PIG GENOMICS
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Despite the ubiquity of wild boar populations across Eurasia,
their origins, routes of dispersal, and phenotypic evolution remain
uncertain. Here, using 745 genomes representing populations
across Eurasia, we demonstrate that wild boar expanded from
South Asia during the Middle Pleistocene. This expansion was
preceded by a Pliocene introgression (~3 to 5 million years ago)
in South Asia from an archaic Suinae lineage that introduced a
~43 megabase X-chromosomal haplotype into the ancestral
wild boar population. This haplotype includes loci associated
with increased body size and adaptation to cold climates. During
domestication, this region was selected at least three times
independently to develop modern large-bodied breeds. Our
findings reveal a long-lasting evolutionary legacy of this ancient
introgression, which provided genetic material that was later
shaped by natural and artificial selection.

Wild boar (Sus scrofa) is among the most widely distributed terrestrial
mammals. Their populations occupy diverse habitats across Eurasia
and North Africa, including tropical forests and the subarctic (7-3).
Although fossil and genetic evidence suggests a Pleistocene expansion
from tropical Asia [~0.5 to 1 million years ago (Ma)] (4-6), sparse
genomic sampling from South Asia has left unresolved whether South
Asia, mainland Southeast Asia (MSEA), or island Southeast Asia (ISEA)
harbors the deepest-diverging wild boar lineage.

The adaptation of wild boar across diverse ecosystems during their
expansion was likely facilitated by interspecific introgression (5, 7).
Subsequent independent pig domestication processes in Western and
Eastern Eurasia (I), together with gene flow between wild boar and
domestic pigs (8), possibly favored introgressed variants to promote
phenotypic diversity in pigs. One highly variable phenotype impor-
tant to domestication in pigs is body size (9). Tropical Asian minia-
ture breeds, widely used as biomedical models (10), weigh only ~20 kg,
whereas some European large-bodied breeds exceed 400 kg (11, 12).
In wild boar, variation in body size often follows Bergmann’s rule,
where larger individuals occupy colder climates (13). An archaic
X-chromosomal introgression [~40 megabase (Mb)] has been implicated
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in cold adaptation of Western and Northern Eurasian wild boar (7),
yet its evolutionary origin and relevance to body-size diversification
remain unclear.

Here, we analyzed 745 genomes from 58 populations worldwide
(table S1; see materials and methods), including three de novo assem-
blies and 256 newly sequenced samples from South Asia and MSEA
(fig. S1 and tables S2 to S4). Using population genomic approaches,
we assessed the phylogeographic origin of wild boar, mapped the evo-
lutionary trajectory of the ancient introgression, tested its contribu-
tions to body-size variation and climate adaptation, and evaluated its
role in selection during pig domestication.

South Asian wild boar as a sister lineage to other wild boar and
domestic pigs

Phylogenetic trees of mitogenomes, Y-chromosomal sequences, and
genome assembly k-mers consistently indicated that South Asian wild
boar represent a distinct lineage sister to all other wild boar and do-
mestic pig lineages (100% bootstrap support; figs. S2 and S3 and ta-
bles S5 to S7). This model of South Asian wild boar as the sister group
to all other groups (hereafter the South Asia-sister topology) was also
favored by admixture graphs, i.e., qpGraph (14) (|Z| = 1.75; fig. S4) and
AdmixtureBayes (15) [posterior probability (PP) = 0.896; Fig. 1A],
whereas alternative models involving interspecific introgression into
South Asian wild boar received negligible support (PP = 0.0001; fig. S5).
Principal components analysis (PCA) further revealed a clear genetic
differentiation of South Asian wild boar and domestic pigs from other
groups (Fig. 1B, fig. S6, and table S1).

The South Asian group exhibited higher historical effective population
size (Ne), greater genetic diversity, faster linkage disequilibrium (LD) de-
cay, and a lower inbreeding coefficient (Fig. 1C, figs. S7to S9, and table S8).
Of the ~104.78 million single-nucleotide polymorphisms (SNPs) genotyped
in our dataset, 45.47% (~47.64 million) were previously unreported in the
dbSNP database (16). Of these new SNPs, 70.29% were common [minor
allele frequency (MAF) > 0.05] and 14.19% were private to South Asia,
3.59-fold more than all other groups combined (table S9), arguing against
recent admixture as the main cause of high South Asian diversity.

To assess the frequency of the South Asia-sister topology, we ap-
plied topology weighting with Twisst (17), which showed that this
topology was supported more often than the ISEA- or MSEA-sister
alternatives across sliding windows (Fig. 1D and table S10). This
inference was robust to local nonmonophyly: Even among nonmono-
phyletic windows, most of the windows placed South Asian samples
as sister to the remaining sampled S. scrofa populations (63.91% of
autosomal windows and 73.49% of X-linked windows; table S11). The
ISEA-sister signal likely reflects interspecific introgression from Sus
verrucosus rather than incomplete lineage sorting (ILS), as sup-
ported by concordant evidence from D statistics (18), TreeMix (19),
AdmixtureBayes, QuIBL (20), qpGraph (14), and f4-ratio analyses (21)
(Fig. 1A and figs. S10 to S13), as well as prior studies (22). Using
demographic modeling with Momi2 (23), we estimated introgression
from S. verrucosus into ISEA wild boar at ~325 thousand years ago
(ka) (303 to 341 ka) (fig. S14).

Because high recombination can facilitate the persistence of intro-
gressed ancestry (24, 25), we explored its association with the ISEA-
sister topology. Fine-scale recombination rate was positively correlated
with both the Twisst weight for this topology and S. verrucosus-ISEA
allele sharing (Asver-1sea) (figs. S15 to S17 and tables S12 and S13). After
controlling for GC content, CpG density, local mutation-rate proxy,
and mappability, the correlation between the recombination rate and
Asver-1sEA Temained moderate to strong on autosomes (p = 0.637 to
0.983) and the X chromosome (p = 0.562 to 0.616) (fig. S17).

In contrast, regions supporting the South Asia-sister topology exhibited
significantly lower recombination rates than those supporting the
MSEA- or ISEA-sister alternatives (Wilcoxon rank sum test, P < 0.0001;
Fig. 1E), a pattern consistent with the expectation that low-recombination
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regions may be less affected by complex reticulate histories (26). To
test whether this signal reflected recombination-rate bias, we re-
peated AdmixtureBayes after excluding the lowest or highest 20%
of recombination-rate bins. In both analyses, the South Asia-sister
topology remained the top-ranked minimal topology (PP = 0.780
and 0.707; fig. S18), indicating that this topology was not driven by
recombination-rate extremes. These findings support the South
Asia-sister topology as the predominant evolutionary history of
wild boar, whereas the ISEA-sister signal appears partly shaped by
S. verrucosus introgression and its preferential retention in high-
recombination regions.

Wild boar divergence times and domestic pig ancestry

To estimate divergence times among wild boar populations, we used
autosomal segments supporting the South Asia-sister topology to
minimize the impact of interspecific introgression. Multiple sequen-
tially Markovian coalescent 2 (MSMC2) analysis (27, 28) estimated
the South Asian wild boar separation from other lineages at 658 to
695 ka, substantially predating the divergence among all pairs of
non-South Asian populations (113 to 360 ka; Fig. 1F and fig. S19).

Pigs were independently domesticated from wild boar in Asia and
Europe (). Crossbreeding between the two domestic populations since
the 18th century has created mixed ancestry in some breeds (8, 29, 30).
To quantify European and Asian ancestry across South and Southeast
Asian pig populations, we performed haplotype-based admixture analy-
ses (31, 32). We detected European admixture in some local popula-
tions, such as Nepalese Hurrah (31.44%), Thai (28.78%), and Myanmar
pigs (75.17%) (fig. S20 and tables S14 and S15), with most admixture
events (92.3%, n = 13) occurring in the past ~73 generations. By con-
trast, several local breeds, including Laotian Small-Eared, Eastern
Nepalese Bampudke, and plainland Bangladeshi pigs, showed no de-
tectable European admixture.

Mitogenomic and Y-chromosomal analyses revealed predominantly
Asian maternal (69% South, 31% East/Southeast Asian) and mixed
paternal origins (75% Asian, 25% European) (fig. S2 and tables S5 and
S6). Given the larger body size of European commercial pigs than
Asian indigenous pigs, their genetic contribution is consistent with
recent crossbreeding aimed at increasing body size (9).

South Asian origin of the large X-chromosomal

introgressed haplotype

The deep divergence of the South Asian lineage suggests that it may be
the source of the highly divergent X-chromosomal haplotype previously

identified in European and northern Chinese wild boar (7, 33). We
tested this hypothesis using Saguaro (34) and Twisst (I7) on the X
chromosome. A large continuous region (~44 to 87 Mb) distin-
guished South Asian large-bodied populations (e.g., Pakistani wild boar
and Bangladeshi pigs) from miniature ones (e.g., Nepalese wild boar and
domestic pigs) through a distinct phylogenetic topology (Fig. 2A and
fig. S21). This pattern was consistently observed across global popula-
tions: Large-bodied S. scrofa populations from South Asia, Europe, and
northern China formed a sister lineage to a clade comprising pygmy hog,
other Sus species, and miniature S. scrofa from tropical Asian regions,
with a divergence time of ~8.70 to 7.01 Ma (Fig. 2B and fig. S22).

We further tested whether the large-body-associated haplotype
was introduced into the population through introgression with an
extinct Suinae lineage (7, 33). Archaic segment detection using Sprime
(35) and HMMix (36) provided support for ancient introgression,
with enrichment concentrated in the ~44- to 87-Mb region (Sprime
scores > 95th percentile; HMMix, PP > 80%; fig. S23). A permuta-
tion test showed that this enrichment was robust to different out-
group choices and masking strategies (combined Z = 4.16, empirical
P = 0.030; fig. S24). Coalescent analysis based on ancestral recom-
bination graphs using SINGER (37) yielded a deeper time to the
most recent common ancestor (TMRCA) for the ~44- to 87-Mb re-
gion than for the autosomal background (fig. S25), consistent with
acquisition of the large-body-associated haplotype from a divergent
lineage. In addition, coalescent simulations with msprime (38) in-
dicated that the observed TMRCA deviated markedly from ILS-only
expectations (P < 0.001; fig. S26), suggesting that the depth of co-
alescence cannot be explained by ILS alone.

Within this introgressed region, two subregions (~44 to 57 and ~57
to 87 Mb) exhibited distinct evolutionary histories in northern Chinese
domestic pigs (Fig. 2B and fig. S21). However, both subregions posi-
tioned South Asian wild boar sister to the European and northern
Asian wild boar lineages, with divergence times of ~5.45 to 3.05 Ma.
Combined with the broad geographic distribution of this South Asian
lineage across the Ganges-Brahmaputra Delta, the Indus River basin,
and Sri Lanka, these results support a South Asian origin of the intro-
gressed haplotype in S. scrofa (Fig. 2, C and D).

Association between the X-chromosomal introgression

and body size

Marked divergence in the introgressed region (~44 to 87 Mb) between
miniature and large-bodied pigs suggests an association with body
size. To test this hypothesis, we performed a genome-wide association
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Fig. 1. Population structure, geographic distribution, and genetic parameters. (A) Minimal topology with the highest PP (0.896) inferred using AdmixtureBayes (15). The
dashed line indicates admixture from S. verrucosus to ISEA wild boar [95% confidence interval (Cl) = 17.8 to 21.2%]. Each node is labeled with its PP. (B) PCA and
geographic distribution of populations. Samples are colored by geographic region: South Asia (red), ISEA (light blue), MSEA (purple), East Asia (dark blue), and Europe (brown).
(C) Genetic parameters (MAF > 0.05) across region groups: heterozygosity (H), nucleotide diversity (x), and inbreeding coefficient (F). Wilcoxon rank sum test

(*P < 0.05; **+*++P < 0,0001; and ns, not significant). (D) Genome-wide frequencies of three alternative topologies inferred using Twisst (17) (5000 SNP windows):
MSEA-sister (purple), South Asia—sister (pink), and ISEA-sister (blue). “chrA” and “chrX" denote autosomes and the X chromosome. (E) Fine-scale recombination rates for
genomic regions supporting the three topologies (Wilcoxon rank sum test, **+##*P < 0.0001). (F) Dispersal routes of wild boar inferred from molecular divergence times

estimated with MSMC2 (fig. S19).

study (GWAS) for breed-level body size using a linear mixed model
with an autosomal relatedness matrix, sex, and principal components
(PCs) to account for population structure (Aautosome = 1.010; Fig. 3A,
fig. S27, and table S16). Nearly all significant SNPs mapped to the ~44- to
87-Mb region (16,365 out of 16,383; 99.9%), with the strongest associa-
tion signal concentrated in the first subregion (~44: to 57 Mb; Bonferroni
P <2.04 X% 10"9). LD analysis revealed uniformly high D’ (mean 0.963)
but heterogeneous squared correlation coefficients (r?) among vari-
ants (mean 0.595; fig. S28), suggesting limited recombination across
this region alongside multiple associated variants with variable allele
frequencies. Coalescent simulations with msprime (38) showed that
this LD pattern can be recapitulated under strong positive selection
(s = 0.02) and reduced recombination (~10%-fold) (fig. S29).
Archaeological observations in wild boar link larger body size to
colder environments, consistent with Bergmann’s rule (13). We therefore
tested whether body-size-associated genetic variation was also associ-
ated with climatic variables using 72 bioclimatic variables from the Last
Glacial Maximum (~21 ka) and recent decades (1979-2013) (A = 0.992
to 1.036; table S17). Sixteen climate variables representing winter-to-
spring minimum temperature and precipitation showed strong
X-chromosomal enrichment, with >85% of the top 100 association hits
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in the ~44- to 57-Mb subregion (Fig. 3B and figs. S27 and S30; P < 1.97 X
10_9). Bidirectional Mendelian randomization (MR) (39) provided evi-
dence consistent with a causal contribution of larger body size to adapta-
tion to colder environments [inverse-variance weighted (IVW) method
B: —0.21 to —0.11, false discovery rate (FDR) < 0.05], whereas reverse
environmental effects were not significant (Fig. 3C). Estimates were
consistent across three additional MR algorithms (e.g., minimum
February temperature IVW f§ = —0.21, MR-PRESSO p = —0.19; fig. S31),
with no detectable directional pleiotropy by MR-Egger regression
(table S18). Collectively, this ancient introgression likely contributed to
body-size variation that facilitated wild boar adaptation to diverse
Pleistocene environments.

Regulatory associations of the X-chromosomal

introgressed haplotype

Despite strong DNA-level LD across the large introgressed region (~44 to
87 Mb), allele-specific expression (ASE) can provide gene-level regulatory
readouts less directly confounded by long-range LD (40). To test this, we
used an F; resource population generated from large-bodied Duroc sires x
miniature Luchuan dams (n = 189, 77 females; Fig. 3D and table S19)
and analyzed the association between ASE of muscle-expressed genes
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Fig. 2. Phylogeography of X-linked haplotypes underlying body-size divergence. (A) X-chromosomal topologies of South Asian (SA) miniature and larger-bodied wild boar
and domestic pigs. Left line plots show Twisst-derived topology weightings, color-coded to right-side topologies. (B) Phylogenetic trees for two X-chromosomal subregions

(~44 to 57 and ~57 to 87 Mb), showing distinct placements of northern Chinese domestic pigs (100% bootstrap support). Node bars indicate Bayesian divergence times
(median, 95% Cl) calibrated by soft fossil constraints (33). The posterior age density for the miniature versus larger-bodied clade split (~8.70 to 7.01 Ma) is shown. (C) Geographic
distribution of miniature (purple) and larger-bodied (red) X-linked haplotypes. The larger-bodied haplotype includes South Asian (e.g., Nepalese Hurrah, Pakistani, and Sri Lankan
wild boar; plainland Bangladeshi domestic pigs), Northern Chinese and Northern Asian, and European populations. The “South Asian miniature” haplotype includes Nepalese
wild boar and miniature breeds (e.g., Bampudke and eastern Chwanche) and southeastern Bangladeshi and northeastern Indian pigs. The “MSEA miniature” haplotype is
found in wild boar and miniature domestic pigs from MSEA (e.g., Laotian and Vietnamese populations) and southern China (e.g., Wuzhishan, Luchuan, Diannan Small-Eared, and
Bama Miniature breeds). (D) Hypothesized expansion of the larger-bodied X haplotype from South Asia to Europe and northern China.

and carcass straight length, a representative adult body-size trait.
Genome-wide comparison showed that this correlation peaked in the
~44- to 57-Mb subregion, with opposite directions for the two haplotypes
(median 7 = 0.20 and —0.20 for the large-bodied and miniature haplo-
types, respectively; both P < 107° versus autosomal background,
Mann-Whitney U test; figs. S32 and S33), suggesting a muscle-specific
regulatory association with adult body-size-related traits.

To test whether this regulatory signal extended beyond carcass
length, we performed a phenome-wide association study (PheWAS)
across 11 growth- and carcass-related traits in the F; population,
including weights at three stages, body length, eye muscle area, back-
fat thickness, and vertebral and rib counts. Multiple body-size traits
were significantly associated with ASE of 35 genes in this region
(Bonferroni P < 0.004; Fig. 3E and table S20). Postnatal growth traits,
such as carcass length and slaughter weight, were mainly associated
with genes preferentially expressed from the large-bodied haplotype,
whereas prenatal and early developmental traits, such as vertebral
and rib counts, birth weight, and weaning weight, were linked to genes
preferentially expressed from the miniature haplotype. Among these as-
sociations, 86% (12/14) involving large-body-haplotype-biased expression
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correlated positively with body-size traits (e.g., ZC4H2, EFNBI, and
MAGEDI), whereas 68% (23/34) involving miniature-haplotype-biased
expression showed negative correlations (e.g., AMERI1, SMCIA, and
GLA). Several of these genes are annotated for the development
and growth functions (471) (table S21), supporting context-specific
regulatory associations between this region and body-size-related
traits.

To characterize the cis-regulatory architecture underlying these ASE
patterns, we analyzed enhancer enrichment in the ~44- to 87-Mb region
across 14 major pig tissues using integrative chromatin-profiling datasets,
including chromatin immunoprecipitation sequencing for histone modi-
fications and assay for transposase-accessible chromatin with sequencing
(ATAC-seq) (42, 43). We identified six enhancer-enriched candidate regu-
latory subregions (0.5 Mb in width; 44.0 to 44.5, 56.0 to 56.5, 57.5 to 58.0,
63.0 to 63.5, 83.0 to 83.5, and 84.5 to 85.0 Mb) with moderate to strong
enhancer enrichment (Fig. 3F, fig. S34, and tables S22 and S23). These
subregions showed distinct tissue enrichment profiles, including the
central nervous system and muscle (~44.0 Mb), gastrointestinal tract
(~63.0 Mb), neuroendocrine system (~84.5 Mb), and multiple metabolic
and digestive organs (~57.5 to 58.0 Mb). These chromatin annotations
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Fig. 3. Association of the X-chromosomal introgression (~44 to 87 Mb) with body size and cold adaptation. (A) Manhattan plot for body size (Bonferroni P < 2.04 x 10’9)
with the lead SNP labeled. (B) Manhattan plot for minimum December temperature (P < 1.97 x 10’9). (C) Causal effects between body size and cold adaptation using MR
analyses. Points represent IVW fixed-effect estimates with 95% Cl for significant associations (FDR < 0.05). BIO10, mean temperature of warmest quarter; BIO19, precipitation
of coldest quarter; LGM, Last Glacial Maximum; Precip, precipitation; Tmin, minimum temperature. (D) Schematic of the ASE-based PheWAS. RNA-sequencing reads from Fy
offspring (large-bodied Duroc boars x miniature Luchuan sows) were aligned to parental haploid genomes to quantify ASE and then test body-size trait associations. (E) ASE-based

PheWAS across the ~44- to 87-Mb region. Z scores (B/SE) for genes (points) and distributions (boxplots) in large-bodied (purple) and miniature (blue) haplotypes

(Bonferroni P < 0.004). (F) Enhancer enrichment heatmap (500-kb bins) across 14 tissues. Triangles represent multitissue regulatory segments (FDR < 0.05, fold > 1, and
Z score > 2.0 in at least three tissues). Color denotes tissue-normalized Z scores of enhancer density (binomial test FDR in table S22). Top genes from (E) are shown above.
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provide supportive evidence that enhancer-enriched subregions may
contribute to ASE-associated regulatory architecture, including potential
contributions from transposable-element-derived enhancers (44,).

Historical recombination suppression between haplotypes and
structural variant accumulation
In the ~44- to 57-Mb subregion, South Asian, northern Chinese, and
European pigs (medium- to large-bodied) carry the introgressed hap-
lotype, whereas miniature breeds carry the ancestral-like haplotype,
which is also represented in other extant Sus species and pygmy hog
(Figs. 4A and 2B). The deep genetic divergence between these two
haplotypes in this subregion (Figs. 4B and 2B and fig. S35) suggests
reduced recombination between them. Consistent with this, historical
recombination between the two divergent haplotypes was suppressed
in populations carrying both haplotypes (fig. S36).

We then explored whether structural variants (SVs) had accumulated
in this region. SVs were identified using Synteny and Rearrangement
Identifier (SyRI) (45) and validated using a pangenome graph-based

European wild boar

European domestic pigs

South Asian domestic pigs (large,
Northern Asian wild boar
Northern Chinese domestic pigs
South Asian miniature pigs
MSEA miniature pigs

approach (46). On the X chromosome, we detected 134 medium-to-large
SVs (100 bp to 77.5 kb), of which 97.01% (130/134) were associated with
the large-bodied versus miniature haplotype groups (Benjamini-Hochberg
FDR < 0.05; figs. S37 and S38 and tables S24 and S25). Most of these SVs
(126/134,, 94.0%) were concentrated within the ~44- to 57-Mb subregion,
including most insertions (95.65%) and deletions (90.00%), as well as all
inversions and highly divergent regions. Together, these SVs may have
contributed to or reinforced recombination suppression between the in-
trogressed and ancestral haplotypes (47).

Selection on variation in the X-chromosomal introgressed
haplotype in domestic pig populations
Although recombination was suppressed between the ancestral and
introgressed haplotypes, linkage maps from populations fixed for either
haplotype showed recombination rates comparable to the rest of the X
chromosome (fig. S36), suggesting that recombination can proceed nor-
mally between homologous copies of the same haplotype. Nevertheless,
domestic populations carrying the introgressed haplotype showed
longer-range LD and lower nucleotide diversity than
wild boar (Fig. 4C and figs. S39 and S40). Together,
these patterns are consistent with positive selection
in domestic pig populations, likely favoring increased
body size (9), acting on the limited standing genetic
variation in the introgressed haplotype.

To further test this hypothesis, we computed sev-

Large
e )

IMiniature
7 ol

Gy 20 0 € o 100 120 Mb eral summary statistics, including fixation index (Fsr),

B — southAsia (miniature vs. large)— Tropical Asian miniature vs. European large — MSEA_China (miniature vs. large) Tajima’s D, allele frequency change (AAF), and ex-
1.0 tended haplotype homozygosity (EHH) decay. In the
~44- 10 57-Mb subregion, Fsy was 3.0- to 3.9-fold higher

“~ 5 than the genome-wide background across northern
0.0 Chinese, European, and South Asian pigs (top 0.55

Cc — Asian Wild — Asian Domestic — European Wild — European Domestic to 1.38% genome-wide; Fig. 4D and fig. S41). An Fsr

enrichment test showed that body-size-associated
SNPs had significantly elevated population differentia-
tion compared with MAF-matched control SNPs (P <

0.0001; fig. S42), consistent with genetic differen-
tiation shaped by selection (48). Domestic pigs also

Fst

exhibited more negative Tajima’s D than wild boar
populations (Fig. 4E and fig. S40).
Furthermore, consistent with polygenic selection

(49), frequencies of body-size-increasing alleles
(AAF for GWAS alleles with f > 0; P < 2.04 X 10_9)

were higher in larger-bodied domestic pigs than in
wild boar (Wilcoxon rank sum test, P < 5.92 x 101,
Fig. 4F and fig. S40). Finally, consistent with the

nucleotide diversity estimates, EHH profiles further
confirmed reduced haplotypic diversity in domestic

pigs across this subregion (fig. S43). Given the long-
range haplotype structure and heterogeneous LD
across this region, we interpreted these selection

Q

o

©

£

i)
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Fig. 4. Genetic differentiation and selection signals in the X-chromosomal introgressed region

(~44 to 87 Mb). (A) Phased X-chromosomal haplotypes. Individual tracks are colored by haplotype group
(blue, miniature; orange, large-bodied; AAF > 0.01; 10-SNP windows; 10,000 randomly selected SNPs).
Vertical dashed lines delineate introgression intervals at 44, 57, and 87 Mb. (B) Fst analysis between
miniature and large-bodied pigs. The brown line represents differentiation between South Asian miniature
pigs (Nepalese Bampudke and Chwanche) and larger-bodied South Asian pigs. The cyan line represents
differentiation between all miniature pigs and European large-bodied pigs. The orange line represents
genetic differentiation between MSEA miniature pigs (Laotian Small-Eared, Vietnamese Mongcai and Ban,
and Chinese Wuzhishan, Luchuan, Bama, and Diannan Small-Eared breeds) and larger-bodied pigs from
northern China. (C to F) Selection summary statistics in domestic pigs in the introgressed X-chromosomal
region: nucleotide diversity (r) (C), genetic differentiation from wild boar (Fsr) (D), Tajima’s D (E), and allele
frequency increase (AAF) (F) for body-size-increasing alleles relative to wild boar (alleles with GWAS § > 0

and P < 2.04x1079).
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statistics as complementary haplotype-level evidence
rather than independent SNP-level signals. Together
with independent domestication histories in northern
Chinese, European, and South Asian domestic pigs
(1), these results suggest that selection on this intro-
gressed region may have occurred at least three
times independently.

Our results suggest that Eurasian wild boar derived
from a South Asian lineage that expanded during the
Middle Pleistocene. Before this dispersal, admixture
(~3 to 5 Ma) with a distantly related Suinae lineage
likely introduced a divergent ~43-Mb haplotype into
ancestral wild boar in South Asia, which later spread
to North Asia and Europe during the Pleistocene ex-
pansion. This haplotype is associated with increased
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body size in northern-latitude populations, consistent with a selective
advantage in colder climates under Bergmann’s rule (13). Over millions
of years, additional mutations and SVs accumulated in this extended
X-chromosome region, establishing a reservoir of standing variation that
was later reshaped by selection during domestication to generate modern
large-bodied pig breeds. Collectively, these findings show how ancient
introgression can provide a long-lasting reservoir of genetic variation for
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both natural and human-mediated selection.
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Editor’'s summary

Archeological evidence has suggested an origin in tropical Asia for wild boar, but genetic sampling from modern

pig populations in this region has been limited. Chen et al. examined 745 genomes from pigs and wild boar from 58
populations across mainland and island Southeast Asia. They found that South Asian wild boar are deeply diverged
from European wild boar and domesticated pigs, although gene flow between these groups has been extensive.
This extended sampling revealed that a haplotype on the X chromosome associated with larger body size was likely
introgressed from an extinct lineage. Allele-specific expression in crosses between miniature and large pig breeds
suggested potential genes underlying this important agronomic trait. —Corinne Simonti
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