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Abstract: This article aims to elucidate how single-cell omics technologies advance livestock research
and provides a systematic review of the construction process, current applications, and major
challenges of single-cell transcriptomic databases in domestic animals. It seeks to offer data references
and analytical frameworks for researchers, thereby promoting deeper application of this technology in
livestock studies. This review conducted a comprehensive review and integrated analysis of existing
single-cell transcriptomic database resources for livestock, summarizing their construction
methodologies and application pathways, while also discussing current technical bottlenecks. The
review demonstrates that single-cell transcriptomics offers novel perspectives and abundant data
resources for elucidating mechanisms of livestock diseases, molecular breeding, and health

management, while also revealing significant challenges in areas such as data integration and
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annotation standardization. Future efforts should focus on constructing high-quality databases,

developing analysis algorithms tailored to livestock species, and promoting multi-omics integration to

fully leverage the potential of single-cell technologies in the development of animal husbandry.
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Fig. 1 The construction process of the single-cell transcriptome database
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% T 7N
U B VA WK S it ik
na(m(c - Database details Species types Functional features Website Reference
PBatlas IAPF, TAFEA 54K PR MR G RN FE RS http://120.79.46.200:82  [33]
JiRi X358, 32 250 4~ 41 i AT 200 8 TR 3 T B
AU 5 ] 43
CCL 149 F, 30 Z 484l 4 I 4 4 My 2 T 7R B L L84 http://cattlecelllandscape. [40]
13 FlZH BT R AR 10 5 PR A ) zju. edu. cn
DCA 149 b, 84 4 fig 2 A1, op FLP F IR A M MM hups://egrb. qau. edu. cn/ [42]
YTE 2 )i} WA B 3t B 1~ A if)
CattleCA 149, 59 Fh 40 g 25 7Y s R FIREMAMbRICHE  hips://ngde. encb. ac. en/ [41]
170 Z T34~ 40 it A 25 1) cattleca/
ChickenGTEx  14¥%l, 127 5984~ 41 Jify Xt HE K 3K A A https://chicken. farmgtex. [39]
org/
CDCP 641 MEIREE 2T 2 FE T R R RUFE R EAMNMZER hips://db. engb. org/cdep/  [13]
AL,9800 T ZAANME A KA B BE RN W] AR R
ik
SCEA 20, 355 B . HS KB4 AL scRNA-seq /BT https://www. ebi.ac.uk/  [43]
1700 J7 2441 i * AR (t-SNE 2 [&] [ 17 gxa/sc/home
fHigeE
SPEED 127409F0,630 20 Al 8 X K A I IR A BT LR ) http: //speedatlas. net [44]
JitL, 85 i g S Al B HRE R AR BSR4 AT
scp B3NN BIAE 575412 TG KA K KK KA 40 M R https: //singlecell. [45]
A4 il 4 4 Ko Hr AigFEH A broadinstitute. org/single_

cell

25 By BOKS 40 09 4 5 0 2 bRl OF e BN R
5 00RE T8 B A b v K R R S 0 G B R )
(J% 19 SNRPD2. 1 fl Ay CATSPERZ 3£ X ) , I K5
T 20 AL A A B R R AT R T B
WA BT R, N SR AR R AR R B B
FLAT 50w 0 DR ST 2 (R AE RS 7 PR B B Hh B e 3
fb. Wit 2R RIRSMER T HEY P S 5RE
K1 5 H KK 7B U G 8 PPAR {5 5 3l %, 0 f#
BT 4 ) B 25 5 A0 B A ML o AR TR A . A
S5 SF FI) FH B0 5 S 2 KA I O IR B2 ) i
BN ARLRE S s K & 28 B R E kO s
M5 YRR S IR T R 5 A E A W) 2 5 R A
T L e R LIS
3.2 ERHLEIEHR

P A S 2R BOHE PR A B T 4R R R R R R
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Wi 36 97 R T B B A B 0% S A RN SR B . 940 , Qian
AU g s A R R B R4 BT 302 A48 FF AT
scRNA-seq £ 4 , A & T {8 5 Fn e o IR A8 F AN

IR ) B A i 2 3 2 R AR AR R X S Bl i E T
ST ELIE A0 B AL, IR AR R T AT AR R ik X Y 43
AR Sk, I — 22 8 T AN TR RS 1Y 4 il
Z RN AR ELAE T, Sy rho AR A 28 2R G0 9 s B F 9 42
BE TR LA o 3X R4 BT R WS AR K & ST [ AR
L Xu SR 3 AR SRR A TF R NS R
LA A U0 seRN A -seq B4l 48 , I X0 B #% WL 5 41
L5 s R RRAE SR AT T B WA LU B e T AN TR ) b
[i] i 76 A~ e 52 0% 41 M Bk 1 5 KRN 618 /> ) ke
e P A e A 0 B PR Sy L PR 40 R 18 ) B AL
BEREUE TR LR . A i I 5 O A T 6 A
N WU B 1 Ty Bk B R Y SRR 0, R B 5
A ZE LR FE G L2 45 (DMD) F1 5 88 WL A 2 40
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(R ARARL P | 8 75 58 W) R AE IR T 3k 28 N LR 2 9 oh
14 9 A8 I A o
3.3 #HUEWESW

AR, 56T 540 i 7 S AL B8 T 0 B W B a3 B
W Ry BEAL AR W 2 F T SR B T 5 B BRI
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W, Zhu 555958 4 EE KAl scRNA-seq £ ¥ , I 4%
B /NEUT B I B R T R B W) Rl L BT, R Gi e
N TN RS R AR DR SRR B b i AR S R 2
Mo WFIE & B, 20 58 I 5T 4H 40 A 22 i A ) (A
PDGFRA (CSPG4) 75 P A~ W) Flt W] 2 35 w5 B — 34,
PRI T Wy R B DR ST Pk o SR, 7E 20 M 53 Ak R 4 AL
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Al ik B e L I (40 KLF6 . FOS Ml MAPK3) 5
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it Bt S5 2H RS L D B 06 B %) A i S AR 4 i /D B
P NRRE RV RZ T AL LR KT
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13 T K E AN A RO E ST BIR 9

Ip 52 R 22 B A Bt 1 A 5 B R AR BRSO e
B S A B AMER B T TR S E . B8
5 THT I 1 JOT ek TC T 2 A5 285 50 90 A e L AR 3 b 1140 O
I, E RS TR, W, FRENTES
PSSR G SR MMk N HRABTE &L
A PEAR FNHE SN 73 7 B Fh 2 A = EANH

Tk & & Pa i B T B H AT, SR A0 R
TEFES TR ERE GBI MWE HHRA
ik 2B T NN BBt . B an
scDeepSort ™ L /Iy BB AR i 4 51 2 [R5 o ik
Tl 540, B X AN [) 20 203 i I 2R B A 5 3% T 2R
TIAS L Pt 2 I 28 ( GNIND AR S 200 TR BE 27 2] 4848 1E
G P A I AR 3 R AT 55 b e 0 A i I R
i S M S R T IR B 2 ) 55 A A L P 9 A g B
X RA AL Ik JF K& & R 5 09 40 ML 28 A
TH A B AR T A IS A e A oA PR S T SR
PE A R0 R 2% S BT 5 RS B A48 B S AR A
AT Sy 3 65 B 240 B 5 90 1) 1 P i 4t B IR S B R
X,

Z 21 2R BOTE R R S scRNA-
seq. M40 M 4 B A 4] (seWGS) | 3 o i n] R
(scATAC-seq) Je 75 [ 5 sk H 5 Z RSB T &
Z S PR CC Y T A Y R E
it 2 2 OB i RS 5 R G o0 BT, BB % AR G i A 4
JL DR 8 8 A5 AL | 3 PR A O 4 R O R R
Ohy L2 R IR B A BT B R R A 5 B RO
PR B0 S HRE S ALH WAR . Ah, aT gk —
A Rl R 4 2 JE B % ChickenGTEX™ 4:35 H
(4 5 %, R B TR0 M R DN 3R 08 5 2 U SR T R
S PR A - 200 R S M AR R - R AT DG IR I 4%, Y
ST A PR R 3 A% LR 1) 22 )25 R AT

gh B R &S A M B 2 Y T & E AT Ak
TR R, il G B S TR AR T DL 5
SRR Z PR . ROk TR BERLG 2 1 A
RNTHEBULE R EGE MESHENES
B B 2H A R PR L R E S S B Y R 8 R S S
P TR g T b o AR 0 A T RS A BT T R L T
K E AW E B T A K B R R %A
5553 B i dE ARV A RCR o Bl A DU R BOR 19 R 224
b5 BUAS B AR, AT A B 3 T R R | T 4 T 1Y
AR M S E S YR M A,
I, BB B A SO A AN BT 5 S DL KA G B2 i
M TR RSk 0 W KA e S B R T IR

T BIL A L35 2 BT IR LR 47 A5 ) A5 4R A B FH B
AN w7l B T RS A SR AR A ) B M R
S

2 % X ik (References) :

[1] YANY,ZHU S,JIA M,et al. Advances in single-cell
transcriptomics in animal research [J]. J Anim Sci
Biotechnol,2024,15(1) :102.

[2] LUY,LI M, GAO Z,et al. Innovative insights into
single-cell technologies and multi-omics integration in
livestock and poultry[J]. Int J Mol Sci, 2024, 25(23) :
12940.

[ 3] CAIS,HU B,WANG X, et al. Integrative single-cell
RNA-seq and ATAC-seq analysis of myogenic
differentiation in pig[J]. BMC Biol,2023,21(1):19.

[4] LIJ, YANG D, CHEN C, et al. Single-cell RNA
transcriptome uncovers distinct developmental trajectories
in the embryonic skeletal muscle of Daheng broiler and
Tibetan chicken [J]. BMC Genomics, 2025, 26 (1) :
187.

[ 5] YANG H, MA J, WAN Z, et al. Characterization of
sheep spermatogenesis through single-cell RNA
sequencing[ J]. FASEB J,2021,35(2) :e21187.

[ 6] ZHANG Q, WANG Q, ZHENG 17, et al. Single-cell
RNA sequencing of the spleen reveals differences in
Salmonella typhimurium infection mechanisms between
different chicken breeds[J]. Poult Sci, 2025,104(2) .
104669.

[ 7] FAN B, ZHOU 1J, ZHAO Y, et al. Small intestine
using single-cell RNA sequencing [J]. J Immunol,
2023, 210(3):271-282.

[ 8] HANEDA Y, MIYAGAWA-TOMITA S, UCHUIMA
Y, et al. Diverse contribution of amniogenic
somatopleural cells to cardiovascular development:
With special reference to thyroid vasculature [J]. Dev
Dyn,2024,253(1) :59-77.

[9] WANG L,GAO P,LI C,et al. A single-cell atlas of
bovine skeletal muscle reveals mechanisms regulating
intramuscular adipogenesis and fibrogenesis [J]. J
Cachexia Sarcopeni,2023,14(5) :2152-2167.

[10] HE T,GUO W,YANG G,et al. A single-cell atlas of
an early mongolian sheep embryo[J]. Vet Sci, 2023, 10
(9):543.

[11] SANTIAGO CP, GIMMEN MY, LU Y, et al



10 oM OB OB ¥ 57 %
Comparative analysis of single-cell and single-nucleus Behav Res Methods,2013,45(4):1011-23.
RNA-sequencing in a rabbit model of retinal [24] BLONDEL VD, GUILLAUME JL, HENDRICKX
detachment-related proliferative vitreoretinopathy [J]. JM, et al. Local leaders in random networks[J]. Phys
Ophthalmol Sci,2023,3(4):100335. Rev E Stat Nonlin Soft Matter Phys, 2008, 77(3 Pt 2) :

[12] HUC,LIT,XU Y,et al. CellMarker 2. 0:an updated 036114.
database of manually curated cell markers in human/ [25] LI H, WANG X, WANG Y, et al. Cross-species
mouse and web tools based on scRNA-seq data[J]. single-cell transcriptomic analysis reveals divergence
Nucleic Acids Res,2023,51(D1) :D870-D876. of cell composition and functions in mammalian ileum

[13] LIY,YANG T,LAI T,et al. CDCP: a visualization epithelium[J]. Cell Regen,2022 ,11(1) :19.
and analyzing platform for single-cell datasets [J]. J [26] FINAK G, MCDAVID A, YAJIMA M, et al.
Genet Genomics,2022,49(7) :689-692. MAST: a flexible statistical framework for assessing

[14] FRANZEN O, GAN LM, BJORKEGREN JLM. transcriptional changes and characterizing heterogeneity in
PanglaoDB:a web server for exploration of mouse and single-cell RNA sequencing data [J]. Genome Biol,
human single-cell RNA sequencing data[J]. Database 2015,16:278.

(Oxford),2019,2019 :baz046. [27] LIS,ZHANG Q,LIJ,et al. Comprehensive analysis

[15] WHITE J. PubMed 2. 0[J]. Med Ref Serv Q, 2020, 39 of autoimmune-related genes in amyotrophic lateral
(4).382-387. sclerosis from the perspective of 3P medicine [J].

[16] CLOUGH E, BARRETT T. The Gene Expression EPMA J,2022,13(4):699-723.

Omnibus Database[J]. Methods Mol Biol. 2016,1418: [28] The Gene Ontology Consortium. The Gene Ontology
93-110. Resource: 20 years and still GOing strong[J]. Nucleic

[17] WANG Y, SONG F, ZHU J, et al. GSA: Genome Acids Res,2019,47(D1) :D330-D338.

Sequence Archive [J]. Genom Proteom Bioinf, 2017, [29] KANEHISA M, GOTO S. KEGG: kyoto encyclopedia
15(1):14-18. of genes and genomes[ J]. Nucleic Acids Res, 2000, 28

[18] ATHAR A, FULLGRABE A, GEORGE N, et al. (1):27-30.

ArrayExpress  update-from  bulk to  single-cell [30] CHENG C, CHEN W, JIN H, et al. A review of
expression data[ J]. Nucleic Acids Res,2019,47(D1) : single-cell RNA-Seq annotation, integration, and cell-
D711-D715. cell communication[ J]. Cells,2023,12(15) :1970.

[19] BURGIN J, AHAMED A, CUMMINS C, et al. The [31] GOPI K, MAZUMDER D, CRAWFORD 1J, et al.
European nucleotide archive in 2022[J]. Nucleic Acids Developing a MySQL. database for the provenance of
Res,2023,51(D1):D121-D125. black tiger prawns (Penaeus monodon) [J]. Foods,

[20] YOU Y, TIAN L, SU S, et al. Benchmarking UMI- 2023,12(14) :2677.
based single-cell RNA-seq preprocessing workflows [32] DL R,H V A, HONNAVALLI PB, et al. The
[J]. Genome Biol,2021,22(1):339. MongoDB injection dataset: a comprehensive collection

[21] WU Q, HU X, ZHANG X, et al. Single-cell of  MongoDB-NoSQIL. injection attempts and
transcriptomics of peripheral blood reveals anti-tumor vulnerabilities[ J]. Data Brief,2024,54:110289.
systemic immunity induced by oncolytic virotherapy [33] ZHU J, CHEN F, LUO L, et al. Single-cell atlas of
[J]. Theranostics,2022,12(17) :7371-7389. domestic pig cerebral cortex and hypothalamus[J]. Sci

[22] HERRERA-URIBE J, WIARDA J E, Bull (Beijing),2021,66(14) :1448-1461.
SIVASANKARAN S K, et al. Reference [34] ABUIN JM,LOPES N,FERREIRA L, et al. Big data
transcriptomes of porcine peripheral immune cells in metagenomics: Apache Spark vs MPI [J]. PLoS
created through bulk and single-cell RNA sequencing One,2020,15(10) :€0239741.

[J]. Front Genet,2021,12:689406. [35] ADIL A, BHATTACHARYA N, AADAM, et al.

[23] TIMMERMAN ME, CEULEMANS E, DE Enabling scalable single-cell transcriptomic analysis

ROOVER K, et al. Subspace K-means clustering[J].

through distributed computing with Apache spark[J].



14

TS K E N A RO E WY R S e 11

[37]

[38]

[40]

[42]

[44]

[45]

Sci Rep,2025,15(1) :27713.

TRAN D D, WAI MON T, OGATA K. Transport
Layer Security 1.0 handshake protocol formal
verification case study: How to use a proof script
generator for existing large proof scores [J]. PeerJ
Comput Sci,2023,9:e1284.

HANWELL M D, DE JONG W A, HARRIS C J.
Open chemistry: RESTful web APIs, JSON,
NWChem and the modern web application [J]. J
Cheminform,2017,9(1) :55.

JIA L, YAO W, JIANG Y, et al. Development of
interactive biological web applications with R/Shiny
[J]. Brief Bioinform,2022,23(1) :bbab415.

GUAN D,BAI Z,ZHU X, et al. Genetic regulation of
gene expression across multiple tissues in chickens[J].
Nat Genet,2025,57(5) :1298-1308.

WU J J, ZHU S, TANG Y F, et al. Age- and
microbiota-dependent cell stemness plasticity revealed
by cattle cell landscape [J]. Research (Wash D C)
2023,6:0025.

HAN B, LT H, ZHENG W, et al. A multi-tissue
single-cell expression atlas in cattle [J]. Naz Genet,
2025, Epub ahead of print.

TIAN Y, LIU S, SHI H, et al. Revealing the
transcriptional and metabolic characteristics of sebocytes
based on the donkey cell transcriptome atlas [J]. Adv
Sci (Weinh),2025,12(16) :e2413819.

GEORGE N, FEXOVA S, FUENTES A M, et al.
Expression Atlas update: insights from sequencing data
at both bulk and single cell level [J]. Nucleic Acids
Res,2024,52(D1):D107-D114.

CHEN Y,ZHANG X,PENG X, et al. SPEED:single-
cell pan-species atlas in the light of Ecology and
Evolution for Development and Diseases [J]. Nucleic
Acids Res,2023,51(D1) : D1150-D1159.

TARHAN L, BISTLINE J, CHANG J, et al. Single
cell portal: an interactive home for single-cell genomics
datal[J]. bioRxiv,2023,17:2023.07. 13. 548886.
X7 AT AT, B AR ACHL, 45 . RN 3 Sk 21
PR B AR S W) Sa P Ry N R [T]. & s e
#,2023,54(02) :421-433.

LIUY Y,LIX Y,BA Y N M L, et al. Single-cell

transcriptome sequencing technology and its application in

animal reproduction[J]. Acta Veterinaria et Zootechnica

[47]

(48]

[49]

[50]

[51]

[53]

[54]

[56]

Sinica,2023,54(02):421-433. (in Chinese)
FEANER , b B XUHRIR, 45 . A AR L A s AL R R
e84 b AR SE [T]. A ¥ $R 3 4, 2022, 38
(3):226-233.

XIONG H L,SHA Q,LIU S N, et al. Application of
single-cell transcriptome sequencing in animals [J].
Biotechnology Bulletin, 2022, 38 (3) : 226-233. (in
Chinese)

WANG X, WANG Y, WANG Y, et al. Single-cell
transcriptomic and cross-species comparison analyses
reveal distinct molecular changes of porcine testes
during puberty[J]. Commun Biol,2024,7(1) : 1478.
ZHAO Y D, YANG C X,DU Z Q. Integrated single
cell transcriptome sequencing analysis reveals species-
specific genes and molecular pathways for pig
spermiogenesis [ J]. Reprod Domest Anim, 2023, 58
(12):1745-1755.

QIAN Z,QIN J,LAT Y, et al. Large-scale integration
of single-cell RNA-Seq data reveals astrocyte
diversity and transcriptomic modules across six central
nervous system disorders [J]. Biomolecules, 2023, 13
(4):692.

XU D, WAN B, QIU K, et al. Single-cell RNA-
sequencing provides insight into skeletal muscle
evolution during the selection of muscle characteristics
[J]. Adv Sci (Weinh),2023,10(35) :¢2305080.
ZHANG S, FANG X, CHANG M, et al. Cross-
species single-cell analysis reveals divergence and
conservation of peripheral blood mononuclear cells[J].
BMC Genomics,2024,25(1) :1169.

WANG Y,JIANG Y, NI G, et al. Integrating single-
cell and spatial transcriptomics reveals heterogeneity of
early pig skin development and a subpopulation with
hair placode formation[J]. Adv Sci (Weinh),2024,11
(20):e2306703.

VOLDEN R, VOLLMERS C. Single-cell isoform
analysis in human immune cells [J]. Genome Biol,
2022,23(1):47.

CAO Z J, GAO G. Multi-omics single-cell data
integration and regulatory inference with graph-linked
embedding [J]. Nat Biotechnol, 2022, 40 (10) : 1458-
1466.

MURAT F, MBENGUE N, WINGE SB, et al. The
molecular  evolution  of

spermatogenesis across



12 BoMom B ¥ 57 %

mammals[ J]. Nature,2023,613(7943) : 308-316. 2024,25(5) :bbae392.

[57] TANG Z, CHEN G, CHEN S, et al. Modal-nexus [60] HU Y,AN Q,SHEU K, et al. Single cell multi-omics
auto-encoder for multi-modality cellular data integration technology: methodology and application [J]. Front
and imputation[ J]. Nat Commun ,2024,15(1) :9021. Cell Dev Biol. 2018,6:28.

[58] SHAO X,YANG H,ZHUANG X, et al. scDeepSort: [61] sREN,Z= L2, V5,5 gl i st A0y BR
a pre-trained cell-type annotation method for single- TER IS R [T]. 7 $os BE 2= 4, 2024, 55
cell transcriptomics using deep learning with a (8):3276-3287.
weighted graph neural network[J]. Nucleic Acids Res, ZHANG X X, LI H,FENG P J, et al. Application of
2021,49(21):el22. single-cell transcriptome sequencing technology in

[59] FU Q, DONG C, LIU Y, et al. A comparison of domesticated animal [J]. Acta Veterinaria et Zootechnica

scRNA-seq annotation methods based on experimentally

labeled immune cell subtype dataset[ J]. Brief Bioinform

Sinica,2024,55(8):3276-3287. (in Chinese)
(i M)



