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fERE R 0.00173~0.03615 (Cyt b). 0.00193~0.02639 (D-loop); J8t1% 4 AL HEH(Fo) FIHE BRI L (Vo) 2 2R W] ST REMAAI
SL M LK FEIA [ 4475 W38 B A a0 Ak; 3 707 223 W1 (AMOVA)FE W, K 22 Tl £ BE AR 1] 14 378 4575 57 (94.60% . 90.69%)
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PRI A RE AR A i B 2 —, Ha bR
1M mtDNA 51| [X(control region displacement loop,
D-loop, XFx D-FRIX) NS5 4mhihHE ( 5T, #FbE=
P, 5 Cyt b 3ENES L EA7EfE 22 20 M,
mtDNA Cyt b FHF1 D-loop X 1E K7+ T-Fricd ¥
I R TR s A AT UL JE ©
BoF MK A mtDNA 551 K& 25 F s T
iR, AR H AR AL 2540 S 2 AR PR I R G4 iE
Ul BRgE KB, KAEBMIERE S S WY E
A 1 Z MR IR, rEx Z MR Rek
BRAMBF PR, KM R R
() —32, AR H ARl R GO R AR B! Pk,
ARWFFER K B8 mtDNA Cyt b P K&
D-loop X J7 81| %2 g B 1 XK 2 Fefa P st %

ZREPEBUR A AL S5 R R AT 20 A AR, LU
RS R AR R G . BTG 0 5 E ST
KM A Fpek A R fe (IS A3 .

1 #MEEFE

HEMmFEES DNA 2H

KA AU RE ST 2018 4F 4 2= 2019 4F 12 A
JH 1. 5 I WS4 T VT R T O P e g L XY
INHL(SL). D H(LK)AIA 5(ST) 3 #i(& 1), Haf
141 &, BUE SR LVE T IOK O RAF . KETE
LR 2] DNA ARIE R AR A AL BH (A6 50 A BRA 7
S H 4 DNA $2HUA T &/(DP304-02)i
FRHREL, FENZ] DNA 2 1% B IS AR I B Tk A
M, 17ET-20 CUkFR & .
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Fig. 1 Sampling sites of Pseudorasbora elongata

1.2 PCR ¥ EENF

H A NCBI s 2 K 22 3 £ mtDNA 227 5]
(GenBank: KF051938), #|H Primer Premier 5.0 1%
TEI AT Cyt b FEFFI D-loop X JFHP 4, A&
W 5% Br R 388 Fn e i 519 )% 51 2, Cyt b F:
5'-ATGGCAAGCCTACGAAAAACCC-3',.Cyt b R:

5'-AGGGCAAGCTCATTTTAGTGCTT-3'; D-loop F:
5'-TTAACTCCCACCCCTGGCTC-3' . D-loop R:

5'-CGGAGCTTTCTAGGGCCCAT-3', PCR S W {&
% 25 uL, f17% 10xPCR Buffer 2.5 pL, MgCl, 2 pL,
dNTP 0.5 pL, DNA £tk 1 uL, F. FHESI9%
0.5 pL, Tag DNA R4 0.5 uL, ddH,O #b 2 (4 A
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et ss: JLTRA Cyt b FLHF D-loop X351 By 22 Tl fa 3t 5 S R R 5T 1033

PR WiAEME 94 C 3 min; A8 94 C 30 s,
52 °C (Cyt )% 54 °C (D-loop)il k 30's, 72 “C 4L fih
1 min; 35 MEFF, 72 CHEAH 10 min, ¥ 1P %
b 1.5%ZFREWEEE R LKA IS, SRR o At
FEGI G A 1 Wy 4 e A B R R A
FRA A RDUr A F e R PRIED e Eafh v, fr
AR i 1R PO )
1.3 HESH

BT AS I - 25 542 F Vector NTI 8k £k 47PF
B, JPHEEHE S 7E GenBank W iEAT HEXT, BRIAY”
W R BRI AR H B9 e Be o AL Clustal X2 %k
A I 25 R AT X, RBR MR ITTART . s
Jl DnaSP 5.0 #3545 5L T Cyt b 1 D-loop J75
1Y A% BT (number of haplotypes, h) . FAG A 24
P48 % (haplotypes diversity, Hy) . 71 R Z A+
H(nucleotide diversity, 7). IR ZEFI55L
(average number of nucleotide differences, K)LA M
2 2545 58 (number of polymorphic sites, S)!'™), fifi
FH MEGA X #4115 Cyt b E:F Al D-loop X751
AR HEZE . 78 S S RS A L T 4 B LU,
K H B KABLSR 25 (maximum likelihood, ML)F4 ## 5
4i Rk E AR, 3 38 A5 B Bootstrap B K5
m 1000 M, 35 Arlequin3.5 B E 5L 4
fb$5 B (F-statistics, Fy) Fll43F 78 55 53 A7 (analysis
of molecular variance, AMOVA), &R (Nm) H1 2>
K Nw=(1-F)/4F P20, 58 4 1% (median
joining, MJ)F4 # HLA5 7Y ) £ 2544 [5] (Network 5.0) o

2 HERESH

2.1 KEESLHE Cyt b EFEFN D-loop XHIFF
FI4FAE

WP 25 R 20 MEIE e IR, 40 il 3R A5 K 22 7l
i Cyt b FEHJF51 1046~1049 bp A1 D-loop 75
938~941 bp. @it MEGA X 315 % 51 il 3 41
A, A5 R X 3 MK E A RERTE] Cyt b
H1 D-loop JF51 4 Pl A. T, G, C W FEH & &
I3 H 28.5% . 32.3%. 13.8%. 25.4%F1 33.9%.
34.0%. 12.9%. 19.2% (% 1), Wi/F5)3H B 5
AT 1%, A+T (60.8%. 67.9%) T G+C (39.2%.
32.1%), £H6 O HZEERR DNA FAIRHIE . I

Hh, Cyt b FEH 4 FhESEAESS 1.2 F1 3 7 %0547
At B g fa v, BR3E A RS 1 LT
(34.7%), WHE T fRinl T2 3 (V%M F(38.8%)0

Cyt b HEHFHNAE 3 S ASEL, 75 50
AR S, A ERA SRR 11 A, A B
R39S AR A B AR Ll 1.89, L)
Bl 3E C/T 8] ., D-loop XJFFIAE 5 Al FLdH A
RS, AR S 43 S, G 4G B
37 ASFNHLGEARN 5, 6 A, AR S A57 o5 10 G 45 F A 46
FLAE M 1.43,

F1 KEESLHNME Cyt s HEM
D-loop X /& 5l B 5 & 28
Tab.1 Nucleotide composition of mtDNA Cyt b gene and
D-loop region sequences of Pseudorasbora elongata
R Cytb
population A T G
INHL SL

D-Loop

C AtT A T G C A+T

28.4 32.2 13.9 25.5 60.6 33.9 33.8 13.0 19.3 67.7
10 LK 285 32.2 13.8 25.5 60.7 33.9 33.9 13.0 19.2 67.8
fi4 ST  28.6 32.6 13.7 25.2 61.2 34.0 34.4 12.7 19.0 68.4
-1 Avg. 28.5 32.3 13.8 25.4 60.8 33.9 34.0 12.9 19.2 67.9

2.2 BEEESHEESWN

{4 F§ DNAspS5 XFHERg L IX 3 AN R K 57
T ()R ZREE S B T T g i, S5k
2 Ffi7R. Cytb SERTER R 3 ASBEARRY 137 4
AR LA I F] 18 FhELAE A, 3 ASBEARAY ERLAE Y
ZREVEFEBU(HY) R 0.275~0.721, KMk Hy
0.792; 3 ASHEMR IR T IR 2 HE AR B (o)l
0.00038~0.00172, #{A°4 0.01332, B IREZHENE
B o R ZE S EUKTE 3 MR T I 22 57 5%
TR ZFEE—5, D-loop XJFFI1E 3 PMREA 141
AR ARG B 27 Fh AR AR R AR PESE
Bh 0.053~0.773, AR Hy ol 0.777; #AFBRZHE
H:48%% 0.00017~0.0026, 4K 7 4 0.01140; 3 AE
AR ZE A K M 10623, Hirp, K&
i ST BER Cyt b FEHFI D-loop X741 Hy Fl
43928 0.275 F10.00038 . 0.053 A1 0.00017, /&
3IABEAR TR
2.3 BEHKEMBREESMBES LS

T K2P AR e R 11 XA A B e AR Y
FRER A AL IR B (K 3), KAEMM Cyt b FEFY
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T2 BETFXRRE Cytb EEF D-loop RFFIMKEFARHENEESHEESHMPHERE
Tab. 2 Genetic diversity and neutral test of Pseudorasbora elongata based on
the sequences of mtDNA Cyt b gene and D-loop region
BEIK population  FE[H gene  FEAE 0 S h H, (x+SD) 7 (x£SD) K Tajima’s D Fu’s F;
N SL Cyth 79 6 8 0.695+0.041  0.00138+0.00010  1.447  -2.68020  —0.95372
D-loop 79 18 25 0.773+0.046  0.00269+0.00039  2.511  —0.91450 —6.10908"
B LK Cyth 24 12 8 0.721£0.084  0.00172+0.00049  1.797 -1.51212"  -2.13198
D-loop 24 2 2 0.391£0.091  0.00083+0.00019  0.783 1.01428 2.47908
fif ST Cytb 34 5 5 0.275+0.099 0.00038+0.00016  0.401  —1.77685" -3.00615"
D-loop 38 3 2 0.053£0.049  0.00017+0.00016  0.158  —1.49106"  —0.61060
LK overall Cytbh 137 50 18 0.792+0.023 0.01332+0.00116  13.920 1.82016 9.62978
D-loop 141 43 27 0.777£0.026  0.01140+0.00080  10.623 1.40670 0.81160

T R i h FoR PR ; SRR S AL B H  HoRom BT SR L 7 R H MR AR B K AR PR R 2 =4

#4351 32 R 12 3 (P<0.05) T {5 (P<0.01)38 ff 5 v 4G 16 A5 70

Note: h: the number of haplotypes; S: the number of variation sites; Hy: haplotype diversity; z: nucleotide diversity; K: the average of

nucleotide difference. *: P<0.05, **: P<0.001.

Fx3 ETFLHAMEK Cyt b EFE D-loop
XEFMKERARFEEERS
Tab.3 Genetic distance within/among Pseudorasbora

elongata populations based on the sequences of
mtDNA Cyt b gene and D-loop region

Fa ETFZEWME Cyt b EEF D-loop KFFIHY
K & 78 & B 18] B € 15 MR B E iR o 4
Tab. 4 Pairwise fixation indices and gene flow among

Pseudorasbora elongata populations based on
mtDNA Cyt b gene and D-loop region

FIE st i LK it ST FEIE g st Bir LK tif ST
population population
[NHE SL 0.00138 (0.00270) [NE SL 2.08907 (4.43867) 0.00851 (0.01904)

Jid LK 0.00173 (0.00193) 0.00172 (0.00084)
A ST 0.03391 (0.02639) 0.03615 (0.02519) 0.00038 (0.00011)

Jid LK 0.10688 (0.05332)
£ ST 0.96707 (0.92920) 0.97247 (0.98421)

0.00707(0.00401)

T XA R EE RSB IR LR &, XA T 7 2R RE AR ]
WAEEE RS, 55 NEUE AT D-loop (MiHH LA

Note: the diagonal values show the genetic distance within
population, the values of the genetic distance among populations
are below the diagonal. The value of D-loop is in brackets.

SIRTEE R R, 3 AR 355 B B 0.00038~
0.00172, BRI AL E A 0.00173~0.03615;
Hrr, ST BN Y814 FE 25 £ /)7 (0.00038); ST
F1 LK J8) i) 38 4% 5 B8 5% K (0.03615); SL Al LK [6]
135 A% 15 25 52 71N (0.00173) ., T D-loop X741
Mg SRR, ST BEMR I A9 8 15 1 B 4/
(0.00011), SL F1 ST #F A a] (1 35t 1% B 25 fe K
(0.02639),

KA R 3 ASHEIAR ]38 % 43 e H5OR 2 TR g
ST R R (3 4), FEF Cyt b SEHFI D-loop X
J7 9 2 Tl A B R [B] 1 [ 2 P8 4K Fl o 0.10688~
0.97247. 0.05332~0.98421, J-#E i1 K fifa
BEARBI A LR N 2305120 0.00707~2.08907
0.00401~4.43867, B 3 /K 2 Ffa fEAA (A 77 7F

TE: XA T AL L E SR8 For XA ENEERT N
&5 P W 3ET D-loop HITTHH 45 7.

Note: Data below the diagonal shows the fixation index (Fy) and
gene flow (NV,,) is above the diagonal. The values in brackets are the
results based on D-loop region.

ANTRVRE (R A o0 Ak, ELBRZ JEN AT . AT
7, SL Al LK B S-bFR BEEAIR, ST Al SL &
LK HER ]9 35245 40 0 AR B 243 1

1 J2 Tl A0 A (8] (%) 73 5 22 53 BT (AMOVA)
ZERUNE 5 FR, T Cyt b ZEH A D-loop X7
B, A S T AR R (B] 1 38 A5 28 S 4300 1 94.60%
90.69%, FERN ML 5.40%. 9.31%, &
71N K 2 R AR 1) 1 38 1 AR S v TR IR Y,
FEUR AR AL ()it A5 AR S R 2R A T REARN] .
24 BERSGHSRSHALSN

2% ClustalX #fF A, T Cyt b B A
D-loop [XJ¥51iz H DnaSP #4455 LT 18 Al
27 FPERAS Y . HE Cyt b FER A HAE R, Hap2 J2&
AR 5 Ik 37.2%, & SL Al LK BHA
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x5 KEWEHAEEESRHNIFAEDIT(AMOVA)
Tab. S Analysis of molecular variance (AMOVA) of Pseudorasbora elongata
D AR EL o R = AN
AR 53 F source of variation I df P . SRR lﬁﬁﬁuﬂ% .
sum of squares variance component percentage of variation
AR among populations 2(2) 862.869 (634.751) 10.93386 (7.68309) Va 94.60 (90.69)
BEK N within populations 134 (138) 83.715 (108.859) 0.62474 (0.78883) Vb 5.40 (9.31)
Bt total 136 (140) 946.584 (743.610) 11.55859 (8.47192)

TE: 455 AIYEUE N T D-loop IXJF BT Va Fl Vb J3 3278 BEAA ] FIRE (4 A8 5.

Note: The values in brackets are the results based on the D-loop region. Va and Vb represent variance components among and within

populations respectively.

rdtA; Hapl. Hap4. Hap7. HaplO. Hapll J&
SL BEARHA 1Y 2858 Hap6 .Hap8 .Hap9 .Hap12 .
Hap13 Jy LK #ER BT fHASTE S M2 ST AR
(4 5 A AR AL A IR TR, H Hapl4 J2 ST
HEARR LSRG TR 6). 7E D-loop IXFF3IlE X

(A AL, Hapl 20 A5 RS, 4 SLFI LK B
PRIAT; (EA5 BN SL B = (1 B £ 75 Fif
$imiih 23 B, i ST #HA{UAT Hap26 Fil Hap27 P
P AR RS, YRz B TR, H Hap26 J2& ST #f
PRI LI IAE T (SR 6),

F6 ETLZAME Cytb EEF D-loop XFEFNMNKEREE 3 NHENRAGSEIE
Tab. 6 Haplotype distribution in three Pseudorasbora elongata populations
based on mtDNA Cyt b gene and D-loop region

153 S N ) B
LA 4‘#12]:. ﬁ%’—(% . AL BARERIS3 A haplotype distribution
gene population sampling size haplotype number
Cytb [HJH SL 79 8 Hap1(15), Hap2(39), Hap3(8), Hap4(12), Hap5(2), Hap7(1), Hap10(1), Hap11(1)
P LK 24 8 Hap2(12), Hap3(5), Hap5(2), Hap6(1), Hap8(1), Hap9(1), Hap12(1), Hap13(1)
& ST 34 5 Hap14(29), Hap15(1), Hap16(1), Hap17(1), Hap18(1)
D-loop A H SL 79 25 Hap1(35), Hap2(2), Hap3(1), Hap4(1), Hap5(1), Hap6(3), Hap7(1), Hap8(3), Hap9(1),
Hap10(4), Hap11(11), Hap12(1), Hap13(1), Hap14(1), Hap15(1), Hap16(1), Hap17(1),
Hap18(1), Hap19(2), Hap20(1), Hap21(1), Hap22(1), Hap23(1), Hap24(1), Hap25(1)
Jif LK 24 2 Hap1(19), Hap6(5)
& ST 38 2 Hap26(37), Hap27(1)

VAR J& i) 2 B (Pseudorasbora parva, FEPRE
S5 JF802126.1) Mt Wy fi Ja& 1) i W) fifl (Pungtungia
herzi, FERE RS AB239598.1) HAMEE, HTK
A Cyt b FEPHE XA 18 FhEAfEHUA D-loop
X P81 SR 27 Fpepfs i, 3 ik i ML R Geik
LR (B 2a. 2b), ARG ATHL, T Cyt b
FE R (] 2a) il D-loop X (18] 2b) /7 51 #4) 2 14 P 4~
FHMARGE R BT BN 2 A5
— N33 ST BER M BAEBIA 1; 7 — 933
i SL Fl LK BERP AR . X5 Bik ST
FISL . LK BF A (1] 1 18t 1% 15 25 AH XT3, AR ]
()38 1% oAb T8 BUR R A o 50 b, (EAR A,
R AL R K Z A S W W) R — i,
T AN 2 R Ja 1) 22 Bl fa, 3R BH L 55 W M) 1) 2 2%

KERWI,

TP/ (medium-join, MJ), iz Network5.0
AR 2 AL Cyt b FER AT D-loop X BAA% A
WL 25 R . FETF Cyt b FEP 18 Fh LA RIFY HE Y
W% E N 1€l 3a BTz, Hap2 F1 Hap3 FRAE RIS Ry
&, LT A% E AL, 3 AT A AR
SR B B AR ECIR e A TR [FL ST IR
A5 Hapl4 B SL BFK Hapl fi7AE T K.
T D-loop J7 1) 27 Bl A% 70 4y g B D9 A% [ 4 ]
3b, PIAEEIEEARLL Hapl FRASERCHHL, SRR
M)A AUER B A B A 4 i Hapl RAZFIEM, 2
WECR A FHFE R, BAOkE, KE-ARLAT
T A% ] 2 B ) b A3 A A% R 5 R e A 2
FA
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Fig. 2 The phylogenetic tree based on haplotypes of Cyt b gene (a) and D-loop region (b) in Pseudorasbora elongata
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Fig. 3 The haplotype network based on Cyt b gene (a) and D-loop region (b) in Pseudorasbora elongata
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Fig. 4 Mismatch distribution of Pseudorasbora elongata based on mtDNA Cyt b gene and D-loop region sequences
a. SL, b. LK, c. ST, d. Overall (Cyt b); e. SL, f. LK, g. ST, h. Overall (D-loop).

K13 Tajima’D {H(P<0.01)H1 Fu’s F, {H(P<0.05)
Gt A5, e R A, H
TR B IC o3 A1 P S e (18] 4c), KB ST BEIATE
i BRA SRR 5K, SL I LK BT ERAS
e ] IR L2 (18] 4a. 4b), BEIAHR K AP 5K .
FLF D-loop X )74, ST #E4AK Tajima’ D {H il Fu’s F
¥, H. Tajima’D {HS i Hr b AE7E 3%

25 5 (P<0.05), HAZ 1 R A e v BT 2 e, o i
BIH Py s B AR ok (B 4g). 1 LK #EK
Tajima’D {H Ffl Fu's F, {6 & IE{E, SL Bf{k
Tajima’D fHHl Fu’s F{A A 7{H, A Tajima’D {4
AAFEAE B ME 25 7(P>0.05), — F AT R4S I 43
RS R (E e, 4f), BT R AL
BEIAY SR
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F 5% P RE 1) 388 1 22 A ] 48 7 HLR IR 5 Ak
Py s, JR] R B LA Ty . st Z RS
FE VAN TR G UEIR B0 LA B T AR B T4 il B 2
Bl AR, 55 AT 1 35t A% 224 S Bl S e X B 45
R IE N AT, ZIREE R IR/, IR R
MR T IR EE; A, 8t 2R M KT S AR ] fig
SEECRPRE I A 3 TP
30 KEHaMESESHENE

AWFFELL mtDNA (1) Cyt b F:[H Al D-loop [X.
SARIEAT 3 AN S B B AR AL 22 R AR T
TEAT FIFSE . ald PCR 3845 SL. LK, ST 3 4>
27 A BRI Z R R Cyt b LR FIT D-loop X [R] I
R BUF G, AT Bon Pk & A+T & T
G+C, BRI AT fifa 5% G mE IS, X
5 O LTS 10 278 P 19 Bl ORI I R 20 A% 1 R
I3 AR A — A —E ) D-loop XFFA
R 5, H7E mtDNA thkfb i R b, 728 5
Rk R A TR, DA s S AR e AR AR 1
R AT 2 e AT ST T, D-loop X751 5E X
T 27 ABAERL BT Cyt b RIS E LAY A
RIE(18 ) AR Z AR R H) I T IR 2
FEME 48 B () 2 5 R TEAL ) B st 4% 22 FE M = 11K
(IFE R o AR Grant® 1 Bowen ZE 2545 Sk 4 43
HhRifE(Hg=0.5 . 7=0.005), ¥5isfL ZrEER] o> A 4
PR . ABFgEh, KRR MIIRN) Hy ol 0.792
(Cyt b). 0.777 (D-loop), = & 0.01332 (Cyt b).
0.01140 (D-loop)fF 13 i B 70 Z2 Bk RN AR A%
TR, hTFETREHENER
PSRN, AT G s AR 2 R AR X Y Al
BERTRB 27 T R 0034 0 sl g A A S Bk, [T
NG S i i) 25 AR B AT IR AR F PP ST BER K
FHMifa Hyly 0.275 (Cyt b). 0.053 (D-loop), = K
0.00038 (Cyt b). 0.00017 (D-loop), LAk T ki
R5rhri, X—25 BRI ST BEABE ZREMEA
FEARK -, Z BRI A 7T BE 18 22 28 i SR,
IRECE TR FE RS /DN, AR 2 HE AR B — B
DEORHARIE R, XU R ST FE AR BT 5 & ™ &
A B . BEAN, ARBESE & BT D-loop X ¥
B A 1 18t 4% A8 S B0 S8 A 2 BEVE RS SO KT

Cyt b FENMZER . —BAFHLT, D-loop X i ki
AR, RAFRRRER L AR FlE KT Cyt b JE
P, (HR s 2P BT Fh o & BEAY mtDNA $ l
X 97 FHCRAE T Cyt b F N 28 |, WP REH
0358 15 Z2 REVEBUR N s HA 30 71 B, 25 F1380n
Htlia, DA st ZHMACE, #fk %
Tl o R — 2 R
32 KEBaMBENSEEEMEEEIK

AN [F) 0 o ) 5 [ A A () o e [ e £ 2 S A
JE 3 W L B B kel i . ARFSEh 3 AN A
iR ] A 32 BE B R 0.00173~0.03615 (Cyt b) .
0.00193~0.02639 (D-loop), #H# i, SL Al LK ##
AR Ta] ) 38R PR B 45 /N, ST BEfAR 5 SL J& LK [ iy 35t
LR B R, X 5 H B A A% SR A — 3, %
T Shaklee %R H 1025168 (0.9), #1(0.3).
FiEE(0.05) =K BRI, A5 3 K
2 R A0 TR AR O 38 B R R R B o (TR R 10 1) 388 4%
FEES /T 0.05), BB 3 ANHEAR AT BE H [F] —4H5E
TR BT A, #0285 DR b B R 8 s 7 ] — K dal o
S PR AN ] 1 R ) A e ) BE IR A O, X R A
AL R, JF iR S H A A K R A
RN B L X 0 = L ¥ (2 X o 1= G QP32 4
il 38t 1 o AR B 1 B AR AR, 7 SEPRAF S, AR
I Wright B0 2bRiE: 24 0<F<0.05 i}, FRIHBEA
)35 4% 22 AR/ 0.05<Fy<0.15, FWIRFIAR N 35 1%
B B AR KT 0.15<F<0.25, RUFFLE
BRI AL 3k F>0.25, ML /AR 521
AWF5EH SL A LK #FANH] Fy o 0.10688 (Cyt b) .
0.05332 (D-loop), AbF &8 B Myt AL 71k, i
ST 1 LK K ST #l LK #HKM Y Fo (A KT 0.9,
F R R (] 2 00 g B ast A% o A AR Ry o LAk, 5
DL PEA T B 388 % 465 44 s A% o0 AL I TR 2248
bR, ABF5EH SL A LK BEAR RS R Ny (K
F 1; 1 ST F1 SL K ST F1 LK BEAE] Y Ny, (H 1Y
WL/ NT 1o BFFEIAN, Np<l D3¢ B REA ] 5L
IR Nin>1 22 BB A 5] b 2H B B AR 30wl A e
T 238 1] DA AT BE A 3, AE AR [) 199 35 4% 233
JIN; Now>d U358 BA AR 6] A 1A AT LA BE AL S B0
ST 258 AMOVA 45 5 i /s 4 A2 fel A ]
I AL AR SR IR 90% A -, T WA ] iy 2 S
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KEZMMBREE RN EERE, &1, B3 4
A2 Rl A0 R 2 B AR 3 A5 AR A SR 1 i P 5
AR 7K 2B YA, SL A1 LK BHAR S T80T
U, AENZHRAPLE; ST BHAS T
BRI, KRR E RS T ST &S HAb
P B AR () 9 35 R 5 3, AT 5 At FRE AR ) A=
TR WAL

LT Cyt b FEHFFI D-loop X ¥ 5E X HRAE
R T ML 2GR . RS AIERE,
3 AR R AT AIE 0T A B A R
— 32 SL AT LK B A A5 20 B H 3 A B4 2
R B AR A AT U B R G LR R, H—
SO ST FEMR ) PR AR I H 5 HoAth 2 AMFEAR
R, KW ST BEAS SL A LK BEA B = 3[R 52
T, UL T B AL S5 K, X5 Rkl
AARRE R 2 A — S, LAk, PAAERY Hap2 (Cyt b).
Hap1 (D-loop)¥J >~ SL Al LK BEAA A0 #5750 B
T W 2 48 Kby T T A T PP 7, I 4 4 A ] S
H 0 FRLAE R M B A A R 5 ML R Gelk (e &5
—E, ABFER, HAATEENREARPR RS
e W A2 T £ (] i 19 22 R SR S R AT, IR
M5 J W £ 8 114 Jod WO M8 53 2% 6 R T3 (I 2) K52
AR A 15 W WA FURRIE, =2 kA
P30 AL 5 fR bk, )i 1 22 A A AR R e K
Tl £ i ) M A [ 10 i 28 5 R 8 PR G M
o, AR N G R AE R, EUR SRR
2 Rl 1) ZR Gl A mT A — 25 TR AIESE .
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TP A PR A T A B B A
SER PR A A R T 0 R R R AR B
PUREAARD 5K o (H ST FFEUA A% T R 10 43 A7 1] 2
LA, Tajima’D F Fu’s F KB 77 7F B & 1k 2 52,
P e P e AR R, 60 ST BERDT b FalRE4
D7 i A D ol S R ol i I A7 TR AR .

ot Bt ZREPE IR . B 450 5%
FH S SRy T Oy 0 2SO 4 SR N vl A B it Y
il S22 KA AR IR E R A 1 /AL 2,
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KA it AL 2 SR £ 5, (BARHAN
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ik, HHEGBAREEE . BAe ke85 1 5 H A
MR E— e BRI . AR5 0 25 Hoo
(evolutionarily significant unit, ESU)& & 4 J5 )] 12*,
AV K M ST FHAVE D — MR HLR T
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Genetic diversity of Pseudorasbora elongata based on mitochondrial
Cyt b gene and D-loop region sequences

YANG Xiaoge'" 2, XIA Meigi', JIANG Jiechen', WANG Jian', CHEN Na', LIAO Mengqi', LIAN Yuxi'*

1. College of Life Science, Anqing Normal University, Anqing 246133, China;
2. Engineering Technology Research Center for Aquatic Organism Conservation and Water Ecosystem Restoration in
University of Anhui Province, Anqing 246133, China

Abstract: The slender top-mouth gudgeon Pseudorasbora elongata is a rare fish belonging to the family
Cyprinidae. This species is endemic to China and distributed in restricted regions around the tributaries of the
middle and lower Yangtze and Xijiang Rivers. P. elongata has suffered an increasing decline and has been
vulnerable to extinction in the wild due to illegal and overfishing, water project construction, and other
anthropogenic factors that destroyed their natural habitat and spawning grounds over the last few decades.
Therefore, it is vital to assess the genetic diversity and structure of P. elongata for conserving and utilizing this
fish effectively. In this study, we analyzed three P. elongata populations from Shanli (SL), Likou (LK), and Shitai
(ST) in the Anhui section along the Yangtze River based on mitochondrial Cyt  gene and D-loop region sequences.
The results showed that the total haplotypes defined by Cyt b gene and D-loop region in all populations were 18
and 27, respectively; the corresponding overall haplotype diversity (Hy) and nucleotide diversity (z) were 0.792
and 0.01332 and 0.777 and 0.01140, respectively. The data based on Cyt b gene and D-loop region showed that the
genetic diversity of the ST population was lowest among those of the three populations. The genetic distances
among the population were 0.00173-0.03615 (Cyt b) and 0.00193-0.02639 (D-loop). Obvious genetic
differentiation and limited gene exchange were observed between the ST and SL and the ST and LK populations
based on fixation indexes (F) and the gene flow value (V). Analysis of molecular variance (AMOVA) indicated
that the source of variation between population (94.60%, 90.69%) was much higher than that within populations
(5.40%, 9.31%). The maximum likelihood phylogenetic tree and haplotype network showed that the genetic
distance between SL and LK populations was short and formed a branch, while the other branch only consisted of
ST haplotypes. A neutral test and mismatch distribution analysis suggested that P. elongata has not undergone a
recent population expansion. For ST population, neutral test Tajima’s D and Fu’s F values were negative (P<0.05),
and the mismatch distribution was represented by a single peak curve, which revealed that P. elongata populations
in the ST area had possibly experienced a population expansion or bottleneck effect during evolution. Overall, P.
elongata belongs to the category that includes populations with a high haplotype diversity index and low
nucleotide diversity index, whereas obvious genetic differentiation among the three populations were observed
with the ST population having the lowest genetic diversity. Thus, we recommend that ST populations should be
regarded as a management protection unit to prioritize their conservation, while, SL and LK populations should be
managed and protected as a whole. Our results could provide scientific evidence for the conservation, sustainable
development, and commercial utilization of germplasm resources of P. elongata.
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