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The non-Mendelian inheritance of organelle DNA is common in most plants and animals.
In the isogamous green alga Chlamydomonas, progeny inherit chloroplast genes from the
maternal parent, as paternal chloroplast genes are selectively eliminated in young zygotes. In
the experiments of crosses using mutants and interspecies strains, mitochondrial genes were
thought to inherit from the paternal parent. If mitochondria show paternal inheritance,
maternal mitochondrial DNA (mtDNA) would be selectively eliminated in zygotes as like
paternal chloroplast DNA. Nevertheless, it is not yet established that mitochondria shows
paternal inheritance.

First, we successively backcrossed (to F;) two interfertile strains of the Chlamydomonas
reinhardtii and Chlamydomonas smithii to match nuclear backgrounds and examine
transmission patterns of mtDNA in progeny by PCR analysis of cob gene sequences. MtDNA
was strictly transmitted paternally.

Second, we examined behaviors of maternal and paternal mtDNAs with various methods
during the period between the beginning of zygote formation and tetrad formation. We
observed the behavior of the organelle nuclecids of living cells by specifically staining DNA
with the fluorochrome SYBR Green I, and staining mitochondria with 33'-
dihexyloxacarbocyanine iodide (DiOC;). We also examined the fate of mtDNA of male and
female parental origin using real-time PCR, nested PCR with single zygotes and fluorescent in
situ hybridization (FISH) analysis. The mtDNA of matemnal origin was completely eliminated
before the first cell nuclear division, probably just before mtDNA synthesis, during meiosis.

We suggest that the complete elimination of maternal mtDNA during mejosis is the primary
cause of strict paternal mitochondrial inheritance.
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