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WE: AEZRERFEWHARKA, HDp-1 2B TS5 T ZANHE N RDHERE
WY R o RS2 I AR 4 HeTyp-15 B cDNA% I 5 4, L 2 3K 47 7 8ANSNPLL & F 44 7
MR R FTENE X, KEMHDp-1EF#ATT HE L. BAFEILES S
MEEENmBHnEREEREXELN, CHOSTTL A X B AR EdS R LEAELEZ
7, G+2985THT+3006C 2/ m K H A 4 5l £L. bFa. dELHFHERFZ R, A+
2834C. C+2919T#1G+2986Tix3/MSNPsfL i A H A L. aRdEL ) HEE L F £ 7. H 4
FE4ER T, HeTyp-13 F F hCH2912T. CH2983AX 2L &, Hth6ML B A A T
EER, MEZAMEEREYNLTH. 2EAQNERE R, REAT2HTAE A 6 #
HEHIAWREREEG TELECRER T BN E, TOMTSH # 258 & L &Ky
HAGTHEREE S T EEMK. B ILHcTyp-15 F 83 4 SNPsT 1E 4 = A 47 B i
REN TR AN ERSTFARIRMELE. B4, KFARLEEHTyp-12EH 2L = AN
HLGIOE 4 A &, AR IR ZEAFRFAEDHRAECTH Ko TSR EE T .

XERIE: = AW, HeDp-1; 3%k EHE; SNP; M X%
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1 MBSk
1.1 SEIGHR

A S B A = A L A ok W VLA A dE
Tl 2R A RN R, A%k
BHRBMAGSEOHIER, DN E
AP A 6O 5SS T2 ES O
R S IBE P A B, B2 00 e 1) A A A I 55
I FHEAS PRAT 25 H o
1.2 =AM EELEADNARIEEL

S5 FH = A R Y 3 PR ZH DN A R K AR g
7 2l 1 DN A4 BCi ) & JF 4% R U0 B 5 i 47 42
W, #RJ5 R M4t 1 NanoDrop 2000C(Ther-
mo Scientific, 3% E)5 1.5%3 5 4 5E 1 i, kK6
JIrEDNARTHEFE M BT, T—20 °CLRAF

1.3 HENE

F] F Lovibond-RT200% [fi {2 B 110 & = 1 IR
EER N ST, IR [ BR BB 2 5123 (CIE) Y 4
S %5 (8] R G2 (CIE1976)HE 4T 2 505 5 43 ) DU
AW e ST L SR 3N ERAL,
WO U8 - EHE R S NS 6, RS E

dE = \/AL? + Aa® + AR

AL=L Ly, Aa=a—ay, Ab=b,~by L.. a.. b
SRR N ST BOSEIE, Lo agfl by by
HENZOHENBOSHE, ML, Ma., Mb,
MAESy 5 7R il &34 s X L . a. b I
dEWF-YME, LRMASEE, L>0FiEhss, L<0H
B g a>0B BB W20, a<OR B 0 2% ;
b>O0H 2 €0 ff ¥, H<OHSJ 21 €00 i i ™

1.4  HcTyp-1EE SNPYL = ik

5 525 BT AR A5 = A WL He Typ-13E A (Gen-
Bank% 5% 5 . KX447817)5 H LKA e xF, ki
SR FHNEF X 7R IR TR R
P59, (F:5'-TCTTTGACCTTACTGAAATAC
TG-3'; R:5'-TCAATAAAACAAAGTCGTCCAT
G-3")., BEMLPEE20DNAKE S BEFT F RN 48, 3K
RZFE N GRS X 12 639~3 10668 % X B 1468 bp
JPAKEE . PCRIZ WM& #2420 uL: 10 pL 2xTagq
PCR Mastermix, F{HtDNA(50 ng/uL)2 uL, EF
5197 (10 pmol/L)4%0.5 uL, ddH,047.0 uL, ¥~
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WARERF . 94 °CHlZE P43 min; 94 °C 30's, 55°C
30s, 72°C45s, 350 72 °CZALEI10 min,
By YA 5 B AR AR A
B AT, 2R Vector NIT Suite 11.0%7 0 77 11
S5 AEATXT L LR AR SNPA A .

1.5 HEDH

i H Popgene k14 4t WL I 2% & B (Ho) .
PG (He), 2845 8% 5 (PIC)FIA & 55 o &
IRl (Ne) gt 5 2 8. I HIIMP 8.0%K (R #0474 7 K
55, SHTHcTyp-13E 8 7 B AN [R] SNPsf7 i 14 35 [ 78
5 =AM N st Z A A DG . FH SHESsisK
A TSNP 1 3% BN A 43 BT R B35 7R ey 21

1.6 HcTyp-1EFE7E = R EIE EAE AL

i FH AR 52 565 28 46 — A WL Aol TR gt A 3%
BT T BT 1) 94 F AN 4 R A S AR S 52 50 41
Bl AR RS W Ty, WY S
Y h FHRE R P BSNPAL A . PRit—
SNPAZ 5, i — 20 Ge vt iz A S AE BT A F AR fn
2 EARPHFE AR, 35 H Joinmap 4.08 {435
R CZ T 5 0 32 B R A 31 = AR L R T2
RS

2 HEH

2.1 HcTyp-1E ESNPAL = 5 1%

FR 4 BT 00 51 9 % 204 B 5 2B 47 H A9 A B
P3G, P3G R B B R UAFTESNPAL A, A AE
HeTyp-13E 4 | & BL8/NSNPsf i . LAATGHE 1%
A, BRI LSNP AT ¥ J2 LK 2848
A7 1 ) 0 3 5 I R Bk i 44

22 EZEMSH

X 144 H = £ LIt He Typ- 155 X 7 126 45 3 19
SNPs{ & HEATH 38 I W5, 005 45 538 o ik
ST R B, HeTyp-135E F H ) 8/~ SNPs i i 1R T
C+3057T A&l &R AR AN, Hofth 74~ SNPsf s 2
H 2 BIGRAE , IXEA p LA+2834CHH SR T
B, B R AR AIN AAA-ACA, 43
Y B 41 = R AN 5 R o SR FH Popgene s #Ti% 3k [H
FSNPsf i i 28, BT Ho40.000~
0.111, He}y0.142~0.451, Ne A 1.164~1.851,
PICH0.131~0.348, {K##0.25<PIC<0.5 K & £
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A, PIC<0.25 HAKEZAMEN, KM HeTyp-
1R 1 84~ SNPsA 5 H, A5 3/ SNPsfiz 15 A H
B2 BPEN AT, S MIREZ SNSRI,

F 1 =AM HeTyp-1E F 8/ SNPIL S HIBRESH
Tab.1 The polymorphic parameters of eight SNP sites of
HcTyp-1 gene

frsl MIREE HBRREE ZHELEE AUEMER

site Ho He PIC Ne
A+2834C 0.035 0.265 0.229 1.358
C+2912T 0.111 0.409 0.324 1.687
C+2919T 0.076 0.225 0.199 1.288
C+2983A 0.014 0.451 0.348 1.815
G+2985T 0.028 0.142 0.131 1.164
G+2986T 0.049 0.274 0.236 1.376
T+3006C 0.028 0.260 0.225 1.345
C+3057T 0.000 0.376 0.305 1.600

23 =AM HTyp-1EFESNPSL S 5AF &
MR KB T A

¥ HeTyp-13E H 1 A& I SNPs A o5 356 [H 4 5
144 =AM e AR, a0 bRAE)#ETT
MM T SR BN, FEHTyp-15:H L84~
SNPsfv 5. 71, C+2912T. C+2983AX 241 /5 Ay
AN TR) 35 PR B 4D P9 72 8 MR S 807 T A FETE
FES, C+3057TH S AR H AL a S %0 1
FEAE 35 25 5(P<0.05), 1 G+2985T 5 T+3006C it
2L AN TR R B A3 I AEL . bLA Mea . dESE
SR EATAE B 2 5 (P<0.05), [FIf A+2834C,
C+2919THIG+2986TiX 31~ SNPs i/ 5 A 7] J K U 7
L. alldE Y1775 B 35 25 5 (P<0.05)(£2).

2.4 =AY HeTyp-1E E SNPL =% §i A~ F
BB ER S

SBRFIER FEC+2912T. C+2983AX 241k
PR O = N TS o R e £ R A= W |
SHEsis# {4 43 M1 E AT & B V54 . HeTyp-1
B e 5N S EA W 2 AN
Z (] Hf A7 9 3% B P-4 (D' >0.75)(3K3) . [A] i
XF 3 B A R AT A A A, LR AR 8P L
R, Hod B T2 R TALE 1 @ RE A v 1 B A
R E TR AR AR, i T6 R
T8V A B A% U 7E 58 €2 1 A v 10 300 A0 0 o3 Al k=5
T AR (),

2.5 =AMEHTyp-1EEEIEEEDEE L
B9 E i

T B E He Typ- 13 RITE = Ff WL f 10 5L &
T LR, ARSI He Typ-13&
LRy B, SRR, YR HeTyp-13E 4
o F B AEVE B K &R P A AEC+2983AFIC+3057T
2NSNPsfi i, H T30573X Ao S AE A BEA Yy
FEAAIAHTE, AREHIRIER, BIHEEECH2983A
XA SNPAZ S 3K E i He Typ- 130, 45 3% K% B,
HeTyp-13E N9 2 M AELGLOIEBRE |, C+2983A
P FLGL6EBRES3.0cMAL B, I ITFRIC 45 M
718CHAI386CF(& 1),

3 iR

=AW Y DL 5E 9 A 0 T LRI A B A
G EEA W, RIS H B RE, DL
7o N FE e — FPECE AL R, Z B Z AR
s, BRT BB E RN, & 5H A
FERI S A 5 B PR Y, AR S0 56 58 0 43 14
Bibric &R 5k, AE5r 7K B AT AR R 7
AT TE, HRERET LM
., ATHAETDRRERGEFTRCR, HikH
Tz

WFIE R B, T 22 R Tl AL 11 6 A 0 A Y
BAARMNAREA —Em, 2R aRE
AR 2R LU AR R R e, R,
AR AT AR R MR 8] BE R B — R A T A
FH o ARl i 0 S 50 AR A5 1Y i 2R Tl L B 3
N HeTyp-113 115140, I3 i DNAM Y 3R45 T %
FEP AN BT 8 SNPSfy f, X —45 B
T LAAE BB 52 45 5 (171 SNP/1 000 bp)'™, 3% 13 B
NPT EAREFEWREZ TR S, B2
XL S A TRE 2SS HE P E S,
I Te s B Z B AELE, X H T SNPARIE
JE— ML AR, R SSRELA (1 &
EZ0Y AN = RERS B S A B v S £ N
5 HeTyp-13E K () SNPsH M AT T 0128 04T
AR, TR B SR R A
2 PR A Y T RE KA AR Ak AT BE IE H R A R
A U, R SNPsA A S 17 7 % 3 X 1y Ak
WFXE, A kM, 7ESN T XA 3 A
RABSSFHARMBER = EA ST, NmiE—2
5| B AR R R L R T AE L Rk A
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%2 =AIE HeTyp-1 5 E8 N SNPAL & 7R F 5 B B A9 2 3k 2 AR 12 1 AR ) SE B 53 4
Tab. 2 Association of eight SNP sites of HcTyp-1 gene polymorphisms with nacre colour
A= JE PR Y N
f A AR ML Ma Mb MdE
locus genotype sample quantity
A+2834C AA 119 53.45+0.51* 3.06+0.25" —8.87+4.52* 48.19+0.50*
AC 5 55.98+2.5148 3.19£1.21%" —12.19+5.52* 46.6242.44°
CcC 20 56.78+1.26° 0.97+0.60° —7.47+4.34* 44.50+1.22°
C+2912T CC 33 54.07+1.00" 2.32+0.48"* -8.17+0.80* 47.35£0.98"*
CT 16 54.00+1.43* 4.28+0.69° —9.57+1.15* 48.15+1.40*
TT 95 53.98+0.58" 2.68+0.28" -8.87+0.47* 47.63+£0.58"*
C+2919T CC 120 54.53+0.51* 2.42+2.59* —8.77+0.42* 47.06+£0.50*
CT 11 53.10+1.68"" 4.78+3.37° —-8.39+1.39* 48.85+1.64"
TT 13 49.88+1.55° 4.40+£2.96° —9.26+1.27* 51.74£1.51°
C+2983A CA 48 54.14+0.83* 2.63+0.40* —7.88+0.65* 47.50+£0.81*
AA 2 56.23+4.06" 5.26+1.97* —13.93+3.20* 46.78+£3.96*
CcC 94 53.88+0.59" 2.80+0.29* —9.14+0.47* 47.70+£0.58*
G+2985T GG 9 49.02+1.87* 2.96+0.93* —4.288+1.47* 51.87+1.83*
TG 4 54.94+2.80"" 3.79+1.40" —12.21£2.21° 47.84+2.75%
TT 131 54.31+£0.49"° 2.73+0.24* —8.99+0.39° 47.32+0.48"*
G+2986T GG 20 56.78+1.25" 0.97+0.60* —7.47£1.01* 44.50+1.22*
GT 7 55.93+2.1248 2.38+1.02*" —11.57+1.71* 46.26£2.06*"
TT 117 53.41£0.52" 3.11+0.25"° —8.85+0.42*° 48.2440.50°
T+3006C TT 120 53.50+0.51* 3.04+0.25" -8.89+0.41* 48.14+0.50*
CT 4 54.94+2.81%" 3.79+1.35%" —12.21£2.27* 47.83+2.73%
CcC 20 56.78+1.26° 0.97+0.60° —7.47£1.01* 44.50+1.22°
C+3057T CC 108 53.79+0.55* 3.07+0.26" —9.22+0.44* 47.90+£0.54*
TT 36 54.64+0.95% 1.89+0.46° ~7.50+0.75" 46.78+0.93*
e AL R PR FR S 2 B ROR 28 7 2 # (P<0.05)
Notes: different superscript letters in a column of the same two loci indicate significant difference at P<0.05
R3 =ANE HeTyp-15 F 61 SNPAL = 2§ A T 185 57 4
Tab.3 Linkage disequilibrium analysis of six SNP sites of HcTyp-1 gene
A+2834C C+2919T G+2985T G+2986T T+3006C C+3057T
A+2834C 1.000 0.972 0.973 1.000 0.970
C+2919T 0.027 1.000 1.000 1.000 1.000
G+2985T 0.014 0.012 0.996 0.965 1.000
G+2986T 0.900 0.029 0.016 0.973 0.887
T+3006C 0.974 0.027 0.014 0.875 1.000
C+3057T 0.523 0.049 0.248 0.460 0.541

I WL LETTAD, AL T T AP

Notes: the figures above diagonal represent D’, the figures below the diagonal represent 7

http://www.scxuebao.cn


http://www.scxuebao.cn

244 WREE, 5. = AMWEHTyp-135 H 2 Bk 2 516 PR AE C SNPRT %% 1 ] 3% & i 471

F4 =RANEHTyp-1EE S ERS
Tab. 4 Haplotype analysis of six SNP sites of HcTyp-1 gene

FLfE Y LTS ENERIZINCTES) SRR INCTES) X (PIH)

haplotype sequence purple strain (frequency) white strain (frequency) i (P value)
Tl CCTGCC 0(0) 1.00(0.007)
T2 CCTGTT 3.00(0.021) 40.00(0.278) 38.478(0")
T3 TCTGCC 0(0) 3.00(0.021)
T4 TCTTCC 75.00(0.521) 100.00(0.694) 10.800(0.0017)
T5 CCTTTT 1.00(0.007) 0(0)
T6 TCGTCT 22.00(0.153) 0(0) 23.353(07)
T7 TCTTCT 6.00(0.042) 0(0) 6.002(0.014)
T8 TTTTCC 37.00(0.257) 0(0) 41.672(07)

e TRRZEFIREE (P<0.01)
Notes: “indicates extremely significant difference at P<0.01

LG16

0 —Fr— 397GH
9.6 341CF
13.4 531GF
233 289CF
27.8 762CH
455  71GH
4638 | |/ 638fe
47.0 Y 847GH
47.2 — = 945GF
484 /= 920GF
486 158GH
50.6 120CH
50.8 148CH
516 718CH
530 C+2983A
58.1 386CF
2 e
7871 |\ Sadon
90.0 151CF
95.7 565CF
103.8 | 388GH 409CF
109.7 157CF
{37 & /em Fric
position marker

1 HeTyp-1EE 7 = B EHLG167E i
BHEMEMER
Fig. 1 Locations of HcTyp-1 gene
on LG16 of H. cumingii

ARSI FH BT 22 1) 735 43 B T HeTyp-15%&
(Al I 1 SNPs A A5 5 T PN 52 68 22 [a) 1Y S B 1
R SR AEIANEL . aMIdES B0 i A i A7 AE

N 2 R(P<0.05), AN IIAEL. al) MdE |
GFHEREES, XESHPLREZE, 00

RPOAEL, 022 EHIER /N LA 6% F

W, AL LR, N
dEMHBE KRB B ™ Rl dE{E 8/ A
B ER = AR Y, N % 3 AT BE X = A I
B 5T Y TE B B — AR

B X BAASSNPA s #4743 BT 2 — R AZ B 1 43
rFB, (HEX—FIEFE G, flafE
B RN SERE B B P R, S Tk
S HeTyp- 152K i 2 82 & 5 NSt iy 3
PR A G, A SIS AT T 3 AT i LA K PR
R AT o WESE R, HeTyp-13% R K HE Y B35
Bl T2 (BRI E 2R S5 AL, T

T8J& S O BFIR I BB fE A, Hk, 7]
DR 4 75 2R 2 PR AR 34, DT S0P AR Y
H e,

Bai % PR A HE T = A L v R, Ot
XN FE E MR AT QTLE i, A IR il = £ WL i
P58 8 B 3 8503 R AT BB A T LG 173 i
Lo BT H—FHEHTp- 1N EBHAETZ
R 19 5 A S LG T BIRE L, BEHCTyp-
VLA E SNPA s JF0 FLalb A7 for, e 2005 HoE
PEAELGL6EDIHE 153.0 e B, B AR LKL R ¥

A ENAEZ AT IRIE LG TE B -, HEhT
FIRT 5 T2 il = Ay L8 P9 52 @8 i 32 8803 A

MR B, HHAYBOMRE T —M
BALTEAR, Bt 2 Jk A LA BB 85 P R 3 )
ERIME R . HAT, 52 @RI A+
ERE, I HeTyp- 155 KO0 = M WL 2R 2 56
MR RN, b Bt — 2B A5
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Detection of nacre colour-related SNPs and genetic mapping of
HcTyp-1 gene in Hyriopsis cumingii
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(1. Key Laboratory of Freshwater Fisheries Genetic Resources, Ministry of Agriculture,
Shanghai Ocean Univrsity, Shanghai 201306, China;
2. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University, Shanghai 201306, China)

Abstract: According to previous studies, we found that HcTyp-1 gene may be involved in the formation of nacre
color in shell of Hyriopsis cumingii. Primers were designed based on the cDNA sequence of HcTyp-1 gene in H.
cumingii, and 8 SNPs were obtained by comparative screening and the correlation between SNPs and nacre colour-
related traits was analyzed. Moreover, the location of HcTyp-1 gene on genetic map was studied. The study of the
relationship between these polymorphic sites and shell nacre color traits found that, C+3057T showed a significant
difference in the “a”’; G+2985T and T+3006C had significant difference of L, b and a, dE respectively. Moreover,
A+2834C, C+2919T and G+2986T all had significant difference in L, a and dE. Linkage disequilibrium analysis
showed that there were 6 SNPs in high linkage disequilibrium except C+2912T and C+2983A. The result of
haplotype analysis indicated that the frequency of T2 and T4 in the white mussels was significantly higher than
that of purple group, but T6 and T8 were higher in purple group. The results suggested that the polymorphic loci in
HcTyp-1 could be potential genetic markers for future molecular selection of different nacre color in H. cumingii.
Furthermore, we mapped HcTyp-1 gene on LG 16 of the previous linkage map, which will lay the foundation for

the further study of the molecular mechanisms about this gene.
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