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A R  F T QPCR BOR , 73 Wt SATEIL T SR L SE AN Be AR Gk L SF A IFRIA R E . 45 R - 7P R 4%
L2 BEIE ARG L 25 AR Tl 2E AR R, WaeSA [ exon 4973 X AF7E 2 N S4B 55, 43 7N €.334C>A
c.213A>G, /& A B Al C 34NN JE K IF R BN AAVABLAC.BB HI BC S FHJE R AL, A 1 AB 43 7l 46
AR GE L2 Bl 28 9L = b D0 3 A A ik R AL B4 R R A i o Tl S e 2y 5 9 B AT BB 7 13 ]
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H1~H6 6 Fft A5 B4, Fo o 450% 05 i 119 O H2 o Wi SA % BRIE S 3 9800 SR A AR Gl = 10 7 Bl AL 2 e 23 5%
ik, b A ) B ZE A (RIS R R b ) 208 22 3 B 2 AN 2 T Wi SA BE DR 20A 5 SE SR MR AR O i
B o T B BAS [ it ML 3 WneSA JE DR 28 S MIE R AL, 20T 1 i B IR K 20 T8 AR R AIE L 9
F & SRR H N SAZEER W TT KR R 7 Al Bkt .
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Abstract The quality and yield of cashmere determine the economic value of cashmere goats (Capra hircus),
and hair follicle is the direct tissue to regulate the growth and properties of cashmere. The properties of

cashmere can be improved by regulating the development of hair follicle. Wingless-type mouse mammary
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tumor virus integration site family, member SA (Wni5A) gene is an key member in the signaling pathway
relates with hair follicle development and play a key role in hair follicle development, but its research in goat
is still very limited. In order to well know the molecular genetic characteristics of goat Wni5A, the variation of
this gene was detected by combining PCR-single strand conformation polymorphism (PCR-SSCP) and
sequencing in Zhongwei goats, Chaidamu Cashmere goats and Longdong Cashmere goats. The tissue
expression characteristics of WntSa in Liaoning Cashmere goats and Longdong Cashmere goats were analyzed
by qPCR. The results showed that, in the 3 populations, there were 2 mutation sites in the Wni5A exon 4
amplification region, which were c.334c>A and c.213a>G, respectively. Three alleles (A, B and C) were
formed and showed five genotypes (AA, AB, AC, BB and BC). In Chaidamu cashmere goat and Longdong
cashmere goat, A was the dominant allele, AB was the dominant genotype, while B in Zhongwei goat was the
dominant allele and BB was the dominant genotype. Two mutation sites c.685-5 C > T and c.685-55 G>A
were detected in Wnt5A exon 6, forming 2 alleles D and E, forming 3 genotypes DD, DE and EE. E was the
dominant allele and DE was the dominant genotype in the 3 populations. Six haplotypes of HI~H6 were
constituted by 2 amplified regions, and the most common one was H2. Wnt5A gene was expressed in all these
7 tissues of Liaoning Cashmere goat and Longdong Cashmere goat, with differences between breeds. At the
same time, the expression difference in skin was significant, which speculated that resulted from the
correlation between Wni5A gene expression and the cashmere traits. By comparing the variation and
expression characteristics of Wnt5A gene in different goat breeds, the molecular genetic characteristics of the
gene were analyzed, which provided basic data for enriching the content of goat genome and the development
and utilization of the gene.

Keywords Wni5A; Cashmere goats; Sequence variation; Specific expression

Gk 1 TR R I E B B L SE (Capra
hircus) 2855 U8 » T 6 38 2 T 4% =F 2R AR KA R
M EHAL @S AR BT E v SEIE SR
BCR . TG A R FLR MR B R A AL R KR
(wingless-type mouse mammary tumor virus integra-
tion site family, Wnt){& 5 18 #§ /£ B3 K B 1L F2E ik
KEIAEEN . WntSA 2 3E 4 L Wnt 5 5 1@ 2%
Wnt/Ca H1 (R B 53 22—, 78 1L 3 v WneSA R E
FrAE 22 S ik b, 2K 19 640 bp, tH6 PMHME T
Xof N G i 28 L 1R 381 4 WintSA B (1781 —
BB KA 5 IR E & &R (cysteine) , Jeh A —3
FAAE T 8 E IR i (Fh R 55, 2005), 73 SN AE
— AL SR 1% H 5 Frizzled 2R 45 il fE b A &
EE H (Kurayoshi et al., 2006). Wnt5A #& Wnt Z %
TR Z K E ARG K B R, Ho 2
AL H S W G 3 R B VE AR F (Miyoshi et
al., 2012; Cha et al., 2014). X33 (Gallus gallus) T
FEW, WntSA BT Wt {55 38 B 2 IR 16 T-40
Ji 53 Ak AR JE T4 B (He et al., 2017). WntSA {5
RS IR ARG R, B5 REE N B3 Kok R
B 2 A% 95 3 AN 8 A e 78 55 22 b 0 A7 R (Sus-

man et al., 2017). JTER WneSA n] $016 25 B8 T 40 f i
G55 BT 1, T ek 3k B S 35 M i 3k HL TR B (A9
F55,2018) Wnt XIGEEK W E BRAEKKER
AR . AT 2 M2 B Wnt SR 3 R R Wi 5A 25 9E
28 31 Wnt 2 % 5= F 7E & % 1 3% 148 (Reddy et al.,
2001). WntSA Al BRI AR, N EREKH
B 3h A5 4% K7 (Xing et al., 2011), Al @ i 4F
22 Wik 12 45 T Wnt/B-catenin 15 5 38 5 30 1 /N i
(Mus musculus) & % 1] 4 K K & (Gilbert et al.,
2003).

Wnt5A 3 K7 6 R A K 72 v A5 35 50 B v 1
AR, B AT 5K 2 48 N 2K (Homo sapiens) 5k
W7 A 2R B A KR E 5 TH R 7R R
o BEERGILE B ARG EM R TR EE
b DU FR G 3 A F L2 SR LT 2 A SR
&AL, B3N NBEHE, AT EELFE
Wnt5A 157 F I8 AEFRAE , B A BT T WneSA £ A
L RENITE SN Sviy N4 T E =V [0 R AT I E S 2 N <l
LR 2 A MG O, HE T A 7 HAE I T 4L =F
FBEZR L 2 P ) AH ZURIERRAE , DA N L 2 1
o R FR AR -
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L 25 Wni5A 3[R P 510 AR S5 e HLAH 2 3R IK R 1323

1 #R57F%
L1 MEMARERRE

KRHEFEREE T 390 L EFEAAR I 453 4 ML
(FEWLF 1)o R I HBAL A 200 ik, $05E 7R 3R
#N(Heparin sodium). £ H 78 %4 P<FH T 3 5756 1%
2% HEBETEL T A B 2R 25 1L =2 F00L T 2%
WSE A5 3 I SREE B 5 B UL O JE S FHEAE
JIRLJUEE I JE 0 O 55 7 AN AL PR A 2 i, —80 °CER
5.

1.2 DNA #15 RNA HJEEX

Ly = IR b 1) 4 2 (R 41 DNA 1 32 UK
EasyPure®Blood Genomic DNA Kit i 7] &1 (4 4,
JE30). 124U S RNA $2 HUR A Trizol %, 2
J5 5 3% 57 &5 HiScript I Q RT SuperMix for
qPCR (ifMERE, B 0K mRNA % 56 cDNA.

13 5|¥igit

2 #5 dbSNP (single nucleotide polymorphism
database) (% /£ (https://www.ncbi.nlm.nih. gov/snp/)
TR, 456 O B I 2 1L 5 WneSA B2 v e A
Z MR A B TN exon 4 Al exon 6. F A 8 AF
F1 LFBEEHREER

Table 1 Sample information of goat population

Primer Premier 5.0 ¥ 1143 (11 5 Wnt5A 2K exon 4
Al exon 6 H51 4 P1 A1 P2, LA K qPCR KI5 4 P3, N
Z: JE K ik H B-actin, 51 Y0 5 Y F BLAST £l .
T A AR R R AR ) TR IR A =G R, TEA
fEENAE2.

14 PCRy &

PCR #" 341 % (20 pL): ¥ £ 4 0.25 umol/L [
ELVTFHE S % 0.8 ul, 100 ng/ul [ % K 41 DNA
0.8 uL, Taqg DNA Tl V& B (14 ME %%, B9 57) 10 pL,
ddH,0 7.6 pL. &1 : 94 °C R # AL 14 5 min;
94 °CAZ 1% 30 s, 60 °CiR /K 30 5,72 °CHE{H 30 s, 3t
35/MIEH s B Jm 72 °CCLEAH 10 mine FH 1% B JIEHE
IR AT FLK, RT3 28R

1.5 qPCR¥i¥

qPCR [ AR 8 20 uL, H AR 41 R £ 10.0 uL
AceQ® gPCR SYBR® Green Master Mix (15 ME#%, 7
70), BRI S45(10 pmol/L) % 0.4 uL,cDNA 2 pL,
ddH,0 7.2 uL. & B4 4 : 95 °C i 42 #£ 5 min;
95 °C 10 5,62 °C 30 s, 40 M ; 7 fift i £k : 95 °C
155,62 °C 305,95 °C 155, &FFALE3IANEY
FEGHMINMARESL, NS HFEH B-actin.

ATEL HE/ A KHEHLIX
Breed Number Area
BiE 2<% 111 Longdong Cashmere goat 293 H7 ¥ £ Huan County, Gansu
LEIAAR L1117 Chaidamu Cashmere goat 110 FFEANE Y0 Qinghai Moheqing Ranch
th il 2 Zhongwei goat 50 Hil 5t 2% Jingtai, Gansu
*2 EFESIMFIER
Table 2 Sequence information of gene primers
B A 519 S HI(5~3Y Tm/°C 434 v Bl /bp Hlig&
Gene Primer  Primer sequence Amplified fragment length Purpose
Wnt5A Pl F: GGCCCACCTTGAGAGTTCA 60 311 714 exon 4
R: CCTACCGATCTGCATGACCC Amplification of exon 4
P2 F: CACAAAAGGCTCCAGGTCTG 62 310 #7114 exon 6
R: GAGTTGAAGCGGCTGTTGAC Amplification of exon 6
P3 F: GCTAATTCTTGGTGGTCGCT 63 140 qPCR
R: TGGTCCTGATACAAGTGGCA
B-actin P4 F: ACTACAGCAACTACTACGGTG 60 113 NS4

R:GGACAGCACCGTGTTGGCGTAGA

Reference gene

Wi 5A - Fo R B FLIR MR 35 8 A AL A KR SA T A

Wnit5A: Wingless-type mouse mammary tumor virus integration site family member 5A; The same below
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1.6 BE§EHS ZSMESSCP)E AN E

7E PCR =) i N H1 98% 25 0.025% — FH 2K
F20.025% EMY 5 & H B %A 10 mmol/L EDTA
YR FAR M _E RS IR A R EIN 114, BUR A
10 pL, 7€ 105 °CAZME 5 min J& , SLEPUKIS , I ERET
14% 1 AFE A2 1 58 TN I Ik e 45 Fi2 (1A 46 5 i (acryl-
amide) - V. FF 3 XU PR 94 19 12 (bisacrylamide)=37.5: 1)
o, ¥ B HL K &4 240 'V, 25 °C,0.5xTBE, 19 h.
5 AR HEATAR J(Byun et al., 2009)F 5151, 4l
BT X R PCR =4 B0 7, IR R 4 6 T 10 2%
AT DIESI P (Gong et al., 201 1) (IE AL, #1).

1.7 HBEBFITSHHT

WntSA 557 5 [R] 1) 22 5 IR BWAZ T 1R 471 L ot
& H DNAMANS.O. F| A Popgene32 4t it Jf it 5
Wni5A 2 [K] SNPs ) 18 1% 7% 25 JiE (He) « 55 o7 25 [] Jit
R BAEALG B (Ho) B AR \ Z B MEE RS &
(PIC)FI A5 3% 55 Ao 25 DRI B (Ne) o R 77 ot 56 A )
Hardy-Weinberg ~F- i ; 5. £ 28 73 #7 A SHEsis ) %
(http://analysis.bio-x.cn/myAnalysis. php) £ 2k £ 17 .
K FH 278895 DA R Ik 2R 2 T 5 Wne SA FE B R
Bl EMIL T FESHNAPRHESRIEE.
SPSS 21.0 % S8 s HEAT THL LR o

2 HRE5HM

21 WEWSAEERNTRHH
Wnt5A 2[R ] PCR 9 14
WntSA K] exon 4 F exon 6 % R~ 3 7= 4 K /1N

2.1.1

M
=

E1 = Wnr5A B exon 4 F exon 6 X 357 A5 #E 5E L B ik
[oRllE=ES

Figure 1 The results of agarose gel electrophoresis in the
exon 4 and exon 6 regions of goat Wnt5A gene

M:DNA 73§ & F51HE Marker B (100~600 bp); 1~2: Wnt5A 3
exon 4 [X ({4 BE 724 s 3~4 : WniSA FE [ exon 6 [X [ 7= 4)
M: DNA Marker B (100~600 bp); 1~2: Amplified products of
WnitSA gene exon 4; 3~4: Amplified products of Wni5A gene

exon 6

53 311 F1300 bp, #4546 TUHAK /N, S5 AEBE BEAL H
Pk R R oR H ARG I, H e (B 1),
2.1.2 1l 2E Wne5A £ K SSCP Al 5 5t

7E 111 2F WneSA H2 K] exon 4 973 DX K& 5] 5 Fhorty
AL, 53 5 B AVB R C 3 Fl &5 A 5 K] #4 B ACBC
AB.AA (E2). 7F exon 69 38 XAl 21 3 Fpaif A,
1 D F1 E 2 Ff &5 A7 52 K ¥4 it DD DE Al EE 3 i Ji& [A]
I 3).
2.1.3 112 WneSA J R S5 25 IR 1 Eb o)

Xt L1 2 WneSA FE K exon 4914 X [ ABAIC 3
ANEEALIE R AT R P A1 LLxs, K T ¢.213A>
G 1 ¢.334A>C 2 lb RAZ (K] 4), F LR 7 51 X &
P 2 AN RALER & T R CRAR , 3% A 5| i 2 LR (1)
248 %F exon 6 471 X ) D A1 E 2 AN A7 5 R 3E AT
FEF LR, BRI T ¢.685-55G>A F ¢.685-5C>T 2 4b
RAZ(E] S, HABRL T[] 14 (143543 intron 5 [X o
2.1.4 112 WneSA FE R 14 250 bt

L 2E Wnt5A 2 [A] exon 4 F1 exon 6 [X 1] &5 fir 3
[R] A3 26 R0 R B A0 R 43 J31) L3R 3 f1 K 4. 7F exon 4
X, A F1 AB 43 5l N SEIE ARGk 1L 2 AN Bl 2 2511 =F A

AA BC BB AB AA AC BB
B2 L Wnt5A EFE exon 4[X SSCP 45 R
Figure 2 SSCP detection results of the exon 4 region of

goat Wnt5A gene

l :

ll .
g N o e
TN » i ey

ez

&

EE DE EE DE EE DD
B3 W3 Wnt5A EE exon 6 X SSCP &l 46 R
Figure 3 SSCP detection results of the exon 6 region of

goat Wnt5A gene
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(1) 000 34 S5 Ao 5 DR R 38 5 R Y i o T2 L 2 vp )
N BFIBB. fEexon 6 [X , %7 K E fI5E K 4 DE
J 3/ LU 2R PR B A5 B R AR 3 B R Y

L1 2F WntSA 2[5 exon 4 Fl exon 6 [X [ 15t f4 2~
SN SFIEK 6,2 MM T IXLE3A L E R
BRI 2 25(0.25<PIC<0.5) . WEARIRAT R
WA U6 25 R (K S, £ 6), [EBE Rl £ P
2, 2 AR 7 X 34 T e AR AR S P HIR S
(P>0.05), M ESEIE AR R L 2, 3594 25 5 AR IEAA

IR AR (P<<0.05).
2.1.5  112F WneSA FE DR ) 845 R S dr

L1 2 Wni5A Z: IR exon 4 F exon 6 [X 4 N ZEAFAT
RS el WK 7. ForP AT £ c.685-
55G>A fll ¢.685-5C>T ) D' 4 1.000, it KT 0.33,
i A H AT 58 S TEBA FERIR A . 4755 ¢.334C>A
M ¢.213A>G 4k T 58 3% B 7 i IR &5 (D =0.953, r'=
0.066) ; F At SNPs  [H] # 4k THEB P #IRZES (D' <
0.8, ’<<0.33). 1LI2F Wnt5A 2E K exon 4 5 exon 6 [X

A GGCCCACCTTGAGAGTTCACGTAAATCTTGAATGCACATCTCCCCCCCTTTTTAGGTCGCTAGGTATGAATAACCCTGTTCAGATGTCAGAAGTATATATCATA 104

B o NS 104
T -——— 104
©.213A>G
A  GGAGCGCAGCCTCTCTGCAGCCAACTGGCAGGACTTTCCCAAGGACAGAAGAAACTCTGCCACTTGTATCAGGACCACATGCAGTACATTGGAGAGGGCGCCAA 208
S S - — 208
c -- e 208
c.334A>C
A  GACGGGCATCAAGGAGTGCCAGTATCAGTTCCGACACCGGAGGTGGAACTGCAGCACCGTGGATAACACCTCTGTCTTCGGCAGGGTCATGCAGATCGGTAGG 311
- Cmmmm e e 311
C e Cmm e e 311

B4 LFEWnsAEEA B CEMERRMFEIEEXS

Figure 4 Sequence alignment of A, B and C alleles of goat Wnt5A gene

TRIZEFRREIFS); T

The underlined areas indicate the design area of primers; The same below

.685-55G>A
D CACAAAAGGCTCCAGGTCTGGAGGACGAGGGAGAGGTGGCCTGGACTGAGCTGGTGACCAGGGTCTGGGTTCCCAGGTGAGGGCGCCTCCCGCTGACTGTCCCC 104
B 2 sSesssreemmreeemenr oo oaeaa A 104

©.685-5C>T
D TTCTCCCCGCAGACGGTGTACAGCCTGGCCGACGTGGCCTGCAAGTGCCACGGGGTGTCAGGCTCGTGCAGCCTCAAGACGTGCTGGCTGCAGCTGGCCGACTT 208
E T --- 208
D  CCGCAAGGTGGGTGATGCCCTGAAGGAGAAGTACGACAGCGCGGCGECCATGCGGCTCAACAGCCGGEGCAAGCTGETGCAGGTCAACAGCCGCTTCAACTC 310
e o - 310
B5 W3 WntSA EE D FE S EFE 855 b3t
Figure 5 Sequence alignment of D and E alleles of goat Wnt5A gene
3 WFE WntsA E[F exon 4 X FE AR SR FIE F BISHZE
Table 3 Allele frequency and genotype frequency of goat Wnt5A gene exon 4
st o /R G far HE PRI A He I R A
Breed Number Allelic frequency Genotype frequency
A B C AA AB AC BB BC
BZ 2= 4% 111 3¢ Longdong Cashmere goat 293 0.5307 0.4113 0.0580 0.2833 0.4198 0.0751 0.1809 0.0409
SE1L K gk = Chaidamu Cashmere goat 110 0.5364 0.4182 0.0454 0.1818 0.6364 0.0727 0.0909 0.0182
7 1111 2F Zhongwei goat 50 0.2900 0.6900 0.0200 0.0600 0.4400 0.0200 0.4600 0.0200
F4  WE WneSA EFE exon 6 X FIEAE F SR E F BT R
Table 4 Allele frequency and genotype frequency of goat Wnf5A gene exon 6
fin i K/ A S FE PR A He R T i
Breed Number Allelic frequency Genotype frequency
D E DD DE EE

BlE 2 4% 111 % Longdong Cashmere goat 293 0.4693 0.5307 0.2321 0.4744 0.2935
LETEAR L1 2 Chaidamu Cashmere goat 110 0.4000 0.6000 0.0909 0.6182 0.2909
1 11111 2F Zhongwei goat 50 0.3000 0.7000 0.0600 0.4800 0.4600
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4N TAGAL R A R AT 85 RN 8, JLMI R T 6
ot B R, e B Y H2 BT HG (R4 23 i)l e v
(0.317)F 5 f%(0.011).

2.2 WIZEWntsA EE AR RIZERMES

Wi 5A B RITE B AR 8011 5 10 7 950 = 1 7 F
PRT A AR MRIEE 6). HEILTHILF
FA G, FRIR B R R = MU RO B
BB REUL AT s E B AR 0L A, RIA R R

O iT5°%k111 % Liaoning Cashmere goat

WRUCII L Bz 15 Jili B B UL o0 S JHF s Wi SA 5 A
FEIL T 9 Ll 2EAE R (0 3Rk B I 2 U T Bl AR
8111 2£(P<<0.05), H A L O 08 Bl 8 3
HUEF B AR 2 1L 2-(P<<0.01).

i

KRBT R AT Tl WneSA B2 IR (1) 3% S5
RIRFFAE . £F 1L 7F WniSA 1] exon 4 Fl exon 6 4 1Y

3

g B BEZ4k1l3 Longdong Cashmere goat
= Ir
.S
g 6 1
K &
K5 Sr x|
z2
m5  4r
s
£ 3+ . o sk
2_
1+ ﬁ ﬂ
1 2 3 4 5 6

El6 WntsA BERE 2N LFERMHARBRFHRIES

Figure 6 mRNA expression of Wnt5A gene in different tissues of two goat breeds

Te OG5 20000 5 3 I s 4 IRUE 5 S o iR 5 62 B MU s 72 - B s %« ZE TR b ol 1L 2 RO AH [R) 2L 41 1R) 22 37 (B 35 (P <<0.05) 5 % . RoRAE

ANTE A L = (A R 4

2R ) 22 iR 25 (P<<0.01) ; N 22 K] < B-actin ;n=3

1: Skin; 2: Heart; 3: Liver; 4: Spleen; 5: Lung; 6: Kidney; 7: Skeletal muscle; *: Significant difference between the same tissues of

different breeds of goats (P<<0.05); **: Extremely significant difference between the same tissues of different breeds of goats (P<<

0.01); Reference gene: B-actin; n=3

F5 L= WntsA EF exon 4 X 125 54 & Hardy-Weinberg &0 16
Table 5 Genetic parameters and Hardy-Weinberg equilibrium test of goat Wnt5A gene exon4
A 1B 28 Genetic parameters J& 5
Breed B RS FE R A ali 5 B ZHRERSE X’ test

Ne Ho He PIC
BiE %= 2% 111 ¢ Longdong Cashmere goat 2.2018 0.4642 0.5358 0.4475 2.56 (P=0.46)
SEIE AR ZR111 % Chaidamu Cashmere goat 2.1523 0.2727 0.7273 0.4328 9.59 (P=0.02)
H il F Zhongwei goat 1.7838 0.5200 0.4800 0.3589 1.68 (P=0.83)
Fz6 L WntSA EE exon 6 X HiE XS4 K Hardy-Weinberg {016
Table 6 Genetic parameters and Hardy-Weinberg equilibrium test of goat Wnt5A gene exon 6
i o iRfEZ# Genetic parameters K77 R
Breed A R HE R MEE REE ZHEEEE Xtest

Ne Ho He PIC
Bz 44K 111 % Longdong Cashmere goat 1.9925 0.5256 0.4744 0.3741 0.71 (P=0.40)
SEik AR Y1112 Chaidamu Cashmere goat 1.9231 0.3818 0.6182 0.3648 4.28 (P=0.04)
/1 111 2F Zhongwei goat 1.7241 0.5200 0.4800 0.3318 0.89 (P=0.35)
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RT WLF WntsA BE B RENM S Z BRI ESA T E S

Table 7 Linkage disequilibrium analysis of goat Wnt5A gene mutation sites

T 4 c.334C>A .685-55G>A .685-5C>T
Mutation site

c213A>G D'=0.953; ’=0.066 D'=0.547; *=0.017 D'=0.547; =0.017
c.334C>A D'=0.313; ’=0.074 D'=0.313; "=0.074
.685-55G>A D'=1.000; ’=0.987

#=8 L= Wnr5A E[E exon 4 F1 exon 6 X [ B {EE K SRR

Table 8 Haplotypes and frequencies of the exon 4 and exon 6 regions of Wnt5A gene in goats

R Ry A {37 15, Mutation site D
Haplotype name c.213A>G c.334C>A c.685-55G>A c.685-5C>T Frequency
H1 A A A T 0.212
H2 A A G C 0.317
H3 A C A T 0.269
H4 A C G C 0.140
HS G C A T 0.047
H6 G C G C 0.011

X ALAG I 5] 4 AN GRAFAT . exon 431 [X 1) 2 4S5
AT TR AL [F] SCRAT . 1F exon 6 4748 X G 21 ) 2
AN GEARNT JHAL T [F B 438 135 43 intron 5 X . 4
TTREAEEORMIFIEAEES S HA 6
2 mRNA PR BY 1) R0 89 26 250 % F &, 14811 52 ) 3]
FEAEFRMA REGKTFE, 2012). 4508712
AN AT ST AT SRE AP EOIRAS , BRI R B0
Bio 75 c.685-55G>A 5 ¢.334A>C Fll ¢.213>G )
AT IEB P HDIRES , R B Wat5A 25 [F] exon 4 Fll exon
69" 3 X (1) 55 A3 525 DR 83 A% B AH ELBRT

BIE 75 98 111 2F WneSA 35 [R] exon 4 (1) 25 437 JE K Fl
R R A S Tl 2R £ R (HESEK
GLEAL . Bl ARG L A RIS IA R G =F 1 FH ik
— 8, S P SEAN L BT R LR, 5
R Y. WuSAEER exon 4 fl exon 6 4 1 X 7E
34N 2 5 R PIC ERAE 0.4 /247, He #3K T
0.45, UL IZ IR E I ML E R MR BAENEE
(22 AP, BRI 8K . Wi 5A 2[R exon 4 Al ex-
on 6 1 X 7£ 51K A 48 1L =F v i 2 Hardy-Wein-
berg “FHRRAS , (H A Tl 2E R0 Bl AR 25 £ B R A Ak
TGP EDIRAS o X AT RE A R 9 SRk AR 45 1L 3 (1)
B R (A5 M, WneSA B2 R BT N L BUELE %2 31
JEHE, i A KRR (i 25 Hardy-Weinberg T 471k
. BRI WnSA 5 K e B T A KA E
TR B (L, 2014), K UZFEF A 52 2E 8RR
1 1 A A KA R i 2 — e .

AHIE TR B Wi SA B DR AE 1 26 00 B2k i %
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