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ZE, 2009 ; Abbas et al, 2009) , IEAE, BN FE T
Ve mtDNA BR)PEFE ) 3% (2R 8ok 45, 1999) (e
R B (B FRESE, 1983 2= 55, 1987; BN
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2007 4 M AL 48 2T 44 ) DX RN e 48 I B
T 7 62 1 SR 42 S A R 6k 120 B2, 3 (A 18] 9006 2
SR B VR SR I YA o, Ak 3L R Pk =X 4t A
I 5E £TANAL DNA AR & 5 DL S e AR . 5T H)e
BRI B BB LY ,95% LWEE E G, — 40°C P17
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Tab.1 Ploidy, sample size and sampling
site of loach populations
T e
RufEA - WHT - 32
RN A WHD 32
TEEMPUfEA  DTT 38  iHFg & FH
TEEW —f5A& DID 18  HIFg&EH
1.2 E[FZH DNA $2E#F0 PCR #7718
R HH Ry — S5 321 e itk e g 2H 21
FEE A ZH DNA (BRI A & 5045, 1992 ) o kifk
ND-5/6 F£H B % 51 %) ND5G (5'-CAACGGTG-
GTTCTTCAAGTC-3") #1  ND6L ( 5'-GGAAC-
CAAAAACTCTTGGTGCAACTCC-3" ) #t47 PCR ¥ 1%
(Park et al, 1993), PCR "3 2 W 14 £ SR FHS
50 wL:10 x Buffer ( Fermentas) ,2. 0 mmol/L Mg**,
0. 3 mmol/L dNTPs,2.5U Tag DNA F 4 ( Fermen-
tas) , 54745 0.2 wmol/L,100 ng ##g DNA, PCR 7/
WEHCRH 94°C TS 5 min,94°C A1k 45 s,54°C 1B
k45 s, 72°C FEH 2 min, 3 35 NG ; f )5 72°C 4k
fift 10 min, PCR ¥ ] 1% BrIg W 58I F A I
1.3 PCR =41 R &I 1% B
A1 Tl BIR 4 14 P D) I o 0 %t Hae NI, Dra
I \Rsa 1 .Taqg 1 .Hinf 1 .Msp 1 (Toyobo FiI Fer-
mentas ) 6 T Z2 35 VE R N VI, % PCR ™ 4 147 B0 i
BE0) . BEVISONARZ g 15 pL:PCR ™45 wl, A1)
B2 U, M1 ol 1.5 L, FTK B KA L 15
w42 ) ZZMERE RV IR RED] 4 ~ 6 h D)4
1. 5% SR EEERS (& EB) MUK, BERC LR . LL 100
bp DNA Ladder A4;F-&EH5HE, >k F Quantity One %
7 (Bio — Rad ) fff 2 BR A 1 A Be R/ e AR A B
C S5 Bl iy 44 B — it i) B A PR g DD 1 352 B

Hu B AR

WAL
WAL

30°28'N, 114°06'E
30°28'N, 114°06'E
29°20’'N, 113°09'E
29°20’'N, 113°09'E

1.4 HiESH

H 6 Tl T J— A % B T il 1) IR 2 A
RFFEFRRFH S T 6 DT RERY i, Fomix—
AR BAE B (haplotype ) o 1] FH 25 A DTt F) PR ] 14
Jr B ) R S DD SO, A A A A
RFLP S5 AU iy S 6T 1 P 1) il 8 ek 4 37 B A% 2 S
4, i F REAP 4%{4:( McElroy et al, 1991) ,f#2J& Nei
(1987 ) By 7 155 s A% A4 fa] i 2E AL BB (d, ) DA %
RN B R Z AR Ch) MU IR Z AR (7)),
K Nei & Tajima (1981) [ 7 et HEREAAR ] PA% 1 2
ZREAE () AR BRI IR 25 (6) o i REAP 3k
{41 MONTE £ 7 347 10 000 ¥X Monte Carlo 1]
xR, DA TR O 22 ) R R AR R (1 2 5 W
PEo ARAEIEAR ] 198 H R IB LR 25 (6) , ] MEGA
4.0 FRAFAE AR UPGMA KA,

2 #R

2.1 RFLP B2ERIEHEME

LRI, JE Bk mtDNA ND-5/6 ¥4 i Br ik
JEZ)2.2 kb 4 ARSI B Btk . 6 MU
A B AT, B4 S A i 2 2SR (BT 1) .

1 23 456 78M9 101112131415 16

M. DNA Ladder (1 500, 1 000, 900, 800, 700, 600, 500,
400, 300, 200, 100 bp); 1 ~16. k%S
B 1 EIRZEERSE S
mtDNA ND-5/6 1] Taql Egij] E it
M: DNA Ladder (1500, 1 000, 900, 800, 700, 600, 500, 400,
300, 200, 100 bp); 1 ~16: No. of individuals
Fig. 1 Restriction fragment patterns of mtDNA ND-5/6
for some diploid loach individuals in Wuhan
obtained by Tagql digestion
6 Fofr i 114 1t D) 7 B 28 B BCRE 23 5] O 12 ((Hae
M) . 11(Dra 1) 12(Rsa 1) .16(Taq 1) .25(Hinf
L)FI8(Msp 1), 7E4 DUREKEEA 120 A4,
LRI FY] 66 FpHAAERL (] 1 ~ 66 Ko ) , AR A
TIE A AR T I 0 A0 Bl B R R DL 2, MR
2 AL BRI PR (WHT ) 3 A A4 5 9 J22 8
TAEAR(DTD) S AL AR 3 (AABAAA, Y
VIR AR A Hae T Dra 1 Rsa 1 .Tag 1 .Hinf
I Msp 1) LASR, HA SR T 53 551 45 PSR E 14 BT
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HBAREA Bt 22 (15) , H D AG R (WHD) & X 66 Rl AU gEA T 3RS Ar , SR W] PR B AL ¢ 2R
ALY 46.88% 5 7547 50 G TILE A AR 5 4 D TREKIEACR SR 3t il Z 1] B A

16r

b DTD
E=Z DTT
E= wHD
12} 1 wHT

—
<
T

B 14 2 2/ A
Number of samples
(2] co
RN RN AN RN RARRARR AR AR NN ]

ot - A [ g =
0 IIRRRRRDNNNNE: QEQEEEEE
9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
LN i
Haplotypes

2 84 A BHF mtDNA ND-5/6 BERYSHREERYEE
Fig.2 Distribution of loach mtDNA ND-5/6 haplotypes and their number of samples in four loach populations

2.2 BERLERRRAZEEXR Bk «* KB FEI , BARE RS R A 4 ARSI 1A 2 7]
Tk 4 MEHAN ISR RS BOLE 2, FHA R E R 5B (P <0.0001),

P LR A B BB Sy 11 ~ 21 A, BRI 5 B ARRE K2 ORMANBENMBERAYE BERSHY

AELHI L E R 0. 4375 ~ 0. 6563, Je BkHE 4 4 350 (h) RIZHBREHE(7)

) ) A [ B (1 B0 S5 REME () RS 17 IR 20 Rk Tab.2 Number of haplotypes, haplotype diversity (/)
(o). o725 Ak 36 L 4> 51 2 0. 7679 ~ 0. 9385 il and nucleotide diversity () within four loach populations

Y Y R Y T P R T
0.01041 ~ 0. 03212, - ¥ {f 4> %] % 0. 8735 Al :
AR oy ? B e mmo e e REEGD REECn)

0.02108, 2 AEIFPF?)E’@%XE?W(WHT H1 DTT) f) 24 WHT 32 21 0.6563 0.9385 0.01041
RERIZREVE S T 2 D KB (DTD 1 WHD) , WHD 32 14 0.4375 0.7679 0.02452

i A EEAR (DTD ﬂ] WHD) Rt 2t S T DTT 38 21 0.5526 0.9179 0.01728
lﬂﬁiﬁii}%ﬁ*ﬁ?W( WHT $H DTT) . WHT Eﬂlliﬂ’ﬂ$ﬁq‘ DTD 18 11 0.6111 0. 8698 0.03212

R AR E RS T WHD REIRR I — B
sy A I = 1) 48 7 L AR A 2) A B/ AR

WA SRS R E R aE. . -

YJE’@@(E?MKZIETJ E(J&H‘@&gﬁ‘ri( 77) ﬂjﬁﬂ*ﬁﬁﬂi Notes: 1) It indicates number of haplotype occurrence within popu-
/HQEE % ( 5) U %‘:2 3.0 g /ﬂﬁ (EA [ﬂ j‘j 0. 02588 ~ lation. 2)) Number of haplotypes/sample size.
0.04144 ~F-2J{H (0. 031737 £0.000005) ;6 2k £3 B#k4 M EHEZ EMZHBRBLERS (MALLUT)
JERE A 0.00462 ~0. 01617, SFEH{E 4 (0. 010659 + MRERSEE(XRLULE)
0.000003) , H:/1, WTD F1 WHT 2 [a] /) 4% F B 5 4k Tab.3 Nucleotide diversity ( above diagonal) and
PEES (0. 01617) , WHT F1 DTD = [l (4% 1 W i nucleotide divergence ( below diagonal)
BB/ (0. 00462) among four loach populations

L . o

SEF YR SHRE P 0 A A 1 R B AL 5 (0) Hy (AL L L oD
UPGMA %%ﬁ*ﬁﬂn 3 F)’_Ij/j“_\‘ ,%ﬁj{i%ﬁﬁjﬂj{ WHT 0.03363 0.02604 0.02588
Ko RUFE A (WHT) Fld 2 #) — 4% 14 (DTD ) #f WHD0.01617 0.03202 0.04144
PRSCH 3, B SR (DTT) g, O oo oomn2 003142

l—th{x Ti'lei(WHD)%Zmﬁkjﬂ EZ Monte CaﬂOI},@ DTD 0.00462 0.01312 0.00672
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Fig.3 UPGMA dendrogram based on nucleotide

divergence for four loach populations
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Zi{k PCR - RFLP Jp A7 AT 1A a8t 4% 2% S
(1 — P 22 55 A 2R or T bR g 7 ke kU B A
(2002 ) Xof 4 VL H i 7K 28 B FIRE R 4 SRR mtDNA
ND-5/6 i#t417 PCR-RFLP 434, H. ND-5/6 F Bi K &
P90y 2.5 kb o BB 18 BRI, iR LA L
i EAAE AL o ASSIZ B0 X0 3 B W) | D0 A A P A A
Jesik 4 DR PCR-RFLP 23 Mr &b R W], 7EAH [F)
IV, 2 R LV 8K miDNA ND-5/6 J Bk
JE(2.2 kb) /NTBEFIZ A (2.5 kb)) {HYRHK G |
4 ND-5/6 4" Fr Bo A< B2 29 BAT 45 B 1Y Ff A [R] Jo
P 5 TEYRBRGRE (A S AS D 21 66 Fh BB Ry, 56 | £y
FHLE , T BAR R LL A o
3.2 BEESHMELILR

PAlas , 21 Fh G HESD Y | 2 A2 ety
2 ST FL S S YA A AR (AR E] mtDNA 8447
B1E0.001 ~0. 087, FEH L2 5K 0. 028 (Avise
et al, 1987; Avise, 1994 ), ARSI H 4 4~ Ue Gk EE
& mtDNA ND-5/6 H&[H 52 BUAS [A) B BE (07 5, 4%
REZ AT IR ZFEPEAL T 13k 21 Fhsh ) mDNA %
I S5 T A e JE T8 A R Ul 6K A R 2 R
IR (0.03212) , Hy S sl A% 14 (0. 02452) , i
DUVUAE A H TR 22 B fiz /)N (0. 01041 ) o Khan 5§
(2005) % HAS 11 A2 {A mtDNA D-loop [X#£47
T RELP 7347, Horp 2 SR A B B2 R 2 A 1
0.02476 ~0.02633 , H4H &N 0, HoSEHymfe s &
INTARSIREER W) —AS AR Bks % Z AR TR
TR AR, X 53T A DNA 74 45 5 — 2L
(PAFHEE, 2009) o 2 > AR MR TR SRR A 5t 15 224 1k
9T 2 A PUAE A JR SR I, 3 FT RE 5 20 A X B Y
AR DU A 2 16 A A SRR A G, DO A AT
AE PRSI T B A B AR A 5 BeAh, Sk
TI7K Z BEFN A A [ 1A mtDNA RFLP 344 SR AR

FA 4 ARSI A2 1T R AP #44E.(0. 02108 )
K FHiE (0. 018 ) FIEL 4. (0. 002) (Lu & Bernatchez,
1997) , [d]—7K 2 1 U8 BCHE A4S Lo 5% 70 5 £ AR B A
B s L Z R X 5RO T3R5 I s B, H
B A BRI A2 N SR S50 3l i S AR X BNV K
3.3 BREBREMAERER

ARSI v, e SORE (A TR) Y A% T IR I A B R
(0.00462 ~0.01617) 5 EHJE ( Pagrus)2 Fhf 251
AR AL I B (0. 00402 ~ 0. 01625 ) #2231 ( Tabata
& Taniguchi, 2000 ), {H H 7 24 4% 1 2 B A B 5
(0.010659 ) B & /N F H A 11 4> Je 8 #F &
(0.05312) (Khan et al, 2005) , Monte Carlo B4k
" KB F ], BREU AT ATE 4 VR BIIE 1A 2 ] e 3
MR B 22 57 (P <0.0001) o [H i, VT i K
FRAEMETE 4 A VS BREE R 8] A7 78R 38t 15 701k,
EIB AL /AR EE /N T H A 1 e, X AT RE 5 H A<
VeI BT F AR AL 2 R A 6

TE 4 AU SRR A, s A AR DU A4 22 1]
AR R 5 A B 8 e R (001617 ), 3L a5 14 1
23 i g 7 Nl TR R s R L ER S G
(0.00462) , FIE4rHr R, 4 A~ Je S A SR oy 2
SZ, BB PU A (AN BE W0 — A5 AR R 4% ok R Bl Je R
TE— 2 , P55 I B 1) DU A 3R by — 3, i — A A
B A — 3 o EDUFII JEE ) 79 1 >R Bt 1) e 6K -
VA i B E5R AR TN DU 14 2 AN . miD-
NA Cyt b J¥51 532 W1, 00 A5 1A e B 4 Fn g
FEAR YRS (R Z A7 AE 2 5 15 o AR MR
2 ASNEAE, TR [ A5 P e SR A (R) VA 2 at A AR
5 (Yang et al, 2009) , 3 Sz e H A [] 73 A5 XA )¢ 5k
FEEAN R A5 A8 5 o 4 S URBREFI4C 1 SR 28 OC R g
A I AB AR — 5 H AR 3 MRS 7
PASE R AR R A 1t TS0 R ST A 3890 9 U 555 4 9 Bk
55 I ) — A AR R A AE B I R R R, X2
TR 2 VA AT IR T 2 1) — A5 A i A T
BB o B BE AR AL T VT i Az U
D, DY A AR IR JE W8 A AR R RS A —
PRILZE5S 3 R A, S0 B A 48 VL R A i 2
RIAZ o PRIt , 2 ) WY 3 AN ) A e 10 ko 1) i st
&o3k R GER T R R MEAEUTE L], L2k
Z M LR ICAS B R B B i — 2B OISR

2 3Rk
WEA, FSER, KDL 2001, B UR KA [ BE R kA5 AR
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Abstract; Polymerase Chain Reaction — Restriction Fragment Length Polymorphism ( PCR — RFLP) analysis was
used to investigate mitochondrial ND —5/6 gene polymorphisms, genetic variations and relationships of four natural
diploid and tetraploid loach ( Misgurnus anguillicaudatus) populations from Dongting Lake (DT) and Wuhan city
(WH) in China. The results showed that the length of mtDNA ND —5/6 regions amplified in 120 samples was 2. 2
kb. 66 haplotypes were detected using six polymorphic restriction enzymes (Hae Il .\Dra 1 Rsa 1 .Taq 1 .Hinf
I .Msp 1), which were screened from 13 enzymes. The haplotypic and nucleotide diversities within populations
ranged from 0.7679 to 0.9385 and from 0.01041 to 0. 03212, respectively. The nucleotide diversity of DT diploid
was the largest (0.03212), and that of WH diploid was the second biggest (0.02452). Of the four loach popula-
tions, the nucleotide diversities of two diploid populations were larger than those of two tetraploid populations. The
nucleotide diversity (7) among four populations ranged from 0. 02588 to 0. 04144, with a mean of (0.031737 =
0.000005) and nucleotide divergence (§) ranged from 0. 00462 to 0. 01617, with a mean of (0. 010659 +
0.000003 ). Of the four populations, the nucleotide divergence between the WH diploid and WH tetraploid popula-
tions was the highest (0.01617), and the nucleotide divergence between the WH tetraploid and DT diploid popula-
tions was the lowest (0.00462). The contingency x” test with Monte Carlo simulations revealed a highly significant
heterogeneity in the haplotype frequencies for four populations (P < 0. 0001). The UPGMA dendrogram tree,
which was constructed based on the nucleotide divergences, showed that WH tetraploid, DT diploid and DT tetra-
ploid populations were clustered into one branch and their relationships were nearer, and the other branch contained
only WH diploid population.
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