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SUMMARY

Supergenes are groups of tightly linked loci whose
variation is inherited as a single Mendelian locus
and are a common genetic architecture for complex
traits under balancing selection [1-8]. Supergene al-
leles are long-range haplotypes with numerous muta-
tions underlying distinct adaptive strategies, often
maintained in linkage disequilibrium through the sup-
pression of recombination by chromosomal rear-
rangements [1, 5, 7-9]. However, the mechanism gov-
erning the formation of supergenes is not well
understood and poses the paradox of establishing
divergent functional haplotypes in the face of recom-
bination. Here, we show that the formation of the su-
pergene alleles encoding mimicry polymorphism in
the butterfly Heliconius numata is associated with
the introgression of a divergent, inverted chromo-
somal segment. Haplotype divergence and linkage
disequilibrium indicate that supergene alleles, each
allowing precise wing-pattern resemblance to distinct
butterfly models, originate from over a million years of
independent chromosomal evolution in separate line-
ages. These “superalleles” have evolved from a chro-
mosomal inversion captured by introgression and
maintained in balanced polymorphism, triggering su-
pergene inheritance. This mode of evolution involving
the introgression of a chromosomal rearrangement is
likely to be a common feature of complex structural
polymorphisms associated with the coexistence of
distinct adaptive syndromes. This shows that the
reticulation of genealogies may have a powerful
influence on the evolution of genetic architectures in
nature.

RESULTS

How new beneficial traits that require more than one novel muta-
tion emerge in natural populations is a long-standing question in
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biology [10-12]. Supergenes control alternative adaptive strate-
gies that require the association of multiple coadapted charac-
ters and have evolved repeatedly in many taxa under balancing
selection. Examples include floral heteromorphy determining
alternative pollination strategies [1], butterfly mimicry of alterna-
tive wing pattern and behaviors of toxic models [2-4], contrast-
ing mating tactics in several birds [5, 6], and alternative social or-
ganization in ant colonies [7]. In most documented cases, the
maintenance of character associations is mediated by polymor-
phic rearrangements, such as inversions, which suppress local
recombination and allow the differentiated supergene alleles to
persist [1, 5, 7-9]. However, the build-up of differentiated haplo-
types from initially recombining loci is poorly understood [13, 14].
Recombination is necessary to bring into linkage mutations that
arise on different haplotypes but also acts to break down co-
adapted combinations. While inversions may capture epistatic
alleles at adjacent loci, this requires adaptive polymorphism at
both loci prior to the rearrangement. Furthermore, linkage
disequilibrium around functional mutations under balancing se-
lection persists only over short evolutionary times [15]. The few
models of supergene evolution [10, 16] do not readily yield the
conditions for the formation of differentiated haplotypes or the
evolutionary trajectory of functional genetic elements within rear-
ranged non-recombining regions after the initial structural
variation.

To understand allelic evolution in supergenes, we studied
Amazonian populations of the butterfly Heliconius numata, in
which up to seven distinct wing-pattern morphs coexist (Fig-
ure 1A), each one matching to near perfection the colors and
shapes of other toxic Lepidoptera (Heliconiinae, Danainae,
Pericopiinae) [12]. This balanced polymorphism is controlled
by a supergene locus (P) associated with an inversion polymor-
phism [12] that captures multiple genetic loci controlling wing-
pattern variation in butterflies and moths [4, 18-21] and allows
multiple wing elements to be inherited as a single Mendelian
character. The ancestral chromosomal arrangement, called
HnO, is associated with the recessive supergene allele [17],
which controls the widely distributed morph silvana. All other
characterized supergene alleles, grouped into a family of alleles
called Hn1, determine a diversity of mimetic morphs dominant to
silvana and associated with the 400-kb inversion P; (Figure 1A;
[9, 17]). A subset of these alleles is associated with additional
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P Supergene scaffold (1.3 Mb)

Inversion P1 (400kb)

Figure 1. Distribution of Supergene Inver-
sions in the Silvaniform Clade of Heliconius
(A) Structure of the H. numata (Hn) mimicry su-
pergene P characterized by polymorphic in-
versions and some of the morphs associated with
each arrangement. P allows Hn to produce highly
distinguishable morphs in the same location. The
first derived inversion (P4, blue), is common to all
rearranged alleles (Hn7) and distinguishes them
from the ancestral, recessive P alleles (mimetic
forms silvana or laura, HnO). The P dominant allele
(Andean mimetic form bicoloratus and peeblesi) is
controlled by a rearrangement including only the
chromosomal inversion P4. A further rearrange-
ment (P,, green) linked to the first inversion is
associated with a large diversity of derived, inter-

B PCR/CNV analyses mediate dominant mimicry alleles [9, 17]. A 4-kb
Py P, PP, duplication was also detected only in individuals
¢ = H. melpomene (Hm) w showing the inversion P;.
o= & : (B) Presence/absence of the two major re-
o SeH. cydno ( HC) '“’ arrangements in species closely related to
e )2 H. numata (silvaniform clade), tested by PCR of
(] H. hecale ( Hh) %@ breakpoint-diagnostic markers and independently
U b by duplication-diagnostic CNV assays. All species
’ H. elevatus (He) w are fixed for the ancestral arrangement (red),
o . ) except H. pardalinus (Hp), fixed for P4, and
J H. parda//nus (H,O) % H. numata showing polymorphism for Py and P,.
. . Silvaniform members are represented with a solid
. - H. ethilla (Het) %@ line on the species tree, while outgroup species are
. represented with a dashed line.
H. besckei (Hb) w See also Table S1, S2, and S3.
H. numata (Hn) W
H. ismenius (Hi) w

rearrangements (P,) in adjacent positions [12]. The emergence of
the P supergene architecture is therefore associated with the
introduction of inversion Py, maintained at intermediate fre-
quency by balancing selection and followed by adjacent rear-
rangements. To explore the origin and evolution of the P super-
gene, we thus tracked the history of inversion P4. This inversion
forms a well-differentiated haplotype that is distinct from the
ancestral haplotype along its entire length (Figure 4B) and with
extreme values of linkage disequilibrium (LD) [12]. Inversion P4
therefore stands as a block of up to 7,000 differentiated SNPs
along its 400-kb length, associated with supergene evolution,
adaptive diversification, and dominance variation.

Heliconius numata belongs to the so-called silvaniform clade
of ten species, which diverged ca. 4 million years ago (mya)
from its sister clade (Figure 1B; Figure 2A; Figure S1; [23]). The
Heliconius, and silvaniform members particularly, are knows to
be highly connected by gene flow and to notably exchange
wing pattern loci [19, 24-27]. To investigate the history of inver-
sion P4, we surveyed the presence of this inversion in other spe-
cies of the clade. PCR ampilification of inversion breakpoints
showed that inversion P; was polymorphic in H. numata (Hn)
across its Amazonian range and was also found fixed in all pop-
ulations of H. pardalinus (Hp), a non-sister species deeply diver-
gent from H. numata within the silvaniform clade (Figure 1B and
Table S8). All other taxa, including the sister species of H. numata
and that of H. pardalinus, were positive only for markers diag-
nostic of the ancestral gene order. Furthermore, a 4-kb duplica-
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tion associated with P4 in Hn was also found in whole-genome-
sequence datasets for all Hp individuals and no other taxon (Fig-
ure 1B and Table S2). Breakpoint homology and similar molecu-
lar signatures in Hp and Hn are thus consistent with a single
origin of this inversion. This sharing of P4 between non-sister
species could be due to the differential fixation of an ancient
polymorphic inversion (incomplete lineage sorting, ILS) or to a
secondary transfer through introgression.

To clarify whether this sharing between Hp and Hn is a rare
anomaly specifically associated with the supergene locus or a
common feature that is also found elsewhere in the genome,
we estimated the excess of shared derived mutations between
sympatric Hp and Hn relative to an allopatric control, H. ismenius
(Hi, sister species of Hn), using the fd statistic [28]. We estimated
that a significant 6.2% of the genome was shared via gene flow
between Hn and Hp (mean fd = 0.062*, Figure 3 and Figure S2C),
consistent with a general signal of genome-wide gene flow be-
tween Hn and other species within the silvaniform clade (Fig-
ure S2) and between other Heliconius species [24]. When fd is
estimated using Hn specimens homozygous for inversion P4
(Hn1), the supergene scaffold is associated with a strong peak
of shared derived mutations between Hn and Hp (mean = 0.38,
95% interval 0.34-0.41, Figure 3, blue arrow). This is not
observed between Hn1 and other silvaniforms (Figure S2), nor
when using Hn specimens homozygous for the ancestral super-
gene arrangement (HnO ; Figure S2C). Between Hn1 and Hp, the
entire P4 inversion shows a high level of fd, which drops to
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background levels precisely at inversion breakpoints (Figure 4C).
Hn1 and Hp therefore share a block of derived mutations asso-
ciated with the inversion.

Contrary to estimates from the whole genome, a local excess of
fd—denoting a local excess of shared derived mutations between
two taxa—may be due to incomplete lineage sorting or to gene
flow. To determine the cause of the local excess of fd at the
supergene, we estimated the divergence times of Hn7 and Hp
within and outside of inversion P4. The unique ancestor of inver-
sion P; in Hp and Hn1 was estimated to be 2.3 million years
(Ma) old (95% interval 1.98-2.63 mya, Figure 4D; gray triangles
in Figure 2), significantly more recent than the divergence time
of the rest of the genome (3.59 mya; 95% interval 3.37-3.75
mya; Figure 4D), which indicates that the inversion was shared
by gene flow among lineages well after their split. This introgres-
sion can be dated to an interval between the time to the most
recent common ancestor (TMRCA) of Hp and Hn1 inversions

Mean = 0.0621 + 2.132¢"%

O H. elevatus (He)

@ H. pardalinus (Hp)

O H. ismenius (Hi)

O H. numata without inversion (Hn0)
@ H. numata with inversion (Hn1)
# H. cydno (Hc)

Figure 2. Whole-Genome and Inversion
Phylogenies of H. numata and Related Spe-
cies

(A) Whole genome phylogeny, showing two well-
separated branches grouping H. pardalinus and
H. elevatus on the one hand and H. numata and
H. ismenius on the other hand, consistent with
previous studies (e.g., [23], see Figure S1 for the
phylogeny with all taxa).

(B) Undated inversion P; phylogeny. All Hn in-
dividuals displaying the inversion P, (Hn7) group
with Hp, while Hn individuals displaying the ances-
tral arrangement (HnO) remain with sister species Hi.

TMR -
oo <J TMRCA Hno-Hp He groups closer to the outgroup (Hc) reflectin
<] TMRCA Hn1-Hj group group 9
nt-i . . . .
< TVRCA i ° introgression with H. melpomene, a species closely
n

related to Hc (Figure S1; [24]). For clarity, only
species that are informative to introgression history
are represented here. The inversion is a 400-kb
segment displaying much phylogenetic heteroge-
neity among the other taxa, reflecting a complex
history of gene flow and incomplete lineage sorting
(see Figure S1 for phylogenies including all taxa).
See also Table S1.

(i.e., 2.30 mya) and the TMRCA of all Hn1 inversions (2.24 mya,
95% interval 1.89-2.59 mya, Figure S3D; black triangle in Figure 2),
i.e., about 1.30 Ma after Hp-Hn speciation. We then estimated the
age of the inversion considering that its occurrence also induces
the 4-kb duplication we detected. We identified the two se-
quences of the duplicated region associated with the inversion
in an Hn1 BAC library and in an Hn1 genome assembly and esti-
mated their divergence time. We found that the duplication and
most probably the inversion occurred 2.41 mya (95% interval
1.96-2.71 mya). This indicates that inversion P may have spread
between lineages Hp and Hn shortly after the inversion event.
To determine the direction of introgression, we surveyed the
position of the sister species to Hn (Hi) and to Hp (H. elevatus,
He) in phylogenies computed along the supergene scaffold
and in other regions of the genome. The genome as a whole
and regions flanking the inversion all show a similar topology
to the one found by Kozak et al. [23], with expected sister
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Figure 3. Excess of Shared Derived Mutations between Hp and Hn1

fd statistic computed in non-overlapping 20-kb sliding windows and plotted along the whole genome. The ABBA-BABA framework and related statistics assess
here the excess of shared derived mutations between Hp and Hn1 relative to a control (Hi) not connected to the others by gene flow. Outgroup Hc allows the
mutations to be polarized as “ancestral” (A) or “derived” (B). A mean fd = 0 is expected if Hp is not connected to Hn7 by gene flow. Unmapped contigs are
grouped within an “A” chromosome. The supergene scaffold (HE667780) is indicated with a gray arrow. Standard error was assessed with block jackknifing (600-

kb block size).
See also Figure S2 and Table S1.
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Figure 4. Phylogenetic and Divergence Variation at the Supergene Scaffold

(A) Weightings (Twisst [22]) for all fifteen possible phylogenetical topologies involving H. numata with inversion (Hn1), H. numata without inversion (Hn0), H. ismenius
(Hi), H. pardalinus (Hp), and H. elevatus (He), with loess smoothing (level = 0.05). Topology 1 is the species topology. Strong topology change occurs at inversion
breakpoints. Within the inversion, the best supported topologies (2, 3, and 4) group Hn1 close to Hp. See Figure S4 for Twisst analyses with other taxa.

(B) Fstscan between Hn1 and HnO. Inversion P, shows a generally high Fst value contrary to the rest of the genome. P, rearrangement (1,028-1,330 kb) shows
lower but nonetheless elevated Fsr values.

(C) fd statistic (ABBA-BABA) computed in 10-kb sliding windows (increment = 500bp) with P1 = Hn0, P2 = Hn1, P3 = Hp, O = Hc. Outside the inversion, an fd value
close to 0 is observed, as expected under a no-gene-flow scenario. At P4 inversion breakpoints, fd values strongly increase and remain high across the entire
inversion.

(D) Variation in divergence time between Hn1 and Hp, computed in 10-kb non-overlapping sliding windows. Divergence time inside the inversion is significantly

lower than in the rest of the genome.
See also Figure S3 and Table S1.

relationships of Hi and Hn and of He and Hp (Figure 2A and Fig-
ure S1). Evaluating the support for each possible topology
among the five informative taxa (HnO, Hn1, Hi, Hp, He) using
Twisst [22] confirmed the consistent support for the separation
of (Hn, Hi) and (Hp, He) clades despite a high level of incomplete
lineage sorting within each clade (Figure 4A and Figure S4). By
contrast, the inversion P4 shows strong support for topologies
that group Hn1 with Hp, and major topology changes coincide
with inversion breakpoints (Figures 2B and 4A and Figure S4),
consistent with a single origin of the inversion. Within the inver-
sion, the highest support consistently goes to Hn1 grouping
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within (Hp, He) and away from (Hn, Hi) (Figure 4C, topology 2),
indicating an introgression from Hp to Hn. This conclusion is
robust to the species used as sister groups to Hn or Hp (Figures
S4D-S4G). Alternative topologies (3 and 4) are also found in rela-
tively high proportions in the interval ~650-850 kb, presumably
owing to high levels of incomplete lineage sorting at the clade
level in this region or to ancient gene flow among other species
of the clade. Supporting these interpretations, topology analysis
with taxa unaffected by Hn1-Hp introgression (for instance, us-
ing HNO and replacing Hp with a closely related species,
H. hecale) still showed the same pattern of unresolved



phylogenetic signal in this interval between the two major
branches of the clade (Hp-He-H. hecale versus Hn-Hi) (Figures
S4H and S4l). This suggests that the mixed phylogenetic signal
found in this interval is independent of the introgression. Overall,
our results show that the inversion P4y most likely occurred in Hp
2.41 mya and was introgressed in Hn between 2.24 and 2.30
mya, where it remained polymorphic, forming the P supergene.

DISCUSSION

Sustained differentiation between P alleles over the entire length
of the inversion in H. numata is therefore explained by the 1.3 Ma
of independent evolution of an inverted haplotype within
H. pardalinus. This differentiation was maintained and accentu-
ated after introgression by the suppression of recombination.
Our results show that, as previously hypothesized [5, 13, 14],
complex balanced polymorphisms such as those controlled by
supergenes may evolve via the differentiation of rearranged hap-
lotypes in separate lineages, followed by adaptive introgression
in a host population where differentiated haplotypes are pre-
served through suppression of recombination, and maintained
by balancing selection. This provides the first empirical evidence
for a mechanism to explain the formation of supergene and
offers a parsimonious solution to the paradox of the evolution
of divergent haplotypes in face of recombination. This mecha-
nism may be widespread and may explain how other supergenes
have evolved, from the social organization supergene in ants [7]
to the coloration and behavior supergene of the white-throated
sparrow [5].

Supergene formation through adaptive introgression requires
an initial selective advantage to the inversion in the recipient
population and balancing selection maintaining the polymor-
phism. In H. numata, the introgressed arrangement is associated
with a successful melanic phenotype (bicoloratus) mimicking
abundant local species in the foothills of the Andes and enjoying
a 7-fold increase in protection relative to ancestral arrangements
[29]. This introgression likely constitutes an ecological and altitu-
dinal expansion to premontane Andean foothills, where the
melanic wing mimicry ring dominates, and an empirical example
for the theoretical role of inversions as “adaptive cassettes” trig-
gering eco-geographical expansions in an introgressed lineage
[30]. Despite their role in reproductive isolation [31], inversions
may be prone to adaptive introgression through combined selec-
tion on linked mutations [32]. This is supported by the rapid intro-
gression of inversion P4 after it was formed.

Inversion P4 linked with the adjacent rearrangement P, is also
associated with other well-protected mimetic forms [9, 29], and
most H. numata phenotypes associated with the inversion are
unmatched in H. pardalinus, indicating that introgression was fol-
lowed by further adaptive diversification to local mimicry niches.
Balancing selection, mediated by negative assortative mating
among inversion genotypes, prevents the fixation of the inversion,
as reflected by a deficit of homozygotes for the introgressed
haplotype in the wild [33]. Supergene evolution is therefore consis-
tent with the introgressed inversion having a strong advantage un-
der mimicry selection but being maintained in a polymorphism
with ancestral haplotypes by negative frequency-dependence.

Beyond suggesting a mechanism for supergene evolution,
these findings demonstrate how introgression, when involving

structural variants, can trigger the emergence of novel genetic
architectures. This scenario may underlie the evolution of
many complex polymorphisms under balancing selection in a
wide variety of organisms, such as MHC loci in vertebrates
[34], self-incompatibility loci in plants [35], mating types in fungi
[36], or—much more generally—sex chromosomes. Our results
therefore shed new light on the importance of introgression as
amechanism shaping the architecture of genomes and assisting
the evolution of complex adaptive strategies.
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KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER

Biological Samples

Butterflies of the genus Heliconius This study N/A

Critical Commercial Assays

Dneasy blood & tissue kit QIAGEN Cat#69504

Deposited Data

Raw lllumina sequences This study NCBI SRA # PRJEB12740, PRJEB1749, PRJEB2743,
PRJEB8011, PRINA308754, PRINA471310

Raw Pacific Biosciences sequences This study N/A

H. numata genome LepBase http://ensembl.lepbase.org/

Heliconius_numata_helico3/Info/Index

H. melpomene reference genome [24] http://ensembl.lepbase.org/
Heliconius_melpomene/Info/Index

Oligonucleotides

24i10_F: CCATTMTGCCAATTTMGTCT This study N/A
24i10_R: TCMGGACTATCTTTGTATGC This study N/A
38G4_F: CCATTMTGCCAATTTMGTCT This study N/A
38G4_R: GGTTACGGATGTCTTTAATG This study N/A
31B4_F: AGTTTTTAAGCTGTTTCTCC This study N/A
31B4_R: GTTAGTGCCCTGCCAAACAC This study N/A
Software and Algorithms

Twisst [22] N/A
Phylobayes 4.1 [37] N/A
RaxML v8.2 [38] N/A
SNPhylo [39] N/A
GATK v2.1.5 [40] N/A
CNVnator v0.3 [41] N/A
Stampy v1.0.23 [42] N/A
Picard v1.107 http://broadinstitute.github.io/picard N/A
SAMtools v0.1.19 [43] N/A
MUSCLE [44] N/A
BEAGLE [45] N/A
BLAST [46] N/A

CONTACT FOR REAGENT AND RESOURCE SHARING

Further information and requests of resources should be directed to and will be fulfilled by the Lead Contact, Mathieu Joron (mathieu.
joron@cefe.cnrs.fr).

EXPERIMENTAL MODEL AND SUBJECT DETAILS

92 specimens (male or female without distinction) of H. numata, H. ismenius, H. elevatus, H. pardalinus, H. hecale, H. ethilla, H.
besckei, H. melpomene and H. cydno were collected in the wild in Peru, Ecuador, Colombia, French Guiana, Panama and Mexico
(Table S1)

METHOD DETAILS

Dna extraction and sequencing
Butterfly’ bodies were conserved in NaCl saturated DMSO solution at —20°C and DNA was extracted using QIAGEN DNeasy blood
and tissue kits according to the manufacturers’ instructions and with RNase treatment. lllumina Truseq paired-end whole genome
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libraries were prepared and 2x100bp reads were sequenced on the lllumina HiSeq 2000 platform. Reads were mapped to the
H. melpomene Hmel1 reference genome [24] using Stampy v1.0.23 [37] with default settings except for setting the substitution
rate to 0.05 to allow for expected divergence from the reference. Alignment file manipulations used SAMtools v0.1.19 [38]. After map-
ping, duplicate reads were excluded using the MarkDuplicates tool in Picard (v1.107; http://broadinstitute.github.io/picard) and local
indel realignment using IndelRealigner was performed with GATK v2.1.5 [39]. Invariant and polymorphic sites were called with GATK
UnifiedGenotyper. Filtering was performed on individual samples using GATK VariantFiltration to remove sites with depth < 10 or
greater than 4 times the median coverage of the sample, or sites with low mapping quality (using the expression “MQ < 40.0 ||
MQO>= 4 && ((MQO /(1.0*DP))>0.1).” SnpSift filter [40] was used to exclude sites with QUAL or GQ less than or equal to 30. After
filtering, variant call files were merged using GATK CombineVariants.

PCR analysis and genotyping

Inversion breakpoints were genotyped by PCR ampilification of genomic DNA using Thermo Scientific® Phusion High-Fidelity
DNA Polymerase. Primer sequences and PCR conditions used are: for Py, CCATTMTGCCAATTTMGTCT (forward) and TCMGGACT
ATCTTTGTATGC (reverse), elongation time 2'30”; for P, CCATTMTGCCAATTTMGTCT (forward) and GGTTACGGATGTCTTTAATG
(reverse), elongation time 2'30”; for Py, AGTTTTTAAGCTGTTTCTCC (forward) and GTTAGTGCCCTGCCAAACAC (reverse), elonga-
tion time 3'30”

Duplication Analysis
Copy number analysis of the supergene scaffold was performed on resequence alignments after duplicate removal and local realign-
ment using CNVnator v0.3 [41] with default settings and a bin size of 100bp.

The 4kb sequence detected as duplicated was blasted [42] against the Hn1 BAC clone library from Ref [12]. and against a
H. numata genome, generated by the Heliconius consortium using a combination of SMRT long read (Pacific Biosciences) and lllu-
mina short read (Discovar assembly), and available on LebBase (http://ensembl.lepbase.org/index.html). Three BAC clones (38 g4,
24i10 and 30F8) and two scaffolds (scaffold13474 and scaffold16807) showed high blast values (e-value = 0). Their entire sequences
were mapped on the H. melpomene reference genome with BLAST [42]. They correspond to two regions close to the two breakpoints
of inversion P4. The sequences resulting from the duplications were extracted from the BAC clones and the scaffolds and aligned with
MUSCLE [43].

ABBA-BABA analysis

ABBA-BABA analyses were conducted with the scripts provided by Ref [28]. The fd statistic was computed in 20 kb non-overlapping
windows for the whole genome (min. genotyped position = 1000) and 10 kb sliding windows with a 500bp step, (min. genotyped po-
sition = 500) for the supergene scaffold (HE667780).

Phylogenetic analyses

To determine the direction of introgression, we used the fact that the introgressed species should appear phylogenetically closer than
expected to the donor species, but also closer to the sister species of the donor. Thus, considering a species topology like
(A,B),(C,(D,E)), a sequence showing a (A,C)(D,(E,B)) topology probably arose by the way of an introgression from E to B, whereas
a sequence showing a ((B,E),A)(D,C) topology probably arose via introgression from B to E. To search for such patterns, we computed
a whole genome phylogeny and several phylogenies at different locations within and outside the inversion.

The whole genome phylogeny was obtained with SNPhylo [44], with 100 bootstraps and H. cydno as the outgroup. RaxML [45] was
used to determine local phylogenies, with GTRCAT model and 100 bootstrap. Nevertheless, we found that individuals from the
different species were frequently mixed and the species topology was highly variable, complicating the interpretation of topology
changes at the inversion location. We thus used Twisst [22] to unravel the changes in topology and assess phylogenetic discordance
along the supergene scaffold . We used Beagle [46] to phase the haplotypes of the supergene scaffold, with 10000 bp size and
1000 bp overlapping sliding windows. Maximum likelihood trees were generated with the phyml_sliding_window.py script with
the GTR model and a 50 SNP sliding window (https://github.com/simonhmartin/twisst).

Divergence time analyses
To discriminate between introgression and ancestral polymorphism hypotheses, Bayesian inferences of the divergence time be-
tween H. pardalinus and H. numata were made with Phylobayes [47]. Analyses were performed on 10 kb non-overlapping sliding
windows, using all individuals of the two species and including individuals of all other species in our dataset to obtain better resolu-
tion. Date estimates were calculated relative to the divergence of H. cydno with the silvaniform clade, estimated by Ref [23]. to be
approximately 3,84 mya., using a log-normal autocorrelated relaxed clock. Each chain ran for at least 30000 states, with 10000
burn-in states. Chain convergence was checked with Tracer (http://beast.community/tracer). Resultant trees and time estimates
were analyzed with ete3 python library [48].

Divergence of the duplication-associated sequences was done in the same way. Whole genome resequence data from all species
except Hn1 and Hp were used, as well as sequences from the three BAC clones and the H. numata genome. Hn1 and Hp specimens
were not used, as they tend to artificially increase the mutation rate inferred by Phylobayes
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QUANTIFICATION AND STATISTICAL ANALYSIS
Standard error of fd mean at whole genome level was assessed with 1000 blocks Jackknife, using 600 kb block. In a similar way, 1000
bootstrap were used to assess the 95% confidence interval of fd mean on the inversion Py. 95% confidence interval of divergence

times were directly obtained from the posterior distribution inferred by Phylobayes [47].

DATA AND SOFTWARE AVAILABILITY

The datasets generated or analyzed during this study are available from NCBI SRA (PRJEB12740, PRJEB1749, PRJEB2743,
PRJEB8011, PRUNA308754, PRJNA471310). Individual sample accession numbers are indicated in Table S1.

e3 Current Biology 28, 1839-1845.e1-e3, June 4, 2018



Current Biology, Volume 28

Supplemental Information

Supergene Evolution Triggered by the Introgression

of a Chromosomal Inversion

Paul Jay, Annabel Whibley, Lise Frézal, Maria Angeles Rodriguez de Cara, Reuben W.
Nowell, James Mallet, Kanchon K. Dasmahapatra, and Mathieu Joron



Tk

Whole genome

‘it

Supergene scaffold : 945-950 kb

Supergene scaffold : 830-835 kb

=l

Supergene scaffold : 685-690 kb

Supergene scaffold : 725-730 kb

Supergene scaffold : 795-800 kb

*» % 0 ¢ 000008088
s i i i i e e o ©

. ethilla

hecale

. pardalinus

elevatus
numata (Brazil)

. numata without inversion
. numata with inversion
. ismenius

beskei
cydno

. melpomene



Figure S1 | Phylogenies of the whole genome and five snapshots within the P;
inversion region. Related to Figure 2.

Whole genome phylogeny was computed with SNPhylo [S1] (43). As suggested by
previous studies [S2], the silvaniform clade is characterised by two well separated
branches : one including H. pardalinus, H. elevatus, H. ethilla, H. hecale and the other
including H. numata, H. ismenius and H. besckei. Snapshot phylogenies were computed
on randomly chosen 5kb windows using RaxML [S3] with GTRCAT model. All phylogenies
group H. numata individuals carrying the P inversion with H . pardalinus, despite variation

in the position of the other taxa in the phylogenies.
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Figure S2 | Whole genome ABBA-BABA test with different combinations of taxa.
Related to Figure 3.

fd statistic computed on 20 kb sliding windows are plotted along the whole genome. The
chromosome annotated “A” contains unmapped contigs. Standard error was assessed
with block jacknifing (600kb block). The ABBA-BABA method and its related statistics
compute the excess of shared derived mutations between two taxa compared to a control
taxon not connected by gene flow to the others. The outgroup allows mutations to be
polarized. A mean fd of 0 is expected if the two middle taxa are not connected by gene

flow.



RN
v

g | AL - D) A A ‘ TAAY
I \ \ V = \: \r"\_ A / \ \j\ f\\[ \\ /\/\Vr\[\/ \

B A
= TRMCA Hp
s
% —— TMRCA Hn1
E TMRCA Hn0
B e s o R R T A R T e Tl A T S S P W e T S e AT TR AT > ni
8
[ —— TMRCA Hnl & H,
% C CA Hnl & Hp
[+}]
=
[a}

. = / \ | L /1 A —— TMRCA Hn0 & Hp
f\f/\ 8 Jj \'ﬂv\\v. Xf’\/ \b/ \[\J/ /\ II'\,\/\A-,\,,II 'V-\,-"*'\.\J;\r’\_,:f"f \'t\j-\,f\\/)'r \/\/wa \\/f\

\ V/
."h‘ M || I| A A YA I‘I
0 L. fl \
U A | ‘fN’ ‘I I| { Y
| \ [
I VoAl
Vv’ \_J

\

|

\/
\

100000 200000 300000 400000 500000 600000 700000 800000 900000 1000000 1100000 1200000 1300000

Figure S3 | Variation of divergence times of H. numata and H. pardalinus along the
supergene scaffold. Related to Figure 4D.

A Time to the Most Recent Common Ancestor (TMRCA) of all H. pardalinus (Hp) and H.
numata individuals with the inversion (Hn1, purple) or H. numata without the inversion
(HnO, Green). The divergence of HnO and Hp is not significantly lower in the inversion,
compared to the divergence of Hp and Hnl. Outside the inversion, Hnl and HnO are
equally divergent to Hp.

B TMRCA of all H. pardalinus individuals.

C TMRCAs of all H. numata individuals with (red) vs. without (blue) the inversion.



D TMRCAs of all H. pardalinus and H. numata individuals with the inversion (purple) vs. H.
numata with the inversion (red). The two traces are very close to each within the inversion.

Introgression must have occurred between these two TMRCASs.
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Tree topologies are indicated in Newick format. All these plots show that the phylogenetic
signal is noisy, due to high levels of ILS and probable gene flow between species. The
direction of introgression is robust to the use of different species as “sister” to Hp or Hnl
(A,B,C). The pattern of noisy signal around the gene cortex (~670-780kb) is visible even if
we use combinations of species not influenced by the introgression of the inversion (E,F).
This probably indicates significant ILS between the two major silvaniform branches, and

possibly ancient gene flow at this genomic location, notably between Hh and Hi.



Table S1 | Sample information and sequencing statistics. Related to Figure 1-4. Heterozygous samples for inversion P1 are

highlighted in grey.

v Twon  Mopn  CTEOPR oggn  Fued Mepped Gemobpe Nem | Swhy o Sampe  Spenmen
05_1271_N_sil Nu_Sil_PR1 H. numata silvana Po/Pg Peru 66647836 91.93 179713517 21.81 ERP014239 ERS1076021 ERX1375560
H_n_silvana_05_1240 Nu_Sil_PR2 H. numata silvana Po/Po Peru 117970988 86.05 80089831 22,928 ERP014239 ERS1076020 ERX1375559
N_sil_MJ05_124 Nu_Sil_PR3 H. numata silvana Po/Po Peru 65001771 89.71 177185823 20.9013 ERP014239 ERS1076022 ERX1375561
Hn_sil_fg_MJ09_4184 Nu_sil_FG1 H. numata silvana Po/Po F. Guiana 94737030 91.19 187548324 30.1317 ERP014239 ERS1076023 ERX1375562
N_ill_05_1189 Nu_Illl_PR1 H. numata illustris Po/Pg Peru 76334072 91.50 183295591 24.4199 ERP014239 ERS1076013 ERX1375552
N_lau_16571 Nu_Lau_EC1 H.numata laura Po/Po Ecuador 57299820 92.18 167244938 19.0623 ERP014239 ERS1076015 ERX1375554
H_n_bic_MJ05_123 Nu_Bic_PR1 H. numata bicoloratus P1/Py Peru 141024711 91.06 129161921 36.7494 ERP009041 ERS977711 ERX1222421
N_bic_05_1116 Nu_Bic_PR2 H. numata bicoloratus P1/Py Peru 82962075 90.21 181768693 25.9154 ERP009041 ERS977712 ERX1222422
N_bicx_MC12_176 Nu_Bic_PR3  H. numata bicoloratus Po/P; Peru 83783208 88.70 173489804 25.7444  SRP145614 SRS3298231 SRX4080956
numata.bic_05_1330 Nu_Bic_PR4  H. numata bicoloratus P1/Py Peru 211104518 90.74 187414841 51.6475 ERP014239 ERS1076007 ERX1375546
Hn_bic_eq_16620 Nu_Bic_EC1  H. numata bicoloratus P1/Py Ecuador 94727628 91.87 187575037 30.0208 ERP014239 ERS1076009 ERX1375548
N_bic_16480 Nu_Bic_EC2 H. numata bicoloratus Po/Py Ecuador 82892313 91.74 185190899 26.3263 ERP014239 ERS1076008 ERX1375547
H_n_tar_MJO5_60 Nu_Tar_PR1 H. numata tarapotensis Po/P; Peru 166579593 90.76 132635601 41.1065 ERP014239 ERS1076025 ERX1375564
H_n_aur_MJ02_228 Nu_aur_PR1  H.numata aurora P1/Py Peru 175278085 90.15 138009022 42.1086 ERP014239 ERS1076005 ERX1375544
numata.aur.MJ02_239 Nu_Aur_PR2  H. numata aurora P1/Py Peru 183805717 90.19 187090169 44.8862 ERP014239 ERS1076002 ERX1375541
N_arc_MJ02_297 Nu_Arc_PR1 H. numata arcuella Po/Py Peru 56695414 91.03 168981762 18.7397 ERP014239 ERS1076006 ERX1375545
numata.arcuella.05_1192 Nu_Arc_PR2  H. numata arcuella P./P; Peru 362051660 73.78 183960217 69.246  ERP014239 ERS1076004 ERX1375543
Hn_eu_eq_16568 Nu_eup_EC1 H.numata euphrasius P1/Py Ecuador 107382072 91.91 189453671 33.7777 ERP014239 ERS1076012 ERX1375551
Hn_num_fg_MJ09_4125 Nu_num_FG1 H. numata numata P1/Py F. Guiana 76465877 92.33 181091005 24.5968 ERP014239 ERS1076018 ERX1375557
N_isa_05_1266 Nu_lsa_PR1 H. numata isabellinus Po/Py Peru 67673168 90.37 179047502 21.6733 ERP014239 ERS1076014 ERX1375553
N_lut_MJ02_232 Nu_Lut_PR1 H. numata lutea Po/P, Peru 63577779 91.74 190048735 65.4212 ERP014239 ERS1076017 ERX1375556
numata.lutea.MJ98_a472 Nu_Lut_PR2  H. numata lutea Po/P1 Peru 276153037 89.88 176471655 20.8693 ERP014239 ERS1076016 ERX1375555
N_pee_MJ10_35 Nu_Pee_VE1 H.numata peeblesi P1/Py Venezuela 87758690 86.36 181971286 26.1949 ERP014239 ERS1076019 ERX1375558
N_tim_MJ05_230 Nu_Tim_PR1 H. numata timaeus P1/Py Peru 65985799 91.53 176826063 21.796 ERP014239 ERS1076026 ERX1375565
num_bsl_105_2 Nu_BR1 H. numata robigus Po/Pg Brazil 59800252 88.26 164809266 18.1706  SRP068426 SRS1249548 SRX1532426
num_bsl_105_3 Nu_BR2 H. numata robigus Po/Po Brazil 74381939 89.43 179775887 21.675  SRP068426 SRS1249550 SRX1532427
num_bsl_105_5 Nu_BR3 H. numata robigus Po/Po Brazil 46068159 89.72 139738228 14.9291 SRP068426 SRS1249549 SRX1532428
num_bsl_105_6 Nu_BR4 H. numata robigus Po/Po Brazil 44718449 90.69 138484881 14.6989 SRP068426 SRS1249551 SRX1532429
|_bou_MJ11_2140 Is_Bou_PA1 H. ismenius boulleti Po/Pg Panama 70800314 91.52 172207668 21.3947 SRP145614 SRS3298232 SRX4080957
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F. Guiana
F. Guiana
F. Guiana
Peru
Peru
Peru
Peru
Peru
Peru
Peru
Peru

Brazil

10

62471854
116602456
115988750
140662399
106519548
125359303

67738590
136096832
117582715
106636498

99295290
118056814
117072897
113809883
123500635
126796019

90887823
124050086

89705155
127022399

94814336
133176387
117094131
145717888
122453799
104989279

98792901
120968419
128205229
128331993
130688294
150857830
139958851

71389364

89.30
89.40
91.51
88.54
91.28
90.81
90.79
89.31
89.37
91.13
92.62
92.81
92.57
92.86
92.75
93.10
93.15
92.98
93.42
92.44
93.39
92.11
92.35
92.56
92.32
91.29
91.32
90.83
91.08
89.33
89.41
88.88
87.79
90.69

165983857
184607924
184756619
189721401
185074958
189104011
166744646
189140689
184612773
185618338
179542291
190905729
190254200
185253581
188675189
190500412
174932096
187330523
172759674
189073511
175813735
190679221
188951918
185611126
192427701
186581179
183020575
189023547
190681949
187367141
189228610
192267632
188426528
180859422

18.5848
32.6342
28.4273
34.3632
26.6147
31.1024
18.6897

33.761
29.7887

27.081
26.5777
32.3147
31.2449
29.8331
32.1057
33.3635
24.2674
31.2272
21.8953
30.5796

22.374
33.8888
30.2806
30.9991
37.4905
26.3592
25.0354
29.9269
32.6301
35.4258
36.5758
42.7982
38.0654
22.1451

SRP145614
SRP145614
ERP009041
ERP002440
ERP009041
ERP009041
ERP002440
ERP009041
ERP009041
ERP009041
SRP068426
SRP145614
SRP145614
SRP145614
SRP145614
SRP145614
SRP145614
SRP145614
SRP145614
SRP145614
SRP145614
SRP145614
ERP009041
ERP009041
ERP009041
ERP000991
ERP009041
ERP000991
ERP009041
ERP009041
ERP009041
ERP002440
ERP009041
SRP068426

SRS3298229
SRS3298230
ERS977715
ERS235668
ERS977716
ERS977717
ERS235667
ERS977718
ERS977719
ERS977720
SRS1247739
SRS3298226
SRS3298225
SRS3298233
SRS3298234
SRS3298221
SRS3298222
SRS3298223
SRS3298224
SRS3298218
SRS3298219
SRS3298220
ERS977670
ERS977671
ERS977672
ERS070236
ERS977674
ERS070238
ERS977673
ERS977677
ERS977678
ERS235669
ERS977676
SRS1249544

SRX4080954
SRX4080955
ERX1222425
ERX234892
ERX1222426
ERX1222427
ERX234891
ERX1222428
ERX1222429
ERX1222430
SRX1530168
SRX4080950
SRX4080951
SRX4080958
SRX4080959
SRX4080946
SRX4080947
SRX4080948
SRX4080949
SRX4080943
SRX4080944
SRX4080945
ERX1222380
ERX1222381
ERX1222382
ERX030872
ERX1222384
ERX030876
ERX1222383
ERX1222387
ERX1222388
ERX234893
ERX1222386
SRX1532422



num_eth_110_50
num_eth_110 51
num_eth_110_52

02-
1326_Hel_hecale_HEL_1_CGATGT
09-
164_Hel_hecale_HEL_3 CAGATC
09-

272_Hel_hecale_HEL_6_CGATGT

09-273_Hel_hec_Hel_9_CGATGT
MJ11-2029_Hh_c

MJ11-2952_Hh_m
bes_110_105
bes_110_106
bes_110_107
bes_110_109
Mel_agl_09_108
Mel_agl_09_112
Mel_agl_11_569
Mel_agl_11_572
Mel_ama_09_216
Mel_ama_11_160
Mel_ama_11_ 293
Mel_ama_11_48
Mel_FG_13435
Mel_FG_9315
Mel_FG_9316
Mel_FG_9317
Hc_chioneus_Pa_553
Hc_chioneus_Pa_560
Hc_chioneus_Pa_564

Hc_chioneus_Pa_565

Et BR2

Et BR3
Et_BR4
He_PR1
He_PR2
He_PR3

He PR4
He_Zul_PA1l
He_Mel_PA1
Bes_PR1
Bes_PR2
Bes_PR3
Bes_PR4
Me_Agl_PR1
Me_Agl_PR2
Me_Agl_PR3
Me_Agl_PR4
Me_Ama_PR1
Me_Ama_PR2
Me_Ama_PR3
Me_Ama_PR4
Me_Mel_FG1
Me_Mel_FG2
Me_Mel_FG3
Me_Mel_FG4
Cy_PAl
Cy_PA2

Cy PA3
Cy_PA4

. ethilla
. ethilla

. ethilla

I T I T

hecale

T

hecale
. hecale
. hecale
. hecale
. hecale

. besckei

. besckei

H
H
H
H
H
H. besckei
H
H. besckei
H
m

elpomene

I

melpomene
H.
melpomene

T

melpomene
H.
melpomene
H.
melpomene
H.
melpomene
H.
melpomene
H.
melpomene
H.
melpomene
H.
melpomene
H.
melpomene

H. cydno
H. cydno
H. cydno
H. cydno

narcaea
narcaea
narcaea
felix
felix
felix
felix
zuleika

melicerta

aglaope
aglaope
aglaope
aglaope
amaryllis
amaryllis
amaryllis

amaryllis

chioneus
chioneus
chioneus

chioneus

Po/Po
Po/Po
Po/Po
Po/Pqo
Po/Pqo
Po/Po
Po/Po
Po/Po
Po/Po
Po/Po
Po/Po
Po/Po
Po/Po
Po/Po
Po/Po
Po/Pqo
Po/Pqo
Po/Po
Po/Po
Po/Po
Po/Pqo
Po/Po
Po/Po
Po/Po
Po/Po
Po/Po
Po/Po
Po/Pqo
Po/Po

Brazil
Brazil
Brazil
Peru
Peru
Peru
Peru
Panama
Panama
Brazil
Brazil
Brazil
Brazil
Peru
Peru
Peru
Peru
Peru
Peru
Peru
Peru
F. Guiana
F. Guiana
F. Guiana
F. Guiana
Panama
Panama
Panama

Panama
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46957054
48409500
64759870

123861370

121741791

128712736

149633994
95962446
74169471
48829893
48703627
65885044
54413795

122759664

124511391

142910991

119445032

104112055

143192825

175348328

181163441

110413391
89898443
83981787

107939424

110069266

107188610

117634110

142800065

90.92
89.63
90.92
89.59
91.33
91.42
88.84
91.06
92.75
90.03
90.17
89.84
88.93
87.76
91.12
90.89
91.55
91.43
89.34
88.47
89.75
94.26
77.61
79.81
94.61
92.19

93.3
94.36
90.47

154456014
151486424
177556319
180282637
186306939
188217332
190473240
181116585
171993246
134119995
134582528
165470516
150352793
201298524
207408328
207936488
205472936
204388496
207176375
208614104
209161671
187144878
173430672
165830320
192488123
192787337
194216521
193277121
200389040

15.888

16.042
22.4805
28.7108

28.978
31.1352
35.2172
25.2892
20.8274
15.0049
15.1604
19.2556
16.2316
32.6385
35.9811
40.7941
33.9469
29.6344
40.4082
49.4025
51.6355

33.406
25.0311

24,534
34.3389

36.022
35.2143
39.3059

45531

SRP068426
SRP068426
SRP068426
ERP009041
ERP009041
ERP009041
ERP002440
SRP145614
SRP145614
SRP068426
SRP068426
SRP068426
SRP068426
ERP002440
ERP002440
ERP002440
ERP002440
ERP002440
ERP002440
ERP002440
ERP002440
ERP002440
ERP002440
ERP002440
ERP002440
ERP002440
ERP002440
ERP002440
ERP002440

SRS1249545
SRS1249546
SRS1249547
ERS977679
ERS977681
ERS977680
ERS235670
SRS3298227
SRS3298228
SRS1247723
SRS1247724
SRS1247726
SRS1247728
ERS235655
ERS235656
ERS235657
ERS235658
ERS235653
ERS235652
ERS235654
ERS235651
ERS235648
ERS235645
ERS235646
ERS235647
ERS235659
ERS235660
ERS235661
ERS235662

SRX1532423
SRX1532424
SRX1532425
ERX1222389
ERX1222391
ERX1222390
ERX234894
SRX4080952
SRX4080953
SRX1530152
SRX1530154
SRX1530156
SRX1530157
ERX234879
ERX234880
ERX234881
ERX234882
ERX234877
ERX234876
ERX234878
ERX234875
ERX234872
ERX234869
ERX234870
ERX234871
ERX234883
ERX234884
ERX234885
ERX234886



Table S2 | Copy Number Variation (CNVnator) summary results. Related to Figure 1B.
Nu_Lut PR2, Nu_Lut PR1 and Nu_Bic_EC3 are heterozygous for the inversion P1. This

may explain why we do not detect duplication in these specimens.
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Taa

numats silveno
numato silvana
numeoto silvena
numot loura
numatn illustris
numat bicoloratus
numota bicolorotus
numotn bicoloratus
numata bicoloratus
numet bicoloratus
numot euphrasius
numats isabelinus
numat t moeus
numeot lutea
numaoto lutea
numats numats
numot peeblesi
numots orcuello

T TLTTLTITITXTIXTXELTITITIXTITIITITIXTIX

numotn orcuello

T

numotn curera

H. pardolinus sergestus
H. pardalinus sergestus
H. pardalinus sergestus
H. pardalinus sergestus
H. pardalinus ssp. nov
H. pardalinus $sp. nov
H. pardolinus ssp. nov
H. pardalinus ssp. nov
H. pardalinus butleri
H. pardalinus butleri
H. pardalinus butleri
H. pardahnus butleri
H. pardalinus ecuador
H. pardalinus ecuador
H. pardalinus ecuador
H. elevatus bari
elevatus bari
elevatus bari
elevatus bari
elevatus elevatus
elevatus elevatus
elevatus elevatus
elevatus elevatus
elevatus ecuador
elevatus ecuador
elevatus ecuador
elevatus ecuador
ismenius boulet t
ismenius telchinia
ismenius telchinia
hecale melicerta
hecale zuleilo

hecale

hecale

hecaole

hecole

ethilla

ethille

ethille

ehillo

ITXTIXTILTTLTITITXTILTILITITIXTIETIITIZT LTI ITITITX

Table S3 | Breakpoint PCR summary results. Related to Figure 1B.

D

Nu_Sil_PR1
Nu_Sil_PR3
Nu_Sil_FG1
Nu_Lau_EC1
Nu_lll_PR1
Nu_Bic_PR4
Nu_Bic_PR2
Nu_Bic_EC2
Nu_Bic_EC1
Nu_Bic_PR3
Nu_eup_EC1
Nu_lsa_PR1
Nu_Tim_PR1
Nu_Lut_PR2
Nu_Lut_PR1
Nu_num_FG1
Nu_Pee_VE1
Nu_Arc_PR2
Nu_Arc_PR1
Nu_Aur_PR2
Pa_Ser_PR1
Pa_Ser_PR2
Pa_Ser_PR3
Pa_Ser_PR4
Pa_Ssp_PR1
Pa_Ssp_PR2
Pa_Ssp_PR3
Pa_Ssp_PR4
Pa_But_PR2
Pa_But_PR3
Pa_But_PR1
Pa_But_PR4
Pa_EC1
Pa_EC3
Pa_EC2
El_bar_FG1
El_bar_FG2
El_Bar_FG4
El_Bar_FG3
El_ PR1
El_PR4
ElPR2
El_PR3
El_EC2
EL_EC3
El_EC1
El_EC4
Is_Bou_PA1
Is_Tel_ME1
Is_Tel_PA1
nel_MJ11_2952
He_Zul_PA1
He_PR1
He_PR2
He_PR3
He_PR4
Eth_09_49
Eth_08_62
Eth_09_66
Eth_08_67

Duplica bn
detected?

ZZZ2ZZZZ2ZZ2ZZ2ZZ2Z2Z2Z2Z2Z2Z2Z2ZZ2Z2Z2Z2Z2Z2ZZ2Z2ALAAALAAAAAAAALA A AL LA A AKX A ZZ <A< Z<L< LX< < ZZ=ZZ22

Est mated bounds

HEGB67780:612501-616100
HEB67780:612501-616200
HEB667780:612401-619100
HEG67780:612501-616200

HEB67780:612501-616200
HEB67780:612501-615900
HEB67780:612501-616100

HEB67780:612701-616200
HEB67780:612501-615400
HEB67780:612501-616200
HE667780:612501-616100
HEB67780:612501-616200
HEG667780:612501-616000
HEB67780:612501-616200
HEB67780:612401-616200
HEB67780:612401-616200
HEB67780:612501-616200
HEB67780:612201-616800
HE667780:612501-616200
HEB67780:612401-616100
HEB67780:612401-616200
HEB67780:612501-616100
HEB67780:613501-616400
HEG67780:612401-616800
HEB67780:612501-616200
HEB67780:613501-616200
HEB67780:612401-616200
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Estimated size (bp)

3600
3700
6700
3700

3700
3400
3600

3500
2900
3700
3600
3700
3500
3700
3800
3800
3700
4600
3700
3700
3800
3600
2900
4400
3700
2700
3800

Normaised
read depth

1,97
2,48
1,37
215

225
1,82
224

2,21
2,98
1,79
1,92
212
2,32
2.05
2,06
2,05
2,22
1,04
217
2,24
2,15
2,00
2,38
2,07
2,03
236
217

e4alue

1,68E-09

0
0,000165261
0

0
3,56E-08
0

0
0,000194241
1,72E-10
4,43E-10

3,80E-08
1,45E-10
3,45E-10
8,58E-08

0



BPO refers to the absence of P, breakpoints, i.e. the ancestral gene order. BP1 refers to
the presence P; breakpoint. Presence of other rearrangements do not allow the

amplification of BP1. BP2 refers to the presence of P; and P,, as detailed in Ref. [S4].

Taxa BPO frequencies (31b4) BP1 frequencies (24110) BP2 frequencies(38g4)
H.numata silvana (A) 24/24 0/24 0/24
H.numata illustris (A) 4/4 0/4 0/4
H.numata Bicoloratus (P1) 8/33 32/33 17/33
H.numata aurora (P1+P2) 6/10 0/10 10/10
H.numata arcuella (P1+P2) 7710 0/10 10/10
H.numata tarapotensis (P1+P2) 12/36 0/36 35/36
H.numata numata (P1+P2) 28/34 0/34 34/34
H.ismenis 3/3 0/3 0/3
H.ethilla 7 0/1 on
H. hecale 3/13 0/3 0/3
H. pardalinus 0/18 18/18 0/18
H. elevatus 4/4 0/4 0/4
H. melpomene 1111 0/11 0/11
H. cydno na na na
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