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Skin feather follicle density and Wnt3a mRNA expression in
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Abstract The present study was conducted with the objective of investigating the differences in skin feather
follicle density and its correlation with Wnt3a mRNA expression in different hybrid combinations of yellow-feathered
chickens. The experiment was conducted on the basis of four specialized strains, which were bred from local

native chicken breeds and fast-sized yellow chicken resources. A total of six binary hybrid combinations (WT,
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RT, KW, TW, KR and TR) were designed by incomplete double-row crosses. The skin follicle density and Wnt3a
mRNA expression levels of diverse skin regions (i. e. back, breast and thigh) of these hybrid combinations were
systematically assessed, and a comprehensive correlation analysis was conducted. The results demonstrated
that: 1) The body weights of the different hybrids were not significantly different (£>0.05), and the body weights
of the hybrids sired by fast-sized yellow chicken (W and R strains) were higher than the others. 2) The feather
follicle densities of the various hybrids exhibited significant variation (P<<0. 05), with the follicle density of the
hybrids sired by the local breeds (K and T strains) being higher than that of the other hybrids. 3) A statistically
significant discrepancy (P<<0.05) was identified in the feather follicle density and Wnt3a mRNA expression levels
among the distinct anatomical regions of the hybrid subjects. A gradient distribution pattern was observed, with
higher levels in the back region followed by the breast and then the thigh. A positive correlation was identified
between follicle density and Wnt3a mRNA expression, with varying degrees across different hybrids. 4) A
negative correlation was identified between feather follicle density and body weight with varying degrees across
different hybrids. In summary, the present study compared the differences in skin feather follicle density among
different hybrid combinations of yellow-feathered chickens, confirming the regulatory role of the Wnt3a gene in
feather follicle development and revealing the potential existence of a genetic antagonism between growth rate
and feather follicle development, which provided a theoretical basis for the molecular breeding strategy to
balance growth rate and carcass appearance traits in the selection and breeding of high-quality yellow-feathered
chickens.

Keywords vyellow-feathered chicken; hybrid combination; skin feather follicle density; Wnt3a; correlation
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Table 1 Hybrid combination design of experimental chickens

aigit

A Male BEA Female($)

Q) W R T
w / / wWT
R / / RT
K KW KR /
T W TR /

1.2 MK E F0 A G R

300 H B, IR 6 4~ Z4 38 4G v 43 i) Bl ALk R A
AR LAY 30 H XS RN 30 HRERY A H G A7 i -
5 it S 12 h e FRat R E . 3 50 1 A 3t
360 H, 43 il DA A X 3 ) S R A R S Bz TR A B
BWPEIFHF B R ERANEY R 2 mL KA E
H L5 E &SR —80°Ck A RS AR TE L T
RNA 4. BTG, 0 3 5 8 035 35
Ji) 08 AR K i 8 AH [+] 407 5 B 2 em X 2 em [T AR ) A
EANBOFIT R BEFE" . 4T &R 300
H % 1A 5000 3 2o A 08 bl SR RS
1.3 S|¥riEIr5E&K

M #% GenBank ' %% GAPDH % H (NM._
204305) Fl Wnz3a 3 K (NM_001171601) mRNA J¥
S S Oligo 6. 0 B4 152 1 52 i 2 )l & PCR
5191, 519 5143 90 : GAPDH(F : CAGAACAT
CATCCCAGCGTC, R: GGCAGGTCAGGTCAA
CAAC, =K 133 bp) . Wnt3a(F: TTCGGGAC
TCGTGACAGGAT,R: ACGTAGCAGCACCAG
TGGAA, =¥y K B 143 bp) , 51 ¥ i1 4= T4 9 T F
C R B A BR 2 w6 il
1.4 RNAIEH

FH K TR B8 % R A7 0 9 B A C RNase
B2 mL B0 AT, A 2 U ER , iIn A 1 000 pnl. 41
IR (TrizoD , 35 B 15 T, A S B H 25 5
BlH,40 Hz, iz 17 180 s, B 5.0 %, F JC RNase 1)
1 mL Wk W BUA)3RW, B FJC RNase 9 1. 5 mL #
L, 4°C 12 000 r 2 0 2 min, B H E 3 TG
RNase [ 1.5 mL &.0& H , f F RNA #2507 &
(CWO0597S, VLI585 Ay th 2 A= Wy BB ey A B2 7D
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T DEPC /Kt i B 5 FH o Uk Rl 58 A0 43 0606 BE 4G
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Top Green EX-Taq Mix 10pL, B39 0.5 ulL, T
W75 % 0.5 pl., RNase Free ddH,O 7 pL, cDNA #
W2 plo &0 95 CHUAS P 30 s; TR IR FE T K
95 ‘CAEM: 55,60 ‘CiR K ZE A 50 s, H 40 41 3 ;
Melting curve 251 :97 °C 105,65 °C 605,95 °C 1 s,
KH 2 Ak T A X R AR TR
1.6 Sitah

I 50 #0095 F Excel #1048 i 17 90 25 % 51, R H
SPSS22. 0 B A X B s AT e it 3 M o ARl e sg 4
A 1) 45 PR 22 J# H One-way ANOVA H Turkey
AT 2 H R I A R DU I B AR 22 T R
78, L P<<0.05 1E & 22 5 B 2 ¥ #] Wr ; Bivariate
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Table 2 Body weight of six hybrid combinations and their parents at 300 days of age g
i % FE5 Gender g4 £ 5 Gender
Strain Y Male XY Female Hybrid AN Male 3% Female
w 4321.05+265. 54a 2984.80+253. 17a WT 3107.87+219.82 2240. 86+209. 51
R 4219.78+247. 23a 2980. 01+233. 99a RT 3034.95+212.51 2262.51+188. 39
K 2090. 96+ 207. 73b 1622.324179.61b KW 2889.75+215. 09 2119. 22+233. 60
T 2011.01+216.63b 1550. 324+185. 15b KR 2866.22+191. 68 2181.10+224. 51
T™W 2981.86+203. 78 2125.67+172.13
TR 2862.00+222. 97 2195.114+227.88

T RS /NG 78RR AN TR dh &R ) 22 53 12345 (P<<0. 05),
Note: Different lowercase letters within a column indicate significant differences among strains (P<Z0. 05).

K3 ONEIHEAA BERRMURKEEZE

Table 3 The follicle density in different skin areas for six different hybrid combinations of male and female ~/cm’

o N3 Male 138 Female

Hybrid Jif9 B Breast &8 Back Jilt &8 Thigh Jif1 B Breast P Back Ji ¥ Thigh
WT 16.09+1.68b(a) 17.9042.59Ca) 11.89+1.46b(b) 14.74+1.58(b) 18.46+1. 34bc(a) 13.40£2.07b(b)
RT  16.25+1.64bCa) 18.13+2.47(a) 11.3341.41be(b) 15.72+£1.57(a) 17.63+1.18c(a) 13.78=+1.19b(b)
KW 17.81+1.49aCa) 19.0741.91Ca) 11.93+1.65ab(b) 16.17+1.44(b) 21.80=+1.68aCa) 15.34+1.77a(b)
KR  16.8241.29ab(b) 19.94+1.90C(a) 13.2241.48a(c) 16.53+1.43(b) 19.73+2.21ab(a) 14.57+1.50ab(b)
TW 18.27+2.15aCa) 18.67+2.37(a) 12.17+1.41ab(b) 15.8641.24(b) 18.20+2.02bc(a) 14.0342.27ab(c)
TR  17.17+2.23ab(b) 19.10+2.84(a) 12.48+1.74ab(c) 15.7942.21(b) 19.5741.36ab(a) 14.50+1. 58ab(h)

TE : [RG5S AN R/INE 7 B R AN RN 45 1) 22 5 1 25 (P<<0. 05), [RIAT 55 AN ) /NG “7 B3R AN [ SRz ] 19 22 5 1 25 (P<<0.05) . R I+l
Note: Different lowercase outside the brackets within a column indicate significant differences among different hybrid combinations (P<<0.05), while

different lowercase inside the brackets within a row indicate significant differences among different parts (P<Z0.05). The same as belows.

B (P<C0.05) o 2N X975 30 Bz Bk B 24 %5 12 bb B 350 2.3 6 NMEXABAEHIBEIKEE Wnt3a mRNA RiLE

2.19%~18.55% . FL BB =5 50. 54 % ~60. 02 % ; £ 5% 6 > 7% 22 4 A TR XS AN [a) 55 AL Bz Bk B #E Wae3a
T 0 17 JHk B 4 2% B EL M e 12, 1590~34. 82% (LR mRNA REBEWE LA . ASFE G B kT
WRE 27.94% ~42.11% ., Wnt3a mRNA ik 8 7 18 I 3 22 55 (P<<0.05), LA

F4 NERAEN BBAREEBAEKEE Wnt3a mRNARIEE

Table 4 Wnt3a mRNA expression levels in skin follicles from different body areas of male and female chickens from six hybrid

combinations
g o N3 Male 14 Female
Hybrid Ji % Breast &% Back B Thigh Jfa % Breast 5 Back BT Thigh
WT  1.61£0.27b(b)  2.2340.35(a) 1.4540.25b(h)  1.67+0.33c(b)  2.1840.36b(a) 1.46-0.35¢(bh)
RT  1.84+0.50ab(h) 2.500.31Ca) 1.63+0.44ab(b) 1.68+0.25¢(b)  2.64-0.18b(a) 1.440.43c(b)
KW  2.3840.22a(b)  2.6440.26(a) 1.80+0.31ab(h) 2.87+0.44a(b)  3.9740.38a(a)  2.03-+0.52a(bh)
KR 2.1940.35a(b)  2.5640.47Ca) 1.83+0.42a(b)  2.3140.35b(h)  3.8340.27ala) 1.72-0. 29ab(c)
TW  2.1040.34a(b)  2.600.31Ca) 1.754+0.27a(b)  2.7940.47a(b)  3.58+0.36aCa) 1.7120. 33ab(b)
TR 2.1240.22a(b)  2.5240.34Ca) 1.9140.39%(bh)  2.434+0.21c(b)  3.7740.24a(a) 1.55%+0. 35b(c)
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W I RAEACAA WT HIRT 20454 BE M5 75
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mRNA ik & fEFE B % 2 7 (P<0.05) , Kik &
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e {1 2 [ R
2.4 Wnt3amRNA . EBZEMEEHEXESH
6 24 A A WX B kB % Wnr3a mRNA &k
TR TR A RN A B 2 ) B A Sk I S TR .
AR ZAE A BEXG £ IR 22 ] A S R A —

F, Wnt3a mRNA 323k & 5 B 98 5% i Y 5N [6) R 1
EH S, HPE A TW H & 52 ) 0 F IEAHE
(P<<0. O FIEERE 19 KR Fll TR 4 & BEA oh 52 58 3% 0F
FHH(P<<0. 05); Wnr3a mRNA Fih i 5K E L2 A
] A% 5 55 7 AH 6 (P=>0. 05, AW th r= —0.191~
—0.112, B3 th = — 0. 076~ — 0. 240) ; T % % JiF
B PR B B OR R AR B R O (A XS = — 0. 609~
—0.177, 83 v r=—0. 459~ —0. 125) , Hi s fE 2>
X WT KW, TW il TR4LA KW RT M TW A4
A rh 5 19 25 67 A DG (P<<0. 05)

x5 AAZXLHAAEBEE Wn3a mRNARZEE EEFEMEEZ @HE LM
Table 5 The correlation coefficient between the Wnz3a mRNA expression, skin follicle density, and body weight in different

hybrid combinations

2539 Male 3% Female
Wnt3a mRNA BRI Wnt3a mRNA EX T
IH A . Wnt3a mRNA . Wnt3a mRNA ]
A " vs BHEEHE - vs fR vs BREHE - vs R
Hybrid Wnt3a mRNA ) Skin follicle  Wnz3a mRNA ) Skin follicle
. . Wnt3a mRNA . . . Wnt3a mRNA .
vs Skin follicle . density vs Body  ws Skin follicle . density vs
) vs Body weight . . vs Body weight )
density weight density Body weight
WT 0.194 —0.118 —0.609%* 0.167 —0.076 —0.125
RT 0.101 —0.152 —0.177 0.130 —0.183 —0.419%
KW 0.186 —0.191 —0. 580%* 0.171 —0.118 —0.201
KR 0. 045 —0.116 —0.186 0. 343* —0. 226 —0.285
™ 0. 6715 —0.126 —0.411* 0.134 —0. 240 —0.459%*
TR 0.216 —0.112 —0.579* 0. 357 —0.197 —0.206

TE Aoy I IR E P<<0. 05 F1 P<<0. 017K [ i EAHIK

Note: * and ** indicate significant correlations at P<<0. 05 and P<<0. 01 levels, respectively.
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