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Fig.1 Map of sampling site for A. mirabilis and A. divaricate
iR 4 ;e

1.2 DNA
100mg, ,
TIANamp DNA (
) DNA

LCO1490 (5'-GGTCAAC
AAATCATAAAGATATTGG-3") HCO2198 (5'-AAA

CTTCAGGGTGACCAAAAAATCA-3") (Folmer et al,
1994), PCR

2ul. 10xPCR buffer, 1.5mmol/L Mg*',
200pumol/L dNTPs, 1U Taq DNA polymerase,

0.4umol/L, 1.5puL DNA (10—
100ng/pL), 25uL PCR
94°C Smin; 94°C 30s, 48—52°C 1min,
72°C 1min, 30—35 72°C 10min
PCR 1%—1.5% ,
LCO1490 HCO2198
1.3
DNA CLUSTAL X (Thompson et
al, 1997) ,
DnaSP 5 (Rozas et al,
2003) ,
(h) (m) (H)
k) Arlequin 3.5 (Excoffier
et al,2010)
1.3.1 ModelTest 3.7 (Posada
et al, 2004) Akaike Information Criterion (AIC)
GTR+I+G
(ML) BD)
Nucula Nucula
tenuis , MrBayes3.2 (Ronquist et al, 2003)
BI , PhyML3.0 (Guindon ef al, 2003)
ML Hapstar (Teacher et al,
2011)
NJ Mega 7 (Kumar et al, 2016) ,
Kimura-2 parameter (K-2P) (Kimura, 1980)
, (Bootstrapping method)
1000
1.3.2
, (
) mtCOI (2%—2.4%/ )

(Marko, 2002; Marko et al, 2010) ,

(divergent time, f)

GenBank COI A.
insignis (GenBank number: LC144801) A. castrensis
(KC603848, KC429087) A. minutoides (LC144800)
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BEAST v.1.7.5

uncorrelated lognormal clock)

(relaxed

D

Fs

(Tajima, 1989b)

Speciation=Yule process, ngen= ,

10,000,000, log parameter every=1000 TreeAnnotator (Rogers et al, 1992):
burn-in=100, (calibration point) ;
FigTree v1.4 =2ut , T Arlequin 3.5
1.3.3 , U , 1
(F-statistics, Fsr)
(10000 ) Arlequin 3.5 2
Tajima’s D (Tajima, 1989a) Fu’s Fs 2.1
(Fu, 1997) (Mismatch , 79
distribution) Arlequin 3.5 60 mtCOI ,
Tajima’s D Fu’s Fs 641bp( 1)

R1 FREVRMELHEIEEERERSHESH

Tab.1 The sampling information and genetic parameters of 4. mirabilis and A. divaricata

N h H ks k
3500-10 124°N 35°E 20 16 0.968 0.00613 3.92632
3400-08 124°N 34°E 20 15 0.963 0.00465 2.97895
A. mirabilis 3600-07 123.5°N 36°E 19 13 0.906 0.00460 2.94737
3600-06 123°N 36°E 20 16 0.963 0.00412 2.64211
DHS-5 124.07°N 28.17°E 20 15 0.942 0.01432 9.17895
A divaricata DH6-4 123.22°N 27.79°E 20 16 0.947 0.01189 7.62105
DH7-2 122.14°N 27.63°E 20 18 0.989 0.01381 8.85263
' N: L h: ,H: , T Lk
Dnasp , 79 A B ( ZA
50 , 60 41 ZB)
, 2 3 mtCOI 2%—2.4%/
3500-10 , 3600-06 4.27 A.
DHS5-5 , DH6-4 insignis A. castrensis  A. minutoides
3.71 A. insignis
PhyML ML MrBayes BI 1.79 , A. castrensis A.
2 , , minutoides 1.36
, ZA ZB 64
2.2
3 4 , Fsr 4
« » Q8
, 10.13%, R 3500-10  3600-06
ZA1 , 20%, Fsr
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Tab.2 The distribution of haplotypes of 4. mirabilis in Tab.3 The distribution of haplotypes of 4. divaricata in
different populations different populations
3500-10  3400-08 3600-06 3600-07 DHS5-5 DH6-4 DH7-2
Ql 1 2 2 0 ZAl 5 5 2
Q2 1 1 0 0 ZA2 1 1 0
Q3 1 0 0 0 ZA3 1 0 0
Q4 1 0 0 0 ZA4 1 0 0
Q5 1 0 0 0 ZAS 0 0 1
Q6 1 0 0 0 ZA6 0 0 1
Q7 1 0 0 0 ZA7 0 0 1
Q8 3 3 4 6 ZA8 0 1 1
Q9 1 0 0 0 ZA9 0 0 1
Q10 3 1 0 0 ZA10 0 0 1
Q11 1 0 0 0 ZAl1 0 0 1
Q12 1 0 0 0 ZA12 0 0 1
Q13 1 0 0 0 ZA13 0 1 0
Q14 1 0 0 0 ZA14 0 1 0
Q15 1 0 0 0 ZA15 0 1 0
Ql6 1 0 0 0 ZA16 0 1 0
Q17 0 1 0 0 ZA17 0 1 0
Q18 0 1 0 0 ZA18 0 1 0
Q19 0 3 0 0 ZB1 1 0 0
Q20 0 1 0 0 ZB2 1 0 0
Q21 0 1 1 1 ZB3 1 0 0
Q22 0 1 0 0 ZB4 1 0 0
Q23 0 1 0 0 7ZB5 1 0 0
Q24 0 1 0 0 ZB6 1 0 0
Q25 0 1 0 0 ZB7 2 1 2
Q26 0 1 0 0 ZB8 1 0 0
Q27 0 1 0 0 ZB9 1 0 0
Q28 0 0 1 0 ZB10 1 0 1
Q29 0 0 1 0 ZB11 1 0 0
Q30 0 0 1 0 ZB12 0 0 1
Q31 0 0 1 0 ZB13 0 1 1
Q32 0 0 1 0 ZB14 0 0 1
Q33 0 0 1 0 ZB15 0 0 1
Q34 0 0 1 1 ZB16 0 0 1
Q35 0 0 1 0 ZB17 0 0 1
Q36 0 0 1 0 ZB18 0 0 1
Q37 0 0 1 0 ZB19 0 1 0
Q38 0 0 1 0 ZB20 0 1 0
Q39 0 0 1 0 ZB21 0 1 0
Q40 0 0 1 0 ZB22 0 1 0
Q41 0 0 0 1 ZB23 0 1 0
Q42 0 0 0 1
Q43 0 0 0 1 Fu’s Fs
Qa4 0 0 0 ! Tajima’s D 5 s
Q45 0 0 0 2 , .
Q46 0 0 0 ) Fu’s Fs Tajima’s D S
Q47 0 0 0 1
Q48 0 0 0 1 DH6-4 DH7-2 Fu’s
Q49 0 0 0 ! Fs ,3 Tajima’s D DHS5-5
Q50 0 0 0 1

Fu’s Fs s
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Fig.2 Phylogenetic tree of Acila based on COI haplotypes of A. mirabilis and A. divaricata and other sequences downloaded from the
GenBank
BEAST v.1.7.5
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Arlequin 3.5 T (6 ) , (7
3500-10 R s )
0.17—0.42 ; 3600-06 s ( 98
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Fig.3 The median-joining network of A. mirabilis haplotypes
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Tab.4 Fsr values between populations within species A.

mirabilis and A. divaricata

3500-10 3400-08 3600-07 3600-06
3500-10 —
3400-08 0.01283 —
3600-07 0.02564 0.02425 —
3600-06 0.02401* 0.00863 0.01133 —
DHS-5 DH6-4 DH7-2
DHS-5 —
DH6-4 0.03989 —
DH7-2 -0.0238 —-0.00924 —
 E P<0.05
3
3.1
COI DNA
, COI
«“ ”(Hebert et al, 2003)
s (Hebert et
al, 2003; Galtier et al, 2009) Col1
Zhang (2014)
mtCOI ,
, 4.27
, 3.71 ), A.

insignis(1.79 ), A. castrensis

, 1.36

A. minutoides

x5 FHRBLIGFIELIEZ KRR Fu’s Fs 1 Tajima’s D
Tab.5 Fu’s Fs and Tajima’s D test of populations within species A. mirabilis and A. divaricata

Fu’s Fs P Tajima’s D P SSD P RI P
3500-10 -10.3169 0.001 —1.8841 0.019 0.03481 0.029 0.14814 0.008
3400-08 -10.552 (1} -1.67823 0.031 0.00101 0919 0.03127 0.685
3600-07 -7.30629 0.002 -2.14901 0.004 0.00227 0.889 0.01635 0.969
3600-06 —13.986 (1} —-1.80303 0.01 0.00373 0.62 0.05598 0.385

Fu’s Fs P Tajima’s D P SSD P RI P
DHS5-5 -3.155 0.088 —0.27528 0.442 0.00802 0.794 0.01548 0.794
DHo6-4 —5.458 0.014 -0.71237 0.243 0.02017 0.519 0.01507 0.923
DH7-2 -8.023 0.005 -0.77469 0.226 0.01122 0.679 0.01823 0.719

P<0.05; Tajima’s D Fu’s Fs ; SSD: P ; RI: Harpending’s Raggedness
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Fig.6  Pairwise distribution of A. mirabilis populations
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Fig.7 Pairwise distribution of 4. divaricata populations
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Tab.6  Expansion parameters of A. mirabilis populations
6’0 091 T (Ma)
3500-10 0.00527 99999 4.16992(2.68945—5.42383) 0.17—0.42
3400-08 0.00000 99999 3.02344(1.9707—4.14062) 0.13—0.32
3600-07 0.00352 15.03906 3.51562(1.60742—5.3125) 0.10—0.41
3600-06 0.00000 99999 2.48438(1.47266—3.40625) 0.09—0.27
: Ma: T ;00 O
Fz7 1BYYE ZA 70 ZB WL R Fu’s Fs 70 Tajima’s D
Tab.7 Fu’s Fis and Tajima’s D test of ZA and ZB groups within species 4. divaricata
Fu’s Fs Tajima’s D P SSD P RI P
ZA —20.4943 -1.85399 0.012 0.01964 0.137 0.08732 0.075
ZB -19.1859 —1.14691 0.124 0.00381 0.743 0.00906 0.91
P<0.05; Tajima’s D Fu’s Fs ; SSD: P ; RI: Harpending’s Raggedness
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Tab.8 Expansion parameters of A. divaricata populations

0, 0, T (Ma)
ZA 0.00000 99999 3.35547(2.09375—4.50781) 0.14—0.35
ZB 0.00703 38.59863 8.64844(5.08594— 11.20898) 0.33—0.87
: Ma: ;T ;00 O
, A. insignis
, , A. minutoides
, 1.36 ,
, castrensis  A. minutoides
( ,2013) ) )
(Wang, 1999) A. castrensis
, ( )
,2011; Zhang et al, 2014)
WoRMS (http://www.marinespecies.org/) 3.2
WMSD  (http://www.bagniliggia.it/tWMSD/ WMSD >
home. htm) A. insignis
, 3500-10 3600-06
1.79 ,
(1.52—1.71) (Kitamura et al, 2001) , )

, 3500-10 )

>

(Kitamura et al, 2006) 3500-10 , 3
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GENETIC DIVERSITY AND EVOLUTION OF DIFFERENT POPULATIONS
OF ACILA MIRABILIS AND ACILA DIVARICATA IN THE YELLOW
SEA AND EAST CHINA SEA

HU Li-Sha"?, ZHANG Zhen', CUI Zong-Mei"?, WANG Hai-Yan'

(1. Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract Species in Acila genus are important benthic organisms in the Yellow Sea and East China Sea. To study the
genetic diversity and evolution within species of Acila genus, and analyze the species differentiation, we analyzed COI
gene fragment of two species, 4. mirabilis and A. divaricata. The result indicates that the speciation of 4. mirabilis and A.
divaricata could be dated back to 3.71 and 4.27 million years ago in the Pliocene epoch. Reduction in the species habitat
was caused by sea level falling during late Miocene, and the different environmental conditions in the Yellow Sea and East
China Sea lead to the differentiation of 4. mirabilis and A. divaricata. Analysis in genetic diversity shows that in four
populations of A. mirabilis, the genetic diversity of 3500-10 population was the highest, and the genetic diversity from the
central to fringe of Cold Water Mass shows a gradually decreasing trend. Therefore, we speculated that this trend may be
related to the adaptability to the Cold Water Mass. In three 4. divaricata populations, two haplotype taxa were detected,
and the differentiation time of these two taxa could be dated back to 0.64 million years ago. We consider that geographical
isolation and the secondary contact of different populations caused by sea level fluctuation during glacial period were the
main reasons leading to the formation of the two lineages.

Key words Acila;  Acila mirabilis;  Acila divaricata; genetic diversity; species differentiation
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