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1. OVERVIEW

Growth of biotechnology has accelerated particularly during the last decade due to accumulation of vast sequence and structure information as a result of sequencing of genomes and solving of crystal structures. This, coupled with advances in information technology, has made biotechnology increasingly dependent on computationally intensive approaches. This has led to the emergence of a super- speciality discipline, called bioinformatics.

Bioinformatics has become a frontline applied science and is of vital importance to the study of new biology, which is widely recognised as the defining scientific endeavour of the twenty-first century. The genomic revolution has underscored the central role of bioinformatics in understanding the very basics of life processes. 

India’s predominantly agrarian economy, the vast biodiversity and ethnically diverse population makes biotechnology a crucial determinant in achieving national development. As India’s population crossed one billion figure, the country is faced with newer challenges of conservation of biodiversity to ensure food security, healthcare, tackling bio-piracy and safe guarding IPR of Plant Genetic Resources (PGR) and associated knowledge systems, environment protection and education. The liberalisation and globalisation of the economy pose further challenge to society and the government to modernise and respond to the increasingly competitive international environment. As rapid technological advancements and innovation impact the basic activities like agriculture, industry, environment and services, the country has to evolve programmes that would aid in economic development driven by science and technology. It is therefore of utmost importance that India participates in and contributes to the ensuing global bioinformatics revolution.

In recognition of its importance, the Department of Biotechnology, Government of India has identified bioinformatics as an area of high priority during the tenth plan period in order to ensure that this sector attains levels demanded in the international arena. This can be achieved through organisational and functional restructuring; integration and optimal utilisation of the available resources; planned expansion based on actual market demand; increasing autonomy of the system; transfer of technology from laboratory to the industry; sustainable development of human resources; and finally, enhancing accountability of the participating institutions. 

Beginning early last decade, India has endeavoured to create an infrastructure that would enable it to harness biotechnology through the application of bioinformatics. The government took a major step forward in establishing a national grid of bioinformatics centres as the Biotechnology Information System Network (BTISNet). The network has presently grown to sixty one centres covering all parts of the country. While this is an appreciable achievement, much more needs to be done to move forward. It is in this context that this policy paper is being drawn up. 

The Bioinformatics Policy of India (BPI–2004) has been formulated against a backdrop of our experience; building up on the successes and learning from the shortcomings. The primary objective is to make India competitive in the changing global scenario. Over the last fifteen years, bioinformatics, because of the concerted efforts of DBT, has made significant progress particularly in the areas of infrastructure development, orientation of the scientific workforce to use computational approaches and providing training to practising scientists. At the same time, there have been serious pitfalls as to the goal-oriented approach of the programme, integration of resources and generating manpower to suit the growing national and international market. The policy paper is envisaged to provide a framework for the national strategies to be adopted over the coming years to promote growth of bioinformatics in India and to encourage its application.

2. PROGRAMME OBJECTIVES
The principal aim of the bioinformatics programme was to ensure that India emerged a key international player in the field of bioinformatics; enabling a greater access to information wealth created during the post-genomic era and catalysing the country’s attainment of lead position in medical, agricultural, animal and environmental biotechnology.  India should make a niche in Bioinformatics industry and would work to create bioinformatics industry with US$10 billion by the end of 10th Plan period. It was felt that these could be achieved through a focussed approach in terms of information acquisition, storage, retrieval and distribution.


The Department of Biotechnology had adopted the following strategies to achieve these objectives:

· Develop the programme as an array of distributed resource repositories in areas of specialisation pertinent to the needs of India’s economic development.

· Coordination of the network through an Apex Secretariat

· System design and implementation in terms of computing and communication infrastructure, bioinformatics utilities etc.

· Facilitate and enhance application of bioinformatics

· Support and promote organisation of long-term, short-term and continued training/education  in Bioinformatics.  National level testing for quality assurance on human resource on Bioinformatics shall also be conducted through reputed universities. 

· Establish linkages with international resources in biotechnology information

· An international institute on Bioinformatics shall also be established to promote various activities on bioinformatics  particularly international and entrepreneurial participation  in these activities. 

3. CRITICAL EVALUATION OF THE PROGRAMME

3.1 Achievements

· Infrastructure Development:- The programme has over the years developed a significant infrastructure through computer hardware, software, communication facilities and ancillary facilities such as mirror sites and interactive graphics capabilities. The present infrastructure is well placed for higher intellectual development.

· Orientation of the Scientific Community to Computational Approaches: - The programme has succeeded in orienting the scientific community to increasingly use computational approaches in solving biological problems.

· Training: - There has been a significant success in training scientists and researchers in diverse application of bioinformatics and computational biology.

3.2 Pitfalls

· Inadequate Focus:- Despite the establishment of the programme as a coordinated activity, there is a  lack of focus in programmes of the different centres that constitute the network. Activities undertaken under the scheme are more in tune with the individual specialisation and thrust of the centres. This is partly due to absence of a clearly defined framework for operation and partly due to the non-homogenous pattern of setting up of the centres. There is need for a more central theme around which the entire network should function.

· Lack of Resource Integration:- A considerable amount of resources exist within the network; ranging from databases, software, educational packages to human resources. Nevertheless, the resource remains largely fragmentary without proper access provisions. This has not only led to the high under-utilisation of the resource, but has led to an unacceptable amount of redundancy thereby increasing the financial burden. 

· Inadequate Demand-Supply Forecasts:- Development of the bioinformatics initiatives has been largely chance based and dependant on the individual investigator’s specialisation and liking. There has been no attempt to undertake adequate techno-market surveys and appropriate opinion polls involving academia, industries and the people for determining the programmes to be undertaken.

· Inadequate Control Mechanisms:- The present system of centrally administered network through an apex secretariat has resulted in a dilution of accountability of the constituent centres. It has also become difficult for the secretariat to undertake close monitoring and management of the network given the large geographical distances among the centres.

4. BENEFICIARIES

· Agriculture, Health and Environment Sector

· Industry

· National resources: Capacity building in conservation and sustainable utilization (bio prospecting) of biodiversity including protection of IPR and prevention of biopiracy.

· National resources in higher education

5. STRATEGIES FOR THE FUTURE

DEFINED GOALS

· Generate a national level resource strength in bioinformatics

· Promote R& D programmes in bioinformatics 

· Promote entrepreneurial development

· Globalisation of the national bioinformatics initiatives

· Encourage development of quality human resources 

· Restructuring the BTIS network for optimised performance

POLICY RECOMMENDATIONS

This policy formulation suggests the following programmes for fulfilling the above-mentioned objectives.

5.1 Generate National Level Resource Strength in Bioinformatics:

5.1.1 Improvement of Bioinformatics Capabilities of India
Towards development of strong bioinformatics and bio-computational capabilities the programme should focus heavily upon the following activities:

· Modernisation of infrastructure: Internet bandwidth for resource sharing: All the centres of the network should have access to the Internet and should have sufficient bandwidth as demanded by the applications. The Internet connectivity might be in the form of leased lines so as to optimise cost constraints.

· Uninterrupted Network Access: The computer infrastructure of the centre should preferably be arranged into a network so as to optimise usage and internal sharing of information and resources.

· Popularise Use/ Access to Public Domain Utilities: Presently, a large number of public domain utilities are availables for bioinformatics applications. The centres are to be encouraged to use these utilities rather than acquiring costly packages for this purpose. The apex body should ensure that the centre has the necessary system configuration to use the concerned packages.

· Enhanced Solutions/ tools Development Capabilities: Successful implementation of an operational bioinformatics programme requires adequate emphasis on solution development. As such, activities such as development of databases and software and management of databases constitute important components of the programme. The centres within the network should be encouraged to develop these required capabilities indigenously.

· Research: The centres of the network need to be encouraged to develop and inculcate a research culture and undertake active research in frontier areas of bioinformatics and computational biology.

· Human Resource Development: Lack of adequate trained manpower is a major bottleneck for the bioinformatics initiatives. The centres of the network would be encouraged to take steps that would result in generation of trained manpower in bioinformatics. These training may be conducted either at the entry level or at on-job level. To meet the requirement of qualified manpower at least 20 M.Tech. and 10 M.Sc. courses to be introduced at various prominent institutions.
5.1.2 Resource Integration

Being a distributed network and knowledge resource, it is expected that the total knowledge component developed out of the programme be adequately utilised for the benefit of the country. To this end, all resources constituting the BTISNet should be considered as National Resources in Higher Education and should be made available to all members of the scientific community of India. In this regard, the following integration protocol is proposed:

· The resources of the BTISNet should be brought under a common Internet portal maintained at the Apex Centre. The portal shall consist, apart from factual data, utility services of the sort that are required for research, teaching and practice in bioinformatics.

· All members of the network should have free and unhindered access to this portal and would be free to use the utility packages contained therein.

· It should be mandatory for all Bioinformatics Centres to have their own URL, which will be used as the platform for integrating the resources as stated above.

· The above resource sharing notwithstanding, the Apex Secretariat of the BTIS should take adequate measures to ensure safeguard of strategic components of the information such as biodiversity data, software and so on in order to prevent usage that would be detrimental to the national interest.

5.2 Promote R& D Strengths

5.2.1 Provision of Extramural Support for Bioinformatics Research Projects

Completion of the genome projects and progress in structure elucidation has opened a new vista for downstream research in bioinformatics. These studies range from modelling of cellular function, metabolic pathways, validation of drug targets to understanding gene function in health and disease. Currently, a number of scientists throughout the country – both within the BTIS programme and outside – are involved in in-silico studies of biological processes. The BTIS programme should encourage more such studies. Extramural support to bioinformatics research projects should include: 

· Funding of bioinformatics research projects

· Provide financial support for resource creation and maintenance 

· Enable access to bioinformatics utilities required for research

· Provide financial support for travel/training of scientists

5.2.2 Generation of a Bioinformatics Research Support System

Downstream research in bioinformatics relies heavily on the availability of curetted secondary and tertiary databases and knowledge resources. In this regard, the BTIS programme should undertake the process of acquiring and mining useful information from primary databases and compiling secondary, tertiary and quaternary databases covering specialised areas of biology. Such databases and knowledge repositories, would serve as research support systems for augmenting the bioinformatics research activities.

5.2.3 Adequate Cover to Intellectual Property

In its attempts to promote R&D activities, the BTIS programme should take adequate measures for protection of intellectual property generated out of the projects.

5.3 Promote Entrepreneurial Development

5.3.1 Industry Participation and Building Academia-Industry Interface

Transformation of a knowledge resource to economic development is dependent on the rate at which the technology developed is absorbed by the industry. This push-pull synergy between technology and market is the hallmark for sustainability of any technologically intensive programme. Synchronisation of this approach requires progressive yet sustained liaison with the industry. Fostering a closer cooperation with the industry and building a meaningful academia-industry interface could optimise the success of the bioinformatics. The growth of a sustained academia-industry relation might be implemented through the following processes:

· Understanding the industry environment and market environment through techno-economic market surveys

· Inventorying the transferable technologies available within the BTIS network and making them available on the public domain

· Developing an Industry-Institution Partnership programme at national, regional and international level.

· Promoting the growth of business incubators in the field of bioinformatics

· Provision for industrial and entrepreneurial consultancy services

· Encourage enterprise creation through liberalised flow of foreign capital, outsourcing, infrastructure generation etc.

· Adequate emphasis on human resource development that suits the requirement of the industries.
Apart from these adequate importance should be given to the promotion and protection of intellectual property rights.

The Industry and academia cooperation can be of two ways- (i) The academic institutions can outsource the expenditure for the finishing and packaging of any databases & software development for which the academic institutions should retain the copy right/ patent, and (ii) The collaboration can be for the entire project in which the academic institutions and the industry shall share the copy right/patent.

5.3.2 Exploration of Marketing Channels for the Bioinformatics Products & Services

Technologically intensive products and services have significant business potential. However, it requires intensive marketing efforts through positioning, promotion and distribution. Among these, marketing channels seems to hold the key to the success of the endeavour. The current state-of-art of the bioinformatics resources generated out of the BTIS programme indicates existence of a number of potentially marketable products and services in the form of software, databases, knowledge bases and human resources. The BTIS programme should undertake the task of identifying the proper marketing channels, and align these channels with the programme mandate on one hand and market trends on the other. Exploration of marketing channels might be undertaken by the following proposed mechanisms:

· Development of Web Directory:- Maintaining an inventory of development of web directory of relevant technical products in different institutes, universities and industries and their manner of acquiring and transfer. This should have controlled access. 

· Establishing Liaison with Agencies:- Identification of marketing agencies who might be entrusted the channel function

· Formulation of a Pricing Strategy:- Formulation of a realistic pricing strategy of the products and monitoring the same keeping in view the market trends.

5.3.3 Capital Funding for the Public-Private partnership in Bioinformatics

The bioinformatics industry being a high technology area requires venture capital funding for active participation of private & public sector organisation. There is a strong need to create such a fund. A separate centre shall be established for the promotion of public-private partnership with sufficient autonomy in decision making.

5.4 Globalisation the National Bioinformatics Initiatives

Globalisation refers to the process that enables integration of the national economy with the world economy. In technologically intensive sectors, this is achieved by free flow of technology across state boundaries and mutual resource sharing that caters to the interest of the international community. The Indian bioinformatics programme is likely to become more competitive through technology diffusion, assistance in capital formation and innovation from its overseas brethrens. 

5.4.1 International Collaboration on Resource Sharing
The global bioinformatics initiatives are progressively focussing upon collaborative endeavours. Examples include the International Sequence Database Collaboration among the NCBI, USA; EBI, UK and DDBJ, Japan. Other international collaborative groups also exist like the International Consortium for Collaboration in Bioinformatics [ICCBnet], International Centre for Genetic Engineering & Biotechnology [ICGEBnet], Asia-Pacific Bioinformatics Network [APBioNet] and so on. The functioning and operation of the BTIS network would be greatly optimised and enhanced if there is a closer link with the major international bioinformatics initiatives. In this regard, the following measures might be adopted:

· Establishment of Mirror Sites of International Servers:- Establishing mirror sites of major international bioinformatics servers not only enable the Indian scientific community to access these resources, but this would promote greater cooperation with the global community.

· Establishing Nodes of International Bioinformatics Initiatives:- The centres of the BTISnet might be encouraged to become national nodes of noteworthy international initiatives so as to become a part of a bigger network. Notable examples include initiatives like the S*.org of the National University of Singapore, ILDIS, U.K. 

· Establishment of Virtual Libraries of Bioinformatics:- Digitising the existing collection of library resources in bioinformatics present in the different BTIS centres, should be encouraged to enable the centres to form a part of international virtual library networks. This would enable resource sharing and sharing of bibliographic and other information at an enhanced rate.

· National Genome Net and Trace Archives:- The BTISnet servers should undertake the task of compiling the sequence and structure information generated de novo within the country and share it on a mutual resource sharing protocol with other countries of the world. Apart from this, the BTIS centres should maintain a curetted archive of the major genome information for facilitating development of secondary/tertiary databases and downstream research. The entire genome repository generated in the process, should be integrated into a single-window platform through a National Genome Information Network. 

5.4.2 International Participation in Bioinformatics Capital Formation

In the current international collaboration trends of the bioinformatics programme, the Indian counterpart is essentially at the level of a user. The basic resource base, utility platform and the intellectual property rest with the foreign component of the collaboration. Minimal effort has till date been given to involve the developed countries to take part in generation of bioinformatics capital resources in the country. 

The liberalised economy has opened a new vista in the field of foreign capital inflow and foreign technology agreements. The programme should utilise this regime judiciously to strengthen the country’s bioinformatics infrastructure. Apart from accelerating the present pace of progress of the programme, it would also enable job creation, resource generation, and output maximisation and provide the BTIS with a competitive edge over other countries. 

International participation in bioinformatics capital formation might be undertaken in the following proposed ways:

· To allow foreign institutional investors, MNCs and academic establishments to invest in any chosen Bioinformatics Centre with a ceiling of 51% equity.

· To allow foreign pharmaceutical companies to outsource from the Bioinformatics Centres in all areas other than those of strategic relevance

· To encourage major international bioinformatics institutions like the NCBI, EBI, DDBJ, SIB etc to open offshore centres in India using the infrastructure of the BTIS centres.

· To allow leading technology companies to invest in technology upgradation schemes with the Bioinformatics Centres.

5.4.3 Establishment of International Institute on Bioinformatics:

In the recent past, almost every government agencies working on science has shown keen interest in Bioinformatics and there is a need to establish an apex body or institute where sufficiently large number of people can interact with each other towards promoting bioinformatics activities such as R&D, service and education. Similar to NCBI in USA, EBI in Cambridge, Singapore National University and South African National Bioinformatics Institute (SANBI), India needs to establish an international institute to support the growth of bioinformatics. This institute shall evolve criteria for quality training and evaluate bioinformatics training programmes offered by various organisations in the country. Besides these activities the institute shall promote international cooperation in this area.

5.4.4 National Eligibility Test on Bioinformatics (NETBI) for certifying quality human resource in Bioinformatics:

In India several government and non-government agencies including small private organisations are conducting bioinformatics courses in different levels starting from graduation to post graduation levels. However, the students those are passing out through these courses are unable to attract job opportunities because of the lowest standard of teaching programmes. In order to select high quality human resources in Bioinformatics the department shall conduct a national eligibility test (NETBI) for certification of quality human resource in bioinformatics. On the basis of performance on such tests some fellowships may be awarded for pursuing higher studies such as M.Tech., Ph.D. in bioinformatics. 

5.5 Encourage Human Resource Development, Education, & Awareness

The dearth of adequate trained manpower in bioinformatics is a major global problem. The case is no different for India. The programme should lay adequate emphasis on manpower development to address this problem. These should be long-term, short-term and continued training programmes. More M.Tech. & Ph.D. courses shall be introduced at various institutions.
5.5.1 Short-term Training

 
As in the past, the programme should continue organising workshops, seminars and symposia all over the year covering as many numbers of centres as possible. Adequate emphasis should be given to understanding theoretical principles as well as hands-on experience during the training. The subject area of the training modules should be such that it covers the frontier areas of bioinformatics and computational biology.

5.5.2 Long-term Training

The long term training programmes should be tailored to generate domain knowledge in the field of bioinformatics. These should include Diploma level courses, similar to the ones already in operation, as well as Degree courses at the level of M.Sc., M.Tech. and Ph.D. The individuals trained up in these schemes would develop the expertise to perform as group leaders in bioinformatics. 

5.5.3 Continued Education in Bioinformatics

 
Bioinformatics is a fast growing discipline and therefore, the domain knowledge gathered by an individual, tends to become obsolete within a very short period of time. As such there is an acute requirement of continuous training of the scientists, teachers and researchers in the newly emerging areas and concepts. In view of this, the BTIS programme should take necessary measures to provide continued education to the practicing bioinformaticians of the country. This may be undertaken in the following proposed ways:

· Organising summer and winter schools in bioinformatics

· Organising refresher courses

· Institution of Travel Fellowships for training abroad

5.5.4 Awareness of Bioinformatics

· Provide opportunity for web-based learning through BTIS portal

· Publication of news updates

· Content creation in bioinformatics e.g. through generation of multimedia and e-learning packages.

· Generation of a compendium of experts in bioinformatics, updated regularly.

5.6 Restructuring of the BTIS Organisation for Optimised Performance

5.6.1 Enhanced Autonomy of the Apex Centre

The Apex Bioinformatics Centre should be thoroughly restructured and reoriented to develop it as a Product Management Centre of the bioinformatics programme. It is suggested that the centre be made independent and declared an autonomous institution under the Department of Biotechnology, specialising in bioinformatics research, application and management. 

5.6.2 Compilation of Work Areas for the Programme

The Apex Centre should compile a list of work areas for general guidance of the centres, keeping in view the national requirements, expertise available, funds available and basic objectives of the Government of India. These would include:

· Identification of high priority research areas that need to be addressed.

· Identification of core interest areas of the Bioinformatics programme.

· Identification of high priority databases and software that need to be developed.

· Standardisation of course curriculum for bioinformatics education.

· Monitoring, analysing and publishing the market demand of different bioinformatics applications (tools) and utilities

5.6.3 Generation of Work Groups

The Apex Centre, based on the reports of the individual centres, should evolve small functional work groups and foster closer interaction within these individual groups. Each of the work groups should be under the supervision of Group Coordinators, who would oversee the overall functioning of the group. On the basis of the current trends of the network, suggested work groups include:

· Medical Science

· Commercial Biotechnology & Intellectual Property Management

· Computational Biology & Algorithms

· Biodiversity & Environment

· Plant Science, Agriculture & Veterinary Science

· Molecular Biology, Cell Biology & Structural Biology

5.6.4 Clustering of National Computational Resources
In various organisations the high end computer system are not fully utilised and there is a need to bring such computational resources on national Biogrid. Similar to the super computing facility at IIT, Delhi three more facility on regional basis shall be established and networked with the Biogrid. Currently the country is in need of a minimum of 10 teraflops of computational power.

5.6.5 Restructuring the BTIS into a Product Organisation

The BTISnet should be converted into a product organisation with a common mandate and a common minimum programme. Functional modulation should be carried out so as to make optimal use of the individual areas of specialisation of the constituent centres. This can be achieved through re-classification of centres based on functional areas. Thus the traditional classification as DICs and sub-DICs might be replaced by more realistic classifications based on actual function. Suggested functional categories might include:

· Information Dissemination/ Extension Centres

· Solution Developer Centres

· Research & Development Centres

· Education and Human Resource Development Centres

6. CONCLUSIONS

The chief feature of this policy proposal is to facilitate a paradigm shift for the DBT’s/ bioinformatics programme from infrastructure generation to resource building at national, regional and international level. In this regard, the functional protocol might be redefined as follows:

· To focus on resource building in bioinformatics using the infrastructure already generated

· To ensure balanced and integrated development in terms of information dissemination, application development, R&D in Bioinformatics.
· Leadership quality human resource development shall be strengthen by introducing more post graduate/ doctoral programme in bioinformatics.

· Venture capital funding shall be created to provide public-private partnership in bioinformatics.

· Suitable incentive applicable for the industries shall be extended similar to the IT sector for their participation in bioinformatics.

· To encourage and enhance international exchanges/ partnership with global organizations.

· All the above participations/ investments etc. should be implemented after getting a report of Steering Committee on any investment keeping a watch on national interest.

· Furthermore, the qualifications in Bioinformatics awarded by various agencies should be recognised through the National Eligibility Test in Bioinformatics(NETBI).

Implementation of these policy recommendations with adequate follow-up might result in the BTIS being developed into a National Virtual Centre for Bioinformatics, making use of the power of distributed resources and individual expertise in the right combination.
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