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WRE, SRIGHEFE & T-20 °CUKFRH & .
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dE = \/AL? + Aa? + AP
x, AL=L,-L,, Aa=a,—ay,, Ab=b,~by. L,.
a, b, TN DL SE R B S BUE, Ly, agfl

bo MR MEFIRES BB S8, AL, da. Ab .
AdEST R RT3 L a. bAAEREEIE,

1.3 HcTyrEESNPAL 2 1%

A 52 96 28 40 25 19 = fA WL He Tyr e A
(GenBank’® 3¢ 5 ;. KX447816), it 5ALKC
BIE S = MWL N A P 5 A xF e, PLX
Ay B P& RN X8, 8K )5 ) FH Primer
Premier ST 7E JE K ) 70 8 F X 30T 519, B
KRAEHeTyrFE A TSR3 59 (2 1), Hp
P15 4 ¥4 HeTyr 55 I 4 i X 1= 60~4801X Bt 3£421
bpF A, i P2AIP3S | 4y 4Ly 4 Y He TyrJE [H
Bifis X 1 611~1848IX Bt 1238 bp/F 4l K J&,
3XTGI Y3 R g X P S S 1659 bp,
7 5% HeTyr B2 4 % X 19 83.41%, 78 o5 3 A4~ 3k
[ cDNAZ K 1971.66%.

FIF T He Tyr2k I E3%F 5149, 4351 H
20/ AT PCRY 4 . PCRIZ MR & 420 pL -
10 pL 2 x Taq PCR Mastermix, %4z DNA(50 ng/uL)
2uL, B F#ESI#(10 pmol/L)4%0.5 uL, ddH,ON
7.0 uL, P HEFRFE . 94 °CHAE %3 min; 94 °C
AEPE30s, 55°CiE k30s, 72°CiEfH45s, $354
PEHA 5 72 °CIEAHT7 min, § 347 P 1 1.0% 1) B A
B8 I H VR I, A 5 A% B A R R R
LA R B /1 EAT I, F Vector NIT
Suite 11.0X] I /5> 45 R 17 X TSNP s, 2R
J& X AEAE SNPA 53 B9 51 ) FH 144 H = A LA~ 1k
HEATY G B UE . AW P A N 3 1 R AR AR
WRHHAE R A, 5196 B b A DRk
HA RS w58 1

1.4 HIESH

K H Popgene®k {443 Bt WLl =2 & B . S EE 4%
BEMEZEES EFRESE . FIHIMP 8.0%

#z1 ZANEHTyrEFESNPH RS #ER
Tab.1 The primers of SNP in HcTyr gene of H. cumingii

519 primers JF¥%1(5'-3")  sequence of primers PP JE/bp  products length 1B KR JE/°C  annealing temperature
P1 TATAGAACGAATACACTTCCTCC 670 55
CAGTCATCGTGGGATTATTCT
P2 ACAACTCCCTGTCTTTGCCCT 750 55
TCCCGCTTATAGTCCCTGTGC
P3 CCGACTGCGGATCTCTTTACC 653 55

CAGACGAATGACACCAGAACA
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PEARIEH B3R5I BEA TSNP S Y 3, T
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1.6 HcTyr£[E7E = A5 EE LR ENL

KT W He Tyr3E PRURE A7 3] = #f W3 B I
SR FH 22 A SI2 06 25 K S — A R 0 o T R
Fr H 9944 F  RA R R 24 B A AR S 5256 44 8 S
FEHeTyrJE P BB — X 51 P X 24 354 AR AL
96 H = MAMLEEAMASEATY 3, P3G W AT 0T
Ji FRAEZE R P AAERSNPAL S . SRIGFEY 1
FB BRI SNPAL AT, Sz S E94 R
FyMERFIRA SEAR R FE R RS, 32 H Joinmap 4.0%K
1912 B Bai ") 7 6 He Tyr 5 R 2 (L 31 = £
RL e e T3 L 3 A% 3% 0 RT3 1
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2.1 HceTyrEEHF5)I 18

4G AE HeTyr3E I BT F 35519, 405
FH20HE a7 38 A0 . A R B, X938 - Bt
AT IR LE AT . AEPIRIP2IG XS 51 4 4 1 Aty 3
K F BE L4350 & B34 A5~ SNPA . o T FEP35]
Y8 R B A R LSNP S . B T
BN R BT HeTyr 5 N B cDNAF 3 L, BT LA
SNPA A5 34 DL cDNA 7 51 L 12 58 28 {37 i B8 U 2%
5 F ATGIN IR EE B A 44

2.2 HeTyrBEREZESM S

i FH 144 2 =/ WLEE X He TyrJE IR I i 26 75
F B SNPAL AL HEA TP AW F, I 25 R 4y
M, BIHTyr3EH L1 84> SNPA A5 15 hy 22 45 74
RAR, P2 KA LRAS, C+700T7 5%
T A 2 J CTT-TTT, 53 5 2 5 228 S 1R TN 2
W . GHI94AN s 5 F B A2 KR GTA-
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ATA, 53 5| 95 45 2 8 AN 5 50 2R

Xt HeTyr3 K T SNPA 15 53 74 25 2R H Popgene
WS, HeTyr3E R B B SNPA 5 AY £ 5t f%
BRI F2, WIL0.25<PIC <0.5 N LA,
PIC<0.25 WA JE Z A1 5N, % 3 He Tyr 184
SNPA AT, & T A+TTIT AR 286 54, H
74 SNPAV 5 35 by i B 22 A0

%2 HcTyrEFES8/SNPiI = iREEH
Tab.2 The polymorphic parameters of 8 SNP sites in
HcTyr gene of H. cumingii
fiel WIZRGE WBERGE 2/E0EE AR IERE

site Hy, H, PIC N,
A+168G 0.903 0.903 0.321 1.670
C+255T 0.632 0.507 0.371 1.966
C+456T 0.750 0.750 0.218 1.332
C+700T 0.813 0.642 0.293 1.555
A+TT1T 0.813 0.818 0.165 1.221
C+826T 0.813 0.642 0.293 1.555
C+831G 0.813 0.642 0.293 1.555
G+994A 0.819 0.638 0.296 1.564

23 HceTyrBEESNP R SAF B MHRXEE S

B HeTyrE R F A I 45 21 59 SNPA 15, 3 (K] 7Y
H144H =AM maearIR@. a. bXdE)H
TR BT o ST 45 SRR W], TEHeTyrkE N |
[ 84~ SNPA A 1, B C+25 5TV i AN ] Jk PR AU AY
ENFEOERLMJIES N LA 3% 2 550
(P<0.05), HR7TMOAAFIIEEBIITEL . alt
dE V- AF7E 1 35 22 57 (P<0.05), MTEbSH |, 84
SNPA AN [] 35 PR B AR A 7 o B I 25 57 (3R3),

2.4 HcTyrEFESNP 2SI A FE R BER
S

R HTyriE N FITEL . a R dEVEIR T AT
T W 3% 22 5 Y SNPAZ A, SHEsis#R /44317 22 5+
AF 5 B BN 45 5 WS HeTyrde 4 1Y
TN ERBEM LT, A+168G. C+700T,
C+826T. C+831G. GH+994AiX 5 i 2 A fE 7E
W% A5 (D'>0.75, R*>0.33), 4,
A+771THI 5 5C+700T, C+826T. C+831G,
G+994 AN i 2 ] 0 77 78 58 3% Bl V-4 (D >0.75,
R™>0.33)(#4), HIX 7  HuAf B AL 2 J5 L3R5
TR H I T, IV X 3Fp B U AE



73] Shepdl, G ZAAWUREHCTyrRE IR N 58 (PR 5C SNPT i K 18] 15 5 {3 1047

R 3 HcTyrERESNSNPRL R 5AF & MR KK ST

Tab.3 Association analysis of 8 SNP sites with shell nacre colour in HcTyr gene of H. cumingii

£ locus KT genotype FEARE no. Aa Ab AdE
A+163G AA 33 55.91+£0.97* 1.36+0.45% -9.13+0.80" 45.49+0.93"
AG 14 56.62+1.48" 0.88+0.69" -8.31+1.23% 44.61+1.43"
GG 97 52.97+0.56" 3.53+0.26" —8.74+0.47" 48.78+0.54°
C+255T cC 36 55.87+0.94% 1.67+0.45" -9.37£0.76" 45.63+£0.91*
CT 53 52.89+0.77"" 3.51+0.37*" -8.64+0.63" 48.80+0.75"
TT 55 53.84+0.76" 2.80+0.37° —8.54+0.62" 47.79+0.74*°
C+456T cC 105 55.07+0.53" 2.03+0.25" -8.78+0.45" 46.44+5.32"
CT 36 50.94+0.91° 4.74+0.42° -8.80+0.77* 50.94+5.07°
TT 3 53.15£3.15* 5.47+1.45"® -8.75+2.66" 49.28+4.37*°
C+700T cc 97 52.97+0.56" 3.53+0.26" -8.74+0.47" 48.78+0.54"
CT 27 56.52+1.07° 1.14+0.50° -8.31+0.88" 44.80+1.03°
TT 20 55.58+1.24"" 1.33+0.58" -9.66+1.02* 45.81+1.19°
A+771T AA 116 53.42+0.52% 3.16+0.25" -8.95+0.42" 48.28+0.50*
AT 27 56.53+1.08" 1.14+0.52° -8.31+0.88" 44.80+1.05°
TT 1 52.96+5.61"" 2.47+2.69*" -2.72+4.56" 47.26+5.44"°
C+826T TT 97 52.97+0.56" 3.53+0.26" —8.74+0.47" 48.78+0.54*
CT 27 56.53£1.07% 1.14+0.50° -8.31+0.88" 44.80+1.03°
CcC 20 55.58+1.24"" 1.33+0.58" —-9.66+1.02* 45.81+1.19°
C+831G CcC 97 52.97+0.56" 3.53+0.26" —8.74+0.47" 48.78+0.54*
CG 27 56.52+1.07° 1.14+0.50° -8.31+0.88" 44.80+1.03°
GG 20 55.58+1.24"" 1.33+0.58" —-9.66+1.02* 45.81+1.19°
G+994A AA 21 55.60+£1.21"° 1.34+0.56" —9.20+1.00* 45.75+1.17*
AG 26 56.54+1.09* 1.12+0.51* -8.62+0.90* 44.81+1.05"
GG 97 52.97+0.56" 3.53+0.26° —8.74+0.47* 48.78+0.54°
[E)— AL iU F B PSR R B - R OR 22 57 i #5 (P<0.05), T
Notes: different superscript letters in a column of the same two loci indicate significant difference at P<0.05, the same below
TE A v L R A R At 3 T AE S R R b G+994A 37 ki A ] i R B A N 5¢ (A PEARL

AR 2 (P<0.01), 11 V ANV 270 B4 58 7 42 (3,
R s B B0 R A S 2 T AR R R
PR 3 (P<0.01)(325)

2.5 HceTyrERETNEESNPU S RILPE B E
BB I8E

e 96 HUR Ml 37 FE = A WAL 9E A7 PN e £
i, IR BEARY B LR 74 W2 SNPA A S
S3AT P 5T R RN SNPAS 5 3 PR AR A A S 1k, 285
KK, TETSNPOLE T, A+168G. C+700THI

aFIdES L P AFAE 1B 3% 25 5% (P<0.05), 734
SRR RN AAEL, a. bMdE LY ER E 2SR
(P<0.05)(#6).

XX 7 SNPA i AT 2 A 3 B, &
FLC+700T. A+771T. C+826T. C+831G,
G+994 AKX 54N 45 2 [B) 17 7€ 38 7% B A - iy
(D"™>0.75, R*>0.33). 74k, A+168G5C+700T,
G+994Au,.“zmjtfzﬁf5‘%njﬁT¥4§1(D'>o 75,
R*>0.33) (7)o FHIR 74N 257 3 4 B 8
MAER M F AR A B E R Eﬁ%@
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Tab. 4 Linkage disequilibrium analysis of 7 SNP sites in HcTyr gene of H. cumingii
A+168G C+456T C+700T A+T71T C+826T C+831G G+994A
A+168G 1.000 1.000 1.000 1.000 1.000 1.000
C+456T 0.066 1.000 1.000 1.000 1.000 1.000
C+700T 0.788 0.052 1.000 1.000 1.000 1.000
A+771T 0.291 0.019 0.369 1.000 1.000 1.000
C+826T 0.788 0.052 1.000 0.369 1.000 1.000
C+831G 0.788 0.052 1.000 0.369 1.000 1.000
G+994A 0.804 0.052 0.981 0.362 0.981 0.981
W WAL LD, AL T AR, FIHE
Notes: the figures above diagonal represent D', the figures below the diagonal represent R*, the same below
5 HcTyrERFE7/SNPL L B ER S
Tab.5 Haplotype analysis of 7 SNP sites in HcTyr gene of H. cumingii
ALY BAERFE E SR UNCTES) [SRaRERNCTES) £(PlE)
haplotype sequence purple strain (frequency) white strain (frequency) 2 (P value)
I ACCTTCA 0.00(0.000) 1.00(0.007)
Il ACCTTCG 0.00(0.000) 12.00(0.083) 12.612(0.000%*)
11 ACTACGA 0.00(0.000) 51.01(0.354) 62.479(0.000%*)
v ACTTCGA 0.00(0.000) 15.99(0.111) 17.051(0.000%%*)
\ GCCATCG 102.00(0.708) 63.99(0.444) 20.016(0.000%*)
VI GCCTTCG 0.00(0.000) 0.01(0.000)
VI GTCATCG 42.00(0.292) 0.00(0.000) 48.855(0.000**)

T o RORERWEFEP<0.01), FFH
Notes: ** indicates extremely significant difference at P<0.01, the same below

A HP IV VR VI 3 BAE B IR AE 22

AR E, B2 EA S 94 F 1 AU A & A

o A A AL TR e VI A R RS o B A A
RI(H8) . TR, JoISTE R b 7% 58 B AR I8 2
ek FRFE R, IV A R AR P A R
F4) A1 56 0 A b 3 R T A 5 A b B R
(P<0.01), VIL B 7 A 2% 4o JE A v 1R 0 %) 450 2R 60
e i 3 5 T AE RO s B0 A A90R (P<0.01),
IV VIR 2 0 BA 78 0 A v &8 31— 20, i ki
VoA AL e AR R L 5% A R R A A A
B, B SR A b B B R T A
F R T s A 09 4.(P<0.01), 76 FH L 77 78
FEAR M 8 B R,V BA RS RIAE | (o A
L1 ) T R A I R T A K e B R b B
5 2% (P<0.01),

26 HcTyrEFREZANEMIEEEEELEL
TE fiL
T W IE He Ty R7E = Ff WL 35t % K135 T
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F6 MAFRERAP HTyrEH7TNSNPL R SAFE & MR KBS
Tab. 6 Association analysis of 7 SNP sites with shell nacre colour in HeTyr gene for commercial cultured populations
f74  locus XA genotype FEAE  no. AL Aa Ab AdE

A+168G AA 9 55.10£2.06*° 1.99+0.92* -9.54+2.30"® 47.38+1.86""
AG 15 58.78+1.59* 0.71£0.72* —13.78+1.78" 44.14+1.44*
GG 72 52.66+0.73" 4.14+0.33° -9.58+0.81° 50.19+0.66"
C+456T CC 62 51.92+0.76* 4.414£0.35% —8.62+0.85° 50.70+0.70*
CT 21 56.42+1.31° 1.83+0.60" -13.66+1.47" 46.83+1.20"
TT 13 58.84+1.66° 1.16+0.76° —12.36+1.86"° 44.29+1.52°
C+700T CC 77 52.97+0.72* 3.94+0.33* -9.77+0.80* 49.85+0.66"
CT 18 57.34+1.49° 1.19+0.68" —11.72+1.65* 45.38+1.36"

TT 1 57.72+6.33*° 2.14+2.87* -18.89+6.98* 46.87+5.75""
A+771T AA 74 52.63+0.72* 4.12+0.32* -9.65+0.79* 50.20+0.65*
AT 19 57.51+1.41° 0.91+0.64" -10.94+0.57* 44.95+1.28"

TT 3 60.50+3.56" 1.55£1.60** -20.0443.94° 44.67+3.22"°
C+826T TT 76 52.65+0.71* 4.04+£0.32* -9.38+0.77* 50.14+0.64*
CT 17 55.78+1.50° 0.83+0.68" -12.35£1.62*" 46.74+1.35°

CcC 3 60.50+3.57" 1.55+1.62*% -20.04+3.86° 44.67+3.21"°
C+831G CC 76 52.65+0.71* 4.04+£0.32* -9.38+0.77* 50.14+0.64*
CcG 17 55.78+1.50° 0.83+0.68" -12.35£1.62*" 46.74+1.35°

GG 3 60.50+3.57" 1.55£1.62*% -20.04+3.86° 44.67+3.21"°
G+994A GG 75 52.92+0.73* 3.97+0.33* -9.74+0.81* 49.93+0.66"
AG 20 57.12+1.42° 1.34+0.64° —11.63+1.56" 45.53+1.28"

AA 1 57.72+0.73*" 2.14+2.88*° —18.89+6.98* 46.87+5.74*°

7 HcTyrERE TSNP R E B FFE R AR IES A T E ST
Tab.7 Linkage disequilibrium analysis of 7 SNP sites in HcTyr gene for commercial cultured populations

A+168G C+456T C+700T A+T771T C+826T C+831G G+994A
A+168G 0.603 1.000 0.749 0.728 0.724 1.000
C+456T 0.022 0.999 1.000 1.000 1.000 0.999
C+700T 0.560 0.035 0.881 0.752 0.765 0.885
A+771T 0.405 0.044 0.603 0.846 0.847 0.784
C+826T 0.343 0.039 0.489 0.629 1.000 0.785
C+831G 0.344 0.040 0.500 0.652 0.971 0.788

G+994A 0.624 0.038 0.703 0.531 0.584 0.591
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R 8 HcTyrERTNSNPRLRER I FARER AP AFR ST
Tab.8 Haplotype analysis of 7 SNP sites in HcTyr gene for commercial cultured population

LIk AR ENERIZNCTES) SRERERENCTES) x(PlH)
haplotype sequence purple strain (frequency) white strain (frequency) 1 (P value)
v ACTTCGA 0.06(0.083) 11.46(0.119) 11.956(0.000%*)
\ GCCATCG 49.00(0.510) 63.94(0.666) 8.571(0.003*%*)
VI GTCATCG 41.00(0.427) 0.00(0.000) 50.227(0.000%**)
VI ACCATCG 0.31(0.003) 5.90(0.061) 4.892(0.027%)

e *FORZE R R E(P<0.05)
Notes: * indicates significant difference at P<0.05
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Fig. 1 Location of HcTyr gene on LG16 of H. cumingii
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Detection of shell nacre colour-related SNP and gene mapping of
HcTyr gene in Hyriopsis cumingii

HAN Xuekai', CHEN Xiajun', BAI Zhiyi >, LIU Xiaojun', LI Jiale "*'
(1. Key laboratory of Freshwater Fisheries Genetic Resources, Shanghai Ocean University,
Ministry of Agriculture, Shanghai 201306, China;
2. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University, Shanghai 201306, China)

Abstract: In order to study the correlation between HcTyr gene and shell nacre colour, genomic sequence
fragments were amplified according to cDNA fragments of HcTyr gene. Regarding the detected SNP, the genotype
and the polymorphic information (PIC) of 144 Hyriopsis cumingii were analyzed, and the correlation between SNP
and shell nacre colour-related traits were further analyzed using Chi-square test. Moreover, the location of HeTyr
gene on gene map was also studied. The results showed that 7 of the 8 detected SNP in HcTyr gene were
significantly associated with shell nacre colour (L, a and dE). Haplotype analysis revealed that the frequency of
three major predominant haplotypes (II, 1ll, IV) in the white strain was significantly higher than that in the purple
strain. And the other two major predominant haplotypes (V and V) showed significantly higher frequency in the
purple strain. The haplotypes were further validated in commercial cultured populations and the results showed
that IV and VIl can be considered as predominant haplotypes for white strain and purple strain respectively. The
results suggest that HcTyr could be candidate shell nacre colour related genes for H. cumingii, and some
polymorphic loci in this gene could be potential genetic markers for molecular breeding. Furthermore, we mapped
HcTyr gene on LG16 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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