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Table 1 Gene mapping results of chicken feature trait
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B — RS BL R 2K /N A 1.05 Gb, BB 1B 120000£
AN, ARSI T IR A MERO. ARk, 15
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fold NSOfH 2420 Mb. GRCg7 A PR 21 ) 5= A
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2H, Scaffold N5O{HZ) 590 Mb; GRCg7wH FACFEHERY
iRl AR A S SR AL

MR, TR ZR YR LR A 4R AR 5 T RN DL R
SERAA LT SR, BIAEAZRG | BR[|
IR RS S5 7E N 244 WUAS . A 7R i 22 AN [) it
i X0 (14 32 D 21 e B A5 A AL, RS N B3 4 B S7 HL PR
— 57 LR 4 JC Ik 50 8 o 1 )RR T A T R 1 R,
T2 PR b i PR 2 72 S RS T, e g
DL 22500 A T2 FE AR, 12 FE T LA A
Z TN e, 20214F, T AP a1
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ZHA T FEN A, VERRSI1242FI880NHTREIN, MLl
RESLIN A AT 3R AL T e B Ay L IR A 0, SR,
BT R 1R Ak 35 DR 28475 75 e R 35 DR 20 v i o PR 3
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TEZ WAoo, W RS I s s e 5k
2[ Bk 43T (transcriptome  whole association  study,
TWAS). %8R BtEHL{L(Mendelian randomization, MR)
L i (colocalization) /M55, TWASH I 2 AR &
RN RR S RBAE IR, SE AT LS 5
FARYPEATOCHLES. MRIN Pt B 7E3A 72 h T
W R B i, O o R 5 o S R
B S B B, HEWTRER R TS HAR P
FERIRCR. MAEZ ARG T, SNP# HAE Ry
PSR, JERRIR<RRERN R, B MIRER A YR
“LE AR PO SR A AT R BN P QTL AN
Ui AR QTL A IR 25 A TR, DA 5 2
[F1] 2% 75 7 S04 7 £ DR 2 Ay g ),

TER GWFE I, 20154 BIFAANGHEE ™ e
FEREZ T, TR T 1573399 MR TiE, wE
10290718 3h 1. 146045 TSS-I ik s X, 765400
BT 351928 ATAC K F1201377/4M I X 21, 5
— (T HER AR T SRR Sy B 4 91 1
AR, R 2 A 58RI R 2 22 Ay B it 1 58 9
FEGEUR, T B D e AR bt P41, WL K 2H G
AR TR A, WO ARG AD X A P 4 2 1Y) K e
AL TR AT RE). EfL SR FIKZH, ChickenGTEx
(genotype-tissue expression)®&4 T3k H28 N H LAY
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Figure 1 Schematic diagram of multi-omics integrated analysis of complex quantitative traits (Some figure components were created using BioRender

software with a license)
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A BN T8 7Es 2 m W T el 23 HEAR
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L 2EAESE B RTATE [ AN 2 E R A, PR
RNAJF (scRNA-seq) BEWS LA HAH I 2% 1] 1) 43 HE R A
B DR Bk i s R B g s S 4 42 IR R %
BAREP RS, ER TEARR K E BB ARt
PRI S BN sh AR E. BAURAT T 2 41057
(I Fee . EEsHTiA . DL AHR . B2 RN AnH), if
KRBT O R CAn TR S MR 2 i), IR R R
PEILRNFGFS, M3 MBS & A i i s AN orF AL
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JE i AR A2 B BE BRI AN AL, T T
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P28 A T E RO S Rode, I BN i B A
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WORHE R R, BEE TR YA E R, R d
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PETHEE BT RE S S5 AT SRk

4 ZH YRR BRI X 3 R 4 k£ S
> TR

FE [N ZH 1% (genomic selection, GS)J&—FhIL T4
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(genomic feature best linear unbiased prediction)f& I
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DX %% . B 5, TALENsFICRISPR/Cas9 %51 [ 4 A
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Chickens serve as the predominant source of meat globally and represent a critical model organism in developmental
biology, immunology, and physiology research. Chickens were among the first animals to demonstrate Mendelian
inheritance laws. As early as 1897, William Bateson conducted hybridization experiments on chicken comb morphology.
Over the past century, 59 quantitative traits linked to causal genes have been identified in chickens, primarily related to
phenotypic traits. Since the release of the initial chicken genome in 2004, seven updated versions have been published.
However, a single reference genome cannot fully capture the species’ complete genetic diversity, driving the advancement
of chicken genome research into the pan-genome era. Current efforts focus on constructing a multi-variety graphical
genome using telomere-to-telomere (T2T) assembly approaches. To date, the Global Chicken Reference Panel (GCRP)
consortium has generated a genome panel of more than 10,000 samples. The Functional Annotation of Animal Genomes
(FAANG) consortium has annotated over 1.5 million regulatory elements in chickens. At the transcriptional level, the
Chicken Genotype-Tissue Expression (GTEx) Project has mapped diverse molecular quantitative trait loci (QTLs) and is
expanding its scope to incorporate single-cell omics. These multi-omics data have facilitated the creation of multiple
associated databases and have also transformed the research methodologies for economic traits such as growth and
reproduction in chickens. The shift from genome-wide association studies (GWAS) to multi-omics colocalization and
integrative analyses has deepened our understanding of how multi-dimensional large-scale data interact with the central
dogma, thereby improving the precision of complex trait gene mapping. Downstream applications leveraging these
foundational data include two prominent breeding strategies: genomic selection and gene-editing-based design breeding. In
chickens, genomic selection primarily addresses the issue of prediction accuracy, propelling the development and
application of weighted genomic best linear unbiased prediction (GBLUP) and diverse Bayesian methodologies. The
distinct developmental biology of chickens imposes certain limitations on the application of gene-editing technology;
however, more stable and efficient editing systems are continually emerging to provide the biological resources required by
humans in a flexible, efficient, and standardized manner. Meanwhile, artificial intelligence (AI) models supported by big
data are increasingly integrated into animal genetics and breeding. In the future, multimodal prediction and evaluation
frameworks may be established to enhance the interpretability of biological outcomes. This review first outlines research
progress on Mendelian traits in chickens, followed by a summary of advancements in chicken genome assembly. Next, we
introduce methodologies and breakthroughs in deciphering the genetic mechanisms underlying complex traits.
Subsequently, we discuss the evolving directions of genomic selection and molecular design breeding within the
context of multi-omics integration and large language models (LLMs). Finally, we synthesize the current landscape of
chicken genetic research and anticipate future prospects at the intersection of poultry genomics and artificial intelligence.

chicken, genome assembly, gene mapping, multi-omics integration, genomic selection, gene-editing
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