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The process of genome shrinkage in the obligate symbiont
Buchnera aphidicola
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Abstract

Background: Very small genomes have evolved repeatedly in eubacterial lineages that have
adopted obligate associations with eukaryotic hosts. Complete genome sequences have revealed
that small genomes retain very different gene sets, raising the question of how final genome
content is determined. To examine the process of genome reduction, the tiny genome of the
endosymbiont Buchnera aphidicola was compared to the larger ancestral genome, reconstructed on
the basis of the phylogenetic distribution of gene orthologs among fully sequenced relatives of
Escherichia coli and Buchnera. 

Results: The reconstructed ancestral genome contained 2,425 open reading frames (ORFs). The
Buchnera genome, containing 564 ORFs, consists of 153 fragments of 1-34 genes that are syntenic
with reconstructed ancestral regions. On the basis of this reconstruction, 503 genes were
eliminated within syntenic fragments, and 1,403 genes were lost from the gaps between syntenic
fragments, probably in connection with genome rearrangements. Lost regions are sometimes large,
and often span functionally unrelated genes. In addition, individual genes and regulatory regions
have been lost or eroded. For the categories of DNA repair genes and rRNA genes, most lost loci
fall in regions between syntenic fragments. This history of gene loss is reflected in the sequences of
intergenic spacers at positions where genes were once present. 

Conclusions: The most plausible interpretation of this reconstruction is that Buchnera lost many
genes through the fixation of large deletions soon after the acquisition of an obligate endosymbiotic
lifestyle. An implication is that final genome composition may be partly the chance outcome of initial
deletions and that neighboring genes influence the likelihood of loss of particular genes and pathways.
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Figure 1
Phylogenetic relationships of Buchnera, E. coli and related
taxa used in reconstructing the genome of the free-living
ancestor (A) of Buchnera.
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Figure 2
Part of a syntenic fragment from Buchnera and the ancestor (same as E. coli for this region). Deleted loci are white in the
ancestor; orthologous genes are color-coded. Genes shifted up in the figure are oriented forward in the genome; genes
shifted down are oriented backwards. 
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Figure 3
Graphic depiction of syntenic fragments and lost regions in
the genome of the reconstructed ancestor and in Buchnera.
Syntenic fragments are color-coded based on position in the
ancestor. Lost regions occurring between syntenic
fragments are gray.
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Figure 4 
Sizes of Buchnera regions that are syntenic with regions in the reconstructed ancestor. Solid bars, number of fragments; open
bars, number of genes. 
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Figure 6
Relative positions of orthologs in the Buchnera and the E. coli
genomes, with the origin of replication for each genome at
the origin. Each gene is positioned by its starting base within
each genome. Despite the difference in genome size, an
X-pattern is evident, indicating preservation of the relative
absolute distance from the origin of replication. 
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Figure 5
Region rearranged in the Buchnera lineage, based on the order in Vibrio cholerae and E. coli. Orthologous genes are in matching
colors. In Buchnera, yfgK and yfgM have been translocated and inverted. Numbers under the genes denote genomic position
and size. Genes marked with ‘D’ were eliminated in the evolution of Buchnera. 
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Figure 7
Numbers of genes in deleted regions. (a) Numbers of genes in deleted regions occurring within fragments syntenic between
Buchnera and its ancestor. (b) Numbers of genes in deleted regions occurring between fragments syntenic between Buchnera
and its ancestor. 
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Figure 8
Lengths of intergenic spacers in Buchnera relative to number of genes deleted from the corresponding position within syntenic
fragments. Five spacers that included remnants of recognizable pseudogenes (�) are indicated. The dotted line indicates the
average length of spacers at sites where no genes have been eliminated (mean = 55 nucleotides, N = 272).
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Figure 9
Example of a syntenic fragment in which Buchnera has lost genes of opposite orientation to flanking genes and has fused the
new neighbors into a polycistron, through loss of intervening promoters. R = repetitive sequence; P = promoter sequence;
T = termination sequence.
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Table 1

Characteristics of deleted regions containing DNA repair loci
that have been lost during the evolution of Buchnera

Deleted Functional role Within/ Size of Number 
gene between deleted of genes  

syntenic region in deleted 
fragments (nucleotides) region

ada Direct damage reversal Between 25,426 27

ogt Direct damage reversal Between 88,327 83

tag Base excision repair Between 33,065 30

mutM Base excision repair Between 809 1

mutH Mismatch repair Within 9,601 8

recJ Mismatch repair Within 4,533 6

uvrD Mismatch repair Between 11,325 12

recA Recombinase pathway Between 9,884 10

recF Recombinase pathway Within 1,073 1

recN Recombinase pathway Within 1,661 1

uvrA UV excision repair Within 6,579 6

uvrB UV excision repair Between 60,515 64

uvrC UV excision repair Between 27,558 34
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