
Speciation and species differentia-
tion are fundamental themes in evo-
lutionary biology. Speciation begins 
as genetic differentiation of popula-
tions leading to biological differenc-
es that will eventually prevent gene 
flow from one species to another, 
thus reinforcing the differentiation 
process. However, the molecular de-
terminants of species differentiation 
are presently poorly understood. 

Our recent observations from the 
gene flow between mountain and 
brown hares suggest that mitochon-
dria play an important role in en-
forcing the species boundary. Be-
cause mitochondrial proteins are 
partly encoded by maternally inher-
ited mitochondrial DNA (mtDNA) 
and partly by bi-parental nuclear 
DNA, backcrossed hybrids can 
have mix of mitochondrial compo-
nents from different species. The in-
compatibility between the two ge-
netic compartments could result in 
decreased hybrid fitness and consti-
tute an important backstop at the 
species boundary.

In the present study, we are eval-
uating the severity of the nucleus- 
mitochondrial incompatibility by 
transferring mtDNA from one hare 
species to another and measuring its 
fitness effects. The hybrid mitochon-
dria are expected to differ in the effi-
ciency of energy production, pro-
duction of free radicals, mitochon-
drial turnover, and changes in the 
signaling between mitochondria and 
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the nucleus, as well as having differ-
ences in mtDNA maintenance and 
expression. Comprehensive sequenc-
ing of the coding part of the moun-
tain hare and brown hare genomes, 
combined with molecular modeling, 
will enable us to identify genes that 
are important for the genetic com-
patibility. The function of these 
genes will be validated through ge-
netic engineering of hare cells as well 
as performing a genome-wide analy-
sis of 200 hares to detect the signa-
tures of natural selection in speci-
mens with mtDNA from another 
species.

The study will elucidate the molec-
ular mechanisms of species differen-
tiation, nuclear regulation of mito-
chondrial function, as well as provide 
new insight into the variation in path-
ological mechanisms in human mito-
chondrial diseases. As hybridization 

with invasive brown hare further ag-
gravates the negative impact of the ad-
vancing climate change on mountain 
hares, the study also has important 
applications in conservation biology. 
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