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A B BACKGROUND 
Two differently colored morphs of Midas cichlids can be found in the great lakes and in most 
of the crater lakes of Nicaragua; a cryptic dark morph with black vertical bars, which 
represents the majority of individuals within populations, and an amelanic gold morph1. All 
individuals have the dark phenotype at early stages of their life, but some undergo a color 
transformation by losing their dark coloration and eventually turn gold2. Previous results 
indicate that the color polymorphism segregates according to a simple Mendelian genetic 
basis with the gold allele being dominant over the normal allele3. This system represents a 
case of a stable color polymorphism possibly involved in sympatric speciation. 
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CONCLUSIONS 
 The genomic region harboring the causal mutation for the color polymorphism in Nicaraguan 

Midas cichlids constitutes a region of genomic instability with many small- and large-scale 
rearrangements.  

 These findings open the exciting possibility that recurrent mutations within a single locus lead to 
the same phenotype, as previously shown for Pitx1 in sticklebacks4. 

 Furthermore, this region contains several rapidly evolving genes involved in antimicrobial 
defense. This suggests an important role of immunological processes during the morphological 
color change. 

 

a. Midas-specific chromosomal rearrangements 
Comparative genomic analysis with M. 
zebra, an African cichlid, reveals that: 

 the Midas gold region maps to two 
different genomic scaffolds in M. zebra, 
separated by 4.6 Mb  

 the order of genes on both M. zebra 
scaffolds is syntenic compared to the 
Midas gold region.  

 
These results argue for the presence of a 
Midas cichlid-specific Mb-scale inversion in 
the genomic region adjacent to the critical 
gold interval.  

b. Indels 

Sequence comparison of normal and gold 
alleles uncovers the presence of several indels 
of various sizes (up to 5 kb). These indels affect 
the structure of two different genes, putatively 
leading to disturbed gene function/expression. 

d. Gene duplications  

The gold interval and the surrounding 
genomic region are characterized by the 
occurence of several tandemly duplicated 
genes related to immune functions.  This 
indicates  rapid evolution of this region. 

c. Exon shuffling/Gene conversion 

Phylogenetic analysis of single exons of one 
lectin1 gene within the gold interval indicates 
cases of exon shuffling and/or gene conversion. 
Exons of the same gene cluster with different 
lectin genes from other organisms. 
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The gold interval is characterized by signatures of genomic instability. 
Comparative sequence analysis reveals the presence of: 
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