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Introduction
The spectacular adaptive radiations of cichlid fishes resulted in an enormous 
number of species and a great variation in ecology, behavior, morphology, 
coloration and reproductive biology (Freyer and Iles, 1972). Evolutionary 
innovations, such as pharyngeal jaws, mouthbrooding and eggspots on male 
anal fins are highly specialized characteristics observed in the radiating 
lineages. The endothelin gene family members are involved in the 
development of craniofacial structures (e. g. pharyngeal structures), 
pigmentation and enteric ganglia and, therefore, candidate genes for the 
genetic basis of evolutionary innovations in cichlids.

Figure 1 Overview of the sequenced regions in EdnrAa, Edn1, EdnrB1a and Hivep1. 
Blue boxes and lines represent exon-intron structure (based on Danio rerio sequences (source: 
http://www.ncbi.nlm.nih.gov/),  not to scale), dashed grey lines represent sequenced regions in 26 cichlid 
species. We sequenced in total 963 bp (246 bp coding region (cod)) for EdnrAa, 2449 bp (540 bp cod) for 
Edn1, 2091 bp (528 bp cod) for EdnrB1a and 3436 bp (2001 bp cod) for Hivep1.

Figure 3 Expression pattern of EdnrAa, Edn1, EdnrB1a, Edn3b and Hivep1 in 12 tissues. 
GAPDH was used as control loci and juveniles (Pc) were taken as control tissue. EdnrAa is expressed in all 
tissues, while Edn1 is only expressed in Br, Pj and Ey. EdnrB1a is in all tissues expressed except Mu and Pj, 
Edn3b is not expressed in Li and Mu. No transcripts were found for Hivep1 in Li, Mu and Mx. The red box 
highlights the Edn1/EdnrAa expression pattern in the Pj and the blue box Edn3b/EdnrB1a in Af. Pictures of 
these tissues are displayed under the figure. RNA was extracted from male adult Astotilapia burtoni (laboratory 
strain) using Trizol (Invitrogen) and transcribed into cDNA (High capacity RNA-to-cDNA kit, Applied 
Biosystems). 
Abbreviation code: Br=brain, Li=liver, Go=gonads, Mu=muscle, Pj=pharyngeal jaw, Mx=maxilla, Mn=mandible, 
Sk=skin, Af=anal fin, Cf=caudal fin, Ey=eye, Pc=positive control (whole juveniles), Nc= negative control (H2O).

Results
Three members of the endothelin gene family (EdnrAa, EdnrB1a and Edn1) 
and one conserved adjacent locus (Hivep1) were analyzed (Fig. 1). The 
endothelin family members seem to be under purifying selection, while 
Hivep1 is under positive selection (Fig. 2a-f). Analyses of the dN/dS ratios per 
branch show elevated ratios and lineage specific non-synonymous 
substitutions for the Haplochromini/Tropheini, Ectodini and Perissodini (data 
not shown). Both endothelin receptors and Edn3b are widely expressed, 
while the Edn1 ligand is only expressed in 4 tissues (Fig. 3). Interestingly, 
Edn1 and EdnrAa are both expressed in the pharyngeal jaw, while Edn3b and 
EdnrB1a expression is found in the anal fin that possesses the eggspots.

Acknowledgements
We would like to thank Brigitte Aeschbach and Nicolas Boileau for assistence in the lab. This 
work is supported by grants from the Univeristy of Basel and the European Resourch Council.

The effects of genome duplication on adaptive traits: 
endothelins and key innovations in cichlids

Eveline Diepeveen & Walter Salzburger
Zoological Institute, University of Basel, Switzerland

email: eveline.diepeveen@unibas.ch

Conclusions & Outlook
The signs of purifying selection found in the endothelin family members  
indicate functional importance of these genes, which is further supported by 
the expression pattern in diverse tissues (Fig. 3). We have shown that 
different endothelin pathways are expressed in two cichlid key innovations. 
Elevated dN/dS ratios occur in the more derived and radiating cichlid 
lineages and, particularly, in the Haplochromini, the most species-rich cichlid 
clade (ca. 2000 species). We observed several species- and lineage- specific 
non-synonymous substitutions in these clades. Further research will focus on 
determining the position of the substitutions within the protein, the possibly 
functional effects and ultimately the relation to wildtype phenotypes. 
Hivep1, a regulator of transcription involved in immune- and stress-response, 
shows strong signs of positive selection. We will study the protein in more 
detail to find out why this protein is under positive selection in cichlids. 

Figure 2 Analyses of selective pressure in EdnrAa, Edn1, EdnrB1a and Hivep1. 
a-d) DN/dS ratios per amino acid (AA) site for EdnrAa (a), Edn1 (b), EdnrB1a (c) and Hivep1 (d). e) Detection 
of negative selected sites (n.s.s.) and positive selected sites (p.s.s.) with HyPhy (Kosakovsky et al. 2005), the 
Selecton Server (Doron-Faigenboim et al. 2005; Stern et al. 2007) and PAML (Yang 2005 and 2007). Negative 
selected sites are found in all loci, positive selected sites are only found for Hivep1. f) Detection of positive 
selected branches (p.s.b.) with HyPhy and PAML. Positive selected branches were found for Edn1, EdnrB1a 
and Hivep1. In both the Selecton analyses and the PAML analyses different models (e. g. M7 vs M8a) were 
tested to fit the cod data sets. Likelihood ratio tests (LRT) were conducted between the models and posterior 
probabilities were calculated in the PAML analyses. 

In conclusion: the endothelin family members show signs of purifying 
selection and seem to be involved in the evolution of key innovations in 
cichlids. 
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