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i £ 2838 32 A S 816bp #Y CO1 FEFFFH . A MEGA BPF 1 55 61 Jas £ 28 b 1] K b Py 3t 1% B 25, ) T 468
Hek ROR T 21k R R AR TE AN Bayesian J5 i 20 M AR 70 T RO o R LR 0 fh2K B0 i ) 38 S A 3 R
TRNBEIER . TERGEM T, 078 @285 — WA B R 2 8 4 B B SL RS20 BT CO1 SER B DNA T8
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FULL CO1 SR AE 60 s 28 DNA JIE A #EAT MR % B — 5 T A7 1
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W ZE )Tz oA E R SRR
e T [ % 75 5 A, oA 4 s 9 v A . %R
3 ) o #1822 U A

DNA 45JE7% ( DNA Barcoding ) 38 33 X — > 47 7
H i 5L B i) DNA T 50 3547 43 B DT X AH 5 99 F it
FT%E o AE R — BT i ) Fh 45 22 F- Bt , DNA 65
A PR 7 6 ) 45 A A R T RE A )0 kA R A
N, G HOR ARG A W 2 R A W) 2 R I A A 4
S 0T DNA SIE RS RS A AR W RE R, — D7 THT
R BB RS REAE R H 5 | i 4T A e i 4 3
T3 — 7 W R IZ A 1 A8 5ok X 4 AN A ) Ff DNA
Fe o, T HEA TS5 58 o BRI, 7 2 5 AN [) 40 o i 5 22
PEFEA R H L) Hebert, et al. XTI H 11
AT 13320 PR R ST 45 R R, ZeRi iR COol 3k
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s sius ) FIE ( Cyprinus carpio) YE N AP R HE . T F 2%
I HBSTE R B FE AU R £ 05% (0N 0 b
L1 HmX&E AOF5EEE 1T E AT RHE0E 1 IR A7 ORI S 3 T AR AR AE v R 27 B oK A 2R T 5 e
4 AFh 3L 32 AN B4 BT R SR B L BR R S AT

1 GenBank JF¥| 5 (1), %A ( Carassius caras-

%1 BEAHBNEALZRERLESR

Tab. 1  Species, catalog numbers, and collecting sites of samples in this study

Y 44 B hT 4 LB G B A 4 5 R4 b GenBank J3 %145
Species Latin name 1D Catalog No. Collecting site GenBank No.
S i1 Culter alburnus HJO1 2603010 By RIREF NI EF467604
HS01 2603102 W IR I RAAETL EF467607
JX01 2603056 Y775 75 B 181 EF467596
1X02 2603060 YL VG S BH W EF467600
JX03 2603073 YL VG B W EF467601
HNO1 2603090 T8 7 7 J2 W0 EF467599
HNO02 2603091 15 1 1 JE I EF467598
HNO3 2603092 T 7 ) S22 WA EF467605
HNO04 2603046 17 B U5 EF467617
HBO1 2603093 At 5w EF467597
HBO02 2603094 Wb 35 Ay EF467606
HBO3 2603095 WAL Al EF467603
HB04 2603096 1L 8 EF467602
HBO5 2603097 WL # Al EF467608
ik R i) Culter dabryi SCo1 2603017 P )T EF467624
SC02 2603019 YT 0 EF467625
IX04 2603055 L4 3 BH EF467622
JX05 2603059 YL VG 5 BH W EF467594
JX06 2603075 L.V %5 PH 180 EF467618
JX07 2603076 YL 776 65 BH 18 EF467620
HBO6 2603077 R4 EF467621
HBO7 2603078 40 EF467619
HBO8 2603098 At 5w EF467595
HB09 2603099 L # g EF467623
527 il Culter mongolicus HNO5 2603039 17 Bk U5 EF467613
HNO6 2603048 181 7 Ak TR EF467615
HNO7 2603052 1 7 Bk U EF467614
HNO8 2603089 T8 7 I JE W0 EF467611
JX08 2603057 Y775 75 B 141 EF467610
JX09 2603058 LG 3 BH 3 EF467616
JX10 2603074 YL VG R B W EF467612
143k i Culter oxyvrphsloides HNO09 2603047 W1 Bk VR EF467609
i) £ * Carassius carassius OUT2 NC006291
fif 7 - Cyprinus carpio OUTI NC001606

% 2678 )\ Genbank R 2% Y /5 471
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1.2 E[FZ DNA 2B PCR R FFINME I
35 FB LA 50mg H ZE1 /K . TE (10mmol/L Tris-
HCl,1mmol/L EDTA ,pH 8. 0) £ rh ¥ 12 1 &5 & %
MRS G, A 600wl SET(0. 1mol/L
NaCl, 10mmol/L Tris-HCl, Immol/L EDTA, pH
8.0)ZE i 12uL % [ K(10pg/wl) F1 60 pL
10% SDS j{fk,56 CHHRMEM E ZH T 2. F
iy AT/ S B (240 1) Hl 4R 2 IR FRTE K &
B U VE , S0l TE 28 vh i %5 i, IR A7 T - 20°C K
& A .

PCR ¥4 ) H 9 7 B2 CO1 JE R FE I 57K i
A BE S 820bp 2247 (97 41 o HLA B AN 3 51 4 34
h 15956-CO1 (5'-CAC AAA GAC ATT GGC ACC
CT-3") Fl H6855-CO1 (5'-AGT CAG CTG AAK ACT
TTT AC-3")""', PCR S i i K 24 100ng F& [8 41
DNA FE AR, B —FE 5 B9 9 35K TR S0l Ho
10 x 2% W SpL, dNTPs 2L (4% 2. Smmol/L) , 5| ¥
% 1ul, Tag f§ 2.0U, PCR JZ i 4 Jy : 94°C Tii 25
P 3min;94°C AF 1 455 ,56—62°C 1B Kk 45s,72°C FE A
Imin,35 MEEF 5 B2 5 i 72°C 4L ft 8min, % IR
WAL AN DNA AR 19 25 (1 X IR, 97 38 7= 1 &
0. 8% 1) Byt g Ml B g Wi DK RS i Pl I v R R H) o8
B TAE
1.3 HEHHAHE  F A Clustal X Fl Sea-
view " 8 X AT HE R T4 LA TROE 5 i
MEGA3. 0" 455 A5 157 47 i 6 5 4L 1 7 51 il £ sk
B AR S 0 T 51 ) 0 2 A5 S A 0 Je FELE % dy
T ARG B K R AR 3 (N)) L K 29 %
(MP) fx RAASR L (ML) I Bayesian J5 3%, HH,
NJ . MP il ML J7 &4 PAUP4. 0b10"" iz 171y .

I R T 20 25 4 A A A R U3 2%, S 0RCE T
I :1000 random stepwise addition sequence replicate,
PR 7 15 5% F 45 43 T 3% 4% ( Tree-bisection recon-
nection, TBR) , it A #0484 R N AL, 3545 50% — 2t
(AR, AT SEPE 1000 YK H J& 53 SCRy e . SB35 o iy
K HKYS85 g5t &1 55, i 47 1000 R [ i 53 Sk 5 o
e RALSR 1 5 )7 & 38 K (Heuristic searchs) , #f

TRy ST B B AUBE R Y 3 BE R Modelt-
est3. 06" B IF HEAT 40 07, 4% hLRTs 45 ok, 08 A 1Y
AR Sy HKY + G, SR AR 487 7 i, #0147
100 H & Al 3%

Bayesian 43 735 F] MrBayes3. Ob # 4", % H
HKY + G #8Y, D] 5207 R i (MCMC) Z40anF
number of generations (f&%{) = 1000000, number of
chains = 4, sample frequence = 20, temperate = 0. 5,
starting tree = random, Burn-in % 7€ 7F 20000 genera-
tions ( burn-in = 1000) ,

2 #F R

2.1 Co1 EFRFIIHERETR

3k PCR 434, K45 fif) J& 3 W6 6 ( Culter albur-
nus) ik G0 ( Culter dabryi) |52 17 #1( Culter mongoli-
cus ) FIL 42 3k 11 ( Culter oxycephaloides) , 3% 32 4~ 1k
AR AR 22 R CO1 B /I 4y F 51 . ARTFS
BRSO SN S i — BE K E N
816bp 1 Fr Bt , i 272 A S SE R , T A AT 1o i 5 (1
A B . 7E 816 AN HE S AL A, AR R A 241
L2905 30% 5 A5 B AL 171 A4S, 29 7 20% 5 A8
AL 575 0 AT CLG B BE 3 & & 4 i ok
26.1% 28.4% 27.1% 18.5% , H ¥ A + T & &
(54.4% )W BT G + C &8 (45.6% ), B 1 R
B R4 D ey 2 S R R 11 0 2 B B AL 19—
FFAE

T2 R, FEHMM G+ CEFR(46.5% ) KT
A AR G+ C 55 (45.6% ), X Fl 22 719
PRI T S HEW A G+ C RN ER
(G0 43.5% 73 42.3% ) 518, KR 25 %
T 07 S5 25 5 (527 0 43.9% , -1 42.8% ) , 5%
Wi 85 71N B4 2 58 — 6 5 1 07 5 (52 i B0 52.0% , F- 1Y
51.6% ) . XPTAYFING S H— B F AR G+
C i, HUUR AR i 707 A0 & i, (R
SR M AL G+ C F ik, FTA AMR I T 5 AR
SO (R 3) , 2 93% WY B B 4 R A A A R
TR
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Tab.2 The GC content for species of genus Culter in all position and each codon position
T GC Fr i
Average GC content (% )
Taxa Number
AR 17 45 2" 8 3" R
All positions 1™ codon 2" codon 3™ codon
1 14 45.5 51.6 42.7 42.0
ik G i 10 45.0 51.3 42.0 41.7
EnE| 7 46.5 52.0 43.9 43.5
A4k i 1 45.8 51.3 42.7 42. 4
SR A 32 45.6 51.6 42.8 42.3

F3 JEHE 4 WP 32 MEUURSNERN CO1 FHIEEBFARNBELERER

Tab. 3  Sequences variation of the MtDNA CO1 gene of the Culter and outgroup taxa analyzed

AL ()

Invariable sites

13 5, 269
207 272
3" 229
A EBA N 770

L () B AL ()
Transition sites Transversion sites
3 0
0 0
35 8
38 8

oft ) 0 Aofr P gt A% R RSB R /N O R AT W) R A
B F AR UE . ERATHER A AR 4 DY Fh
Sty 1 114 Bl P38 A% RS B RO 0. 37 %, K AR AE TH
1 Bk U 1 R ORE A L R W R Rk U2 B W B
ol R B, - 248 4% 22 508 0. 20% 5 8 Wi R AN P
G 22 S o K, Ry 0.62% , 76 D BH I My 3 FORE N &
A, AL 7 R PH ) g Bk DR L RR BH 8 — W b B A
S5 0 Mo BT R LR B, OF X B AL ER RS 0. 14% 5 3k

TG BA A PN 38t 1% BE B 38 2 0.00% —0.37% , %
Yigife 26 5 R 0. 13% . 4 Tl fif) J& 4 28 1) i Py 3t
R R /N T 0. 7% , 3% A& T Hebert T #E 7 (1
Yy b e 5E B /N Rl IRL S AL B RS 2% o 4 Fh A JE £ 2R
P A EE S ) ol 8] S 24 35 1% B B (6 4) B R T He-
bert B #Y 2% 1Y 18 15 22 5, f /) B9 Fh 0] B 2 2
AR Sk B R 57 71 (2. 49% ) d5 KB Fif ] 22 57 K
A= AR Sk R IK FGBA (5. 00% ) o

F4 HEINYFHARILIAMEESEEESMMAEEES

Tab. 4  Genetic distance within each species and pairwise distance between species in Culter

15 P iR

Culter dabryi

EuRi|

Culier mongolicus

% [

el 4.58%

A i 3.46% 3.17%
EEND S 5.00% 2.49%

I i) N 3515 HE
Culter alburnus Distance within species
0.13%
0.20%
0.14%

4.07% —

2.2 HFREGW

FIHABESE 310 CO1 L1 91, #4 22 i1 )& fa
KN FRGE R BT, 3T HKY85 (415 B k17
1000 ¥k [ KI5 #6 2 Y 50% 2% — 5t NI B (1A
D)o SEmEMITA 7T AMRIE R — AR, WA R
L 100% o 3K RAASE 10 AR DL G i 3t 14 4>

Pt ML L 2 B TR RS 5 1 S 153 (100% A
90% ), FF LA G B S 607 4 0L K B 5y
64% . SETBIET A TRTE R HE 3 100% 26K
SIS 15 52 o A9 LI B L 97% 1 3 4% 26
(1 F RGEMH L . I 52 1 61 548158 3k B S0
535 B LR T L (S22 1009 )
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Fig. 1  50% majority-rule consensus of the 1000 bootstrap major-
joining trees resulting from analysis of the MiDNA CO1 gene data
using the HKY85 model
Wi BRI SRR IRTE Y R BT M 03k IR0
IS5 7 B0 AT B 1R SRR A AR PR Sk R — A R 5 52
SCFRTE MALIRF , L T 3R e b iy B35
Numbers of the nodes represent bootstrap values with 1000 replica-
tions. Culter dabryi, Culter alburnus and Culter mongolicus form
three strong monophly separately. Culiter mongolicus is the sister
group of Culter oxycenphaloides,and the clade of two species stood

as the basal clade

Bayesian 754 H 1 50% 2 50— BOW DL K fe K ()
LY A 50% Z 80— BOW 5 4B 4 B A ALY
CEDECT O 3 S RPN S I VAN (R 152
BRI BB A 8w 0 SRR, e KA AR
o4 ASPRE Y £ 5 3.

3 W i

A5 )T 0 4 YRR 32 SRR COL TR
OIAT, R A ZERE T COT 75 BB S AR 47 1) IX 43 %%
Yo, G0 J@ P AT & — A AR DNA RIE 1 7
5

ARG R KR CO1 T G +C &
S35k 45. 6% , Ward et al. XTIRAHT 42 CO1 %
KPS A 5T P A B 251 G + C 1R
42.2% JF HEE-FMZE0 T3 G + C &t THE M
KT G+ C AR Saccone, et al. Xt 9 Ffifi -
fa 3 Bl R A SR MR 3 IR A 4 )y N AT
B 4 R TR SRR 28 G+ C i
mTHCE A, R MEAENTY G+ C &

(45.6% ) 5T Ward Fl1 Saccone et al. 5 H H%CE S
BEY G +C &4, 5 Ward, et al. F1 Saccone, et al.
MBRFFE A R —2, 52l G + C &4 (46.5% ) K
TN G+ C &h(45.6% ) R Z RS
=AM G+ C EE TR,

Hebert, et al. $&HFIH CO1 JP 5145 31T 4)
o 5 ) g O B o o ] 14 35 £ B 8 0 25 T P 1Y
AR BE RS JF HLBE S 22 52 K200 10 457 . 53 4] He-
bert,et al. Xtz 5 11 3917 13320 N9 Fhef T
Sy As AN Y AL B B AR DA R T 2% 1, R
PRI E R N BE B RN T 1% o ARWFTE D, S iR 52
i B 3K T i R A b P 35 A% RS 23 3l O 0. 62%
0.37% #10.37% ,¥1 B F /N 1% , 5 Hebert 15 3| 1
G510 — B, M) X5 R R A i KTl N T 34 35t
fRREES (R 3) , RZ Y 15—20 i, W45 R [F A 5 He-
bert,et al. FE5IEHHWI G, W T8 KK FE] 75 22
S 0T W) R AT o A A E B SR T SRR B0 R W
CO1 Jy 5 ity 0] 33 1% IR 988 W 25 v T b N gt AL R
LB COL J7 51 g 8 X f1 J& 1y M A7 A R ) b 22
SE o

I RGN B, R B0 K B0 5 6 AL
ISR BAA AR RT A DRERIE R &R o 28 B RTIR, A
PR A5 AR W CO1 KRR H AT LU T 6l J& £ 25 %)
Fila) 2 48 K B OC R Y ERT, IR I S BT BL CoT gk
AR DNA Z% T8 B ) ] €028 3 47 ) b U (4 m]
vk, et 7T —EmMS %,
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APPLICATION OF DNA BARCODING BASED ON THE MITOCHONDRIALCO1
GENE SEQUENCES IN CLASSIFICATION OF CULTER (PISCES: CYPRINIDAE )

PENG Ju-Li'? ,WANG Xu-Zhen' ,WANG Ding' and HE Shun-Ping'
(1. Institute of Hydrobiology ,Chinese Academy of Sciences, Wuhan 430072 ; 2. Graduate School of the Chinese Academy of Sciences,Beijing 100039 )

Abstract: DNA Barcoding is becoming more and more attractive to biologists as a new method for species identification.
The core idea of DNA barcoding is based on the fact that species can be differentiated by short pieces of standard gene se-
quences. It is very important to choose appropriate genetic marker for species identification. Mitochondrial CO1 gene se-
quence was a popular marker of DNA barcoding for species identification in the kingdom of animals. In this paper,we dis-
cussed the validation of CO1 gene sequence to efficiently identify the species of genus Culter. Original nucleotide sequence
data of partial mitochondrial CO1 gene,about 816 base pairs,were collected from 4 species of Culter and totally 32 speci-
mens. Sequences analysis was conducted by using MEGA3.1. Genetic variation among species and variation within spe-
cies were calculated,and it was found that pairwise genetic distance among 4 species was more than 2% , and obviously
higher than the distance within a species. Phylogenetic analysis was carried out with different methods, including neighbor-
joining , maximum parsimony , maximum likelihood and bayesian analysis. The topology of each final trees revealed that all
individuals of each species formed a strong monophyletic group. Specie identification with CO1 sequences in Culter sup-
ported the taxonomy based on morphological characters,and it was proposed that CO1 sequences could be a probable mark-
er to resolve the phylogenetic relationship of the genus. The conclusion of our research suggested that mitochondrial CO1

gene was a valid DNA barcoding gene for specie identification in genus Culter.

Key words:DNA Barcoding; CO1 sequence; Culter; Species identification





