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[(FE]  IEREFEWME S ( Culter alburnus) T T 7RIS AE ZREPEIRGL , RAEBLEDT 6 TEALL 233 g
i1, SR FHE BRI HI X D-loop 2P FNHEA T A% 2 REME AT, S5 R Wom B BN LRI D-loop PN B 934 bp~
936 bp, B3E (A+T) & (66.0% ) W i 5 T (G+C) F i (34.0%) . 243 5k D-loop JFHAG H 23 AR S 45, b A5
9 AN —(F BALE, 14 DRTAME B, 6 DR LRI 22 N EAE R 23R R A5 T Z 06 (H,)) TR Z
FEVE(P,) 43 319 (0.794+0.019) F1(0.002 510.000 14) , 3 H &5 H, FUE P, B85 MR, 6 AR At
BB 038 1% ALV B (H, :0.87320.038, P, ;0.002 95+0.000 35) , [ ] A4 14 388 % 22 REME A (H, 0709+
0.064,P,:0.002 03+0.000 31). 43 J5 22431 & W, BEURIR] 19 4> 725 5 15 10 0.43% , BEAR N 19 43 F 22 5 i Lh
99.57% , 53 T 78 5 EB R AEAERHR . BEAREEAE LT84 F, h-0.019 12~0.028 01( P>0.05) , R IAFHAK RN A
LSRG A 1h. B A R SR (b RS 20 I 45 S50 T i, BRI B 2 L s A B A R Ol — A1k fb
O3S AT IR 2 1) M R (AL . v G 6 4 SR S T AL R SR M) B AV A 2 ) S R D Ik . AT
SERLRU PR 611351 2R RAIG 6 AN TR (8] 6 R 38 A 2 L A0 R B3, K 6 AN FEIRAE D — 4
PR TTHEAT R, 5 R RS it £ 20 M 01338 1 22 S 52 FLAD R
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Genetic Diversity Analysis of Culter alburnus in Hongze Lake

Based on Mitochondrial Control Region D-loop Sequence
Yang Ziping'*,Li Daming',Liu Yanshan',Gu Xiankun',Yang Jiaxin®

(1.College of Marine Science and Engineering, Nanjing Normal University , Nanjing 210023, China)
(2.Freshwater Fisheries Research Institute of Jiangsu Province,Key Laboratory of Fisheries Resources in Inland Waters

of Jiangsu Province, Nanjing 210017, China)

Abstract: In order to understand the present genetic diversity of Culter alburnus populations in Hongze Lake ,we sampled
a total of 233 C. alburnus samples from 6 geographic populations and conducted genetic diversity analysis based on
sequences of D-loop control region. The results showed that the full length of D-loop sequences was 934 bp—936 bp, (A+T)
base composition(66.0% ) was higher than the (C+G) combination(34.0% ). A total of 23 variable sites were identified in
243 D-loop sequences in which 9 singleton mutation and 14 parsimony informative sites. 22 haplotypes were defined in
6 populations. The overall haplotype diversity index( H,)was(0.794+0.019) and the overall nucleic acid diversity index
(P;)was(0.002 51+0.000 14) ,which showed high H, and low 7 genetic pattern. The highest and lowest index value of
haplotype diversity and nucleic acid diversity were identified in Hongze popluation ( H,:0.873+0.038, P,:0.002 95+
0.000 35) and Gule River population( H,:0.709+£0.064, P,:0.002 03+0.000 31) , respectively. The result of AMOVA
demonstrated that 0.43% molecular variation was among populations and 99.57% within populations, and molecular

variation mainly occurred within populations. The values of pairwise genetic differentiation index were —0.019 12—
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0.028 01, which revealed that there were no sigificant genetic differences among pouplations ( P>0.05). The NJ
phylogenetic tree and network structure diagram of haplotypes showed that there were more shared haplotypes among
populations , and haplotypes were clustered into one clade without forming a specific geographic genetic structure. The
results of the neutrality test revealed that no population expansion happened in evolutionary history of C. alburnus. In
conclusion, the genetic diversity of C. alburnus was low, and the 6 populations can be viewed as a management unit.
Furthermore ,we should take measures to improve its genetic diversity and population size of C. alburnus in Hongze Lake.

Key words : Culter alburnus,mtDNA control region, genetic diversity , Hongze Lake

FUMESA ( Culter alburnus) J& T #£IE H ( Cypriniformes ) | # %} ( Cyprinidae ) | #f V. B} ( Culterinae ) | A J&
(Culter) ARFREI GRME 122 RE )2 00 A0 THE oK F . e 2 60w vh ds R iy —Fh 28 SHRTT
fiyt BT FAAE TSRS Sy o [ D O o SRR A A R R PR ST AR O 1 | PR A S B IR T AN
Ay, TR F2 B2 Pt SRR WL A FR A A 22— S B Ry IXURE PR PR A0 2 2K A S R g 1y T
PAH PR B A R N R 2R AR Wl /N A R A W R ) TERR E AR S R G A A )
RErP A B ZAE . AR 2t BT IRBETE Y BTG 18 MR R A AR i RO o) A e U )
RIS FECUA R SR AN B AR T 34 ™ H A S 56 5 B e 5 5 U0y o A ik TR 1Y)
[ A

VS A M B RIF o = AL TP K BT FRAERR R IR A S5 T A SR i1 A ¢
PR AL DR T ISR A 5. 38015 A6k RIS R 2R | 2 Wl A= A A tE Ak i Sl o 2 R 1 A s YR 2
M EZSHL. YRR DNA (mtDNA) VE A SMEAE Y BT, BAT 531/ BEAE TT B HE AR A% i ) 2R 35t
AR, DN B BAL 22 R5r T R GEAEIE 1 EZL 4> TARic ™). #4H1 1X (D-loop ) SR LRI DNA 111
—BARSRAS I HEA R /N G AR AR SRR R R LR IR DNA kA SR R E A gz BT A 2R
PRI 1 38478 S o 02

PR K AR LY 1597km? | 2 3R 55 DU RIRZK I, 2 VT 9048 55 R WA, P A A xR e
FIZKAL B ) 7K BN == & R 7K A A R, el i & SR PR T R A 25 1, 2 3R [ J2 IR Kl 5 b
Z B R 20 42 60 44X, [ PR AH S BT X it VR T 11 25 K il B R SR T IR AR IR AT . T AR SR A W U
AR LR S Y R R D VR A A8 K AR R 2 NI R A i R 1 R 2
I AP A5 VR R AR P T L Sy T T R SRS 4 VA T IR A ) O R ] A R
TR s S AR S . B H N L0 AT RE£s T BU R B A I 5% Z AR PERR AR, 2 3 s A%
T YO0 SRy T kG T R A X S A B AR ) AS TR R I 17 TR 2 B S A A A s A R AR
WFFER LRI D-loop J3 51 W LRI RS BOTE 1A 35t 1% Z AR VR AT 40, — Dy T AT A4 T 1 Mt 80
S 1358 1 22 R RIS 4G 28548 | 53— 5 T AT LA Ay SRt ) L S o Jo ¢ T D SR B fE R 22K

1 AR5k

1.1 SEIeHr#Y

2021 4FF1 2022 AFEFF UL FEIR IR A 78 6 SR SR AL G fif1 233 2, H bR (HZ)
38 &, mIEREAR(GD) 37 BB, B BE A (GLH ) 40 B B AR B (XKH) 39 J8 IR IEREAR (LH) 39 2, iR
PIRER (MLG )40 F2 , 45 BEARR S oRAE S AT B LI 1. g fr AR iR i, O 55 HUR B 48U A TEK &
A R AE.

1.2 DNA #2EX PCR ¥ & FaiN /7

K FH TaKaRa 72 73] 65 32 SO #7110 35 K 2 DNA | SR FH OIS AR I L KR T DNA B K5 DNA 2
FET-20 CHH.

P 1M 2R A R X 195 11K D-loop F:5'-CGTCAGTCCTTTACTTCGCA-3'#1 D-loop R:5'-AGGGCA-
TACTCACGGGGTTG-3'M") | iy L3t T A4 T REBE A BR A R4 . PCR SR Z 4 50 wL:2xPremix Taq™
25 wL(TaKaRa Taq 1.25U/25pL.0.2 mmol/L dNTP 1.5 mmol/L Mg®* {4, Marker  FLE SN FIFEEH]) ,
TG 1H45 2 wWL(10 wmol/L) ,DNA #E4 2 wL(40 ng/pL) ,ddH,0 33 wL. PCR ¥ 4L .94 °C FilZEE: 3 min;
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94 C7BPE 40 5,55 CHEME 30 5,72 CHEMH 50 s, 314

35 AMEHR ;72 CCHEMH 5 min. §7 84 2% 7 PCR X |58

B, PCR P28 1% R HEEEIE L kAl , 5 4% 1Y PCR

FEMIk A T A TR B A BR S R A L BR00E

M.

1.3 ZHIERAIEFS I 3322004t 1
K HH BioEdit 7.0 #7455, %P5 i 7

R AP TR IF 5 2 FE LX), SR Mega 7.0 31

33040/0//Jt 4

SETHFI AL ALR SR e it |

FER H] 19 Kimura 32 8005t 15 BE 25, 0 FH 4B #2 1% o SEAE 5 Sampling sites

(neighbor-joining ,NJ) MR PSR F R G K B S 33°0'0"t 1 01—125 km

GERFPTA B EARACE R A 51T fR PR K HE100"/K 1182007/ 11830077 118°40077 118°50074%
A 1000 UK. R Network B4 HLA 7RI I 2% 4], B 1 AR RS

FHVAREZR BT 2 [A] ) AL 5C 2. R ] DanSP 5.0 4% Fig.1 Sampling sites in Hongze Lake

TR R AT R e TR REE IR TT IR 22 S B s ZREE S R Arlequin 3.11 K4
4743177 2% (analysis of molecular variance , AMOVA ) 73T , 38 3 FFEAAR ] SRR N AR SRR RE 1158 PO R A4 )
H AL R EL F AH. SR Tajima’s D K Fu’s F, PRI SAZFRES C 3 A 200 e S 4 g 58 sh 288

2 gkt

21 FITRMEESENE

AT 6 DA 233 B EAIILARAE D-loop X T4, KB R 934 bp~936 bp, Hir1 215 %% D-loop X JF
B R 936 bp, 18 2k D-loop X JFHK R 934 bp 1% 18 25751 1E 828 Fl 829 1 i th BRI B2, Arg
A A T.C G B S5 0 908 34.4% 31.6% .20.7%F1 13.3% , Hodt A+T & (66.0% ) B i 55 T
C+G B (34.0%) , 2 H B S X i e 2 o i e 2

233 4% D-loop IXJFHIK i 23 A% BRAS T a5, Horb Ay 9 AN FRAL T RS S0 4, 14 AT 2945 B AL A
HARTG 22 S BAAERY | # R BAAETI ZZREPE 1 (0.79420.019) |, B R ZFEE 9 (0.00251+0.000 14) (% 1).
6 NREA T UEPEREAR Y G 2R K (H,:0.873+0.038, P, :0.002 95+0.000 35) , [ ] BE A4 i 14 2 4F
Pede/N(H, :0.709+0.064 , P, :0.002 03+0.000 31).

F1 T HARHBEEE SHESY
Table 1 Genetic diversity parameters of C. alburnus populations in Hongze Lake

TER Populations FESECE N ANV PAERIRE H B Z R H, WA R Z R P; SERETFIR 2 BB K

HZ 38 15 16 0.873+0.038 0.002 95+0.000 35 2.764
GD 37 11 9 0.770+0.048 0.002 28+0.000 36 2.132
GLH 40 14 9 0.709+0.064 0.002 03+0.000 31 1.895
XKH 39 15 11 0.767+0.064 0.002 89+0.000 35 2.696
LH 39 11 8 0.815+0.033 0.002 48+0.000 32 2.318
MLG 40 13 10 0.788+0.047 0.002 48+0.000 29 2.321
SEVA Total 233 23 22 0.794+0.019 0.002 51+0.000 14 2.348

# : N: Samples number; V: Variable sites; H: Haplotypes number; H, : Haplotype diversity; P; : Nucleotide diversity; K: The average number of
nucleotide differences.

22 BFBRERNANMRAZLXEXER

6 IR STRE RIS 1 22 NPT ol 11 AR RN 11 NIRRT A (3R 2) . 5 B
Hap4 Hap5 .Hap8 \Hap14 Hap17 HRFARAY L AR AR 192 4, SR BRI LU BN 82.4% ;
A% Hapl, Hap2 , Hap13, Hap18 — Hap20 &y 73 Fif A<t 525 B A% ) Hap3 | Hap6 , Hap9 —Hap12 , Hap15 -
Hap16 il Hap21-Hap22 S FFRSE AT Bt 3500 1 A4S, JL2 i i MAR A 222 A4S, A BEAR
I LE B R 95.3% , $27R 6 NRERIIAELE) 12 I B A8 Ui
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Table 2 Haplotype composition of 6 C. alburnus populations in Hongze Lake

F

BER Populations

Haplotypes HZ GD

GLH XKH LH MLG

Hapl
Hap2 2 1
Hap3

Hap4 8 14
Hap5 11 11
Hap6

Hap7

Hap8 2 1
Hap9

Hap10

Hapl11 1

Hapl2
Hap13
Hap14
Hap15
Hap16
Hap17
Hap18
Hap19
Hap20
Hap21
Hap22

Y OV SV UG )
W o= = o

1

20

1 2

18 11 16

N o= o

ISRV B 580 80 ( Culter mongolicus ) FIIAFHA ( Culter dabryi) AANERE R FHAR A HE AT AL 07 R

GEEM(E2).

GERER A B BN — 3, A AR A S BN B2 SO A, BEA TR IS M B A

IEAYTE R AR, S EAT R A 2 AL R A — S0 (P8 3) 3R 6 MR Z T R PR AR i 9%, eI el it A% 7 A /)

Culter dabryi
Culter mongolicus

B2 HEHEEABEE N R
Fig. 2 NJ phylogegenetic tree of the haplotypes of

C. alburnus in Hongze Lake
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AR Kimura XS BRATHRR RN LIRS (3R 3) ,

.
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Hap3 d H

Hap10
..
X
7-_. Hapll
Hap9 17
Hap6 :] GD
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Hap8 . .G
. _ Ha 4 e
’ @ B xxH
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Fig. 3 Median-joining network of the halpotypes

of C. alburnus based on control region
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PEURI] 3B AL AL EL F (B 0.004 32(P=0.283 48) , Ut 6 AN BFUR ] (1 22 53 R 8 2, i 1% o3 Tk A
. PIPTREAI] F {H5-0.019 12~0.028 01, FE I A5 R B3 WU WA R 7R B A HE I 38t
B bR B3 (£ 3).
x3 BHEEEEFES(NAET) EEIMUEBER(NAZL)
Table 3 Genetic distances(below diagonal) and the genetic differentiation index ( F-statistics ,F ;)

(above diagonal ) among C. alburnus populations

REIK Populations HZ GD GLH XKH LH MLG
HZ — 0.001 05 0.014 10 -0.010 87 0.014 46 -0.001 88
GD 0.002 57 — 0.021 58 0.013 70 -0.019 12 -0.012 60
GLH 0.002 56 0.002 21 — 0.006 61 0.028 01 -0.001 30
XKH 0.002 91 0.002 57 0.002 50 — 0.027 54 -0.010 18
LH 0.002 67 0.002 34 0.002 30 0.002 67 — -0.007 21
MLG 0.002 70 0.002 36 0.002 27 0.002 63 0.002 46 —

x4 HFHEEHBESFHESN
Table 4 The AMOVA results of C. alburnus populations in Hongze Lake

5 5 UR A B UE-2 Sy A5 5 Ll L R e
Sources of variation df Sum of squares Variance component Percentage of variation F,
FEUAIA] Among populations 5 9.723 0.007 21 Va 0.43 0.004 32
FERP Within populations 227 377.831 1.664 45 Vb 99.57
A1 Total 232 387.554 1.671 67 100

2.4 EEHEHE

KA RS /40 (Tajima’s D 1 Fu’s F, R0 Bl SARER DT st a3, a5 R BoR, W e
PR TR TC /A Ik R 28504 | H. Tajima’s D 1 Fu’s F, Kz B35 (P>0.05) , A 2] F
BEY K. At 4 ASFEAR DAL T FR S IC 4 A i 28 2 B (0 Tajima’s D Al Fu’s F_ RSN B3 (P>
0.05) , FRHIX 4 MK 25 I 2 AR SRBERL. A 6 DHEAAE B A3t , HAZ IR B G 43 A i 4 2 80
I {H Tajima’s D Fl Fu’ F, K34 .3 (P>0.05) , Ul WM SAREA e T 30 5 s AR/ M 3554
FE AR B R sk R

x5 HFMAEAREN PR
Table 5 Neutrality tests of C. alburnus populations in Hongze Lake

N EREX T

Populations Tajima’s D P Fu’s F, P
HZ -0.726 60 0.274 00 -0.495 53 0.328 00
GD -0.588 01 0.294 00 -0.051 60 0.514 00
GLH -1.338 93 0.090 00 -0.224 13 0.500 00
XKH -0.768 56 0.275 00 -0.804 21 0.377 00
LH -0.332 01 0.413 00 -0.965 43 0.690 00
MLG -0.751 11 0.244 00 -0.361 89 0.428 00

SR Total -1.036 02 0.157 00 -3.651 45 0.179 00

2.5 itig

R Z RIS Z R R N A, A 5 Z R A BE AR T 5 7= )
PRI AR SRt SRR S (H,) TR ZRERE (P,) BT — BRI L 2R 2
Tebr, H, AP, (AR, RIAREAR AR AL ZREME R 5 100 B R 22 A M % R4S B A B e B A o BT o
(O LA, 357 B RF R Z SRR T ARG B . R ZE S5 ST 1, 35T D-loop P31 6 A FAME SATEIR Y H, F1 P,
{43514 (0.709+0.064 ) ~ (0.873+0.038) 1(0.002 03+0.000 3) ~ (0.002 95+0.000 35) , B&AHEKE) H, il
P AHAY 3124 (0.794£0.019) F1(0.002 51+0.000 14). Grant 226 H, Fl P, Z A5 F 00K 4 FhEM. 5 H,
WP H, K P A H PR H AR P BT LI SRR B s ZREVE R T H, R P,
R iR Has L 2. AR A A o, 3R EME A0 70 HAh K R SO BRI Y s A% Z A B A &
H, % PR 5, Hetn, FREZAHS 6 ANIIAREA ND2 JEG H, F1 P, {H0 5170 0.915 02 F1 0.002 60'%) | K31
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