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Introduction

Ensembl (www.ensembl.org) is an open platform which enables visualisation and discovery of
domestic animal genomes by integrating publicly available data for an extensive range of
species, breeds and populations (Yates et al. 2025). It provides annotation of genes and
regulatory features, genome alignments and genetic variants, as well as aggregating functional
predictions and phenotypes. Ensembl has recently launched a new unified infrastructure and
web interface (https://beta.ensembl.org), with a state of the art genome browser, that is designed
to provide new data updates every two to three weeks (Yates et al. 2025). In parallel, domestic
animal genomics is rapidly shifting from a single linear reference genome per species towards
telomere-to-telomere  (T2T) genomes and multiple high-quality assemblies per
breed/population (Kalbfleisch et al. 2024). This is coupled with a rapid growth in new
functional genomics datasets (long-read transcriptomics and regulatory maps), and molecular
QTL across multiple tissues and cell types (Fang et al. 2025). Ensembl provides a unified,
trusted platform, with well-established access mechanisms, that can represent diversity, connect
sequence to annotations, and expose high-quality features and resources for downstream
analyses. Here we describe some of the current resources and what we aim to deliver for
domestic animals going forward.

Materials and Methods

Quantifying page views and community usage of Ensembl resources by the domestic
animal genomics community. To understand the demand for Ensembl resources we used
Looker Studio to visualise usage metrics directly from Google Analytics over a two-year period
(Q2 2023 - Q2 2025).

Gene and isoform annotation. Evidence-based models of protein-coding and non-coding
genes are created by integrating publicly available high-quality species-specific short-read
RNA-Seq with long-read isoform sequencing (PacBio Iso-Seq, Oxford Nanopore
Technologies) (Yates et al. 2025).

Regulatory annotation. Candidate regulatory features (including open chromatin, promoters,
enhancers, and CTCF-binding sites) are annotated based on ATAC-Seq and ChIP-Seq data
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(Yates et al. 2025). For domestic animals these are currently based on data from the H2020
GENE-SWitCH (https://www.gene-switch.eu), AQUA-FAANG (Johnston et al. 2024), and US
Functional Annotation of Animal Genomes (FAANG) projects (Kern et al. 2021).

Comparative genomics. In addition to providing LASTZ and EPO alignments Ensembl
Compara uses the Progressive Cactus multi-genome aligner (Armstrong et al. 2020) to generate
multi-genome alignments, which better capture complex rearrangements and insertion/deletion
patterns between genomes.

Variation resources. Variants are displayed in the context of genes, regulatory elements and
other annotations; the Ensembl Variant Effect Predictor (VEP) provides consequence
annotation. Public variation, phenotype and citation resources (including EVA, OMIA and
Animal QTLdb) for domestic species are aggregated, SIFT predictions of likely missense
variant impact on protein function are calculated and deleteriousness scoring coverage using
community data, such as CADD scores (Lensing et al. 2026), are displayed where available.

Results and Discussion

Demand for the domestic animal resources in Ensembl. The value that Ensembl resources
provide to the domestic animal genomics community is clearly demonstrated by the usage
metrics. Five of the ten most-accessed genomes on ensembl.org are pig (4th), cow (6th), chicken
(7th), dog (8th), horse (9th) and sheep (10th). Across the chosen time period, average quarterly
page views for domestic animals were >300,000 (Figure 1A), with more than 2,000 Ensembl
VEP jobs and 3,000 BLAST jobs submitted for each of the species analysed.
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Figure 1. A - page views in total and per species (summed across all breeds within a species).
Most accessed species are shown separately; ‘aquatic’ includes salmon and 8 other farmed fish;
‘others’ includes Yak, Goat, Turkey, Rabbit, Duck, Camel and Donkey. B - Species with
regulatory annotation in Ensembl (release 115), showing epigenome counts and annotated
feature totals.

Regulatory annotation. Regulatory annotation for eight farmed species is currently provided
(Ensembl release 115; Figure 1B). The cattle annotation uses only a subset of available data,
although we aim to integrate new datasets to improve this in 2026, as well as providing new
annotations for sheep, and horse. In addition, the new Regulatory Activity Viewer (RAV)
(https://regulation.ensembl.org) enables fast, user friendly and intuitive visualisation of
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gene/regulatory annotations across hundreds of epigenomes, with filtering by metadata (e.g.,
tissue, sex) and flexible aggregation (e.g., split by sex or combined).

Gene and isoform annotation for multiple breeds and populations. Annotations for 27 pig
(including one T2T genome) and 21 sheep breeds are currently available in Ensembl Beta.
Many more assemblies are expected for domestic animals, e.g. >200 bovine assemblies from
the Bovine Pangenome Consortium (Smith et al. 2023). Multi-assembly annotation exposes
breed-relevant biology and needs to be able to scale with input volume (genome count and
available transcriptomics data). As such, Ensembl substantially expanded throughput in 2025
(~2,000 annotated genomes) (Yates et al. 2025).

Comparative genomic resources. In Ensembl release 116 (expected Q2 2026) an updated
expanded EPO alignment will be calculated for pig which includes the current reference Sus
scrofa 11.1 plus 29 additional pig assemblies representing 26 breeds and wild relatives.
Progressive Cactus alignments are also currently provided for pig (27-way), poultry (10-way),
and aquaculture (38-way). We aim to update and expand these to include the T2T genomes as
they become available and present conservation metrics as well as structural variants generated
by the domestic animal pangenome consortia.
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Figure 2. Enhanced Ensembl for domestic animals - a high-impact resource that accelerates
research, has broad utility across projects and maximises global investment in domestic animal
genomics.



Identifying and annotating sequence variants. Recently, variants for 23 domestic animal
assemblies have been annotated and integrated in the European Variant Archive (EVA). We
have also generated a public short-variant call set from 130 samples across 15 pig breeds
(PRJEB93975), capturing regions newly resolved by recent assemblies. New, large datasets are
expected to be deposited in EVA imminently for goats, chicken and sheep. Visualising these
variant sets across multiple assemblies, following the multi-haplotype approaches established
for humans, will be essential for interpreting potential consequences and for understanding
breed and population-specific genetic variation.

The future. Key considerations going forwards include integrating the T2T genomes as the
anchor for the above resources, adding value by lifting existing annotations across to the breed-
specific assemblies, and identifying datasets from global initiatives (e.g. the FarmGTEx project)
to train machine learning models to predict genomic features and variant effects (Figure 3). The
FAANG Data Portal (https://data.faang.org/home) will also remain a key resource benefiting
the research community by brokering high-quality data and metadata into the public archives.

Conclusions

The transition to the new Ensembl infrastructure in 2026, and the timing of WCGALP,
represents the ideal opportunity to present a vision for current and future Ensembl resources for
domestic animals and ask for community feedback into how we can best meet the needs of all
stakeholders. By delivering a feature-rich Ensembl for domestic animals and ensuring a smooth
migration of resources for these species to the new infrastructure, our aim is to provide a
forward-looking, high-impact resource that accelerates domestic animal research, and supports
data-driven breeding and welfare improvements.
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