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 Introgression and gene flow   



Loci resisting to introgression = 
Regions of the genome that prevent the 
exchange of genetic material (gene flow) 
between different populations or species.

Barrier loci 

Local adaptation genes: Genes that are advantageous in one 
environment but harmful in another, so selection prevents their spread 
between populations.

Chromosomal rearrangements: Inversions or translocations that 
suppress recombination in certain regions.
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 Impact of large inversions   

inversions are in the heterozygous state in a 

diploid genome  =>  a single crossover during 

meiosis within the inversion generates 

unbalanced gametes that contain duplication 

and/or deletion. 

Wellenreuther and Bernatchez Trends in Ecol and Evol 
https://doi.org/10.1016/j.tree.2018.04.002

 

Kirkpatrick M.. PLoS Biol. 2010;8(9):e1000501. 
doi:10.1371/journal.pbio.1000501

large inverted non-recombining 

stretches of DNA provides a way for 

clusters of adaptive genes or genes 

involved in reproductive isolation to 

avoid recombination with sister or 

parental lineages

https://doi.org/10.1016/j.tree.2018.04.002
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The Divalps project

identify genomic regions (i.e. barrier loci and inversions)  
associated to local adaptation and barriers to gene flow
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Characterization of large inversions

C. arcania genome was compared with the other three genomes of 

the complex and C. glycerion using 

minimap2+chroder+Syri+merging+manual curation

12 inversions 
> 100kbp
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Inversion’s presence-absence patterns

The structural form inherited by the hybrid 

species was more frequently transmitted by C. 

gardetta (pattern 1 & 3).

Pattern 2 identified in only one of the parents 

were inherited differently between the two hybrid 

species.

Inversions 6.1 and 21.1 were found heterozygous 

in C. macromma (CCEP), and inversion 26.1 was 

found heterozygous in C. gardetta.



global pattern of gene-flow

Barriers to gene flow between the parental lines



17 individuals of C.arcania
19 individuals of C. gardetta
(13-25.2x - avg : 18x)

gIMble ΔB
DILS

654 genomic loci

6.6 % of the genome is impermeable to gene flow

Many of the barriers are on the Z chromosome 
spanning 75% of its length.

substantial difference between the number of 

regions identified as barrier by the ∆B method (642 

windows) and DILS (27 windows) with only 15 

common windows

Barriers to gene flow between the parental lines



Large inversions and barrier loci 

● all three inversions located on the Z chromosome show more than 60 % of genomic barriers. 

● Autosomal inversions 6.1 and 21.1, both previously reported as heterozygous in C. 

cephalidarwiniana

● other inversions and other autosomal loci being almost all bare of such barriers



Genetic inheritance of the inversion
Use of the previous resequencing of C. arcania and C.gardetta +16 C. darwiniana and 
9 C.macromma.

Globally, about 75% inherited from arcania 
and 25% from gardetta. Z is almost 
completely inherited from C.gardetta, while 
autosomes are inherited from C.arcania 

Autosomal CDAR inversions 6.1, 10.1, 10.2, 14.1, 21.1 are 
inherited from gardetta
Autosomal CCEP inversions 6.1, 10.2 and 14.1 are inherited 
from gardetta



And the functions 

● High quality gene annotation of C. arcania was 
done using EGAPx with 2 RNASeq libraries 

● Projection of the annotation achieved with 
TOGA (with make-lastz-chains)

● Alignments with MACSE + ClipKit
 

● No particular difference in dN/dS, neither in the 
trees.

● Lack of candidate gene but one manually 
validated  Olfactory receptor

Need to integrate more data!
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