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The genomes of mitochondria are miniscule and can
encode as few as 2 proteins or as many as 67 proteins.
Recent genomic sequence determinations with ?-proteobacteria such as Rickettsia and Bartonella have been
useful aides to the analysis of mitochondrial origins.
Phylogenies based on ribosomal RNA as well as mitochondrial proteins have shown rather clearly that mitochondria are sister clades of ?-proteobacteria such as
Rickettsia.
The endosymbionts that were the direct ancestors of
mitochondria were in all probability descendents of free
living ??proteobacteria. These must have had genome
sizes sufficient to code 1000 to 2000 proteins if the facultative endocellular parasite Bartonella is a reliable
guide. Where have all these genes gone during the evolution of mitochondria?
Yeast has at least 400 mitochondrial proteins encoded in
its nuclear genome. But of these only ca 50 can be identified with confidence as descendents of ?-proteobacterial ancestral sequences.
The largest group of proteins in the yeast mitochondrial
proteome is in fact not made up of bacterial descendents. They are eukaryotic proteins with no allignable
homologues in bacteria or in archaea. Some of the characteristic organelle-specific functions such as ATP
export are carried out by such eukaryotic add-ons to the
mitochondrial proteome.
The laboratories of Thorsness and Fox have demonstrated that there is a mechanism in yeast cells to transfer genes from mitochondria to nuclear genomes; the
reverse process is not detectable. Such a biased transfer mechanism supported by mutations that can inactivate coding sequences in mitochondria would drive an
evolutionary process in which genes would tend to be
transferred from mitochondria to nuclei. Nevertheless,
circa 1000 protein-coding sequences from the ancestral
bacterial genome have simply vanished from mitochondrial lineages.
Thus, coding sequences of the ancestral bacterium that
are not required by the organelle have vanished. A
majority of the small number of bacterial proteins that
remain has been transferred to the nucleus. In parallel,
the proteome of an efficient ATP producing organelle has
evolved within the nuclear genome of eukaryotic hosts.
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