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Summary

Much has been written about biotechnology helping developing countries attain
food security, increase farm productivity and profitability and yet minimize
environmental damage from conventional agricultural practices. Current data from
countries adopting modern biotechnology products particularly transgenic cropsin
agricultural production indicate that these goals are attainable. However, the
diffusion of biotechnology to developing countries like the Philippines is not as
rapid as the adoption rate in a few developed countries. Also, in some European
countries, there is resistance to the adoption and use of crops developed through
modern biotechnology. This paper examines the capacity of the Philippines to join
and benefit from the biotechnological revolution. It reviews world trends and
issues and Philippine agricultural biotechnology R & D contents, directions and
management.

Modern biotechnology development involves two processes. the development of
biotech products and the development of the regulatory framework for biotech
products. The Philippines has in place a biotechnology R & D program since 1979
but the program has focused mainly on what is considered traditional
biotechnology. R & D resources were expended on developing microorganisms to
maintain soil fertility, protect crop plants, add value to agricultural by-products
and improve traditionally fermented foods and rapid plant propagation by tissue
culture. These programs appear to reflect the extent of available resources not only
in facilities and maintenance funding but also on the existing manpower of whom
few are trained in the molecular techniques required for modern biotechnology.
Although these technologies are targeted for small farmers, their dissemination to
this target group remains a problem. During the same period, advanced countries
produced through rDNA techniques safer vaccines, more reliable diagnostic kits
and genetically modified organisms (GMOs) such as corn requiring less pesticide,
herbicide resistant soybean that allows zero tillage for soil protection, carnation
with longer shelf life, virus-protected potato, tomato with better processing
properties, and laurate canolawith a novel use.

There is ambivalence towards GMOs. Genetically modified food plants are viewed
with suspicion by some whereas microorganisms and animals modified for
medical applications are not. Concerns on long term effects on the environment
and human health are raised against genetically modified food plants. Yet, the
USA and some developing countries have gone on to rapidly commercialize
GMOs including food plants. On the other hand, pressure from consumers forced
European governments to stall further commercialization of genetically modified
food plants. There is on file in the Philippine Senate, a bill banning GMOs, in
response not only to this world wide movement but also on the poor state of the
regulatory framework for biotech products. Although the Philippines is the first
ASEAN country to have in place guidelines for biotechnology research and
development, thereis no program to support implementation of the guidelines by



way of establishing the appropriate facilities required for research, of developing
the scientific capability for risk assessment and funding biosafety research. No
guideline for commercialization of biotech products exists. In addition, the new
law on intellectual property rights has specifically excluded the patenting of
animals and plants. Hence, the Philippine Congress is currently drafting a bill to
protect plant varieties.

The secretary of agriculture recently stated that GMOs are advances that may be
helpful to Philippine agriculture. The existing capability of the Philippine public
ingtitutions for genetic engineering applications needs strengthening. There are
two laboratories with facilities for plant transformation and another four for DNA
manipulations. Only one institution has the facilities and manpower for animal
embryo transfer studies. There are about fifty individuals working in various
institutions who are trained in the various techniques for genetic engineering.
Thereis also the perennia problem of insufficient funds.

Given these limited scientific resources, there is a need to adopt a strategy in
agricultural biotechnology development. A four-pronged strategy is proposed. One
Isto develop a sustainable system for the delivery of soil inoculants and biological
control agents to small farmers. Two is to develop our risk assessment capabilities
to enable us to access technologies elsewhere and to immediately test for possible
commercialization transgenic crops already developed. Needless to say, we must
put in place guidelines for the commercialization of biotechnology products.
Three, is to implement a strong manpower development program especially in
modern biotechnology that includes developing a local environment that nurtures
scientific creativity. Four, is to confine molecular technique applications and
genetic engineering work to species and problems important localy but not to
other countries, e.g . bunchy top virus protected abaca.



Introduction

Much has been written about biotechnology helping developing countries attain
food security, increase farm productivity and profitability and yet minimize
environmental damage from conventional agricultural practices. Current data from
countries adopting modern biotechnology products particularly transgenic crops
show increased productivity with corresponding increases in profitability, with
lower health risk to farm workers and with lesser environmental change'. An
analysis of the global implications of the various roles of the US, Europe and
developing countries in the biotechnology revolution indicates a biotechnology-led
growth for developing countries producing biotech products”. However, the
diffusion of biotechnology to developing countries like the Philippines is not as
rapid as the adoption rate in a few developed countries. Also, in some European
countries, there is resistance to agricultural biotechnology and the adoption and use
of crops developed through modern biotechnology. On the other hand,
biotechnology applications should benefit the Philippines where opportunities to
increase farm productivity is apparent. Average farm yields are significantly low
across major crops like rice, corn, coconut and sugar that occupy about 90% of
agricultural lands. Also, the reliable production of some crops introduces more
pesticides into the environment and/or results in soil degradation. The secretary of
agriculture recently stated that GMOs are advances that may be helpful to
Philippine agriculture.

This paper examines the capacity of the Philippines to join and benefit from the
biotechnological revolution. It reviews world trends and issues and Philippine
agricultural biotechnology R & D contents, directions and management using
published literature, annual reports, symposia proceedings, thesis manuscripts,
papers written by individuals, project listings provided by pertinent agencies, and
limited field visits and interviews. This paper has three parts, part one presents the
scope of biotechnology applications in agriculture, part two discusses world trends
and issues in biotechnology, and part three presents the state of the art in and an
analysis of agricultural biotechnology R&D in the Philippines.

I. The scope of biotechnology applications in agriculture
A. Definition and applications of biotechnology

Environmental changes most of them damaging are always associated with
conventional agriculture. The doubling of agricultural production during the past
35 years was associated with a 6.87 fold increase in nitrogen fertilization, 3.48 fold
increase in phosphorus fertilization, 1.68 fold increase in the amount of irrigated
cropland and 1.1 fold increase in land in cultivation®. These changes have wrought
havoc to some ecosystems causing lakes to die (eutrophication) and top soils
eroded. Nitrogen fertilization of rice paddies has been associated with increasing



soil acidity and reducing crop productivity. Pest and diseases that cause an average
of 30-40% loss in crop production® are controlled by chemical pesticides. The
decrease in wildlife populations, loss of beneficial organisms and impairment of
farm workers ' health due to pesticides have been well documented. Thus,
technologies to minimize these changes are therefore necessary for sustainable
agriculture.

Biotechnology is interpreted differently among different people. Officia
definitions include: 'Biotechnology is any technique that uses living organisms or
substances from these organisms to make or modify a product, to improve plants
or animals or to develop microorganisms for specific uses (US Congress).
Biotechnology is the application of science and engineering in the direct and
indirect use of living organisms or parts or products of living organisms in their
natural and modified forms (Canada)®. Agricultura  biotechnology is
modifications of any living organisms in ways that improve the efficiency,
competitiveness and sustainability of food production (Ontario Agri-Food
Technologies). The range of techniques in biotechnology require different levels of
sophistication in facilities, basic science foundation and technical skills. The first
level involves the manipulation of microorganisms and includes centuries-old
fermentation technologies such as beer brewing, wine making mediated by
microorganisms, production of organic chemicals like antibiotics and mushroom
production. The second level involves the manipulation of tissues and cells from
multicellular organisms such as plant tissue culture and mammalian cell cultures.
The third level involves the manipulation and analysis of the genetic material,
DNA, such as recombinant DNA (rDNA) technology, genetic engineering and
applications of genomics, the study of whole genomes or the totality of the genetic
material of a species at the molecular level. The first level is referred to as
traditional biotechnology. Developed countries define biotechnology as the
application of DNA manipulation techniques such as recombinant DNA and novel
methods of using and manipulating cells to produce novel crops, animals and
microorganisms generally referred to as genetically modified organisms (GMOs).
In the Biosafety Protocol currently being framed under the Convention on
Biological Diversity, modern biotechnology means the applications of in vitro
nucleic acid techniques, including recombinant DNA and direct injection of
nucleic acid into cells or organelles and the application of fusion of cells beyond
the taxonomic family. (Plant) Biotechnology uses the disciplines of molecular
biology, microbiology, genetics, biochemistry and plant breeding to trandate basic
biological knowledge into practical processes and products that have economic
implications. It encompasses a range of techniques and technologies requiring
different levels of investment. The techniques range from the simple, widely-used
tissue culture to rDNA and genetic engineering techniques’.

Biotechnology applications in agriculture are numerous. Although research in the
past two decades show differing emphasis by different countries. Developing
countries in the ASEAN region particularly focused their resources on the use of
microorganisms to maintain soil fertility, add value to agricultural by-products



and improve traditionally fermented foods and rapid plant propagation by tissue
culture. Hence, research and development were on organic fertilizers, soil
inoculants, protein-augmentation of farm produce, improved soy sauce production,
mushroom production and the like. Plant tissue culture is mainly for the rapid
propagation of selected planting stock. These technologies are targeted for small
farmers and they appear to reflect the extent of available resources not only in
facilities and maintenance funding but also on the capability of available
manpower. Developed countries have produced through rDNA techniques safer
vaccines, more reliable diagnostic kits and GMOs such as crop plants requiring
less pesticide, allowing zero tillage for soil protection and acquiring longer shelf
life, better processing properties, or novel use. A major application of modern
biotechnology is the development of reliable, specific, novel genetic improvement
techniques that shorten periods of breeding programs and attain objectives not
previously possible.

B. The techniques of biotechnology compared with traditional methods

DNA manipulations comprise the most revolutionary of the techniques of
biotechnology, developing products are not achievable by natural processes or if
they are they could be the remote product of chance. As applied to crop and animal
improvement, DNA manipulation and analysis as applied fall into two categories.
those used directly modify genetic content (genetic engineering) and those used to
dissect the genome to gather information and fast track classical breeding method.

Traditionally, an organism is genetically improved through hybridization that is,
mating two individuals/populations with desirable properties to obtain a single
individual or population having both desirable properties. Another traditional
method is to produce genetic variation within a population by exposing the
population to a mutagen or an agent that causes mutations followed by the
selection for a desirable mutant. Both methods have their limitations.
Hybridization allows recombination of properties only within species or with some
technical difficulties among related species whereas mutations are random and
limited by the genetic make-up of the target organisms. Genetic engineering aims
to genetically improve an organism by introducing a foreign DNA coming from
any species or synthesized in the laboratory. The properties of an organism is
permanently changed since the DNA gets integrated into the genome of the
recipient thus, such change is handed down to succeeding generations.

As a breeding method, genetic engineering broadens the germplasm base from
which traits are transferred. Also, it enables the repeated transfer of new genes to
existing cultivars without many generations of additional crosses, transfers specific
genes without the concomitant transfer of other gene and enables the manipulation
of genes to alter their mode and level of expression’. Genetic engineering involves
transferring specific genes from one species to another whether related or
unrelated. Only the gene of interest and other DNA sequences needed to indicate
its presence and enable production of its product are transferred. Conventional



breeding produces a hybrid possessing traits of both parents whether desirable or
undesirable. Hence, the process of obtaining the desired combination of traits often
takes years of repeated selection and hybridization.

rDNA technology is the construction of a self-replicating DNA unit or DNA vector
where the desired foreign gene is attached. The vector is then introduced into the
host of interest where it may multiply independently or integrated into the genetic
machinery of the host. The transferred gene comprise an ordered mix of DNA
sequences with different functions affecting the expression of the gene and is
referred to as a gene construct. The process wherein the gene construct enters a
cell and gets to produce its gene product is called transformation. The recipient
organism expressing the foreign gene product is called a transgenic or a genetically
modified organism ( GMO). A particular DNA sequence, gene or gene construct
maybe used to transform different cultivars or different plant species. A widely
transferred gene is the toxin gene of Bacillus thuringiensis which confers insect
protection for the transgenic plant. This is often referred to as the Bt technology.
Any crop containing this gene is referred to as a Bt crop ( Bt corn, Bt rice, etc). A
virus resistant transgenic plant is obtained from the transfer of a virus coat protein
gene into the plant, thisis referred to as the coat protein ( CP) technology that falls
within a more general technology - pathogen derived resistance. Another widely
used technology is the antisense technology, also a DNA manipulation technique
that turns off or prevents the gene from producing a product needed by the
pathway that produces the unwanted trait. Hybridization technologies such as the
PGS Seedlink( comprising of male sterility, sterility maintainer and restorer genes
are widely used to facilitate the production of pure hybrid seeds”.

Molecular markers are DNA variations in plant and animal genomes. These are
used in tagging agronomic traits and in selection in breeding populations ( MAS or
marker-assisted selection). Use of DNA markers associated with desirable traits
reduces the time and guesswork used in the selection process. Selection is often the
rate l[imiting step in plant breeding as it requires that the plants be sustained though
out their growth cycle, allow them to express their genes at the right time and have
them exposed to the conditions such as insect attack, drought, etc. that limit growth
and yield in the field. Hence, selection is traditionally along and laborious process.
DNA markers are detected as early at the seedling stage without exposing the
plants to their selective environments. Detection is highly reliable and rapid, one
technical personnel can process at least a hundred samples per day. Molecular
markers are also used to construct genetic maps, measure the genetic diversity of
breeding materials and identify individuals, breeds, isolates or species. These
include RAPD ( random amplified polymorphic DNA) , RFLP ( restriction
fragment length polymorphisms), EST ( expressed sequence tags) , microsatellites
such as SSR ( simple sequence repeat) and STR ( short tandem repeat) and known
genes. Genomics is an emerging research field of molecularly characterizing
whole genomes or the total genetic material of a species. This follows the success
of the Human Genome Project. Applications of genomics such as information
about the structure of economically important genes, their locations relative to



each other, their products and the effect of other DNA sequences on the production
and function of these products are considered the next revolution in biotechnology.
These applications could offer technical solutions to the biosafety issues currently
being raised against transgenic crops. Or, novel crops not yet imagined today could
be devel oped.

In addition, DNA-based techniques have been developed for improved diagnostics
and therapeutics. An appropriate, timely therapeutic regime can only be delivered
after accurate diagnosis of the causal agent of a disease. DNA sequences specific
to pathogenic agents are being packaged into diagnostic kits that are convenient
and accurate. Safer, recombinant vaccines have been developed that totally
removed the capacity of the attenuated organism to cause disease. A recent
development are DNA vaccines. DNA vaccines are transiently expressed DNA
sequences that produce the antigen thereby triggering the immune response of an
animal to produce the corresponding antibodies against a specific pathogen. DNA
vaccines can be so prepared that will require no refrigeration, and would have the
advantage of better shelf life than current cell or protein-based vaccines in the
market. It is expected that farmers in remote areas will have better access to these
vaccines,

Genetically modified animal cell cultures have developed rapidly as aresult of the
inability of microbial cells to produce complex foreign proteins such as human
proteins in culture. In addition to mammalian cell lines, insect cell lines especialy
those that support the growth of baculoviruses ( insect-specific viruses) genetically
engineered to produce human proteins are also developed. Obtaining a hybrid cell
through fusion techniques in the laboratory have also found many applications.
Hybridomas are cell cultures used commercialy in the production of monoclonal
antibodies which have applications as diagnostics, in identifying specific cells or
tissues or in therapy. Hybridomas are derived from the fusion of spleen cell and a
cancer cell. The spleen cell confers the ability of the hybridoma to produce a
specific antibody and the cancer cell the ability to grow in culture indefinitely.

Techniques collectively referred to as reproductive technologies involve
manipulation of the egg or sperm cell to modify mammalian reproduction.
Included is in vitro fertilization ( IVF) which allows the fusion of the isolated egg
with a selected set of sperm cells outside the womb, allowing the fused cells or
embryo to divide, implanting this to the receptive uterus of the female which then
develop to term. IVF has led to the development of techniques that allows sperm
cells to be stored and used later, to the selection of sperm that carries the male or
female chromosome thereby alowing for the pre-selection of the gender of the
resulting embryo and cloning. Gender pre-selection uses a very sophisticated
technique called fluorescence activated cell sorting, has only been successfully
used with pigs in 1998 and has been tested successfully in man early in 1999.
Cloning is the production of new individuals without sexual union. In mammals,
thisis quite afeat reported since 1997 with the birth of Dolly, the sheep. Dolly was
borne out of the union of an enucleated egg cell from a ewe and fused with a cell



from the udder of another ewe. The resulting fused cell behaved like an embryo
and was implanted in the uterus of third ewe. Success with cows and mice have
been reported since but various governments have adopted policies to prevent
applications in cloning individual human beings. Reproductive and DNA
mani pulation techniques are also referred to as genetic technol ogies.

Plant tissue culture refers to the aseptic propagation of plants or plant parts. Asthe
definition implies, it requires a highly controlled environment to prevent
contamination and promote growth of plants/plant parts in confinement. Tissue
culture is used ether for micropropagation or as a plant breeding tool.
Micropropagation results in the mass production for the rapid release of a new
variety or selected cultivar with concomitant removal of seed borne pathogens and
avoids the production of genetic off types. There are three generaly used
procedures. meristem culture, shoot multiplication and somatic embryogenesis.
Meristem culture induces the actively dividing tissues of the plant to produce new
plants. Shoot multiplication is the induction of a shoot to produce many shoots
which are subsequently rooted into new plants. Somatic embryogenesis is a
technique of inducing individual plant cells to develop into embryos. These
embryos are encapsulated to produce artificial seeds. The method is hoped to
produce cheaper genetically similar planting stocks compared with meristem or
shoot cultures. All other tissue culture procedure are used in aid of plant breeding.
Somaclonal variation with in vitro selection is a protocol for selecting desirable
variants during tissue culture at relatively shorter period of time and lesser expense
compared with traditional field screening and selection. In vitro selection allows
for the use of more straightforward, rapid, objective selection procedures not
feasible in the field. The selected variant maybe developed into new commercial
lines such as reported for corn, tomato, papaya, apple, peach, and citrus’. Or the
selected variants maybe used as parental stocksin breeding.

Another application is the reduction of the time needed to produce breeding lines
for producing hybrids. Commercial hybrid seeds are produced from two isogenic
lines, each line possessing the desired genes in pure form different from that of the
other line. The traditional method of producing isogenic lines takes years but an
intervening biotechnology is the production of haploid plant with subsequent
diploidization to produce pure breeding lines or doubled haploids. Haploid plants
are regenerated from anther, microspores or ovary cultures. These haploid plants
have their chromosome number doubled to produce doubled haploids used like
isogenic lines. This technique drastically reduces the time of producing isogenic
lines by at least one half. For distantly related species, an intervening technique is
embryo rescue which obtains the resulting embryo and let it grow in tissue culture.
Embryo rescue and culture are used to overcome the incapacity of the ovary to
support hybrid embryo growth. Somatic hybridization is the production of hybrids
through fusion of cells from two selected parental lines. Techniques involving the
isolation of single cells and their regeneration into whole plants are essential tools
in the application of rDNA for plant genetic improvement.



On the other hand, plant cell cultures are being developed to produce specialty
plant chemicals which cannot be chemicaly synthesized like the cancer drugs:
vincristine and vinblastine from the tropical plant Vinca rosea (chichirica,
Tagalog). One plant cell culture system already in commercial scale involves the
production of shikonin, a red dye used in lipsticks. The system provides better
control of production without regard for the vagaries of nature. A major technical
drawback of the system is the inability to maintain a uniform genetic make-up of
the plant cells in culture. The system is also more expensive to set-up compared
with microbial-based systems. Hence, to this day no other commercial scale plant
cell culture is reported. Cell fusion to achieve novel gene combinations have been
tried with plants. Plant cells have their cell wall removed with enzymes to produce
protoplasts which are then fused in the presence of agglutinating agent. Although
new hybrids can be derived from this technique, so far acommercialy grown plant
hybrid derived by protoplast fusion has yet to be reported.

Fermentation technology is a production system designed to maintain microbesin
a state that enables them to produce microbial biomass or substances of economic
value. The industrial scale technology is a complex engineering system that
requires large-scale aseptic conditions and includes a bioreactor or fermentor and
the necessary downstream processing equipment that isolates the substance of
interest. These systems traditionally manufacture high volume, low value products
for various industries or for the consuming public. In advanced countries, such
systems are severa decades-old established capital intensive industries that
currently supply the world with amino acids, enzymes, antibiotics, citric acid,
vaccines and the like. In developing countries like the Philippines, fermentation
systems are traditionally home scale using centuries old practices and vessels
lacking any control on the process. Within the past decade, industrial countries
have fermentation systems redesigned to suit genetically modified yeast, bacteria
or mammalian cells to produce novel, high value substances such as hormones or
human proteins.

The continuum of techniques comprising biotechnology requires increasing levels
of scientific knowledge, technical sophistication, financial support and time to
achieve desired results'. The development of microbial-based technologies and
plant tissue culture requires conventional knowledge and laboratory skills such as
aseptic culture techniques usually taught in most college biology curricula. The
research facilities are relatively easy to procure and inexpensive. Mammalian/plant
cell culture and attendant technologies require specia training in laboratory skills
as well asin-depth knowledge of physiology. Mammalian cell culture facilities and
maintenance cost are relatively more expensive. rDNA requires extensive
knowledge of genes and their mode of action in biochemical terms as well as
sophisticated facilities of storing and growing cells, manipulating DNA and quite
expensive reagents. Compared with rDNA, DNA variation analysis requires less
expensive standard equipment, less reagents and more manageable techniques.
DNA synthesis and sequencing services are now available at reasonable cost



which obviates the need to set up one's own expensive facilities. Hence, active
rDNA research is done mostly in devel oped countries.

The development of a novel biotechnology product requires compliance to
biosafety regulations - a set of specia regulatory requirements due to the
biological nature of the product. That is, a living organism multiplies, can become
wild and can contribute its genes into the genetic pool and, thus, must be handled
differently compared with a machine or a chemical compound. Research and
development in as well as biotechnology products developed through genetic
engineering must comply with biosafety guidelines. Most countries including the
Philippines have adopted biosafety guidelines to cover research with GMOs.

It must be noted that the requirements for the dissemination or commercialization
of a technology is not dependent upon the manner of development but upon the
final product itself. For example, the commercialization of a traditional
fermentation process such as antibiotic production is usually capital intensive as it
requires a large infrastructure that must be kept aseptic whereas a transgenic crop
plant simply has to be grown to produce the seeds for dissemination. Clearly, the
form of the final biotech product sets the limitations to its commercial
applicability. In a developing country such as the Philippines, the capital available
for the commercialization of technologies and the small size of the market often
limits the extent by which the private sector picks up technologies for
commercialization.

I1. Trends and Issues
A. Market trends

Antibiotics, alcohols, organic acids, amino acids, vitamins, industrial enzymes are
some traditional biotechnology products, we daily encounter and use. Antibiotics,
amino acids like lysine and methionine, vitamins and enzymes are feed
components imported into the country. Some of these could be products of
GMOs™.Organic fertilizers is gaining acceptance locally and its rapid adoption is
considered one of the success stories for sustainable agriculture internationally.
Fungal-based and bacterial-based biocontrol agents against crop diseases are
commercially available in many countries. Other microbial-based biotechnologies
for agriculture being developed include genetically engineered baculoviruses for
insect control and genetically engineered soil inoculants to promote plant
establishment and growth. Monaoclonal antibodies are used in many diagnostic kits
as they provide the specificity, rapidity and ease required. Recombinant vaccines
are also commercially available. Tissue-cultured ornamental plants, white potato,
and banana plants are available from commercial and government laboratories in
many countries with banana as the most tissue cultured crop in the world.
Automated fermentation systems for the mass production of artificial seeds ( gel-



encapsulated plant somatic embryos developed through tissue culture) are being
devel oped to reduce the cost of tissue-cultured planting stock.

Transgenic crops were first grown in commercial scale in China ( virus protected
tobacco) in 1992 followed in USA ( delayed ripening tomato) in 1994
Transgenic crops are being designed to possess traits not only addressing various
impediments to crop production but also to avoiding post harvest losses, to
improving product quality and to endowing novel capabilities ( Table 1). Other
traits that are currently being incorporated into crop plants are tolerance to abiotic
stress such as drought, increased photosynthetic ability and improved nutritional
gualities. In animal production, better diagnostics and safer vaccines have been
developed. Higher milk production using a recombinant hormone has been
achieved for some years. Leaner meat for hogs is being targeted by some research
programs.

Transgenic crops are adopted by farmers at a rate greater than any other
technology in the history of agriculture™. Planted areas have rapidly increased
from 1995-1998 ( Fig.1) aswell asin 1999.

Multiple benefits reported by growers for selected transgenic crops include more
flexibility in terms of crop management ( particularly important for herbicide
tolerant crops), decreased dependency on conventional insecticides and herbicides,
higher yields and cleaner and higher grade of grain/end product( no worms, no
mycotoxin-producing fungi in Bt corn), increased yields for pest protected crops
due to avoidance of damage usualy inflicted by the pest, decreased use of
pesticide which redounds not only to savings in pesticide cost but also to reduction
in environmental pollutant, reduced risk for farm workers as well as consumers,
zero or minimal disturbance in the population of beneficial species and soil
conservation, hence, over-all an increased profitability for the farmers and less
disruptive environmental impact ( Table 2).

The value of these benefits for the US and Canadian farmers ranges from a net
return per hectare of US$19.76 for herbicide tolerant cotton to US$175 for Bt
cottonl. In fact, this first wave of transgenic crops are considered farmer-friendly.
Contrary to charges by critics that biotech companies are the benefits more from
the technology, farmer/company benefit ratio has been calculated at 2:1 for Bt
cotton in the USA in 1996.

The global value of the transgenic crop market was projected at US$ 1.2-1.5
billion in 19981. The growth of this market was tremendous registering rates of
213% in 1996 and 185% in 1997. Provided that the adoption rate of transgenic
crops continue to grow, this market is believed to attain an annual sales of
US$200 hillion worldwide. Currently, large producers include the USA,
Argentina, Canada and most likely China. Some plantings are alos reported in
Mexico, Spain, France and South Africaa. Commercia planting of certain GM
crops have been approved in the EU, Japan, Netherlands, New Zealand, Australia



and recently in Brazil. GM crops have been grown in severa field trias in
Malaysia, Thailland and Indonesia. Pending results of field trials, Indonesia is
poised to deregulate commercia planting of GM crops. There is high acceptance
of GM crop farming and foods in the USA, Canada and Australia as consumers
believe that risks could outweigh benefits provided that appropriate regulatory
framework in place.

B. Issues

1. Emerging trends in the development of agricultural applications of modern
biotechnology.

Research and development in transgenic food crops are placing products in the
market in four waves™. The first wave targets farmers concerns in increasing
productivity and profitability, promoting workers safety and sustaining
environmental  integrity. The second wave targets processing and marketing
concerns in reducing post-harvest losses and increased processing profitability.
The third wave are transgenic food crops that provide nutrition as well serve as a
prophylactic or therapeutic, a group of food called ' nutraceuticals or ‘functional
foods are being developed in various firms such as a banana that can deliver a
vaccine when eaten.  The fourth wave are transgenic crops that produce specialty
chemicals for industry such as biodegradable "plastic” thereby using plants in
place of microbial fermentation.

Techniques that enabled the transformation of mammals with rDNA and the high
cost of animal cell-based fermentation systems led to research on the use of
transgenic farm animals for the production of protein pharmaceuticals. Transgenic
cows, sheep, goats are envisioned to secrete therapeutic human proteins like factor
VIII for hemophilia, collagen Il for arthritis, Pro542 for HIV, and others in the
milk or urine with the objective of reducing the cost of producing these proteins™.
Transgenic animals are themselves technical feats and a natural development of
this feat is the multiplication of animals through cloning. Cloning produces
organisms of similar genetic make-up and its widespread application in
propagating transgenic farm animals will depend on whether cloning will be
cheaper and more reliable than rDNA technology. Pharming or the production of
human protein pharmaceuticals in transgenic farm animals is a specialized area of
animal husbandry but will be limited and expected to be part of the pharmaceutical
production chain. It should be noted, however that research results being more
advanced in this areawould find commercial applicationsin animal husbandry.

The first group of transgenic crop plants has acquired genes derived from nonfood
organisms which made them unacceptable to some people. Controversy
surrounding this first group of transgenic crops is putting pressure on the release
of crops targeting consumer's concerns especialy in markets where mistrust on
transgenic food crops have started to take root such as in Europe. On the other
hand, new uses for crop plants with their capacity to produce speciaty chemicals
will provide a management tool for a farmer. A farmer without changing his



practices and investments will be able to shift production from one market to
another depending upon economic considerations.

A recently reported technology that has elicited much criticism is the TPS or
Technology Protection System being developed by Monsanto from patents owned
by the USDA and Pine & Delta Co. The TPS is a very imaginative use of genes
and their controls that alows a seed producer to render seeds sterile when wanted.
The system comprise of 3 genes and their control systems or promoters. Gene 1
codes for a protein that is toxic to the germination apparatus of the seed but leaves
the rest of the seed normal. This gene makes the toxic protein only when placed
adjacent to its promoter. However, between gene 1 and its promoter is a short
DNA sequence block. Gene 2 codes for an enzyme that cuts the DNA block and
allows the cells to produce the toxin. Gene 3 makes repressor proteins that prevent
gene 2 from making the DNA cutting enzyme. The repressor proteins are
inactivated by exposing the seeds to an antibiotic ( tetracycline). The system is
controlled by the seed producer who exposes the seeds to tetracycline. The plant
produced by these seeds will then produce sterile seeds'™.

The TPS is designed to protect the interest of the seed producer. It aso prevents
the transfer of a transgene to the wild, weedy relatives of the GMO. However, it
has received much flak especially from the NGO, RAFI whose director dubbed
TPS as the "Terminator technology' because RAFI contends that pollen from the
TPS containing plant could render non-GMO crops growing nearby also sterile. If
the non-GMO crop is grown by a subsistence farmer, then the lifeline of the farmer
IS severed because he normally uses this year's seed for next year's planting.
However, subsistence farmers usually grow crops in margina uplands hence their
plants would unlikely be fertilized by pollen coming from progressive farms which
are usually located in more fertile areas. Researchers and the industry see much
application of the genetic switch technology activating gene 3. Promoters can be
designed to be controlled by chemicals commonly used by farmers who can now
control the different traits of the crop depending upon the weather or market
demands.

2. Genetic imperialism - the potential effect of the consolidation of life science
companies ?

It is not the technology itself its who controls it and benefit from it that
matters - Shand, RAFI, 1999.

The sdignificant number, magnitude and extent of biotechnology-driven
acquisitions, mergers and alliances of companies with complementing strengths in
biotechnology R & D and globa marketing resulted in an unprecedented
consolidation in the industryl. About 50 transactions have been recorded between
1995-98 and a selected 25 was valued at about US$17 billion. These mergers
effectively coupled the agricultural and pharmaceutical interests of these
companies where biotechnology applications are enormous. The rapid rate at



which these transactions occurred were apparently driven by the desire to gain
early market share of the fast emerging market of transgenic crops in both the
developed as well as developing countries. Considering the huge volume involved,
these transactions are expected to have far reaching policy and technology
implications in developed as well as in developing countries. Mergers achieve
cost reductions as a result of reducing administrative overheads, balancing of
credit, debt and cashflow, streamlining of research functions, combining market
forces to optimize coverage and efficiency of implementing a global market
strategy, and finaly lowering legal and regulatory costs associated with
proprietary products that are becoming extremely expensive. Hence, there are now
fewer companies with a larger market share in the transgenic crop market. These
consolidations are expected to sustain agricultural biotechnology R & D which
often need 10 years for product development. The strategy for deploying
transgenic crops has become international in scope and scale coinciding with the
implementation of world trade protocol. Thus, biotechnology is included in the
agenda of the coming WTO negotiations. Various governments and the private
sector has to work more closely in developing the regulatory framework for the
adoption of transgenic crops.

These consolidations have €elicited criticism from civil society contending that
large companies will dominate the world seed supply making farmers too
dependent on these companies. The term genetic imperialism has been coined to
refer to this. The criticism has increased when the TPS was reported that upon
activation seeds resulting from the crop are rendered sterile. Monsanto responded
by proposing the conduct of an international review of the costs and benefits of the
technology and related inventions and that subsequent actions taken only after
such areview.

2. IPR issues

Most of the tools for genetic engineering are proprietary and in the hands of the
private sector. The development of a GMO and the isolation and identification of
desirable genes and of the various functional DNA sequences are intellectually
creative endeavors and are subjects of intellectual property rights (IPR). Forms of
traditional IPR systems used to protect biotech products include patents, plant
breeder's rights, trade secrets and trademarks 16, 17. Proprietary materials or
processes have restrictions put on their use. In addition to the GMOs, many
proprietary materials and processes currently used in agricultural biotechnology
research include selectable marker genes, reporter genes, promoters, genes of
interest , genetic markers, transformation systems, genetically modified cells,
research techniques, and diagnostic probes. Selectable markers are genes that
allow the recipient cell to grow at the same time preventing non-recipients from
growing hence enabling a researcher to obtain only the recipient cell . Promoters
are DNA sequences that determine how much a gene will produce its protein
product ( gene expression). Thisisimportant especially in the Bt technology where
the level of gene expression is essential for resistance management. Genes of



interest include genes that confer specia properties to a plant such as the Bt gene
which protects the plant from insect attack. Reporter genes indicate when a cell
contains a foreign gene, the green protein gene renders the transgenic cell green,
for example. Transformation systems are used to deliver a gene construct into a
cell. The Dupont's biolistic system , for example, transform cells by bombarding
them with gene-coated particles. Specia genetically modified cells are commonly
used to determine the activity of a cloned gene. Diagnostic probes are DNA or
monoclonal antibodies that identify cells containing specific DNA sequence or
substance. Use of these materials are either covered by material transfer agreement
((MTA), technology use agreements, license or sublicense which impose certain
obligations to the user.

2.1 Awareness of IPR among public research institutions and researchers

The increasing legal complexity involved in the supply of proprietary technologies
may raise matters of contract law, intellectual property right, biodiversity and
biosafety laws, technology transfer and competition law ( where restrictive
provisions are imposed). A research institution may not have clear knowledge
regarding the type of IPR provided. This could lead to inadvertently infringing on
legal conditions regarding the use of these inputs 18. Lack of information leaves a
researcher unclear as to his legal responsibilities, both to the owner of the
technology and to other researchers. Hence, it is necessary for research centers to
develop a system that ensures that the center fulfills its obligations in accordance
with the MTA and informs staff accordingly.

Public institutions are often constrained by practice and mandate to apply patents
on their new technologies. Defensive patenting in order to stake out a clam and
ensure access is being considered to protect innovations from CGIAR institutions.
Coordination in the access of certain research materials for efficiency is also
considered to reduce problems of managing proprietary materials.

2.2 IPR and grower autonomy

In their effort to ensure protection, companies selling GM seeds enter into
agreements with farmers for the latter to produce the crop using appropriate
practices such as establishing a refugia in case of a Bt crop, refraining from using
or selling the seed crop for next year's planting and allowing the company
representatives to visit the field within the period and two years after the period of
the agreement. Company representatives see to it that seeds from the crop are not
used for planting not only within the farm but elsewhere. Although some farmers
expressed resistance to this system, most farmers in North America do not oppose
the system. The ethical issue raised is that the system promotes a culture of
whistle-blowers, farmers telling on neighbors who use GM seeds without license.
However, the new TPS technology can do away with the additional expense of
monitoring technology users.



2.3 Current IPR laws disregard previous contributions to crop development

Many of the world's crop plants were developed through centuries of selection by
farmers of developing countries. These plants were freely disseminated
throughout the world. However, when these crop plants are modified by the
addition of one or two genes and patented, they then become in essence private
properties. Since the resources required to develop a product through modern
biotechnology are beyond the means of developing countries, the IPR system
favors rich countries. Critics argue against the patenting of GMOs primarily
because of the failure of the IPR system to recognize the contribution of farmers of
long ago. Also, civil society is actively promoting awareness of biodiversity in
developing countries to stem the free flow of genetic materials to the developed
countries as embodied in the Convention on Biological Diversity. Thus, there is
need to design an international system of intellectual property that balances the
priva&gproperty interests of the rich countries with the public good needs of the
poor .

A novel mode of sharing the benefits of commercialization has been developed by
the University of California, Davis in connection with the patent of a wild rice
gene, Xa2l, which confers resistance to many crop diseases caused by the
bacterium, Xanthomonas. Licensing fees are placed in atrust fund, the interest of
which will be used by the University to provide scholarship to support graduate
study at the University by a student from the source country of the species where
the gene was derived. In this caseg, it is Malta

3. Biosafety issues

Of the various genetically modified organisms, it is the genetically modified food
plants that has raised controversy and may even result in a trade dispute between
the US and its trading partners. Maor issues raised against the widespread
adoption and use of GM crops concern possible health risks and potential for
ecological change or damage. Genetically modified crops often contains a gene or
DNA sequence from a non-food organism. This foreign gene produces a foreign
protein that could be toxic or alergenic to humans. A GM crop may contain a
novel toxic/alergenic substance produced by a mutant gene resulting from the
random introduction of the foreign gene in the plant genome. A GM plant may run
wild and becomes a weed in itself. A GM plant may transfer its foreign gene to
weed species conferring advantage to the weed and make it more difficult to
eradicate ( gene flow = genetic pollution). A GM plant containing an antibiotic
resistance gene may transfer this gene to a microbe in the wild eventualy into
human pathogens. Bt crops may promote the selection of insects resistant to Bt
which can no longer be controlled by insecticides. Bt crops may adversely affect
non-target beneficia organisms. Regulatory bodies are inadequate to ensure that
GM crops and their derivatives are safe for human consumption and to the



environment. The public are made into experimental guinea pigs for GMOs. The
public are purposely kept ignorant about GMOs.

3.1 Possible allergenicity and toxicity of foods derived from GMOs

There is agreement among scientists that genetic engineering could produce atoxic
or alergenic protein. Since virtually all food allergens are proteins, all food
derived from genetically modified organisms must be tested for alergenecity.
Even early in the development of a GM food plant, the production of a toxic or
allergenic component due to genetic engineering is tested. The finding that the
seed protein being transferred from the Brazilian nut to improve the protein profile
of the recipient food plant is highly allergenic caused the termination of the
research.. Countries permitting the sale and use of GMOs require these GM
products to have undergone toxicity and allergenecity tests.

The random insertion of a gene construct in the plant genome may disrupt or
modify the expression of an existing gene. Possibly, the gene construct may be
placed adjacent to a sequence that can modify its expression. It may activate
pathways or cause the fusion of genes thereby producing new toxins or alergensy.
It should be noted that in traditional plant breeding the above-mentioned events are
also possible. Furthermore, hybrids between crop plant and their wild relatives
transfer blocks of genes that may also produce toxins and alergens. However,
unlike transgenic food plants, hybrids of wide crosses are not subjected to the
rigorous toxicity and allergenecity testing of GM crops. However, it should be
noted that allergenecity is not unique to GM food plants. Common food allergens
include milk, egg, fish, chicken, crustacea, and peanuts. On the other hand, it has
been shown that genetic engineering can be used to remove toxicity, allergenecity
or any other unwanted trait of an organism?.

Presently, researchers are trying to do away with genes from non-food organisms.
Genes are isolated from varieties or relatives of a crop or other food organisms.
The bacterial resistance gene transferred to elite rice varieties, for example was
isolated from awild relative of rice™.

3.2 Possible creation of superweeds

The transfer of herbicide tolerance to crop plants has raised concern on the
possibility of producing super weeds. The scientific community has yet to obtain
proof that a GM crop can become weedy. No experiment has been able to show
this possibility®”. Probably because crop plants have been bred for thousand of
years to remove their weedy tendencies and that weediness is determined by many
genes. On the other hand, there is the possibility of a GM plant transferring its
gene construct to a wild, weedy relative. In most groups of plants, related species
regularly form hybrids and such exchanged genes tend to improve on each
population®. Wild rice are important weeds in direct seeded rice. It has been
shown that wild rice and cultivated rice naturally exchange genes. Consistent gene



flow has been shown between the cultivated sugar beet and its weedy relatives24.
The transfer of a stress tolerant gene such as insect resistance or drought tolerance
from a GM crop to its weed relative could make the weed more weedy. The weed
may eventually become dominant changing the composition and structure of the
plant community and the fauna that thrives on it. Hence, a magjor concern is the
ecological havoc a GMO could create in the center of the crop's origin where most
of itswild relatives exist.

The TPS system should be able to address gene flow problem.

3.3 Creation of new human, crop plant and animal pathogens

The transfer of a gene construct from one cell to another is very inefficient.
Sometimes only 1 cell out of 10,000 would be transformed. Selecting for the
transformed cell would have been costly and tedious without the technique of
using selectable markers. Selectable markers are genes included in the gene
construct that confer to the transformed cell an ability to grow in a specia
(selective) medium that kills cells without the marker. A selectable marker
commonly used in plant transformation is the kanamycin resistance gene which
confers resistance to the antibiotic kanamycin. Concern has been expressed on the
possibility that during the disintegration of the GM crop in the field, some microbe
might pick up the kanamycin resistance gene. Microbes are known to freely
exchange genes in nature. Hence, the kanamycin resistance may eventualy find its
way into human, animal or wildlife pathogens. The planting of a GM crop
containing an antibiotic resistance gene has been banned in Switzerland®.
Research testing for the possible transfer of kanamycin resistance during the
degradation of transgenic plants in the soil did not provide any proof of the
possibility?®. Response to this concern is the use of herbicide resistance as a
selectable marker. If the herbicide is not applied in the field, there is no selection
for herbicide resistance. Hence, no selective advantage is conferred by the
herbicide resistance to the weed species into which it has been transferred.

There are reports on the creation of new, more potent viral pathogen between the
coat protein gene and awild infecting virus within transgenic plants 27, 28. On the
other hand, this has not been observed certain viruses. This necessitates that tests
for this phenomenon should always be made in the local area of introduction of a
GMO.

A gene construct containing an antibiotic resistance gene may remain intact as the
feed processes through the animal. It could be picked up by a gut bacterium. Since
microbes freely exchange their genetic materials, this antibiotic resistance gene
may find its way into human pathogens. Coupled with the extensive use of
antibiotics in animal feeds, the development of antibiotic resistant bacteria could
happen at very high rates. So far, experiments to test this possibility has not yet
been reported.



3.4 Resistance management for insect resistant GM crops

Insects are known to overcome insecticides by developing resistance over time.
The continuous exposure of the target insect to Bt crops could eventually develop
Bt resistant insects. Organic farmers are very concerned because the microbial
insecticide, B. thuringiensis is the only acceptable insecticide for organic farming
that is highly effective for common insect pests. Development of resistance strains
would leave them without an effective insecticide. Companies that own Bt crops
have been required to develop insect resistance management ( IRM) programs that
farmer licensees must follow to prevent the rapid development of resistance in
insects. This consists of planting a refugia in combination with the high expression
of the toxin gene. Refugia refers to the population of nonBt plants planted
alongside the Bt. The idea is to maintain a plant population where the insect may
freely multiply. Without the Bt present, most of the insects that thrive on the
nonBt crop will be sensitive to Bt. Whereas, insects that survive in the Bt crop will
be resistant to Bt. Since there will be more Bt-sensitive insects, these will
interbreed with the Bt resistant insects, producing hybrids that are susceptible to
Bt. Thisidea is based on the assumption that insect resistance to Bt is recessive.
However, a recent report indicated that insect resistance to Bt appears to be co-
dominant rendering the refugia strategy ineffective. Hence, there is a need to
develop a more effective strategy. Strategies being adopted include pyramiding or
the incorporating several insect toxin genes in the gene construct. In transferring
the Bt technology, it is necessary to determine the type of resistance to Bt that
local insects can develop before a resistance management program can be adopted.

3.5 Possible deleterious effect of pesticide crops on nontarget, beneficial
organisms

The farm is an ecosystem that supports a wide variety of life comprising of
animals, various plants, and microorganisms. Critics of biotechnology have been
contending that GM crops could disrupt the fragile ecosystem of farmlands.
Genetically modified crops containing genes such as an insect toxin gene is
considered a pesticide crop and must be assessed for properties similar to a
chemical pesticide. Regulations require that the effect of a pesticide crop on non-
target, friendly organisms especially natural enemies of the various pest that infest
the crop used in integrated pest management (IPM) is tested. Considering that
there are probably hundreds of species that may come in contact with the crop
during its lifespan, only representative organisms are tested. This approach has
been seriously undermined with results of studies reported by a research group
from Cornell University and another group in lowa State University that monarch
butterflies in the laboratory as well as in the field were killed or stunted in their
growth after ingesting a Bt corn pollen. The monarch butterfly is regarded as an
indicator of environmental pollution. Hence, the study has raised concern among



environmentalists about the possible deleterious effects of the Bt crops on the
ecosystem.

However, others argue that agriculture is by its nature disruptive of the ecosystem.
A rational approach to the debate is weigh possible risks versus the benefits of
GMOs and similarly those of current agricultural practices.

3.6 Biosafety and the capability of regulatory bodies for biotechnology products

Specific decisions about permit applications for the use of GMOs in the
environment, depend world-wide on the scientific assessment of what would
constitute an adequate and sufficient biosafety test for that purpose. A biosafety
test is a list of specified research questions that need to be posed and answered®.
These questions relate to human health and environmental risks. The novelty of
GMOs has posed serious questions as to whether traditional tests for toxicity and
alergenicity tests are sufficiently vigorous to detect possible toxic and alergenic
substances in them. There are proposals to regulate GMOs containing genes from
nonfood sources similar to nonfood substances added to foods like dyes. This
would increase the cost of risk assessments and negate whatever cost advantages
gained from developing the crop. There are doubts whether such added cost is at
all warranted since only a single property of the plant was changed. Another issue
Is whether short term tests are predictive of long term environmental effects.
Apparently, scientific experts do not agree on a satisfactory design of such
biosafety tests. There is therefore doubt as to whether regulations based on these
tests are sufficient. However, better testing methods are currently being developed.
Also, an international group of experts has been proposed to convene to develop
protocols for toxicity and allergenecity testing of GM-foods ** 3,

3.7 The harmonization of biosafety guidelines

Most countries developing and/or commercializing biotechnology products have
established a regulatory framework covering research, development and
commercialization. However, there are differences on the methods and extent of
tests. Also, the above discussions clearly indicate the need for an internationally
accepted guideline on risk assessment of biotechnology process and products to
accelerate the transfer of technology where these are needed most and to prevent
the creation of trade barriers involving the movement of GMOs. Recognition of
risks assessment results from one country by another would save resources on
both the owners and users of the technology. This would save resources on both
the owners and users of the technology. Several international efforts have been
initiated to harmonize biosafety protocols. A call for the harmonization of
biosafety guidelines in South America has been sounded especially so because
these countries share common borders and ecosystems and that some are already
growing in GMOs in commercia scale®™. The Philippines is involved in two
international initiatives currently underway to harmonize regulatory requirements



for transgenic crops. A Biosafety Protocol is being prepared in conjunction with
the Convention on Biological Diversity. The ASEAN countries are aso
formulating similar guidelines for the region. The need for science-based
regulatory procedures is strongly advocated to provide a stable atmosphere
whereby research and devel opment may flourish.

4. Increasing awareness and consumer perceptions

Public opinion regardless of how well experiments are designed is not based on
scientific considerations™. Public attitudes are shaped more by history, culture
and sociological factors than they are by scientific considerations. Based on the
experience of Monsanto in the US market® public acceptance can be fostered by
the presence of an appropriate, knowledgeable, science-based regulatory oversight
that provides timely judgment and the flexibility to learn from experience, by a
public awareness campaign among food supply providers and health professionals,
policy makers, media and the consuming public to gain basic understanding of
basic biotechnology products, their benefits, safety, and the regulatory oversight in
place and be an understanding of consumer behavior to ensure that consumers will
accept plant biotechnology products and will demonstrate their acceptance by
continuing to purchase food they have in the past. The adoption of clear regulatory
policy about GMOs has promoted acceptance. The concept of substantial
equivalence is critical to the commercialization of many products of
biotechnology. Substantial equivalence in this regulatory context means that there
is no meaningful change in the nutritional value or composition of the improved
crop variety. Scientifically sound principles in labeling requirement based on the
concept of substantial equivalence. The US Food and Drug Administration does
not require labeling of products that are substantially equivalent to their traditional
counterparts. It should be noted that Monsanto's public relation strategy has failed
in Europe where it is now regarded as a monster company ramming dangerous GM
foods into peopl€'s throat for profit.

This year, the movement against biotechnology has gained momentum especially
in Europe. The so-caled Puzstai affair in the UK involved the premature public
announcement of the results of a study claimed to show the toxic effect of GM
potato on rats. This announcement was blown out of proportion by the media and
caused the public suspicious of GMOs. Analysts claim that apparent loss in public
confidence of regulatory and scientific bodies following the mad cow debacle and
media frenzy resulted in the rejection of GM food crops by consumers. The effect
was disastrous for the biotechnology industry as it caused large supermarket chains
to withdraw from their shelves food preparations containing GM-derived
ingredients. Field trials were also destroyed forcing one biotech company to stop
them. Prince Charles expressed concerns that there is not enough information
about GMOs, cautions about its adoption and the tampering of Nature. He further
contends that the technology appears to benefit only the owners of the technology
and farmers of industrial scale farms. Certain GM crops are banned in Austria and
Luxembourg. Austria banned the cultivation of Bt corn-MON810 following the



publication of a study indicating the deleterious effect of Bt corn pollen on
monarch butterfly larvae reported by a Cornell University research group. The
same study prompted the European Commission to freeze further licensing GM
crops for commercial planting. The Supreme Court of India banned the testing of
genetically modified crop plants. Citing potentia health risks, the British Medical
Association called for an open-ended moratorium on the commercial planting of
GM food crops. A fast food chain, Burger King, in Portugal has banned the use of
ingredients derived from GM crops. A bill has been filed in the Philippine Senate
proposing a ban against the entry of GMOs.

To address consumer concerns, negative food labeling to indicate that a product
does not contain any GM-derived ingredient has been adopted by European
countries to allow consumers to choose. The rapid development of consumer-
friendly such as food plants containing cholesterol lessening substances is also
proposed. Others believe the issue like that of other new technologies such as IVF
shall blow over with time.

5. Ethical issues

Civil societies and religious organization have questioned the right of individuals
and companies to patent life forms. Some contend that since life came from amore
Powerful Being, man has no right to assign life forms to himself. Others contend
that patenting life forms is similar to the industrialization or commercialization of
life, that is life becomes a tradable commodity. Although it can also be said that
agriculture and agquaculture are the commercialization of life forms. Thereis also
a perception that traditional farming will be marginalized, although presently,
traditional farming is already marginalized. The use of human, animal or microbial
genesin crop plant is not acceptable to some people regarding this as a violation of
the laws of nature. One opinion forwarded is that the ingestion of a plant
transformed with a human gene is similar to the act of cannibalism. But if this food
crop is sweet potato protein-enriched with the transfer of human milk protein
genes, would that be cannibalism, too?

6. Biotechnology transfer to developing countries

Biotechnology is recognized as a major tool to improve agricultural productivity
to feed a hungry world, a tool to ensure food security for al. However, the
challenge remains in the transfer of this technology to the developing countries
where the majority of the poor resides and where agricultural production is lowest.
There are 43 international programs that aim to facilitate access of developing
countries to modern agricultural biotechnology®. These initiatives comprise of
research programs, advisory programs, bilateral and multilateral donor agencies
and regiona and international biotechnology networks. Most of these programs
offer opportunities for the application of biotechnology to suit a country's specific
need. Furthermore, collaborating with these initiatives provide developing country
scientists and policy makers with opportunities to benefit from the knowledge and



expertise gained from specific technologies and their applications, biosafety and
technology transfer issues, and broader policy and planning implications in
national research systems. However, to be effective, developing countries must
also provide the necessary envir