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(DF{E 5514 0. 205~0. 218 1 0. 324~0. 341, 4 PFFAME G A LI T 22 5% AR W 3T Nei”s Jo it 1% 15 &
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1.1 HAREES DNARE

2007 AEAE ) Ab 48 2RI T % ) IXORN ) mE A8 I B
T ) DX SR AR IR A AR 127 . BB 145z [l
SR, 43 0 R AR MR i, TR B S 25 3 o A A
A A~ A4 A A5 4 L He P B A R (WHD) 36 BB Vi
DVUAE R (WHT) 36 J& . i & # — 1% /& (DTD) 18
FE IR EE W 045 A (DT T)Y 37 B, & A 95% &
Pt [ 7 o SR FH B 0 -0 i 2 10 DA 2 6 2 4 4
I H 20 DNAL 0. 8 %0 Byt i i 8 Jie H Uk /2 1l DNA
JoT g, A% R AR RIS E DNA YR EE
12 PCRyEMBEESHT

DSRAP # 8 fri ik . AR5 ki SRAP #r
s A& 8 AN IE M L 1L AN B Y, R IE
] 1) 5 | e JE B 88 NS W4l & L LA TR SR &
DNA b} #4847 SRAP-PCR ¥ 34 , i & th 45 4#F
HMW RSN 2SS MA A . PCR IV FE PTC-
200 HAE AL (M] Research) | ##4T, PCR & W 1A %
GRS HU R SCHik[18]. PCR F=#14: 6 AR A PE &R
VR W T e 5 i FL YKk 4 B LR M+, Bio-Rad % i W14 &
GLREAH

2)mtDNA il X 5 514 38 FO 5y . 4 U 65
T3 S BE LA L 9 ~13 A AR 2 H mtDNA 2 1l
XJF), mtDNA £ X P35 514 4 DL1(5'-AC-
CCCTGGCTCCCAAAGC-3") Fl DH2 (5-ATCT-
TAGCATCTTCAGTG-3)", PCR Jz v & & N
50 pL:AUFEHA DNA 100 ng.10 X PCR buffer 5. 0
pL, 1.6 mmol/L MgCl,,0. 25 mmol/L dNTPs,2 U
Taq DNA fifi (Fermentas) , 5| ¥4 0. 5 pmol/L, ]
KW EKAE 50 pl, PCR G BHH .94 C Tl
5P 5 min; 94 °C 30 5,55 °C 30 5,72 °C 90 5,35 4>
PEH;9R)5 72 ‘CHEQF 10 min.4 CARIR. PCR ¥ 14
PR A e % A T AEY T RA R AR X
W7
1.3 HitaH

1) SRAP 43 #r. MW SRAP H ik K, = M
100 bp DNA Ladder, ¥4 1 2515 Mi 934 &2 0 0 1
AL X BEASAS R SRAP P38 4 (0 A T8 E 4T 48
A A7 TEAE A 107 B L Uk B FE 4 i A
FEME, R POPGENE 1. 32 #4435 I8 ifk 45 B 4
f) Shannon’s {5 B 488 (D) \Nei’s R ZREHE (L)

GAE AR B Py 2 6 45 BEAR I 1S 47 S 5B Fi 2
BALEBCCND T Z B AL H 55 % (P) L BE A )
Nei” s G i 5 1% 525 (D) st (& AL (S) . MR A
Nei’s Jofh s EHE 2 F MEGA 4. 0 #F ks 4 AR
& UPGMA B2KKE

2)mtDNA # il X FF 5] 2 8. K Clustal X
L. 8 F ki1t DNA JE8 kXt . H MEGA 4.0 73 #r
750 0 B 3 21 AR RN AR S AN A AR AR, MR HE Kimura
2-parameter 5% A1 1 5B 04 (8] SF 28t A2 PR B, T
DnaSP 5. 10. 0 3K 43§ DNA J¥ 51 545 51 - i i
AR S TR AR R 2R (H O T R 2 R 1
(o) Fg & b R E0(Gsr) . R ARLEQUIN 3. 11
B Xk B R P R R A ] A R Y a5t AR AR R R AT
AMOVA F3 81 s THERE R ] Y 506 [ 58 8 58 Fsr s XF
H P {HAEZE 21 Bonferroni iR IEJG AT 2 B L,

FIH MRBAYES 3. 1. 2 %444 @ Je ik DNA 5
B B R DL -3 (Bayesian) & 48 & 5 W, DL K 5
BV 8k ( Paramisgurnus dabryanus) mtDNA 35 1l
X FF %1 (GenBank no. AY017145) K AN e, 3T
MODELTEST 3.7 843 #1, % H TIM+1+ G #
A F MRBAYES 73 #7 .

2 HBRESW

SRAP I i MR B KRAESHMY
M 88 A~ SRAP 5|4 & hii ik th 18 N2 & 5]

W4 4 (mel-em2, mel-em3, med-eml, med-em?2,

2.1

me4-em3, med-em4d, med-em7, med-eml10, me5-
emd, med-em9, meb-eml, meb6-em§, meb-eml0,
me7-eml, me7-em5, me7-em10, me8-em3, meS§-
em10) JH T I8 8CRE /& SRAP 407, 18 M5l A&
FEVR S 4 A FEAR b LA I 2] 534 AL AT
HERF] 23~40 ML CFHL 30 Mg, &
HEUR SRAP 973 2 3507 VB (ND R 2 2354 1 0
(P) {1y 45 4k 385 [ 43 3 g 419 ~ 456 1 78. 46 %0 ~
85.39%0 (% 1),

K F Nei’s F:HZ 4 () 1 Shannon’s {5 B
TR (D B S BRI st Z R AT 1S 2 (8
KN4 H 0. 205~0. 218 A1 0. 324 ~0. 341, H: o
WHD BEK o FIT B K, DTD BEM I/ [ 3R 53 A
REACH L8, WHD /9 o (R T (W% T WHT,
DTT ) h {H A1 T {EW T DTD.H 4 A HEAE 2
fEE I fH2E 5 AR 3% (P=>0.05),
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Table 1  Number of polymorphic loci, percent of polymorphic loci of SRAP
amplification and genetic diversity parameters for four populations of Misgurnus anguillicaudatus
B8 BEIK Population

Parameter WHD (n=36) WHT (n=36) DTD (n=18) DTT (n=37)
Z B ECN) Number of polymorphic loci 432 440 419 456
LB S TE /3 E(P) /% Percent of polymorphic loci 80. 90 82. 40 78. 46 85. 39
Nei’s 3K ZFEE (L) Nei’s gene diversity 0.218%+0.171 0.209+0.172 0.205+0.171 0.21340.159
Shannon’s {5 A #§%1(D Shannon’s information index 0. 34140. 239 0.329+0.239 0.324£0. 239 0.340+0. 221

DWHD: #3 —f51& Wuhan diploid; WHT: R P45 Wuhan tetraploid; DTD. i B #] —f%5{& Dongting diploid; DTT . i it Pu %

& Dongting tetraploid; n:FEAZE & Sample size.

22 ET SRAPHRIEMBEKEEEFEBMESK

HEHE SRAP 4 348048 1 55 0 Je ok 4 > 3 44 ]
Nei’s Jo i it 1% HE 25 (D) F st A& AH LU (S) W& 2.
DTT #1 DTD [a] & 1% ¥ 2 % /) (0. 0500, DTT Al
WHD [a] 38 14 #5855 K (0. 082), KT D 4 Jfé fifk
4 R UPGMA B (B 1), 450 32 E I EE R
XK., DTT F1 DTD B R X R i, B R A —
3,5 WHT BEHAR S — 30 WHD BER R 5l
) —3Z .

% 2 BT SRAP #Ri2 9 e Sk BE 4K |
Nei’'s TiRiEIEEE (MALT)
i e UE (X f gk )
Table 2 Nei’s unbiased genetic distance(below diagonal)

and genetic similarity (above diagonal) among populations of

Misgurnus anguillicaudatus based on SRAP marker

Fh# Population WHD WHT DTD DTT
WHD — 0.931 0.925 0.921
WHT 0.071 — 0. 940 0.932
DTD 0.078 0. 062 — 0.951
DTT 0. 082 0.070 0. 050 —

0.0080 0.0250 DTD

0.005 6 0.0250 DIT
| 0.033 1 WHT
0.038 6 WHD

| | | | | | | J
0.035 0.030 0.025 0.020 0.015 0.010 0.005 0.000

Bl EFNei’'sTRBEEESHERN
&K 4 N BEOEH) UPGMA B
Fig.1 UPGMA dendrogram based on Nei’s

unbiased genetic distance for four populations

of Misgurnus anguillicaudatus

2.3 mtDNA & SI45Efn B (K i % S i1

280 5E L VB 40 SAMA meDNA #5861 X 343
B BERK R 932~935 bp, &F I LT, 7 935 4
PSR A AT DAL H PR 8 AR AR A,
34 AT LML A5, 5 AN A/ B 85 B e He / 15
ek (Ts/Tv) R 2.4, FHIH A T.C.G FH& i
43R 33,68 % .31, 88% .20, 07 % Ml 14. 43% , A+
T & (65.56 ) Bl = T C+G &t (34. 50%0)
KRR Gt 47 A

40 AP 41 FL A I ) 29 Fl A% AL (H1 ~ H29)
( GenBank & & HQO014453 ~ HQO014478,
HQ891547 ~ HQ891549) , & fk #F 14 18] A 77 7 3k 52
P B TR, A T A 1) B R DL 3R 3. B AR 1 BRA
B Z F M (Hy) K/N R 0. 859 (DDT) ~ 0. 972
(WHD) . ¥ H g Z #£ 7 (o) 4 0. 465% (WHT) ~
0.898% (DDT) , 45 #f 1k 0y #% 11 W2 2+ 1 5 A Al
ZHMERNMARELKLER, DIT B « {HEE KT
DTD(P >0. 05), WHD ¥ = {8 " & K F WHT
(P<<0.05), 1 DTT Al DTD & = {5 9 B K T
WHD #l WHT(P<<0.05),

£33 RBHAEEME MDNAEHIXFH BERH(H)
REER SR (H,) MGEBRSHEME(m)"

Table 3 The number of haplotypes ( H) , haplotype

diversity (Hgq) and nucleotide diversity ()
within population for mtDNA control region

sequence of Misgurnus anguillicaudatus

HEK Population H Hgq /%
WHD(n=9) 8 0.97240. 064 0.67540.087
WHT(n=9) 7 0.88940.091 0.46540.061
DTD(n=9) 8 0.91740.092 0.87240.088
DTT(n=13) 6 0.85940. 063 0.89840.124

Don: FEA % 5 Sample size; H: B £ 8 Number of haplo-
types; Ha: 58 ZH:PE Haplotype diversity; = #% iR £
1 Nucleotide diversity.
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24 ETF mtDNA FIIH BB E LN
% mtDNA #% ] X ¥ 5] fl Kimura 2-parame-
ter BRI 8 BFCRE 14 8] (19 7 38 K 2-p 3% B
H0.011~0.015,DTT 5 DTD B 4 ] 8 1% #5 2 #
/NGTT WHT 5 WHD 4 8] 19 35 15 B 5 5% R
(£,
*1 RWBEEAEHK -p EEES(HHELET)
A B RIS 8 For (ML L)Y
Table 4 Average K 2-P distance(below diagonal)and
pairwise fixation index Fsy values (above diagonal)

between populations of Misgurnus anguillicaudatus

BEAK Population WHD WHT DTD DTT
WHD — 0.555*  0.297" 0.333"*
WHT 0.014 0. 409 * 0.484"
DTD 0.012 0.012 — 0. 149
DTT 0.013 0.015 0.011 —

1) * Fon 2% 82 PE Bonferroni & 1EJ& i % (¢=0. 05) Indicates

significance after sequential Bonferroni correction (a=0. 05).

99

74

N

100 HO9

95

% DDT 5 DTD 44 [i] 5 X [ % 38 50 For A
FEHNP=>0. 05) BRI FL Ay For 39 1 35 (P<<0.05),
FRUBEIR M AF e 5 Ky st /% 22 5%, o WHT i
WHD [8] ()38 15 2 8 K (Fsr = 0. 555) . 38 H e
ok 4 > B4R 8] 14 388 4% 20 b R E(Gs) 2R 0. 157,

AMOVA 43Hr 28, Jefifk 4 A4 54 ) 8 45 28 5
FE ok [ BRI (62, 68%) ., BEAK Al 1Y A F
37.32% , HBEIRRIAFTE L 18 % 0 b (Fsr =0. 373 2,
P<C0. 001), 44 HE A5 M 4 U8 8k Rl 53 o — % 1A
(WHD-+DTD) il U £i5 & (WHT +DTT) 2 4~ 5 ¥
20 DL B R 4l b A5 N O 8K R 43 A B (WHT H+
WHD) Fild f£ ] (DT T+ DTD) 2 4> #b 3 25 43 3] 3 47
AMOVA S M, 25 88 7R Je 6k RE R () 38 15 48 S5 =
KA AR TR N L AS [) A5 7 20 1) A [) b L 44 7 )
Y170 2 st % 434k (P=>0. 05) .

25 MIDNAFIBERRZLEE LR

P mtDNA 5 il X ¥ 51 5 4% 2 g DL g Hir

(Bayesian) & 4t & B A 4 &2 fif /R o 44> B 1R 19 2

H24
=
H25

g7 H22
H23
H28
H27
61— H21
H29
H20
75— H8

(WHT)

(DTD)

H10
H11
17 |(WHD)
HS
H6

H4

73

92
99

66

H18
H19
H17
HI5

| (DTD)

(DTT)

78— HI
_93|:|: 2
H3

H16

(DTD)

60[ H12
os[ L 113 |(DTT)

L— 114
K85 1 ) 5k

Paramisgurnus dabryanus

H1~H29 Jy S5 ARG ;19 i b A B0 2R J5 A 4 (>500%0) 5 35 5 1 g 4 B A% 80 07T J8 i #F #K . H1-H29 represent

haplotype codes; numbers above the nodes are the calculated posterior probabilities (=>50%); the population(s) where

each haplotype occurred are in brackets.

& 2

B4 N BEEESREIABRB M 50% S8 —H R

Fig.2 A 50% maijority-rule consensus tree created through Bayesian inference constructed

from the control region sequence haplotypes for four populations of Misgurnus anguillicaudatus
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5B AT 58 4 e AT P 5 b 3457 8 T2 )% 7 Y
A, WHD [ 55 8 R i) — 32 WHT 9
PAERIRTE —RIF S 3 4~ DTD Hfif 1 h — 3
DTD HAAMAE R 5 3 A~ DTT HAGRIR N —
DTT H4 3 MR Rl — LI T RER B
e
3 it
TEGEERMBENZESHFNE
SRAP 43t 5 7, U6 SfCRE 4R 3 R B s 1
SRAP ¥ Z 251, SRAP Z 851 W4 &9 14 1
-3 2 A BRIE B (30 AN /H A i SSR 51 K
ZEH(5.3 /XD 5. 66 4%, BT SRAP FRic
SSR FRICREY HE i E & 2 AR d . EH T
BEMAB AL ZREME . 4 D IRBKEER A SRAP 24
P 2 % (P), Nei” s H K Z MM (A1) A
Shannon” sf& B 48 £ (D ¥ B & K F %6 BH ) L 4% 7 90
TR0 U8 WA I Sk 55 A 1) A . 2 S 0 T VR R R f
B85 e a8t A 2 e L X 0 N TR A Dy s
BY AR BRI 2 N T H I s i N R

MUBE 40 AN mtDNA $5 H] X F 51 i i
29 Fhep A Y, Ui I YR B 4 AN BERAETE EF Y miD-
NA Z8 M B2 BE AR M S5 A Z R (H) B
e A2 HEOR (A% 17 R 2 AR (o) 0 35 AR T B AR %
R L REVE 0 BH U8 SR 1 B SR B B TR I £ AR
ZRENE (R B AT TR Y 81 22 B A AR A L S R
KR R 1T BB 26 17 Ao B R T R G KL X T Y
P Aa R [ #f B mtDNA 5 i X ¥ 31 45 fF A1 L,
DTT #EARY « [l KT DTD, WHD 1) = i 8% K
F WHT,iX 5 SRAP 43 #r H [ 355 e 5k i 14 st 1% &2
FEME RN F YA 51 DTT A1 DTD B « {5 X &
KT WHD At WHT. U5 B I B2 W 2 A4~ 8 1R B9 3t
G ZREEK PR R . BRAh, 4 A R BB IR e 2
FEHESF-3ME (0. 728 %) 5 75 8 e J A A 0 285 2 Y 4
S4B A0 A ] i 7 S 408 (0. 762 %) A Y, R T
KRR BT B st G AR

XYL R 4 A VR BKEEIAR Y SSR 3BT R BH
I B T — A% A U 8K 1Y 5t AR 22 B R T RO A
R, 5 AR5t mDNA JF 5 40 B — 8. B 5
SRAP 43 Hr th WG & 1 K/ 6 R AR L 31X 3R BT A 43
iR o X A 8 15 A8 50 B i RUE AR, SSR g
WA TEAEHEA, v R BN £

%

3.1

FEME T SRAP A5 i 19 97 385 X 38k FF i 1) 352 AE
(ORF) , J& A% J A 20 v 58 O < 19 2 B DX 3, A [+]
TN 2 N R Nl 51 B~ TS S B e A R R U B =
JNTFSE PR A H A X, G, SRAP FRig #E R 19 4 4>
Yo BV 11 352 1% 22 ME M 25 52 O W 35 100 B 06 kR IR
[i1] 5 K 2 2 e X 8 Y 35t 1% 22 S AN 3, Hoh DTD
1 WHD B[] (9 3815 28 122 %/ T SSR 43
IATEE R . mtDNA $5 il X 2R A 3k PR 41 rp A8 5
e R P AE SR RS DX, F b R w8 T A B R A, PR
mtDNA J7 5145 H} e S8R 4% (8] 1) 352 1% 2 RE P 25 R K
T SRAP FRig#r 45 8 . mtDNA 5 il X 5 51 43 #r
# U DTD #¥ i35t £ Z #:4%F KT WHD, Jf 55 SSR
IIBrAE I Je mtDNA ND-5/6 £ RELP 2044
TR K 32— 35, 48 7 T BE 1) —A3% 1A Ui ik Lb ik 10—
f R B T s AR

32 AEEERMBEEEN L

WL S A R A (G ) S BE 5t B A 0] 388 1% 431k 1Y
BESH, — Wi, Gsr 24 0. 15~0. 25 BFREAR ]
ARG AL AT AW 5T R 4 A e ORE {4 [R]
Gsr 4 0. 157 W& F 0. 15, 156 B B A 1) 77 70 4 K 3t
ok ix 5 AMOVA S W85 RV & . 5560853
BT 22 B H A 7= 08 kR 8 8] 179 38t 4% oAb R B AR L 44
ANFHRENE] Ger ik F] 0. 774557, 31X 0] g 15 %5 437 {43 H7 74
FIREE R Z A 06, A5, Bk DDT 5 DTD B
AT [ 72 850 For AR 3 (P=>0. 05) b, BEMA ] He 4%
For ¥ B ARET 0(P<C0. 05) , 138 B 3 86 44 1] Jf:
EBEVLACHE . HAFAE B R AE oAb, X 5 e ik 2 4
ST R LK S R K K B S B8 0 3 A b
X,

T A 22 T) 1 38 1 B B (D) S W 1 A [ 33 1% A
SR R/DMFEG L RMIEIT ., SRAP 43 #7145 1 i
s WHD F1 DTD 2 A~ Ufe ik 44 (7] 35t 1% BE 55 ok
0. 078, B /N T SSR Fric 43 Hr 45 1 2 A HF 44 (8]
WAL E (0. 157 ] SSR AR ic 48 7 1 U Bk EF
HEBER AL HE B K T SRAP AR 104 BT 45 21 . X 5 Wk
PR X H W A SR A T A R — K

SRAP Fl mtDNA J7 31 43 #fr & W], I £ ] DTD
T DTT 44 0] 0 358 4% B 85 e/, WHD 5 WHT,
DTT Z st ek, RESHEXH.DTT
M DTD BHAFEZG R IE RN —3, 5 WHT
BEAR R Ry — 3,1 WHD BEAR S0 BN — 32, mtD-
NA JF 4 D43 B £ W, DTD 5 DTT 24 HiAk
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RURAE —RIERE R UL DTT M DTD R4 X &R
BOEsWHT fyBE R R NP R S 34 DTD H
fERE BT 2 s WHD B89 545 B B R 5 4 A BER
F18y AL TR B A 50 A e BRRY 1k o3 2  BL A7 9
N B AL X 5 AMOV A 438748 7% 19 A [ 45 24 241 B
V) AN )t L2 [00) 985 J8 3 3t A Ak — 2, 10 A
DDA 2 0 2 A AN [F) A5 P ) 8 20 A IXOR AR 1 T
LR T R i el 1 < S 0 BT S AP S TR OB 2 e
1t . mtDNA cyt b 5 #r £ W0, W b8 N 51k
R DU A A e Sk 22 [ 35t A% 53 Ak 2, ELRH (R A R A AR
[ 38 4% A8 S AN J 2511 3 R R S ] 43 A DX U Bk
Pl REARAEAS TR R B A ast A 78 5 . ARSI 5T 4 /1> R Bk
BRI REXRZMINM T RE LT LR LE N,
I B2 T8 60 38 TS 19 D 35 A ) B8k 5 T 3 — A AR A A
B SEG0 2 L i I AR AR SR — A 5 R A
V) A3 A A R b R A A T o) ) 3 AN ) 55 e VR Bk
V] 1) 53 2% b B2 4 SRy DA K 22 A5 A 1 T ML A5
Xif B R LA R A E— 20 I

2 % x M
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Genetic structure of sympatric diploid and tetraploid loach

(Misgurnus anguillicaudatus) populations
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Abstract SRAP (Sequence-related amplified polymorphism) markers and mitochondrial DNA con-
trol region sequencing were used to investigate genetic structure of four loach (Misgurnus anguillicau-
datus) populations from two sympatric distribution areas of natural diploid and tetraploid loach-
Dongting Lake (DT) and Wuhan city (WH) in China. The results from SRAP showed that a total of 534
loci were detected in four loach populations by 18 pairs of polymorphic primer combinations, and the
numbers of amplified loci per primer pair ranged from 23 to 40. The averages of Nei’s gene diversity (h)
and Shannon’s information index (I) of each population were from 0. 205 to 0. 218 and from 0. 324 to
0. 341, respectively,and there were no significant difference among h-values or I-values of four popula-
tions. UPGMA dendrogram tree,which was constructed based on the Nei’s unbiased genetic distances,
showed that DT diploid and DT tetraploid populations were firstly clustered into one branch and their re-
lationships were the nearest,then WH tetraploid population was clustered to the branch. And the other
branch contained only WH diploid population. Partial sequences of mitochondrial control region (932-935
bp) of 40 individuals representing four loach populations were sequenced. A total of 47 nucleotides were
variable,resulting in a total of 29 haplotypes. Nucleotide diversities () of DT tetraploid and DT diploid
within populations were 0. 898% and 0. 872 % ,respectively.and they were significantly larger than those
of WH tetraploid (x=0.465%) and WH diploid (x=0. 675%). Within the sympatric diploid and tetra-
ploid loach populations,genetic diversity of DT tetraploid was larger than that of DT diploid,and the ge-
netic diversity of WH diploid was significantly larger than that of WH tetraploid. Analysis of molecular
variance (AMOVA) indicated that the genetic variation mainly occurred within populations (63.55%),
and 37.32% of variation occurred among populations. Significant population subdivision was supported
by both pairwise Fsr values and Kimura 2-parameter genetic distances between populations,except for no
apparent subdivision between DT tetraploid and DT diploid. Phylogenetic tree through Bayesian infer-
ence from the control region sequence haplotypes was similar to the genetic relationship among four
loach populations revealed by SRAP analysis.

Key words Misgurnus anguillicaudatus; SRAP; mitochondrial DNA control region; ploidy;

genetic variation; haplotype
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