directorate of Onion and Garlic Research, Rajgurunagar, Pune, Maharashtra, India 

(Correspondence: anandhans@gmail.com) 

MutS Homolog 1 (MSH1), a nuclear gene that functions in organellar genome stability, epigenetic 

variations, mainteinance of the low mutation rates and suppression of non-homologous recombination in 

mitochondria and plastids. MSH1 disruption leads to enhanced mitochondrial DNA rearrangements 

associated with naturally occurring cytoplasmic male sterility (CMS) in plants. Onion (Allium cepa L) is 
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an outcrossing biennial bulb cropwith a very large genome size (16Gb), exhibiting severe inbreeding 

depression which complicates the production of onioninbred lines. CMS system allows for the efficient 

production of hybrids in onion. So for exploring the potential of MSH1 for inducing CMS in onion, full-

length gene sequence was identified based on homology search and revealed a single copy of MSH1 gene 

(30,201bp), localized on scaffold_84381: HRSCAF_467467 in the onion genome, denominated as 

AcMSH1, harbouring open reading frame of 3381bp encoding for a putative protein of 1126 amino acids. 

Gene structure analysis of AcMSH1 showed 22 exons and 21 introns in its gene structure.The 

computational analysis of the predicted protein sequence showed 78.32% identity with MSH1 protein 

from Asparagus officinalis (XP_020247486.1) and revealed the presence ofall the functional domains of 

plant MSH1 protein that could be important for AcMSH1 functions in mitochondria, four domains 

seemingly involved in DNA binding (DB1–DB4) along with an ATPase and a GIY-YIG endonuclease 

domains on the c-terminus of AcMSH1. In plants, MSH1 protein is dually targeted to both mitochondria 

and plastids, similarly dually targating transit peptide was also predicted for AcMSH1 protein, possess N-

terminal targeting pre-sequence of 42 amino acids (1-42 aa) for Chloroplast and 27 amino acid (1-27aa) 

for the Mitochondria. Analysis of protein sequence and phylogenetic relationship withother plant MSH 

gene family showed that MSH1 proteinsare evolutionarily conserved and may have similar in functions. 

Hence, genetic alterationsin the AcMSH1 sequence will provide a potential source of cytoplasmic male 

sterility for the production of CMS lines in onion. 

S7-VP-03 
Comparative analysis of PAL gene isolated from soft and hard seeded varieties of Punica granatum 
L. 

Reena Kumari, Himani Jamra, Konchhok Zangmo, Sneh Sharma, Karuna Dhiman, Vikas Sharma, Aditi 

Thakur 

Dr. Yashwant Singh Parmar University of Horticulture and Forestry, College of Horticulture and 

Forestry, Solan, Himachal Pradesh, India 

(Correspondence: reenarattan@gmail.com) 

In Punica granatum L. seed hardness is an important trait directly affecting fruit marketability. The 

present study will be aimed to compare expression of Phenylalanine Ammonia Lyase (PAL) gene in seeds 

of soft and hard seeded pomegranate varieties as it regulates the synthesis of lignin and other 

phenylpropanoid compounds. The total RNA was isolated from seeds of fully mature fruit of two 

pomegranate varieties, viz., Kandhari Kabuli (hard) and Phulle Super Bhagwa (soft), using RaFlex total 

RNA isolation Kit. The cDNA was synthesized and amplification of the PAL gene was done using gene 

specific primer through RT PCR. The amplified product obtained through RT-PCR was sequenced by 

using chain termination method given of Sanger et al., in 1977 at Eurofins Genomics India Pvt. Ltd, 

Bangaluru. The homology search of nucleotide sequence of PAL gene of pomegranate variety was done 

using BLASTn tool of NCBI (http://www.ncbi.nlmnih.gov). Conserve domain in the nucleotide sequence 

of PAL gene of pomegranate variety was obtained using CDD tool of NCBI 

(http://www.ncbi.nlm.nih.gov/cdd). The physical and chemical characterization of deduced amino acid 

sequence of the PAL gene was done using Expasy protparam tool. The concentration of RNA was found 

to be 43.96 µg/ml in Phulle super Bhagwa and 35.46 µg/ml in Kandhari Kabuli. The cDNA amplified 

product was found to be of approximately 1200 bp in both varieties but the intensity of amplified product 



348 

43rd  Annual Meeting of PTCA(I) & International Symposium on “Advances in Plant Biotechnology and Nutrational security” 

APBNS-2022, April 28-30, 202

was found to be high in soft seeded pomegranate variety (Phulle super Bhagwa). The nucleotide sequence 

of PAL gene of soft seeded pomegranate variety was found 1203bp. The nucleotide sequence of Punica 

granatum L. variety Phulle Super Bhagwa PAL gene had 99.2% similarity with Punica granatum L. 

phenylalanine ammonia lyase (PAL) mRNA. It was found to have 98.75% identity with Punica granatum 

L. cultivar Bhagwa phenylalanine ammonia lyase. The putative conserve domain in this gene was 

reported to start from 185-506bp with 2.53e-43E-value. The results of conserve domain studies showed 

presence of many well studied active sites for PAL gene family that are found to be well conserved in 

other plant species. The open reading frame of the PAL gene was found to be of 395 aa with molecular 

weight of 43.8 KDa and theoretical pI of 7.11. On the basis of the comparative analysis of PAL 

expression in both varieties it could be concluded that this is not specific gene for monolignol 

biosynthesis and might contribute to the seed softness trait. 

S7-VP-04 
Ontology driven context aware recommender system for maize cultivation 

Sanchita Naha, Sudeep Marwaha, Alka Arora 

1
ICAR-Indian Agricultural Statistics Research Institute, New Delhi, India 

(Correspondence: sanchita.naha@icar.gov.in) 

In the modern world of digitization, users not only rely on their peers for suggestion on products rather 

they look through the Internet to have a wider user perspective. Nowadays software solutions are making 

automatic recommendations by modelling preferences of a community of users in combination with 

product characteristics. Recommender systems are software tools that can deliver suggestions to users in 

areas where a large number of alternatives are available. These recommendations are much more useful to 

users if the system is aware of the user’s needs which keeps changing with time. With mobile and 

ubiquitous computing, it is now possible to capture user’s current situation as context and make use of it 

as an additional component while generating new recommendations. Thus, context aware recommender 

systems are gaining more popularity in recent times, however the quality of the recommendations majorly 

rely on the correct choice of the context. To successfully grow a crop up to its maximum yield potential, 

farmers require suggestions on which variety to grow, where to buy seeds from, where to sell the produce, 

weather information and the correct cultivation practices to be followed. Farmers either reach out to the 

nearest KVKs, other government organisations or contact their fellow farmers for required information. 

But the major drawback is that farmers are given a generalized and broader advisory which does not suit 

their individual requirements. This creates a major gap in adoption of technologies in farmer’s field. To 

effectively cater information to farmers, it is of prime importance to exactly understand the farmer’s 

requirements and the factors determine their adoption behaviour. Keeping this in mind, an algorithm has 

been developed which recommends management practices to the farmers based on their current context 

(e.g., farm conditions, soil status, budget availability, labour affordability, season of cultivation, purpose 

of planting, availability of water sources, power availability etc). Also, an ontology based multi agent 

prototype has been developed to capture farmer’s current context and suggest them suitable management 

practices. Using interview schedules preferences of a community of farmers have been gathered as ratings 

to find out relevant context parameters for each crop growth stage and corresponding preferable 

management practices. The developed context aware system provides better recommendations to farmers 

than the currently available crop advisory services.  
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In the agriculture domain, automatic and accurate estimation of disease severity in plants is a very 

challenging research field and most crucial for disease management, crop yield loss prediction and world 

food security. Deep learning, the latest breakthrough in artificial intelligence era, is promising for fine-

grained plant disease severity classification, as it avoids manual feature extraction and labor-intensive 

segmentation. In this work, the authors have developed a deep learning model for evaluating the image-

based stem rust disease severity in wheat crop. Real-life experimental field conditions were considered by 

the authors for the image dataset collection.  The stem rust severity is further classified into four different 

severity stages named as healthy stage, early stage, middle stage, and end-stage.  A deep learning model 

based on convolutional neural network architecture is developed to estimate the severity of the disease 

from the images. The training and testing accuracy of the model reached 98.41% and 96.42% respectively. 

This proposed model may have a great potential in stem rust severity estimation with higher accuracy and 

much less computational cost. The experimental results demonstrate the utility and efficiency of the 

network. 

S7-VP-06 
Sequence alignment and phylogenetic analysis of MYB transcription factors that are influencing the 
synthesis of isoflavones in soybean (Glycine max. Merill) 

Nandakumar Vidya, Krishnagowdu Saravanan, Jayachandran Halka, Kumaresean Kowsalya, 

Muthukrishnan Arun 

Plant Molecular Biology Laboratory, Department of Biotechnology, Bharathiar University, Coimbatore, 

Tamil Nadu, India  

(Correspondence: arun@buc.edu.in) 

The MYB superfamily constitutes one of the most abundant groups of transcription factors described in 

plants. Flavonoids, a group of important signaling molecules in plant-environment interaction, 

ubiquitously exist in soybean and are tightly regulated by many genes. According To previous studies, 

GmMYB12B2, GmMYB29, GmMYB58, GmMYB205, GmMYB133 are the positive regulators for iso 

flavones where as GmMYB100 and GmMYB39 are the negative regulators for isoflavone biosynthesis. 

Phylogenetic tree construction and multiple sequence alignment of these genes were done in this work. 

Both positive and negative regulator genes were retrieved from National center for Biotechnology 

Information (NCBI), then the sequences were compared using Clastal W online software. To identify the 

sequence feature of Glycine max MYB genes in plants, multiple sequence alignment of both nucleotide 

and amino acid sequences, for the 7 identified GmMYB were executed. Sequence alignment of MYB gene 
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nucleotides and proteins was found to be similar among this specific groups. The DNA binding domain or 

the motifs was found to be highly conserved in all the MYB gene family whereas for the amino acid 

sequence, the motifs was found to be highly conserved in all MYB family except GmMYB133. The loss of 

motif in GmMYB133 might be due to the evolutionary of the cell. In order to understand the evolutionary 

origin of MYB proteins and their homology from other species, we constructed a rooted phylogenetic tree 

based on the alignment of the nucleotide and amino acid sequences of MYB family using the Clustal W 

software. Centered on the topology and robustnees of the Neighbor joining method of phylogenetic tree 

results, MYB genes were resolved in to 2 clades. Clade 1 includes GmMYB205, GmMYB12B2, while clade 

2 involves GmMYB58, GmMYB29, and GmMYB39. The clade also has two out of groups (GmMYB205 

and GmMYB58). While MYB proteins were resolved into 2 clades. Clade 1 includes GmMYB133, 

GmMYB39, and GmMYB12B2. Similarly, clade 2 involves GmMYB205, GmMYB29, and GmMYB114. 

MYB proteins are evolved from a common ancestor GmMYB30. All these MYB genes and proteins are 

involved in regulation of isoflavones biosynthetic pathway that is precise to Glycine max family. These 

findings can aid in improving the nutritional content of soybean in terms of isoflavones. 
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The genus Brassica is one of the most commercially important taxa in the Brassiceae tribe, part of the 

Brassicaceae family. This genus contains a vast range of species, including significant vegetable and 

oilseed crops with various agronomic characteristics. Although the cultivated species are mainly used for 

edible and economic purposes, Brassica wild relatives have a great potential of desirable traits controlling 

important quantitative traits used in breeding programmes. The assessment of morphological diversity is 

an integral part of germplasm characterization and conservation, which are necessary for the continuous 

preservation and improvement of agricultural production and, as a result, for sustainable 

development. Also, morphological variations play an important role in plant physiology and functional 

dynamics. Genetic variation and linkages among populations of different plant species can be assessed 

using morphological features. Plant breeding programmes have long relied on morphological features to 

identify lines with incredible diversity. At ICAR- NIPB, Delhi we have U-triangle species as well as 

around 30wild crop species (Brassica chinensis, Brassica fruticulosa, Camelina sativa, Capsella-

bursapastoris, Diplotaxis assurgens, Diplotaxis catholica, Diplotaxis cretacia, Diplotaxis gomez-campoi, 

Diplotaxis erucoides, Diplotaxis muralis, Diplotaxis tenuisilique, Diplotaxis viminea, Enarthrocarpus 

lyratus, Erucastrum abyssinicum, Erucastrum gallicum, Erucastrum canariense, Erucastrum 

cardaminoides, Lepidium sativum, Sinapis alba, Crambe abyssinica, Eruca sativa, Biscutella sp. etc.) 

which are being utilised for the different pre-breeding  program.  These cultivated and wild species of 

Brassica have been studied for many morphological variations viz., floral morphology (petal colour, 

floral symmetry, inflorescence, number and form of corolla and calyx, aestivation, number of androecium 

and gynoecium, adhesion and cohesion of stamen, ovary type), type of placentation, the shape of siliqua, 

leaf morphology (leaf colour, shape and type of leaf, leaf margin, venation, phyllotaxy and leaf folding) 

and presence of trichome. Some of these exhibit certain interesting features: D. erucoides, C. 

bursapastoris, C. abyssinica and L. sativum have white flowers; and E. cardaminoides and C. sativa have 

pale yellow flowers. Furthermore, while most of the species have long and slender siliqua but some 

species like C. abyssinica and C. sativa have globular siliqua; C. bursapastoris has heart shaped siliqua; 

and Biscutella sp. has flattened circular siliqua. These data can further be correlated for diversity 

assessment and can be used in Brassica crop improvement programmes. 

S8-VO-01 
Phosphatidylcholine content in soybean (Glycine max): Genetic variability and parental 
polymorphism survey 
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Crude oil extracted from soybean seeds is the source of most concentrated natural phospholipids, as it 

contains 1.5-3.0% phospholipids. Phospholipids removed from crude soybean oil during the degumming 

process are commercially known as lecithin, which is a mixture of phosphatidylcholine (PC), 

phosphatidylethanolamine, phosphatidylserine, phosphatidylinositol, and phosphatidic acid. Among 

different phospholipids present in lecithin, PC is the major component and is used in food, cosmetics, 

pharmaceuticals, plastic, and rubber industries. It also provides several health benefits as it helps in foetal 

brain development, reduces risk of cardiovascular disease, and improves liver health. Thus, soy industries 

are working to increase the proportion of PC content in commercial lecithin, emphasising the need of 

developing high-PC soybean genotypes. For development of soybean varieties with high PC content, 

mapping of quantitative trait loci (QTLs) associated with PC content is important. For this purpose, 

parental polymorphism survey (PPS) is the first prerequisite, which requires the identification of soybean 

genotypes with high and low PC content. In this study, 408 soybean accessions were grown in Kharif 

2018, and seeds were harvested for lipid extraction and PC analysis using HPLC. Soybean genotypes with 

high and low PC content were raised again in the Kharif 2019 to assess the effect of growing environment 

on PC content. For PPS, a total of 695 SSR markers spanning over 20 linkage groups were selected and 

surveyed in 5 parental combinations, namely, NRC151×IC275, PS1476×IC275, NRC151×IC574373, 

JS20-34×AVKS215 and JS20-98×AVKS215 comprising of seven soybean genotypes, namely, NRC151, 

PS1476, IC275, IC574373, AVKS215, JS20-34 and JS20-98. NRC151, PS1476 and AVKS215 are high-

PC soybean genotypes, whereas IC275, IC574373, JS20-34 and JS20-98 are low-PC soybean genotypes. 

Estimation of PC content in 408 soybean accessions in cropping season 2018 revealed a range of 2.04-

8.80 mg/g, indicating a 4.3-fold genetic variation. Distribution of 408 genotypes among different ranges 

of PC content revealed minimum number of genotypes (4) in the range of 2.00-4.00 mg/g, while 

maximum number of genotypes (313) were in the range of 6.01-8.00 mg/g. Seventy-nine soybean 

genotypes exhibited PC content in the range of 4.01-6.00 mg/g, while 12 soybean genotypes exhibited > 

8.00 mg/g.Nine high-PC soybean genotypes (> 8.00 mg/g soy flour) and six low-PC soybean genotypes 

(< 4.50 mg/g soy flour) identified in Kharif 2018 were grown again in Kharif 2019, which revealed that a 

higher average minimum temperature during the seed filling stage may increase PC content.Parental 

polymorphism survey of 695 SSR markers across the 20 linkage groups showed 281, 299, 252, 274 and 

287 polymorphic markers in parental combinations NRC151×IC275, PS1476×IC275, 

NRC151×IC574373, JS20-34×AVKS215 and JS20-98×AVKS215, respectively, indicating 40.43, 43.02, 

36.26, 39.42 and 41.29 percent polymorphism, respectively. Polymorphic markers identified in these 

parental combinations can be utilised for genotyping of second filial generation (F2)/recombinant inbred 

lines (RILs) population for the purpose of identifying QTLs associated with PC in soybean, which in turn 

can be utilised for the development of high-PC soybean genotypes. 

S8-VO-02 
Identification of lodging tolerant farmers’ varieties of rice under normal cultivation practices 
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Lodging status of rice is an important consideration for determination of grain yield and acceptability of 

the genotype among the rice farming community. Crop lodging occurs in rice plant when stems weaken to 

the point, they can no longer support the weight of the grain causing it to fall over. Height of the plant 

also had positive correlation to lodging susceptibility. Lodging is recognized as a vital factor in rice plants 

and its importance as been greatly accentuated not only by the possibility of increasing yield through 

heavy fertilizer applications and dense planting, but also by the advent of cultivation of direct sowing and 

mechanical harvesters in recent years. In present experiment 42 local genotypes of rice were used for 

screening against lodging which are collected from northern part of west Bengal, Assam and Manipur. 

The experiment was carried out at the Instructional Farm of Uttar Banga Krishi Viswavidyalaya, 

Pundibari, Cooch Behar, West Bengal, India during Kharif season 2020 and 2021. Majority of the local 

genotypes were reported to be susceptible to lodging. Chamormony, Chakhao Sampark, Kalawati, 

Chakhao Angangbi, Chakhao Poireitan, Sadamala and Sadabhatkhalo were found to be highly lodging 

tolerant under normal cultivation practices. Indrasali, Balam, Phoolpakhari, Kataribhog, Jaldhyapa, 

Kalonuniya, Tarapakhari were found to be highly lodging susceptible. Remaining 30 varieties were 

moderately lodging susceptible. Due to crop lodging, the normal canopy structure is destroyed, leading to 

reduced photosynthetic ability and dry matter production. Severe lodging prevents the transport of water, 

nutrients, and assimilates through the xylem and phloem, resulting in a reduction in assimilates for grain 

filling. Furthermore, high moisture levels in a lodged plant community may be favourable for fungal 

growth and the occurrence of diseases, which have detrimental effects on grain quality. In situ 

germination may occur in lodged plants due to suitable environment especially for genotypes with weak 

seed dormancy. As a result, lodging could cause great losses in both grain yield and quality. In addition, it 

also causes difficulties in harvest operations, increases demand for grain drying, and consequently results 

in increased production cost 

S8-VO-03 
Molecular Characterization of Pearl Millet Land Races to Address Crop Improvement for Food 
Security 
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Sustainable management of agrobiodiversity is the key for future agricultural production and in this 

regard, it is important to conserve genetic diversity of crop wild relatives to exploit existing genetic 

variability for development of cultivar with superior yield potential in changing climate. A land race is 

dynamic population of a cultivated plant having historical origin, local adaptation, distinct identity, 

genetic diversity, association with traditional farming system, and higher stability in low-input agriculture 

under marginal environments. ‘Pearl millet’ featured with - C4 pathway for CO2 fixation, high use 

efficiency, wide adaptability, stress tolerance and low input requirements; make the crop more relevant 

for global food security in the era of climate change. systematic evaluation of genetic diversity and 

identification of superior genotypes of pearl millet land races is prime objectives of present research. 
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Following the steps of DNA isolation and quality assessment, PCR amplifications were performed for all 

the 28 Pearl millet land races using RAPD and ISSR primers. PIC (Polymorphism information content) 

values were calculated for each primer, Dendrogram were drawn using unweighted pair group method 

with arithmetic mean (UPGMA) and principal component analysis (PCA) was also performed to validate 

the cluster obtained using UPGMA. After the preliminary screening, 5 RAPD and 5 ISSR primers were 

identified that gave consistent results across all 28 genotypes and resulted in 84 polymorphic bands. PIC 

(Polymorphism information content) values were calculated for each primer, that revealed suitability of 

primers for establishment of polymorphism. Dendrogram grouped all 28 land races in to three major 

clusters and an out group. Data revealed that P4 shows 100% diversity with eight land races (P1, P2, P3, P9, 

P16, P26, P27 and P28) and may be suitable material for plant breeders to release improved cultivar in 

response to present as well as future demands. 

The role of osmotin in the management of biotic and abiotic stress tolerance of potato and 
eucalyptus 

Davinder Singh, Amanpreet Kaur, Anil Kumar 

Department of Biotechnology, Thapar Institute of Engineering & Technology, Patiala, Punjab, India 

(Correspondence: adatta@thapar.edu)

Osmotin is a stress-responsive protein of pathogenesis-related (PR)-5 protein family that imparts 

tolerance to a variety of biotic and abiotic stresses. The present work focussed on the role of osmotin in 

providing resistance to early blight in potato and improving the salt stress tolerance of potato and 

eucalyptus. The transgenic lines of potato overexpressing the osmotin gene by 22 folds showed decreased 

disease severity and disease incidence after eight days of inoculation with spore suspension of Alternaria 

solani compared to non-transgenics plants. The transgenic lines expressing osmotin gene also showed 

enhanced tolerance to salt stress. The transgenic lines survived on a medium containing 300 mM NaCl 

without showing any visible injury whereas non-transgenic did not tolerate this concentration and cultures 

turned completely brown after exposure to salt stress.  A total of seven transgenic lines were also 

regenerated in Eucalyptus tereticornis using Agrobacterium-mediated genetic transformation. The shoot 

cultures of transgenic lines of Eucalyptus tereticornis also tolerated 300 mM NaCl whereas non-

transgenic shoot cultures did not survive this concentration. The Eucalyptus transgenic lines 

overexpressing osmotin gene also showed reduced levels of reactive oxygen species, lipid peroxidation, 

and increased the osmolyte accumulation and antioxidant enzyme activity. This work examined the dual 

role of osmotin in inducing stress resistance to salt stress and fungal diseases.  

Selection of suitable internal control gene for assaying gene expression in rice through qRT-PCR 
during sheath blight infection   
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Quantitative reverse transcriptase polymerase chain reaction (qRT-PCR) has become a standard technique 

to assay gene expression in the field of modern molecular biology. In this technique, expression-level of a 

target gene is measured in relative terms by comparing its transcript abundance to an internal control 

(reference) gene depicting constant expression level. But it is almost impossible to find such a gene 

expression of which remains stable across all genotype, in all the tissue-types and under all the 

experimental conditions. Hence, it is necessary to identify a suitable internal control gene based on the 

experiment. For example, here we discuss about selection of internal control for assaying gene expression 

in rice during sheath blight infection. Sheath blight caused by necrotrophic fungus Rhizoctonia solani is 

one of the most devastating diseases of rice. However, the molecular events taking place during host-

pathogen interaction for this disease is not well-characterized till date. Gene expression studies in 

different rice genotypes possessing varying degree of tolerance to sheath blight infection during 

progressive disease development is supposed to provide valuable information in this regard. A quick 

literature survey will show that several of such studies are already taking place regularly in recent times, 

but a further carful observation will depict that there is no consensus among the studies regarding usage 

of internal control gene. Mostly the internals control gene for such studies has been selected based on the 

traditional concept of housekeeping genes which have been used/standardized to assay relative gene 

expression in rice under related (or even totally unrelated) conditions. However, the use of improper 

internal control gene having unstable expression pattern under the selected experimental condition may 

incur undesirable influence on quantification of target gene expression.   

Since the internal control gene is amplified in the same PCR-assay along with the target gene, it 

establishes a reference-scale by serving as a calibrator of gene expression in relative gene expression 

analysis experiments carried out through qRT-PCR. As we are interested in identifying reference gene(s) 

for assaying relative gene expression in rice under sheath blight infection, we can focus only on leaf 

sheath as the sole tissue-type under study. But at the same time, it also becomes necessary for our purpose 

that the expression-level of the selected reference gene remains stable across different rice genotypes so 

that the selected reference gene can be used in rice without any genotypic bias. In qRT-PCR experiments, 

as we measure the expression level based on ∆∆CT method, we ideally assume that the CT-value of a 

potential internal control (reference) gene remain constant under all the experimental conditions across all 

rice genotypes. So, it becomes a perfect case for studying a two-factor ANOVA for testing equality of 

mean CT (CT), where progressive R. solani infection-time becomes one factor and genotype becomes the 

other. In our study, we included eight different potential rice internal control genes viz., glyceraldehyde 3-

phosphate dehydrogenase (GAPDH), eukaryotic elongation factor - 1α (eEF-1α), ubiquitin C (UBC), 

Actin (Act), 25S rrna (25S), 18S rrna (18S), ubiquitin 5 (UBQ5) and ubiquitin 10 (UBQ10), based on 

literature survey. We conducted qRT-PCR experiments taking two different rice genotypes namely, 

HP2216 (susceptible to sheath blight) and Tetep (tolerant to sheath blight), which differ in their tolerance 

spectrum towards sheath blight infection. We noted the CT-values of all target genes under study at 0 

hour, 12 hour, 24 hour, 36 hour and 48 hour, -post inoculation in replicates and carried out statistical 

analysis to identify the most suitable gene for our purpose. Based on the obtained results we suggest that 

GAPDH is the best internal control gene when variable genotype and progressive infection-time are 

considered simultaneously. To the best of our knowledge, this work is the first attempt to identify an 

internal control (reference) gene for assaying qPCR based gene expression in rice under sheath blight 

infection.   



358 

43rd  Annual Meeting of PTCA(I) & International Symposium on “Advances in Plant Biotechnology and Nutrational security” 

APBNS-2022, April 28-30, 202

Plant Tissue Culture based innovations for genetic gain in chickpea (Cicer arietinum L.) 

Alok Das 

Division of Plant Biotechnology, ICAR-Indian Institute of Pulses Research, Kanpur, Uttar Pradesh, India 

(Correspondence: alok.das@icar.gov.in)

Chickpea is an important grain legume pivotal for nutritional security and sustainable agriculture. 

Cultivated chickpeas have limited genetic variability and hence, plant tissue culture (PTC) based 

interventions are essential to enhance genetic gain in chickpea. Working out a recipe for regeneration 

from potential meristematic cells/tissues into mature fertile plant is the starting point for all endeavors. We 

developed indirect (Agrobacterium tumefaciens) and direct (particle gun) gene delivery methods coupled 

to regeneration of embryonic axis or parts thereof to multiple shoots directly employing combination of 

phytohormones (cytokinin and auxins) and inorganic additives. In vitro regenerated shoots were 

rooted/grafted to establish mature fertile chickpea plants. Based on the discovered regeneration pathway, 

attempts were made for integration of specific traits viz. Insect Resistance (IR) and Climate Resilient (CR) 

based on kanamycin selection. Efforts are also in progress to optimize genome editing in chickpea towards 

precision breeding. Longer generation time of chickpea is another bottleneck for genetic gain in chickpea. 

Accelerating generation turn-around time in chickpea could be achieved by culturing green seeds (20-24 

days post anthesis) in Hoagland’s solution and subsequently establish to mature fertile plants. Such speed 

breeding strategies holds promise to accelerate genetic gain in chickpea. Plant tissue culture based 

innovations are crucial for genetic improvement of chickpea. Harnessing genome sequence information 

and understanding metabolic pathways underpinning traits shall accelerate efforts for generation of 

genetic resources/donors that can facilitate development of chickpea varieties suitable to specific niches of 

cultivation. 

Development of TILLING population in Tomato 

Bhavesh Palan, Anjanabha Bhattacharya, Vilas Parkhi, Bharat Char 

Mahyco Research Centre, Mahyco Private Limited, Dawalwadi, Jalna, Maharashtra, India 

(Correspondence: bharat.char@mahyco.com)

Tomato finds a wide range of applications in food and processing industries. The genome size is well-

established at 950Mb and the species has been extensively studied at the genomic level with related 

information available in abundance. Tomato is therefore used as a model crop to understand gene 

function. In India, seasonal supply and continuously growing demand for tomato results in drastic 

fluctuations in pricing. Moreover, post harvest damage of fruits is in the range of 20-35%, further adding 

to the problem of scarcity and price instability. Thus, extended shelf life (ESC) is an important trait of 

national interest. One of the solutions for developing ESC could be with the use of mutagenesis and 

TILLING (Targeting Induced Local Lesion in Genome). Mutation is the source of primary variation in 

plants. Mutagenesis induced breeding is different from natural breeding as this is a deliberate effort to 

induce changes in the genome with the objective to change the plant phenotype. The economic benefit 

derived from mutagenesis and TILLING activities stands vindicated by the vast number of products 
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developed and commercialized as reported in mvd.iaea.org. Here we report a tomato mutagenesis 

population, developed by using a proprietary cultivar, which was treated with ethyl methyl sulfonate 

(EMS) and the optimum dose standardized for the development of a robust TILLING population. The 

tomato seeds were treated with six different concentrations of EMS (0.5%, 0.75%, 1%, 1.5% and 2%) 

including control for 8 hrs. Further, a standard kill curve was established for the cultivar. The tomato 

mutants were grown till maturity to study the morphological changes occurring in the fruit development 

stages. A range of phenotypes like seedless, extended shelf life, different fruit shapes and sizes were 

observed at maturity among the developed mutants. This mutant population is continuously being 

TILLED for shelf life, quality and yield traits. 

Ring E3 ligase selective knockouts confer drought tolerance in rice by regulating stomatal 
density

Hemangini Parmar1,2,Anjana Goel2,V. Mohan M. Achary1,Malireddy K. Reddy1,
1Crop Improvement Group, International Centre for Genetic Engineering and Biotechnology, 
Aruna Asaf Ali Marg, New Delhi, India. 

2Department of Biotechnology, Institute of Applied Sciences & Humanities, GLA University, 
Mathura, U.P., India.

Majority of water loss from plants occur via transpiration through stomata. Recent studies have 
demonstrated that it is possible to improve water use effeciency (WUE) by reducing stomatal 
density using genetic manipulations. In this study we generated rice plants with reduced 
stomatal density by selective knockout (KO) of the RING E3 ligase encoding (OsDISI) gene 
through targeted genome editing technology. We investigated detailed study on the effect of 
reduced stomatal density on WUE and photosynthetic performance of rice KO lines and their 
agronomic performance compared to its non-edited control rice lines under both well watered 
and simulated drought conditions.The leaves of KO rice lines showed significantly higher 
relative water content (RWC)  and transpiration rate compared to the corresponding control rice 
leaves under water limiting condition suggesting the KO rice lines has enhanced ability to retain 
cellular water under drought condition. The stomatal conductance (gs) and photosynthesis rate 
(A) estimations using infrared gas analizer (IRGA) revealed the significant alteration ings and 
Ain KO lines compared to the control rice lines, but the photosynthesis rate is comparable in 
both control and KO rice leaves under light intensity up to 1000  mole m-2s-1 fo PAR. Above 
1000 PAR the photosynthesis rate of KO rice lineswas better compared tocontrol rice. Under 
well water control condition the transpirational cooling plant canopy is better in the control rice 
plants compared to the KO rice lines. Wheras, under water restricted condition KO lines were 
rlatively cooler than control rice lines as observed by infrared thermal imaging. Overall we 
presented the the negative role of OsDISI encoded RING E3 ligase gene in controling the 
stomatal density in rice as well as the compensatory mechanisms in increasing WUE efficency 
in rice and their cosequences on agronomic performance as an unexploited target for improving 
carbon assimilationand WUE in rice under drought prone agroclimatic conditions.
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