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Coevolution
part 2

- genetic diversity at genes related to immune function or resistance (MHC, R-genes) 
- sexual selection based on the Hamilton-Zuk hypothesis

- high rates of amino-acid replacements in disease loci
- genetic recombination (and sexual reproduction)

- spatial divergence and local adaptation
- extreme traits of offence and defence

- multiple mating in social insects
- host and parasite specialisation

- restriction enzymes in bacteria
- host and parasite speciation 

- RNA interference (RNAi) 
- autumn colours of trees

- hypervariability loci
- Batesian mimicry

- parasite virulence 
- polyploidy 

...
Lecture by Dieter Ebert, University of Basel



Coevolution by negative frequency dependent selection
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Ancestral populations

A host mutant (dark blue) 
arises that is resistant to the 
light red parasite. 
A parasite mutant (dark red) 
arises that is able to infect the 
dark blue hosts.

In the host and the parasite 
population two variants are 
maintained by balancing 
selection. 

A light blue host variant is infected 
by a light red parasite variant. 

Over time, alleles may be 
replaced by other variants, but 
in both species the functional 
polymorphism remains (there is 
in both species always a light 
and a dark form of the variants).

Host
population

Parasite
population 



Low genetic diversity predisposes 
to disease



Low genetic diversity predisposes 
to disease
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Baer & Schmid-Hempel, Nature

Genetic diversity
High Low



Low genetic diversity predisposes 
to disease
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Host Genetic 
diversity
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Microsporidian parasite



Genetic diversity at genes related to immune function or resistance 
The case of MHC
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HLA class I diversity is illustrated by the prevalence of nine HLA-B molecules in eight selected 
populations. For simplicity, HLA class I alleles are shown by two digits only.



Balancing 
selection
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Longterm balancing selection and trans-species polymorphisms

Trans-species 
polymorphism provides 

evidence for the long term 
maintenance of genetic 

polymorphisms

Alleles cluster by function, not 
by phylogeny. 



Host trans-species polymorphism

(Wang & Mitchell-Olds 2017, Genome Biology)
(Wu et al. 2017, Genome Biology)
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Genetic diversity at genes related to immune function or resistance 

Primate species tree (left) and DQA1 promoter region gene tree (right)

Loisel et al. PNAS



Typical fade of alleles in a phylogenetic tree
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The case of MHC

12

Ancient polymorphism and functional variation in the primate MHC-DQA1 5ʹ cis-regulatory 

region (Loisel et al. PNAS)

Precise regulation of MHC gene expression is critical to vertebrate immune surveillance and 

response. Polymorphisms in the 5ʹ proximal promoter region of the human class II gene HLA-

DQA1 have been shown to influence its transcriptional regulation and may contribute to the 

pathogenesis of autoimmune diseases. We investigated the evolutionary history of this cis-

regulatory region by sequencing the DQA1 5ʹ proximal promoter region in eight nonhuman 

primate species. We observed unexpectedly high levels of sequence variation and multiple 

strong signatures of balancing selection in this region. Specifically, the considerable DQA1 

promoter region diversity was characterized by abundant shared (or trans-species) 

polymorphism and a pronounced lack of fixed differences between species. The majority of 

transcription factor binding sites in the DQA1 promoter region were polymorphic within 

species, and these binding site polymorphisms were commonly shared among multiple species 

despite evidence for negative selection eliminating a significant fraction of binding site 

mutations. We assessed the functional consequences of intraspecific promoter region diversity 

using a cell line-based reporter assay and detected significant differences among baboon DQA1 

promoter haplotypes in their ability to drive transcription in vitro. The functional differentiation 

of baboon promoter haplotypes, together with the significant deviations from neutral sequence 

evolution, suggests a role for balancing selection in the evolution of DQA1 transcriptional 

regulation in primates. 



Cogenomics
Genome to genome approach
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Genome-to-genome analysis highlights the effect of the human 
innate and adaptive immune systems on the hepatitis C virus 

(Ansari et al. Nature genetics 2017)
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Human-to-HCV genome-wide 
association study in 542 patients. The 
lower arc shows the human autosomes 
from chromosomes 1 to 22, and the 
upper arc shows the HCV proteome 
from the core protein (C) to NS5B. The 
red line represents the most significant 
association (P < 2 × 10−11). The four 
blue lines represent suggestive 
associations (P < 4 × 10−9). The thin 
gray lines represent associations with P 
< 10−5. The outer mini-panels 
represent, on the upper arc, the viral 
diversity as measured by Shannon 
entropy and, on the lower arc, the 
density of human SNPs in bins of 1 Mb, 
with higher values further away from 
the center for both the upper and lower 
arcs. 


