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Supplemental Text
Novel germline mitochondrial sequence in the nuclear genome
In addition to the somatic transfers, we found 55 previously unreported mtDNA nuclear integrations that were shared between cancer and normal tissues from the same individual. 63.6% (n=35) of these integrations were found in only one individual and the population allele frequency for 98.2% of them (n=54) was 0.5% or less. Most are therefore likely to have taken place in the germline during recent human evolution (Supplemental Table 3). Almost all were simple insertions into the nuclear genome. However, one, which is shared by four samples, was combined with a tandem duplication of 22.3kb of nuclear DNA (Supplemental Fig. 9). The results indicate that nuclear transfer of mtDNA is ongoing in the human germline and, in some instances, is closely associated with intranuclear structural changes, similar to the observations reported here in somatic cells.

Frequent nuclear transfer of mtDNA in human cancer cells
We observe a much higher rate of mitochondrial DNA fusion to the nuclear genome in human somatic cells than in the human germline. With about 1000 cell divisions from the fertilized egg to the progenitor cell of the dominant cancer cell clone, the rate of somatic nuclear mtDNA fusion appears to be 2 x 10-5 event per cell per cell generation (pcpg), which is at least several hundreds times higher than the rate observed in the human germline (5 x 10-8 pcpg) across the evolution (Hazkani-Covo et al. 2010) (Methods).

Assuming that the intrinsic rates of double strand break generation and of ligation to a break in a different chromosome are similar for mitochondrial and nuclear DNA, our findings indicate that physical escape of mtDNA to make contact with nuclear DNA is frequent in some human somatic cells. Under conservative assumptions i) that >10% of mtDNA which escapes is integrated with nuclear DNA, and ii) that the rate of escape is constant during these cell divisions, the results suggest more than one mtDNA escape to the nucleus in 5,000 cell generations (2×10-4 pcpg). If the escape is a cancer cell specific phenomenon, its rate must be substantially higher. Our estimated escape frequency in human cells appears to be comparable to the rate observed in Saccharomyces cerevisiae (Thorsness et al. 1990)(2×10-5 pcpg) and to the rate of nuclear migration of chloroplast DNA in tobacco plants (~10-4 pcpg; Huang et al. 2003). 




Supplemental Tables
Supp. Table 1. Sample and sequencing information of 559 primary and 28 cell-line tumor-normal pairs.
Ju_TableS1_SamplesInfo_withAccession.xlsx
Depicted below is a thumbnail of the file.
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Supp. Table 2. List of novel germline mtDNA sequences in human nuclear genome.
Ju_TableS2_Inherited_mtDNA.xlsx
Depicted below is a thumbnail of the file.
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Supp. Table 3. Primer sequences for PCR validations.
Ju_TableS3_PrimerSequences.xlsx
Depicted below is a thumbnail of the file.
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Supp. Table 4. Association between mtDNA integration and transposable elements.
Ju_TableS4_mtDNAinsertions_and_transposableelements.xlsx
Depicted below is a thumbnail of the file.
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* This analysis is related with previous analyses from Dan Mishmar et al., Human Mutation 23:125-133 (2004)
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