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Intrinsic postzygotic isolation

Oryza sativa

indica japonicahybrid
Abnormal growth of placenta in 

the mouse interspecific hybrids
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Hybrid inviability in Drosophila hybrids

Hybrid sterility



No man could have more earnestly 

wished for the success of natural 

selection in regard to sterility, than I 

did…. I always felt sure it could be 

worked out, but always failed in 

detail. The cause being as I believe, 

that natural selection cannot effect 

what is not good for the individual.

Intrinsic postzygotic isolation has been always acknowledged as 

an important criterion for delimitation of species. 

However, its origin was a mystery at the end of 19th century. 

Alfred Russel Wallace

Could you imagine 

that hybrid sterility 

arose by natural 

selection? 

Charles Darwin

I am sorry you should have 

given yourself the trouble to 

answer my ideas on sterility… I 

now think there is about an 

even chance that natural 

selection may or not be able to 

accumulate sterility.  
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• Intrinsic postzygotic isolation

does not arise adaptively, but 

as a side-effect of species 

divergence (caused by 

selection or genetic drift). 
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Dobzhansky-Muller incompatibilities 

should accumulate at least as fast as the 

square of the number of substitutions 

separating two species, the so-called 

snowball effect. 



Evolution of intrinsic postzygotic isolation

Haldanes rule

John B. S. Haldane

If in a species hybrid only one sex is 

inviable or sterile, that sex is more likely to 

be the heterogametic sex (1922).



Evolution of intrinsic postzygotic isolation
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Sterility of the heterogametic sex

Sterility of both sexes

Inviability of the heterogametic sex

Inviability of both sexes

• The rate of accumulation of hybrid 

incompatibilities differs greatly among taxa. 



Why postzygotic isolation affects first

the heterogametic sex?

Theory of dominance
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The large X effect

Genetics of postzygotic isolation

Orr HA, 1989

• The X chromosome has a 

disproportionately large

effect on postzygotic

isolation.

• Could be simply explained

by theory of dominance. 

H. Allen Orr



Homozygous introgressions from D. mauritiana to D. sechellia

Masly and Presgraves, 2007

Male sterility

inviability

Genetics of postzygotic isolation

• Hybrid sterility genes accumulate faster on the X chromosome even when 

recessive autosomal incompatibilities are considered.

• The large X effect for hybrid sterility must have other explanations than 

theory of dominance. 



The large Z effect 

Genetics of postzygotic isolation

Thrush Nightingale

(Luscinia luscinia)

Common Nightingale

(Luscinia megarhynchos)

Z-linked locusautosomal locus
Storchová et al. 2010



Causes of the large X/Z effect

Faster X/Z evolution

Faster rates of molecular evolution on the X/Z 

chromosomes compared to autosomes.

Janoušek et al. 2019

Common Nightingale Thrush Nightingale

Higher rates of promiscuity in CN

-> lower Ne of the Z chromosome in CN

-> faster genetic drift on the Z in CN 

-> lower introgression on the Z chromosome from CN to TN than vice versa. 

i. Positive selection of recessive beneficial mutations on 

the Z chromosome. 

ii. Increased levels of genetic drift on the Z chromosome 

leading to fixation of slighly deleterious mutations. 



Meiotic drive on the X

Rapid co-evolutionary arms races between sex-linked 

segregation distorters and their suppressors.

Causes of the large X/Z effect

Drosophila pseudoobscura

subspecies from Columbia 

(Bogotá) and US. 

• Male (but not female) hybrids between the 

subspecies partially sterile. 

• If hybrid males produce some progeny, they produce 

nearly all daughters (X-linked meiotic drive). 

• The gene responsible for the sterility as well as 

meiotic drive on the X chromosome identified. 

Overdrive. Shows fast molecular evolution. 

Phadnis and Orr, 2009



Dysregulation of epigenetic modifications of the sex 

chromosomes during meiosis in hybrids

Epigenetic modifications of the X/Z chromosomes

Causes of the large X/Z effect

sex body

Bhattacharyya et al. (2013) PNAS 

PWD/Ph

(M.m.musculus)

C57BL/6J 

(M.m.domesticus)

• Hybrid males sterile.

• Asynapsis of homologous chromosomes 

during meiosis and disrupted meiotic X 

chromosome inactivation. 



Prdm9

• Hybrid male sterility gene in the mouse.

• DNA binding protein (zinc-finger domain). 

Determines position of DNA double-strand 

breaks during meiosis 

(hotspots of recombination). 

• Fast molecular evolution.

Mihola et al. 2009

Asymmetrical gene conversion.



Speciation genes

Xiphophorus

Xmrk-2 (hybrid inviability)

Malignant melanomas in hybrids

Drosophila

Overdrive (hybrid sterility)

OdsH (hybrid sterility)

Nup96 (hybrid inviability)

Hmr (hybrid inviability)

…..

House mouse

Prmd9 (hybrid sterility)

• Rapid molecular evolution (genes involved in intragenomic conflicts, 

co-evolutionary arms races). 



• Hybrid inviability seems to arise relatively quickly

in mammals compared to other vertebrates. 

• Result of maternal–foetal genomic?

Maternal-foetal genomic conflict

and postzygotic isolation in mammals

M. musculus x M. spretus

- decreased placental size

M. sprestus x M. musculus

- increased placental size

• Hybrid placental dysplasia in mammalian hybrids. 



Abnormal seed development in flowering plants

Capsella rubella and C. grandiflora

Reberning et al. 2015

Lafon-Placette and Kohler, 2016

Failure of endosperm 

development in hybrids. 



Mito-nuclear incompatibilities

• Mitochondria produces ATP through oxidative phosphorylation. 

• Proteins necessary for mitochondrial function are partially 

encoded by mtDNA and partially by nuclear DNA. 

• Tight co-evolution between mtDNA and nuclear genes. 

• Rapid molecular evolution of mtDNA in animals could 

result in mito-nuclear incompatibilities. 

Marine copepod Tigriopus californicus

• Rapid mtDNA evolution

• Elevated evolutionary rate in nuclear genes involved in 

mitochondrial function.

• Populations with higher mtDNA divergence show lower

fecundity due to suboptimal electron transport and 

higher production of reactive oxygen.



Beyond speciation genes

Chromosomal speciation

Chromosome rearrangements 

have long been thought to be the 

important cause of hybrid sterility. 

Hybrids between species with 

different karyotype are often 

sterile. 

BUT how can chromosomal 

rearrangement get fixed if it 

causes sterility the heterozygous 

state?



Hybrids between species differing in single Robersonian translocation may 

be fertile, but doubly heterozygous for two Robertsonian translocations 

involving the same chromosome are often sterile. 

Mus musculus domesticus has more than 

40 distinct local chromosomal races, 

characterized by about 100 types of Rb

chromosomes with different arm 

combinations.

Metacentric chromosome produced by the 

fusion of two acrocentric chromosomes.

Robertsonian translocations in mice



Chromosomal rearrangements and hybrid male sterility

Many Robersonian translocations, reciprocal autosome translocations 

and X-autosome translocations causes sterility of hybrid males, but not 

females (Haldane’s rule). 

Sterile males heterozygous for chromosomal rearengements show 

incomplete meiotic synapsis, meiotic silencing of unsynapsed

chromosomes and disturbance of X chromosome inactivation. 

Homolka et al. 2007



Transposon derepression in interspecific hybrids

• Transposable elements are repressed by small RNAs (piRNAs) in the germline. 

• Mismatch between paternally transmitted transposon and maternally inherited 

piRNAs can lead to transposon activation. 

Ungerer et al. 2006



Gene transposition as a cause of hybrid sterility

Masly et al. 2006

• On chr 3 in Drosophila melanogaster

• On chr 4 in Drosophila simulans

• Fraction of F2 hybrids lack JYAlpha -> sterility  

• JYAlpha, gene essential for male fertility



Hybrid sterility and polyploidy

Sterility in plant hybrids is often the result of polyploidy. 

• Hybrids are triploid (3n). 

Problems in chromosomal segregation -> sterility

• Instantaneous speciation through polyploidy.

2n 4n



Polyploidy can, however, also rescue the sterility of hybrids.

Polyploid hybrid speciation 



Speciation driven by intrinsic barriers vs. speciation driven by extrinsic postzygotic 

and prezygotic barriers (ecological speciation and speciation by sexual selection)


