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Abstract

Measures of genetic divergence have long been used to identify evolutionary
processes operating within and between species. However, recent reviews have
described a bias in the use of relative divergence measures towards incorrectly
identifying genomic regions that are seemingly immune to introgression. Here, we
present a novel and opposite bias of relative divergence measures: misidentifying
regions of introgression between sister species. We examine two distinct haplotypes of
intermediate frequency within Drosophila pseudoobscura at the DPSX009 locus. One of
these haplotypes had lower relative divergence than another to sister species D.
persimilis. Although we and others initially presumed one haplotype have spread via
introgression between D. pseudoobscura and D. persimilis, absolute divergence
measures and individual sequence analysis suggest that haplotype structuring occurred
as the result of within-species processes. The potential for this type of misinference may
occur with any haplotype that recently spread within a species. We conclude that
absolute measures of genetic divergence are necessary for confirming putative regions of

introgression.

v



Contents

ADSETACE. ...ceiiiiiiicicc iv
List Of Tables.......cooiiiiiiiiic vi
List Of FIGUIES ....cviiiiiiiiiiiiiiciccc e vii
ACKNOWIEAGEMENLS.......ooviiiiiiiiiiiiiiiic e viii
1. INtrodUuCtioN ......ooviiiiiiiii e 1
2. Results and DiSCUSSION........c.cccuiiiiiiiiiiiiiiicii e 4
2.1 Haplotype structure and comparison to sister species..............ccccecvrvriiiiiiirnncnnnn. 4
2.2 Tests fOr INtrOZIeSSION........ccviiiiiiiitiitieiieietce s 10
2.3 Spread of a single haplotype can mimic observed pattern.............ccccceceeviriinncens 11
B SYNOPSIS 1.ttt 14
4. Materials and Methods...........cccooiiiiiiiiiiii, 15
4.1 Sequences and Fly StOcks...........ccovviiiiiiiiiiiii 15
4.2 DNA Prep, Amplification, and Genotyping...........ccccceevuiviiiiiiiiiniiiniiiiiiinies 15
4.3 Haplotype Classification and Data Analysis ..........ccceceviviiiiiiniiniiiiniiiiiicene 16
4.4 In silico psA Haplotype EXpansions...........ccccccoiiiiiniiiiniiiiiiccecccne 17
Supplemental INfOrmation............cccooveiiiiiiiiiiiiiiiii 19
REfOIENCES. ..ot 23



List of Tables

Table1: Summary of population genetic measures at the DPSX009 locus..................... 8

Table 2: Support for models explaining haplotype structuring observed at DPSX009. 8

vi



List of Figures

Figure 1: Significant linkage disequilibrium across the DPSX009 locus in D.
PSCUAOODSCUT .. ...ttt s

vii



Acknowledgements

I would like to thank my advisor, Mohamed Noor. While he is well known at Duke for
his perpetual optimism, willingness to take on more responsibilities than he is required,
and for always being photographed with a “thumbs up” sign, I can say with confidence
his greatest quality is his devotion as an advisor. He continuously puts the needs of his
students before the success of the lab, and this is a rare quality in at a top tier research
institution. Thank you Mohamed for putting your faith in me from day one. I'll never be
able to put into words how grateful I am to have been a part of your lab, where I have
grown immensely as a scientist and person. Here, not only did I learn skills applicable to
a variety of professions, but how to determine which skillsI actually enjoy. I learned
that it is possible to be happy in your job (as you are a great example of that). Thank you

for supporting my decision and for what I anticipate to be a lifelong friendship.

Thank you to my lab mate Katharine Korunes, who makes me laugh when I am tempted
to throw things out the window and has been a rock for me at Duke since our first
moments here. We have been through so many trials and tribulations together —and as a

result I've found a lifelong friend.

viii



Thank you to the rest of my lab and our lab manager Brenda, who have supported me
when lab has been frustrating and difficult, and celebrated with me in my successes.
They also laugh at my jokes even when they are not that funny, and for that I am

grateful.

Finally, I would like to thank my family and friends for their endless support and love
over the past few years. There are far too many of you to list individually, but I am
grateful to each and every one of you for standing by my side not only when I've

needed you most, but every single day. I am lucky to be so well loved.

1X



This is a modified version of my work published as:

Ritz, KR and MAF Noor. 2016. Mistaken Identity: Another Bias in the Use of
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1. Introduction

One of the most surprising findings since the implementation of molecular evolutionary
genetics is that a very large number of species hybridize and successfully exchange
genes (See review in [1]). With the increase of high-throughput sequencing availability
and more sensitive molecular techniques, a plethora of approaches have been developed
to analyze and test for introgression at particular loci. However, investigators often
employ the simple and classic approach of examining haplotypes for segregating
polymorphisms vs. fixed differences between the species. Several studies specifically
report the appearance of introgression based on observed distinct haplotypes, which

may appear to be more similar to haplotypes found in the sister taxon [2—4].

Several recent reviews [5-7] have emphasized that the use of relative divergence
measures that compare within- to between-species variation, such as Fst or Nei’s Da
(average nucleotide divergence between species corrected for average divergence within
species [8]), may be misleading with respect to testing for gene flow, particularly in

regions of low recombination. Those reviews highlighted several empirical studies that



perhaps erroneously attributed variation among regions of the genome in interspecies
divergence to interspecies gene flow because they used relative divergence measures.
Selective sweeps and background selection reduce variation within species particularly
in regions of low recombination, such that the partitioned variation by measures such as
Fst and Da exhibits an excess of divergence between species. These low recombination
regions then appear to be "islands of divergence” relative to the remainder of the
genome, which then incorrectly appears to have experienced gene exchange (the mirage
referred to by Noor & Bennett [5]). Absolute divergence measures do not suffer this

particular problem, but they can have other confounding issues.

Recently, Gredler et al. [9] reported within- and between-species variation at various loci
in Drosophila pseudoobscura and D. persimilis across time, and the haplotype structure at
one locus (DPSX009) showed signals of introgression between these species. At this
locus, D. pseudoobscura harbors two intermediate-frequency haplotypes with several
linked differences between them, and one of these haplotypes appears to share more
variation with D. persimilis than with other D. pseudoobscura haplotypes. Previous work
by another group [10] identified this same structuring at DPSX009, and noted, "the
sequence data suggest the occurrence of gene flow and possibly recent introgression at

X009.” The case for introgression is especially strong because recombination is low around



DPSX009 [11], and thus hitchhiking and background selection around this region should make it
unlikely to retain intermediate frequency variation. However, this purported introgression is
curious because the mapping studies have shown that DPSX009 is linked to factor(s)
conferring reproductive isolation [12] which should impede introgression, though it is

possible factor(s) have evolved more recently than introgression occurred.

Here, we report a more detailed examination of the haplotype structure at this locus.
While previous studies have interpreted the pattern of divergence at this locus as
introgression [9,10], closer examination and use of absolute divergence measures
suggest the haplotype structuring is instead likely a consequence of within-species
processes. Our study demonstrates that relative measures of divergence may not only
inflate measurements of divergence in areas of low genetic diversity [5,6], but also
inflate measurements of introgression in areas that are currently undergoing within-
species processes, such as selective sweeps. We do not argue that this particular biasis
necessarily common, however we observe it within our case study, and other studies
have inappropriately relied heavily upon relative divergence measures in their

interpretations [5-7], so we stress that caution is warranted.



2. Results and Discussion
2.1 Haplotype structure and comparisonto sister species

D. pseudoobscura DPSX009 sequences from 1997 and 2013 revealed the appearance of a
distinct haplotype structure spanning approximately 300 bases [9]. This haplotype
contains 7 SNPs and two 15bp indels in complete linkage disequilibrium, an extremely
unusual observation in D. pseudoobscura where LD typically decays to >10% of
background level within approximately 20bp [13]. Other SNPs in this region also
exhibited strong but incomplete LD extending further out (up to 700bp, see Fig 1). The
presence of two haplotype groups at intermediate frequency in the 2013 samples drove
the estimate of Tajima’s D to be strongly positive (0.73806; [9]), which contrasts most

other loci studied in the species (e.g., [10,14,15]).
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Figure 1: Significant linkage disequilibrium across the DPSX009 locus in D.

pseudoobscura. Shading corresponds to significant values (light grey: p<0.05, dark grey:
p<0.005, and black: p<0.0005). 55 polymorphic sites across 51 sequences were com pared
using a Fisher’s exact test. Bases range from nucleotide 168 to 886 across the locus (see

Three processes might explain such an observation. First, reduced levels of
recombination, perhaps through a microinversion, can cause haplotype structuring
within a population. Indeed, previous studies have found that this region of the D.

pseudoobscura genome has unusually low recombination rates relative to the rest of the
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genome (datain [11,13]). Second, recent introgression from a hybridizing species may

result in the observed pattern. D. pseudoobscura is known to hybridize with its sibling
species D. persimilis in the wild [16] and many studies have documented evidence of
gene exchange between them [10,17-19]. The presence of long haplotypes often indicates
introgression between species [20,21], and Machado et al. [10] report shared partial
haplotypes between these two species. Third, within-species processes such a selective
sweep in progress or a new balanced polymorphism can cause rapid spread of a
previously rare haplotype. This mechanism is potentially consistent with Machado et
al.'s [10] report of population structuring at this locus, as well as the suggestion of a
possible shift in abundance of one of the haplotypesbetween 1997 and 2013 [9] causing a
sign change in Tajima's D to positive. We note that these processes are not mutually
exclusive, and that combinations of these evolutionary events may occur simultaneously
or sequentially. Here we interpret analyses of the DPSX009 locus to better understand

the pattern observed.

We compared both D. pseudoobscura haplotype groups to D. persimilis at the DPSX009
locus, where the haplotype groups are defined by alleles at two 15-bp indels that are in
perfect linkage disequilibrium. One D. pseudoobscura haplotype (hereafter, haplotype
psA) has 1 fixed difference from D. persimilis and 9 shared polymorphisms, while the

other D. pseudoobscura haplotype (psB) has 10 fixed differences and 2 shared



polymorphisms (Fisher's exact test, two-tailed p=0.019, Table 1), where shared
polymorphisms are defined as polymorphic sites with alleles present in both groups
[22]. As a consequence of defining haplogroups psA and psB by their genotype at the
two 15bp indels, we exclude these indels from further nucleotide diversity analysis,
though we acknowledge that excluding them deflates slightly the absolute
differentiation between psB and D. persimilis. Nonetheless, indels are routinely excluded
in many population genomic analyses, and coding these indels as SNPs would have
created circularity in that we would be comparing divergence between pairs of groups
when one group was explicitly defined so as to have greater divergence. We note that
the definition of haplotypes from polymorphism data in cases like this is subjective;
factors such as window size, number of fixed differences chosen, and recombination
may influence classification of samples. We keep this potential for bias in mind

throughout our analysis.

Quantifying the nucleotide differences between species relative to variation within
species using Nei's Da[8], we find that Dabetween psA and D. persimilis is 0.0100, while
Dabetween psB and D. persimilisis 0.0157. Such a pattern, where one of two
haplogroups found within a species is more similar by relative divergence measures to
an abundant haplotype found in another species, could erroneously be interpreted as

potential evidence of introgression.



Table 1: Summary of population genetic measures at the DPSX009 locus.
Observed haplotype structure within D. pseudoobscura, divergence measures relative to
D. persimilis, and nucleotide diversity of considered haplotypes.

Fixed Shared Da Dxy
Differences Polymorphisms relative | relative | Nucleotide
from D. with D. persimilis to D. to D. Diversity
persimilis persimilis | persimilis (r)
SNPs | indels | SNPs indels

psA 1 0 7 2 0.0100 0.0243 0.0165
psB 7 3 0 2 0.0157 0.0226 0.0029
D. N/A N/A N/A N/A N/A N/A 0.0119
persimilis

Machado et al. [10] noted geographical structuring of variation at DPSX009 with a small

number of samples. We explored this further by genotyping 50 isolates derived from

four diverse geographic areas using one of the indels differentiating psA and psB. Both

haplotypes psA and psB were present in each population at an intermediate frequency

(data in S1 Table), and no significant structuring was apparent (Fisher’s exact test,

p=0.36). Consequently, we test a suite of predictions for whether the observed pattern of

divergence results from arecent introgression or within-species processes (Table 2).

DPSX009.

Table 2: Support for models explaining haplotype structuring observed at

Introgression. If the haplotype structuring at this locus is the result of introgression of
psA into D. psuedoobscura from D. persimilis, we predict the following:

Hypothesis

Observed

Support for

introgression




model?

Dy between psA and D. persimilis | Dxy/(psA-D. persimilis) = 0.0243, NO

is less than Dy between psB and | Dxy(psB-D. persimilis) = 0.0226

D. persimilis.

7t for psA is less than 7t for D. n(psA) =0.0165, NO

persimilis. n(D. persimilis)=0.0119

7t for psA is less than 7t for psB n(psA) =0.0165, NO
n(psB) = 0.00285

Dabetween in silico expanded Mean in silico-D. persimilis Da= NO

haplotypes and D. persimilis is less
than Dabetween psA and D.
persimilis.

0.0183,
Da(psA-D. persimilis) = 0.0100

Within species processes. If the haplotype structuring at this locus is the result of within

species processes, we predict the following:

Support for
Hypothesis Observed within species
processes
model?

Dy between psA and psB should | Dx/(psA-psB)=0.0217, YES*
be 1) less than Dx between psA Dxy(psA-D. persimilis) = 0.0243, and
and D. persimilis and 2) less than | Dx(pB-D. persimilis) = 0.0226
Dy between psB and D. persimilis.*

Comparison 1: p<0.000001

Comparison 2: p=0.1204
Fixed differences between psB and | 10 of 10 fixed differences between | YES

D. persimilis will be derived in psB.
They will not be shared with
outgroup species D. miranda.

psB and D. persimilis are not
shared with D. miranda, and thus
are derived (see S1 Fig)

*These patterns may not be strong because of extensive shared variation between D.
pseudoobscura and D. persimilis given their recent divergence.

*Comparison 1 was statistically significant, and comparison 2 was not significant but
was in the expected direction. However, the application of a statistical analysis in this
instance is subject to a pseudoreplication bias, which we discuss in Materials and

Methods.




2.2 Tests for introgression

Previous studies have suggested potential artifacts associated with the use of relative
measures of divergence in testing for introgression [5,6]. As such, we examined variation
at the DPSX009 locus using an absolute measure of divergence, Nei's Dy [8]. If the psA
haplotype resembles D. persimilis due to introgression between these species, we predict
Dy should be lower between psA and D. persimilis than between psB and D. persimilis
(Table 2). In contrast, if one of the two D. pseudoobscura haplotypes arose and spread as a
result of within-species processes, psA and psB should more closely resemble each other
than either resembles D. persimilis (Table 2). We observe that Dy is slightly higher
between psA and D. persimilis than between psB and D. persimilis, and we find lower
sequence difference between psA and psB than between psA and D. persimilis or
between psB and D. persimilis, thus failing to support the introgression hypothesis
prediction and providing some support for the within-species processes hypothesis

prediction (summary in Table 2).

Additionally, if the psA haplotype introgressed recently from D. persimilis into D.
pseudoobscura, we predict that there should be less nucleotide diversity within the newer
psA haplotype than the potentially ancestral psB haplotype. The opposite was true (see
Table 2), however these predictions potentially assume directionality and a single

introgression event rather than multiple introgression events. Further, introgression of
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psA would likely result in less nucleotide diversity in psA than in a D. persimilis

progenitor haplotype. Again, the opposite was true (see Table 2).

Finally, if the less polymorphic haplotype psB was originally a single haplotype that has
spread within D. pseudoobscura through within-species processes rather than
introgression, we predict that most of the differences between psB and D. persimilis
would be derived in psB relative to an outgroup species, whereas the introgression
hypothesis does not necessarily make such a prediction. We compared the 10 differences
fixed between psB and D. persimilis to outgroup species Drosophila miranda. We found all
10 sites in D. persimilis shared the D. miranda allele, consistent with the hypothesis that
psB is a newer haplotype whose spread within D. pseudoobscura resulted from within-
species processes (see S1 Fig). The phylogenetic relationship between the D.

pseudoobscura, D. persimilis, and D. miranda sequences are depicted in S2 Fig.

2.3 Spread ofa singlehaplotype can mimic observed pattern

The above lines of evidence suggest that the presence of two haplotype groups at the
DPSX009 locusin D. pseudoobscura may be that the haplogroup with less nucleotide

diversity (psB) stems from a single, derived D. pseudoobscura haplotype that recently
became more abundant via selection or other within-species processes. Intermediate

frequency variation in D. pseudoobscura is rare, and most molecular variation is present
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as singleton alleles [10]. Linked singleton differences across a single progenitor psB
haplotype may spread in a population and result in a positive Tajima's D overall and a
high Da between the new haplogroup and D. persimilis because of the low nucleotide
diversity within psB. To test this hypothesis, we examined how divergence from D.
persimilisis reflected if selected haplotypes within the hypothesized ancestral
haplogroup (psA) were to suddenly become abundant (datain S2 Table). We predicted
that, if psA is the ancestral haplogroup and prevalence of psB is the result of a within-
species spread, individual psA haplotypes spread in silico would exhibit a pattern of
differentiation similar to that observed for psB: a Da similar to psB and higher than psA

relative to D. persimilis.

Consistent with this prediction, Dafrom the artificial haplogroup ranged from 0.01262 to

0.0251 (median = 0.01544), with each artificial spread having a Da to D. persimilis higher
than the original psA haplogroup (psA-D. persimilis Da=0.0100). The median Dato D.
persimilis across the artificial haplogroups was also highly similar to Da from psB (psB-
D.persimilis Da=0.0157). We see a similar pattern when indels are coded in the in silico
analysis as SNPs, where Daranges from 0.0127 to 0.0256 (median = 0.0163, datain S3

Table).

12



We can further compare the pattern of divergence observed for psB to the artificial
haplogroups by examining the number of fixed differences between each group and D.
persimilis. We see that the in silico expansions have between 7 and 17 fixed differences
from D. persimilis (mean = 11.76), arange consistent with that observed for psB (10 fixed
differences). Again, this result is consistent with our prediction that the apparent

divergence between psB and psA is the result of within-species processes.

We also found that one artificial spread resulted in a highly positive Tajima’s D in the
overall population including the expanded haplogroup and the original psA haplogroup
(Tajima’s D =1.5878, datain S2 Table). This observation is similar to the aforementioned
pattern seen by Gredler et al. (2015) [9]. Our simulations of the expansion of single
haplotypes create a pattern of genetic diversity nearly identical to what was observed in
natural populations: two intermediate frequency haplotype groups of which one (the
ancestral group, psA) appears to be more similar to D. persimilis by relative divergence
measures. From these results, we suggest that the pattern of intermediate haplotype

frequency observed at DPSX009 is likely the result of the spread of a single progenitor

haplotype.
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3. Synopsis

Together, these data indicate that the patterns of variation at DPSX009 in D.
pseudoobscura are entirely consistent with the action of within-species processes such as
selection, and we find an absence of evidence for interspecies introgression. The
inference of potential introgression at this locus described by Machado et al. [10] and
initially hypothesized by us here reflects a bias associated with patterns of intraspecific
variation misleading interspecies comparisons, particularly those using relative
divergence measures like Fstor Da. The exact nature of the within-species processes at
work is unclear: rather than a selective sweep in progress, it could represent anew
balanced polymorphism or extensive gene flow from an isolated population that

experienced alocal bottleneck.

The previously identified bias associated with relative divergence measures [5,6]
focused on the misleading appearance of high divergence and immunity to
introgression in regions of low recombination. Here, we present a distinct and opposite
bias: a region of low recombination incorrectly appearing to have introgressed between
species. As with the previously reported bias, use of absolute divergence measures can
help to determine the strength of evidence for introgression between species at

particular loci.
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4. Materials and Methods
4.1 Sequences and Fly Stocks

DPSX009 sequences for 37 D. pseudoobscura and 20 D. persimilis individuals originating
from Mt. Saint Helena, California, US A were downloaded from GenBank (Gredler et al.
2015 [9]). Additional D. pseudoobscura populations were surveyed using flies previously
collected by M.A.F. Noor and stored in at -80°C. These populations include 18 isolines
from western Washington (Roslyn, Goldendale, and Easton) and 15 isolines from eastern
Washington (Cheney), collected in 1996, 8 isolines from American Fork Canyon in
American Fork, Utah, collected in 1997, and 9 isolines from Flagstaff, Arizona, collected
in 1997. No permits were required for the described study, which complied with all

relevant regulations.

4.2 DNA Prep, Amplification,and Genotyping

Genomic DNA from one frozen male individual per isoline was extracted using a single
fly squish protocol [23]. Although the lines were slightly inbred, males were chosen to

prevent amplification of heterozygous individuals, as DPSX009 is on the X-

chromosome. Primers were designed to span a 15bp insertion within the psA haplotype

at DPSX009. Individuals were genotyped following PCR and imaging on a 2% agarose

in TBE gel.

15



4.3 Haplotype Classificationand Data Analysis

MSH D. pseudoobscura sequences provided by J. Gredler were aligned using ClustalW in
BioEdit 7.0.9 [24] and fixed differences between samples were manually documented
and compared across the DPSX009 locus. A 9-bp microinversion was removed from all
sequences to prevent biases in genetic diversity calculations. Samples were then divided
into groups by haplotype (psA and psB), and compared to D. persimilis across the locus.
13 D. pseudoobscura sequences were classified as psA by the presence of 7 SNPs and two
15-bp indels in complete linkage disequilibrium. The remaining 24 D. pseudoobscura
sequences were classified as psB by the absence of some or all of the 9 diagnostic psA

traits.

DNAsp 5.10.01 [25] was used to calculate Nei’s (1987) D4, Nei's Dy, and 7 at DPSX009
between psA (n=13) and D. persimilis (n=20) and again between psB (n=24) and D.
persimilis (n=20). DNAsp calculates Nei’s Dxy and Nei's Da using Nei 1987 equations
10.20 and 10.21, respectively. Fixed differences and shared polymorphisms across
compared groups were confirmed manually (datain Table 1). Shared polymorphisms
are defined as sites that are polymorphic in both groups. To test for the statistical
significance of difference in divergence between each D. pseudoobscura haplogroup to
the other vs. to D. persimilis, we created a matrix indicating percent sequence difference

between every pair of haplotypes. We then bootstrapped (with replacement) the matrix

16



1,000,000 times and assessed how often average difference between D. persimilis to
either psA or psB was equal to or greater than the difference between psA to psB. The
difference between psA-psB vs. psA-D. persimilis appeared to be highly statistically
significant (no resamplings exhibited equal or greater divergence) while that between
psA-psB and psB-D. persimilis was not so (120,416 bootstraps exhibited equal or greater
divergence). However, we do not emphasize these outcomes as test statistics because of
the issue of pseudoreplication due to what appears to be a recent shared coalescent
event within psA. Instead, the weight of evidence from multiple separate comparisons

(Table 2) argues for our interpretation of the results.

4.4 In silico psA Haplotype Expansions

Each of the 13 psA-classified DPSX009 sequences was expanded i silico to simulate an
increase in haplotype abundance. These sequences were expanded to the same
population size as the available sequences for the psA group (n=13). Specifically, each
sequence with the psA haplotype was copied 13 times to represent a theoretical
haplogroup resulting from selection or within-species processes. To prevent exclusion of

indels by DNAsp, we repeat analyses with indels coded as SNPs in these sequences.

Expanded haplotypes were then compared to D. persimilis (n=20) in DNAsp, where Da

and Dx were calculated. Fixed differences and shared polymorphisms across each

expanded haplotype and D. persimilis were confirmed manually. Mean Daand Dxy

17



values were calculated across the 13 simulations (datain S2 and S3 Tables). We do not
discuss the Dy values within our analysis, since this measurement is uninformative
here. Dy is always equal to Da plus a constant factor (0.0059, half of 7. persinitis) because

there is no variation within the artificial haplogroups.
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Figure S 1: Variable sites across DPSX009 haplotypes. Summary of fixed
differences and shared polymorphisms between psA, psB, and D. persimilis. Additional
alignment to D. miranda and comparison to fixed differences between psB and D.
persimilis supports hypothesis that psB is derived and results from within-species
processes.
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Figure S 2: Phylogeny of DPSX009 sequences shows clustering of psA and psB
haplotypes. Independent clustering of psB and of psA with D. persimilis sequences can
be seen in this neighbor joining phylogeny generated using phylo.io [26]. D. miranda is

used as an outgroup.

Table S 1: Presence of psA and psB haplotype structure in additional
populations of D. pseudoobscura.

psA psB Total

Roslyn/Easton/Goldendale, | 10 8 18
WA

Cheney, WA 7 8 15

American Fork Canyon, 2 6 8
UT

Flagstaff, AZ 6 6 9
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Table S 2: In silico expansion of individual psA haplotypes and comparison to
D. persimilis, with indels excluded.

Expanded Sequence | Fixed Da Dxy
(psA-type) Differences Tajima’s D* | relativetoD. | relativeto D.
SNPs | indels persimilis persimilis
1997_MSH_pse30 7 0 -0.24378 0.01262 0.01855
1997_MSH_pse9l 10 3 1.5878 0.0179 0.02387
1997_MSH_pse4 17 0 -0.0563 0.0251 0.03102
2013_MSH_psel 9 0 -0.57549 0.01541 0.02133
2013_MSH_pse4 15 0 -0.28705 0.02265 0.02857
2013_MSH_pse7 9 0 -0.48896 0.01541 0.02133
2013_MSH_psel5 8 0 -0.80625 0.0142 0.02012
2013_MSH_pse35 16 0 -0.1861 0.02387 0.0298
2013_MSH_pse37 9 0 -0.57549 0.01544 0.02138
2013_MSH_pse60 15 0 -0.28705 0.02265 0.02857
2013_MSH_pse76 17 0 -0.0563 0.0251 0.03102
2013_MSH_pse79 8 1 -0.80625 0.0142 0.02012
2013_MSH_pse85 8 0 -0.14283 0.01383 0.01976
Mean 11.6923 -0.22492 0.01833 0.02426
Median 9 -0.28705 0.01544 0.02138
Standard Deviation 3.8384 0.60211 0.00476 0.00476
Maximum 17 1.5878 0.0251 0.03102
Minimum 7 -0.80625 0.01262 0.01855
Range 10 2.39405 0.01248 0.01247

Table S 3: In silico expansion of individual psA haplotypes and comparison to
D. persimilis, with indels included.

Da D«

Expanded Sequence | Fixed . -
. e relative to relativeto D.

(psA-type) Differences Tajima’s D* S o

D. persimilis | persimilis
1997_MSH_pse30 7 -0.63866 0.01267 0.01928
1997_MSH_pse9l 14 -0.00019 0.02307 0.02968
1997_MSH_pse4 17 0.05897 0.02557 0.03219
2013_MSH_psel 9 -0.37605 0.01628 0.02289
2013_MSH_pse4 15 -0.05012 0.02313 0.02974
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2013_MSH_pse7 9 -0.46097 0.01544 0.02205
2013_MSH_psel5 8 -0.52991 0.01423 0.02085
2013_MSH_pse35 16 0.0052 0.02435 0.03096
2013_MSH_pse37 9 -0.37605 0.01632 0.02295
2013_MSH_pse60 15 0.02749 0.02398 0.0306
2013_MSH_pse76 17 0.05897 0.02557 0.03219
2013_MSH_pse79 9 -0.46097 0.01544 0.02205
2013_MSH_pse85 8 -0.48061 0.01471 0.02133
11.76923077

Mean -0.247915385 | 0.019289231 | 0.025904615
Median 9 -0.37605 0.01632 0.02295
Maximum 7 0.05897 0.02557 0.03219
Minimum 17 -0.63866 0.01267 0.01928
Range 10 0.69763 0.0129 0.01291
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