
8. Genetic conflicts

Medea
(Eugene Delacroix)

Imagine a citizen who does not pay taxes!
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A further consequence of genetic recombination is that genes may differ in their mode of inheritance. This 
creates the potential for genetic (or genomic) conflicts. They occur when genes have only partially 
overlapping interests. For example, genes in the nucleus and genes in the mitochondria are in the same 
cells but do not share the same mode of transmission to the next generation (In most cases, mitochondria 
are only transmitted through the eggs).
Conflict is caused by genes which act selfishly, i.e. they act against the interest of other genes. This can 
lead to strong phenotypic effects, such as feminisation (making daughters out of sons), killing of offspring 
and sterility of male-function. 

There is a genetic conflict (intragenomic conflict) if the spread of one allele (a selfish mutant) results in the 
selection of an allele on another locus,  expressed in the same individual, that has the opposite effect 
(suppressor genes).

The alleles causing the conflict (e.g., segregation distorter, maternal effect lethal, cytoplasmic male killer, 
mitochondrial male sterility gene) can be described as self-promoting alleles or selfish genes - they 
promote their own replication, but reduce the fitness of the individual and its other genes. Alleles that 
counteract the effect of selfish genes are called modifiers or suppressors. 

Genetic conflict can take on very different forms and new phenomena are still to be discovered. 



Genetic conflict: Cytoplasmic male sterility
is the absence of pollen production in normally hermaphroditic plants (plants with male 
and female organs on the same individuals) caused by a mitochondrial mutation             
(S = male-sterilising allele, s = male-fertile allele).

pollen ovules more ovules

normal plant male-sterile plant

s

s

S

S S

Carrot

Carrot

Advantage to allele S: mitochondria are not transmitted via pollen; eliminating 
pollen production increases the number of seeds the plant makes, so more copies 
of the S allele have a greater transmission to the next generation than s.

> 10 % of angiosperm plants, e.g., carrot, maize, Plantago, show this phenomenon.

Because pollen 
is costly, plants 
produce more 
seeds.
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Genetic conflict: 
Cytoplasmic incompatibility (CI)

U: not infected with Wolbachia;  I: infected with Wolbachia

CI is caused by some strains of bacterial 
cytoplasmic parasites. For example the bacterium 
Wolbachia in Diptera, Lepidoptera and Coleoptera. 
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Offspring of an infected male and uninfected female die: the sperm contains a toxin 
which kills the embryo. But if the egg is infected with the same strain of Wolbachia, the 
symbiont will produce an antidote for the toxin, so the zygote will survive.
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Wolbachia inside a host cell



Genetic conflict: Cytoplasmic incompatibility
Wolbachia a bacterium transmitted from females to daughters in the egg 
(cytoplasmic transmission). Male hosts do not transmit Wolbachia to its offspring. 
By killing uninfected offspring of an infected male, Wolbachia leaves more 
resources for the offspring of females carrying the same strain of Wolbachia. This 
is an example of kin selection. The benefit goes to the relatives of the Wolbachia
that causes cytoplasmic incompatibility.

Wolbachia has also other mechanisms to ensure its spread:
Male killing: Wolbachia kills males (sons) to give daughters in the same 
clutch an advantage

Feminization: Wolbachia can turn male embryos into functional females. 

Wolbachia is very common in arthropods. It is estimates to occur in 30 to 50% of 
all insects. Thus, it may be the most common parasite on earth!

Wolbachia has also been shown to protect against virus infections in insects. In 
this case it is beneficial to the host. Also in nematodes Wolbachia is a mutualist. 
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Genetic conflict: Segregation distortion (SD)
SD (= meiotic drive): bias of meiosis in favour of one of the two 
chromosomes (violates Mendelian segregation).  The allele 
causing this is a segregation distorter (Sd) or a "driving allele".
Example: Sd system in Drosophila melanogaster
Two tightly linked loci on chromosome 2: 

– Segregation distorter (Sd+ ,Sd, the + marks the wild-type)
– Responder (alleles Rsps , Rspi ,the later is resistant))

Males that are double heterozygotes in trans configuration
(figure on the right): Sd+,Rsps / Sd ,Rspi only produce sperm 
containing the chromosome Sd ,Rspi. 
The 'driving' allele Sd produces a toxin (small blue triangles) that 
recognises Rsps and destroys chromosomes carrying it. The 
toxin does not recognise Rspi. The 'driving' chromosome Sd 
,Rspi is transmitted to all (100%) offspring (instead of 50 %).

Segregation distortion is known in mosquitoes, butterflies, mice 
(t-locus), plants, fungi etc. If sex chromosomes are affected, the 
drive will result in a sex ratio bias (e.g.: Drosophila, lemmings).
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In the absence of other effects the driver 
chromosome spreads to fixation, unless it 
reduces fertility of male heterozygotes by 
more than 50 %. 

However, in most populations the frequency 
of the Sd Rspi chromosomes is < 5 %. Why 
may this be so? time (generation)
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Predicted dynamics of the Sd Rspi genotype

• SdSd homozygotes have highly reduced fertility (reason unknown)
• genes on other chromosomes are selected to suppress Sd
• resistant chromosomes Sd+Rspi arise by recombination and spread; with 

them the driving allele Sd loses its advantage.
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Genetic conflict: SD
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Genetic conflict: Maternal-effect lethals
Notation: d = normal allele; D = maternal-effect lethal allele
If the mother is heterozygous Dd, a product of allele D (deposited in the egg 
cytoplasm or transmitted to the embryo) kills dd offspring:

parents:

offspring:

dd Dd or DD

Dd dd
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DD dd or Dd

DD Dd
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Dd Dd or dd

DdDD dd

normal lethal

Advantage to the D allele: Surviving offspring with D allele have more resources
(other possible matings that are not shown are also normal)
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Medea
(Eugene 

Delacroix)

Examples: Medea in flour 
beetles (Tribolium confusum);

Scat gene in mice 

Medea killed her 
two children to 
take revenge on 
their father 
Jason, who left 
her for a 
princess.



Genetic conflict: Summary table of examples 
for self-promoting genes

Type of effect Disadvantage to other genes

Conflict between cytoplasmic and nuclear genes:
Feminisation Excess of females (e.g. cytoplasmic parasites)
Male killing Male offspring are killed for the benefit of female offspring
Cytoplasmic incompatibility All offspring of infected male x uninfected female die
Cytoplasmic male sterility Loss of male fitness, partially compensated by higher female

fitness; biased sex ratio

Conflict between different nuclear genes:
Segregation distortion Reduction of heterozygote fertility, side effects of driving genes
X-chromosome segreg. distort. Biased sex ratio
Maternal-effect lethality Death of some offspring of heterozygous females
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Outcomes of conflict: Fixation of selfish gene
1. The self-promoting allele goes to fixation   =>   conflict disappears

For some types of self-promoting genes, the disadvantage to other genes
disappears when the self-promoting gene becomes fixed. 

Examples: 
• cytoplasmic incompatibility (no effects if all females are infected)

• autosomal segregation distorter with no effect in the homozygote (the driver only 
affects heterozygotes which disappear if the distorter is fixed)

• maternal-effect lethality (only has an effect on the offspring of heterozygous 
females)

These kinds of effects are rarely seen within populations because they are transient.  
They can be discovered in crosses between isolated populations or hybrids of 
closely related species.
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Outcomes of conflict: Selfish gene drives extinction
2. The self-promoting allele causes population extinction

For some types of genomic conflict, the negative consequences increase as the 
self-promoting allele becomes more common. 

Examples: 

• self-promoting alleles causing a strongly male or female-biased sex ratio (feminisation, 
cytoplasmic male sterility, segregation distorters on sex chromosomes)

• other self-promoting allele with strong effects on fitness as a byproduct (e.g., 
homozygous sterile)

In the absence of suppressors (modifiers), such genes could spread and cause population 
extinction. So far, there are no documented cases of population extinction as a result of 
genomic conflicts but the process is expected to be very fast, therefore unlikely to be 
observed. 
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Outcomes of conflict: Arms race among genes
3. Permanent conflict with possible arms race

Suppressor alleles at other loci appear, preventing the self-promoting gene from fixation. But 
suppressors are often costly, so they also do not become fixed. As a consequence, both the 
locus with the self-promoting allele and the suppressor locus remain polymorphic. Examples 
of suppressors (modifiers):

• suppressors of SdRsp segregation distortion in Drosophila 
• suppressors of cytoplasmic male sterility in many plants 
• nuclear genes in woodlice (Armadillidium, picture right) that reduce 
transmission of Wolbachia to the next generation

Most well-studied genomic conflicts belong to this category (easy to notice 
because they last for long periods of time). They may involve an arms race: 
if a suppressor becomes common, selection drives the original self-promoting genes to 
become resistant to the suppressor. This selects for new or better suppressors.

Example: 
In some populations of Drosophila, a locus closely linked to the Sd/Rsp complex has an allele 
which makes the Sd effective, even in the presence of the suppressor. 

Imagine a citizen who does not pay taxes! There are laws for this.
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Genetic conflict: Summary and Conclusion

Genetic conflicts exemplify that evolution is about competition among alleles for representation in the 

future gene pool. It does not work for the "good" of the species, or even individual. Genes that advance 

their replication at the expense of the individual (and of unlinked genes) will be favoured. This has been 

called the "selfish gene concept". The role of selfish genes in evolution is probably greater than would be 

suggested by how rarely we see them. 

They have been suggested to play a role in 

• The initial evolution of sex 

• The evolution of crossing-over

• The evolution of sex-determining systems (see the woodlouse example)

• Uniparental inheritance of mitochondria and chloroplasts 

(biparental inheritance increases potential for selection of "selfish" organelles)

• Postzygotic isolation (hybrid inviability or sterility), which is important in speciation

• Some human diseases, such as cancer and preeclampsia (Schwangerschaftshypertonie)

Further reading: Burt, A. & Trivers, R. �Genes in conflict� 2006. Harvard Uni. Press.
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