( BioMied Central

BIVIC Evolutionary Biology The Open Access Publisher

This Provisional PDF corresponds to the article as it appeared upon acceptance. Fully formatted
PDF and full text (HTML) versions will be made available soon.

Genome fluctuations in cyanobacteria reflect evolutionary, developmental and
adaptive traits

BMC Evolutionary Biology 2011, 11:187 do0i:10.1186/1471-2148-11-187
John Larsson (john.larsson@botan.su.se)

Johan AA Nylander (johan.nylander@nhm.uio.no)
Birgitta Bergman (birgitta.bergman@botan.su.se)

ISSN 1471-2148
Article type Research article
Submission date 24 February 2011
Acceptance date 30 June 2011
Publication date 30 June 2011

Article URL http://www.biomedcentral.com/1471-2148/11/187

Like all articles in BMC journals, this peer-reviewed article was published immediately upon
acceptance. It can be downloaded, printed and distributed freely for any purposes (see copyright
notice below).

Articles in BMC journals are listed in PubMed and archived at PubMed Central.
For information about publishing your research in BMC journals or any BioMed Central journal, go to

http://www.biomedcentral.com/info/authors/

© 2011 Larsson et al. ; licensee BioMed Central Ltd.
This is an open access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



mailto:john.larsson@botan.su.se
mailto:johan.nylander@nhm.uio.no
mailto:birgitta.bergman@botan.su.se
http://www.biomedcentral.com/1471-2148/11/187
http://www.biomedcentral.com/info/authors/
http://creativecommons.org/licenses/by/2.0


































identified in this genome appear biased towards posttranslational modificatidns
chaperone functions (Figure 2), events of importance in endosymbionts [56] and
exhibiting a positive selection bias in e.g. the insect endosymBiaftnera57].

The drastically diminished genomic features in Ucyn therefore support ardmpl
life-style dependence on other organisms [12, 22], potentially in a fully developed
endosymbiotic context.

According to our parsimony reconstructions (based on genome sizes and the
presence/absence of orthologs in genomes), the genome size of the most recent
common ancestor (MRCA) of cyanobacteria was approximately 4.5 Mbp and
contained 1678-3291 protein-coding genes. The coding nucleotide proportion would
then account for 36—70% of the proposed genome size of the MRCA. Including the
number of genes within orthologous groups in the reconstruction (i.e. gene copy
number within protein families) did not significantly alter the size of thienased

gene set. The relatively low coding proportion may be due to the fact thaatestim
are based on orthologs in genomes, thereby missing the genes that could not be
grouped by our gene clustering method. A parsimony reconstruction of the total
number of genes in the MRCA puts the gene count at approximately 4300, which
represents a more plausible size of the ancestral gene repertoiestingty, the

MRCA genome may have included a sehibfgenes, opening up the possibility that
the cyanobacterial ancestor was a diazotroph (shown also in Figure 7B).

It is apparent that the genomes of cyanobacteria, ranging almost 10-fad frosn

just above 1 Mbp to close to 10 Mbp, have been subjected to a range of niche-specific
environmental and competitive forces during the billion years of evolution of the
phylum, and thus each genome in our dataset may uniquely reflect the chaiecterist

it displays. Still, the cyanobacterial genome sizes show two general trehoflect
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<0.01. Cyanobacteria-unique protein groups were defined as those which contained
proteins with only cyanobacterial hits below an e-value threshold of 0.01 in the nr

database.

Phylogenetic analysis

A phylogenetic analysis was conducted on a set of 285 orthologous protein groups
(see additional file 2) in the output from OrthoMCL (see above) present in single-
copy number in all 58 genomes in the dataset. Proteins in each orthologous group
were aligned using MUSCLE (with default settings) and concatenated in to one
supermatrix of 128,769 amino acid positions (see additional file 8). Amino acid
substitution models for each individual group was selected by the Akaike Information
Criterion (AIC) obtained from ProtTest v.3.0 [74] which uses PhyML v.3.0 [75] for
likelihood calculations. The amino acid substitution models implemented both in
PhyML and RaxML (see below) were used as candidate models for the AIC ranking
The 285 groups were analysed separately and combined under maximum likelihood
as implemented in RAXML v.7.2.6 [76] and clade support was assessed using
bootstrapping [77]. For the separate analyses, the AIC-best models were used in
RAXML. To avoid overparameterisation [78] but still allow for evolutionary
heterogeneity, the concatenated alignment were analysed usingveoekapproach
where each gene partition was lumped in a "substitution model"-partition agpéodi
their AIC-best chosen models. This yielded a five partition model ("LG","JTT
"CPREV", "WAG", "RTREV") each combined with an assumption of a rate
heterogeneity across sites modelled as a discrete Gamma distribution.
Shortcomings of the models used in phylogenetics can render tree inference of
prokaryotic organisms problematic [79] (or even questionable [80]), and the presence

of phylogenetic incongruence in our data was assessed using a SH-test [81, 82] as
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