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NEREGEERRHERRILEST & D-loop BEEF IR ZHEMRAR

Zreot, FEMH, 2R, & =, %k #E, F #

(NEE R RFBPIBLEERE, NS AR 010018)

FEE . SCREXT SR Ik B AN b SE AR U kD 2 (Leuciscus waleckii Dybowski) f) mtDNA D-loop J75 #4749 H4, 3K
27 89 bp MFEEEEFF], BRAMFEEERFBES AL T, CH CREMTEHEE, HEBBER 32.0% .
32.2% . 21.3% F114.5% ; PEEABEAR 32.0% | 32.2% . 21.4% F1 14. 5% ; 3k B WA i 58 39 2 B D-loop 2L
CC HHAMY, RRHBER, 2 MHANAMBHARBFAEFEENTI 25, PIBI#AR D-loop ZH 896 M
BRI AERLE 33 4, HARNMEB AR ; B HEW 30 B D-loop HEEGH ZAMNL A/ RENMS 2114, 11
ANBAERL; SE 30 2 4a D-loop 2 &4 BAENL S/ RARRNLE 31 A, 17 ANHAAEAL; (4 5 i FF D-loop 2 H
ZHMERTREY, BEEEITERR, KBS ES AR BEER R 0.007 0; ik BEBiAaFEZE
W53 AL BE S R 0. 003 65 B F BF =2 6] () F- 25382 % BE S O 0..007 4, i SE W fa 3 D-loop 2[R 9 - 34381 % B
BATREME, BiE#HA D-loop EFEFHABEATFEE.
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D-loop gene sequence and diversity of Leuciscus waleckii
Dybowski in Dali Lake and Ganggeng Lake in Inner Mongolia

LUO Xuguang, QI Jingwei, AN Xiaoping, WU Lan, YAO Jun, LI Bei
(College of Animal Science, Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract: We amplified the mtDNA D-loop sequence in two stocks of Leuciscus waleckii Dybowski in Dali Lake and Ganggeng Lake in
Inner Mongolia, having obtained 896 bp gene sequences; the average contents of T, C, A and G of homological fragments were
32.0%, 32.2% , 21.3% , 14.5% and 32.0% , 32.2% , 21.4% , 14.5% in Dali Lake stock and Ganggeng Lake stock, respec-
tively, with no significant difference. The inter- and intra-population of the two stocks had high degree of sequence polymorphism.
There were 33 variable sites in 896 D-loop gene loci in the two stocks, and the rest sites were more conservative. The D-loop genes of
30 fish in Dali Lake contained 21 polymorphisms/mutations and 11 haplotypes; while those in Ganggeng Lake contained 31 polymor-
phisms /mutations and 17 haplotypes. The diversity of D-loop gene in Ganggeng Lake stock was higher than that in Dali Lake stock.
Genetic distance calculation shows that the average genetic distance between Ganggeng Lake and Dali Lake stocks was 0. 007 0 ( Dali
Lake: 0.003 6, Ganggeng Lake: 0.007 4). The genetic distance of the D-loop gene in Ganggeng Lake stock was greater than that in
Dali Lake stock, and the evolution speed of the former was faster than that of the latter.

Key words: Leuciscus waleckii Dybowski; Inner Mongolia; D-loop gene; diversity; genetic distance

ARACHES 8. ( Leuciscus waleckii Dybowski) INFRILICHES 1, RIBEUEH . 818, P @ TR WHRS @R, EE)

WFERE: 2013-09-27; f&E HHA: 2013-12-02
REH: NZd HARAE4ETH (2010MS0313)
EEE . PHE(1966 -), B, Wi+, A&, NFEK=IPHHERBETHIR. E-mail: luoxuguangd99@ 163. com



F2H

BB WS I B K R E WA AURES M D-loop 2[R 551 X Z RIS 93

A F b E AR b A 2B YT RN ST T SR 4% K R K B TR 2R
W%, FENFEE BB NEKR USRI, 51, &
B, PHEW . SRREESIOKBIE N, BRASEE
WX WEE/NIZ A, NE X EFARIHES A2
FEZIIXARTRK Z b 2 K B B SR R T T8 AL 8 A 24
WL BLMI 27 M3, ZYFIST S 1 0 A A5
BAWRKEN M, RIGERIGE. TEhem. &N iRm0
Fm, BA—EMMERERE, REREABRAENSHAE
W ZRACTES /1, AW 52 5808 53.57 mmol-L™"' | pH ik
9.69 HIBLHKBAN . WEEH A KK TEEHBER, &
6T 2 1 B TF & AR X S K AR IR AR W B R R, B
BERRWFERAET M E. 20 42 80 R LIRT RIS &
NSRS RTKE AR, 90 4R i FkBUAE IR
BmAs kKot BER B, FHEFRE B ER S, MABAE e
BEW/N, FRREESEIR, EEAENS K —K
AHEETE 2K o

LRIk DNA (b BER, BA R ELA HTH
SURESME, BTN TR LR R s e £
REMEMT ™), H D-loop KRR AERR K. H1k
BIRM X, BARBHEEBR, WEEA TN, f
BEEAMARBESHEERTIRD . 2% EBRLBkE
WX FEARBIZE TN x| apkt | Rl
e 100 2 b Dy R 1) 0 08 £ 5 A RS 0o A R AR AL TE
B0 TP S RE R, X ers! " Fbm A
SOV SR BHEAT T ZRACTE S i TR 43 T b e B 07 1 A B G
2 1 (L. waleckii ) 3 BB AN 25 95 BV BE AR (0388 4% 248
PERBAE G AT, (BXHARILHE D i k& DNA B4
PFRIB AR AR . XX NS X RIS MLk
DNA #:Hl X B FFIAT TIE, WAHIE T A B E
WZRACHED BRI AL SRS AL b, XA Fh
BT Kk T B BHICA R, o3& v E R K ol
PRI LS YR,

AR
1.1 ##

RIS FT FAAICHES /60 BB, HPE A T NSk Bl
30 ), BIEEW 30 B, 54 EE £ ( Ctenopharyngodon idellus)
Ofl, kB TFTHMERARLERATS; RAaA, T
95% [y Z. B - 20 CIRFF#& o
L2 RAWHE
1.2.1 M4 DNA RBMEE  # 95% ZBREHFN
BARY, EFLEABKPRE3I WU E, ZBRTHZ
B AR S HACK HEFTHE, B 100 wg SI3KE H4H
241, KF] promega Wizard Genomic DNA Purification Kit i 5
EARUEERZH DNA, {2 R4 DNA FfE 250 otot
BETHIE 260 nm F1 280 nm {1 E L K DNA 19 BT 8 BE
0. 8% AR WEBE KL L Dk AL U DNA i At

1.2.2 Bt BEEEREN I Ry D-
loop X BHFHIFHI1Y, JFHIAT -

MitD]l-F: CACCCYTRRCTCCCAAAGCYA;

MitDl-R: GGTGCGGRKACTTGCATGTRTAA
1.2.3  PCR 3" 3% )7 5 il =& F NP3 ] Takara
Premix PrimeSTAR HS, 5 i & &1 50 uL 43 #5. PCR
Premix 25 wL, ETFU#i5I¥4% 2 pl, #A 1 pL, #pEKE
JKZE 50 wL, PCR P44 UNTF . 95 CHIZEME 5 min, $R)5
BHE 25 MEHIE 95 CAsH30s, 56 CiB A 30s, 72 C
FEAH 1 min 20 s, FjF 72°C LA 7 min, =¥ 8% JRIEVELE
JEerRVK, B BB AN T KD 1 R A I A AT U Il
FARAR DP209-03 AU FIGRF & 4ifk PCR =¥, 4ifb/m
i) PCR P=#)3% 2+ £ A RIHETIT
L2.4 $dEab®E  WEM DNA FII#T ATKIE, R
Fi DNAMAN (V 5.2.2) 3443474~ F 45 e it 18] 19 77 51 L
X, A EETFIHEERBENHR. MEES; A
MEGA (V 5. 1) #4347 R ik fumt. BEHER. GC & &
% 457%1 . FIFS DANsp V5 #f443Hr ZE R 3 K A% AL

2 BEREH

2.1 ¥BER

WIET WA E, THREEARZER R B PCR YK
BEo Xf 2 MBIARILHED KA 60 Lok & D-loop 2K
HAT T FFIE, 828 D-loop FF % 1 kb [ EF 751,
PHEEERTEER I 1,

M Gl G2 G3 G4 G5 DI D2 D3 D4 D5

3 —
1 — O W W e N e e

B 1 D-loop £ PCR P 145 R
M. marker; D. ;kE¥IEIHES; G KEBIHIHES
Fig. 1
M. marker; D. samples in Dali Lake; G. samples in Ganggeng Lake

PCR amplified products of D-loop gene

2.2 D-loop EEFIFES T

2.2.1 GC&E 1 kbZA%H) mtDNA D-loop PCR ¥ #47
PP Rad Xt MG, REHETFER 60 B
896 bp W[ HEE K75, Al DNAMAN, MEGA 4347 [F] 5 )5
5, 19302 MR A FEREE R B AL T, CH1GHREEm
Y E R, EMABEN 32.0%, 32.2%, 21.3%
14.5% ; BEHIHR32.0%, 32.2%, 21.4% f114.5% ; A +
T EEN64.2%, G+CFHERN35.8% . WKL
Hi % 4 D-loop X E S A + T BRZE, I H ik BN 5 B W B
& D-loop £ F CC FEMY, RIHBER,

2.2.2 A% FEFTSHiERAEER) D-loop £ H 896 M
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BARTELETT AR A 33 A4S, HARL S BCAARST; KEM 30
%t D-loop R &7 LML S/ AR 21 4, 11 48
R, BT 30 4% D-loop 3£ & LA ML A/ 225 A
Br 31, 17 ANBAERL, BEUA R EWIREAR D-loop 2 ZHEH
BTk E M,

2.3 BEESK

2.3.1 RG#A RSk HT B R B D-loop
PR B T B — AN 43 35 T 1 5 38 A 36 LA €8 B D-loop 3
R b e — AN Kkt 4 3 b, KAy S XAy 2 AT
Syse, BT BRI BE; 3k HLWIA B SE W W RE MR D-
loop 3 (R 18 77 LA W S B3z 4 S W A0 1 L AL 4y 505 3
BOIREREE DD, SR & HMMaMOER, £H
LA LI 2,

BIRE b G7. G8. G9. GI2, G13. G21. G25,
G31. D2, D4, D5, D6, D7, D11, D13, D14, D15, D17
1 D29 1) D-loop & [FI A% & [F] V5 14 B S5 1 F oAb AE 2L A,
A T S R B, M 19 RS R TRE TR,
HE— W T 0 19 DR St AL AL A A B s S [ A Fa
D-loop % H #7 £ A R 2E AL LA o
2.3.2 mfElEE BEEBITBEERREL, KEWM
R E AR Z R 3R 0.007 0; AEBIGEHZ
E] () -3 AZ BE RS 7 0. 003 65 [ B I i 22 I] 11 - 3438t 4%
PEBIN 0.007 4; FAFEZE M BAEEER R 0.003 6,
T i< SRR D-loop E[H 1B IR K F ik B i,
AU A D-loop EFAEERFEH. BRAZENHE
PR, 5RGH N BREREAR S,

F1 FEHMREARILES A8 BAEEES
Tab.1 Genetic distance between L. waleckii Dybowski stocks in Dali Lake and Ganggeng Lake

g BEMARICHES MRS M
Ci dﬂ L. waleckiiin L. waleckii in
- s Dali Lake Ganggeng Lake
B C. idellus 0.003 6 0.3930 0.3950
ik B ZRALHE S M L waleckii in Dali Lake 0.393 0 0.003 6 0.007 0
R EWIARILTE S 1 L waleckii in Ganggeng Lake 0.3950 0.007 0 0.007 4

3 itie

3.1 ZJtH#Z £ mtDNA D-loop 5%l

YRR G AR R E FREHE RSN F, F—F
HEYEATRE N DNA JREA R K HEF . EARRM YR A
+T/ C+ G EHEEANNF, EHN 2 MPRIHED fafH L 60
R ALR D-loop ZEE HEAT TIFFIWZE, ¥ 8P mnl)y
RGN IBiEE, FEHETE 2] 896 bp (R HEH
P50, H D-loop XH A+ TREFEMT T —2F, &
LN 64.2%; C+GC 5EHHK35.8%; A+THEEET
C+G M&ERE, X 5HAMA2E mDNA D-loop XH A A1 T #
HREEH—F", 5HAMEHESHYH mtDNA G
A+T HEEET C+6 SRS BHAEA" ",
3.2 FitEFamSHEHE

MERTBT BB 1 £ 28 miDNA 048 A Hr R B, Mk
miDNA 2551 EERHE R IRE R £, HARGERE
A, PFHE R DNA HR 5 ~ 10 %, JLEREHR
%o TEFR TR AR X SE AL R, BARE MR
BEMRE AN, BRI, FEEMERB L S
PERFR AR RL, o FARIC BB A R R 2% BB
AT TP 86 EHR LB, B
B 30 B4 D-loop EF &H AN/ REN K 21 14,
11 A~BEAERL; R 30 F2 8 D-loop EF & H ZA_MALE/

RAKAL 31 A, 17 A BAAFEL, BB b SEIHEA D-loop
HERMER TR EY, XRS5 HAFRKREA K, X
RSB WKW, KEPRREE, BXEAEKREE
B, TR S EBR R IR AR, R
RO KB, BRIABER 9.4 ~9.6, HERGHEMN = H 2B F
BB, ESHEAREEA, KAk R R
FERESH MRS 5, BEBMRDY G157 K
R, SEMPTRZ500 v, KYMEREARMAK, Hilk
WU TR | A3 B PR AR A B
AT RE) VAR R 7T A S 2 ) S I8 A Lk B A A A
Rt SRR N EERRERZ —. MRS RAMD
B ARIT A3 % 325 L3 A O BV A B IR MR AT
STR-PCR BFFEA% A5 R 5 EH BT FAM, BIBRKIRBERY
TR (555 BT He R SRk PR SER A (8 B ) (Y38 S AE 1
ERFE,
3.3 @S

I B0 1 S R A D-loop 2 (R i AL A R 0 AN TR
AKBRTAmSEHEAL, 2 ASBIREA D-loop 2 R 7E R A #E1k, H
BEAETT IR, IR AEAE SRR T AR A £ 2 FF
K60 BAEM T, KEW 8 R, XEM 11 BRI TER I
#E, ULHTIA B R SE R IR D-loop R 77 7E A R i) 4k
WA FHEHETRERE 2 MR B A E AL, AR
BEQEEE MR, SURSE) (Rt T S B AT ) Ak, 8
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)
os] 11°C1-D1
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K2 D-loop %1 UPGMA RS
B EZFRA B BIULIRINT . C7. 857 SEAaMAES; D2. BB 2 SamiEEs; Gl KEWE 11 SaikEm,
Fig.2 UPGMA phylogenetic tree based on D-loop sequences

The codes in the UPGMA phylogenetic tree are illustrated as follows: C7. No.7 grass carp samples; D2. No. 2 fish

samples in Lake; G11. No. 11 fish samples in Ganggeng Lake

RIS BERE SO — AN AR N IR A5 A1, AT LU BRAR
IF AR VA ) 328 % 4L 0 5 AL P2 BE . SHAKLEE %51 4% 3 i 2
TR FRRAIFE LUK BB R AA IR D (H 6 7 8 H 4
529 0.90, 0.30 F10.05, BT HARIHED £ 2 A 5 R F
FER AL HERS 2 0. 007 0, BEHAH: B ARFHEE IR (38 1% 231k
AKX BRI o pn o, FCIR R TT BRI B0 T/ —
W DXARIWIG, Pis BB BT, KA b P
A, TTRES AR . 2 AR 18 A I B R
IBEIFPEEAKY B 2RiE, PRI DA 2 B b B3 2
A FREHAR AR LR D )R TR — AR RIS B

SRR T [ 2, (L SE IR 4K D-loop E[H Y
FEBAC IR AT ik WA, AU BEIK D-loop 2[R 1L
HETRERTEH
34 ARHMRFILLETEREASHEERIPNE
B A

WEE AL A X, HHEFENEY SN, RN
BAYF A B R BESHENE, BASHMERY M
HRHBEAC Y, WREREMZHENER, BPRIEAE
FEM MR R, — DR B E SRR, XHE
PRI HE A7 RE ) RN PRSE AR AT (038 L RE 0 LB , FEEELE
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RERBA 55 BAL SRR, Xh 3R 5% 0035 B B8 1 8L 55,
& AR A AR B K T e PR . SRR, R
D kNS A SBRE AR, EIREAREA T MIER
BUAGRE ST, XA PG 7 5 1R f S5 A B YTk, B
BIRMER, FTATSRRER, FHRIEILE, &I
TEZ TR SRS I B T Rk BT, AN
b DX P AR FUICHE D (1 O BEMRCRE H 23 TR, WU E R,
HBAANRL R, SR E IR BT e, AR IR
ZEEEBBE . ZPTIE B K AR ACHED SR
FIREMW, AERBUS AR — 5 BOE 09 b W AR LR i
TEAE M ; FEEAFW RSB, R0
WEME M, REMEE; ZPERBEEBRIES @
THRENRE S H5h, DT RXM NSE RIS AR
FIB AR AL SRR RITT ST, A m R R S
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