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A. Socio-economic justification & international perspective for the three proposed EU-coordinated Actions

1. Action “Model species for post-genomics research”

1.1. Socio-economic justification: Investigate the biology of the human genome
Two aspects of plant biology are directly relevant to human health: exploiting similarities between plant and human genomes to widen the scope of our knowledge of genes implicated in human diseases, and increasing our knowledge of plant productivity and biosynthesis to provide more nutritious foods and novel drugs.

Analysis of plant genomes and processes has revealed many similarities between insect, plant and human genomes. For example, the processes of DNA repair in plants are likely to be very similar to that in humans, based on highly conserved genes, suggesting studies of plants may provide important clues to processes in humans that when faulty lead to cancer. Plant and human genomes, unlike any other genome sequenced to date, are methylated. This DNA modification underlies many important gene regulatory processes such as silencing and related epigenetic phenomena, and plants offer significant technical advantages in studying this process, involved in development. Similarly, there are approximately 250 genes in Arabidopsis that have a very close relationship to genes involved in many disease syndromes in humans. From the sequencing of Arabidopsis, the model species for plants, it was uncovered that Arabidopsis has a surprisingly high number of predicted genes – some 25,500, compared with 13,600 in fruit fly. That comes close to low-end estimates of the number of human genes. Some 100 Arabidopsis genes have counterparts in humans that cause disease, including genes implicated in cystic fibrosis and breast cancer. Plant research per se can lead to breakthroughs in our understanding of basic biological processes. In many cases, plants were the first organisms in which breakthroughs were made. Examples from the past are PTGS, development of AFLP, dissection of myb factor function, LRR protein function. Thus increasing our knowledge of fundamental plant biology adds to the core of information needed to understand the genetic and environmental foundations of human disease. 

Plant cells demonstrate much more plasticity (totipotency) than do animal cells. By understanding the mechanisms of reversibility of developmental programmes, it will be possible to use the information, eg, for organ synthesis from human cells.

Secondly, one of the primary causes of much of the ill-health in the world is inadequate calorie intake and nutrition. Generally this is not the case in the EU, but it makes moral and strategic sense to use European ingenuity to devise solutions to the inequitable distribution of nutritious food. Promoting indigenous agriculture is thought to be one of the necessary components of a solution, therefore we need to increase our knowledge of crop plant adaptation and growth in different climates, and make indigenous crops more healthy and productive.

References:

Nature, 14.12.00, p.791-815 

Science, 19.5.00, p.1146

Science, 15.12.00, p.2054

Table: 
Arabidopsis genes with BLASTP similarities P<10-70 to human disease genes  (Nature, 14.12.00, p.798)

	Human disease gene
	E-value
	Gene code
	Arabidopsis hit

	Darier-White-SERCA
	5.9e-272
	T27I1_16
	putative calcium ATPase

	Xeroderma Pigment. D-XPD
	7.2e-228
	F15K9_19
	putative DNA repair protein

	Xeroderma Pigment. B-ERCC3
	9.6e-214
	AT5g41360
	DNA excision repair cross-complementing protein

	Hyperinsulinism-ABCC8
	7.1e-188
	F20D22_11
	multi-drug resistance protein

	Renal Tubul. Acidosis-ATP6B1
	1.0e-182
	AT4g38510
	probable H+-transporting ATPase

	HDL Deficiency 1-ABCA1
	2.4e-181
	At2g41700
	putative ABC transporter

	Wilson-ATP7B
	7.6e-181
	AT5g44790
	ATP dependent copper transporter

	Immunodeficiency-DNA Ligase 1
	8.2e-172
	T6D22_10
	DNA ligase

	Stargardt's-ABCA4
	2.8e-168
	At2g41700
	putative ABC transporter

	Ataxia Telangiectasia-ATM
	3.1e-168
	AT3g48190
	ataxia-telangiectasia mutated protein AtATM

	Niemann-Pick-NPC1
	1.2e-166
	F7F22_1
	Niemann-Pick C disease protein-like protein

	Menkes-ATP7A
	1.1e-153
	F2K11_17
	ATP dependent copper transporter, putative

	HNPCC*-MLH1
	1.5e-150
	AT4g09140
	MLH1 protein

	Deafness, Hereditary-MYO15
	2.7e-150
	At2g31900
	putative unconventional myosin

	Fam. Cardiac Myopathy-MYH7
	6.5e-147
	T1G11_14
	putative myosin heavy chain

	Xeroderma Pigment. F-XPF
	1.4e-146
	AT5g41150
	repair endonuclease (gb|AAF01274.1)

	G6PD Deficiency.-G6PD
	7.6e-137
	AT5g40760
	glucose-6-phosphate dehydrogenase

	Cystic Fibrosis-ABCC7
	2.3e-135
	AT3g62700
	ABC transporter-like protein

	Glycerol Kinase Defic.-GK
	7.9e-135
	T21F11_21
	putative glycerol kinase

	HNPCC*-MSH3
	6.6e-134
	AT4g25540
	putative DNA mismatch repair protein

	HNPCC*-PMS2
	5.1e-128
	AT4g02460
	NO TITLE

	Zellweger-PEX1
	4.1e-125
	AT5g08470
	putative protein

	HNPCC*-MSH6
	9.6e-122
	AT4g02070
	G/T DNA mismatch repair enzyme

	Bloom-BLM
	4.4e-109
	T19D16_15
	DNA helicase isolog

	Finnish Amyloidosis-GSN
	2.2e-107
	AT5g57320
	villin

	Chediak-Higashi-CHS1
	5.8e-99
	F10O3_11
	putative transport protein

	Xeroderma Pigment. G-XPG
	7.1e-89
	AT3g28030
	hypothetical protein

	Bare Lymphocyte-ABCB3
	1.3e-84
	AT5g39040
	ABC transporter -like protein

	Citrullinemia, Type I-ASS
	3.2e-83
	AT4g24830
	argininosuccinate synthase -like protein

	Coffin-Lowry-RPS6KA3
	5.3e-81
	AT3g08720
	putative ribosomal-protein S6 kinase (ATPK19)

	Keratoderma-KRT9
	8.5e-81
	AT3g17050
	unknown protein

	Myotonic Dystrophy-DM1
	1.4e-76
	At2g20470
	putative protein kinase

	Bartter's-SLC12A1
	1.6e-75
	F26G16_9
	cation-chloride co-transporter, putative

	Dents-CLCN5
	3.3e-74
	AT5g26240
	CLC-d chloride channel protein

	Diaphanous 1-DIAPH1
	1.9e-73
	68069_m00158
	hypothetical protein

	AKT2
	6.9e-72
	AT3g08730
	putative ribosomal-protein S6 kinase (ATPK6)


1.2. European dimension

There is a need for cooperation and harmonisation between national activities in the field of genomics. The described activities are beyond the limit of separate national initiatives in terms of expertise, equipment and funding. Only by combining the national expertise in all European countries, Europe can be competitive in genomic research. The proposed European action will catalyze the interaction between single laboratories, national and European programmes and add to their potential. Only this makes European research competitive and allows Europe to control its own food supply.

Linking of new plant genomics and functional genomics initiatives in Europe

The development and introduction of new technologies in Europe often encounter problems that rarely appear in the USA, or are more easily solved there. One example is the introduction and development of plant genome projects. The larger countries such as Germany, France and the UK have already launched genomics and functional genomics programmes such as GABI, GENOPLANTE and GARNET, respectively. These national initiatives have been established without reference to each other and consequently have different goals. For example in GENOPLANTE private industry is heavily involved, in contrast to the GARNET network which places data directly into the public domain and links different model organisms. In Belgium, the Netherlands and Sweden smaller local initiatives will soon be launched or have been launched already. EPSO aims to forge links between these networks and integrate their work with emerging national and EC-funding networks such as EXOTIC and REGIA. EPSO is developing a database of existing expertise and research programmes in European Plant Science to promote interaction throughout Europe (http://www.epsoweb.org/catalog/index.htm).

Estimates for Arabidopsis functional genomics funding in Europe compared to the US:

	
	Programme
	Time
	Budget in M€/year
	M€/year in future for (functional) genomics
	Reference (* heads of national programmes)

	D
	Gabi
	99-04
	10
	10-15
	T Altmann*, press releases

	UK
	Garnet
	00-02
	0,25 - 1,6
	1,6-4,8
	O Leyser*

	F
	Genoplante
	00-04
	15
	15 or more
	M Caboche*

	B
	VIB
	
	4
	5
	M Zabeau*

	NL
	Dutch Agrofood genomics program proposal to be decided before March 01
	01-05
	
	18 

+ 50 on Agrofood genome facilities
	A vTunen*

	A
	Genome Research in Austria (GEN-AU)
	01-10; 1st call 01
	
	Not specified (on various organisms including plants)
	J Glössl

	I
	Proposals
	Start 01
	
	5
	C Bowler

	
	National programmes in Europe on (functional) plant genomics
	
	
	~ 55 (for Arabidopsis and other model plants)


	

	
	Proposal for EC action on Arabidopsis functional genomics 
	
	
	50
	EPSO suggestions

	US
	NSF Arabidopsis genomics
NIH plant science
Total US plant science
	2001

2001
	
	~60 M$

not specified

over 100 M$
	Report on web




1.3. European versus the North-American dimension

European plant science must remain competitive with US plant science, as the results of plant research are often developed into patents and products of international importance.  A dynamic and advanced knowledge of plant processes is needed to capture the fruits of EU research and develop industries to reach the societal goals defined above. The human capital, infrastructure and linkages have been established to conduct competitive research, and in the “post-genome” era EU scientists are poised to make an unprecedented range of fundamentally important discoveries.  But so are US colleagues, therefore we face an immediate challenge to promote high quality basic science and capture the benefits of this research. Enhancing the potential for national collaborations will provide the competitive edge needed to form the foundations for the European bioindustries of the future.

Where does the US spend money for this?


The major funding agencies for Arabidopsis functional genomics in the US are the NSF and the NIH. 

As an example for the research funded by the NSF, the general objective of the 2010 project is to uncover in 10 years the function of all plant (Arabidopsis) genes (Science, 15.12.00, p.2077). This will be used to infer the specific function of gene products, the role of every gene in the growth and development of the organism. This will be applied to the study of all higher plant genes, not just Arabidopsis. In conjunction with programs for funding Arabidopsis functional genomics in other countries, the NSF 2010 project will certainly accelerate progress toward understanding basic plant biology within the next decade. The project allocates public research support to studying plant genes that have no sequence similarity to any gene of known function. In general, the NSF’s  Biological Sciences Activity provides support for research to advance understanding of the underlying principles and mechanisms governing life. 
Where should Europe spend money on this?

As a complementary approach to the US effort, European Arabidopsis functional genomics research aims to uncover the structure, regulation and function of plant genes and draw conclusions to the human genome. Before we can better cure human diseases, we have to learn how the human organism functions, including development and response to the environment.  Two specific actions are necessary for this:

1st The study of basic biological processes that are universal to the animal and plant kingdom. In the past plants were considered to be very different from mammalians. After sequencing of several genomes, including the human and the model plant genome, many similarities in genome structure became obvious. These can be used for further investigations. In addition to this, plant and human genes are sometimes different in function. Their wide evolutionary distance causes a different context by which genes are regulated and allows uncovering gene functions and regulations in plants that are difficult or impossible to access in animals. Through comparison of the animal and plant kingdom specific questions are viewed in a broader context and can be answered easier. Examples of such basic processes are apoptosis, cell cycle and radical formation.

2nd The study of biological processes of high relevance to human biology that can be best studied in plants. The first example for this is epigenetics, gene regulation that is best studied in plants and very important for changes of gene function in location and time. Further examples are RNA signaling – an important long distance signal in organisms, endoreduplication, polyploidy and somatic mutations. In these areas lessons are to be learned from plants. They developed mechanisms to tolerate changes that cause severe diseases in humans, for example polyploidy is tolerated by plants and causes disease like the Down Syndrom in humans.

Thus valuable information can be obtained on the human genome that can be used to understand some major factors in human health. Approximately 50% of the 250 human genes implicated in human disease conditions have high homology to Arabidopsis genes.

Arabidopsis genomic technologies and research on biological processes need to collaborate as much as possible with each other and need to integrate national and international programs (Figure1) to ensure maximum interaction and synergy between them. Such networking will overcome fragmentation as seen in the current Framework Programme 5. The envisaged actions in co-operation with the national programmes will create the critical mass needed to tackle challenges like understanding of the human genome.
Figure1: 

Integration of National & International Research into the European Actions “Arabidopsis as a model species for post-genomic research”, “The Healthy Crop” and “Plants as a primary biological source for sustainable development”
	Genomics and biotechnology for health
	Food quality, safety and health risks
	Sustainable development, biodiversity and global change
	Priority in FP6

	Model species for post-genomic research
	The Healthy Crop
	Improvement and use of biological resources for sustainable development
	Proposed action in these FP6 priorities

	Arabidopsis (& model species from the animal kingdom)
	Arabidopsis, rice, barley, Medicago, Lotus, tomato
	Arabidopsis, rice, barley, Medicago, Lotus, tomato, poplar
	Functional genomics, proteomics, metabolomics & bioinformatics of specific species investigated

	Gene regulation & recombination, cell cycle, environmental stress 
	Metabolism, plant-environmental interactions, physiology, identification & exploitation of natural variation, gene regulation 
	Plant-environmental interactions, plant architecture, novel products & processes made in a sustainable way with minimal input
	Biological processes involved


↕

↕

↕→





References:

Response of the European Plant Science Organisation (EPSO) to the European Research Area Proposal, May 2000.

http://www.epsoweb.org/commun/era.htm 

NSF http://www.nsf.gov/bfa/bud/fy2001/bio.htm
BIOLOGICAL SCIENCES $511,140,000 


(Millions of Dollars)

	
	FY 1999                           Actual
	FY 2001 Current Plan
	FY2001 Request
	Change

	
	
	
	
	Amount
	%

	Molecular and Cellular Biosciences
	101.27
	105.26
	133.15
	27.89
	26.5

	Integrative Biology and Neuroscience
	90.68
	94.63
	119.69
	25.06
	26.5

	Environmental Biology
	86.18
	89.83
	119.23
	29.40
	32.7

	Biological Infrastructure
	63.64
	65.08
	79.44
	14.36
	22.1

	Plant Genome Research
	50.33
	59.63
	59.63
	0
	0

	Total, BIO
	392.10
	414.43
	511.14
	96.71
	23.3


(EPSO: Programmes 1-4 include plant, animal and microorganism research, programme 5 only plants genome research: estimated budget plant genome research NSF 2001 ~ 60 Mill$.)
2. Action “The healthy crop”

2.1. Socio-economic justification: Improve the quality and safety of food & human helath

There are two major challenges to be met: to provide more nutritious and healthy food to consumers, and secure a sustainable planetary agriculture for the future. 

The citizens, especially in Europe, consider quality and diversity of their food as a major priority and part of their culture (European Comsumer Organisation BEUC, European parliament ITRE committee). They appreciate a more balanced nutrition that is reflected in a tendency towards more vegetarian products and ingredients compared to those of animal origin (Dutch consultancy report).  As plants are the primary source of nutrition for all humans and their domesticated animals, a deeper knowledge of plant processes is needed to achieve these objectives. Plants produce toxins, thus to avoid them in our diet it has to be investigated when and how they are produced. Plants provide many essential vitamins and co-factors, and elaborate a vast array of secondary products, such as carotenoids, glycosinolates, phenolics, for antioxidants and antitumorals, lipids etc that are increasingly seen as components of a healthy diet. Little is known about the full range of secondary and other potentially useful products made by plants, and research could lead to foods with improved nutritional content, and plants could be discovered and tailored to meet specialist requirements. In the coming years we can develop now tools for the healthiest food ever possible and we can not possibly neglect this chance.

Most importantly, an enhanced knowledge of plant development, metabolism and environmental interactions applied to crop plants will provide the understanding required to boost yields while maintaining low inputs, and to grow plants in increasingly hostile climatic conditions (FAOSTAT). For example, an increasing lack of water and increased salinization (Science, 20.8.99; 14.7.00; 10.11.00; Worldwatch paper 1996) of arable land will lead to a 30% loss of arable land in the next 25 years, and up to 50% by 2050 (FAO Bulletin 1997, Science, 1998). Finally, for the first time in several years population growth is outstripping food supply (FAO report 2000; FAO symposium 1999). These are possibly the largest and most complex challenges we face, and a deeper understanding of plants in the environment is an essential part of the solutions we must find.

References:

BEUC (European consumer organisation): http://www.beuc.org/public/brief/br2001/bb35e.htm#quality 

Dec 2000: Swedish precidency: The representatives presented the minister the BEUC memorandum for the Swedish precidency and discussed political priorities.

· food security, quality and nutrition

· e-commerce

· integration of consumer policy into other EU-policies

· trade issues

· new guidelines for commercial communication.

March 2001: Food quality: At a Round Table on Food Quality organised by the European Commission in March, Beate Kettlitz our Food Officer stressed that while access to safe food is a basic consumer right, improving food quality is an important objective of food policy. Quality, however, takes many forms, and individual consumer requirements vary considerably. Consumers all have different needs lifestyles, budgets and tastes. It is quite natural therefore, for the same product to be available in different qualities. 

ITRE (European parliament committee on industry, external trade, research and energy): European Parliament resolution on the Future of the Biotechnology Industry: Minutes of 15th March 2001 http://www3.europarl.eu.int/omk/omisapir.so/pv2?PRG=QUERY&APP=PV2&LANGUE=EN&TYPEF=A5&FILE=BIBLIO01&NUMERO=0080&YEAR=01 

Environment, agriculture and food
30. Strongly supports reducing the use of pesticides and herbicides through the application of biotechnology provided this reduction is reached through mechanism and technologies which do not pose new long- or short- term risks to the environment or human health;

31. Supports efforts to develop biotechnological and genetic engineering procedures in the EU as one way of improving the economic viability of agriculture and food production in a manner which is at the same time environmentally sustainable; considers that the use of biotechnology and genetic engineering should be developed in a customer-based and environmentally sound manner with the aim of producing higher-quality and more diverse products, from which farmers who are currently facing viability problems will also derive more economic benefit;

32. Opposes the view that, in medicine, gene technology and biotechnology are primarily associated with opportunities, whereas in agriculture they are primarily associated with risks. Is much more inclined to believe that in both areas there are major opportunities which should be taken advantage of, but also significant risks which need to be reduced by means of appropriate legislation.

33. Points out the importance of field trials to assess environmental impact and of the legal protection of those undertaking these trials; calls on the Commission to develop tools for measuring the net environmental impact when new technology is introduced; calls on the Commission to perform comparative research to ascertain whether it is possible to attain more sustainable results with the aid of the new technology than by means of conventional intensive farming;

34. Observes that the existing de facto moratorium particularly harms small and medium-sized enterprises which, unlike multinational corporations, are often unable to perform their research work in countries outside the EU;

35. Welcomes the agreement reached between Council and Parliament in the conciliation committee on the amendment of the directive on the release of genetically modified organisms and the assurances given by the Commission in that connection with regard to labelling and traceability;

36. Welcomes the establishment of the European Food Safety Authority which should restore consumer confidence, reduce international conflicts and have overall responsibility for the approval of GM products; stresses that the critical ingredients of any credible and successful system for assessing food safety are its technical-scientific competence in risk assessment and its independence from improper interference in decision-making in individual cases; emphasises that independence cannot be assured if decision-making remains in the hands of political bodies;

37. Calls for obligatory mutagenicity, carcinogenicity and toxicity tests to be carried out on transgenic foods before they are placed on the market;

38. Stresses the importance of informing the public truthfully and openly about the safety checks which are made and the extent of any residual risk;

39. Affirms the right of EU citizens to information about food products and calls on the Commission to complete the rules on labelling of genetically modified organisms and to allow de minimis exceptions only where they are technically unavoidable;

40. Emphasises the need to establish a centralised procedure for the assessment of GM products which is able to provide an authoritative EU wide scientific consensus on the risk assessment of new products; these assessments should form the basis for risk management decisions;

41. Calls on the Commission and the Member States to support research into biotechnological applications offering clear social or environmental benefits, including the development of genetically modified micro-organisms for use in water purification, soil restoration, replacing dangerous chemicals currently in use, and developing sustainable and environmentally friendly energy sources (including biogas, hydrogen and ethanol);

42. Considers that in order to prevent centralisation which would render farmers dependent on large food businesses, sufficient publicly funded research must be ensured, R&D by small biotechnology enterprises and by plant-breeding institutes must be supported, and maximum competitiveness must be maintained at the various stages in the food chain;

43. Considers that the use of new technologies, for example for medicinal purposes or other non-food production, affords new opportunities for production, particularly in regions where bulk production is not economically viable because of environmental conditions.

44. Considers that the new crop varieties could alleviate the adverse impact of agriculture on the environment, and calls on the Commission to develop instruments for measuring the net environmental impact of introducing new technology.

45. Calls on the Commission to assess carefully the phenomena, the cycles and the possible waste products resulting from biotechnological applications so that biotechnological products can be assessed at every stage, from initial research to actual use.

46. Urges the authorities of the Community and Member States to outlaw techniques which could pose a threat to health or the environment, including the use of antibiotic-resistant genes that could spread into the environment.

Dutch consultancy report 2001 (Schuttelaar & Partners): “Notice to the trend from animal to vegetarian food in the Netherlands” consumer tendency to appreciate vegetable food more than meat food

In society an increasing tendency from preferring animal products (or ingredients) towards vegetarian products (or ingredients) is observed. The causes for this can be classified into four major groups: food safety, health, environment and social life.

Animal diseases such as BSE and swine-fever, traces of leed, dioxine, antibiotics, forbidden hormones and cultural traditions are the main concrens in the area of food safety for animal products. 

A major issue for consumers in the choice of their food is the health aspect. A healthy diet consists of enough vegetarian products due to their positive effects on health: In comparison to animal products, plant products contain less calories, more vitamins and minerals, fibres, more unsaturated fatty acids and other health stimulating substances such as flavonoids. Advise and educational organisations promote more vegetable and fruit in the diet because of the preventive potential for cancer, heart and lung diseases. They promote more potatoes, cereals and legumes because of their high protein and low fat content. They advice to eat less meat, especially fat meat. 

Two tendencies can be observed among consumers: 1st an increasing number of vegetarians ( 10% of the Dutch population are interested in vegetarian food, half of them are vegetarians) and 2nd a much more increasing number of consumers that prefer “meatless” diet on some days of the week. In addition to this, meat-replacements are used for food. The sale of meat-replacements has risen by 22% from 1999 to 2000 and an annual increase by 25% is forecasted for the coming years. These trends are supported by various sources, among them consumer organisations and public journals. 

FAOSTAT: Trends in land use: Land in agricultural use is decreasing in developed countries, increasing in developing countries (although the rate of increase is slowing). The Food and Agricultural Orgnisation estimates that about 20% of the land surface of developed nations and 30% of that of developing nations is available for crop cultivations but only 3.5% of land worlwide is “problem-free”. This is twice the area cultivated in 1994-96. FAO concludes that resources are adequate to feed the world population of around 9 billion in 2050. It expects that most of the gains will come not from increased land use but from improvements in “input use and technology”.

	Trend in land use
	Millions of hectares

	
	
	1980
	1990
	2000 (*1998)

	Developing countries
	Agricultural
	2835
	3046
	3062*

	
	Arable
	679
	733
	747*

	
	Cereals
	409
	428
	434

	Developed countries
	Agricultural
	1883
	1864
	1875*

	
	Arable
	651
	649
	632*

	
	Cereals
	309
	280
	241


Science, 20.8.99, p.1222: “About 1/3 of the world’s irrigated land is unsuitable for growing crops because of contamination with high levels of salt. Currently more arable land is lost through salinity than is gained through the clearing of valuable forests."

Science, 14.7.00, p.248:  “An average annual U.S. cropland soil erosion losses have been given as 2 billion… or 6.8 billion tons….Some sources have suggested that recent erosion is as great or greater than that of the 1930s, when the soil conservation effort was begun.”

Science, 10.11.00, p.1083: “Only 6% of the land (Australia) is arable; much of that is now turning into a salt desert. “

V Dhawan, Teri, India, Dec ‘99 (http://www.teriin.org/features/art55.htm ) : “According to a Worldwatch Institute report, global food supply will be reduced by an additional 10 % on account of spreading water shortages….One in five hectares of irrigated land is damaged by salt, an important historical factor in the decline of ancient agrarian societies.”

Worldwatch Paper 1996: “CROPLAND LOSSES THREATEN WORLD FOOD SUPPLIES”

http://www.worldwatch.org/alerts/pr960727.html 

“By 2020, if current trends continue, each of the world's people will rely on an average of just one eighth of a soccer field to meet his or her grain needs. Despite the past successes in raising land productivity, this small area leaves no room for error. If we do not preserve our farmland, the next generation could pay for the cropland we lose with higher food prices or hunger.

The three principal sources of grainland loss are: 

* Expanding cities. Urbanization is appropriating cropland nearly everywhere cities are growing. And because many cities started on good farmland, the spread of roads, buildings, and industrial parks inevitably eats up some of the most productive remaining land. In the most crowded regions, especially Asia, such losses cannot be replaced, because little room for cropland expansion exists. As urban populations swell from less than 50 percent of world population to more than 60 percent in the next 30 years, the problem will become more acute. 

EXAMPLE: On the Indonesian island of Java , more than 20,000 hectares of land -- an area large enough to supply rice to 330,000 Indonesians -- were lost to urban and industrial expansion in 1994 alone. 

EXAMPLE: More than 125,000 hectares of cropland in California -- some 3 percent of the state's total cropped area -- were converted to urban or other non-farm uses between 1984 and 1992. More than one third of this land was prime farmland. 

* Depletion or diversion of irrigation water. In many critically water-scarce regions, such as the Arabian peninsula, North Africa, northern China, northwest India, and the Great Plains of the United States, water from aquifers is applied to crops faster than it is replaced by rainfall. If farmers deplete that water, or if it becomes too expensive to pump, they will abandon their cropland, or it will revert to less productive rainfed land. In addition, available water that farmers need for crops is being appropriated by cities including Tucson, Los Angeles, and Beijing, forcing irrigated cropland out of use. Irrigated land, just 16 percent of total cropland, supplies 40 percent of grain, so each hectare of irrigated land lost is of particular concern. 

EXAMPLE: On the Arabian peninsula, 75 percent of the agricultural water -- much of it from deep aquifers -- is not renewable. When this water is depleted or becomes uneconomical to pump, the bulk of Arabian agriculture will be lost. 

* Degradation of agricultural land. Since World War II, and partly as a result of land mismanagement and over-expansion, severe erosion and salination have taken an area equal to the cropland of two Canadas out of production. That lost area could be producing enough grain for 13 percent of today's population. 

EXAMPLE: Nearly all -- 94 percent -- of Iran's agricultural land is estimated to be degraded from erosion or salination, the bulk of it to a moderate or strong degree. 

In addition, some grainland is being shifted to non-food crops. Economic expansion is allowing hundreds of millions to move from a monotonous starchy diet to meals that include meat, fruits and vegetables, and vegetable oil. While these foods offer benefits to consumers and farmers, they also require more land to produce. 

FAO Bulletin 1997: 

Arable land .Irrigated land. At present, the irrigated area in all developing countries, including China, makes up about 25 % of the total harvested area. The percentage irrigated area will slowly increase in the medium scenario to some 27% in 2010, 28% in 2025 and 30% in 2050. The increase rate assumed in the medium scenario in all developing countries is about 1 % per year when China is included and even faster at 1.2% per year if China is not included.

http://www.fao.org/docrep/w5146e/w5146e0a.htm 

ARABLE AREAS (All developing incl. China)

	
	1990
	2010
	2025
	2050
	2075
	2100

	Medium
	836 (851)a
	887
	918
	907
	865
	885

	High
	
	776
	754
	701
	661
	680

	Low
	
	993
	1100
	1182
	1162
	1174


Science vol 281, pp1291-1292 (1998): by Daily et al

Ecologists' findings suggest that a near-50% increase in world population, allied with a doubling of gross world product per head, would by 2030 create substantial additional stresses in both local and global ecosystems. Global demand for food could easily double over the period 1990-2030, with two-and-a-half- to threefold increases in the poorest countries. Of particular concern are Asia and Africa where, over the next 50 years, plant-derived food energy requirements are expected to increase by a factor of 2.3 and 5, respectively, with a more-than-sevenfold increase expected in some countries.

Such increases in food requirements mean that we must manage constraints on the supplies of production inputs and on the environmental consequences of the use of these inputs. Increases in food production will in great measure have to continue to come from increased yields from land already in production and from improved efficiency in the use of water already co-opted by agriculture.

But there are obstacles here. First, working against the trend of increased production from transgenic crops, many of the genetic resources required for the development of such improved crops are being destroyed. Second, a number of the ecosystem services underpinning productivity are under increasing threat. Third, the environmental and human health consequences of fertilizer and pesticide application in intensive production systems are of growing concern. And fourth, extreme climatic events accompanying global climate change may be expected to present an additional threat to food security; for example, to pest control and crop yields.

FAO report 2000: “The state of Food and Agriculture 2000”

“(Prof. M Mazoyer) Many demographers forecast a world population of about 10 billion in 2050, stabilizing at around 12 billion during the second half of the twentyfirst century: twice as many people as in the year 2000. It has been estimated that present world food production will have to triple if hunger and malnutrition are to be eliminated and if a population that has doubled, and consists of higher average build and age, is to be properly fed. The question is, therefore, whether these estimated needs of humanity are not beyond the capacity of the earth’s land and water resources. Indeed, many regions are already fully exploited and sometimes even dangerously overexploited and degraded by erosion, reduced organic fertility and pollution.”

FAO symposium 1999: AGRICULTURE, TRADE AND FOOD SECURITY: ISSUES AND OPTIONS IN THE FORTHCOMING WTO NEGOTIATIONS FROM THE PERSPECTIVE OF DEVELOPING 

http://www.fao.org/ur/docs/x2996e.doc 

“For the longer term, beyond 2005, developing countries are expected to become increasingly net importers of foodstuffs for the following reasons: i) almost the entire increment in world population (currently at about its all time peak of 80 million persons annually) occurs in the developing countries, the majority of which have low or very low levels of per caput food consumption, hence a significant scope for further increases in such consumption; ii) such potential will increasingly materialise as actual growth in effective demand for food as more and more developing countries embark upon a path of sustained economic growth; iii) many of these countries, particularly the most populous ones in Asia (China, India), have limited potential for increasing. domestic production, especially of those foodstuffs that are likely to experience rapid growth in demand, e.g. wheat for direct food consumption and coarse grains for feed. Consequently, meeting their growing demand for food will involve hefty increases in their food imports from the rest of the world. 

The analysis of the longer-term food outlook as summarized above begs the following questions. Can the rest of the world produce the required export surpluses? “

2.2. European dimension

There is a need for cooperation and harmonisation between national activities in the field of  genomics and biological processes. The described activities are beyond the limit of separate national initiatives in terms of expertise, equipment and funding. Only by combining the national expertise in all European countries, Europe can be competitive in food research as a result of the new systematic approaches in biology. The proposed European action will catalyze the interaction between single laboratories, national and European programmes and add to their potential. Only this makes European research competitive and allows Europe to control its own food supply. The agriculture and food sector contributes some 10% of the European GNP that is at stake (GDP reference).

Linking of new plant food initiatives in Europe

The development and introduction of new technologies in Europe often encounter problems that rarely appear in the USA, or are more easily solved there. One example is the introduction and development of plant genome projects. The larger countries such as Germany, France and the UK have already launched genomics and functional genomics programmes such as GABI, GENOPLANTE and GARNET, respectively. These national initiatives have been established without reference to each other and consequently have different goals. For example in GENOPLANTE private industry is heavily involved, in contrast to the GARNET network which places data directly into the public domain and links different model organisms. In Belgium, the Netherlands and Sweden smaller local initiatives will soon be launched or have been launched already. EPSO aims to forge links between these networks and integrate their work with emerging national networks such as the NutroGenomics initiative proposed in Germany and EC-funding networks such as EXOTIC, REGIA, MEDICAGO, Garlic & Health, EuroPectin, DREAM, EDV and PREGENE (http://www.epsoweb.org/catalog/EU/eu.htm#FP5). EPSO is developing a database of existing expertise and research programmes in European Plant Science to promote interaction throughout Europe.

Estimates for plant food research funding in Europe compared to the US:

	
	Programme
	Time
	Budget in M€/year
	M€/year in future for food research
	Reference (* heads of national programmes)

	D
	Gabi
	99-04
	10
	10-15
	T Altmann*, press releases

	UK
	Garnet
	00-02
	0,25 - 1,6
	1,6-4,8
	O Leyser*

	F
	Genoplante
	00-04
	15
	15 or more
	M Caboche*

	B
	VIB
	
	4
	5
	M Zabeau*

	NL
	Dutch Agrofood genomics program proposal to be decided before March 01
	01-05
	
	18 

+ 50 on Agrofood genome facilities
	A vTunen*

	A
	Genome Research in Austria (GEN-AU)
	01-10; 1st call 01
	
	Not specified (on various organisms including plants)
	J Glössl

	I
	Proposals
	Start 01
	
	5
	C Bowler

	
	National programmes in Europe on 

· (functional) genomics

· biological processes
	
	
	~ 55

Substancial funding, but specific figures are currently not available
	

	
	Proposal for EC action on plant food research
	
	
	100
	EPSO suggestions

	US
	NSF plant science
USDA plant science
Total US plant food science
	2001

2001

2001
	
	~210 M$

300 M$

over 510 M$
	Report on web

Report on web




References:

With respect to the GDP, http://www.i-s-b.org (At Marktzahlen in the header Marktzahlen Deutschland) contains lots of information on market data and puts pharma and agribusiness in perspective. Based on these data, the total market for food in Germany is about 220 Mrd DM. The total GDP of Germany ist about 1500 Mrd DM, thus agriculture and food amounts to about 15%. The total food market for the US is about 800 Mrd $; the market for Pharma in the US is about 500 Mrd $. The resources for these data (Germany) are the Wirtschaftswoche vom 31.7. 1997.

2.3. European versus the North-American dimension

Europe needs to control its own food supply focussing on production, quality and safety aspects. Otherwise Europe would need to buy seeds and other products from foreign companies thus becoming a dependent third world area.

Securing independent food supplies in Europe is a major political objective. European plant science must remain competitive with US plant science, as the results of plant research are often developed into patents and products of international importance.  A dynamic and advanced knowledge of plant processes is needed to capture the fruits of EU research and develop industries to reach the societal goals defined above. The human capital, infrastructure and linkages have been established to conduct competitive research, and in the “post-genome” era EU scientists are poised to make an unprecedented range of fundamentally important discoveries.  But so are US colleagues, therefore we face an immediate challenge to promote high quality basic science and capture the benefits of this research. Enhancing the potential for national collaborations will provide the competitive edge needed to form the foundations for the European bio-industries of the future.

Where does the US spend money for this?


The major funding agencies for food and agricultural science in the US are the NSF and the USDA. 

In general, the NSF’s Biological Sciences Activity provides support for research to advance understanding of the underlying principles and mechanisms governing life. Research ranges from the study of the structure and dynamics of biological molecules, such as proteins and nucleic acids, through cells, organs and organisms, to studies of populations and ecosystems. It encompasses processes that are internal to the organism as well as those that are external, and includes temporal frameworks ranging from measurements in real time through individual life spans, to the full scope of evolutionary time. 
The USDA supports plant science in their programme “Agricultural research service”. This is the principal in-house research agency in USDA in the area of natural and biological sciences. Ongoing ARS research addresses a wide range of crop production issues, including pest and disease resistance, plant genome mapping, and the maintenance and improvement of plant germplasm.

Where should Europe spend money on this?

As a complementary approach to the US effort, European plant science aims to uncover the make-up of the healthy plant as the basis for quality and safe food. Before we can change plants in defined ways we have to learn how plants function, including their development, response to the environment and interactions with other organisms, as well as the genetic basis of their biological diversity. Any process that effects the chemical composition of the plant and thus the food is an area of study for this priority.

Genetic technologies will provide the list of ingredients for making a plant. However, even if all genes are known, as in the case of the model plant Arabidopsis, we still need to discover the "recipe" which uses the genetic information to make a plant. Moreover, if the lists of ingredients turn out to be very similar between plant species, different recipes may account for the differences between the model plant and crop plants. What then is the recipe?

The recipe represents the orchestration of protein synthesis, localisation and activities in time and space, which determines co-ordinated cell behaviour in development and physiology. To decipher the recipe requires the analysis of biological processes from several angles and approaches, such as cell biology, biochemistry and developmental biology, with the support of genetic & molecular technologies. This will reveal the co-ordination of the activity of single cells to generate multicellular structures and whole plants.

Plant genetic technologies and research on biological processes need to collaborate as much as possible with each other and need to integrate national and international programs (Figure1, page A6) to ensure maximum interaction and synergy between them. Such networking will overcome fragmentation as seen in the current Framework Programme 5. These three envisaged actions in co-operation with the national programmes will create the critical mass needed to tackle challenges like food quality & safety, protection of the environment and contribution to the understanding of the human genome.
References:

Response of the European Plant Science Organisation (EPSO) to the European Research Area Proposal, May 2000.

http://www.epsoweb.org/commun/era.htm 

NSF http://www.nsf.gov/bfa/bud/fy2001/bio.htm
BIOLOGICAL SCIENCES $511,140,000 


(Millions of Dollars)

	
	FY 1999                           Actual
	FY 2001 Current Plan
	FY2001 Request
	Change

	
	
	
	
	Amount
	%

	Molecular and Cellular Biosciences
	101.27
	105.26
	133.15
	27.89
	26.5

	Integrative Biology and Neuroscience
	90.68
	94.63
	119.69
	25.06
	26.5

	Environmental Biology
	86.18
	89.83
	119.23
	29.40
	32.7

	Biological Infrastructure
	63.64
	65.08
	79.44
	14.36
	22.1

	Plant Genome Research
	50.33
	59.63
	59.63
	0
	0

	Total, BIO
	392.10
	414.43
	511.14
	96.71
	23.3


(EPSO: Programmes 1-4 include plant, animal and microorganism research, programme 5 only plants genome reserach. For an estimated budget for plant research we calculate 1/3 of programme 1-4 and the total of programme 5: estimated budget plant research NSF 2001 ~ 210 Mill$.)
USDA http://www.usda.gov/agency/obpa/Budget-Summary/2001/ars 

Research, Education, and economics (REE)

· Agricultural research service (ARS) 

	Program level (Dollars in Million)

	Program
	1999, Actual
	2000, Current estimate
	2001, Budget

	Research and information:
	
	
	

	Soil, water and air sciences
	85
	89
	110

	Plant science
	282
	297
	301

	Animal science
	127
	133
	141

	Commodity conversion and delivery
	162
	172
	184

	Human nutrition
	68
	71
	89

	Integration of agricultural systems
	30
	31
	30

	Information and library sciences
	19
	19
	21

	Repair and maintenance
	18
	18
	18

	Contingency research fund
	1
	0
	0

	Total, ongoing research and information
	792
	830
	894

	Trust funds
	22
	23
	23

	Buildings and facilities
	56
	53
	39

	Total, ARS
	870
	906
	956


(EPSO: Programmes 4 includes research that addresses a wide range of crop production issues, including pest and disease resistance, plant genome mapping, and the maintenance and improvement of plant germplasm: estimated budget plant research USDA 2001 ~ 300 Mill$.)
2.4. Position on transgene technology

Transgenic technology is an important tool in basic research and biotechnology. It enables scientists to elucidate the function and regulation of genes. 

There are two ways of delivering the outputs of basic plant science to crop plants. These are marker assisted breeding and transgenic technology. Each of these can be used in many different ways to improve crop plants. The choice between these technologies is dependent on a couple of technical and political parameters.

A multidisciplinary approach to plant biology will lead to the disappearance of borders between plant breeders and plant molecular biologists and to the irrelevance of differences between classical and modern plant breeding. In the same way, the differences between transgenic and non-transgenic crops should become irrelevant when the focus of plant breeding is on achieving maximal production in a sustainable way to feed the growing human population.

One way of using the obtained information are transgenic plants. This is currently perceived by the public depending on the use of these plants. In case of non-food uses, such as medicinal plants and plants as renewable resources for the petrochemical industry, the public appreciates this technology due to the clearly visible benefits. However, in case of plants as food, the public very rarely appreciates this technology, one positive example being the “Yellow rice” that provides pro-vitamin A in the major crop of developing countries, rice. Currently a high proportion of children in underdeveloped countries start to suffer from blindness in the first years of life. This is caused by a deficiency in Vitamin A, which should be reduced by the introduction of the yellow rice in their diet. In most other cases the public considers transgenic food as not desirable due to various reasons, such as ethical issues, antibiotic resistance genes used as markers, the issue of horizontal gene transfer etc.. More research is needed to compare food produced with non-transgenic plants, including plants derived from organic farming, to that produced with transgenic plants. To provide consumers a choice, products need to be labeled adequately.

An alternative use of the knowledge gained is marker assisted breeding. If the desired genetic combination exists in nature, it can be identified and used in breeding programs. Depending on the success of this technology, transgenic technology might become an intermediate technology for food uses.

3. Action “Improvement and use of biological resources for sustainable development”

3.1. Socio-economic justification: Benefit the environment

Plants provide the oxygen we breathe and all human nutrition. They are key components of the biosphere, regulating the carbon and nutrient cycles and providing habitats for biodiversity. 

The well-being of the planetary ecosystem requires detailed knowledge of plant function that can be provided by the genomics revolution. The largest threat to biodiversity arises from agriculture, both in the EU and developing countries. The increasing population in some areas of the world where the environment is of global importance, such tropical forests and savannahs, is an immediate threat to our environment (USAID 1999; Population Action International 1995). In many parts of the world the present widespread use of chemicals to maintain food security is environmentally unsound and unsustainable. Optimal root and shoot architecture will reduce inputs and reduce damage to the environment from intensive spraying. Advanced understanding of nitrogen fixation and plant-mycorrhiza interactions will do the same.

Europe will be able to contribute to balanced global food production though plant sciences. Plant science is needed to appreciate understand and thereby conserve biodiversity in a rational way. Improved knowledge of plants in the environment will help develop management strategies for conservation that will have a far-reaching impact on the environment.

Plants are the key component in the global carbon cycle and can be used to solve the imminent energy problem and provide industrial feedstocks such as plastics, fibre and fuel (Technology roadmap for plant/crop-based renewable resources 2020).

References:

USAID 1999: “World Population Profile: 1998” by T M McDevitt; U.S. Agency for International Development.

p.14 Fig. 6: Population and Vital Rates in Less Developed and More developed Countries: 1995 to 2025. 

	Population in Billions
	1995
	2000
	2005
	2010
	2015
	2020
	2025

	Less developed countries
	4,5
	4,9
	5,2
	5,6
	6
	6,4
	6,6

	More developed countries
	1,1
	1,15
	1,2
	1,2
	1,2
	1,2
	1,2


Population Action International: “Conserving Land:  Population and Sustainable Food Production” By Robert Engelman and Pamela LeRoy, 1995; http://www.cnie.org/pop/conserving/landuse.htm#Contents 

“The long era of easy farmland expansion, however, has passed. Since mid-century, world population has more than doubled while total cultivated land has increased only 23 percent, to 1.44 billion hectares. Only in a few countries in South America is there much potential for bringing pasture land under cultivation. More often the transformation is in the opposite direction: In the United States, the falling water tables of the Ogallala aquifer have forced the reversion of land once planted in wheat to less productive grazing land. In the tropics, rainforest land converted to farming soon loses its fertility and rapidly degrades, first to pasture and then to secondary forest. Irrigation can open up new land for cultivation, but often only until water supplies fail or soils are ruined. As long as populations grow, farmers must continually produce more food from essentially the same land.

Covering 2.5 times as much area as arable land, the world’s forests, wetlands and meadows appear at first to be promising sources of cultivable land. Between 1700 and 1990, trends in forests and farmland moved in opposite directions: from 6.2 billion to 4 billion hectares of land under trees, and from 265 million to 1.4 billion hectares under crops. This shift from forests to farms continues. Today, however, most of the world’s remaining forests are in the tropics, where thin and acidic soils are easily leached and eroded by heavy rains and baked into a thick crust by the searing direct sun. Once cultivated, these soils typically are exhausted within three or four years unless managed intensively to maintain structure and fertility. Put simply, farming is an inappropriate use of such soils. Moreover, African tropical forests host a range of infectious diseases that affect either humans or their livestock. Tse-tse flies and the black fleas that carry river blindness block farmers’ access to much of this land.”

US Department of Energy (DOE) “Technology roadmap for plant/crop-based renewable resources 2020” Feb 1999 http://www.oit.doe.gov/agriculture/page4.shtml 

Key opportunities to increase the use of renewable resources can be grouped into four main areas:

1. Basic plant science – e.g. altering plant metabolic pathways to produce certain carbon molecules with valuable functional properties

2. Production – e.g. lowering unit production costs for consistent-quality raw materials

3. Processing – e.g. more economically separating diverse materials

4. Utilization – e.g. improving material performance through better understanding structure-function relationships for plant constituents.

There are three main industries today that are central to the issues, each of which employs several diverse sciences: agriculture, forestry and the petrochemical industry.

Agriculture is taken in a broad sense to include crop production, range, and pasture lands. The output materials from these land areas, and forstry, are “Bio-based”and are renewable through primary production from solar energy, atmospheric carbon dioxide, and terrestrial nutrients. 

Chemistry, engineering, physics and geology are just a few of the sciences that have been applied in the petrochemical industry to impact our lives in ways that were difficult to imagine just 50 years ago. It is projected that long before renewable resources become a replacement of fossil fuels, they will become necessary as a supplement. 

3.2. European dimension

As described for food research, there is a need for cooperation and harmonisation between national activities in the field of genomics and biological processes. Only by combining the national expertise in all European countries, Europe can be competitive in research on plants for sustainable development. The proposed European action will catalyze the interaction between single laboratories, national and European programmes and add to their potential.

EPSO aims to foster links between existing and developing networks, such as the NF-2000 network and projects like the “Molecular tools and genetic identity of populations” (http://www.epsoweb.org/catalog/EU/eu.htm#FP5). In addition, this European effort should interact with emerging activities worldwide.

Estimates on plants for sustainable development funding in Europe compared to the US:

	
	Programme
	Time
	M€/year in future
	Reference 

	
	National programmes in Europe on plants for sustainable development
	
	Emerging funding, but specific figures are currently not available
	

	
	Proposal from EC on plant for sustainable development sciences
	
	100
	EPSO suggestions

	US
	USDA plants for  sustainable development science

DOE plants for sustainable development  sciences

Total US plant environmental science
	2001

2001

2001
	50 M$

~200 M$

over 250 M$
	Report on web

Report on web




References: 

NF 2000 network http://www.NF-2000.org 

3.3. European versus the North-American dimension

Where does the US spend money on this?

The major funding agencies on plants for sustainable development in the US are the USDA and the DOE. 

The USDA supports plant science in their programme “Agricultural research service”. This is the principal in-house research agency in USDA in the area of natural and biological sciences. Ongoing ARS research addresses a wide range of crop production issues, including pest and disease resistance, plant genome mapping, and the maintenance and improvement of plant germplasm.

The DOE supports plant science in their business line “Science”. This is to advance the basic research and instruments of science that are the foundations for DOE’s applied missions, a base for U.S. technology innovation, and a source of remarkable insights into our physical and biological world and the nature of matter and energy. Currently our US colleagues are planning initiatives to implement the “Technology roadmap for plant/crop-based renewable resources 2020”, which has very similar targets. 

Where should Europe spend money on this?

Complementary to the US effort, European plant scientists together with experts from chemistry, engineering and physics want to uncover biological processes that lead to reduced inputs of materials, such as fuel and fertilisers, and that remediate environmental change (Carbon dioxide, toxic waste) as plants uniquely perform this function. European scientists should collaborate with international activities (Figure1, page A6). EPSO has established links with representatives of the US initiative.

USDA http://www.usda.gov/agency/obpa/Budget-Summary/2001/ars 

Research, Education, and economics (REE)

· Agricultural research service (ARS) 

	Program level (Dollars in Million)

	Program
	1999, Actual
	2000, Current estimate
	2001, Budget

	Research and information:
	
	
	

	Soil, water and air sciences
	85
	89
	110

	Plant science
	282
	297
	301

	Animal science
	127
	133
	141

	Commodity conversion and delivery
	162
	172
	184

	Human nutrition
	68
	71
	89

	Integration of agricultural systems
	30
	31
	30

	Information and library sciences
	19
	19
	21

	Repair and maintenance
	18
	18
	18

	Contingency research fund
	1
	0
	0

	Total, ongoing research and information
	792
	830
	894

	Trust funds
	22
	23
	23

	Buildings and facilities
	56
	53
	39

	Total, ARS
	870
	906
	956


(EPSO: Programmes 4 includes research that addresses a wide range of crop production issues, including pest and disease resistance, plant genome mapping, and the maintenance and improvement of plant germplasm: estimated budget plant environmental research USDA 2001 ~ 50 Mill$.)
DOE http://www.osti.gov/portfolio/Overview(3-9-00).pdf
· R&D Portfolio (Energy Resources; Environmental quality; National security; Science)

· Science business line: 

Budget (Millions Dollar) by science discispline for 100% basic research; given to national labs (73%), universities (22%), industry (5%).
	
	FY 99
	FY 00
	FY01

	Basic energy sciences
	759
	720
	963

	Biological and environmental research
	428
	435
	445

	High energy physics
	664
	669
	685

	Nuclear physics
	321
	330
	350

	Fusion energy sciences
	216
	238
	240

	Advanced scientific computing research
	153
	125
	175

	Total all other science R&D portfolio
	154
	144
	157

	total
	2,695
	2,660
	3,015


(EPSO: Programme 2 includes plant and microorganism research. For an estimated budget for plant science we calculate 1/2 of programme2: estimated budget plant biological processes research DOE 2001 ~ 200 Mill$.)
US Department of Energy (DOE) “Technology roadmap for plant/crop-based renewable resources 2020” Feb 1999 http://www.oit.doe.gov/agriculture/page4.shtml 

B Necessity for public funding

1. Public access to research results

Public access to the knowledge gained is essential to allow interaction of EU and national projects. Europe should be a driving force in the international research efforts similar to the impact of the Arabidopsis 2010 programme from the US and make the information available for this aim.

“A key component at all stages of the Arabidopsis sequencing project has been the deposition of sequence information in public databases. This has been extremely important to the Arabidopsis and wider plant biology community, greatly facilitating positional cloning, mapping, and comparative analysis.”(Science, 15.12.00, p.2071)

Scientists in the EU programmes will ensure that companies can apply knowledge & develop products from this. Following the FP3, FP4 to FP5, scientists have well-established contacts to the relevant companies in the AgBiotech sector. Most academic organisations have commercial offices that support the dissemination of information to industry to allow exploitation of results. In addition to this, a dynamic pool of interested companies in a certain project(s) can be linked to this (these) project(s). Such companies contribute financially to the project and benefit from an enhanced position regarding time, quality of data and personnel access. They can make a first offer for the exploitation of a result. Companies are free to leave or join this pool according to the development of their internal company strategy and focus.
References:

Information & Biology: DNA sequence data stored in public data banks increases 10-fold every 3-5 years. Source: Genbank Release 120.0

	Milestone (bases)
	Date passed

	100,000
	Dec 1982

	1,000,000
	Nov 1983

	10,000,000
	Feb 1987

	100,000,000
	Sep 1992

	1,000,000,000
	Aug 1997

	10,000,000,000
	Oct 2000


2. Public versus private funding
The safety and quality of food has an immediate and a long-term effect on human health. Public funding needs to ensure the demand from the society for safe and quality food minimising the environmental impact.  Otherwise only companies would control these aspects, which is not sufficient. 

Public funding is needed to develop new basic knowledge that can be used by companies to invest private funding into the translation of these general findings into new applications, products to create profit and bring wealth to the society. This is the aim of the profit-oriented private sector. The knowledge to be developed in these European actions can be applied in two ways. First, through marker assisted breeding, selecting the natural plants that match the determined optimal combination of genes for a specific feature. Second, through changing plants in defined ways into transgenic plants to achieve the optimal combination of genes for a specific feature.

In the U.S. usually publicly funded research does not include company participation in the projects.
Public funding will contribute to a better standardized research within Europe, both in terms of north-south and east-west development.

References:

Major AgBiotech companies – sales, R&D, employment:

Sales in B US$ ; * Sales in B €

	Based 
	AgBiotech company
	Mergers
	1996
	1998
	1999
	2000

	in
	
	
	sales
	sales
	Sales 
	Sales devoted to R&D
	# Employees / I # countries

	Europe
	Novartis
	’00: Syngenta
	4.1 
	4.1
	7.3*
	10.7 %
	> 20 000 / > 50

	
	Zeneca
	
	2.6
	2.9
	
	
	

	
	Agrevo
	‘99: Aventis Crop Science
	2.5
	2.4
	4.3*
	10.7 %
	15 300 / > 120

	
	Rhone Poulenc
	
	2.2
	2.3
	
	
	

	
	Bayer (plant protection sector)
	
	2.4
	2.3
	2.3*
	12.2 %
	7 500 / > 100

	
	BASF (nutrition sector)
	’00: BASF
	1.5
	1.9
	3.5*
	9.8 %
	5 000 / not available

	the US
	American Cynamid
	
	2.0
	2.2
	
	
	

	
	Dupont 
	’00: Dupont 
	2.5
	3.2
	4.1*
	10.6 %
	

	
	Pioneer
	
	
	
	
	
	

	
	Dow Agrosciences
	
	2.0
	2.1
	2.5*
	10.2 %
	> 6 000 / > 50

	
	Monsanto (incl. Seed companies)
	
	2.6
	4.0
	5.1*
	13.6 %
	14 000 / > 100


Source: 

1996 & 1998: EOS Magazine, No 4 (2000), p.19

1999: industry source

2000 employees: 
· Syngenta: Communication Department, Basel (www.syngenta.com)

· Aventis Crop Science: Aventis press release at BioVision (7.-10.2.2001, Lyon, France) www.aventis.com 

· Bayer: Press release 2.11.2000 (www.bayer.com)

· BASF: Communication department, Ludwigshafen (www.basf.com)

· DuPont: Awaited from the Communication Department, Bad Homburg (www.dupont.com)

· Dow Agrosciences: at http://www.dowagro.com/main/company/whoweare.htm 

· Monsanto: at http://www.monsanto.com/monsanto/media/01/01feb12_invest.html ; Communication Department, Düsseldorf
How many biotechnology companies? Estimates of the number of biotechnology companies vary with the definition of biotechnology and with time. Comparison of similar definitions at different times give a good indication of trends. Here “biotechnology” includes companies using modern research methods to develop medicines, diagnostics, environmental and industrial products and those companies providing high technology goods and services. It excludes large, established companies. Source: Ernst & Young annual life science reports.

	
	# companies 1998
	# companies 2000

	USA public
	317
	300

	USA private
	954
	1273

	Europe public
	61
	68

	Europe private
	975
	1283

	Total
	4 305
	4 924


Investment in biotechnology companies: The year 2000 brought a boom in investment in biotechnology companies with over $36 billion raised, nearly 6 times as much as in 1998. Source: BioCentury.

	US$ million
	1998
	2000

	Europe
	$ 1,839  (29%)
	$ 5,479 (15%)

	USA
	$ 4,108  (66%)
	$ 29,788  (81%)

	Total
	$ 6,273
	$ 36,748


Commercial R&D in biology / biotechnology: Spending by business in contributing to overall R&D investment. Source: OECD, PHaRMA, EFPIA, JPMA; Nature Biotechnology.

	
	$ million

	US, Japanese and European pharmaceutical industry
	48,000

	World biotechnology companies
	8,500

	Government R&D on health and environment (OECD countries)
	80,000


Research and Development: The governments of the richer nations vary in the proportions of GDP they devote to R&D, and in the emphasis they place on health and the environment versus defense. Source: OECD Towards Knowledge-based Economies.

	
	% GDP on total R&D
	% GDP on R&D spent on Health & environment
	Ratio GDP on R&D spent on Health & environment  /  Defense

	Sweden
	1.08
	0.12
	0.52

	France
	1.03
	0.09
	0.33

	Netherlands
	0.96
	0.10
	Not available

	USA
	0.93
	0.19
	0.38

	Finland
	0.91
	0.15
	Not available

	Austria
	0.85
	0.12
	1.97

	Germany
	0.85
	0.10
	1.2

	Norway
	0.74
	0.15
	3.69

	Japan
	0.74
	0.05
	1.19

	UK
	0.65
	0.13
	0.54

	Canada
	0.58
	0.16
	4.25

	Italy
	0.54
	0.09
	Not available

	Spain
	0.46
	0.05
	0.51


C EPSO in the broader context of science, industry, consumers

The European Plant Science Organisation  (EPSO, www.epsoweb.org) currently comprises 32 founding members from 18 European countries (representing academic institutions), with additional observers from industries and consumer organisations active in plant science. EPSO’s mission is to improve impact and visibility of plant science in Europe. Providing a single, unified voice is an important part of the EPSO approach. EPSO is discussing its proposals with a broader community from life sciences (ELSF), industry (EuropaBIO & PIP) and consumer organisations (BEUC) to provide a balanced view on current topics and a vision for the future.

We asked our partners to provide their view on the EPSO suggestions for FP6. Their commentaries are included below.

1. ELSF commentary on the EPSO contribution to the drafting of the sixth framework programme

The European Life Sciences Forum (ELSF) acknowledges the importance of plant science for the economic and social wealth of Europe and the world at large. The ELSF, therefore, wishes to express its full support for the initiative taken by the European Plant Science Organisation (EPSO) to reinforce and widen the scope of plant science in the Sixth Framework programme (FP6). The ELSF is a structure that gathers together representatives from all disciplines of the life sciences to foster the dialogue between scientists, society and policy-makers and, more specifically, to act as an interface between the scientific community and the European Institutions.

Agriculture research is vital for the future as the world is facing dramatic challenges to feed its growing population, especially in the developing world, alleviate poverty and improve human nutrition. It is also required to promote sustainable development conserving natural resources, biodiversity and the environment. For these purposes, a strong science base is needed which cannot rely solely on private investment. In this respect, the European Union has a leading role to play in order to develop and exploit the expertise of its scientific community.

Developing plant science will contribute to the objectives of the European Research Area (ERA) and will meet the socio-economic criteria set by the various European Institutions to justify support at a European level. Information derived from plant functional genomics programmes but also hypothesis-driven research can serve multiple purposes. In addition to improving food quality and food supply by identifying valuable genetic traits and promoting crop protection, fundamental knowledge of the plant biological processes will shed new light on the evolution and function of human genes conserved in distantly related organisms like plants. A wide scientific knowledge base is also needed to deal with risk assessment and ethical aspects, notably with regard to the public distrust of genetically modified organisms, and for the definition of EU policies, guidelines and regulatory procedures. A European initiative to network and co-ordinate the national plant genomics programmes that have been recently implemented will significantly optimise the impact of these efforts and would represent a clear political signal in favour of plant research. Such a signal is needed to prevent an exodus of scientists leading to a loss of the science base, and to contribute to the development of expertise and infrastructures. 

Similarly to all stakeholders, from the various economic actors to consumer organisations, the ELSF thus emphasises the need for a strong political commitment and for public support to basic research in plant science. The ELSF endorses EPSO’s suggestions for the FP6 proposal and would welcome specific key actions and a separate budget for plant science in order to avoid competition between plant projects and other projects for this competition has been detrimental to plant science in the current framework programme (FP5).

Dr Luc van Dyck

ELSF Manager

European Life Sciences Forum; Postfach 1022.40 D-69012 Heidelberg; Meyerhofstrasse 1, D-69117 Heidelberg; Germany; Tel.: +49 6221 8891 552; Fax:  +49 6221 8891 200; e-mail: luc.vandyck@elsf.org; http://www.elsf.org

2. Response from EuropaBio

EuropaBio, the European Association for Bioindustries, supports the EPSO position with regard to the priorities identified in the 6th Framework draft Programme and the contribution plant science should make to FP6. The Association fully agrees with the commentary by the European Life Sciences Forum (above) as it strongly believes in the importance of plant science and agricultural research for the EU.

Paul Muys

Communication Manager EuropaBio

EuropaBio; 6, Avenue de l'Armée; Legerlaan 6; B-1040 Brussels; Tel.: + 32 2 735 03 13; Direct Tel.: + 32 2 739 11 74; Mobile: + 32  477 72 82 84; Fax: + 32 2 735 49 60; e-mail: p.muys@europa-bio.be; website: www.europa-bio.be

3. Response from BEUC (European Consumer Organisation)

Due to the short time frame the reply from BEUC represents the opinion of the BEUC Food Officer. A more detailed reply from the BEUC members is expected soon.

Especially the two last points:

2.      Food quality (from EPSO), safety and health risks

3.      Sustainable development and global change

are of specific interest to consumers and play an important role in our consumer policy.

To assess the first point (Genomics and biotechnology for health) we need to improve our technical background to provide a detailed assessment. 

We support therefore such projects. We still need to find out for each individual project how much individual organisations are interested in direct collaboration.

Beate Kettlitz

Food Officer BEUC

BEUC, The European Consumer Organisation; Av de Tervuren 36/4; B-1040 Brussels, Belgium; Tel/Fax: +32-2-743-1590/2802; bke@beuc.org; www.beuc.org 

















































































Other EU Actions in FP6





National Programmes of the EU countries	





International Programmes with the US, Japan etc. 





High quality, safe & healthy food


Protection of the environment


Understand the biology of the human genome


↓


Improve the quality of life
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