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Abstract; The aims of this study were to screen differentially expressed genes of skin tissue at dif-
ferent positions(dorsal and leg) of chicken, and investigate the molecular mechanism of pheno-
typic differences. Commercial broiler chickens (63 days old) were selected as materials, Agilent
cDNA microarray analyses were conducted to determine gene expression profiles of dorsal and leg
skin tissues with significant differences in skin thickness, hair follicle density and diameter. A
systematic identification of candidate genes and signaling pathways associated with skin follicle in-

itiation and development were conducted, and gqRT-PCR assays were used to validate the microar-

W fs B #1:2017-06-27
ESWE HEARPEIES T H (31572358) 3 VL5 A FHE A R0 H (BE2015344) 5 V15548 AR ke A 32 81587 25 4 51 H (CX(15)1009) 5 7L 434

EEE T

AR BF S 4 T H (BK20161322) 5 B 4 72l 15 A 14 2 7l 4 % 101 % 45 (CARS-41)

B P (1985-) s Zr T I FHON S B RS 51, RN F R E 848 F A F 5, E-mail : 778542019@ qq. com; HUiE 1 (1980-) , %,

TLHEFE , BIFFSE 6L BB H R &G MAFSE . Tel:0514-85599076 , E-mail : shujingting@163. com, — AW —1EH

* BIS1EE AFSN48, WF % 51 . E-mail : jqszjm@163. com



14 Bl A S A« e T R R T RS A O M A () SR B IR 2 AR 2 e R R

37

ray hybridization results. A total of 676 genes were screened (|FC| =2, P<C0.05), compared
with the leg skin, among them, 223 were up-regulated expression genes and 453 were down-regu-
lated expression genes in dorsal skin. Real-time PCR results were consistent with microarray re-
sults in the expression trend of partial differentially expressed genes (DEGs). GO analysis
showed that the DEGs were involved in the regulation of cell proliferation and apoptosis, Wnt
signaling pathway, neuronal differentiation, regulation of cell-cell adhesion, cell fate commitment
and other biological processes. KEGG pathway analysis revealed that, in addition to partly
known signaling pathways associated with skin follicle development(Wnt and Hedgehog signaling
pathways) , ECM-receptor interaction, Focal adhesion, Cell adhesion molecules (CAMs), Adhe-
rens junction signaling pathways were also enriched. Protein interaction network analysis showed
that the DEGs genes interacted with each other to form a regulatory network that may affect the
skin follicle traits by affecting the growth and development of the skin follicle and the periodic
ECM-receptor Focal adhesion, and DKKI1,
WNT3A, SHH, FGF1 and IGF1 genes may be important regulatory pathways and candidate

genes involved in the differences of skin follicle traits in different positions of the chicken skin.

variation. interaction, transporter pathways

Key words: chicken; different positions; skin; hair follicle; expression microarray

F [ ROXE XS PR 0 1% e T 2 — EL O LA S
F, HAT R LA i J5 G M 5 RO 7 5 XS T 3
BY R, SR, @ 2013 4E DLk, HTN9 (H5N6)
G R R Z% L BUR T A I A i % 8, 2
B P B B K R O S B AE o T A B AR DAY i
BRI T U B & 2 i A UATE S O X BT AR S
(O 0T R A =l o T S K T . TEB S BT
Joi s JRASRE A 2R b 7 i O B A A0 MR G 2P £, 5
PR EAEAE A S0 1 34— B L R Ik 3 2
B R R DL I B 4 B AR B KNSR 2 3 B R
[LEAIP St

BRI R R T R 2 R R R
AR T 1 B 4 RN B R ] 7 5T 240 1) 4 R B
ERISR LY. e FH B NGS5 F RIS,
KREEPHEWAIY. kALK ERYET ZH
ZAME T 53 F B A 58 B 0 B R R A R — AN R
o T . P AL Rk i BOR m R AR
2B H K F b AN TR A B0 2 R — A sl
) 2 2 rpr 2 5 3Rk S I fF — 25 922 4 0 O o 1R 5 4
RAH W MGE 5 BB SCHESL N )iz . R L
IR B AR K 0 2k 5 W o B 2R 4k AR AR
(25 5 R B LW FOR R B9 R F W B 22 5 56 A
Tk FEEHLPRM T E R A RRIE N EAR
G0 36 6 P 11T S 1) 22 5 R R R Ok 5 P 9 T AR
R EZER . HET, 76 & 28 J ik 6 2 J7 1n iy #F
FC, A TE A R A | P €8 R R BE I, 40 .

Q. Zhang %51 R 1 e s 400 7 R LB TR ik
X6 CEL 2 JR 0 2 1 JER D A A 1 Pk 2 2k PR 3 3k 2
it o i 16t R R (0 3R U0 A R S A R s )
3o O R VA S L DU e B R KR 5 S B B R UL
AT R HER 5 L. Zhang 455 SR g 8 40 7 £ R A6
I A [+]) 2B X CIE 2P A58 B JEK B 4 9 miRNA 3
IR S HUE 5 TG B JIK TR 58 6 408 % 3 A AR D5 Il
A AIF 5 5 20 o M P 2 32K 33 8 5 AR 2 531) 52 ) A [
{37 B KB L L 6 4 A M 4 4 22 S M 0 2 AT 1 AT
FEIE AR WARIE

AR EG R Agilent 38 42 3 [N 21 3 3K 3% 85 7 %)
XA [ F8 5 ¥ R B ) 14 B2 ik 6 4 R AT 22 S 0
R DA B 3 » e 1o % 22 52 2k I #E 1T GOKEGG {5 538
¢ DL L R 0K W 2% 50 T T 5 S W RS AN () 98 67 B
IR 76 PR AR 19 32 A% 5 PR B8 1Y 231 BIL AR - D B Tk
MR XS B R A7 L A P AR 11 32 i PR T4 B X85 it
EP IS Ye SN (L&

1 #R5FZE
1.1 RIEzY

RIS YR IR TILIN 8 K& RHA 05 5 5 M
SEAENFEA BE B AL F LT H R (63 H ) 1%
BRSP4 A BEPLE PR T BT H Ay 4 AXS (A
BESC ) IR AT 8 52 4 J8 52 T 43 ) Sz RIVAGE 00 75 5408 iR 35
2 emX2 em W R BRI ECH IR AEL 2 em X
2 em KNI FRBR P8 B BRAE i o o L R R SR



38 = W oM

H

49 %

it R AR AT TR IE HR A R Al 43 0 A5 AN 5 R R 4 DR
TR B IR R it o R I 0 B2 JERARE it 71 DRI 78 B Ik
FESRE T 100 FY A W 86 o FH ke A =6 98 1 42
B R JREJE S A M 08 B R AR it 60 R R 0 B JER A s
HE TWAEGR R 5 A —80 CiksE -7, T
RNA li4& Fts 74347 .
1.2 FEREJEMEKNZE

B S R ARG < Xk e A BR ER B2 K 2 em X
2 cm NBEHEFTIHEA -

2 R VRS B AGE I FH e A R RO 5 10 00 P o [
W R A B Y B IR A A JRE BE Cmm) S A i
FE 3 WL RFIIME .

B AR - % SR A B Y 10 00 Y ] W R
(89 B2 ik 6 SR i AT I 2 B S FE i BE AL P I8 3 ~4
A SERE B R AR R RO E B2 B A B %
M7E 3~4 Y HAFEE (mm)
1.3 RNA R RELN R AL

K RNA 2 O ) & 52 IO IR 218 RNA
(Applied Biosystems, AM1561); F| § NanoDrop
ND-2000 ( Thermo Scientific) & & Jf & Agilent
Bioanalyzer 2100(Agilent Technologies) ¥ ill] RNA
SERE s RS S RS G i ] RNeasy Mini Kit (QIA-
GEN,74106) 4lift & RNA,
L4 BREX

JiF e oA Agilent 23w BG4 BRI 4H 4 X 44 K
i A (Design 1D:026441), 5 B8 Agilent /3 7] ik i
B ARET AR 4 8 A K TR ZH ZURE A (55 350 AR 738 1
AT 4 A B RNA S 5% pOBUEE cDNA, JE— 347
S A Cyanine-3-CTP (Cy3) #ric By cRNA, 4l {1k )5 7F
60 °CIRIA 30 min HEAF H BAL A 2X GEx Hybrid-
ization Buffer JEA], Fifs 4428 . Pei)o A A Agilent
Scanner G2505C (Agilent Technologies )39 » 73 ¥ &R

cm %),

K5 pm, FHHALE S L 100% F1 10% PMT & 4
T2 W4 R Agilent BfE R A 3h & JF. R M
Feature Extraction {4 (versionl0. 7. 1. 1, Agilent
Technologies) 4k B i 46 4 15 $72 Uit IR B0 . 4
FIH Genespring /4 (versionl3. 1, Agilent Technolo-
gies) 17 quantile b AL F 5 e AL B, bR AL IS 1Y
BRI s A T R A A A 1A
100 Yo biic Ay Detected [HREN B T HE4T 5 2250 #T
L5 BHREESHT

A T K50 P A A% B2 A 2R AT 22 7 &
PR i v R Rl e o N o Qe AR A R )
(Fold change) s % {H=>2.0 H P<C0.05, WHEHE
A0 BT 0 R 45 38 o0 AT LAXS 1 1 A RO AR L R
H GOEAST #cff, % | FF 98 /9 22 5 Rk LA
AT IE A Y1 HE 43 25 (Gene ontology, GO) {55 £ &
RBEEHEZ H5MWTAE GO; i F KEGG 5 &
(http://www. genome. jp/kegg/), F| ] Fisher &
0 G 35 TR O G B X 22 S R K R 2 5 1) Pathway
HEAT 0 R A BT T O A T B b R DR AR B AR
L P<<0. 05 #EAT Ui vt . 45 2 2 3 i GO F
Pathway. STRING %4 5 & — M8 F 2 M E B 5
22 [) R0 F0I 48 5 =2 TR) A EL AR T 6% B L R T AE
28 STRING % (http://string-db. org/) , 3 F 3§
(R KA J2E 0 53 22 S 6 TR B TR R AT 4 1 0 2% 03 A
i) X 46 3 [ 22 8] B9 AR AR TG & . R 8 STRING
g 35t 4 A B AT T O B0 SR A eytoscape3. 3 B fF 4
il 25 1 Z 18] B AR BAE R 28 6 R IE .
1.6 KIXE=Z PCR

WS AR, UL ACTB 1Eh NS 5
K, % SYBR Green 1 & #4179 6L F# PCR
JRE s PLB RS 45 R Y AT S . 4R GenBank
5L P8 Bt 519 514032 F Primer 5. 0 44 i

x1 HHAEEPCR3Y
Table 1 Primer sequences used for q-PCR
R LI G-30 g4 -3 PR/ /bp

Gene name Forward primer

Reverse primer Product length

SHH TTGGTACTCACGGCTCCTCTA
BMPS8B TACTCAGCCTACTACTGCGA
IGF1 CCACAAGGGAATAGTGGATGA
PPP1R3C GATACATGGAAGACTTACACGG
PTPRM CATTCGTCGATTTGTAGCTCT

ACTB TGCTGTGTTCCCATCTATCG

ACACTCTGTCTCTGTCCC 122
CACGTTGTTGTTGCTGTC 186
CAGAGCGTGCAGATTTAGG 101
GCAGGAGGCAAGTCAATAG 104
GCATAGTTCGATACTCCAACC 111
TTGGTGACAATACCGTGTTCA 150
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Table 2 Comparison of skin characteristics at different skin positions of chicken

PER GRS JHR R Bz fik Py
Trait Dorsal skin Leg skin P value
JFz B JE JE /mm Skin thickness 3.25+0.11 2.05+0.07 2. 75E-03
BHHEEF /(4 « em ?) Hair follicle density 5.43+0.74 2.68+0.41 9. 84E-05
EH H 1 /mm Hair follicle diameter 2.854+0.04 3.7840.05 2. 48E-05

x3 BAEBUEBKARSSZRREER

Table 3 Partial differentially expressed genes at different skin positions of chicken
3 R 2 FR 3 R il i GenBank # %5 =555
Gene name Gene description GenBank 1D Fold change
PTPRM protein tyrosine phosphatase, receptor type, M BX931081 4.94
ROR?2 receptor tyrosine kinase-like orphan receptor 2 CR352525 4,49
S100B S100 calcium binding protein B BX932146 4. 31
DKK1 dickkopf WNT signaling pathway inhibitor 1 AY049017 3.26
SOX18 SRY (sex determining region Y)-box 18 NM_204309 2.71
IGF1 insulin-like growth factor 1 (somatomedin C) NM 001004384 2.66
PPP1R3C protein phosphatase 1, regulatory subunit 3C XM_423102 2.31
KRTAP10-4 keratin associated protein 10-4 NM_001039969 —54. 86
EREG epiregulin NM_001001203 —43. 66
WNT3A wingless-type MMTYV integration site family, member 3A NM_001171601 —19.9
FZD5 frizzled class receptor 5 NM_001305216 —8.18
BMPS8B bone morphogenetic protein 8b BU422457 —5.83
FOXNI1 forkhead box N1 XM_415816 —5.31
DLX3 distal-less homeobox 3 NM 204804 —6.75
PCDH7 protocadherin 7 CR388971 —6.28
FGF1 fibroblast growth factor 1 S82824 —2.99
SHH sonic hedgehog NM_204821 —2.95
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Table 4 Comparison of results at mRNA levels of each gene between microarray and qRT-PCR

o8 Microarray

9 E & qRT-PCR

o e S B /BB P i 22 SR B2 /BB Pl RS
Fold change(Dorsal skin/Leg skin) P value  Fold change(Dorsal skin/Leg skin) P value Regulation
BMPS8B —5.83 0.036 1.05 0.051 T
IGF1 2.66 0.022 1.55 0.042 S|
PPP1R3C 2.31 0.038 4,12 0.025 S|
PTPRM 4,94 0.037 1.79 0.039 S|
SHH —2.95 0. 006 4. 86 0.027 TR
x5 EFRZEEEEH GO EYETIRIN
Table 5 Analysis of GO biological process of differentially expressed genes enrichment
GO %i =5 5O Yt i HH R P {H
GO ID GO biological process Number P value
FHFER Up-regulated genes
GO:0043066 negative regulation of apoptotic process 4 1. 18E-02
GO:0050679 positive regulation of epithelial cell proliferation 2 2.66E-02
GO.0045766 positive regulation of angiogenesis 2 2.66E-02
GO:0008284 positive regulation of cell proliferation 3 3.41E-02
G0O:0042493 response to drug 2 3. 84E-02
GO:0043524 negative regulation of neuron apoptotic process 2 4.72E-02
T JEE N Down-regulated genes
50:0016055 Wnt signaling pathway 7 5. 75E-04
G0O:0030182 neuron differentiation 4 1. 20E-03
GO:0022407 regulation of cell-cell adhesion 3 1. 79E-03
GO:0045165 cell fate commitment 3 3.66E-03
GO:0007411 axon guidance 4 5.37E-03
G0:0050829 defense response to Gram-negative bacterium 3 6.40E-03
GO:0042472 inner ear morphogenesis 3 6.40E-03
GO:0045669 positive regulation of osteoblast differentiation 3 1. 01E-02
GO:0050679 positive regulation of epithelial cell proliferation 3 1. 23E-02
GO:0008152 metabolic process 8 1. 97E-02
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Table 6 KEGG pathway analysis of differentially expressed genes enrichment

KEGG %i'5 T 24 B HH%H P
KEGG ID Term description Number P value
EPHIER Up-regulated genes

gga04512 ECM-receptor interaction 7 1. 30E-04
gga04510 Focal adhesion 9 1. 89E-03
gga04514 Cell adhesion molecules (CAMs) 6 8.01E-03
gga00500 Starch and sucrose metabolism 3 1. 87E-02
gga04270 Vascular smooth muscle contraction 5 2. 06E-02
gga02010 ABC transporters 3 2. 14E-02
gga00770 Pantothenate and CoA biosynthesis 2 2. 60E-02
T3 K Down-regulated genes

2ga04916 Melanogenesis 11 1. 49E-04
gga04146 Peroxisome 10 1. 89E-04
gga00232 Caffeine metabolism 3 1. 27E-03
gga04340 Hedgehog signaling pathway 6 3.59E-03
gga04810 Regulation of actin cytoskeleton 12 9.40E-03
gga03320 PPAR signaling pathway 6 1. 18E-02
gga04310 Wnt signaling pathway 9 1. 40E-02
gga0l1212 Fatty acid metabolism 5 1.40E-02
gga04520 Adherens junction 6 2. 13E-02
gga04010 MAPK signaling pathway 12 3. 27E-02
gga04320 Dorso-ventral axis formation 3 3.61E-02
gga04012 ErbB signaling pathway 6 3. 68E-02
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Fig. 1 Partial differentially expressed genes constructing a regulatory network of proteins
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STRING 3l v (14 X 4 P v 16 3 26 35 [R] 2 [
MIFR EAE R OC R il 8 AR BAE W 45 . i
W28 3 BT B, T R R B PR o LB A v S R R IR
FELEREE NG A Be 5 X S EE R R B0 R A
K RSB E Wne R KL R O (L D) L A3
B Z WU X S A EA B R R .
Y R/NRE . £k FAR DKKLIGF1 Mgk T
JHI WNT3ASHH Z5 3R I He 4 K 2 R 4R
Z B B AH B AR L U B X e B R 5 R 0 B A PR
PR ke 3 S B4R L B8 A 4 S 30 R i 2R
ik o AT BEAEAS [R5 Bz JOKJRE 32 L B 98 % 3 R LA 11 %
RIPEAR 25 S5 07 I A B AR

WNT3AJET Wnt SRk, 3258 i 4 1

Wt {55 8 HEMEH. 280 Wt (55 58 % &8
it Y5 Frizzled \LRP % Z (K 25 &, #5 B-catenin
T2 Ak o (T LA 40 B P A S BT T i TR Y 2 SR R
KB JZSH5TEBRRENS DB, L ERLR
B B 0B A B BEAE L B ZE P L AE . 7R R
b WNT3A Y8 76 8 2 40 i 3 B T 20 M 1 3
B 5 oy A R A AR S, WINT3A B 4% LA
AR 7 A B 1 & B BORAE ™,
e AR R0 B REARI B WNT3A 1y ik . 7R
L WIFRIR S W B B ZE R R BT B4 v, JLF A
AF| WNT3A £k, H. Shin 7Y ] WNT3A 4b
PRAE R S0 B 52 09 N R 2L Sk i, & B Lef1,
PTGER2)F ik 5 40t B 0 3 T i . 5 A E 58 45
WNT3A Fika 83 T . Lef1,. PTGER2 i}
B IR ) 45 & — B0 s M & B FGE {5 9 38 %
BMP {55 8% M S8 515 5 52 4 7y A 56 J5E 1] [
FEAZ 3 WNT3A AR 1) KRB, 5 A5 4
HH A7 5 300 J1 32 PR 33k Hh B 4 3 AR b i &5 R R — 3K
. R4 WNT3A T8 Wt {5 538 #% A #1219 4E
FH AR H 56 T N B RS B B % R R AR R
B ST IR AR D

DKK g% i it 5§ Wnt {5 538 #% % (& LRP 4
LG A 2 M i) Wt 5500 B B0 . WO Em
W5 s » DKK1 BE % 38 o % 6 2 J& 10 i o 4, 52

MR K .S, Sick 410 B 58 & B, DKK
WNT i 53 2 B 4 8 (Reaction-diffusion) #L i H &

ERZMMIER, M. X, Lei B, 76 R &%
PR AR, T DKKL 2 i) 6 48 0 8 k. $2
NLGTEADE A R DKK1 A fig 5 Wt {5 5 i #%
F1%) JFL il 55 DXL AR B B 0 A R Y R R B R R AR
KN EAEENEM.

SHH Z#HHEZ ) 4 i Hedgehog 25 1 11 5
PR 22— o 75 4 B 3 4 0 B Rz 2L Sk A9 0B By T 2 A
BMMERY . XS, i ik SHH RERS i 17 Jik
TR MR KR B fE R . WNTSA Bk
i SHH i —A- 8% B2 AR5 & B, 75 #
Rk SHH Rk 2 T 2.9 f5. WNTSA 1y
T FOXN1 ik W3 R 5.3 £, [7) i & 0 #2
FOXN1 $:H#ik ) ROR2 B2 Fil 4.5 1%, x5
BL RS B 4 40 b i ROR2, §: 8 FOXN1 3 [/
Feik W E TR D RE B I0 HR A P E Y. RS
FEFE M AEEETRRSAEES. EEX L,
SHH W] e 1E T A [\ T i 2L 3h 9 i /E F 5 = 3
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5 E AL K H T 1 (Insulin-like growth fac-
tor-1,IGF1) 22 g W) A= K Al b i) B 22 6 9L RE 06 1 ik
FAESE N0k R A A N R SR SF S
KAMSE ETEMEE R ARG EEZNYME
FM B IGF1 (32 ik IGF1R , B2 ik ) 2 K¢ 5
JERE T RS m s E T Rk
IGF1 REAS 07 i 2E 1 /)N B ik oo 728 J58 R 6 3
BARWISY . AR AR b IGFL 115 3 5 ik
HAVP R IEB B F TS &8 IGFL Al RE7E 7 15 A
[vi) PR A7 B Bk I A B 3 e /Oy T R R PR T

V8 Ji 25 &  J% (Solute-carrier gene superfamily,
SLOYJ&— AN P KA JE PR 5 e, 8 2 gt 1 I % 3
A ST AN A JL AN Y BN s R IR AR L
REME . AR LI, ik H i 29 4 SLC %K
I o ERAE 8 A TN AE 21 4. B
() A2 B B AN TIT b B FR] 5 5 40 i [a] 19 15 5 1% 34
I A5 T E i SLC S8 06 AH DG B R 1Y 22 S 3R 3k ]
REAEA [R] B 0L K Ik 6 28 110 2 1Y 2 e vp H AT H B A9 A
JFH 33k 65 DR A Sy 52 W) B Jik J5E B8 | 6 4 9 T2 FN L AR
SR E S R AT IR AR BIF Y B — 2 IR

4 &

AR R 235 0 H AR L I X R [
A7 (5 30 1B 355 ) Bz Bk 2 40 v iy 22 S IR SE A 676
N ERRFIEEFES S T M8 58 A T 0
N E R L EZSTH B o e 1 oA B = R e e A S/ 2
FEF ECM 2Z & AH 5 /E H . % % . Hedgehog, Wnt &
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