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ABSTRACT

Single-nucleotide polymorphisms (SNPs) as the
most important type of genetic variation are widely
used in describing population characteristics and
play vital roles in animal genetics and breeding.
Large amounts of population genetic variation re-
sources and tools have been developed in human,
which provided solid support for human genetic
studies. However, compared with human, the de-
velopment of animal genetic variation databases
was relatively slow, which limits the genetic re-
searches in these animals. To fill this gap, we sys-
tematically identified ∼ 499 million high-quality SNPs
from 4784 samples of 20 types of animals. On
that basis, we annotated the functions of SNPs,
constructed high-density reference panels and cal-
culated genome-wide linkage disequilibrium (LD)
matrixes. We further developed Animal-SNPAtlas,
a user-friendly database (http://gong lab.hzau.edu.
cn/Animal SNPAtlas/) which includes high-quality
SNP datasets and several support tools for multi-
ple animals. In Animal-SNPAtlas, users can search
the functional annotation of SNPs, perform online
genotype imputation, explore and visualize LD in-
formation, browse variant information using the
genome browser and download SNP datasets for
each species. With the massive SNP datasets and
useful tools, Animal-SNPAtlas will be an important
fundamental resource for the animal genomics, ge-
netics and breeding community.

INTRODUCTION

A central goal of genetics is to pinpoint the functional vari-
ants that contribute to diseases or population traits (1).
Over the past dozen years, large-scale international collabo-
rative efforts have successively constructed larger and more
ethnically diverse genetic variation resources in humans,
and several of them include thousands of samples and mil-
lions of single nucleotide polymorphisms (SNPs), such as
International HapMap Project Phase3 (2), 1000 Genomes
Project Phase 3 (3) and Haplotype Reference Consortium
(4). Besides, hundreds of SNP-related resources and tools
have been developed for genetic analyses, such as VARAdb
(5), TOP-LD (6), LDtrait (7). These large-scale genetic vari-
ation resources and support tools constitute a key com-
ponent for human genetic studies, which have elucidated
the properties and distribution of genetic variants, pro-
vided insights into the processes that shape genetic diver-
sity and advanced understanding of disease biology (8–
12). However, in contrast to humans, animal genetic vari-
ation databases were developed relatively slowly, especially
the comprehensive databases for the systematical charac-
terization of SNPs, function annotation and genome-wide
LD calculation, which limits the development of animal ge-
nomics, genetics and breeding research.

In recent years, the advances in high-throughput sequenc-
ing technologies have notably reduced the cost of whole-
genome sequencing (13), and large amounts of population
genotype data from different species have been continu-
ously released. However, whole genome sequencing is still
expensive for the vast majority of studies. Accordingly, low-
coverage sequencing or SNP arrays integrating with geno-
type imputation (14), which could increase the SNP den-
sity, boost the power to detect significant associations and
facilitate to identify causal variants of complex traits (15),
have been widely applied in animal genetic studies (16–19).
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But, to perform genotype imputation, high-quality refer-
ence panels constructed from large sample size of popu-
lation and high-density SNP datasets are crucial (15). Al-
though the whole-genome sequence data of animals have
shown a staggering increase, the high-quality SNP datasets
and reference panels for the animals remain inadequate to
date.

In addition, the specific background information of
SNPs, such as linkage disequilibrium (LD), functional an-
notation and so on, are also critical for the downstream ge-
netic analyses. Due to the LD phenomenon in the genome,
direct inference from significantly associated SNPs rarely
yields causal variants (20). High-resolution and accurate
LD calculation with high-density SNPs can significantly
improve the power of association study, facilitate the prior-
itization of the candidate causal variants (21–23), and pro-
vide more insights into the underlying biological mecha-
nisms of the complex traits (24,25). For example, a genome-
wide LD-based fine-mapping identified pleiotropic and
functional variants that could predict many traits across
global cattle populations (26). Another study using LD
analysis based on whole-genome sequence data has revealed
three candidate causal variants for backfat within intronic
regions and downstream of the CCND2 gene in pig (27).

Prioritizing causal SNPs with fine-mapping requires in-
tegrating not only regional LD patterns but also functional
prediction of associated SNPs, which is an important pro-
cess before biological experiments in the post-GWAS study
(28,29). SNP functional annotation, which assigns a likely
biological function to genetic variants based on their posi-
tion and roles in sequence change, can assist the prioritiza-
tion of causal SNPs in follow-up functional studies (30).

With the rapid progress in animal genomic research in
recent years, some animal-related databases have been de-
veloped, such as Animal-APAdb (31), Animal-eRNAdb
(32), AnimalTFDB 3.0 (33) and Animal QTLdb (34). In
the field of animal genetics, several databases were devel-
oped for specific domestic animals and aquaculture species.
For example, iDog (35), iSwine (36), BGVD (37) and Gal-
base (38) collected genetic variation for dog, pig, cattle
and chicken, respectively. iSheep (39) and Goat Genome
Variation Database (GGVD) (40) provided genetic vari-
ants and phenotypic data or selection signature patterns
for sheep and goat. For aquaculture species, AMBP (41)
was developed for genotype imputation and genetic analy-
sis in aquaculture. In addition, the Genome Variation Map
(42) database collected 18 animal species, and provide ba-
sic information of genetic variants. These databases provide
useful data for animal genetic studies. However, databases
that provide comprehensive information of SNP annota-
tion, imputation panels and LD information for multiple
species of animals, are still relatively rare. Furthermore, a
comprehensive database containing multiple animal species
could greatly facilitate the cross-species genetic analysis,
which could provide insights into the origin and evolution
of species and specific genes (43,44), narrow down the range
of quantitative trait loci (45) and help decipher the func-
tions of candidate genes or variants (46–48). To fill these
gaps, we curated and analyzed the public whole-genome
sequencing data or raw genotype data of 4784 samples
from 20 animal species. We systematically identified ∼499

million high-quality SNPs, constructed high-density refer-
ence panels, and performed SNP annotation and LD cal-
culation. Finally, we developed a comprehensive database
named as Animal-SNPAtlas (Figure 1). Animal-SNPAtlas
allows users to search SNP annotated information, perform
online genotype imputation directly, browse and visualize
LD information, apply genome browser for SNP visualiza-
tion and download high-quality SNP datasets with VCF or
M3VCF format. Overall, Animal-SNPAtlas will be a useful
resource for animal genetic studies.

MATERIALS AND METHODS

Data collection

In order to curate as many samples as possible in this study,
we collected raw sequencing data and SNP datasets of 20
representative animal species from public databases by a
consistent filtering pipeline. As for raw sequencing data, the
WGS data of cat, cattle, chicken, chimpanzee, duck, goat,
honey bee, large yellow croaker, mouse, rabbit, rat, rhesus
monkey, rock pigeon, salmon, sheep and water buffalo were
collected from the Sequence Read Archive (SRA, https:
//www.ncbi.nlm.nih.gov/sra) (49). Then, the detailed infor-
mation including bioproject, tissue and breed of sequenc-
ing data was downloaded and manually curated. Available
bioprojects were further checked according to the sample
size, the sequencing depth, the experimental condition and
the research purpose. The corresponding samples were re-
tained and applied for subsequent analyses. As for geno-
type data, the raw SNP datasets of horse and vervet mon-
key were gathered from the European Institute of Bioin-
formatics (EBI, https://www.ebi.ac.uk/) (50). The raw geno-
type data of dog and pig were obtained from the National
Human Genome Research Institute (NHGRI, https://www.
genome.gov/) (51) and the Genome Variation Map (GVM,
https://bigd.big.ac.cn/gvm/home) (42), respectively. In addi-
tion, the reference genome files and genome annotation files
were downloaded from the Ensembl (https://www.ensembl.
org) (52).

Data Processing

For the raw sequencing data, high-quality SNPs were iden-
tified using the Sentieon pipeline (53) (Figure 1). First, the
raw reads were subjected to quality control using fastp (54)
and cleaned with Trimmomatic (55). Next, the clean reads
were aligned to the current standard reference genome by
the Burrows–Wheeler Alignment (BWA) mem algorithm
with default parameters (56), and the BAM files of reads
with quality greater than 10 were retained by SAMtools
(57). Then, the duplicate reads were removed, the indels
were realigned, and the base quality was recalibrated using
the Sentieon driver. Subsequently, the SNPs of each sample
were identified using Sentieon’s Haplotyper algorithm, and
the variant data of all samples were merged into VCF files
using the Sentieon GVCFtyper algorithm. Finally, SNPs
and samples with low quality were filtered out. Specifi-
cally, SNPs with the threshold ‘QD < 5.0 or FS > 15.0 or
MQ < 50.0 or ReadPosRankSum < −8.0 or MQRankSum
< −12.5 or SOR > 3.0’ were filtered by Genome Anal-
ysis Toolkit (GATK) (58) VariantFiltration. Additionally,
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Figure 1. Flow chart of the Animal-SNPAtlas database.

SNPs with minor allele frequency (MAF) < 0.01 or calling
rate < 0.9 were removed by VCFtools (59). Besides, samples
with high missing rate were also removed by VCFtools. For
the genotype data, the same filtering method was adopted
to construct high-quality SNP datasets.

The detailed statistics of the genetic variants and sample
data of each species in the final dataset are listed in Table 1.

Population structure analyses

Since the population structure of each species may influ-
ence the accuracy of the genotype imputation and LD cal-
culation, we provided more information about the sub-
types / breeds of samples. First, PLINK was used to con-
vert the SNP datasets in VCF format to binary BED for-
mat and perform LD pruning. Then, several strategies

were used to explore the genetic composition and pop-
ulation structure for each species. The admixture analy-
sis was performed with ADMIXTURE v1.3.0 software
(60). Cross-validation errors were estimated for each K-
value. The K-value with the lowest CV error was regarded
as the optimal value for estimating the level of admix-
ture in each sample. The phylogenetic tree of the samples
based on the neighbor-joining algorithm was constructed
by TreeBeST (https://github.com/Ensembl/treebest). The
Principal Component Analysis (PCA) was carried out by
GCTA (61).

Genotype imputation and construction of reference panel

Using the high-quality SNP datasets, Beagle (v5.4) (62) was
first used to phase the haplotype with the default parame-

https://github.com/Ensembl/treebest
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Table 1. Data summary of Animal-SNPAtlas

Reference panel

Species Annotation version
Number of

chromosomes
Number of

samples
Number of

SNPs
Number of

annotated genes

Anas platyrhynchos (Duck) ZJU duck1.0 33 358 19 097 802 13 828
Apis mellifera (Honey bee) Amel HAv3.1 16 290 1 278 406 9 657
Bos taurus (Cattle) ARS-UCD 1.2 30 264 15 515 352 20 615
Bubalus bubalis (Water buffalo) UOA WB 1 25 207 32 474 303 18 300
Canis familiaris (Dog) CanFam3.1 39 658 61 065 811 25 587
Capra hircus (Goat) ARS1 29 261 23 732 005 21 036
Chlorocebus pygerythrus (Vervet
monkey)

ChlSab1.1 30 163 47 180 225 22 948

Columba livia (Rock pigeon) Cliv 2.1 15 057 scaffolds 307 17 198 341 13 988
Equus caballus (Horse) EquCab3.0 32 87 18 517 526 24 503
Felis catus (Cat) Felis catus 9.0 19 247 29 598 513 25 010
Gallus gallus (Chicken) GRCg6a 34 284 16 572 439 20 237
Larimichthys crocea (Large yellow
croaker)

L crocea 2.0 24 198 17 141 732 19 100

Macaca mulatta (Rhesus monkey) Mmul 10 22 256 23 331 766 26 475
Mus musculus (Mouse) GRCm39 21 40 40 784 198 44 983
Oryctolagus cuniculus (Rabbit) OryCun2.0 22 74 27 332 887 16 830
Ovis aries (Sheep) ARS-UI Ramb v2.0 27 263 37 875 937 24 872
Pan troglodytes (Chimpanzee) Clint PTRv2 25 49 20 950 687 28 747
Rattus norvegicus (Rat) mRatBN7.2 22 60 16 740 211 24 076
Salmo salar (Atlantic salmon) ICSASG v2 29 342 6 913 798 35 305
Sus scrofa (Pig) Sscrofa10.2 19 376 25 530 833 16 802

ters. Then Minimac3 (63) was applied to convert the format
of the reference panel to M3VCF. In the end, two popular
types of reference panels for all species were provided in our
database (Figure 1).

Evaluation of the performance of reference panels

To validate the performance of reference panels and the
imputation process, we calculated imputation accuracy for
each species using a 5-fold cross-validation strategy. For
each species, all the samples in the reference panel were
randomly divided into five parts, with one part being se-
lected as the study population, and the remaining parts be-
ing used as the reference panels for each time. Since SNP
arrays with about 50k probes are widely used in animal
genetic researches, we randomly selected 50k SNPs from
the whole genome of the study population and masked
other SNPs for all species. At the same time, considering
the numbers of probes in SNP arrays vary depending on
the species. We selected three representative species based
on different genome sizes, including chicken (1.1 G), cat-
tle (2.6 G) and Atlantic salmon (3.4 G), and simulated
six different SNP densities from 2K to 600K SNPs (i.e.
2K, 10K, 50K, 100K, 300K and 600K), to test the accu-
racy of our panels. Then, we used Beagle and Minimac3
to impute the masked genotypes with default parameters,
respectively.

In this way, we have both the true and imputed genotypes.
The imputed SNPs with MAF ≥0.01 and estimated squared
correlation ≥0.3 were remained as properly imputed vari-
ants and applied for the following evaluation. The concor-
dance rate (CR) and the squared correlation (R2) were used
to validate the accuracy of the imputation. CR was calcu-
lated by dividing the number of correctly imputed geno-
types by the total number of imputed genotypes per species,

and R2 was the squared correlation between true and im-
puted genotypes, the mean of CR or R2 across five-parts
was taken as the accuracy of the imputation for each species.
The number of SNPs increased by 28.31 folds on average in
the study population after imputation. The average CR of
Beagle ranged from 0.862 for rat to 0.963 for cat, and that
of Minimac3 ranged from 0.889 for honey bee to 0.970 for
horse. The average R2 of Beagle ranged from 0.674 for duck
to 0.925 for cat, and that of Minimac3 ranged from 0.671 for
honey bee to 0.935 for horse (Table 2). Additionally, we sim-
ulated different SNP densities and performed 5-fold cross-
validation for three species with different genome sizes. The
results showed that the accuracies of genotype imputation
increased with the SNP densities and the average R2 was
more than 0.8 when the number of SNPs is more than 50K
for both imputation tools, indicating the relative robustness
of our panels (Supplementary Figure S1).

SNP annotation and Linkage disequilibrium calculation

For species with gene annotation files, we converted the
VCF format of the reference panels to the standard format
of ANNOVAR input files with the ANNOVAR package
(30). We obtained their predicted functional consequences
such as missense, nonsense, intronic, splice-site, UTRs, ex-
onic and intergenic variants by ANNOVAR and showed
them on the website.

Linkage disequilibrium in the whole genome was cal-
culated using imputed genotypes for each species using
PopLDdecay (64) with default parameters (Figure 1). The
SNP pairs with R2 < 0.2 in the LD matrix were removed.
Furthermore, LDBlockShow (65) was used to visualize LD
haplotype blocks. In addition, samples of each species were
grouped according to the analysis of population structure.
The reference panels of different groups for each species and
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local pipeline were provided for LD calculating and visual-
ization.

Database architecture

All processed data in the Animal-SNPAtlas was stored
in MongoDB (version 3.6.8). The Animal-SNPAtlas web-
site was built with Flask (version 1.1.1) framework and
AngularJS (version 1.6.1), hosting on the Apache 2 web-
server (version 2.4.18). Animal-SNPAtlas is freely avail-
able and does not require registration or login for ac-
cess. Users can access it via http://gong lab.hzau.edu.cn/
Animal SNPAtlas/.

DATABASE CONTENT AND THE WEB INTERFACE

Samples in Animal-SNPAtlas

In Animal-SNPAtlas, ∼499 million high-quality SNPs
across 4784 samples of 20 animal species were included.
Ranging from 1.28 million SNPs in honey bee to 61.06 mil-
lion SNPs in dog, and from 40 samples in mouse to 658 sam-
ples in dog (Table 1). The detailed statistics of the sample
size per species, reference genome versions, the number of
SNPs and annotated genes are displayed on the ‘Help’ page.
Moreover, the basic species information, including genome
size, and chromosome number of each species, are presented
in the ‘Species information’ module on the ‘Imputation’
page. Furthermore, the detailed sample information of each
species is provided in the ‘Sample information’ section of
the ‘SNP’ page. The introduction of samples and popula-
tion structure for each species are provided. Specifically, the
sample information, including the PubMed ID, publication
journal, the publication year of the article, the bioproject in-
cluded in NCBI, technology, platform, data type, coverage
of the sequencing of the project and breed information was
listed.

Website interface of Animal-SNPAtlas

The Animal-SNPAtlas database provides a user-friendly in-
terface. It contains five main modules, namely, ‘SNP’ for
searching and browsing the functional annotation of SNPs;
‘Imputation’ for running online genotype imputation by
two imputation tools: Beagle and Minimac3; ‘Linkage Dis-
equilibrium’ for searching, browsing, plotting and down-
loading the LD matrix of the corresponding gene or region;
‘Visualization’ for visualizing detailed information of vari-
ants with the genome browser; and ‘Download’ for down-
loading high-quality SNPs in two different formats, VCF
format and M3VCF format (Figure 2A). Users can access
the five modules by clicking the corresponding buttons in
the navigation menu on the ‘Home’ page. Animal-SNPAtlas
provides detailed supporting documentation and is open to
any feedback with the email address listed on the ‘Help’
page.

SNP functional annotation in Animal-SNPAtlas

The ‘SNP’ module provides an advanced search box for
different species, and users can search and browse SNP
functional annotation based on the genomic region. SNPs

http://gong_lab.hzau.edu.cn/Animal_SNPAtlas/
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can be browsed by inputting the specific chromosomal re-
gion and selecting the MAF. Fuzzy queries are applied in
the search procedure, and the query results are displayed
in a table with the basic SNP information, including the
chromosome position, allele, and MAF. By clicking the
‘Details’ button, the users can obtain SNP annotation in-
formation, including the location of each variant relative
to genes, such as exonic, intronic, intergenic, splicing site,
5′/3′-UTR, upstream/downstream of genes, and functions,
such as amino acid changes that may be caused by the vari-
ant.

For example, when users select ‘Cattle’ and enter
‘Chr1:138654–217226’ in the ‘Region’ box, the query results
will be returned and they can be exported as a tab-separated
file and saved by clicking the ‘Download’ button (Figure
2B). In addition, SNP annotation information will be dis-
played by clicking the ‘Details’ button as shown in Figure
2C.

Genotype imputation online in Animal-SNPAtlas

Genotype imputation can dramatically increase the SNP
density, boost the power to detect significant associations
and facilitate to identify causal variants of complex traits. In
Animal-SNPAtlas, users can access the ‘Imputation’ mod-
ule by clicking ‘Imputation’ in the ‘Home’ page navigation
menu. The ‘Imputation’ module provides two popular im-
putation tools (Beagle v5.4 and Minimac3), and the geno-
type data with normal VCF format are entered into the text
box or uploaded directly through the ‘Choose File’ button.
After uploading the candidate genotype data, users are re-
quired to select one of the two tools, enter the chromosome
region, and click the ‘Submit’ button to finish the query
(Figure 2D). Then, the imputation results can be down-
loaded freely.

LD matrix search and visualization in Animal-SNPAtlas

The LD matrixes among SNPs are important information
in population-based genetic studies. In Animal-SNPAtlas,
‘Linkage Disequilibrium’ module was developed to display
the LD pattern among SNPs. On the ‘Linkage Disequilib-
rium’ page, users can input an Ensembl ID (e.g. ENSB-
TAG00000009188) or gene ID (e.g. ADRB3) to search for
the LD matrix. Besides, users can also browse LD Infor-
mation based on the genomic region (e.g. Chr1: 883311–
883320) (Figure 3A). The query results are displayed in two
tables, which include ‘Gene Information’ and ‘LD Informa-
tion’, respectively. The ‘Gene Information’ table contains
the ‘chromosome position’, ‘Ensembl ID’, ‘Gene Name ID’
and ‘Gene Biotype’. The ‘LD Information’ table shows the
chromosome position of SNP pairs, D’, R2, and the dis-
tance of SNP pairs.

For example, when users select ‘Cattle’ and enter ‘ENS-
BTAG00000009188’ in the ‘Ensembl ID’ box (Figure 3A),
the query results will be returned as shown in Figure 3B. In
addition, the ‘Gene Information’ table also provides an ‘LD
plot’ button, and users can click on the button to view the
heatmap of LD and haplotype blocks. The triangular cor-
relation heatmap was generated using LDBlockShow (65)
with the mean of R2 values (Figure 3C).

SNP visualization in Animal-SNPAtlas

Animal-SNPAtlas has embedded an interactive and user-
friendly genome browser server (JBrowse), on which users
can visualize detailed information of variants in the curated
species by inputting a region of the genome (Figure 4A).
Within the JBrowse browser window (right part), the ‘Avail-
able tracks’ menu gives access to additional data concerning
each species, including reference genome, reference genome
annotation, and reference panels. The appropriate resolu-
tion is automatically chosen by JBrowse depending on the
size of the visualized genomic region, and tracks are distin-
guished by colors. Unfiltered transcripts are shown in yel-
low, and genes are displayed in blue. By left-clicking on the
specific gene, users can gain access to the detailed functional
annotation of the corresponding gene. A yellow site indi-
cates a SNP, users can access the detailed information of
SNP by left-clicking on the yellow site (Figures 4B to C).

High-quality SNPs download in Animal-SNPAtlas

The high-quality SNPs for each species are publicly avail-
able on the ‘Download’ page of Animal-SNPAtlas. Users
can enter the genomic region of interest in the ‘Region’ box
to obtain the corresponding VCF and M3VCF file formats
(text and binary) according to their own tool requirements.
Animal-SNPAtlas provides a total of ∼678G of data for
users to download.

SUMMARY AND FUTURE DIRECTIONS

Rapid progress has been achieved in animal genomic re-
search in recent decades. Some animal-related databases
have been widely used by animal researchers (31–34). How-
ever, studies on the systematical characterization of SNPs,
function annotation and genome-wide LD calculation in
most animals are missing. In this study, we systematically
identified ∼ 499 million high-quality SNPs of 4784 sam-
ples from 20 animal species, construct high-density refer-
ence panels, and perform SNP annotation and LD calcu-
lation. We further developed Animal-SNPAtlas, a versatile
animal genetic variant database: (i) it presents ∼499 mil-
lion SNP annotation information and ∼446 thousand an-
notated genes, which is convenient for researchers to study
the function of candidate causal variants and their related
genes; (ii) it provides 20 high-quality reference panels, users
can download them for local imputation or perform on-
line genotype imputation directly; (iii) it calculates genome-
wide LD using the constructed reference panels for each
species, and provides a heatmap of LD, which could assist
the user to delineate candidate causal variants and increase
the power of fine-mapping studies and (iv) it integrates a
Genome Browser service, which provides all information
about variants and genes in a specific region of genome.
We believe that these functions will greatly facilitate users
to conduct animal genomics, genetics and breeding studies.

Although Animal-SNPAtlas collected and analyzed the
large-scale WGS data of multiple animals, the sample sizes
of some species are still relatively small and only common
SNPs (MAF ≥ 1%) have been studied. Due to limited sam-
ple size of some breeds, we did not include all the available
breeds, which may decrease the imputation accuracy when



D822 Nucleic Acids Research, 2023, Vol. 51, Database issue
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Search SNPs of cattle

Submit
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Annotation
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Step 2: Choose software and chromosome region

Advanced software options

Step 3: Submit and download results

Submit

Choose File No file chosen

e.g., BeagleSoftware Beagle

Region Chr1:1-1000000 e.g., Chr1:1-1000000

A

B

C

D

Figure 2. Overview of the Animal-SNPAtlas database. (A) Main modules in Animal-SNPAtlas, including ‘SNP’, ‘Imputation’, ‘Linkage Disequilibrium’,
‘Visualization’ and ‘Download’ modules. (B) The search results of SNPs based on genomic region. (C) SNP annotation information. (D) Online genotype
imputation in the Animal-SNPAtlas database.
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Search LD matrix of cattle based on genome region

Submit

Region Chr1:883311-883320 e.g., "Chr1:138654-336323"

Search LD matrix of cattle based on Ensembl ID

Submit

Ensembl ID ENSBTAG00000009188 e.g., "ENSBTAG00000020035"

Gene Information

Chr Up region Down region Ensembl ID Gene Name ID Gene Biotype LD Plot

1 1985522 2012383 ENSBTAG00000009188 GART protein_coding Plot

LD Information

Chrom SNP1 Position SNP2 Position LD R2 LD D' Distance

1 0.5618 0.8770 460

1 0.4985 0.7799 6439

LD heatmap
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B

C
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1 Region:24.80 (kb) End:2.012 (Mb)Start:1.987

R^2 Color Key
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1986735

1992714

Figure 3. Visualization of the ‘Linkage Disequilibrium’ module. (A) The search box of Linkage Disequilibrium (LD) based on gene ID and genomic region.
(B) The search results of LD based on gene ID. (C) The triangular correlation heatmap of the LD matrix.
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A
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Figure 4. JBrowse Visualization of SNPs in the Animal-SNPAtlas database. (A) Display the context of JBrowse in specific genomic regions. (B, C) Infor-
mation of the specific SNV.
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the breed of target panel do not include in our reference
panel. Furthermore, more than half of the species selected
by Animal-SNPAtlas were mammals, which limits the ap-
plication of Animal-SNPAtlas in aquaculture and livestock
farming. In the future, we will continue to collect available
data, and keep the database updated annually by expand-
ing variation types and new species such as aquaculture
animals, increasing more representative samples of current
species, and developing additional functions, especially epi-
genetic data from methylation, CHIP-seq and ATAC-seq.
Overall, we will maintain Animal-SNPAtlas as an impor-
tant fundamental resource for the animal genetic research
community.
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