
Mitonuclear speciation



Species concepts – archaic constructs

De Quieroz 2007
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Mitonuclear hybrid breakdown

Hill et al. 2019



Nuclear speciation genes

• Gene that follows DMI model and creates reproductive isolation
• Wu and Ting identified 5 in 2004
• Many more have been identified, but the list remains fairly short
• Is there a universal speciation gene or set of genes?



PRDM9

• Only speciation gene identified in mammals (most are in flies)
• Controls recombination hotspots
• One of the fastest evolving genes



An outsized role for mitonuclear DMIs

• Only 13 loci (or 1 linked 
locus)
• Evolves quickly
• Critical energetic functions
• Can’t tolerate slight 

incompatibilities?
• Lots of interactions
• May be a hotspot for 

speciation genes



Evidence for mitonuclear speciation

Sloan et al. 2017



Best case study

• Fast mt evolution
• Good evidence for nuclear 

coevolution
• Hybrids show mito

dysfunction as predicted
• Incompatibilities map to N-

mt genes



DNA barcode gap

• First proposed as a taxonomic tool
• Hill considers it diagnostic of the 

speciation process
• Works well in birds
• Doesn’t work well in lineages with 

slow mt mutation rates (e.g., corals)

Craft et al. 2008
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Adaptive vs. neutral mitonuclear speciation



Gershoni et al. 2009; Burton et al. 2013; Hill 2016

Mitonuclear coevolution and 
reproductive isolation



Some fallacies

Populations are 
reproductively 
isolated without 
gene flow, but 
aren’t species 
yet

How long might 
this take?



Mitonuclear speciation provides a mechanism 
for the biological species concept
• a species is a population that is genetically isolated from other 

populations by incompatibilities in uniquely coadapted mt and N-mt 
genes (Hill, 2016, 2017, 2018).



Some other evidence for mitonuclear 
speciation

Bolnick and Near 2005



Clinal data



Darwin’s corollary to Haldane’s rule

Ok?



Introgression

• Nuclear introgression across species 
boundaries via hybridization is 
common
• Mt introgression is also common
• ~20% of phylogenetic studies show 

mitonuclear discordance
• Often mt genomes are captured 

w/o nuclear gene flow

Good et al. 2015



Causes for mt introgression

• Many authors invoke adaptive reasons, but do not follow up
• Good evidence for adaptive introgression of pt in sunflowers 

(reciprocal transplants)
• Lots of neutral reasons too:
• Sex-biased dispersal
• Haldane’s rule
• Sexual selection
• Haplodiploidy
• Selfish genes/drive



Paradox of mt introgression

• How can mt genomes create species boundaries and then blatantly 
disregard them?



Resolutions



Rescue introgression

• Little evidence – 2 case studies



Co-introgression

• Allows mt introgression without breaking 
up coadapted mt and N-mt complexes
• A few cases
• Including NDUFS5



Difficulties in co-introgression

Sloan et al. 2017



Sloan et al. 2017



Final thoughts

• Mitonuclear speciation definitely occurs, but how important is it in 
eukaryotic reproductive isolation?
• Active area of research…


