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Preface

The past decade has seen an enormous increase in biotechnology research. In particular,
the novel possibilities of genetic engineering technology, z.e. the identification, isolation and
transfer of genes, have given rise to a completely new type of research in scientific institu-
tions and in industry. Moreover, biotech companies have sprung up which provide special-
ized goods and services on a commercial basis. Genetic engincering has proved to be a
great scientific success and in many cases an excellent tool for research in various disci-
plines. The important question for the coming years is whether the new biotechnology will
also be a commercial success.

In our opinion, the coming decade will be decisive for applications of genetic enginecr-
ing. What will be the attitude of society towards the new biotech products and, closely
associated with this, what will be the authorization policy of the various governments?
There 1s a general feeling that sound knowledge is needed more than ever. The responsibil-
ity of scientists in various disciplines, both in natural sciences and in humanities is being
severely tried.

The Programme Committee on Agricultural Biotechnology in the Netherlands, an ad
koc Committee set up by the Minister of Agriculture, Nature Management and Fisheries,
has stimulated and coordinated research in the area of agricultural biotechnology in the
past years. The agricultural biotechnology research programme, in combination with the
industrial and the environmental biotechnology programmes, has formed the core of the
innovative research programimne on biotechnology in the Netherlands. The interim results
of the agricultural biotechnology programme have already been described'. This first book
was warmly welcomed and received many positive reactions. There was obviously a need
for a second book containing a more general overview of agricultural biotechnology in the
Netherlands dealing with interesting developments, both in science and in social topics.
This rather ambitious plan could not have been realized without the kind cooperation of
many people. We would like to thank all the authors for their contributions, and for their
time and energy spent on this book. The help of Pudoc, in particular J.C. Rigg and R.
Moeliker, as well as Ann Chadwick 1s also greatly acknowledged. This book would not
have been possible without the financial support of SENTER and the directorate of
Science and Technology of the Ministry of Agriculture, Nature Management and Fisher-
ies. We are especially indebted to Professor K. Verhoeff for his help and interest in the
project.

We hope that this book on the development of agricultural biotechnology in the Nether-
lands will attract an even more extensive readership than the first one and will stimulate
international cooperation in the field of agricultural biotechnology.

Wageningen, the Netherlands D.H. Vuijk
J.J- Dekkers
H.C. van der Plas

' JJ. Dekkers, H.C, van der Plas & D.H. Vuijk, (Eds), 1990. Agriculiural Biotechnology in Focus in the
Netherlands. Pudoc, Wageningen.
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1 Agricultural biotechnology in the
Netherlands

D.H. Vuijk, J.J. Dekkers & H.C. van der Plas

1.1 Introduction

It is generally recognized that the change from hunting and gathering to organized
agriculture has been of overriding importance to the evolution of human culture for the
last 5000 years. Compared with the evolution that took place in the preceding period of
several million years, this development can rightly be called dramatic. However, even in
those days, man must have had a keen mterest in nature because his survival virtually
depended on an understanding of the plants and animals that were used to feed on.

Man then began to grow crops and keep animals, thus gradually moulding nature in
accordance with a three-stage process that the human race is inclined to follow: {1) interest
and curiosity in nature which leads to () understanding of the processes of nature, which
in turn is translated into {3) application of the knowledge. This last stage results in the
control of nature by mankind.

1.1.1 Modern biotechnology: innovations by using of biological processes

The above-mentioned three-stage process is essential to the development of technology,
including biotechnology, which in a sense can be labelled as one of the most illustrative
examples of progress in technology. In former times, problems in agriculture involving the
propagating of stock, growing methods and the storage and processing of harvests were
addressed by this process (as well as by ritual or religious approaches). It should be noted
that analysis-based scientific knowledge was relatively Limited for a long time and did not
greatly expand until the last few centuries.

Nevertheless, man has been engaged throughout the ages with improving crops, breed-
ing livestock, developing product storage ‘and processing techniques, in order to be able to
survive hard times as well as to enjoy the pleasure of abundant and varied food and drink.
The basis for these activities has always been the genuine interest of man in his surround-
ings.

With the enormous expansion of knowledge the possibilities for man to use and control
nature have increased accordingly. In this sense modern biotechnology is just another step,
although probably a discontinuous one, in a long series. In principle genetic modification
techniques have enormous potential. The genetic contents of living organisms (plants,
animals and micro-orgamsms) can be changed deliberately using foreign genes which add
new, desirable characteristics. Large-scale production of enzymes allows agricultural raw
materials to be modified towards a particular direction in industrial processing.

The possibilities of new biotechnology or medern biotechnology which are character-
ized by the application of genetic modification technology have been described in many
articles (Houwink 1989}, Essential in modern biotechnology is the control of bioprocesses
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on the basis of acquired knowledge. Applications will mainly be found in the agricultural,
health, pharmaceutical and environmental industries.

1.1.2 Importance of agricultural biotechnology to the Netherlands

Agriculture (including harticulture) has remained one of the major economic forces in
Dutch saciety, despite the high densities of population in the Netherlands (Anon, 1992),
Fig. 1.1.1 shows the development of Dutch agricultural imports/exports from 1968 to
1991. Due to the small-scale, water-rich structure of the agricultural area and the high
pressure of population density, the specialized systems of production, often with little land
attached to them, such as glasshouse growing of vegetables and flowers, intensive livestock
production as well as dairy farming, have been the most successful.

Apart from the factors mentioned above which have resulted in the specific structure of
Dutch agriculture, the infrastructure of trade with the port of Rotterdam and the Euro-
pean concentrations of population at a relatively short distance from production centres
have also been important.

In order to be able to compete in European and world markets Dutch farmers, faced
with expensive production factors (high land prices, expensive labour), must produce large
quantities and grow high-quality products, both of which make tremendous demands on
knowledge and skill. Fig. 1.1.2 shows the net value added per agricultural worker in each
EC member state. The Netherlands and Belgium have a higher value added per worker
than any other EC country. In order fo achieve this the agricultural and agribusiness sectors have
always pad a great deal of attention to technological innovations. There is ample interest in acquir-
ing knowledge within the agricultural communities in the Netherlands. Thus, technology
plays an important role in Dutch agriculture. In addition, a healthy processing industry has
developed (potato starch, dairy, sugar, and other food and drink industries) as well as
ancillary industries (seed improvement, breeding, animal feed).

It is generally felt that the one-track production-directed post-war approach has its
limitations and is not without problems. Environmental problems in particular call for
solutions, mainly the ones caused by pesticides, the use of fertilizers and manure surpluses
and related ammonia and acidification problems. Modern agricultural biotechnology in
the Netherlands, which has developed since the 1980s, is a technology which could
contribute in various ways to solving the problems mentioned above. This book contains
many examples, such as the development of disease-resistant plants, research mto the
genetic basis of immunological resistance in animals, the development of modern, effective
vaccines, increasing the digestibility of feed using enzymes (resulting in reduced mineral
surpluses) and the application of plants for industrial purposes (environmentally-friendly
non-food uses). Besides solving specific environmental problems, agricultural biotechnol-
ogy may also contribute to several more traditional objectives. This book gives some
exammnples, e.g. diversification of varieties with varied colours, efficient selection of propaga-
tion stock, both in plant growing and animal breeding, more efficient processing technolo-
gies for agricultural products and new semi-finished and end products. It is obvious that
modern biotechnology should not be seen as the solution to all problems, whether related
to production or to the environment. Formulating the ecological structure of society

4



Fig. 1.1.1.  Major agro-biotechnological research centres in the Netherlands and trading ports:

1 Wageningen: Wageningen Agricultural University, DLO institutes (CPRO-DLO, ATO-DLO,
[PO-DLQO), CABO-DLO}, TNO institute ILOB and (nearby at Ede) NIZO;

2 Utrecht: State University Utrecht: Faculty of Veterinary Sciences;

3 Zeist: TNO centre for Food Institutes, DLO institute IVO-DLO,

4 Lelystad: DLQ institutes CDI-DLO and IVVO-DLO;

5 Amsterdam: Free University and University of Amsterdam;

6 Leiden: Leyden University;

7 Lisse: Research Station for Bulb and Bulbflower Guliure;

8 Schiphol: International airport;

9 Rotterdam: Major seaport;

10 The Hague: Ministry of Agriculture, Nature Management and Fisheries and Ministry of Eco-
nomic Affairs.
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requires public consent.

Technological innovations, such as biotechnology in agriculture and agribusiness, re-
quire a well-developed infrastructure of education and research as well as an adequate
transfer of research results to the various industries and farms. For many years the Ministry
of Agriculture, Nature Management and Fisheries has encouraged this with its combined
approach of education, extension services and research tailored to the agriculture sector.
Education is provided at the agricultural schools, colleges and at Wageningen Agricultural
University. The university also has research responsibilities, as have the DLO-NL research
institutes and the agricultural research stations. In addition, there are the extension serv-
ices for information at farm level.

In recent years a distinct policy change has taken place: the influence of the government
as the central controller and force is diminishing, the organizations are gaining more
autonomy, and decisions are being made in a more decentralized way and on the basis of
shared responsibilities.

With the abolition of the internal borders of the European Community education and
research structures will gradually lose their national character and cooperation between
various groups in the EC member states will be consolidated, mainly as a result of fostering
from Brussels. It is especially in this context that this hook provides an international forum
with a further introduction to Dutch agricultural hiotechnology research.



1.2 Research and industry

In technological innovation the interaction between publicly and privately financed re-
search is essential, It is the size of the cornpanies that co-determines the nature of the
research of publicly financed institutions. In a sector consisting of many small companies
with limited scope for research demand for applied research will be great, This is particu-
larly true for Dutch primary agriculture, which is characterized by family farms. Tailored
applied research is carried out at the research stations. Small and medium-sized enter-
prises also have a great need for applied research. The large multinationals with their
R&D divisions are mainly interested in fundamental research, and in suitably trained
graduates.

1.2.1 Agricultural biotechnology research infrastructure

The research infrastructure relevant to agricultural biotechnology can be broken down
into three categories: academic depariments specializing in agriculture and biology, re-
search institutes, and research stations.

Fig. 1.1.3 shows the geographical location of the research centres, and other relevant
information. Table 1.1.1 gives capacity data on research inputs concerning agricultural
bictechnology.
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Fig. 1.1.3. Dutch agricultural import-export figures, 1968 — 1991. 4, export; {, import. Figures
in 10* NLG.



Table 1.1.1. Estimated full-time ¢quivalent of man power spent on agricultural biotechnology.
Includes Leyden University, Free University Amsterdam, University of Amsterdam, University of
Utrecht (excluding Veterinary Faculty), and Catholic University of Nijmegen.

Organization Full-time equivalent
DLO-NL Research Institutes
plant production 140

animal production and veterinary 170

Wageningen Agricultural University

food processing and biomolecular sciences 120

plant production 100

animal production 20

environmental biotechnology 30
University of Utrecht - Veterinary Faculty 60
Other universities' 50
TNO Research Institutes 70
NIZO Dairy Institute 40
Universities

The bulk of agricultural biotechnology research in the Netherlands is carried out at
Wageningen Agricultural University. It focuses on areas of application such as food tech-
nology, ammal breeding, and crop protection, supported by fundamentally oriented
groups for organic chemistry and biochemistry, microbiology, molecular biology, genetics,
and physiology. The Faculty of Veterinary Medicine of the University of Utrecht is an
important centre of animai biotechnology. It specializes in the reproductive physiology of
livestock, development of diagnostic testing methods, veterinary immunology and vac-
cinology. Various other university departments are also engaged in high-quality funda-
mental biotechnology research and education. Leyden University, the Free University of
Amsterdam, the University of Utrecht and the Catholic University of Nijmegen are all
mvolved with moiecular plant biotechnology.

Research institutes

Two research organizations connected with agricultural biotechnology should be men-
tioned, one being the DLO-NL institutes and the other the TNO Applied Scientific
Research institutes. The DLO-NL institutes are attached to and largely financed by the
Ministry of Agriculture, Nature Management and Fisheries. Several large DLO institutes
carrying out research in the field of agricultural biotechnology are: CPRO-DLQ (plant
breeding and reproduction research, Wageningen), ATO-DLO (agrotechnological re-
search, Wageningen), IPO-DLO (plant protection research, Wageningen), CABO-DLO
(agrobiological research, Wageningen), IVO-DLO (animal production research, Zeist),
CDI-DLO {veterinary research, Lelystad), and IVVO-DLO (livestock feeding research,
Lelystad).
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The TINO research institutes are largely financed by trade and industry. They focus on
a wide range of scientific subjects. Important to agricultural biotechnology are the food
group institutes (TINO-Food), e.g. TNO biotechnology and biochemistry (Zeist) and
[LOB-TNQO (animal feedstuffs, Wageningen). There is also the NIZQO institute {dairy
research) which is related to the dairy industry (Ede).

Agricultural research stations

The agricultural research stations focus on specific branches of agriculture, as wide-
ranging as floriculture and pig production. Their main objective is to address the problems
and questions raised by the farmers and growers who provide an important share of their
funds. Consequently, the research is highly practice-oriented. The most biotechnology-
oriented is the Bulb Research Station in Lisse, which focuses on tissue culture research and
physiological research into bulbs and bulb flowers. Specific biotechnological research into
consumable fungi is carried out at the Mushroom Experimental Station in Horst.

1.2.2 Agricultural biotechnology industry in the Netherlands

Dutch agribusiness uses resources (material as well as human) from both the Netherlands
and from abroad. Dutch agriculture is characterized by highly specialized and intensive
farm management compared with other countries. Dutch agribusiness features a few large
companies, particularly in the food sector and fermentation/chemical sector (enzymes,
fine chermistry), several larger cooperatively established ancillary and processing industries,
and medium-sized and small enterprises specializing in pharmacy, breeding, food and
feed. Small companies, specifically concerned with biotechnology, have also emerged.
Many Dutch biotechnology and agricultural biotechnology companies have joined
forces in the NIABA Netherlands Industrial and Agricultural Biotechnelogy group. Table
1.1.2 shows the turnover of Dutch companies broken down into agribusiness sectors.

Table 1.1.2.  Turnover of Dutch industry in agribusiness sectors in 1991, Turnover in 10° NLG,
excluding VAT,

Sector Turnover
Meat industry 13 220
Dairy industry 14 680
Fish processing industry 1 080
Flour industry 1 410
Sugar industry 2010
Margarine and other plant/animal oil industry 4 600
Vegetable and fruit-processing industry 2710
Bakeries 3670
Cocoa, chocolate and sweets industry 3 400
Other food-processing industry 8190
Feed industry 8 890
Beer brewers and liquor industry 3880
Drink industry 1 400
Tobacco-processing industry 4100




Plant breeding companies

The Netherlands has several breeding companies of long standing, e.g. Zaadunie thorticul-
tural seeds), Van der Have Zaden (arable seeds}, Royal Sluis (hordcultural seeds), Baren-
brug Zaden {maize and grass seeds) and Cebeco Veredeling (arable seeds). Specific bio-
technology companies active in plant improvement in the Netherlands are Mogen Inter-
national, Keygene, and Florigene. Moreover, the Ropta cooperative has established bio-
technology companies in addition to its traditional plant breeding enterprise.

Crop protection

In the Netherlands reduction in the use of agrochemicals is deemed necessary. Biotechnol-
ogical and biological pest and disease control is seen as promising. The Denka firm is
active in the field of pheromones. The Groene Vlieg firm and the Koppert company
produce predators commercially for hiological control.

Animal breeding

Major companies engaged in breed improvement and breeding are Hypeco (poultry),
Coveco (pigs), Euribrid (poultry}, Fries Rundvee Syndicaat {cattle), and Holland Genetics
(cattle). A specific biotechnology company is Gene Pharming, which is attempting to
produce biomedical proteins in milk and, as a result, to increase the resistance of cows to
bacterial infections (mastitis).

Feed industries

One of the reasons why animal production in the Netherlands was able to expand rapidly
is the adequate supply of raw materials through the port of Rotterdam to produce com-
pound feeds. A strong feed industry has therefore developed, the main companies being
the cooperatively organized Cehave and Cebeco and the private company of Hendrix
International. There are also several smaller feed companies, e.g. Koninklijke N. Timmer-
mans’ Veevoeders, Agrarische Unie/Vulkaan, Koudijs Wouda and UT-Delfia.

Relevant pharmaceutical business compantes in the veterinary sector

The main companies engaged in the field of veterinary drugs and vaccines in the Nether-
lands are Intervet and Duphar, In addition, several small companies have emerged,
especially in the development and commercialization of diagnostic testing methods, e.g.
Livestock Control, MCA Development, Euro-Diagnostics, and Bio-Intermediair.

Food and drink industyy

Many companies is active in the food sector. In the dairy sector the cooperative companies
of Campina-Melkunie, Coberco, Friesland Frico DOMO and the private campany, Nu-
tricia, play a leading part. The two leading sugar companies are the cooperatively organ-
ized Suikerunie and the privately owned CSM. ‘Heineken’ is a brewer’s name of world-
wide renown, although there are other internationally operating breweries, ¢.g. Bavaria,
Grolsch, and many small ones, sometimes still using traditional methods. Unilever and
Wessanen are active in the field of oils and fats,
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Other agricultural output processing industries

Apart from the food sector companies mentioned above, a number of companies is active
in the starch sector, e.g. Avebe (potato starch) and Latenstein {wheat starch); in addition,
there are the Dutch branches of Cargille and Cerestar.

Fermentation indusiry

Gist-brocades plays a leading part in this sector. Main products are yeast, alcohol, and
enzymes for many different applications. The company is interested in biotechnology
applications on behalf of the agro and agro-food sectors.

1.3 Government policy
1.3.1 Innovation incentives

Science and research

In the 1980s economic competitiveness was the main objective of the government’s science
and technology policy. The government developed an Innovation Oriented Programme
on Biotechnology (I0P-B) and earmarked extra funds to encourage hiotechnology re-
search by universities and research institutions and have it linked up more to the demands
of trade and industry. The Minister of Economic Affairs funded a programme on behalf
of industry (food and drink, fermentation, chemical and pharmaceutical) and the Minister
of Agriculture, Nature Management and Fisheries funded a programme on behalf of the
agricultural industry.

A recent international peer review organized by the Royal Netherlands Academy of
Arts and Sciences shows that this promotion policy has been highly successful. A commis-
sion of international experts concluded that projected agatnst the international scene, research into
biotechnology in the Netherlands has been developed quite strongly and, taken as a whole, at a good scientific
level, For s small size the Netherlands has become pre-eminent in several key areas and should seek to
continue this tnvesiment for the future. The TOP-B has been implemented with remarkable success.
Biotechnological research at the vespective academic centres shows little, if any, undestred overlap. Accord-
wmgly, bivtechnology in the Netherlands has evolved as a strong network in a number of uniwversities and
governmenial instilutes and should, for the major parl, be supported as such because this network has proved
lo be very effecitve’ (quotation from the Commission’s report).

Also at the request of trade and industry bictechnology promotion will be continued for
a further five years with the explicit objective of guaranteeing its embedment in the shape
of an adequately operating institution. Following the advice by the NWO Netherlands
Science Organization, this will be in the form of an association of university biotechnology
research school. The intention is to step up fundamental research in several selected fields,

Priorities in the agricultural field are in partcular:

— Applicatons in the field of crop protection. The Dutch government aims to have the use
of agrochemicals in agriculture at least halved by the year 2000, Biotechnology techniques
may contribute significantly to crop resistance improvement and can provide quick, senst-
tive detection methods.
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— Applications in view of environmental improvement. This concerns in particular soil
health, which is of paramount importance to efficient agricultural production.

— Research into the development of fundamental knowledge of molecular structures and
functions of food and drink. There is an enormous lack of knowledge in this field, which
should be remedied as particularly the food and drink branch has scope for biotechnology
innovations.

— Research into non-food production of crops and upgrading of agricultural waste. In the
field of non-food production especially, there is a demand for the expansion of economi-
cally interesting compounds, which requires adjusted research and the development of
adequate biotechnology processing techniques,

Industry

Apart from stimulating biotechnology at the scientific fevel, the Ministry of Economic
Affairs has launched a special programme to initiate support to biotechnology research at
company level. This type of research may be carried out at any research institution, even
a non-Dutch one by order of the company. This scheme aims to support especially smaller
companies in their R&D activities. More commercially relevant projects are being set up
within these programmes. A stock-taking by the PeLB Agricultural Biotechnology Pro-
gramme Committee has shown that the programme is greatly valued by trade and industry
because of the near absence of red tape and the many possibilities for the financing of
projects. Subsidies, though, are limited, which encourages firm commitment with the
applicants, As many projects are carried out at universities and institutes, cooperation
between companies and research institutions is moreover greatly stimulated.

Informartion concerning the past years of this subsidy scheme has indicated that
agribusiness in particular is deeply involved in the introduction of biotechnology tech-
niques. The PBTS scheme was started in 1987. Between 1987 and 1992 240 applications
were granted, 161 of which (67 %) concerning agribusiness (see Table 1.1.3).

Contextual measures

Within the framework of the innovation promeotion policy attention in recent years has
focused, besides on the promotion of research, on the so-called contextual measures. That
1s, attention to a healthy development and application of new biotechnology such as

Table 1.1.3. Distribution of company-orientated biotechnologically innovative projects.

Economic sector Number of projects Subsidy in
approved 10° NLG

Plant and animal breeding 88 49

Food and feed processing 42 29.2
Human and veterinary health 34 23.6
Chemical industry 25 10.5
Machinery and equipment industry 27 94
Environmentally orientated industry 11 24
Grand total 227 124.1
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improving and harmonizing government policy, public education, establishing contacts
aimed at widening industrial support, reviewing educational curricula, joining up with
international developments, inviting foreign biotechnology companies to set up shop in the
Netherlands, legislation, and increase of public awareness and acceptance and integration
of biotechnology. This policy will be continued in the years ahead in the sense that, besides
economic and scientific interests, other interests, e.g. environmental, health, welfare and
ethical aspects, will increasingly obtain simultaneous and integrated attention. In research
this will mean increasing attention to technology assessment, research into biosafety and
research into ethical aspects, mainly concerning man and animal. In addition, not only the
supply side but also the demand side of biotechnology will need to be highlighted, both
technology transfer of industrial producers from and to agricultural producers and infor-
mation transfer from and to consurners. Research is needed to inform and advise policy-
makers.

1.3.2 Authorization policy

Apart from innovation incentives and social aspects, the development and shaping of an
authorization policy will be an important pricrity for the government. Biotechnology
innovations are only successful if they are introduced to the market and the products are
bought. A number of products, such as plant varieties, veterinary drugs, agrochemicals
and food additives requires explicit government authorization, one of the difficulties being
that there is relatively little scientific information available about the safety, effects and
quality of genetically modified organisms and sometimes legislation for one or more of
these specific aspects is even lacking.

In recent years the European Community has been active in discussing and adopting
directives aiming to realize harmonized legislation in the context of the Common Market.
Two directives on the protection of man and the environment have been adopted, namely
Directive 41/219/EEC on the contaned use of genetically modified micro-organisms and
Directive 90/220/EEC on the deliberate release into the environment of genetically
modified organisms. Both directives depart from the case-by-case and step-by-step princi-
ple recommended by the OECD Organization for Economic Cooperation and Develop-
ment and are internationally accepted, implying that, on the basis of a risk assessment of
the latest scientific findings, a decision is made to whether or not to proceed to the next step
with less strict safety measures. If the product has been proved safe, it is released and
marketed. In the Netherlands the EC directives are being translated into national legisla-
tion. Licenses are issued by the government, which is advised by the Provisional Commit-
tee on Genetic Modification.

In addition, EC legislation on veterinary drugs has developed and is being discussed
with regard to novel foods and intellectual property rights. In view of rapid authorization,
research will have to support the new laws adequately and provide them with the latest
scientific results. For the years ahead this means that more attention should be paid to the
integration of natural scientific and socio-scientific research and to the understanding of
the need to increase the social control of biotechnology developments.
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1.4 International cooperation

The Netherlands is a small country. Its favourable location with regard to the North Sea,
has made it into a prosperous trading power where various multinationals, such as Shell,
Unilever and Akzo have been established. Skilful entrepreneurship supported by agricul-
tural research and education, combined with soil made fertile by the estuaries of Rhine
and Maas, have resulted in a strong export position of agricultural products throughout the
world. Because of these specific circumstances the Dutch have always had an interest in
developments abroad and shown a strong tendency towards international orientation.
Science and technology have of old been strongly inclined towards the international
scientific community. Although in the past technological competitiveness compared with
other nations used to be an obstacle, the advantages are now so evident that international
cooperation is being encouraged. The exchange of new methods and techniques and ideas
often clarifies views and opens up new prospects for research, In addirion, it may be
desirable to form strategic alliances to realize new, improved products and services at a
more rapid pace. Companies have set up new cooperation structures in order to facilitate
the transfer of knowledge from universities and research institutes, mainly with regard to
pre-cornpetitive research. This applies in particular to biotechnology in trade and industry
which is highly science-based and has to compete on world markets.

1.4.1 The European Community

The creation of the European Community has been of overriding importance to Western
Europe. Biotechnology is seen as a key technology in the development of the Community’s
competitive power. To strengthen cooperation biotechnology research programmes have
been launched in the past years. The first of these programmes was the Biomolecular
Engineering Programme (BEF, 1982-1986, 15 million ECU), aimed at removing of bot-
tlenecks which inhibit the application of molecular and cellular biology to agriculture and
the agro-food industries. The second programme, the Biotechnology Action programme
(BAP, 19861990, 75 million ECU) was directed towards medium and long-term objec-
tives essential to the strategic strength of European biotechnological industry and Euro-
pean agriculture. Innovative in supranational cooperation were the European Laborato-
ries Without Walls (ELWWs}, projects in which laboratories from various member states
cooperate on enzyme engineering, genetic engineering and cell culture technology and in
transnational joint projects in bio-informatics, culture collections and risk assessment.
The third programme, Biotechnology Research through Innovation and Development
in Europe (BRIDGE, 1990-1994, 100 million ECU}, introduced, apart from transnational
cooperation, target projects (T-projects) aimed at developing larger cooperation structures
to remove unportant bottlenecks in structure and scale in several selected areas. From the
management viewpoint the T-projects are considerably more complex than the ELWWs
and have a structure of contracted laboratories supervised by a coordinator, a monitoring
unit and, in a number of cases, a platform of interested companies. The BRIDGE pro-
gramme focuses on fundamental research into protein structures and gene analyses {ena-
bling technologies) and molecular and cell biology of organisms important to agriculture
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and industry, modernization of database infrastructures and culture collections and the
development of an EC research basis in the field of pre-normative research (i.e. in vitro
toxicological tests and risk assessment). The current programme, BIOTECH (19921994,
160 million ECU), is being implemented. The programme focuses on three approaches,
Le. molecular approaches {proteins, genes), cellular and organism approaches {cellular
regeneration, reproduction and development, metabolism studies and communication
systems within living matter) and ecology and population biology (risk assessment and
conservation of genetic resources]. A new focus in the biotechneclogy programme is the
possibility of obtaining funds for socio-economic and ethical studies. Concerning techno-
logical cooperation the possibility has been created to implement projects with technolog-
ical priority in which a considerable amount of money has been earmarked for extensive
coordinated cooperation structures based on decentralized management. The first of these
projects is AMICA (Advanced Molecular Initiative for Community Agriculture), which
focuses on molecular plant biology.

Dutch research groups and trade and industry make a sizeable contribution to coopera-
tion in EC context, which benefits the health and effectiveness of biotechnology in the
Community. About ten percent of all laboratories participating in the mentioned EC
biotechnology programmes are Dutch.

1.4.2 Eastern Europe

In recent years, especially internaticnal cooperation has focused on Central and Eastern
Europe. Central and Eastern European countries have high expectations of the develop-
ment of their economies and agriculture through new technologies, including biotechnol-
ogy. Western countries, the Netherlands among them, have much to offer to these coun-
tries and various forms of scientific cooperation have developed with Hungary and Bul-
garia. 'The Dutch government and the European Community intend to expand coopera-
tion in the years ahead. Promotion budgets have heen earmarked to this end.

1.4.3 Developing countries

The forms of cooperation described above concern the competitive power in an increas-
ingly interdependent world. Another form of cooperation, in principle of a non-economic
nature, is development cooperation on behalf of poorer countries in Asia, Africa and Latin
America. In the past decades the Netherlands has set great store by the development of
these countries and is among the countries spending the highest percentage of the Gross
National Product on projects to eliminate poverty in the world. Biotechnology is seen as
a technological tool which may contribute to realizing the objectives of food security and
disease prevention. Recent World Bank prognoses show that world food production must
increase by 2.6% annualy to feed the world population in the next decades. Biotechnology,
provided it is used correctly, is in many ways an appropriate technology for developing
countries. Application of biotechnology is often uncomplicated. Usually, production pro-
cesses based on biotechnological principles do not require much energy and are not very
capital-intensive. Furthermore, a large turnover of biomass and a wide variety of biore-

15



sources are conditions that are favourable to devel-
oping bictechnology in “Third World” countries. How-
ever, biotechnology may also lead to social, economic
and environmental problems. In particular, the substi-
tution of raw materials, industrialization of agriculture
and privatization of knowledge may pose threats 1o the
export markets of developing countries and may
widen the R&D gap between the developing and the
industrialized countries,

Several years ago the Dutch government had al-
ready recognized the necessity of an active policy to
allow developing countries to benefit from the advan-
tages of biotechnology and to realize more harmoniza-
tion between biotechnological research and education
in Dutch laboratories and in developing countries. Re-
cently, a special programme on biotechnology was
launched, aimed at enabling developing countries to
develop local research capacity and to encourage the
development of relevant research in industrialized
countries (see marginal note). An inventory has shown
that six percent of the biotechnology research at
Dutch universities and institutes has direct relevance
to developing countries and twenty-five percent indi-
rect, that is, with slight adjustment. Apart from studies
of research financing, studies are also being initiated
into the social and ecological aspects of bictechnology
in developing countries, such as technology assess-
ment, socio-econormic studies and risk assessment.
Moreaver, the set-up of a biotechnology policy in de-
veloping countries is encouraged in particular by the
dissemination of information, support in the develop-
ment of adequate legislation, and organization of spe-
cific workshops. The starting point of the policy is to
realize an international, coordinated approach to-
gether with other donors and within the international
organizations, such as the United Nations, CGIAR,
the European Community and the World Bank.

1.5 References

The Special Programme Bi-
otechnology and Develop-
ment Cooperation of the Di-
rectorate General Interna-
tional Cooperation (DGIS)
of the Dutch ministry of For-
eign Affairs was started in
January 1992, This pro-
gramme is intended to facili-
tate the accessibility of bio-
technological know-how to
developing countries in what
is called the “I'hird World’
and also to contribute to so-
lutions for developmental
bottlenecks.  The  pro-
gramme is to run for five
years and will have a budget
of 50 million Dutch Guilders
{(* 22 million ECUs). The
programme covers agricul-
ture, health care and envi-
ronmental management and
aims to concentrate coOper-
ation with  Zimbabwe,
Kenya and Columbia on be-
half of the under-privileged.
In close consultation with
the partners, the choices of
research topics will be made
for short-term projects like
setting up tissue culture facil-
ities as well as long term in-
vestments necessary for pro-
ducing transgenic plants and
genetic maps. A research
project on cassava has al-
ready been started in Zim-
babwe.

Anonymous, 1992. Facts and Figures on agriculture, nature management and fisheries. Ministry of
Agriculture, Nature Management and Fisheries of the Netherlands, The Hague.
Houwink, E.H., 1989. Biotechnology, controlled use of biological information. Kluwer Academic

Publishers, Dortrecht, Boston, London, pp. 14,
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2.1 General introduction to biotechnology in plant breeding
and crop protection

PJ.G.M de Wit & L. van Vloten-Doting
2.1.1 The history of plant breeding and crop protection

Man has selected crop plants for thousands of years for properties such as higher yield,
quality and resistance to disease and pests. Many crops were selected for adaptation to
local environments and developed into land races. Over the centuries, many genes ex-
pressing these properties have been accumulated in different plant species. At the end of
the last century, a few decades after the initial genetic studies by Mendel, a more scientific
and systeratic approach was used in crop breeding and crop protection. Since the begin-
ning of this century crop yields have increased steadily, mainly as a result of breeding
efforts and this has led to the ‘green revolution’. Modern cultivated crop plants differ
significantly from their wild ancestors. Without modern breeding activities they would not
exist. During the selection process for their high yielding and high feeding properties they
have often lost many qualities related to competitive ability.

The first positive results on resistance breeding were obtained by Biffen (1905), who
discovered that resistance to yellow rust in wheat obeyed Mendel’s laws. Since then, many
genes for resistance to pathogens have been introduced in crop plants. During cultivation
of resistant cultivars, produced by breeders, variants of pathogens able to evade newly-
introduced resistance genes have appeared. Hence resistance breeding is a continuous
process. The interplay between host and pathogen is often based on a gene-for-gene
relationship which is characterized by the observation that a newly introduced resistance
gene is eventually overcome by the pathogen {de Wit, 1992). Nevertheless, there have been
more cases of success than failure in plant resistance breeding. Some sources of resistance
have been effective for decades.

To feed the ever-growing world population there is a need for crop improvement and
crop protection. Each year around 30% of the world’s agricultural products are lost
because of pests, weeds and disease. Crop breeding over the past 40 years has greatly
improved agricultural production, which however has also often required the intensive use
of fertilizers and pesticides. Since the intensive use of pesticides after World War 11, the
effort put into resistance breeding decreased significantly. Because the agrochemicals were
often very effective and rather cheap, interest in resistance breeding decreased. However,
during the last decade breeding for resistance is once again being given high priority as the
need for agricultural production to become less reliant or in some cases even independent
of agrochemicals increases. There is a strong call for environmentally friendly agricultural
production which is becoming more consumer-driven than farmer-driven. The proportion
of the population active in farming has decreased drastically during the second half of this
century, resulting in the political power of the farmers being diminished. Political change
and general concern among the population, including the farmers, about the continuous
application of agrochemicals has greatly stimulated the search for alternative ways of
growing plants and protecting them against disease and pests in sustainable agricultural
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systems. Immediate elimination of the use of all pesticides would decrease the average yield
of agricultural and horticultural products by more than 50%. Finding alternative solutions
is more casily said than done.

There is a need to apply fundamental knowledge when searching for the solution to
agricultural problems. We are facing two tremendous tasks: (i) to find new and safe
strategies for crop improvement and crop protection and (i) to feed a world population
which could double within the next forty years, reaching 10~15 billion people by the year
2030. It is clear that classical and melecular plant breeding will be the most productive and
safe ways of crop improvement and crop protection in the coming decades. In the future
we will need to rely more and more on disease resistance genes, biological control and
integrated pest management, using wherever possible only non-polluting agrochemicals.

2.1.2 Biotechnology in plant breeding and crop protection in the
Netherlands

In this chapter we will focus on research strategies in modern crop breeding and crop

protection in the Netherlands. Crop hreeding and crop protection have always been

important issues in agriculture in the Netherlands, which is the world’s second largest

exporter of agricultural products. Not all strategies will be discussed in detail as some have

already been elaborated upon in the first book of the Dutch Programme Committee on

Agricultural Biotechnology (Dekkers et al., 1990). Some promising new technologies

which will hopefuily prove very useful in solving some of the obstacles encountered m

modern crop breeding and crop protection will be discussed. These include:

1. determining and locating quantitative trait loci ((JT'L) using restriction fragment length
polymorphism (RFLP) technologies;

2. constructing genetic maps with RFLPs and random amplified polymorphic DNAs
(RAPDs) and related technologies;

3. identifying genetic loct in plants using transposon tagging;

4. searching for genes, the gene products of which interfere with or inhibit pathogens and
pests;

5. unravelling the molecular basis of disease resistance, the principles of which can be used
in modern crop protection.

The different approaches will be briefly mentioned in this section and will be discussed in

more detail in the following sections of this chapter.

Molecular biometrical genetics

Molecular genetics have disclosed vast amounts of hitherto hidden genetic variation at the
DNA level with the help of RFLPs, RAPDs and PCR products. Especially when using
PCR products, almost any number of polymorphisms can be uncovered. Quantitative
traits which have always been difficult to transfer in breeding programmes in a systematic
way, now become amenable to study by biometrical genetics. As a vast array of markers
is available and will grow continuously it is becoming imperative to obtain reliable statist-
cal and computational tools for processing molecular marker information. Linkage rela-
tion among the different markers is required to optimally transfer as many positive traits
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to the next generation as possible. This subject is discussed in Section 2.2,

New developments in transformation procedures

In the early eighties, the production of the first transgenic kanamycin-resistant plants
expressing the bacterial gene for aminoglycoside phosphotransferase was outlined. Since
then other transgenic plants with new important traits have been described, some of which
are about to be released on the market. However, only dicotyledonous plants can easily be
transformed with the bacterium Agrobacterium tumefaciens and among those plants only some
of them can be transformed efficiently. Many important dicotyledonous crop plants and
virtually all monocotyledons are still difficult to transform {van Wordragen & Dons, 1992).
Recent developments in transformation procedures will be discussed in Section 2.3. From
this section, it will be evident that applying technologies from model plants to crop plants
18 often more difficult than anticipated.

Naw approaches for identifying and isolating plant genes

There 15 a growing need to identify and isolate genes encoding mportant traits. The
number of genes with potentially valuable traits, which are currently available, is limited.
Transposon tagging and map-based cloning are helpful techniques for identifying and
localizing additional genes. These techniques are discussed in detail in Section 2.4.

New strategies for obtuining fungal-resisiant plants

Transgenic plants, resistant to bacteria and fungi, have recently been reported in the
literature. These plants express some members of the pathogenesis-related (PR} proteins.
Other approaches are based on the expression of antibacterial or antifungal proteins from
other organisms. These approaches based on the introduction of ene gene encoding anti-
microbial activity, may include the risk of developing resistance after introduction into the
plants, due to increased selection pressure. A novel approach based on the expression of
the pathogen’s avirulence genes exploits an array of natural plant defense responses init-
ated by the hypersensitive response {de Wit, 1992). A number of different approaches,
some of which some are still at a premature stage, is discussed 1 Section 2.5.

Recent developments in molecular breeding for insect-resistant plants

Genes encoding insecticidal toxins from Bacillus thuringiensis (Bt-toxins) were some of the
first to be introduced in plants. There are many of these toxins that are specific to different
genera of insects. Globally considerable research has been focused on Bt-toxins and their
application as bacterial preparations {formulation) or in transgenic plants expressing differ-
ent types of Bt-toxing (Feitelson et al., 1992). Transgenic plants expressing proteinase
inhibitor genes {PIs) are currently being tested for resistance to insects. The latest results on
Bt-toxin research in the Netherlands are discussed in Section 2.6. An alternative strategy
towards insect pest control in agriculture which has received considerable attention from
Dutch agro-biotechnological research is the use of baculovirus, both recombinant and
selected wild strains. This is not presented here as it has been discussed by Kool et al.
(1990) in “‘Agricultural Biotechnology in Focus in the Netherlands’.
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Recent developments in engineering virus-resistant planis

Transgenic plants resistant to viruses are not discussed in a separate section. However,
considerable research is being devoted to this subject in the Netherlands, Initially, the
research was mainly concentrated on expressing genes encading coat proteins of RNA
viruses in different plants. This resulted in approximately 12 transgenic plant species
expressing coat proteins of different RNA viruses, which as a result, are now resistant to the
respective viruses. The first application process to obtain plant breeders’ rights for a
genetically engineered cultivar (a potato virus X resistant potato) has been started. The
work is being done in the Department of Virology at Wageningen Agricultural University
and in the Department of Biochemistry at the Leyden University. Other strategies for
obtaining virus-resistant plants are being investigated. These strategies, recently reviewed
by Carr (1992), include transgenic plants expressing: satellite RNAs, antisense viral RNA
sequences, nucleocapsid proteins of negative strand viruses, defective viral polymerases or
defective viral transport proteins.

Strategies for obtaning nematode-resistant plants

No reports are yet available in the literature on transgenic plants resistant to nematodes.
Approaches similar to those used to obtain plants resistant to bacteria and fungi are being
tested for nematodes. Thus, many proteins are being tested for nematicidal activity and the
genes encoding active proteins are being transferred to plants. In several laboratories
another strategy is currently being employed. Genes encoding antibodies directed towards
pathogenicity factors of nematodes are expressed in plants. The transgenic plants express-
ing ‘plantibodies’ will be assayed for nematode resistance (Schots et al., 1992). Many
aspects concerning the expression of plantibodies and even more importantly aspects
concerning the significance of pathogenicity factors in the infection process still need to be
investigated. The plantibody approach which is being studied in the Netherlands and in
many other European countries within the framework of the EC-Biotech programme, will
be discussed in Section 2.7,

New developments in molecular flower breeding

The Netherlands is particularly well known for its flower production and flower breeding.
Recent advances in molecular biology have led to a better understanding of the molecular
basis of flower colour and flower development. The enzymes and genes involved in flower
pigmentation have been isolated and cloned, respectively, and in many cases their regula-
tion has been studied. Expression of genes involved in flower pigmentation in the antisense
orientation can dramatically change the pigmentation (Mol et al., 1989). Some of these
genes also seem to play a role in gametophyte formation. Permission has been requested
to release the first genetically altered chrysanthemurmn onto the market. These and other
aspects of molecular flower breeding are discussed in Section 2.8.

Industrial application of plant bivtechnology

This chapter on current research in the biotechnology of plant breeding and crop protec-
tion would not be complete without discussing the economic aspects of plant biotechnol-
ogy and, just as important, the acceptance of biotechnology by the public and the Dutch
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public in particular. The transfer of valuable new genes to plants and the subsequent
production of high guality transgenic plants or seeds is a complicated and costly process.
The length of time from isolating, cloning and transferring a desirable gene, followed by
regulatory reviews, and scaling-up to a saleable product may be as much as 5 to 10 years.
At present, often only ane trait is introduced, while the economic value of seeds usually
depends on many important traits. Of course the importance of the introduced trait
determines its economic value, but the profits should not be overestimated. Notwithstand-
ing those important economic aspects, plant hiotechnology still holds many promises for
the future, and these are discussed in Section 2.9.

HAcceptance of plant biotechnology by the consumer

In parallel with the development of transgenic plants the public should be informed about
all possible aspects of plant biotechnology. The public must not only accept but rather
support plant biotechnology in the long run as a means of producing food in an environ-
mentally safe and durable way. If the consumer does not accept transgenic plants, then a
transgenic product will never enter the market. These days, more than in the past, agricul-
ture and horticulture is consumer-oriented rather than producer-oriented. The consumer
determines whether transgenic plants or their products are given the chance of entering
the market. The various aspects related to the acceptance of transgenic planis by the public
are discussed in Section 2.10.

2.2 Molecular biometrical genetics: a vigourous hybrid
P. Stam

This section focuses on the use of molecular markers of nuclear DNA in plant breeding
without paying any attention to the molecular aspects as such, or the laboratory techniques
involved.

2.2.1 Molecular genetics

Since a molecular marker reflects chemical variation at a particular site of the DNA, such
a marker is passed from one generation to the next in exactly the same way as genes are.
In other words, molecular markers behave as classic Mendelian genes, and allow classic
genctic analysis. In particular, by analyzing their co-segregation in segregating offspring
generations, their genetic linkage can be established and measured (see Fig. 2.2.1). The
smaller the physical distance between two sites of a chromosome, the tighter they are
linked, and, as a consequence, the more likely they are passed together, via the gametes,
to the next generation. Classic linkage experiments have resulted in genetic linkage maps
with over 200 molecular markers in several major crops and model crops (Romero-
Severson et al., 1989).
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Fig. 2.2.1.  Gametic cutput of an individual carrying distinct alleles at two linked loci. The parental
allelic combinations (M, T and m,t) tend to persist among the gametes. The recombinant types (Mt
and m,T) arise only through recombination at meiosis (crossing over). As a result, the allele pairs
M,T and m,t will also be associated in the offspring. Tighter linkage means less recombination and
increased association of alleles.

2.2.2 Biometrical genetics

Classic genetic analysis of quantitative characters is hampered by two factors: {a} their
assumed polygenic nature {many genes with a small effect), {b) their sensitivity to environ-
mental variation. As a result neither the individual genes nor their effects can be identified;
a continuous variation rather than the discontinuous variation, typical of Mendelian
characters, is observed. In quantitative, or biometrical genetics, populations are described
in statistical terms, i.e. means, variances, covariances, correlations, variance components,
etcetera. The effects of both polygenes and environmental factors are described in the
same statistical terms. Despite the lack of knowledge about individual gene effects on most
quantitative characters, biometrical genetics has made great contributions to plant and
animal breeding. This is due to the fact that the correlation between relatives (especially
parents and their offspring) can be described in statistical terms, based on the Mendelian
nature of the underlying (though unidentified) genes.

2.2.3 Synthesis
The availability of numerous molecular markers has stimulated geneticists to develop new

ideas to use these markers for the genetic location of known and unknown genes, and as
a tool for indirect selection of various traits. The underlying idea is simple. When the
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