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1.1 HAREXEFMDNARE
VE A T AR A2 AR = M, B E R

PN o KB Ak AR B T 95% < I rh s ]
THE, ARG T DR 2420 mg,
0.9% ) A= T Eh 7K 2 10 24 12 h(3Y) 1a] B 4 4k P 3h 7K
3~41%), FFRAER By —S 07 42 UDNA . 3R45 1)
DNA FI % 2 B8 11 40 B ASOKS: I L 4 B ANk B, e

FEHE AR 1) o J5 ™ Ml I SR A A5A ) R 5 3] K DNAREM L E TEAE20 ng/pl, PRI T UKHS
MR UL RAE (0N S EIX . IR . I, H O &
x1 KPHREERRERRI
Tab.1 Sampling sites and situations for N. taihuensis

KA R FEARHU R fit e b EIPNE KR AR /km? G/

sample site sample number nature of area introduction time water area longitude/latitude
K TH 68 J5 7 4 2338 E 120°19/N 31°25'
i cH 75 J5 7 750 E 117°53//N 31°51
=R EEX SX 85 NS 1084 E 106°15'/N 29°17'
I8 QH 109 NS 19914 309 E 102°18/N 27°32'
¥ EH 112 NS 19804 246 E 100°12/N 26°35'
JHilb DC 70 NS 19794 298 E 102°42'/N 24°50'
PLAl FXH 65 PN 212 E 100°19"/N 24°19’

12 WIEEHH
RHAALREREMEZ R E . 284
LR 10X 3 R T AT R B E B oY, LA
f7 5 CANE38. Nt39, Nt45, Nt49, Nt50. Nt54.
Nt59. Nt61. Nt63FINt79>, PCRZ I A fAFH >
10 uL, 1335 Taq DNAZR A 0.5 U(Fermentas),
dNTP 0.2 mmol/L, MgCl, 2.0 mmol/L, 1xBuffer,
51470.2 pmol/L, DNARARZ120 ng, #b7o K H 7%
WK ZE10 pL, PCRY B P M 95 °CHIAE
5min, EHHITISNDIEN: 94 °CEMA40s, 56°C
B k30 s, 72 °CHEMI40 s, fx 572 °CHE fi
10 min, S ZEPTC100%I PCRAY b kA7, 4 37"
%Hﬁkﬂ’“'%E’JS%%%W‘J@%@M%%E&%%%%%
, AR Y HEA T A
1.3 BB

HHEDNA Markerbric F11# L & DNAK T
R, A SENL AL & . A FHCONVERT 1.3.1
AP0 25 AR A5 A0 ik PR 4t R R B 46 A A O 3
Tt AL 2= A s A 2. HGenepop 1.251 1)
IR A B Z RSB, GG 25 00 s 19 55 00 JE
HECH V). BRCGENSEHECH (V) W 2% A
JE(H,) . BIERA B (H,). BAREWD .

ShannonfZ
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FHPIC-CALC 0.6% {41158 2 A A5 B8 5(PIO).

Iy T8 S5 22 50 FHANOV AR (4P 5
Rl N R R N [N O B e AR IRV A = AL
FZEMDESMNERMRNESR, TALZELL
B P AR IEATIAANA IE o R IR [0 38t 4% 5
WAL A FE B Arlequin 3. VB2, it
T 35 PR R B R A Exact i 8 ) 51 58 4% 434 1)
B EPE, W IBDWS 3,235k 42 [ Mantel 46 6
TR, XN [A) ol 3 3 B 86 R b L B G ) A SR
PE AT A 50 (2 805 E 10 0000 H 5.

BT Nei'sitfZHE R, RHNTSYS-PC 2.1%k
FEPIrp 1 SAHENAR FF A AR AL - 34 2 (UPGMA)
AT R, FHLEAMVSP 31514 (http://www.
koveomp.com/mvsp)3& T 5537 F PRI 5 X B AR st

&5 EAT 2 RSN AR BT, 43T B A I 174 A L 35
fERFR.
2 4

21 IBfEEHEM

WL 2% 5 BE - TSI >3 Al 1) > = ok 2 [X >
(&>i(ﬁﬂ>/ﬂ{ﬁ>@£/ﬁﬂ, WG Hb>IF
>0 A1l I8 > = ik )2 X > K 18 > TR 9 > 5118 (2 2) 5
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Tab.2 The genetic diversity parameters of seven populations of N. taihuensis

Bk 2H L locus Bk
population — parameter N8 Nt39 N5 Nt9 NS0 NS4 N59 N6l Nt63  Nt79 total
Kl TH N, 3.000  2.000 2000  7.000 5000  3.000 4000 4.000  7.000  5.000 4200
N, 2359 1769 1110 3.564 2043 1373 1322 1549 2570  2.602 2.026

H, 0438 0298 0104 0688 0417 0250 0192 0271 0542 0417 0361

H, 0582 0439 0100 0727 0516 0274 0246 0358 0617  0.622 0.448

PIC 0510 0340 0.094 0676 0459 0248 0223 0331 0584 0571 0.403

I 0968  0.626 0205 1477 0940 0512 0476 0705 1331 1210 0.845

$3 CH N, 3.000  2.000 2000 6000 3.000 2000 2.000 4.000 6000  5.000 3.500
N, 2612 1465  1.043 2228 1738 1064 1394 1314 2084  2.166 1711

H, 0417 0229 0236 0542 0458 0063 0255 0229 0333  0.542 0307

H, 0.624 0321 0041 0557 0429 0061 0286 0242 0526  0.544 0363

PIC 0540 0267 0040 0524 0350 0059 0243 0219 0488  0.500 0323

! 1019 0498 0101 1172 0679 0139 0456 0469  1.069  1.065 0.667

ZUkFEIX SX N, 3000 2.000  3.000 6000  3.000 3.000 3.000 4000 7.000  6.000 4.000
N, 2722 1644 1252 2512 2643 1228  1.199 1993 3425  1.947 2.056

H, 0304 0256 0178 0600 0395 0205 0133 0511 0681  0.614 0.388

H, 0.640 0396 0204 0609 0629 0188 0168 0504 0716  0.492 0.454

PIC 0558 0315 0.88 0574 0550 0172 0159 0430  0.662  0.428 0.404

I 1047 0581 0404 1276  1.033 0366 035  0.860 1439  0.924 0.829

I3 QH N, 3.000  2.000 3.000 7.000 3.000 3.000 2000 3.000 6000  4.000 3.600
N, 2880 1704 1314 4122 2039 1319 1546 1314 3569  2.158 2.196

H, 0.604 0125 0104 0854 0521 0271 0333 0271 0745 0438 0.427

H, 0.660 0418 0241 0765 0515 0245 0357 0241 0728  0.542 0.471

PIC 0579 0328 0219 0718 0447 0226 0291 0219  0.690  0.439 0.416

! 1078 0.604 0455 1540 0.865 0480 0538 0455 1525 0875 0.841

L EH N, 3000 2.000  2.000 6000 4000 4000 2000 4000 6000  5.000 3.800
N, 2712 1573 1255 3969 1973 LIl 1230 1606 2224 2321 1.997

H, 0.667  0.146 0063 0604 0438 0104 0167 0375 0438  0.458 0346

H, 0638 0368 0205 0756 0499 0101 0.8 0381 0556  0.575 0.427

PIC 0559 0298 0.182 0708 0460 0098  0.169 0343 0523 0507 0.385

I 1047 0551 0356  1.517 0957 0254 0334 0712 1175  1.068 0.797

Y DC N, 3.000  2.000 2.000 5.000 4000 4000 2000 4.000 5000  4.000 3.500
N, 2771 1999 1180  4.597 1985 1418 1571 2126 2036  2.298 2.198

H, 0417 0178 0042 0702 0479 0244 0205 0542 0426  0.535 0377

H, 0.646 0505 0154 0791 0501 0298 0368 0535 0514 0572 0.488

PIC 0567 0375 0141 0748 0432 0279 0297 0484 0470 0475 0.427

! 1059 0.693 0287 1566 0865 0619 0550 0979  1.007  0.943 0.857

FEALH FXH N, 3000 2.000 2000  7.000  3.000 5000 2000 3.000 8000  6.000 4.100
N, 2442 1800 1358 3313 1669 1.636 1306 1542 2185  2.404 1.965

H, 0333 0333 0104 0688 0438 0438 0188 0354 0542  0.604 0.402

H, 0597 0449 0266 0706 0405 0393 0237 0355  0.548  0.590 0.455

PIC 0522 0346 0229 0649 0359 0351 0207 0324 0519  0.546 0.405

I 0988  0.637 0433 1384 0713 0751 0397  0.655 1209 1.199 0.837
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Shannonfs B 48 % TE It > 1> I M >FEAls > =
U e X >V > B, 2 A B AR BN HEF
HWMAERGENHY —3 . ARMEM . I8
T PN RN = e B DCRE AR A I 2 5 R L
RG22 AT B AR B T b O A
SRR AR B I B AR AR T WA e T AL
W o MK AY Shannon s B IS 50 T 7= Ho K
Sy B NP Y 7 o 11 N ) J =4 P | A
16 1) Shannon i 5L 1§ £AK T A W5 FF 44 1110 5 T 52 180
TR, BERE, ANRHEM . IB%E . S0
=0 PR DX AR Y 35t AR 22 R PR KO L R T b
B, AR TE TR A ) 35 A 22 R T KO T
77 M T = TSR A, R b S Y 45 A
G SE R T s Z R AL

22 BEEBESBRESR

HER ] /Y 35 % 1 252 0.0062~0.1013, IR
A 55 S50 1) 35 A% R B AR R, R R ALl A A
AL IE B B /N (F63) . UPGMA R/ B 46 51 LI
Lo JR = b oKW 5 A AR HFEAN 0 1R B e R A —
B, 5 T RN SR s — 4 S, BRI A =
W2 X SRl — 35, 3K A3 R E A IR 2R
e R nr UL, IS R AR R At A AR Y 3
R R L, K Sl Ym0 R i .

IBDAG 55 235 5 Wb 7 352 4% BE 2 5 b 3 R 25 A
K (R=0.195, P=0.239)(%12), 3B A1 37 £ 1 B 1A
AN TR BRI S AR

R3 KPFRaBFFAMEEERT =AM
EESHERE=R)
Tab.3 Pairwise genetic distance (below diagonal) and
genetic differentiation (above diagonal) of

N. taihuensis populations

REfE KM BN SWOEX IR i S Pl
population TH CH SX QH EH DC  FXH

IR 0.0354" 0.0249°  0.0670° 0.0046 0.0203" 0.0024
TH

i 0.0261 0.0411°  0.1198" 0.0351" 0.0638" 0.0324
CH

ZURPEX 0.0275 0.0271 0.0675" 0.0317" 0.0492" 0.0281"
SX

IR 0.0669 0.1013 0.0736 0.0596" 0.0747" 0.0827"
QH

VHig 0.0073 0.0259 0.0304  0.0560 0.0262" 0.0105
EH

P 0.0230 0.0471 0.0520  0.0794 0.0238 0.0230"
DC

FA 0.0062 0.0240 0.0320  0.0847 0.0122 0.0261

FXH

i TH

A FXH

T EH
[ L mwnc
—IREX SX
Hi4 CH
IBifg QH
0.08 0.06 0.04 0.02 0.00
E1 HETFNei’siBZEESMNUPGMAR AKE

Fig.1 UPGMA clustering result based on

Nei’s genetic distance

0.20 T
0.18 1
0.16 1
. § 0.14 +
2oy
Eg 0.10 + °
£ 5 0.08 1 &
£ 0.06 + § o S
0.04 + °
0.02 + °9 ® ©0 09
0 —t :o —_——
-1000 =200 599 1399 2199 2999
MR R

geographic distance

2 Mantel#& 36 5 15 25 55 5 3t 38 BE ES 4R X 14

Fig.2 Correlation of genetic distance and

geographic distance by Mantel test

23 BRSO

Gy ¥ 7 20 HT(ANOVA) (RN s, REZH
WAL AR SEAFAE T R W AR A AR 19 (95.78%), #F
TR T] 1) 384 728 57 4.22%, [ 78 B B(F,=0.0422)
B, X R AR A 7 R R A A 5 Y
INRUBE G oAl o BER PR LL B 21 A v
18(85.7%) I~ 414 v 47 7 A~ e U i) 535 10 it £

R4 KMHERE BB REWANOVAST T
Tab.4 ANOVA analysis of genetic structure in

N. taihuensis populations

E: FPIEAREEESR, P<0.01
Notes: *. there was significant difference between two populations,
P<0.01

http://www.scxuebao.cn

SEA JiEMs JTEH

percentage of

A St KU H i

sum of variance

source of variation dr .
squares _components variation

Nl 6 69.613 0.095 422
among populations
FEAR AN Ta] 329  814.969 0.321 14.27
among individuals
within populations
AMEIKSE 336 616.5000 1.834 81.51
within individuals
AR 671 1501.082 2.251
total
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I3 AE(P<0.01)(F3), 3%t iiF S fE 4 [a] 33 4% 7 fb 55
W IR 5 AR R O 135 4 43k 48 BUE
K CFHF=0.0786), HK Ky 5115 HAWFEAAT
B A% L3R B F,=0.0546) . TSI 55 5190 1)
WAL L B K (F,=0.1198), TG ¥ 2H 45 b 5 #6:
) PR AT A [1] 2 5 352 % AR 08 S A vs. TN
Kitvs. . PeAlisvs. H

MV SPZ BT 11T 34~ 3 B4 19 = 4 A b 18] I &

3, AU IS REAR . = e J2E DCREAAR H A 7
PR3 590 53 A 7834 [ () 2 () 4R B2, e W] XS e
R, =X AR AW B EE s, N T
BE T A b o3 A )T R £ R A 2 TR] B8 A Ak
RF, SO B TR =02 DXRE A4 DL A ) 51> A
PR R R  — T R A T A A TR (TR
4), PP B A RS IR A S ok,
15 HABTE A Al AT —E R B 7

3
~0.05 axis 3
-0.10

3 KMFRATN RN ZER R E

Fig. 3 3D scatter plot of seven N. taihuensis populations

0.24
0.18
0.12
0.06 |
g% 0]
% -0.06 |
-0.12
-0.18
-0.24
-0.30
-0.30 _
024 018 012
1
axis 1
022+
0.17 +
D¢ o]
4 A
’ CH
NNm 0.04 +
g2 —+———+—1+—+—+—+—
®-022 -0.13 7000614 10.04 0.13 0.22
e EH
TH——5 08 T——FXH
-0.13 7
-0.17 +
-022 L
A
axis 1

4 KHFRESNEHFN LR SE
Fig. 4 2D scatter plot of five N. taihuensis populations
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SFCTHLER T 13 PR AR B J 7 55 A AR 3 1) 3t
feZFEIE, K BUK 2 BRI AR 3 5 D7 3 1Y
% ZREPEACE R Y, 2R AR M 1 35t 1% &
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18 Z2 AR AR T I 7 s Y 7K o A 58 245 21 [ A
WAUESE 13X — xi, ASHFIE 0 54 AR Ml 18 K9 B
WAFER D, 4D NRBER AL 2R T
FEHL, A AR AR TR R WA AT T
J5 i R AR B A 2R . SR, ]
RES Z G Bl PSS SF R R G . fE201HE 20
SOAEARHIH, RWIHR M I R vk, H
VAEE2/ ClVNE | Eq= E- N RE R IV 9L v 8
I I, IR R0 B b AR £
AR 20 Z2 51 R, RS A [R] — A5
e A, RERS ™ ARSI, A nlfE
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HREEE A AR MW IEMC, mKF S
(2= NV DN LB CRUR ST $ii X (o SrP AT
A MR AEBE, A BT HE Ry ., BEARIE
B K T80 9 4R £ 7E 51 A Hb BB AR P Ml BB Y 2R
B, TSI AR PEH R, = R AR,
T B Y b A 3 SRR ) AR a0 Y
AR FE 4 A AR ]I 35t 1 22 W P v 1 7 b ke
B, ARHLEAKCE 8 G Z R A AT REIR T K
T B 0 S g ) R AR T o AR R YT R
A A 2 FIRK 2R S BB AR TR AR
=M EEEE, B THRRE KRS, —FHE
B ERREARE™S ) 0 TR R R A R

AW KB, I H I 5t A 2 R
ik, PRETUEMBERER BT, D4Rk Bl E B R
BEAWIME ., EEmMERL, RMFEIY
IR A Ay 28 B0 i b R B G At 1 v IR AR
Z, B L EWAY J18% (Coilia ectenes)iz i, X
HAJE R T WA SN e G R, 207
) R 2R BT SR R B AR A B 2T
R, RaEAS BT 25 AT R <5 Bl H 4 a7 1) 5t 1%
ZHREMEIE G, DN R ™ M S5 R 5t 2
FEPE AR

SRS RML, KR s L A R
FEAFAE T RER N (95.78%), BEARIR] Y8t 1% A8 57
H422%, FERBAATERE RS, LM
S TR BT R, ZBORE IR ] A 25 S
F L UL K R o B AR ) AE A 0 Y s A Ay
fbo ML, IR S oA 6 S FEAR RN
WAL b FE B K, MWUPGMA R R K i m] L
FER RN R R N 1 B S T RS A
) o SR . e R DX TR A A 43 i S At R
PRI Ay — o BB 434k, MVSP 4 43 #T 1)
A L v 3 B o v R N T N N T e
Mo KB aERIL D MMz, HE
B R AR M AR, s AN R ISR Cytb s
X 84 Jirt 77 b 1) I T A R £ B A 43 AT A Sk o HG
Ji 7 M A AR 18] 1) 35 4% 0 A6 25, Zhao %545
N TR s N TR £ A R T ol = 3 o
FEPUA BB 20 Ak o R 7™ Hb B AR () 352 4% 45 44
BADERZSE, WY TN 5] A As
AR R, 3 AT HE A2 0BT AR £ 5 | A s T R
AR AR BRI Z —

A AR Py ) 35t 4% 728 S5 ] R B 0 AR ) Fil
(1 1 B PR 4. UPGMA R 0BT s = Bt o i
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A RE R AR W TR Ry — AR, ik IX
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BUAE ST . KITHAR fa F 201 28 804 R AH 4k 5| A
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904FARTIATRIE, FFIE s BB AR, SR TTEAL
9 R = e I DX I A N 5 LR A Y i
o oA vE g A BT S T R = A
LI NI 5o N S U L SR LR NG 7 | R
TETEAN W) PR G HOTIE CBE AR B0 A HE AR
=R X AESE 175 mE K HAR)e, A% P
B — ST E S R WIA S RS, KIL
H TS i R T B A T AR B A DOR R B,
FRERE P, HEDOR W BT R B R R) EE R
NN A SR EL, B R IR i
UNAPNESES ¥ RN CIPNGE S S S 7 | R
Je I — M ARBHRZS R BFE, 1 HAY ORI,
=W DR U el 1 SR 0 AR AR O i B
o FFH, HASHTIE A5 L O R AT LAHE AL
TRV TE Vi A A 1 ORI T R R I AR
A5 S 7 R T B A 22 A AR M R R
AT LU R AR O e L A, T RESR R
T2WGIFER - HEITRE . K52, SEG™
AT S N B, AT 3t 183 1 20 R T G 3
ORI T L R A L AT I 35 ) A A A 25 S
DX ARRPEEL D) TG G AMBEREE AT E R K W
R 075 TP R 2 R e R R AR B E A
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Population genetic structure of Neosalanx taihuensis between invasive and
original areas revealed by microsatellite DNA

LIU Hongyan, LI Cunyao, XIONG Fei®
(School of Life Sciences, Jianghan University, Wuhan 430056, China)

Abstract: Neosalanx taihuensis is a small-sized freshwater fish from the Salangidae family, and is found mainly in
the middle and lower reaches of the Yangtze River, including its tributaries and affiliated lakes. N. taihuensis has a
high commercial value, and was therefore introduced to lakes and reservoirs in many Chinese provinces during the
1980s. It very rapidly adapted to the new conditions present in these lakes and reservoirs, quickly becoming the
dominant species of fish. This caused a population decline in several native species, which led to notable changes
in the community structure of fish and even local extinctions. It is currently understood that the level of genetic
variation present in a population influences its ability to adapt to changing conditions. Therefore, in order to better
understand the genetic mechanisms that allow N. faihuensis to successfully invade and adapt to new ecosystems,
10 microsatellite loci were performed to comparatively analyze population genetic structure of N. taihuensis
between 5 invasive areas and 2 original areas. Genetic diversity parameters indicated that invasive populations
from Dianchi Lake, Qionghai Lake, Fuxianhu Lake and Three Gorges reservoir had higher levels of genetic
diversity than those living in original areas of Taihu Lake and Chaohu Lake, and invasive population from Erhai
Lake had the lower level of genetic diversity than that from Taihu Lake, but higher level of genetic diversity than
that from Chaohu Lake, whilst original area of Chaohu Lake had the lowest level of genetic diversity. The value of
pairwise genetic distance was from 0.0062 to 0.1013. The genetic distance between Qionghai and Chaohu
populations was the greatest, whilst the genetic distance between Taihu Lake and Fuxianhu Lake populations was
the smallest. Both genetic distance and UPGMA clustering results showed that the Qionghai population had the
farthest genetic relation with the other populations, whilst relationship between Taihu Lake and Fuxianhu Lake
populations was the nearest. ANOVA analysis revealed most of the total variation occurred within populations
(95.78%) and a small amount of differentiation among populations (4.22%). F; value (0.0422) was significant,
which exhibited a low and significant population differentiation. Out of 21 pairwise comparisons of populations,
significant genetic divergence was detected in 18 pairs (85.7%) of populations, which also confirms the significant
population differentiation. The value of F, between Qionghai Lake and Chaohu Lake populations was maximum
among all pairwise comparisons. Significant genetic differentiation was not found in three pairs of populations:
Taihu Lake vs. Fuxianhu Lake, Taihu Lake vs. Erhai Lake and Fuxianhu Lake vs. Erhai Lake. MVSP principal
component analysis demonstated the populations from Qionghai Lake, Three Gorges reservoir, Chaohu Lake and
Dianchi Lake displayed a clear differentiation. It could conclude that high level of genetic diversity and the
significant difference of genetic structure might be the important reasons for successful invasion of N. taihuensis.
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