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1.2

GenBank Pleuronectiformes
Perciformes Cypriniformes

Salmoniformes Siluriformes
Beryciformes Lophiiformes 7

27 Bos taurus
Gallus gallus gallus

Mantella madagascariensis
12S rRNA 16S rRNA 2

1.3
30 13

12S rRNA 16S rRNA
ClustalX 1.83 9  

MEGA3.0 10 NJ MP 11

13
12S rRNA 16S rRNA 13

27
30 NJ MP 15

26 NJ MP 13
3

1.4
1.4.1

= /
100%

30 56 MP
NJ 28

51
50

1
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500 mg

6 DNA  GenBank
 GenBank Accession Nos DQ242488

DQ242490 DQ242494 DQ242492 AY671919
 GenBank Accession Nos DQ242489

DQ242491 DQ242495 DQ242493 AB207249  7

Platichthys bicoloratus AB028664
8

PCR 1
Primer walking

Blastn
Clustal X MEGA3.0 8  

FastPCR v3.6 

1 PCR
Tab. 1 Oligo nucleotide primers for ampli cation and sequence Verasper variegatus and V. moseri mtDNA

Primer Forward primer 5  -3 Reverse primer 5  -3
bp

Length PCR pro le 35cycles

vm-CR-16S gtccagtgttcatgcaatggat aggatgtcctgatccaacatc 4 300 96 1 –60 1 –72 3
vv-ND5-Cytb cgcattttctacatccagccag gatgcgccrttggcatgratgct 1 750 96 1 –60 1 –72 2
v-16S-COI cgcctgtttaccaaaaacatcgcctc ggtttcggtcygtyagtagyattg 4 100 96 1 –60 1 –72 3
v-COI-ND5 agccggaatagtggggacaggcc ctggctggatgtagaaaatgcg 7 300 96 1 –60 1 –72 5
v-ND5-Cytb cgcattttctacatccagccag gatgcgccrttggcatgratgct 1 750 96 1 –60 1'–72 2
v-ND5 actctagcaccatagtcgttgc agtatggctttgaagaaggcgtg    270 96 1 –60 1'–72 1
v-Cytb-CR ctccctgccccctctaatatct actgatgagtgtcgtgttcggt 1 500 96 1 –60 1'–72 2
vv-CR-16S acgcagtgttcatacgatacgc aggatgtcctgatccaacatc 4 100 96 1 –60 1'–72 4

vv vm v-
Note vv and vm  represent primers for V. variegates and V.moseri respectively v primer for both V.moseri and V. variegates.
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1.4.2 12  

dt= 2 min qr qt  r  + qr qt

dt

qr

qt r

2

2.1

17 273bp 17 588bp
GenBank DQ403797 

2
Tab.2 Classi cation position and array number of samples used in this study

Order Family Species
Acc. No.

Pleuronectiformes
Bothidae Paralicthys olivaceus AB028664

Pleuronectidae
Verasper variegatus DQ403797*
Verasper moseri EF025506*

Perciformes Carangidae

Trachurus japonicus AP003092
Trachurus trachurus AB108498

Caranx melampygus AP004445
Carangoides armatus AP004444

Cypriniformes
Cyprinidae

Cyprinus carpio X61010
Carassius cuvieri AB045144

Cobitidae
Crossostoma lacustre M91245
Lefua echigonia AB054126

Siluriformes

Ictaluridae Ictalurus punctatus AF482987
Bagridae Psedobagrus tokiensis AB054127

Callichthyidae Corydoras rabauti AB054128

Salmoniformes

Bathylagidae  Bathylagus ochotensis AP004101
Salangidae Salangichys microdon AP004109

Salmonidae

Oncothynchus mykiss L29771
Salmo salar U12143

Coregonus lavaretus AB034824
Salvelinus fontinali AF154850
Salvelinus alpinus AF154851

Beryciformes
Beryidae

Beryx splendans AP002939
Beryx decadactylus AP004430

Anoplogastridae Anoplogaster cornuta AP004425

Lophiiformes
Chaunacidae

Chaunax abei AP004415
Chaunax tosaensis AP004416

Melanocetidae Melanocetus murrayi AP004418

Anura Rhacophoridae Mantella madagascariensis AB212225

Galliformes Phasianidae Gallus gallus gallus AP003322 
Ruminantia Bovidae Bos taurus AY526085

* .
* Sequences determined in this study.
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EF025506 13
1 12S rRNA 1 16S rRNA 22

tRNA
13

2 rRNA 3

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

Gene name
/ bp

'Nucleotide Size 
/aa

Sequence size of amino acids Transcripted from

12S rRNA 949 948 H
16S rRNA 1 716 H
ND1    975 324 H
ND2 1 046 348 H
COI 1 557 518 H
COII    691 230 H
COIII    785 261 H
ND3    349 116 H
ND4L    297   98 H
ND4 1 381 460 H
ND5 1 839 612 H
ND6    522 173 L
Cytb 1 141 380 H

.
Note Data in the parentheses represent V.moseri. 

2.2
30

1A
56

16S rRNA ND2 1B C
ATPase8

1D
2.3
2.3.1 mt

13
12S rRNA 16S rRNA

12S rRNA 16S rRNA COII ND4
ND5 ND6 100% COI
COIII Cytb ND1 ND2 90%

ND3 ATPase6 ATPase8 ND4L
87%~90%  ND4

ND5 100% ND1 ND2 Cytb ND6 
COI COII ND4L 87%

ND3 ATPase6 COIII ATPase8
77%~83% 2A B
2.3.2 mt

15 13

15 3
2 C D 12S 
rRNA 16S rRNA ND2 ND6 100%

Cytb ATPase6 ATPase8 COI
COII COIII ND3 ND4 ND5 ND1

ND4L Cytb ND2
100% COI ND4 ND5 ND6 ATPase8 COII

ND4L COIII ND3 ND1 ATPase6
2.3.3 mt

15
2E COII ND4L ND1

ND3 97% 97% 93%
93%
2.3.4 dt

3
3 A 15 

dt 16S rRNA ND6 Cytb ND2
12S rRNA ND4 ND5 COII COIII COI ND3
ND1 ATPase6 ND4L ATPase8
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1

A B 16S rRNA C ND2 D ATPase8

.

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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 2

A B C

D E

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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3 B 13
dt ND4 ND2

ND5 ND6 COII ND1 COI COIII Cytb ND3
ND4L ATPase8 ATPase6

dt

dt 15 dt

16S rRNA ND2 ND4 12S rRNA ND6
ND5 Cytb COII COIII ND1 COI ND3 ND4L
ATPase6 ATPase8 3 C

3 16S rRNA ND2 ND4 12S 
rRNA ND6 ND5 dt 10 16S rRNA 

100% Cytb COII COIII ND1
COI dt 20 ND3 ND4L ATPase6
ATPase8 dt 20
2.3.4

12S rRNA 
16S rRNA  COII ND4 ND5 ND6 ND3
ATPase6 ATPase8 ND4L 3

ND4 ND5 ND3 ATP6

COIII ATP8
12S rRNA 16S rRNA ND2 ND6 Cytb

ATPase6 ATPase8 COI COII COIII ND3 ND4
ND5 ND1 ND4L

Cytb ND2 COI ND4 ND5 ND6
ATPase8 COII ND4L COIII ND3 ND1
ATPase6  

3

3.1

DNA

2

D-loop

 2 rRNA
Cytb ND5

3 dt

A dt B dt C dt

Fig.3 The dt values of different mt genes. 

A dt analysis of nucleotide sequence B dt analysis of amino acid sequence C dt analysis of nucleotide and amino acid sequence.
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Miya 5 8

Miya 4
ND6 Miya

Cytb
COIII ND1 Miya

COI
Miya  

13 Cytb
b

Farias 14  Cytb

Cytb

Miya  Nishida 15-16 16S rRNA 12S 
rRNA

16S rRNA 12S rRNA

17 16S rRNA 12S 
rRNA

18-19  16S rRNA 12S rRNA

3.2  

1

 4
 Tab. 4 Comparison of phylogenetic information  

Gene
dt

dt in present study
dt  of Zardoya

Accurate rate of nt in order in present study Accurate rate of nt in Miya

16 S rRNA  Good  Good
ND2  Good Good Medium Medium
ND4 Good Good Good Very good
12 S rRNA Good Good
ND6 Good Medium Good Very poor
ND5 Good Good Good Very good
Cytb  Medium Good Medium Good
COII Medium Medium Good Good
COIII Medium Medium Medium Very good
ND1 Medium Medium Medium Poor
COI Medium Good Poor Very good
ND3 Poor Poor Medium Medium
ND4L Poor Poor Poor Very poor
ATPase6 Poor Poor Poor Poor
ATPase8 Poor Poor Poor  Very poor

dt Zardoya 3

4
Zardoya 3  

3
15 dt

16S rRNA ND2 ND4 12S 
rRNA ND6 ND5 Cytb COII COIII ND1 COI

ND3 ND4L ATPase6 ATPase8
16S rRNA ND2 ND4 12S rRNA ND6 ND5

Cytb COII COIII ND1 COI ND3
ND4L ATPase6 ATPase8 Zardoya

3

Cytb COI
Zardoya ND6
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2

3.3
4 15 mtDNA
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dt

3.4
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Informative efficiencies of mitochondrial genes in phylogenetic analysis of 
teleostean 

CHEN Shu-jun1 2 HE Chong-bo2 MU Yun-lei2 LIU Wei-dong2 ZHOU Zunchun2 GAO Xiang-gang2 CONG 
Lin-lin1 2

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 Cytb COII COIII ND1 and COI and poor ND3 ND4L ATPase6 and 
ATPase8  phylogenetic performers in recovering these expected trees among the seven orders of telstean shes. 
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 Cytb ND6 COI COII and ND4L are medium
and ND3 ATPase6 COIII 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
Key words Verasper variegatus Verasper moseri teleostean mtDNA phylogeny
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