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About National Seed
Association of India
National Seed Association of India (NSAI) is the apex body representing the 
Indian seed industry, playing a leadership role by engaging with the Central 
and State Governments and working towards policy advocacy for an enabling 
and favourable policy environment for the growth of the seed industry in the 
country. 

The vision of NSAI is to create a dynamic, innovative, internationally 
competitive, research-based industry producing high-performance, high-
quality seeds and planting materials which benefi t farmers and signifi cantly 
contribute to the sustainable growth of Indian Agriculture. NSAI is also 
working towards progressive use of biotechnology in crop improvement 
programmes for productivity enhancement and improving the livelihood of 
Indian farmers. Increasing the general awareness about crop biotechnology 
among large number of seed stakeholders, seed technology upgradation 
and engaging in a continuous dialogue with regulators for the establishment 
of a transparent, fair and equitable regulatory ecosystem, are some of the 
other activities of NSAI. 

The mission of NSAI is to encourage investment in the state-of-the-art R & D 
to bring to the Indian farmers seeds of superior genetics and technologies, 
which are of high performance and can be adopted under different agro-
climatic conditions. It actively contributes to policy development relating 
to seed industry to ensure that the policies and programmes create an 
enabling environment, including public acceptance, so that the industry is 
globally competitive. 

NSAI regularly communicates the latest information and knowledge 
related to seed trade to its members besides organizing subject specifi c 
Conferences/Seminars/Special lectures and regular training and capacity 
building programmes. NSAI also promotes harmonization and adoption of 
best commercial practices in production, processing, quality control and 
distribution of seeds through regular interactions and networking with 
global/regional seed industry organizations.



About 
Indian Seed Congress

Indian Seed Congress (ISC) is the 

fl agship event organized by NSAI 

annually. ISC has emerged as a 

much-awaited event projecting 

the latest trends and views of the 

seed industry, voice its concerns; 

deliberate on the new technological 

advances in crop improvement, 

provide opportunity to the industry 

to showcase new products and 

services and network among 

peers for business development. 

ISC also provides a platform to the 

Seed Industry to interact closely 

with technology developers, 

sector development offi cials 

and policy makers. ISC attracts 

participation of representatives of 

all major stakeholders including 

industry (seed & allied), policy 

makers, developmental agencies, 

scientifi c community and farmers’ 

organizations from India and abroad.  
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The National Seed Association of India (NSAI) successfully organized the 13th Indian 
Seed Congress (ISC 2025)  from 23rd – 25th February, 2025 at Hotel Andaz, Aerocity, 
New Delhi. ISC 2025 was attended by 431 delegates including professionals from 
the Indian and global seed industry, prominent scientists, agri-professionals and 
government offi cials. The Congress was inaugurated on February 24, 2025, by Prof. 
Vijay Paul Sharma, Chairman, Commission for Agricultural Costs and Prices, with 
Dr. P. L. Gautam, Chancellor, Dr. Rajendra Prasad Central Agricultural University, 
Pusa, Bihar, gracing the occasion as the Guest of Honour. On this occasion stalwarts 
of the seed industry, eminent scientist, government offi cials, seed professionals, 
students were also present.  
The congress was addressed by eminent personalities and professionals including 
Dr. P. L. Gautam, Chancellor, Dr Rajendra Prasad Central Agricultural University, 
Pusa, Bihar, Dr. Venkata Subbarao, Kolli, Partner – Agvaya LLP, Mr. Siraj Hussain, 
Former Secretary (Agriculture), MoA&FW, GOI, Dr. A. K. Singh, Vice Chancellor, 
CSAU&T, Kanpur, Dr. T. Mohapatra, Chairperson, PPV&FRA, Mr. Ajeet Kumar 
Sahu, Joint Secretary (Seeds), DAFW, MoAFW, Government of India, Mr. Ashish 
Bahuguna, Former Secretary (Agriculture), MoA&FW, GOI, Dr. D. K. Yadava, DDG 
(Crop Science), ICAR, Mr. Sanjay Agarwal, ADG, ICRISAT and Ex. Secretary, DA&FW, 
Govt of India and Dr. Sanjay Kumar, Director, ICAR-NISST, Mau.

Indian Seed Congress 2025

Report Summary
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On 23rd February, 2025, a CEO conclave was organized, which was addressed by Mr. 
Pankaj Dubey, Founder & CEO, DSPIN Consulting Pvt Ltd, Mr. Simon Wiebusch, 
President, Bayer South Asia and Vice Chairman, MD & CEO, Bayer CropScience 
Ltd (BCSL) and Mr Dinesh Patole, Facilitator, Team Dhunn. They enlightened the 
audience through their long experience and deep knowledge of the subject (The 
detailed Programme Schedule is at Annexure I)  

On the next two days i.e. 24th February and 25th February, 2025, the event involved 
the showcasing of industry products and services through exhibition stalls of various 
national and multinational seed/seed related companies, trading tables for B2B 
meetings and more importantly the six technical sessions spread over two days of 
ISC 2025, which witnessed high quality presentations/deliberations by renowned 
scientists, agri-professionals and seed industry experts.

The technical sessions were mainly focused on interaction, discussion, and 
debate for developing and strengthening the Indian seed sector. These were well 
appreciated by majority of  delegates, especially scientists, researchers and technical 
professionals working in the industry. Various important topics were covered during 
the event such as emerging trends in the global seed market; precision breeding 
through CRISPR-Cas-mediated genome editing; speed breeding; and the use of 
digital sequence information (DSI). Discussions also focused on the development of 
Agri Stack, AI-based predictive analytics and crop simulation modeling for precision 
agronomy, as well as microbiome-based approaches to enhance seed, plant, and 
soil health for realizing the full potential of plant varieties.

Other key topics included innovations in seed production to build a resilient Indian 
seed industry, precision farming techniques, and seed-based delivery systems 
utilizing biologicals and nanotechnologies to improve stress tolerance and crop 
productivity. The event also highlighted innovative approaches to seed quality 
certifi cation aimed at boosting exports and making the Indian seed industry 
globally competitive. Additional focus areas were seed traceability in India, policies 
and systems for IPR governance relevant to the seed sector, and strategies for 
strengthening the in-house R&D capabilities of seed companies to attain DSIR 
recognition.

The Congress witnessed an impressive participation of young seed entrepreneurs, 
along with seasoned professionals from large, medium, and small enterprises. The 
trading tables and exhibition area were vibrant hubs of interaction, with delegates 
actively engaging in meaningful business discussions. Attendee feedback 
highlighted the substantial business opportunities created during the event, 
generating strong anticipation for ISC 2025. In response to the growing demand, 
NSAI has committed to increasing the number of trading tables in future editions 
of the Indian Seed Congress to better serve participating delegates.
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CEO Conclave is an important component of the Indian Seed Congress organized 
on the eve of the Congress.  This programme is aimed to bring together CEOs of 
prominent seed companies and other associated industries to sit together in the 
presence of acclaimed spiritual leaders, behavioural experts, management gurus 
and seed industry leaders to explore a vision of developing a healthy, competitive 
and a strong corporate ecosystem of the seed industry in the country. It also 
provides a multidisciplinary and vibrant forum for the Top management of Seed 
and Agri-input businesses to have a platform for open interaction on wide range 
of issues concerning seed sector in the country. The CEO Conclave helps to explore 
current and future challenges in a fast-changing seed industry environment in 
order to meet the challenges of creating a healthy work culture within the industry, 
ensuring a sustained business growth in a highly competitive industry and meeting 
the expectations of end consumers, i.e. the farmers. 

The CEO Conclave was organized on 23rd February, 2025 as a pre-Conference 
activity of the Indian Seed Congress 2025. The conclave was attended by the top 
seed industry leaders from India and overseas, management experts, business 

Indian Seed Congress 2025
CEO Conclave
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strategists. The conclave witnessed deliberations and presentations by eminent 
motivational speakers, management gurus and seed industry strategists. 

Session First of the CEO Conclave was addressed by Mr. Pankaj Dubey, who is the 
Founder & CEO of DSPIN Consulting Pvt Ltd, which supports global and Indian 
companies in strategy and execution. His insightful talk was centered around the 
theme “Mantras for Success”. He touched upon the critical issues of decision-making 
skills in a fast-developing industry ecosystem and uncertainties in the business.

The second session, focused on the theme “Global Perspective of the Indian Seed 
Sector.” It was adressed by Mr. Simon Wiebusch, President of Bayer South Asia 
and Vice Chairman, MD & CEO of Bayer CropScience Ltd. A strong proponent of 
sustainable agriculture, Mr. Wiebusch emphasized the role of technology and 
digital farming tools in enhancing food quality, reducing farming efforts, ensuring 
traceability, and improving farmers’ livelihoods.

Mr. Dinesh Patole, Facilitator, Team Dhunn interacted with the participants at 
06:00- 07:15 PM. The topic of the Third Session was “United in Rythm, Stronger 
in Action”. Mr. Dinesh Patole, who is facilitator of the group, is a master musician, 
who can play over 20 different instruments with ease. He has played with renowned 
bands and appeared on Kappa TV and McDowell’s No.1 Yaari, creating life time 
experience for the audiences.  Mr. Patole, with the help of music, demonstrated 
how important it was to work in sync/discipline within the organization for a healthy 
work environment leading to a higher productivity.

All participants of the CEO Conclave thanked the organizers for hosting such a 
remarkable event. Many expressed that the Conclave had profoundly infl uenced 
their approach to organizational and self-management, while also reshaping their 
vision for the future of the Indian seed industry. 
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Highlights of Speech of the Chief Guest

Prof. Vijay Paul Sharma
Chairman, CACP, MoA&FW, GoI

Prof. Vijay Paul Sharma, Chairman, CACP, MoA&FW, GoI, was the Chief Guest during 

the inaugural session of the 13th  Indian Seed Congress. Dr. Sharma, delivered an 

insightful inaugural address, providing a detailed overview of the key agricultural 

revolutions that have transformed India’s farming landscape. He highlighted the 

signifi cant impact of the Green Revolution, which greatly boosted cereal production, 

as well as the other major developments, like the cotton revolution, pulse revolution, 

and the horticultural revolution, which took Indian agriculture to new heights.

Prof. Sharma emphasized that quality seeds played a key role in these transformations, 

bringing unprecedented growth of  agriculture in India. He explained that seeds 

are the foundation that unlocks the potential of all other farming inputs and 

technologies, making them essential for the progress of agriculture.

Prof. Sharma then discussed the critical challenges currently confronting Indian 

agriculture. Among these, he highlighted the steady depletion of land and natural 
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resources such as water and soil fertility, which pose a direct threat to sustainable 

food production. He also pointed out the shifting dietary patterns driven by rising 

incomes and urbanization, which are altering the demand for various food products. 

These changes, combined with demographic shifts such as an aging farming 

population and increased rural-to-urban migration, are creating new pressures on 

the agricultural system.

He mentioned that farmers are changing the crops they grow based on market 

demand, weather conditions, and governmental policies. However, there was 

a serious concern over the persistently low yield levels in many crops and the 

signifi cant yield gaps between what is scientifi cally achievable and what is being 

realized on farmers’ fi elds. These ineffi ciencies must be urgently addressed to 

ensure national food security and farmer profi tability, he said.

Prof. Sharma emphasized that in order to tackle these emerging challenges, the 

seed sector must keep evolving, as it has exhibited during previous agricultural 

revolutions. He also stressed the need for increased innovation, wider adoption 

of advanced breeding technologies, and a stronger focus on sustainability and 

resilience within the industry.

While expressing strong confi dence on the emerging technologies, Prof. Sharma 

indicated that with the adoption of newer approaches like genomics, molecular 

breeding, digital farming, and precision agriculture, the seed sector is well prepared 

to support modern farming. He ended his address with a strong message that the 

seed industry must take the lead, keep evolving, and play a key role in creating a 

strong and productive future for Indian agriculture.
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Highlights of the Address by

Dr. M. Prabhakar Rao, President
National Seed Association of India (NSAI)

Dr. M. Prabhakar Rao, 
President NSAI, extended 
a warm welcome to 
the Chief Guest, Guest 
of Honour, esteemed 
dignitaries, and delegates 
of ISC 2025. Dr. Rao, in his 
address highlighted the 
signifi cant contribution 
made by emerging 
technologies on the 
agricultural development 
of the country. He 
indicated that it is essential 
to engage in thoughtful 
deliberation on these 
emerging technologies related to seed sector. This includes advancements in crop 
breeding methods, particularly the adoption of genomics and molecular breeding 
techniques, which are driving a new era of precision agriculture.

Dr. Rao also stressed the need for modernization across various facets of the seed 
industry, including seed production, processing, and packaging infrastructure. He 
pointed to the importance of strengthening quality management systems to ensure 
the production of high-quality seeds and the adoption of seed quality enhancement 
techniques. Additionally, he noted that integrating Intellectual Property Rights (IPR) 
technologies into seed trade and innovation frameworks is becoming increasingly 
essential. Such integration, he emphasized, would help create a more competitive, 
transparent, and innovative seed market, driving progress and growth in the sector.

Addressing the challenges facing the agricultural sector, Dr. Rao acknowledged the 
necessity of developing new varieties that not only offer high yields but are also suited 
to the Morden crop production technologies. These include resource-conservation 
technologies, High-Density Planting Systems (HDPS), Extra-Long Staple (ELS) cotton, 
and mechanized methods for crop management, harvesting, and processing, 
especially in light of increasing labor shortages. He mentioned that there will have 
to be a synergistic collaboration among researchers, policy makers, entrepreneurs, 
and the seed industry to achieve the full potential of these interventions. 
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Dr. Rao also highlighted several key industry issues that the National Seed Association 
of India (NSAI) has actively taken up with different stakeholders to strengthen the 
seed industry in India. One of the most important issues was the proposal for a “One 
Nation One Licence” system. At present, seed companies are required to obtain 
separate licenses from each state to sell their seeds, which leads to unnecessary 
delays and administrative hurdles. NSAI is advocating for a harmonized, single, 
nationwide licensing system that would allow companies to sell seeds across all 
states with ease of doing business. This would not only save time and effort for the 
companies but also help farmers get access to quality seeds more quickly.

Another major initiative was the promotion of a seed traceability system through 
the SATHI Portal. Though presently this portal is limited to certifi ed seeds, in the 
next phase this digital platform will be extended to allow tracking of TL seeds also 
from their production stage all the way to the end user. It will help ensure that only 
genuine and high-quality seeds reach the farmers, reducing the risk of counterfeit 
or substandard seeds in the market. He added that such transparency will build 
trust and protect both farmers and seed companies.

Dr. Rao further emphasized the need for strengthening and accreditation of seed 
testing laboratories across the country. Many regions still lack proper facilities to test 
seed quality, which can affect crop performance and farmer incomes. By improving 
the infrastructure and ensuring that these labs are accredited and well-equipped, 
the industry can maintain high standards and deliver better results to farmers.

He also emphasized the importance of providing fi scal incentives to promote 
research and development (R&D) in the private seed sector. Developing new and 
improved seed varieties requires large investments in research, skilled manpower, 
and advanced technologies. NSAI believes that providing tax benefi ts or subsidies for 
R&D activities will encourage the  private seed companies towards innovating their 
R&D setup, leading to greater advancements in the seed sector and contributing to 
the overall growth of the Indian agriculture.

Dr. Rao also indicated that in the current scenario, the seed industry is fully geared 
to harness the benefi t of new technological developments by reaching to a better 
understanding between the technology developing and technology user companies 
for a balanced trait value sharing,  provided a supportive policy ecosystem is in place.

President, NSAI expressed his happiness that large number of seed companies from 
different parts of the country and abroad had come to participate in the ISC 2025 to 
deliberate on common issues related to seed sector and to pave a path for further 
growth of Indian seed industry enabling it to continue providing better quality seeds 
to the farmers to enhance their productivity and economic prosperity.
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Glimpses of Technical Sessions
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Delegate Section

The Indian Seed Congress 2025 witnessed enthusiastic participation from a wide 
range of stakeholders, including delegates from both public and private sector seed 
companies, input suppliers to the seed industry, scientists, government offi cials, 
and international participants.

The total number of registered delegates for Indian Seed Congress 2025 were 431, 
out of which Indian participants were 396 besides 35 overseas delegates from 
fourteen countries (Switzerland, Germany, Italy, Turkey, Seiwan, USA, Amman, 
Denmark, Lebanon, Sri Lanka, Bangladesh, The Netherland and Greece).

An analysis of the delegate participation in the ISC 2025 is presented below:

i). NSAI-Member V/S Non-Member participation of Delegates

Out of the  total participation of 431 delegates, NSAI-member delegate participation 
was 48 % (208 delegates) as compared to 44% of the non-member delegates 
participation (188 delegates) and the overseas delegates participation was 8 % (35 
delegates) (Fig 1).

Fig 1: Overall analysis of registered delegates (in percent)

ii). Country wise participation of overseas delegates

The total number of registered delegates was 431 out of which 35 were overseas 
delegates. Among the overseas participants Italy (8) had the highest number 
of delegates followed by Germany (5), USA and Turkey (4 delegates from each 
country), Austria (3), Sri Lanka and Switzerland (2 delegates from each country), 
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Seiwan, Amman, Denmark, Lebanon, Bangladesh, The Netherland and Greece (1 
delegate from each country).

Fig 2: Country-wise participation of delegates

iii). State-wise participation of Indian delegates

Among the 396 Indian participants, Andhra Pradesh (including Telangana) had 
the highest delegate participation (110) followed by Karnataka (45), Maharashtra 
(42), Gujarat (41),  Haryana (39), Delhi (35), West Bengal (18), Tamil Nadu (16),  Uttar 
Pradesh (14), Chhattisgarh (7), Madhya Pradesh (7),  Rajasthan (7), Punjab (5), Bihar 
(2) and Odisha (2).  

Fig 3: State-wise participation of delegates
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Trading Table and 
Exhibition Stall Section 

To promote B2B meetings/interactions amongst the participants (National as 
well as Global), the National Organizing Committee provided Exhibition Stalls and 
Trading Tables for the delegates. The achievement is as under:

◆ This year, the participation in the Exhibition Stall had an active involvement 
of industry with 37 stalls occupied, exhibiting their products and services 
by major companies.   The stalls were sold out much prior to the event. The 
demand for the exhibition stalls was on the higher side.

◆ In total 28 trading tables were sold out in ISC 2025 
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Presentations 
Made During the 
Technical Sessions
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Trends in the Global Seed Market: 
Role of Technological Innovations as a Key 
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Outlook
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Market outlook
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Crop Science / Trends in the Global Seed Market / February 2025

Technical Session - I
Dr. Bharti Malhotra, Research Manager- Analysis Lead, Crop Science, Agribusiness,
S&P Global
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Global seed market value between 1996 and 2023 in $ billion

Historical market performance: Seeds
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Data compiled May 1, 2024.
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Source: S&P Global Commodity Insights.

Growth in the seed market over the years have been driven by the innovation and increase in seed prices

Introduction 
of GM seeds 

in 1996

2000 to 2008, increase in the GM area and the 
growth in market value was proportionate

From 2009 onward, the growth in the GM seed 
market was higher than the area growth, supported 
by high-priced new seed technologies’ introduction 

and adoption

The increase in crop 
planted area was 

relatively stagnant over 
the past five years and 
market growth is driven 

by increase in seed 
prices 

Crop Science / Trends in the Global Seed Market / February 2025
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New seed technologies and adoption: Driving long-term market growth

• Seed alone accounts for 74% of yield gain in crops
• Area growth has been stagnant
• Technological drivers have had the greatest impact on seed price growth — impact of new GM trait's introduction

Political drivers
Regulation for GM 
and NBT

Social drivers
Move away from meat
Organic farming

Agricultural 
fundamentals
Crop areas
Crop prices

Technological 
drivers
GM traits
New breeding 
techniques (NBTs) 
also referred as 
NGTs or GE
Hybrid wheat
Direct seeded rice
Hybrid vegetables

Environmental 
drivers
Polices like 
decarbonization will 
increase the demand for 
varieties with high yield, 
better climate resilience, 
low water and NPK 
requirements
Hugely impacted 
by politics

Crop Science / Trends in the Global Seed Market / February 2025
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Corn leads the board with the largest number of traits, accounting for 51% of the traits developed between 1992 and 2024. It is followed by 
cotton, soybean, canola, tomato and potato. Notably, 87% of the total traits developed over the past 32 years were from corn,

cotton, soybean and canola alone. Looking at the trait pipeline for this decade, corn will continue to dominate trait development. 
However, soybean is set to surpass cotton as the second most targeted crop for new traits.

11

Time series analysis of GM trait introductions
A total of 145 GM traits were introduced in 13 crops between 1992 and 2024

Data compiled July 1, 2024.
GM = genetically modified.
Source: S&P Global Commodity Insights.

0

2

4

6

8

10

12

14

1992 1994 1995 1996 1997 1998 1999 2001 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Corn Canola Cotton Tomato Soybean Potato Alfalfa Sugarbeet Wheat Rice Eggplant Banana Sunflower

Crop Science / Trends in the Global Seed Market / February 2025

© 2025 S&P Global. 12

Agricultural biotechnology benefitted from regulatory tailwinds in 2024

Source- Biotech review 2024: Adverse US verdict impacts sectoral outlook 

The US led the growth in biotechnology for 
most of the year until its rules were 
disrupted by court actions
Canadian Food Inspection Agency (CFIA) 
highlighting that plants developed through 
NBTs are safe for use as feed - CFIA’s 
assessment framework for “novel feeds” 

The trend was positive in Latin America for 
the most part
GM traits received cultivation approvals in 
Brazil, Argentina, Bolivia and Uruguay

Positive trend in Asian region (China, India, 
Philippines and Thailand)
• China approved 33 GM traits and 10 NBT traits 
• In India- an administrative push towards the 

adoption of NBT. The country released 109 high-
yielding crop varieties using MAS and 
phenomics ;Progress on direct seed rice (DSR)

• PhilRice approached the Supreme Court with a 
petition to review suspension of the commercial 
release of golden rice.

Regulators in Australia and New Zealand, 
worked towards simplifying guidelines 
• Food Standards Australia New Zealand (FSANZ) 

invited comments on its proposal to change the 
definition of GM foods in the Australia New 
Zealand Food Standards Code. The authorities 
intend to bring NBTs under a more relaxed 
regulatory framework containing “explicit 
exemptions

• New Zealand's Parliament presented the 
government's plan for biotechnology framework

. 

Markets in Africa- Kenya, Nigeria and 
Ghana, clocked healthy sectoral progress 
• Kenya  released corn varieties resistant to fall 

armyworms with the stated goal of boosting 
food security

• Nigeria granted 1st GM crop approval for 
cultivation – Tela maize

Attempts were made in the EU to relax 
biotechnology regulations without much 
success. 
• European Parliament’s environment, public 

health and food safety committee, 
ENVI, approved European Commission proposal 
for categorizing NBTs as NGT-1 and NGT-2

• The proposals required support from EU 
member states; however, disagreements 
over patent rights derailed a potential deal. 
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80 GM traits across 15 crops have received cultivation approvals in 2024 
Excluding fruits and vegetables, 68 cultivation approvals were granted across eight key crops
Crop Traits approved in 2024
Corn 43
Soybean 16
Potato 5
Canola 3
Camelina 2
Cotton 2
Banana 1
Brown mustard 1
Clementine orange 1
Garden pea 1
Grapefruit 1
Papaya 1
Sugarbeet 1
Sweet orange 1
Wheat 1
Total 80

54%

20%

14%

4%

2%
2%

4% Corn

Soybean

Fruits and
vegetables

Canola

Camelina

Cotton

Others

GM traits approved for cultivation by crop, 2024

Total = 80

Data compiled Feb. 13, 2025.
GM = genetically modified.
Source: S&P Global Commodity Insights.

54% of the approvals were related to corn alone, mostly coming from China
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84% of the cultivation approvals during 2024 came from China, Canada and US
With China alone accounting for 48% of the approvals
Country Count

China 33

Canada 13

US 11

Argentina 4

Brazil 4

Bolivia 1

Indonesia 1

Nigeria 1

Total 68

70%

24%

6%

Corn

Soybean

Cotton

Trait approvals in China by crop in 2024

Data compiled Feb. 13, 2025.
GM = genetically modified.
Source: S&P Global Commodity Insights.

23 of the 33 approvals in China (70%), were related to 
corn alone
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Recent trends in trait development through GM and Non-GM technologies
Asia-Pacific region dominates new developments

• Mainland China has made considerable strides in the 
production of genetically modified organisms (GMOs)

• Ministry of Agriculture and Rural Affairs (MARA), 
announced amendment to make the GMO variety 
registration easier by making biosafety evaluation 
based on "events" rather than "crop variety and 
event”

• Published, National Registration Standards for GM 
soybean and corn varieties (Trial)

• In a strategic shift toward self-reliance, food security 
and reduction in dependency on imports, the country 
has expanded the cultivation of GMOs by approving 
new soybean and corn varieties and expanding the 
planting areas for some varieties to nationwide.

• 81 GM corn and soybean varieties registered (64 GM 
corn + 17 GM soybean)

• 64 varieties received operation and production 
licenses (54 GM corn + 10 GM soybean)

• A detailed section on mainland China’s GM market is 
covered in following slides.

• India has encountered challenges in the commercial 
release of GM crops beyond Bt cotton, which was 
approved in 2005. The commercial release of Bt
eggplant was halted in 2010 due to concerns from 
environmental activists, NGOs, and state 
governments. Although GM mustard (DMH-11) 
received environmental release approval in October 
2022, the Supreme Court suspended this decision on 
November 3, 2022. However, the country appears 
supportive of new breeding technologies (NBTs) and 
does not classify them as GMOs.

• In August 2024, India’s PM unveiled 109 high-
yielding, climate-resilient, and biofortified crop 
varieties encompassing 34 field crops and 27 
horticultural crops, including cereals, millets, 
oilseeds, pulses, fruits, and vegetables. The 
development of these varieties involved advanced 
techniques such as genomics-assisted selection and 
phenomics. 

• Direct seeded rice (DSR) technology has the 
potential to advance the market in India, with 
companies like Bayer, BASF, Corteva, Syngenta, 
Mahyco, Advanta, and Savannah Seeds (Ricetec) 
involved. Bayer aims to cultivate DSR rice on 18,700 
hectares in 2024, targeting 1 million hectares by 
2030.

• Bangladesh was the first country to commercialize Bt
eggplant in 2013.

• It participated in an Asian project to develop an 
insect-resistant Bt eggplant based on Indian 
agriculture company Mahyco’s (Dawalwadi) GM line, 
and initiated field trials from 2007. The GM event was 
developed by Monsanto using the Cry1Ac toxin and 
was subsequently licensed by Mahyco.

• Bangladesh has begun the commercial planting of 
GM insect-resistant Bt cotton in the country since 
August 2023, making it the second GM crop to be 
cultivated.

• The two varieties of GM cotton released are from 
India-based company JK Agri-Genetics and are 
resistant to cotton bollworms ( ) 
as well as caterpillars. 

• Pakistan has granted cultivation approvals of two GM 
sugarcane varieties, one with insect resistance trait 
(CABB-IRS) and another with herbicide tolerance 
(CABB-HTS), marking the first GM food crop 
adoption in the country. However, objections are 
being raised to reject their commercialization.

Mainland China India Bangladesh and Pakistan
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Recent trends in trait development through GM and Non-GM technologies
Asia-Pacific region dominates new developments (continued)

• In 2022, the government of the Philippines marked Bt
eggplant as its third genetically engineered crop 
approved for commercial propagation, followed by Bt
corn and golden rice. However, in April 2022, the 
Philippine Court of Appeals ordered the suspension 
of the commercial release of GM rice and eggplant 
products.

• In 2024, the Philippine Rice Research Institute 
(PhilRice) has approached the country’s Supreme 
Court with a petition to review a Court of Appeals’ 
decision that upheld the suspension of the 
commercial release of golden rice.

• The update from the court is awaited

• Thai authorities expressed willingness to move 
towards the adoption of NBTs in 2024 citing a need 
to combat the effects of climate change and to 
reduce the country’s dependence on imports of food 
crops.

• The Thailand Ministry of Agriculture and 
Cooperatives reported establishing rules for the 
certification of organisms developed from gene 
editing technologies (NBTs)

• In August 2023, Bayer’s Crop Science division 
launched the genetically modified herbicide-tolerant 
Dekalb DK95R corn (maize) in the Indonesian 
province of West Nusa Tenggara. The Indonesian 
government is encouraging the development of new 
seed varieties through biotechnology.

• Although no GM soybean events have cultivation 
approvals in Indonesia, the government has plans to 
allow GM soybean cultivation in the country. Based 
on a press release in September 2022 by Indonesia’s 
Ministry of Economic Affairs, the government has 
plans to encourage farmers to use GM soybean 
varieties to maintain national food security. The 
country is preparing a budget of 400 billion 
Indonesian rupiah ($26.9 million) to expand the 
planting of soybeans to 1 million ha in the next few 
years.

• The Indonesian government approved Bioceres’ 
drought-tolerant HB4 wheat for human consumption 
in March 2023.

• February 2024 marked the Australian government's 
approval of the commercial release of GM QCAV-4 
Cavendish bananas developed by the Queensland 
University of Technology (Brisbane). These are the 
“first Australian GM fruit” approved for cultivation.

• The Australian regulatory body OGTR (The 
Australian Office of the Gene Technology Regulator) 
has approved GM wheat and barley field trials in the 
country and the Australian University of Adelaide has 
been granted the license (DIR 201) to assess the 
performance of GM crops under field conditions in 
the country. The project will run from May 2024 to 
January 2029. However, the GM wheat and barley 
grown during the period will not be allowed in food or 
feed.

• In May 2022, Food Standards Australia New Zealand 
(FSANZ) approved the sale and use of food made 
from GM HB4 wheat (drought-tolerant) developed by 
Bioceres.

• FSANZ invited comments on its proposal to change 
the definition of GM foods in the Australia New 
Zealand Food Standards Code. The authorities 
intend to bring NBTs under a more relaxed regulatory 
framework containing “explicit exemptions

• New Zealand's Parliament presented the 
government's plan for biotechnology framework. 

Philippines & Thailand Indonesia Australia and NewZealand
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2022–2024

Updates on Chinese approvals

Year Action Details

2022 Steps taken
• Ministry of Agriculture and Rural Affairs (MARA), announced amendment to make the GMO variety registration easier by making biosafety 

evaluation based on "events" rather than "crop variety and event”
• Published, National Registration Standards for GM soybean and corn varieties (Trial)

2023 First GM crop batch • 1st variety registration list for 37 GM corn varieties and 14 GM soybean varieties published and approved
• MARA granted 26 seed production and operation licenses to 24 enterprises for 36 GM corn and 10 GM soybean varieties

2024 Second GM crop batch • 27 GM corn and 3 GM soybean varieties was published and approved
• Additional 13 seed production and operation licenses to 13 enterprises for 18 GM corn varieties given from the second list

2023–24 Varieties registered • 81 GM corn and soybean varieties registered (64 GM corn + 17 GM soybean)

2023–24 Varieties granted licenses • 64 varieties received operation and production licenses (54 GM corn + 10 GM soybean)

2023–24 Enterprises involved • 37 enterprises received production and operation licenses for 64 GM corn and soybean varieties

2023–24 GM corn events • 7 events: DBN9936, ND207, DBN3601T, Bt11 x GA21, Bt11 × MIR162 × GA21, DBN9858, Ruifeng 125. 
• Six out of seven events been issued biosafety certificates with nationwide cultivation approvals, except Ruifeng 125

2023–24 GM soybean events • 2 events: DBN9004, Zhonghuang 6106.
• Both events have been issued biosafety certificates with national cultivation approvals

Data compiled Feb. 13, 2025.
Source: S&P Global Commodity Insights.
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List of Chinese provinces with production and operation licenses for GM corn and soybean

China's GM corn licenses cover all corn-growing provinces

Province Region Major crop production Varietal approvals
Beijing North China Corn Corn and Soybean
Hebei North China Corn Corn
Shanxi North China Corn Corn
Inner Mongolia North China Corn and Soybean Corn
Liaoning Northeast China Corn and Soybean Corn
Jilin Northeast China Corn and Soybean Corn
Heilongjiang Northeast China Corn and Soybean Corn
Shandong East China Corn Corn
Henan Central China Corn Corn
Hubei Central China Corn Corn
Anhui East China Corn Corn
Gansu Northwest China Corn Corn
Sichuan Southwest China Corn Corn
Yunnan Southwest China Corn Corn
Hainan South China Minor production (not major) Corn and Soybean

Data compiled Feb. 14, 2025..
GM = genetically modified.
Source: S&P Global Commodity Insights.

• China has issued GM corn licenses to all corn-growing provinces, while only Beijing and Hainan have soybean licenses
• Beijing and Hainan, though not major soybean producers, are vital for GM crop research due to their advanced facilities for GM research, testing and trials. 

Hainan could be a testing ground for tropical short duration winter varieties
• A total of 54 corn varieties and 10 soybean varieties are licensed, highlighting greater advancements in corn
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Mainland China’s GM pilot areas

32
16,474

659,757

1,655,570

2021 2022 2023 2024

Data compiled March 2024.
*Data for GM corn was the only data available when making this projection.
GM = genetically modified.
Source: S&P Global Commodity Insights.

2021 
• Launched a pilot project for the commercialization of 

GM corn and soybeans
• Carried out in scientific research and experimental fields

2023
• Expanded the pilot project to 20 counties in 

5 provinces including Hebei, Inner Mongolia, Jilin, 
Sichuan and Yunnan

• Arranged GM seed production in Gansu

2024
• GM areas expected to further expand with addition of new 

provinces. Nonofficial sources have projected 1.65 million 
acres of area under GM Corn in China

2022
• Expanded the pilot project to farmer fields in Inner 

Mongolia and Yunnan

We have 2024 updated data
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New breeding techniques (NBT) regulatory framework
Trend analysis

Data compiled Feb. 14, 2025.
*Analyzed for 45 countries; NBT = new breeding technique; GMOs = genetically modified organisms.
Source: S&P Global Commodity Insights.

Established

Not defined

In progress

US           Philippines Malawi Brazil Honduras
Canada India Israel Colombia Guatemala
Norway Kenya Australia Chile El Salvador
England Nigeria New Zealand Paraguay Costa Rica
Japan
Ecuador

Ghana
Bangladesh

Argentina Burkina faso Uruguay

Mexico           South Africa Ukraine Peru Egypt
Turkey Cuba Bolivia

Mainland China   EU Singapore Russia Indonesia
Switzerland Pakistan Taiwan Uganda Ethiopia

• Expanded our coverage from 31 countries in 2023 to 45 countries in 2024
• Trends is same, countries with established framework is the largest category
• Countries in process of developing the framework for NBTs have increased from 

five to ten during 2024

27, 60%
10, 22%

8, 18%

Established

In progress

Not defined

NBT regulatory framework development by country

Crop Science / Trends in the Global Seed Market / February 2025

© 2025 S&P Global. 21

NBT regulatory status by country
Trend analysis

Regulated as conventional

Regulated as GMOs

No information

27 countries — NBTs are regulated as conventional, and all countries 
align on the definition of not having any transgene. However, there is still 
some non-harmonization in the terminology used such as cisgenesis, 
SDN1, SDNII, etc.

US Philippines Ghana Brazil Honduras
Canada India Malawi Colombia Guatemala
England Kenya Australia Chile El Salvador
Japan Nigeria Israel Paraguay Costa Rica
Argentina
Bangladesh

Singapore
Switzerland

Burkina faso Ecuador Indonesia

Mexico EU Norway Mainland China Uruguay
South Africa New Zealand Peru Cuba Pakistan
Bolivia Turkey

Uganda Ethiopia Russia Ukraine Egypt
Taiwan

Data compiled Feb. 14, 2025.
*Analyzed for 45 countries; NBT = new breeding technique; GMOs = genetically modified organisms.
Source: S&P Global Commodity Insights.

27, 60%

12, 27%

6, 13%

Regulated as conventional

Regulated as GMOs

No information

NBT regulatory status by country
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NBT product analysis by crop and country
Trend analysis

Data compiled Feb. 14, 2025.
NBT = new breeding techniques; Analysis of 895 products
Source: S&P Global Commodity Insights.
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Analysis of NBT traits by country

Total crops- 60
Top 11- 80% of the products

45% applications in US 
21% in China
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80

55

52

15

15

13

10

Improved food quality

Non-insect pest protection

Plant yield, metabolism,…

Abiotic stress tolerance

Improved food quality; Storage…

Storage performance

Plant breeding or seed…

NBT traits analysis for fruits and vegetables
270 products belong to 
fruits and vegetables

157

79

75

50

40

38

Plant yield, metabolism, architecture…

Herbicide tolerance

Non-insect pest protection

Improved food quality

Improved food quality; Improved feed quality

Abiotic stress tolerance

NBT traits analysis for grains and oilseeds
623 products belong to 
grains and oilseeds

23

70% of the products in NBT category are related to grains and oilseeds 

NBT product analysis by crop category and trait type

Crop Science / Crop Science Regulatory Overview / Feb 2025

Data compiled Feb. 14, 2025.
NBT is New breeding techniques; Analysis of 895 products
Source: S&P Global Commodity Insights.

• In grains and oilseeds 50% of the products are related to top 3 categories
• 70% of the products in fruits and vegetables belongs to top 3 categories

23%

14%

14%10%

6%

5%

4%

3%

21%

Plant yield, metabolism,
architecture improvements
Improved food quality

Non-insect pest protection

Herbicide tolerance

Abiotic stress tolerance

Improved food quality;
Improved feed quality
Plant breeding or seed
production aid
Altered oil composition

Others

NBT trait analysis
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Products are either commercialized or approved for near commercialization

NBT product updates for leading countries/regions

Data compiled Feb. 15, 2025.
Source: S&P Global Commodity Insights.

Country Commercialized products Products in pipeline

US

Calynoo (2019, Cibus) soybean producing oleic acid 
rich oil (Now out of market since 2021); Conscious

acid 
us

greens (2023, Pairwise plants); Non-browning lettuce 
(2023, GreenVenus)

1. Three NBT soybean (two high proteins and one HT) from Benson Hills expected between 2024 and 2025
2. Nonbrowning banana (2024, Tropic Biosciences)
3. Glufosinate-tolerant camelina (2025, Yield10)
4. Non-browning Avocado (2023, GreenVenus)
5. Corteva Agriscience’s gene-edited disease-resistant corn deregulated in 2024, commercialization awaited
6. P-16 soybean (increased oleic acid content) from Qi-Biodesign (Beijing) has received USDA approval
7. Pairwise’ s improved quality berries (Blackberry and Raspberry)
8. Nutrition-rich tomatoes by Bayer and G+FLAS
9. Many other companies have also received USDA approvals for gene-edited crops viz., CoverCress (Pennycress for 

improved feed quality); BetterSeeds (Cowpea for improved yield); Amfora (Rice and Soybean for improved protein 
content); Bioheuris (herbicide tolerant soybean); GDM seeds (improved drought stress tolerant soybean); GreenVenus
(Fast growing lettuce); ToolGen (Soybean for increased oleic acid content); Inari Agriculture (Soybean and corn for 
increased yield and seed numbers); Phytoform Labs (Tomato for altered pedicel structure); Soil culture Solutions 
(Orange tolerant to non-insect pests)

Canada Consciousus greens with reduced bitterness 
(2023, Pairwise plants) 

1. CLB-1 canola-ODM (2020, BASF) — Approved; Waxy corn (2020, Corteva Agriscience) — Approved; 
commercialization awaited

2. Cibus has initiated potential developments for following NBT traits, and its target regions includes US, Canada and EU 
1. Pod shatter reduction (PSR) trait in canola to be launched in USA and Canada (2025 onwards); EU (2027 

onwards)
2. Herbicide tolerance (HT) trait in canola to be launched in USA, Canada and EU (2028 onwards), but first in 

USA
3. Sclerotinia resistance in canola to be launched in USA, Canada and EU (2028 onwards), but first in USA
4. Herbicide tolerance (HT1 & HT3) trait in rice to be launched in USA and Latin America, 2025 onwards
5. Sclerotinia resistance in soybean to be launched in USA and Brazil, 2029 onwards 
6. Herbicide tolerance (HT2) trait in soybean to be launched in USA and Brazil, 2029 onwards
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Products are either commercialized or approved for near commercialization

NBT product updates for leading countries/regions

Data compiled Feb. 15, 2025.
Source: S&P Global Commodity Insights.

Country Commercialized products Products in pipeline

Japan Sicilian Rouge high GABA tomato sold since 2021
Amylopectin rich waxy corn (2023, Corteva Agriscience) — Approved; Improved food quality of potatoes with reduction in 

steroidal glycoalkaloids; Rice with increased tolerance to stress and improved food quality

Philippines None
Reduced-browning banana (2024, Tropic Biosciences); Sicilian Rouge high GABA tomato (2024, Sanatech Seed) —

Approved; commercialization awaited

China 

(mainland)
None

Ten biosafety approvals have been given in the years 2023 and 2024: two corn varieties for increased yield trait, two wheat 

varieties resistance to powdery mildew and ALS-inhibiting herbicides, five soybean varieties for improved traits of yield, 

quality and physiology and one rice variety  for altered starch composition mainly amylose content

UK None
Cibus has conducted field trials on pod shatter resistance canola

Phytoform Labs has ongoing field trials for dwarf and high-yielding tomato plants nd the market launch is expected in 2025

Belgium None
Vlaams Instituut voor Biotechnologie (VIB) is conducting regulated field trials for producing gene-edited corn with reduced 

lignin content with improved digestibility and its simultaneous application in paper and pulp industry

Argentina None Non-browning potatoes (2018) — Approved

• BioHeuris, an Argentine gene-editing company, is actively developing non-GMO herbicide-resistant traits (PPO, HPPD, ALS, ACCase and Auxins) in crops including rice, sorghum, soybean 
and cotton. The company is collaborating with Gensus for developing herbicide-resistant cotton varieties, Santa Rosa Semillas, Grupo Don Mario, and ACA (Asociación de Cooperativas
Argentinas) for enhancing herbicide resistance in soybean, and Tobin for creating herbicide-resistant sorghum 

• BioHeuris is aiming to launch its rice and sorghum traits by 2026 and soybean and cotton by 2027. As per the company, many of their products are deregulated

Crop Science / Trends in the Global Seed Market / February 2025

© 2025 S&P Global. 26

Gene-edited events approved for cultivation/processing in China

Crop type Variety/Event Trait Developer Genes modulated Issue date Expiry date

Corn 179AC19-13-13 Improved yield traits Shandong Shunfeng Biotechnology Ltd. Br2 May 7, 2024 May 6, 2029

Wheat MLO-KNRNP Resistance to powdery 
mildew fungal infection

Suzhou Qihe Biotechnology Co Ltd., 
Chinese Academy of Sciences

TaMLO-A1; TaMLO-B1; 
TaMLO-D1; TaMLOX May 7, 2024 May 6, 2029

Soybean AE15-18-1 Increased oleic acid content 
and quality traits Shangdong Shunfeng Biotechnology Co., Ltd. GmFAD2-1A; GmFAD2-1B April 21, 2023 April 20, 2028

Soybean 25T93-1 Improved physiological traits Shandong BellaGen Biotechnology Co., Ltd. GmELF3a January 2, 2024 January 1, 2029

Soybean P16 Improved quality trait Suzhou Qi Biodesign Co., Ltd. GmFAD2-1A; GmFAD2-1B January 2, 2024 January 1, 2029

Soybean QH64112 High yield Suzhou Qihe Biotech Co., Ltd.; 
Beijing Qihe Biotech Co., Ltd. GmLn December 25, 2024 December 24, 2029

Soybean E001SYFT Improved physiological traits China Seed Group Co., Ltd. GmE1; GmE1Lb December 25, 2024 December 24, 2029

Corn KN-NL4-2 High yield Weimi Biotech (Hainan) Co., Ltd. ZmNL4 December 25, 2024 December 24, 2029

Rice 118-9-15 Altered starch composition 
mainly amylose content

Suzhou Qihe Biotech Co., Ltd.; 
Beijing Qihe Biotech Co., Ltd. Wx December 25, 2024 December 24, 2029

Wheat TaALS-4 Tolerance to ALS-inhibiting 
herbicides Suzhou Qihe Biotech Co., Ltd. TaALS December 25, 2024 December 24, 2029

Data compiled Feb 2025.
Source: S&P Global Commodity Insights.

• NBT traits in China have been approved for soybean, corn, rice and wheat in 2024
• China passed its first food security law in 2024, and is the reason for push in the NBT traits as well explains why they bought Syngenta
• China’s dominance in PVP applications has grown and it accounts for 55.7% of the global total. The global PVP applications grew from 14000 in 2009 to 29000 in 2023
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Analysis of GM traits in the pipeline from 2024 to 2030

Data compiled Feb. 14, 2025.
GM = genetically modified; HT-herbicides tolerance; IR-Insect Resistance; NR-Nematode Resistance; AT-Agronomic trait
Source: S&P Global Commodity Insights.

42%

35%

19%

4%
Soybean

Corn

Cotton

Sugarbeet

Upcoming GM traits by crop

Analysis of 26 traits in pipeline, between 2024 and 2030. Launch year is missing for 
four traits out of 26 analyzed.
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Other technologies- Direct seeded rice
Adoption of DSR will positively impact rice seed prices and associated herbicides sales in the region
Direct seeded rice- technology introduction
• DSR is gaining attention globally as a more sustainable alternative to 

traditional rice transplanting, primarily due to its efficiency in water use, 
reduced emissions, reduced labor requirements, and suitability for 
mechanization

• DSR is common in the US and South America, but productivity 
challenges limit its adoption in Asia, where more than 80% of global rice 
is produced and consumed

• Leading seed companies involved in the development and promotion of 
DSR technologies in Asia includes Bayer Crop Science, BASF, 
Syngenta, East-West Seed, Mahyco and Advanta Seeds

• Bayer, BASF and Corteva are working in collaboration with IRRI
• Bayer, BASF, Corteva and Syngenta, also focused on the development 

and offering of herbicide system
• Savannah Seeds, an India-based subsidiary of Ricetec and Mahyco

formed a JV to introduce non-GMO HT rice varieties in India

DSR-Recent updates
• Bayer, Shell, and GenZero Collaboration (2023): Partnered to promote 

sustainable rice farming to reduce methane emissions and improve 
water efficiency, targeting 25,000 hectares in India by 2023-24.

• Mahyco and Advanta involved in new DSR product launches.
• Syngenta and FMC launched tetflupyrolimet, herbicide tailored for DSR 

systems.
• BASF has successful products in American markets (Clearfield and 

Provisia Rice Systems). The company is working in collaboration with 
IRRI (International Rice Research Institute) to develop DSR 
technologies and test rice varieties suitable for Asian environments.

• Bayer's breeding programs introduced climate-resilient hybrids 
optimized for DSR, coupled with digital tools like FarmRise to support 
agronomic decisions.

• It has claimed to reach around 18,700 hectares of DSR rice in India in 
2024 and aim to reach 1,000,000 hectares in India by 2030.

• In 2024, Bayer signed a MoU with the Philippine Department of 
Agriculture – Bureau of Agricultural Research (DA-BAR focusing on 
sustainability and new farming systems such as DSR.
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Summary

The seed industry is an R&D-driven sector with a solid trait pipeline and innovation expected from both GM and non-GM technologies in the 
coming decade.

GM traits and non-GM traits from technologies such as direct-seeded rice and hybrid wheat will be the key market drivers.

Adoption of GM in new geographies, such as China, may significantly impact the market.

GM traits are predominantly input traits, focusing mainly on industrial crops, whereas NBTs are more evenly distributed among input, agronomic, 
and processor/consumer traits, bringing a diverse variety of crops, including food crops.

The impact of NBTs on seeds is likely to be less than that of GM traits, as their benefits are more marginal and further downstream, making it 
challenging to compete with established traits and chemistries in corn, soybean, cotton, and canola.

However, NBTs could drive innovation in the fruits and vegetable category and in food crops like rice and wheat, where GM technology has faced 
several rejections.

The impact of NBTs is not anticipated within this timeframe as it requires harmonization of regulations for successful adoption.

The lack of a cohesive regulatory framework is delaying the significant influence of NBTs on the market, and their regulations will remain subject to 
political pressures and legal challenges, as highlighted by the recent US court ruling that vacated the SECURE Rule, reinstating stricter oversight.
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Global seed market outlook from 2024 to 2034
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Seed Market Performance in $ billion

Growth driven by seed prices 
and new trait introduction and 
negatively affected by crop 

•
•
•
•

Without GM commercialization in China, we expect the global market to grow at +1.2% per annum. GM adoption in China and hybrid wheat 
might change the scenario. With GM commercialization in China, we expect the global market to grow at +2.5% per annum.

As of December 14, 2024
Scenario 1 – No GM commercialization in China; Scenario 2 – GM commercialization in China
Source: S&P Global Commodity Insights
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Image: Getty.com.
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Precision Breeding via CRISPR-Cas-mediated 
Genome-Editing

REVOLUTIONIZING SUSTAINABLE AGRICULTURE:
Leveraging Genomics and CRISPR/Cas9-Based Genome Editing 

Technology to Re-Design Crops 

Dr. Tanushri Kaul
Group Leader 

Nutritional Improvement of Crops Group 
International Centre for Genetic Engineering and Biotechnology(ICGEB) 

New Delhi, India

Nu
• Global temperatures in 2024 were 2.30 degrees Fahrenheit (1.28 degrees Celsius) above the agency’s 20th-century baseline (1951-1980),

which tops the record set in 2023. The new record comes after 15 consecutive months (June 2023 through August 2024) of monthly
temperature records — an unprecedented HEAT STREAK!! NASA scientists further estimate Earth in 2024 was about 2.65 degrees Fahrenheit
(1.47 degrees Celsius) warmer than the mid-19th century average (1850-1900).

• The Paris Agreement on climate change sets forth efforts to remain below 1.5 degrees Celsius over the long term. To put that in perspective,
temperatures during the warm periods on Earth three million years ago — when sea levels were dozens of feet higher than today — were only
around 3 degrees Celsius warmer than pre-industrial levels,” said Gavin Schmidt, director of NASA’s Goddard Institute for Space Studies
(GISS) in New York. Hence, we are halfway to PLIOCENE level warmth in just 150 years.

• The warming trend of recent decades is driven by heat-trapping carbon dioxide, methane, and other greenhouse gases. In 2022 and 2023,
Earth saw record increases in carbon dioxide emissions from fossil fuels, according to a recent international analysis. The concentration of
carbon dioxide in the atmosphere has increased from pre-industrial levels in the 18th century of approximately 278 parts per million to
about 420 parts per million today.

SCORCHING RECORD SHATTERED! NASA CONFIRMS 2024 AS THE WARMEST YEAR ON RECORD

Credit: NASA’s Scientific Visualization Studio

Global Temperature Anomalies On Earth’s Surface-Deviate From The Average

NUTRITIONAL 
IMPROVEMENT OF CROPS

f

https://www.icgeb.org/tanushri-kaul/
https://www.icgeb.org/nutritional-improvement-of-crops/

Tanushri Kaul
        Group Leader
tanushri@icgeb.res.in

tall tree

long neck
short neck

evolution
Selection of Natural Variants 

Nature has been Editing Genomes 

Wild Ancestor
America 7000y

Domestication
Mexico

Adaptation to South 
Europe-1494

Corn Areas 
Extension-Ist 
Hybrids in 
France

artificial
selection

methods used in
modern

agriculture

artificial
selection

methods used in
modern

agriculture
functional genomics

precision editing

big data

De novo domestication as a promising route in creating future crops. Crop domestication and breeding are critical for the survival and development of
human civilization, which cost thousands of years to change the wild plants in civilization origins to modern cultivars; however, the genetic diversity,
represented by the different colours of dots, is greatly reduced due to the intensive selection of wild plants and monoculture of elite varieties. With the
technology revolutions, de novo domestication has been proposed and practised to meet future agricultural challenges, which can speedily select and
domesticate elite wild plants while retaining the genetic diversity and the associated elite traits.

Breeding Future 
Crops To Feed $ 

Nourish the 
World Through 

De Novo 
Domestication

• Intensive farming, especially monoculture,
is damaging the very soil it needs to grow
healthy crops

• As soil quality decreases, so do the
nutritional value of the crops that are
produced.

• Hence, more use of Synthetic Fertilizers,
Pesticides etc. that destroy Organic
Matter-Microbes

• Diversification Of Diets Is Crucial To
Protect Top Soil Degradation And Human
Health.

• Inception Of Diverse Underutilized
Nutrient–Rich Food Crops Into Mainstream
Commercial Markets for Consumer Health Is
The Key. (Rice bean, Amaranthus, Moringa,
Buckwheat, Millets, Barley, Quinoa)

• Humankind is on the verge of Genetic Revolution that holds great promise and
potential in the areas of human health- somatic GE, gene therapy-cancer
immunotherapy, infectious diseases, diagnostic tools, livestock- animal models,
environment and agriculture.

• Alter the way food is grown, medicine is produced, animals are modified.
• Innovation in strategies to produce plastics, biofuels, chemicals etc.

Easier

Ready-to-use set of precise surgical tools poised to salvage our food supply from 
climate change, weeds, poor nutrient levels and pathogens.

Genome 
Editing by 

CRISPR/Cas9

Dr. Tanushri Kaul, Group Leader, Nutritional Improvement of Crops, ICGEB
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THE CRISPR MENAGERIE
Control the Genetic Composition of Species that Co-inhibit Earth
Display facts about Nature & Genetic similarities that bind us.
Plants that stand climate change;
Plants that are resistant to Diseases resistance

• MLO gene mutation led to powdery mildew resistance in BARLEY, WHEAT
• SWEET GENES mutations led to Bacterial blight resistance in RICE
• HUANGLONGBING or Yellow Dragon Disease-Resistance in SWEET ORANGES
          Affecting Asia, California, Texas & Florida
• SOIL-FUNGUS ( ) Resistance in Cavendish-BANANAS
         (Soo-Kim,S Korea)

Natural Resistance to Herbicides in CORN, SOYBEAN, POTATO
Mosquitoes that are unable to transmit Malaria;
Cows that No Longer Grow Horns, Goats with more muscle-meat-hair
Ultra-muscular dogs that make fearsome partners for Police & Army.
Creating Micropigs, Swines-No bigger than large cats that may be sold as pets.
De-Extinction Ventures- Dodo, Mammoths, Winged Lizards (pterosaur),
Unicorn….Geneticists using CRISPR wish to resurrect extinct beasts, someday!
Studying relationships with modern-day species ?? Beth Shapiro, Univ Of California,
Santa Cruz
Study of Unique Features: Regeneration potential of limbs in Mexican salamanders,
butterfly wing patterns, ageing in kill fish, yeast that infects human tissues, pigs as donors
for human organs, …??? Applications on our own species has greatest promise & peril

Programmable 
DNA Cleavage 
Endonucleases

Endogenous Repair
Machinery
Introduces
Mutations.

Amongst All Existent 
Programmable SSNs, 

CRISPR-Cas System has
Explicitly Emerged as a 

Prominently Efficacious 
Tool that Enables 

Precise & Targeted Genome 
Modifications In Diverse 

Organisms

Diversity of 
CRISPR-Cas 

Endonucleases:

Relevant Plant 
Genome Editing Tools 
from Type II & V have 

emerged as crucial 
edifices.

Cpf1Cas9

• Evolved as an innate component of adaptive
immune response in bacterial and archael
systems, CRISPR/Cas9 system; Clustered
regularly interspaced short palindromic
repeatsandassociatedprotein9(SpCas9)are
versatile molecular tools that ensure specific
and targeted genome modifications that
consistsof

• singleguideRNA(sgRNA),
• Protospaceradjacentmotif(PAM)and
• Cas9 nuclease recognizes a G-rich PAM at

the3’endofthetargetsite.  
• CRISPR/ Cpf1 system from Prevotella and

Francisella1 (Cpf1)/Cas12a single protein
whichrecognizesT-richPAMatthe5’endof
thetargetsequence.

• TheCas9createsa Double strand break with
blunt ends and The Cpf1 creates a Double
strandbreakwithstaggeredcuts.

Plant Editing Tools: Type II & V: Emerged as Crucial Edifices 
Simple & Efficacious Nature of 
Engineering
Adaptability for Multiplexing

Programmable 
DNA 

Cleavage 
Endonucleases

DSB is followed 
by repair 

mechanisms Non-Homologous End Joining 
Pathway (NHEJ)

Homology Donor Repair Pathway
(HDR)

CRISPR/Cas9 (Type II) & 
Cas12a (Cpf1; Type V)-

Pioneering Reagents 
Employed In Editing 

Plant Genomes.

• Simple & Efficacious 
Nature ;

• Adaptability For 
Multiplexing

. .

Site-Directed Nuclease
(SDN) Technologies

SDN-1 SDN-2 SDN-3

Gene Knock-out
Deletions/change

Knock-out and 
Knock-in of HDR-

template
few bp change

Add new 
genetic material

> 20 bp

ICGEB’s NUTRITIONAL IMPROVEMENT OF CROPS GROUP 
DEVELOPED SDN1 & SDN2 CROP LINES

Tanushri Kaul
Group Leader 

Nutritional Improvement of Crops
ICGEB, NEW DELHI

Re-designing rice crop for improved grain micronutrient quality using 
CRISPR-Cas9/Cpf1 genome editing

Cd2+ transporter
OsCdT1                                           OsFeS1                                      OsFeS2

Iron-Sensors or Negative Regulators for 
Iron transport

SDN-2 Biofortified Samba Mahsuri Rice Events with Iron 15-60 ug/g (ppm) & Zn 30-70 ug/g (ppm)  in Endosperms Employing CRISPR
Cas9-Free edited rice events through multiplexed CRISPR-Cas9/knockout of the Fe & Zn-sensing genes ( ), and simultaneous knockout of the cadmium transporter
gene ( ) 1-8 : Cas9 free rice lines, WT: Wild type rice BPT5204  a. Cas9-free eight edited rice lines in dough stage b. Cas9-Free eight edited rice lines in Mature stage

SDN-1 Biofortified Samba MahsuriRice Events With Enhanced Iron & Zinc in Endosperms Employing CRISPR
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Development of Transgene-Free Glyphosate-
Resistant SDN-2 Rice 

Tanushri Kaul
Group Leader

Nutritional Improvement of Crops Group
ICGEB, Aruna Asaf Ali Marg

New Delhi-110067 INDIA 17

Glyphosate
Non-Selective Broad Spectrum Systemic Herbicide

Introducing mutations in
glyphosate binding sites in

gene by using
CRISPR/Cas9

Glyphosate Resistant Rice 
Plants With Enhanced Yield C
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Weeds & Rice Both AffectedWeeds Compete with Rice Plants

Rice plant RESISTS & SUPPRESSES weeds
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CRISPR/Cas9-Based Genome Editing of Native EPSPS Employing 
Knock-out and Knock-in of Homology Donor Repair Template

Precise Sequence Modification of EPSPS genes by introducing 
three mutations in the target site amino acids.

D E   F

Native EPSPS

NATIVE EPSPS
A B    C

D E F
MUTANT EPSPS

Cas9-Free SDN-2 Samba Mahsuri Rice Events With Enhanced Glyphosate Resistance

a b

c d e

f

1mm 1mm1mm 1mm

1cm 1cm 1cm 1cm1cm

10 kb

7 kb

4 kb

M  PC  WT   S1    S2    S3     S4    S5    S6   S7

Quantification of 
Essential Aromatic Amino 
Acids (Tyr, Trp, Phe)

Quantification of 
Shikimate

Cas9-
Free

•Our group developed EPSPS edited maize lines tolerant to non-selective herbicide glyphosate.
•Technology is being extrapolated to other crops that face weed constraint-tomato soybean & chickpea  

CRISPR-Cas9-Based EDITING of PEP Target Site of Native EPSP Synthase gene in Maize

A. Immature embryos are placed in callus induction medium, B. Immature
embryos are producing callus,   C,D,E. 5- 8 weeks old callus cultures

WT                  WT+4mM
                            
                            

Maize EPSPS gene Edited  LINES 
Treated With 4mM Glyphosate

4mM               4mM                       4 mM                   4 mM0mM

Edited
Lines

Control
Plants

Glyphosate (Round Up  (3ml/L)) foliar spray analysis

CRISPR/CAS9-MEDIATED HOMOLOGY DONOR REPAIR BASE EDITING SYSTEM TO CONFER HERBICIDE RESISTANCE
Weedinfestationposesaglobalthreattocropyield.Toaddressthis,CRISPR/Cas9-mediatedHDRwasusedtoknockoutaconservedregionof thenative
geneandknock inamodified fragmentwith tripleaminoacidsubstitutions(GATIPS).Theeditedmaize linesexhibitedsuperiorglyphosate resistance, transgene-free
inheritance,andenhancedaromaticaminoacidcontent,withagronomicperformancecomparabletowild-typeplants,offeringasustainablesolutionforimprovedcrop
resilience.
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Introducing mutations in
Glyphosate binding sites in
CcEPSPS gene by using
CRISPR/Cas9

Glyphosate resistant
Pigeonpea plant with

enhanced yield

Introducing mutations in Sulfonylurea
binding sites in CcALS gene by using
CRISPR/Cas9

Sulfonylurea resistant
Pigeonpea plant with

enhanced yield
Pigeonpea
plant with

weeds
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Pigeonpea
plant with

weeds

Glyphosate
Non-Selective Systemic Herbicide

Sulfonylurea
Non-Selective Systemic Herbicide

Weed and plant
died

Pigeonpea [Cajanus cajan (L.)] is a major legume crop in India and an important source of protein and feed for both humans and animals.
Weed infestation is one of the crucial biotic stress factors contributing to yield loss in pigeonpea. To overcome the weeds infestation,
selective post-emergence herbicides have been used. One of the most widely used herbicides in agriculture today is glyphosate (post-
emergence herbicides). Its mode of action encompasses inhibition of 5’-enolpyruvylshikimate-3- phosphate synthase (EPSPS), an enzyme
involved in the biosynthesis of aromatic amino acids (Try, Phe, Tyr). Besides glyphosate, ALS (Acetolactate synthase) inhibiting herbicides
are widely used around the world. When we spray plants with these herbicides, plants cannot biosynthesize essential branched-chain amino
acids due to the inhibition of ALS.

Pi

PPPPiiiigggggeonpea

WWWWWWWWWWWeedddd andddd pllant

Gl h i Su fonyyy urea res sssstant
eonpea

tlfonyyylurea resissssssstant

Weed and plant
died

Developing double herbicide tolerant pigeonpea for improved weed management employing two-pronged 
approach: haplotype mining in native germplasm and CRISPR/Cas9 mediated genome editing

CRISPR/Cas9-Based Genome Editing of Native EPSPS Employing 
Knock-out and Knock-in of Homology Donor Repair Template

Precise Sequence Modification of EPSPS genes by introducing 
three mutations in the target site amino acids.

D E   F

Native EPSPS

NATIVE EPSPS
A B    C

D E F
MUTANT EPSPS

CRISPR/Cas9-Based Genome Editing of Native ALS Employing Knock-out 
and Knock-in of Homology Donor Repair Template

Precise Sequence Modification of ALS gene by introducing one, 
two or three mutations in the target site amino acids.

E S   L

Native ALS

NATIVE ALS
G P    W

E S L
MUTANT ALS
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Weed infestation severely limits pigeonpea productivity. To address this, the gene was precisely edited at positions 182G-to-A, 183T-to-I, and 187P-to-S
using CRISPR-Cas9-mediated HDR, reducing glyphosate binding affinity. The edited plants exhibited stable inheritance, enhanced glyphosate resistance, and
maintainedsuperiorphotosyntheticefficiencyandagronomicperformancepost-herbicideapplication,offeringasustainableandefficientweedmanagementsolution.

Combating Aggressive Weeds in Pigeonpea ( L.)  through CRISPR-Based Genome Editing

In vitro regeneration of multiple shoots via different explants

Cas9 and sgRNA cassette harboring Plant Transformation Vector. The NICTK-2_pCRISPR-Cas9
backbone and gRNA cassette were ligated together for biolistic transformation.

Schematic representation of Cas9 / sgRNA cassette and  
vector of Gm_EPSPS_ALSShoot regeneration frequency in Soybean  via different 

Explants (CNs, HS, and LAF )

Shoot regeneration frequency under various media concentrations and combinations
of PGRs.

Transformation frequency in Soybean Explants (CNs, HS,
and LAF )

Transformed Plants 

Illustrate the sequencing results of Gm_EPSPS and Gm_ALS Edited plants depicting the desired sequence modification in the EPSPS gene from positive T0 plants i.e G 183 A, T 
184 I , A 258 V and P 188 S and in the ALS gene from positive T0 plants i.e G 179 E and P 178 S. 

Molecular characterization of T0 plants 

Sequencing

Advancing Herbicide Resistance in Soybean (Glycine max L.) through CRISPR/Cas9 Genome Editing
Weed infestation poses a significant challenge to soybean production, leading to severe yield losses. To tackle this issue, CRISPR/Cas9 genome
editing technology was used to develop herbicide-resistant soybean lines by targeting key genes involved in herbicide sensitivity, GmEPSPS and
GmALS. Sequencing of T plants revealed successful mutations in GmEPSPS, including G-A, T-I, A-V, and, while two crucial edits, G-E and P-S, were
identified in GmALS. Cas9 integration and mutation-specific primer analysis validated the incorporation of these edits, with sequencing confirming
site-specific modifications. These promising lines will undergo further screening and agronomic evaluation to establish robust, herbicide-resistant
soybean varieties capable of sustaining productivity under aggressive weed pressures.
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CRISPR/Cas9-Mediated Genome Editing for Enhanced Fibre Quality and Agronomic Traits in Cotton
Cotton production faces challenges in simultaneously improving fibre quality and yield due to its complex genome. Through
CRISPR/Cas9-based genome editing, a key negative regulator of fibre development was precisely knocked out, achieving a 100%
mutation efficiency. Molecular analysis validated the successful edits. The edited plants demonstrated a significant twofold
increase in fibre length, a 25-30% yield enhancement, and improved plant morphology. Early flowering was also observed,
contributing to shorter cultivation periods. These advancements provide a promising approach for developing early-maturing,
high-yielding, and high-quality Upland cotton cultivars, supporting sustainable cotton production and improved market
competitiveness.

Tomato'sallergenicpropertiesaffect12–14%ofconsumers,posinghealthrisksandimpactingfoodsecurity.Toaddressthis issue,CRISPR/Cas9genome
editingwasemployedtopreciselyknockoutakeyallergen-regulatingfactor,achievinga100%mutationrateandcompletegenedisruption.Theeditedlines
exhibitedsignificantlyreducedallergenicityandimprovednutritional safety.Enhancedstressadaptationwasalsoobservedinthesemodifiedplants.This
breakthrough promotes healthier tomato consumption, reduces health risks for sensitive consumers, and contributes to sustainable agriculture. The
innovationalignswitheffortstotacklefoodsecuritychallengesandimproveconsumerhealth.

CRISPR/Cas9-Mediated Development of Hypo-Allergenic & Hyper-Lycopene Tomatoes

Genome-Edited DDSR-Herbicide Resistant & Fe-Zn Enriched Samba Mahsuri:
Climate Smart, Water-Wise Dry-Direct Seeded Rice for Sustainable & 

Profitable Rice Production: 
Exploring the Paradigm Shift From TPR to DDSR

Dr. Tanushri Kaul
Group Leader 

Nutrition 
& Crop Improvement Group 

Water–Guzzling Puddled Transplanted Rice 
(CT-TPR) & Global Warming Potential

The demand for rice is on the rise. Projections by the world researchers anticipate crop
production needs to increase by 100-110% in the next 30 years in order to meet global
demandinthefaceofever-increasingpopulation.
To achieve this challenge in a sustainable way, we have to produce this extra rice more
efficiently with less labour, water, energy, and agro-chemicals to reduce theenvironmental
footprintofriceproduction.
Intraditionalricecultivationmethods,40-50%oftheworld’sirrigationwaterisappliedforrice
production. Presently irrigated agriculture accounts for 70% and 90% of total freshwater
withdrawal, globally and in Asia, respectively. Per capita water availability reduced by 34-
76%.
Rice is a major freshwater user and consumes about 5000 litres of Freshwater to produce
ONEkgofRoughRice.
Increasing water scarcity due to climate change and competition from urbanization is
makingthistraditionalmethodofriceproductionunsustainableinthelongterm.
Combined with other factors like increasing population, shortage of labour and decreasing
arableland,newideasandinnovationsinricecultivationarecriticallyneededtomeetrising
demandandensurefoodandnutritionalsecurity.
Rice along with wheatforms the bedrock of Indian food securityand to meet the country’s
statedgoalofensuringfoodforall,farmerswillhavetoproducemorericefromlesserland,
usinglesswater energyandotherinputsinharmonywiththefragileenvironment

At the same time, several challenges that have to be
addressed to make DDSR a regular practice
Weed Rivalry,
Micronutrient-deficiencies: Fe, Zn, P, N (NH4)+

Susceptibility To Diseases: BLB, Blast, Brown Spot
Soil-borne-Pathogens-RKN-nematodes,Pathogenic
fungus
Lodging Susceptibility- Harvesting is difficult.
Early Seedling Vigour – Seed Establishment,  Growth
Performance.

DDSR system has various advantages over the
transplanted and Wet-DSR systems such as

Reduced Water Usage, ZT, DZT
Reduced Methane Emissions,

      N2O: CH4 : CO2 = 60:39:1 Rice-based CT-TPR.       
Compatible with Mechanization,
Less Labour Requirement
Shorter Crop Duration-Early maturity
Better Soil Structure-No Hard Pan
Succeeding crops grown after DDSR-showed better
yield than TPR.

Dry DSR-Need of the Hour: 
PROS & CONS Associated With  Dry Direct-seeded Rice (DDSR).

Key Aspects of DDSR

Properly managed can achieve comparable or even higher yields than traditional
transplanted rice, especially in favorable conditions.tt
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Common Weeds of DDSR

33

Paspalum disticum

Fimbistrilis miliacia

Echinocola glabrescensDigitaria setigera

Echinochola colonaCyperus diformis

Echinochola crus-gali

Eleusine indica

Sphenoclea zeylanicaPaspalam disticum

Oryza sativa

There is a Drastic Change in
Composition and Diversity of Weed
Flora with a SHIFT from CT-PTR to DDSR
within 4-6 seasons of DDSR Cropping in
India and Malaysia & Vietnam.
Emergence of weeds like Weedy-Rice
(O. sativa F. spontanea) is a serious
concern in DDSR causing yield loss
between 15%-100%.
Milling Quality gets impaired if Weedy
Rice gets mixed with rice seeds during
harvesting.
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The standard rate of foliar Roundup spraying  is 0.75 
lb a.e/gal in acre 34

The current total global grain production is 2.1 billion metric tons. Assuming
an overall yield loss of 10% due to weeds (www.fao.org/3/a0884e/a0884e.pdf),
the total loss in grain production is 200 million metric tons. If this loss can be
reduced by half, grain production would increase by 100 million metric tons,
which could serve in reducing hunger worldwide.
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India loses agricultural produce worth over $11 billion; wherein Rice exhibited the maximum loss of $4.4 billion.

35

Annual Economic Losses Due To Weeds In India.

Statistical data on pesticides in India shows that glyphosate stands at the second position in
production and consumption among herbicides, following 2,4-D. The data for production 
and consumption shows a huge difference and little information is available on its export.

Though seven glyphosate formulations are approved in India, only three are reported to be
employed by farmers. Glyphosate 41% SL is the widely used one, followed by Glyphosate 71%SG. A
formulation, comprising of a combination of Oxyflurofen 2.5% + Glyphosate (Isopropylamime salt)
41% SC is also reported.

Data source: Pesticide Action Network India (PAN India), PAN Asia Pacific (PANAP) –
State of Glyphosate Use in India

Glyphosate based herbicides are registered and approved in India for weed control in tea gardens
and their non-crop areas. However, glyphosate is used for weed control in more than 20
crop fields (16 of them are food crops) as well as non-crop areas.

An Indian Council of Agricultural Research’s report reveals that two formulations of
glyphosate, 41% SL and 71% SG are widely used in at least 22 Indian states for a
number of cereals, pulses, oilseeds, fruits, vegetables, fibre crops, etc. About 52
brands of four glyphosate formulations have been reported (Choudhary et al. 2016)

Glyphosate Status in India

GlyphosateGlyphosateGlyphosate isisis registeredregisteredregistered forforfor useuseuse ininin IndiaIndiaIndia underunderunder thethethe provisionsprovisionsprovisions ofofof InsecticidesInsecticidesInsecticides Act,Act,Act,
196819681968 (CIBRC)(CIBRC)(CIBRC)

In India, seven formulations of glyphosate [Glyphosate 41% SL, 20.2% SL, 5%SL;
Glyphosate ammonium salt 71% SG, 5% SL(FI), 20% SL; Glyphosate Isopropyl
amine salt (IPA) 41% SL] are registeredregisteredregistered underunderunder InsecticideInsecticideInsecticide ActActAct 196819681968,,, forforfor commercialcommercialcommercial
useuseuse (http(http(http::://ppqs//ppqs//ppqs...govgovgov...in/divisions/cibin/divisions/cibin/divisions/cib--rc/registeredrc/registeredrc/registered--productsproductsproducts asasas ononon 010101--060606--202320232023,,,
citedcitedcited ononon 050505--070707--202320232023).

Source:
https://ppqs.gov.in/divis
ions/cib-rc/registered-
products

Glyphosate Status in India India- State Wise Glyphosate Consumption In Rice Field

Jammu & Kashmir and 
Himachal Pradesh

Odisha

Assam and North-
East states

Punjab

Andhra Pradesh 
Karnataka and Goa

Kerala Tamil Nadu 

Gujarat INDIA

Data Source: ICAR - Directorate of 
Weed Research: Herbicide Use in 
Indian Agriculture

*t- Ton : kL- kilolitre

. .

Site-Directed Nuclease
(SDN) Technologies

SDN-1 SDN-2 SDN-3

Gene Knock-out
Deletions/change

Knock-out and 
Knock-in of HDR-

template
few bp change

Add new 
genetic material

> 20 bp

ICGEB’s NUTRITIONAL IMPROVEMENT OF CROPS 
GROUP DEVELOPED SDN1 & SDN2 CROP LINES Development of Transgene-Free Glyphosate-

Resistant SDN-2 Rice 

Tanushri Kaul
Group Leader

Nutritional Improvement of Crops Group
ICGEB, Aruna Asaf Ali Marg

New Delhi-110067 INDIA 40
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Glyphosate
Non-Selective Broad Spectrum Systemic Herbicide

Introducing mutations in
glyphosate binding sites in

gene by using
CRISPR/Cas9

Glyphosate Resistant Rice 
Plants With Enhanced Yield C
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Weeds & Rice Both AffectedWeeds Compete with Rice Plants

Rice plant RESISTS & SUPPRESSES weeds
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Weeds Are The Major Constraint In DDSR. 

• Crop improvement is essential for enhancing nutrition and world food security for human beings.
• Rice ( L.) is an important cereal grain used worldwide for food. It also plays a vital role in Indian food security 

as it is staple food for two thirds of Indian people.
• Weeds pose severe biological constraints as they compete with the main crop for space, sunlight, and nutrition, besides 

serving as an alternative host for numerous diseases, insects, and pests. Therefore, adversely affect rice productivity.
• Manual weed control is not feasible from the point of time, labor supply, monitory cost.
• Flooding and intensive puddling is an added advantage in lowland rice weed management.
• Several pre- and post-application herbicides are being used for controlling weeds, but they are simultaneously lethal to 

rice crops. 
• Glyphosate (N-(phosphonomethyl)-glycine) is a substantially utilized herbicide introduced to the world

agriculture field in 1974 by Monsanto Co. Glyphosate is a widely used non-selective, systemic herbicide for
broad-spectrum weed control in agriculture, plantations, forestry, industrial areas, etc. With the introduction of
roundup-ready crops (soybean, cotton, corn and canola), use of glyphosate increased many folds (from 51 million
kg in 1995 to 750 million kg in 2014-nearly 15-fold jump) worldwide.

• EPSPS a chloroplast-localized enzyme that is directly involved in biosynthesis of Phe, Trp, & Tyr via shikimate pathway
acts as the biological target for glyphosate.

• Glyphosate competitively suppresses phosphoenolpyruvate (PEP), posing as its transitory state analog that stringently
binds to the conserved PEP-binding site motif which lies adjacent to shikimate-3-phosphate (S3P) in the active site of
EPSPS-S3P complex in place of PEP. This concatenation inhibits the EPSPS inhibits the EPSPS enzyme's catalysis
thereby curbing the pathway.

• In India, glyphosate is in use since 1980s. It is a very popular herbicide with the farmers and is currently one of the
largest selling herbicides in the country. Glyphosate usage has increased independently, especially after the
introduction of illegal herbicide-tolerant GM cotton seeds and rise in farm labour wages.
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CRISPR/Cas9-Based Genome Editing of Native EPSPS
Employing Knock-out and Knock-in of Homology Donor Repair 
Template

Precise Sequence Modification of EPSPS gene by 
introducing three mutations in the target site 

amino acids.

A  I    S

G T     P

Native EPSPS

NATIVE EPSPS

A I S
MUTANT EPSPS

CGCCGGCAATGGCGGCGACCATGGCGTCCAACGCCGCGGCTGCGGCGGCGGTGTCCCTGGACCAGGCCGTGGCGGCGTCGGCGGCGTTCTCG

TCGCGGAAGCAGCTGCGGCTGCCCGCCGCGGCGCGCGGGGGGATGCGGGTGCGGGTGCGGGCGCGGGGGCGGCGGGAGGCGGTGGTGGTGGC

GTCCGCGTCGTCGTCGTCGGTGGCAGCGCCGGCGGCGAAGGCGGAGGAGATCGTGCTCCAGCCCATCAGGGAGATCTCCGGGGCGGTTCAGC

TGCCAGGGTCCAAGTCGCTCTCCAACAGGATCCTCCTCCTCTCCGCCCTCTCCGAGGGCACAACAGTGGTGGACAACTTGCTGAACAGTGAG

GATGTTCACTACATGCTTGAGGCCCTGAAAGCCCTCGGGCTCTCTGTGGAAGCAGATAAAGTTGCAAAAAGAGCTGTAGTCGTTGGCTGTGG

TGGCAAGTTTCCTGTTGAGAAGGATGCGAAAGAGGAAGTGCAACTCTTCTTGGGGAACGCTGGAACTGCAATGCGACCATTGACAGCAGCCG

TGACTGCTGCTGGTGGAAATGCAACTTATGTGCTTGATGGAGTGCCACGAATGAGGGAGAGACCGATTGGTGACTTGGTTGTCGGGTTGAAA

CAACTTGGTGCGGATGTCGACTGTTTCCTTGGCACTGAATGCCCACCTGTTCGTGTCAAGGGAATTGGAGGACTTCCTGGTGGCAAGGTTAA

GCTCTCTGGTTCCATCAGCAGTCAGTACTTGAGTGCCTTGCTGATGGCTGCTCCTTTGGCCCTTGGGGATGTGGAGATCGAAATCATTGACA

AACTAATCTCCATTCCTTACGTTGAAATGACATTGAGATTGATGGAGCGTTTTGGTGTGAAGGCAGAGCATTCTGATAGTTGGGACAGATTC

TATATTAAGGGAGGGCAGAAGTACAAATCTCCTGGAAATGCCTATGTTGAAGGTGATGCCTCAAGCGCGAGCTATTTCTTGGCTGGTGCTGC

AATCACTGGAGGCACTGTGACAGTTCAAGGTTGTGGTACGACCAGTTTGCAGGGTGATGTCAAATTTGCTGAGGTACTTGAGATGATGGGAG

CAAA

Native Sequence

TARGET 1 TARGET 2 TARGET 3gRNA TARGET 1

gRNA TARGET 2

left arm

right arm
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5’ATAACTTCGTATAATGTATGCTATACGAAGTTATTAGCGCCGGCAATGGCGGCGACCATGGCGTCCAACGCCGCGGCTGCGGCGGCGGT

GTCCCTGGACCAGGCCGTGGCGGCGTCGGCGGCGTTCTCGTCGCGGAAGCAGCTGCGGCTGCCCGCCGCGGCGCGCGGGGGGATGCGGGTG

CGGGTGCGGGCGCGGGGGCGGCGGGAGGCGGTGGTGGTGGCGTCCGCGTCGTCGTCGTCGGTGGCAGCGCCGGCGGCGAAGGCGGAGGAGA

TCGTGCTCCAGCCCATCAGGGAGATCTCCGGGGCGGTTCAGCTGCCAGGGTCCAAGTCGCTCTCCAACAGGATCCTCCTCCTCTCCGCCCT

CTCCGAGGGCACAACAGTGGTGGACAACTTGCTGAACAGTGAGGATGTTCACTACATGCTTGAGGCCCTGAAAGCCCTCGGGCTCTCTGTG

GAAGCAGATAAAGTTGCAAAAAGAGCTGTAGTCGTTGGCTGTGGTGGCAAGTTTCCTGTTGAGAAGGATGCGAAAGAGGAAGTGCAACTCT

TCTTGGGGAACGCTGCAATTGCAATGCGAAGCTTGACAGCAGCCGTGACTGCTGCTGGTGGAAATGCAACTTATGTGCTTGATGGAGTGCC

ACGAATGAGAGAGAGACCGATTGGTGACTTGGTTGTCGGGTTGAAACAACTTGGTGCGGATGTCGACTGTTTCCTTGGCACTGAATGCCCA

CCTGTTCGTGTCAAGGGAATTGGAGGACTTCCTGGTGGCAAGGTTAAGCTCTCTGGTTCCATCAGCAGTCAGTACTTGAGTGCCTTGCTGA

TGGCTGCTCCTTTGGCCCTTGGGGATGTGGAGATCGAAATCATTGACAAACTAATCTCCATTCCTTACGTTGAAATGACATTGAGATTGAT

GGAGCGTTTTGGTGTGAAGGCAGAGCATTCTGATAGTTGGGACAGATTCTATATTAAGGGAGGGCAGAAGTACAAATCTCCTGGAAATGCC

TATGTTGAAGGTGATGCCTCAAGCGCGAGCTATTTCTTGGCTGGTGCTGCAATCACTGGAGGCACTGTGACAGTTCAAGGTTGTGGTACGA

CCAGTTTGCAGGGTGATGTCAAATTTGCTGAGGTACTTGAGATGATGGGAGCAAATAAATAACTTCGTATAATGTATGCTATACGAAGTTA

T 

TCTTGGGGGGG
TARGET 1

TARGET 2 TARGET 2

GGGAAGG

MUTATED PAM

TARGET SEQUENCE1

TARGET SEQUENCE2

LoxP SITES

LoxP SITESRIGHT HOMOLOGY ARM

LEFT HOMOLOGY ARM

HDR Template Sequence
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a. Illustrates the structures of pCAMBIA1300 –based NIC-TK1-CRISPR/Cas9 binary vector. NLS, nuclear localization sequence,
essential sequences and restriction sites required for the cloning and analysis of sgRNA expression cassettes are given.
b. The schematic representation of the wild-type OsEPSPS gene with the locations of target 1 and target 2 for gRNA1 and gRNA2,
respectively. HDR template with desired amino acid substitution.

a

1 CRISPR/Cas9 binary vector NLS nuclear localization sequence

b

NIC-TK1-CRISPR/Cas9 Binary Vector

a b c d e

f g h i j

Regeneration and Transformation of Indica Rice Genotype (SM)

47

a b c d e

f g h i j

Regeneration and Transformation of Indica Rice Genotype (WG)

48
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a b

a. Illustrates Cas9 free edited rice lines in green house condition.
b. Illustrates PCR based identification of Cas9 free rice edited lines using Cas9 primers. M-1kb DNA ladder, WC- Water control, PC-
Positive control (Cas9 harbouring plasmid), The lanes S1-S10 samples from each edited rice lines.

10 kb

7 kb

4 kb

a. Illustrates Sanger sequencing of Cas9 free edited rice lines. Sequence chromatogram showing modified EPSPS gene  (Glycine (GGA)
to Alanine (GCA), Threonine (ACT) to Isoleucine (ATT) and Proline (CCA) to Serine (AGC)).
b. Illustrates Southern blot analysis for the identification of Cas9 free segregates. In lanes S1-S7 no signal were detected, confirms the presence
of Cas9-free T2 segregates. where, M-  Marker,  PC- positive control (Cas9), WT- wild type plant.

a
b

• A. The plants shown were 7 days
after being sprayed with roundup
ready. The lines on the left side were
rice plants with the edited OsEPSPS
gene and the lines on the right side
were wild-type rice plants. Wherein,
wild-type plants showing wilting of
leaves while the edited plants grew
normally.
• B. The plants shown were 14 days
after being sprayed with roundup
ready.
• C. Recovered edited lines after
Roundup Ready spraying. Note that
the edited lines showed higher
glyphosate resistance and
possessed healthy and normal
morphology, whereas the wild plants
completely died.

Foliar Spraying with 3ml/L Solution Herbicide Roundup Ready Containing 41% Glyphosate. 

Evaluation Of Glyphosate Resistance Level Of Edited T2 
Rice Plants Harbouring the In Greenhouse 

a b

c d e
f

1mm 1mm1mm 1mm

1cm 1cm 1cm 1cm1cm

WT

Edited

Phenotypic Analyses of Edited Rice Lines

Edited lines  under simulated
field environment, with and
without GT resulted in vigorous
growth and exhibited
significantly higher productive
fitness and yield by 21-22%
(with GT) and 20-22% (without
GT).
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Experiment was performed with crude protein extract from edited along with wild type plants by measuring inorganic 
phosphate release. Graph was plotted with absorbance measured at OD660. Data represent  the means  SD of three 
independent experiments (n = 3), P < 0.05.

EPSPS Activity Assay
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Shikimic Acid Quantification 

The quantitative estimation of SA content was performed employing HPLC analysis after 96h and 168h of foliar RR
(3ml/L) sprayed.

Post RR-treatment, TC rice line revealed a 2.4-fold enhanced accumulation of SA than WT.

Edited T2 rice lines (ER1-6) revealed lower levels of endogenous shikimate in contrast to TC, but quite similar to WT
following treatment with glyphosate
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Aromatic Amino Acid (Phe, Tyr and Trp) Quantification

The effect of glyphosate on the abundance of amino acids (Phe, Trp and Tyr) were 
quantified after 96h of glyphosate treatment (3ml/L) by LC-MS. .

GT led to a 2-fold increase of Phe; 2.5-fold increase of Trp, and 2-fold increase of 
Tyr content in comparison with WT 
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Edited 
Lines

WTEdited 
Lines

Weeds

Before Roundup Ready spraying 

45 days after Roundup Ready spraying 

Recovered edited lines after Roundup Ready spraying 

WT
Edited plants

Edited plants

Edited plants

WT

Edited 
Lines

Edited 
Lines WTWeeds

Post-emergent herbicidal action of glyphosate before and after 
foliar applications (3 ml/L) on weeds.
After 14-d period post RR application, the edited plants exhibit 
healthy growth and both weeds and WT plants couldn’t survive 

Edited plants

WEED COMPETITION ASSAY  & Cas9-Free Herbicide (Glyphosate) Resistant Rice Lines

Untreated WT
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Genome Edited Herbicide Resistant Rice Lines in Net House Field
for Glyphosate Foliar Spray Analysis

Edited Lines Before Spray Glyphosate 

Genome Edited Herbicide Resistant Rice Lines in Net House Field 
for Glyphosate Foliar Spray Analysis

Edited Plants sprayed with 
1.5 ml/l Glyphosate 

Edited Plants sprayed with 
3 ml/l Glyphosate Non-sprayed Edited Plants

Edited Plants 
sprayed with 

2 ml/l Glyphosate 

Event 2 Event 6 Event 9 Event 2 Event 6 Event 9 Event 2 Event 6 Event 9 Event 9 

1.5 ml/l Glyphosate 3 ml/l Glyphosate 2 ml/L GlyphoNon Sprayed 

Control Rice Plants in Net House Field for 
Glyphosate Foliar Spray Analysis

Control Plants Before Spray Glyphosate 
Control Plants sprayed with 1.5 ml/l 

Glyphosate 
Control Plants sprayed with 3 ml/l 

Glyphosate 

Non-Sprayed Control Plants 
sprayed

Control with 2 ml/l 
Glyphosate 

Control Rice Plants in Net House Field for Glyphosate Foliar Spray Analysis

1.5 ml/l Glypho 3 ml/l Glyphosate 

2 ml/l GlyphoNon Sprayed 

Tanushri Kaul
Group Leader 

Nutritional Improvement of Crops
ICGEB, NEW DELHI

Re-designing rice crop for improved grain micronutrient quality using 
CRISPR-Cas9/Cpf1 genome editing

Cd2+ transporter
OsCdT1                                           OsFeS1                                      OsFeS2

Iron-Sensors or Negative Regulators for 
Iron transport

In developing countries every
second pregnant woman and about
40% of preschool children are
estimated to be anaemic.

In many developing countries, iron
deficiency anaemia is aggravated
by worm infections, malaria and
other infectious diseases such as
HIV and tuberculosis.

Major health consequences
impaired physical & cognitive
development, increased risk of
morbidity in children & reduced
work productivity in adults.

Globally, IDA-ADE affects 43-50% children as well as 38% pregnant and 29% non-pregnant women.  
Anaemia contributes to 20% of all maternal deaths.

More than 2 billion people are affected by iron-zinc 
deficiency worldwide, in developed & developing nations. 

Nachimuthu et al 2014 Ind J Sci Technol, Collection of 192 rice genotypes (brown rice)
of diverse origin to assess variability in iron & zinc revealed that Rice germplasm

    Fe content ranges from 6.6 g/g to 16.7 g/g and Zn  7.1 g/g to 32.4 g/g
         with mean value of iron as 10.1 g/g and zinc as 15.4 g/g

Anuradha et al. 2012 J Phytol 4:19-25,Analysed 126 accessions of brown rice genotypes
  Fe content 6.2 to 71.6 ppm and Zn content 26.2 to 67.3 ppm.

Presently, Iron Content in Polished Rice Endosperms of popular varieties grown in field:    
2-4 g/g DW of Iron / 2-4 ppm Fe

        (Daily req: Iron is 16-28 mg/Day & Zn is 10-12 mg/Day)
In order to provide 30% to 40% of dietary estimated average requirement (EAR) of
iron & zinc, ppm that should be present in polished rice grain endosperms  is

        Iron (15 g/g Dry Weight) &  Zinc (28 g/g Dry Weight).

More than 40% of dietary intake of cadmium is via rice leading to major health issue,
especially in Asia. Higher Health Index (HI) values(>1) of rice consuming adults (1.561) and
children (1.360) suggest adverse health effects in the near future. {Cd in Indian soils at
the East Coast range from 0.02 to 0.6 g g 1 (Toxic levels 0.2 mg/kg)}

Current Nutritional Status (Fe/Zn) & Cd Toxicity: • Rice grain quality is crucial economic trait for consumers as it’s one of the staple food crops,
worldwide. Low levels of iron & zinc in rice grains cause nutritional deficiency related
disorders, predominantly anaemia, especially in pregnant women and kids (< 5y) that rely on
cereal-based diets. Iron and zinc also act as cofactors for plant growth and development.
Plants have excogitated intricate regulatory mechanisms for metal ion accretion and
transport as well as averting their hyper-accumulation, conjointly termed as metal ion
homeostasis.

• Recognition of neoteric iron regulons/sensors in rice Zinc-finger proteins (OsFeS1, OsFeS2)
that bind iron and zinc, exhibit an innate ubiquitination activity and act as negative
regulators of iron accumulation in rice grains.

• More than 40% of dietary intake of cadmium is via rice leading to major
health issue, especially in Asia. Higher Health Index (HI) values of rice
consuming adults (1.561) and children (1.360) suggest their adverse health
effects in the near future. Rice grains accumulate Cd via xylem to phloem
transport. Regulation of transporters modulating Cd transport can alter the level
of Cd deposition in grains. OsCdT1 has been shown to be involved in xylem to
phloem Cd2+ transport to grains & KD lines show low Cd and high Fe in grains.
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• We proposed to knockout (KO) these 3 genes simultaneously in the rice
genome by multiplex CRISPR-Cas9/Cpf1-based genome editing to develop
rice lines with improved micronutrient quality i.e., high Fe, and low Cd-
contents in grains of desired rice varieties.
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Inspiration of Algorithm has been adopted from Daniel C et al., 2018

Quantification of Ion level in a single cell 
can be predicted by Machine Learning 

Oryza sativa

NIC GROUP

pROOF OF CONCEPt
OsFeS1 OsFeS2OsCdT1

NIC GROUP

ConstructinG MODELS TO QUANTIFY 
IRON LEVELS in RICE Grains

To achieve the 
quantifications 
of Iron and Zinc 

Level, 
we have taken  

following 
features

FeS1
FeS2
CdT1

Total Network

Gene of interest for this 
proposal to knock out

Gene 1

Gene 2
edge

Gene Sequence data
Synonymous and Non Synonymous mutational data
Gene Expression profiles
Protein interactome profiles
Enzyme kinetics profiles
Metabolite (Both Small molecule and Ions) quantification profiles
Descriptors profiles of each metabolites

Gene 1

Gene 2

Gene 3
To be 
knocked 
out

Genes and its node naturally have been selected as less neighbourhood centrality (kNN). 
So influence of network after knocking out is less and found only 18 genes are connected to the 
function. 
The analysis further was performed to check 27 gene regularities.

Number of Edge is number of Genes involved
Number of Node is cumulative cut off of total features 
involved
Number of features is total data available in the
    Biological database and       
    NIC processed data

NIC GROUP

Genes of 
interested 
to knock 
out
NAS2 and 
Ferritin 
genes

Other 
Genes 
involved in 
Fe & Zn 
uptake, 
transport 
& storage

WILD TYPE MODEL in Rice

FeS1

FeS2

CdT1

NIC GROUP

3 GENE KNOCKED-OUT MODEL in Rice

FeS1

FeS2

CdT1 Genes of 
interested 
to knock 
out

NAS2 and 
Ferritin 
genes

Other 
Genes 
involved in 
Fe & Zn 
uptake, 
transport & 
storage in 
grains

NIC GROUP

List of Genes 
Ranking of Cumulatuive cut-off   -

Model
Ranking of Cumulatuive cut-off - Knocked gene 

model
Ranking 
Distance Remarks

ABC transporter family protein 10227 9426 801 Upregulated
FER (Ferritin) 7575 521 7054 Upregulated

HMA (Heavy metal-associated) 13650 9039 4611 Upregulated
IDEF1(iron deficiency-responsive) 16453 2719 13734 Upregulated
IDI1 (Acireductone dioxygenase) 18174 16945 1229 Upregulated
IDS3 (iron deficiency-specific 3) 11388 1365 10023 Upregulated

IRO2 (iron-related transcription factor) 13658 4785 8873 Upregulated
IRT (Iron-regulated transporter ) 13132 3269 9863 Upregulated

MATE efflux family protein 18326 4327 13999 Upregulated
Metal transporter NRAMP5 8951 2243 6708 Upregulated

NAAT (nicotianamine aminotransferase) 9060 4521 4539 Upregulated
NAC (NAC domain-containing protein) 6684 854 5830 Upregulated

NAS 2 (Nicotianamine synthase 2 ) 11254 1250 10004 Upregulated
NRAMP (Natural resistance-associated macrophage 

protein) 5241 1712 3529 Upregulated
Vacuolar iron transporter homolog 5 16819 4947 11872 Upregulated

VIT1.2 (Vacuolar iron transporter) 8703 3253 5450 Upregulated
Zinc transporter 2 11023 2513 8510 Upregulated

ZIP (Zinc transporter) 6805 1365 5440 Upregulated

Gene Sequence data
Synonymous and Non Synonymous mutational data

Gene Expression profiles
Protein interactome profiles

Enzyme kinetics profiles
Metabolite (Both Small molecule and Ions) quantification profiles

Descriptors profiles of each metabolites

Ranking Matrix have been organised to compute all the multi-
formatted data in to unidimensional plot as cut off value (0 to 1).
We have used Diffusion matrix to combine all data and ranked all
gene regulations. We kept Gene as the centrality point to insist its
regulatory factors as upregulation or down regulations.

Biological database and       NIC processed data NIC GROUP
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MACHINE LEARNING based Algorithmic Predictions for Iron Content in Rice Grains
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  15 to 30 

ppm

2 ppm
Fe

W

Based on expression profiling of in-house data and GEO dataset, we have converted gene expression of Upregulated gene intensity values in 
to PPM using iBAQ (Intensity Based Absolute Quantification). Calculated Resultant Fe-PPM is ~30 ppm in KO Model 

NIC GROUP

Iron Homeostasis Regulation, Uptake, Transport, 
Translocation and Storage

Feedback 
Inhibition

FeS1, 
FeS2

FeS1 
FeS2

72
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Cd

Soil

Root

Node

Grain

Leaves

Cd

Cd

Cd OsIRT1

OsNRAMP1

Root 
uptake

Xylem 
loading 

100% Remobilization via 
phloem

INTERVASCULAR TRANSFER 

OsHMA3

OsHMA2

OsNRAMP3

OsCdT1

Cadmium uptake from the soil is through OsIRT1 and OsNRAMP1;
OsHMA2 and OsHMA3 mediate the cadmium transport from root to shoot
OsCdT1 remobilizes cadmium from leaves blade through the phloem to grains

ROLE OF TRANSPORTER GENES IN CADMIUM TRANSPORTATION 
FROM SOIL TO RICE GRAINS

Cd

A. Selection of Target Sequence and Designing of gRNA

Identifying the 23-bp sequence for 5-N(20)-NGG-3

web based tools
http://cbi.hzau.edu.cn/ cgi-bin/CRISPR; 
http://www.genome.arizona.edu/CRISPR/; 
http://www.rgenome.net/CAS-OFFINDER, 
http://www.e-crisp.org ,  CRISPR R GEN

B. Synthesizing and Cloning individual sgRNAs into a series of  
      expression vectors 

C. Assembly of  Multiplex CRISPR and Cas9 system 

Vector Construction And Rice Transformation

Required 
components 
for CRISPR-

Cas9 gene 
editing and 

synthesis of 
guide RNA

Sequence structure of single guide RNA
How to design a sgRNA for chemical synthesis:
•20 nucleotide (nt) targeting sequence (shown as poly N)
•12 nt of the crRNA repeat sequence
•4 nt of tetraloop sequence (underlined)
•64 nt of tracrRNA sequence

5’NNNNNNNNNNNNNNNNNNNNGUUUUAGAGCUAGAAAUAGCAAGUUAAAA
UAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUU-3'

Synthetic two-part RNA
(crRNA:tracrRNA) system
is efficient and cost-
effective +

OsU6a:S1-OsU3:S2-OsU6b:CdT
2181 bp

OsU6a:S1-OsU3:S2-
OsU6b:CdT

2181 bp

gRNA cassette

Vector backbone: Modified pCAMBIA1301
Vector type: Plant Expression
Cas9: plant codon optimized
Selectable marker: Marker free
gRNA scaffold: FeS1-FeS2-CdT gRNA cassette NIC GROUP

Developing & Cloning sgRNA Cassettes OsS1-OsS2-OsCdT 
In NIC-TK1-pCRISPR/Cas9

OsFeSs-OsCdT1-NIC-TK1-
CRISPR/pCas9
         18,182 bp

OsFeS1-OsFeS2-OsCdT1 in Plant Transformation Vector

Multiplexing Three 3-Gene-gRNA Cassettes
Into NIC-TK1-pCRISPR/Cas9 Biolistic Transformation

Optimization of different parameters influencing transformation 
efficiency of explants

Putative Transformed Edited Shoots

Molecular analysis of Edited Rice lines through PCR 
Analysis

• Cas9 Forward Primer:  5’ TTCGACCAGTCCAAGAACGG 3’
• Cas9 Reverse Primer:  5’ CTTGACCTTGGTGAGCTCGT 3’

SANGER’s 
SEQUENCING

Biolistic-
mediated rice
transformation 

The steps 
involved in 

tissue culture for 
the generation of 
edited rice lines 

T0 positive Cas9 rice 
lines through multiplex 

CRISPR Cas9 / 
knockout the Fe & Zn-
sensing genes and iron-
binding haemerythrin
RING ubiquitin ligases 
( ), 

simultaneously 
knockout the cadmium 

transporter gene 
( ) 1-46 : Cas9 

positive rice lines, WT: 
Wild type rice 

BPT5204  
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M  –ve P  wt   1     2    3    4    5     6    7    8     9   10  11 12  13   14 15  16
PCR amplification of genomic DNA of 

edited rice lines using forward and 
reverse specific primers pairs 

a) Cas9 PCR amplification
b) OsFeS1 PCR amplification
c) OsFeS2 PCR amplification
d) OsCdT1 PCR amplification

Legend
M – 100 bp DNA Ladder 
-ve – Negative (water) control 
P– positive control (plasmid)      
WT wild type ( Negative control).

WT
Ed.1
Ed.2

Ed.3

Ed.4

EEd.
EEd.3

EEd.5

EEd.7

Ed.9

Ed.10

Ed.11

Ed.13

Ed.12

Ed.14

Ed.15

EEd.3

Ed.17

Ed.18

Mutations identified within the target sited of generated through CRISPR/Cas9 mediated genome editing 

Gene gRNA  sequence PAM sequence
GGAACTCGCATCCTGTACAG GGG

PAMgRNA  sequence

WT
Ed.1
Ed.2

Ed.3

Ed.4

Ed.5
Ed.6

Ed.7

Ed.8

Ed.9

Ed.10

Ed.11

Ed.13

Ed.12

Ed.14

Ed.15

Ed.16

Ed.17

Ed.18

Mutations identified within the target sited of generated through CRISPR/Cas9 mediated genome editing 

No. Gene gRNA  sequence PAM sequence
2 CTTCAAAAATGAGGAAACAA AGG

PAMgRNA  sequence

WT
Ed.1
Ed.2

Ed.3

Ed.4

Ed.5
Ed.6

Ed.7

Ed.8

Ed.9

Ed.10

Ed.11

Ed.13

Ed.12

Ed.14

Ed.15

Ed.16

Ed.17

Ed.18

Mutations identified within the target sited of OsCdT1 generated through CRISPR/Cas9 mediated genome editing 

No. Gene gRNA  sequence PAM sequence
3 AGCAAAGGTCGGAGTGGAGG CGG

PAMgRNA  sequence

WT            17          18

T1 positive Cas9 rice lines through multiplex CRISPR CAS9 / knockout the Fe & Zn-sensing genes and iron-binding
haemerythrin RING ubiquitin ligases ( ), simultaneously knockout the cadmium transporter gene
( ), 1-18 : Cas9 positive rice lines, WT: Wild type rice BPT5204 .

T2 positive 
Cas9 rice 

lines through 
multiplexing 

sgRNAs-
CRISPR/ 

Cas9

Cas9 free edited rice lines through multiplex CRISPR Cas9 / knockout the Fe & Zn-sensing genes and iron-binding haemerythrin RING ubiquitin
ligases ( ), simultaneously knockout the cadmium transporter gene ( ) 1-8 : Cas9 free rice lines, WT: Wild type rice
BPT5204  a. Free cas9 eight edited rice lines in dough stage b. Free cas9 eight edited rice lines in Mature stage

Ref.
G _ G A A _ C _ _ T C G C A T C C T _ G T _ _ _ _ _ A C A G G G G

No edit Insertion + Deletion - Transversion 
/Transition

1 G _ G A A _ C _ _ T C G C A T C C T _ G A _ _ _ _ _ A C A G G G G - - - 1
2 G _ G _ _ T C _ _ T C G C A T C C T _ G T _ _ _ _ _ A C A G G G G - 1 2 -
3 G _ G _ A _ C _ _ T C G C A T C C T _ G A _ _ _ _ _ A C A G G G G - - 1 1
4 G _ _ A A _ C C G T C _ _ _ T C C _ C G T C C T C A A C A G G G G - 8 5 -
5 G C G A A _ C _ _ T C C C A T C C T _ G A _ _ _ _ _ A C A G G G G - 1 - 2
6 G _ G _ A _ C _ _ T C G C A T C C T _ G T _ _ _ _ _ A C A G G G G - - 1 -
7 G _ G A A _ C _ _ T C G C T T C C T _ G T _ _ _ _ _ A C A G G G G - - - 1
8 G _ G _ A _ C _ _ T C G C A T C C T _ G T _ _ _ _ _ A C A G G G G - - 1 -

P A MgRNA

Ref.
C _ T _ T C _ A A A A A _ _ T G A G G _ A _ A A C _ A A A _ G G

No edit Insertion + Deletion - Transversion 
/Transition

1 C _ T _ T C _ _ A A A A _ _ T _ A G G _ A _ A A C _ A A A _ G G - - 2 -
2 C _ T _ T C _ A A A A A _ _ T G G G G _ A _ A A C _ A A A _ G G - - - 1
3 C _ _ _ T C _ A A A A A _ _ T G G G G _ G _ A A C _ A A A _ G G - - 1 2
4 C _ T _ T C _ A A A A A _ _ T G G G G _ A _ A A C _ A A A _ A G - - - 2
5 C C T C T C C A A A A A A A T G A G G G A G A A C C A A A A G G - 9 - -
6 C _ T _ T C _ A A A A A _ _ T G G G G _ A _ A A C _ C A A _ G G - - - 2
7 C _ T _ T C _ _ A A A A _ _ T _ A G G _ A _ A A C _ A A A _ _ G - - 3 -
8 C _ _ _ T C _ _ A A A A _ _ T G _ G G _ _ _ A A C _ A A A _ G G - - 4 -

P A MgRNA

Ref.
A G C A A A G G T C G G A G T G G _ A G G C G G

No edit Insertion + Deletion - Transversion 
/Transition

1 T C G C A A G G T C G G A G G G G _ A G _ C G G - - 1 5
2 A G A A A A G G T C G G A G T G G _ A G G C G G - - - 1
3 A G C T A A G C T C G G G G T G G _ A G _ C G G - - 1 3
4 A G A A A A G G T C G G A G T G G G _ G G C G G - 1 1 1
5 G G T C A A G G T C G G A G T G G _ G G _ C G G - - 1 4
6 A G C C A T G G T C G G A G T G G _ G G G T G G - - - 4
7 A G A A A A G G T C G G A G T G G _ G G G C G G - - - 2
8 A G C A A A G G T C G G A G T G G A G _ C A G - - 1 1

P A MgRNA

Mutations identified with in the target sites of OsFeS1, OsFeS2 and generated through CRISPR/Cas9 
mediated genome editing in T2 Cas9-free edited rice lines generation

O
sF

eS
1

O
sF

eS
2
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Genotype Confirmation 
Determination of genotype at the OsFeS1, OsFeS2 and OsCdT1 genes locus after CRISPR/Cas9 editing

The CRISPR/Cas9 system used to generate insertions or deletions (indels) in cells that can result in , and 
genes knockouts. 

There are two copies of any given gene, and indels can be generated in either one or both alleles.

Aim of work : 
After gene editing to determine edited plants have mutations in;
       - One allele (monoallelic)
       - Both alleles (biallelic)
       - None of alleles (wild type)

The protocol involves : 
- Amplification of the target site 
- In vitro cleavage with Cas9
- The sgRNA used for the original CRISPR/Cas9 gene editing experiment 

Detection:
If indels are present at the target site, the original sgRNA/Cas9 complex will be unable to cleave the site, 
whereas wild-type alleles will be recognized and cleaved 

Monoallelic 
Mutation

Biallelic 
MutationWT

Cas9/sgRNA 
Cleaves both 

copies

Cas9/sgRNA 
Cleaves only WT 

copy

No
Cas9/sgRNA 

Cleavage
cop

2 fragments
1 large fragment 

and
2 small 

fragments

1 large fragment

• If indels are present at the target
site (black circle), the original
Cas9-sgRNA complex will be
unable to cleave the site;

• In contrast, wild-type alleles
(yellow) will be recognized and
cleaved.

• The three different cleavage
patterns can be distinguished by
agarose gel electrophoresis

Principle of Genotype Confirmation: 

T1

WT  M   B          WT   1    2    3    4     5    6     7     8    
9

WT  M   B          WT   1    2    3    4     5    6     7     8     9

WT      1      2       3      4        5       6      7      8     9

Controls T1 rice plants generation after Editing 

T1 rice plants generation after Editing Controls

T1 rice plants generation after Editing 

In this experiment, edited Rice lines were treated with Cas9 and a
sgRNA targeting the OsFeS1, OsFeS2 and OsCdT1 genes. The Guide-
it Genotype Confirmation Kit was used to determine the genotype
at the OsFeS1, OsFeS2 and OsCdT1   target site. Wild-type (WT),
monoallelic (M), and biallelic (B), control reactions were included in
the analysis.

Determination of genotype

OsFeS1

OsFeS2

OsCdT1

Wild type  

Monoallelic

Biallelic

a. The results indicated that OsFeS1 T1 plants, 1, 3, 4, 6, 7
and 8 were biallelic; and plants 2, 5 and 9 were
monoallelic. b. OsFeS2 T1 plants, 1, 2, 3, 5, 6 and 7 were
biallelic; and plants 4, 8 and 9 were monoallelic. c.
OsCdT1 T1 plants, 1, 2, 3, 4, 5, 6, 8 and 9 were biallelic;
and plant 7 was monoallelic.

a.

b
.

c.

Determination of genotype at the OsFeS1, OsFeS2 and OsCdT1 locus after CRISPR/Cas9 editing

T2

L  WT   1   2   3    4   5   6    7   8    9  10  11 12 13 14 15 16 17 18

L  WT  1    2   3    4    5   6    7   8    9  10 11  12 13 14 15  16 17 18

L  WT   1   2   3    4   5   6    7   8  9  10  11  12 13 14 15 16 17 18

O
sF

eS
1

O
sF

eS
2

O
sC

dT
1

Wild type  

Monoallelic

Biallelic

L   WT   M    B     L 

Biallelic

Biallelic

Biallelic

a.

b.

c.

a. The results indicated that OsFeS1 T2 plants, 1 to 18 were
biallelic. b. OsFes2  T2 plants 1 to 18 were biallelic. c. OsCdT1 T2
plants, 1 to 18 were biallelic.

Controls

Expression analysis of T2 edited knockout lines through multiplex CRISPR CAS9 / knockout the Fe & Zn-sensing genes and iron-binding
haemerythrin RING ubiquitin ligases ( and ), simultaneously knockout the cadmium transporter gene ( ) through fold change
(log2) and 2^ ct method2 ct method

• WT; wild type,  
• (EDRL); Edited Rice lines

Expression analysis of edited knockout Cas9 free rice lines through multiplex CRISPR Cas9 a) Fold change of OsFeS1, OsFeS2 and OsCdT1 
in edited rice lines in roots b) Flag leave c) stem   d) node e) flower

OsFeS2
OsCdT1

OsFeS1

a) ABC transporter superfamily ABCG subgroup member 4.
b) Heavy metal ATPase 2.
c) Iron Deficiency-responsive Element-binding Factor 1.
d) submergence-induced protein2,(acido-reductone dioxygenase 1).
e) Multi antimicrobial extrusion protein.
f) Natural resistance associated macrophage protein 5.
g) Nicotianamine aminotransferase 1.
h) NAC domain-containing protein 5.
i) BACTERIOCIDE EFFECT 1, homologues of mammalian Nramp1 gene, Natural resistance associated

macrophage protein 1.
j) Vacuolar Iron Transporter/Nodulin-like family.
k) Vacuolar Iron Transporter 1.
L) Vacuolar Iron Transporter 2.
m) Zinc-regulated transporter 2.
n) mitochondrial Fe transporter.
o) Nicotianamine synthase 1.
p) Iron-related transcription factor 2.
q) Iron regulated transporter 1.
r) Ferritin 1.  
s) Ferritin 2.

Expression Analysis Of Differentially Expressed Genes For High Zinc And Iron In 
Polished Rice Edited Knockout Lines Through Multiplex CRISPR Cas9 
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Histochemical detection (Localization of  Fe, Zn and Cd in rice 
seeds) 

Stereo –
micrographs  

and  intensity of 
staining 

represents the 
relative density 
of  Fe, Zn and 

Cd in the edited 
T1 rice grains

seeds) 
Histochemical detection (Localization of  Fe, Zn and cd in rice 

seeds) 

Stereo –
micrographs  
and intensity 

of staining 
represents the 

relative 
density of  Fe, 
Zn and cd in 
the edited T2 

rice grains

seeds) 

Histochemical detection for Localization of Iron, Zinc and Cd 

Stereomicrographs of
longitudinally cut in the
edited Cas9 free rice
grains surface by PPB,
DTZ and QAI.

Fe

Zn

Cd

Localization of  Fe, Zn and Cd in rice seeds 

Elemental Analysis By Inductively Coupled Plasma-Mass Spectrometry (ICP-MS)

a) Determination of Iron and 
Zinc content in T2 edited rice 
lines endosperm

b) Determination of cadmium
content in T2 edited rice lines
endosperm

c) Determination of  Iron, Zinc
and cadmium content in the
endosperm of free Cas9 edited
ricelines

a)
Zi
lin

b) De
conte
endo

ICP-MS analysis of iron (Fe), zinc (Zn), and cadmium (Cd) contents in genome edited T3 
generation rice lines

The genome edited lines exhibited
increased Fe and Zn levels and showing
a reduction in Cd content in rice grains.

ICP-MS analysis of genome edited
T3 generation rice lines.

The genome edited lines exhibited
increased K, Mn, Mg, P, Ca, Cu
and Co levels in rice grains.

ICP-MS analysis of other Macro & Micronutrients:
Potassium (K), Manganese (Mn), Magnesium(Mg), Phosphorus (P), Calcium (Ca), Copper (Cu) and 

Cobalt (Co) contents in genome edited T3 generation rice lines. 

a) Panicles of T1 edited rice 

lines and wild type 

b) Panicles of T2 edited rice 

lines and wild type  

c) Panicles of  Cas9 free edited 

rice lines Scale bars, 1 cm. 

Panicles of wild-type
and edited rice lines

a) GrainsofT1editedricelinesandwildtype
b)GrainsofT2editedricelinesandwildtype
c)Grainsof  Cas9freeeditedricelines

Scalebars,1cm

Photographs Of Grains Surface Of Wild-type And Edited Rice Lines
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Photosynthetic parameters analysis

a) Photosynthetic Rate (A) mol CO2 m-2 s-1  b) Intercellular CO2 concentration (Ci)
( mol CO2 mo s-1 ) c) Stomatal conductance to H2O (gs) (mol H2O m-2 s-1 ) d)
Transpiration Rate (Trmmol) E (mmol H2O m-2 s-1) e) Total conductance (CndTotal)
(mmol m ² s ¹ ) f) Total Conductance to CO2 (CndCo2)(mmol m ² s ¹ ) g) Intrinsic
water use efficiency IWUE (A/gs) h) Intercellular CO2 / Ambient CO2 (Ci/Ca) i)
Intercellular CO2 (Ci-Pa) j) A/Ci curves: response of CO2 uptake to intercellular
mole fraction of CO2 k) Ball-Berry parameter (AHs/Cs) L) Instantaneous water
use efficiency IWUE (A/E) were measured and plotted as bar graphs. Data shown is
mean ± standard deviation; n=3.

Photosynthetic parameters :

(Infra-red gas analyser Li-COR, 6400-40)

Leaf gas exchange analysis using Infra-red Gas Analyzer (IRGA)

Photosynthetic Parameters Analysis of Cas9-Free Edited Knockout Rice Lines

A and B shows 
high and medium 
growth intensity of 
pollen grains 

Some Of Microscopic Fields To Check
Pollen Tube Growth And Pollen Tube
Length And Width Calculations

C) Appropriate 
microscopic field to  
facilitate pollen tube 
length and width 
calculations.,

Blue tringle represents 
starting point 
yellow tringle 
represents ending point 

INVITRO GERMINATION RATIO:
MATURE  RICE POLLEN GRAINS FOR  EDITED RICE LINES AND WILD 

TYPE GROWN UNDER NORMAL GROWTH CONDITION 

Free Cas9 edited rice lines T2 edited rice lines 

Rice pollen grain tube lengths ( m) for edited rice lines and wild type 
grown under normal growth condition 

T2 edited rice lines T2 edited rice lines Free Cas9 edited rice lines 

Anthers In Mature Spikelet's Of T1 And T2 Edited Rice Lines 

Scale bars, 1 mm

T1 T2
Scale bars, 1 mm

Amylose Content 

T1

T2

C
as

9 
Fr

ee

STARCH BRANCHING ENZYME 
(SBE) ACTIVITY ASSAY

GRANULE-BOUND STARCH 
SYNTHASE (GBSSI) ACTIVITY ASSAY 

SOLUBLE STARCH SYNTHASE 
(SSSI) ACTIVITY ASSAY

Fe toxicity, bronzing, histochemical detection of H2O2
- and O2

- content in shoots and seeds  Fe toxicity, bronzing, histochemical detection of H2O2- and O2- content in shoots and seeds

Quantification of H2O2 content in leaves and seeds using
diaminobenzidine (DAB) staining of edited rice lines under normal
greenhouse growth condition

Quantification of O2- content in leaves and seeds using  nitro blue
tetrazolium chloride (NBT) staining of edited rice lines under normal
greenhouse growth condition

Quantification of H2O2 and O2- content in leaves and seeds 
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Speed Breeding: A 
game changer for 
global food security

Uma Maheshwar Singh, PhD
Scientist, IRRI South Asia Regional Centre, Varanasi

Controlled conditions

Crossing and inbreeding
Testing for

desired traits
Seed prodn

Release

3-7 years 4-5 years 1-3 years

Crossing and 
inbreeding

Testing for
desired traits

Seed prodn

Release

1-2 years 4-5 years 1-3 years

Potential to 
double the rate 
of genetic gains

Traditional Breeding vs Speed Breeding

Wild Type And Edited Cas9-Free Rice Lines Grown Hydroponically Under Cadmium Stress Condition 

Root 
Morphology: 

Wild-type and 
edited Cas9- free 
rice lines grown 
hydroponically 
under cadmium 
stress condition. 

Genome Edited Rice Plants in Green House Condition

The genome-edited rice lines (T3 generation) were cultivated under greenhouse conditions and thoroughly examined to 
identify the best events that are free from Cas9 (Transgene-free).

Late flowering and late maturity panicles in 
control rice plants

Early flowering and enhanced maturity panicles in 
genome edited rice plants
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1. The Advanced Plant Habitat (APH), like Veggie, is a growth chamber on 
station for plant research using controlled microgravity, gases, full 
spectrums LEDs, temperature, humidity, hormones, fertilizers

1. Plants grow in space for both aesthetic and practical reasons by 
advancing multiple generations in year

1. Veggie has successfully grown a variety of plants, including three types 
of lettuce, Chinese cabbage, mizuna mustard, red Russian kale and 
zinnia flowers.

1. Identification of plant acclimatization to extra terrestrial environments

Origin of concept: Growing Plants in Space Speed breeding in long-
day plants

• Prolonging photoperiod beyond natural 
lighting

• Utilizing glasshouses for the process

• Extending photoperiod (16 to 24 hrs) 
accelerates flowering in long-day plants

• Employing LED lights for extending 
photoperiod

• Variations in day and night temperatures

• In some crops recently speed breeding 
protocol updated with vernalization 
treatments for seed germination as well as 
flowering

Watson et al., 2018; Ghosh et al., 2018

Defined ranges of controlled parameters aligned with rice physiology

• Full spectrum LED lights

• Photosynthetically active radiation 

(PAR) and far-red light  -400 nm  to  

735nm

• Light intensity up to 1000 �mol

• Temperature 18 0C to 420C

• CO2 (300 PPM to 1200 PPM)

• Relative humidity 60% to 95%

• Hydroponics and fertigation

• Research Lab and Briefing zone

How speed breeding can contribute to other programs activities

• Crop breeding could be configured for the optimization and rapid growth of different crops

• Screening process can help establish protocols for the rapid screening of biotic and abiotic stresses

• Gene editing can hasten the process of growth and development of transgenic plants

• Genomics selection produces the need for field testing required in conventional breeding

• Research combining innovative approaches with speed breeding can accelerate research

•••

•

••

•••••

•

Short day plants

• Require short day light period (usually 8-
10 hours) and continuous dark period
(14-16 hrs) for subsequent flowering

• Dark period is critical and must be
continuous

• Inhibition of flowering with intermediate
light occurs at the middle of critical dark

• Prolongation of continuous dark period
(Short day) initiates early flowering in
SDP

• Ex. Rice, Soybeans

Long day plants

• Require long day light period (usually
14-16 hours) in 24 hours cycle for
subsequent flowering

• Extended light period stimulates
flowering in long day plants

• Ex. Pea, Barley, Lettuce, Wheat

Differences between short- and long-day plants

Pearce S, 2022

1. Light fundamentals for plants
Turning photons into food 

Plant biomass Morphology Flowering

Light duration 
(photoperiod)

Light Quality(Spectrum)Light quantity (Intensity)

s Morphology

g
( h

Light Quality(Spectrum)

biomass Mo Fl

hoto(ph

orphologyrpho

g y( p )

Mo logy

(

ogy Fl

PAR & Far-red light- photosynthesis and signalling.
(Taiz and Zeiger, 2015)

Measuring light intensity and spectrum: spectrometer C-7000: portable 
spectrometer

8

PPFD

Sunlight, PPFD: 462 
mol/m-2/s-1

Multiplication Chamber-1, 
PPFD: 458 mol/ m-2/s-1

Targeted growth stages of rice for speed breeding 
3 growth stages in rice

• Vegetative stage (30-90 days)

A. Basic Vegetative phase

B. Photoperiod sensitive phase

• Reproductive stage (30-35 

days)

• Ripening phase (30-45 days)

Varietal classification like early, 

medium and late is dependent on 

variation in vegetative stage (30-

90 days)

Protocol standardization at Speed-breeding using 
diverse groups of rice 

-Vegetative 

-Reproductive

-Maturation

-Germination

(Immature seeds)

Sarjoo-52
DRR Dhan 44

Swarna
Samba 
Mahsuri

Early Medium Late

CO-51

IR 64 NDR 359

Soil mixture:

3(Soil):1(FYM)

Pot Size: 200ml

Nutrient Spray (as 

required):

NPK: 2gm/L

Micronutrient: 2gm/L

0:P:K: 2gm/L: before 

pre-booting

Iron & Boron: Before 

anthesis

Landrace Japonica

Kalanamak

Black rice

Betagomblin

Gedongipetan

S
D

N

Sw
Sa
M

K

B

kkkkkkkkkkkkkkkkkkkkkkkkkak Be

Ge

Protocol optimization 
stages

d

Pusa 
Basmati 
1121

Selection of different groups of rice
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Ratio of spectrum 

and intensity 

affect the 

flowering duration

Initial long-day 

photoperiod controls 

plant growth and 

flowering duration

Flowering

Glasshouse SD LD to SD

Immature seed harvest (Reciprocity)

In incubator

Hormone and cold 
treatment

Light and temperature 
treatment

Start

End

Flowering

Germination

5-15 days
1 days

13-14 days

ub

n

Early germination in 9 days old CO-51 seeds under different combinations of GA3

Sp
ec

tr
um

 
us

ed

Results: 11- and 13-
days immature 

seeds were found 
promising for early 
seed emergence in 
all GA3 treatments 

(20PPM, 40PPM, 
60PPM and 80PPM)

Control         20PPM          40PPM           60PPM         80PPM)

Premature seed harvesting and hormonal 
treatment reduce maturity time

1 days

SpeedFlower advances 4-5 generations of rice per 
year

• A subset of 412 genotypes from the 3K RGP was chosen for 

validation encompassing all 12 group of Oryza sativa

• In field conditions, the flowering time of these genotypes 

spanned from 58 to 127 days

• Under speed breeding, 85% of these genotypes flowered 

within a shorter window of 65 days, with 15% falling between 

65-100 days

Validation of SpeedFlower in 3K RGP panel 
containing 12 groups of Oryza Sativa L.

Response of F1s/F2s/F3/BC1F1 in Speed Breeding

Sr. 
No

Cross combination Stage
DFF in 

SpeedBreed
Female DFF in field Male DTF in field

1 Tulsi manjiri x RP-BIO-226 BC1F1 74 Tulsi manjiri 140 RP-BIO-226 110

2 Naveen x Ghew bora-8 F1 69 Naveen 90 Ghew bora-8 115

3 Sarjoo-52 x CN-1035-61 F1 70 Sarjoo-52 97 CN-1035-61 105

4 Ranjeet Sub 1 x DHANE BURWA F1 70 Ranjeet Sub 1 125 DHANE BURWA 101

5 Swarna x KALAI F1 71 Swarna 114 KALAI 94

6
DRR Dhan 44 x CHAO KHIE 
KHOUA 

F1 71 DRR Dhan 44 97
CHAO KHIE 

KHOUA 
89

7 Swarna x Mansuri F1 71 Swarna 114 Mansuri 103

Segregating materials (F2, F3) tend to flower in small windows despite of having significant differences between the parental lines, which will be useful to 
harvest mapping populations in less time compared to the field conditions

Crop types Methods Generations per year Growth conditions References
Oat Speed breeding 1 generation- 51 days 22h photoperiod González-Barrios et al. (2021)

Canola Speed breeding 6 generations 22h day:2h night and 16h 
day and 8h night

Watson et al. (2018); 
Gosh et al. (2018)

Chickpea Speed breeding 6-7 22h day:2h night and 16h 
day and 8h night

Watson et al. (2018); 
Gosh et al. (2018)

Barley Speed breeding 6 generations 22h day:2h night and 16h 
day and 8h night

Watson et al. (2018); 
Gosh et al. (2018)

Duram wheat Speed breeding 6 generations 22h day:2h night and 16h 
day and 8h night

Watson et al. (2018); 
Gosh et al. (2018)

Spring wheat Speed breeding 6 generations 22h day:2h night and 16h 
day and 8h night

Ghosh et al., 2018

Wheat & barley Speed vern. + SB Up to 5 generations 22h day:2 h night at 10 °C Cha et al., 2022
Pea Speed breeding 6 generations 22h day;22°C day & 17°C night Watson et al., 2018

Canola Speed breeding 4 generations 22h day:2h night and 16h 
day and 8h night

Watson et al., 2018

Chickpea RGA 7 generation Extended photoperiod & immature 
seed

Samineni et al., 2022

Updates on Speed Breeding protocols across various crops
Long day plants Crop types Generation 

advancement method
Generations per year Growth conditions References

Rice Biotron speed-
breeding technique

70 days for flowering ,10 
days embryo rescue

Extended photoperiod, temperature  
&Embryo Rescue

Rana et al., 2019

Rice Biotron speed-breeding 
technique

4 generations Eleveted CO2,  tiller removal and 
embryo rescue

Tanaka et al., 2016

Rice Speed breeding 4-5 generations Spectrum, light intensity, photoperiod, 
early germination experiment

Kabade et al., 2024

Soybean Speed breeding ~5 generations Photoperiod, light spectrum, intensity Jahne et al.2020
Amaranthuis Speed breeding 4-5 generations Photoperiod, light spectrum, intensity Jahne et al.2020

Hemp Speed breeding 5-6 Initial 15 days contineous light and 
then 10 h seeds

Scehilling et al. 
(2023)

Pepper Speed breeding 3 Spectrum ratios and extended 
photoperiod

Choi et al., (2023)

Pigeaonpea Speed breeding 2-4 gnerations Spectrum, light intensity, photoperiod, 
temperature

Gangashetty et al., 
2024

Short day plants

Day neutral plants
Crop types Generation 

advancement method
Generations per year Growth conditions References

Tomato Biotron speed-
breeding technique

3-4 generations Extended photoperiod, temperature  & 
Embryo Rescue

Gimeno-Paez et al., 
2024
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Speed breeding coupled with other breeding methodologiesS Conclusion & Way ForwardC
● Speed breeding is a promising technology with high turnover, 

reduced manpower needs, and lower fertilizer and pest 
management inputs.

● Key benefits include rapid generation cycles, accelerated 
breeding, and breeding with speed of climate change.

● Challenges include maintaining uniform growth conditions, high 
electricity consumption, and technical complexity requiring 
trained personnel.

● Different crops require specific growth protocols, necessitating 
optimization for each species.

● Future focus should be on developing energy-efficient systems, 
reducing costs, and enhancing scalability.

● Strengthening collaborations, investments, and training will 
ensure wider adoption and long-term impact on global food 
security.
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Technical Session - II
Dr. Sunil Archak, Principal Scientist, NBPGR, New Delhi
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Technical Session - III
Dr. K. R. K. Reddy, President BIPA and MD SRIBIO



National Seed Association of India (NSAI)

Indian Seed Congress 2025
60



National Seed Association of India (NSAI)

Indian Seed Congress 2025
61



National Seed Association of India (NSAI)

Indian Seed Congress 2025
62



National Seed Association of India (NSAI)

Indian Seed Congress 2025
63

Mr. G. V. Ramana Rao, CTO, Ganga Kaveri Seeds
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Technical Session - IV
Dr. Gyan Prakash Mishra, Head, Division of Seed Science and Technology, IARI
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Dr. Dilip K. Srivastava, Deputy Commissioner (QC), Seeds Division, DA&FW,
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Presentation on “Trends in the Global Seed Market: Role of 
Technological Innovations as a Key Infl uencing Factor, Strategies 
and a Decadal Outlook”

Dr. Bharti Malhotra, Research Manager- Analysis Lead, Crop Science, Agribusiness, 
S&P Global

Highlights of the presentation
• The global seed market has been signifi cantly shaped by technological 

innovations, which have been crucial in driving industry trends and strategies. 
• The seed industry is heavily research and development (R&D) driven, with around 

15% of seed companies sales allocated to R&D. Technological innovations are 
pivotal in enhancing seed performance and addressing the challenges faced 
by the agricultural sector. 

• The successful launch of new traits and improved seed varieties is a key driver 
of seed pricing dynamics, as they can signifi cantly impact market demand. A 
total of 137 GM traits were introduced in 12 crops between 1992 and 2024. 

• The global regulatory framework for New Plant Breeding Techniques (NBTs) 
is still underdeveloped and requires harmonization for successful adoption, 
delaying their signifi cant infl uence on the market.

Presentation on “Precision Breeding through CRISPR-Cas  mediated 
Genome Editing”

Dr. Tanushri Kaul, Group Leader, Nutritional  Improvement of Crops, ICGEB 

Highlights of the presentation
• By 2050, the world population is expected to reach 9.6 billion, doubling global 

crop demand. With climate change, shrinking arable land, and water shortages, 
innovative crop breeding technologies are crucial to boosting productivity and 
ensuring sustainable agriculture.

Day 1: 24-02-2025

Technical Session I
Innovations & Next Generation Technologies  for 

Crop Improvement 



National Seed Association of India (NSAI)

Indian Seed Congress 2025
88

• CRISPR/Cas 9 genome editing was used to enhance iron (Fe) and zinc (Zn) 
levels (15-120 ppm and 28-150 ppm) in rice while reducing cadmium (Cd) 
accumulation (<0.01 ppm). This breakthrough improves nutritional security 
and offers a safe, cost-effective solution to combat malnutrition and toxic metal 
contamination globally.

• CRISPR-based genome editing combats aggressive weeds in Pigeon-pea 
(Cajanus cajan L.) and herbicide resistance in Maize (Zea mays L.)

• CRISPR/Cas 9 editing in cotton has led to improving fi bre quality, doubling 
fi bre length, enhancing plant morphology and increasing yield by 25-30%.

• There are greater possibilities for utilizing CRISPR-Cas-based genome editing 
to enhance traits like herbicide tolerance, biofortifi cation, and other quality 
attributes.  

• Invest in new-generation technologies to tackle challenges posed by climate 
change and rapid population growth.  

Presentation on “Speed Breeding: A game changer for global food 
security”

Dr. Uma Maheshwar Singh, Scientist- Innovative Breeding   SARC, IRRI

Highlights of the presentation
• Speed breeding is a promising technology with high turnover, reduced 

manpower needs, and lower fertilizer and pest management inputs.
• Key benefi ts include rapid generation cycles, accelerated breeding, and 

breeding with speed of climate change.
• Challenges in Speed Breeding include maintaining uniform growth conditions, 

high electricity consumption, and technical complexity requiring trained 
personnel.

• Different crops require specifi c growth protocols, necessitating optimization 
for each species.

• Future focus should be on developing energy-effi cient systems, reducing costs, 
and enhancing scalability.

• Strengthening collaborations, investments, and training will ensure wider 
adoption and long-term impact on global food security.

• Prioritize speed breeding programs to accelerate the development of new 
crop varieties.  

• Supplement speed breeding with mapping studies to identify key traits for 
improved crops.  

Conduct research to optimize speed breeding components for different crop 
species to maximize effi ciency.
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Day 1: 24-02-2025

Technical Session II
Digital and Data-Driven Technologies/applications 

for seed industry

Presentation on “Digital Sequence Information: Technology, Policy 
& Regulation” 

Dr. Sunil Archak, Principal Scientist, NBPGR, New Delhi

Highlights of the presentation
• DSI on genetic resources refers to the genetic sequence data (GSD) that 

describes the order of nucleotides in DNA or RNA in genetic material. 
• DSI is a collective common resource for use in R&D, for sustainable agriculture 

and development, is becoming increasingly important.
• Plant breeding and CRISPR-based plant breeding utilizing DSI is estimated 

to be a $29 billion industry by 2029.
• Currently, DSI databases are freely available but may become chargeable in 

the future.
• India is developing its own DSI system, named the Indian Biological Centre, 

to reduce dependency on foreign databases.
• Indian seed industries should make their opinion on the use of DSI for profi t-

sharing.

Presentation on “Development of Agri Stack: Building Blocks for a 
future digital paradigm”

Mrs. Ruchika Gupta, DDG, Ministry of Statistics & Programme Implementation

Highlights of the presentation
• Agri Stack DPI is designed to enhance entire agricultural value chain by 

improving governance, service delivery, and inclusivity. 
• Agri-stack will help farmers by providing solutions, especially farmers having 

limited knowledge, fi nancial Barriers, Market & Government Struggles.
• Agri Stack’s vision extends beyond land owning farmers to include animal 
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husbandry, fi sheries, tenant farmers, and forest land rights holders in the 
next phase of the Farmer Registry rollout.

• The digital transformation of agriculture through Agri Stack harnesses 
emerging technologies to empower citizens, promote sustainability and 
create equitable access to opportunities. 

• With its inclusive approach and emphasis on scalability, Agri Stack can 
revolutionize agriculture, enhance livelihood and drive national growth.

Presentation on “AI based Predictive analytics and crop simulation 
modeling for precision agronomy for realizing Genetic gains” 

Mr. Aditya Shah, Global Director – Strategic Partnerships, CropIn

Highlights of the presentation
• Innovation in digital transformation is essential to address challenges in seed 

production, while promoting sustainable and responsible growth.
• AI-powered predictive models analyze historical and real-time data to provide 

accurate variety & location-wise yield forecasts, helping the industry to align 
seed production with sales strategies. 

• CropIn Sage leverages data-driven insights, to deliver hyper-personalized 
farmer-focused seed variety recommendations based on soil type, weather, 
and pest risk. This approach drives higher seed adoption while reducing 
input costs for farmers. It improves farmer’s trust by aligning seed solutions 
with specifi c farmer needs, ultimately improving customer satisfaction and 
driving sales

• CropIn Cloud supports carbon sequestration tracking, helping the seed 
industry to manage carbon credits while promoting low-carbon agricultural 
practices
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Day 1: 24-02-2025

Technical Session III
Strategies and Approaches for harnessing 

genetic diversity and agronomic innovations for 
improving profitability of farmers 

Presentation on “Microbiome based approaches for enabling seed, 
plant and soil health for realization of potential of Plant varieties.” 

Dr. K. R. K. Reddy, President BIPA and  MD SRIBIO 

Highlights of the presentation
• Harnessing microbiome-based approaches can signifi cantly improve seed 

vigor, plant health, and soil fertility, thereby unlocking the full potential of 
plant varieties.

• Advances in technology allow for the precise application of microbial 
inoculants tailored to specifi c crops and soil conditions. This targeted 
approach maximizes the benefi ts of microbial interventions and minimizes 
chemical applications

• Advancements in metagenomics, AI-driven microbial selection, and precision 
agriculture will drive the future of microbiome applications in sustainable 
farming.

• Integrating microbiome-based strategies into modern agriculture is key to 
unlocking the genetic potential of plant varieties.

• Continued research and technological innovations will further optimize 
microbiome applications, ensuring long-term agricultural sustainability and 
food security.

Presentation on “Seed production innovations for a resilient Indian 
seed industry” 

Mr. G. V. Ramana Rao, CTO, Ganga Kaveri Seeds

Highlights of the presentation
• Seed production is a complex process facing challenges in the areas of  soil 

health, nutrient and water management, pest outbreaks, labor shortages, 
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climate change, production technology, and post-harvest care, requiring 
innovations and effective management.

• Post-harvest care in hybrid seed production is crucial as it directly impacts 
the quality and viability of the seeds, ensuring genetic purity and high 
germination rates.

• Labor shortages during peak seed production require solutions like small-
farm machinery, optimized schedules, and smart farming technologies for 
better effi ciency.

• The combination of established, time-tested agricultural practices with 
innovative technologies and methods is essential for resilient seed production.

Presentation on “Precision Farming to Improve Input use in 
Agriculture.”

Dr. Rabi N. Sahoo, Program Leader, Principal Scientist, Division of Agricultural 
Physics, ICAR-IARI

Highlights of the Presentation
• Use of genomics and precision technologies such as high-throughput 

phenotyping and imaging tools need to be promoted to optimize agricultural 
productivity.

•  There is a need for increased investments in research focused on digital 
inclusion, responsible use of generative AI, and quantum computing in 
agriculture.

•  Developing and implementing a Standard Spectral Library for Indian Soils is 
important to support accurate soil analysis and management.

•  Adoption of low-cost sensor technologies may be encouraged for effi cient 
soil and water resource management.

• We may foster digital and data-driven innovations to improve last-mile 
delivery and adoption of agricultural technologies by farmers.

• Precision monitoring of the agricultural ecosystem using remote sensing, 
IoT sensors, and drones for real-time insights may be strengthened.

•  Facilitating public-private partnerships (PPPs) may help in scaling up 
precision agriculture initiatives across regions.

• There is a need to formulate and implement a comprehensive Digital 
Agriculture Strategy to guide the transformation of the seed sector through 
technology interventions.
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Day 2: 25-03-2025

Technical Session IV
Innovations in Seed Health Management and 

Traceability   

Presentation on “Seed based delivery systems using Biologicals 
and Nano technologies for improved stress tolerance and crop 
productivity”

Dr. Gyan Prakash Mishra, Head, Division of Seed Science and Technology, IARI

Highlights of the presentation

• R & D for optimization of compatibility of biologicals with nanoparticles & 
seed coatings is the need of the hour.

• Stability & effi cacy of nano formulations & biologicals during storage and 
application is important for achieving their full impact.

• Development of crop- specifi c multi-functional coatings for different 
environmental conditions may be taken up for customized applications.

• Formulation of regulatory guidelines and standards as well as creating 
awareness among public will help in  large scale adoption of nanotechnology 
for seed quality enhancement

• Use of biodegradable and renewable nanomaterials will provide a cost-
effective and environmentally sustainable option.

• Genetic engineering techniques may be adopted for biologicals to achieve 
improved resilience to environmental stress & compatibility with nanocarriers.  

• Bio- safety issues in the use of nano technologies pertaining to potential 
toxicity of nanomaterials to the environment & human health need to be 
studied. 
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Presentation on “Innovative approaches towards seed quality 
certifi cation for promoting exports for a Globally competitive Indian 
Seed Industry”  

Mr. Pradeep Korishetter,  Deputy Director, TSSOCA

Highlights of the presentation

• There is a need for enhancing seed exports through creation of competitive 
environment and building robust seed industry based on credibility and 
trust in global market for India. In this regard, adopting modern seed quality 
assurance techniques, increasing R&D investments, and enhancing export 
infrastructure is the need of our will foster India’s growth in the global seed 
trade. 

• Innovation, global collaborations, and adherence to international standards 
are required to empower the Indian seed industry and achieve global 
competitiveness in the export market.

• Focus on innovative approaches and validation of advanced seed testing 
protocols will drive India’s position as a global seed leader.

• We need to promote innovations in seed quality assurance for enhanced 
transparency, accountability and timely placement of seeds in the market.

Presentation on “Seed Traceability in India: Leveraging the SATHI 
Portal for Transparency and Quality Assurance”

Dr. Dilip K. Srivastava, Deputy Commissioner (QC), Seeds Division, DA&FW, 
MoA&FW

Highlights of the presentation
• TL seed need to be brought within the ambit of SATHI Portal to ensure end 

to end traceability of TL seed.
• Strengthening of seed testing laboratories (STLs) is urgently needed, 

especially with respect to seed health testing facilities to ensure supply of 
quality seed to the farmers. 

• Complete  digitalization  of  Nucleus  to  Breeder  Seed  Module   under   
the preview of  ICAR will provide greater transparency in the seed sector.

• It is targeted to complete the on-boarding of all the State Seed Certifi cation 
agencies by Rabi 2024-25. 

• Formation  of  a  National  Seed  Grid  for  complete  integration  of  all  states  
across the country will help in ensuring the availability of quality seeds across 
the country. 
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Day 2: 25-02-2025

Technical Session V
Shaping the Future: Policy, IP and Emerging 
Technologies for a Seed Revolution in India

Presentation on “Policy and Systems for IPR Governance relevant 
to Indian Seed Industry”

Dr. D. K. Agarwal, RG, PPV&FRA

Highlights of the presentation
• PPV&FR Act is a sui-generis IPR system for Plant variety protection gives 

Plant Breeder Rights (PBRs), which also recognizes the Farmers Rights for 
protection of the farmers in India who sow, save and resow the seeds.  

• The PPV&FR Authority is an IP recognizing body and can sustain with a greater 
number of IP application fi lings to give protection the breeder’s efforts.

• The protocols for DUS and VCU testing is being further worked out for putting 
in place an integrated model to reduce the time for processing applications 
for PPV&FRA registrations.

• New DUS Guidelines under the PPV&FR Act may be required to help in the 
protection of IPR in case of new technologies for the development of plant 
varieties/hybrids.

Presentation on “Strengthening In House R&D set up of Seed 
Companies for DSIR Recognition”

Dr. Deepika Rohatgi, Scientist-E, DSIR

Highlights of the presentation
• DSIR is the nodal Department of Government of India for granting 

recognition/ registration to the In-house R&D centres established by industry 
in the country. 

• The in-house R&D recognition of industry by DSIR is a primary requirement 
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for the industry to avail fi scal incentives under specifi ed sections of 35 (2AB) 
of the IT Act, 1961.

• The in-house R&D centres of industry applying for recognition to DSIR are 
expected to be engaged in innovative research & development activities 
related to the line of business of the fi rm, such as, development of new 
technologies, design & engineering, process/product/design improvements, 
developing new methods of analysis & testing; research for increased 
effi ciency in use of resources, such as, capital equipment, materials & energy; 
pollution control, effl uent treatment ; recycling of waste products or any 
other areas of research.

• DSIR supports the Indian seed industry by promoting technology 
development, demonstration, and commercialization, while establishing 
regulatory benchmarks such as minimum R&D farm size, germplasm 
sourcing and evaluation guidelines, and certifi ed/truthfully labelled seed 
development protocols with third-party validation from agencies like ICAR, 
SAUs, or KVKs.

• The seed industry must enhance its R&D infrastructure with defi ned 
priorities and a strategic roadmap, adopt standardized evaluation metrics 
and advanced testing systems, and align with best practices to leverage 
government support, foster innovation, and achieve competitive positioning 
alongside other key sectors.
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Technical Session VI
PANEL DISCUSSION – Navigating Challenges and Leveraging 

Opportunities in Seed Technology through Policy Reforms

Coordinator: Dr. Sanjay Kumar, Director, ICAR-NISST, Mau

Panelists: 
Dr. M. Prabhakar Rao, Chairman & Managing Director, Nuziveedu Seeds Ltd

Mr. Kuldeep Singh, CMD, HIL (India) Ltd  

Mr. Satish Kagliwal, Managing Director, Nath Bio-Genes Pvt. Ltd 

Mr. Ajai Rana, CEO and Managing Director, Savannah Seeds Pvt Ltd

Dr. Manish Patel, Executive Director, INCOTEC 

Mr. Rajvir Rathi,  Director Public Affairs, Science  and Sustainability (South Asia) & 

Lead –  Traits Licensing Business, Bayer CropScience

Highlights of the Penal Discussion 

• Indian seed industry has made good progress in supplying good quality seeds 
to farmers at reasonable price. The self-suffi ciency of country in agriculture 
sector is made possible mainly due to availability of good quality seeds of 
hybrids and high yielding varieties to the farmers on affordable prices, which 
are comparatively lower than our neighboring countries.

• The private sector is doing substantive business not only in hybrids of many 
crops but also has a bigger role in OP varieties of crops like cereals, coarse 
cereals, oilseed and pulses.

• There is no difference in the quality of TL seeds and certifi ed seeds as both 
have the same quality standards as prescribed in IMSCS prescribed by the 
Government of India. Therefore, state government should not put any ban 
on sell of TL seeds by private seed companies as observed in case of some 
states like Odisha, Bihar, Rajasthan etc.

• GM traits should be developed and released in many crops to enhance 
productivity, break yield barrier, and improve quality attributes. Bt cotton, Ht 
cotton, Bt brinjal etc. are good examples for crop improvements

• In order to have ease of seed business on pan India basis “one nation one 
license system” should be developed and implemented under seed legislative 
fame work. The work initiated by DAFW in this direction should be speed up.

Day 2: 25-02-2025
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• Cotton seed prices fi xed by DAFW under Cotton Seed Price (Control )Order 
2015 have been constant and stable for last so many years making it non 
remunerative to produce and market Bt cotton seed by cotton seed producing 
companies . It should be increased for the year 25-26 to improve availability of 
cotton seed and to remove diffi culties of seed companies in making available 
quality cotton seeds. Increasing Bt Cotton seed price will also eliminate fake 
and spurious cotton seed producers from the market who are operating due 
to shortage of quality Bt cotton seed as due to non-remunerative price of Bt 
cotton seed many good seed companies have reduced their Bt cotton seed 
production plan.

• HDPS cotton cultivation and seed production should be encouraged to 
improve cotton production and productivity.

• SATHI portal of DAFW for seed traceability should be encouraged and 
expanded to cover TL seed also. It should also protect business privacy of 
private seed companies.

• Allocation of Breeder seed against the indents of private seed companies 
should be

increased so that maximum quantity of quality seed reaches to the farmers 
through their dealer network, which is spread in the remotest part of the 
country.

• Seed Revalidation standards and procedures given in IMSCS should be 
amended, considering the latest developments in seed technology, which is 
a long pending demand of seed companies.

• Private seed companies R&D facility should be recognized and included in 
AICRIP variety testing and evaluation system.

• Seed export from India is very less as compared to global market, though, 
it has tremendous potential.  Establishment of bodies like Seed Export 
Promotion Council may help in augmenting seed exports from India.

• PRA protocols for potential Latin American and African countries may be 
developed for a fast and uninterrupted processing export and import of 
seeds with respect to these countries.

• Greater investments in seed quality enhancement technology should 
be made by seed companies, and the government may support this for 
providing high quality seeds to farmers.

• For last many years NSAI is representing to Ministry of Finance to make rule-
based Income tax provision for seed companies on the lines of Income tax 
on tea, coffee and rubber crop producers. DAFW may take up this issue with 
Ministry of fi nance and get it resolved.

• GST on seed inputs may be exempted to boost growth of seed industry.
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Key Recommendations of 
Indian Seed Congress 2025
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Technical Session I: Innovations & Next Generation Technologies  
for Crop Improvement

Chair – Dr. P. L. Gautam, Chancellor, Dr RPCAU, Pusa, Bihar

Co- Chair-  Dr. Venkata Subbarao, Kolli, Partner – Agvaya LLP

Key Speakers: 
Dr. Bharti Malhotra, Research Manager- Analysis Lead, Crop Science, 

Agribusiness, S&P Global

Dr. Tanushri Kaul, Group Leader, Nutritional  Improvement of Crops, ICGEB

Dr Uma Maheshwar Singh, Scientist- Innovative Breeding   SARC, IRRI

• Implement policy interventions that facilitate the safe and responsible 

adoption of genetically modifi ed (GM) technologies in India’s food production 

systems. This includes streamlining regulatory approvals, building public 

trust through transparent communication, and ensuring science-based 

decision-making processes.

• Support and incentivize the adoption of direct-seeded rice (DSR) methods 

among farmers to signifi cantly reduce water consumption in rice cultivation. 

This could involve investment in farmer training, provision of appropriate 

seed varieties, and development of mechanization suited for DSR practices.

• Promote the use of CRISPR-Cas-based genome editing technologies to 

develop crops with enhanced traits such as herbicide tolerance, biofortifi cation 

(nutritional enhancement), and improved grain quality. Establish clear 

regulatory frameworks to encourage innovations while ensuring biosafety.

• Foster strong partnerships between private sector companies and public 

research institutions to accelerate the development and dissemination of 

cutting-edge agricultural technologies. Collaborative efforts should focus on 

research, technology transfer, and large-scale deployment of innovations to 

farmers.

• Prioritize and invest in speed breeding programs to shorten the crop breeding 

cycle and rapidly develop new varieties that meet emerging challenges such 

as climate change, evolving pest profi les, and market demands.
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• Enhance the use of high-throughput phenotyping technologies to effi ciently 

and accurately assess biotic stresses like diseases in crops. This will support 

faster identifi cation of resilient varieties and more effective management 

strategies in breeding programs.

Technical Session II: Digital and Data-Driven Technologies/
applications for seed industry

Chair- Mr. Siraj Hussain, Former Secretary (Agriculture), MoA&FW, GOI

Co- Chair- Dr. A. K. Singh, Vice Chancellor, CSAU&T, Kanpur

Key Speakers: 
Dr. Sunil Archak, Principal Scientist, NBPGR

Mrs. Ruchika Gupta, DDG, Ministry of Statistics & Programme Implementation

Mr. Aditya Shah, Global Director – Strategic, Partnerships, CropIn

• Promote the development and utilization of the Agri-Stack platform to 

provide comprehensive solutions for farmers, particularly those facing 

challenges such as limited knowledge, fi nancial constraints, and diffi culties 

in accessing markets and government support systems.

• Accelerate regulatory clearances for genomics and precision agriculture 

technologies to facilitate ease of doing business and encourage greater 

innovation and investment in the agricultural sector.

Technical Session III: Strategies and Approaches for harnessing 
genetic diversity and agronomic innovations for improving 
profi tability of farmers

Chair- Dr. T. Mohapatra, Chairperson, PPV&FRA

Co- Chair- Mr. Rajvir Rathi, Director Public Affairs, Science  and Sustainability 

(South Asia) & Lead –  Traits Licensing Business, Bayer CropScience

Key Speakers: 
Dr. K. R. K. Reddy, President BIPA and  MD SRIBIO

Mr. G. V. Ramana Rao, CTO, Ganga Kaveri Seeds

Dr. Rabi N. Sahoo, Program Leader, Principal Scientist, Division of Agricultural 

Physics, ICAR-IARI
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• Promote the integration of microbiome-based approaches in modern 

agriculture to unlock the full genetic potential of plant varieties, enhancing 

crop productivity and resilience

• Support ongoing research and technological advancements to further 

optimize the use of microbiomes, ensuring long-term agricultural 

sustainability, improved soil health, and global food security.

• Promote the integration of traditional practices with modern technologies 

to strengthen and ensure resilience in seed production systems.

• Promote the use of genomics, precision technologies, high-throughput 

phenotyping, and digital tools like remote sensing, IoT sensors, and drones 

to optimize agricultural productivity, improve resource management, and 

foster real-time monitoring of the agricultural ecosystem.

• Focus on increasing investment in R&D for digital inclusion, generative AI, 

and quantum computing in agriculture. Support low-cost sensor adoption 

and foster public-private partnerships to scale precision agriculture and 

develop a comprehensive Digital Agriculture Strategy.

Technical Session IV: Innovations in seed health management and 
traceability   

Chair-  Mr. Ashish Bahuguna, Former Secretary (Agriculture), MoA&FW, GOI

Co- Chair-  Dr. D. K. Yadava, DDG (Crop Science), ICAR

Key Speakers:
Dr. Gyan Prakash Mishra, Head, Division of SS&T, IARI

Mr. Pradeep Korishetter, Deputy Director, TSSOCA 

Dr. Dilip K. Srivastava, DC(QC), Seeds Division,   DA&FW, MoA&FW

• Focus on R&D in the area of  optimizing the compatibility of biologicals with 

nanoparticles, ensuring stability, effi cacy, and environmental sustainability 

of nano-formulations, and developing crop-specifi c coatings for diverse 

conditions.
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• Develop regulatory standards for nanotechnology in seed quality 

enhancement, promote public awareness for large-scale adoption, and 

address bio-safety concerns regarding the potential toxicity of nanomaterials.

• Enhance seed exports by adopting modern quality assurance techniques, 

increasing R&D investments, improving infrastructure, and fostering global 

collaborations to meet international standards and boost India’s position in 

the global seed market.

• Focus on innovative seed testing protocols, ensuring transparency, 

accountability, and timely market placement to position India as a global 

leader in the seed industry.

• The government should integrate TL seed into the SATHI Portal for end-to-

end traceability and strengthen seed testing laboratories (STLs) to ensure 

quality assurance.

• Government may create a National Seed Grid for seamless inter-state 

integration to ensure a consistent supply of quality seeds to farmers.

Technical Session V: Shaping the Future: Policy, IP and Emerging 
Technologies for a Seed Revolution in India

Chair- Mr. Sanjay Agarwal, ADG, ICRISAT and Ex. Secretary, DA&FW, Govt of India

Key Speakers: 
Dr. D. K. Agarwal,  Registrar General, PPV&FRA

Dr. Deepika Rohatgi, Scientist-E, DSIR 

• New DUS Guidelines under the PPV&FR Act may be required to help in the 

protection of IPR in case of new technologies for the development of plant 

varieties/hybrids.

• The PPV&FR Authority should adopt more proactive approaches to incentivize 

the seed industry for encouraging them to participate in fi ling applications. 
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• Implement confi dence-building measures to foster trust and encourage 

active engagement of stakeholders in the registration process. These actions 

are imperative to streamline the PPV&FR registration process and promote 

the growth of the seed industry.

• Strengthen the Indian seed industry by enhancing R&D infrastructure, 

adopting standardized evaluation metrics, and aligning with best practices. 

• Support technology development, demonstration, and commercialization, 

while establishing regulatory benchmarks for R&D farm size, germplasm 

sourcing, and certifi ed seed protocols with third-party validation from ICAR, 

SAUs, or KVKs.

• Develop special guidelines to strengthen the in-house R&D capabilities of 

seed companies, encouraging innovation and boosting productivity.

Technical Session VI: PANEL DISCUSSION – Navigating Challenges 
and Leveraging Opportunities in Seed Technology through Policy 
Reforms

Chair: Mr. Ajeet Kumar Sahu, Joint Secretary (Seeds), DAFW, MoAFW, Government 

of India

Coordinator: Dr. Sanjay Kumar, Director, ICAR-NISST, Mau

Panelists: 
Dr. M. Prabhakar Rao, Chairman & Managing Director, Nuziveedu Seeds Ltd

Mr. Kuldeep Singh, CMD, HIL (India) Ltd  

Mr. Satish Kagliwal, Managing Director, Nath Bio-Genes Pvt. Ltd 

Mr. Ajai Rana, CEO and Managing Director, Savannah Seeds Pvt Ltd

Dr. Manish Patel, Executive Director, INCOTEC 

Mr. Rajvir Rathi,  Director Public Affairs, Science  and Sustainability (South Asia) & 

Lead –  Traits Licensing Business, Bayer CropScience

• There is no difference in the quality of TL seeds and Certifi ed seeds as both 

have the  compliance to the same quality standards as prescribed by the 
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Government of India in the  IMSCS. Therefore, state governments should not 

put any ban on the sale of TL seeds by private seed companies as observed 

in case of some states like Odisha, Bihar, Rajasthan etc.

• GM traits should be developed and released in many crops to enhance 

productivity, break yield barrier, and improve quality attributes. Bt cotton, Ht 

cotton, Bt brinjal etc. are good examples  crop improvements through GM 

technology.

• In order to have ease of doing seed business on pan India basis “One Nation 
One Licence system” should be developed and implemented under seed 

legislative framework. The work initiated by DAFW in this direction should 

be speeded up.

• The trend of cotton seed prices fi xed by DAFW under Cotton Seed Price 

(Control) Order 2015 has been mostly linear  or with very nominal increase 

for  so many years making it non remunerative to produce and market Bt 

cotton seed by cotton seed producing companies . It should be increased 

reasonably to make it remunerative for the seed companies to improve 

availability of cotton seed and to remove diffi culties of seed companies in 

making available quality cotton seeds. Increasing Bt Cotton seed price will 

also eliminate fake and spurious cotton seed producers from the market 

who are operating due to shortage of quality Bt cotton seed as due to non-

remunerative price of Bt cotton seed many good seed companies have cut 

down their Bt cotton seed production plan.

• HDPS cotton cultivation and seed production should be encouraged to 

improve cotton production and productivity.

• SATHI portal of DAFW for seed traceability should be encouraged and 

expanded to cover TL seed also. It should also protect business privacy of 

private seed companies.

• Allocation of Breeder seed against the indents of private seed companies 

should be increased so that maximum quantity of quality seed reaches to 

the farmers through their dealer network which is spread in the remotest 

part of the country.

• Seed Revalidation standards and procedures given in IMSCS should be 
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amended which is a long pending demand of seed companies.

• Private seed companies R&D facility should be recognized and included in 

the AICRIP variety testing and evaluation system.

• Seed export from India is very less as compared to global market, though, 

it has tremendous potential.  Establishment of bodies like Seed Export 

Promotion Council may help in augmenting seed exports from India.

• PRA protocols for potential Latin American and African countries may be 

developed for a fast and uninterrupted processing export and import of 

seeds with respect to these countries.

• Greater investment in seed quality enhancement technology should be made 

by seed companies, and the government may support this for providing high 

quality seeds to farmers.

• Income tax provision for seed companies on the lines of Income tax on tea, 

coffee and rubber crop producers. DAFW may take up this issue with Ministry 

of fi nance and get it resolved.

• GST on seed inputs may be exempted to boost growth of seed industry.
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Programme Schedule of the CEO Conclave

S. No. Programme Time

1 Registration 02:00 PM – 02:45 PM

2 Welcome of the Guest by the Convener NOC, ISC 
2025 02:45 PM-02:50 PM

3 Address by President, NSAI 02:50 PM- 03:00 PM

4

First Session

Theme: Mantras for Success

Speaker: Mr. Pankaj Dubey,  Founder & CEO, 
DSPIN Consulting Pvt Ltd

03:00 PM-04:15 PM

5 High Tea 04:15 PM-04:45 PM

6

Second Session

Theme: Global Perspective of the Indian Seed 
Sector

Speaker: Mr. Simon Wiebusch, President, Bayer 
South Asia and Vice Chairman, MD & CEO, Bayer 
CropScience Ltd (BCSL) 

04:45 PM-06:00 PM

7

Third Session

Theme: United in Rythm, Stronger in Action

Group: Team Dhunn, Facilitator: Mr Dinesh 
Patole

06:00 PM- 07:15 PM

9 Vote of Thanks by Treasurer, NSAI 07:15 PM

10 Cocktail Dinner 07:30 PM onwards

Indian Seed Congress 2025
CEO Conclave

23RD FEBRUARY 2025, HOTEL ANDAZ, AEROCITY, NEW DELHI
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Indian Seed Congress 2025
EMERGING TECHNOLOGIES - PROPELLING SEED REVOLUTION

Day 1-Monday, 24th February, 2025

Programme Schedule of the Technical Sessions

Time Event

9:00 AM-9:45 AM Registration

9:45 AM-10:00 AM Inauguration of Exhibition by Chief Guest/Dignitaries

10:00 AM-11:00 AM Inaugural Session followed by Press Briefi ng

11:00 AM-11:30 AM Tea Break

Technical Session I: Innovations & Next Generation Technologies  for Crop Improvement 
Time: 11:30 AM – 12:50 PM
Chair – Dr. P. L. Gautam, Chancellor, Dr Rajendra Prasad Central Agricultural University, Pusa, 
Bihar
Co- Chair-  Dr. Venkata Subbarao, Kolli, Partner – Agvaya LLP
Rapporteur: Dr. Sneha Adhikari, Scientist, Genetics and Plant Breeding, IARI, Pusa

11:30 AM-11:40 AM Opening Remarks by Chair/Co-chair

SN Duration Topic Speaker

1. 11:40 AM-12:00 
Noon

Trends in the Global Seed Market: 
Role of Technological Innovations as 
a Key Infl uencing Factor, Strategies 
and a Decadal Outlook

Dr. Bharti Malhotra 
Research Manager- Analysis 
Lead, Crop Science, 
Agribusiness, S&P Global

2. 12:00 Noon-
12:20 PM

Precision Breeding through CRISPR-
Cas mediated Genome Editing 

Dr. Tanushri Kaul
Group Leader, Nutritional 
Improvement of Crops, ICGEB

3. 12:20 PM-12:40 
PM

Speed Breeding: A game changer for 
global food security 

Dr. Uma Maheshwar Singh
Scientist- Innovative Breeding   
SARC, IRRI

12:40 PM- 12:50 PM Q&A and Closing Remarks by Chair/Co-Chair

Lunch- 12:50 PM- 2:30 PM
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Technical Session II: Digital and Data-Driven Technologies/applications for seed industry
Time: 2:30 PM-3:50 PM
Chair- Mr. Siraj Hussain, Former Secretary (Agriculture), MoA&FW, GOI
Co- Chair- Dr. A. K. Singh, Vice Chancellor, CSAU&T, Kanpur 
Rapporteur: Dr. Manjeet Kumar, Scientist, Genetics and Plant Breeding, IARI, Pusa

2:30 PM- 2:40 PM Opening Remarks by Chair/Co-chair

SN Duration Topic Speaker

1. 2:40 PM-3:00 
PM

Digital Sequence Information: 
Technology, Policy & Regulation

Dr. Sunil Archak 
Principal Scientist, NBPGR

2. 3:00 PM-3:20 
PM

Development of Agri Stack: Building 
Blocks for a future digital paradigm

Ms. Ruchika Gupta
DDG, Ministry of Statistics & 
Programme Implementation

3. 3:20 PM-3:40 
PM

AI based Predictive analytics and 
crop simulation modeling for 
precision agronomy for realizing 
Genetic gains 

Mr. Aditya Shah
Global Director – Strategic, 
Partnerships, CropIn

3:40 PM-3:50 PM Q&A and Closing Remarks by Chair/Co-Chair

Technology Presentation-I

3:50 PM-4:00 PM
 Technology for Nutritional 
Enhancement of Seed - “Need of 
Hour”

Mr. R. K. Goyal 
Managing Director, Verdesian

Tea Break: 4:00 PM- 04:45 PM

Technical Session III: Strategies and Approaches for harnessing genetic diversity and 
agronomic innovations for improving profi tability of farmers 
Time: 4:45 PM-6:05 PM
Chair- Dr. T. Mohapatra, Chairperson, PPV&FRA
Co- Chair- Mr. Rajvir Rathi,  Director Public Affairs, Science  and Sustainability (South Asia) & Lead 
–  Traits Licensing Business, Bayer CropScience
Rapporteur: Mrs. OK Tara, Head – IPR & Regulatory Affairs, , Nuziveedu Seeds Ltd

04:45 PM- 04:55 PM Opening Remarks by Chair/Co-chair

SN Duration Topic Speaker

1. 4:55 PM-5:15 PM

Microbiome based approaches for 
enabling seed, plant and soil health 
for realization of potential of Plant 
varieties. 

Dr. K. R. K. Reddy
President BIPA and  MD 
SRIBIO

2. 5:15 PM-5:35 PM Seed production innovations for a 
resilient Indian seed industry

Mr. G. V. Ramana Rao
CTO, Ganga Kaveri Seeds

3. 5:35 PM-5:55 PM Precision Farming to Improve Input 
use in Agriculture. 

Dr. Rabi N. Sahoo
Program Leader, Principal     
Scientist, Division of 
Agricultural Physics, 
ICAR-IARI

5:55 PM-6:05 PM Q&A and Closing Remarks by Chair/Co-Chair

7:20 PM Onward Cultural Program & Welcome Dinner
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Day 2- Tuesday, 25th February, 2025

Technical Session IV: Innovations in seed health management and traceability   
9:30 AM – 10:50 AM
Chair-  Mr. Ashish Bahuguna, Former Secretary (Agriculture), MoA&FW, GOI
Co- Chair-  Dr. D. K. Yadava, DDG (Crop Science), ICAR
Rapporteur: Dr. Sandeep Kumar Lal, Principal Scientist, Division of Seed Science and Technology, 
IARI, New Delhi

9:30 AM - 9:40 AM Opening Remarks by Chair/Co-chair

SN Duration Topic Speaker

1. 9:40 AM-
10:00 AM

Seed based delivery systems using 
Biologicals and Nano technologies for 
improved stress tolerance and crop 
productivity

Dr. Gyan Prakash Mishra
Head, Division of SS&T, IARI

2. 10:00 AM- 
10:20 AM

Innovative approaches towards seed 
quality certifi cation for promoting 
exports for a Globally competitive 
Indian Seed Industry

Mr. Pradeep Korishetter
Deputy Director, TSSOCA

3. 10:20 AM- 
10:40 AM 

Seed Traceability in India: Leveraging 
the SATHI Portal for Transparency 
and Quality Assurance

Dr. Dilip K. Srivastava
DC(QC), Seeds Division,   DA&FW, 
MoA&FW  

10:40 AM-10:50 AM Q&A and Closing Remarks by Chair/Co-Chair

Technology Presentation-II

10:50 AM-11:00 PM
 Transformative Biological Seed 
Applied solutions – Driving crop 
productivity sustainably

Dr. Jalendra
Technical Services Managers, 
Novonesis 

Tea Break: 10: 50 AM-11:45 AM

Technical Session V:  Shaping the Future: Policy, IP and Emerging Technologies for a Seed 
Revolution in India 
Time: 11:45 AM - 1:05 PM
Chair- Mr. Sanjay Agarwal, ADG, ICRISAT and Ex. Secretary, DA&FW, Govt of India
Rapporteur: Mrs. OK Tara, Head – IPR & Regulatory Affairs, , Nuziveedu Seeds Ltd

11:45 AM - 11:55 AM Opening Remarks by Chair/Co-chair

SN Duration Topic Speaker

1. 11:55 AM-12:15 PM
Policy and Systems for IPR 
Governance relevant to Indian Seed 
Industry

Dr. D. K. Agarwal
RG, PPV&FRA

2. 12:15 PM-12:35 PM Strengthening In House R&D set up of 
Seed Companies for DSIR Recognition  

Dr. Deepika Rohatgi
Scientist-E, DSIR

12:35 PM- 12:45 PM Q&A and Closing Remarks by Chair/Co-Chair

Lunch: 12:45 PM-2:45 PM
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Technical Session VI: PANEL DISCUSSION – Navigating Challenges and Leveraging 
Opportunities in Seed Technology through Policy Reforms
Time: 2:45 PM-3:45 PM
Chair: Mr. Ajeet Kumar Sahu, Joint Secretary (Seeds), DAFW, MoAFW, Government of India
Coordinator: Dr. Sanjay Kumar, Director, ICAR-NISST, Mau
Rapporteur: Mr R K Trivedi, Former Executive Director, NSAI

SN Panelist

1. Dr. M. Prabhakar Rao, Chairman & Managing Director, Nuziveedu Seeds Ltd

2. Mr. Kuldeep Singh, CMD, HIL (India) Ltd  

3. Mr. Satish Kagliwal, Managing Director, Nath Bio-Genes Pvt. Ltd

4. Mr. Ajai Rana, CEO and Managing Director, Savannah Seeds Pvt Ltd

5. Dr. Manish Patel, Executive Director, INCOTEC   

6. Mr. Rajvir Rathi, Director Public Affairs, Science and Sustainability (South Asia ) & Lead 
–  Traits Licensing Business, Bayer CropScience

Tea Break: 3:45 PM-4:30 PM

4:30 PM- 6:00 PM Valedictory Session and Award Ceremony   

7:00 PM Onwards Cultural Program & Gala Dinner



Notes
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