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EBERENGERRERBEENERSN
BRRE R, R EE L TR R AR B, A

(L AL TIMERAE ARl 2B, I T KIE 116029; 2. 3 TR KR I T KT 0 T AW E o Rk E,

TR N EHOART ERE  IT RE 116023)

HWE: XH PCR Y BN TR E R K AW (Verasper variegatus) F14 P2 (Vmoseri) £5% 14F: K41 1) 4355 A
JF 51, I GenBank T 8 O 5143 ZE Hh 437 K8 5Cf R ) SR L A ORI ) A% HF R 7 R0 B 1 R R T A1, AR R AR BOh
BE,RH NI AT MP 2, EZEEMRFREN. B HES DM EEEER RS H W IERS, SRS a1
ROEKEER. SRR, NEERF IR ERFFILLERTE B B BG40, R SRR R G R E S B RES T
(16S rRNA, ND2., ND4,12S rRNA, ND6., ND5) . (Cytb. COII., COIIl, NDI1, COI) 1% (ND3.NDA4L. ATP6. ATPS) 3
ANE. FH B G, MRS M, 12S rRNA . 16S rRNA . COII, ND4. ND5 #l ND6 ##f, COI. COIIl. Cyth.
NDI 1 ND2 2y 1 4%, il ND3, ATPase6. ATPase8 fll NDAL #x %= . IR I F 54 H i, ND4 fil ND5 &4, NDI.,
ND2. Cyth . ND6. COI. COII #1 ND4L 4 #1%%, ND3 . ATPase6. COIIl 1 ATPase8 2 . FERIH IT., 4 L FIRT 50T,
12S rRNA.16S rRNA. ND2 #1 ND6 F# &5 F 5 Bllf: FHEIERITFIR, Cyth 1 ND2 flbf . FEI&M 7o, B A 5 E A%
HRFFIHEERIFHNRS KBS, T COIl. ND4L. NDI M1 ND3 (ERBRFIRALEEERE. AAGRE
By Tl — bR R R R R A T R RS R [ PR =R, 2008, 15(1) : 12-21]

R AT, AITEM, WM i RAKE
FES2#S: S917.4 XERERIRAD: A

FH T 2b7 4 v AN [ 25 DR A3k B AN ] 5 Pir A
T EHIMARREHANE, LITREGMNRSR
REREBEARR", RERFHE " (Phylogenetic
information) WFR1ERGIR LM B, 2 H FHEAY
HRRBEECELG R R T HIME R, — 5
KIr B ARG K EF BN, 7T L i 5
FEEREAGKREWINNERERME " . 3 PCR
F AR E BT 530 2 N S, &0k 48 DNA
Bl T RERHE T AR O, Zardoya %
XF 19 Fia HE BN W) SR AR AS ] 5 D8] Bl A dok P AT
WG W 13 MR g R H I 22 3 AN,
1F-H1—41£055 ND4. ND5. ND2. Cyth #I COI, 144
F—4H 8 H5 COII. COIIl. ND1 F1 ND6, Z ] —4H. 6l
}& ATPase6. ND3. ATPase8 1 ND4L. 2254
b RE R A TASE R B I E A ¥, HAE
% Miya B %t CA14 KR M 8 FhiEE 1R 2
AR A RIS ER T S AR AR E E BT

W B HA : 2006-11-20; 41T HEA : 2007-04-20.

NE S 1005-8737-(2008) 01-0012-10

THIREERH, BAEARESENEAMARARE
BRI BAR, KB BIEE L I 5 RS
7 5 MK, R E LF ) — 4135 ND5. ND4. COIII
F1 COIL, # ) — 44045 COIl F1 Cyth, 41— 44
& ND3 1 ND2, 7% ) — 41 £ % ND1 1 ATPase 6,
Ik % i — 40 € §5 ND4L. ND6 F ATPase 8. X
Y Zardoya % WL KA T Z 5, Miya W 8L 108
W PEILARERA A, FF 2Lt — P IT. G T 2R E
HEANERBRGKREF B W AR A AR
B MR R A R e e & s B
il 2 5 5 H A S HEZ) W AR [F] 5510 1, DL & Miya
Zardoya Z5{E B MESI W AT S 45 18 BE TR G Y T a2k
AP R REA IE N T 28 H VR 8 R A ]
ARG B WIS i /5 SR — P I 9T
AWFFUR]H PCR F= ) E 0 7500 € B 3 2
@ (Verasper variegatus) A3 28 (V. moseri) 1]
S ki PR R 4H 42 740, [RII A GenBank H T 2R H

HEEWE: B AARBZELTE R (30571410) ; AT LR 6 517 H (20052007 £F ).
TEE R RGRE (1981-) , &, 5T 4, BF5E 7 [ sl oy FistAL 2 .
BIREE: H= (1961-), 5, 4, 05T R, W57 19 4> Fist4E% . E-mail: hechongbo@hotmail.com
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14 PRk R 52 W R SR AR R R AR B F B 13

FLE R 9 SR 0 R B A 5% f SR b AR PR 4
), P A RN, SR B R B2 A At
R 2 R R AR 25 AN B 5 e T 5 R A A M 1
IR~ 1 DL R e IHE BB B AR 70 2K B JT i
REUKH F BAAT T LLBRIE T, St — DRI £
R B DR Py B EAT 2 1 93 28 B R A% 2 HEE:
ETAIRM S % M

1 #MREEE

1.1 [EpEEmER 2SN IERERRE
S 3L T IR K R R T AR I
P ET I, BULE LA L4 500 mg,

R YRR 775 J2EUS DNA.  LL GenBank
Y[R DE A2 B (GenBank Accession Nos: DQ242488
DQ242490. DQ242494, DQ242492, AY671919) #0
% $ B # (GenBank Accession Nos: DQ242489,
DQ242491, DQ242495., DQ242493, AB207249) -,
DA K A1 88 (Platichthys bicoloratus, AB028664) ]
GBI A EEAS, BT 8 X HG 5 [, o) [ B A
S B ML R AR AT PCR 1Y (3R 1) . A AV 14
P E N RS AT & B (Primer walking) i
ITERARERANT (CKEEEY ). T Blastn
[5] B 57 )5 1) 44 2 A1 Clustal X Il MEGA3.0 ™ i
FastPCR v3.6 S5+, i 2 & A EH T ).

R 1 EBEHTARE SR EY 859 PCR &4

Tab.1 Oligo nucleotide primers for amplification and sequence Verasper variegatus and V. moseri mtDNA

B3 W I 3 R 455 RN Jop Py

Primer Forward primer 5 -3’ Reverse primer 5’ -3’ Length PCR profile (35cycles)
vm-CR-16S gtccagtgttcatgcaatggat aggatgtcctgatccaacate 4300 96C 1'-60°C 17 -72°C 3’
vv-ND35-Cytb cgcattttctacatccagecag gatgegcecerttggeatgratget 1750 96°C 1'-60TC 1’ -72°C 2’
v-16S-COI cgectgtttaccaaaaacatcgectc  ggttteggteygtyagtagyattg 4100 96°C 1'-60°C 1’ -72°C 3’
v-COI-ND5 agccggaatagtggggacaggec ctggctggatgtagaaaatgeg 7300 96C 1'-60C 1" -72°C 5’
v-ND3-Cytb cgcattttctacatccagecag gatgegcecerttggeatgratget 1750 96C 1'-60C 1'-72°C 2!
v-ND5 actctagcaccatagtcgttge agtatggctttgaagaaggegtg 270 96°C 1'-60°C 1'-72°C 1’
v-Cytb-CR cteectgecccctctaatatet actgatgagtgtegtgttcggt 1 500 96°C 1'-60°C 1'-72°C 2
vv-CR-16S acgcagtgttcatacgatacgc aggatgtcctgatccaacatce 4100 96C 1'-60°C 1'-72°C 4’

i vy A vm 7 BRI B SIS RN 4 B E SRR T 1 51905 v- DI RSN A BB IR R SR 514 .

Note: vv and vim- represent primers for V. variegates and V.moseri, respectively; v—primer for both Vmoseri and V. variegates.

1.2 HEXEFEEREEEFFIFRE

H T AN [ SRR IR R 3 (5 Bk, B
fIIM GenBank " T 2 f# 2 H (Pleuronectiformes)
&) H (Perciformes) « 8 J& H (Cypriniformes) . ff
JZ B (Salmoniformes) «#4 72 H (Siluriformes) &R
#4 H (Beryciformes) - % fiff H (Lophiiformes)7 4~ H
O a2 R AR 27 M LU (Bos taurus) |
21 JE 3 (Gallus gallus gallus) 1 55 ik 10 0 % dek
(Mantella madagascariensis) W) £EFiAKEE i m iY
FLIRAT 128 rRNA. 168 rRNA ZE 75 (% 2) .
1.3 FEEE SR

30 P HE S I SRR 13 AN gmit 2 R I &
B IT AL H IR 51 LA & 12S tRNAL16S rRNA H
R I 751, 3R 225, A ClustalX 1.83"
MEGA3.0 " &8, SR NI AT MP 3% Y, DL
R0 FIeE A A, R FH 4R A 13 AN B 1w 1 255 (R R
12S rRNA. 16S rRNA (% F 127411 13 A8 AR

RS, SR ERE 27T AN REREM. &
B2 30 ME TR IR (NT VA MP 1545 154Y)
26 NEIEBRT IR (NT AT MP 5% 13 4Y),
SRR AT T & AR EAE H BN E 3 AT
IR ENRAEREER.

14 BEFRRZLZFEEENEE

141 Z#B. M. BEXEEEMNEITE FAHA
Ko U R = I R BA R X
100%, LL 2 IR 5 5148 A SR AL IR Y
R @B T A H BB & A AKCF B2k
%, HET R B, R BRI RERE G R
I, 830 Firg HESIIR T3 1) 56 N RGN (MP
PEFT NT W45 28 4~ ) 5 B 5000 RIG DA HL R, 5y
K& OGN, B A RMEAE ST UL ERA RN
IER B, AFE MRl RERKT 50
IR A IE R 73 2844
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Tab.2 Classification position and array number of samples used in this study

B # Fif o
5 Acc. No.
Order Family Species JFFIS Ace.No
7%} Bothidae FEF Paralicthys olivaceus AB028664
% #.H Pleuronectiformes . . BIPLE 8 Verasper variegatus DQ403797*
#F} Pleuronectidae o )
BT EEY Verasper moseri EF025506*
HAAT 3% Trachurus japonicus AP003092
KUGEEAT I Trachurus trachurus AB108498
#i.H Perciformes 2%l Carangidae
B & Caranx melampygus AP004445
Hl¢& Carangoides armatus AP004444
W8 Cyprinus carpio X61010
#%l Cyprinidae P ) p. )
o Bl Carassius cuvieri AB045144
W H Cypriniformes s
#EF Cobitid EEB O Crossostoma lacustre M91245
#fF} Cobitidae
HZ J\ZR 8 Lefua echigonia AB054126
i ik} Ictaluridae BT R AE Ictalurus punctatus AF482987
- %E #2F} Bagridae i Psedobagrus tokiensis AB054127
Siluriformes
285 %L Callichthyidae Corydoras rabauti AB054128
RiEEE Rl Bathylagidae VRHEEE Bathylagus ochotensis AP004101
%l Salangidae NK H AR Salangichys microdon AP004109
W88 Oncothynchus mykiss L29771
#fi#. H Salmoniformes KU Salmo salar Ul12143
%Rl Salmonidae H&k Coregonus lavaretus AB034824
WA 5 Salvelinus fontinali AF154850
L 4T fi & Salvelinus alpinus AF154851
41 %IR8 Beryx splendans AP002939
R 4 SIREAF Beryidac N e
£ HR#1H Beryciformes + 46 &R 8 Beryx decadactylus AP004430
R R A IRHARL Anoplogastridae =i REHR R Anoplogaster cornuta AP004425
N ] 3455 B4 158 B 2. Chaunax abei AP004415
N FRUE AT Chaunacidae o .
fig i F Lophiiformes T Chaunax tosaensis AP004416
A% AR Melanocetidae Al t® Melanocetus murrayi AP004418
Tk
TR H Anura iRl Rhacophoridae ST R o AB212225
Mantella madagascariensis
YH.H Galliformes HEF! Phasianidae L8N Gallus gallus gallus AP003322
4 F H Ruminantia 4k} Bovidae 4 Bos taurus AY 526085

* R AR AR A

* Sequences determined in this study.

142 RBEFRRZKLEEEMNTE hak™
d=2[minlq, q) ~r]1+ | ¢.— q, | IHHZAEE
K] 1A% B R I 51 AN = 2R R 3 H 4 H RH 8 24K
FEMENRERERE R, AR ERIT VA
BT DK EMERRERERF R, RiE
it B IE, e SR B SN AR RAREE
BIKF. AR, d FRFRENASM S BL RS
PR B, % AE D, FR B B R G, 5

HHWREREE RS . ¢ FREFEERGEK
19y SCEL g FR LSRG 70 SCH r R E

RGPS AR G AR [R] B 20 STHL

2 ERESH

2.1 [EBIEERMFZDBEREHIEEERERFT

(52 R 2. 0 N1 2 TR B 50 e b 4 B PR A 42 PP B
&4y B A4 17 273bp # 17 588bp, JT41 B & #2383
GenBank # 4l 1, J¥ 41 5 73 il DQ403797 Al
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EF025506, XA ENAHBE 3N EAFER
LR T A4S 128 rRNAL1 A4 16S rRNA £ H 22 4>
tRNA F K FT— A X . AT BR 4 Al 3

[R] 455 4 0 471) 5L [7) JHL A s 7 2R ok AR R DR 4
FEAARAL. (BB RN A TR B AR kA 13 AN
SR RS RIFT 2 A (RNA DR 28 I o W28 3

®3 EHRESTEAHESEEERANERMAR

Tab.3 Characteristics of Verasper variegatus and V.moseri mitochondrial genome

FH LK /bp HIERF VKK faa HeuE
Gene name 'Nucleotide Size Sequence size of amino acids Transcripted from
12S rRNA 949 (948) H
16S rRNA 1716 H
ND1 975 324 H
ND2 1 046 348 H
COI 1557 518 H
con 691 230 H
comr 785 261 H
ND3 349 116 H
ND4L 297 98 H
ND4 1381 460 H
ND5 1839 612 H
ND6 522 173 L
Cyth 1141 380 H

TGS WO AR HUE, SOnE S Em M AR

Note: Data in the parentheses represent V.moseri.

22 REMERER

TSR 30 AN, AR YE O A B 2K S
TR E IR AR E RS (B 1A) . ZEFT1R 3
()56 RGBT I bR v R G mAE IR Y
ZERA 16S rRNA fIND2 (] 1B 1 C), 5 ¥
PRI R G0 22 BE B K R Ge i g ATPase8 ( &
1D) .
2.3 REMETEDIN
231 AEmEBEREEMTHAEERE T
H—% 22600, A&k 13 EamiEiER
F1 128 rRNA.16S rRNA %= K] 1) 7% 5 1 )7 7)) 14 2
R YLK AWML, 12S rRNAL16S rRNA. COII, ND4.
NDS5 1 ND6 45 28 #E ff) 28 & =1, #8 & 100%, COI.
COIII, Cyth. ND1 Il ND2 ¥k 2, 11 R 7F 90% LA
b, ND3. ATPase6. ATPase8. ND4L & %, Iff ff§ &
7E 87%~90%. 1E F & 2 )7 7)) & B, ND4
ND5 i, #ERfiZ 2 100%, ND1, ND2. Cytb - ND6
. COIL. COII I ND4L X 2, i Z 7 87% LA Ik,
ND3. ATPase6. COIII 11 ATPase8, fx 2, #Eff &N
77%~83% (& 2A #I B) .
232 AEmEBEREMNMTHSEEHRE R

P 15 DB WAZ B TR )T HF0 13 AR 1 2 &
T8 )3 %) i 1 32 ) R G X rh ) 2 (R MR 22 T U R 4
o FFERT IR 15 AN A o 23 A (H
2 1Ry C F1 D) : A ERITAIN, i —4F 128
rRNA.16S rRNA . ND2 £ ND6, # i % 4 100%:;
%5 ) — 40 5 Cytb. ATPase6. ATPase8. COI.
COII. COIII. ND3, ND4 #1 ND5; Zf]—415 ND1
FINDAL. FZEIEBRTHIN, Cyth Fl ND2 fif, #E
1% 100%, COI. ND4., ND5. ND6. ATPase8. COII
I ND4L &2, COIIL. ND3,ND1. ATPase6 2% .
233 AEmtBEREEMTHIREBRE 1R
2 18, FARZE R IF 543 2 h 15 AN RIAT A, FH &
EIR)TH 53250 (18 2E) , A COIlL. ND4L. ND1,
ND3 A2, HAEM 20 5128 97%97%-93%-
93%.

234 ZHEHBNESEBRFIMNE EREBRK
B P = I 2 1 e B g I i W S =
Ja, RGBT L (B 3A) &btk 15 AREM
d AE R E E K KA 16S rRNA ND6. Cyth, ND2,
12S rRNA. ND4. ND5. COII. COIII, COI. ND3.,
ND1. ATPase6+ ND4L . ATPase8 .
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Trachurus japonicus
Trachurus trachurus
Caranx Py
Carangoides armatus
Paralicthys olivaceus
Verasper variegatus
Platichthys bicoloratus
Melanocetus murrayi
Chaunax abei
Chaunax tosaensis
Anoplogaster cornuta
Bervx decadactylus
Beryx splendans
Bathylagus ochotensis
Salangichys microdon
Coregonus lavaretus
Oncothynchus mykiss
Salmo salar
Salvelinus alpinus
Salvelinus fontinali
Carassius cuvieri
Cyprinus carpio
Crossostoma lacusire
Lefita echigonia
— Psedobagrus tokiensis

|_: Corydoras rabauti
Ictalurus punctatus
Mantell l ariensis

Trachurus japonicus
Trachurus trachurus
Carangoides armatus
Caranx melampygus
Paralicthys olivaceus
Verasper moseri
Verasper variegatus
Melanocetus murrayi
Chaunax abei
Chaunax tosaensis
Anoplogaster cornuta
Beryx decadactylus
Beryx splendans
Salangichys microdon

Bathylagus ochotensis
Coregonus lavaretus
Salmo salar
Oncothynchus mykiss
Salvelinus alpinus
Salvelinus fontinali
Ictalurus punctatus
Psedobagrus tokiensis
Corydoras rabauli
Carassius cuvieri
Cyprinus carpio
Crossostoma lacustre
Lefua echigonia

Bos taurus

Gallus gallus gallus

Mantella madagascariensis

Bos taurus

Trachurus japonicus
Trachurus trachurus
Caranx melampyg
Carangoides armatus
Paralichthys olivaceus
Verasper variegatus
verasper moseri
Melanocetus murrayi
Chaunax abei
Chaunax tosaensis
Anoplogaster cornuta
Beryx decadactylus
Beryx splendans
Bathylagus ocholensis
Salangichys microdon
Coregonus lavaretus
Oncothynchus mykiss
Salmo salar

Salvelinus alpinus
Salvelinus fontinali
Carassius cuvieri
Cyprinus carpio
Crossostoma lacusire
Lefia echigonia
Psedobagrus tokiensis
Corydoras rabauti
Ictalurus punctatus
Vantell 7

90,

74

97
88

—
I()O‘m(:

ariensis

51

73

Gallus gallus gallus

100, Trachurus japonicus

86,&'_: Trachurus trachurus
Carangoides armatus
L Caranx

Beryx decadaclg{ﬁx;d
—100: Beryx splendans

Paralicthys olivaceus
Anovl

] ¥ cornuta
Verasper moseri
Verasper variegatus
Bathylagus ochgolensis
Salangichys microdon
Coregonus lavaretus
Oncothynchus mykiss
Salmo salar
Salvelinus alpinus
Salvelinus fontinali
Ictalurus punctatus
Psedobagrus tokiensis

79:

=7 64,

Corydoras rabauti
Carassius cuvieri
Cyprinus carpio
Crossostoma lacusire

54 Lefua echigonia

Melanocetus murrayi
Mc¢ 1], 71, ;. i
ariensis

—— Chaunax abei

100—— Chaunax losaensis

Gallus gallus gallus
Bos taurus

Gallus gallus gallus
Bos raurus

| REREM

A: IR AR KER, B: 16S RNA B HRFIIMBIAS KT N, C: ND2 ZERFIMBH RS A TM, D: ATPase8 %

HRT MR RGEN
Fig.1

Phylogeny trees congstructed in present study.

A: Expected phylogeny trees; B: Phylogeny trees of 16S rRNA sequence; C: Phylogeny trees of ND2 sequence; D: Phylogeny

trees of ATPase8 sequence.
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100
95
90
85
80

TR/ %
Accurate rate

12S 168 COIl ND4 ND5 ND6 COI COlll Cyth NDI ND2 ND3 ATP6 ATP8 NDA4L
2 Gene

100
B
95
90
85
80

75

TR/ %
Accurate rate

70

ND4 ND5 NDI ND2 Cytb ND6 COI COII ND4L ND3 ATP6 COIII ATP8
2 Gene

100 C
98
96
94
92
90

TR /%
Accurate rate

12S  16S ND2 ND6 Cytb ATP6 ATPE COI COIl COIIl ND3 ND4 ND5 NDI ND4L
2 Gene

100 D

TR/ %
Accurate rate

Cytb ND2 COI ND4 ND5 ND6 ATPS COIl ND4L COII ND3 ND1 ATP6
M Gene
E
100

98
96
94
92
90

AR %

Accurate rate

ATP6 ATP8 COI COIll Cyth ND2 ND4 NDS5S ND6 COIl ND4L NDI ND3
2l Gene

2 AR ARRR ) 53 SR 5
A: BERFIE R —onER R B: RERFIIEH —maERE 0N C: RERFIIZER I m s s = 9
¥rs D: EEBRFIVER B mHER RS B: AERTIER —HmiEmER ST .
Fig.2 Accuracy of phylogenetic analysis using different mt genes
A: Accurate rate analysis of nucleotide sequence in order: B: Accurate rate analysis of amino acid sequence in order; C: Accurate
rate analysis of nucleotide sequence in family; D: Accurate rate analysis of amino acid sequence in family; E: Accurate rate

analysis of amino acid sequence in genera.
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ND4 ND2 ND5 ND6 COII NDI

COI COIIl Cyth
2 Gene

A

16S ND6 Cyth ND2 12S ND4 NDS5 COIl COIll COlI ND3 NDI ATP6 NDA4L ATP8
2 M Gene

B

ND3 ND4L ATP8 ATP6

C

16S ND2 ND4 12S ND6 ND5 Cyth COIl COIIl NDI COI ND3 NDA4L ATP6 ATP8

F: M Gene

3 AREREERE 4 8
A: BERTINN d B2 B: EERTIIN d B2 C: RERNEZERTIN d EMFT .
Fig.3 The d, values of different mt genes.

A: d, analysis of nucleotide sequence; B: d, analysis of amino acid sequence; C: d, analysis of nucleotide and amino acid sequence.

ERERAELE (E3B), &Rk 1340EA
Y i B K1Y o, AH B 2 = HEFU DT 4 ND4. ND2,
ND5. ND6. COII. NDI1. COI. COIII. Cyth, ND3,
ND4L. ATPase8+ ATPase6-

VLR T HIFI S BT HI Y d (e — k4t
W E g A a8, W15 MR 6 E B KE &
G4 16S tRNA  ND2, ND4.12S rRNA. ND6.
ND5. Cyth. COII. COIIl. ND1. COI. ND3. ND4L.
ATPase6.ATPase8. H1& 3 C A LU &A1 A .
= 340, IR —41 85 16S rRNAND2, ND4.12S
rRNA | ND6. ND3, 4, #/NT 10, HH 16S rRNA &
U, 15 100%, H1/8—417 Cyth. COII, COIIl, NDI,
COL d, #S /N F 20, | T #) ND3. ND4L. ATPase6-
ATPase8 d, #Z KT 20, N ZEH—4H .
234 EFERZELZEEENILR ZLod A
DLE L 72 B B, A E R )T 46, 128 tRNA |
16S rRNA . COII, ND4. ND5 #il ND6 5 #F, ND3.
ATPase6. ATPase8. NDAL f %= (3 3); &£ & £
% ¢ %1 43 25 I5F, ND4 #iI ND5 & #F, ND3. ATP6.

COIII 71 ATP8 fx %=, fERI T b, & HRIT 5
iit, 12S rRNA . 16S rRNA . ND2 Fl ND6 £ 1, Cytb.
ATPase6. ATPase8. COI. COII. COIII. ND3. ND4
1 ND5 k2., ND1 1 NDAL &% % ; & & )F 7
432K}, Cyth #1 ND2 £ 4f, COI, ND4, ND5, ND6,
ATPase8. COII A1 ND4L {X 2, COIIl. ND3. NDI1,
ATPase6 &%

3 g

3.1 BEENEFRERNHACEEETHNERS
EEER

£ I8 LR R DNA 1A [A] X 38 1 g 14 3 26 A
[, GRS R ARG LB G BRI EEHA
) P BN AR A T IR AR M S R AN R
DA AT AN [RI B 18] RUPBE 3384k 53 B 4 D-loop X
() 2 0 T P A bR, — R TR PN R 8] B 2 A T
TP 24 IRNA FE RS0 5 /1%, & B T Fhalopp
PL_E KRR I, T Cyth FI NDS B[R HE Ak 1 7 36
o, TG G AP LB Fh 154 2 A AT

PDF S i “pdfFactory Pro™ i RAG]&E www. fineprint.com.cn



http://www.fineprint.com.cn

14 PRk R 52 W R SR AR R R AR B F B 19

AU, g d E S5 R, 5 Zardoya &
M EA—F HEAF—ElER (F4),H
JE K AT i 2, Zardoya 25 - BTG HESI I T,
TWHEA, I BRI R BN T RS RE R
BRITLES . MiAS 946 R AETl-& X ar s, MH <
BEAIE X 3 ANy 043 BT 7%, LR AT 3 58 0 41 3.
TE A S BT 0 ) f 2 15 AN RARSE A 4 {
FE S B I HEZI 4 16S rRNA L ND2. ND4, 128
rRNA. ND6. ND5. Cytb, COII, COIIl, ND1. COI,

ND3. ND4L. ATPase6. ATPase8. I H]— 4 &
16S rRNA . ND2. ND4.12S rRNA. ND6. ND5, H4%
#7# Cytb. COII. COIII. NDI1. COI, #| F /] ND3.
NDA4L. ATPase6. ATPase8 A ZEM—%4 . Zardoya
sk BYZERE ST U R 2K B AT SLBh i A B R
ITH RS R B 5 AR Cyth F1 COI, 78 25V E I H
BHVERGREEE R, Zardoya %A ND6 J& T
H RS, T AR S RNV BB TR 258,

R4 BEERZRERFEEMRE

Tab.4 Comparison of phylogenetic information

HE KRR
A ARSI P s d d, of Zardoya

AHFF P H B TC R BRI PR 5

H B o e 2

Gene d, in present study Accurate rate of nt in order in present study Accurate rate of nt in Miya
16 S rRNA 4 Good — & Good —
ND2 4 Good 4 Good H4E Medium H4E Medium
ND4 4 Good 4 Good & Good EE 4 Very good
12 S rRNA #F Good — i Good —
ND6 4 Good HF£% Medium & Good 4k & Very poor
ND5 4 Good 4 Good & Good JEH&F Very good
Cyth H£% Medium 4 Good Hh£% Medium 4 Good
CoIt H 45 Medium H4E Medium & Good 4 Good
COIII H£% Medium HF£% Medium HF£% Medium = &F Very good
NDI H4E Medium H4E Medium H4E Medium % Poor
CcoI H£% Medium 4 Good % Poor JEH&F Very good
ND3 7 Poor % Poor H4E Medium H4E Medium
ND4L % Poor % Poor % Poor £ & Very poor
ATPase6 % Poor 7 Poor 7 Poor 7 Poor
ATPase8 7 Poor 7 Poor 7 Poor JEH 2 Very poor

H A2 % Miya™ % 8 Fhidi-g ta #4171 B 51,
BPH—Moc i, AR H —MorgE RS
Miya 5L &5 AR A (R 4) . AEEKH,
ND6 MR LK E 1 BB T 1280, M7E Miya 1
e Rb, e TR Z 00288 BATIHA Cyth,
COIII AT ND1 & 14535 7, T Miya 3 & 14 % A
H U AR I ZE 2R RATTIA N COT & Z 34
A1, {8 Miya tAh & 2 R I 1255

HAERI G ] Cyth BT 50T 57 [ ik
H&ERH RS RGN, RIAREAE b AKESE
HEETE B R EGE N EM T RERE EEN DT
bRiC; Farias 25 " 48 Cyth EM BRI KRG R T
HEEPAERBEY. ALBLERSHMETE. &
ASEE R, RS 7 50T H 1650 28 K A%
FPA) R IER 7 50 AE B — Gl AT 53 2K 0, Cyth B3k

B B () — i

Miya F1 Nishida™"® A %, 16S rRNA 1 12S
RNA AR B AT B LX), BT AR T RS R
BE BB . {8 16S rRNA I 12S rRNA BEA {7
S, A R, — A kS TR DL B KCE
AR ST T e, SR 16S TRNA HI 128
rRNA J K E 52 1 TR RN T R 8 Kk
HXF I ARSI, 16S rRNA #1128 rRNA
BN ICHE RIT ARG R B R
32 XTHMANEEIRE

AHHFUAE H FRHAL B IS T &bk g5
MR GAE BT, (B Fh N H195 A 15 H B 2 1 D0,
X R A ST BT A B ANA SRS TR,
ERERJLNARFRH, 84 Hrfies LA RL 76
BARIERILAE, BB IR 1 AR A BB
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WERE 2 A, HLRET ST H BB [ & AN SR A 1
Lo EEAEUAE T A5 5 DR £E o ()R oh P B AR TR) R 8>
LI RINIG DL, AERIR F— A B2 AR F—A
Foh (RS A [) M o R AN [ B B 1) R R B TR 471
33 XTEEZSZERFEENIRE

ARSI M A AT AT T B 15 ) mtDNA
ERFOU &M RGEEB GBI IR 0 bR HE R R
PSP s DU (. BEA RARYE 0 KM R 1 =
AT B R, RARS T L 22 3 AN K, 3 H
ZERMIN . ERFFLH R (8] 15 A SR R
Gifs B2ZE S0, v R R R R E o
T A6 B 50 4% A 255 DR P A TR I 97 RN e B TR T 97 4
H R B A K DL AL T BT 4 A R
JP ) AR AT L (50 S8 1 DU, TRA 2R 1) R Be it oy
S IER 5 SCECH R AR, AT DLR A
d AT RS R FT H R B B A ek,
TR I 5 B SR 16 43 SC BT R R A2 AR 4k, BT
PLEUBE FHERR R R 5
34 RAZKKGEEFREAFRIIMANEERFIAE
B

TR R AN T R R B, 2R
FI mtDNA (1 BLANJE [R5 )5 J2: SR FH 4 55 R 4
PR, BETA MM T . —FhiAh Rdbrp
AFE R 7 50 8 H 5 40 B B, AT DUARFR FEAS mtDNA
R ACE R RS R FibAg B2 55— RS A
A BT RS MRS B, RELL R
AN A2 W 1 3 7 BRI, T 1% R ) A 3 G A
X3 51 B R P ) e e e Ay i S o T 5E B
T35 mtDNA AN 5] F2 [ (10 30 £ 32 P AN (), B g A~
ERFOU &N REEE G B EARR, EHAT AR5
2B TC BRI TR, R AR AN [F) 25 O8] B A 15 RV T
W, PR, AN EE HHE P WA P
G, G S e LA R 2 A B IR TR T4, [ o G
YR TAEFI SR AL BR (1 2B
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Informative efficiencies of mitochondrial genes in phylogenetic analysis of
teleostean

CHEN Shu-jun'?, HE Chong-bo’, MU Yun-lei’, LIU Wei-dong”, ZHOU Zunchun’, GAO Xiang-gang’, CONG
Lin-lin"?
(1. College of Life Science. Liaoning Normal University, Dalian 116029, China; 2. Liaoning Ocean and Fisheries Science

Research Institute, Liaoning Key Laboratory of Marine Fishery Molecular Biology, Liaoning Open Laboratory of Applied Marine
Biotechnology, Dalian 116023, China.)

Abstract: A large number of studies in evolutionary biology utillize phylogenetic information obtained from
mitochondrial DNA. Researchers place trust in this molecule and expect it generally to be a reliable marker for
addressing questions ranging from population genetics to phylogenies among teleostean lineages. Yet, regardless
of the phylogenetic method and weighting treatment, individual mitochondrial genes might potentially produce
misleading evolutionary inferences and hence might not constitute an adequate representation neither of the
entire mitochondrial genome nor of the evolutionary history of the organisms from which they are derived. We
investigated the performance of all mitochondrial protein-coding genes and ribosomal RNA genes to recover the
expected phylogenies of teleostean. We sequenced the complete mitochondrial genome of Verasper variegatus
and Verasper moseri using PCR direct sequencing method and reconstructed the phylogenetic trees by Neighbor-
Joining (NJ) and Maximum Parsimony (MP) method with the nucleotide and amino acid sequences of all
the protein-coding genes and ribosomal RNA genes of teleostean species download from GenBank, using Bos
Taurus, Gallus gallus gallus, Mantella madagascariensis as outgroups and then calculated and analyzed the
accuracy of the phylogenetic trees reconstructed. The results showed that the mitochondrial protein-coding genes
and ribosomal RNA genes can be roughly classified into three groups of good (16S rRNA, ND2, ND4, 12S
rRNA, ND6 and ND5), medium (Cyth, COII, COIIl, ND1 and COD) , and poor (ND3, ND4L, ATPase6 and
ATPase8) phylogenetic performers in recovering these expected trees among the seven orders of telstean fishes.
At the level of Order, 12S rRNA, 16S rRNA, COII, ND4, ND5 and ND6 are of good groups, COI, COIII,
Cytb, ND1 and ND2 are of medium, and ND3, ATPase6, ATPase8 and ND4L are of poor when using nucleotide
sequence; ND4 and ND5 belong to good groups; ND1, ND2, Cyth, ND6, COI, COII and ND4L are medium,
and ND3, ATPase6, COIIIl and ATPase8 are poor using amino acid sequence. When aligned by nucleotide
sequence in family, 12S rRNA, 16S rRNA, ND2 and ND6 are in good groups; Cyt b and ND2 are in good group
when aligned by amino acid sequence; in genera, all sequences are in good groups when aligned by nucleotide
sequence; COII, ND4L, ND1 and ND3 are not in good groups when aligned by amino acid sequence. [Journal of
Fishery Sciences of China, 2008, 15(1) : 12-21]
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