Nucleotide substitution strand bias and control region
orientation in bivalve mitochondrial genomes

Gerhard Steiner, Hermann Dreyer & Martina Knapp

Molecular Phylogenetics, Dept. Evolutionary Biology, University of Vienna, Austria
Althanstr. 14, A-1090 Vienna, Austria

BACKGROUND

Email: gerhard.steiner@univie.ac.at

Different types of nucleotide substitutions occur in differnt frequencies in
mitochondrial genes depending on the strand the genes is encoded on. As a result,
the genes on the so-called light strand (L) are rich in Aand C and have positive A-T
and C-G skews. Genes encoded on the heavy strand (H) are rich in T and G and
have negative A-T and C-G skews. This is most obvious in the weakly selected third
codon positions. The mechanism considered responsible for this bias is the
asymmetric replication process of the mitochondrial genome due to the asymmetry
of the origin of replication or control region. The L-strand contains the "preferred
side" of the control region and is replicated more rapidly than the H-strand.

We compare the protein coding mt-genes of 18 bivalve species to those of other
molluscs, annelids, and a brachiopod to assess implications for phylogenetic
inference and putative inversions of the control region.

RESULTS and DISCUSSION

All but three species of bivalves have their genes encoded on the same strand, the H-strand,
whereas the outgroup species have all genes on the L-strand. Only the protobranch Nucula
nucleus and the two unionids have genes on both strands. This is most likely the
plesiomorphic situation also found in the polyplacophoran Katharina tunicata, the
caudofoveate Chaetoderma nitidulum, the cephalopods, gastropods, scaphopods, and
most other metazoans.

All Mollusca show negative C-G skews. Skews are strongest in the bivalves with all genes on
the H-strand. Nucula shows no overall skew, although individual genes are strongly skewed.
In contrast, scaphopods and euthyneuran gastropods have weaker skews that do not
correlate to the strand they are encoded on.
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*) Hassanin et al. (2005) — Evidence for multiple reversals of asymmetric
mutational constraints during the evolution of the mitochondrial genome of
metazoa, and consequences for phylogenetic inferences. Systematic Biology 54:
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algorithms together with a dense taxon sample will resolve the
relationships of the major bivalve lineages.
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