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Genome interdependence in insect-bacterium symbioses
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Abstract

Symbioses between unicellular and multicellular organisms have contributed significantly to the
evolution of life on Earth. As exemplified by several studies of bacterium-insect symbioses, modern
genomic techniques are providing exciting new information about the molecular basis and the
biological roles of these complex relationships, revealing for instance that symbionts have lost many
genes for functions that are provided by the host, but that they can provide amino acids that the host
cannot synthesize. 
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Insights from phylogenetic analyses
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Rationalization of symbiotic genomes
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Clues from the Buchnera genome sequence
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Table 1

Gene repertoire of the Buchnera and E. coli genomes and their comparison with the results of the W. pallidipes gene scan based on an
E. coli K12 gene array

Functional annotation (COGs)* Genes in Genes shared by Genes in Buchnera Genes in E. coli 
W. pallidipes W. pallidipes sp. APS (genomic K12 (genomic 
(gene array) and Buchnera sequence) sequence)

Information storage and processing

Translation, ribosomal structure and biogenesis 69 62 117 166

Transcription 32 10 16 245

DNA replication, recombination and repair 24 6 40 209

Cellular processes 

Cell division and chromosome partitioning 8 6 9 28

Post-translational modification, protein turnover, chaperones 19 13 32 117

Cell envelope biogenesis, outer membrane 28 8 24 200

Cell motility and secretion 21 10 42 136

Inorganic ion transport and metabolism 28 4 16 172

Signal transduction mechanisms 18 1 5 140

Metabolism

Energy production and conversion 54 11 44 266

Carbohydrate transport and metabolism 53 11 31 333

Amino acid transport and metabolism 85 21 55 342

Nucleotide transport and metabolism 20 7 29 88

Coenzyme metabolism 27 13 32 117

Lipid metabolism 14 5 13 84

Secondary metabolite biosynthesis, transport and catabolism 16 2 4 89

Poorly characterized

General function prediction only 42 5 29 302

Function unknown 15 0 20 255

Not in COGs 72 0 6 1000

*Functional annotations are from the Clusters of Orthologous Groups (COGs) database [34].
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Figure 1
A model for the mutual dependence of amino-acid
biosynthetic pathways between Buchnera and its host cell.
Buchnera is located in a vacuole of the bacteriocyte.
According to its gene repertoire, it is able to synthesize
amino acids that are essential for the host organism (red).
On the other hand, Buchnera appears to require external
supply of several amino acids that are not essential to the
host (blue). Among these amino acids are aspartate and
glutamate (magenta), which, together with other amino-acid
precursors, seem to be imported from the host cytoplasm
by the endosymbionts in order to enable biosynthesis of the
respective host-essential amino acids.
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