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The major Challenge: food security for ever increasing
population under global climate changes
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The Crop Agriculture Technology

2,000 BC Domestication and Selection
Selective Cross breeding
M utagenesis and selection

Tissue culture Technology

Cell culture

Somaclonal variation

Embryo rescue, wild hybridization
Polyembryogenesis

Anther culture- homozygouslines

Recombinant DNA Technology
Marker assisted selection
Genomics, Bioinformatics

2010 Transgenics






Knowledge Revolution: in plant biology
( mostly in the developed world)

Knowledge Generation

Plant molecular biology: genes and their functions

genomics and epigenomics; microRNAs
System biology: protein-protein interactions
Plant responses to environment
Plant —pathogen interactions

Identifying QTLs/ markers for complex agricultural traits

Knowledege Applications and Management

Marker Assisted Breeding
Developing safe GM technology: virus/insect resistance



Capacity building required for:

1. Preparing the mind for the future:
Students : Pre-degree/degree courses

Integrated teaching and practical training

2. Researchers: to upgrade their training for new technology for
suitable applications in their programs

3. Mid-career Teachers: to spread the education

4. Regulatory bodies and policy makers



New Generation Agricultural Biotechnologist:

Knowledge of basic biology or ¢mssssss) Ecosystem and biodiversity

genome biology, plant breeding soil , water, energy

Biosafety, Bioethics, IPR

Translational Research

Needs of farmers/consumers
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Graduate/undergraduate training should

ensure that the learner........

Understand science and research process
Ability to read primary literature
Understand how knowledge is constructed
Ability to analyze data

Interpretation of results

Readiness for research

Learning lab techniques

Tolerance for obstacles

Work independently

Learning ethical conduct

Skill in science writing

Self confidence

Effective oral presentation

Learn how to convert knowledge to wealth



Capacity building: can we produce original thinkers & scientific leadership in
the developing world in the field of Agricultural biotechnology?
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Capacity building in new biotechnologies
for mid-career scientists

Work towards overcoming :
ju

n Limits to production on available land mass
n Balance in produce vs Population

n Malnutrition

n Deterioration in soil conditions

n Climate change related impact on agriculture



Biotechnologies: Agriculturefast forward

Capacity Building needed in following areas

> Phenotyping and genotyping the existing variability , biodiversity
(markers, SNPs etc)

> Marker assisted breeding

» Genomics to identify gene(s) for resistant traits

> (Genetic transformation technologies

» Safe biotech crops via genetic engineering

> Plant adaptation for “low input- high output” agricultural system

» Genomics to the rescue to local crops for increased
productivity to enhance farm increases



Capacity building: understand and bar code the country diversity

2010: International year of biodiversity

The farmers create the murals by planting little purple and yellow-
leafed Kodaimai rice along with their local green-leafed Tsugaru, a

Roman variety, to create the colored patterns in the time between
planting and harvesting in September.



Napoleon on horseback can be seen from the skies.

This was created by precision planting and months of planning by villagers and farmers
located in Inkadate , Japan




Partners in I1PPN - the International
Plant Phenomics Network

Australia
The Australian Plant Phenomics Facility
Adelaide 'Plant Accelerator' node

Canberra 'Australian High Resolution Phenomics Centre' node
to the website

France

I I Ecotron
CNRS Centre National de la Recherche Scientifique
Montpellier, France ; to the website

France

I I Ecotron
CNRS Centre National de la Recherche Scientifique
Montpellier, France ; to the website

Germany

Forschungszentrum Julich , Jilich Plant Phenotyping Centre
Institute of Chemistry and Dynamics of the Geosphere (ICG)
Phytosphere (ICG-3) ; to the website

Canada

Biotron Experimental Climate Change
Research Facility , The University of
Western Ontario ,Canada

to the website

Canadian nation-wide research network
for sustainable greenhouse gas
management in agricultural production
systems ; to the website



Capacity building in high end technologies

» to analyse the plant phenome, which results from the
Interaction between the genome of a plant and its present
and previous environment

» to quantify plant performance in detailed, medium- and
high-throughput applications

» for analysis of plant phenotypes and integrates them
with sound environmental simulation and/Zor monitoring
systems

P like genomics, transcriptomics, metabolomics or
fluxomics to approach plant performance in the
environment in a holistic way for basic as well as for
applied research and its application



Enhancing capacities of mid-career scientists to
face the problems due to climate change

Agricultural biotechnologists will have to deal with

Less of : Water, Energy, Land

More of : Dry lands,
high saline solls
CO,,
high Temperature



Work at | CGEB: Plant Stress Biology

Low temperature
High temperature
Flood

Heavy metals
== Salinity
Drought

Physiological and Molecular basis of Stress tolerance/ susceptibility

Development of stress tolerant plants via genetic engineering






Biotech Crops: bench to business

Basic biology
and functional
validation of
genes

GEAC clearance

Gene Promoter

“ /

Constructs
5 IBSC clearance

Transformation
54— Validation/selection

Validate T1, T2

RCGM
clearance
[Limited field trials] » Validation
5 * Toxicity
« Safety

[Multi location trials]

!

Product

Biosafety
ISSUes



Discovered novel genes/pathways

DATABASE OF STRESS REGULATED GENES GENERATED

A. GLYOXALASE PATHWAY

C Methylglyoxal

Plant J 1999

D-Lactate

WT GI GII GIGII
PNAS (USA) 2003

To
RICE

Transgenic Res 2008

To SEED COMPANY

B. HELICASE / EIF2

WT PDH45
PNAS (USA) 2005

To
RICE

C. G-PROTEINS & PLC

WT alS alAS a2S a2AS BS BAS

150m
NaC

300m
NaC

37°q

42°q

Plant J 2007

D. NOVEL CBS domain
containing proteins

BMC genomics 2009

To TOBACCO



Gly rice: Salt and drought tolerant rice

Double construct : pCAMglgll
LB X X BP P N NBS NPB  gg

35S HPTII35SP 35SP  Gly | 35S lacz 35SP Gly Il mGFP5 uidA NosT
polyA polyA

Salinity tolerance Drought tolerance

WT DC WT DC WT DC
wT DC3Ll -2 wT DC31 -2 16d drought 12 days after rewatering 90 days after rewatering
Salinity stress (EC 10ds/m) Salinity stress (EC 10ds/m) following 16 d drought following 16 d drought
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Developing marker free and reporter free stress tolerant rice



To grow more plants under stress conditions:



Biotech training at ICGEB
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Collaborations established under ICGEB-TWAS Program

1. Sabina Vidal Macchi Universidad de la Republica ,Montevideo,Uruguay
Virginia Luna,Unicersidad Nacional de Cordoba, Argentina
Laszlo Szabados ,Institute of Plant Biology,Szeged,Hungary
Aldo Rojas ,Managua, Nicaragua.

2. Andres Zurita Silva, Centre of Advanced Studies in Arid Zones, La Serena, Chile
Sara Maldonaldo, University of Buenos Aires, Argentina
Amadou Coulibaly, University of Mali, West Africa
Fabiana Antognoni,University of Bologna, Italy.

3. Jennifer Ann Thompson, Deptt.of Cell and Molecular Biology, University of Cape Town ,
South Africa, Dahlia Garwe, Molecular and Cell Biology Division, Harare, Zimbabwe
Jesse Machuka, ( Steven Runo), Jomo Kenyatta University of Agriculture and Technology,
Nairobi, Kenya

4. Khaled Masmoudi, Centre de biotechnologie de Sfax, Tunisia
Michael Baum, ICARDA, Syria
Eric Danquah, Deptt. Of Crop Science, University of Ghana.

5. Konstantin Skryabin , Nikolai Ravin, Andrey Rakitin, Centre “Bioengineering” of Russian
Academy of Sciences, Moscow, Russia
Zafar Ismailov, University of Samarkand, Uzbekistan

Xuan Hoi Pham: Department of Plant Molecular Pathology and Stress tolerance, Institute
of Agricultural Genetics, Vietnam



ICGEB Goal: Help in the pursuit of excellence
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A.P.J. Abdul Kalam: Former President of India
on capacity building

1.Research and Enquiry
Management of knowledge and information

2. Creativity and Innovation
Move out of individual and shift into the realm of network

3.Capacity to use high technology

4.Entrepreneurship
Aptitude to be cultivated in the University environment

5. Moral leadership
Vision of human betterment

Dream is not what you see in sleep...........
............................. Is the thing which does not let you sleep!



With better trained agriculture scientists and Govt.
support we hope we do not get these messages
In future






Prime Minister Manmohan Singh at 92"d session of
Indian Science Ahmedabad

“First, I am concerned by the fact that our best minds are not
turning to science, and those who do, do not remain in
science....

On the one hand, we are truly proud of the fact that this year,
all the nineteen young boys and girls who represented India in
Olympiads, came back with medals. On the other hand, our
past record shows that practically none of such Olympiad
medal winners pursued science subsequently as a career! We

must reverse this trend.”



