Genomic differentiation and signatures of selection during repeated sympatric speciation
Since our data suggest that speciation happened in sympatry and we find evidence for ongoing gene flow among the sympatric species we wanted to examine the overall pattern of genetic differentiation across the genome and identify regions putatively under selection [1-4]. Furthermore, given the parallel evolution of limnetic and benthic species [5, 6] and the recent shared ancestry of the two radiations we were interested in identifying regions putatively under selection in both of the radiations. Pairwise differentiation across the genome was analyzed in terms of AMOVA FST-values [7] as implemented in Stacks [8, 9]. In all pairwise comparisons of sympatric speciation genetic differentiation was heterogeneous across the genome, with most markers exhibiting relatively low levels and only few markers exhibiting high levels of differentiation (S8 and S9 Figs). 
To identify regions in the genome putatively under selection we used BayeScan v.2.1 [10] and the FLK-test [11]. Only loci for which at least ten individuals per species were successfully genotyped were used in these analyses, with the exception of cluster 4 in Apoyo for which the limit was set to six individuals due to its small sample size. BayeScan was run for all pairwise combinations of species in both crater lakes and for each crater lake in a global analysis including all species using the default settings. Global analyses have more power [12], but more markers can be retained in the pairwise analyses, since the chance that a locus will be excluded due to too much missing data in a population increases with the number of populations. Uninformative sites were excluded by applying a minor allele frequency (MAF) filter of 5 % [13]. While BayeScan has been shown to perform well under different demographic scenarios [14] the FLK-test may often be superior by taking the historical branching patterns and heterogeneity of genetic drift into account [15]. For both crater lakes species were analyzed jointly in a single analysis using the respective source population as outgroup. The population kinship matrix was estimated from our SNP data and the neutral distribution of the test statistic was obtained from 100,000 simulations performed with simuPOP v.1.1.6 [16, 17]. No MAF filter was used for the FLK-tests as conditioning on intermediate allele frequencies can decrease the power of the test in small populations [11]. Outlier status in BayeScan was determined at a false discovery rate (FDR) of 5 %. In the case of FLK-tests markers were considered outliers if they exceeded the 99.5 percentile of the neutral distribution after fitting a smooth spline function [11]. 
Since we were concerned that the lower threshold of genotyped individuals of cluster 4 from L. Apoyo (minimum of six instead of ten individuals) might bias the results we repeated the analyses excluding it. Indeed, the number of outliers in the FLK-test dropped from 36 to only 20 after excluding cluster 4 and the 20 outliers are not merely a subset of the 36 but mostly different ones (S7 Table). Only five markers are shared in the two analyses. BayeScan on the other hand did not seem to be strongly affected. Upon removal of cluster 4 the number of outliers dropped from 22 to 18 in the global analyses; 15 of which are shared. We report the results from both analyses (S7 Table), but note that outliers found in analyses with cluster 4 only have to be considered with caution. Overall (including global and pairwise BayeScan analyses and FLK-tests) we found 126 outliers in L. Apoyo. Of these 93 were identified with BayeScan, 51 with FLK-tests, and 18 with both analyses. In L. Xiloá, overall a similar number (130) of outliers were detected, 100 with BayeScan, 54 with the FLK-test, and 24 with both (S8 Table). The proportion of outlier loci in pairwise or global analyses was relatively low with a range of 0 to 0.63 % in L. Apoyo and 0.11 to 0.74 % in L. Xiloá (S7 and S8 Tables), respectively. But note that the presence and number of outlier markers cannot be readily compared across the analyses as different subsets of SNPs were included. 
In both radiations outlier markers are distributed among almost all of the 24 linkage groups (LG) and several unplaced scaffolds. But, notably, several outliers seem to occur in clusters. For example, out of the 21 outliers in the comparison of A. zaliosus versus cluster 2, eight were located within less than 500 kb on LG09 and five out of 16 outliers in the comparison of A. amarillo versus A. viridis resided within only 40 kb on scaffold UNK0036. Note that in the latter case two SNPs stemmed from the same RAD locus and were thus conservatively counted as one. 
Interestingly, two SNP markers, ‘LG09 – 478,549’ and ‘UNK0899 – 17,760’, were found to be outliers in both radiations. Yet, neither of the two was consistently associated with high differentiation between the limnetic and benthic species. The former was found between the limnetic A. zaliosus and two of the benthic species in L. Apoyo, yet it was only an outlier in the two global analyses (BayeScan and FLK-test) in L. Xiloá and closer inspection revealed that it was caused by a high genetic differentiation between the two benthic species A. amarillo and A. viridis compared to the limnetic A. sagittae and the benthic A. xiloaensis. Marker ‘UNK0899 - 17,760’ was an outlier only in the global FLK-test in L. Apoyo and in two pairwise comparisons of benthic species (A. amarillo and A. viridis versus A. xiloaensis). Thus, while these two markers reside in genomic regions that may have been under selection in both radiations, they do not seem to have been involved in the parallel phenotypic evolution of limnetic and benthic species. 
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