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Tab.1 Mitochondrial genome information from part of the Perciformes
Chinese name Latin name taxonomic status GenBank  GenBank no.
Micropercops swinhonis Odontobutidae KF040334
Odontobutis platycephala Odontobutidae NC010199
Odontobutis sinensis Odontobutidae KF154120
Perccottus glenii Eleotridae NC020350
Rhyacichthys aspro Rhyacichthyidae NC004414
Bostrychus sinensis Eleotridae NC017880
Eleotris acanthopoma Eleotridae NC004415
Boleophthalmus pectinirostris Periophthalmidae JN631352
Luciogobius platycephalus Gobiidae JX971538
1.2 mtDNA PCR 1.4
, Mabuchi , ()
mtDNA , ()
DNA 100 ng, 25 uL mtDNA ,
: Ex Tag  0.25 pL (2 U), 10xEx Geneious v.5.4
Taq Buffer 2.5 pL, dNTPs 1 pL( 2.5 mmol/L), , DnaSP 5.0!'"7  pAML!®
0.5 uL (20 pmol/L) PCR 1 94°C , (Ky) (Ks)
3 min; 94°C 30 s, 60C 30 s( (KJ/Ky)
), 72°C 1 min, 35 ; 1.5
72°C 10 min, 4°C 1% 1 9
PCR mtDNA
, ABI3770XL Geneious v.5.4 , 10
Sanger , DnaSP 5.0
1.3
NCBI BLAST , 1.6
GenBank mtDNA [19-20]
DNA Baser V3.5.4 (http://www.dnabaser. Geneious v.5.4
com/news/index.html)  Contig Express''”, , jModel Test 22"
mtDNA, s AIC (Akaike informa-
Editseq 7.11"""  Mega 5.0"!) tion criterion)
AT ; tRNAscan- Neighbor-joining ,  Geneious
SE 1.21"% tRNA v.5.4 Mega v.5.0 (Maximum
R s tRNA scan-SE 1.21 Likelihood, ML) ,
tRNA, RNA structure 4.6!"! (bootstrap analysis) 1 000
mtDNA MitoFish!'¥ S
GenBank(KF874495), DNAMAN!!
Geneious v.5.4!'% mtDNA 2.1 mtDNA
mtDNA 16846 bp (GenBank
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: KF874495), “G+C(46.7%), A-T
mtDNA , 37 , 13 G 12SrRNA  16S rRNA
22 tRNA 2 rRNA , ,

(OL D-loop ) ( 1) , , 10575 bp,
Gln Ala Asn Cys Tyr Ser Glu Pro8 62.77%:; CO I  ATPase6
tRNA  ND6 wv ), GTG ATA 11

H ) ATG 3,

2.2 mtDNA TAA TA T
2.2.1 mtDNA
mtDNA 4 AT CG , 849 bp,
26.3% 28.3% 29.0% 16.4%, “A+T"(55.3%) tRNA™  tRNA™™

tRNA-Hi ND5 CDS
tRNA -Ser tRNA-Leu 12,747

sy Mg YDICDS
Ky N tRNA-Glu
o
T CDS ND3 gene 9.
MDEEDSN_ “
:-- iL ‘i I:'.',< ~ 7 / y .\Dﬁ gene
Vs - & ND4 gene
FCDS _— CY¥TBCDS
ND4Lgene P tRNA-Thr
RNA- CY¥TE gene '3‘ z
tRNA Gly —3 k_\‘pqgene =% tRNA-Pro
- Odontobutis potarrtophila
&- |
PR & ]
Y3CDS = KF874495-16846b: '~ control region
COX3 gene P tRNA-Phe
| &—7Psgene
ATPG CDS - —\’ g— 125 rRNA
= ATP3gene
{TPS DS S ﬁ/‘ =
Iy COX2 gene .
. RNA-Val
coxigene
/ 165 rRNA
tRNA- Asp
tRNA-Ser /%:: . tRNA-Tyr
¥ICDS NDZ gene NDI gene
“E= tRNA-GIn \
s ‘ / \

tRNA 1 fRNA- IIe
tRNA-Ala  ND2CDS  ¢tRNA-Met

tRNA-Cys tR_\ 4-Leu
tRNA-Asn 4‘;”& ‘ ‘*g\ N

1 mtDNA

Fig. 1 Gene organization of Odontobutis potamophila mitochondrial genome

2.2.2 tRNA 22 (anonymous regions); WANCY (tRNA™™-
tRNA 67~73 bp, tRNAM{RNAM"(RNAY~RNA™)  tRNAM"-
« » , mtDNA tRNAS 34 bp « ”
(shuffling) « 2), , mtDNA

tRNAMS tRNA™ 37 | (GenBank :NC_022706  KF305680,

HSL (tRNA"*—tRNAS"{RNA™") ), 99%,

SLH (tRNAS“—RNA""+RNA™) , ,

tRNA™"  (RNA™ ND4  tRNAST mtDNA

320 bp 42 bp »
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2014 11 10 , GenBank
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Fig. 2 Arrangement comparison among complete mitochondrial genomes from Perciformes (A) and Odontobutis potamophila (B)
O and Oy stand for replication origin of light chain and heavy chain, respectively.
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Tab.2 Rearrangement information of mitochondrial genomes from the Perciformes

mtDNA GenBank
Chinese name Latin name taxonomic status rearrangement type GenBank no.
Odontobutis platycephala Odontobutidae shuffling NCO010199
Odontobutis potamophila Odontobutidae shuffling KF874495
Odontobutis sinensis Odontobutidae shuffling KF154120
Halichoeres tenuispinis Labridae translocation NCO011191
fis Hypoplectrus gemma fis  Serranidae translocation NC013832
Pleuragramma antarctica Notothenioidei translocation NCO015652
fim Ictalurus punctatus il Amblycipitidae translocation NC014353
Dissostichus eleginoides fif  Anoplopomatidae translocation NC018135
Chionodraco myersi Channichthyidae translocation NC010689
Notothenia coriiceps Gadidae translocation NC015653
Scarus schlegeli Scaridae shuffling NC011936
fik Trachinops taeniatus Plesiopidae shuffling NC017900
Chlorurus sordidus Scaridae shuffling AP006567
2.2.3 10 2.2.4
mtDNA 13 ,
, KJK, 0.1242~
0.6926, 1.0000,
, 3), ( 3),ND3 Cyth :
ND4 ND6 ND5 K,/K; (0.6026 22.35%  23.5%; ND6 CO II 12S rRNA 16S
0.5923  0.4051), ND4L  CO I rRNA CO 1 CO Il NDI ND4L ATP6  NDS5
KJK, (0.1242  0.1378) : 30%~50%; ND4 ND2  ATPS
50%~70%, ATPS
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ND2 , 61.31% 2.3
57.18% ,ND5  ND4 ML |, ND4  NDS,
, 970 699 (3, 10
49.74%  50.47%, , ND4
KJK, ( 3, NDS ( 4 ND4

, ) ;
(O. platycephala) ,

081

K,J/K,

031

02

ATP6 ATPS Cytb COI1 COIl COIIl NDI ND2 ND3 ND4 ND4L ND5 NDG6
FL[H gene

3 K.JK,
KoKy K, Ky

Fig. 3 Comparison of K,/K;ratio in mitochondrial protein genes of Gobioidei
K,/K stands for the ratio between non-synonymous substitution rate (K,) and synonymous substitution rate (Kj).
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Tab.3 Comparison of variation loci for the 13 protein-coding genes and 2 rRNA genes in Gobioidei mtDNA

/%

gene no. of sites  monomorphic site polymorphic site missing site sipgletor} . parsin_lony_ r_atio Otj
variable site informative site variable sites
ATP6 687 360 321 6 71 250 46.72
ATPS8 168 62 103 3 37 66 61.31
Cyt b 1143 603 527 13 132 395 23.50
CO1 1555 965 585 9 735 499 37.62
col 695 460 222 13 63 159 31.94
co I 837 492 340 5 108 232 40.62
NDI 979 562 412 5 111 301 42.08
ND2 1051 438 601 12 164 437 57.18
ND3 349 268 78 3 20 58 22.35
ND4 1385 683 699 3 180 519 50.47
ND4L 297 162 135 0 34 101 45.45
ND5 1950 968 970 12 228 742 49.74
ND6 542 355 165 4 200 237 30.44
12S rRNA 970 604 316 50 110 206 32.58

16S rRNA 1727 999 601 127 206 395 34.80
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54 YL IESE Odontobutis sinensis
100 S-S YL S Odontobutis platycephala . '
85 )P Y5 Odontobutis potamophila U ykee: )
Y Perceottus glenii Odontobutidae
77 INEEB) i Micropercops swinhonis R e H
1 Rhyacichthys aspro Gobioidei
39 e YIS Bostrychus sinensis IR
Hl 55 il Eleotris acanthopoma Eleotridae
81 K51 Boleophthalmus pectinirostris
94 Sk AEMR R £ Luciogobius platycephalus | W & fa )
Gobiidae
0.05
4 ND4 ML
1 000, 0.05 .
Fig. 4 Phylogenetic tree of Goibiodei based on ND4 gene by ML method
Numbers of bootstrap replicates is 1 000; 0.05 is the evolution scale of phylogenetic tree.
(0. potamophila) , variegatus)'* (Larimichthys polyactis)*®
; (Perccottus glenii) (Oreochromis niloticus)*"
(Micropercops swinhonis) , mtDNA ,
; mtDNA 8 tRNA L
[28]
, 10 (13 2
( ) 3.2 mtDNA
, ND4  ND5 ; mtDNA 3
, , (shufﬂing)[29] (translocation)m]
(inversion)?"! ,
mtDNA
3 R mtDNA ,
3.1 mtDNA HSL (tRNAMS_RNAS"RNA"") IQM
, mtDNA (tRNA™4RNA®" (RNAM®)  WANCY (tRNATP-
(Boleophthalmus pectinirostris)?**! tRNAMARNA" (RNATRNA"") 3
(23] , 29 : mtDNA
mtDNA , , « 3 ; ;
mtDNA R HSL
“A-T” , R HSL SLH ;
ATP QM
24 3 G : QM MQ
mtDNA fik WANCY
, 22 tRNA G WNACY
[22]

; (Verasper ) )
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mtDNA tRNA
: (1)mtDNA
, (Porichthys
myriaster) ND2  CO 1 ND4  ND6
(321 (Pleuragramma
antarctica) fill (Letalurus punetaus)
(Anoplopoma fimbria) (Chionodraco
myersi) (Notothenia coriiceps)
ND6  tRNA®"
tRNA™® (2)tRNA
, (Gonostoma gracile) tRNA"
Cyt b 3, tRNAT"
tRNA™ 331, (Cyema atrum)
tRNA"® tRNA™ 128 rRNA BO1(3)
Miya P! ,
(Clinocottus analis) fiiz fif (Cryptopsaras
couesii) mtDNA

[34]

, mtDNA

(Paraplagusia japonica)[zg]

(Cynoglossus semilaevis)®® mtDNA

b b

»5[36]

Bogh: AR AT, FRIHARBM A A

e h5 &3 3E FWREVEEE L, HES
WP IFRN KRR AL w4 e H 8, JE e — T Es

S -

[11 Wu H L, Zhong J S. Taxonomic Research of the Gobioidei
(Perciformes) in China[M]. Beijing: Science Press, 2008:
150-153. [ ,

() [M]. ,2008: 150-153.]

[2] Yang C G, Wang Y L, Song X H, et al. Artificial breeding
and fish breeding test of Odontobutis potamophila[J]. Res-
ervoir Fisheries, 2005, 25(6): 49, 112. [ s s

. [J]. ,
2005, 25(6): 49, 112.]

[3] Jiang Y F, Wang X Y, Shi J G. Technology exploration of-
pond farmingfor Odontobutis yaluensis[J]. Fishery Guide to
be Rich, 2007(20): 45-46. [ s , .

[J]. , 2007(20):
45-46.]

[4] WuHL, WuXAQ, Xie Y H. A revision of the genus Odon-
tobutis from China with description of a new species[J].
Journal of Shanghai Fisheries University, 1993, 2(1): 52-61.
[ , ,

[J1. , 1993, 2(1): 52-61.]

[5] Ren G, Zhang Q. Molecular phylogeny of the genus Odon-
tobutis based upon partial sequences of mitochondrial 12S
rRNA genes[J]. Acta Hydrobiologica Sinica, 2007, 31(4):

473-477. [, . 128
rRNA 0. , 2007, 31(4):
473-477.]

[6] Botero-Castro F, Tilak M K, Justy F, et al. Next-generation
sequencing and phylogenetic signal of complete mitochon-
drial genomes for resolving the evolutionary history of
leaf-nosed bats (Phyllostomidae)[J]. Mol Phylogenet Evol,
2013, 69(3): 728-739.

[7] Pabijan M, Wandycz A, Hofman S, et al. Complete mito-
chondrial genomes resolve phylogenetic relationships within
Bombina (Anura: Bombinatoridae)[J]. Mol Phylogenet Evol,
2013, 69(1): 63-74.

[8] ZengZ,LiuZZ,Pan L D, et al. Analysis of genetic diversity
in wild populations of Trachidermus fasciatus by RAPD and
the transformation of two SCAR markers[J]. Zoological Re-
search, 2012, 33(2): 203-210. [ s ) )

RAPD SCAR
1. , 2012, 33(2): 203-210. ]

[91 Mabuchi K, Miya M, Senou H, et al. Complete mitochon-

drial DNA sequence of the Lake Biwa wild strain of com-

mon carp (Cyprinus carpio L.): further evidence for an an-



865

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

cient origin[J]. Aquaculture, 2006, 257(1-4): 68-77.
Yue G H, Liew W C, Orban L. The complete mitochondrial
genome of a basal teleost, the Asian arowana (Scleropages
formosus, Osteoglossidae)[J]]. BMC Genom, 2006, 7:
242-254.
Tamura K, Peterson D, Peterson N, et al. MEGAS: Molecu-
lar evolutionary genetics analysis using maximum likelihood,
evolutionary distance, and maximum parimony methods[J].
Mol Biol Evol, 2011, 28(10): 2731-2739.
Lowe T M, Eddy S R. tRNAscan-SE: A program for im-
proved detection of transfer RNA genes in genomic se-
quence[J]. Nucl Acids Res, 1997, 25(5): 955-964.
Mathews D H. RNA secondary structure analysis using RNA
structure[M]. Current Protocols in Bioinformatics. John
Wiley & Sons, Inc, 2006, 12: Unit 12.6.
Iwasaki W, Fukunaga T, Isagozawa R, et al. MitoFish and
MitoAnnotator: A mitochondrial genome database of fish
with an accurate and automatic annotation pipeline[J]. Mol
Biol Evol, 2013, 30(11): 2531-2540.
Pearson W R. Comparison of methods for searching protein
sequence databases[J]. Protein Sci, 1995, 4(6): 1145-1160.
Drummond A J, Ashton B, Buxton S, et al. Geneious
v.5.4[CP/OL]. http: //www. geneious.com.
Librado P, Rozas J. DnaSP v5: a software for comprehensive
analysis of DNA polymorphism data[J]. Bioinformatics,
2009, 25(11): 1451-1452.
Yang Z H. PAML 4: phylogenetic analysis by maximum
likelihood[J]. Mol Biol Evol, 2007, 24(8): 1586-1591.
Zardoya R, Axel M. Phylogenetic performance of mitochon-
drial protein-coding genes in resolving relationships among
vertebrates[J]. Mol Biol Evol, 1996, 13(7): 933-942.
Tian M, Shen X, Meng X P, et al. Comparison of mitochon-
drial genomes and genetic variation loci of seven starfish[J].
Journal of Oceanography in Taiwan Strait, 2012, 31(2):
189-194. [ , , , .7

[J1. , 2012,
31(2): 189-194.]
Darriba D, Taboada G L, Doallo R, et al. jModel Test 2:
more models, new heuristics and parallel computing[J]. Nat
Methods, 2012, 9: 772.
Liu Z Z, Wang C T, Ma L B, et al. Complete mitochondrial
genome of the mudskipper Boleophthalmus pectinirostris
(Perciformes, Gobiidae): Repetitive sequences in the control
region[J]. Mitochondrial DNA, 2012, 23(1): 31-33.
Xue W, Hou G Y, Li C Y, et al. Complete mitochondrial
genome of Chinese sleeper, Perccottus glenii[J]. Mitochon-
drial DNA, 2013, 24 (4): 339-341.

[24]

[25]

[26]

[27]

[28]

[29]

[30]

(31]

(32]

[33]

[34]

Minde U D P, Sorenson M D, Dimcheff D E. An extra nu-
cleotide is not translated in mitochondrial of some birds and
turtles[J]. J Mol Evol, 1998, 15: 1568-1571.

He C B, Gao X G, Wang X M, et al. Structure and evolution
of complete mitochondrial genome of spotted halibut
Verasper variegatus[J]. Journal of Fishery Sciences of China,
2007, 14(4): 584-592. [ s , ,

[J1.
, 2007, 14(4): 584-592.]

Liu S F, Wu R X, Zhu L, et al. Complete sequence and gene
organization of mitochondrial DNA of the small yellow

croaker Larimichthys polyactis[J]. Oceanologia et Limnolo-

gia Sinica, 2010, 41(6): 885-893. [ , , s
(Larimichthys polyactis)
[J. ,2010, 41(6): 885-893.]

Yang L P, Lu M X, Ye X, et al. Complete mitochondrial
genome DNA of the Nile tilapia Oreochromis niloticus and
phylogenetic analysis[J]. Chinese Journal of Biochemistry
and Molecular Biology, 2010, 26(5): 484-490. [ s
[J1. , 2010,
26(5): 484-490.]
Zhang X M, Shan X N, Shi Y F, et al. Sequence and organi-
zation of Muntiacus reevesi mitochondrial genome[J]. He-
reditas, 2004, 26(6): 849-853. [ s , s
. 1. ,
2004, 26(6): 849-853.]
Gong L, Shi W, Wang Z, et al. Control region translocation
and a tRNA gene inversion in the mitogenome of Para-
plagusia japonica (Pleuronectiformes: Cynoglossidae)[J].
Mitochondrial DNA, 2013, 24(6): 671-673.
Inoue J G, Miya M, Miller M J, et al. Deep-ocean origin of
the freshwater eels[J]. Biol Lett, 2010, 6(3): 363—366.
Miya M, Pietsch T W, Orr J W, et al. Evolutionary history of
anglerfishes (Teleostei: Lophiiformes): a mitogenome per-
spective[J]. BMC Evol Biol, 2010, 10(1): 58.
Miya M, Satoh T P, Nishida M. The phylogenetic position of
toadfishes (order Batrachoidiformes) in the higher ray-finned
fish as inferred from partitioned Bayesian analysis of 102
whole mitochondrial genome sequences[J]. Biol J Linnean
Soc, 2005, 85(3): 289-306.
Miya M, Nishida M. Organization of the mitochondrial genome
of a deep-sea fish, Gonostoma gracile (Teleostei: Stomiiformes):
first example of transfer RNA gene rearrangements in bony
fishes[J]. Mar Biotechnol, 1999, 1(5): 416-426.
Poulton J, Deadman M E, Bindoff L, et al. Families of

mtDNA re-arrangements can be detected in patients with



866 22

mtDNA deletions: duplications may be a transient interme- noglossus semilaevis: control region translocation and a
diate form[J]. Hum Mol Genet, 1993, 2(1): 23-30. tRNA gene inversion[J]. Genome, 2009, 52(12): 975-984.

[35] Kong XY, Dong X L, Zhang Y C, et al. A novel rearrange- [36] Yi S V. Understanding neutral genomic molecular clocks[J].
ment in the mitochondrial genome of tongue sole, Cy- Evol Biol, 2007, 34(3—4): 144-151.

Mitochondrial gene rearrangement and molecular marker selection
for Odontobutis potamophila

LI Qiang, LIU Zhizhi, GU Jianing

Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai Ocean
University, Shanghai 201306, China

Abstract: The river sleeper, Odontobutis potamophila (Perciformes, Odontobutidae), is a small demersal freshwa-
ter goby and has recently been considered a promising candidate for aquaculture in China. However, until now
there has been limited genetic information regarding O. potamophila. In this paper, the complete mitochondrial
genome (MtDNA) of O. potamophila was obtained by primer-walking PCR amplification, and the mtDNA length
was 16846 bp. Then, mtDNA structure, gene rearrangement mechanism, and application in phylogenetic recon-
struction were analyzed. The mtDNA of O. potamophila contained 37 genes (13 protein-coding genes, two rRNAs,
and 22 tRNAs) and non-coding control regions. In addition to ND6 and eight tRNAs (tRNA"™ tRNA™? tRNAA",
tRNASY, tRNA™", t(RNAS, tRNA", and tRNA'™), all other components were encoded on the heavy strand. All
protein-coding genes initiated with the typical ATG sequence except CO I (with GTG) and ATP6 (with ATA).
These 13 protein-coding genes had TAA, TA—, and T— as termination codons. Because of shuffling rearrangement
of different tRNAs, the classic mtDNA arrangement HSL (tRNA"—tRNAS"—RNA"") changed into SLH
(Trna*"—tRNA™"—tRNA"*). Consequently, 320 bp and 42 bp anonymous regions were inserted between tRNA""
and tRNA", and between ND4 and tRNAS®, respectively. However, the content of A+T (55.3%) was higher than
that of G+C (46.7%), and it was similar to other fish mtDNA. Among the 112 analyzed Perciforme fish species,
only 13 (11.61%) experienced mtDNA gene rearrangement. In particular, the gene rearrangement of O. potamo-
phila (KF874495) was similar to that of O. platycephala (NC010199) and O. sinensis (KF154120), which indi-
cates that this is an important molecular ‘tag’ for the evolution of the Odontobutis. Selection pressure and genetic
diversity analyses of the 13 protein-coding genes revealed that ND4 and ND5 might be suitable molecular candi-
date markers for reconstructing phylogenetic relationships in the Gobioidei family. In the ML phylogenetic tree for
10 species of Gobioidei based on ND4 or NDJ5 gene, the three Odontobutis species were most closely related to
Perccottus glenii, and this was consistent with traditional morphological classification.
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