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HA B 0 Z PR, SR B AR K
s ZREVEAH L T REIF AT B . N A o4
AL, W RT] L R S B R IURE 3 R AT
S, AReFEIRRA R ERRK, ERAAETE.
DRl LG AE 5 A 0 A v ] 32 B R AR X T R 4 T
iy 1) MR 5 DRI a5 A% 2 AR DAY

YLK iR DNA BA T/, G5k faise | 1
it HE AR P E R T AR R A, AR —
Fh e BL 10 2 AR e 8% )12 L F 7K 7= 3l i e A
BALEE | Y B R R e O 2k
AR I R A B AN ] DX 3k ) i b ol B A7 A 25 5, 3
B ANFEAT AT . Lokl AL R 4 HE b 55
Py BEA Cyt b 1 D-loop, H—%ik~ D-loop
AR S A A gt R I T 4 e D-loop ]
TR0 N R SN KCE R RIS A% 2510 M R Ge s 43
Bl SR, Bt 22 st 2ok 1A 3k DR 40 R Y
SEI A A T AR TF R, fEf 2 | PG
B M RLIE I e I R A R 2 A A o DX
YRS HCRACT Cyt b FEHEME G, N T RS T
it A SCPEAT 24 i v T R 3 g DL R ) a5 7 5,
ARFFAULL Cyt b FEF A 5Fhric, 75 iFsE 5
DUE R . BERAERER . N e A RHAR H A
J 7 i BE AR 1 35t A% 2 AR AR AR 254, DL R IR
2B DU 5 B DR 4P 5 T e A B B A )
B TR ALK

1 HRE5HE

1.1 sEIewrad
AMEFE HIUR S b DLRE LG 6 TR, 43
RS IRRE I G AR (CD) . YRR S IS 3G 1 A A

(HYD). & B IS FEAFR(ZZD) . “fi 40 N
TIEERARZZA) | i A SR FEARLS) L L H A H
SREEIR(IP), FE i DK TR DR AT 12 i 3] 55 50 5 4R 1 7 i
B, B IHSURAE T20C & M. BAHE
TRBELZEEL 20 FEM, FESSBEET 120 1~ 1),
1.2 E[F4H DNA 2

2% Sambrook U R FH -S4
P T AR DNA, 430l B4 28 SRR — 2 K
/NPYER T B DL 72 LA 229 20 mg), A 150 pL
Y1 g S i 2% 7 (0.5% SDS, Tris 50 mmol/L, EDTA
50 mmol/L, pH 8.0), BY#E, #Mil 450 pL 41 g 24 %
PRI S uL B A K (20 g/L), 56 CIHAL EIHH
W, Am-E Ui, SREEUOE, SEERT
50 pl K2 & B4k, 20 CIHRAT4 .
1.3 PCR ¥ i858 ikl

HF Cyt b PCR ¥ 3415|149, R GenBank
HIR S B DL mtDNA 2531 (J7 5151 AB271769)
Hh Cyt b 2L, ) %4 DNAstar Lasergene 7.1
#Y PrimerSelect #4711 51 R F 51 -

N-Cyt b-F: 5-GGCTGCTCAGGTAATTAGAAGG
AT-3"; N-Cyt b-R: 5~ACAGCGGAAAGAAAGC

AAAGTAAA-3', GlYHdbat N &R R FHY
Bt A BR 2 F 1

PCR S W& %} 50 pL: 10xPCR buffer 5 pL,
dNTP Mix (2 nmol/L each) 5 pL, Dream Taq DNA
B A5 U/uL) 0.3 uL (Thermo), 1F JZ[H 5] %)
(10 pmol/L)#% 1 uL, Ak 2 pl, MEE4liK % 50 uL.
T2 PCR B FAPEXT BE R AG I & B AAAE TS G o
SRR A: 95C 3 min; 95C 30 s, 50C 40 s,
72°C 1 min, 35 ME¥F; 72°C 10 min,

x1 IRBN6MHENHERER

Tab. 1 Information of Patinopecten yessoensis samples from 6 stocks

R Hl 2 RHAS S E31i] it U (]
sampling location stock code type quantity sampling time
£ &% Changdao Island CD JE % 18 54 BEAR bottom sowing cultured stock 20 2015.8
W7 1% Haiyangdao Island HYD JE % 18 54 BEAR bottom sowing cultured stock 20 2015.7
% Zhangzidao Island 77D JE % 18 54 BEAR bottom sowing cultured stock 20 2015.7
Jik i Lyushun LS [ SR EEIK natural stock 20 2015.7
f%F &% Zhangzidao Island Z7ZH N T3 FREK artificial selected stock 20 2015.7
H 7 Japan JP [ #REEIK natural stock 20 2016.3
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PCR Z5AA B 38T 1% RSl B e e
FLPRASIN, M) P I AR R SR AT IR AT IR,

BEIH 1 2 I HLEAT AR5 R (9 PCR 74,

AR RIEHIF o & H] N-Cyt b-F #l N-Cyt b-R 7]
R4 AL ) 036
1.4 HiESH

JIT AR 4 7 4 1 5 55 X i e P81 1A o) B A
2, Jf H % JH DNAstar Lasergene 7.1 #ff:42h
(¥ EditSeq V7.1 5 BIRx, 52 il AR,
PLAfA 9 B & . FH Clustal X 5 44:2 %) Br g 1751
PEAT HEXTHE P I £ BR i T4 51, T DnaSP 5.10
BPE 2V 52 ) 9 (1 22 25 457 45 8 (number of poly-
morphic sites, S). H.f% A% (number of Haplotypes,
H). FAER ZAEPETE U (haplotype diversity, Hy) .
SFEIR AR 22 % (average number of nucleotide
differences, K) M #% 1 MR £ #F P 45 % (nucleotide
diversity, P;). v i Arlequin3.0 {2 it 43775
5 T (AMOVA) J7 B R PEAG AR (W] 3845 78 S,
i 1000 YH Al AR A A 46 A [R] 182 4% 25 44 7K F- L bl
J7 250 B EE o R AR e F8 2 Fo R IEAN P
HER A A9 5t A% 22 5%, A 1000 YR R SR 45 55 7
PIREIAIE] Fo (M. R MEGAS.0 iR
ST FR AL AR . 78 S i B R EAAR (1] 1Y
Tamura-Nei st f& 15 85, Jf 58 T st 1% BE 2 f) g
UPGMA 4 T R G L (UPGMA-tree), 4 1000
U2 A (Boot-straps value) e I H: B {5

2 ERESW

2.1 UREE N&RE Cyt b EE FFI4FE
P53/ H a9 Bt43d Clustal X e Ak

XA, RERTIH R TR GG oy e 5, It
NCBI MJ7EZ BLAST 7r#r, #iiA15%] 571 bp 1Y
Cyt b JERFH, B K& B A/ BRI A A% AT
PR, FIF MEGAS.0 #4355 590 i i ik 20
(% 2), 6 DRERIDIRIEA A —E, T. C. A,
G M EE R & E o 5lh 39.4%. 15.7%.
20.5%7%1 24.4%, A+T SR & T G+C & &, 1F
FLR UL Cyt b S 75 I 21 5 1) e - 4 5 2k
iR DNA 58 A1 BRHIE
22 WNEENEEEESHN

8 ] DNAsp5.0 #F X6 05 o i DL 44 FREAA P e
BEAR I A AL Z R S EOE T, 455k 3
Fi7R o 120 2% Cyt b JFFLAG T2 18 > 2287 45
20 FhEARE AL, PR AL Z A (Hy) R 0.74400, #H
R ZAEPEFE B (PN 0.00199, FIH% TR 22 5%
(K)R 1.13300, e, H ASHERAZ 1T R 2 A 45 4L
P fxfm, A 0.00342, AR FE, HERZH
PEFEEU(Ha) R 0.88400; H [ & HER 135 A5 ZHE %
SRR T AABER, s a0 N Tk E
PRI SEE b T FARKF o
23 ERBNBEEEEEN

6 ANUR S B DLRE AR ) PN 5t 4% BE B /MR IR
o HA HARBER (0.00343)> 1 Y 1 IS 4% 19 352 5
B4 (0.00225)> 1 I JIE 5 14 77 FE HE A4 (0.00184)> ik
I [ 4K BE A4 (0.00182)> 15 F K JiS 4 4 352 78 #E 1K
(0.00168)> T2 N T & FE{4(0.00018), H A
SR B (A RT3 12 G 05 348 A A 1) 3 A% 1 8 e K
(0.00338), & T & JICHE 1 G BEAR A T2 N T
B RIS AL BE B 551N 0.00096) (3K 4)

PR A5 0 3 B DUARE SR TR, K 5 R 40 S R T

2 HNREI 6 MEHE Cyt b EE B AVRELER

Tab. 2 The base compositions of Cyt b gene fragments among 6 stocks of Patinopecten yessoensis

%L base P stock J{H mean
CD HYD LS 77D Z7ZH JP
T 39.4 39.5 394 39.4 39.4 39.4 39.4
C 15.7 15.6 15.8 15.8 15.8 15.8 15.7
A 20.5 20.5 20.5 20.4 20.5 20.5 20.5
G 24.4 24.4 24.3 24.4 24.3 24.3 24.4
A+T 59.9 60.0 59.9 59.8 59.9 59.9 59.9
G+C 40.1 40.0 40.1 40.2 40.1 40.1 40.1

T A REAORIE ISR 1.

Note: The stock locations are shown in tab. 1.
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Tab.3 Summary of genetic diversity of 6 Patinopecten yessoensis stocks
BH REIK stock e
parameter CcD HYD Z7ZD LS Z7ZH Jp total*
S 7 6 6 8 1 10 18
H 8 7 6 8 2 10 20
Hq 0.74200 0.82100 0.63700 0.69500 0.10000 0.88400 0.74400
P 0.00183 0.00224 0.00168 0.00182 0.00018 0.00342 0.00199
K 1.04700 1.27900 0.95800 1.03700 0.10000 1.95300 1.13300

T ARAOREILR 1. s ZBAAEG H BAEEG He PRI HMEIREG K PRI S AL P BT AEIEAR R ~FRoR 2k

T 6 ADRE 120 NAMABEAT I 9 SRR 1L Z RS

Note: The stock locations are shown in tab. 1. S: number of polymorphic sites; H: number of haplotypes; Hq4: haplotype diversity; K: average
number of nucleotide differences; P;: nucleotide diversity; * denotes population genetic diversity parameters based on 6 stocks of 120 individuals.

Fz4 6NMEREINEHENBERNREBEEIEERES
Tab. 4 Genetic distance of interstock/intrastock
of Patinopecten yessoensis

BEfk stock  ZZH  zZD LS JP HYD CD

ZZH  0.00018

ZZD  0.00097 0.00168

LS 0.00105 0.00176 0.00182

p 0.00219 0.00276 0.00294 0.00343

HYD  0.00140 0.00208 0.00209 0.00338 0.00225

CD 0.00105 0.00170 0.00184 0.00292 0.00208 0.00184
T A REAORIEILE 15 /€ B 5L T Tamura-Nei R4

Note: The stock locations are shown in tab. 1; genetic distance was
calculated based on Tamura-Nei model.

IFE R EST AMOVA 23 #r, LIRS B8R 3 b DURE
TR I8 A% 8 S 43 A R AR (R 5) 0 QSRR 120 R
VER—AN LR, A 7.39%78 5ok A T RER
], WAGAE S REAAAE TRHMA N ANAR(92.61%)
1A HARHES 5 A E R A 53 14> SR A
AT AT, DU H AR L3R b [ 2 ) AR S 4y
o 15.34%, B i A SR — A BE DR s B AR 1)

WALAR SRS st E AR, e 83.41%AY 5
AR ok BT REAR S, 4 BRI ] A AR 52 1
1.52%, Ui BH v [ R AR A 4R ] 1) 3 A% A28 S e R F
BRI AL AR S, HYS B ARBHRfAfE— B
354 534k

FERFRI L 22D, Fo (EACRBEAR ] 1Y 35245 43
LR, Fy<0.05 Fonit L85, 0.05<F<
0.15 FmRitfe i b2 KT, 0.15<F4<0.25 %
IR LK B8, Fe>0.25 FonisiE /M Le
AR R, WS LR A 8] 1 38t 4% 2 Ak 48 B (Fo)
SITEE R R, H AR S b A R B 3 AL 4y
b FR 3 A 125.(0.07455~0.17895) . [ BEAAR (1) fi 1
217 N T 38 F BER 50 76 5 JICH% 55 B8 A A SR I
H SRR )4 AL 22 P 257K (0.05263~0.13816);
TG [ SR AR 55 4K 5 DA% 1 B R AR S8 15 IS %
i HE BE R 22 18] 35 4% 43 1k B B 0 48 55 (—0.03900~
0.00175), & B3¢ = AN AR 22 8] 5 AT 4 v 1) o %
] BT (3R 6).

®5 UFREN 6 MEEEKNE Cytb IR FHED

Tab.5 Analysisof molecular variance of Patinopecten yessoensis based on cytochrome b sequence data

AR 52K R source of variation

FI

sum of squares

78 S 20 I

variance components

BRI /%
percentage of variation

—A~FE K H one gene pool (MR kDL B {A Patinopecten yessoensis stock)

BEAE among stocks
BEIR P within stocks

6.892 0.04236 7.39
60.550

0.53114 92.61

WA~ HEH H two gene pools (FFE#E/A Chinese stock, H ZREE{K Japanese stock)

2 2 [H] among groups
L P AR [B] among stocks within group
BRI within stocks

60.550

3.992 0.09800 15.34
2.900 0.00969 1.52
0.53114 83.41
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Tab. 6 F« analysisamong 6 stocks of Patinopecten
yessoensis based on Cyt b sequences

GHEZS

stock CD HYD 77D LS ZZH JP
CD  0.00000

HYD 0.01843 0.00000

ZZD -0.03900 0.05618 0.00000

LS  0.00752 0.02698 0.00263 0.00000

ZZH 0.04386 0.13816 0.03828 0.05263 0.00000

JP 0.09774  0.15954 0.07455 0.10629 0.17895 0.00000

W SRR LZE 1.
Note: The stock locations are shown in tab. 1.
24 REGHMHR

LI Tamura-Nei 35t 1% B 23 40 B A8 AR (B 0 1
ARG (UPGMA #)(E 1), #HhE R R 6 4~IF
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A B RHAR M AR W e & . filan, 4%
T8 W EKE 3 AR IR E RN, 5t
1 B B 43T (0.00170~0.00208), T 1K [7] 35t 4% A {01
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Vi) LA A g st A [ B e
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1 1 1 1
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1 | | |

0.0014 0.0012 0.0010
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Bl 1 ST BB BT 6 ANIF 3 5 DU A4 ) UPGMA ##f
ARAORIEILER 1, 4 1000 EZK K, REHRE LHIZH], bR REAHK BERIR RGN 43 SR BE TR s B IR .
Fig. 1 UPGMA phylogenelic tree based on genetic distance by Tamura-Nei model of six stocks of Patinopecten yessoensis
The stock locations are shown in tab. 1, through 1000 iterations, and the tree is drawn to scale, with branch lengths in the
same units as those of the evolutionary distances used to infer the phylogenetic tree.
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Abstract: The introduced Japanese scallop Patinopecten yessoensis has been farmed in China, primarily along the
coasts of the Bohai Sea and the North Yellow Sea, since the 1980s. Following the adaptation and localization of P.
yessoensis in China, specific problems have appeared after several decades of aquafarming: especially low sur-
vival and slower grow. This can be associated with an effectively small population that experiences inbreeding,
eventually leading to unknown degrees of decline in its genetic diversity after several generations. Consequently, it
is important to carry out genetic diversity research on P. yessoensis in its main mariculture area of China. In this
study, mitochondrial cytochrome-b (Cyt b) gene-sequencing techniques were used to determine genetic diversity
and variations among six stocks of P. yessoensis: the bottom-sowing cultured stocks of Changdao, Haiyangdao and
Zhangzidao; the natural stocks of Liishun and Japan; and the artificial selected stock of Zhangzihong. A total of 20
haplotypes were found among 120 sequences of Cyt b gene from the six stocks of P. yessoensis. The minimum
number of haplotypes was found in the Zhangzihong artificial breeding stock, and the maximum number occurred
in the Japan Aomori Mutsu Bay stock, with a haplotype diversity (Hy) of 0.10000 and 0.88400, respectively.
Analysis of molecular variance (AMOVA) showed the percentage of variation between the Japan and China groups
was 15.34%, which was significantly higher than when measured as one genetic pool. For the China group,
83.41% of the genetic variation come from within the stocks, and only 1.52% of the variation was among the
stocks in the group, indicating that genetic variation between individuals of the China group was higher than be-
tween the stocks. Fg analysis showed a moderate level of genetic variance among the Japan stock and China stocks
(0.07455-0.17895, F,>0.05). The genetic distance between the six stocks of P. yessoensis was calculated based on
the Tamura-Nei model; the maximum genetic distance was found between the Japan Aomori Mutsu Bay stock and
the Haiyangdao bottom-sowing cultured stock; the minimum genetic distance was found between the Zhangzidao
bottom-sowing cultured stock and the Zhangzihong artificial breeding stock. The UPGMA method was used to
construct a phylogenetic tree based on genetic distances among the six stocks of P. yessoensis; the tree shows that
the five China stocks clustered into a genetic branch, and then these clustered together with the Japan group. These
results demonstrate obvious genetic differentiation between the China stocks and the Japan stock of this scallop.
Moreover, genetic diversity was lower in the P. yessoensis China stocks as compared with the Japanese stock. The
findings of this study could be usefully applied to scientific strategies for the protection, sustainable development
and commercial utilization of scallop germplasm resources.
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