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£ 3 3R (Corbicula fluminea) 2 Fh 3k £Y
BIEREETROWN

Ehal KMEY BRI Hrm’
FHRIE?2 B R x#&LY X!
(1. VEHERAKF=HIEI TTHA PRl P IR 5 5080 % M At 210017
2. WOV BRI BB RS AE R 223002)

WE RABAEMN(EK. RERRE) M, FAALEA(EREZANE | LE, CON#E
#77 Bl (Corbicula fluminea)# & fn 2, 2 NERW B A Fnsk i L BB EHATHE . BASH LT
DMERL T, 2O BANHAFMEZ AL EMEZR. 2 PCRY # A 750 %, % 614 bp COI
FHEEFF, 2/ ERE COl HH 7] By m LA i 5 — 2, HERIH A+T 84 E(64.8%) % & & T
G+C & E(35.2%), 28 MEBMAKI 7 M EER, RERASHUEMZ TR ZEMELF A 0.794
#10.04274;30 NE G AMKKR I S AP A, BAEA S AR B £ A 4] 0.607 A1 0.02825,
A > 8] B 15 BB B A 0.002-0.091 = J5], HE NI f2 MP 24 &k MK, COl EEEFAR Y
2N B o 2 F T Z 2 HT(AMOVA) 4 R B 78, Fg=0.21736 (P<0.01), 21.74%¢h % 5 5k & B (K H] ,
78.26%H & ok B BN, 2 B R M H R FN R o, BEREY, MEREH T E

&R R AE A Mk oL B TTHATE AR
e 30

hESES S936.2 XEARIRAE A

AW (Corbicula fluminea) J& F AR sh 4 1] | IREEEZN |
FORERE . WRL, WE, RFREE WA/ NG A T
DU, FEIRIK L JBGRZK YT . 390 L b IE Tz 4
A, SN S B V% b B D0 AR (Fd & 5%, 1987,
BRI 4, 2010, fESE4E, 2013), K AE S RGN
Yy BRI GE i 2 T B AR AT, A )
TEIRVAL & S AR IR A= A2 (L et al,
2010), [Almf, Vs FRFE . RIERE, ERZHE
KGR LR, FEFRTE 00 5 Rt 7 128 7 4
e AR, WIRFRFEML RS, B BUAIR KA T
RSN Z — TR M EZR AT

YL e RANE | RE SN 2T o BEY
XEHS 2095-9869(2017)04-0111-07

SRATEFAE W, 5 SO0 AT R P 455 R R AR hn K
FEMZ KSRGS, AR H R AR R i S SR T
Ko PRIIE, PR3 R A2 Tl 08 5 A o o ¢ 050 i A AR R fi
TR ] R

TR S H AR DU RV OK BN, T IRA E
WEW T R, SR BABE . B, EK. K7
Kiz . KL SFZR A R R DI RE R 7 IR R K 8 (1 R
45, 2010), Jy b bt el s R R A, A
K A, R E A AN KR — . 1R
20 20 80 AEAHI A, PEEEIAE =Wl 32 5 t, %] 90
AR DF) 21.29 J7 to ATAEK, B E RS 50 t,
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O3 A DX AR R K 45 /N G K WP 55, 1994, ™4 #E 4%

2007; HeiEiEaE, 2014), XEIHLE] 2 T Wl
RIRFEE R SR . HAT, A T i i o7 2 v
TEGEIR A A . PP IR S50 . B RIS
D7 (R 7K WP A, 1994, J“4EWESE, 2007, s s s,
2014; 5K HISCAE, 2012; X dfimAE, 2014), 1% H AP
IR L 2 REE T A (T 4, 2011, 25 KA
45 2015). FEAHFIE A, LABEZE I I 2 b 3 RORE(A
CREMBE A RS, RATESZESH ST
IC AR (COI RN BFFT M 2 Fl e 44 (0 T2 285 K st
1 Z2RENE , DAS S T 1 30 T dof o o 6 VAR P R R 2
WA

1 MR57FE
11 BHARBERESFUE

ABFFET 2015 4F 3 H 7P B I UE K SR SR 1]
WRESY, SR T E MR, KR 8 mm, %
70 cm, AR RSN S B (22 5, BT Ay
J BT A TR (B D) o Bl LI 535 2 ] M A
fn, Hodr, By 28 4, B 30 4>, HE T
TRk I WL (Wet weight, WW), 555 0.01 g.
FRIEEHT, FHUEACRE IR R K 43T o L Fiifb
R ] A K (Shell length, SL) . 5% P (Shel | width,
SW)F15% & (Shell height, SH), F&#i%] 0.01 mm.

AT

Yellow C. fluminea

_, nl i
Black C. fluminea

1cm

K1 sishse 2 5
Fig.1 Distinct difference of external shell color of C. fluminea

1.2 DNA 2. PCR ¥ &l F

B LR 4180, FHJE/K SR 52, —20°C A
Fres o JEHZL DNA 948 IO 1 B — 4 05 il 42
% (Sambrook et al, 1995)., DNA £ 75% ((R B 50) 2.

BRI E =R T, feJ5 H 100 pl TE % fg, BT
—20°CHRAEFE o

COl Ny 5455 F(5'-GGTCAACAAA-
TCATAAAGATATTGG-3) . R(5-TAAACTTCAGG-
GTGACCAAAAAATCA-3) (Folmer et al, 1994)., PCR
RNARFCA 50 pl, Hidr, 3% 25 pl PCR mix, |,
THETI4% 2 pl (10 pmol/L), Bk 2 ul, HARER S
HBAEKAME . PCR RN 25 : 94°C TR 4 min; 94°C
5Pk 40's, 50°CiE k 40's, 72°CIEfH 50 s, 30 PMEFF;
72°CHEff 10 min; fJE PRERAE 4C .

B PCR ¥ 7= f T 1.5% RO B AREE e HL K kG
W, >R DNA S RSG50 &k 5 09 R/ Btk A7 i
afifk, SRIG 5 B AE T A AR A B J AT 0 m]
My

1.3 R4 B AT

K JH SPSS 16.0 #AF X} 2 Flial W REAK (I 5245
BOlAT t K%, 4 P<0.05 B AR EMHES ., R
Bioedit 7.5 # - xF COIl %K 5 1 ik A7 e | HEF AL
X, FETAN TR . FIH MEGA 4.0 3k {41158 75 571
(BRI . 22 AP A A R 4 5 46 HE {1 (Tamura
et al, 2007). F| 4k 3: (Neighbor joining)f4#: COI
HERL AT R GRS, 22 1000 YK & ARG I
EBIGE 32 DnaSP 5.0 # A BEIR A 8 1L ZRETE
SR, WFGRAETE. AR 2R BTTTIRE
FE T8 ORI T30 1 i 22 5+ 44 (Librado et al, 2007).
i Arlequin 3.1 #AFr 307 2253 T (AMOVA)
05 Al B R AL AR S A AR ] R BER N A 43 A, I
eV 38 1L J) A5 3 Fo fH (F-statistics, Fq) 3t P
{& (Excoffier et al, 2005),

2 #HR

2.1 AR FEE

TH R 1) S € R € TR R 1) TR AR 2 S U 3
1, R 1 ATLES, RO AmED ., 2K,
FEPL . Soim . SeRIFETE . SRIFE IR TR AT Y
AR, miFe KA m NN TR AR, St oariras R
R, B RKIFEEZIN, 2 MR IE S F R bR 1T
TEM 2 3 M 25 5 (P<0.01).

2.2 AR COI EEFF 545

B T (o T REAR Y COL ik IR 491 i ik £ il
HA—F, COl KKK 614 bp, WEFEHIHF A, T,
G fl C W &N 22.5%., 42.3%. 21.2%F1
14.0%, IR HTIE A+T &5 (64.8%) KT G+C &
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Tab.1 Morphological parameters of two different phenotypical population of C. fluminea
=AY H K VL 1o L KigE Kt FITE
Phenotype ww SL SW SH SL/Sw SL/SH SH/SW
,
AEORHE . 6.815+0.382 26.038+0.531 16.616+0.252 24.718+0.486 1.566+0.018 1.054+0.009 1.486+0.014
Black population
[ RREN
2.820+0.345 18.529+0.604 12.642+0.364 17.258+0.645 1.464+0.012 1.079+0.010 1.358+0.012

Y ellow population

1(35.29%) . 2 PMHEARRY COI F K 51 #4946 Y 53 4~
ZAMENL A, P LA D 2.71 Fn 2,74, A
AL B

23 MEBEESHEMESH

LA 7 S %A (Hb1-Hb7), #
FHRERG T 5 A BAfE Y (Hy1-Hy5), B4%% Hbl, Hy5
K HD5, Hy2 j& 2 MRER L s il B Bk
FAMER Hol 8B i 2 (10 1Y), i e 35.7%; # (A
R R Rl Hy2 f%iE R 2 (16 1), 4k 53.3%.
2 AR 3L ZREME LR 20 NFR 2 AT LB
G R T BRI 10 A, BAE I SRR PEFE %L
J 0.726, BFRZFEPEFRECH 0.04021, P T IR
FRHBCH 24,687, R 2 ] LIS, HEEE IR A
Wil ZretEar e, Ho, BEFERNR G 2R
TR

24 BEBEEEHSN

HEEEWT L 2 BRI T 22938 (AMOVA) 25
WIR(ER 3), B R EEIE Fe=0.2174, HZt

5RO W 2 (P<0.01), £ 2 MHE AR Z [ fE7E B 2
HI LAk o TEFEA AL AR S, 2 N RER 22 [R] iy 35t
75 S5 21.74%, TR 4048 57 (78.26%) & A TEfE IR
N,

25 BERENEEESRERSGHLR

ST T 10 A B A 2 W] 1Y Kimura-2-
parameter 15 & 25, HAE7E 0.002-0.091 Z 1], F-1
BLEEE R 0.048 (3 4). WARSLIER /N, AL
¥ 10 BSR4y Sy 2 2B b, B R Hb/HY5.
Hb2. Hb3 il Hb4 Jy—/N2HE, WiafEa Hyl,
Hy2/Hb5. Hy3. Hy4. Hb6 il Hb7 55— 1258,

DL A [ [ 5 (Mercenaria mercenaria) i AMEE, R
FH AR HE TR (NJ) R K 8] 29 1 (MP) A4 E COI S5 PR B A
RRGRARN(E 2 F1E 3), 4R R, 10 A5
RH 2R, Hrp, BAEA Hyl, Hy2/Hb5,
Hy3. Hy4. Hb6 il Hb7 R —3%, HfH Hbl/Hy5,
Hb2. Hb3 Fl Hb4 K7 —3L . 2 M X RGEM I E
BEREEGHE R, UL COl sl RS b B A
B AR B

®2 AMBARERESHEESH

Tab.2 Genetic diversity parameters of two populations of C. fluminea

L Z RS EL BT O Mt
Genetic diversity parameters Black population Yellow population Total
AAREL Individual number 28 30 58
AR5 Variable sites 53 53 55
A% Number of haplotype 7 5 10
MR Z AP Haplotype diversity 0.794 0.607 0.726
AT mR ZAEM Nucleotide diversity 0.04274 0.02825 0.04021
SR H R 25 55 %0 Average number of nucleotide differences 26.243 17.343 24.687

+= 3 HIEMAM AR COol EE A AMOVA 71
Tab.3 AMOVA analysis of all mtDNA COI gene sequences from two C. fluminea populations

5 B R UR A i Nl J5 =45y J5 2 LAl
Sources of variation df Sum of sguare Variance component Variance proportion (%)
B4 E] Among populations 1 97.834 3.00415 Va 21.74
BEAR PN Within populations 56 605.752 10.81701 Vb 78.26
JEVA Total 57 703.586 13.82116 100.00

[# % $5 4 Fixation index F4=0.2174 (P<0.01)
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Tab.4 Genetic distances among 10 COI gene haplotypes of C. fluminea

B (% Haplotype Hb1/Hy5  Hb2 Hb3 Hb4

Hb5/Hy2  Hb6 Hb7 Hy1 Hy3 Hy4

Hb1/Hy5 0
Hb2 0.002 0
Hb3 0.005 0.003 0
Hb4 0.007 0.005 0.002 0
Hb5/Hy?2 0.089 0.087 0.085 0.087 0
Hb6 0.091 0.089 0.087 0.089 0.002 0
Hb7 0.087 0.085 0.083 0.085 0.002 0.003 0
Hyl 0.091 0.089 0.087 0.089 0.003 0.003 0.003 0
Hy3 0.089 0.087 0.085 0.087 0.003 0.005 0.005 0.005 0
Hy4 0.085 0.083 0.081 0.083 0.003 0.005 0.005 0.005 0.003 0
B P TEHABRLFE D12 mDNA COI 3 A FF 51 41 A s A7 2%
al o AR, H Gn4i i (Sinonovacula constricta) ) COI 3
w Hy3 51 sh A+T By 5kl 66.2% (4 AR£14%, 2008),
Hy4 P . . . N
_{:ng Ui (Cristaria plicata) i) A+T 3 i 4 60.1% (51 44
, , = yriopsis cumingii i )
A Sl 4, 2009), ALk (Hyriopsis cumingii) 10 4~EE(K K
2 Hba COIl ZEH P51 A+T S54RI T G+C & i

M. mercenaria

P2 i COl A 10 A~ Al NI R 40 & A
Fig.2 Phylogenetic tree of 10 COI
haplotypes of C. fluminea

Hy2/Hb5
16 Hb6
16 Hyl
65 Hb7
99 —Hy3
36L—Hy4
Hb2

W:Hys/}rbl
99 Hb3
—45:Hb4

M. mercenaria

3 i COl FEMH 10 4~ MP R 50K A B
Fig.3 Maximum parsimony tree of 10 COI
haplotypes of C. fluminea

3 it
3.1 A mtDNA COI EE F 5454 55 7

PN e Sl e o B SR N L VI S B R G VR R N
MtDNA COl R FHI Y 4 Fiisl 58 41 BP9k
T(42.3%). A(22.5%). C(14.0%)F1 G(21.2%), Hrh,
A+T P& RN 648%, mEm T G+C W& &
(35.2%), Wi ih W AR A w5 Park &5
(2003) A 52 14 37 YH 81~ ] 5 1 b IX. () [ ) mtDNA COlI
SR P FIALRGHIL, Fodr, A+T B35 R 64.5%.

(ZEF R4 2008), ULl COI JEHJEF i A+T &tk
TR AE X D 26 v M A7 AE , AT & Sh 2 R 3 [ 41
BN 14— B ARRALE .

32 AMBEESHEUERBEEEHSN

AL ZREE R SE R AR PE R W 2 RE PR 0
ARt tE A m AR S A N RE T L AR AFRE ) ARt
TR S VIR o . A5 I 22 R (H o) FIZ 1 R 22 FE 1
(P A it AR Wit (B Z AR PR 2 AN E bR . AWFSE
i, TRk COl JE P FIAF 5T T kiR ) Ty i
R AR RN L 2R, S5R BN, BEMEO
T A 1 B 78 22 R 1 A% Y TR 22 B PR 38 205 i o
0.794 F1 0.04274. 0.607 F1 0.02825 (% 2)., MLk
& DNA JFFN AL AR 08T, ol DDA AL T R 2
FEE 0B I 2 REPE ] (40 A5 40 B 4 FRRAIIG Pi(<
0.005) 5[ Hq(<0.5); 1% P; (<0.005) 5 & Hy(>0.5); &
P; (>0.005) 5 i Hg (<0.5) ; = P; (>0.005) 5 5 Hq (>0.5)]
(Grant et al, 1998). AR LY, 2 A-HARL P,
M He Y98, JBTH 4 Fh2SRY, 3 WL 3 ) o] i 7
sl 2R . T T4 (2011 Rk I P2 4
TFhRie X PEEE M 4 AT WU R AL AR EA T T F5E
G NIR, AN HHIAR IR G B KT 0.752,
o R L 2RO . 22 K45 (2015) 1 5%
FWT, PP Y FAAS TY ZAEPERE ORI R 26
RSB 1M 0.870 1 0.045, ¥ 5ABFFT 45 5 —%,
KT, — 7T, ST W T O IR BT K Y



% 41
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WL ZFEME, R T AR A 0 1) PR B8 Y g
Kt 77, Shpinm i R R 9 R ] R & R R
FHSRGE T ORUE ;s o5 — 7 T, SEEE I L AR 7% 5
FITRFE, HETE TCEIE BB iR . L, 405
IR T Y A S VR A, A e A S RS B R AR
DX, BB RO | 45 0 R A Ak v M 4 4 il
G T B P — 25, DGR L TR R Y 2 R
Kbt

R4 Balloux 45(2002)%2 i AnifE, Fg (HTE O-
0.05. 0.05-0.15. 0.15-0.25 43 31| 32 B BE A i) A 41K L
R AL KT TEARBEIE R, T ESIIE R BN,
2 IR AR S B BUR AR IR, 78.26%, T
PR () 3o A5 A8 S 21.74%, BER ) 38t 1% 431k R 5K
Fg = 0.2174, HZiH450 i B & (P<0.01), FRHAHE
T TP T O PR R € Yl OB AR 2 R A R A Y A
I3At e PRI, O T 12 A YT g B € R 8 €6 A g il
SEER T A TR BN R

33 WM BAERBEESKIH

TEABEFEH, LRG0 H 10 N EfE R, NI RSk
M 7R, COl FAAERL S 2 MR 432, H 24403
AR Y 2 ] st A% R 5 451N (0.002-0.005) , 1 2 ™43
S[R3 A B 25 45K (0.081-0.091) (3 4).
M4 Hebert 55 (2003)42 Hi i) 47 il 4 7 f5e /Nl 18] B 25
h 2%, H )5 A% PR 2 K TR N Y st A4 R 25 K Y 10
fERARE, AT ARG IAE , BRI A AE 2 S Fh
) COl B Al —FZ A mfe 25 5. [,
FT COl FEHFH, XEE., mE., mEkhEE
AT AT R ) 38t 1 Z REPE A TIFY, 3 T
WLRER COl FAE AL S B B B35t % 43 b (Renard et al,
2000; Pfenninger et al, 2002; Wang et al, 2014), Hiitt
AT DA, YAl WA S COIL AR Y H Bt A% 431k
S AR RIS, AT RE SR BT T AR R AN [ B
PRI 2% 53 T 8 (Baker et al, 2003; Sousar et al, 2007).

— R, B D1 28 ELAG B ) e AU T B DL
I AT () 2R 855 Fi1 AR 25 25 (Baker et al, 2003), #3457l
WLAE R MBI 25, PR IS A AR ] AR IS
T R A ) v 2y g B A R R A 2 A
i TN TR U i< a8 VB N8 : R . B <X S 1 s e R 2 N
Gy AR XN, H R 7 DX IS R B AL ) 7 8K
1o (B SCHAAE, 2000) . 17 8 I8 T 400 R €2 0 8 0 3 A
M) o34 X —3, RBOLEUE 2 R AR H 8 A 1F
=5 AN, Gt ai R IR, PR
BT ARRAIE SRR W& 2257, MR
T W A R AR R S S BT E 2%

5(Wang et al, 2014), 550 & B, AR E1 %] 3]
W 5 HOB AR R AN ELA X R o AR A Hh 2R e
AR A A 24 I %R (Hb1  Hy5 2 Hb5,
Hy2), HISARTE 2 DANFEIS 2 1 (E 2), EEAR AR
il 8 22 [) P 35 A% I 5 R AR ) 1) 358 A% 1 5 (3R 4)
TESGE WL 2 DR (A @A) d, JET mtDNA
COI FLH 751 /3 175 51 4 Fp 45 %1(DT-1.DT-7.DT-19
A1 DT-31), %Rl DT-7 55541 3 Fl s B4 B i 3%t
flaS, Hoh, BRI DT-31 A A @A b H B
HoAth 3 LS RIAE 2 A HER TP H B (Wang et al
2014), FETIEA2EA COl FEH 75 %7545 4 2 >
RO A AR A T LU AT, SRR, 2 -l
HIRMIESFSHEA B EME2ZS, 1 COl RHF
A EE AL, Sousar %5(2007)ik N, W 2 4B
AR IR A Rl — AP S . R, A RIE AR
WAL AR LS AR, A BEHER AN [7] 26 0 ] dif
RZ BB ERER

& £ x #
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Genetic Variation in Two Phenotypical Populations
of Corbicula fluminea in Hongze L ake

LI Daming', ZHANG Tongging"’, TANG Shengkai*, ZHONG Ligiang",
HUANG Yuefeng?, MU Huan?, LIU Yanshan, LIU Xiaowei*

(1. Freshwater Fisheries Research Institute of Jiangsu Province, Key Laboratory of Fisheries Resourcesin Inland Water of Jiangsu
Province, Nanjing 210017; 2. Hongze Lake Fisheries Administration Committee Office of Jiangsu Province, Huai’an  223002)

Abstract In order to better manage and protect the genetic resources of Corbicula fluminea in
Hongze Lake, molecular marker (mitochondrial cytochrome oxidase subunit | gene sequence, COIl) and
morphometric parameters (wet weight, shell length, width and height) were used to investigate the
differences in genetic diversity and morphological characteristics of two populations with different
morphology in color: black and yellow. Morphological analysis showed that the morphological parameters
were significantly different between two populations. Using PCR amplification and sequencing, 614 bp of
COI sequences were obtained. The base composition of COIl sequences were very similar between black
and yellow populations, in which the A+T content was higher than the G+C content. Seven haplotypes
were found among 28 black individuals; the haplotype and nucleotide diversity were 0.794 and 0.04274,
respectively. In parallel, 5 haplotypes were found among 30 yellow individuas, with the haplotype and
nucleotide diversity being 0.607 and 0.02825, respectively. The genetic distance varied between 0.002 and
0.091 among all the COI haplotypes. Molecular phylogenetic trees were constructed using neighbor-
joining and maximum parsimony, suggested that the COI gene haplotypes clustered into two clades.
Analysis of molecular variance (AMOVA) based on COI sequences suggested that 78.26% variation
occurred within the population, and a lower percentage of 21.74% variation occurred between two
populations, and there was significant genetic differentiation in both populations (F¢=0.21736, P<0.01).
The present results suggested that black and yellow C.fluminea populations in Hongze Lake should be
protected and managed as two independent units in genetic resource.
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