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CHAPTER 13

TENTH FIVE YEAR PLAN PROGRAMMES – BIOTECHNOLOGY

13.1

The Tenth Five Year Plan Programmes in Biotechnology area have been formulated within the framework of a Ten Year Perspective for the biotechnology R&D and by keeping in view : the progress made during the 9th Plan, the infrastructure already created, expertise and the facilities available in the country and the fact that India is well poised to embark on biotechnology based national development where frontries of knowledge of new biology and biotechnology could be harnessed for creation of wealth in hormony with the environment. The underlying principle for the policy framework is that the biotechnology developments will have the greatest impact on humankind for their food, nutrition, health, environment and livelihood security.

13.2

In view of the fact that the recent advances in many areas of biological research, notably genomics, cell biology, structural biology and molecular approaches to biological function hold a great promise for the future developments in biotechnology, long term support would be provided for basic biology research in areas related to infectious diseases; metabolic engineering, biomaterials, stem cell research, chemical ecology etc. by creating necessary infrastructure and instrumentation facilities. The highlights of the programmes in biotechnology to be undertaken during the 10th Plan are given below.

13.3

In the field of Agriculture, application of biotechnology research will be mainly in the crop improvements. Enhanced yield for sustained sufficiency is sought to be achieved through the new techniques. Crop improvement for the products such as food additives, flavors, food colorants, vegetable oils and fats, which command a high export value will be obtained through genetic modification of other crops or through in vitro techniques. Other approaches in this field are: fine mapping of genome regions harbouring useful genes; developing transgenic biofertilisers; creating an awareness among farmers on the benefits of biopesticides and IPM technologies; etc. 

13.4 

For achieving food and nutritional security, a mega network involving competent institutions/scientists will be launched for development of analytical methods for testing of genetically modified foods and products derived therefrom other methods in this direction are : utilization of agricultural byproducts for value added products; resolving food safety issues vis-a-vis development of rapid diagnostic kits for food toxicants, pesticide residues, adulterants, and food borne pathogens; development of high yielding rice varieties with ( carotene etc. 

13.5

Research on plant biotechnology is directed towards: molecular and genetic phenomena associated with process of infection, progression of disease (infectious and systemic) and the underlying pathology; metabolic engineering using recombinant DNA technology to enhance the activities of a cell by manipulating its metabolic pathways and enhancing the potential of organism producing antibiotics etc; characterization of enzymes involved in carbon and nitrogen assimilation to identify critical regulatory processes to improve yield and nutrition; plant tissue culture aimed at: large scale production of forest tree species enrichment of genetic diversity, post harvest biotechnology for important horticultural crops, genetic engineering and molecular biology tools for forest tree improvement etc.; bioprospecting of wild plants for commercially valuable genetic and biochemical resources; generation of a network programme on Bioengineering of Crops for Biofuels & Bioenergy through production and demonstration; identification of alternative sources such as algae and other aquatic organisms; biofuel production (biodiesel, bioethanol etc) from biomass and other waste material; and adopting bioengineering techniques for the production of alternative sources of energy / fuel; development of medicinal & aromatic plant crops with value addition in terms of proteins, minerals, vitamins and biomolecules of therapeutic value and industrial use, genomics of selected medicinal and aromatic plants; etc. In animal biotechnology, the focus during 10th Plan will be on large animals and employment of newer techniques like cloning and stem cell derived animals (transformed and non-transformed). 

13.6

In the area of Aquaculture and Marine Biotechnology, a Marine Biotechnology Centre would be set up with emphasis on novel enzymes, bio-remediation, extremophilic organisms, bio-medicals, genomics and proteomics of various marine organisms. This centre will be strengthened by bringing into its fold molecular biology research in fisheries institutes. The areas of focus for medical biotechnology research are: TB, HIV, Malaria, Cholera, Japanese Encephalitis, Edible Vaccines, Helicobactor pylori, Rabies, Cancer and Drug Delivery Systems. The prioritization of the programmes will be made taking into consideration the criteria like disease burden, cost effectiveness of technologies and potential utility of these technologies for community needs.

13.7

The broad areas of activity identified for Genomics (human, animal, plant and microbial) are : computational genomics and genome-sequence data analysis, microarray technology, structural genomics of humans and microbes, single-nucleotide polymorphism (SNP) analysis and Pharmaco-genomics. For undertaking genome research, a high throughput microarray facility and national facilities will be set up. Other activities under genome research include: Fish Genomic studies for sequencing genes of interest besides studying their various biochemical properties; genome sequencing of pathogenic microbes with special emphasis on gemini viruses etc. The focus of Microbial Genomics and Proteomics will be on the utility of selected microbes for human benefit. 

13.8

Under Environment and Biodiversity area, the projects to be initiated relate to: collection, conservation and sustainable use of bio-diversity; bioremediation, waste recycling and wasteland reclamation; development of biosensors, bioindicators; phytoremediation; and engineering of microbes for pesticide degradation, production of industrial and specialty chemicals, resource recovery and waste recycling etc.

13.9

Major new initiatives in the expanding area of Bioinformatics include: Dedicated High Speed Network for the BTISnet to achieve nearly instantaneous access to the Biological Databases; setting up of Teraflop Super Computer Facilities for Bioinformatics; establishment of National Bioinformatics Institute for carrying out various activities like policy making for Bioinformatics, creation of a Centre for Genome Informatics for carrying out research related to genomics and proteomics which include database mining, computational gene discovery, sequence similarity searching, gene expression analysis, etc. 

13.10

Besides continuing the existing biotech facilities and repositories at various places, the new facilities to be set up pertain to: high field NMR imaging facility, mass spectrometry and microarray facilities at 2-3 centres; pilot plant facilities and biotech incubators for diagnostics; GMP Facilities in collaboration with private industry participation etc. Biotechnology Parks and Biotechnology Incubators will be set up in a few states in collaboration with the state Governments concerned. A few centres of excellence will also be set up in emerging areas such as: Marine Biology, High Altitude Biology, Medical Molecular Biology, Molecular Ecology, Invertebrate Neurobiology and Computational Biology. To address Biotechnology related IPR issues in a holistic manner, a Biotechnology – IPR Centre will be set up as an autonomous society under DBT to serve as an institutional mechanism, several training programmes organized and a Patent Information Networking System set up.

13.11

Another area of thrust is the Human Resource Development whose scope will be widened by giving support to 20 additional institutions, 100-150 fellowships, instituting distinguished biotechnology professorships, biotechnology chairs and national biosciences career awards. Popularisation of biotechnology will be intensified through the use of mass media and cocurricular programmes. In order to attract a large number of small and medium scale biotech entrepreneurs, Biotech Venture Capital Fund in collaboration with organizations like SIDBI, IDBI etc. will be initiated.

13.12

In the sphere of biotechnology products, efforts will be focussed on: development of small peptides/ proteins/ carbohydrates present in animals/ humans as therapeutics; enzyme-mediated synthesis of chiral drugs; microbe/enzyme-based processes, specially for paper, leather, arsenic etc., for pollution control; microbe-engineered/ rDNA processes for bio molecules/ drugs; microbes/ enzymes for waste disposal, especially plastics, or waste utilization/ value addition especially press-mud, fusel oil; etc. 

13.13

Biotechnology based programmes for the benefit of society, especially the rural poor are: helping the farmers with information and material to intensify annual multiple cropping of land through introduction of industrial crop(s) in between conventional crops, without adversely affecting food grain and vegetable production; popularization of the recently evolved transgenic hybrid-, disease and pest resistant-, and/or improved quality-, varieties of crops such as cotton, brassica, groundnuts, sunflower, rice, potato and other vegetables which will ensure better returns to farmers; familiarization of farmers with recently patented herbal coating procedure for N and S fertilizers; transferring the latest biotechnologies for mushroom cultivation and vermicomposting for augmenting their income/profit; transfer of health care related biotechnologies to industry engaged in manufacture of diagnostics, vaccines and pharmaceuticals; making available simple, rapid and reliable biotechnology based diagnostic devices to the public and private health care systems; etc.  The ongoing programme relating to Jai Vigyan Mission Programmes on Herbal Products, Coffee improvement and Mirror sites will be continued.

13.14

A high priority activity for the National Bioresource Development Board is to develop a broad policy framework and a scientific plan of action for effective application of biotechnological and related scientific approaches for R&D and sustainable utilization of bioresources especially for the development of new products and processes. 13.15

In respect of International Collaborations, while the existing programmes will continue, the focus for the initiatives will be on Basic Research in New Biology for understanding molecular and genetic phenomena of pathogenesis in plants, animals and human, plant molecular biology, biosensor development, metabolic and tissue engineering; and product and process oriented research involving scale up/ field trials and validations through technology transfer of both techniques and materials. 

13.16

The Autonomous Institutes under the auspices of DBT viz., National Institute of Immunology (NII), National Centre for Cell Science (NCCS), Centre for DNA Fingerprinting and Diagnostics (CDFD), National Brian Research Centre (NBRC), National Centre for Plant Genome Research  (NCPGR) and Institute for Bioresources and Sustainable Development (IBSD) will continue to pursue research activities in various aspects of biotechnology within the framework of the policy guidelines laid down for the 10th Plan in coordination with DBT. Each of the Autonomous Institutes will be implementing one or more Mission Mode Programmes. The new Institutes, namely, CDFD, NCPGR, NBRC and IBSD will receive major thrust for making them fully operational including completion of their buildings, infrastrucutral facilities etc.

Core Programmes/Mission Mode Programmes

13.17

The details of the Core Programmes and Mission Mode Programmes are given below.

13.18

The Core programmes are: (i) Genomics covering human, plants, animals and microbes; (ii) biotechnology based programmes for societal development with focus on SC/ST population, rural development and women; and (iii) Autonomous Institutes. The details of (i) are discussed in the following pages and those of (ii) in the previous pages. The areas of thrust for (iii) are given below.  

Mission Mode Programmes 

I.        Genomics covering human, plants, animals and microbes with emphasis on drug targeting

A. Human

13.19 

The objective of the programme is to sequence some of the specific pathogens like H.pylori, M.tuberculosis, Leptospira and those responsible for diabetes. This will be taken up in a mission mode to understand genes responsible for infection, clinical symptoms, drug susceptibility or responses, better molecular diagnostics and better immunological interventions.

13.20

H.pylori is a gastric pathogen responsible for peptic ulcer disease and gastric carcinoma. In this case earlier attempts to classify various isolates were not successful. The Indian isolates appear to be entirely different from the isolates of other parts of the world. Therefore, the sequencing of these microbes from different geographical regions in the country will help to identify better target for diagnosis and differentiation of the strain responsible for the ulcer formation or gastric cancer. Mycobacterium tuberculosis is a major human pathogen that claims more lives than any other single infectious agent. The wide spread emergence of the drug resistant strains and its deadly combination with Human Immunodeficiency Virus (HIV) in recent years have necessitated an urgent need to understand the biology and physiology of this bacteria and develop newer therapeutics against this opportunistic pathogen. There are several sarovars of Leptospira which are responsible for fever to damage kidney and heart. The variability in such clinical syndrome/ pathology calls for identification of genes responsible for such varied clinical status. Sequencing of Leptospira has not yet been done globally. Therefore, it is essential to sequence the genome of various sarovars of these organisms in a mission mode programme. Diabetes is one of the important metabolic disorders which is frequently present both in young children (Type-I) and in adults (Type-II). Several genes have been associated with the onset of diabetes. The mission programme will ultimately lead to better management of diabetic subjects.

B.     Plant

13.21

 In regard to Rice Genome the first objective of the program is to sequence a 10-Mb segment of the rice chromosome 11 over the next 5 years at the two proposed centres.  The minimum requirement to maintain the membership of international rice genome project is 1 mb/year. The sequence information of about 1-Mb will be provided in the year 2001 and 2 Mb per year in subsequent years. Another objective is to find genes of economic importance in the DNA sequence generated by the International Rice Genome Sequencing Project (IRGSP).  Participating countries are required to submit the sequences of individual PAC clones within 3-6 months of the beginning of the program.  Withholding data for patent is not compatible with the IRGSP.  Hence, a functional genomic component would be followed to identify patentable sequences fast. 

13.22

In respect of Genomics of chickpea in India, since chickpea ranks first in both area and production amongst pulses accounting for approximately 75% of the world production and is a major source of protein for human diet and animal feed, there is a potential need for the improvement of chickpea with respect to the yield potential and to provide disease resistance. The objective, therefore is to analyze its genome, identify genes, develop a suitable regeneration and transformation protocol in order to produce genetic engineered chickpea crop with better yield and high nutritional quality and which can also withstand biotic and abiotic stresses. Chickpea genome needs to be characterized with respect to physical and functional landmarks. Availability of molecular markers will greatly aid and accelerate the conventional breeding by marker assisted selection. Construction of a saturated molecular marker map will also be a prerequisite for positional cloning strategies. With the establishment of high throughput DNA sequencing facility, the National Centre for Plant Genomic Research (NCPGR) will endeavor to establish an EST database of the chickpea genome. 

13.23

In the case of Genomics of Catharanthus roseus the overall objective is to reveal the genes and functions related to alkaloid biosynthesis in C. roseus. Towards this objective, to identify the QTLs controlling alkaloid yield, upto 500 recombinant inbred lines (RILs) will be developed from a cross between two parental lines bearing contrasting traits. Genomic and cDNA libraries will be constructed for their members to serve as molecular markers in the RFLP mapping of phenotypes undergoing co-segregation with them. The already known genes will also be placed on the map. The cDNAs will be partially or wholly sequenced to inventorize EST/ gene expression in tissue/ condition in specific manner.

II. 
Development of new drugs and molecules from important medicinal plants

13.24

The objective of the programme is to search for molecular targets/active principles in medicinal plants with respect to anti-cancer, anti-diabetic, anti-arthritic, anti-brain disorders, immunomodulatory properties and cardio-protective agents.  Multi-disciplinary and focussed disease oriented approach will be followed towards developing globally accepted new drugs and molecules from the research leads already available in the country.  Efforts will be concentrated for developing new therapeutic applications from medicinal plants for specific diseases for which no treatment is available in modern system of medicine.  The medicinal plants described in Indian traditional system of Medicine such as Ayurveda, Siddha and Unani literature will be selected for identifying molecular targets/active principles.  High throughput screening facilities will be set up at selected institutions for rapid screening of a large number of medicinal plant extracts for various therapeutic properties.  Multi-institutional Network Programme is planned to be launched following the multi-disciplinary approach towards developing new drugs and molecules from important medicinal plants used in traditional system of medicine.  Several molecules/active principles are expected to be identified at the end of proposed programme which will be patented and subsequently developed as a modern commercial drug for a particular disease. In addition, secondary metabolites of therapeutic value would be produced through the in vitro route – through culture of cells/tissues/organs in bioreactors directly or through biotransformation.  It may be necessary to set up bioreactor facilities at one or more institutes.

III. 
Bioresource Characterization and Inventorization and Documentation of Endangered Eco System

13.25

Under the National Bioresource Development Board (NBDB) digitized inventories would be prepared for bioresources – plant, animal, microbial and marine.  Expert groups have been constituted for the preparation of inventories of medicinal plant resources; economically important species other than medicinal; and animal, microbial and marine resources. Projects have been sanctioned for the development of these inventories. To begin with, all these inventories will be prepared by compilation of secondary data.  In addition, databases containing primary information are also being compiled, and already such projects have been funded for the plant and microbial resources of Himachal Pradesh.  The prime objective for the latter is to document the folk knowledge with respect to microorganisms used in traditional fermented foods and beverages and also mushrooms.  In the 10th Plan, primary data will also be generated on the various bioresources at different levels for special ecosystems.  There is need to prepare these on an effective computer software platform so as to be query based and user friendly. At the end of 10th plan the bioresources specially of the endangered ecosystems would have been characterized and documented.

IV. 
Production, Demonstration and Testing of Biofuels

13.26

  The objective of the programme is to investigate into the methods of production, demonstration and testing of biofuels from the source material, viz., biomass resources of the country. Biomass is the oldest known source of renewable energy.  Domestic biomass resources include agricultural and forest wastes, municipal solid wastes, industrial wastes, and terrestrial and aquatic crops grown solely for energy purposes, known as energy crops. Biomass is used in the production of energy in the form of: Solid (wood, charcoal for domestic cooking); Liquid fuel (Biodiesel and bioethanol); Gaseous fuels; Electricity/ThermalPower. The DBT has initiated a discussion to generate a network programme on Bioengineering of Crops for Biofuels & Bioenergy. A multi-institutional programme will be evolved in a mission mode with an end to end approach concentrating on: Bioenergy Plantation, Bioethanol Production,   Biodiesel and Hydrocarbon, Hydrogen production.

V.   Development of New Generation Vaccines 
13.27

The burden of the communicable diseases continues to be the biggest concern of the public health workers and bio-medical scientists. Although several infections are prevalent in the country, the three important ones responsible for the highest degree of morbidity and mortality are Malaria, Tuberculosis and HIV. India has the highest number of Rabies cases in the world. The infections like Cholera, Japanese Encephalitis, Leishmaniasis, and Filariasis etc. add to the miseries of the human subjects and lead to a fairly high degree of morbidity and also mortality. The infections are responsible for colossal economic loss to the country. The strategies like immunological intervention in terms of affordable and efficacious vaccines are essential. The gene era and the advent of newer technologies could generate vaccines most suitable for use in the country like ours. 

13.28
The Department had an ongoing Jai Vigyan Mission Programme on Generation of Vaccines for six diseases. Under the Mission Programme the diseases targeted are Rabies, Cholera, HIV/AIDS, Tuberculosis, Japanese Encephalitis and Malaria. The programmes are at various stages of implementation. They will be completed in Tenth Plan.

VI.  Food and Nutritional Security - enhancement of the crop productivity, value   addition and genetic engineering for enhanced nutritional status 

13.29 

The objective of pro-vitamin A Rice is to develop it through the use of more innovative tools of biotechnology and genetic engineering. For this purpose, the research and development projects related to transformation of indica rice lines with provitamin-A related gene constructs as well as introgression from japanica to indica breeding will be considered under Indo-Swiss Collaboration in Biotechnology (ISCB) as per Bilateral Agreement procedure. The expenditure related to R&D in India will be shared between DBT and ICAR. In this programme small projects on need and technology assessment will also be taken up in collaboration with Swiss scientists to survey, study and analyse needs and trends in vitamin-A alleviation programmes, the potential of pro-vitamin-A rice, other alternatives to supply vitamin-A in diet, safety and risk assessment as well as public acceptance.

13.30 

The objective of the project relating to Nutritionally Enhanced Potato, Chickpea etc. is to develop value-added plants by introducing the genes from the Amaranthus plant which is an important source of economically important genes and novel promoters and similar nutritionally important crops to improve the crop quality in terms of protein, carbohydrate and seed oil components of other crops. NCPGR will implement this programme. In order to achieve these goals, two novel gene: AmA1 from Amaranthus hypochondriacs have been used for generating transgenic plants of agronomic importance. Transgenic potato with high nutritional quality has been developed with the introduction of AmA1 gene. A MoU has been signed with Central Potato Research Institute (CPRI), Shimla for field trials of the most promising transgenic lines. The other crop of importance is Chickpea which will also be taken up under the programme for analyzing its genome, identify genes, develop a suitable regeneration and transformation protocol in order to produce genetically engineered chickpea crop with better yield and high nutritional quality and that is able to withstand biotic and abiotic stresses.

13.31

The objective of the project relating to the Use of Molecular Marker Technology and Genetic Engineering in Wheat Quality Breeding is to improve the wheat grain quality by integrating modern biotechnological tools such as marker assisted selection and genetic engineering in bread wheat breeding programme.  The quality parameters that have been selected are grain protein content, kernel weight hardness and bread-making quality apart from enhanced nutritional quality of the grain. Promising leads from the earlier multi-institutional project on characterizing and using quality trait in wheat aided by molecular markers will be taken into consideration in achieving the objective. The successful completion of the project will lead to breeding of superior grain quality wheat varieties which will not only have better export potential but will also meet the current requirement of India population. This programme will be implemented by 6 institutions, viz., DWR, Karnal; PAU, Ludhiana; ARI, Pune; IARI, N. Delhi; CCS University, Meerut and NCL, Pune.

13.32

The objective of Low cost Nutritious Food is to devise nutritious food formulations costing not more than Rs. 5/- per packet, through biotechnological approaches. These food supplements are supposed to provide above 400 Kilocalories, and the formulated packets will be between 80-100 grams in weight. The packets will be so designed as to enthuse preference by the school going children between the age group 6-14 years. Four such formulations which have been developed and validated for their nutritional and organoleptic properties along with acceptability and growth studies (independently by National Institute of Nutrition, Hyderabad) carried out in children are: soft chikki, Nutro-crispo and surichi-Meetha (Burfi). Taking into account that these formulations are widely accepted by the children, it is now being planned to organize their mass production in different parts of the country through industrial outfits to cater to the needs of the school going children by their introduction in the “mid day meal programme”. Accordingly pilot plants will be commissioned for production of Soft Chikki, Nutro-crispo and Suruchi Meetha respectively, in any of the Union State , in consultation with the Ministry of Human Resource Development, which can serve as a “model” for the country. 

13.33

Due to its high nutritious and protenous qualities, Spirulina which is a single cell algae is considered as the “green gold of the future”. Spirulina’s concentrated nutrition makes it an ideal food supplement for people of all ages and lifestyles. It contains about sixty percent complete, highly digestible protein and also more beta-carotene than any other whole food; and is rich in B vitamins, minerals, trace elements, chlorophyll, enzymes, iron and vitamin A. Spirulina can thrive in very warm waters of 320 to 450C and have even survived in temperatures of 600C in saline water and hence, it can be easily cultivated in our country and cost of cultivation is nominal. DBT has taken a major initiative to launch a network programme for its production, technology refinement and training of villagers during the 10th Plan.

