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Chapter 25

Investment Strategiesfor Biotechnology
in Emerging Research Systems

Mywish Maredia, Derek Byerlee and Karim Maredia’

Introduction

After years of heavy investment, much of it by the private sector, biotechnologica
processes and products are becoming maingream in some crops in indudridized coun-
tries, especidly in the USA. A few large developing countries, such as India, China,
Mexico, and Brazil, have dso developed consderable capacity in biotechnology research
and in some cases, these products and processes are being commercialized. However,
most countries of the developing world have little research capacity in biotechnology,
epecidly in molecular biology and genetic engineering, and in addition do not have a
regulatory framework to be able to legdly acquire and safely release products of bio-
technology.

This chapter will discuss invesment drategies for emerging research systems of
gndl- and medium-szed developing countries in deding with biotechnology. Mog of
these countries are struggling to develop sudtainable research programs, against a back-
ground of a public funding criss for research, fragile public research organizations, and
growing demands on science to address problems of rurd poverty, food security, and
environmental  conservation.  For these countries, lack of an gppropriate regulatory
framework, smal market size, and predominance of resource-poor farmers will severdy
limit private sector investment in research and development (R&D) for the foreseegble
future.

An incomplete summary of the biotechnology and regulatory capacity for some
developing countries is shown in Table 1. Mog countries in this sample are rddively
large (populations exceeding 50 million). Among the smdl- and medium-szed coun-
tries, with the exception of Kenya, capacity is very limited, and most have yet to for-
mulate a coherent investment drategy for biotechnology research, nor do they have the
capacity to evauate even imported biotechnologies. Overdl, we edimate that less than
ten percent of developing countries have established mechanisms to evduate risks and
benefits of new biotechnologies and few have an intelectud propety right's (IPR)
framework that would dlow them to acquire biotechnologies from abroad.  Although
many countries are moving toward establishing these regulatory mechanisms, as required
by internationd treeties, progress has been dow.

Againg this background, the objectives of this chepter are to: (i) develop a cont
ceptud framework within which to andyze biotechnology research investment decisons
by emerging nationa agriculturd research systems (NARS), (i) discuss investment



decisons and edtimate gpproximate investment needs for different types of biotechnology
capacity, including an appropriate regulatory framework, (iii) andyze invetment deci-
gons in biotechnology research capacity within the conceptud framework, and (iv)
review drategies and priorities for enhancing cost effectiveness for  biotechnology
invesment decisons. We build on our previous work on efficency and investment
decisons in crop improvement research in gmal- and medium-sized nationd research
gysdems (Maredia and Byerlee 1999), and andyze how recent advances in molecular
biology might affect ressarch and invesment drategies. A benefit-cost framework will
be used to discuss options, in light of the limited human and financid resources that
characterize emerging research systems.  Specid atention will be given to the role of
regiond and internationa collaboration and pill-ins in redizing economies of dze in
R& D and technology palicy.

TABLE 1 Oveview of Agriculturd Biotechnology Research Cgpacity in Sdected
Deveoping Countries

No. of key
public
institutions Total no. of
with biotech researchers | Research [ Statusof
research Research | in public BExpd. Biosafety Statusof IPR
Country | capacity focus? institutions® | (M $US) framework framework
Mexico 65 labs across | -TC 216 115 I nstitutional- Comprehensive
10 key -MB ized in 1989 IPR policy isin
institutions -GE place
Egypt NA -TC NA NA Putinplacein | PVPlaw
-MB 1995 pending in
-GE parliament
Indonesia | 31 labsacross | -TC 274 6.0 Putinplacein | Patent law
5 key -MB 1997 revised in 1997
institutions -GE toinclude
animals and
crops. PVP not
in placeyet.
Kenya 13 labsacross | -TC 49 11 Approved in PVP officein
4 key -MB 1999 place
institutions -GE
Peru 15labsacross |9 TClabs | 10 NA Approvedin PV Ps approved
3 key and2MB 1999 but not being
institutions labs implemented
Ethiopia | 6key All focus | NA NA Noneinplace | Nonein place
institutions onTC
Ghana 3 key TC and <10 NA Noneinplace | Nonein place
institutions oneMB
lab.

Source: ISNAR studies (for Indonesia, Kenya, and Mexico). Other countries — personal communication
with key researchersin acountry.

NA = not available

#TC = Tissue culture; MB = Molecular biology; GE = Genetic engineering.

P ncludes researchers with Ph.D. and/or M.S. degrees.



Setting the Context: Biotechnology and Crop I mprovement Resear ch

Biotechnology uses the disciplines of molecular biology, microbiology, genetics,
biochemidry and plant breeding to trandate basc biologicd knowledge into practica
processes and products that have economic implications. It encompasses a range of
techniques and technologies, that require differing levels of investment. Techniques for
plant biotechnology, which is the focus of this chapter, range from smple and widdy-
used cel and tissue culture to sophisticated and more expendve tools of recombinant
DNA and genetic enginesring.

Investment requirements in research capacity building, product development and
technology trandfer, vary widdy for different gpplications of biotechnology. For exam
ple, cdl and tissue culture techniques have modest invesment requirements (under $US
50,000) and can be used to achieve near-term gods in a plant breeding program like mass
production of uniform and disease-free planting materids, fedlitating difficult inter-
gpecific and inter-generic crosses, and eiminding breeding cycles. These techniques are
dready farly widdy used in developing countries, especidly for vegetatively-propogated
and high vaue crops.

The discusson in this chapter focuses on the invesment decisons and drategies
for the higher end of biotechnology research grouped under the rubric of DNA tech
nologies. The two man categories of DNA technologies tha are relevant to crop
improvement are molecular markers (including genetic mapping) and genetic trans-
formation. Molecular marker technology uses various techniques® to ad in cultivar iden
tification, assuring seed lot purity, conducting wide crosses, and in marker-assisted selec-
tion processes in plant breeding efforts.  These techniques affect the efficiency of crop
improvement by reducing the time required to screen and sdlect individuas in breeding
populations. Genetic transformation technology uses various recombinant DNA technol-
ogy and tools to isolate, clone, recombinate and insert genetic materials to produce
“transgenic’ varieties, thus affecting the final product of crop improvement research.

The evidence of the growing role of molecular biotechnology (both as a comple-
ment and a subditute to conventional plant breeding) is given by the increasing range of
goplications being explored in plant research. Some edimates suggest that molecular
marker technology can have the time needed to produce new varieties with resstance to
important crop diseases. The use of molecular markers is aso accelerating progress in
the development of genetic resistance to insects and of tolerances to drought, sdinity, and
hest.

Transgenic approaches condderably broaden the range of gene pools accessible
for crop improvement purposes. Thus, for many pests, pathogens, and environmenta
dresses  which  serioudy  limit  agriculturd  productivity, genetic  transformation
gpproaches may provide new options where current options are lacking in their efficacy
or exigence (eg. nuclear made derility, improved heteross breeding, reduced food
toxins, increased nutritional content, herbicide tolerance, and nove resstance genes for a
range of pests). Genetic transformation may also speed up the breeding process as it may



dlow the incorporation of ressance genes from wild rddives fager than by
conventional breeding approaches.

Biotechnology can both complement and subditute conventiona breeding
reseerch which will remain the mgor means of maintaining and improving crop yidds in
famers fieds. Strong conventional plant breeding programs are needed to translae the
results of genetic engineering into finished varieties. Some tools of modern biotech
nology, such as molecula makers and tissue culture, may patidly subgtitute for
conventiond breeding by making it possble to sip some intermediste Steps in the
sdlection or crossng procedures of crop improvement research through laboratory and
green house procedures.

In order to take advantage of these biotechnologies a country will have to invest at
a different order of magnitude than in conventiond plant breeding research. To build
biotechnology research capacity will require condderable investment in human and
financia resources. It aso requires a sound regulatory framework to guard againgt risks
of damage to the environment and hedth, and to provide intellectua property protection.
For many biotechnologies such as tissue culture, marker-asssted sdection and genetic
mapping, biosafety and food safety are not issues. However, the need for biosafety
regulations arises from concerns related to the risks of deploying geneticdly modified
organigns (GMOs) on genetic diversty, environment, and human and animd hedth.
Edablishing a nationd biosafety sysem and assuring the compliance with these regula-
tions dso facilitates faster public acceptance of the products of modern biotechnology.

Smilaly, for emerging countries to take advantage of molecular biotechnologies
they will require a sound policy on IPR tha includes comprehensve patent and plant
variety protection laws. This is needed to facilitate cooperation and partnership between
the public and private sectors. Many modern biotechnology innovations are intellectud
properties that resde with the private sector in the indudtridized world and a strong IPR
framework is essentia to access these technologies and build research capacity in molec-
ular technologies.  Although geneticdly modified organisms can be directly acquired
from outsgde the country, this requires biosafety, IPR and food safety regulations to
access the technologies, attract private sector investments, and facilitate commer-
cidization and trade with the internationa community.

A Conceptual Framework for Analyzing Investmentsin
Crop Improvement Research

Public Versus Private Roles

This chapter focuses on decison making for public investments in biotechnology
resserch cgpacity. Since the private sector dominates biotechnology R&D in indus-
tridized countries, the immediate question is why a modd of public invesment decison
making is required. One might argue hat the mgor role of the public sector should be to
put an effective regulatory system in place for biosafety and IPRs, ensure that there are
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no regulaions negatively impacting private sector invetments (eg., vaietd reease
procedures), and leave the introduction of biotechnology to the private sector.

However, we believe tha for the foreseegble future, the public sector in emerging
research sysems will have to play a mgor role in developing crop varieties for many
food crops, whether through conventional breeding or through biotechnology. Fird,
direct spillovers from current biotechnology research in the private sector in temperate
arees of indudridized countries are likdy to be minimad due to differences in crops and
type of problem in sub-tropica and tropical ecologies. However, many of the processes
now used in indudridized countries could readily spillover to developing countries.
Second, smdl market size and the dominance of resource-poor farmers act as a strong
disncentive for private R&D in many countries with emerging reseerch sysems. Third,
even with strengthening of IPRs in many countries, it will not be cos-effective to enforce
them in gndl-farm dgtuations. Except in some cases where hybrid-seed technology is
available, it will be difficult for the private sector to recoup investments®

In commercid agriculture and for commercid crops, like cotton, it is likey that
the private sector will be able to assume a dominant role. For most sdf-pollinated crops
in gmdl-faam agriculture, the public sector, both internationd and national, will continue
to play the lead role. For crops, like maize, where hybrids are dready grown and the
private sector is active, some public-private sector mix will preval. The initid estab-
lishment of hybrid seed markets in amdl-fam agriculture has largely been through public
sector efforts in breeding and extenson (Byerlee and LopezPereira 1994), and smilar
initid invesments by the public sector will dso likdy fecilitate eventud private sector
entry with adapted biotechnology products into these hybrid seed markets.

A Decision Framework for Public | nvestments

Since the focus of this chapter is the public sector, investment decisons are ana-
lyzed based on the criterion of whether research generates socid benefits large enough to
judtify invesments in building biotechnology research cagpacity. A common method used
in the economic's literaiure to determine the efficient levd of invesment is to estimaie a
production function relating investments to outputs. A research production function can
be conceved as a meta-function made up of discrete research programs of incressing
complexity and scope as the size of the research effort expands. Decisons typicaly
involve an addition of sub-programs which will increase the number of researchers in a
program, add research infrastructure and in turn affect the research focus and capacity of
a research program. For a conventiona crop improvement program, discrete steps can be
categorized asfollows.

1. Spontaneous diffuson of imported technologies without the benefit of loca
R&D.

2. Direct trandfer of technologies after teting and screening by locd R&D
programs for adaptability to local environments.



3. “Adaptive’ transfer of technologies whereby finished technologies from dse-
where are subject to loca adaptation before locd release (e.g., the use of
imported varieties as parentsin local breeding programs).

4. Comprehensve applied research where imported knowledge from basic
research conducted esawhere is utilized in loca applied research programs to
produce home-grown technologies.

5. Comprehensve basc and applied research which utilizes imported knowledge
but dso has the ability to conduct its own basic or pre-technology research.

These vaious types of research programs often result in discontinuities in the
production function as each new gep requires a minimum investment. For example in a
crop improvement program, the trangtion from step 2 to step 3 involves the addition of a
crossing program and early generation sdection which is condderably more expensve
than testing (step 2) (Brennan 1989).

Figure 1 shows how research spillins (i.e technologies resulting from research
conducted elsewhere) and market sze affect the choice of research program capacity for
the cases of direct and adaptive spillovers of technology (steps 1 to 3 above). Without
research, some spontaneous diffuson may take place, given by OA. With loca capacity
to seek out, screen and test technologies from elsewhere for direct transfer, a new stage of
the production function is reached given by AB. The shift to adgptive transfer research
requires the addition of specidized skills and facilities and a minimum threshold leved of
research effort, OA’, is needed to produce research output. Further research inputs alow
movement aong the research production function from B to C. Abdracting from differ-
ences in timing of research costs and benefits, the net benefits (NB) of research invest-
ments are given by:

(1) NB=PQK(S)-CsS,

where, PQK(S) is the conventiona measure of the change in the economic surplus OES)
assuming pefect dadicity of demand and pefectly indastic supply. Vaidble P is the
price of output Q affected by the research, K,(S) is the research production function of
Figure 1 rdating the shift in the supply curve, K, to research input, S, measured here in
scientific person years with unit cost, G. The subscript, r = t, d represents research pro-
duction functions for direct technology transfer (step 2), and adaptive transfer (step 3),
respectively.

NB is maximized & dK/dS = G/PQ. That is, the optima size and scope of the
research program will depend on parameters of the research production function, and the
cost of research inputs in relation to market Sze, PQ. Thus it may be profitable for a
gndl region or country (implying higher CJ/PQ ratio) to operate a X with a direct
transfer program, while a research program for a larger region or country (implying lower
C4/PQ ratio) would operate a Y on the adaptive transfer function (Figure 1).
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FIGURE 1 Research Production Function for Direct Technology Transfer and Adaptive
Transfer Programs

Technology
development
program (d)
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Source: Byerlee and Traxler (1996).

Adding fixed codts, the production functions in Figure 1 dlow for both economies
and diseconomies of Sze as the Sze of the program expands. The shape of the cost
function will be determined by three key parametersin Figure 1.

1. KKy, representing the vaue added from adaptation of imported technologies.
This rdio is directly rdaed to the common definition of the spillover
coefficient k/kq, where K = ak, k is the rdaive decline in production cost per
unit area, and a isthe adoption leve,

2. S/Sq representing the additiond cost of moving from direct transfer to
adaptive transfer research.  This ratio as wdl as fixed cods, determine
economies of Szein research, and

3. PQ, the market size targeted by the research program.

An additiond dimengon not included above is the differences in research lags for various
types of research. Generdly research lags become longer in moving through the various
dages of research complexity given above, but the use of some biotechnologies may
reduce lags.

Options for Biotechnology

The above modd can be conceptualy expanded to include biotechnology
processes and products. To reflect the practical decisonrmaking problem of research
managers, discrete investment decisons in plant biotechnology can be andyzed in terms



of research capacity or type of biotechnology research program. Thus, the basic decision
variable in our modd is specific research capacity, rather than research expenditures per
se. Investment decisons can then be based on the criterion of whether research generates
economic surplus large enough to judtify investmentsin building research capacity.

For invesment decisons a the higher end of modern biotechnology, a country
has severa options to phase-in the development of capacity. These options are:

1. Import biotechnology products (such as transgenic varieties) from other
sources and incorporate them into the conventional crop improvement
program, either by back crossng with locd germplasm or including them
immediately in a locd testing program.  This will improve the product of crop
improvement research to the extent that the transgenics include traits which
are gppropriate to the loca stuation, and therefore affect research benefits.

2. Import tools of biotechnology, such as molecular markers, and utilize them to
fecilitate sdection in the locd breeding program.  This will improve the
efficiency of crop improvement research, and therefore affect research costs
and research lags.

3. Edablish a full research program to develop new tools and products of
biotechnology by conducting basic, comprehensve and agpplied research to
improve both the efficiency and product of crop improvement research (e.g.,
develop molecular markers and undertake genetic transformations).  This will
affect research costs, benefits and lags.

These options are not mutudly exclusve so that the use of molecular markers in a
breeding program, for example, may be combined with importation and testing of GMOs.

The basc formula for estimating the net benefits (NB;) associated with these
optionsis as given in equation 2:

2 NB; = DES; - C;
where, change in economic surplus DES; , is defined as.
(3) DES{ = Kt Pt Qt
and research cost C; , isdefined as.
(4)  Ci=Cp-nCit - nCyy
Thus, total research costs, C; represent various types of costs. Some costs, G,
occur a the program level, and can be treated as for a conventiond breeding program.
However, other research codts at the inditute level, G and regulatory codts at the nationd

leved, C, are shared across programs. These are represented above by the parameters, m

n < 1, so that indtitute and nationd level cods are pro-rated across programs according to
some criteriasuch as Sze.
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The appropriate yardstick for judging whether a research option is acceptable is
the invesment’s net present value of SNB; over time for each research investment option.
To be acceptable on economic grounds, an investment option must meet two conditions:
(@ the expected net present vaue of the investment in a given option must not be
negative, and (b) the expected net present value of the investment must be higher than or
equa to the expected net present vaue of invesment dternatives. The man parameter
estimates to operationdize this framework are K, Ci; and mand n.

In the following section, we examine the invesment needs of emerging research
sysems in building capacity in both the areas—biotechnology research and the regula-
tory framework—with the am of making a prdiminay assessment of the magnitude of
their costs.  Throughout we emphesze invesment in the high-end biotechnology
processes—molecular markers and genetic transformations.

I nvestment Needs to Conduct Biotechnology Resear ch
I nvestment in Research Capacity

Building research cegpacity to conduct advanced biotechnology research is a
resource-intendve endeavor. Table 2 provides estimates of the cost in human and
financia resources to establish one moderate-Sze research facility to conduct research in
molecular marker and genetic transformation technologies in two countries. The cost of
edablishing a laboratory for molecular marker technology is about $US 150,000 to
$200,000 with an annua operating codts (including personnel and overhead costs) of $US
100,000. The codsts of establishing and operating an advanced genetic transformation
laboratory is dmost double that of a molecular marker laboratory. However, the costs of
esablishing a molecular marker or a genetic transformation laboratories, is changing
rgpidly both in the indudridized and developing countries with the decline in the cost of
laboratory equipments (e.g., gene gun). These cost edimates, therefore need to be
periodicdly revised to reflect the changing costs of mgor equipments.

The human resource cods to a country are not only those related to the annud
compensation costs (sdaries and benefits) but dso training costs that are not reflected in
Table 2. A country will have to incur dgnificant invesments in training researchers
(mostly a Ph.D leve) in basc sciences, and in research and organizationd skills to
operate and mantan a research laboratory. In addition, technicians will need to be
traned in the skills of day-to-day maintenance, qudity control and operation of a
biotechnology research laboratory. These training costs based on externa degrees are
likely to double the total investment requirements (about $150,000 per Ph.D).

Thus, invesment needs in building research capacity in biotechnology (beyond
tissue culture) are subgtantid. To put this in perspective, a conventiond wheet improve-
ment research program (defined in terms of a specific mandate region) in developing
countries typicdly requires 2 to 5 full-time equivaent researchers with a totad annua cost
estimates in the range of $US 40,000 to $US 100,000.* The investment needs for other
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conventional crop improvement research programs are likely to be of the same order of
magnitude.

TABLE 2 Cog of Edablishing Molecuar Maker and Trandformaion Technology
Laboratories, Edtimates from Sdected Countries

Molecular Marker Genetic Transformation
Technology Technology
South Africa | Egypt South Africa | Egypt
Capital costs
Establishment costs of facilities and
equipment ($US) 140,000 200,000 120,000 250,000
Establishment of biocontainment
facilities ($US) NR? NR 115,000 200,000
TOTAL Capital costs 140,000 200,000 235,000 450,000
Annual operating costs
a Laboratory ($US) 20,000 50,000 25,000 70,000
b. Biocontainment facilities ($US) NR NR 5,000 8,000
c. Utilities($U9) 20,000 25,000 40,000 35,000
Annual personnel costs($US) 65,000 60,000 140,000 115,000
TOTAL Annual costs 105,000 135,000 210,000 228,000
Human Resour ces (critical mass)
a.  Number of researchers per year 2 2 5 4
b. Number of technicians per year 1 2 2 3
c. Number of assistants per year 2 2 3 3

Source: South Africa (Dr. Johan Brink, personal communications); Egypt (Dr. Magdy Madkoor, personal
communications).

*NR = Not required

However, compared to conventiona crop breeding, investments in higher-end of
biotechnology research are characterized by considerable economies of scope Since codts
are likely to be shared across severd research programs. For example, investment in a
molecular marker and genetic trandformation laboratory leads to research infrastructure
and techniques that are not commodity-specific and that can be shared across crop
research programs and even with livestock research. In some cases, however, physical
isolation of specidized nationd commodity research inditutes may make it difficult to
realize these economies of scope.

Ancther digtinguishing (and encouraging) festure of biotechnology research
capacity is the continuing trend in the reduction of cogts of doing biotechnology research.
For example, the cost of gene sequencing needed for effective use of molecular markers
is reported to be less than 10% of what it was five years ago.



I nvestment in Regulatory Frameworks

Biosafety. An efficient biosafety sysem is one of the prerequisite for redizing
the potentiad benefits of advanced biotechnologies, especidly transgenic technologies.
Egablishment of a biosafety system, however, adds costs. A specific aspect of nationd
cgpacity building reates to the capacity to review and manage the environmenta and
human safety aspects of geneticaly engineered plants, animds, and vaccines. A compre-
hensve biosafety regulatory framework has many facets, induding the formulation and
adoption of safely guiddines edablishing nationd and inditutiona biosafety commit-
tees, and constructing additiond infragtructure for smdl-scade, contained trids and large-
scde fidd tegting (Table 3). It entalls adminidrative and daff codts in the form of hiring
ingpectors, conducting risk assessment tests, and carrying out the day-to-day administra-
tion of gpplications, gpprovas and complaints. In addition to physca and organizationa
infrastructure, a country will need human resource capecity to assess risks of a range of
products from transgenic plants to recombinant livestock vaccines. Human resources
knowledgegble in various fieds of agriculturad, hedth and environmentd sciences will
thus be needed to assess these risks appropriately.

TABLE 3 Summay of Nationd-, Indtitute- and Program-Level Costs of Edablishing a
Biosafety System

Cost Components National Ingtitute | Program

Development of biosafety policy (guidelines, regulations)
Maintenance of national biosafety committee

Human resource devel opment and awareness creation
Administration and review of biosafety permit applications
Institutional biosafety committee/biosafety officer
Monitoring costs (risk/benefit assessments)

Establishment and maintenance of biocontainment facilities
Timeinvestment by researchersto generate datafor permits
Conducting field trials as per biosafety guidelines

All countries establishing a biossfety regulatory framework, will incur cods a the
national levd. There will dso be cods for those research indtitutes and programs that
engage in biotechnology research with potentid risks (Table 3). Table 4 summarizes
goproximate invesment and resource cods in two countries to implement biosafety
sysdem a the nationa- and inditute-level. Clearly the mgor cods are in additiond
human resources (e.g., biosafety officers) and in traning.

In most countries where a biosafety system has been established, most of the costs
have been paid by governments. Internationd donor agencies have contributed signifi-
cantly in terms of building capacity to develop biosafety guiddines, train researchers and
policy makers, and conduct needed reviews.



TABLE 4 Codg Implications of a Biosafety System a the Nationad- and Inditute-Levels
in Selected Countries

Egypt Indonesia
National -level
Timeregquired to develop the biosafety system 4years 3years
Human resources:
Number of researchers/ and policy makers trained 8 12b
Number of membersin the National Biosafety Committee 31 11
Size of National Biosafety Committee in terms of number of | 2 2
FTE members
Ingtitute-level®
Human resources:
Size of the Biosafety Program/Office (FTE) 4 14
Research costs:
Additional time needed to get biosafety approvals 3 months 9 months
Annual opearing costs of biocontainment facilities $8,000 $3,000
Biosafety permit application fees none $1000-$1400 for
pvt company
$250 -$500 for
publicinstitutes

Source: Information for Egypt was provided by Dr. Magdy Madkoor and for Indonesia by Dr. Muhammad
Herman.

Y nsititute-level estimates correspond to the following institutes: Egypt -- Agricultural Genetic Engineering
Research Institute; Indonesia -- Research Institute for Food Crops Biotechnology.

®In addition to a National Biosafety Committee, Indonesia has a 11 member Technical Advisory Commit-
tee that works closely with the Biosafety Committee.

Intellectual Property Protection. Accessng molecular technologies and generat-
ing new technologies by building locd capacity will incur costs of acquiring biotech
nology processes and products (in the form of license fees and roydty payments) and
cogs of protecting intellectud properties (i.e, establishing an in-country IPR system and
protecting localy-developed products and processes both in-country and in other
countries).

Developing countries who are members of the World Trade Organization (WTO)
are obliged to establish an IPR system for agriculturd and biotechnology processes and
products gby the year 2000 for some countries, and by 2005 for the least-developed
countries).” The costs and impacts of these changes are not dear. In theory IPRs should
dimulate innovation and economic growth by mobilizing private sector invesments in
local biotechnology research and development (R&D). However, IPRs may have socid
cods due to the granting of temporary monopolies which alow firms to charge above the
margind cos of diffusng an innovaion (eg., Perin 1995). To minimize thee socid
cods in emerging countries, the public sector may have to play an important role in
biotechnology research capacity building.



Cogt implications of IPRs a the nationd-, inditute- and program-levd are
summarized in Table 5. The investment implications of the WTO agreement are that
countries will have to introduce much dricter intellectua property protection regulations,
edablish technology transfer offices a the naiond-level, and develop appropriate
policies and infrastructure for IPR enforcement. Nationd level cogs will dso include
traning and education in IPR issues for policy makers, legidators, paent examiners,
members of the judicid system, and adminigtrators.

TABLE 5 Summary of Nationd-, Inditute- and Program-Level Costs of Edtablishing an
IPR System for Agriculturd Biotechnology

IPR Cost Components National Ingtitute Program
(as needed) (as needed)

Developing nationa IPR policies (patent
laws, PVP laws, legisative approvals)
Enforcement/implementation costs (e.g.,
national PV P office)

Training and education (policy makers,
administrators, patent examiners)
Developing insitutional PR
policies/guidelinesshandbooks

Establishing and operating |PR management
office/Focal point

Negotiation for research and license
agreements, material transfer agreements
Cost of database searches and legal feesfor
patent/PV P application preparation

Cost of filing and maintening patents, PVP
and other forms of |P protection

Cost of accessing proprietary technology
(royalties, technology fees)

At the inditute leve, IPR costs may include development and operation of an PR
management and technology trandfer office respongble for day-to-day handling and
management of intellectud propeties  The office would play an active role in the
devdopment of inditutiond IPR policies protection and licenang of intdlectud
properties and education of researchers on IPR management issues. Some codts, such as
patent filing fees, database searches, legd fees for preparation of gpplications for plant
varietd protection, patents, and negotiation costs may aso be incurred a the research
program leve. An inditution or individua research program may adso incur cods related
to accessing a specific piece of proprietary technology.

Since the egtablishment of an IPR office can be quite costly, emerging NARS may
intidly need only a andl office with legd and busness management expertise con
tracted on a short-term bass.  This office can then expand as IPR management activities
increase.



Food Safety. Modern biotechnology aso raises a host of food safety concerns
related to the production of toxins and dlergens in food products derived from GMOs
and other biotechnological processes. Food safety standards, guidelines, and other rec-
ommendations of the Codex Alimentarias Commisson (CAC) are explicitly recognized
under the WTO Agreement on the Application of Sanitary and Phytosanitary Measures
(SPS Agreement).

Developing the nationd food safety policies, adhering to the CAC food sdfety
dandards and guiddines, and mesting the SPS and TBT Agreements thus pose additiona
costs to emerging systems of developing countries.  These cods will include (a) updating
or developing nationad food safety standards, (b) conducting food safety research and
experiments to assess the potentid dlergenicity or toxicity of foods, testing possble gene
trandfer from GMOs, tesing for pathogenecity deriving from the organisms used, and
andyzing nutritional content, (c) time codts in getting food safety gpprovas, (d) product
labdling cogts, and (€) monitoring cods.

Many of these costs will be borne by governments and incorporated into the
exiging nationa food adminigration sysem. However, cods of conducting food safety
ressarch and costs associated with obtaining food safety gpprovals may have a direct
impact on research ingtute- and program:level cogts for biotechnology research.

Analyzing Investment Optionsfor Biotechnology

The above review indicates that the development of biotechnologicd research
cgpacity will require potentidly large investments in physca, human, inditutiona and
organizationa infragtructure.  Emerging research systems need to postion themselves to
take advantage of the evolving potentiad of biotechnologica research but the amounts to
be invesed must be defined within the context of the limited finances the opportunity
cods of these invesments in other high priority research, and the existing organizationa
dructures of these nationd sysems. It is within this condrained funding environment
that agricultural research inditutions will have to meke decisons on potentid
applications of, and level of investiments in biotechnology research capecity.

Defining I nvestment Options

For the analyticd purposes of this paper, four investment options are consdered
in increesng order of invesment costs (1) continue to invest in conventiond crop
improvement research program (either a a testing capacity or a full-fledged breeding
program cgpacity) usng nontbiotechnology mechanisms for solving a problem (eg.,
conventional breeding for pest resstance), (2) invest in a regulatory framework to enable
importation and evauation of biotechnology products (e.g. direct introduction and testing
of tranggenic varieties or back crossng of transggenic varieties in a conventiona breeding
program) or (3) invest in research capecity to import biotechnology tools (e.g., molecular
marker techniques) to improve the efficiency of plant breeding research and shift back-
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crossing research from fidd to greenhouse fadilities, and (4) invest in building compre-
hensve research capacity (eg., genetic transformation technology) to create tools (eg.,
gene congructs, gene maps) and products (eg., transgenic varieties) of biotechnology.
Options 2 and 3 may be classfied as adaptive biotechnology programs, while option 4 is
a comprehensive program.

FIGURE 2 Research Components Associated with Different Levels of Conventional and
Biotechnology Crop Improvement Research Capecity

Resear ch
components
Transformation
research

Molecular marker
Backcrossing
GMOs

Testing GMOs

Selection/crossing

Testing
Testing Breeding Importation Adding Comprehensive
program Program and adaptation molecular program
of GMOs marker (transformation)
technology
OPTION 1 OPTION 2 OPTION 3 OPTION 4
Conventional crop Biotechnology Resear ch Capacity
improvement

As a research program shifts from conventional crop improvement research to
adaptive biotechnology to comprehensive biotechnology research, we assume it alds new
components of research capability in a sequentid manner according to invesment costs
(Figure 2). A program to import GMOs (option 2), for example, will include convert
tiond testing and crossng components in addition to back crossng and testing GMOs.
Smilaly, a biotechnology research program that uses molecular marker technology
(og)tion 3) will incdude the GMO-back crossng and GMO-testing components of Option
2. A comprehensve biotechnology research program with trandformation capability
(option 4) will smilaly include al the components of an importation and adaptation
program, a molecular marker technology program, and the capacity to generate new tools
and products.

As a research sysem adds new components of biotechnology, these may ether
complement or subditute previous research components. For example, adding the
molecular-marker technology component in option 3 and option 4 may in some case
subgtitute conventional crossng and sdection processes.  This is represented in Figure 2



by the dark shading to indicate potentid reductions in activity. Similaly, adding the
transformation capability in option 4, may subgtitute the GMO back-crossng step for
certain traits and commodities (Figure 2).

The efficdent choice among dternative invesment options of continuing with non
biotechnology research (option 1) or importing and creating biotechnologies (options 2 to
4) will differ greatly across commodities and countries, depending on the sze of the
commodity sector, physcd environment, resource costs, productivity impacts of
research, research lags, economies of sze and scope in research, and the potentia for
research spill-ins (i.e., the availability of gppropriate biotechnology tools and products for
a given crop or condraint from other sources). The firg sep towards this andyss is
identifying and egtimating the codts and benefits of invesing in different options for
biotechnology research capacity within the loca Stuation.

Costs and Benefits of 1 nvestment Options

The additiond components of investment under different options of biotech
nology research capacity identified above are illugtrated in Figure 3 as mix of regulatory
and research cods. Whatever the levd of investment and research capacity in biotech
nology, a country must have a good plant breeding research cepacity (crossing, sdection
and testing) in order to make biotechnology a useful investment. Hence research capacity
in conventional crop improvement research (with at lees a tedting component) is
included for dl biotechnology research options® The biotechnology research options
require added invesments in both regulatory capacity (indicated in itdics in Figure 3) as
well as research capacity.

Figure 4 illugrates the additiond benefits (postive and negeive) of different
biotechnology research options in relation to a conventiona crop improvement program.
Biotechnology can increase the efficiency of crop improvement programs by reducing
research lags, improving the precison of sdection and reducing the number of lines in
fidd testing, and meking breeding programs more determinisic (i.e, increese the
probability of research success). The benefits of biotechnology research may aso be
reflected in price premiums for enhanced product quality and desred commercid
characteristics.  These impacts, obvioudy increase with the level of research capacity.
Although not reflected in Figure 4, the magnitude of the incresse in the productivity of
the find product will be larger for comprehensive research targeted on local problems
and opportunities (Option 4) than for Options 2 and 3 using imported technologies.

Biotechnology research may aso negatively impact research benefits (compared
with conventional crop improvement research) through possibly reduced adoption rates
by producers and perhaps a price discount on consumer products due to negative public
reaction to GMOs. GMOs may dso initidly increase research and product development
lags by increasing the time period needed to conduct laboratory tests to generate data, to
get agpprovas from biosafety regulatory agencies, and to conduct fidd tests before
making a biotechnology product avalable in the market. However, as a country gans
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experience in deding with biosafety applications and the review process becomes
routine, the gpprova lags may eventudly shorten (as in the case of U.S) and may not
sgnificantly delay product development.

FIGURE 3 Invesment Levds and Resource Needs for Different Levds of Biotech
nology Research Capacity

Resour ce/l nvestment L evel

Iransformation lab/ infrastructure
Trained researchers (genetic
engineering)

Molecular marker lab/
infrastructure

Trained researchers (molecular
biology)

Biocontainment facilities

Cost of accessing technology

Comprehensive |PR policies

Biosafety/food safety policies

- Conventional breeding

Conventional Import Import Comprehensive
crop GMOs molecular transformation
improvement tools research
OPTION 1 OPTION 2 OPTION 3 OPTION 4

The magnitude of cogt differences (illustrated in Figure 3) and changes in benefit
parameters (illusrated in Figure 4) for the different options of biotechnology research
capacity ae empirical questions.  Introducing biotechnology in crop improvement
research increases subgtantidly the data requirements for investment decison making,
both on the benefit and cost sdes (Lynam 1996). For example, overcoming stresk virus
in maize can be pursued through a number of routes, including existing sources of
resstance in conventionad breeding programs, vector control or through biotechnology
options 2 to 4. The resaulting benefits in the form of productivity improvement may be
the same, independent of what strategy is chosen but costs may vary widdy. Effective
invesment decisons in biotechnology, therefore, rests on good estimates of research
coss and benefits for a range of options, an area in which there has been very little
empirica work.
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FIGURE 4 Changes in Ressarch Benefits for Different Levels of Biotechnology
Research Capacity Compared with the Benchmark Leve of Benefits from Conventiond
Pant Breeding Research

Changesin Benefit Parameters

Premium product price
Increase probability of research
success

Decrease research lag

Input savings (e.g., pesticide)

IIIH

Increased yield
BENCHMARK LEVEL
(conventional crop improvement)

Increase product development lag
Decrease adoption due to public
perceptions

Conventional Import Import biotech  Comprehensive
program biotech and apply biotech
products biotech tools research
OPTION 1 OPTION 2 OPTION 3 OPTION 4

I nvestment Options/Resear ch Capacity

Because of economies of scope, many of the cost components identified in Figure
3 are nationd or inditute-level cogts, whereas the benefits in Figure 4 and equation 2 are
redized a a commodity-levd and ae thus research-program specific.  Investment
decison meking in biotechnology research is therefore complicated by requiring some
biotechnology costs to be apportioned across research programs.  These include invest-
ments in inditutions (IPR and biosafety sysem establishment and implementation costs),
human resources (training costs) and infrastructure (laboratory and research facilities) to
build biotechnology research capacity.

However, adding a biotechnology component to an ongoing conventiond crop
improvement program will aso entall some program-specific costs that will be reflected
in ther annua budget dlocaions (eg., costs of accessng proprietary technologies,
linking and coordinating laboratory research with field research, conducting fidd and
laboratory tests to meet biosafety guidelines, etc.). Thus investment decisons need to be
made a a program-leve induding programspecific costs and some share of nort
program-specific biotechnology costs.  In the following section, we describe a typicd
crop improvement research program for wheat. Using the generd economic and
conceptual  framework discussed above, we andyze the impacts of biotechnology on
investment decisons & a programlevel.

471



An Example for Wheat

The resource dlocation problem facing smdl countries for conventional crop
improvement research is whether to invest in a testing program (which rdies on pillins,
i.e, varieties deveoped esewhere and released by nationd program after testing and
screening them for loca adeptation) or a full-fledged breeding program (with both coss-
ing and testing component to develop new varieties localy).’ Results of a survey of of
over 70 wheat research programs conducted by CIMMYT in the early 1990s indicate that
the average deveoping country wheat improvement program employs five full-time
equivdent (FTE) scientigts in a fully-fledged wheat breeding program (including crossing
and teting components) and two FTE scientig in a testing program (without loca
crossing) (Bohn et d. 1999). The average (median) cost per researcher (including over-
head costs) in wheat improvement research in developing countries was edtimated &
US$20,000 (in 1992 $ converted at the officia exchange rate [OER]). Thus the average
annua cost of a conventional wheat breeding program (which includes both testing and
crossng components of crop improvement research) in developing countries was esti-
mated at about US $100,000 (in 1992 $OER).

Maredia and Byerlee (1999) used the economic framework discussed above
(equation 1) to andyze investment decisons of a typicd wheat improvement program in
developing countries for two options—a testing program and a breeding program. These
options were andyzed usng data from the wheat program survey and internationd yield
tesing. If research soillins were minimd  (the case where variety yidds from a testing
program increased a a rate of 0.6% per year compared with 1% per year of varieties
developed by a loca breeding program), and the research and development lags were 5
and 12 years, respectively for a testing and breeding program, the threshold size of whesat
production in conventionad wheat breeding program was estimated to be around 100,000
tons.

However, if research spillins redized in the recent past were assumed to continue
in the future, such that yidds of varieties from a testing program would increese a an
annud rate of 0.86% compared with 1% for locdly bred varieties, the threshold sze of
whest production in the mandate region to justify a conventiond breeding program (as
agang a dmple tesing program) increased to 275,000 tons. Overdl, a surprisng result
was the finding of overinvesment in many programs. Twenty eght of the 69 wheat
ressarch programs andlyzed gppear to be overinvesting in wheat improvement research
ether because of the smal sze of the mandate region relative to the sze of the research
effort or because of the overemphasis on adaptive research ingead of importing and
testing varieties from internationa sources (Maredia and Byerlee 1999).

Adding the biotechnology research option 2 (i.e, importing transgenic wheet
vaieties from ether public or private sources with desred characterisics and
incorporating it in the back-crossng and testing programs) to the basdine scenario of an
“average’ conventiond wheat breeding program  (option 1) affects severd modd
parameters and thus the threshold sze of wheat production to judify research
investments.  Smilarly, adding research capacities needed to use molecular marker
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technology (option 3) and genetic transformation technology (option 4) in wheat
improvement research will further affect the threshold sze of mandate region to judify
additional invesmentsin biotechnology research capecity.

TABLE 6. Changes in the Modd Parameter Vaues with the Addition of Different Leves
of Biotechnology Research Capacity in Whesat Improvement Research Program

INVESTMENT OPTIONS

OPTION 1 OPTION 2 OPTION 3 OPTION 4
(Baseline) Import GMOs
Conventional and backcross Add molecular Add genetic
Economic analysis breeding with local marker transformation
(moddl) parameters program ? varieties technology research

RESEARCH BENEFIT PARAMETERS (Average vaues)

K (annual supply shift | 1% increase depending on the traits increase
due to genetic gains) targeted substantially
decrease same asoption 3
Research lag (years) 10 no impact dramatically
Development lag
(years) 2 Initially longer than in option 1(for GMQOs)
Adoption (% of target
region) 100% May be lower than 100%
average market
Price price Higher than average or no change depending on traits

RESEARCH COST PARAMETERS (Average values)

Number of researchers may increase may increase may increase by
(FTE) 5 by morethan1 | morethan 2 FTE
FTE
Cost per researcher US$20,000 no change increase increase even
substantially more
Technology access 0 Positive change may increase increase
cost (licensing) depending on substantially
the source of
technology
Biosafety/food safety | O Positive change increase even
costs more
Technology protection | O no change may increase Increase even
costs (IPR) more

aSource: Maredia and Byerlee (1999). Breeding program includes crossing, selection and testing compo-
nents.

The decison criteria for research investment options will ultimately depend on
the actua changes in the parameter vaues affected by biotechnology research. Table 6
illugtrates how investments in different biotechnology research options will affect the
parameter values of the basdine conventional whesat breeding research program (option
1). The actud result will greaily depend on ressarch spillins—either from public or
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private sources—available to developing countries in the form of biotechnology tools
(molecular markers) and products (germplasm, gene congtructs, gene mapping) for crops
and traits relevant to developing countries environments. Empiricd research to edtimate
these modd parameters based on the actud spillins for different investment options in a
developing country setting is dill lacking.  Estimating program specific costs of biotech
nology research for components such as hiosafety, IPR, and laboratory infrastructure,
which are shared across programs, aso poses a chdlenge and requires more empirica
research.

According to the cogt edtimates given in Table 2, the addition of molecular marker
technology (Option 3) and gendtic transformation research (Option 4) will require
additiona operating costs of $120,000 for option 3 and $220,000 for option 4. The affect
of these costs will depend on how many programs share the biotechnology laboratory.
To provide an example of the potentid impact of including biotechnology cods in the
Maredia and Byerlee (1999) model, we assumed that the costs given in Table 2 are spread
equaly across five commodity research programs, and added a 20% overhead for
regulatory costs. Under these assumptions, annua cods for an individuad research pro-
gram would increase by $30,000 for adding a molecular biology laboratory and an
additiona $50,000 for a transformation laboratory. Also pro-rating the average capitd
costs to a specific research program based on the assumption of 5 commodity programs
sharing the infrastructure and spreading these cogts over 4 years gives an annud capita
costs (for the first 4 years) of $8,500 for a molecular marker laboratory and $17,000 for a
transformation laboratory.

Table 7 gives the reaults of extending the modd to options 3 and 4 for a wheat
improvement program for differerent Szed mandate regions for the program. Assuming
that the research lag in options 3 and 4 is reduced by 3 years (dmog hdf of the crossng
and sdection lag in option 1) and dl the other parameters (i.e, adoption rate, product
price, and discount rate) reman the same as in option 1, the yidd gains (k parameter)
needed to judify investments in options 3 and 4 a 100,000 t of wheat production
(adoption size) is 3.2% and 6.3% per year compared with 1.2% per year estimated for
conventiona breeding research. These rates of gain are unredigtic, but as expected, with
the increase in the adoption sze of the mandate region, the threshold leve of yidd gains
needed to judify investments in a given investment option decreases (Table 7). At a
mandate sze of one million tons of production, the rates of gain required to cover the
biotechnology costs are 1.0% and 1.4% for options 3 and 4, respectively, compared to the
conventional program gains of 0.9%.

Options 3 and 4 only make sense for countries that aready have crossng and
selection programs. To the extent, that research lags are reduced and traits can be targeted
more precisdy for locad conditions, research efficiency is increased both in options 3 and
4. However, under what circumstances the reaivey high investment a this sage would
cause some of the 28 inefficient programs identified in Maredia and Byerlee (1999) to
become efficient is not known. If cost trends for molecular markers continue their
downward trend this will certainly enhance the wider use of these techniques.
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TABLE 7 Yidd Gains Needed to Judify Investments in Biotechnology Options 3 and 4
Compared with Option 1. Results of the Mode Andyss by (Adoption) Sze of the
Mandate Region

Adoption Size OPTION 1 OPTION 3 OPTION 4
(tons of wheat Conventional breeding Import biotech tools Comprehensive
production) program and test/backcross (add
GMOs transfor mation)
Genetic gains in wheat yields to justify investments (%/year) a
100,000 12 3.2 6.3
275,000 1.0 1.7 2.8
500,000 0.9 14 2.0
1,000,000 0.9 1.0 14

Source: Authors' calculations
@Assumes research spillins of 0.86%/year yield gains from aconventional testing program.

It is clear that for most emerging research systems, costs are very substantial and
benefits would have to be high, or the costs have to be shared widdly over many research
programs, to justify loca research capadty in highe-end biotechnology. The estimates
given in Table 7 are necessarily notiond and underscore the urgency of undertaking some
detalled benefit-cost case sudies of investments in biotechnology. Recent studies on the
economic evaudion of investments in tissue culture and DNA technologies is a podtive
dep towards generating empiricd edimates for some key parameters affected by
biotechnology research (e.g., Qaim 1998, Qaim 1999, Falck-Zepeda et a. 1998).

Strategies to Enhance Cost-Effectiveness

It is clear from the estimates presented to date, that smal and emerging NARS
will only be able to benefit from higher-end biotechnology processes and products, if
ways can be found to reduce costs of acquiring and using these techniques. Cod-
effectiveness can be pursued in building both research capacity and the regulatory
framework.

Cost-Effectivenessin Research

Maximizing spillins will be key to cos-effectiveness of biotechnology research
and teting. Thus the short-teem drategy for small- and medium-szed emerging
countries should be to access the intermediate or find products of biotechnology and
adapt them to the locd environments and needs. This suggedts that initid investments in
capacity should emphasize crops economicaly important to indudtridized world (such as
maize, whedt, potatoes, horticultural crops), snce many transformation, regeneration and
gene condructs have dready been developed. Initid experience suggests that private
firms are willing to provide proprietary technologies to some developing countries a low
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codts, in part as “loss leaders’ to encourage the implementation of appropriate regulatory
frameworks, and in part, due to segmented markets, in which returns to direct private
invetment in some pats of the market are low. Therefore, invesment in the regulatory
framework to enable technology importation would be a higher priority than investment
in biotechnology research capacity.

On the other hand, the development cods of the transformation, regeneration,
molecular maps and gene condructs for many crops important to emerging country
economies but not necessarily important for indudridlized countries (eg., mill,
sorghum, cassava, plantains, eic) are likely to be high as a result of lack of spillins.
Moreover, smdl countries will have difficulty in recovering the invesment cods in tool
and product development for these crops.

In the longer run, in order to access proprietary technologies from the private
sector in the indudridized world, NARS in developing countries will have to pogtion
themsdves with some “bargaining chips’.  Seeking international protection of one's
inventions is one option but is expensve. For example, in the US, patenting biotech
nology inventions costs from $US 20,000 to $30,000 (including filing fees and legd
costs). Costs of smilar magnitude will aso be required in Europe and Japan to provide
comprehensve patent protection. NARS of smal- and medium-sized countries may not
be able to afford these high costs of internationa 1PRs.

Since many developing countries are rich in genetic resources, these resources are
increasingly seen as a potentid bargaining chip for access to biotechnologies.  Severd
countries now redrict the export of genetic resources, to enhance thar bargaining
postion. Creating partnerships with private sector may alow them to integrate new tools
of biotechnology to help improve the germplasm and commercidize it on a nationd or
international scale.  However, redtrictions on germplasm exchange may have high socid
cods internationaly, since free exchange of germplasm has been a centrd dement in the
internationa success of public research systems.

In any event, efforts by NARS and donor agencies will be essentid to develop
international public goods related to biotechnology that can improve efficiency of NARS
investments. Collective action by NARS in a region or globdly may be used to pool
resources and to jointly negotiate access to technologies or to develop centraized
regiond research capacity that can capture economies of sze. The CGIAR will adso be
critical as an intermediary in biotechnology research for many crops, especiadly crops tha
are largely grown in the developing world (eg., cassava). However, ther totd effort is
dill modest, with only 7% of ther budget invested in biotechnology and with efforts
scattered across 15 centers.  Internationa research centers are just developing skills in
negotiating with the private sector, and many of ther biotechnology processes and
products are based on proprietary technologies that are being used without clear agree-
ments on commercidization of find products. Until clear IPRs are established even the
biotechnology products of the CGIAR centers may not be readily available to NARS or
developing-country farmers.
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Cost-Effectivenessin Establishing Regulatory Frameworks

One drategy to enhance codst-effectiveness is to integrate biosafety, food safety
and IPR frameworks within the exiding legd and regulatory systems, rather than creste
new agencies and programs. Establishment of new regulatory systems must be based on
the principle of flexibility to dlow changes in the rules and regulaions with the
accumulation of experience.  Many countries start out with a rigid sysem and rdax it as
they gan experience. This is an effective drategy if the drict sandards do not deter
private sector research and investment in biotechnology.

Both the biosafety and IPR regulatory frameworks present opportunities for cost-
recovery and cost reduction. In designing the biosafety system, a country can explore the
following mechanisms for enhancing cost effectiveness:

a. Chage an gpplication fee for the permits for biosafety fidd testing, especidly
to the private sector and use these fund to support the nationa biosafety
committee, risk-benefit andyss. This policy has been adopted by Indonesia,
where the biosafety permit application fees are charged to both public and
private sector inditutions (Table 4).

b. Hamonize biosafely guiddines among countries in a region or edtablish a
regiona body, so that with a gngle application, GMOs can be tested and
goproved in dl countries in a region. This is especidly rdevant to smal
countries sharing dmilar crop growing environments that have traditiondly
taken advantage of research spillovers from neighboring countries.

c. Integrate the biosafety system with the exiding plant quarantine sysem so
that codts of operation and implementation could be reduced by usng the
exigting human and physical resources.

d. As experience and research results are accumulated, reax the permit applica
tion procedures. For example, in the U.S, for some crops and trats, only
natification is now required, instead of full review.

Some of the cost-recovery and cost-reduction mechanisms that a country may
congder for IPR are:

a. Charge application fees for plant variety protection, patents and other forms of
|P protection.

b. Generate revenues from roydties by licenang or sdling technologies. These
funds may hdp support IPR management sysem or technology transfer
offices a the inditute-levdl. Also, these funds may help support further
research and development.
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c. For technologies that are commercidly dtractive, negotiations may be made
with an appropriate private sector partner(s) prior to obtaining a patent or
other forms of IPR protection in order to pay the costs of IPR protection up-
front. The technology can then be licensed to the private partner.

A mgor issue with saverd of these mechaniams is to ensure that the public sector,
gmdl private companies and large multinationads have equa opportunity to introduce,
test and protect new products. High fees may ad cost recovery but a the same time limit
participation of smal local companies and public organizations.

Conclusions

Emerging countries wanting to take advantage of the potentid of biotechnology
are faced with the drategic questions of how much to invest and what to invest in. The
decison on the sze of the invesment is further compounded by the array of problems
facing emerging nations agriculture and the avalability of a number of possble ways to
solve these problems. In the case of crop improvement research, biotechnology is one of
the many routes a country can take to address a specific problem (the others include,
conventional breeding and various crop management practices). The decison on a
particular approach to solving problems will primarily depend on the rdative research
cods and benefits involved in the different drategy choices Given the rddively high
costs of hiotechnology research capacity shown in this paper, NARS must explore
conventiond means to solve agriculturd condraints before making large and long-term
invesments in higher-end biotechnol ogy.

In this chepter, we reviewed the types and levels of investments needed to
establish different levels of ressarch capacity and the associated regulatory system with
partticular reference to crop improvement research. We aso developed a benefit-cost
andyss framework within which to andyze biotechnology research investment decisons
by emerging NARS. Introducing biotechnology to conventiond crop improvement,
increases subgantidly the gspecificity and data requirements of investment decisont
making process, both on the benefit and cost Sdes  Effective biotechnology investment
decisons by the public sector in emerging countries must rest on good edimates of
ressarch costs and benefits, an area that needs much empirica research. While we
provide some empirical estimates for some costs of biotechnology research and tech
nology transfer, much more information is needed to guide decison making.

The indicative numbers we have provided suggest thet it will be difficult for smdll
countries to judify the invetment in research cepacity. Careful codt-benefit andyss
should be a prerequiste to guide invetment decisons  Initidly, investments should
focus on developing a sound regulatory framework to import, test and adapt as needed,
products of biotechnology research. Whether investments focus on research or regulatory
capacity, there are many opportunities to reduce costs through regiona collaboration, use
of bargaining chips, and cost recovery. For most emerging NARS, the development of
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internationd  public goods in the CGIAR and dsawhere can greatly enhance the
efficiency of NARS invesments.

Endnotes

'Mywish Maedia is Adjunct Assstant Professor, Depatment of Agricultura
Economics, Michigan State Universty, Derek Byerlee is Principd Economist, Rurd
Devdopment Department, The World Bank, and Karim Maredia is Associate Professor,
Indtitute of International Agriculture, Michigan State University.

2Common molecular marker tecniques include Restriction  Fragment  Length
Polymorphism (RFLP), Amplified Fragment Length Polymorphism (AFLP), Randomly
Amplified Polymorphic DNA (RAPD), Polymerase Chain Reaction (PCR), Smple
Sequence Repests (SSR), 1s0zymes, €tc.

®Bidlogicaly-based technology protection systems under development through
gendlic enginegring (0 cdled “terminator technology”), might change this dtudion if
costs of seed can be kept to reasonable levels for smal producers and the current high
level of controversy abates. The same technology might dso be used to induce mae
derility and facilitate the development of hybrids in crops where hybrids are not now
currently feesble.

*These edtimates are based on a survey of wheat improvement research programs
in developing countries discussed in the later section of this paper.

®WTO bounds al members to abide by the Agreement on Trade Related Aspects
of Intelectud Property Rights (TRIPS) which requires member countries to grant patents
for inventions in dl fidds of technology and it obliges them to protect plant varieties
ether by patents, by “an effective sui generis,” or by acombination of both.

®CAC was formed in 1962 to implement the Joint FAO/World Hedth Organi-
zation Food Standards Programme. Its purpose is “to protect the hedth of consumers and
ensure fair practicesin the food trade.”

"It is possible for a country to develop research capacity in molecular marker
technology without the GMO-testing or back-crossng components. Idedly, this option
(not considered in this paper) would come before the GM O importation option 2.

®In addition to investments in these resources and an appropriate regulatory
framework, several other interrdlated factors are necessary pre-conditions for successful
payoffs to research, whether conventiond or biotechnology research. These include a
portfolio of projects caefully sdected to match the socid, cultura, economic and
environmenta condraints on the agricultural sector; adequate information on scientific
discoveries and new technologies developed dsewhere, and agriculturd extenson and
seed digtribution system to disseminate and utilize new technologies.
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%These two options correspond to the first two columns (from left) in Figure 2
under conventiond crop improvement.
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