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Abstract

Biomarkers play an important role in various area such as personalized medicine, drug development, clinical care, and molecule breed-
ing. However, existing animals’ biomarker resources predominantly focus on human diseases, leaving a significant gap in non-human an-
imal disease understanding and breeding research. To address this limitation, we present BioKA (Biomarker Knowledgebase for Animals,
https://ngdc.cncb.ac.cn/bioka), a curated and integrated knowledgebase encompassing multiple animal species, diseases/traits, and annotated
resources. Currently, BioKA houses 16 296 biomarkers associated with 951 mapped diseases/traits across 31 species from 4747 references,
including 11 925 gene/protein biomarkers, 1784 miRNA biomarkers, 1043 mutation biomarkers, 773 metabolic biomarkers, 357 circRNA biomark-
ers and 127 IncRNA biomarkers. Furthermore, BioKA integrates various annotations such as GOs, protein structures, protein—protein interaction
networks, miRNA targets and so on, and constructs an interactive knowledge network of biomarkers including circRNA-miRNA-mRNA associa-
tions, INcRNA-mMiRNA associations and protein—protein associations, which is convenient for efficient data exploration. Moreover, BioKA provides
detailed information on 308 breeds/strains of 13 species, and homologous annotations for 8784 biomarkers across 16 species, and offers three
online application tools. The comprehensive knowledge provided by BioKA not only advances human disease research but also contributes to a
deeper understanding of animal diseases and supports livestock breeding.

Graphical abstract

B

B v Verified in  standardized
tawest MGY ———————  gDisease Dataset
e FlyBase Tk
Dz @

l mapped

Biomarker [

relest + curated . annotated
B o rie. —————————> BiokKA AEE—

P e
N @0 .
Single Species P Cross Species

wiewO
$ $
Breed/Strain = =
Homolog
Disease
Global Profile

Knowledge Graph

Introduction certain biological states in normal and pathogenic processes,

Biological markers, commonly referred to markers or  as well as potential pharmacologic responses to therapeutics
biomarkers, serve as quantifiable and measurable indicators of ~ (1-3). Biomarkers have always been used in clinical medicines

Received: August 15, 2023. Revised: September 19, 2023. Editorial Decision: September 27, 2023. Accepted: September 29, 2023

© The Author(s) 2023. Published by Oxford University Press on behalf of Nucleic Acids Research.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License
(http://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the
original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com


https://doi.org/10.1093/nar/gkad873
https://orcid.org/0009-0001-7976-9175
https://orcid.org/0000-0003-4582-5156
https://orcid.org/0000-0003-3432-7151
https://orcid.org/0000-0003-2409-8770
https://orcid.org/0000-0002-9357-4411
https://ngdc.cncb.ac.cn/bioka

D122

and can help in earlier disease diagnoses and efficient therapy
of several disorders (4). And biomarkers can also help farmers,
veterinarians, livestock researchers and the livestock industry
to diagnose and therapy of animal disease, evaluate dietary
responses to different feeds, fertility and ascertain other im-
portant economic or breeding traits associated with livestock
(3).

In recent years, there has been a remarkable surge in
biomarker research driven by significant advancements in
high-throughput sequencing techniques (6), omics technolo-
gies (7) and computer-aided biomarker discovery methods
(8). Biomarkers have been reported for various conditions
in human disease research, including cancer (9,10), aging
(11), depression (12), neurodegenerative diseases (13) and os-
teoarthritis (14,15). Veterinary disease research (16) has also
identified biomarkers for conditions such as avian leukosis
virus subgroup J infection in chickens (17), kidney disease in
cats (18) and horses (19). To promote the implementation of
discovered biomarkers in medicine or industry (20), various
model animals are utilized to validate biomarker during dif-
ferent phases of drug development (21). For instance, labora-
tory mice are employed as xenograft animal models in breast
cancer treatment research (22), while flies are used as disease
models in therapeutic drug discovery (23). Additionally, an
abundant of biomarkers associated with economic traits have
been discovered in animal breeding, such as meat quality (24),
and fertility (25). However, these biomarkers are mainly scat-
tered across public literatures, posing challenges in retrieving
related research information. Therefore, it is necessary to cu-
rate high-quality biomarkers from existing literature and es-
tablish public data resources that facilitate widespread sharing
of biomarkers. These initiatives are paramount as they pro-
mote both the clinical translation of biomarkers and advance-
ments in agricultural economics.

At present, several publicly accessible biomarker databases
are available, including BCSCdb (26) for human cancer stem
cells, CBD (27) for human colorectal cancers, CellMarker (28)
for human and mouse cell markers, DAAB (29) for allergy
and asthma, EBD (30) for human eye diseases, ExoBCD (31)
for human breast cancer, HFBD (32) for human heart fail-
ure, MarkerDB (33) for various human disease, and ResMark-
erDB (34) for antibody therapy response in human breast
and colorectal cancer. These databases offer online services
for browsing, searching, and downloading biomarker infor-
mation, greatly benefiting biomarker research. However, lim-
itations still persist. Firstly, most of these databases primar-
ily focus on specific singleton human disease and lack critical
information about laboratory animals, such as breed/strain,
age, weight and experiment results. This limitation hampers
the retrieval and research of cross-species information. For in-
stance, laboratory mice are commonly used as animal mod-
els to validate findings in various human disease research,
with specific strains like BALB/c nude for hepatocellular car-
cinoma (35) and C57BL/6] for obesity and type 2 diabetes
(36). The strain, sex and age variations of mice can signifi-
cantly impact the composition of body fluids during biolog-
ical processes (37). Therefore, it is crucial to provide this in-
formation for rigorous evaluation and efficient retrieval once
a biomarker has been identified. Secondly, the annotated in-
formation provided by most of these databases is not well
integrated, for example, regulatory relation, homologs and
multi-omics are not available, which is not conducive to a
comprehensive understanding of biomarkers. It is worth not-
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ing that circRNA-miRNA-mRNA regulatory networks play
pivotal roles in diseases such as Alzheimer’s disease, diabetes,
and cancers (38), while IncRNAs promote tumor progression
as miRNAs sponges (39). And orthologs (40) are essential
for cancer biotherapy, particularly immunotherapy and gene
therapy (41). Therefore, integrating regulatory network in-
formation, homologs, and multi-omics data annotation (42)
will greatly advance biomarker discovery and functional re-
search. Furthermore, these databases mainly focus on human
biomarkers, disregarding non-human animals. There is a con-
siderable gap in the availability of a comprehensive biomarker
database covering a wide range of domestic animal diseases
and livestock breeding traits. To advance both human disease
research and animal disease/breeding research, it is imperative
to construct a comprehensive biomarker knowledgebase that
encompasses biomarkers with disease/trait associations and
breed/strain information for a wide range of animals, while
also integrating various annotations.

Here, we present BioKA (https://ngdc.cncb.ac.cn/bioka),
a comprehensive and high-quality disease/trait biomarker
knowledge base for animals, including model animals, domes-
tic animals and human. BioKA meticulously curate biomark-
ers and integrates various annotations, such as GOs, pro-
tein structures, protein—protein interaction networks, miRNA
targets, metabolism details, expression, variations, and ho-
mologous genes, into a single web platform. It provides a
one-step service for cross-species research, along with free
public data services for browsing, retrieval, comparison and
downloading.

Materials and methods

Data collection

To provide reliable information on biomarkers across mul-
tiple animal species, a comprehensive literature review was
conducted. Firstly, literature published before 10 July 2023,
was searched using pre-defined keywords such as ‘biomarker’,
‘marker’, ‘indicator’ and ‘predictor’ for each species. A total
of 64 935 literatures were obtained with other basic infor-
mation (e.g. title, journal, paper type, abstract) through NCBI
E-utilities and utilized as the original data. Secondly, reviews,
comments, letters, editorials and non-English literature were
excluded from the dataset. Abstracts were further analyzed
using the Natural Language Toolkit (https:/www.nltk.org/)
to identify sentences containing both an entity term (e.g.
‘biomarker’, ‘marker’, ‘indicator’ or ‘target’) and a qualify-
ing word (e.g. ‘diagnostic’, ‘prognostic’, ‘therapeutic’ or ‘valu-
able’) using regular expression operations in Python (https:
/l'www.python.org/). This meticulous filtering process resulted
in a refined collection of 19297 corresponding articles, serv-
ing as the data source for BioKA. Finally, the entire collec-
tion of papers underwent thorough filtration and curation.
Papers with a specific focus on a particular disease/trait, con-
cise conclusions, and detailed experimental information (e.g.
in vitro, in vivo, clinical tests, behavioral tests) were selected
for the curation of essential biomarker information (name, as-
sociated disease/trait, usage, conclusion), sample and exper-
iment details (e.g. numbers, breed/strain, age, sex, technol-
ogy, tissue, significance), as well as regulatory relation (e.g.
circRNA-miRNA). Additionally, in order to enhance the com-
prehensiveness of BioKA, three curated resources focusing on
human biomarkers CBD (27), DAAB (29) and EBD (30), were
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Table 1.  Data source for breed/strain and disease

Meta-data type Data source

Breed/strain TICA (https://tica.org/)

CFA (https:/cfa.org/)

Equinest (http://www.theequinest.com/)
MGI (63)

FlyBase (64)

World Cat Finder
(https://worldcatfinder.com/)
Wikipedia

iDog (54)

Non-human animal CESPH (https://www.cfsph.iastate.edu/)
disease

petMD (https://www.petmd.com/)

Farm Health Online
(https://www.farmhealthonline.com/US/)
DORA (http://dora.missouri.edu/)

Merck Vet Manual
(https://www.merckvetmanual.com/)
Mayo Clinic (https:
/lwww.mayoclinic.org/diseases-conditions)
CDC (https://www.cdc.gov/biomonitoring)
MedlinePlus (https://medlineplus.gov/)
Wikipedia (https://www.wikipedia.org/)

Human disease

integrated into the BioKA according to the curation data stan-
dardization.

Breed/strain and disease information were extracted from
various websites (Table 1). Functional annotations for
biomarkers were collected from multiple resources. Gene or
mutation biomarker annotations were gathered from Ensembl
(43), protein annotations from UniProt (44) and protein—
protein interaction networks from STRING (45). miRNA an-
notations were sourced from miRBase (46), with predicted
miRNA targets from TargetScan (47) and curated miRNA
targets obtained from miRTarBase (48). Metabolite annota-
tions were collected from PubChem (49), while multi-omics
and across species annotations were collected from CNCB-
NGDC (50), including variation annotations were gathered
from GVM (51), expression annotations from GEN (52) and
homologs information from HGD (53).

Data processing

The entire data processing procedure involved the prepro-
cessing of breed/strain and disease information, the stan-
dardization of biomarkers and the integration of annota-
tions. For breed/strain and disease data, the original infor-
mation was collected from various public websites mentioned
above and parsed as structured data. The extracted breed
names and disease names were then subjected to preprocess-
ing, which included removing abbreviations, punctuation, and
adjusting word order. Breed names were standardized fol-
lowing the naming rule from iDog (54), while disease names
were mapped to the Mondo Disease Ontology (MONDO)
(https://obofoundry.org/ontology/mondo.html). Based on the
standardized names, the parsed information was integrated
and manually verified to create a high-quality dataset of
breed/strain and disease. In total, 2410 breeds and 177638
strains for 15 species, along with 4823 disease records for 14
species, were obtained.

The standardization of disease/trait terms for biomarkers
in BioKA was achieved by mapping them to a merged and
customized ontology as Animal Disease and Trait Ontology
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(ADTO). This ontology incorporates MONDO, Vertebrate
trait ontology (https://obofoundry.org/ontology/vt.html), An-
imal Phenotype and Trait Ontology (51), Mammalian
Phenotype Ontology (55) and Environmental conditions,
treatments, and exposures ontology (https://obofoundry.
org/ontology/ecto.html). The breed/strain names were also
standardized using the same procedure as mentioned for
breed/strain standardization. To obtain a unique set of
biomarkers for each species, various biomarker names, includ-
ing full names, abbreviations, and ID mapping names (such
as Ensembl gene ID, UniProt ID, Entrez ID), were utilized to
eliminate redundancy.

Finally, the breed/strain and disease names of biomark-
ers were mapped to the verified breed/strain and disease
dataset mentioned earlier. Subsequently, comprehensive anno-
tated information, including GOs, protein structures, protein—
protein interaction networks, miRNA targets, metabolism, ex-
pression, variations and homologs, was obtained by anno-
tating the biomarkers using the various resources mentioned
above. This process resulted in the extraction of 16 296 dis-
tinct biomarkers for 31 species, with 951 diseases/traits and
308 curated breeds/strains. Additionally, we identified 8784
biomarkers associated with homologs. The entire procedure
described above is depicted in Figure 1.

Database implementation

BioKA was developed utilizing SpringBoot (https://spring.io/
projects/spring-boot;a versatile back-end framework for cre-
ating standalone Java applications). The data storage engine
employed was MySQL (https://www.mysql.com/;a widely-
used and free relational database management system). For
the front-end service, Vue3 (https://vuejs.org/; a highly perfor-
mant and adaptable framework for building web user inter-
faces) was utilized. To enhance the usability of the web in-
terface, Element Plus (https://element-plus.org/; a UI library
based on Vue 3) was integrated. Additionally, data visualiza-
tion capabilities were implemented using D3.js (https://d3js.
org/; an open-source JavaScript library renowned for its abil-
ity to create visually appealing and interactive visualizations).

Database contents and usage

Data summarize

BioKA manually curates a diverse range of biomarkers for var-
ious animals and integrates three curated biomarker databases
based on curated data criteria. Currently, BioKA houses
16296 biomarkers associated with 951 diseases/traits from
a comprehensive compilation of 4747 literature references
across 31 species, including 9 model animals, 16 domes-
tic animals, 5 other animals and human. Meticulously cu-
rated biomarkers include 11 925 gene/protein biomarkers,
1784 miRNA biomarkers, 1043 mutation biomarkers, 773
metabolic biomarkers, 357 circRNA biomarkers and 127
IncRNA biomarkers. To facilitate convenient retrieval, BioKA
provides integrated annotation information such as GOs, pro-
tein structures, protein—protein interaction networks, miRNA
targets, metabolism, expression, variations, and homologs.
Additionally, BioKA constructs an interactive knowledge
network of biomarkers, which includes 7320 entities and
401 208 links across 10 species. Moreover, BioKA offers de-
tailed information on 308 breeds/strains of 13 species and
provides homologous annotations for 8784 biomarkers across
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Figure 1. Overview of data collection, data processing and database contents of BioKA.

16 species. Table 2 presents the statistical summary of the
data, while Figure 2A provides an illustrative overview of a
colored global profile normalized by the number of biomark-
ers.

Browsing, retrieval and download biomarkers
across multiple animals

BioKA offers a user-friendly panel for efficient exploration
of diverse biomarkers across multiple animals (Figure 2B).
The website provides two view modes: table view and card
view, enabling users to access basic information on each
biomarker including name, type, disease/trait, usage, mapped
breed/strain, organism and validated organism. Notably,
the “Validated Organism’ feature focuses on human studies
and highlights model animals used for validated biomark-
ers through various experimental approaches (e.g. in vivo,
in vitro, clinical tests). Clicking on the validated organism
name provides comprehensive details of the corresponding
sample and experimental information. Additionally, BioKA
incorporates an intuitive multi-condition filtering module con-
veniently positioned in the left panel. Users can easily toggle
between ‘and/or’ filtering modes and apply multiple condi-
tions to efficiently filter biomarkers of interest.

To efficiently query contents of interest, BioKA is equipped
with several search channels: (i) a basic search function on the
home page is provided for quick fuzzier retrieval of results by
various conditions for biomarker (e.g. name, synonyms, or-
ganism, Ensembl ID), disease (e.g. disease name, synonyms,
abbreviation, organism, definition) and organism (e.g. latin
name, common name, taxon ID), respectively; (ii) an advanced
search function on the ‘Search’ page with multiple conditions
is available for directly accessing BioKA by a list of terms by

biomarker name and disease/trait name; (iii) a search mode
for an intuitive graph by biomarker name and disease/trait is
available on the ‘Knowledge Graph’ page; (iv) a search mode
for using gene and protein sequence is available on the “Tools’
page by integrating NCBI BLAST (56) tools. All query results
can be downloaded freely, and a summarized list of biomark-
ers organized by species, disease/trait and type can be acces-
sible on the ‘Download’ page.

To facilitate the retrieval of disease or trait information
associated with biomarkers of interest, biomarker tools for
disease/trait annotation are also available. Users can select an
organism, breed/strain, and input a list of biomarker names.
Subsequently, a heatmap with annotated disease/trait infor-
mation is generated, ensuring convenient access to relevant
data.

Mapped breeds/strains for biomarkers

BioKA provides meticulously curated mapped breed/strain in-
formation, facilitating comprehensive descriptions of curated
samples (Figure 2C). By precisely mapping breed/strain names
associated with biomarker samples to a verified breed/strain
dataset, BioKA compiles an extensive collection of 308
mapped breeds/strains across 13 species. Users can explore
available species by selecting tagged buttons, revealing a list
with essential details such as breed/strain name, synonyms,
and personality traits. Convenient filtering criteria like name,
size, weight, height, temperament allow users to efficiently
narrow down their search within the breed/strain list. Click-
ing on a specific breed/strain name directs users to a dedi-
cated page that presents crucial information, such as height,
weight, life expectancy, origin and historical background. This
page also provides statistics in the form of visualized pie charts
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Table 2. Biomarker statistics for each species
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Organism Common name NCBI taxon ID #Breeds/strains #Diseases /traits #Biomarkers
Felis catus cat 9685 28 45 121
Bos taurus cattle 9913 30 66 987
Gallus gallus chicken 9031 2 56 485
Pan troglodytes chimpanzee 9598 - 3 14
Macaca fascicularis cynomolgus 9541 - 18 42
macaque
Canis lupus familiaris dog 9615 143 72 839
Equus asinus donkey 9793 1 6 32
Anas platyrbynchos duck 8839 - 6 25
Drosophila Fruit fly 7227 6 4 92
melanogaster
Meriones unguiculatus gerbil 10047 - 6 8
Ailuropoda giant panda 9646 - 2 5
melanoleuca
Capra hircus goat 9925 11 35 275
Mesocricetus auratus golden hamster 10036 - 4 13
Anser anser goose 8843 - 6 23
Cavia porcellus guinea pig 10141 - 13 53
Equus caballus horse 9796 31 82 693
Homo sapiens human 9606 - 178 6960
Callithrix jacchus marmoset 9483 — 9 12
Mus musculus mouse 10090 31 84 3408
Sus scrofa pig 9823 13 75 930
Oryctolagus cuniculus rabbit 9986 3 13 33
Rattus norvegicus rat 10116 4 53 422
Macaca mulatta rhesus macaque 9544 - 16 37
Caenorhabditis elegans Roundworm 6239 - 1 1
Ovis aries sheep 9940 5 49 146
Anser cygnoides Swan goose 8845 - 1 1
Xenopus tropicalis tropical clawed frog 8364 - 1 2
Meleagris gallopavo turkey 9103 - 2 2
Bubalus bubalis water buffalo 89462 - 6 22
Bos grunniens yak 30521 - 7 18
Danio rerio zebrafish 7955 — 32 595

and a detailed list of associated biomarkers for further explo-
ration.

Diseases/traits related to biomarkers

BioKA provides comprehensive and standardized disease/trait
information, delivering curated descriptions alongside disease
ontology, definitions, and associated biomarkers (Figure 2D).
Through meticulous mapping of disease/trait names to the
merged ADTO ontology, BioKA compiles an extensive collec-
tion encompassing 951 diseases/traits across 31 species. Users
can explore the disease/trait list by selecting specific names
from the ontology tree, ensuring efficient filtering and navi-
gation. Clicking on a disease name redirects users to a page
with four sections: basic information (e.g. symptoms, treat-
ments, prevention advice), biomarker statistical for type and
usage, disease occurrence in other species, and disease ontol-
ogy. In ‘disease occurrence in other species’ section, clicking on
the blue colored block explores the detailed list of associated
biomarkers for further exploration.

Homolog annotated with disease/trait for
biomarkers

BioKA integrates HGD homologs and annotates them with
disease/trait information linked to biomarkers, enhancing
understanding of gene effects on diseases/traits (Figure
2E). Disease/trait terms of biomarkers are mapped to the
merged ADTO ontology and annotated to homologs using

gene/protein symbols. This process filters 276 disease/trait
terms for 8784 biomarkers, resulting in annotations assigned
to 7905 homologs across 16 species. Users can select a
disease/trait term of interest to view different annotations for
multi-species homologs, indicated by colored icons. The green
icon signifies that the queried disease/trait only has homologs
within the corresponding species. Clicking on an orange
icon presents a concise table list featuring homologs and a
biomarker list associated with the same queried disease/trait,
facilitating further research into biomarker function.

Highly integrated knowledge graph with interactive
visualization

To better integrate and visualize the knowledge em-
braced in BioKA, various regulatory relationships such as
circRNA-miRNA-mRNA associations, IncRNA-miRNA as-
sociations, protein—protein associations, SNP—gene—trait asso-
ciations and gene/protein/circRNA/IncRNA/miRNA-trait
associations are systematically combined and visualized
as a knowledge graph (Figure 2F). This integration in-
volves collecting circRNA-miRNA associations from curated
biomarker information, integrating miRNA-mRNA associa-
tions from miRTarBase, mapping gene names from Ensembl
to obtain IncRNA-miRNA associations, and incorporating
protein—protein associations from STRING. After mapping all
biomarkers to these associations, BioKA has successfully con-
structed a comprehensive knowledge graph that includes 7320
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Figure 3. BioKA usage example. (A) Summarized disease/trait panel for human-specific SOCS3. (B) Curated information from literature sources for
SOCS3. (C) GO Annotation data integrated from UniProt for SOCS3. (D) Protein structure information integrated from UniProt for SOCS3. (E)
Protein—protein interaction network integrated from STRING for SOCS3. (F) Homologous information integrated from HGD for SOCS3. (G) Variation
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list integrated from TargetScan for human-specific SOCS3.
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Table 3. The features of existed biomarker resources
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Multi- Knowledge
Database Species Disease/trait Breed/strain Regulatory Homologs  omics graph
BCSCdb Human Various human cancer X Vv X X X
CBD Human Colorectal cancer X X x X X
CellMarker Human, mouse Various cancer x x X x x
DAAB-v2 Human, mouse, rat Allergy, asthma J i X X X
EBD Human Eye related disease X X X X X
HFBD Human Heart failure X X X x X
MarkerDB Human Various human disease X X X X X
ResMarkerDB Human Breast, colorectal cancer X X X X X
BioKA Human and 30 Various disease/trait J Vv v J i
animals

entities (such as 17 circRNAs, 331 disease/traits, 301 muta-
tions, 519 miRNAs, 26 IncRNAs, 5434 genes and 692 pro-
teins) and 401 208 links across 10 species. Users can conve-
niently search for specific biomarker names and diseases/traits
related to their organism of interest on the ‘Knowledge Graph’
page. This will provide them with an overview of a centralized
knowledge graph tailored to their research needs. By default,
BioKA displays 10 associations for each node based on the
number of degrees of associated nodes/traits. However, users
have the flexibility to adjust the display settings to show the
entire knowledge graph, including predicted nodes and asso-
ciations, or limit it to nodes and associations mapped within
BioKA. Additionally, clicking on a node within the knowledge
graph allows users to access a detailed biomarker page for fur-
ther research exploration.

An example using BioKA

Suppressor of cytokine signaling (SOCS) proteins act as neg-
ative feedback regulators within the JAK-STAT signalling
pathway. SOCS3, a member of the SOCS family, negatively
regulates cytokines and their associated pathways, influenc-
ing cell proliferation, apoptosis, and other biological pro-
cesses (57). Several studies have explored the therapeutic
potential and diagnostic biomarker value of SOCS proteins
(58). A basic search on SOCS3 reveals its involvement in
10 diseases/traits across four species: goat, mouse, zebrafish
and human (Figure 2B). Clicking on a protein biomarker
of SOCS3 associated with ulcerative colitis in human opens
a new page with seven sections providing general informa-
tion, summary, curated information, GO annotation, struc-
ture, interaction and homologs. The summary section (Fig-
ure 3A) highlights SOCS3 as a potential therapeutic and diag-
nostic biomarker for human diseases. A colored map summa-
rizes various diseases/traits associated with SOCS3, includ-
ing hereditary diseases, inflammatory diseases, immune sys-
tem disorders, and digestive system disorders. Clicking on a
colored block presents a table with detailed disease/trait in-
formation. The curated information section (Figure 3B) pro-
vides literature-based details, including animal group infor-
mation, experiment details, and conclusions. Notably, the cu-
rated information includes a validated animal model using the
C57BL/6 mouse strain to support the conclusions. The GO
Annotation section (Figure 3C) presents a table illustrating
SOCS3’s gene function in the negative regulation of recep-
tor signaling pathway via JAK-STAT, in line with its known
function. The Structure section (Figure 3D) displays a pre-
dicted protein structure of SOCS3 generated by AlphaFold,
along with zoom and download options. The Interaction sec-

tion (Figure 3E) showcases an interaction network, highlight-
ing proteins such as JAK2, STAT3 and IL6ST that interact
with SOCS3. The Homolog section (Figure 3F) identifies five
homologous biomarkers in human, one in mouse, two in ze-
brafish (socs3a and socs3b). Clicking on a colored respiratory
system disorder term for Socs3 in mouse reveals its association
with asthma, suggesting potential therapeutic and diagnostic
applications.

Clicking on a gene biomarker associated with SOCS3 with
ashma in human opens a new page featuring 8 sections. The
Variation section (Figure 3G) provides a summarized varia-
tion profile for SOCS3, highlighting 49 variants in the primer
UTR, downstream gene, upstream gene, and intron regions.
Clicking on a colored block reveals a detailed variation list,
including alleles and protein residue changes for further inves-
tigation. In the Gene Expression section (Figure 3H), a sum-
marized expression profile showing SOCS3 expression in 38
biological contexts. Clicking on the respiratory system term
reveals a detailed list of differential expression, highlighting
the significance of SOCS3 expression in 5 high-quality RNA-
seq datasets, specifically in human trachea-bronchial tissues
(59). The Targeted miRNAs section (Figure 31) presents a list
of predicted miRNAs targeting SOCS3, including has-miR-
455-5p which have been identified by Zhongzhong Tu et al.
(60). Notably, miR-455-5p (61) is also a biomarker in BioKA.
Clicking on the Biomarker ID will open a detail page for fur-
ther exploration.

Discussion and future plans

Biomarkers play crucial roles in clinical medicine and drug
development (2) and are also vital in animal breeding (62).
Comparing to existing biomarker resources (Table 3), BioKA
offers several advanced features. Firstly, BioKA provides
disease/trait associated biomarkers for human and 30 animals
including model animals, domestic, and livestock animals,
facilitating comprehensive cross-species biomarker research.
Secondly, BioKA providing clear information on breed/strain
details obtained from diverse public web resources, which is
meticulously standardized and integrated into curated sam-
ples of biomarkers. Furthermore, BioKA offers comprehensive
functional annotation, interaction, structure, regulatory and
multi-omics annotations for a wide range of biomarkers, cre-
ating a comprehensive knowledge base along with a visual-
ized knowledge graph for further research. Its unique brows-
ing feature allows simultaneous exploration of homologs that
are annotated in biomarkers across multiple species. Addition-
ally, BioKA provide four efficient approaches for retrieving
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biomarkers, including basic keyword search, advanced batch
search, gene/protein sequence search and knowledge graph
search. And query results can be freely downloaded. The com-
prehensive knowledge provided by BioKA not only advances
human disease research but also enhances our understanding
of animal diseases and supports livestock breeding endeavors.
In the future, we will continuously maintain and update
BioKA by curating and integrating more biomarker findings.
Our plans include curating additional types of biomarkers,
such as image and cell biomarkers, and integrating high-
quality biomarkers sourced from reputable public resources
like CellMarker (28) to further enrich the biomarker reper-
toire. Moreover, we aim to expand the organism coverage by
incorporating reptiles such as snakes and turtles, as well as
aquatic animals like shrimp, to meet the diverse research re-
quirements. Additionally, we intend to develop a user-friendly
biomarker submission feature to facilitate the timely release
and sharing of newly discovered biomarkers by researchers.

Data availability

BioKA is available online for free at https://ngdc.cncb.ac.cn/
bioka and does not require user registration.
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