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Abstract

The Rufous-collared Sparrow (Zonotrichia capensis) shows phenotypic variation throughout its distribution. In particular, the Patagonian sub-
species Z. c. australis is strikingly distinct from all other subspecies, lacking the black crown stripes that characterize the species, with a
uniformly grey head and overall paler plumage. We sequenced whole genomes of 18 individuals (9 Z. c. australis and 9 from other subspecies
from northern Argentina) to explore the genomic basis of these color differences and to investigate how they may have evolved. We detected
a single ~465-kb divergence peak on chromosome 5 that contrasted with a background of low genomic differentiation and contains the sup-
pression of tumorigenicity 5 (ST5) gene. ST5 regulates RAB9A, which is required for melanosome biogenesis and melanocyte pigmentation in
mammals, making it a strong candidate gene for the melanic plumage polymorphism within Z. capensis. This genomic island of differentiation
may have emerged because of selection acting on allopatric populations or against gene flow on populations in physical and genetic contact.
Mitochondrial DNA indicated that Z. c. australis diverged from other subspecies ~400,000 years ago, suggesting a putative role of Pleistocene
glaciations. Phenotypic differences are consistent with Gloger's rule, which predicts lightercolored individuals in colder and drier climates like
that of Patagonia.
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Introduction Cuthill et al., 2017; Hill, 2006; Hubbard et al., 2010; Lawson
& Petren, 2017).

Plumage coloration is an ecologically and evolutionary sig-
nificant trait for birds, playing a major role in mate choice,

different environments and demographic histories that pro- the establishment of reproductive isolation, and the onset

mote diversification over hundreds to even millions of years of SPeCiation (Delhey ct a,l" 2023 Hil,l’ 2006; Mason &
(Bukowski et al., 2024; Klicka et al., 2023; Lavinia et al.,  BOWie, 2020; Orteu & Jiggins, 2020; Price, 2008; Turbek et
al., 2021; Wang et al., 2020). Over the last decade, research-

ers have leveraged advances in genome sequencing meth-
ods to increase our knowledge and understanding of the
genomic regions and molecular processes responsible for
the evolution of color-related traits in non-model organ-

Widespread species offer the possibility of investigating the
interplay among evolutionary processes across different spa-
tiotemporal scales, as distinct populations will experience

2015). This results in naturally occurring phenotypic poly-
morphisms that are often decoupled from intraspecific phy-
logeographic patterns, especially at shallow levels of genomic
divergence, since the latter are shaped by genome-wide genetic
variation presumed to evolve in a neutral or nearly neutral : : > :
fashion (Winker, 2009; Zamudio et al., 2016). In contrast, 1sms, and more specifically the origins and maintenance
fitness-related phenotypic traits may evolve rapidly due to of melaqm- (b}rowns, greys, blacks, and dark reds) and
selection on a smaller number of loci that respond to changes caroFen01d- (bright yellows, oranges, and reds) based col-
in local environmental conditions, and identifying the genetic oration (C‘j‘mPag“a & Toeyvs, 2,022; Funk & Taylor, 2019;
basis and the underlying molecular mechanisms shaping such Orteu & Jiggins, 2020). Biological systems with low levels

traits is key to understanding adaptation, diversification, and of backgroupd genome-wide dlffer,entlatl,on,’ but with Cle"}r
the evolution of new species (Campagna & Toews, 2022; coloration differences, such as rapid radiations and hybrid
b b
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zones, have been particularly fruitful for the identification
of divergent genomic regions that relate to a plumage trait
and contain candidate genes and regulatory elements for
color production (Estalles et al., 2022; Funk & Taylor, 2019;
Turbek et al., 2021; Wang et al., 2020). Conspecific popula-
tions or subspecies differing in coloration are also suitable
for this approach, constituting great models for understand-
ing the forces that shape intraspecific evolutionary trajecto-
ries and that might facilitate the emergence of new species.
However, studies below the species level have been compar-
atively scarce (Abolins-Abols et al., 2018; Aguillon et al.,
2021; Bourgeois et al., 2017; Brelsford et al., 2017).

The Rufous-collared Sparrow (Zonotrichia capensis) is
a ubiquitous passerine ranging from Chiapas (Mexico) to
Cape Horn (Chile), absent only in continuous closed forest
habitats like Amazonia (Figure 1A; BirdLife International,
2024). Over this vast range, the species shows variation in

131

morphology, plumage coloration, and behavior (Handford,
1983; Rising & Jaramillo, 2020). However, phenotypic vari-
ation does not match subspecies designations (Chapman,
1940; Handford, 1985; Nottebohm, 1969, 1975) or genetic
lineages (Campagna et al., 2014; Lougheed et al., 2013).
Regarding the latter, previous studies show that three mito-
chondrial lineages exist throughout the Z. capensis range.
These originated during the Pleistocene as the result of
historical isolation and the southward colonization of
South America from a probable Central American origin
(Campagna et al., 2014; Lougheed et al., 2013). An excep-
tion to this overall mismatch between subspecific designa-
tions and phenotypic differentiation is the southernmost
subspecies, Z. c. australis from Patagonia, which shows
striking differentiation from all other subspecies because
it lacks the lateral black crown stripes characteristic of the
species, resulting in a uniformly grey head or one with only
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Figure 1. (A) Geographic origin of the individuals sequenced in this study representing the grey-headed subspecies Z. c. australis (in red) and the other
subspecies that possess the black crown stripes (in blue), depicted over an elevation map of southern South America with Argentinian provinces
delimited. The inset in the upper right shows the continental distribution of Z. capensis in grey (BirdLife International, 2024). Photo credits: Pablo

D. Lavinia (Z. c. australis) and Agustin |. Casale (other subspecies). (B) Bayesian 50% majority rule consensus tree inferred from the analysis of
mitochondrial DNA. Numbers above or below the branches indicate node support. Lineage names are based on Lougheed et al. (2013), and individuals
sequenced for this project (PL1-PL9: other subspecies; PL10-PL18: Z. c¢. australis; Supplementary Table S1) are denoted by an asterisk; all other
sequences were obtained from Lougheed et al. (2013). Outgroups are not shown for simplicity. (C) Principal component analysis (PCA) based on ~ 11

million nuclear SNPs. Bird illustrations are from del Hoyo et al. (2018).
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subtle traces of black (Figure 1A). In fact, all other black
plumage patches are paler or less prominent in this subspe-
cies. Z. c. australis is also a long-distance latitudinal migrant,
with southern populations migrating as far north as south-
ern Bolivia in the winter (Chapman, 1940; Handford, 1985;
Lisovski et al., 2025). Lastly, Z. c. australis is also genetically
differentiated from the rest of the species. However, genetic
divergence is not particularly deep, as Z. c. australis forms
a subclade within the species most widespread mitochon-
drial lineage (lineage B sensu Lougheed et al., 2013) that
also includes another seven subspecies that do possess the
black crown stripes.

Here, we take advantage of the combination of low lev-
els of genomic divergence and clear plumage pattern differ-
entiation between the gray-headed Z. c. australis and other
subspecies that show the black crown stripes, and use whole
genomes to investigate the genomic basis underlying color dif-
ferences. We also explore how these pigmentation differences
may have evolved in the context of the diversification history
of Patagonian populations. Our results reveal a new candi-
date gene underpinning the melanic plumage polymorphism
within Z. capensis and suggest a putative role of Pleistocene
glaciations in the evolutionary history of Z. c. australis in
southern South America.

Materials and methods

Sampling and sequencing

We performed whole genome resequencing of nine represen-
tatives of the grey-headed Z. c. australis from Argentinian
Patagonia and nine individuals from northern Argentina
that possess the typical black crown stripes (Figure 1A,
Supplementary Table S1). All samples were obtained by the
authors. Because all subspecies other than Z. c. australis
do exhibit the characteristic black head marks (Chapman,
1940), all individuals from northern Argentina were grouped
and analyzed together (hereafter referred to as “other sub-
species”). We selected the 18 individuals to be members of
the mitochondrial lineage B based on Lougheed et al. (2013)
and Campagna et al. (2014), and intentionally avoided a con-
tact zone in northern Patagonia and central Argentina where
some individuals show intermediate phenotypes. Therefore,
here we focused on the comparison between two clearly dis-
tinct morphs (grey head represented by Z. c. australis vs. black
crown stripes represented by all other subspecies), enabling a
better identification of the genomic regions underlying plum-
age coloration in this system.

Total genomic DNA was extracted using a standard phe-
nol/chloroform protocol followed by an ethanol precipitation
and magnetic bead cleanup. We used 200 ng of extracted
DNA for each sample to generate individual barcoded librar-
ies using the TruSeq Nano DNA kit protocol (Illumina), with
an insert size of 550 bp, and following the manufacturer’s
protocol. All individuals were pooled and sequenced (2 x 150
paired end) on an Illumina NextSeq 500 lane at the Cornell
Institute for Biotechnology core facility.

Filtering, alignment, and variant discovery

We obtained a total of over 714 million raw paired-end
reads, with a length of 151 bp, representing a mean expected
per-individual coverage of 5.7x =+ 1.9x (range of 2.6x-9.1x;
Supplementary Table S2) based on the reference genome size
of ~1.05 Gbp (Tuttle et al., 2016). We assessed the quality of
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individual libraries with fastqc 0.11.7 (www.bioinformatics.
babraham.ac.uk/projects/fastqc). Adapter removal, qual-
ity filtering, and sequence trimming were performed with
AdapterRemoval 2.2.2 (Schubert et al., 2016), allowing a
minimum Phred quality score of 10 and merging overlap-
ping paired-end reads. After quality filtering, we retained 663
million reads with an average expected per-individual cov-
erage of 5.3x = 1.8x (range 2.2x-8.7x; Supplementary Table
S2). Filtered reads were aligned to the genome of the White-
throated Sparrow (Zonotrichia albicollis; GenBank assembly
accession: GCA_000385455.1; Tuttle et al., 2016) with the
very sensitive local option implemented in Bowtie 2 2.3.4.1
(Langmead & Salzberg, 2012). We used Qualimap 2.2.1
(Garcia-Alcalde et al., 2012) to obtain alignment statistics. The
average alignment rate across all samples was 92.8% = 0.90%
(range 90.9%-94.0%) leading to a final average coverage of
4.9x = 1.7x (range 2.0x—8.1x, Supplementary Table S2).

SAM files resulting from alignment were converted to BAM
format and then sorted and indexed using SAMtools 1.9 (Li
et al., 2009). We used Picard Tools 2.8.2 (https://broadinsti-
tute.github.io/picard/) to mark PCR duplicates first and to fix
mate pairs after realigning around indels with GATK 3.8.1
(McKenna et al., 2010). Variant discovery and genotyping for
the 18 individuals were performed with GATK. We first used
the HaplotypeCaller module to produce individual genomic
variant call files for each sample under default settings, and sub-
sequently used the GenotypeGVCFs module to obtain a single
variant file for the entire dataset. We retained 25,335,830 single-
nucleotide polymorphisms (SNPs) after filtering out variants that
were flagged by the following hard filters: QD <2, FS > 60.0,
MQ <40.0, MQRankSum <-12.5, and ReadPosRankSum
<-8.0. Finally, we used VCFtools 0.1.15 (Danecek et al., 2011)
to retain only biallelic variant sites with less than 10% miss-
ing data, at least 2% minimum allele frequency, and a depth
of coverage between 2x and 50x. This resulted in a dataset of
10,798,248 SNPs with an average depth of coverage across sites
per individual of 4.4x = 1.5x (range 2.0x—7.1x) and an average
of 2.7% = 3.2% of missing data per individual (range 0.1%-—
13.5%; Supplementary Table S2).

Mitochondrial genomes and phylogenetic trees

We used the raw paired-end reads with only the adapters
removed to extract and assemble mitochondrial genomes
with NOVOPlasty (Dierckxsens et al., 2017), and comple-
mented this with MITObim (Hahn et al., 2013) as needed.
For NOVOPlasty, we used the cytochrome ¢ oxidase subunit
I (COI) sequence of one of our Z. capensis samples (MACN-
Or-ct 1093; GenBank accession number: FJ028602.1) as a
seed and the partial mitochondrial genome of the White-
crowned Sparrow (Zonotrichia leucophrys) as reference
(GenBank accession number: FJ236292.1). MITObim was
run for up to 40 iterations, under the quick option and using
Z. leucophrys genome as a template. After visually inspect-
ing, manually editing, and aligning contigs in MEGA (Tamura
et al., 2011), we were able to recover between ~10,000 and
~17,000 bp of the mitochondrial genomes of all 18 individ-
uals that were used for downstream analyses. Per-site nucle-
otide diversity (;t) within groups and mean uncorrected
genetic distances (p-distances) between them were estimated
in DnaSP (Librado & Rozas, 2009) and MEGA, respectively.

To increase our sample size for phylogenetic analyses, we
mined from GenBank mitochondrial data previously gen-
erated by Lougheed et al. (2013). Specifically, we included
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sequences from four mitochondrial loci (control region,
16 S rDNA, NADH dehydrogenase subunit 2, and COI)
for individuals representing the three lineages (A, B, and C
sensu Lougheed et al., 2013) of Z. capensis. We also included
sequence data from its congeners Z. albicollis and the Harris’
Sparrow (Zonotrichia querula) to be used as outgroups
together with Z. leucophrys (Supplementary Table S3).
Gene trees were inferred with the Bayesian and Maximum
Likelihood (ML) algorithms using MrBayes 3.2.2 (Ronquist
et al., 2012) and RAxML 8.1.22 (Stamatakis, 2014), respec-
tively. Bayesian analysis consisted of two independent runs
of 15 million generations under the HKY + I+ G model of
nucleotide substitution selected using the Bayesian infor-
mation criterion (BIC) as implemented in jModelTest 2.1.1
(Darriba et al., 2012), with default priors and sampling trees
every 100 generations. The average standard deviation of
split frequencies between runs was < 0.01, indicating conver-
gence. We used Tracer 1.7.2 (Rambaut & Drummond, 2007)
to confirm that both runs reached stationarity and that we
had a good sample of the posterior probability distribution.
After discarding the first 25% of sampled trees as burn-in,
the remaining 112,500 topologies of each run were combined
to generate a 50% majority rule consensus tree. The ML tree
was obtained through 100 independent searches under the
GTRGAMMA model of evolution. Node support values were
generated with 1,000 rapid bootstrap pseudoreplicates and
printed on the best-scoring ML tree.

Population genomic analyses

We first assessed individual clustering with a principal com-
ponent analysis (PCA) based on the ~11 million genome-wide
SNPs using the R 3.5 (R team, 2018) package SNPRelate
1.16 (Zheng et al., 2012). We then created a thinned data-
set of 41,778 SNPs with VCFtools by retaining one SNP per
25,000 bp to avoid using SNPs in high linkage disequilibrium,
and used it to assess population structure and admixture. We
used STRUCTURE 2.3.4 (Pritchard et al., 2000) under the
admixture ancestry model and with correlated allele frequen-
cies to run 10 replicates for each value of K = 1-5. Each run
consisted of 500,000 generations following a burn-in period
of 200,000 generations. We determined the most likely K
value with the AK method described by Evanno et al. (2005)
as implemented in Structure Harvester (Earl & VonHoldt,
2012). Runs for the optimal K value were combined in
CLUMPP 1.1.2 (Jakobsson & Rosenberg, 2007) and plotted
with Structure plot 2.0 (Ramasamy et al., 2014). Considering
that Campagna et al. (2014) did not find phylogeographic
structure within Argentina in Z. capensis and that Evanno’s
method cannot indicate K = 1 as most likely, we also assessed
population structure using the model-free K-means cluster-
ing algorithm as implemented in the R package adegenet
2.1.10 (Jombart, 2008). We ran the “find.clusters” function
to evaluate up to K =10, performing 1 million iterations,
starting from 1,000 randomly chosen centroids per K value,
and selecting the optimal number of genetic clusters using the
lowest BIC value.

Genome-wide nucleotide diversity within each group (m )
was estimated for nonoverlapping windows of size 15,000
nucleotides including both variant and invariant sites that
passed the quality filters (see below) and using the “pop-
genWindows.py” python script developed by S. H. Martin
(downloaded from: https://github.com/simonhmartin/genom-
ics_general/blob/master/popgenWindows.py)
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Location of divergence peaks and candidate gene
identification

We looked for regions of elevated differentiation compared
with a background of low genomic differentiation (i.e., diver-
gence peaks) by scanning the genome in nonoverlapping
windows of 15,000 bp and estimating pairwise F_ (Weir &
Cockerham, 1984) values between Z. c. australis and the other
subspecies with VCFtools. We discarded regions with less
than two windows and windows with less than 10 SNPs and
visualized F, variation across the genome with a Manhattan
plot built with the package qgman 0.1.4 (Turner, 2018) in R.
We took a conservative approach and considered a genomic
region as an outlier when its mean F fell 10 SDs above the
average F__across the genome, which corresponded to an F
value > 0.2, and it had at least one SNP with an individual F,
value > 0.8. Finally, we focused on scaffolds of interest and
calculated F, values for individual SNPs using VCFtools.

To search for genes of interest within or near the outlier
regions identified, we used the NCBI’s Genome Data Viewer
(Rangwala et al., 2021) to explore the reference scaffolds
containing those areas in the annotated genome of Z. albi-
collis. We then used NCBI’s BLAST (Johnson et al., 2008) to
align the reference scaffolds of Z. albicollis to the Zebra finch
(Taenopygia guttata) genome (GenBank assembly accession:
GCF_003957565.2) and map the chromosomal location of
the divergence peaks.

T

Emergence of the genomic island of differentiation

Because Fg, is a measure of population differentiation rela-
tive to total genetic diversity, it can be elevated either because
divergence between populations is also high or because intra-
specific variation in one or both populations is low. Basically,
these two scenarios differ in the relative contributions of
gene flow and geographic isolation and in the type of selec-
tion acting on a certain genomic region. Therefore, to better
understand the processes shaping the identified divergence
peak, we compared F_ to between-group absolute nucleo-
tide differentiation (r, also known as D) and within-group
nucleotide diversity () across the entire scaffold of interest.
In a “divergence-with-gene-flow” model, selection at a locus
acts against gene flow between two differentiating popula-
tions that are in physical and genetic contact. In this con-
text, 7, is expected to be higher in regions of high F,, than
in those of low F_, as the former cause reproductive isolation
and have therefore reduced gene flow, while the latter can
move more freely between populations. In contrast, under the
“selection-in-allopatry” model, & is predicted to be low in
regions of high F_ due to negative (background) or positive
(directional) selection acting on one or both geographically
isolated populations. Under pure selection-in-allopatry, m,
should not be different on average between regions with high
and low F_, (Cruickshank & Hahn, 2014; Han et al., 2017;
Irwin et al., 2016, 2018).

F,. was estimated based only on variant sites (SNPs),
while 7, and m  were calculated using all sites (i.e., variant
and invariant). To obtain m, and m , we first used the “all-
Sites” option of GATK’s GenotypeGVCFs module to obtain
a single file containing both variant and invariant positions
for the entire dataset, and then followed the methods and
scripts developed by Irwin et al. (2016, 2018). We removed
indels with VCFtools and then applied the same hard filters
described above with GATK, and used the “vcf2minmq.pl”
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perl script to remove positions with MQ < 40 but retaining
sites without mapping quality (MQ) information, like invari-
ant sites. We used VCFtools to filter out sites with more than
10% missing data and a mean depth of coverage smaller than
2x or greater than 50x. All F, ., and & values were calcu-
lated on a per-site basis and then summarized over nonover-
lapping windows of size 15,000 nucleotides to avoid any bias
in the statistics due to different sample sizes of sites within
each window. Windowed m, and 7 were estimated as the
mean of the per-nucleotide values, while F_for each window
was estimated following Weir and Cockerham (1984) calcu-
lations (but see Irwin et al., 2018, and their custom scripts
for more details). Lastly, we also used VCFtools to estimate
Tajima’s D for nonoverlapping windows of 15,000 bp based
only on SNPs and explored the variation of this statistic
across scaffold 42.

Genomic differentiation at other candidate
coloration loci

We assessed whether other genomic regions already reported
to be associated with plumage coloration show divergence
between Z. c. australis and the other subspecies. We looked at
17 genomic regions that have been proposed in the literature
as candidate loci for color variation in general and melanic
plumage polymorphism in particular (Funk & Taylor, 2019;
Orteu & Jiggins, 2020). For each region of interest, we cal-
culated mean F_, values between Z. c. australis and the other
subspecies for (a) the complete scaffold that contained that
locus based on nonoverlapping 15,000 bp windows and
(b) inside and outside the focal locus and 100 kb around it
based on individual SNPs. We compared the F_, variation
observed at all levels and loci to that found at the divergence
peak we discovered between Z. c. australis and the other
subspecies.

Results

The gene trees based on mitochondrial DNA sequences con-
firmed that all individuals sampled for this study belong to the
same lineage (lineage B sensu Lougheed et al.,2013), which was
recovered as a monophyletic group with high-to-maximum
node support (Figure 1B, Supplementary Figure S1A). Mean
uncorrected genetic distance between the grey-headed Z.
c. australis and other subspecies showing the black crown
stripes was 0.81% = 0.39%. All the individuals from northern
Argentina (the “other subspecies” group) were recovered as a
monophyletic group with high node support. Z. c. australis
formed a monophyletic clade with near-maximum support in
the Bayesian tree (Figure 1B), but showed intermediate-to-low
support in the ML topology (Supplementary Figure S1A).
Nucleotide diversity was markedly higher in Z. c. australis
(7t = 0.0088) versus the other subspecies (7t = 0.0031).
Genome-wide differentiation between Z. c. australis and the
other subspecies based on ~11 million nuclear SNPs was low
(Fg;=0.015 = 0.018). Accordingly, the PCA showed a shal-
low separation between the two groups (Figure 1C), yet tight
clustering of the Z. c. australis individuals. Genomic nucleo-
tide diversity within Z. c. australis (t = 0.0023) was similar to
that within the other subspecies group (7t = 0.0027), contrast-
ing with the mitochondrial DNA. The assessment of genetic
population structure produced congruent results between the
outputs from STRUCTURE and the K-means algorithms,
implying that the most likely number of genetic clusters for
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all the samples in this study was one (Supplementary Figure
S1B-E).

Genomic scans revealed a divergence peak on scaffold 42
that contrasts with the background of low genomic differ-
entiation between Z. c. australis and the other sampled sub-
species (Figure 2A). Differentiation at this ~465-kb region
was markedly higher (F, =0.31 = 0.09 based on 951 SNPs
from outlier 15-kb windows only and F_ =0.18+0.13
based on 2,728 SNPs from the entire divergent region) than
that calculated from the entire dataset of ~11 million SNPs
(F,,=0.015 = 0.018), showing clear differentiation between
Z. c. australis and all other individuals (Figure 2B). Moreover,
this genomic island of differentiation contains 90% of out-
lier SNPs (F_, > 0.8) and virtually all fixed differences (51/53
SNPs with an F_ = 1) that are located across all the 15-kb
outlier windows detected in our study (Figure 2A). This
peak also comprises 25% of the total 248 fixed SNPs scat-
tered across the entire genome. Finally, based on the anno-
tated genomes of the White-throated sparrow (Z. albicollis)
and the Zebra finch (T. guttata), we mapped scaffold 42 to
chromosome 5 and found that the outlier SNPs were located
mainly within and downstream of the suppression of tumor-
igenicity 5 (STS) gene (Figure 2C). Around 98% of outlier
SNPs in the divergence peak were in noncoding regions. One
outlier SNP (F_ =0.87) out of 149 found within STS was
in a coding region (exon). This variant led to a nonsynon-
ymous Ala349Gly change in most individuals that possess
black crown stripes (i.e., those that were not Z. c. australis
individuals).

We found a clear decrease in within-group-diversity ()
inside and around the divergence peak in both groups,
being this even more evident within Z. c. australis (Figure 3,
Supplementary Figure S2, Supplementary Table S3).
Concordantly, within-group variation across the entire scaf-
fold 42 was lower in Z. c. australis (m = 0.0017) than in the
other individuals from northern Argentina (s, = 0.0022). In
contrast, absolute nucleotide differentiation () between Z.
c. australis and the other subspecies fluctuated across scaf-
fold 42, without a clear trend in comparison to that observed
for m  (Figure 3). In fact, ;t, was not different on average
between regions with high and low F,, (Supplementary Figure
S2, Supplementary Table S5). There is, however, an increase
in 7, in the region of high relative differentiation (i.e., the
F, peak), which was relatively clearer when looking at the
per-nucleotide statistics (Supplementary Figure S3). Values of
Tajima’s D were mostly negative or close to zero across the
entire scaffold, with no particular pattern in or around the
divergence peak (Supplementary Figure S4).

Finally, we assessed divergence in greater detail between Z.
c. australis and the other subspecies at 17 genomic regions
that contained over 20 coloration candidate genes previously
reported. Overall, differentiation at these regions is compa-
rable to that estimated for the entire genome, and around
one order of magnitude lower than that registered at the
divergence peak on scaffold 42 (Supplementary Table S4).
Furthermore, mean F, values inside and around each focal
locus were similar or even lower than those observed outside
the loci and across the entire scaffold (Supplementary Table
S4). Indeed, we did not find 15-kb outlier windows in any
of these scaffolds, nor were these coloration genes found in
outlier windows, and with few exceptions, no outlier SNPs
(F;,20.8) were found inside or proximate to these loci

(Supplementary Table S4).
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