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INTRODUCTION. Mitochondrial pseudogenes in the human nuclear genome have been
previously described, mostly as a source of artifacts during the analysis of the mitochondrial
genome. With the availability of the complete human genome sequence, we performed a
comprehensive analysis, quantitative and qualitative, of mtDNA insertions into the nuclear
genome.

METHOD. We used the BLAST search tool[1] to screen the public[2] and the private[3] genome
draft versions for the presence of mtDNA homologues. The information, which we extracted from
the obtained BLAST reports, was then used to create a map of pseudogenes, and to perform
further analyses.

RESULTS. We found 615 independent integrations of mtDNA into the nuclear genome , that are
evenly distributed among all chromosomes, as well as within each individual chromosome (Fig.
1). These pseudogenes account for a content of at least 0.016% of the human nuclear DNA. Up to
30% of a chromosome’s mtDNA pseudogene content is comprised of fragments that encompass
two or more adjacent mitochondrial genes. Also, we found no correlation between the abundance
of mitochondrial transcripts in mitochondria[4] and the multiplicity of integrations (Fig. 2),
suggesting that the transfer did not occur through RNA intermediates. This view is further
supported by the significant number of integrations of fragments containing two adjacent genes,
that are translated from different RNA species[4]. Comparison of the public accessible genome
version with the private one from CELERA Genomics revealed little variations in the number of
integrations, however, we noted discrepancies in the absolute placement of mitochondrial
pseudogenes on the chromosomes between these two data sets.



Figure 1 (Woischnik & Moraes)

Positions of mitochondrial pseudo-genes in the human genome
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Figure 2 (Woischnik & Moraes)

Comparison of mt mRNA abundance with integration frequency into nucleus
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DISCUSSION. The extent of integration of mtDNA into the nuclear genome, both, in number
and in size of the fragments, is large. The relatively high content of at least 0.016% nonfunctional
mtDNA inside the genome can be explained in part by the high content of noncoding DNA on the
chromosomes. Insertions of mtDNA in open reading frames would lead to interruptions in
translation, because of the different codon usage for nuclear and mtDNA genes. Whenever we
found an integration into a gene-coding region, it was located in an intron (data not shown). The
inserted DNA sequences, as well as the frequency, and the organization of mtDNA genes on the
larger fragments suggest a predominantly DNA driven transfer of mtDNA into the genome.
Phylogenetic analysis suggests that mitochondrial pseudogenes are the result of a continuous
transfer from the organelle to the nucleus. Because of the limited window of opportunity for
mtDNA transfer to the germline, sperm mtDNA, which is released from degenerating
mitochondria after fertilization, could be an important source of nuclear mtDNA pseudogenes.
Both genome drafts, public and private, support our findings about the extent of mtDNA transfer.
However, the discrepancies in sequence location within a given chromosome and among all
chromosomes between these datasets suggest that both genome versions must be refined for the
final assembly of these DNA sequences.
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