TEXT S3: Oxidative Phosphorylation Proteins
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Most eukaryotic cellular energy (in the form of ATP) is produced within the mitochondria through the action of the oxidative phosphorylation (OXPHOS) pathway.  The protein complexes of this pathway produce a proton gradient across the inner mitochondrial membrane and the potential energy from this gradient is used to produce ATP from ADP. This important function appears to have conserved the pathway across a broad taxanomic distribution. There are 67 nuclear-encoded genes contributing to these complexes as well as all 13 protein-coding genes from the mitochondrial genome [1].  This interaction of both nuclear- and mitochondrial-encoded genes has been hypothesized to lead to increased selective pressure on nuclear interacting partners to compensate for deleterious mutations occurring in the mitochondrial genome [2].  This may result in increased evolutionary rates in these nuclear-encoded genes relative to other highly functionally conserved genes.


We found evidence for 78 nuclear-encoded OXPHOS genes in the genome assembly of Atta cephalotes, compared to 81 total genes reported in Drosophila melanogaster [3].  14 of these 81 Drosophila melanogaster genes appear to be duplicates of the other 67 “core” nuclear OXPHOS genes. 

There appear to be eight Atta cephalotes-specific duplications from this core set of genes, but each of these pairs of genes appear to be orthologous to only a single Drosophila melanogaster copy. This implies that these duplications occurred after the hymenoptera-diptera split. Only one of the core genes, Cox7a, is missing from the Atta cephalotes genome assembly. This gene is found in Nasonia vitripennis (along with other holometabolous insects), but is not found in Apis mellifera, which may represent an aculeate hymenoptera-specific loss.  We found no evidence for alternative splicing of these genes in Atta cephalotes, though this is likely due to the lack of EST coverage for these genes. This interpretation is supported by ESTs only being found for 54 of the 78 genes despite the typical relatively high level of expression of these genes.  Additionally, for most of the models that had EST support the EST only covered the 3’ end of the model.
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