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REx, = #Y, Thk', T 4
(1. P EW R KFFEAETWESALRE, R FH  266003;
2. HF HEHERE S EARERLEE, W5 HEBEREREE, WA HH  266237)

ME: ZEZ2 M 25 ETHNRANWENESR, THARBEANVRE M EZHA
BEBZARWAER. TRUSHREN KESHL TR R MR, #FPCR-SSCPH 77
BT K A B BB B AL B CgTyrl# /TSNP B it , R Ef A LG TR =& ER#TX
Bol. #RET, BARBLENWNIL F EFLE23NSNPL A, HFI1IASNPIL A S
TEUMRME FMK; EXIINSNP EF, £MF A3NSNPE AL HXRE
(c.591C/T. ¢.632G/AF1c.1155T/C), 2% % & F [F ¥4 4 3L B % % (Alal22Val. Glyl36Serfn
Phe310Ser); Al M & % XKEBKMI1I/NSNPL &, W EMF T eBEELTIHEER, 4
WA FRETH A HAREN, KEPREARBEEENENHERT A ER 2
FAETEURFERENREK. AR FLHHOSNPAL R BN EFEE T KHY R
ERARBTFRETEENSE TH

KEIA: KMy, w6, BAMRBELE; SNP; #4447
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JIEX CgTyrI IR H 64T TSNP B 2k, I LItk
s B, TS R R A, B
TEA 45 73 FARc i B KA Wi e ik 4Rt =
EHR

El1 3¢EeKEIHEE T
Bii#: WiiH;: Grid
Fig. 1 C. gigas with three shell colors
B. black shell; W. white shell; G. golden shell

1 MRS JTE

1.1 HEEEKHTSDNAZE

201644 7 F 1L 7R FL 1L 5 5E T 38l R 201 54F
FIEE R 5E A L 58 R 5E 4 3R 52 K A W 5 SR 3
BREA . R RAE B0 T AT 5E 0K W R B AL
NI R IE A, AR EAL . SR
(BS)71H7 . 52 (WS)54%7 . 745 (GS)80K ; il
4l: il FEHMAEL K100, RAARB &7k
P B 07 141 578 L3 2 DN AP, $EHUA DNA
{5 I Nanodrop{l i ¢ &, 4 B 7 B 22100 ng/ul,
B T4 CRAETR .

1.2 PCR-SSCP4# 8!

WA CgTyr1 3K cDNAJF ¥ (GenBank
accession no. NM_001305297.1), f#i i Primer
Premier 5% 11519 . A/ 0] fE 2 09K I SNPAZ
A, P HAN SN R, SRR loxt g1,
FEHAIMNE T 991.2%(# 1), {# HILASERGENE 7%k
PEXHI )y i B AT P AR

PCRJZ W K10 LAk &, H 454l DNA 100 ng,
1x PCR buffer, dNTPIE 4 0.2 mmol/L, 5|4
1 pmol/L, MgCl, 2 mmol/LF1 Tag DNAX 4 HiF0.25 U
(TaKaRa), PCRIZ I 451494 °CTii ZE 14 3 min;
3I5SAMEHR . 94 °C7EME20s, B A10s, 72 °CHEAi
20s; 72 °CHEfHS min, 7E4 44 )5 A PCR™= 4 H il
NGRS P 770 (98% 25 B T ke . 0.25%1%
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Fz1 KHFCeTynEESIYER
Tab.1 Primer sets used for analysis of SNPs in

the CgTyrl1 gene in C. gigas

" B EPC
5149 52l K /bp e
rimer nce(5'—3") length annealing

prime seduence temperature

Pl-1 AGTCTTGCCGACATCTTT 284 50
AAGCAGGAACCTGGAGA

P1-2 AAGCAGGAACCTGGAGA 110 50
ATGAAGCCTTACATAGTCG

P2-1 TGATTTCATCCAATTACTTAT 274 56
CTTT
GGGCGGGTGTTCAATATAG

P3-1 TTATCATTTGATCCCTCCT 254 50
AAGTTTTAATGGAGTGGTTT

P4-1 CTGGAATCAGAGCCTTGC 236 56
TGGGTTGATGCCGTTAG

P4-2 GTCAAAGAGCTAACGGCAT 210 56
AAACAAGGAACGGGCTAC

P4-3 CCAGGTCCAGCAGAAGAG 207 56
GAATGTAAGCCCAAGCATC

P4-4 AAGCCCTACCAGAATACCTT 267 56
GAGTCCATTAGACTGCACGA

P4-5 TACGCAGGCAAATACAAAG 294 56
TGGTTCCATCTCCCTAACA

W% . 025% “FZKE | 10mmol/L EDTA), # FPCR
X F98 °C7E 15 min/& 37 Bl VKI5 min, [y 1k 42 7%

SR VR B2 SRy 10% 14 3 728 1 50 DN A 1ok g 361 7 5
EHLVK o B0 uLAZ P 1) sSFE , JE7E300 VHL R
FIR A F YK 10 min, RS PRSI SE A HEA
BT, KGRIk RE A4 cCUKAE N, 05 i T
2150 VARZEHJK 10 he SRAAR YL IR EfT e,
1.3 MFES

iR S O N T i By AT = 85
W2, fEEMAEE RS Y EY Rk L, Pkt
HLARIAS PR PEFT I, 45 B AR 0 HY 0 X6 1 A Bk
FA.

1.4 HIELIE

R AR T ARG 56 X5 A6 I 2] () SNPAS s, i3E 47 I 3

P M. i FiPopgenei & i 3 25 5 SNPA 25 1)

WL 2% 5 BE ((H) . W5 B (H) . A S5
o E K= % 2 J»  sponsored by China Society of Fisheries


http://www.scxuebao.cn

24 B, G

I A 5 1% TR il R [ (Cg Tyr] ) SNPZ2 25 1 5 78 (0 P IR B S Bk 197

KN ) FI 2 5 A5 B & & (PIC) . {4 F SHEsis
(http://analysis.bio-x. cn/rnyAnalysis php) 1M e
R AR AR A, A AR IR AT R DG A
(1) 3% AP (LD).,

2 4

2.1 SNPiHERERTHR

3 PCR-SSCP 5 ik, XA R BER 1Y CgTyrl
FE RS - HEAT YRS, R4S TR Y I R B
(AN [ 780 Bk ok i R gy R R AT 0 )Y, A5 B
AR R BT 5 (812) . il 5 SEF AR
G R W B AR 22 E) A BB, R R 234
SNPV 5 o N iE—2E4R 58 CgTyr1 3 A LSNPV 5

c.367AA

HMMMMM@

CCATAGGCG

HARFEEMARHECH:, Tk 114552 Gk
TEAE R 38 R (P<1x107°) ) SNPA 1 AT I 8247
Br(f 1), B4~ SNPA 2 34 DL iZ I mRNAJT 5]
4 55— 3 3 122 5 A8 7 s I B SR BSR4 o

1 55 76 6 MR A7 AE W i 2 G IR Y SNIP AV 1
W, RAR Hc.367A/C. ¢.466C/T., ¢.475C/G,
c.591C/THIc.632A/GHL TAMNE T 1, A AN
c.724A/GHI TAMNE 2, FRAE( 5 c.850C/ T T-4b
B3, A8 fHe.1155C/T, ¢.1207C/T. ¢.1231
A/CHIc.1289A/CHL T A -4, 3 4 X SNPZEAE iy
FRAERZ BN, KA c.591C/T,
c.632A/GHlc.1155C/TJE F3F [F] L SNPZE AL 7 14,
39 S8 Alal22Val G1y136Ser7FﬂPhe3lOSerl§l"J§L
FEMRIEE

c. 466AT c. 475GG

CTACWGAAG GTGTSCAGT

FLHPEA  black strain P1-1
c.367AC

I
T

CCATMGGCG

c. 466TT

|

CTACTGAAG

c. 475CG

GTGTSCAGT

c.367AA

doy

CCATAGGCG

c. 466TT c. 475GG

CTACTGAAG GTGTGCAGT

B2 #B5TSSCPHL Kk B KM Fr Ui (&l
a. bAICH I R 7 A AL WA R AMELE 51 P19 1 R 7= AR sk A 2R 2L, I 7R 77 4 2% iy R0 2 Ay ) e 0 )
Fig.2 Part of SSCP band patterns and sequence

Lowercase a, b and ¢ represent different individuals’ amplified patterns using primer P1-1 in black shell color strain, and the

corresponding sequences are presented on the right
22 SNPIRESMER

i 1 3 A (0 K A WG R AR Cg Tyr 1 3 R 7 51 (1)
P, Ok i 114 5 58 G R A AN Sl 35 AH O
SNPA A5 (P<1x10 ) H,. H,. NFIPICUI#2, ]
DR, st REKA R A EAEO N SNPAL L. 5%
PR W5 AR AR 8 SNPA A L 7% 4 K AL W 1
A 7E 5 SNPA

Eﬁkﬁﬁ:%ﬁfﬁiﬂlﬂ KA c.367TA/C,
c.466C/T . ¢.475C/GH1c.591C/T)& Tk B L kAL
R(PIC<0.25), Az s ¥ 28 WA

o [E 7K 7= 22 22 /5 sponsored by China Society of Fisheries

F(0.5>PIC>0.25), TE5E ARG WEREA S, 2848
¥ #5.c.466C/T . ¢.591C/THIc.724A/GlE TIRIE £ 4
fAL(PIC<0.25), HAZE AR 53 3k vh B 2 8 1
{7 25.(0.5>PI1C>0.25), FESEaHEAR T, A8 07 i
c.367A/C. c.475C/GHlc.632A/GJE TIKE £ & ﬁ
B (PIC<0.25), HAhZE AR L3 b i 228

7 #5,(0.5>PIC>0.25),,

23 ESTFESHMAGEREME

ORI R TE R L 7 R K W B AR
5 e OPERTFFE AR 235 SRR A SNPA i, BT 5%
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®2 KHIFMEEBEAESNPLRSZTEHER
Tab.2 Polymorphic parameters of 11 SNP loci of CgTyrl

gene in three shell color strains

BREERL A%

£ 7 W24 45 B M "
Eﬂ?{s lu,ﬁ, XM\J;[ &R ﬂé;} ey HEY B4R
strain ocus o o N, PIC

FLRBEA  c.367A/C 0.126 0.119 1.134  0.112

black strain
c.466C/T 0.295 0.253 1337 0.220
c.475C/G 0.126 0.119 1.134  0.111
¢.591C/T 0.028 0.028 1.020  0.027
c.632A/G  0.605 0.425 1.730  0.333
¢.850C/T 0.394 0.467 1.866  0.356
c.1207C/T  0.408 0.327 1.481 0272
c.1231A/C  0.408 0.343 1518 0.283
c.1289A/C  0.422 0.335 1.500 0.278

SEARE  c367A/C 0.537 0.396 1.647 0315

white strain
c.466C/T 0.056 0.054 1.057  0.052
c.475C/G 0.537 0.465 1.856  0.354
¢.591C/T 0.241 0.213 1.268 0.189
C.632A/G  0.482 0.460 1.838  0.352
c.724A/G  0.130 0.213 1.268 0.189
¢.850C/T 0 0.327 1.480 0.271
¢.1155C/T 0 0.369 1.576  0.298

SEERE c367A/C 0 0.049 1.051  0.048

gold strain
c.475C/G 0.013 0.061 1.064  0.059
c.632A/G  0.013 0.013 1.013  0.012
c.724A/G  0.300 0.364 1.568  0.297
¢.850C/T 0.350 0.351 1.536  0.288

IAVE AL B () JE AN T (F23, R4, 3K5). TEST BT
TR, RARA 1.c.850C/ TG Hofth 5845 {7 s Y A7 7E
AT (D'™>0.75) FEFEEREERT, CgTyr1dk
PR SN2 AR {37 g Y B SR AN 155 (D'>0.75)

F 305 e K A Wi R SR B 5 5 (A7
FEY 2 DGR Y SNPA AT HEAT A A A, )
Sk g T (B R S URP B R O H AR AR
£ BYTE AR D AR b g a3, 5 H7E HoAth5e (o
PR (R R AE AR 0 3 22 7 (P<1x10°°)(3%6).

2.4 BERIIE

SRy ik — A 08 I T R AR ) B R R S HL A
I 3E M, [RRE S PCR-SSCP Y i 78 B JiF 240 v

http://www.scxuebao.cn

B CgTyr 1 R AT 1 43 BRI Y, 15 2B~
ARIREL T 51 o R R 1A FRIW H B J 35 ¢
B (P<1x10")fYSNPIL ki (K2), W RAMGR, 5
HEZH (1 A AR H 5 R R BT, FLf Alhaplotype
black(HB). haplotype white(HW)#F1haplotype
gold(HG) /35 7t . 72 FFloe & K At W e AR 1)
TEFABAAE Y (P<0.05)(3£6).

3 iR

ARV, APy 5 K A
FEEREMRE R, KAWiE Sy —Fh 2 r oK
RIS Y, RPN 2 A RS TR
IR P AFE R SNPH . F2EE NN, 1
G fith X 7 2 B 6 01 B8 5 Pk 2% Hh BE 1> SNPA
KL, AR AR G 5 DX 15 B 400 B 2 0t ] BB A7 7
1A SNPA A5 P4 K i 4 56 PRI 21 ) I 5 BH R 35
R ) 2 5K 02.3%, AR 4 i 2840k
IKAFALAT 0.09% . FEAMFFE I 47 34 1 CgTyr1 J&
AN 1, R8T 234 SNPA s, P31
SNPA & B R 240 1.3%., BEEE ZAHE
T —Fh B0 R 2 R A S O
iy, 256 HEBRZMBER. BT, K4
5 v 24 1% 0 IR it A G 35 PR L e B (Cg Tyr 1 3 A
MCgTyr23E ), HHE ARG R & EH 2 A
0 CgTyr 1L A B 2 30 A 4 007 114 0 56 4y H i) 35
FiaaRE, M THES RIS, JF A
TR RIAEL AT I 520 %, WiAE DL 5%
() Hh L PR A R D B R A, R W H W] BB AE
4y U DL 5E I8 ot i rp R B DG B A R R AE
CgTyr2 5 AE N E R S I B i 3R 3k, R
Hu RS 5 M 20 awmE ", of b
MW, =M Hyriopsis cummingii)HcTyr
L HeTyp-13E I AFE 2 1> SNP S, 5 =
WAL PR 7 €8 FH 32 BR 2 B B MR AR A DR

K=, CA AN DB X TYREE N
S8R A PR B QTR T R E Y . B H £
(Danio rerio)i % & i 55 PR 4 55 67 56 [H] i 5 35 7E R
AR i BRI, fEiZ kR, R
AL G it PRI, Hh, 4
1 3 R TT BE T HAF 7R 245 B R A B 2K 1T 22 30
5 POtk S B O™, mR R, M AEMR
W& (Xenopus tropicalis) i o v 5 % 22 19 16 3 P 1)
1] - RNA(sgRNA)F1Cas9 mRNAT] S 244 ) B
WY 0 AR . FEAEE Y, CeTyr I BE L [RIFE

o E K= % 2 J»  sponsored by China Society of Fisheries
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2 BT, 45 KATWTER R B LN (CeTyr)SNPZ 54 5 58 (MR A S 6 199
3 KHIFEREHE CeTyr1 EE 1A SNP SEH A & 5
Tab.3 Linkage disequilibrium analysis of 11 SNP loci of CgTyrl1 gene in black shell color strain
7o B
black strain c.367A/C ¢.466C/T c.475C/G c.591C/T c.632A/G ¢.850C/T c.1207C/T  ¢.1231A/C  ¢.1289A/C
c.367A/C 0.65 1 0.431 0.477 0.987 0.554 0.014 0.041
¢.466C/T 0.005 0.65 1 0.611 0.999 0.247 0.323 0.320
c.475C/G 1 0.005 0.431 0.477 0.987 0.554 0.014 0.041
¢.591C/T 0.039 0.002 0.039 1 1 0.153 0.110 0.132
c.632A/G 0.035 0.149 0.035 0.006 1 0.881 0.835 0.886
¢.850C/T 0.038 0.100 0.038 0.025 0.251 0.999 0.822 0.999
¢.1207C/T 0.005 0.041 0.005 0.001 0.458 0.148 1 1
c.1231A/C 0 0.065 0 0.001 0.449 0.109 0.919 1
c.1289A/C 0 0.066 0 0.001 0.484 0.155 0.958 0.959
i R OREAT, XML ETTAD, MALTITAR, FHE
Notes: the figure above the diagonal represents D', the figure below the diagonal represents R’, the same below
® 4 KHYE BB CeTyr1 EE 8N SNPIL R E ST E & i
Tab.4 Linkage disequilibrium analysis of 8 SNP loci of CgTyr1 gene in white shell color strain
wﬁhiifigign c.367A/C ¢.466C/T c.475C/G ¢.591C/T c.632A/G c.724A/G ¢.850C/T ¢.1155C/T
c.367A/C 1 0.935 0.003 0.065 0.183 0.006 0.427
¢.466C/T 0.01 1 1 0.995 0.570 1 0.122
c.475C/G 0.568 0.016 1 0.644 0.045 0.075 0.278
¢.591C/T 0 0.004 0.242 1 0.361 0.227 0.291
c.632A/G 0.003 0.015 0.127 0.074 1 0.225 0.169
c.724A/G 0.002 0.068 0 0.002 0.074 0.622 0.041
¢.850C/T 0 0.007 0.003 0.028 0.007 0.014 0.042
c.1155C/T 0.021 0.001 0.043 0.036 0.017 0 0.001

=5 KHIFF S CgTyr1EE 51 SNP
LR EST &S
Tab.5 Linkage disequilibrium analysis of 5 SNP loci of

CgTyrl gene in gold shell color strain

j(:fifﬁ C36TAIC c4T5C/G c632A/G  cT24A/G  c.850C/T
¢367A/C 1 1 1 1
c475C/G 0795 1 099  0.990
C632AIG 0 0 1 0.998
CT24AIG 0008 0010 0.002 1
¢850C/T 0007 0009 0022 0090

AT BEAF 75 2 0L 1 55 o7 6 PR, 455 ] RT3 e AN [m] 1)

Fe AR, Q%EQ\F$UH§%.§’%§E&*

A RE

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries

AW A, FER WG CgTyr1 B2 A I 3t & B0
T 11/ SNPAZ &5 76 68 P AR A7 76 B b 35 4 G
(P<1x10°°), HA 478> SNPA &/ X =748, If
AR GG A TR T, (R, fEREY
B R, (RNAS ] I %5 0 AH 455 09 47
FEARJEFEHLAY, [F] SCSNPZEAS AT i i AR sl Ik 2
P BRE AR AR R, A SLSNPZE
A5 ] BE A mRNARY 28 [ 7 & A e ok, dF iy
W LT RE . B L, ASHIESE AR AL A AL, K
8/~ Al LSNP sl A % f i il , 5341 dE T X
SNP— [l i g P A5 RS, HAT 3 I mT (5

AT AT R, 55 AR AR FE )
B ZE R G (P<1x107°)AY 114> SNPA 15 A7 76 AS [ B2
) BB L G o X FRTE CaTyrl LR i 2 J %8
% (multiple mutation) F] B & T 850 (0 2 B PE MY )5
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Fo6 KHIFMEEEAAGERSH
Tab. 6 Haplotype analysis of 11 SNP loci of CgTyrl gene in three shell color strains
iVl AR LTS FERBER ) TA=EERLNCTES) FERHRE) Pl
group haplotype sequence black strain (freq.) white strain (freq.) gold strain (freq.) P value
el HB ATGCAATTTCA 18.36 (0.129) 0.00 (0.000) 0.00 (0.000) 1.09E-07
construction group
HW ATGCGATTCCC 0.00 (0.000) 15.50 (0.144) 0.00 (0.000) 2.87E-09
HG ATGCGCTTCAC 0.00 (0.000) 2.50 (0.023) 37.00 (0.231) 2.65E-10
oaneich HB ATGCAATTTCA 4.00 (0.200) 0.00 (0.000) 0.00 (0.000) 0.029
validation group
HW ATGCGATTCCC 0.00 (0.000) 3.50 (0.175) 0.00 (0.000) 0.043
HG ATGCGCTTCAC 0.00 (0.000) 0.50 (0.025) 5.00 (0.250) 0.028

o A b T A SNPJE AR A o5 5 PR 4R A G 166 43
Br, B R4 Mr v] DLl £ T 28 A8 X 36 10 BT Al
K I 20 BIOR A o EAA R A3 A SR AR AR A g Ak
WFITAREE T —F N AT B, L ER
Fea AL R 0 e e S PR B T R, B
FK—PEREGEANERG R, CEEHRIS
A MR AR AE QM 1 B Y L AR B 5 O B —
T o o E AR AR EE S T IR A Y, I L AR R SR A
RYTE AR AR b i %8, 5 L 7E oAt 52 (R 14
o A AR I 2 25 R (P<1x10°°), XK
CgTyr1 5 F & S 80K AT W5 AR B AR TR 7 6 1
GigiE S

i BTk, ARBFETA T e . e R AT
G 3P0 AT W BE AR CgTyr 1 3L I SNPA A, 3h &
P23 SNPZEAE , Hid 114 SNPA 5 58 (PR
FETE ML 5 25 B (P<1x107%), 7E3X 11/ SNP{ 45
H, AR fc.591C/T, ¢.632A/G. ¢.1155C/TI&
THAE R LSNPz i, 40l 3Alal22Val,
Gly136SerfilPhe310Serfi & IR 28 48, HAARAE
17 15 38 R ) SCSNPA s o FE T 5 78 MR A 7R
i B (P<1x 10 11N SNPA 5, S286 My g —
T e o E AR AR A T IR AR5 AL, JREAE IR TE A
R T HIA . RIS RN K58 6 R bR
ICHTBY B AR AL T LR TR}

L%
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Polymorphism in CgTyrl gene and its association with shell color
traits in the Pacific oyster (Crassostrea gigas)

ZHAO Bowen', LIQi"*, WANG Jiulong', YU Hong'
(1. Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003, China;

2. Laboratory for Marine Fisheries Science and Food Production Processes,

Qingdao National Laboratory for Marine Science and Technology, Qingdao 2662377, China)

Abstract: The Pacific oyster Crassostrea gigas is cultured worldwide due to the advantages of rapid growth and
good adaptability, and has become one of the most commercially important bivalve species. In our successively
selective breeding, three strains of C. gigas with black, white and gold shell color traits have been developed.
Tyrosinase (Tyr) is known as one of the most important enzymes in the regulation and production of melanin in
animals. In this study, exons in the C. gigas TYR gene (CgTyrl) were sequenced. Mutations of the CgTyr1 gene
and its association with shell color were analyzed in the three shell color strains of C. gigas. A total of 23 single
nucleotide polymorphisms (SNP) were detected using single-strand conformation polymorphism (SSCP) and
sequencing analysis, of which 11 SNP loci had highly significant differences between the three shell-color strains.
In the SNP loci with significant difference, mutation ¢.591C/T, ¢.632G/A and c.1155T/C are non-synonymous
which lead to amino acid changes Alal122Val, Gly136Ser and Phe310Ser. For further analysis, 11 SNP loci with a
highly significant difference were selected for haplotype construction. One specific haplotype for every shell color
strain was constructed and confirmed in the validating group. The mutations and haplotypes that are strongly
associated with the shell color phenotypes in this study could be useful in understanding the molecular mechanism

of pigmentation, and could also be potentially applied to marker-assisted selection breeding programs for C. gigas.
Key words: Crassostrea gigas; shell color; tyrosinase gene; SNP; haplotype
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Attached Tab. 1 Genetic polymorphisms in CgTyrl gene in C. gigas

ShET SNPAL T A DAL FeE R PfH
region mutation black strain (n=71) white strain (n=54) gold strain (n=80) P value
- 2rspic) HEE) HEHR) HEHH)
exon 1 c.367A/C
genotype no. (Freq.) no. (Freq.) no. (Freq.)
AA 62(0.873) 25(0.463) 78(0.975) 1.29E-13
AC 9(0.127) 29(0.537) 0(0.000)
cCc 0(0.000) 0(0.000) 2(0.025)
HW 0.325(0.569) 7.276(0.007) 80.00(0.000)
& S BiF S RIERRT
allele freq. freq. freq. amino acid
A 0.937 0.731 0.975 Ile
C 0.063 0.269 0.025 Ile
R HRFE) HRGF) HERGF)
c.466C/T
genotype no. (freq.) no. (freq.) no. (freq.)
CT 21(0.296) 3(0.056) 0(0.000) 3.19E-08
T 50(0.704) 51(0.944) 80(1.000)
HW 2.138(0.544) 0.044(0.997) 0.000(1.000)
allele freq. freq. freq. amino acid
C 0.148 0.028 0 Thr
T 0.852 0.972 1 Thr
FER A HEGIR) EEHEIES) HEAE)
c.475C/G
genotype no. (freq.) no. (freq.) no. (freq.)
cC 0(0.000) 5(0.093) 2(0.025) 5.66E-15
CG 9(0.127) 29(0.537) 1(0.013)
GG 62(0.873) 20(0.370) 77(0.963)
HW 0.325(0.569) 1.450(0.229) 50.38(0.000)
EZvR CIES GBS SIS AR
allele freq. freq. freq. amino acid
C 0.063 0.361 0.031 Val
G 0.937 0.639 0.969 Val
. R 7Y HEWIR) HEWIER) HEWIER)
¢.591C/T
genotype no. (freq.) no. (freq.) no. (freq.)
cC 69(0.972) 41(0.759) 80(1.000) 2.06E-07
CT 2(0.028) 13(0.241) 0(0.000)
HW 0.014(0.904) 1.011(0.315) 0.000(1.000)
SR SIS SIES LIES SRR
allele freq. freq. freq. amino acid
C 0.986 0.880 1 Ala
T 0.014 0.120 0 Val
. ek HEWE) HEWIER) HEGRFR)
c.632A/G
genotype no. (freq.) no. (freq.) no. (freq.)
AA 0(0.000) 6(0.111) 0(0.000) 7.26E-18
AG 43(0.606) 26(0.481) 1(0.013)
GG 28(0.394) 22(0.407) 79(0.988)
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- PR -
HhET SNP/L 5 7o BRHE ASE IS Fe A Pl
region mutation black strain (n=71) white strain (n=54) gold strain (n=80) P value
HW 13.39(0.000) 0.167(0.683) 0.003(0.955)
allele freq. freq. freq. amino acid
A 0.303 0.352 0.006 Gly
G 0.697 0.648 0.994 Ser
e rnpit] HRE) B () YR E)
exon 2 c.724A/G
genotype no. (freq.) no. (freq.) no. (freq.)
AA 71(1.000) 44(0.815 49(0.613) 3.39E-07
AC 0(0.000) 7(0.130) 24(0.300)
CcC 0(0.000) 3(0.056) 7(0.087)
HW 0.000(1.000) 8.123(0.004) 2.358(0.125)
allele freq. freq. freq. amino acid
A 1 0.880 0.762 Pro
C 0 0.120 0.237 Pro
A B Bk (%) Bk (Hix)
exon 3 ¢.850C/T
genotype no. (freq.) no. (freq.) no. (freq.)
CcC 12(0.169) 11(0.204) 4(0.050) 7.81E-07
CT 28(0.394) 0(0.000) 28(0.350)
TT 31(0.437) 43(0.796) 48(0.600)
HW 1.607(0.205) 54.00(0.000) 0.001(0.974)
S R ES SIES LIES E R
allele freq. freq. freq. amino acid
C 0.366 0.204 0.225 Ser
T 0.634 0.796 0.775 Ser
. ESE HEWR) HEGR) HE(HR)
exon 4 c.1155C/T
genotype no. (freq.) no. (freq.) no. (freq.)
CcC 0(0.000) 13(0.241) 0(0.000) 3.73E-09
TT 71(1.000) 41(0.759) 80(1.000)
HW 0.000(1.000) 54.00(0.000) 0.000(1.000)
allele freq. freq. freq. amino acid
C 0 0.241 0 Phe
T 1 0.759 1 Ser
B HEOIF) HEOR) HEGR)
¢.1207C/T
genotype no. (freq.) no. (freq.) no. (freq.)
CcC 42(0.592) 54(1.000) 80(1.000) 1.43E-14
CT 29(0.408) 0(0.000) 0(0.000)
HW 4.676(0.031) 0.000(1.000) 0.000(1.000)
allele freq. freq. freq. amino acid
C 0.796 1 1 Asn
T 0.204 0 0 Asn
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- BERffERT -

ST SNP/L 5 7o BREE 7 A RHE Fe A Pl
region mutation black strain (n=71) white strain (n=54) gold strain (n=80) P value
FEPR A HEIR) HEIR) HEEIFR)
c.1231A/C
genotype no. (freq.) no. (freq.) no. (freq.)
AA 41(0.577) 0(0.000) 80(1.000) 1.87E-28
AC 29(0.408) 54(1.000) 0(0.000)
CcC 1(0.014) 0(0.000) 0(0.000)
HW 2.748(0.097) 54.00(0.000) 0.000(1.000)
allele freq. freq. freq. amino acid
A 0.782 0.500 1 Gly
C 0.218 0.500 0 Gly
R HEIER) HEIER) L aEIES)
c.1289A/C
genotype no. (freq.) no. (freq.) no. (freq.)
AC 30(0.423) 0(0.000) 0(0.000) 3.96E-15
cC 41(0.577) 54(1.000) 160(1.000)
HW 5.094(0.024) 0.000(1.000) 0.000(1.000)
e 1| LIES LIES L7ES R
allele freq. freq. freq. amino acid
A 0.211 0 0 Arg
C 0.789 1 1 Arg

T HWRIRIE MR AR P AR, * RN %A nUR AR R SCSNPRAZ AL ki
Notes: HW represents Hardy-Weinberg test; * represents nsSNP locus
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