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Abstract

A major challenge for science is to develop integrated understanding of how the honeybee could survive in environment with the most serious worldwide distributed bacterial diseases of American foulbrood diseases and varroatosis of honeybee larvae (Apis mellifera L.) Bee keeping in the world is in harmful situation. Most of honeybee diseases are treated with antibiotics, fungicides, acaricides and etc. However, application of these compounds was shown to bring about contamination of honeybee products could lead to increased resistance of pathogens. We are at the beginning of uniting intellectual and economical potentials of beekeepers and researchers to solve the problems of beekeeping all over the world in order to utilise the defensive properties of honeybee in fight against infectious. We are entering the post-genome era in which honeybee is on the way to be recognized as an important model organism for the study antibiotic resistance, immunity, allergic reaction, development, mental health, longevity, phenotypic plasticity in the female sex that results in different castes, as well as for the investigation of a role of royal jelly and its proteins in these processes. The current accelerated sequencing on honeybee genome, opens new possibilities to determination of special regions of genes for purposes of prevention, diagnostics, and treatment of the most serious diseases of honeybee.

This new situation in honeybee genomics (with the complete sequence available in due time) requires that the European science community coordinate its relevant activities more efficiently. Such collaboration will result in a significant service to broad apidological community to use sequentional data of honeybee genome for breeding based on identification of positional candidate genes conferring diseases resistance. The activities on preparation of European project of applied honeybee functional genomics will be presented.  

Key words: sequencing of honeybee genome, international cooperation, innate immunity, candidate gene, tolerance to diseases

HONEYBEE AS A MODEL IN POSGENOMICS 

Apis mellifera L., the honeybee is a farm animal of both prime ecological and substantial economical significance. Honeybee is an important model organism for behavioural research because it is a colonial insect with complex social behaviour. One phenomena of sociality is phenotypic plasticity in the female sex that results in different castes and division of labour, and stipulates the role of royal jelly (RJ) in this process. Honeybee offers many advantages as a model system in genetics and allows dealing with certain fundamental problems that are not accessible with other used systems:

· SOCIALITY

· MALE HAPLOIDY

· RICH BEHAVIOURAL REPERTOIRE, 

· THE PROTEINS OF ROYAL JELLY AS UNIQUE NUTRIENT with

· DEFENSIVE MECHANISMS AGAINST PATHOGENS

· HIGH ECONOMICAL AND ECOLOGICAL VALUE

The honeybee is a well-established genetic system, with various genomic libraries (cosmid and YAC), several cDNA libraries on microarrays (e.g. 20,000 EST from the brain), 500 microsatellite markers  In combination with the excessive experience in beekeeping, artificial insemination, sexing of eggs, manipulation of sex determination, the maintenance of clonal (not just isogenic) lines, the field is indeed ready to embark on detailed comparative genome organization studies and gene function investigation (Beye et al., 1998;  Beye et al., 1999; Whitfield et al., 2002).

Recently, the determination of the nucleotide sequence of the genome has been considered as autotelic. The current accelerated utilisation of sequence data on human genome, leading to determination of special regions of genes for purposes of prevention, diagnostics, and treatment of the most serious diseases, shows a way for applied research into genome of each organism. Besides the structure of the gene itself, it is important to recognise also the properties of its product, i.e. the respective protein. It is here where APIGEN will place its focus. Functional genomics, focussed on the study of relation between the information system of the gene and structure and function of the protein, is being developed. We are entering the post-genome era, which is facilitated by the rapid developments in bioinfornatics. It is also obvious that determination of the honeybee genome may enrich general biology and genetics. It is true that Gregor Mendel started his study of heredity rules on pea because at that time the honeybee system was genetically very complicated. The genetics today can take advantage of the above mentioned specific honeybee features and use these for studying highly organized biological-social units. At the same time this will address serious problems of beekeeping, related to bee diseases, productivity and declines of bee colonies.

Honeybee is on the way to be recognized as an important model organism for the study antibiotic resistance, immunity, allergic reaction, development, mental health, longevity, phenotypic plasticity in the female sex that results in different castes, as well as for the investigation of a role of royal jelly (RJ) and its proteins in these processes. RJ and honey are the most attractive and lasting natural food products. We have immunochemically detected RJ-proteins in honey and found their role in stimulation of cytokine release in vitro (Šimúth et al., submitted). Recently we have found a new peptide of RJ (Bíliková et al., 2002) and characterized genomic structure of the gene coding for apalbumin 1 in silico analysis of its genomic sequence, as well as have described putative promoter regions of five known genes coding for major RJ-proteins (MRJPs) (Malecová et al., 2003).

The starting honeybee sequencing genomic project (The decision of the National Human Genome Research Institute in Bethesda (MD, May 22, 2002, USA) allows to assume that purposeful international scientific cooperation will result in elucidation of genetics of an especially complicated honeybee super-organism and thus to contribute to scientifically substantiated utilization of the honeybee products for human health. It is proposed that bioactive proteins and peptides of RJ would penetrate the food industry and pharmaceutical market as components of functional foods. It is a challenge for future research that may enhance our knowledge of the molecular mechanisms underlying different bioactivities as well as the physiological functions of food-derived bioactive peptides and proteins of honeybee.

SCALE OF ABITION AND CRITICAL MASS

Various European laboratories are currently internationally leading in honeybee genetics and clearly they would highly profit from having access to the sequence data. The APIGEN consortium considers it as a waste of resources to duplicate the NIH effort, but urgently suggest a complementing integrated genomics project that might profit from the sequence data. Though the need for the entire sequence is appreciated, it is the area of honeybee genomics and proteomics where the European APIGEN groups excel. The aim is thus to strengthen links among the European groups with a particular focus on sharing large-scale facilities (e.g. for maintaining DNA libraries, proteomics analysis, maintenance of stock, bee breeding). The new situation in honeybee genomics (with the complete sequence available in due time) requires that the European science community coordinate its relevant activities more efficiently. In light of the precise task and research problems, the number of interacting groups will comprise ten groups to allow for the highest efficiency of the integrated project. Such collaboration will result in a significant service to broad scientific community to use sequentional data of honeybee genome for population genetics and genomics, molecular and behavioural aspects of recognition and learning, bioinformatics, proteomics and breading honeybee colony with tolerance against pathogenes (Bulet et al., 1999; Moritz, 2001; Šimúth et al., 2001; Bíliková et al., 2001).

The non-European partners have expressed broad support for APIGEN project which would create an important synergy with APIGEN, because it will require a global effort and division of labour to achieve the ambitious goals.

The main objectives of the proposed research is the establishment a multinational, inter-disciplinary co-operative initiative in the field of honeybee genomics in general, initially focused on the molecular-genetics processes of resistance mechanisms of honeybee towards the most serious world-wide distributed bacterial diseases, such as American foulbrood disease and varroatosis of honeybee larvae. Bee keeping in the world is in dangerous situation. Most of honeybee diseases are treated with antibiotics, fungicides, acaricides etc. However, application of these compounds was shown to bring about contamination of honeybee products and could also lead to increased resistance of pathogens.

INTEGRATING AND STRUCTURING EFFECT

The division of labour among the various participating teams is the essence of the project. Various activities currently performed in small scale will be transferred to specialized teams with the sufficient capacity to process large-size samples. Theoreticians, experimental and empirical researchers, as well as extension laboratories will collaborate in APIGEN.

The system of honeybee itself inevitably asks for an integrative research concept:

1. its social behavioural traits and high learning capacity make it particularly useful to neurobiologists,

2. it is important to the agricultural community as a pollinator,

3. it is relevant to human health in several ways, including the potentially serious consequences of bee stings, and as a model for antibiotic resistance, immunity, allergic reaction, development, mental health, diseases of the X chromosome and longevity. Because of its agricultural relevance, the APIGEN project partially belongs also to PRIORITY "FOOD QUALITY AND SAFETY".

The main objectives:

Genomics of disease tolerance of honeybee

· innate immunity - antimicrobial response

· functional genomics of disease resistance genes of honeybee (cDNA microarray; RNAi technology)- identification of candidate genes of disease tolerance

Proteomics of antimicrobial peptides, bioactive proteins and peptides of honeybee

· structure and function-immunomodulation-authenticity of honeybee products

· applications in pharmaceutical and food industry

American foulbrood disease of honeybee larvae

· molecular mechanisms of virulence of Paenibacillus larvae larvae (primary pathogen of the most serious and world-spread bacterial disease of honeybee larvae)

The current methodological potential of genome research allows to assume that purposeful international scientific cooperation will result in elucidation of genetics of an especially complicated honeybee super-organism and thus contribute to scientifically substantiated utilization of the bee products for human health. It is proposed that bioactive proteins and peptides of royal jelly in natural and recombined forms would dramatically penetrate the food industry and pharmaceutical market. Moreover, future research may enhance our knowledge of the molecular mechanisms underlying different bioactivities as well as the physiological functions of food-derived bioactive peptides and proteins of RJ.
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