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SRR R A R R A AR 32 W DK A 1k
HAT 281, A A =R AR 54k = Fi
FERT, e AT L R I, BRI E T
Ve AK AR B (ELRE M VLY S A A L M e A
H A (C. leana) Wy = A5 L I [ 45, 117 476 6,
T KA HAM C. japonica N 45K, MR
PR, BeAh, R DU Ry AR BRI 2
[B) 1) 2R 22 1WA A4 THI 1R 0 AT R, T X 2 ] 8 1)
BT 4 T 5 WL 1 R 403K, AR LR A
fiF B R

AR5 UL FEIT 4 B A E 50 2, SR R 4okt
& CO T £ b0 3T HooE 47 1 R A gL, 2047 HE
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WK B T3 B W SR - e VLR A IR X B
(111.693°E, 28.987°N). FEmie¥ (SL). 7%
(SW) FI5Em (SH) SR A R ihr FRWE. 78
SR SALE, HETFRERRERIFIRE (W),
B EANERL, MEIRA SR T 5 8204
1.2 Col &R 1

KA ZIEL R 20 DNA $RBUR G G $2 BUH A
i AN BN DNA, Ml w Hob% &, #e HkE G, R
HFT-20C 444 H. Cco1REHFHT K HHE
FI 514 LCO 1490 F1 HCO 2198, PCR Jx M fk %
7920 uL, 45 DNA Bt 1 uL (100 ng/uL), -~
Wol 4% 1 pL (10 pmoL/L), PCR Mix 10 pL,
ddH,0 7 uL. M ZEHEFEF N 94°C AR Smin;
94°C A% 1min, 52°C 1B ‘K 45s, 72°C ZEAH 1min, JE
35 MEI; BeJa 72°C L Smin. §IHE ML 1%
LR R Gt i FELK AR 2 D EH PR, AL RNGE A A
T
1.3 MAlS5EMEE

Bouin’s [ & R A7 T VENRAR AR, 28705 K5 I
K ZHZRIE I KIER, TAW MY, HE 32
O JE R, B, DUBAE Sk ™0 e A S L
A DAPI 4ukl, B9 5 # 8 Loreh, T8, s8R
QA4 (Sysmex) MIAH X DNA &, DLW H A
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%2 GenBank HHANWLJE V12 CcO 1 A7
%), {#i Fil Geneious R11 #0545 5 313347
Yk, HEF. Bext. SRA MEGA 6.0 B4
Clustal W 3K B % 12 1E 5 17 51 (526 bp) #4172
X, LA Corbicula sp. H7 CO 1 3£ A %)) (Gen-
Bank &35 KT373825) 15 Ailh 2 44 2 (1) 4P 2K 8¢,
K Geneious R11H# 3: T 5 KSRV (ML) 11T
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2.1 ERESE

2001, 99 2k CO 1 R FH R AFLE12 A Hfs
B, H 17 MERA A (R D), PERZHEE. &
TR 2 FF 1t AP 39 0% H R 22 7 405y il 0.599.
0.01236 A1 6.503. F&T f KAASRVEFN ULt M7y
EMRAHN ARG HEAM A, BAR 1, 4. 5. 6.
7+ 104 12 BAMSIH —3L, A8 2, 3. 8. 9,
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I 2 RA. AMF (5 KT373825 BT —
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FEFAR 71 AN MEME 21 A4S, HEME 7 4. iR RA
FROERRERIAR EMERVEEMEAE SN 51, 154 1, T &R
RIcB 1205108 20, 6. 6; =A% R MEME R 440, EE
RIHEPEAAKR S 5N 330 174 1, T 54K 5A
38, 5. 6 (Kl 2). RTREAI, W& R 510 (P=
0.004) K51 54 5] (P=0.005) 2 8] 4F1E & 3 1)
FHRHE
2.3 BHATASHHE

Fror Al s E . e, AT & AN
1.63—5.45 g. 20.07—32.96 mm. 18.61—30.56 mm.
13.28—19.16 mm (3% 2). W7 Z o HriEs, =54k
WL ) e R A e 1R Y N 3 KT A AR, AN [ )
Fe AT R A AE R 35 22 7 (P<0.05). B4k, A
[ 2R A PERD P B ) 5E 4 . 58 B RN 5% 1 2 )
A EE (P>0.05).
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3 iTig
3.1 WMMERSES

PEN IR =, ST AR L CO T FRid B
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Z ik FENEHAEE . BRI,
F CO T FRit i RGP RN =A%,
SN REEE 2 RAL RleB AT SCU™ ™, 5= iyl frg
W & Subclade A Fl B 735X B N2 Hu il R RA I
RIcB. AWFFEHE—BiEsL T 1% & RA Fl RIcB 41
By Y, R e SR co T kget
FISEH Cyth Fric! e IR 2R BT 9t 45 51, B
Wk 2 RA Fll RleB A7 FIHBEA X . NAZ HOAS [F]
T A EE R 7, 1 2 RA. RleB il SC 178 2 P
HITEA A Ay By C, T 7E BRI 2 3 6 B 2
R. Rlc. S, g2 i X 75 Fh A 7] 3% 22 00 f) 55
K. Sem T 2 S 2R, #h— Bk
i 5 S0 T T2 B T B 2 R R AT B M ) SR
FH AL G5 T SRR AIE X Wi 13547 70 28 7 SR WK 1) T K
WA LA G40 2N 3R, SR 3E T DNA 4%

F1 12 CcOl BERINLESEFT (KT373825) FIZHERE RN A

Tab. 1 Variable nucleotide sites of 12 mitochondrial CO | haplotypes and outgroup reference sequence (GeneBank: KT373825)

16 52 67 120 132 198 220 246 255 275 306 340 354 408 432 435 441 447 513 516 522
Hap-1 A CT A G A C A G C T G T C€C A G G T G A G
Hap-2 G TC G A G C G A C C G CcC Cc¢c A T A C A A G
Hap-3 G TCG A G C G A C C A C C A T A C A A G
Hap-4 A CT A G A C A G C T G T C€C G G G T G A G
Hap-5 ACT A G A C A G C T A T C A G G T G A G
Hap-6 ACT A G A C A G C T A T C€C G G G T G A G
Hap-7 ATT A A A C A G C T A T C€C A G G T G A G
Hap-8 ATCG G G €C G A CcC ¢ A T C A T A C A A G
Hap-9 GTCG A G T G A C C G C C A T A C A A G
Hap-10 ACT A G A C A G C T G T C€C G T G T G A G
Hap-11 ATCG A G C G A C C A C C A T A C A A G
Hap-12 ATT A G A C A G C T G T C€C G G G T A A G
KT373825 A TC G G G €C G G T T G T T A A G C G G A

Hap-10 Hap-1

Hap-6 Hap-5

L ap RIcB Hap-6 0.9449

Hap-5 Hap-7

832 Hai—l Hap?lo

Hap-12 Hap-12

71.6— Hap-9 Hap-2 —0.8117
66;‘_|: Hap-2 Hap-9 :'4_|0.77743
84.7 Hap-3 RA Hap-3 0.8816
2 Hap-11 Hap-11 0.9995
Hap-8 Hap-8
KT373825 SC  KT373825
0.005 0.003
1 FET IR RBMAVE (F0) A DU (1) M2 CO T BERR A5 R R Gt R (GTHRE 3R AE &7 R 0
Fig. 1 Phylogenetic trees for the mt CO [ haplotypes based on the Maximum Likelihood (left) and Bayesian Inference (right, support

values are showed next to the nodes)
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Fig. 2 Sex composition of different lineages and ploidies of
Corbicula clams
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kB A B A KR A MR R B RE G EFHE
b AR L, (R R R AR B R 4 AR R
KA AN LEW A FHEAE H, o =%
PRWE TV A2 MEVE « R O A2 M A [ AR X v 2 5 4
Y. DR, KA UIvLsie A £ S5 — 2ot
32 HWMMERSMR

BRI CL28 p A T A T 525 Hb R 7K 7K 33
JRA BN TS, (5 A7 1 73 A B RO Hi I
ZE Tt o N A= HE 35 o A () A4 HL 78 T 1 i A% AR
B, J5L 77 2 R DU 7 6 M e S5 A AR O A [3) 4 1 42 )
K&, BB A A 32D . Corbicula
sandai M1 C. japonica ¥3)7& WEHE Ak HE WM AETH,
ATE A A H AR EE & (Biwa) W, J5 & 04 T /<
MV T RIR K KIS, 73 A 2 B ) R 1 40 A T P BE 2
PEE N S = A B BT

TSR o XL KPR T AT WEAE 1 S Ak i oK e A i
A /b B (R A, R A 58 4 e ME A S R HLME S
911 YR, BRYD. IR DL Sk R
A7 M I T /AR BB 2 A T R 1
SR S A, (8t R R B A AT R
YErh e R L T R SR T
VAT BT VTR A R R 1 2 LA
MERE R R MACN 2, FRAF — 2 LU I PR .
A1, 18] Y YT 0 U g e A2 R A A A S A
Miyazaki' ) A gl J& UL i 1 S 5 A0E 5 G SR A
I IAR G, FER MR U120 8 = 35 IR K AR e g
SRR R K A U A [ A RN K A M e S . AT
Fe &8 F 7, VA B i) DX A0R JR T 9k 7 A I [ A R e
SR AR A, Hlk R 5 15 2 A7 AE 22 HO M
S, (H %A S M S EARTLAE MR ) b T, AR
& UAE R X i R I BAE D AASAE . Ak, W
UL £ 5 0 ) el A i 7 3R 2 TR A SR M
HIE, BT I Ak 2 A e S A, A AR B,
[[TRE a2y L B N 3 N TR R N
FEAED SR i X R 4 5 e 2 1) LA
(IR D, AEAS [ £ 4 e A 3 0 2O 5 Fdk— 25
A 7T
33 WMEERSEN
FINFRIGHENZHE = & (RA. RIcB A1 SC)
(IR 257 S = A5 A, T L7 S ) £ 1 B 2 R
HAR C. sandai F1 C. japonica Y3178 —f54k H'E W
YAV, C. flumilea BEA — A1k, A =151k, C.
leana FIHETEANMA g — Rk, MEME R f4h = 440
BRI A0 ) YT PR T Ay A A, (ELDU )1 4 2 i LR
AL HR AT IR = 35 AR DY 5 A4 A7, IX 2 H A B
P — P DU AR AR B Bk 99 AMRER R
P AREER 50 AL S48 49 AN, B AR =4
PRI IEAE TR BEI X, (E 3 R 5 i 2 A0 B

®2 WMNEERFERNEESESH
Tab.2 The shell weight and adjusted morphological parameters of Corbicula clams

5% Group  FEAZ(Sample number 7 Shell weight (g) 7 Shell length (mm) 7% %% Shell width (mm) 725 Shell height (mm)
RA 67 3.09+0.74 25.3442.17 15.80+0.88 23.59+1.73
RIcB 32 3.24+0.93 25.8542.71 15.75+1.10 24.1442.16
—f#{&Diploid 50 3.04+0.72 24.09+0.49" 15.54+0.23 22.78+0.41°
= %44 Triploid 49 3.15+0.82 26.30+0.50" 15.89+0.23 24.26+0.41°
I e 7 3142081 26.1140.30 15.91£0.14° 243140.38"
lifiFemale 21 3.05+0.74 24.7340.46 15.66£0.21° 22.7140.83"
IfiMale 7 3.12+0.80 24.44%1.00 15.51+0.45" 23.27+0.25"
Fi A All 99 3.14+0.81 25.50+2.42 15.79+0.97 23.77+1.93

T BB R A BEROR A R R B S TR S5 5 = B2 (P<0.05)

Note: Different letters indicated significant differences between ploidy or among sexes (P<0.05)
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Tab. 3 The genetic diversity of mitochondrial CO I gene of
Corbicula clams

PLLER AR D TR S P ILTTR

AUGrowp Ty s BEREH,  REtr 2SNk
RA 5 5 0.246  0.00069  0.362
RIcB 7 6 0.438  0.00133  0.698
—f%4&Diploid 10 17 0.540  0.01105  5.813
=A%k Triploid 6 16 0.646  0.01352  7.112
fﬁﬁﬁ?ﬁo dite 16 0.539  0.01156  6.082
I Female 5 17 0.676  0.01217  6.400
#EMale 4 15 0.714  0.00923  4.857
F A All 12 17 0.599 0.01236  6.503

ARt . DRI, 5 1 AN A A A DX 03I B 38 X
A FE R AR AT . B A T A L
BHA C. japonica (2n=38) C. leana (3n=54) FIig
BT C. fluminea (2n=36) FIRZTY, HEM] = Ff
W 2 (E)AEAE S HE 55 2R, B MK AR VAL B9 K A,
E M e S A R 38 M A [ 7 A S, B A 25
n=19 @A n=18, Yk 53 —HARREN=
AR . A2 AR U A AR B AN VR A T T T0E A
W DL s AL B A T SR
34 WMAERSIEEZHMN

NAZ I 3B A 22 FEPERAR, W5 R RA A1 SC A
RS> A HE R TR M — 2kt Co T 3L
FERL, R RIcB BARE WA CO T ZR A58, H
P BRI RS | AN dhlEL eeEE. HAs
172 % CO 1 [FHh LRI 44 NHAFRY, FRAET 2
PRI R 22 BEI 23 B #E 0.284—1.000 0.00001—
0.00346"*", Wik 99 % CO 1 FEFFFIILRI 12
AR 17 NSRS, AR LR, HHRE
FEMERP IR R 22 5505 28 0.599. 0.01236 A
6.503, SRTHIFFLLE SRR, 1 R RIcB 184
. RALEEL AR Z R, PR BERLT
IR RRAS R T & RA, XFhZ R R 5 W
A RAF IR T AR, R Ry
CO T HAERLBAL Z AL 2 [HAH DA
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CHARACTERISTICS OF LINEAGE, PLOIDY AND SEX OF CORBICULA
CLAMS FROM THE YUAN RIVER IN CHANGDE CITY

ZHAN Jiang-Fan', PEI Hong-Qian', LI Ke-Jing', PI Jie’, ZENG Cong' and LI De-Liang'

(1. College of Animal Science and Technology, Hunan Agricultural University, Changsha 410128, China; 2. College of Agriculture
and Forest Science and Technology, Hunan Applied Technology University, Changde 415000, China)

Abstract: Due to the extraordinary range of morphological change and plasticity, coexistence of synonyms in genus
Corbicula has been proposed. Meanwhile, diversified reproductive modes and polyploidies furtherly complexed the
classification of genus Corbicula, which should be solved using more comprehensive and integrated methods. In order
to deduce the systematic classification and study the reproductive mode of genus Corbicula clams, the lineages of
genus Corbicula clams in the Changde City section of Yuan River was constructed based on mitochondrial CO |
maker, and the relationships, morphology, ploidy, sex and genetic diversity in this study were analyzed. The results
showed that 17 variation sites in 12 CO I haplotypes were detected in 99 CO I sequences (526 bp), and the haplotype
diversity, nucleotide diversity, and mean nucleotide variation were 0.599, 0.01236 and 6.503, respectively. All Corbi-
cula clams were classified into two separate clades based on the phylogenetic tree, respectively, corresponding to the
previously reported lineage RA and RlcB, but the shell length, shell height, and shell width were not different signifi-
cantly between lineages (P>0.05). Of 99 specimens analyzed, there were 50 diploids, 49 triploids, 71 hermaphrodites,
21 females, and 7 males. Chi-square tests detected significant relationships between lineage and sex (P=0.004) and
between ploidy and sex (P=0.005). The number of haplotypes, total number of variable sites, nucleotide diversity, and
mean number of nucleotide variation of lineage RlcB were higher than those of lineage RA. All above results showed
that RA and RlcB have some differences in morphology, ploidy, sex, and genetic diversity, but all these biological characteris-
tics were not enough to discriminate Corbicula clams from other lineages, and more directed and robust evidences
should be used to further confirm that lineage RA and RlcB belong to two different species.

Key words: Corbicula; Lineages; Morphology; Ploidy; Hermaphrodite; Gonochorism; Genetic diversity



