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WE: [E®] HR Babcock B30 EEREFHMEN RN, XWERAHMEA X RREREARMLA. AXGEHTE
BEM X MR TEMREEREE. [FE] 80 A B30 ZERAEBREGARN A RBEERA MK, BIALZTH (X
#if%ﬁ) foE e HNE, PMERRFNMROH S S04, AR % FTARESATZA RS 2R KA R, T oE
HRIK WL A (weighted gene co—expression network analysis, WGCNA) R E BRI FEAM <L RAES, RE
?I‘;"Qi}{#ﬁm‘%[i], etk K E B PCR (quantitative real-time PCR, qRT-PCR) FiEAt £ R RAFEFHH#ATHIE., &4 8 REE
REEM T ER, FHAEHAXBEH (genome-wide association study, GWAS) #i%, 35485 Babcock B380 B/#
RHBEAHKNBEALA, X EATRRIE R0, [F B4 PUELmRNA 5585 TR iFiE. [4R] EREAELA,
EFMIEIENRTEEEAHREE, EREGERZIMAEBREZHTAORY. HRXA/NIHHRE 373 MERKEAEAR
(differentially expressed genes, DEGs), &£ 5| EfH &K, PMEL. TYR. TYRPI#n SLCISA2 EEREE Sk
5. WOCNA & 155 25 Mk, MEmagenta B3GR Z/MRERFEYMEL, WEHERMSEAEENEHTZHEE 10 Mg
TSN H, A 4E: PMEL. PIASJ. NDELI. MSRA. HDLBP. GCNT4. FMRINB. TBLX1. ST3GALS. RAB11A. qRT-P(R %2 8
7 4 /N DEGs KA %L RNA-seq 2R — 2. GWAS AT 3L 2 it 968 NE & SNP Lt AL T4 1. 5fn 34 SRERLE,
EBE 221 ANEE, TA PMELSNP 5 KA B 3 X BK; 15316665588 (L 5 R B B MR BF XK, T4 T RF %L (codon
bias index, CBl) B FRZMARL B EMA LT UGU £ 4% WEAF UGC. [4£] Babcock B380 ZEMEFFE /|
RANEREEGTEHRY. ERAMEE 4 M€ X% DEGs, K75 10 MBSO EE. PUEL h B3SO EREREM%
REBEEE, 15316665588 T/C & X &% Babcock B380 B/ ERMRNEZHRBALA.
KEIR: B380 A, AU KRB, HRUM; FHETREM; PMEL
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Abstract: [Objective] To investigate the molecular mechanisms underlying black-tailed and white-tailed feather coloration in
Babcock B380 and to identify key candidate genes and loci associated with tail feather color. It provides a theoretical basis for

poultry breeding and molecular breeding of feather color related traits.[ Method ] A natural population consisting of 80 Babcock B380
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hens with either black-tailed or white-tailed phenotypes was used in this study. The morphology and distribution of melanosomes
within tail feather follicles were analyzed using histological sections observed under light microscopy and transmission electron
microscopy. Transcriptome data were utilized to identify differentially expressed genes (DEGs), and weighted gene co-expression
network analysis (WGCNA) was performed to identify co-expression modules associated with tail feather color and to screen hub
genes within key modules. The expression levels of selected DEGs were subsequently validated by quantitative real-time PCR
(qQRT-PCR). Furthermore, based on genotypic data from the natural population, a genome-wide association study (GWAS) was
conducted to identify genetic loci associated with black-tailed and white-tailed feather coloration in Babcock B380 chickens. The
identified loci were further validated at the population level and subjected to integrative analysis. In addition, codon usage bias of
PMEL mRNA was analyzed. [Result] Microscopic observations revealed that melanosomes were predominantly deposited in the
feather shaft region of chicken feather follicles, with the melanosome area being significantly greater in black-tailed chickens than in
white-tailed chickens. Transcriptome analysis identified 373 DEGs, which were significantly enriched in melanin biosynthesis—
related pathways. Key pigmentation-related genes, including PMEL, TYR, TYRPI, and SLC4542, were highly expressed in
black-tailed feather follicles. Weighted gene co-expression network analysis (WGCNA) identified 25 co-expression modules, among
which the MEmagenta module was closely associated with melanosome biosynthesis. Integrated analyses of network connectivity
and protein—protein interaction networks identified ten potential hub regulatory genes: PMEL, PIAS2, NDELI, MSRA, HDLBP,
GCNT4, FMRINB, TBLX1, ST3GALS5, and RABI11A. qRT-PCR validation showed that the expression patterns of 4 DEGs were
consistent with the RNA-seq results. GWAS identified a total of 968 significant SNPs located on chicken chromosomes 1, 5, and 34,
which were annotated to 221 genes. Among these, 7 SNPs within the PMEL gene showed significant associations with tail feather
color. Notably, the rs316665588 locus was significantly associated with black-tailed and white-tailed feather phenotypes. Codon bias
index (CBI) analysis indicated that the mutation at this locus resulted in a transition from the rare codon UGU to the more frequently
used codon UGC. [Conclusion] The melanosome distribution area in feather follicles was significantly larger in B380 black-tailed
chickens than in their white-tailed counterparts. Transcriptome analysis identified 4 key DEGs associated with plumage coloration
and revealed 10 potential hub regulatory genes. PMEL was identified as a candidate gene underlying the black-tailed and white-tailed
phenotypes in B380 chickens, and the synonymous T/C mutation at 1s316665588 represents a key candidate locus contributing to the
formation of black/white tail plumage.

Key words: B380 chicken; genome-wide association study (GWAS); transcriptome analysis; codon usage bias; PMEL
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A: ARBEY; B: MERY  A: White-tailed Hen; B: Black-tailed Hen

1 Babcock B380 BEFMEE
Fig. 1 Babcock B380 black-tailed and white-tailed hens

1.2 B380 BEPNEEERNMIIDHUE

h WL PR FE N AE R B ) A, B L
B380 BEIREMRENBREA, IFHET 4%
2 W[ E W (BLS39A, biosharp, H[EA E)
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1 NCBI #UEE 10 #hEEXS mFh

Table 1 10 black-tailed chicken breeds in the NCBI database

fhF Breed 4FWEIA Abbreviation FEZHE Sample size B%E Accession F A Phenotype
SRS Adjiao chicken Al 10 PRINA947391 2 Black-tailed
P 238 Huaixiang chicken HX 10 PRINA482210 " )2 Black-tailed
FIHRS Hetian chicken HT 10 PRINA482210 J& Black-tailed
JPEEERY Guangxi yellow chicken GXH 10 PRINA482210 J& Black-tailed
YL Jianghan chicken JH 10 PRINA482210 P22 Black-tailed
2 B339 Pengxian yellow chicken PX 10 PRINA656352 B Black-tailed
PR/ RS Qiandongnan xiaoxiang chicken QDN 10 PRINA947391 M2 Black-tailed
J T %% Weining chicken WN 10 PRINA947391 2 JE Black-tailed
SCE RS Wenchang chicken wC 10 PRINAS00119 22 Black-tailed
1EPHXY Zhengyang yellow chicken zY 10 PRINA482210 22 Black-tailed

1.4 HAZEFHEASNFREEES

%} 80 - Babcock B380 M [ BEAA I 8 bk 2k
7R, A M-S0 72: 42 0 DNA, NanoDrop £l
DNA K EERIIT . B FURT &6 1 DNA FEAZE 2k
5 AR AE DB ARA B 2w HEAT BRI Y, DR
P-4 4 Tllumina HiSeq 2500. K5 /515 21 (#) J5 46
FIHATAS I L 98, fastp BAF 25 b s 42 Sk sl AIG 0 ot 1)
reads, bwa ¥4 ¥4 Clean reads 5 1822 FL K 4H EE X,
{FH GATK # A% SNP #471dJE: QD<<2.0, FS>
60.0, MQ<40.0, SOR>3.0, MQRankSum<-12.5,
ReadPosRankSum<<-8.0, [A]iFW ] plink #4047
5 (MAF=0.05, #t%<0.05) .

NCBI i T 3153 10 Fig sra £ds, #4088
IRTTHAT R . HORE & SNP A, FIH GATK
BAFEES 180 L F £ gk
1.5 SEREBEXFEIT
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F SNP FRidiF SR 2 nXn 5 FIRE XA,
Vg NZIERINMET %5 ¢ 9 nX1 BIBEHLIR ZE i,
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P REL No A BEDR A 05 VRN A 535 Ik AR 23 il i
EH P=0.05N 1 P=1/N, ' P Jy Bonferroni
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FIH CMplot F2/7 LX) GWAS &5 R 47 vl #i
Ak, T I 2 0 P P R A BE DR A BRE R A A RRAE , Q-Q
P PT-Aik G 20 A &5 L 1) 5 B
1.6 rs316665588 BH{ALGIE K HHAI TR EFIES #7

M4 NCBI ' PMEL J7%1) 15316665588 1 s, 1
519 PR1: S’AGGTGCCCATTGCGGTGGATGTGA
C 3'F1 PR2: 5 GTGGGGCTGCGGGAGATGCG 3'H T
P88 PR B, HinP11 Y] PCR P~ T PCR-FR$IVE
FrBRKEZ A (polymerase chain reaction-restriction
fragment length polymorphism, PCR-RFLP) J[X] 4} 7
5 4iil, SPSS 22.0 @47 2 = B E M. RIS
180 FLXS H I 5 K4, Rectchr #4224 PMEL #4%
R . A H CodonW # A% PMEL mRNA J %13
TP MU PE BT, BTt AN TR S 0 7 A AR
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J&i, AL fastp BT 2 BRESKFIIC TR ) reads, 4331
Clean reads. HISAT2 #%f4¥% Clean reads 5 &% LK
A EERS, StringTie FA0f BL A4 AT LA, 193158
NRIEH Y. I “DESeq2” R QW#H T2 RRIAI
[l (DEGs) %%, fiiktsiih log FC=1 H FDR<
0.05. J&T STRING ##)/%E (WM Gallus gallus)
R ZE S RIS LR B -8R BAE (protein—protein
interaction, PPD) {5 K., FHAFH Cytoscape HAFREAT

W 2 ] AL A
1.8 SERFRNEE PCR 5347

Babcock B380 AT XS (1) 2P B REH R
F Trizol (R1100, Solarbio, Jbi) #2HL RNA, £
NanoDrop 2000 Kl FERAE, b f vk
W RNA 5%, BiJ5, fA SureScript First-Strand
cDNA &R # & (QP056, FulenGen, | /i) ¥ RNA
5%y cDNA. qRT-PCR X WAK RN 10 uL, (L45:
5uL 2X SYBRVEEME, 0.2 uL 1E 15514, 1 uL cDNA
PLK 3.6 uL & RNA fi§ ddH,O. 4 8L N 95 “CHil
AFPE 5 ming 95 CAEME 10 s $14T 40 MEFR, 60 Ci
K30, AINFIERRA 2847 Jiikit s, qRT-PCR
I Kk 2 iR,

%2 oRT-PCR 5|¥FFIER
Table 2 qRT-PCR Primer Sequence Information

HRF R F/R B/ 2 Tm (C) PR/

Gene name Description Primer sequence (5'-3") Production size (bp)

PMEL B FEAEN F TTGTCTACGTGTGGTGGACG 60 173
et BTeseme (i R CTGGTCGGTGATGCTGAACT 59

TYR ik 2 R Tt F CACTCTTAGGTGGCTCCAATGTG 60 168
UyeEinge R CAGTCCCAGTAGGGGATGGTGAA 60

TYRPI Pk R A DG EE 1 1 F CAGAAGCTCAGTTCCCTCG 59 198
Tyrosinase related protein 1 R TGGTTGAAGAAGCGTATGG 60

NPY PR Y F GAGGCACTACATCAACCTCATCAC 59 142
WG EREEN R TGTTTICTGTGCTTTCCCTCAA 58

B-actin B-WLEh & E F TCACCAACTGGGATGATATGGA 60 181
gz R TTGGCTTTGGGGTTCAGG 59

1.9 ER#LREEEFEES (PPD

FIH TBtools #fF WGCNA shiny #if@E47 0
BUERILRIE M/ (WGCNA) 1), JLFiesgy]
FILFEE, DRBATEDT A FEA 135 FPKM K1k 7K P
T 70% HIFER T A4 WGCNA 7347, DAk
LIRS EME . TEIERA T, XIFEA AT ]2 IR
KT UM S AEA, KRR B SR REA . KH
Jo1n] Cunsigned) M2 A by gl IL B R 2%, KT
pickSoftThreshold bR & B HME B, 7 INEIHH
PG RP>0.85 M4 FIkE B= 9, JF4 LN
PR B I e 4k ¥ 4 BB (TOMD o BT
1-TOM EE BT JZ GRS, S ML BBy 50,
G I BIAE N 0.25.

18I Pearson A G/ AT T B HURFAIE K (module

eigengene, ME) S5 AbBRA] 2 (Al (FAHOCHE, 77k L Ak
P A R (r>0.6, P<<0.05) . ML
IR P rp i) e DR A ik 3 OC BB RE Y, OF A A
Cytoscape M L RIE M4, KA CytoHubba ffi
PEHET MCC Hkfmik 05K . 5 fH DAVID
JR 55 g SRS R IL K AT KEGG 8 5 42 2047 o [+
i, FT STRING #fE (W Gallus gallus) 3%
IO SCBEIE X (1) PPL AR &L, JFEH] Cytoscape AT
HEAT M2 AL AT

2 HR

2.1 BEMES T RBMEHYNE
HE Qg ReoR, BORIEGBERPBE
PUX I, B RE/MA HE QiR e T
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Ay (K 2) R RSARBRITEN BB,
SRR, RN BT R A P B R TR
BERTARYS (B 3, BEZMOEREBRAR
R 59.25%. 57.14% (£3) .

{4 White-tailed

Wil

2.2 HREANFRIZESSH

XF12 43 B380 B#E (R RS 6 ) #HATIF,
AT T 74.56 Gb [T . TS, S REAR T
HRRRIYET 0.01%, Q30 FIFLLLFIE T 92.00%,

M2 )% Black-tailed

El2 B380 BESHEEEHERBEAAVRE
Fig. 2 H.E staining of tissue sections from B380 black-tailed and white-tailed follicles

42 White-tailed
= ——

N: Z0ffi%; BM: I M: Zikifhk; Ms: BEZF/MME  Nucleus (N), basement membrane (BM), mitochondria (M), melanosomes (Ms)

E 3 B380 BEEMAREEZRR/IMAMAMEIEE

Fig. 3 Electron microscopy of melanosome cells in B380 black-tailed and white-tailed follicles



16 1

AERIBAE . JET 2 A B380 X978 B 5 1 P (U MER B AH S i 16 25k A

3679

*3 BEHR/NMFERNE

Table 3 Melanosome area measurement results

TiH Item

AHE White-tailed

B E Black-tailed

/MK HLE Ze (i H.E-stained area of melanosomes (um?)

1686.52+111.02"

7384.13£319.67**

/MR HLBE I AL Melanosome area in transmission electron microscopy images (um?) 0.20+0.012" 1.03+0.032%*
1P K5 Y B Proportion of pheomelanin-containing melanosomes (%) 57.14+0.67 59.25+1.17
FHEFH R B Proportion of eumelanin-containing melanosomes (%) 42.85+0.67 40.75£1.17

Welch’s t #1460, #dfi I HEbrHEZER IR, *RoR P<0.05, **3FT/R P<0.01

Data are presented as mean + standard deviation (SD). Statistical significance was assessed using Welch’s t-test. P<0.05 was considered statistically significant

(*), and P <0.01 was considered highly significant (**)

GC &N 41.23%—41.62%, ¥ a4, &0 T

Jaskoabt (HE D .
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A: Volcano Plot of DEGs; B: qRT-PCR Validation Results; C: Protein—protein interaction network of differentially expressed genes

Welch’s t 4, Hodfi DUSEEPREZE (SD) RoR. ***387R P<0.001, ****3L7R P<0.0001
Data are presented as mean + standard deviation (SD). Statistical significance was assessed using Welch’s t-test. *** indicates P < 0.001, and **** indicates P < 0.0001

4 EFFIAEFELZES oRT-PCR Wi
Fig. 4 Identification of differentially expressed genes and qRT-PCR validation
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1 NPY 34T qRT-PCR ¥ilF. 45 REH, HBEWMET
B 4 NP AN R B2 w T H RSB ECP
<0.05) , Wil T He et (8 4-B) . 4
WAz RIEI R A TAER R, MH STRING 4
PER 22 R IE L R A BAE M &%, 45 R EoR
PMEL. TYR. TYRPI. MCIR. SLC24A45. MITF . ASIP.
OCA2. DCT. MLANA. SLC4542 F1 NPY &g
IRZLHER (& 4-C)
2.4 hnARFLERIE M LR AHIE

X 12 AN S A RE A HEAT IR PR L 3R 0k 1 2%
-t (WGCNA)D , i R, LIk s 25 Sk
(K&l 5-A) , MEmagenta #5355 2P 32 R A 1 5 Al
KM (=0.62, P=0.0069, K 5-B) . FEKEEM
(gene significance, GS) HBIH AL 71 (module

membership, MM) Z [i] & 23 IEMHK (r=0.42,
P<<0.05) , KW MEmagenta f3t55 &P R %
PIFHIE (B 5-D) o A#RT MEmagenta FEH AT 1)
Dife, AzBPIEHR AT KEGG ®&E5Hr, 4R
RO, R 8 A B LK, Hrh 5P OE
RS DG IH i N : Melanogenesis(map04916 )5 Tyrosine
metabolism (map00350) (& 5-C) . il it Pearson
AR R E D BB PR O IR, L 3] 10 M e
%0035 : PMEL PIAS2. NDELI. MSRA HDLBP-
GCNT4. FMRINB. TBLXI. ST3GAL5+ RABI1A4 (¥
5-B) o ANWAEHEATAENLL, FIH STRING %d
JE R S 5 P (0 08 A OG DR 1) 2 1 B R 4%, 45 R
#W, PMEL. TYR. GRINI. FBL Fl MLANA }j W
2P R (18] 5-F) .
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Fig. 5 WGCNA and protein-protein interaction network
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GWAS of black-tailed and white-tailed phenotypes

K4 PUEL rs316665588 i S EEE LGiit
Table 4 Genotypic distribution of the PMEL rs316665588 locus

cC TC &1 Total
M Black-tailed 79 1 80
FJE White-tailed 0 80 80
4t Total 79 81 160
Fisher 7% Fisher’s exact test 1.76E*5%x

R o R R TR S ETE R EPS

*: Correlation is significant at 0.05 level; **: Correlation is significant at 0.01 level
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Table 5 Codon usage analysis of PMEL mRNA sequence

BER FET )8 R SCHE G T AR AR L BE
Amino Codon Number Relative synonymous
acid codon usage, RSCU
Cys UuGU 1 0.13
Cys UGC 14 1.87
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