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Fig. 1 Sampling sites of Crassostrea angulata and main ocean currents in the coast of Zhejiang and Fujian provinces
Sampling sites: FQ-Fuqing, LQD-Langqidao, ND-Ningde, PT-Putian, YQ-Yueqing.
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Tab. 1 Basic information of Crassostrea angulata

sampling site sampling time individual number longitude and latitude
1 YQ) 2009.12 43 E 121.006°N28.085°
2 (ND) 2013.07 39 E 119.553°N 26.665°
3 (LQD) 2013.02 39 E 119.586°N 26.083°
4 (FQ) 2005.11 29 E 119.472°N 25.669°
5 (PT) 2004.01 33 E 119.106°N 25.420°
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Fig. 2 Distribution of 39 haplotypes among 5 Crassostrea angulata populations and its BI molecular tree
Numbers at nodes indicate bootstrap values greater than 50% with 1000 replications.
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Tab. 2 Genetic diversity indices and the values of neutral tests for each Crassostrea angulata population inferred from mt CO 1

population K H h fis k Tajima’s D Fu’s F
YQ 14 12 0.8283+0.0450 0.003487+0.002167 2.280600+1.276427 —0.93365 -3.46237
ND 10 8 0.8084+0.0406 0.004876+0.002861 3.188619+1.684291 1.00794 0.78940
LQD 22 18 0.8677+0.0406 0.003707+0.002282 2.424381+1.343549 —1.80542*  —11.33926*
FQ 20 13 0.8448+0.0595 0.004054+0.002478 2.651374+1.456007 -1.69571* —5.21342%
PT 17 16 0.9129+0.0314 0.004170+0.002525 2.727299+1.484878 -1.18699 —8.31958*
1S H s h | sk ; Tajima’s D Fu’s Fy
j*” (P <0.05).

Note: s denotes number of polymorphism sites per locality; H denotes number of haplotype per locality; 4 denotes haplotype diversity; 7
denotes nucleotide diversity; k£ denotes mean number of pairwise differences. Tajima’s D and Fu’s F denote two values of neutral tests. “*”
indicates significant Tajima’s D and Fu’s F values (P<0.05).

xR 3 BEIFHYS NEHERR COIFS AMOVA o4

Tab.3 AMOVA analysis of sequences from all five Crassostrea angulata populations of mt CO I fragment

1%

group source of variation df  variance component variation percentage ¢ r
C H&C ,
s ) among groups 1 0.09940 V, 691 ®c1=0.06913 0.20188
(ND) & (YQ, FZ, FQ, PT)
among populations within groups 3 0.01651 ¥y, 1.15 Dsc=0.01234 0.06891
within groups 178 1.32189 V. 91.94 Ds1=0.08062 0.00030*
: dcr ; Dsc ; Dst ;eex7 (P<0.05).

Note: @cr denotes fixation index among groups; @sc denotes fixation index among populations within groups; @sr denotes fixation index
within groups; “*” indicates statistically significant (P<0.05).

0.0003), (6.91%, P = 0.20188), , :
1.15% (P = 0.06891) 5
dsr —0.01193~0.11486 (  4), ND , :
(P<0.05),YQ PT ( 2 , 4
IBD ( 3) ,
(r=—-0.137, P = 0.627)
“ 2.3
> ( 4 H2 , ,

x4 ET mtCoIRAETHIRIARY o5 B

Tab. 4 Pairwise @sramong five populations of Crassostrea angulata based-on mt CO 1

population YQ ND FZ FQ
ND 0.05829*
FZ 0.02653 0.11486*
FQ -0.01193 0.05004* 0.00178
PT 0.03524* 0.06311* 0.00175 0.01796
s (P<0.05).

Note: “*” indicates statistically significant (P<0.05).
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Fig. 4 Haplotype network for the 46 haplotypes of Crassostrea angulata
Different populations were marked by distinctive colors. Each circle corresponds to a unique haplotype sized in proportion to its
frequency. The number of substitutions separating two haplotypes were indicated by the vertical bars on the line.
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Genetic structure and population history of Crassostrea angulata from
the coast of Zhejiang and Fujian Provinces

LI Shuang, LI Qi, YU Hong, KONG Lingfeng
Key Laboratory of Mariculture, Ministry of Education; Ocean University of China, Qingdao 266003, China

Abstract: The Portuguese oyster, Crassostrea angulata, is one of the most important shellfish species in China and
occurs mainly in the intertidal zone of the south Yangtze River. It is widely cultured in Zhejiang and Fujian prov-
inces and many of its seeds are collected from natural areas. Molecular genetic data can provide valuable insights
into C. angulata management and conservation. In the present study, we investigated the population genetic
structure and demographic history of C. angulata from the coast of Zhejiang (Yueqing) and Fujian (including
Ningde, Langgqiao, Fuqing, and Putian) provinces by analyzing the partial mitochondrial cytochrome ¢ oxidase
subunit 1 (CO I) sequences in 183 samples. All populations were characterized by high genetic diversity.
Forty-four polymorphic sites were identified, and 39 haplotypes were found. The mean genetic and mean nucleo-
tide diversity values were 0.8524 and 0.00406, respectively. Despite high levels of genetic diversity within the
populations sampled, no significant genealogical branches corresponded to the sampling locality. Analysis of mo-
lecular variance indicated that most of the genetic variation was attributed to within-group variation (91.94%,
P=0.0003). Population pairwise @gr values were low (Pt = —0.01193~0.11486), suggesting frequent gene flow
among the populations in this area. However, low but significant genetic differentiation was observed between the
Ningde samples and the other four samples from four sites, which was presumably due to the relatively closed
geophysicallocation of Ningde. Ningde is surrounded by many bays, islands, and gyres, which act as natural bar-
riers that may have hindered dispersal of oyster larvae. The haplotype network of CO I sequences with stellate
radiation structure suggests no clear geographical differentiation. A Bayesian phylogenetic tree was characterized
by a staggered distribution of haplotypes and some small branches supported with moderately high bootstrap val-
ues. Significant expansion of C. angulata populations is suggested based on results from neutral tests and the
mismatched distribution; the actual time that expansion likely started in 2.5x10°-2.1x10° years ago. Historical
recolonization (though population range and demographic expansion during the late Pleistocene) and the current
gene flow (larval dispersal interacting with oceanographic processes, such as ocean currents) of adult sedentary C.
angulatamay be responsible for the poor genetic differentiation. Our results will help in understanding the his-
torical processes of intertidal species and help disentangle the complex interactions among various factors that
generate the phylogeographical patterns and genetic diversity of C. angulata in the East China Sea.
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