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K. GELMEL, JRWIEMW, 2, R R R AR
ERE B YA AR, S E PRI . M
P2 S A S R R SR R A RS M R, B
A BRI T X 4 A
K, HAEEWNET LAESHE, H2ER IS4
RILATVEARHGE

R TS R W 0 ) Z AR I, A B
FAEREWE A 2L 5 DS HET T R 45 Rk,
TETE ARG T AR 025 3 DT AR 45 & i L0t 1, %) g
DX A5 () B 2 A R AN A= W) Z MR PR EAT T 0 b, BH
T Il DX W B R S RN A A I O, DA A RS R
ot G A R L A A 5 EUIR A B
PR EEIE S
1R
1.1 #RRES5RE

Y 3 1 DX SR g R (P 1), RO AL
RS [E) A S WRREREAS, RAERTAS 70 K o MR 4R
2y 230 NEESL, FESCREG TGRS RIS EHATIE
SRR AE RS TR AT
1.2 &Ry EE

WEL I 57 DL IR £ 3B FEAE, 3650 (52 1
g R GO0 . SeRIMBUE . B AR . P
JEAR KN sEHEE G . HSENUR B IR AR
TV SR O WE AT ) S . IR S A

F1 SHEHIEEAHERESY

AR A, XA Te 5 N e e &l
o WEHRK, %, &, tH, BEESH

410
N
40°+ TG
B
304 K JSE
oA
A
387
37°
36°

T T T T
116° 117° 118 119° 120° E

K1 AR HLAT
Fig. 1 Map of sampling sites
TE: A JEZ; B KA C REHE X D ZEZEF; E L5 By
Y

1.3 ARz DNA #9RERMH 69X E PCR

¥

MHEEA S LB 100mg 2140, A £
TIANamp 7304 DNA $2EGLH] &b st KRR A9
FRAT), BB EAE 4141 DNA,

M g 2 FRR R R PCROE & B4 3R I ) % 5
PApUY s S | RS S | R Ol @ TS 4

LCO1490(5'-GGTCAACAAATCATAAAGATATTGG-3")
1 HCO2198(5'-AAACTTCAGGGTGACCAAAAAAT

CA-3N, o 5 Fh AR A Wik S5 T (R 1)

Tab.1 Species-specific PCR primers of 5 Crassostrea species
514 4 Fik Fe 5P R 519751 F B RN (bp)
LCO1490 All
COCarl83r C. ariakensis AAAAAAGATTATAACTAATGCATGTCG(T)G 183
COCan222r C. gigas angulata AGTTACCAAACCCCCCAATTATCAGOG 222
COCgi269r C.gigas gigas TCGAGGAAATTGCATGTCTGCTACA(T)A 269
COChk387r C. hongkongensis GGAGTAAGTGGATAAGGGTGGATAG 387
COCsi546r C. sikamea AAGTAACCTTAATAGATCAGGGAAC(A)C 546
HCO2198 All 697
PCR W& &R K 25 pL, H @559 A YE : 95°C, 5min
LCO1490 A HCO2198 4% 0.5 uL, S Fh N 514145 0.4 uL, Ak 1 95°C, 30s
1.5uL DNA #4%, 2xPCR master mix 12.5 pL, ddH,0 JBK:48~51C,1min 307F¥k

8 uL #MEZ 25uL. TEHRSEANT:

$E{T: 70°C, I min
R AE(H : 72°C, 10 min
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PCR P“WIZ A Gelred YR 1%35 NS A EE I
HLUK, SR 5 FHEERE BRSO Z T4 R

55 T R 0 A 2 %) 5 DR % A I Tl b ) Ao
AT EEXE, B ASBE Hox Hh 465 5 A AR DL R 23 B X
IRy S T E T PCR, § 14 @ 514 LCO1490
F HCO2198., PCR WA 25 pL, LCO1490 Fil
HCO2198 4% 0.5 uL, DNA £4% 1.5 pL, 2xPCR master
mix 12.5 pL, ddH,0 10 pL #ME % 25 pL, PCR J=¥i%
A T AR A BRAS JHEA T 500 o
1.4 FHEH%IEF T o4

DNA 354558 CLUSTAL X #cf:U1% il ok
NS, RGN TR, KX W5 i A
NCBI #1775 L, #faPFifi2i. H NCBI F#
EXTHIE R B P91 (FR 2), M TG M AR LT
R 5 A A

i HKY+I+G &y ModelTest 3.7 {41 £ 11
I AR ARRIAY AT B R ALK (ML) A DL i
Hr BD B, B 4L W5 Ostrea denselamellosa F
Saccostrea kegaki V£ A MEE. BI B MrBayes3.2!" 55 f}:
FyEE, KH nst=6, rates=gamma Z%, 517 1000 J{L,
£ 10000 fUHEE—YK, burn-in % BN 25%, HLHER)
AREARE BI #, ML B 7EZ (http: //www.atgemo-
ntpellier.fr/phyml/)#4J &, ZH{E5 ModelTest3.7 HY

i 45 R — 2

&2 B NCBI T#HRHEXHIRR COl FIIER

Tab. 2 Accession number of oyster COI sequences from
GenBank used for sequence divergence and phylo-
genetic analysis

A 44 27k tatss
K4 Wi Crassostrea gigas gigas KP099018
fRAEH Y Crassostrea gigas angulata KP216805
REARH MG Crassostrea sikamea HQ661018
ML F4E 85 Crassostrea dianbaiensis LC120781
Fr WG Crassostrea hongkongensis KP734088
VT4 WG Crassostrea ariakensis F1743527
B WG Ostrea denselamellosa KP067908
Wi )T4EYG Talonostrea talonata KX364277
Saccostrea kegaki KP067909

I 5y B 1) el 3 A R DL K W RO R 22 (]
Kimura 2-parameter 3514 # 25ff Ffl Mega 7! 155,
2 ERG4M
21 BEIMER

T EBREAE, ARUCREEMIRE ALY 552 Wi
KA W5 A TG (B 2) ARG DS R R,

B2 K EEH DA G i 15
Fig. 2 Shell morphology of the specimens sampled from Tianjin
T A AR S, B SR AR
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WG ILT- 17, seRNFERI 3G s ZE5etRIA,
B FrRLR, SETRERA /N, AT B, PSR S
ok, HEFI L, SRR, NP, SRR
RO, KAGBER G TN H G, BRRE; ST
WA SER I, PSEIURR, S . 4T
Wi DUFEB/N . B AR, SR, e e st TR AR

x3 HRESEHIESY
Tab.3 Morphological feature parameters of samples

W, A 5~8 FM, e gIr SUTCIK, i L
A DR IS NI G BEA A A

PNE el i DA S T S IS TP N
e PNE ST p(3 a7 DO el kN NN A DD R
T TR W IR A5 R A W, R/ 15 3 [ g L i v HL At
M DX A B TR W A —

A Yy £/cm F&/cm fRi/cm RHE/g /g W /g
dbaE e ) B3R AN 3.82 2.15 1.32 8.47 6.76 1.53
FEF KA 421 2.33 1.26 8.31 6.51 1.47
IR X AR 4.62 3.02 1.46 9.32 7.20 1.67
ZER R AN i 3.96 2.11 1.30 8.33 6.12 1.34
K 15 5.48 2.7 1.85 27.52 22.11 4.88
IETP NG i 1

RS T 1.25 0.46 2.25 3.11 2.01 0.79

2.2 Fr4FFHPCREZR L

= 3 it

IR R PE PCR AT LA Fw & LA & LAt b
PEAT R S U B SRR, SRR A A A KA
WE(E 3, 6~18)FIAEF (R 45, K 3, 19-21),
AR S WG KA W5 C. gigas gigas.

34567 891011121314151617 18192021

K3 R XA 54 5 1 PCR A
Fig. 3 Species-specific PCR of the oysters sampled from
Tianjin
VE: M: marker; 1: JTVT4EWE; 20 fEE4WE; 3. KALWG; 4: Fkdt
Wi 50 REARGLI; 6-21: JE M X 4 W5

23 RFIoHER

X 26 2 H P A 0 38 43 A o R A A TC 5
FESREAT PCR 9784 K P BN IE o Ay 51 N T A KT
Ji, 5 NCBIL X, 25583 07 i g s i 52 A 1 4
W5 A AL WG, SRR M PCR ADE A% R
gEIR . FEF COI 74 FHl Mega7 BB ¥ FH 2 6]
P AL RE B N ER 3 R, S5 SRRM, —Fpat w5 K4t
Wi 22 [a] 1) 35t A% R 2 oA ) — B KT 25 S, SRR
ESE PCR FUE SRS s . o — Pt 58
JIH 5 2 18] 79 352 % B 2 o0 [R] — Fp N AKCE I 22 5, 3%
AR AN, SRS 22020 S a5 R —3. K
S W 55 08 OTCH: W o 1] 352 45 B 25 O 0.217~0.232, Ff
P FPIRLS AL B oKk &R H &, DNA [ BREH 2 .

3.0 REEHERFHA S MK

Zead VLA IEAFRIE R COL FER Y E, KBTI
1A B A5 AR A G AU TCRE W P i, 150 B % X
R A AR

A5 Ry e AL Ty e Fhp, o R EEUT I 00
PR, HETAFIT A B A5 0 A 1) B B ot VLR
FEME 22 e, AR AE T B)HE B8 0 1Y) 4 il 1 R AR 4y
i, HAREEESA L, MBS ER R, £KJ)
SO, R AIBREESE | B FREE, MEA RS
Wrfd, TR E Ay 3 A DR R 2 — )
CATER Z M XA 23258, e, H&. HIR R
B AU D, R R b DR B R R

AT WA S TR A #h, 7R E AL g i
B TR AR L T MRS
oA, HAET PEAEY R, NG HM 2 — 222
o S VYRR 13 A 350 48 ) I8 T 5 0 Ay — A0 ) S —
JNWGJE  Talonostrea. ASHHF5E X Z2 7 B 41 W5 & 4
W5 R TCA 5 1) TR 285 K 43— 18 A% E 25 45 4 i, R W
A TCA W 45 78 ST 9 7 05 i R 2 91 1) 5 W0 e 22 1]
ROZIA A E iR, X —450S Li P —3, K
AEOTAL W H R B W58 Crassostrea, $1T ZiT1IEN
Crassostrea talonata. %4105 2[5 25 TH) T 4 K X
AY TR L, B Kt i s, EH A 4
AN ) A T X AR AR B o A TUR W 76 3% [ g 6 VR T
WHS MM, BIESRHIETER, A AK
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H3

—H1

FH2

HI10

0.96/85 -| Crassostrea gigas KP099018
FH6

- HS

- H8

1/99 |- H4
1 Ho

1/98

1/95

L H7
Crassostrea angulata KP216805
Crassostrea sikamea HQ661018

Crassostrea hongkongensis KP734088
Crassostrea ariakensis FJ743527

0.69/88
0.63/91
1/99

Crassostrea dianbaiensis 1.C120781

1/100 [ H11

L Talonostrea talonata KX364277

Ostrea denselamellosa KP067908

1/100

v |
0.05

Saccostrea kegaki KP067909

B4 KD DAL IE SO SRl 2R 98 2 B
Fig. 4 Phylogeny tree of oysters from Tianjin and related species from GenBank

T B ETR A BUR S, ML RIAG MG S BUWEEAR —2. 32 B BUE SRR DU S A5 A % (5>0.5/50

RARBURE L, FRATTAT 0o R H M B Ay KR A 5 A%
FEEEATIR AT

ABIEE YA AT A B A WS PR AR R AR /N
PO o I AT R PR A SRR X SR 5 AR Al Je AT
S nsd BEORAH . SRR | SEUEE S W Y A
AR, SRS EOLAE R T 2B

3.2 4 F M PCR AR ELBHIFHARF

84 KL )

Wang 25U R SE R RIS S PCR 5195 105 R
JURN o WA WG, B G | RE A | A | T
T2 5 0 B A 05 T 30677 bR 94 e 4 31, fEL R T
3 24 Ml A2 R U 0 JTCRE 05 S 538 5 T A0 T 5 7
R4 A A, AT IS 5 0 R g i
A O 3 A A TURE 05 1 Dok 5 i, K 4 v
ST A Sy S RS T B T
33 BGEASKEFHHER

O 5 1 o R LA DL, Gl S BAEE K
THG I — T B 4 8 2 A —— W A, LR ALK
f . SRR BAESE | SR AR | R
R A 725 R G e i 80 25 )y T 4 L 8 1 AR
TIRECY . R R IR S P O R A B, BN

HATERART R R i B A T 48 A AL Y™
A 2 3 X0 R R A YR 9 DX P KT i A A 0 U
TR G5 R IRH W70 3 AN
(ORI LAY, S AN 2 3 km?, AR KJEJE 1.2 m,
SEEJERE 0.6 m; A DRI HUE 4, KA TF 3.4~
5.6 m Z[u), K52 NIiEZ ™ EBR, (EA kAL
BHREEENA SRA 1m RRDE S, UiAXT
PRI AW pE ) PR B AT BE . A AUREE T W
AIHENG, &I WY R Z eV — LIRS B %
B, TE AW P AT I AR B o A, (ER AR IR
WA KB B AETE, BRI FRATTIA R #E— 20 X 4 W5
T LWy A Ah S HEAT PR AR A 23 B, BE A T 41 A9
B4 A W D 2 22 R

4 Zi

I AWTIE, IR LG 0 ) 2 R
FREAR, 15 A0 U BIF 5 45 2R AR L B A e Bk T4 W,
A RES AT B R VAR OC . T MARBIFFE 45 2R,
RO B R B, RATAT LR W, AN 3
Xof At A ) BB A A B AR R A T M E A, R
% A ) TR P T 5 A [ P 22 S o 50 9 A Y U
R

94 HEVERLE /2019 4E /55 43 4 /45 12 31



e IRkE REPOATS

& 3CHk:

(1]

[10]

sKAS, BEFRR. P EHWI OISk, 1956,
8(1): 65-94.

Zhang Xi, Lou Zikang. Studies of Chinese oysters[J].
Acta Zoologica Sinica, 1956, 8(1): 65-94.

B, FRUFR, BORAR. REH ™ Ak 3h P M.
JbmC: W AL, 1982: 167.

Zhao Ruyi, Cheng Jimin, Zhao Dadong. Fauna sinica of
marine molluscs in Dalian[M]. Beijing: Ocean Press,
1982: 167.

R, BB b [ T A W R A Y BT IC SR [C.
MR AR T dbaT: Bhe AR, 1993: 175-179.
Xu Fengshan, Huang Xiuming. New records of Ostreacea
from the China Seas[C]. Studia Marina Sinica. Beijing:
Science Press, 1993: 175-179.

A, SERhE. TP EA R LR R R G
M AL B BEFE[CL. WEFERE AT dEat: Bl
Ft, 1994: 143-178.

Li Xiaoxu, Qi Zhongyan. Studies on the comparative
anatomy, systematic classification and evolution of
Chinese oysters[C]. Studia Marina Sinica. Beijing:
Science Press, 1994: 143-178.

FgH. b E TR DA o R G AR R 2R
WFFE[D]. WZRT & b E R B O 50 (1 s
), 2004: 39-62.

Wang Haiyan. Studies on the molecular phylogeny and
taxonomy of common oysters in China seas[D]. Qing-
dao Shandong Province: Institute of Oceanology, Chi-
nese Academy of Sciences (Doctoral Dissertation),
2004: 39-62.

Wang H Y, Zhang G F, Liu X, et al. Classification of
common oysters from North China[J]. Journal of Shell-
fish Research, 2008, 27(3): 495-503.

FUEHE, sk, DR, SF. b AC ARV ) A
VIZEIEI%M]. st Bhas g, 2016: 102-108.
Wang Haiyan, Zhang Tao, Ma Peizhen, et al. Molluska

of the Intertidal Zone of Beibu Gulf, China[M]. Beijing:

Science Press, 2016: 102-108.

KOG E, TESRHE. RERHL S A R SR M), b
HR AL R, 2008: 1-8.

Zhang Guangyu, Wang Suyan. Tianjin wetland and an-
cient coast[M]. Beijing: China Forestry Press, 2008:
1-8.

ARAL, KRR, VRIS AP WAIE: REE R
WAE[I]. HiE, 2004: 40-43.

Su Zhenli, Zhang Quanyue. Historical witness: Tianjin
ancient coastal relics[J]. Map, 2004: 40-43.

MEEIE. Kl R SR A R R X R LR35 R
MBFFE[D]. Kt KR Z (W +i830), 2010: 1-72.
Lin Lufei. Study on protection and use in the nature
reserve of the ancient coast and wetland of Tianjin[D].

[11]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Tianjin: Tianjin University (Master Dissertation), 2010:
1-72.

Wang H Y, Guo X M. Identification of Crassostrea
ariakensis and related oysters by multiplex species-
specific PCR[J]. Journal of Shellfish Research, 2008,
27(3): 481-487.

Folmer O, Black M, Hoeh W, et al. DNA primers for
amplification of mitochondrial cytochrome c oxidase
subunit I from diverse metazoan invertebrates[J]. Mo-
lecular Marine Biology and Biotechnology, 1994, 3(5):
294-299.

Thompson J D, Gibson T J, Plewniak F, et al. The
CLUSTAL_X windows interface: flexible strategies for
multiple sequence alignment aided by quality analysis
tools[J]. Nucleic Acids Research, 1997, 25(24): 4876~
4882.

Posada D, Buuckley T R. Model selection and model
averaging in phylogenetics: Advantages of akaike in-
formation criterion and Bayesian approaches over like-
lihood ratio tests[J]. Systematic Biology, 2004, 53(3):
793-808.

Ronquist F, Huelsenbeck J P. MrBayes 3: Bayesian
phylogenetic inference under mixed models [J]. Bioin-
formatics, 2003, 19(12): 1572-1574.

Kumar S, Stecher G, Tamura K. MEGA7: Molecular
evolutionary genetics analysis version 7.0 for bigger
datasets[J]. Molecular Biology and Evolution, 2016,
33(7): 1870-1874.

R, REACHLWE N TEF 5 KA W ik i A B i
HORBFFE[D]. 755 R (8 30), 2013:
1-58.

Li Xiaoyan. Studies on the techniques of artificial re-
production of the Crassostrea sikamae and cultivation
of the cultchless spat of Crassostrea gigas[D]. Qingdao:
Ocean University of China (Master Dissertation), 2013:
1-58.

L. AU U A A DL 2SR A ()] A=
SRR, 1998, 33(6): 11-13.

Yuan Xiuzhen. Investigation of benthic shellfish in in-
tertidal zone of Weizhou Island, Beihai[J]. The Bio-
logical Bulletin, 1998, 33(6): 11-13.

SRB, WA, )T AR DL M. sk ik oRA
HiRRAL, 2006: 271-276.

Cai Yingya, Xie Shaohe. Seashells of Guangdong [M].
Shantou: Shantou University press, 2006: 271-276.
PR, EEH, XUETF, S5 TR IS AL Y
T R JLor A D). HEFE S W, 2013, 44(9): 1318-
1324.

Li Cui, Wang Haiyan, Liu Chunfang, et al. Classification
and distribution of oyster off coastal Guangxi, China[J].
Oceanologia et Limnologia Sinica, 2013, 44(9): 1318-

Marine Sciences / Vol. 43, No. 12 /2019 95



e IRkE REPOATS

1324. 25(10): 1234-1239.

[21] Li C, Wang H Y, Guo X M. Classification and taxonomic [23] Mauro F R, Maria C R, Wolfgang C P. High Zn and Cd
revision of two oyster species from Peru: Ostrea me- accumulation in the oyster Crassostrea rhizophorae,
godon (Hanley, 1846) and Crassostrea talonata (Li & Qi, and its relevance as a sentinel species[J]. Marine Pollu-
1994)[J]. Journal of Shellfish Research, 2017, 36(2): tion Bulletin, 2003, 46: 1341-1358.

359-364. [24] VG AR, FEHAR, HALAE, S BTG RIS XS

[22] 4R, TeHTR, BRI, SF. 0 Xk R A= A 8] A 5 R K R R ], H BT AR, 2010,

ADUJRE LR AR [D]. B2, 2006, 25(10): 29(5): 660-667.
1234-1239. Fan Changfu, Pei Yandong, Tian Lizhu, et al. Living
Quan Weimin, Shen Xinqiang, Luo Minbo, et al. Eco- oyster reefs and its resource conservation in western
logical function and restoration measures of oyster reef Bohai Bay, China [J]. Geological Bulletin of China,
in estuaries [J]. Chinese Journal of Ecology, 2006, 2010, 29(5): 660-667.

Diversity of oyster species along coastal Tianjin based on
Species-specific PCR and Mitochondrial genetic markers

HUANG Jin-wei', ZHANG Tian-zhe?, GAO Yan®, WU Hong', GAO Yu',
YAN Chun-cai’, HU Li-sha’

(1. College of Life Science, Tianjin Key Laboratory of Animal and Plant Resistance, Tianjin Normal
University, Tianjin 300387, China; 2. No.1 Middle School of Tianjin Baodi District, Tianjin 301800, China;
3. Tianjin Bohai Fishery Research Institute, Tianjin 300221, China; 4. Institute of Oceanology, Chinese
Academy of Sciences, Qingdao 266071, China)

Received: Jul. 23, 2019
Key words: Tianjin; oyster; Species-specific molecular markers; COI; distribution

Abstract: Tianjin is located in northwest of Bohai bay with long coastline and the large oysters biomass, but there
is no detailed report on the composition of oyster species in Tianjin coastal area. To understand the diversity of
oyster species in Tianjin coastal area, a total of 230 wild oysters were collected randomly, species-specific poly-
merase chain reaction (PCR) and COI (cytochrome oxidase gene subunit I ) gene sequences were used to recognize
the collected oysters. Species-specific PCR could identify and confirm oyster species quickly. The results showed
that Crassostrea gigas gigas was the dominant species in Tianjin coastal water. Another species which could not be
confirmed by Species-specific PCR is identified as Crassostrea talonata by morphology and Blasting COI se-
quences in Genbank. Combining morphology and molecular biology, the analysis showed that two oysters
Crassostrea gigas gigas and Crassostrea talonata were distributed in Dashentang, and only C. gigas gigas was dis-
tributed in other four sites. Overall, species diversity of oyster in Tianjin coastal area was very low, which may be
related to the ecological environment of oyster growth, such as water temperature and salinity in the northern
coastal intertidal zone. The oysters collected in our research were generally thin, which may be related to frequent
artificial fishing. Results of our research provide a reference for the species diversity and distribution of oysters in

Tianjin coastal water, for other related research, and a basis for conservation of the indigenous wild oysters.
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