50 2
2019 3

OCEANOLOGIA ET LIMNOLOGIA SINICA

Vol.50, No.2
Mar., 2019

F

coruscus)

(Mytilus coruscus) ,

mtDNA D-Loop

(Mytilus

316022)

F mtDNA D-loop s

, , 5 ,
; 5 ,
5 (Fs) (Nim) ,
Fy , N (Nm >1), 5
3 ( ) Fy , (P<0.5), 3
; ; F mtDNA; D-loop;
Q789; Q953; S932.6 doi: 10.11693/hyhz20180900231
(Mytilus  coruscus) DNA(mtDNA)
(Lamellibranchia) (Anisomyaria) , R
(Mytilidae), , s D (D-Loop),
, ( , 2008)
. mtDNA )
; s ) mtDNA(
, 10*—107) (Rawson e al, 1995; Smietanka et al,
2017) mtDNA
(Rosen, 1986), (doubly uniparental inheritance, DUI),
mtDNA (Female mtDNA, F mtDNA)
mtDNA (male mtDNA, M mtDNA)
F mtDNA,
( , 2005; , 2007, M mtDNA, F mtDNA (Cao et
, 2007, , 2012), al, 2004; Chakrabarti ef al, 2006; Cogswell et al, 2006;
Obata et al, 2006; Breton et al, 2007) ,
* , Q18D060021 ,31671009 ,2017C32009

s , E-mail: Isb123liu@163.com

s s

:2018-09-30, :2018-11-12

, E-mail: guobaoying@zjou.edu.cn



356

50

F mtDNA D-loop , 5
F mtDNA D-loop ,

1
1.1
(SS)
(YS) (W2) (ND)
(PT) )
95% -20°C
1.2 DNA
50mg , s 300uL
(50mmol/L Tris-HCI, pH 8.0; 25mmol/L EDTA; 1%
SDS) 100pg K, 55°C /
DNA, 100uL T.E
(10mmol/L Tris-HCI, Immol/L EDTA)
1.3 D-Loop PCR
F mtDNA D-loop
(GenBank accession: AF315574) PCR
McDS1  McDRI( McDS: 5'-AAG CAA
TGT TGT GCC TAT GA-3, McDR:

5'-TCT ATT ATG CCT TTG TTT TG-3),

1000bp, PCR DNA

35’ Ex-Taq (TaKaRa ) PCR

1 94°C 3min; 94°C Imin, 60°C
Imin, 72°C Imin, 36 ; 72°C Smin
PCR Gel
Extraction Mini Kit , PCR
Invitrogen
14

,  ClustalX2.0
(Thompson et al, 1997) MEGA®6
(Tamura et al, 2007) (Variable sites)
(Parsimony informative sites)
(Base composition) /
, (Neighbor
joining, NJ),
, (Bootstrap) 1000

Kimura 2-parameter

Pairwise Deletion, ; DnaSP 5.0
(Rozas et al, 2003)
(Haplotype diversity, Hd) (Nucleotide

diversity, m) (Average number of

nucleotide differences, K) (Ny) Tajima’s D
(mismatch distribution);
(Excoffier et al, 2005)
(analysis of molecular variance, AMOVA),

(F-statistics, FJ)

Arlequin3.5

( 1000); Network5.1 (Bandelt et
al, 1999) (Median Joining, MJ)
2
2.1 D-loop
PCR 1000bp 1
5 145 F mtDNA
D-loop 685—688bp F

mtDNA D-loop A T C G

34.1% (33.8%—34.4%) 30.3% (29.9%—30.6%)

15.2% (14.7%—15.6%) 20.4% (20.1%—20.7%),
A+T (64.4%) G+C (35.6%),

AT , mtDNA D-loop
691 82 ,
11.9%,
(parsimony informative sites)30

(singleton variable sites)40 /

(insertion/deletion, indel) 10 (transition) 53
, (transversion) 16 ,3 /
, / R=3.313, F

mtDNA D-loop ,

145 F mtDNA D-loop
65 , Hapl4 Hap48 5
, 48/145 15/145, 10
(Hapll Hapl5 Hapl7 Hapl8 Hapl9 Hap23
Hap25 Hap29 Hap52 Hap55) ,
53 )

2.2
.5 (Hd) 0.824+0.068

( )—0.91940.035 ( ), (1)
0.00440 ( )—0.00610 ( ), 5 ,
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, (Hd) 0.879+0.024,
(m) 0.00523, 2

F1 BEEWIMHE mtDNA BEE ST
Tab.l mtDNA haplotypes distribution of M. coruscus populations

GenBank SS YS wZ ND PT
Hapl IND22 1 1
Hap2 2PT28 1 1
Hap3 3PT17 1 1
Hap4 4PT25 1 1
Hap5 5WZ09, 6WZ20 2 2
Hap6 7YS16 1 1
Hap7 8YS26 1 1
Hap8 9YS07 1 1
Hap9 10YS18, 11YS19 2 2
Hapl0 12YS03 1 1
Hapl1 13PT04, 14SS09, 15YS05 1 1 1 3
Hapl12 16WZ17 1 1
Hap13 17PT12 1 1

18YS28, 19SS11, 20WZ22, 21YS04, 22WZ16,
23WZ13, 24WZ02, 25WZ06, 26SS32, 275829,
2888528, 29SS25, 32YS21, 33NDO06, 34SS15,
35PT19, 36SS16, 37SS18, 38SS23, 39PT20,
40SS17, 41PT24, 42PT15, 43PT06, 44NDO04,

Hapl4 45YS15, 46YS14, 47ND27, 48ND24, 49PT21, 4 ? 10 8 7 48

60ND11, 73SS07, 74YS09, 75WZ24, 8SNDI8,

89ND26, 90PT03, 91YSI12, 92PT22, 93SS03,

948526, 958533, 96WZ01, 97YS02, 98WZ04,

99WZ07, 100WZ10, 101YS24
Hapl5 30NDO5, 315505 1 1 2
Hapl6 50YS13 1 1
Hapl7 5INDI13, 52WZ08 1 1 2
Hapl8 53ND19, 548522 1 1 2
Hap19 55WZ11, 56YS20 1 1 2
Hap20 57YS06 1 1
Hap21 58ND29 1 1
Hap22 SOWZ14 1 1
Hap23 618502, 62YS25, 63YS30 1 2 3
Hap24 64PT27 1 1
Hap25 658812, 66SS21, 67WZ05 2 1 3
Hap26 68SS19 1 1
Hap27 69WZ23 1 1
Hap28 70PTO8 1 1
Hap29 71PT09, 72YS10 1 1 2
Hap30 76ND15 1 1
Hap31 778813 1 1
Hap32 788814 1 1

Hap33 79YS08 1 1




358 50
GenBank SS YS wz ND PT
Hap34 80PT10 1 1
Hap35 81ND02 1 1
Hap36 82PT18 1 1
Hap37 835S01 1 1
Hap38 845520 1 1
Hap39 858827 1 1
Hap40 86ND09 1 1
Hap41 87YS01 1 1
Hap42 1028524 1 1
Hap43 103YS31 1 1
Hap44 104WZ18 1 1
Hap45 105NDO1, 106ND12 2 2
Hap46 107SS30 1 1
Hap47 108YS27 1 1
109ND23, 110WZ21, 111PT07, 112YSI11,
L D R e s
135WZ15, 136YS17, 145SS08

Hap49 118ND20 1 1
Hap50 119WZ12 1 1
Hap51 120YS23 1 1
Hap52 121ND07, 123ND25, 124WZ19 1 2 3
Hap53 122PT26 1 1
Hap54 125ND10 1 1
Hap55 126ND16, 1275504, 128SS06, 129WZ03 2 1 1 4
Hap56 130SS10 1 1
Hap57 131YS29 1 1
Hap58 137SS31 1 1
Hap59 138NDO08 1 1
Hap60 139ND17 1 1
Hap61 140PT16 1 1
Hap62 141PTO1 1 1
Hap63 142PT23 1 1
Hap64 143YS22 1 1
Hap65 144PT14 1 1

33 31 24 30 27 145

15 16 21 40 37% 25.5

5 (Fy) (Analysis of Molecular Variance, AMOVA),
(Nim) ; Fy ; (Va) (Vb),
N (N >1), 5 (4 (Va)
( 2.96%, (Vb) 97.04%,
VF , (P<0.05), , (Fixation index, Fy) 0.02960,
3 (P=0.04692+0.00523, P<0.05),

D-loop

>
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*2 EXWNBAHEEEFSHRIT
Tab.2 Statistics of genetic variation parameters in M. coruscus populations
(Hd) () (K) Tajima’s D
—1.84933
33 32 18 0.824+0.068 0.00444 3.032 (P<0.05)
—1.94751
31 36 20 0.916+0.043 0.00538 3.688 (P<0.05)
—-1.59643
24 25 14 0.833+0.077 0.00440 3.011 (0.10>P>0.05)
—-1.24280
30 34 17 0.919+0.035 0.00610 4.158 (P>0.10)
—-1.34786
27 29 17 0.899+0.044 0.00539 3.563 (P>0.10)
—2.32375
145 82 65 0.879+0.024 0.00523 3.563 (P<0.01)
Kimura 2-parameter 5 NJ
s 4
0.0043—0.0063, 5 >
2
&3 ERMENEHAKE YRR O RE(F)FIEE R (V)
Tab.3 The coefficients of differentiation (Fy) and gene flow (Ny,) between populations
-17.37 -14.94 2.31 9.17
—-0.01412
(0.80180£0.0345) ~15.36 281 18.20
—0.01751 —-0.01751
(0.71171+0.0417) (0.84685+0.0365 ) 331 4581
0.09934 0.08204 0.06809 438.64
(0.00000+0.0000) (0.01802+0.0121) (0.04505+0.0152) ’
0.02756 0.01370 0.00470 0.00049
(0.07207+0.0227) (0.207210.0305) (0.315320.0579) (0.27027+0.0450)
Fsl(P)a Nm
F* 4 EXRMKN D-loop FITERMS FHEN
Tab.4 Analysis of molecular variance of the D-loop sequences in M. coruscus
d.f. (%) (F)
4 13.846 0.05609Va 2.96 0.02960
140 257.482 1.83916Vb 97.04 (P<0.05)
144 271.328 1.89525
: Va , Vb

Tab.5 The average genetic distance within and between five geographic populations of M. coruscus in Kimura 2-parameter model

0.0044 0.0048 0.0043 0.0058
0.0054 0.0048 0.0063

0.0043 0.0056

0.0054

0.0051

0.0055

0.0049

0.0058

0.0061
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2.3 mtDNA 2 ; s
MEGA 5.0 R K 2-P R R .
(Neighbor-joining, NJ) 65
| , Bootstrap 1000 2.4 Mismatch
65 A B s Tajima’s D 5 s
3 (P<0.10), 3
S mtDNA s ;
Network 5.1 (F) 2 (P>0.10), ,
D-loop 65 , Fu and
, 5 F Li’s F's =—-4.97555 (P<0.02)
©
e S S AN
TEEEE &2
T I -
1 5 mtDNA(D-loop) NJ
Fig.1 The phylogenetic tree of M. coruscus female mitoch(r)rrlléiti}?é(g-loop haplotypes of the East China Sea (by neighbor joining

M. galloprovincialis

M. californianus
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Fig.2 The median joining network of M. coruscus female mitochondrial D-loop

F mtDNA D-loop A/B 2 ( , 2014)
Tajima (A :D=-2.12328, P<0.05;A :D
=-1.98992, P<0.05) Fu (A : Fs=-14970; B
Fs=-4.865)
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Fig.3 Mismatch distribution of the observed mitotypes of M. coruscus

ra A F mtDNA

(Monteforte et al,

,b B F mtDNA

1992; Park et al, 1998; , 2005)

(Nagashima et al, 2005;
Mahidol et al, 2007)
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(Seed, 1969),
Cho (Scapharca broughtonii)
R Vladivostok
(Cho et al, 2007); Mahidol
mtDNA 16S RNA

(Amusium pleuronectes)

B E

(Mahidol et al, 2007) ,
400km,
(Gamma St: 0.01167) (Nm:
42.33), ,
F mtDNA D-loop
, 0.93447 0.94737,
F
mtDNA D-loop A/B ,
F mtDNA ;
Hap 16 Hap 18 A/B
(6.5—2.4Ka BP),
3.25—4.25°C,
29.6%, ;
> , 1.1Ka BP ,
3.3°C; 1.1Ka BP 3.2°C,
( , 2009; ,2010; ,2013)
(
), 1.1Ka BP
, (founder
effect) , >

R F
mtDNA
4
0—30m
, 60km
) ) , 2013.
. ,36(4): 311317
, , 2009.
,28(2): 103—108
, s , 2005.
,29(8): 20—22
, , , 2014.
Mytilus coruscus COI
, (2): 82—388
, 2008. (Perna viridis) COl
(Crassostrea hongkongensis)
> ) , 2005.
,26(8): 896—899
, , , 2007.
( ),
33(2): 169—173
, s , 2010.
30(3): 53—60
N R , 2012. (Mytilus edulis)
, 43(1):
52—56
, , 2007.
,3(3): 26—30
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STUDY ON THE GENETIC DIVERSITY OF MYTILUS CORUSCUS
IN THE EAST CHINA SEA

LIU Shuo-Bo, TANG Zu-Rong, SHEN Wang, YE Ying-Ying, CHEN Xiao-Lei, QI Peng-Zhi,
GUO Bao-Ying

(Marine Science College of Zhejiang Ocean University, National Engineering Research Center of Marine Facilities Aquaculture,
Zhoushan 316022, China)

Abstract To understand the genetic diversity of Mytilus coruscus in the East China Sea, the F mtDNA D-loop was
used as a marker for M. coruscus populations sampled in five sea areas including Shengshi, Yushan, and Nanji Islands of
Zhejiang Province, and Ningde Bay and Nanri Island of Fujian Province. Results show that the genetic diversity of these
populations showed no significant difference. Among the five populations, the Ningde Bay population had the most
abundant genetic diversity, and showed a higher haplotype and lower nucleotide diversity among the five populations. In
addition, the genetic differentiation coefficient (Fy) and gene flow (V) among populations were determined. Among the
five populations, that the F; values were very low while the N, values were high (V,, absolute value>1), indicating that
there are abundant gene exchanges. However, the F values of Ningde population of Fujian Province and other three
coastal populations of Zhejiang Province were relatively high, and the differences were significant (P<0.5), indicating that
there was a genetic differentiation between the Ningde population and the three populations. The findings of the study may
provide a theoretical basis for the protection and management of the marine economic shellfish resources.

Key words Mpytilus coruscus; genetic diversity; F mtDNA; D-loop; East China Sea



