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M E SEIETEREME Y EDAR(ectodysplasin A receptor) £ K # CDS X 4 ¥ 31 Jf AT A= Wy 15 B %
G307 F 3T EDAR RS - B K F i B R iaHEl, hIR AR Z B R FEEEREFL B DM
VB B ek s 4R AL 5 Rl ekt . SR A PCR 97 B4 4K 75 48 3¢ EDAR 3[R 4 4 i X, JF 5 3] PCR™-Blunt
Il -TOPO® vector HEAT I )T s B I A= W {5 8. 2% 75 v 000N 25 (1 2549 5 I ) qRT-PCR i R4l EDAR 5k 5 76 4
FERREDBPIRIFGE. F5REY . HE EDAR FEHIY CDS JFF K FE 2l 1 350 bp(GenBank % 5% %5
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FR A5 A4 5 R 5 B T A s T 45 SR R 48 ¢ EDAR R H A7 A — MG 5 IO — 4~ 5 R 2%
F38 s qRT-PCR /3 M7 % ,EDAR SR ER AR IIL TR A G I BT A KA FBERLTHE 55 KME 135
RFBB L 75 REBEBRM. 1343 EDAR LR 55 () i X7 50 i B % & & o B b i Rk itk 4
WifE B2 50k B EDAR JE P (% 4 IX 7 51 5 Wy i i g R sy vk R i SR I 7E 40 - B AR R & B B iy

BRRAR R, iR Y] EDAR SR A BB/ F BRI E R E TR R EREN.

KEBIW 40 EDAR; L FLRE ; 9L i PCR; B#E
hESEKS  S826;Q81 XEARER A

H [ SE A ARE R T 1985 AF 8 B R A —
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EDAR BN B R E T MAK F b A E %
VEJT o DALt W ff FEAE 4 R 30 40 o B A TR & B B
BRIk ES N T — PR R EERE
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R (EDAR) & 1999 4 Headon il Overbeek %
FH & 7 e B 0 J7 15 R IR, 3228 il 5 10 A B 4 45
B N SR it 45 4 k| B 2 R 235 ) RN M PN R BB T
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F AL EDAR 78 14 2 ik B & M IR 45 41 IR
JRAANN K E o AR v BT R A
LA EDAR f 2 5y B K K& RE. A
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MHAEEBEEYFENEN . CHEIYEBER
BFMELEK D EHEEEEM RS LR
W, EDAR FEH (W 58 il . A5 LA b [ 58 A
U R B bR, X 45 22 EDAR CDS X ¥ %) i
7 v B B A W01 B 2% 3 X EDAR 2 1 i
e AT RE T, A N L E 4 2 B R AR R E
B Y 8 25 5 WI4R EDAR e EERAEK K
Hid BB MER, HIERAWS EDAR £ 4 - T 4%
AR A R P 1R B 3R R AR LR 2
WA

1 MK 5T &

KL Eh
HeH 2~3 % 0y B 36 R CE L B0k B T &
WORF 2 BE 40 2F vh o E 3 4 SR AR [R) 04 4] 57 25 1) ik
FrAmm . 3 A W399 2 1 A0 N T 482 K6 AR 43 1) R 42
[ R ORI IR B 8 & BRI FY BEER 55 K
(D55) W R EHRIE MBS 75 R(D75) IR HKE
BT R BE A5 85 K (DS5) Ik P 3R A5 M B 48T A,
BB 105 K (D105) il & & A K 20 B BE 2R
135 R(D135) %% 3 HG-F MM K ik 4 U A, i)
4 A RNAlater ZRAFE 1, —80 CL-AF. 4 H .
1.2 FERXA

BRI ME P9 Y0 . T, DNA % 2 i . &5 f &
DNA RA B % kW 3 TaKaRa (CRE) 22
A EZ AN DHSe I At e &2 X &AW AR
A BRAS w 5 ook AR B & L e DGR R & [ b
R MR A AL B A B2 7 s TRIzol, zero Blunt®
TOPO® PCR cloning kit %y H Life Technology
/87 sRNAlater 19 QIAGEN 72w 5 HiA i 571
A VIR TN
1.3 2 RNA RRERERFUWEH

Z: B TRIzol Reagent(Invitrogen) il 4, 43
4 I [ 5 AR A R BASE 55.75.85.105 Al
135 RARM Bz ik 2H 4L RNAL10 g/ 1 B g b 5 e
FL, G 0 L 5 I R A% TR R 1 40 T S0
RNA By it & e BRI 4G . B 2 pg 5 RNA 4% 18
RS MFMLV U BT BB RA T
AN T Bt 90 Bz Bk 2 21 B RNA 1Y cDNA & .
1.4 EES|¥igit

4l GenBank Y EDAR H K ¥4 {F
H(XM_015094371) % 51 ¥, LiFsI 9.5
GTCCGGATCCGCCACCATGGCCCACAGGG-
GAAGCTGC-3"CF RN BamH T VI8 5

1.1

TWegl 4.5 -CCTGAAGCTTTCAagegtagtctgg-
gacgtegtatgggtaGGATGCGGGGGGTGGCGGG-
GC-3'"CFRIZ N Hind [ VI /NG FHE N
HA $R% 0 9850750 . 5190 BilgA TAEY TR
JBE AT BR 2 W)
1.5 %4 ¥ EDARZEE=E

DA [ 6 A W0 F B R ZH 4L cDNA SRy #5241
M8 EDAR J N 45 5 1 51 9 9t 47 PCR 9
B R FR s cDNA Bidig 2.0 pl, 10 X PCR %%
i 2.5 pL.dNTP(2.5 mmol/U)2.0 puL. . F
W51 9 (10 mol/mL) 4% 1. 0 uL, B {4 £ DNA
A0 U/pl) 1.0 pl, KEEE T KAE 25
pl. PCR KB 4 F:94 C 5 min; 94 C 30 s,
58 C 308,72 C 90 s,33 ME# ;72 C 10 min,
W50 pL SN W 10 g/ 1 35008 B BE B A vk A6
W, A DNA #iife 50 & 2lifk PCR ™ ¥y, 11 T,
DNA % #:i§i% # PCR =% f1 PCR™ Blunt [] -
TOP® 3 b 2014, 3% 7 W) et 2 2 S 90
DH5a, 41 5Ok 28 3 BR ) M 4 DD g 48 o ), 2% B
A A TR R A B2 /I
L6 EMERZESH

FIH DNAMAN 5. 0 {947 77 51 9F 42 5 1
M Mega 5. 0 8 g EDAR & H 9 R 5 it 1k
B o3 b AN W) Wy Fl 22 18] 89 R 31 22 55 A TM-
HMM server 2. 0, NetPhos 3. 1 serve % {4 i i
EDAR & [ #9 B5 B58 45 #3500 B2 A 07 405 F)
Signal 4. 0.NetNGlyc 1. 0 Fil NetOGlyc 4. 0 {4
T A5 Bk Ko NOBERRAL A £
1.7 SEREZEEE PCR &N

oAl LR E MW B R LK FH 55 .75,
85,105 HI 135 K i A Bz R ZHZL cDNA Sy B4 »
PAgs ¥ GAPDH S5 N 2, #E A7 92 i 52Ot 52 &
PCR #0519 W3R 1, W EFR 25 pl, Hrp.
cDNA it 1.0 pL,2 X TransStart Green qPCR
SuperMix 10 pL, T 51 % (10 mmol/L) £
0.5 pL.ddH,0 8.0 pL. HAFEMIE 3 M EY
FA . PCR P #4495 CHIANE 10 min; 95 C
AEME 55,58 CHEME 15 5,72 CHEM 10 s, 3k 45
MBI, PIGERSE DL 0.1 C /s (3 BE AT I
g2l o0 Ao o) e B0 E AR PRRT R KR Y Y
Ct i MM Ct £ (Qr=2 ) {14 EDAR [
T v 6 ) W0 B 3 K 7 A () I S0 400 1 Jik 26 21
mRNA A XS 3k &, IF ) SPSS kg 17 5
2 T5 22507 .
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Table 1 Primer sequences
FH EIR/EZ S %3 (5" —>3" SR/ C BB /bp
Gene Primer name Primer sequence (5'—>3") Anneal temperature Length
EDAR EDAR-GX1 F.CCTGGCTACTACATGCTGG 56 971
7 R.:ACATGATGATGAGGACGATGG ’
F. CCTTCTGCTGACGCTCCC
GAPDH GAPDH-GX1 s COTTCTGETGACGETCCC 56 138

R: TCATAAGTCCCTCCACGATGC

2 HEREHRM

2.1 EEHLZ RNARE

[ 26 R IS BB R H A5 B B SR AR
RNA 28 8 g/ L 72V Byt g 0l 528 B v Dk A DU, 34 7] D,
F) 28 S\18 S5 S 3 &kl (KIWg) , o 11 R 5L K]
HiGge, %R E A 4 B ORI, Fr A A Y
Ao /Ao EAE R 1. 8~ 2.0, 13 B 45 B 4 24
RNA 1 it 845 A5 6 S S RIS 228 550 A ik 09
EER
2.2 EDAREREMZRE.EHFETE

D EEMWFEERKESH 135 Roykm
R ZL cDNA SRR . £ 5 518 PCR 37
14 3RAR S R/NZ S 1 500 bp 1Y A B H 4R B bk
R4 L 1) mT RAYD R [l e A7 v e Bl 42 BT
$i3f:FH BamH 1 F1 Hind [l N0 XS D) % &
H TR, A3 32 1300 bp BY4H A 7 B (B 2), 51
WML, IR FS 45 GenBank 2\ i ) A
28 N M4 EDAR $£H CDS 731 b Xt 43 07 - 45
H R v AR AS 09 7 81 5 N2 /N BRI R 9 2
EDAR % % X J7 51 Af 8L 4 51 R 83, 41%,
79.56% Fl 96. 3%, Wi & k4 F EDAR Kk
(GenBank % %5 . KX900497),

1 2 3 M

1350 bp
EDAR

1500 bp

1200 bp
1000 bp
800 bp

500 bp
400 bp

300 bp
200 bp

100 bp
M. DNA marker; 1~3. PCR 7*4 PCR Product

B 1 4% EDAR PCR ¥ 1%
Fig. 1 PCR amplification of sheep EDAR

M 1 2 3 4

5000 bp ™ [——
3000 bp [ ik
2000 bp [
1000 bp [

750 bp |
-t

500 bp [

M. DNA marker DL 5000;1~4. BamH | 1 Hind [l HFI

P4 Products digested by BamH [ and Hind [l
& 2 %33 EDAR E51)
Fig.2 Digestion of sheep EDAR

2.3 #4¥ EDAR F 3447

M7 45 B F B, 4 EDAR % 1% X ¥ 51 Hy
1 350 bp. g% 449 A5 K /R . AH L1 43 #7 4 BE
4 F EDAR R IR 7515 N KB /N EL G
A= CHTI ) 45 40 ol 14 ) Y 1R 558 v 43 04 85. 7504
82.41%.82.63%.78. 4% Fll 98. 220 (| 3), %
G RGO 5 B T A 4 SE R AR A R — A o
B I SRS K Rk (A 4), SMART 78 42 8
WM T K B4 EDAR EEH & A 1 ME 5k
DI (5 1~26 L2 BRI 1 > 1 155 5 DXl (55
189~211 V& KR ) .2 4~ TNFR(Tumor necro-
sis factor receptor) K I (58 31~71 v & H% .55
74~113 {7 B IR F1—4~ Death X3 (55 350~
432 A FER) (F 3), il ProParam #4153
Hooy 7 itk g 48. 34 ku, FFHL AN 5. 06 L IE T &
ol 78,08 i HL A Bl B EVER 59 L 1 HL far B R R
Bodd o BERRALAL S BN K& . EDAR & A A7 15
27 22 F R W TR AL AL 50, 12 A T3 &R 0 1R Ak oz
SR 6 A T 2 TR W TR AN i W SRR A s T
KILEDAR EHEEA 17 MWAER OB 3L fb s
FUFD 2 A N-MEREAR A i B 1 K PR 4 2R R
EDAR & H HA 80 89 g K P X8, N Be Al )
X IBAFAE 2 A R K PE X3, C B 58 4 & i K 1 X
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B, R Targetp 1.1 server 3443 #7245 1 WV 40
M58 A, 25 2 o, 2 b AR B 1) IR B (n TP)
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Bos taurus e SCAGMANLE
Homo sapiens R ECCTOTERLE
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- SAFVRSPEAPVSEEEERKEAKINVV TESERKDE
. SHEGRSVERQVSKDEERKEZA FDNVVME SEXKDE
. SPEGESAEBFANTHEERKER FDSVNVTE FENGE
«SEEGESFEAPASECEERKEAQDNVVIESEXDE

LALD 1]
SFi
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SEE: =)
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WO TR R IR E S T 9 2060 R R 2 SRR I R 8 R 7 52 Rz 5 CTNFR) 860 R Rl 4R 3R B B IX L 58 0 F R R R R SE T 45 4

1, G HEF F 40 26 EDAR ¥ %51 5 EDAR T ¥ 50 1) 2% 5

Blue underline indicates the signal peptide sequence, red underline indicates TNFR, yellow underline indicates EDAR protein trans-

membrane domains, purple underline indicates death domain, the green box represents the difference between the sequence and the pre-

dicted sequence of sheep

3

9 4% EDAR S EBFF 5547

Fig.3 Multiple alignment of EDAR amino acid sequences in 9 species

2.4 EDAREFREERAEIEPHRIESM

T2 EDAR 3 PR7E v [ 98 1) 1006 IR iR
WEREREE SR B REZET, ZE0h E 3
FIWEERAERKKFH 55 .75 .85 105 F1 135
TFARA FR Bz Bk 4 4L 3 RNAL L GAPDH RN
Z AT SR PO R . k8, EDAR

M GAPDH 39 #20R (Amplification effi-
ciency) 235l 4 1.906 A1 1.901 , i J& S 28 6 2
it PCR #ok, 250 %W (B 6). EDAR S [H 5
135 REL IR 75 55 REBBRIKZ S
75.85 Ml 105 REKLEAME, 2 ZH L AD
FEEN
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0.00 /NER Mus musculus

KB Rattus norvegicus
NZ& Homo sapiens

0.03 R Canis lupus familiaris

—0.06 ¥ Sus scrofa

0.08 0.05 0.01 £ Bos taurus
0.00 0.05 0.01 # 2 Ovis aries

- % Gallus gallus
BE G Danio rerio
0.05
"

4 91T EDAR EHRGH UK

Fig. 4 Phylogenetic tree constructed

for EDAR protein of 9 species

Bl 5 %3 EDAR EBH =L 4T
Fig.5 Predicted tertiary structure of sheep EDAR protein

g 2.50
Q
2 a
‘é 2.00 | l
i
ﬁg 1.50
£5 b
_%2 1.00
= < i
35 0.50
=g B o ¢
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<
3 inNENENE
D55 D75 D85 D105 DI35

EDAR TEEH#AN K & B B mRNA /K5 & e b R [
INE FAREHRIR 25 5 B3 (P<<0.05)

The mRNA level of EDAR in different hair follicle develop-
ment period;the different letter indicated significant difference (P
<0.05)

Bl6 EDARERBFEREFARNEAEMRPNERILE

Fig. 6 Expression of EDAR in sheep hair follicle

in different development period
3 3tk
3.1 #BF EDAR EERESEMST
HAT.EDAR ZERTE RS W TR AERKER

D5 TE C I R IZ MBESY A C 4 F EDAR
FEH 0 T Re ARG R A A UL L R 3R AR R
EDAR 3 [ 40 15 X 4 &K ¢ 8. A& #f 58 R 4
EDAR PR 45 15 X )5 5 £6 0 2L 3 4 ] o AR <7
FRE s A PCR O 3 ) 7 325 1 I o B 2K A5 48
A EDAR H: X 1 4 it [X 42 15 91) » He 4 A% IX 51) 4
1350 bp, 5 48 2 W00 F 5 b & AR 30 56 e
BEARA 40 3 EDAR & 4 5% X ¥ 51 2 1IF NC-
BI ¥4l 2 EDAR 10 731 221~ 269 i 2 52
TR (B 3) AN 3 EDAR 731 I B2k .
7SRRI 53 B K B, 43 5 EDAR e [R 9 5% 1) 22
s IR S U I = N S | = = D
(98. 2290 1), X 5 LA L R 17 9 #2213 e il
A 45 A0 — 20, T — 2P UESE EDAR J7 907
Yy ] B AR ST
3.2 %43 EDAR EQL&MHH

4 EDAR JEPFEN T 3 S Y @ik, 4 i
449 MEERJE T MEREH . —HEWEH 1
AMEF IR T AN AR X .2 4> TNFR X
B 1 A~ Death 454 38, % 45 R 5 H b 9 #
EDAR 45/ H— 2. 435 EDAR 3 [H %
T ) S B 1R 7 91 A AR AR 5 I 91, Ul W 4
WARYEE T [R] B B2 R 4 A B ME 2 BT R IR A
F A5 5 B EL AT AS [R] 1) 285 K9 R A L U8 I R L ZEAT
45 5 D RE B & 45 0 VR BN A (] 5 3 T 8 4%
EDAR W/ EY =Dfeh REAFAEN. 1
Ah BF5E & B EDAR & i 9 38 58 K 7 3% /& (TN-
FROBRIE M Z — 75 B4 L Vi FT IR S 4 41
WHET T HAE AR AR5 P 4
EDAR M A ZE A SH 2 IR IRE
32/ CTNFRO) A 450, Bl U 48 55 EDAR &
FIE R 40 B o B0 VE S LR R AR A 2
VIt O REE e — MR . 7340, 432 EDAR &
FI & A — A B X R PE T 25 My I, — 3 % &
B 5 X 9 T HoAls TNFR 8% %% [, JF A2
TS5t E EDAR 250 - M5k Stk
PEVE TR . 1288 1 i S IX 3 19 it AN [) 40 e ) ) 2 35
PR 7 HNAFHE — R 22 5, 5% Wi 58 30 JE V9 o 1) 2R 14 485
RT3 UEIH I B 1 FE & 45 A2 0 2- A F I i 12 A7
TEW) FlvRe S 1k
3.3 EDAR ERFXERBEZENXER

EDAR % H7E 40 il fiy 32 o . AN 2 & & LA
R 2H 2088 B B IF A 46 A58 A BIF 5% A B I 0k e
A EDAR 3} 2 51 EDA/EDAR/NF-
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KB 4 jaf5 538 B 2E 45 B kK & B 28 2R K R 0T
Bt kAR BEELEMN . Bl EDAR (T
FEBEPAENL JNR R B, T
EDAR VR4 2 B 45 K & & i R0 58 oRHIE
B ARG LA 36 R W S WS 5 o B
EDAR 7E B & & ol 2 b (1 28 B, 45 1 & i
EDAR JERTEA SF IR R4S 55 KA 135 Ky
FR RS T H AL L F R, e G I 5
135 KX EDAR B[R ik fie . 55 55 RIRZ Ut
Bl EDAR 3£ AR T BB 7F B 48 500 & A8 1B & 45
o B )RR, X 5 OA A AT 45 SR A
I SRR RS T AR GILR I, K E %
AR R E RS AR -, KR A A
B % 5 2 R0 5530 H O ) AR L N A Y L B
J EDAR R HEeg 5 Whnt /B-catenin .BMP 22
P B4 kB M OG5 5 18 I AH TR 52w B 48 1Y
RH A B 5 v 25 R R I iR R
F K RGBT EDAR B3k, 058 5
e TR K R E R P U 4R P ARt R
W ds

RAFFERI A4 BT EDAR 38 78 b [ 35 F) 4
FEWAERET RPN
EDAR V4% T % 4 K & & AL B35 2 S ail . w9
R C SAFE W EDAR 3 58 E#1
KT VAR S TR VAR 2, AR g 45 AR
FKW,EDAR NS 5HETHENKE . HHETS
REEABEDTEAEEEM . 0PN EDAR 5
PK AT RE 7E 20 3 6 5% FL0R ) T AR KR B 2 G AR
ok FEE AR . SR, AR AL B A
WANTE R LB TR ABES .

4 o

AR IS W) 5E BE A - EDAR 3 [ 9 1 X7
F, o3 2] EDAR 5 76 Y B 8] 4775 v B R ST
P, [RE A 2R 2 & PCR J5 % 3R 15 1% 3% X 78
o 56 A 0E Bk B R A IR Kk e . B
WHFFE R Y EDAR B 2 5 o [H £ R 1 £ 5%
MAEKMARLR, hit -~ P HAEREFERELT
(9 735 P 42 ML) 2 AR BB KAl L I BIE5E EDAR 1
4 B H o AR A T PL R 28 Bl
S %X HE Reference:
[1] MILLAR S E. Molecular mechanisms regulating hair follicle
development [J7]. The Journal of Investigative Dermatolo-

2v.2002,118(2) :216-225.
[2] FUCHS E.RAGHAVAN 8. Getting under the skin of epi-

(3]

[4]

(5]

[6]

(8]

9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

dermal morphogenesis [J]. Nature Reviews Genetics 2002,
3(3):199-209.
BOTCHKAREV V A,PAUS R. Molecular biology of hair
morphogenesis: development and cycling [ J]. Journal of
Experimental Zoology Part B, Molecular and Develop-
mental Evolution,2003,298(1):164-180.
SCHMIDT-CHMIDT-ULLRICH R, PAUS R. Molecular
principles of hair follicle induction and morphogenesis [[J].
BioEssays: News and Reviews in Molecular , Cellular and
Developmental Biology,2005,27(3) :247-261.
RISHIKAYSH P,DEV K,DIAZ D,et al. Signaling involved
in hair follicle morphogenesis and development [ J]. Inter-
national Journal of Molecular Sciences,2014,15(1) :1647-
1670.
HEADON D J,OVERBEEK P A. Involvement of a novel
Tnf receptor homologue in hair follicle induction [J]. Na-
ture Genetics 11999,22(4) :370-374.
KUMAR A,EBY M T,SINHA S.et al. The ectodermal
dysplasia receptor activates the nuclear factor-kappaB.
JNK,and cell death pathways and binds to ectodysplasin A
[J]. The Journal of Biological Chemistry,2001,276(4)
2668-2677.
SMAHI A,COURTOIS G,RABIA S H,et al. The NF-kap-
paB signalling pathway in human diseases: from incontinen-
tia pigmenti to ectodermal dysplasias and immune-deficiency
syndromes [ J]. Human Molecular Genetics,2002,11(20) ;
2371-2375.
TUCKER A S,HEADON D J,SCHNEIDER P, et al. Edar/
Eda interactions regulate enamel knot formation in tooth
morphogenesis [ J ]. Development, 2000, 127 (21): 4691-
4700.
LAURIKKALA J,PIAPA J,JUNG H S.er al. Regulation
of hair follicle development by the TNF signal ectodyspla-
sin and its receptor Edar [ J]. Development, 2002,
129(10) :2541-2553.
DREW C F,LIN C M,JIANG T X, et al. The Edar sub-
family in feather placode formation [ J]. Developmental Bi-
ology»2007,305(1) :232-245.
BOTCHKAREV V A,FESSING M Y. Edar signaling in
the control of hair follicle development [ J]. The Journal
of Investigative Dermatology Symposium Proceedings .,
2005,10(3) :247-251.
SABETI P C, VARILLY P, FRY B, ez al. Genome-wide
detection and characterization of positive selection in hu-
man populations [J]. Nature,2007,449(7164) :913-918.
KAMBEROV Y G,WANG S, TAN J.et al. Modeling re-
cent human evolution in mice by expression of a selected
EDAR variant [J]. Cell,2013,152(4) :691-702.
TOMANN P,PAUS R,.MILLAR S E,et al. Lhx2 is a di-
rect NF-kappaB target gene that promotes primary hair
follicle placode down-growth [J]. Development,2016,143
(9):1512-1522.
ZHANG Y, TOMANN P, ANDI T, ez al. Reciprocal re-
quirements for EDA/EDAR/NF-kappaB and Wnt/beta-
catenin signaling pathways in hair follicle induction []J].
Developmental Cell ,2009,17(1) :49-61.
PUMMILA M, FLINIAUX I, JAATINEN R, ez al. Ec-

todysplasin has a dual role in ectodermal organogenesis:



10 PR #4540 EDAR JER 09 5g b R 51 o0 B B HAE B R H AR b i Rk . 1421 -

inhibition of Bmp activity and induction of Shh expression sia [ J]. BMC Medical Genetics,2015,16(1) :79.

[J]. Development,2007,134(1) :117-125. [23] mhprde A8 A AT 18 SF UL SERIG BRNIE S R A
[18] MIKKOLA M L, THESLEFF 1. Ectodysplasin signaling in K p-catenin il SHH (P2 F£ X812 (1], 75 db4 b 22417 .

development [J]. Cytokine & Growth Factor Reviews , 2009,18(6) :23-28.

2003,14(3/4):211-224., HAN X Y,YU F,HE T.et al. Hair follicles morphogene-
[19] BAYES M,HARTUNG A J,EZER S,et al. The anhidrot- sis and two expression patterns of B-catenin and SHH in

ic ectodermal dysplasia gene (EDA) undergoes alternative Tibetan goat embryos [[J]. Acta Agriculturae Boreali-oc-

splicing and encodes ectodysplasin-A with deletion muta- cidentatis Sinica ,2009,18(6) :23-28(in Chinese with Eng-

tions in collagenous repeats [ J ] Human Molecular Genet- lish abstract).

ics5,1998,7(11):1661-1669. [24] £HF AL &, B %, % BMP4 X/ R EEECE NP
[20] HYMOWITZ S G,COMPAAN D M,YAN M, et al. The WA L], PEAL Al 242, 2012,21(5) : 13-17.

crystal structures of EDA-A1 and EDA-A2. splice vari- MAO Q Q,DAI R,SHEN S J,et al. Influence of BMP4 on

ants with distinct receptor specificity [J]. Structure,2003, hair follicles quantity of mice [J]. Acta Agriculturae Bore-

11(12):1513-1520. ali-occidentatis Sinica +2012,21(5) ;13-17(in Chinese with
[21] HEADON D J,EMMAL S A,FERGUSON B M, et al. English abstract).

Gene defect in ectodermal dysplasia implicates a death do- [25] WU SJ,TAN J Z,YANG Y J.et al. Genome-wide scans

main adapter in development [ ] ]. Nature, 2001, 414 reveal variants at EDAR predominantly affecting hair

(6866):913-916. straightness in Han Chinese and Uyghur populations [J].
[22] STECKSEN-BLICKS C,FALK KIERI C,HAGG D, et al. Human Genetics ,2016,135(11) :1279-1286.

Hair shaft structures in EDAR induced ectodermal dyspla-

Cloning. Sequencing and Quantitative Expression of EDAR Gene
in Sheep During Hair Follicle Development Period

CHEN Lei, HE Sangang, LIU Shudong, MAYILA and LI Wenrong

(Livestock Breeding and Biotechnology Laboratory of Ministry of Agriculture/Key Laboratory of Xinjiang Autonomous

Region, Biotechnology Research Institute, Xinjiang Academy of Animal Science, Urumgqi 830000, China)

Abstract The aim of this study was to clone the coding sequence(CDS)of sheep EDAR (ectodysplasin
A receptor) coding sequence(CDS), to analyze its sequence characteristics, and to investigate its ex-
pression during hair follicle different development periods. It could provide the data for further inves-
tigation on the function and the expression regulation of EDAR Gene in the hair follicle growth and
development period. PCR products were cloned into PCR™- Blunt [ -TOPO® vector and sequenced.
The protein structure of sheep EDAR was analyzed by bioinformatic methods. The expression pat-
terns during hair follicle development period were detected by real-time RT-PCR. The results showed
that the sheep EDAR CDS was 1 350 bp (GenBank accession KX900497 ) in length, which coded 449
amino acids and shared highly identity with other species. The phylogenetic tree analysis indicated
that the sheep EDAR was closely related to cattle, but distantly related to the zebrafish. The sheep
EDAR protein contained a signal peptide and a transmembrane helice; According to the analysis of re-
al-time PCR, mRNA expression of sheep EDAR was detected during hair follicle development period,
and EDAR mRNA expression levels was higher in the 55th day and the 135 th day, and it was the
lowest in the 75th day. Therefore, EDAR was cloned and its expression patterns during hair follicle
period were investigated. The sequence characteristics of EDAR was conservative in different species.
EDAR expression in the hair follicle development period indicated that EDAR may play an important
role in the hair follicle growth and development period.

Key words Sheep; EDAR ; Gene cloning; Real-time PCR; Hair follicle
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