
https://helda.helsinki.fi

Contrasting signatures of genomic divergence during sympatric speciation

Kautt, Andreas F.

2020-12-03

Kautt , A F , Kratochwil , C F , Nater , A , Machado-Schiaffino , G , Olave , M , Henning , F ,

Torres-Dowdall , J , Härer , A , Hulsey , C D , Franchini , P , Pippel , M , Myers , E W &

Meyer , A 2020 , ' Contrasting signatures of genomic divergence during sympatric speciation

' , Nature , vol. 588 , no. 7836 , pp. 106-111 . https://doi.org/10.1038/s41586-020-2845-0

http://hdl.handle.net/10138/341431

https://doi.org/10.1038/s41586-020-2845-0

cc_by

publishedVersion

Downloaded from Helda, University of Helsinki institutional repository.

This is an electronic reprint of the original article.

This reprint may differ from the original in pagination and typographic detail.

Please cite the original version.



106 | Nature | Vol ��� | � December ����

Contrasting signatures of genomic 
divergence during sympatric speciation

    
Andreas F. Kautt 1,4,9, Claudius F. Kratochwil 1,9, Alexander Nater 1,9, Gonzalo Machado-Schiaf�ino 1,5, 
Melisa Olave 1,6, Frederico Henning 1,7, Julián Torres-Dowdall 1, Andreas Härer 1,8,  
C. Darrin Hulsey 1, Paolo Franchini 1, Martin Pippel 2,3, Eugene W. Myers 2,3 & Axel Meyer 1�ž�R

The transition from ‘well-marked varieties’ of a single species into ‘well-de�ned 
species’—especially in the absence of geographic barriers to gene �ow (sympatric 
speciation)—has puzzled evolutionary biologists ever since Darwin 1,2. Gene �ow 
counteracts the buildup of genome-wide di�erentiation, which is a hallmark of 
speciation and increases the likelihood of the evolution of irreversible reproductive 
barriers (incompatibilities) that complete the speciation process 3. Theory predicts 
that the genetic architecture of divergently selected traits can in�uence whether 
sympatric speciation occurs 4, but empirical tests of this theory are scant because 
comprehensive data are di�cult to collect and synthesize across species, owing to 
their unique biologies and evolutionary histories 5. Here, within a young species 
complex of neotropical cichlid �shes (Amphilophus spp.), we analysed genomic 
divergence among populations and species. By generating a new genome assembly 
and re-sequencing 453 genomes, we uncovered the genetic architecture of traits that 
have been suggested to be important for divergence. Species that di�er in monogenic 
or oligogenic traits that a�ect ecological performance and/or mate choice show 
remarkably localized genomic di�erentiation. By contrast, di�erentiation among 
species that have diverged in polygenic traits is genomically widespread and much 
higher overall, consistent with the evolution of e�ective and stable genome-wide 
barriers to gene �ow. Thus, we conclude that simple trait architectures are not always 
as conducive to speciation with gene �ow as previously suggested, whereas polygenic 
architectures can promote rapid and stable speciation in sympatry.

Speciation has long been assumed to require geographic barriers that 
limit the homogenizing effects of gene flow (allopatric speciation; but 
see ref. 6). Recently, the recognition that speciation can also occur 
in the absence of geographic barriers (under sympatric conditions) 
has increased, although only a few empirical examples are widely 
accepted 1. Sympatric speciation is the most extreme form of specia -
tion with gene flow. Theoretical models predict that speciation with 
gene flow is strongly facilitated if traits under divergent selection also 
contribute to assortative mating 4,6–8. Moreover, if divergently selected 
traits are based on few instead of many loci, speciation with gene flow 
is generally thought to occur more readily, assuming that per-locus 
effects are larger and that selection acting on these loci will be stronger. 
In addition, with fewer loci, recombination is less likely to break up 
co-adapted alleles 4,9.

Genomic studies on the early stages of speciation with gene flow 10 
have found that differentiation between incipient species is commonly 
restricted to a few genomic regions 2,11–14. The discovery of such ‘barrier 

loci’, which resist the homogenizing effects of gene flow, fits theoreti-
cal expectations 4,6–8. Apart from the proposed pivotal role of major 
effect loci for speciation, theoretical work has also suggested that many 
small-effect loci can jointly constitute effective genome-wide barriers 
to gene flow 15. Classic multi-locus cline theory 16 and genomic simula-
tions 17,18 support the hypothesis that the synergistic effects of many 
weakly selected alleles can promote a rapid buildup of pronounced 
genomic differentiation 5,13. However, there is no empirical evidence 
that the concerted action of small-effect loci is sufficient to initiate 
speciation in sympatry.

Midas cichlid fishes form an extremely young species complex  
(13 described species; only about 16,700 years old) and occur in seven 
recently formed, small, and isolated crater lakes (CLs) that were colo -
nized independently from the great lakes (GLs) Nicaragua and Managua 
(Fig.�1a, c). In the CLs Apoyo and Xiloá, Midas cichlids formed adaptive 
radiations, which are widely accepted textbook examples of sympatric 
speciation 19–21. Key ecological traits that have been proposed to drive 
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