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Preface

All living organisms on this planet Earth survivedugh manipulation of natural resources. The more
efficient and sustainable is this manipulation; le¢ter is overall adaptation and evolution of $pecies.
Since its earlier appearance on the planet Eamfmah beings utilized natural resources for its isaty
ranging from preying animals to domestication oifveals and plants for food, feed, shelter and health
care. This could be considered as the earliesinpirelry phase of all forms of biotechnology, i.the
technology to manipulate living systems for thetdratent of humanity. These technologies were
improved with the passage of time, resulting inlittanal medicine, farming, fishery and animal iegr
However, the population size of human species asw@d gradually till the modern era, where the
population is getting increased dramatically. Tpigpulation expansion was associated with other
dramatic “un-natural” changes on the planet likdustrialization, climate change, environmental hdga
and the increased disease invasion in human, ptamisanimals due to increased trade and travel. To
cope with these challenges, a more efficient artebenanipulation of these natural surroundings is
required in a more appropriate direction.

The efficient manipulation, however, requires a enorsight and comprehensive understanding of the
living systems and its surrounding, modern toofstti@ir manipulation, and understanding of subsetjue
consequences. Advancements in life sciences idastecentury have increased our understanding of
living systems. New tools were made available tarabterize organisms, understand the biochemical
pathways of organisms and understand the inhedatarechanisms. These understanding enabled a more
efficient exploitation of living systems, creatintbe “modern” Biotechnology. Biotechnology can be
defined in various ways but it is simply the sHilftnanipulation of living system for an efficient
exploitation in the interest of humanity. The teslogy aims in the improvement of crop and animal
production, health care and environment. Sinceatheent of biotechnology, a number of application of
biotechnology has proved its utility in the formrmblecular applications to biology, recombinant DNA
technology, gene therapy, pharmaco-genomics, far&$A technology, bioremediation and cloning, to
name a few.

Considering the enormous potential of biotechnoldgis our national duty to devise the most eéiti
biotechnology policy, not only for short term busa for long term. Considering the limitations and
potential of the technology, its intellectual angstified use with a pre-planned, objective oriented
research is thus indispensable. The current repmvides the recommendations for the future
biotechnology policy for Pakistan, compiled afteseaies of biotechnology foresight meetings, inirav
expert views from nationwide biotech scientiststhalgh the report is compiled by the undersigned, i
accumulates the input from all the experts whoigiggtted in these meetings or have sent their g1put

In compilation of this report we tried to put fomslathe context, vision & mission, opportunities &
challenges and a final section of recommendatidndifferent sub-divisions of biotechnology. We
attempted to avoid the technical details, whichlddne found elsewhere, but only mentioned the main
issues, opportunities and challenges. We attemptedjive an overall idea of the potentials of
biotechnology and we do not claim that the isswmsed here are exhaustive and inclusive. In this
essence, the present report could be a precunsfurfoer thoughts and discussions.

We would like to acknowledge Pakistan Council farieBce and Technology for arranging these
meetings and providing all possible support, ad aglto all the participant experts, which made thi
foresight exercise successful.

Zahoor A. Swati & Sajid Ali
The University of Agriculture, Peshawar, Pakistan
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Biotechnology Foresight: planning for the future biotechnology

Chapter 1. Biotechnology Foresight:
Planning for the
Futur e Biotechnology

Badar Minhas', Zahoor Ahmed Swati® and Sajid Ali?

! pakistan Council for Science and Technology (PCST), | slamabad, Pakistan.
2| nstitute of Biotechnology and Genetic Engineering, the University of Agriculture, Peshawar, Pakistan.

A series of meetings were arranged at Pakistan €lofan Science and Technology (PCST) to provide
recommendations for formulation of a long-term oadil policy regarding the growth and development of
biotechnology in Pakistan (Annex 1). Considering timportance and potential of biotechnology, the
technology foresight approach was adopted by thperexpanel to identify the future challenges and
potentials in the area of biotechnology. The ovegahl was to enable the adoption of an efficiemd a
effective biotechnology policy to enable the natb@mmefit from this technology not only in short yinut
also in the long run.

Technology foresight; to anticipate future

The “technology foresight” technique was selectedaaholistic approach to anticipate the future
challenges and opportunities related to biotechgywla Pakistan, placing it in the international .
The technology foresight neither predicts the feitoor the impact of future technology on the curday
life, but it provides an overall view of future kisand potentials of the technology and enablesttib
preparedness.

To forecast the future risks and potential, somatesgy is required to foresee the future challerayes
opportunities. The biotechnology foresight expemel selected the STEEPV approach to carry out this
biotechnology foresight practice.

Selection of STEEPV issues

The selection of STEEPV approach enabled to fordseduture biotechnology in Pakistan. STEEPV
approach identifies the Social, Technical, Econonitmvironmental, Political and Value related
issues/aspects of any technology; both the chaermd opportunities. The expert panel identified a
number of issues related to biotechnology, ranfjiogn Food, Feed and Fibre Security and Health Care
to public awareness and international obligatioeaties. These issues are listed in Table S1 (A2hex
All experts discussed and voted for various issaesed during the first brainstorming session tecte
the three most important issues. The selected tbsaes from each category are presented in Table 1

These three issues from each category of STEEP¥ used to identify the main drivers related to the
future challenges and opportunities of biotechnplog



Biotechnology Foresight: planning for the future biotechnology

seswea0sd mwogan poad
puE Summejd
USTIETEEEE Surdde Surpo. ANIgENS [ETROg
a0 ddns poe e ! OO EWOY BT 00T = e e
ENRIEAY [Emnod Smzmgoyy HELLTPTERY nonyEanyddE y.rEesel A =HrgaE paje puem pue  pue dmmisoddo gof
o o AIE [E)URTOTOIL AL ] S i LI JngRs Jof Joddng a0y Smpma Apede])
ASopoureiong
Jo uogESayu]
SR
PIEPUERS - POE SLOEM
dnjsRmwne “JUI 0 SUMNLIOJu0 EpInE ddd 03 SmpnIIE
jo ﬂu—wﬂ aqnd ) muunhnﬁn Apppes-mig STAETRL o SEETdIe L TonEXIn n.uﬂnw___ »
pupely o ugnEwedny I A8 e 5 L..H “E_u camndopy yremdop P a2 | a0}
PLg ALE JIRR 0Ny DELOIO] WO OORY RO EYs SuonmE
S}0E 2AQEIOQETOY
gy I-org e :
SIR[qoLg yremmosm g pue fLnsnpay
) m janpoad jemiojdep puE - s A — H By m IET)
=regie juemmdop 8P 1of aA]0s R MW0U0IR0R0S  ASojoue)ong jo uogedjdde BI==H PaE A% 5
yemin]da(] PUE  DONEMMLICE L0 ' ' i S 24013 puE Poe 3 “poo g
o LEES dof s
yEmdopa( ) TR JORE[) e Jo=Tn oA
SME L [EMog JEREET | L [eRSojouya | [E0g

"S13 ALIP OLIETR 35 J0 WOTIE N0 f
Aoy jaued y2 dxa yyEsado ] Adojourneorg 21 Aq L1080e \JTIIS IE2 UL P2)I2]25 SAMSST 2241 JO IS YL “[2[qEL



Biotechnology Foresight: planning for the future biotechnology

Selection of drivers
The most important two drivers were selected basetthe selected STEEPV issues. These were:

- 1st driver (D1): Increasing demand for sustainable development gfirdaod, feed, livestock,
environment and health security with increased egmpént.

- 2nd driver (D2): Increasing pressure for product/result orientetergable cost effective
research according to international laws/standdralsequally satisfies public concern about new
technologies/products and public rights.

The expert panel made a consensus about the impertd these two drivers.

Contrasting scenarios

A set of four contrasting scenarios were identifilebed on these drivers (Fig. 1a). The profiles and
probability of these scenarios were also discudsgdhe experts (Fig. 1b). These scenarios were
considered to address various Actors and Actiohs. dctors and actions were put forward to provide a
basic trigger for further discussion and recomméods.

Scenario 3 Scenario 1
3rd probable Most probable

Less important Mostimportant

D1:Increasing demand for sustainablp development through food, feed, livestock,
- environment and health sefurity with increased employment. + - +

D1 D1

D2 Increasing pressure for product/result
oriented patentable cost effective research
N according to international laws/standards

that equally satisfies public concernabout Scenario 4 Scenario 2
new technologies/products and public Least probable 2nd probable
rights. Least important Moreimportant
(2]
o

Fig. 1. The contrasting four scenariosidentified considering the two drivers (a) and their probabilities
(b) used to identify actionsand actorsfor biotechnology foresight.
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Actions and actors

Considering the importance and probabilities of aleve described scenarios, a number of actor and
actions were identified. The expert panel iderdif least five sub-divisions of Biotechnology toyide
recommendations. Along with some general overadlbas and actors (detailed in Chapter 2), the éxper

panel provided recommendations on further actiam$ actors specific to each of these subdivisions
(detailed in Chapter 3-7).

» Agricultural Biotechnology (Detailed in Chapter 3)

Industrial, Microbial and Environmental Biotechnology (Detailed in Chapter 4)
Health and M edical Biotechnology (Detailed in Chapter 5)

Veterinary and Animal biotechnology (Detailed in Chapter 6)

Y V V V

Application to Biology and Bioinfor matics (Detailed in Chapter 7)

The actions and actors are detailed in “Recommendgtsection of each chapter. We have compiled the
report in different chapters to provide an easyeasdo readers according to their area of intefdst.
chapter 2 on general biotechnology could be coedudyy non-specialist readers to have an overadl ade
importance and challenges linked with biotechnolagyg recommendations for devising the policy. The
onward chapters would provide more detailed infdiomaon each of these divisions of biotechnology.
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Chapter 2. General Recommendations
on Biotechnology

Zahoor Ahmed Swati* and Sajid Ali*

I nstitute of Biotechnology and Genetic Engineering, the University of Agriculture, Peshawar, Pakistan.

CONTEXT

Increasing demand of food, feed, fibre, livestogkyironment, energy and health security is the main
driving force for all life science research. Likeyaother field of applied life sciences, bioteclogy aims

to skilfully manipulate the living systems for humimterest in a more sustainable way. The sustaityab
and environment friendliness is one of the impdrabjectives of this skilful manipulation. A numbefr
biotechnological applications do exist to attaie tmprovement of crop and animal production, health
care and environment.

The development of any nation is dependent on tdolyital exploitation of its natural resources,
including human resources. Biotechnology providegr@mising way to skilfully exploit the natural
resources. It also enables to preserve the natioesdburces through their characterisation and
conservation.

There is an increasing interest worldwide to invadbiotechnology industry. A number of nationatan
multinational firms have been involved in biotecloyy worldwide, with some dedicated to
biotechnology (Fig. 2). The developed countrieg II'SA and Spain are the leading nation (Fig. 2).
Pakistan, however, is not among these countriestoube negligible involvement in biotechnology
industry. No such data is available for Pakistandmpare its status of biotechnology industry. Heosve
for sustainable development, it is indispensiblante@st in biotechnology.

VISION & MISSION

The vision and overall mission for biotechnologytasfulfil the increasing demand of food, feed,réip
energy, livestock, environment and health secuhitpugh skilful and sustainable exploitation ofitigy
systems.
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Fig. 2. Worldwide pattern of involvement in biotechnology by different countries during 2011.
Source: Key Biotechnology indicators, OECD, last updated 2013.
(http://www.oecd.or g/innovation/inno/keybiotechnologyindicator s.htm)

OPPORTUNITIESAND CHALLENGES

Biotechnology could intervene in various discipbrte cope with future challenges and benefit from t
opportunities. Each of these applications is dedaih relation to various practical problems inithe
respective chapters; however, a few of the bioteldgical tools are mentioned below, which could be
exploited to attain food, feed, fibre and healtfecgecurity.

Molecular applicationsto biology: The utilization of molecular techniques enableg#dn understanding
of different biochemical and molecular aspectsvifiy) processes. This is the only way to the skind
sustainable exploitation of these living processes.

Tissue culture: Tissue culture tools are used farvitro multiplication of any organism, without genetic
changes. It is widely used in the context of covesiazn genetics, multiplication of disease free &g

to type propagation. Through soma-clonal variatiingould create new heritable variations, to be
exploited in genetic improvement.

Molecular Markers: The molecular markers enable a better crop and anganetic improvement
through marker assisted selection. These are afsmsively used in genetic conservation, invasion
biology and overall population biology.

Forensic DNA technology: Considering the fact that each individual has its @enetic make-up, the
forensic DNA technology enables the exact idendtyindividuals. This is intensively used today in
criminal and parentage identification.
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Sequencing and Genomics: The advancements in sequencing technologies hauted in accumulation
of sequencing data for a number of species, whi foe exploited for a number of purposes to
understand the underlying genetic mechanism ofwdifft life process.

Recombinant DNA technology: The field of recombinant DNA technology, geneticgieeering or
transformation has expanded the possibilities afetje improvement enabling the introduction of
transgenes (foreign genes) into an organism foextression. Genes could thus be incorporated from
genetically distant organisms e.g. from an insettt & plants. Numerous research projects are oggoin
plant, microbial and animal transformation, witle tiitimate aim of commercial exploitation.

Reproductive biotechnology: The assisted reproductive biotechnology providésrge number of tools
for animal production improvement ranging fromfarial insemination, embryo transplantation etc.

Gene therapy: In medical biotechnology, gene therapy enablesittreduction of disease curing or
preventing genes to the cells lacking the geneawin its inactive form.

Pharmacogenomics. The pharmacogenomics investigates the associatiowligiduals’ genetic make-up
and his reaction to medical therapy. This knowledgk help develop individual oriented therapy,
according to patient’'s genetic make-up.

Bio-Pharming: The idea of production of pharmaceutical produltsugh plants and animals is under
intense research in some countries. The ideadgpess the genes for production of these compaounds
plants or animals for subsequent exploitation.

Tissue and organ transplantation: The transfer of tissues and organs from one indalido another
individual or from one site to another site of pati body provides a promising opportunity to cure
several anomalies.

Energy. agriculture and domestic waste has a great patdntcomplement energy needs by conversion
in biogas (methane), ethanol and butanol. The bic& source of energy has been exploited in China,
Brazil and India. The technology can be adopteth botvillages where livestock waste and agricultura
waste can be converted into energy. The waste fwogar industry and urban waste dumps can also be
exploited for energy production.

Biotechnology, thus, possesses an enormous pdtimtiae sustainable development of the counthe T
limitations and potential of the technology shotlids be considered to enable a more objective teden
research and application of biotechnology.

RECOMMENDATIONS

Considering the opportunities and challenges ifledtin a series of biotechnology foresight meetibyg
expert panel, following recommendations were mad#ewise the future national biotechnology foresigh

policy.

- The first and the most important recommendation regarding the strengthening of institutions
for capacity building in biotechnology (both infragcture and man power). This should be done
on a priority basis throughout the country.



General Recommendations on Biotechnology

Research innovation in the field of biotechnologysibe encouraged to minimize dependency
on foreign imports. This must also be orientedumbn resource development and generation of
employment.

The sector-wise flagship status in different are&sbiotechnology must be given to the
institutions, with each of these institutions hayaclear mandate.

Support should be given only to the target oriemesearch to fulfil the increasing demand of
food, feed, fibre, livestock, environment and Heakcurity.

The balance between the basic and applied reseaets to be made; only very highly
competitive basic research must be supported, wasser cost pressure would be applied.

A small number of projects under scenario 3 cowdsbpported considering lesser pressure for
the drivers on food, feed, livestock and health amgloyment, but considering cost efficiency.

The scientists must be encouraged/stressed updevidop cost effective and product oriented
patentable and deliverable outputs.

Some national biotechnology forums like Pakistamr@i for Biotechnology (PCB) should be
re-activated with more active role. It must provithe latest information, probably through a
website and through the monthly news letter.

Repetition of same research at different instingishould be avoided and a more complementary
nature of research collaboration must be ensurdd the help of these national biotechnology
forums.

The scientists must be encouraged to adopt meakuE®tect the national interest and public
rights.

The private sector should be encouraged to inmesiotechnology related ventures, with support
from their sides to biotechnology research in puptivate institutions. The government should
provide attractive incentives to have an early imement of these firms in biotechnology.

Scientists must be encouraged to develop intemmatiacollaborations. The bureaucratic
formalities should be reduced to enable them facusearch and use of international funding for
their research in Pakistan.

Measures should be taken to avoid brain drain @fiyneeturning PhD scientists from abroad.
They should be encouraged in all measures to éstatiieir own laboratories through both
national and international funding.

The national bio-safety agency should be strengithemd a national bio-safety policy should be
developed. This should be circulated among alldoimology related institutions and industries,
who should devise their respective bio-safety messsconsidering the national policy.

Considering the worldwide propaganda against tblentelogy, efforts should be made to increase
public awareness about the real limitations anémal of this technology.
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Chapter 3. Recommendationson
Agricultural Biotechnology

Shahid Mansoor*, Ghulam Muhammad Ali%, Asad Jan®, Zahoor Ahmed Swati® and Sajid Ali®

!National Institute for Biotechnology and Genetic Engineering (NIBGE), Faisalabad, Pakistan.
2National Agriculture Research Centre, |slamabad, Pakistan.
3| nstitute of Biotechnology and Genetic Engineering, the University of Agriculture, Peshawar, Pakistan.

CONTEXT

“Grow more food” is cry of the day. Agriculture @ucial for attaining food, feed and fibre security
After its creation, Pakistan faced a major foodusigg threat in 1950's. The intervention of modern
agricultural practices and adoption of high yietdfertilizer and pesticide responsive varietiesbde to
cope with the risk. This resulted in self suffiagnin food, often termed as “Green Revolution”.
However, this was only possible for cereal crogs livheat and rice. Pakistan has still a huge impbrt
food items that include edible oil, pulses, tea attter commodities, posing a continuous threahéo t
nations’ food security. The population has alsgéased, thus threatening even the sufficiency ieate
crops.

With the current population of around 200 millioRakistan is the sixth largest country and our
population is expected to rise to 250 million bg trear 2022. About half of the Pakistani populatias
been estimated to be food insecure due to defigiehcalories, proteins, vitamins and minerals.sThi
food insecurity is associated with health inseguasitd mal-nutrition. As there is limited scope ting
new land under cultivation, the major increase lindpction must be attained through application of
technologies that increase production per unit,laledrease cost of production by enhanced effigiefic
input utilization and increase the nutritive vabfdood being produced in the country.

The increasing cost of fertilizers, new pest amgeaées and environment challenges such as sudden
temperature variations, unpredictable rainfalls andertain flow of water in our rivers are the mmajo
limitations for agricultural production. Severabprproduction technologies have been deployed pe co
with these major limitations, based on agronomgpgrotection and chemical intervention. Explodati

of the genetic potential of crop plants, howevexs hesulted in impressive success to overcome these
limitations. Such genetic potential exploitationsamade through the application of genetic principal
classical plant breeding.

The classical plant breeding has, however, its timitations, mainly the requirement of successful
crossing with fertile progeny and the time requiréml develop the desired genetic variant.
Biotechnological intervention to the classical pldweeding had overcome these limitations, thus
providing overwhelming opportunities to develop rgenetic variants with better qualitative and
guantitative yields. This has revolutionized thassical plant breeding in to “Modern Plant Breetling

The modern plant breeding exploits the knowledgemolecular biology coupled with the tools of
biotechnology to improve crop production. The knedge on genetic composition of crop plants is used
to characterize the relevant gene sequences, figlémti desirable allele types, develop markersetect
those alleles in a segregating population and lisdransformation techniques to insert the genes in

9
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more targeted and efficient way. The crop produmcdnhancement expected through the biotechnological
intervention is often termed as “Gene Revolution”.

VISION & MISSION

The vision and overall mission of agricultural leictinology is to improve food, feed and fibre prdaurc
through skilful and sustainable exploitation of grgenetics in the context of improved agricultural
system.

OPPORTUNITIESAND CHALLENGES

The agricultural biotechnology could have a numdfa@nterventions to cope with the agriculture retht
challenges and benefit from the related opportemitsome of these are described below:

Yield enhancement: The enhancement of per acre yield still remaiesmiost important desirable goal of
crop improvement program. Yield enhancement has hehieved by adopting technologies such use of
hybrids and development of crop varieties with kigpartition of nutrients towards grain production.
Biotechnology can also intervene in various arehgh®s improvement to better understand crop
physiology and its contribution to overall yield.

Abiotic stress resistance: The major abiotic stresses in Pakistan includeiging salinity, less rainfall,
unexpected rain, hailstorms and floods and theudhitons in temperature. The existing biodiversitya
species to response to such stresses have widety dogloited through classical breeding. The genes
residing outside of the species, either in the wéldtives or unrelated species, could only bermmated

into crop plants through the intervention of bitteclogy. For example, a desired gene could be
transferred from a microbe to a crop plant throtrghsgenics, while the genes from the same orectlat
species could be transferred efficiently and rapildfough cisgenics.

Biotic stress resistance: The outbreak of crop pests, insects and diseagktha prevalence of weeds are
the major biotic stresses to reduce crop produc#arfor abiotic stresses, the biotic stress rasts has
also been achieved previously through classicading. However, the biotic stresses, caused byr othe
organisms, evolve against the resistance achielbds a continuous effort is required to develop
innovative approaches for such resistance. Biotgohital interventions have been shown to be quite
effective in controlling these biotic stresses. Ts® of molecular markers would also enable a more
efficient and rapid selection for the desirableagpes in modern plant breeding.

Increased input responsiveness:. The low soil nutrition status requires intensivelagation of fertilizers
and nutrients. Similarly, other inputs like watarsecticides, weedicides etc. are also appliedttiina
high yields. However, only an efficient utilizatiaf these inputs could ensure higher productiore Th
exploitation of genetic mechanisms for such arciffit exploitation would enable a better yield wihs
input applications. Biotechnology could provide armefficient method to develop such input respansi
genotypes.

Environment friendly agriculture: A major challenge to agricultural biotechnologytlie environment
and ecosystem safety. The biotechnological researdhproducts must be carefully tested for biotgafe
before their widespread applications. Similarlye tln-justified propaganda against biotechnologicall
developed agricultural crops must be well replied tneir concerns should wisely be answered.

10
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Improved nutritional quality: The food security could only be attained if theritional requirements of
the population are achieved. Previously most offfifierts were targeted toward more quantitativédge
However, the current improvements in modern plantetling, resulting after biotechnological
intervention, could develop crop genotypes withhieignutritional quality.

Thus agricultural biotechnology presents an enosvmmtential for crop improvement, both qualitatvel
and quantitatively.

RECOMMENDATIONS

Considering the overall challenges and opportuitidated to agricultural biotechnology, the expert
panel suggested the following recommendations, galaith the general recommendations, to be
considered in the future biotechnology policy.

- Empowerment of agricultural biotechnology in alkiagltural universities and colleges through
human resource development and provision of infuagire.

- New posts for young biotechnologists should betededn research and extension system, to
enable them strengthen the research and extengistens with the modern tools of
biotechnology.

- Both the agricultural universities and researchtista should be provided with basic
infrastructure for biotechnology related research.

- Research in agricultural biotechnology should bmaraged to solve the major agricultural
problems, mainly in improving biotic and abioticests resistance, improved input responsiveness
and better nutrition qualities.

- Greater emphasis on crop genomics, crop physicdoglycrop molecular interactions is essential
to enhance capacity for their exploitation in crgpnetic improvement. Human resource
development in these areas would be essentialéieeldpment of molecular information-based
breeding program and selection of desirable plants.

- The agricultural biotechnologists should be encgedato interact with scientist from other fields
of agriculture and farmers to work together fovgaj the major agriculture related problems.

- The public institutions should actively contribute the development of transgenic crops and
biotechnological crops along with national industoyavoid the public perception against the
multinational companies as the only owner of bibredogical products.

- All agricultural biotechnology projects must strongconsider the sustainability and
environmental safety aspects of their researchpaoducts. The protection of environment and
ecosystem should be on top priority.

The bio-safety aspects of all agriculture relatedezhnology products should be thoroughly
tested before their release. A strong and neuimas&fety body should be devised for the
purpose, which should be compatible with the iradamal regulations.

11
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- There is an urgent need to enhance our capacitgHaracterization of transgenic events to
safeguard national interests and bio-safety evialuaif transgenic plants for feed and feed as
well as their environmental safety.

12
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Chapter 4. Recommendationson
Industrial, Microbial
& Environmental Biotechnology

Qaisar Mahmood K han* and Muhammad Afzal Ghauri®

!National Institute for Biotechnology and Genetic Engineering (NIBGE), Faisalabad, Pakistan.

CONTEXT

The industrial biotechnology deals with the skilfmanipulation of living systems for industrial
exploitation through processing chemicals, materaad energy. One of the important components of
industrial biotechnology is based on the utilizat@f microorganisms and enzymes in chemical, food &
feed, paper & pulp, textiles and energy industidthough our economy is mainly based on agriceltur
the country has a potential for growth in industsiector. Industrial biotechnology would be a vasgful
component of this industrial development, redu@ogdependence on foreign import.

The microbial biotechnology exploits the increasedwledge about various microbial organisms for
commercial purposes. It may involve various expliiins of microorganisms, their products and eve,
their genes for commercial exploitation.

Environmental Biotechnology involves the use ofaabination of biological and other processes to
protect, maintain & restore the quality of enviremh The Environmental biotechnology also provides
an enormous potential to restore the environméhntaligh bioremediation and better waste management.

As these three subdivisions have related domaiasyi describe them together in this chapter.

VISION & MISSION

The vision and overall mission for industrial, naibral and environmental biotechnology is to expibé
living systems, especially microbes for industpebcesses and environmental management, considering
the environmental safety.

OPPORTUNITIESAND CHALLENGES

Industrial and microbial biotechnology has a numbérapplications which could be exploited at
commercial level. Some of these are described below

Enzymes in industries. Enzymes are widely used in various industries. Erample, the cloth
manufacturing industry, with almost 1000 units akitan, has a massive demand of desizamylases
and bio-scouring cellulases and pectinases. Sigilanimal feed industry, 1200 units working in
Pakistan, also employs a cocktail of enzymes inofyithe fibre degrading enzymes, proteases, lipases
amylases and phytases and this industry can aldmbsted by the aid of these indigenously prepared

13
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enzymes. These could be efficiently and rapidlyetigped, modified and produced at commercial scale
through biotechnological intervention.

Production of biomolecules: The microbial biotechnology could also produce mber of biomolecules.
The development of prebiotics and probiotics, axfional food, can address health issues by piotect
from gastroenteritis, immune regulation, improvégedtion and gut function. Moreover, prebiotic inul
biosynthesis from molasses represents more thanirh@8@ value addition in the product, as the market
price of insulin ranges from US $ 15,000-20,00040ompared to molasses, which is exported at tkee rat
of ~US $ 62/ton.

Nano-biotechnology: In recent years, the merger of biotechnology ambtechnology has appeared as a
new frontier with important applications by expétit the synthesis, assembly and targeted
functionalization of nanoparticles. Nanoparticlessén applications in developing ultra-sensitive aése
diagnostic protocols, potential scaffold materallhone implants and drug/gene delivery. In adajttbe
nanoparticles have potential to be used as buildingks to make new materials such as composites,
nanowires, nanochains, and porous materials folicgpipns in nano-electronics, nano-optics, caialys
and forensics.

Contribution to energy: In view of rapidly growing energy demand in Pakisté is indispensable to
exploit all indigenous resources by increasingghpply of traditional fuel. The generation of metha
gas from animal, agricultural and industrial wagte®ugh anaerobic digestion has significant paaént
for increasing indigenous supply of fuel. ThougkiB@n have huge coal reserves (> 185 billion tshne
they are not being fully exploited, as most of oaal is lignite in nature and simple burning ofsthaw
material is highly inefficient. Biological benefation of our coal resources involving biodesulfatian
of high sulfur coals or biodegradation/biogasifiactof low rank coals can be used for tapping thige
natural resource for progressive, efficient and-edfective fuel and non-fuel applications of browmal
including as source of hamates and waxes production

Microbial diversity conservation: The microbial biodiversity is one of the importaamd precious
components of the natural biodiversity reservernf mation. The conservation of microbial biodiversi
must be an important component of national policy.

Bio-mining: Bio-mining has been described as one of ten “Waohdnging ideas”. Pakistan is also
blessed with a vast array of other minerals; howefe contribution of mineral sector to the GDP of
Pakistan is less than 1% that can be increaseddad exploiting only 25% mineral resources of
Pakistan. Bio-mining can be an economical and enwirental friendly alternate to the mining industry
for extraction and purification of metals from larguantities of low grade ores.

Bioremediation and waste management: The environmental intervention could enable thadfarmation

of waste to useful products, the rapid detectiomafroorganisms, creation of new natural produat$ a
fast low-energy consumption bioprocesses, whichtrmpusmote sustainability. It would improve our
understanding regarding the influence of humantheby environmental exposures and how this
knowledge can be used to reduce morbidity, impiadity of life, and extend longevity.
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The biodegradation of organic and inorganic materiajghytoremediation, mycoremediation,
biomonitoring and bioremediation of emerging pahis should enable a better waste management
strategy.

Another challenge would be to generate new knovdealg the sources, fate, exposure, and effects of
environmental contaminants and natural toxins inewironment. This knowledge would be useful to
develop and apply improved tools and methodolofpesassessing the risk caused to humans and the
environment, and for minimization of potential risk

RECOMMENDATIONS

Following recommendations were made regarding thdustrial, microbial and environmental
biotechnology by the concerned expert panel obimology foresight.

- Efforts should be made to increase awareness dheuimportance of industrial, microbial and
environmental biotechnology.

- Provision of education and training in environmétda&icology and risk assessment must be kept
on the top priority.

- Research innovation should be encouraged in tfees arfien-situ andex-situ biotreatments and on
aquifer, sediment, seawater and wastewater bioriati@mtdand the reuse.

- Research should be encouraged in biotransformatiod impacts of nanomaterials and
biopolymers in the environment.

- The potential of biofixation of nitrogen and €@ soils, along with plant microbe interaction &
phytoremediation for treatment of polluted areasusthbe exploited.

- Microbial potential should be exploited from nomwentional, stressed or contaminated
environments.

- Research should be carried out to enable the useowstructed wetland for waste water
treatments.

- Further efforts are needed to empower researchvinanmental toxicology & toxicogenomics.

- The exploitation of biosensors for environmentallaations should be encouraged.

- Efforts should be made to conserve the microbiatliversity of Pakistan and make the living
culture available for various purposes.

- Posts should be created for industrial, microbmal anvironmental biotechnologists in concerned
departments and institutions like environment mide agency etc.
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Chapter 5. Recommendationson
Health &
Medical Biotechnology

Shahid M. Baig* and Jabbar K han?

!National Institute for Biotechnology and Genetic Engineering (NIBGE), Faisalabad, Pakistan.
2Department of Biological Science, Gomal University, Dera Ismail K han, Pakistan.

CONTEXT

Pakistan is the "6 most populous country of the world with a popwatiwith an annual population
growth rate is 1.8% which is highest in the regamil more than India, Bangladesh and Sri Lanka.tBue
poor socioeconomic conditions, inadequate healtilitfas, low literacy rate and unique social and
cultural practices the incidence of various infeg$i, metabolic and genetic diseases are higherothen
countries. Unfortunately, there are few diseasesnbahigh prevalence and specificity in this region
which are not being actively pursued by the muttoral global health sector due to shallow market.
There is a very strong need to address the magthhissues in Pakistan. Biotechnology has thetgrea
potential for discovery and development of specificd targeted drugs for a healthy Pakistan and to
improve the socioeconomic condition of the country.

Health and Medicinal biotechnology could include thnodern diagnostic tools for various diseases,
medicines and vaccines developed through recombDAR technology and a wide range of modern
therapy techniques like gene therapy and transgiiant

VISION & MISSION

The vision and mission of health and medical bimtebogy is to attain the health security througé th
biotechnological exploitation to health and medsziénces.

OPPORTUNITIESAND CHALLENGES

The health and medical biotechnology has a hugengiat along with numerous challenges to attain
health security for Pakistan.

Vaccines production: The health and medical biotechnology possess a hatgntial to enable large
scale, cost effective, efficient and rapid develeptrand production of vaccines. The technologysiedu
already in the developed world; however, countliles Pakistan are mostly dependent as consumer on
these countries.

Improved diagnosis. The latest molecular diagnostic tools enable adrawid efficient diagnosis of
various diseases. A number of diagnostic toolsaamglable for different diseases like HIV, HCV etc.
However, their efficient application is scarce iakRtan. Similarly, diagnostic tools specific tchet
pathogens and their strains specific to Pakistaraaking.
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Gene therapy: In medical biotechnology, gene therapy enablesittreduction of disease curing or
preventing genes to the cells lacking the geneawinlg its inactive form. The potential of this teckogy
for health care is still scarce for a large nuntfatiseases.

Medical counselling considering genetics and Pharmacogenomics: The pharmacogenomics investigates
the association of individuals’ genetic make-up arwd interaction with the medical therapy. This
knowledge will help develop individual oriented thpy, according to his genetic make-up. Although th
area needs intensive research, the general gémfetimation should be considered during any medical
counselling.

Bio-pharming and biofactories. The use of animals to produce medicinal compoumdis potentially
organs in futureAlthough the former has been achieved in variosesafor example, the production of
vaccines, the latter is under intensive research.

Tissue and organ transplantation: Tissue and organ transplantation involves the cepent of a
defective or damaged tissues and organs througtaitsfer from another individual. It may also umbé
the replacement from one site to another site diepbody. Depending on the complexities, the
transplantation is effectively used in some casbile in other cases, intensive research is stijuired.

RECOMMENDATIONS

In addition to the general recommendations sugdédstebiotechnology, some specific recommendations
were made for health and medical biotechnologyctviire listed below.

- The first and the most important recommendatiorthes human resource and infrastructure
development in health and medical biotechnology.

- Research & development efforts should be encourégetthe production of vaccines and drugs
for infectious and vector borne diseases.

- The universities, hospitals and research institstesuld be directed to develop new DNA /
protein based techniques for specific diagnosisiapdoved treatment.

- Development of molecular strategies for gene mappihgenetic and metabolic diseases for
prevention/control through carrier screening, ptahaliagnosis and DNA based treatment
planning.

- Posts should be created for health and medicakddioblogists in various health related
organizations and hospitals to fully benefit frdmsttechnology in health and medical sector.
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Chapter 6. Recommendationson
Veterinary &
Animal Biotechnology

Muhammad Azam K akar®, Qaiser Mahmood K han® and Sohail Ahmed?

L asbela University of Agriculture, Water and Marine Sciences, Uthal, Pakistan.
ZNational Institutefor Biotechnology and Genetic Engineering (NI BGE), Faisalabad, Pakistan.
3| nstitute of Biotechnology and Genetic Engineering, the University of Agriculture, Peshawar, Pakistan.

CONTEXT

Biotechnology has a huge potential in veterinarg animal sector to attain long term sustainabititya
number of domains like conservation, animal improgat, healthcare (diagnosis and control of dis@ases
and augmentation of feed resources. Adopting Himtelogy has resulted in the animals’ genetic
improvement and economic returns to the livestookrepreneurs and small producers. However,
developing countries has to address issues reltegbolitical commitment, trained manpower,
infrastructure and funding in research, developnsrd industries. In a nutshell, investing in animal
production and biotechnologies is crucial for sbsisstainability, economic prosperity, food seguand
safety, rural wealth creation and health improvesi@specially to poor populations in the developing
countries.

Currently, livestock production in the country issed on conventional technologies. However, the
complete potential of livestock resources in Pakistan be exploited using biotechnological tootse T
research aimed at improving animal production agalth would not only generate new opportunities for
knowledge creation but also new options for solestablished and emerging problems. Livestock healt
and production in Pakistan can be improved, thrabghuse of biotechnology.

VISION & MISSION

The vision and mission of veterinary and animatdsanology is to attain the animal health and ahima
production security through the biotechnologicaplekation. The vision of veterinary and animal
biotechnology policy for Pakistan should be to leas1the vast potential of biotechnology as a key
contributor to the development of the country.

OPPORTUNITIESAND CHALLENGES

The veterinary and animal biotechnology possesseanaber of opportunities and challenges, which
should be considered to suggest recommendatioffar thiotechnology policy. Animal biotechnology
strategies, which have been proposed under sefoenad areas, if implemented in its true sense,ccoul
usher a new era in the development of the country.
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Animal health and feed products. Biotechnological intervention could enable toelep new products

for better animal health and feed. These methaalsnare target-oriented, efficient and rapid. Neugdr
and vaccines could be developed through bioteckggoBimilarly, new feed products could be produced
at commercial level to ensure the fulfilment ofraal nutrition requirements.

Biotechnology in dairy Industry: Over the past ten years, the rise in milk produciio Pakistan is
largely a result of increases in animal populatiather than in animal productivity. Similarly, milk
quality is also low in most of the animal breedbeTgenetic improvement of animals, provision of
improved feed and health care to animals would lerebigher per animal production.

Animal reproductive biotechnologies. The classical use of reproductive biotechnologyaimimal
breeding has been to increase the number of suggnmtypes assisted through transgenic and malecul
tools. The reproductive biotechnology includesftilmwing main tools.

- Artificial Insemination (Al): Artificial insemination is a method of breedingwhich semen is
obtained from the male and introduced into the femi@productive tract by means of
instruments.

- Oocyte pick-up (OPU): The technique used to retrieve oocyte/egg fromabary of female
animal to be used for subsequent fertilization.

- Embryo transfer: The process in which the embryo is placed intoustef female animal for
subsequent pregnancy. Multiple ovulation and emtrgosfer has been well established for
many years and still accounts for the majorityhaf €mbryos produced worldwide.

- Parthenogenesis: The phenomenon of virgin birth, or parthenogendsighe phenomenon of
embryo development from unfertilized female ceithaut the contribution of male parent.

- Cloning: Somatic cell cloning is a rapidly developing ared a very valuable technique to copy
superior genotypes and to produce or copy transgamimals. Cloning is a potentially useful
breeding tool because it is a mean of producingbtwa copies” of elite animals that would not
otherwise be available to commercial farmers.

- Chimera formation: Chimeras are composite animals in which the diffecell populations are
derived from more than one zygote. Chimera canrbdyzed experimentally by mixing two or
more cell populations at a very early stage of tgraent or by combining tissues from two or
more individuals after the period of organogeneSkimera can be produced by two ways viz.
Morula aggregation and Blastocyst injection.

Cryopreservation of ova and embryos. The cryopreservation of ova and embryo could beal dse a
number of uses, including subsequent large scaléiptizcation and conservation of animal diversity.
Successful cryopreservation of mammalian embryes b achieved by both controlled freezing and
thawing procedures, the one-step procedure, citin or ultrarapid freezing.

Transgenic animals. Transgenic animals can be employed either as h@fas for the production of
commercial products or as living models for thedgtuof human diseases and evaluation of
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pharmaceuticals. Similarly, transgenic animals ddugé produced with transgenes for improvement in
productivity and disease resistance, developmeskpérimental animal models for specific diseas an
desirable products/pharmaceuticals.

RECOMMENDATIONS

Following recommendations were suggested by theréx@anel to fully exploit the veterinary and anima
health biotechnology.

- Research should be encouraged in developing nelthherad feed products for farm animals
using biotechnological intervention.

- Efficient and better vaccines should be developetimade available at large scale to prevent
disease.

- Biotechnological tools should be utilised to fullgderstand the molecular epidemiology for
economically important diseases of animals.

- Biotechnological processes should be exploitedifarove animal feed to increase production
efficiency (i.e., enzymes, probiotics, feed additiv& metabolic modifiers).

- Research should be encouraged in rumen biologgthace green house gas (methane) emission
from ruminants.

- Improved animal reproduction through biotechnolagtools should be encouraged.

- Molecular characterizing of the genetic variatinidcal breeds should be made and exploited for
genetic improvement.

- Biotechnological intervention should be made fa tharacterization and conservation of animal
genetic diversity.

- Research should be encouraged for the developrhtlainggenic animals, however, in
appropriate confinement and considering all biesafmeasures.

- Limited research could also be supported in Biorpiirag and the use of animals to produce
organs.

- The regulatory & ethical issues related body shbeldnade effective to take care of all public
concerns regarding veterinary and animal bioteauol

- Attempts should be made to increase awareness ad@uinary and animal biotechnology.
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Chapter 7. Recommendationson
Biotechnological Application to
Applied Biology & Bioinformatics

Sajid Ali* and Zahoor Ahmed Swati*
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CONTEXT

Biotechnology has been benefited from major advauecd in all fields of biology, while the applicatio

of biotechnological tools to biology has given birto the era of modern applied biology and
bioinformatics. Numerous industries have been we@lworldwide to provide biotechnology related
products and services to various academic, reseaitiealth related institutions. This area is afnthe
emerging avenues for developing nations to investnd benefit from in long run. Bioinformatics, for
example would require a limited investment, onhjiriformation technology section and the training of
man power. They can then provide services to waddwostumers, while setting in Pakistan. This must
generate foreign earning to the nation.

VISION & MISSION

The vision & mission for biotechnological applicats to applied biology and bioinformatics is to lexp
the opportunities of biology related industrieptovide increased employment, earn foreign revemae
reduce dependence on import for biotechnologyedlatoducts and services.

OPPORTUNITIESAND CHALLENGES

The biotechnological applications to applied bigl@gnd bioinformatics have enormous opportunitied an
challenges. Some of these are listed below.

Bioinformatics related industries: With the decreasing cost of molecular charactédmalarge amount

of data is accumulated worldwide. However, the humesources to deal with such a data are limited.
The developing countries, with a high proportioryofing population, could benefit from such a demand
through training people in bioinformatics. This bprovide jobs to a large proportion of population
resulting in foreign earning.

Biotechnology related commodities industry: The industry which provides the basic commodifias
biotechnology and applied biology also providesugehopportunity for countries like Pakistan. The
infrastructure and human resource development @ sudustries could give birth to new industries.
These industries will not only reduce foreign degerce for biotechnology related commodities bub als
generate employment and enable foreign earningsselbould be chemicals, instruments and/or setvices
The partnership with private sector, especially rindtinational partners, would be very useful ifsth
context.
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Bio-molecules industries: The potential of natural flora and fauna of Pakigtanot fully exploited. The
biotechnological tools could rapidly and efficignitlentify different useful compounds in naturadréi
and fauna and subsequent extraction. The tissuareutould also enable in-vitro production of plant
metabolites for commercial exploitation.

Application to population biology and conservation genetics. The application of molecular markers
coupled with population genetics theory has enatdashderstand population biology of a large number
of species, their adaptation, ecology and evolutBuch information is also useful for conservatbthe
species. Thus these tools of biotechnology couldapglied to any living population ranging from
microbial species to forest trees and marine osgasi to understand their population biology, ecplog
and evolution. This will assist in conservatiortlufse species and a more wise and justified eafitmit

Forensic biotechnology: The forensic biotechnology utilizes the DNA fingerinting to identify the
criminal suspects and parentage. It is based ofattté¢hat each individual has a unigue DNA seqaenc
It provides a rapid and precise way of forensid,tadich can be used in criminology, paternity amy
other such domains.

RECOMMENDATIONS

The expert panel suggested the following recomméntato be considered to improve the status of
biotechnological application to applied biology aridinformatics.

- The human resource and infrastructure developntemtld be ensured to fully benefit from the
potential of biotechnological exploitation to agalibiology and bioinformatics.

- Special efforts should be made to encourage ppbiNate partnership in this domain.

- The potential of industry associated with biotedbgy related commodities, products and
instruments should be exploited. Collaboration wigtighbouring countries like China and India
could be very useful in this context.

- The development of industries based on outputatebhnological intervention to biology should
be encouraged. An easy and efficient mechanismldhmi devised to enable patents of these
outputs.

- Research should be encouraged to identify the cooiatly exploitable products from the local
flora and fauna.

- The characterization of national biodiversity ahdit subsequent conservation efforts should be
initiated and encouraged.

- Public awareness should be increased about tliky ofilnatural biodiversity and its conservation
aspects.
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Annexes

Different issuesidentified by the Biotechnology Foresight panel based on the STEEPV appr oach.

Social Technological Economics Environmental Palitical Value
Development and
application of Development and

Food, Feed and Fiber
Security and Health
Care

Biotechnology in
Agriculture, Health,
Industry, and
Environment

Socioeconomic benefit via.
Bio-economy

Use of biotech to solve
environmental problems

Policy formulation for
development and
deployment

Deployment of Bio-Tech
product inline with Bio-
Ethics

Collaborative efforts
among stakeholdersfor
Tech development &
deployment

Adoption, Innovation,
Dissemination and
utilization with emphasis
on PPP

Self sufficiency and self
reliance

Enforcement and
implementation of
biosafety guidelines

Strict implementation of
protocol conforming toint.
standard

Protection of public rights
of owner ship

Capacity building for job
oppor tunity

Support for result oriented
and mandated activities by
avoiding overlapping

Integration of
biotechnology

resear ch/application into
national economic planning
and production processes

Environmental and health
risk assessment

Mobilizing political will
and support

Awar eness

Bio-info computer drug
design, Dig. imaging,

Lack of funding for new

Toxicology be
considered...

TRIPS, BTWC, SPS,

National Products be

Ethics Biomedical, diagnostics, Bio-tech incubators Environment Monitoring, Likely (fO.Od GMO) Plant promoted & certified
- . breeder rights
managing Bio-Sensors
| P laws, Patent issues (no
Social Stability Discipline wise study or Lack of capacity Futuredisastersdueto commer cial patents, global Religious Values

country-wise study

new tech urgein GMOs

issues 90% non-
commercial

Results oriented
to industriesand end-
users

Technology Transfer

Avoid overlapping of
mandate

Manufacturing lawsin
public sectors

Lack of political will

Marketing by expertsto
gain political will

Bio-Model devising plans
which are socially
accepted.

Studying national policy
devising process challenges
(subgroups)

Bio-Safety & Security
valuesimplementation.
(issue: bureaucracy)

Lack of priorities & needs
and also National Policy
and Planning ismissing

Weak linkages between
univ, industry & R&D
org.

Priority strategic bio-tech
in Pak per spective

Public private partner ship

Value addition islacking

PC-1 procedureis defective

Survey Required

Industrial biotech & MSE
in bio-tech

protection & preservation
national genetic resources

Umbrella or ganization for
bio-tech and Biotech policy
for Pakistan

HRD & infrastructure

Funding facilitation of to
bio-tech
Industries
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