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' 1.4
1.4.1 SPSS22.0
1 (ANOVA) 6
1.1 ,
6 (SS) ( , 1982; , 2003)
(NJD) (XP) (PT) 1.4.2
(YJ) (BH)( 1) 9—28 SeqMan (Swindell et al, 1997)
: 112 95% DNA MEGAG6.0 (Tamura
et al, 2013) Clusterw ,
DnaSP v5 (Librado et al, 2009)
[ (H) (h)
(7) (k)]
Arlequin3.5 (Excoffier et al, 2010)
143 Arlequin3.5
(AMOVA),
1000
Tumura-Nei (Fs)
v Fat
1 1000 ,
Fig.1 Map of sampling sites for B.virescens (Rice, 1989) Popartl.7 (http://popart.otago.
12 ac.nz) TCS
MEGAG®G.0 (neighbor-joining method)
’ ( 0.01mm), Kimura 2 parameter ,
L) (W) (H) (w) 0) bootstrap 1000
(x)6 ’ 3 1.4.4
1.3 DNA Arlequin3.5 Tajima’s D (Tajima,
100mg, 1989) Fu’s Fs (Fu, 1997)
DNA(Li et al, 2002), —-20°C :
1% DNA ’ (Mismatch Distribution)
DNA t=1/(2uk) , T
1 col K ,
COIQ-F:-TCATATTCGGCTAAATCTT, COIQ-R:CATC iz : t
TTTCCACACCTCAA PCR 0.7%

30uL, DNA 100ng, 3uL 10x
PCR buffer, 2.0mmol/L MgCl,, 25mmol/L dNTPs,
10pumol/L, 1.5U Tagq DNA

(TaKaRa) 1 94°C 5min, 94°C
30s, 48°C 30s, 72°C 1min, 35 ,
72°C 5min

(Marko, 2002)

2.1

Tukey 1 2



2

Tukey
Tab.2 Turkey multiple comparisons for characters of different regional populations of B.virescens

1 col
(H)Y (W)!
(P<0.05); (W), (P<0.05); OF
(P<0.05); (P<0.05)
1
Tab.1 Descriptive statistics on morphological characteristics of B.virescens from different geographical populations

(n=9) (n=9) (n=28) (n=23) (n=22) (n=21)

L (cm) 2.392+0.039 2.563+0.049 2.952+0.025 3.289+0.026 1.792+0.037 2.756+0.074
(1.622—2.923) (1.732—3.360) (2.553—3.562)  (2.774—3.969) (1.252—2.846) (1.849—3.897)

H (cm) 1.408+0.031 1.407+0.028 1.659+0.016 1.776+0.016 1.144+0.034 1.554+0.039
(0.839—1.886) (0.879—1.896) (1.343—1.940)  (1.422—2.145) (0.662—1.836) (1.090—2.135)

W (cm) 9.113+0.019 1.041+0.022 1.147+0.010 1.216+0.016 6.632+0.020 1.140+0.035
(0.581—1.217) (0.682—1.491) (0.984—1.386)  (0.963—1.466) (0.385—1.142) (0.610—1.553)

w (cm) 0.388+0.007 0.544+0.013 0.614+0.011 0.495+0.011 0.336+0.011 0.599+0.021
(0.293—0.528) (0.314—0.746) (0.452—0.941) (0.206—0.830) (0.162—0.597) (0.235—0.910)

I (cm) 0.849+0.015 0.968+0.022 0.995+0.013 1.110+0.016 0.501+0.021 0.969+0.031
(0.589—1.070) (0.626—1.467) (0.738—1.245)  (0.828—1.414) (0.311—0.940) (0.528—1.671)

X (cm) 1.669+0.029 1.702+0.039 1.929+0.019 2.188+0.020 1.296+0.032 1.777+£0.047
(1.280—2.173) (1.224—2.499) (1.525—2.307)  (1.827—2.701) (0.906—1.749) (1.175—2.489)

cL: W T H: o TX:

Wi/L

2=0.05

0.5847+0.05904%

0.5500+0.04917%
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3 Col 6
Tab.3 Genetic diversity parameters of partial COI gene in 6 B.virescens populations
S h k T
9 4 4 0.5833+0.1833 0.888889+0.492170 0.001514+0.001316
9 3 2 0.4167+0.1907 0.444444+0.433519 0.000757+0.000838
28 4 3 0.2063+0.1005 0.214286+0.266020 0.000365+0.000505
23 6 5 0.5178+0.1218 0.592885+0.492170 0.001010+0.000935
22 3 2 0.4805+0.0935 0.545455+0.467423 0.000929+0.000888
21 6 6 0.4952+0.1298 0.742857+0.572329 0.001266+0.001088
; (P<0.05)
, , (P>0.05)
0.0006 AMOVA (
Col Fst 87.40%,
—0.00084—0.20522, (P=0.0004),
) , 11.15%(P=0.1655),
5 1.45% (P=0.0701)
(F&=0.07121—0.20522), ,
4 ( ) ( )

Tab.4 Genetic differentiation (below diagonal) and genetic distance (above diagonal) among B.virescens populations

0.0011 0.0009 0.0013 0.0014 0.0014

0.00027 0.0006 0.0009 0.0011 0.0010

0.04615 0.03240 0.0007 0.0008 0.0008

0.01226 0.00489 0.01609 0.0010 0.0012

0.13740* 0.14453* 0.20522** 0.07121* 0.0012

0.01709 -0.00084 0.02792* 0.01412 0.09934**
i* 0.01<P=0.05, ** P=0.01
5 COl AMOVA
Tab.5 Results of hierarchical AMOVA based on the partial COI sequences of 6 B.virescens populations

df (%) @ P
1 1.556 0.03381 Va 11.15 @Dcr=0.1115 0.1655
( )&( 4 1.362 0.00439 Vb 1.45 @5c=0.0163 0.0701
' ' ) ' 106 28.091 0.26501 V¢ 87.40 ®51=0.1260 0.0004

111 31.009 0.30321

:Va Vb Vc s Dot Dsc
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( 4), (Sum of squared
2 17
. SS: ; NJD: ; XP:
66| HAP_2
L HAP_3
HAP_9
HAP_5
HAP_1
10 HAP_13
HAP_4
65 HAP_6
1= - oA -7
WD+ I P — S}
HAP_12 ‘
HAP_14
HAP_15
HAP_16
HAP_17
HAP_7
HAP_8
—
0.0005
3 COl

Fig.3 Haplotype neighbor-joining tree based on mtDNA COI
gene of B.virescens

deviations, SSD)

Fig. 2 Haplotype network for thel7 haplotypes of B.virescens

; PT: ;Y ; BH:

3.1

(Scapharca broughtonii)
(Tegillarca granosa)

(P>0.05),
(0.7%
26

(Scapharca subcrenata)
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6
Tab.6 Neutral test and analysis on mismatch distribution of B.virescens
Fu’s Fs P) Tajima’s D P) SSD (P)
~1.2827(0.0440%) ~1.6097(0.0350%) 0.0007(0.9230)
—-1.0811(0.0390%*) —1.3624(0.0960) 0.0087(0.6960)
—3.2664(0.0000%) —-1.7332(0.0170%) 0.0018(0.4360)
—3.7468(0.0020%) -1.6497(0.0330%) 0.0267(0.1423)
0.0213(0.4270) —0.0132(0.4710) 0.0078(0.3470)
—3.1288(0.0040%) —1.7419(0.0240%) 0.0087(0.3910)
0.7
0.6 .
CE
=)
nA - { —e— HAE(E
M
£ 034
0.2
0.1

rloleolele! 0
324252627 123 4567 8 9101112131415161718192021222:
AIREC ST Z= R

4 COl

Fig.4 Differences in the observed pairwise sequence and the expected mismatch distributions in population expansion model of the
COI gene haplotypes for the B. virescens populations

( , 2004; , 2011; , (0.000974), Grant  (1998)
2012) 6 “ h

, (Ni et al, 2012; Zhou et al, 2016)
, COol , (Nietal, 2012)
, , ( , 2015) , 112
) 17 ,
Laudien(2003) ,

AMOVO Fst

Col , 587bp , :
18 17 , , :
(0.5472)
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) i

(Palumbi et al, 1994; Lee et al, 2009)

( , 2005)
10d ( , 2011),

(Zhan et al, 2009; Ni et al, 2011;
2015)

3.3
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POPULATION GENETIC STRUCTURE AND DEMOGRAPHIC HISTORY OF
BARBATIAVIRESCENS ALONG CHINESE COAST BASED ON
MITOCHONDRIAL COI SEQUENCES

WANG Ling, LIQi, KONG Ling-Feng, YU Hong
(The Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003, China)

Abstract We investigated the genetic diversity, population genetic structure, and demographic history of Barbatia
virescens along Chinese coasts. Six populations were selected including Shensi of Zhejiang, Nanji Island of Zhejiang,
Xiapu of Fujian, Pingtan of Fujian, Yangjiang of Guangdong, and Beihai of Guangxi, among which morphological
variations (P<0.05) were significant as revealed in ANOVA test. The mitochondrial cytochrome oxidase I (mtDNA COl)
gene fragments of these populations were amplified and sequenced, from which 112 sequences of total length of 587bp
nucleotide were obtained, including 18 polymorphic sites and 17 haplotypes. Overall, the mean genetic diversity was
0.5472, and mean nucleotide diversity 0.000974, suggesting that genetic diversity of B. virescens was relatively low. Most
of the genetic variation was intra-population variation (87.40%) as indicated in AMOVA analysis. The population pairwise
Fs values among populations were low, and no significant genetic differentiation was observed, except for Yangjiang
population. In addition, no clear geographical differentiation was revealed in the haplotype network and on the NJ tree. The
historical expansion time started about 2.6x10° years ago determined by Tajima’s D and Fu’s Fs tests, and mismatch
distributions. These findings would offer insights to the fine-tune conservation and fishery management measures in the
future.

Key words Barbatia virescens; mitochondrial COI; genetic diversity; population structure; demography history



