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Introduction

The Peruvian Paso Horse (PPH) represents a unique equine genetic resource known for its smooth
four-beat gait and recognized as part of country s cultural heritage (MINCETUR, 2012). However,
limited genomic information has restricted the implementation of molecular-assisted breeding and
conservation programs. Advances in high-throughput sequencing and bioinformatics have
revolutionized livestock genomics (Johnsson et al., 2023; Ablondi et al., 2024, Trujano et al.,
2025). To date, few equine breeds have been characterized using long-read sequencing
(Kalbfleisch et al., 2018), Hi-C scaffolding (Pokharel et.al., 2024, Steensma et al., 2025, Li et al.,
2025), and genome-wide SNP genotyping (Wolfsberger et al., 2022, Sigurdardottir et al., 2024).
Here, we report the first integrative genomic study of the PPH, combining third-generation
sequencing (TGS), Hi-C data, and SNP chip genotyping to establish foundational genomic
resources for this iconic breed.

Materials & Methods

Whole-genome sequencing was performed using PacBio HiFi long reads, [llumina short reads,
and Hi-C libraries. Genome size and heterozygosity were estimated prior to assembly using
Jellyfish v2.3.1 for k-mer counting and GenomeScope v2.0 for model fitting. The k-mer frequency
distribution derived from Illumina short reads was analyzed to infer haploid genome length, repeat
content, and heterozygosity. The nuclear genome was assembled with Hifiasm in Hi-C mode,
generating a primary assembly and two haplotypes, and chromosome-scale scaffolding was
performed with YaHS using Hi-C data. Hi-C contact maps were inspected to evaluate long-range
consistency and to detect potential mis-joins or orientation errors in scaffolds. Assembly contiguity
statistics were summarized using gfastats. Assembly completeness was evaluated with BUSCO
(mammalia_odb12) and k-mer—based completeness and consensus quality were assessed with
Merqury. The mitochondrial genome was assembled with MitoHiFi, annotated using MITOS2,
and validated with MitoZ. Comparative phylogenetic analysis included complete mitochondrial
genomes from related equine breeds available in GenBank. A total of 143 PPH individuals were
genotyped with the [llumina Equine SNP70K BeadChip. Quality control was performed in PLINK
v1.9 (MAF > 0.05, call rate > 0.95, HWE P > 0.001). PCA and pairwise Fst were estimated to
assess genetic diversity and population structure.

Results
K-mer profiling of [llumina reads (Jellyfish; GenomeScope) estimated a haploid genome size of
2.39 Gb with 68x coverage, 83.7% unique sequence, 1.98 duplication rate, and 0.26% error rate.
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Figure 1. Maximum Likelihood phylogenetic tree of 681 horses inferred from mitochondrial
genomic sequences.

The PacBio HiFi-Hi-C primary assembly scaffolded with YaHS showed a strong, continuous Hi-
C diagonal with limited off-diagonal signal. The primary nuclear assembly totaled 2.91 Gb (146
scaffolds, 293 contigs) with 0.001% gaps, scaffold N50 = 94 Mb and contig N50 = 56 Mb,
comparable to recent equine reference-grade assemblies. BUSCO (mammalia odb12) indicated



99.2% complete genes. The mitochondrial genome was resolved as a circular 16,617 bp sequence
with conserved structure; heteroplasmy was mainly detected in RNA genes and was absent from
protein-coding regions. Phylogenomics placed the Peruvian Paso Horse within a European breed
clade (Figure 1). SNP70K genotyping of 143 individuals revealed two partially overlapping
clusters in the PCA (Figure 2), with diversity (He = 0.345) and low but detectable differentiation
(Fst=0.021).
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Figure 2. Principal component analysis (PCA) of Peruvian Paso Horse individuals based on
SNP70K genotypes, showing subtle population structure among breeding regions.

Discussion

These results provide the first integrative genomic resources for the Peruvian Paso Horse,
combining long-read sequencing, Hi-C scaffolding, and SNP genotyping. The chromosome-scale
nuclear assembly and high gene-space completeness support its use as a robust reference for
downstream annotation and trait mapping. The mitochondrial results, including heteroplasmy



largely restricted to RNA genes, are consistent with strong functional constraint on coding
variation (Burr et al., 2018; Popadin et al., 2013; Walker et al., 2020). The phylogenomic
placement within a European clade refines traditional Iberian-origin narratives by suggesting a
broader European maternal ancestry. Finally, the PCA pattern and low Fst indicate a largely
cohesive population with modest regional structure, providing a useful baseline for conservation
planning and future genomic applications.

Conclusions

We deliver foundational genomic resources that move the Peruvian Paso Horse from limited
genomic data to a reference-enabled breed. By providing a high-quality nuclear reference, a fully
resolved mitogenome, and a genome-wide SNP baseline, this study sets the stage for national-level
genetic management and for future association and prediction studies targeting the hallmark four-
beat gait. Together, these outputs strengthen long-term conservation and support modern breeding
programs aligned with breeder needs.
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