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(bR ARMEKFHERELES AR ETRERLRE, Lig  201306)

W E: X8R (Anguilla) ) 3£ I 888 (A. rostrara) | BR Y 48 i (A.
anguilla) KSEFEXEEBHRF (A, bicolor pacifica) fE4&HH(A. marmorata) |
N EEER(A. australis ) B 7= #8#5 (A. japonica)6 Fh# s 54 Mk CO 1
1 COMEF JrBerr 1179 bp #1633 bp BFFFIHFE 7 T 43 K B A B
T AR RGER RIS T BT, SRR (1)COTMCOI
HE AL R AFE BN E S AR 17.98% (16. 45% F112.16% |
10.11% ,CO T % CO I FE[H 728 57 3875 5 (2) WA Rp 5 (R J3 51 3 R B0 s
BRI G MA(FECOL M CON+ CWE SRS HN 18.45%,
16.67%) ;(3) F:TF CO I ZFF B A HER Y& T COTERH, H¥KR
F 2% (BRYN 68 b5 Fn 35 P 48 B 5L F CO 11 2 (K )5 51 ) Fb (B 3= (5 BE BS
1.8% BR4h) , FhNIRIEEEBSER/NT 1% ; (4) AT RS B R GEM , 45
YIRp T AT RS B SRR R ERF IR RER R
A5e4—3, BB, CO I 1 CO I #FRE X 4845 8 f 5 3478 Y
o FEE BERITEBMBEARREHURR LETERS HEE

MR=A: WBHE o6 fifa
KepikCcOl fCcoll %A
FPAUA LA i R R
T A, &R K CO
I5COImERERTFIFE
—EMESE EREE L
SRR H CO I HEEXF
BB )8 (Anguilla) 6 T 251y
DFARUBRARN X R 5
FHRRETHHNSE,
KR BHE;CO 1 HH
P31 CON BEHFF; Mrpi
s RGERAR

hESES: S917

Ao

RG22 B SR R 3 K808, BIEE
PRRZ IR R F R MBI T -5 35 43 28 R X L
FHEHR, FUNK %5000, P b % e B A8 1 2
BER AT A FinidF 2 MRS a7 —&,

CO I 1 CO II 43 7 2 L i i 40 B 2 R AL B
WAL T AEE LB, ZE AP A MR Ge i AL ¢
REFEABE T EZ Y, @i %iE,
HEBERT 213\ % mtDNA-CO 1 3£ FEF 24 F
STRMIARHERE K, € X “DNA ZIBRS” . T
CO I 2[5t REAR 7 e B U R A A 7028
MICEMRERE XR T AR RIRE
WL,

6868 (Anguilla) B EHNERIE S+ 43 HEAU,
DRI R 5 ECGE!M e
TR 686 25530 18 MR EL R, (Hh E 3P
& BB - Be A E ) Y H i R e

e B A - 2013-03-11 fEE HH: 2013-04-16

N EkERSRG: A

JR#IEAH 15 ~18 F, 7E Genebank i A+ AT LA
KR B 19 Fh = WA i 2R 4K 7 51, £ 4 A
Sk SR A T A b 24 R 7 — I A D 498 5 ( A
nebulosa nebulosa) , TE Fishbase ${#EEH , v LG
R 08 g J& K 21 NH KW R, 2000 4,
WATANABE P ZE3E i R I T —Hifh“ B
REBBER" (A. luzonensis) . 7EH [H , 58 b & £ 2
A HA 4545 (A. japonica) ¥ 884 (A. bicolor) |
0847 (A. marmorata ) F1 z 8L B84 (A. nebulosa)4
FEES  REEH AR H X 0 8 i
4 XU L5, 68 f ( A. bicolor bicolor) 1A -7 XN £4, 48
#ifi (A. bicolor pacifica)2 N FP , ik H N2 5
B 98 L F D 7 R XL, B R — A A
AR A LKA DNA 5 CO T #1 CO T 2
PRI, %o e, ] 5 i s 57 L e 245 56 I 3 6 A ) 488 i |
KPR B84 (A, bicolor pacifica) A58 i, IR

EE&WH: HFARBIEIS(31201995) ; ¥ iR 5T H (10d21200804 ) ; - i 5 4 2= R0 H (S30701)
EE®E N AR (1972—) , 2, 14, BIBUR , S 0 A W R 2 R Gi 4k . E-mail : xlgong@ shou. edu. cn
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PH BB | H A< B35 6 i 2 2SR PR F 51
FRAESEAT 04T , 3 E N7 2 2R A e 2 T
ELBCAIRI , Sy 588 g J 49y o ) E PG 256 B 68 B R
B RBTIR A REA TR BURDE o

AR T

1.1 #H
SR E YLV B 4 B 3 Y 68 S A K D 48 5
2005 4E4rAI e E AL E G, R BT AREFRE
3y AT 15 XL, 48 5 1 46 408 4 2003 4E 4351 A 3E
BRI B, P b 4 FheB a4 68 A
BEA Y ok B 4 7= b ) B B 68, 4F 35 A AR LA
95% P5AE [ 72 J F T2 4 DNA 4 E, HEA &
FREERILE 1,
1.2 E[FZ DNA gEL, PCR § 5
F R HIRBOR A% < B-A 47 5, co 1
M CO I E H Y 359 4 5 16468-CO 1

( GCTCAGCCATTTTACCTGTG ), H7696-CO 1
(AGGCCTAGGAAGTGTTGAGGGAAG) #1 COII-R
( GGCACATCCCTCACAGCTAGG ), CO 1II-F
(TGTGGCATGTCACTAAGGGTGG) ., PCR J% b7 44
A8 50 pL, @HE B T W& 1.5 pL(s
pumol/L) \DNA #£4 150 ~200 ng.2 x PCR Mix 25
pL(0. 1U Taq [, 500 pmol/L dNTP each, 20
mmol/L pH 8. 3 Tris-HCI, 100 mmol/L KCI, 3
mmol/L MgCl,) \H,0, ¥/ K 94 C 5 min,
94 C 30 5.55.5 °C 30 .72 C1.5 min,40 F
&5 72 CHEAK 10 min, I =YZ 1.2% 1)
DR R e KA, X T To A, B R
Sei) PCR =¥ 58 B TAYARA R
CO T &[RRI X ey 77 W 7 51 49 2 16468-CO
I \H7696-CO 1, CO II & K U 5% F 5 1) 0 /57 , 00
FF31¥2 COIL-R,

F1 HARERER
Tab.1 Sampling time and locations of studied eels

[ S RAEH KA [6] J 7 513 [ RS Bt
mzm PANTLTE 2006 - 03 xH 2005 -03 mzml1l ~ mzml5 5
R 2006 - 03 BE mzm21 ~ mzm24 4
ozm AN 2006 - 03 BE 2005 -03 ozml1 ~ 0zml15 5
R 2006 - 03 BE ozm21 ~ ozm24 4
flb TRk 2006 - 04 PRRF I 2003 -05 flb11 ~ flb13 3
hml I3 2006 - 03 HREE 2004 -05 hmll1 ~ hml18 8
i3] 2007 - 06 | hml21 ~ hml24 4
azm I3 2006 - 04 WRAF W 2004 -05 azml1 ~ azm13 3
WH I 2005 - 12 PRRF I azm21 ~ azm24 4
rbm iR 2005 - 04 [ rbml1 ~rbml5 5
H 7 2005 -02 | tbm21 ~ rbm23 3
it 48

T :mzm Sy PN 5 ozm Dy RKYNBR 4 5 fb K P A A4 hml Sy 1RS84 ; azm S IRPNEEER; rbm Sy H ABRHE, T

1.3 HESH

B T 5 5 F 8 | TG 2% s X 33 AT 40 #T
[ B A NCBI %48 FE K15 6 Fhégfi CO T F1 COTl
F3 , 4373 2 « BR U 68 5 ( NC_006531) | 3 YH 18 fi
(NC_006547) -3 X0 {2 8 i ( NC_006535) I
Y8845 ( NC_006532 ) ., H A< #Bfifi (NC_002707) . 1&
B4 ( NC_006540) , 343 B 4% 5 N ozm . .mzm . flb
azm .tbm \hml, 53 H7 EAEAS Ky 54 NAME

A 514 Bioedit''™ Huxt, FEFIEK Mega
4.0 KT BRF B B e SR R 5 AT HE
X, X558 5 7 A% BT 51 5 F Mega #4411

ERE SN TR R RN EAE Y ST
Kimura’s 2 — Parameter #EHI8F Py  Fp[a] 515
BEES . Ll Mega 4.0 #ffFrh LT K2P BRI HEE NJ
W, RGE AR 1 000 IR A HB 0 324G 36 ok PF
i B4 BSR4 Modeltest 3. 6" # 4 f
BHEIEECER N GTR +1 + G, DA Mrbayes
3.1 28K R DU SR, R B R A st =
6 (GTR HELAY) , {7 i 3 AR AT P B rates =
gamma , LR S H N partition region = 3, number
of generations ({1 %%) =1 000 000, number of
chains =4, sample of frequency =100, starting tree
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2%

= random, burn - in = 100, X —IK , EESFHF %
WAEA G AR AE R R AR A 28— B, T B
KRB, RG4S BAS BE VRS LG B2
o

2 iR

2.1 CO1I %1 CO I EEF5I4H4E

Wt PCR 338 W 5\ J7 51 L X, 4 J31) 26 B
CO I F1 CO IT Z:FH J7 51 b B A 0] Bigi L 4 A B
41 179 bp H1 633 bp (4> F4RHS 393 F1 211 4~
BER) WIFF) BT 40, Hep CO 1 EFAF
212 AR A 5 194 AR 2945 B A967 A
AL AL, A3 0 A AT B e AR 17, 98%
16.45% .82.02% , CO Il Z£HA 77 NSO A

64 T8 2315 B AL AL 556 AN &, 439 o 4
P FIBRAE ) 12.16% 10. 11% .87.84% , A7
PR R 25 BRI E L CO T HEF T CO
A,

BBHJE 6 Fh 125 CO T f1 CO I EHFH GC
FRAFEARLI(43. 1% \41.5% ) T AT K973
B EE(57.9%.58.5%) , RAH KRR EH
Gt B B ARk, A0 T & ALA P
GC FRITRH — i 5B =ik, fH CO 1
FNH—EHE T RFE GCFRMIT COll
BEEW, M A ME = KEHT COIER
o e8RS 155 3 A2 GC T R7EERIR 6 Fh
IEH) 2 Pl R R B ARAY (3R 2) o

F2 BHEHEXCOIMCONIERFIFRTEHGC SE
Tab.2 The GC average content of CO I 1 CO Il gene sequences for six eels of genus Anguilla

Rk CO1l con
o IVAY 1407 45, 2m 37 3 E o JIVA= 107 A5, 2M 5 3

mzm 43.7 54.2 41.1 35.8 41.8 58.8 33.7 33.1
ozm 43.5 53.5 41.1 35.9 41.6 58.7 33.7 32.6
flb 43.1 54.2 41.3 33.8 41.7 57.8 33.7 33.6
hml 42.1 53.4 41.3 31.0 40.9 57.3 33.7 31.7
azm 42.8 54.2 41.1 33.2 41.9 58.3 33.7 33.8
thm 42.9 53.7 41.4 34.8 41.4 57.8 33.7 32.6
SEHE 43.1 53.8 41.3 33.9 41.5 58.1 33.7 32.7

JiA A& CO 1 #1 CO IT & 8 7 51 A2 5 o s
W 3o AR E AR CO T F1 CO L&A 7
5o 90% LA L, CO II 2 A H 38 2 5 35 96.
37% WS T56 3 AL AN AL U H 23 LA, T

55 1.2 LR 0 o ; e He AR A ¥ 22 1R AR A T
#1565 3 7, CO T F1 CO I 3K 751 i #1238 90%
HHok B 3 MEST,7E CO I H, Biffe 100%
kAL 3 MEBT, WE COM {1k 80% .

*3 BHECHELXCOIMCONERFIFREEBFUAGENTRER
Tab.3 The sequence variation of the CO I and COII genes for six eels of genus Anguilla

(VA=Y Co1l con
SN, BT R (si) B A5 (sv) AEENL IS, LR (s1) B R (sv)
1st 388/35.05 5/8.47 208/34.10 2/11.11 1/20
2nd 392/35.41 1/1.69 211/34.59 0/0 0/0
3rd 327/29.54 53/89.83 12/100 191/31.31 16/88. 89 4/80
L3R 1107/93. 89 59/5.00 12/1.02 610/96.37 18/2.84 5/0.79

TR,/ AT B, SR E A E Y L.

2.2 EEEE

o [ A0 P 388 BE S K /N2 9 A A E 1
EhRifE, FT COLA COIZE A 5 i) i i J £ 28
i) 18 1% BE B 4y B 7E 3. 3% ~9.3% F11.8% ~
5.6% Z[8), BiE IR TG & , bk R 68 i Fn 25
B3 T CO I 3 & J5 51 b [|] 13 1% BE 25 1. 8%
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5 (HEA T 1% .

R4 BHE 6 MERXET CO1/CONEEFFIRFIE A BEEES
Tab.4 Genetic distance and pairwise distance between species in six species
of Anguilla based on CO I and CO II genes

Fhllgt f& RS (CO 1 /CO L) T pyst AL EE RS (COL/COIN)
mzm ozm flb hml azm thm

mzm 0.003/0. 001

ozm 0.033/0.018 0.006/0. 005

flb 0.086/0.051 0.087/0.048 0.007/0. 004

hml 0.086/0.054 0.091/0.050 0.055/0.041 0.002/0. 003

azm 0.077/0.041 0.079/0.035 0.089/0.056 0.075/0.054 0.001/0.001

rhm 0.093/0.045 0.093/0.041 0.078/0.046 0.063/0.037 0.088/0.053 0.002/0. 002

2.3 HTFRERIRHFR

3515 COT .COMAK CO T +CO Il 3
BT ELX , H R AR A B 6 AP 2K T R AW, bR
TR ZFFR(EPNERET 87% ) AERIN, &
F COI M COT +CO I I 7 KRG
WS —B, NI (B 1. B 2.8 3) |, %
BT E MR R — R, T CO LA
COT +COTNEFEFF KRR MILFERY N
100% , Ti R Y 08 fi 1 5 Y] 8 i 2 CO I 2[R 7
H 45 B R SRR R 87% F1 99% , HoR
100% . NJ % I , RECHH 68 i 71 55 Y 68 i | AT 73 XL
6,08 B F1 A6 68 B B OM I IR EE, COT M CO T +
CO Il P B ) NI A% o, 6 Fh 8 B T A%, 3
KSZ, W BB BB 52, BT RGN A EE T 5
FE CO /7% NI L&) R 2 32 &, BRYN 684 . 55
DR R BBEITE B 1 X R, KTV X2 8 i |
TE8BE | H A< 8880 BT 1 X Ro

HEFCOIMCONKCOTI +CONMEKHF
1]\ Bayesian ¥ #4) & ) mrbays # 5 & {1H) NJ
PR R PR A Z 7N, KA T 23

3 itie

3.1 tBffE&Z CO 1 F1 CO I EE 5 FHH1E
COIMCON B4R C iy [ A Il B
B, 8 2 4~ (RNA Jirlalfg, X 684g)E 6 425 CO
[ F1 CO Il Z & 53 L3 73 A & 3R, Wi T 510 #¢
TEBZARRME, (1) G WA 7 & Bk, RIAH
BRI G Rfa; (2) GC A & & W BART AT
BoaE; (3) AR RN ME#%® 2k B %
B 3 i, {H CO 1 .CO I % H 7775 B
WZESR:(1)CO I FF AN /T A1E B AL

RETE N (17.98% (16.45% ) W EF T CO I
K (12.16% \10. 11% ) 5 (2) 7E CO I ZEH ¥
P T E 28 B (29.73%) , Ti7E CO
AP 2 A fe/ (32.77% ) 5(3) CO T ZERF
FIEAEL T2 B3 ML CCHITE K
i T CO L EH; (4) CO T % 7 51 B A5 45
100% >k H 4t & AT H9% 3 A2, T CO Il 2

mzm 2
mzZm/
mzm21
mzZm
mzm
mzm
mzm’

1 mzm
mzm

100
100

rbm22
rgm12 3)
m

DOCO—RCT QOO
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Fig.1 5 Neighbor-Joining trees based on
partial sequence of CO I gene
T L3024 bootstrap 1 000 Y 5 2446 Ja{H (/& 2. [&] 3 7]
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Serrivomer
Conger

0. 02

B2 ETFCONEEFFIRLBHE 6 F
BAES0% SH—EM NI #
Fig.2 5 Neighbor Joining trees based on partial

sequence of COII gene
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Fig.3 Neighbor Joining trees based on partial sequence
of CO I gene combined with CO II sequence
data
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HFFIH A 20% 2k B B 5% 1 AL
AN AR A E S SRERFER,
AFEEFEFEESR, ZR K NGYMELEXR
TR B A TREA SR IR R B0 AT
HF,COTH COMBERFWERRT Hk, 5RF
22U A g T A R — B
3.2 COI.COmEFBE 6 fhazpynk

DNA KBRS E AR, M HIER )2, BEZhY
FCO I ZEF B N2 DNA SRR RS,
BRI T A L 77 51 A2 4 Fh % 8 Hh B & $81E
Fl. VENCES %™ % 3 Wi 4§, J& 17 2% h 16S
rRNA L[5 B 8558 1 51 9038 B 1, 9 B 7 51 48
SHESE , B DNA STURD e ; o 3072624 A
Fi Cytb X 71 5% F1 KB A 04T T B 42 o
SCHMITZ #1 MORITZ $2 ! , {8 Fi 28S tDNA %
ST BT R R B MR AT, 22584 A
FH 28S rDNA X i /NERL L E AP Fp 4T L) 43
%, HERAS %35 FiIE A% H1 12S rRNA .Cyt b,
CO T 2 7 5 4 ¥ A 45 & 1 5 1 X B 4 42
MarChiquita #—Fp A & Fp & 34T T 2047, BF5E
UE S 3 R ff £ Ay o B 3 ( Mugil curema) f9E4L
o

T CO T R ExXTaBhHE 6 Fr Mg m
NJ Mrbays #f Ht, & Fh 2B B MEIITE B L 73
(CBfEEE) N 100% KB FR |, [RIEFha] b py it 15 BE
B 5 HEBERT 25 4R A A CO 1 514 3t
AT 2 1 %) S S 2 b (1] 35 4% B B9 A0 200K T
WIS RS, I HLBE B 25 5 K 200 10 4%, Fia]
R KT 2% MFRELE W, FH
CO IT 2 F T 84 & 6 Fh a7 ) NI W, 7%
B TR ) SRR FR R BR YN B8 6 Ry 87 % | 35 YN 8 fif g
99% A, HA I 100% . By, CO T .CO Tl 3
PRI g i F IS ) S B ER R A AU, R 7E 3
FpZer, CO I 2 [ M) LR R A (R L,

LA VBTG R, 4 T8 )R 6 Fh iy
CO I F1 CO I ZEFHFFIRHE, REFAEREESR,
BHAGFZHEMZAL,CO [ HH 2T 0K
R, {H CO IT A [t /2 68 i J& a2 7+ 7 28
AR,

AR HAG B ARG PARBLE RRAZ
# Binh Thanh Thai ¥ ./ AH I KEX L HX EF
TR AR Ll R F OB RRBBRE, FRA A
BEARBEBARANRRA LFOERFLTRAL
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The sequencing analysis and taxonomic effectiveness of Anguilla six eels
based on mtDNA CO I and COII gene sequence

GONG Xiao-ling, YUE Li-jia, CUI Zhong-kai, ZHANG Xiao-yi
(The Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai Ocean
University, Shanghai 201306 , China)

Abstract: Six species of genus Anguilla, including Anguilla rostrata, A. anguilla, A. bicolor pacifica, A.
marmorata, A. australis and A. japonica are cultured in China. Misidentification on the fry will impact
farmers’ income because of different Anguilla species with different prices in China. In this study, we tried to
use two molecular markers (1179bp-length mitochondrial CO | gene and 633bp-length CO I gene) to
discriminate the six species based on 54 fry individuals. The percentage of variable sites in CO I and CO [I
was 17.98% and 16.45% respectively. And the percentage of parsimony-informative sites was 12. 16% and
10.11% in CO ] and COII. The negative bias for G was observed in both CO I and CO I genes in checked
samples, and their G frequences were 18.45% and 16. 67% respectively. The pairwise distances based on
either CO [ or CO Il among six eel species were almost more than 2% except for only one between A. rostrata
and A. anguilla based on CO I, and the former was a little higher than the latter. But the genetic distances
within each species were all less than 1% based on two genes. Although there existed a small difference
between two cluster results of six eel species, which was based on CO [ gene or CO Il gene, all individuals of
each species formed a strong monophyletic group on NJ and Mrbayes trees. Taken together, both CO | and
CO II genes are good molecular markers to be used in species identification in genus Anguilla, and our results
may be helpful for eel aquaculture industry in China.

Key words: Anguilla; CO ] sequence; CO [l sequence; species identification; phylogenetic relationship

http: //www. shhydxxb. com



	Binder1.pdf
	1.pdf
	2.pdf
	3.pdf
	4.pdf
	5.pdf
	6.pdf
	7.pdf
	8.pdf
	9.pdf

	Binder2.pdf
	10.pdf
	11.pdf
	12.pdf
	13.pdf
	14.pdf
	15.pdf
	16.pdf
	17.pdf
	18.pdf
	19.pdf
	20.pdf
	21.pdf
	22.pdf
	23.pdf
	24.pdf
	25.pdf
	26.pdf
	27.pdf
	28.pdf
	29.pdf
	30.pdf
	31.pdf
	32.pdf
	33.pdf
	34.pdf
	35.pdf
	36.pdf
	37.pdf
	38.pdf
	39.pdf
	40.pdf
	41.pdf
	42.pdf
	43.pdf
	44.pdf
	45.pdf
	46.pdf
	47.pdf
	48.pdf
	49.pdf
	50.pdf
	51.pdf
	52.pdf
	53.pdf
	54.pdf
	55.pdf
	56.pdf
	57.pdf
	58.pdf
	59.pdf
	60.pdf
	61.pdf
	62.pdf
	63.pdf
	64.pdf
	65.pdf
	66.pdf
	67.pdf
	68.pdf
	69.pdf
	70.pdf
	71.pdf
	72.pdf
	73.pdf
	74.pdf
	75.pdf
	76.pdf
	77.pdf
	78.pdf
	79.pdf
	80.pdf
	81.pdf
	82.pdf
	83.pdf
	84.pdf
	85.pdf
	86.pdf
	87.pdf
	88.pdf
	89.pdf
	90.pdf
	91.pdf
	92.pdf
	93.pdf
	94.pdf
	95.pdf
	96.pdf
	97.pdf
	98.pdf
	99.pdf

	Binder3.pdf
	100.pdf
	101.pdf
	102.pdf
	103.pdf
	104.pdf
	105.pdf
	106.pdf
	107.pdf
	108.pdf
	109.pdf
	110.pdf
	111.pdf
	112.pdf
	113.pdf
	114.pdf
	115.pdf
	116.pdf
	117.pdf
	118.pdf
	119.pdf
	120.pdf
	121.pdf
	122.pdf
	123.pdf
	124.pdf
	125.pdf
	126.pdf
	127.pdf
	128.pdf
	129.pdf
	130.pdf
	131.pdf
	132.pdf
	133.pdf
	134.pdf
	135.pdf
	136.pdf
	137.pdf
	138.pdf
	139.pdf
	140.pdf
	141.pdf
	142.pdf
	143.pdf
	144.pdf
	145.pdf
	146.pdf
	147.pdf
	148.pdf
	149.pdf
	150.pdf
	151.pdf
	152.pdf
	153.pdf
	154.pdf
	155.pdf
	156.pdf
	157.pdf
	158.pdf
	159.pdf
	160.pdf




