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Editorial Introduction

Krishna Ravi Srinivas”

Welcome to Asian Biotechnology & Development Review, issue of Vol. 24
No 2. This issue has three articles and a book review.

Bi-lateral and international co-operation among countries in
biotechnology is common, so are the collaboration of research institutes and
firms across countries. There are distinct advantages in such collaboration.
On the other hand there are contextual related issues, risks and opportunities
as well as challenges in maintaining long-term collaboration. Hence we
need case studies and detailed analyses that deepen our understanding.
In ‘Advancing Indo-Australia Agricultural Biotechnology Cooperation’,
Manasi Mishra gives an extensive analysis of emerging issues in India-
Australia co-operation in agricultural biotechnology with examples of
success stories. She also brings in the Quad dimension and suggests a way
forward for better co-operation in future. Given the increasing co-operation
between India and Australia, this article makes good sense. As both countries
are to sign a Free Trade Agreement soon, greater co-operation in agricultural
biotechnology can be expected.

Plant Tissue Culture (PTC) is a technology that has been successfully
adopted in developing countrie\, particularly in horticulture. It is an
employment generator, particularly for women. A great advantage with
PTC is that is suitable when land is not available or soil quality is poor.
Another advantage is PTC is well suited for pathogen-free plants. In
‘Commercialisation of Plant Tissue Culture in India’

Pracheta Salunkhe, Moksh Mahajan, Pradeep Vinod Sharma and
Darshini Trivedi describe the technology, its adoption in India and how it
has grown significantly over the years. They describe the challenges and
emerging opportunities in PTC in India.

* Managing Editor, ABDR and Senior Fellow, RIS. Email: ravisrinivas@ris.org.in
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ABDR has published many articles on synthetic biology, and a Special
Issue as well. In this issue we carry an interesting and controversial theme
, De-extinction and Synthetic Biology. While this as of now is in the realm
of speculation and discussion with no approved project..In their article
Shyama Kuriakose and Sachin Sathyarajan discuss the issue in detail and
examine it in the context of environmental law and policy in India. Such
a contextualized article adds substance to the debates and alerts us to the
ground reality. While de-extinction through technology is a fascinating
idea, use of synthetic biology for that makes it all the more alluring as well
as scary to many . The article gives a pragmatic perspective in this debate.

The book review by Amit Kumar adds value to the issue. Your comments

and suggestion on this issue as well for enhancing quality and relevance of
ABDR are welcomed.
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Advancing Indo-Australia Agricultural
Biotechnology Cooperation

Manasi Mishra*

Abstract: Cooperation in areas of science & technology is a crucial element
in the India-Australia strategic partnership. Both countries have promoted
research & innovation in the areas of biotechnology through research grants,
exchange of scholars, visits of Indian scholars to Australian institutions, etc.
Indo-Australian Biotechnology Fund for Collaborative Research Projects
was established under the Indo-Australia innovations partnership. Research
relating to Biotechnology in the fields of agriculture, food security, biomedical
devices and implants, and marine sciences has been of prime focus in the
Australia-India Strategic Research Fund (AISRF). Research promotion in
biological systems is one of the crucial areas in recent initiatives taken by
both countries in advancing critical and emerging technologies. Today Indian
agriculture & allied sectors face numerous challenges from climate change,
drought, declining water levels, and substantial losses to crop pests, including
insects, rodents, nematodes, fungal pathogens, bacteria, viruses, etc. Abiotic
stresses like drought, extreme temperatures, salinity, and mineral toxicity
negatively impact the growth of crops. New challenges, therefore, require
energizing science diplomacy for greater collaboration with nations, which
have developed scientific cultures and advanced systems of facilitating and
nurturing innovations in the field of biotechnology and agriculture sciences.
In the broader policy framework of science diplomacy, science & technology
cooperation, including new technology for the agriculture sector, has been a
crucial element of Prime Minister Modi’s foreign policy. In addition to bilateral
initiatives, the scope for India-Australia science & technology cooperation
through multilateral formats such as G20 and Quad should be explored. In this
context, the article analyses the India-Australia cooperation in biotechnology
and how it can be further expanded in addressing new areas. The paper also
analyses India-Australia cooperation and offers an overview of Indo-Australian
Career Boosting Gold Fellowships from the Department of Biotechnology and
first-hand research experience of La Trobe University, Melbourne, under the
programme. IACBGF has been instrumental in widening the exposure and
capacity building of independent young researchers working in the domain of
biotechnology in Indian academic institutions.

Keywords: Biotech innovations, Agriculture growth, Agri-biotech Challenges,
Crop losses, Food security, Indo-Australia biotechnology cooperation

“ Associate Professor in School of Biology, Dr. Vishwanath Karad MIT-World Peace University,
Pune. Email: manasi.mishra@mitwpu.edu.in
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Introduction

The agricultural sector continues to play a pivotal role in the Indian
economy as it engages around 50 per cent of the total workforce in India.
The majority of the population still relies on agriculture and allied sectors
for their food, livelihoods, and income. These sectors are central to not
only food and nutritional security but also to inclusive development. To
substantiate, it is the primary source of livelihood for about 58 per cent of the
population. Gross Value Added (GVA) by agriculture, forestry, and fishing
was estimated at US$ 276.37 billion in 2020'. The share of agriculture
and allied sectors in GVA of India at current prices stood at 17.8 per cent
in 2020. The importance of the Indian food industry and food processing
industry has gradually been increasing.

The Indian agriculture sector has improved in several aspects like
reforms, investment and technology, leading to substantial development
over the period. However, the country still faces multiple challenges which
have originated post-Green Revolution. Various challenges such as climate
change, depleting water resources, and crop losses due to pests have the
potential to undermine food production, agriculture growth, and the welfare
of farmers. A viable and profitable farm sector is inevitable for alleviating
poverty in India and ensuring nutritional security. Low input and high
output are akin to achieving the national goal of sustainable agriculture
and growth in India. There needs to be greater research and science and
technology collaboration with scientifically advanced countries to bring in
the latest technologies and innovations. India’s science diplomacy initiatives
with developing countries have aspired to undertake collaborative projects
of mutual interest, focus on innovation, and achieve self-sustenance
in technology (Goel 2021). The paper attempts to explain some of the
problems faced by Indian agriculture and how new biotechnological
innovations could be useful in solving them. In the framework of India’s
science diplomacy, which stresses ‘integration of science and technology
into the diplomatic and foreign policy framework’ (Balakrishnan 2019), it
further contends how scientific cooperation with advanced nations could
support growth in agriculture and allied sector. Finally, the paper focuses
on the prospects for Indo-Australia cooperation in the biotechnology sector
in a broader framework of their technological cooperation and strategic
partnership.
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Contemporary Agri-biotech Challenges in India

In the past three decades, India has increased its food production three-fold,
mainly by application of genetics in improving crop varieties and better
management practices. The use of synthetic fertilizers, agrochemicals, and
improved hybrid varieties of cereal crops like maize (corn), wheat, and rice
had helped India further enhance food security as well as nutritional security
(Pental 2021). The global area under cereal crops increased by 12 per cent,
yields per hectare by 201 per cent, and an increase in total production by 238
per cent was observed between 1961 and 2018 during the green revolution
era (Kingsbury et al 2014; Rangasamy et al 2009).

Though the green revolution and other measures have helped India
to achieve self-sufficiency in food grains yet, India’s productivity has
not observed a comparable growth rate as compared to the United States,
Brazil, and China. For instance, while Brazil’s and China’s yields for rice
increased 3-4 times (tonnes/ha) between 1981 to 2011, India registered
less than 2 times growth for rice during the same time (Prabhu 2019)°.
Although in 2013, India reported a contribution of 25 per cent to the world’s
pulse production, 22 per cent to rice production, and 13 per cent to wheat
production, its agro yield (quantity of a crop produced per unit of land) is
lower in the case of most crops as compared to China, Brazil and the US
(Deshpande 2017 PRS). However, several factors contribute in increasing
crop productivity. Low crop yield is also attributed to the short growing
seasons, varied agro-climatic conditions, and weather extremities. Indian
farmers also grow more than one crop therefore, overall crop yield could
be considered comparable to advanced countries.

Biotic Stresses

India faces massive losses to crop pests, including insects, rodents,
nematodes, fungal pathogens, bacteria, and viruses. Despite an extensive
increase in pesticide consumption, there have been massive losses in major
crops like wheat (10.1-28.1 per cent), rice (24.6-40.4 per cent), maize
(19.5-41.1 per cent), potato (8.1-21 per cent), and soybean (11-32.4 per
cent) worldwide (Savary et al 2019). Under the global climate change
conditions, these losses are expected to increase (Deutsch et al 2018;
Velasquez et al 2018). As noted by P.K. Chakrabarty, “Nematodes, consisting
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of roundworms, threadworms, and eelworms, are causing loss of crops to
the tune of almost 60 million tonnes or 10-12 per cent of crop production
every year” The Hindu 2017)*. According to estimates, about 30-35 per cent
of the annual crop yield in India gets wasted because of pests. At a global
level, India has the lowest yields of prominent oilseed crops- groundnut,
soybean, and mustard leading to a huge edible oil deficit in India. Pests and
pathogens are considered major constraints to the yield of prominent crops.
Better control of pests and pathogens is required to sustain the crop yield
requirements with the growing population. Crop protection and improved
yields of crops like soybean and chickpea can also help meet the protein
requirements of a malnourished population. Hence, these major thrust areas
seek active biotechnological intervention (Rajendran 2016).

Abiotic Stresses

Abiotic stresses like drought, water logging, extreme temperatures, salinity,
and mineral toxicity negatively impact the growth, quality, and yields of
crops in a substantial manner (Gull et al 2018). Some of these challenges
are going to escalate with the second-generation problems of the Green
Revolution and now serious risks posed by climate change. These are
decreased availability of arable land and fast depleting natural resources
like water, poor soil health, loss of soil organic carbon, ground and surface
water pollution, use of chemical fertilizers and pesticides, water-related
stress, increased incidence of pests and diseases, the adverse impact of
climate change, etc. India needs R&D-based solutions for these challenges
as well to create drought resistance, terminal heat tolerance, and adaptation
to water-logging in crop plants (Martignago et a/ 2020).

With the increasing population estimated to touch 1.66 billion by 2050,
India would need to produce 70 per cent more food grains than what it is
producing today, that too from declining natural resources. To meet the
growing demand for food, feed, and fodder agricultural sector will have to
meet a growth rate of at least 4 per cent per annum. A strong and effective
agricultural system is pivotal to the overall economic growth of the country
and achieving the vision of sustainable development and ‘Atmanirbhar
Bharat’. Arguably, increasing productivity and farmers’ income are two big
challenges as the size of the land holdings decreases. Access to scientific
knowledge & innovations, limited or, to some extent, lack of advanced
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infrastructure in rural areas, and mismanagement of grains post-harvesting
are major setbacks to the profitability of this sector. Problems related to
infrastructure for irrigation, power, markets, and roads adversely affect farm
operations and, thus, the profitability.

Translational R&D Approaches for Agriculture Growth

Genetic enhancement of crops through plant breeding and biotechnological
approaches and optimal use of advanced agrochemicals have augmented
the output in the agriculture sector over the past three decades (Moose et al
2008) such as the development and release of India’s Pusa Basmati rice in
2003 jointly by ICAR and Indian Agricultural Research Institute (AARI),
doubled the yield of basmati cultivation from 2.5 tonnes/ha to 5 tonnes. It
earned the country Rs 25,000 crore/annum by way of exports, which has also
increased the income of Basmati farmers. Another example is the Samba
Mabhsuri variety, developed through marker- assisted selection (MAS) and
cultivated over 130,000 ha during the five years from 2011-2016, giving
an economic return of Rs 1,250 crore.

The advancement of genome sequencing technologies (short-read
next-generation sequencing (NGS) has improved the production of highly
contiguous genome assemblies and now the challenge is to make effective
utilization of this enormous sequence data (Giani et al 2020). Genetic
engineering and gene editing are the two most important technologies to
be focused on to bring new avenues for the genetic improvement of crops
(Prakash 2000; Sussex 2008; Bailey-Serres et al 2019). For example, the
cultivation of pest-resistant transgenic Bt cotton resulted in an increase in
production by 9.25 per cent and a reduction in the use of pesticides by 82
per cent. Here an insecticidal bacterial gene was introduced into the cotton
plant to confer resistance to lepidopteran pests of the crop. Despite the
boost from Bt cotton since 2003, India’s cotton yields are much lower as
compared to other countries at a global level. However, pest-resistant Bt-
Brinjol and transgenic brassica (GM mustard) with improved oil quality
and quantity are yet to receive approval for commercial release and use in
India (Dang et al 2015).

Golden rice harbors genes from different species for enhanced
B-carotene content, a precursor of Vitamin A (Paine et a/ 2005; Swamy
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et al 2019). Golden rice has played important role in combating prevalent
vitamin A deficiency in children from sub-Saharan Africa and South Asian
countries (UNICEF, 2021)* Pro-Vitamin A- enriched transgenic bananas
have been developed through gene editing technology acquired from
Australia and are currently undergoing laboratory trials (Paul et al 2017).
Despite bringing significant quality enhancements in crop products and
enhancing the sustainability of small landholders, genetically engineered
agricultural products face substantial opposition from environmental and
anti-globalization activists. Thus, India significantly lags behind the world
in the use of genetic engineering and gene editing technologies.

Second-generation advanced gene editing technologies like CRISPR/
Cas9, which allow precise mutagenesis hold immense potential for crop
improvement and are required for meeting the needs of the agricultural
sector (Jaganathan et a/ 2018). Untapped possibilities for efficient nitrogen
uptake improved photosynthetic efficiency, and enhanced tolerance for
biotic and abiotic stress can be achieved using these technologies. Unlike
the transgenic approach, this tool produces a defined mutant and has an
added advantage that ‘edited DNA’ for the desired trait is carried to the
next generation (Malzahn et a/ 2017). Such genome- edited varieties can
be further used in breeding programmes and may face relatively lesser
regulatory and acceptability issues as compared to conventional GM crops
(Waltz 2018).

CRISPR/Cas9 technique is being used most extensively to edit model
plant genomes (Arabidopsis, Rice, Tobacco). It has been adopted in several
crop species as well for yield improvement, biotic and abiotic stress
management (Ricroch et al 2017). Biotic stress on crops by pathogenic
microorganisms accounts for more than 42 per cent yield loss and around
15 per cent global decline in food production (Oerke 2005). CRISPR/Cas9-
based knocking out of specific genes has been utilized to increase crop
disease resistance in rice, wheat, maize, tomato, soybean, citrus, cotton,
potato, grapes, alfalfa, and legumes as reported in published scientific articles
as ‘proof-of concept’ studies (Liu et a/ 2012; Shan et al 2013; Shan et al
2014; Endo et al 2016; Liu et al 2017). Now, matching policy support and
regulatory framework is required to render the path of modern agricultural
innovations and sustainable growth.
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Figure 1: Translational R&D approaches for crop improvement and
their changing facets across past decades.
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Need for Promoting Research and Innovations in
Biotechnology

The current scenario demands robust government support to encourage
modern biotechnological interventions in agriculture to improve the quality,
productivity, and income of the farming systems safely and sustainably.
The implementation of the biotechnological innovations in the farming
systems also needs to be better attenuated to the perspectives and needs of
the key stakeholders, i.e. farmers. A synergy between the scientific fraternity,
investment partners, government, and farmers is required to implement
new technologies for achieving sustainable development goals (ICTSD
Technical Note 2008)°. Research efforts and investments in biotechnological
interventions can enhance crop productivity, increase yields and ultimately
ensure food security. Technology, like agri-biotechnology, if used diligently,
can play an important role in improving our agricultural output, especially
in the light of our limited land and water resources, which have become a
serious challenge.
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India is on its national mission of doubling farmers’ income. Agriculture
biotechnology is emerging as a great enabler of these transformations,
such as the quality of the agriculture produce and reducing some of the
challenges of the farmers. The 2019 strategy document of the Department
of Biotechnology- “Agriculture Biotechnology for Human Welfare” seeks a
robust, time-bound, flexible and transparent regulatory system for harnessing
agri-biotechnology for injecting new life into India’s farmlands (Uma Keni
Prabhu 2019/Sunday Gauardian)®. Agriculture, medicinal and aromatic
plants, bioprospecting food fortification, and biofortification are some of
the sectorial priority areas identified to accelerate the pace of the growth of
biotechnology at par with the global level (strategy/dbtindia.gov.in)’. There
is a pressing need for a strong policy framework for the development and
commercial release of agri-biotech products and the release of the long-
pending Biotechnology Regulatory Authority of India (BRAI) Bill. The
availability of whole genome sequences of crop plants, high throughput
genomics and functional data, and the emergence of advanced technologies
of gene editing have immense capacity to address the various challenges
in agriculture and allied sectors. A well-defined and actionable roadmap
must be crafted through a policy framework to harness the potential of these
biotechnologies through bilateral cooperation and exchange programmes
targeted at researchers and technologies. India needs to “develop an end-
to-end package of interventions and strategic policy support, tailored to
local needs of particular crops and agro-ecologies” (Singh & Anand 2020)%.

India still hovers at 0.40 per cent of agricultural GDP when it comes
to spending on agricultural R&D, while most of the developed countries
spend up to 1 per cent. Figure 2 shows Israel, the Republic of Korea,
Sweden, Japan, Germany, the US, and China have the highest research
and development expenditure as a total per cent of GDP (The World Bank
Data)’. Figure 3 shows South Asian nations, including India, lag much
behind in the research and development expenditure (per centage of GDP)
as compared to America and European Union.

According to Singh & Anand, ‘Central and state government budgetary
allocation should recognize the importance of expenditure on agricultural R
& D for economic, environmental and livelihood sustainability’. Therefore,
this calls for revitalizing the scientific fraternity with a focus on problem-
solving, state-of-art infrastructure, capacity building at the human resource
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level, and fostering R&D funding. Conducting comprehensive mission-
mode research ventures is necessary to realize the full potential of science
& technology in boosting the agricultural sector. An equally significant role
can be played by the increased private expenditure in the agricultural sector.
Public investment can strengthen the infrastructure of the agriculture sector
and private investment can enhance the productive capacity. Policy reforms

Figure 2: Research and Development Expenditure at Global Level
(% of GDP)

Research & development expenditure (% of GDP)

Seriesl
4.94

5w By, T Toen, Wiild padia

Source: World Bank [UNESCO Institute for Statistics. Data as of September 2021]

Figure 3: Research and Development Expenditure in all Economies
at Global Level (% of GDP)

Research & development expenditure (% of GDP)
World 2.2
MNorth america 2.73
East Asia & Pacific 2.44
European union 2.19
Europe & Cenftral Asia 1.98
Middle east & North... 0.94
South Asia 0.65

Source: World Bank [UNESCO Institute for Statistics. Data as of September 2021]
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like ‘The Model Agriculture Produce & Livestock Marketing (Promotion
& Facilitation) Act 2017°, ‘The Model Agriculture Produce & Livestock
Contract Farming & Services Act (Promotion & Facilitation) Act, 2018’
and 100 per cent FDI in food retail has encouraged private investments in
establishing post-production infrastructure to strengthen the food supply
chains (PIB, Ministry of Agriculture & Farmers Welfare, Gol, 19 JUL
2019)'. Private investments in R & D and technology transfer are the need
of the hour to enable the doubling of farmers’ real income in India.

Advancing Indo-Australia Biotech and Agriculture
Co-operation

Agriculture has undergone remarkable changes in developed nations in the
last century. Developments in agriculture research and related technological
areas provided a sound basis for robust growth and transformation in
agriculture and allied sectors. In a broader ecosystem of foreign policy
and science diplomacy, India has expanded international cooperation
in agriculture and allied sectors in various countries and international
organizations in both bilateral and multilateral frameworks. Prime Minister
Narendra Modi has emphasized greater technological cooperation for
infusing new technology for transformation in the agriculture sector. For
instance, the ICAR has entered into 57 MoUs [America — 17, Australia —
12, Africa -6, Asia— 14, Europe — 8] with different countries/organizations/
Foreign Universities and Institutions for furthering collaborative research
(Arunachalam and Misra 2020).) Besides, ICAR also participates in
multilateral cooperation under the aegis of IBSA, BRICS, SAARC,
ASEAN, India-Africa Forum, BIMSTEC, etcl1. The ICAR also engages
in active collaborative research with many institutions through CGIAR
(Consultative Group on International Agricultural Research). CGIAR is
an international R&D network comprising 15 Research Centres across the
world. International Crops Research Institute for the Semi-Arid Tropics
(ICRISAT), headquartered in Hyderabad and Telangana, is the nodal center
of India and the South Asia region. The MoUs and work plans focused on
addressing specific national problems, study visits, training of scientists,
exchange of technical knowledge, and supply of germplasm have proven
very applicable (Arunachalam and Misra 2020). For example, improved
lines of wheat from CIMMY T and rice from IRRI significantly contributed
to India’s Green Revolution.
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India has also been sharing its experiences, best practices, and capacity
building with other developing countries bilaterally as well as in partnership
with international organizations. Agriculture cooperation is one of the
main themes of the India-Africa development partnership and one of
the main pillars of the India-ASEAN partnership. Indian agriculture has
performed well in terms of production and export during the COVID-19
pandemic'?. As it is seen that New Delhi has extended medical cooperation
to developing countries during the COVID-19 pandemic, it also offers to
share its knowledge and capacity building with developing nations. The
ASEAN-India Partnership action programme primarily focuses on capacity-
building activities and technology transfer. The priority implementation
areas include: IT application for agricultural extension, Seed quality control
system, Disease diagnosis, Agroforestry interventions, Farm machinery, and
Genetic improvement of parental lines (Joint press statement, 4th ASEAN-
India ministerial meeting on Agriculture and Forestry held on 12th Jan.
2018, New Delhi, India)®.

Technological cooperation between India and Australia is expanding
in recent times. Both India and Australia are taking initiatives for building
long-term technological cooperation in areas of critical and emerging
technologies. In his virtual address to the Bengaluru Technology Summit
held from Nov 17-19, 2021, Australian Prime Minister Scott Morrison
expressed his country’s commitments to technological cooperation and
establishing a Center of Excellence for Critical and Emerging Technology
Policy in India (Gargeys 2022, Policy Forum)'. In a similar vein, Prime
Minister Narendra Modi also emphasized the technological cooperation
in India-Australia strategic partnership, when he addressed Australia’s
Strategic Policy Institute’s Sydney Dialogue (Nov 17-19, 2021) (Gargeys
2022). It is also recognized in the recently held 2nd Indo-Australia virtual
summit 2022 (March 21, 2022)".

Australia-India Strategic Research Fund (AISRF)'® is jointly managed
and funded by the governments of India and Australia and is a major
platform for bilateral collaboration in science. Since its establishment in
2006, AISRF has supported several leading-edge projects in areas like
agriculture, health, and the environment by bringing together top researchers
in India and counterparts at premier research institutes and universities
in Australia. Focus areas have been - vaccine development for malaria,
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research into cancer therapies, nanotechnology, and the development of
drought and disease-resistant crops (Australian High Commission)'”. In the
virtual 2nd Indo-Australia summit on 21st March 2022, the extension of the
AISREF - a pillar of collaboration on science, technology, and research and
the commitment to build on the successful 2021 India Australia Circular
Economy Hackathon has been welcomed and appreciated (Joint statement:
India-Australia Virtual Summit, March 2022). AISRF-Collaborative
Research Project Grant Round 14, 2022, invited proposals in priority
areas like Remote sensing, Downstream processing, Groundwater resource
management, Digital health, and Biomaterials, to be specific.

India and Australia are the two biggest democracies in the Asia-Pacific
region, with diverse demography and English as the main language of
education, commerce, and industry. Hence, this offers ample opportunities
for knowledge exchange and business. Australia India Business Exchange
(AIBX)" was launched in 2021 to advance trade and investment links with
India. There have been several commercial partnerships between the two
countries in the healthcare sector and digital health sectors. Companies
like Biocon, Dr. Reddy’s, Indian Immunological, and Bharat Biotech are
collaborating with top-tier universities, and research institutions for the
development of therapeutics. Similar remunerative models of business need
to be nurtured in the agricultural biotechnology sector with the involvement
of the private sector and agribusiness companies.

As greater policy synergy has been evolving between the two nations,
science diplomacy would indeed be quite crucial in widening and deepening
their partnership. When the benefits of technology reach beyond the
scientific community to people and bring changes in their life, these bilateral
relations further strengthen. There are examples of certain technologies
which could be useful for India. ‘Banana Bio-fortification’ project is
an excellent example of technology transfer collaboration between the
Biotechnology Industry Research Assistance Council (BIRAC) on behalf
of Govt. of India and the Queensland University of Technology, Australia
(supported by Horticulture Innovation Australia)!®. QUT, Australia, has
done extensive work on the efficient regeneration & transformation of
bananas for provitamin A (PVA) & iron bio-fortification. They have also
obtained good leads related to Banana Bunchy Top Virus (BBTV) and
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Fusarium Wilt resistance. This project aimed to develop, validate and
transfer these specific traits in two Indian banana varieties cv. Grand Nain
and Rasthali. Under this agreement, QUT shared the gene constructs, data
on performance, bioavailability studies, biosafety data, and protocols for
efficient regeneration and transformation in bananas. Indian institutions like
NABI, Mohali; NRCB, Trichy; BARC, Mumbai; TNAU, Coimbatore and
ITHR, Bangalore, were involved as technology transfer partners.

Several institutions in Australia hold close cooperation with Indian
public institutions intending to promote and accelerate research and
training in various disciplines of agricultural research. A memorandum of
understanding (MoU) exists between the Indian Council of Agricultural
Research (ICAR), New Delhi, and the Western Sydney University (WSU),
Australia. The University of Western Australia has an MoU with Acharya
N.G. Ranga Agricultural University, Guntur, Andhra Pradesh, India, for
cooperation in agricultural research and education with a focus on the
exchange of scientists, technologists, students, joint Ph.D. programmes;
exchange of germplasm and breeding material; exchange of scientific
literature, information, and methodology. ICAR also holds an MoU with
the University of Queensland, Australia, to strengthen linkages in the area
of Agriculture.

The University of Queensland holds prominence in three key areas of
research: horticulture crop improvement, animal vaccines, and sorghum
breeding and crop protection. Horticulture Australia Limited (HAL), with
close collaboration with academia in Queensland, is playing a pivotal role
in horticultural crop improvement (with a particular focus on mango).
Institute of Agriculture at the University of Sydney has a research focus on
plant breeding, and productive translatable traits concentrated on cereals,
legumes, ornamentals, and crops in need of protection. They have strong
interactions with International Crops Research Institute for the Semi-Arid
Tropics (ICRISAT), India, for grain legumes research and improvement.
Promoting legume research for increased production & horticultural crops
can have a significantly positive impact on farmers, the economy, and the
environment.
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Table 1: List of Prominent MoUs/Cooperations between Indian and
Australian Institutions in Agribiotech Sector

S.No. | Indian Institution Australian Focus area of
Institution research

1 Biotechnology Queensland Banana Bio-
Industry Research University of fortification
Assistance Council, Technology Pathogen, virus
GOI Horticulture resistance in crop

Innovation Australia | plants

2 Indian Council of Western Sydney Exchange of
Agricultural Research | University (WSU), germ plasm and
(ICAR) Australia breeding material

3 Acharya N.G. University of Western | Exchange of
Ranga Agricultural Australia germ plasm and
University, Guntur, breeding material
Andhra Pradesh

4 Indian Council of Horticulture Australia | Horticulture crop
Agricultural Research | Limited (HAL) improvement
(ICAR) Centre for Plant (Mango)

Science, University of | Animal vaccines

Queensland Sorghum
breeding and crop
protection

5 International Crops Institute of Plant breeding and
Research Institute for | Agriculture, crop improvement
the Semi-Arid Tropics | University of Sydney | (Cereals, legumes,
(ICRISAT) ornamentals and

crops)

6 Plant breeding and Australian Council Biotic and abiotic
crop improvement of International stress tolerance in
(Cereals, legumes, Agricultural Research | Wheat
ornamentals and (ACIAR)
crops)

7 ICAR-Indian Institute | Adelaide University Biotic and abiotic
of Wheat and Barley stress tolerance in
Research Wheat

Table 1 continued...
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Table 1 continued...

8 International Crops Australian Council Nutritive value of
Research Institute for | of International Pearl millet
the Semi-Arid Tropics | Agricultural Research
(ICRISAT) (ACIAR)

9 International University of Heat tolerance in
Centre for Genetic Queensland crop plants

Engineering and
Biotechnology, New

Delhi

10 ICAR-Indian University of Western | Drought tolerance
Agricultural Research | Australia in Chickpea
Institute Jawaharlal
Nehru University

International Crops
Research Institute for
the Semi-Arid Tropics

Source: Endnotes No. 11, 19, and https://www.icrisat.org/indo-australia-genomics-project-for-chickpea-
drought-tolerance-gains-momentum/

Both India and Australia are members of the multilateral platform
G20%, which brings together both developed and emerging economies.
Thematically, various areas of science and technology which are related to
biotechnology as well as agriculture have come into discussion in G20, such
as genomics, genetic editing, market share, and sustainable food systems.
The MACS (Meeting of Agricultural Chief Scientists)-G20 was formed
in 2011 under French Presidency. The G20 declaration also emphasized
scientific cooperation for agricultural growth and development. G20 is
yet to come up with a specific institutional setup or initiatives for regular
emphasis on the exchange of expertise in G20. However, some efforts have
been made to discuss the potential cooperation within G20. A stock take
meeting was held during the Argentina Presidency in 2018 (G20 Summit
declaration). The MACS-G20 provides a platform for discussing research
and scientific cooperation. It aims to build consensus for sustainable and
equitable development at the agro-industrial level and explored cooperation
in areas of climate change, genetic editing, and soil care during the Argentina
summit.
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The Quad?! is taking initiatives for expanding science and technology
cooperation. To promote research and innovations and also expand joint
research and development, Quad Fellowship is announced in 2021. It is
“first-of-its-kind’ scholarship programme, which will be operated and
administered by a philanthropic initiative and in consultation with a non-
governmental task force comprised of leaders from each Quad country. The
Quad fellowship aims to bring together exceptional American, Japanese,
Australian, and Indian master and doctoral students in science, technology,
engineering, and mathematics to study in the US. It is also seen that
government is keen to give a bigger role to the private sector in development
partnerships and research and innovation. This new fellowship will develop
a network of science and technology experts committed to advancing
innovation and collaboration in the private, public, and academic sectors,
in their nations, and among Quad nations. If the programme is successfully
implemented, it may promote research and develop a network of scholars
which includes both India and Australia. Secondly, it is also stated that the
Quad will monitor trends in critical and emerging technologies, starting
with advanced biotechnologies, including synthetic biology, genome
sequencing, and biomanufacturing. In the process, Quad countries will
identify related opportunities for cooperation among them (Fact sheet:
Quad leaders’ summit).

India and Australia, with other member countries, can focus more on
science diplomacy, so the concrete outcomes could come in establishing
joint research funds, fellowships, and institutions which could foster
technological cooperation which can contribute to the welfare of people.
Additionally, it would further widen, deepen and enrich different spheres of
Indo-Australia cooperation in terms of resources and technological expertise.

Mobilizing Australia’s Strength in Biotechnology and
Agriculture

The Australian agricultural sector has been continually using biotechnology
to innovate for extending benefits to farmers and communities. For
example, Australia enabled its farmers to use genetically modified cotton
for pest resistance very early in 1996. This enabled them to reduce their
use of pesticides and also significantly increase their farm income.
Australia has invested substantially in increasing product quality, reducing
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chemical applications, better management of pests, weeds, and diseases,
developing functional products for industry use, and increasing productivity
amid mitigating the adverse effects of the environmental challenges
(Biotechnology and agriculture in Australia: policy snapshot 2018)%.
Australia is known for its advanced technologies of crop breeding and
management practices like soil ameliorant strategies that restore landscape
health, conserve soil water and improve soil resilience to environmental
stresses. These can also be potential areas for widening and deepening
knowledge exchange and scientific cooperation. It is noted that Australia
holds expertise in developing nutrient-rich, climate- resilient, and highly
productive crop varieties which can be useful for the Indian Agriculture
sector.

Genetically modified crop technology is being used not only for
developing insect resistance and herbicide tolerance but also for increasing
the nutritive value and productivity of crops. For instance, researchers at
the University of Adelaide are working on the biofortification of wheat
for increased iron levels (OGTR 2017)%. For a country like India, where
Wheat is a staple crop, and iron deficiency is very common, this may prove
a promising technology. Engineering plants to produce specific metabolites,
including medicines, biofuels, and functional products, can boost the
development of bio-industries and also promote investments in public-
private partnerships. Crop Biofactories Initiative (CBI), under the aegis of
CSIRO and Grains Research and Development Corporation (GRDC), is
engineering oilseeds like Safflower and Canola for the production of long-
chain polyunsaturated fatty acids (PUFA) like Oleic acid (Fazer 2018). PUFA
is not only an excellent substitute for fish oil but also has applications in
many bio-industries, such as cosmetics, plastic additives, resins, polymers,
biofuels, and diet supplements. Such translational approaches for the
production of value-added crops in the Indian agriculture system can
substantially boost the farmer’s income and alleviate economical growth.
Hence, necessary technological collaborations, joint research initiatives,
and more institutional level joint cooperation for long- term research in
new technology development should be implemented in India-Australia
biotechnology cooperation.

Australia holds a strong economic partnership with India, including
agribusiness. Australia can forge a long-term partnership with India by
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investing in the latest agri-technologies, infrastructure development,
investment in post-harvest storage, and supply of premium food products to
harness the future demands of agri-produce in India. Round table meeting in
2018 on Agribusiness cooperation between Australia and India organized at
Western Sydney University with support from the Indian High Commission
and the Commonwealth Department of Foreign Affairs and Trade (via
Australia- India Council) had recommended strategic priority areas related
to agribusiness for bilateral partnership between Australia and India which
includes joint technology development and shared market access ensuring
demand-based export, modernizing farming systems and post-harvest
storage infrastructure development in India to increase productivity and
innovation and commercialization of emerging tools (satellite-based, big
data, genomics, bio-based solution, climate-smart agriculture) for sustainable
increases in crop productivity (Singh, 2018). Emphasis was given to the
regular exchange of ideas in a network of scientists, policymakers, and
stakeholders to ensure innovation and technology development, and also
recommended establishing an Australia- India Center of Excellence for
Agribusiness with a public-private partnership. These points appear to be
relevant to defining the agenda for robust science diplomacy between India
and Australia.

Experiences of Indo-Australian Career Boosting Gold
Fellowships

The government of India had been promoting collaborative research projects
and knowledge transfers through various country-specific calls by DST and
DBT on a timely basis. Indo-Australian Career Boosting Gold Fellowships
(IACBGF) from the Department of Biotechnology has been supporting
young researchers from India in performing collaborative research projects
in Australian host institutions. Such schemes have been instrumental in
honing skills, capacity building, and bringing in new technologies to India
in biotechnology research. The 5% call (2018) under the scheme awarded
seven researchers under various projects ranging from plant biotechnology
to nutraceuticals, myself being one of the beneficiaries of this scheme.
This scheme is extremely beneficial and provides this opportunity to
young researchers (age <35) who are in their early years as independent
researchers. IACBGF gave me a unique opportunity by making an India-
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Australia Specific programme. My host institution, the La Trobe Institute
for Molecular Sciences, La Trobe University is one of the world’s premier
institutions recognized for its excellence, and multi-disciplinary approach
to driving innovation and producing translatable research outcomes. Both
scientific expertise and research laboratories with advanced equipment
provided the most appropriate environment for conducting research on
plant-derived defense proteins and peptides (cyclotides). In this project, we
could express native and ‘grafted’ cyclotides in model plants (Nicotiana
benthamiana) in the laboratory. The outcomes of this project are extremely
relevant in coming times with reference to crop improvement (insect
pest resistance) and food security which are key areas for both India and
Australia.

Conclusion

New developments in biotechnology offer solutions to several challenges
faced by Indian agriculture and allied sectors. Additionally, applications
of these technologies may spur new momentum in agriculture growth
and development. India is also prioritizing preserving underground
water, reducing pesticide pollution, increasing biodiversity, minimizing
environmental damage, enhancing the supply chain, etc. Indo-Australia
cooperation can bring skills, technology, and opportunity for scaling up
collaborative research initiatives, especially in the emerging areas of
sustainable agriculture. However, India needs tofocus more not only on
research and development in terms of investment and building research
infrastructure but also on greater cooperation with institutions of advanced
countries for long-term research collaboration. Technological and scientific
cooperation is an essential element in Indian foreign policy and science
diplomacy. Recently, India has been expanding its science and technology
cooperation with countries in different parts of the world. India and Australia
are expanding their horizons in critical technologies, which may also include
agriculture and allied sectors. Arguably, one of the potential challenges
in the implementation of biotechnological interventions and transgenics
is the concern about the monopoly of large transnational corporations in
the production and distribution of transgenic seeds, which are protected
as intellectual property and are often self-terminating after one season.
These factors raise apprehensions about potential harm to small farmers
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in developing countries. The technology is now within sight, and must
not be let loose. Integrating all that knowledge to enhance agriculture
and allied sectors is essential for durable economic growth and inclusive
socio-economic development in the country. Here it is pertinent to note that
the new National Education Policy encouraging international cooperation
in higher education and research and academic exchanges, also provides
opportunities for Indian institutions to further expand their academic and
research network within global partners such as Australia. As associated
with the majority section of the population and the nation’s inclusive
development, Agriculture and allied sectors would be important in widening
and deepening their technology cooperation in the future. Both countries
can address new priorities such as improving resilience to climate change,
producing more nutritious food, and adapting to shifts in consumption
patterns in the country.
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Abstract: Plants are the basic source of our fruits and vegetables. Due to
the increasing population in our world, we need an abundance of edibles for
survival. In the contemporary era, plants can be used for several purposes
like food, medicine etc. PTC is one of the trending technologies in the plant
biotechnology research field, which has been commercialised for large- scale
production of plants. In recent times, pathogen- free plants are being produced
internationally, metabolites from plants are used in biopharmaceuticals. Using
plant tissue culture techniques, they are being produced for larger production of
secondary metabolites. This review article intends to discuss commercialisation
and today’s scenario of economic status in Plant tissue culture.
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Introduction

According to Street(1977), Plant tissue culture is the technique using aseptic
culture of cells, tissues, organs and their components under well-defined
invitro physical and chemical conditions. It is an important field in plant
biotechnology which includes various techniques like somaclonal variation,
micropropagation, somatic hybridisation, synthetic seed production, haploid
culture, somatic embryogenesis, secondary metabolite production, etc.,
which complements crop production and plays a major role in agriculture
and pharmaceutical production. It has been widely used as an alternative
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method to the vegetative propagation of plants, for the mass multiplication
and regeneration of novel plants from genetically engineered plants.
alternative means to vegetative propagation of plants. Viral, bacterial, and
fungal eradication and maintenance of disease free plants have also been
achieved in cultures. Shoot proliferation is much safer and preferred for in
vitro clonal multiplication of plants.

It has been estimated that around 250,000 species of flowering plants
at the global level, of which 3,000 are regarded as food sources, and about
200 species have been domesticated. Global diversity in vegetable crops
is about 400 species, with 80 species of major and minor vegetables are
reported to be originated in India. Deforestation and over-exploitation of
native resources have greatly affected the biodiversity (Shukla et al. 2021).
Indigenous plant species are also utilised in pharmaceuticals, nutraceuticals
and many industries depend on these for their raw materials (Shukla et al.
2021). The tissue culture technique is being utilised for micropropagation
and commercialisation of agricultural crops, mass multiplication of desired
plant variety, germplasm protection, development of newer cultivars with
specific desirable traits, raising disease free plants and proliferation of elite
and endangered plants (Pant and Mehta 2016). These plants are much in
public demand in the market. Thus. this review article, is aimed to describe
the expansion of plant tissue culture, its financial prominence, and its status
in India.

Development of Commercialisation of Plant Tissue Culture

The commercial application of plant tissue culture was first established
in the US with micropropagation of orchids in the 1970s. The first
commercial tissue culture company in India was named as A.V Thomas
Company, Kerala, established in 1987. They did clonal propagation for the
improvement of a selected variety of cardamom plants containing superior
genotypes (Patil e al, 2021). National Chemical Laboratory (NCL), Pune,
India, released these plants whose production was done in an indigenously
developed small scaled laboratory- based industry. This technology made
efficient mechanisms for more production, economically feasible, and
quality service with the help of a UK-based firm (Mascarenhas 1999).
Reports of hybrid flowers and vegetables nursery with imported plant tissue
culture laboratory were obtained from the second plant, an Indo-American
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Hybrid Seeds at Bengaluru, Karnataka. From 4 units in 1988 to around 50
laboratories across the country, the plant tissue culture has seen a rapid
rise throughout this phase. Indian micropropagation industry has increased
from 5 million to 190 million in a span of 8 years from 1988 to 1996. The
current state of affairs of the Indian subcontinent proves that the services
created have made our units spirited to those from leading countries such as
US and Netherlands. Indian units necessitate putting effort into generating
unique products based on demand in both domestic and international markets
(Govil et al. 1997). Countries from throughout the world have started
commercialisation of plant tissue culture, which has become a globalised,
due to the major demand from developing countries. With the help of
micropropagation techniques, the Indian plant tissue culture industry has
become successful in various sectors such as agriculture, medicine, and
forestry. (Patil ef al. 2021). The major consumers of tissue culture plants
(TCPs) are the State Agriculture Department, Agri Export Zones (AEZs),
the sugar industry and private farmers. (Dudhare and Jayewaar 2021). As
India has a rich diversity of medicinal plant species, they are screened and
cultured in vitro with the help of PTC. These plants can be regenerated
and produced on larger scale production as required by the pharmaceutical
industries (Kumar et al. 2013).

Now India has more than 73 commercial PTC units, most of which
are present in Maharashtra and Karnataka. Central research laboratories,
research centres, such as the Indian Council of Agriculture Research,
Delhi and National Chemical Laboratory, Pune and universities, and
some PTC units are also involved in commercial micropropagation. Few
of the laboratories work regularly, while some depend on financial and
technological help from the government for promoting the tissue culture
industry in the country. Rajasthan and Darjeeling have their units fully
operative but vary in their management and production. Maximum yield
is obtained by Kalindi Biotech, located in Rishikesh, Uttar Pradesh (20
million plants per year). The lowest amount of plants is produced in
Costford Promoted Unit, Thiruvananthapuram, Kerala, and Rallis India
Ltd, Bengaluru, Karnataka, with only 0.1 million plants per year. Most of
them lie in the range between 5 and 10 million plants per year. In terms of
production and number of units present, Maharashtra tops the list of annual
production with 31 million plants per year with 25 units. Karnataka comes
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second in line with 31 million plants with 9 units. Odisha and Rajasthan are
reported to produce the lowest amount of plants, 1 million per year having
only one unit (Mascarenhas 1999). Apart from these research institutions,
agricultural universities, and National Certification System for Tissue
Culture Raised Plants (NCS-TCP) also extend support for commercial
production [NCS-STP 2020].

Commercialisation of Crops

The agriculture sector is one of the most profitable sectors due to the
commercialisation of PTC. Agricultural research institutes, public and
private Universities and translational research institutions are involved in
research on various aspects of crop improvement, plant breeding, in vitro
studies etc. Several crop plants and fruits have been propagated and resulting
in an exponential rate of production. Major food crops such as wheat, rice,
and ragi have been given preference with respect to mass production and
food security. Crops such as bananas, sugarcane, mango, grapes, and other
herbs are in great demand and therefore, production using tissue culture
methods can fulfil the needs. By seeing the rate of banana consumption,
it will remain the most reliable source of income and a nonstop market.
Several laboratories are having the highest yields in banana tissue culture.
In Maharashtra, 52,000 Ha. The land is under cultivation and 50 per cent
of the plantation has been completed using tissue-cultured plants, with an
annual production of 125 million plants (Sidhu 2011, Prakash 2004).

The reports say the production of sugarcane efficiently enhancing.
Research institutes in Uttar Pradesh, Tamil Nadu, Maharashtra, and others
carrying are working on increasing the production of sugarcane (Yadav et
al. 2012). India is one of the largest exporters of mango fruits to the world
market, it presently accounts for 39 per cent of production and over 1 million
Ha. The land is used for mango cultivation. In vitro studies on other crops
have also been reported, such as plant productions from callus cultures of
the immature healthy embryo of sorghum and from aseptically germinated
sorghum seedlings, genetic improvement of the major cereals such as maize
(Zea mays) barley (Hordeum vulgare), wheat (Triticum aestivum), rice
(Oryza sativa), sorghum (Sorghum bicolor), millet (Pennisetum sp.), oat
(Avena sativa) and rye (Secale cereale)(Shukla et al. 2021).
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Commercialisation of Medicinal plants

India comprises a great wealth of medicinal plants which have been used
by tribals and locals since ancient times. With a worldwide demand of 14
billion dollars, medicinal plants in India estimates to cost up to 1 billion per
year. A total of 560 species of India are added to the Red List of threatened
species, where 247 of them are in the threatened category by the International
Union for Conservation of Nature and Natural Resources (IUCN) (Yadav
2016). The commercialisation of PTC can be done to protect medicinal
plants through mass production and also for the conservation of rare and
endangered species. The pharmaceutical industry produces a variety of
secondary metabolites, which include tannins, steroids, quinones, alkaloids,
terpenoids, and phenylpropanoids (Yadav et al. 2012).

More than 100 medicinal plant species have been regenerated using
PTC methods in India. It has been estimated that India can produce more
than 350 million cultured plants per annum. Plant species, such as Aloe
vera, Geranium, Mentha, Paulownia and Banana, have been internationally
marketed (Misra and Shukla 2010). Protocols for species, such as Bacopa
monnieri (Scrophulariaceae), Datura metel (Solanaceae), Chlorophytum
borivilianum (Liliaceae), and Catharanthus roseus (Apocynaceae) have
been developed (Debnath ez al. 2006). Plants such as Celastrus paniculatus,
Commiphora mukul, Aegle marmelos, Acorus calamus,Peganum
harmala,Simmondsia chinensis, Sapindus mukorossi, Prosopis cineraria,
Spilanthes acmella, and Stevia rebaudiana have also been mass propagated
(Yadav et al. 2012).

The recent research on various plant species’ potential for
commercialisation is being carried out as an effort to provide a comprehensive
database on the production of natural products/medicines, which are very
important for sustainable development (Shukla et al. 2021).

Economic Status of Tissue Culture in India

In India, the Agriculture sector contributes to about 13.9 per cent of the Gross
Domestic product and employs about 54.6 per cent of the total workforce
in the country (Wagh and Dongre 2016) (Figure 1). Agricultural growth
has been a power for poverty reduction, more balanced regional economic
growth, and improved food security. India’s population can be expected to
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reach 1.7 billion by the year 2050 and in order for this number to remain
sustainable, there must be equal distribution of food. In order to reduce
poverty and bring about economic growth within India, (Shukla et al. 2021),
crop production and various plant breeding techniques are relying more on
biotechnological methods, such as plant tissue culture, for increasing plant
quality enhancement and resulting in economic sustainability. Farmers are
keener to produce diseases and pest-resistant crops, elite plant varieties
produced with the help of Plant tissue culture technologies which contribute
to the economy of the country.

Apart from crop production and the agriculture sector, Plant tissue
culture technologies are used to produce pharmaceutically important
secondary metabolites, and their commercial mass production using a
bioreactor has generated economic interest in the pharmaceutical industry.
Reserpine from Rauwolfia serpentina, vincristine and vinblastine from
Catharanthus roseus, ginseng from Panax ginseng are some of the examples
of phytocompound obtained through plant tissue culture (Gulzar et al. 2020).

Indian Council of Agriculture Research (ICAR), a government research
institute having various branches, has been utilising plant biotechnology
and plant tissue culture techniques technology for crop improvement. ICAR
of the Indian Institute of Spice Research Calicut, Kerala, in working on
improving spices such as Black pepper, small cardamom and turmeric.
Indian Institute of Pulses Research Kalyanpur, Kanpur is working on Cluster
beans, Cowpeas, Moth Bean, Horse gram, Central Citrus Research Institute
Nagpur is involved in improving Citrus reticulata and Nagpur mandarin,
Indian Institute of Oilseed Research Hyderabad is involved in improving
Mustard, Niger, Safflower, Indian Institute of Natural resins and gums,
Ranchi is involved in improving Bahera (Terminalia bellerica), Indian
Institute of vegetable research, Varanasi is involved in improving Tomato,
Brinjal, Red chilli, Peas, Bitter gourd, Bottle gourd. (Shukla et al. 2021)

The plant tissue culture industry is valued at approximately to be US
$150 billion (50-60 per cent of agriculture. About 10 per cent of the US $15
billion is fulfilled by the annual plant tissue culture- raised products and
shows a growth rate of 15 per cent. According to Press Information Bureau,
a Government of India report published in May 2022 Government of India
via the Agricultural and Processed Food Products Export Development
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Authority (APEDA) in collaboration with the Department of Biotechnology
(DBT) has conducted various awareness programs, such as webinars to
improve exports of tissue culture plants. According to the above report,
India’s exports around tissue culture plants amount to US$ 17.17 million.
Netherland is a major importer of India’s TC plants occupying a share of
50 per cent of shipments. Other countries which import India’s tissue-
cultured plants include Australia, Italy, USA, Canada, Japan, Senegal,
Kenya, Ethiopia and Nepal.

Currently, the plant tissue culture industry is a billion-dollar industry
producing 500 million to 1 billion plantlets annually. The floriculture sector,
which includes ornamental plants and food and vegetables, are growing
market for tissue culture industries in India. (Bhatia and Sharma 2015).

To make Plant tissue culture products economically feasible in India so
that they could be accepted by farmers, especially in developing countries,
there are collaborations with government agencies that provide certain
incentives or funded projects to farmers (Pant and Mehta 2016). To improve
and produce export quality Plant tissue culture materials, APEDA provides
market analysis, market development, promotion and exhibition of India’s
tissue- cultured plants at various international exhibitions. APEDA has also
been at the forefront in sending trade delegations to foreign countries in
order to recognise potential new markets for Indian Tissue culture plants
and their importers.

Figure 1: Economic Status of PTC in India
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Initiatives taken by the government of India to counter the threat of
distribution of inferior micropropagated plants (subjected to viruses and
variations) to farmers include effective testing (indexing procedures) prior
to commercial propagation. Thus, the Department of Biotechnology (DBT),
Government of India has established a National Certification System for
Tissue Cultured Raised Plants (NCS TCP). As the demand for tissue- cultured
plantlets increases at a global stage, India can take advantage of its low-cost
skilled labor and scientific manpower also, factors such as plant biodiversity
and tropical climate enables greenhouses with low energy consumption.
Presently the domestic market of the plant tissue culture industry is about Rs
200 crores having an annual growth rate of 20 per cent. In India, commercial
tissue culture units follow the standard protocol developed by research
institutes or universities with the support of DBT. Approximately 5 acres
of land is required to set up a plant tissue culture unit (The average cost of
land in India is 5 Lakhs). On a scale-up, the unit should have a capacity of
producing 3 million plantlets annually (examples of a mix of plants used
for the unit profile are Banana, Sugarcane, ginger, medicinal plants such as
Aloe barbadensis and ornamental plants such as orchids like vanilla). Initial
investment including Land development, equipment, Utilities, Green House,
and miscellaneous expenses is around 163.95 Lakhs. The government’s
schemes and incentives to promote the economy through Plant Tissue
culture units in India includes State Level Incentives: Subsidies are given
on initial investments and on power consumption. The subsidy level should
not exceed 20 per cent of the entire single project or scheme, where the
cost of the entire project should be around 25 lakhs. A state like Karnataka
provides a 20 per cent subsidy for setting up a tissue culture unit, whereas
Gujarat provides a 6 per cent subsidy for the same. Small Farmers Agri
Business Consortium provides loans of up to 50 lakhs to small-scale farmers
who have formed a cooperative society for setting up small tissue culture
laboratories. Also, farmers are provided with subsidies for the purchase
of tissue cultured plants (under the government scheme “Development of
Commercial Horticulture through production and Post-Harvest Management
of Horticulture crops) and even Financial Assistance by Banks: National
Bank for Agriculture and Rural Development (NABARD) provides financial
aid to such schemes (Shukla 2008). Financial assistance of Rs. 21 lakhs for
the public sector and Rs. 10 lakhs for private- sector commercial units has
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been provided by the Department of Agriculture and Cooperation under
the Ministry of Agriculture, Government of India (Patil et al. 2021).DBT
is the principal supporter of the research and development of PTC in India
in various universities, laboratories, and research institutes. For promoting
industrial PTC research, micropropagation technology parks (MTPs) are
set up (Singh and Shetty 2011), of which two of the parks are in National
Chemical Laboratory, Pune, Maharashtra and Tata Energy Research
Institute, New Delhi. (Patil et al. 2021). NHB, Ministry of Agriculture,
Government of India, was established in 1984 for promoting the healthy
development of the horticulture industry. A back-ended capital subsidy
below 20% of the total cost and up to Rs. 25 lakhs of cost are funded by
NHB and also extended for the construction of greenhouses (Singh and
Shetty 2011). Apart from this, financial support is extended by different
banks run by the Government of India. Under the Indian Companies Act
1956, the Indian government established Biotech Consortium India Limited,
supported by the Department of Biotechnology, Government of India, for
the development of technology, project consultancy, syndication of funds,
dissemination of information, and training of manpower (NCS-STP 2020).

The states of India, which include Andhra Pradesh, Maharashtra, Gujarat
and Karnataka, facilitate financial assistance under the agro-industrial
scheme, for establishing PTC units. All these agencies have helped in the
establishment, production, and marketing of tissue culture products in the
micropropagation industries, which can become a landmark global market
in the 21st century (Patil e al. 2021).

Harnessing Plant Tissue Culture for Socio-Economic
Development

With respect to the scenario in India, DBT (Department of Biotechnology,
Government of India) created National Certification System for Tissue
Culture Raised Plants in 2006 under the 1966 Seeds Act to promote Plant
Tissue culture Technologies. Plants that are commercially grown in India are
Anthurium, Apple, Bamboo, Banana, Date palm, Gerbera, Lilium, Orchids,
pineapple, potato, pomegranate, strawberry, sugarcane, and teak (Gulzar et
al. 2020). Reduced cost and benefits of obtaining economically important
healthy agricultural or horticultural or floricultural plants (Pant and Mehta
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2016). It provides greater opportunities and greater comparative advantages
for developing countries. (Aladele et al. 2012)

It is estimated a global market of more than US $ 15 billion for tissue-
cultured plants and products. Initially, in India, plant tissue culture units had
the main function of exporting exotic and ornamental plantlets to Europe.
Currently, the function has shifted from exporting plantlets to producing
various plantation crops, fruits, and ornamentals for domestic markets
(Reddy 2007). Advances in the in- vitro techniques like suspension cultures,
and hairy root cultures are currently used for large-scale production of
economically important plant metabolites (Espinosa et al. 2018)

Indian plant tissue culture industry has been successful and has
been revolutionised due to advances and use of technology for in situ
conservation, germplasm conservation and exchange and their protocol
refinement. A huge surge in the requirement of food products as well as
medicines was created due to Globalization, this led to the establishment of
well-equipped PTC laboratories in India for extensive production of plants
and plant products which are needed by the pharmaceutical industries. Plant
tissue culture industries in India produce plants and plant products which are
in demand in both domestic and international markets and help in earning
the essential foreign exchange. Though the Indian PTC industry has had a
lag of about 10 years from its western counterparts, the Indian PTC industry
can flourish due to the cost-effective labor and various initiatives from
the government initial results of which can be seen as India PTC industry
making its presence at a global scenario (Patil ef al. 2021).

Certain socio-economic impacts of tissue cultured plants (Banana crop
in Kenya, Africa) are the revival of the crop, reliable and regular source
of income for rural families, solving problems like food insecurity and
malnutrition, economic security for the farmer’s family, empowerment
of women as many households domains belong to women and women
contributed to a substantial amount of labor, higher income contributed to
the improvement of other quality of life indicators like better education,
improved housing, At the community level, social impact was the formation
of cohesive farmers group which tried to address the agronomic issues,
developmental activities at the community level, formation of community
development funds (Njuguna et al. 2010).
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Challenges in Plant Tissue Culture

With the advancement in Plant tissue culture technologies, its
application was used in vitro method of plant conservation which
faced limitations in traditional approaches. Some challenges in the use
of Plant tissue culture for conservation include scientific or technical
aspects, as each species of plant may respond differently at any stage of
the in vitro culture. Aseptic conditions, acclimatisation, maintenance of
genetic diversity/ genetic fidelity, and monitoring of plants also elevate
another aspect or challenge with respect to Cost. Plant tissue culture
requires skilled manpower and appropriate infrastructure. Also, when
it comes to plant conservation, cost differs concerning endangered
species propagation and commercial propagation, which might not
be always economically feasible (Pence 2010). Challenges associated
when using Plant tissue culture for medicinal and commercially
important plants start with the selection of explants. Browning of
explants is a sign of a reduction in cell division and regeneration
plants. This influences the output of tissue- cultured plants. One of
the approaches for controlling plant tissue culture contaminants is
using molecular identification techniques for detecting, identifying
and characterising them (Herman 2017) (Figure 2). Another major
challenge of in vitro plants is their hardening and acclimatisation, as
their propagation depends on field survival. Unsuccessful hardening
and acclimatisation influence the overall survival rate of the tissue-
cultured plants (Singh 2018). Through tissue culture economical
and natural secondary metabolites can be produced, especially when
the original plant source material provides a low yield and is slow-
growing. This moreover brings the challenge of genetic stability of
in-vitro generated plants (Figure 2). Somaclonal variation, particularly
in producing industrial important phytochemicals, leads to economic
consequences. This challenge is a hindrance in the production of
bioactive metabolites utilising plant tissue culture techniques. Lack of
cell differentiation and rare uniformity in physiological characteristics
in cell cultures causes the low yield of secondary metabolites, another
challenge associated with in vitro cultures. Prolonged usage of cell
lines producing selected bioactive metabolites leads to loss of their
ability to produce desired metabolites, another obstacle in the usage
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of in-vitro cultures (Espinosa-leal et al. 2018) For mass propagation
of commercial plants using plant tissue culture techniques brings
the need of bioreactors. Bioreactors bring their own challenges with
respect to special care and handling, contamination which, if not taken
care of, can cause heavy economic losses. Quality Control in the
production of tissue-cultured plant is another major challenge as it is
necessary to secure consumer confidence (Hussain ez al. 2012) Some
common challenges associated with Plant Tissue Culture Research
and Development in developing countries involves an inadequate
number of trained and experienced tissue culture personnel, limited
available engineers or qualified technicians for maintenance and
repair of tissue culture equipment and facility, Problems associated
with infrastructures especially unreliable utility services such as
electrical power and water supply, Restricted financial support by
the federal or regional government, Poor incentives and irregular
policy framework, Poor linkages, weak collaborative partnership
among different stakeholders and limited awareness (Abebaw et al,
2021). Axenic Plant Tissue culture is a challenge faced by most tissue
culturists, as sterilising the explant often has a harmful effect on the
explant. Thus, the production of vigorous tissue cultured plants takes

Figure 2: Challenges in Plant Tissue Culture
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time for development (Garcia- Gonzales et al. 2010) Physiological
and developmental problems such as shoot tip necrosis, fasciation,
epigenetic changes and developmental problems due to the use of
Plant Growth Regulators (Bairu and Kane 2011) Hyperhydricity
and hooked leaves are physiological problems associated with the
proportion of inorganic nutrients found in various plant tissue culture
medium (Sivanesan and Park 2014).

Plant Tissue Culture market

The global plant tissue culture market size was valued at $382.305 million
in 2020 and is estimated to reach $895.006 million by 2030, growing at a
CAGR of 8.5 per cent from 2021 to 2030. The plant tissue culture technique
has been useful for more than 30 years. The COVID-19 has affected many
agrosystems and livelihoods across the globe, with continued effects
expected in the coming years. However, after the lockdown opened, the
crisis from COVID-19 is expected to have a significant positive impact on
plant tissue culture market growth across the globe. In addition, the rise in
developing prospects in developed countries will further provide potential
chances for the growth of the plant tissue culture market in the coming
years. The plant tissue culture market is divided on the basis of types of
crops, stages, plant types, types of media, etc. By crop type, the market is
categorised into plants like banana, floriculture, wood producing, fruits and
vegetables, ornamental, aquatic etc. By stage, the market is divided into the
preparation of explant and establishment, multiplication and hardening. By
plant type, it is separated as annual, biennial, and perennial plants. By types
of medium, the market is categorised into MS media, LS media etc. The
rapid developments in plant tissue culture techniques and the great demand
for disease-free and hybrid plants will expand its market and also have
significant growth opportunities in the future (Srivas and Sumant 2021).
In 2021, the micropropagation technique used by farmers to cultivate
crops dominated the market and was expected to continue over the forecast
period. Micropropagation has become more prevalent in the agriculture
sector, and it is expected to avoid food scarcity problems in developing
economies owing to the rapidly growing population in a limited amount
of land, which is driving the market growth. Micropropagation market
produce and exports crops such as ornamental flowers, bananas, tomatoes,
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corn and others. Advanced technology, such as greenhouse horticulture
and the high demand for disease-free and hybrid plants are exponentially
increasing in the market. The production of high-quality planting materials
is rising with the increased tissue- cultured industrial crops, and food crops
in the forecast period. Farmers are getting huge profits from new crops on
unutilised lands. As a result, farmers’ incomes are expanded, increasing
sustainability and the need to replicate industrial crops and food crops
through micropropagation technology.

Conclusion

Therefore, plant tissue culture is widely accepted by many countries and
research is going on to reach a disease-free plant society. All nations are
continuously working hard to develop various methods to protect plants
from infectious microbes. In the olden days, there was no such development
of plant tissue culture. However, these days, the importance of plant tissue
culture is elevated. The upcoming opportunities could be dealing with the
plant genetic resources conservation, and genetic transformation so that
we are able to get quality food that would deal with global hunger needs.
Various methods are in trend and work efficiently. There are plenty of
opportunities there for plant tissue culture, mainly in food, cosmetics as
well as pharmaceuticals. Plant tissue is yet to reach the pinnacle of research
and it has to be globalised.
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The Jurassic Park film franchise has been around for 20 years or more. The
Michael Crichton book of the same name was inspired by the discovery of
amber fossilized DNA. The possibility of cloning prehistoric animals from
their DNA started being explored in the mid-90s. As we watch the fifth film
in the franchise, which got released in 2022, science-fiction is colliding
with science in real- time. The hope, as well as the hype of resurrecting
extinct animals and what the technology can create, was portrayed well
in the movies. However, the movies also evoked fear of what is possible
with the technology going to the wrong hands or the resurrected dinosaurs
escaping captivity.

We all grew up with the story of “Frankeinstein” where Mary Shelley
explored the possibility of technology enabling “human-made” life. Shelley
created the fictional world of a maverick scientist who transforms a corpse
into a gruesome looking creature. One of the first science fiction works, the
novel published in 1818 became a major pop culture phenomenon inspiring
several movies, TV series and video games. Shelly’s “creature” soon became
a metaphor for artificial life.
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De-extinction- A reality

De-extinction refers to the process of resurrecting extinct species mainly
due to the advances in synthetic biology and genetics (Rogers, Britannica).
Technologically, now humans are at a point where we can actually play god
owing to our ability to manipulate life via biotechnology (Fletcher 2020).
The idea of de-extinction grabbed the spotlight at the 2013 TEDx De-
extinction conference. Steward Brand, who promoted this idea, famously
quotes, “We are as gods and might as well get good at it,” thus calling out for
anew form of anthropocentric environmentalism way back in 1970 when he
created the Whole Earth Catalogue (Kirk 2018). In his talk in 2013, he spoke
about “Revive and Restore” to preserve genetic and biological diversity and
to fix some of the damage done to our ecosystems (Brand 2013).

De-extinction has become possible thanks to some breakthrough
advancements in the last two decades. Synthetic biology has enabled humans
to design, select and influence the “natural” world and not just be a set of
pawns in nature’s game of chance. There is now a possibility of reversing
the extinction of species which was hitherto not possible.

In this article, we look at some of the ongoing efforts in de-extinction
globally. We also attempt to breakdown the underlying technology which
is making de-extinction possible. We will be simultaneously exploring the
obvious ethical, legal and environmental dilemmas. How would conservation
efforts benefit from such projects? Are there risks involved in de-extinction
projects? Is India’s legislative and policy framework prepared for the same?
Should time and energy be spent on species which disappeared ages ago,
or whether the focus should be on species that are threatened at present?

There have been major episodes of mass extinctions on earth. “The sixth
extinction”, which is caused by human beings, is currently underway. Do
humans have a moral obligation to repair some of the damage? Globally,
wildlife is being wiped out by human activities contributing to habitat
degradation, climate change, pollution and invasive species. According
to the IUCN, 28000 species are under threat of extinction (Hanson 2019).
Anthropocene extinction levels are 100-1000 times larger than any previous
mass extinction (Lawton & May 1995).
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Biotechnology based applications in Conservation

As a response to the extinction crisis, various approaches have been taken
by conservationists. The two most prominent ones are de-extinction and
genetic rescue, both of which use biotechnological applications. The genetic
rescue, which helps maximize genetic diversity and minimize in-breeding,
is more established in mainstream conservation, whereas de-extinction is
still taking root (Fletcher, 2020). One of the useful applications for synthetic
biology towards genetic rescue is for the control of invasive species, as
could be seen with a gene drive to control the grey squirrel population
in the United Kingdom through the dispersal of a female infertility gene
within a targeted population (Faber & McFarlane 2021). Eradicating wildlife
diseases is another important application especially given the context of the
recent pandemic. Habitat restoration is also a useful application wherein,
for instance, modified microorganisms capable of consuming hydrocarbons
were deployed during the 2010 Gulf of Mexico oil spill (Redford & Adams
2014). Further, there are studies going on in Australia’s Great Barrier Reef
to reverse the effects of heat waves and ocean acidification on corals through

cross- breeding (Cornwall 2019).

Examples from India

Closer to home, scientists, especially geneticists from India, are engaged in
multiple projects aimed more towards genetic rescue than de-extinction. The
Endangered Species Recovery Plan envisaged by the Wildlife Institute of
India (WII) focuses on endangered species, namely the Great Indian bustard,
Gangetic dolphin, dugong and Sangai deer (WII 2016). The Plan intends to
use genetic tools to get more insight into mitochondrial and nuclear genetic
variations, individual identification, population estimation, demographic
patterns, population connectivity, genetic structure, migration pattern and
rate, among others. Another initiative of WII, the Wildlife Forensic and
Conservation Genetics Cell, uses genetic tools to assist with wildlife crimes
by helping with the identification of species from a variety of wildlife parts
and products and maintaining a repository of wildlife reference samples
(WII 2020).

Participation of 24 Indian institutes in the Earth Bio Genome Project,
including the Jawaharlal Nehru Tropical Botanic Garden and Research
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Institute (JNTBGRI) will contribute towards sequencing of the genetic codes
of all of earth’s biodiversity over a period of 10 years. This knowledge will
have applications in various sectors ranging from conservation to ecosystem
restoration to public health (Nandakumar 2020). A few more illustrative
examples from India are as follows:

* Centre for Cellular & Molecular Biology (CCMB) and Council of
Scientific and Industrial Research (CSIR): Genome sequencing and
identification of genome variants in Bengal tiger (Panthera tigris tigris) to
understand how gene variants play a role in adaptation to the environment
and disease susceptibility (Mallikarjun 2018).

» National Center for Biological Sciences and WII: Genome sequencing
tigers from Ranthambore to identify signatures of in-breeding; from
Sunderbans to know more about their uniqueness and how they are
different from mainland tigers (Dixit 2018).

* CCMB: Development of a DNA barcoding method called Universal
Primer Tech to accurately and quickly identify species from tiny
biological samples. This method can also be applied in monitoring and
studying the distribution and migration of animals, including species’
molecular signatures (Nandakumar 2018).

International De-extinction projects

Coming to de-extinction projects, it is pertinent that we discuss a few of
the important ones. Dinosaurs cannot be brought back to life, since the
DNA is way too old (Griffin & O’Connor 2018). One of the most ambitious
de-extinction projects was kickstarted by George Church, who is trying
to bring back the mighty woolly mammoth. The woolly mammoth was
a “keystone” species that disappeared in the Pleistocene era, 4000 years
ago (Kalshian 2017). A “keystone” species is the most vital member of an
ecosystem without which the ecosystem may even cease to exist altogether.
The woolly mammoth kept the permafrost layer stable, and it is shown as a
possible defense against climate change (Griswold-Tergis 2014).

One way to bring back the woolly mammoth was through the cloning
process similar to the much controversial example of somatic cell nuclear
transfer in the case of “Dolly the sheep”. However, an animal that became
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extinct thousands of years ago might not survive in the present- day climatic
conditions. George Church started working backwards, with a fully intact
healthy cell of the closely related Asiatic elephant and included the genetic
fragments from the preserved specimens (Fletcher 2020).

Other important examples of de-extinction projects include — Tasmanian
tiger native to Australia (Aneesa 2022) and the passenger pigeon native
to North America (Fan 2018). Both these species were hunted down to
extinction by colonial settlements. The Christmas Island rat (Gibbs 2022)
and the gastric breeding frog (Groves 2021) are a few smaller species on
which de-extinction efforts are underway.

Law and policy support for De-extinction

The underlying technology behind de-extinction projects is that of synthetic
biology. The international governance of synthetic biology is quite a
complex task, considering the wide range of applications and the cross-
cutting nature of synthetic biology. It is difficult to draw a clear line of
action between various international initiatives applicable to the governance
around de-extinction projects. There is no single international mechanism
to regulate de-extinction projects as a whole.

Globally, countries have agreed upon safeguards within several
conventions when it comes to genetic engineering and synthetic biology.
These include the Agreement on Applications of Sanitary and Phytosanitary
Measures (SPS), the Agreement on Technical Barriers to Trade (TBT),
Trade- Related Aspects of Intellectual Property Rights (TRIPS), among
others. However, the Convention on Biological Diversity (CBD), Convention
on International Trade in Endangered Species (CITES) and World Health
Organization (WHO) initiatives are most relevant in this context.

Convention on Biological Diversity

Principles expounded within CBD, such as transboundary harm and
environmental impact assessment are relevant for managing risks emerging
from efforts to bring back endangered species (CBD 1993). The resulting
specimens of the de-extinction projects will fall under the bracket of Living
Modified Organisms (LMOs) as governed by the CBD and its Cartagena
Protocol for Biosafety (CPB). CPB is especially of note when it comes
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to the safe transfer, handling and use of Genetically Modified Organisms
(GMOs)/ LMOs that may affect the conservation and sustainable use of
resources. Since India ratified the CPB in 2003, it is required to manage risks
associated with LMOs; establish domestic, regulatory and administrative
measures; and provide information on LMOs transferred to any party.
The CBD- CPB framework also covers unintentional and transboundary
movements of LMOs. Further, in CBD’s 2010 decision, parties were urged
to apply a precautionary approach before the field release of synthetic life,
cell or genome, due to the risks associated (CBD 2010). At the time of
writing this article, several of these aspects are being discussed and will be
considered for the Post-2020 Global Biodiversity Framework, which will be
finalized during CBD’s Fifteenth Conference of Parties in December 2022.

Convention on International Trade in Endangered Species

CITES is crucial in providing a framework to ensure that trade in specimens
of wild flora and fauna does not threaten their survival. In 2016, the CITES
began focusing on how trade in wildlife products created from synthetic or
cultured DNA is impacting the conservation of endangered or threatened
species (CITES 2017). Parties were requested to provide information on
such trade which fed into the “Study on Wildlife Products Produced from
Synthetic or Cultured DNA” (CITES 2018). Based on its findings, the
Standing Committee of CITES recommended that given the almost identical
nature of bio-engineered and natural specimens, the regulations should cover
bio-engineered specimens as well. In 2018, it was noted with concern that
even rhino horns were being produced through biotechnology which could
lead to further demand and exploitation of animals in the wild (CITES
2018). Traceability concerns in the bioengineered specimens, as to whether
these are from the wild or produced in a lab, should be considered as well.
The Animal and Plants Committees of CITES are currently monitoring any
emerging uses of biotechnology related to CITES related species (CITES
Decision).

World Health Organization

The WHO is a specialized agency of the UN which has a mandate for
international public health. WHO has been pushing several initiatives
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aimed at managing risks emerging from life sciences research. One such
example is the Global Guidance Framework for the Responsible Use of
Life Sciences meant to address potential risks caused by accidents and
misuse (WHO 2010). Further, WHO with the United Nations Office for
Disarmament Affairs (UNODA) is part of a Bio-risk Working Group seeking
to strengthen the response of the UN system when it comes to natural,
accidental or biological events (UNODA 2021). In 2020, WHO clarified
that all new potentially beneficial technologies, such as synthetic biology,
should be governed such that health, environmental and ecological impacts
are understood beforehand. This clarification was in specific reference to
the use of genetically modified mosquitoes for the control of vector-borne
diseases wherein physiological changes have been introduced into mosquito
vectors to either bring down their population or to reduce their susceptibility
to infection and their ability to transmit disease-causing pathogens (WHO
2020).

Indian legal framework

In light of these international developments, it will be interesting to note that
India already had in place the Rules for Manufacture, Use, Import, Export and
Storage of Hazardous Micro-organisms, Genetically Engineered Organisms
or Cells, 1989 (GEO Rules 1989) under Environment Protection Act, 1986.
The definition of genetic engineering, which includes modification, deletion
or removal of parts of heritable material, implies that all new technologies
will be subject to regulation under these Rules (Ahuja 2018). According
to these Rules, deliberate or unintentional release of GMOs is disallowed
and any person using GMOs for scale up or pilot projects needs to obtain
permission from authorities prescribed in the Rules (Ahuja 2018). The rules
have been administered jointly by the Ministry of Environment, Forest and
Climate Change (MoEFCC) and the Department of Biotechnology under
the Ministry of Science. The authorities competent under the rules are:

» Institutional Biosafety Committees

¢ Review Committee on Genetic Manipulation

*  Genetic Engineering Appraisal Committee

» State Biotechnology Coordination Committees

¢ District Level Committees
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Thus there is a three- tier mechanism to manage research, development
and large-scale commercialization of GMOs)/ LMOs, along with monitoring
of projects post approval to see that there are no violations. However,
despite such a mechanism, it has been observed that these rules have not
been implemented properly (Sharma 2020). Further, the multiplicity of
bodies working on bio-safety, in addition to state- specific interests, makes
coordination very difficult (Sharma 2020). Also, while the regulations
cover GMOs, DNA and RNA sequences with virulent genes ordered for
commercial purposes are not covered (Sharma 2020). The recent Guidelines
for Safety Assessment of Genome Edited Plants, 2022 have exempted new
genome edited plants from obtaining permissions under the Rules, and this
has caused concerns to environmentalists and farmers’ organizations due to
the risk of unintended consequences of such plants (Koshy 2022).

Safeguards within the Biological Diversity Act, 2002 is limited to
research entities taking permissions from the National Biodiversity
Authority whenever there is a requirement of transferring research relating
to biological resource occurring in, or obtained from India to any foreign
entity (BDA 2002). Biological resources include “plants, animals and
micro-organisms or parts thereof, their genetic material and by-products.....
but does not include human genetic material”. Further, research in this
context can include “study or systematic investigation that involves any
technological application that uses biological systems, living organisms
and/or their derivatives” (BDA 2002). The Protection of Plant Variety and
Farmers Rights Act (PPVFRA), 2001 provides safeguards for commercial
plant breeders and farmers who have developed new plant varieties, from
being exploited. At present, both the BDA and PPVFRA have no provisions
addressing risks from unintended consequences of research on biological
resources. If appropriate amendments are made to these laws, then read
along with the 1989 Rules, these have the potential to be a bulwark against
risks from GMOs.

The Biotechnology Regulatory Authority of India (BRAI) Bill from 2013
sounded promising in this regard as an independent authority was envisaged
under this law to regulate all kinds of modern biotechnology products.

However, the Bill expired and was never reintroduced  (Sathyarajan &
Pisupati 2021).
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Conclusion

The biggest dilemma with respect to de-extinction projects is whether
bringing back a species that went extinct a long time ago makes sense when
countries are struggling to maintain wild populations of existing species
(Mishra 2022). On a positive note, de-extinction projects has opened up
great possibilities in an era of unprecedented biodiversity loss. It brings
hope in restoring genetic diversity in threatened species too. We can bring
back species which can come back to a favorable environment. There is no
question about the viability of the technology as long as the genome of the
extinct species can be obtained from fossil remains and other forms of DNA.
Keystone species are particularly important to help largescale ecosystem
revival and conservation efforts.

Synthetic biology applications bring great value to conservation,
especially with regard to wild animals’ population estimation, whether it
is used to examine signs of in-breeding, dispersal rates, response to the
environment, disease susceptibility, etc. For instance, when there is more
dispersal amongst a species, there are less chances of in-breeding and
more chances for gene variation and plasticity, thereby making the species
adapt better to their environment. Another useful application of synthetic
biology is to check for elusive species, which is not possible through visual
means such as camera trapping. Genome sequencing offers non-invasive
possibilities in such cases (Mishra 2022).

Having looked at the positives, it is also important to examine the
challenges. For developing countries like India, where humans and wildlife
compete for space, the money invested into such science projects, might be
put to better use in projects on livelihood and participatory conservation. The
costs incurred in creating and sustaining the life of the woolly mammoth
could be used to save conservation efforts for several critically endangered
species. For instance, in the case of the Great Indian Bustard, an independent
conservation scientist opined that captive breeding might actually help.
The same expert feels that these funds should go into more vital issues of
conservation, including climate change mitigation efforts and targeted geo-
engineering (Mishra 2022). On the law and policy front, there is a long way
to go as well since the current framework is not equipped to address issues
of ethicality, ownership and risks especially when it comes to de-extinction
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projects. Additionally, in the interest of bringing back extinct species, are
we de-incentivizing the conservation of existing species (Fletcher 2020)?

On a global level, what will be the impact of these technologies on the
course of natural history? It is certainly an opportunity for humans to rectify
past harms inflicted on other species. Several species have gone extinct due
to habitat loss and many of those habitats have been altered dramatically. In
nature, it is surely survival of the fittest, however, this adage fitted when the
environmental cycle was normal. Now, this cycle has become aggravated
by human interventions and therefore threatened species require extra hand
holding (Mishra 2022). Whatever side of the debate one stands on, decision-
making must be absent of bias and based on evidence and transparency.
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The debates and discourse around the Genetically-Modified crops (GM
Crops) have been there in India since last couple of decades now. In fact,
ever since the government’s approval for the commercialization of the
Bt Cotton in 2002, there have been a sustained discussions regarding the
benefits and hazards of the introduction of GM crops in India. More often
than not, the stances taken by the various stakeholders could easily been
seen to be polarized ones; with one set of such stakeholders arguing for the
GM crops while other set of stakeholders arguing against it. There is a vast
literature available on the success or failure of B Cotton in India, authored
by both national as well as international researchers. This volume by Asheesh
Navneet is an important addition to the existing literature in a sense because
in this book the author had exclusively focused on the discourse from the
perspective of public policy by analysing the apprehensions and stances of
various key stakeholders involved in the debate.

The book is ogranised in seven chapters dealing with various policy-
related aspects regarding the GM crops in India. The first chapter i.e. the
introductory chapter of the book broadly deals with the importance of the
biotechnology for the agriculture. It highlights some literature related to
the ongoing debate on GM technology in terms of potentialities and scopes,
concerns and complications in their uses such as corporate monopolization,
impact on human and animal health, impact on biodiversity, ownership
rights, IPRs and labour displacement. It also discusses briefly the position of
the Indian government on the issue of GM technology. It further elaborates
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on the food politics in the EU and the USA and explains the regulatory
approaches and frameworks of the EU and the US in detail.

The second chapter on the critical analysis of India’s regulatory approach
highlights the gradual development of the legal regulatory framework
with the coming of GM crops in India. It focuses upon the importance
of the guidelines framed under the Environment Protection Act (EPA) of
1986, 1989 Rules and its revisions in subsequent years. The chapter then
describes the role of six regulatory competent authorities (Institutional
Biosafety Committee, Review Committee on Genetic Manipulation,
Genetic Engineering Appraisal Committee, Recombinant DNA Advisory
Committee, State Biotechnology Coordination Committee and District-level
committee) formed to monitor, regulate and then approve whether GM
crops are suitable for field trials and, further, for commercial cultivation.
It critically analyses the functioning of these six regulatory bodies, and
points out the roles (often conflicting) of two key ministries viz. Ministry
of Science and Technology (Department of Biotechnology) and Ministry
of Environment, Forests and Climate Change (MoEFCC). The chapter also
highlights the potential nexus between the corporate seed companies and
the government regulating agencies in promoting GM crops without giving
much concern for the safe handling of GMOs and public health.

The third chapter deals with the politics around the GM crops with
subsequent governments and their ministers taking different stands on the
approval. The chapter gives a brief account of the historical background
of cotton cultivation in India and how it plays a significant role in its
contribution to the national economy. The chapter further captured the
controversies around India’s first GM crop i.e. B¢ Cotton by elaborating on
the view points flagged by various prominent people and reports made by
the expert committees appointed by the government and Supreme Court
of India.

The fourth chapter reflects upon the theoretical framework adopted
to analyse the complications and questions related to policymaking on
GM crops. The author has made a case for adopting Advocacy Coalition
Framework (ACF) for this exercise of analysis by understanding the issue
at two levels i.e. macro level (policy subsystem and external factors),
micro level (individual model and belief systems) . With the help of ACF
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theory, coalitions either supporting or opposing the use of GM crops were
recognised. Therefore, to understand the priorities of different coalition
members, the theory was combined with the co-dynamic model of Millstone.
Using the ACF theory and the co-dynamic model together, the chapter
further highlights how this methodology was adopted for the field study in
three phases to analyse the priorities of different stakeholders as members
of different coalition groups.

The fifth chapter is anchored on the interviews done by the author with
‘policy elites’ i.e. key voices, commentators and advocates, drawn from
reputed research institutes, regulatory bodies, civil society organisations
(CSOs). Through the interviews of these ‘policy elites’, the author has
attempted to understand the rationale and logic behind the decisions to
support or oppose GM technology. The compilation of the varied arguments
made by those people makes it quite interesting to read.

The sixth chapter is also based on primary data wherein the author has
compiled the various data and viewpoints coming from the field surveys of
about 200 farmers belonging to the states of Telengana and Maharashtra.
The chapter highlights the second and third phases of the field study. In
these phases, perceptions of the farmers in Telangana and Maharashtra
were also collected. The data captured in this chapter provides an insightful
understanding of the issue from the farmers point of view. It also highlights
the level of awareness among the farmers regarding the proper cultivation
practices of GM seeds.

The final chapter gives an overall summary of the book and brings
out the arguments of all the stakeholders together for analysis. Using
ACF theoretical framework, it reflects upon how various stakeholders,
as members of various coalitions formed to support or oppose the use of
GM technology in agriculture and also highlights their various concerns
to influence the policymaking process. These concerns were found to be
related to higher yield for income, biodiversity conservation, human and
animal health and ownership-related issues. At the end, the author argues
that the ‘future of GM technology depends on finding a way in which
different scientific truths can be brought together .....to reconcile conflicting
arguments of stakeholders.” (p. 209)

The author has attempted to capture the debate and discourse around the
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GM technology in India especially with the focus on GM crops, by mapping
and analysing the stances taken by the key stakeholders, however, for a
book getting published in the year 2021, many data used in the writing of
this volume is quite old. Furthermore, the author has missed out on many
relevant literatures on the topic of GM crops in India. Chaturvedi and
Srinivas (2019) had edited a very comprehensive volume on GM crops,
based on an extensive research study funded by the MoEF&CC under the
UNEP-GEF programme. In that edited volume, the data collected from
more than 1500 farmers and other key stakeholders from across six states
of the country was analysed and a comprehensive socio-economic impact
assessment was done. It would have been much better if the author has
updated the data and literature for his book. Nevertheless, this book is a good
read for anyone who is interested to know about the contestations and the key
voices around the GM technology in India till some recent past. This book
can be found useful by the policymakers, researchers, academicians and
social activists, who are engaged mostly into the , sociological, agricultural
and development policy studies.
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