





3.3 Are postgraduate students addressing the problems of future

There 15 no doubt that a lot of research being done by the postgraduate students
is very relevant and futuristic. However, in a study of postgraduate research, more
than 20 years ago, based on 26 universities and colleges, I found that in agronomy %
of the thesis dealt with fertilisers and 90 per cent of these were concerned with only
chemical fertilisers. The sustainability agenda of conjunctive use of chemical and
organic fertiliser was not being studied. Those students today are directors of the
institutes or head of the division. Would not the acts of commission and omission at
that time by the leaders of the research system affect the choices of our people today.
And if so, would not our actions today affect the choices in future. Do we take up
such reviews every five years? Does ICAR not have funds to take up such systematic
reviews so that needs of future can be aligned with the concerns of the present?
Dr.Y.P.Singh and Dr.Jamtani had analysed the pattern in postgraduate research in
extension and pointed out important gaps. Such stripe reviews were recommended
by ICAR review committee also. When we undertook the restructuring of ICAR
headquarters way back in 1990, similar suggestion was made therein. Obviously,
secking patterns in our behaviour may make us more accountable. Would not it be
useful if we could have a portal displaying thesis summaries of all postgraduate
students in the country. This will promote originality and at the same time, encourage
students to build upon cach other’s ideas. Analysis of these abstracts will also give
feedback to the policy makers about the correspondence between the skills and
perspectives being developed and the emerging needs of the society.

3.4 Blending open source with IP protected technologies

The major stress of public agricultural research system so far has been creation
of public goods. Almost every technology developed in agricultural universities and
research institutes was available for so long to anyone who wanted to use them for
individual or collective purpose through commercial or non-commercial channels.
Private seed and input companies used the materials developed by public system,
generated huge profits and shared practically nothing with the public research system.
Of late, the stress on protection of intellectual property right has begun to be made.
But, the progress is very slow and uneven. We have not developed licensing schemes
like technology commons mentioned earlier to blend open source technologies for
commeon people and proprietary restrictions for firms. The need for research system
to generate revenue from the companies which benefit from the public R&D cannot
be over emphasised. And yet, the process of technology licensing has progressed very
slowly.

3.5 Tracking IP in Indian commodities

[ have looked at all the patents on uses of several commercial crops exported
by India such as psyllium, castor, fennel, cumin, coriander, etc. Out of 320 patents
during 1976 to 2008 on uses of psyllitim in US Patent and Trademark Office (USPTO)
only two were granted to Indians. This is the situation in a crop where India is a
major global exporter. The implication is that our farmers must continue to produce
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only raw material and the value would be added in the importing countries. Can we
pay our farmers better price under such circumstances? Can we export value added
products to generate more returns for farmers as well as entrepreneurs? In castor,
out of 198 patents (1996 —2008), only four were by Indians, This again is an important
export crop of India. Some of the patents are so obvious that we should have opposed
them long ago. For instance, patents on making snack bar containing psyllium or patent
on optimal mesh size for maximising adsorption in human body. None of these US
patents have involved any sophisticated R&D. Who is tracking these trends and what
policy measures are being taken to arrest this trend is difficult to understand. Because
since 2001, I have been sharing this kind of information with hardly any impact on
the policy or the institutions. The research organisations must be having perverse
incentives for protecting IP, otherwise, it is difficult to understand such an apathy
towards value addition to get better returns to farmers. The Farmers Commission failed
to share such trends and thus recommend corrective action.

4 Ethical and institutional issues in agricultural research

4.1 To the extent research is done based on farmers' knowledge and wisdom,
seldom are the findings shared with the people who provided the data. The knowledge
providers are neither attributed nor reciprocated. There are large number of varieties
in pulses and oil seeds which are purification of farmers varieties and yet, the
communities conserving those varieties have never been given any credit. The ethical
responsibility towards knowledge providers must be enunciated in the gumdelines for
granting degrees or sponsoring research projects. A knowledge economy without
proper balance in the rights of various knowledge contributors is unlikely to flourish
m the long term.

4.2 Longitudinal research

It is well known that theory building requires long term research, particularly,
in tropical countries where variations over time and space are very high. And yet,
some of the old experimental sites under study for soil fertility changes and other such
factors have been closed down. Much is talked about climate change and vet no
systematic study of coping strategies of local communities in different kinds of high
risk environment has been taken up. Unless we take up longitudinal research, in close
cooperation with the people in different parts of the country, situation would not
improve even in future.

4.3 Public awareness about hazards of various chemical technologies

One could travel from Delhi to western UP, Haryana or Punjab. While one
can find thousands of bill boards advertising chemical pesticides, one cannot find onc
or two bill boards communicating the precautions workers should take while using
chemical pesticides. Despite considerable awareness about the hazardous
consequences of several pesticides, they continue to be sold in India. Whose
responsibility it 1s to educate the workers and provide them safety gears for preventing
exposure to hazardous substances.
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4.4 Monitoring post release effects of biotechnology

There 15 no argument about the need for pre-release scrutiny of any technology
including biotechnology. While in other technologies markets can deal with the
consequences to some extent, in chemieal and biotechnological inputs, the markets
may not be able to monitor consequences for environment, biodiversity, human and
non-human life forms. The result is that wider public does not get authenticated
information about say, the consequence of Bt cotton on soil microbial diversity, pest
resistance and migration to other crops, effect on human and livestock health, etc. A
great deal of anecdotal information is going around on the web but scientific studies
on the subject are not available to the wider public to make mformed judgments. In
certain cases, if one has to make a trade off in favour of technological choices that
affect workers adversely, vis-a-vis the ones which do not, one should ordinarily prefer
the safer choices. Some of the biotechnological choices may stand their ground on
this issue. National Biotechnology Regulatory Authority is likely to set up soon to
bridge the gap among societal confidence, scientific rigour and ethical responsibility.

Summing up

There are large number of areas where wisdom of common people can help
in revitalising Indian agriculture. One of the biggest participatory research took place
in Gujarat during last six years when cotton production went up by more than three
times, pesticides consumption came down largely through hundreds of varieties
developed by farmers. Many of these farmer breeders provided performance guarantee
and charged the seed price after the crop performed as expected. It is true that
environmental consequences of such widespread use of Bt gene have not been
monitored adequately. At the same time, some indications are becoming available
that pests are getting resistant or are moving to other crops. More than 90 per cent
area under imgated cotton has been taken over by Bt cotton. Thanks to thousands of
micro-irrigation projects, the «diffusion of farmer-bred varieties has over taken
significantly the seeds marketed by large multi national corporations. There has
obviously not been any farmer suicide in Gujarat on this account. Why have lessons
not been leamnt from a state having 10 per cent agricultural growth with primarily
people’s own efforts when national average is less than two per cent.

The gquality of education, development of entrepreneurial spirit, monitoring
eco system health and developing longitudinal research facilities are some of the other
important concerns in the Indian agricultural research system. When plant breeding
got dominated by the practice of making selections in international nurseries and
releasing varicties instead of painstaking seven to eight year breeding cycles of
complex crossing programmes, the faster mortality of such rapidly released varieties
was inevitable. The incentive systems for scientists unfortunately have not been
upgraded and calibrated in a manner that social, professional and individual interests
can converge. The organisational design does not let new forms of partnerships and
networks to emerge. The public policy has become so populist that government can
provide tens of thousand crores for waiving loans. But public investment in
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participatory research on sustainable agriculture building upon farmers innovation and
wisdom would not get allocation of even 10 crores. The current crisis in Indian
agriculture is a consequence of the outdated policies and irrelevant organisational and
institutional designs. There is no escape from major restructuring of agricultural
research policy and institutions. | may be forgiven for being too critical at several
places in my submission. I am aware of the respect and affection that colleagues
scientists have for our work over last few decades in highlighting the genius of unsung
heroes and heroines of our society. Thousands of innovations and traditional
knowledge identified from more than 500 districts has proved, if a proof was needed
that Indian farmers, artisans, pastoralists and mechanics are extremely creative. .If a
Rs.5000/= wind mill developed by Mushtaq and Mechter Hussain in Assam does not
surprise policy makers and induce them to overcome their indifference towards the
creative potential of small farmers, nothing will. Even if I tell you that this windmll
has reduced the energy cost of salt farmers and workers in Gujarat, thought at slightly
higher unit cost, you may still not feel surprised. Dr. Y.P.Singh had drawn attention
to the need for recognising indigenous knowledge way back in 1967-68. He failed.
Honey Bee Network has been trying for last two decades. We have succeeded in
industrial and medical research. Why should agricultural research leaders show so
much resistance to learning from innovators and inventors at grassroots?

I have not shared many examples of farmers’ innovations because most of
you might have seen them at www.nifindia.org or at www.srish.org. [ have instead
focussed more on realigning agricultural research policies by learning from grassroots.
If even a few ideas can get empathetic shoulders to walk on, my purpose would have

served. After all, a tail can indeed wag the dog.
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THE GENETIC ARCHITECTURE OF QUANTITATIVE VARIATION

PREM NARAIN
INSA Honorary Scientist
New Delhi

ABSTRACT

Most characters of economic importance in plants and animals and complex diseases in humans exhibit
quantitative variation, the genetics of which has been a fascinating subject of study since Mendel's
discovery of the laws ol inheritance that were rediscovered in 1900. Fisher's infinitesimal model
showed how intrinsically discrete effects of multiple genes can lead to continuous variation at the
phenotypic level, that can be decomposed into genetic and non-genetic components (Fisher, 1918). The
classical genetic basis of continuous variation was thus mostly inferential and used statistical methods
heavily for experimentation and data analysis in plant and animal breeding.

Such a genetic basis of continuous variation has since undergone major modifications. The advent of
molecular markers and their extensive mapping throughout the length and breadth of genomes in
several species leading to saturated linkage maps has enabled detection of genes of metric characters
known as Quantitative Trait Loci (QTL). However, linkage and candidate gene association studies for
investigating the genetic basis of complex human diseases have not given definite results except in few
cases. The deficiency seems to have been met by the advent of genome-wide association (GWA)
studies being undertaken by several consortia such as the Wellcome Trust Case Control Consortium

(WTCCC) for the Britisk population and the Indian Genome Variation Consortium (IGVC) for the
Indian population.

I he high-throughput genotyping technology coupled with micro-arrays of various kinds has allowed
expression of thousand of genes with known positions in the genome and has provided an intermediate
step with mRNA abundance as a sub-phenotype in the mapping of genotype onto the phenotype for
quantitative traits. The gene expression profiling through microarrays has been combined with linkage
analysis based on QTL mapping through molecular markers in what has been termed as 'genetical
genomics' (Jansen and Nap, 2001). Such expression quantitative trait loci (eQTL) studies are similar to
traditional multi-trait QTL studies but with thousands of phenotypes. The first study where transcript
abundance was used to study the linkage with the QTLs was on budding yeast (Brem et al., 2002).
Since then several ¢QTL studies have been published in species like mice, maize, humans, rats,
Eucalyptus and Arabidopsis thaliana. Recently, the associated genetic basis of protein abundance using
mass spectrometry has also been attempted (Foss er al., 2007) in the same population of budding yeast
already used for transcript abundance by Brem ef al., 2002. The comparative picture of transcript vs.
protein abundance levels indicates that functionally important changes in the levels of the former are
not necessarily reflected i changes in the levels of the latter. Genes and proteins are therefore required
to be considered simultanzously to unravel the complex molecular circuitry that operates within a cell
and one has to look at a global perspective on life processes instead of individual components of the
system. It seems the intery lay of genotype-phenotype relationship is not only complex but also needs a
dialectical approach for its understanding in which 'parts' and 'whole' evolve as a consequence of their
relationship and the relaticnship itself evolves. -

Some of these developmets drawing upon a few published studies undertaken in plants, animals and
humans are briefly review:d .





