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Phylogenetic studies of three sinipercid fishes
( Perciformes: Sinipercidae)
based on complete mitochondrial
DNA sequences

DUN-XUE CHEN'?, WU-YING CHU', XI-LIANG LIU"?, XIAO-XIAN NONG'?,
YU-LONG LI', SHAO-JUN DU®, & JIAN-SHE ZHANG'

1. Department of Bioengineering and Environmental Science, Changsha University,
Changsha, People’s Republic of China; 2. College of Life Science, Guangxi Normal Uni-
versity , Guilini, People’s Republic of China; 3. Department of Biochemistry and Molecu-
lar Biology, University of Maryland School of Medicine, Baltimore, MD 21202, USA

Abstract: The sinipercids are a group of 12 species of freshwater percoid fish endemic
to East Asia and their phylogenetic placements have perplexed generations of taxono-
mists. We cloned and sequenced the complete mitochondrial DNA ( mtDNA) of three
sinipercid fishes ( Siniperca chuatsi, S. kneri, and S. scherzeri) to characterize and
compare their mitochondrial genomes. The mitochondrial genomes of S. chuatsi,
S. kneri, and S. scherzeri were 16496 bp, 17002 bp, and 16585 bp in length, respec-
tively. The organization of the three mitochondrial genomes is similar to those reported
from other fish mitochondrial genomes, which contains 37 genes (13 protein-coding
genes, 2 ribosomal RNAs, and 22 transfer RNAs) and a major non-coding control re-
gion. Among the 13 protein-coding genes of all the three sinipercid fishes, three read-
ing-frame overlaps were found on the same strand. There is an 81 — bp tandem repeat
cluster at the end of CSB —3 in the S. scherzeri control region. The complete mitochon-
drial genomes of the three sinipercids should be useful for the evolutionary studies of si-
nipercids and other vertebrate species.

Keywords; Sinipercids, sinipercid fish , mitochondrial genome , phylogenetic analysis
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Introduction

The sinipercids are a group of fresh-
water perciform fish endemic in China,
Vietnam, Japan, and Korea with a ma-
jority of species recorded in China ( Zhou
et al. 1988). They generally constitute a
monophyletic group and have been as-
signed to a distinct family, Sinipercidae
(Chen et al. 1997 ; Nelson 2006). A to-
tal of 12 species in this group were once
assigned to only one genus, Siniperca
(Zheng 1989 ), or to two genera, Sini-
perca and Coreoperca ( Liu and Chen
1994 ; Nelson 2006 ). Siniperca chuatst,
S. kneri, and S. scherzeri are the three
major species in Sinipercinae. Due to
overexploitation and environmental stress,
Sinipercinae stocks have experienced a
drastic decline (Zhao et al. 2007 ; Ding
2011 ).

S. scherzeri production has accelerated

et al. Increased demand of

an extensive aquaculture of S. chuatsi
and S. scherzeri. These two species have
become the most promising farming fresh-
water fishes in China ( Chu et al.
2011). With its small size, high abun-
dance in the cell, maternal inheritance,
and rapid evolutionary rate ( Curole and
Kocher 1999 ),

has been considered as a natural marker

mitochondrial genome

and being widely applied in population
genetic and evolutionary studies ( Ballard
and Whitlock 2004 ; Rand 2008 ). The

conserved mitochondrial DNA ( mtDNA )
has been particularly useful as molecular
markers in teleost fish due to the lack of
common nuclear markers across a very
large number of teleost fish species. In
spite of the use of three mitochondrial
genes, 16SrRNA, COl, and CYTB as
markers for phylogenetic analysis of sini-
percid fishes ( Chen et al. 2010), the

mitochondrial genomes of sinipercids
have not been characterized. The com-
plete genome information of S. chuatsi,
S. kneri, and S. scherzeri will provide a
broader understanding of interspecific re-
lationships among these fishes.

In this paper, we described the
complete sequencing of mitochondrial ge-
nomes of S. chuatsi, S. kneri, and
S. scherzeri, analyzed the genome organiza-
tion and gene arrangement of these mitoge-
nomes, and compared them with those of
other fish species. These mitochondrial
genome sequences will be useful for evo-
lutionary studies as well as for species

stock identification of these species.

Materials and methods

Sample collection and DNA extraction

S. chuatst, S. kneri, and S. scherz-
eri were obtained from the Dongting
Lake, Hunan, China. The total genomic
DNA was extracted from the skeletal

muscle tissues of the fishes as described

by Chu et al. (2006).
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Polymerase chain reaction and se-
quencing of PCR products

We used 14 sets of primers to ampli-
fy contiguous, overlapping segments of
the complete mitochondrial genome of
three sinipercid fishes as shown in Tab.
1. The primers used to amplify the mito-
chondrial genome were designed from
previously reported partial mitochondrial
genome sequences of S. chuatsi and com-
plete mitochondrial genome sequence of

Coreoperca kawamebari ( GenBank acces-

sion number: AY898953, EF213709,
AF47515, EF143387, AF475158, DQ862098 ,
and AP005990). The polymerase chain
reaction ( PCR) was performed in a Bio-
Rad S1000™ thermal cycler, Hercules,
California, USA. The amplified DNA
fragments were purified via spin columns
and sequenced with an ABI 3730 auto-
mated DNA sequencer ( Applied Biosys-
tems, Foster City, CA, USA) following

the manufacturer’s protocol.

Tab.1 PCR primers used in the analysis of the three sinipercids mitochondrial genomes

Primer Sequence(5" -3") (G
P-mtlF TTCTTCGCCTTCCACTTCCTCT 56 - 58
P -mtlR AGGCGGATAGCAGGTGTAAGGT

P - m2F AGGACTTGGCGGTGCTTTAGAT 54 -56
P - mi2R CGTTGTGCCATTCATACAGGTC

P -m3F CACCTTACACCTGCTATCCG 50 -52
P - mi3R ATGTTACGACTTGCCTCCC

P — mi4F AGACGAGAAGACCCTATGGAGC 54 -56
P - mi4R TAGATGGGCGATTGAGGAGTAG

P — mi5F AAGCCTCGCCTGTTTACC 50 -52
P —mi5R CTTCTTTTCGGTCCTTTCGT

P — mi6F TACTTTCTTACCCAAGCCACCG 54 - 56
P - mt6R GAGGCAAGAAGGAGAAGGAAGG

P - mi7F GCAGAACTAAGCCAACCAG 47 -49
P - mt7R CAGTAGGGATTGCGATGA

P - mt8F TTCCTTCTCCTTCTTGCCTCTT 54 - 56
P - mi8R CGTGGTCGTGGAAATGAAGG

P — mi9F TAATGGCACATCCCTCAC 47 - 49
P - mt9R AGGGCTAATAGTCGGTTGT

P — mtlOF AGCCTCCCTTGAATCCTTT 52 -54
P —mtlOR GCTCAGAGGAAGGTGGTTAG

P-mtllF CATCTGAGCACCATTTCGG 54 -56
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Continued
Primer Sequence(5’' -3") T,.(8C)
P-mtllIR TGGGTTCGTTCGTAGTTGG
P — mt12F CCTCTGACTCCCAAAAGCAC 52 -54
P - mtl2R ATAGGGCGACTGGGGTAAAG
P - mt13F CGTATTCACAACCCTCACAC 48 -50
P - mtl13R AAGTGGTGGGTGGTTAGTTG
P — mt14F CCATACCTCCTCTGCTCAAACT 53 -55
P - mtl4R TGTGGAGGATGGGGACAACTA

Sequence analysis and alignment

We isolated and sequenced three
clones for each PCR fragment. The PCR
products were sequenced twice. BLASTN
programs were used to search nucleotide
database using sequenced nucleotide seg-
ments ( Altschul et al. 1997). All frag-
ments were assembled with DNASTAR
(http://www. dnastar. com/). We used
tRNAscan-SE 1.23 (http;//lowelab. uc-
sc. edu/tRNAscan-SE ) , an online pro-
gram, to detect all tRNAs and to con-
In MEGA

4.0, homologous sequences from Gen-

struct cloverleaf structures.

Bank were used to aid alignments and to
identify certain codon positions and
frameshift ( Tamura et al. 2007 ). Final-
ly, the program Sequin ( http://www.
ncbi. nlm. nih. gov/Sequin/index. html )
was used for mitogenome submission.
DNA sequences of the complete mitoge-
nome of the three fishes were determined

by comparison with previously published

sequences to other teleost fishes. The lo-

cations of the 13 protein-coding genes
and the two rRNA genes were deter
mined by alignment and comparison with
sequences of other teleost mitochondrial

genomes.

Phylogenetic analysis

Phylogenetic analysis was performed
using the mitochondrial genomes of 39
fish species from the representatives of

Cichlidae,
Lutjanidae, Sinipercidae, Kyphosidae,

Scombridae, Terapontidae ,

Centrarchidae, Pomacanthidae , Opleg-
nathidae, Sparidae, and Labridae (Tab.
2). From the mitochondrial sequence da-
ta, two different datasets were analyzed ;
(1) concatenated protein-coding nucleo-
tide sequence and (2) each of the pro-
tein-coding nucleotide sequence. Each of
the datasets was aligned using ClustalX
( Thompson et al. 1997 ) and analyzed
by neighbor-joining (N -J) in MEGA 4.
0, and bootstrap analysis was performed

with 1000 replications.
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Tab.2 Species used in the present study with GenBank accession numbers and references

Classification Species ::s:’;:rio” References

Scombridae Thunnus albacares NC_014061 Unpublished
Scombridae Thunnus maccoyii NC_014101 Unpublished
Scombridae Thunnus obesus NC_014059 Unpublished
Scombridae Thunnus orientalis GU256524 Unpublished
Scombridae Katsuwonus pelamis NC_005316 Unpublished
Scombridae Scomberomorus cavalla DQ536428 Broughton and Reneau (2006 )
Scombridae Rastrelliger brachysoma NC_013485 Jondeung and Karinthanyakit (2010)
Scombridae Scomber scombrus NC_006398 Takashima et al. (2006)
Scombridae Scomber colias NC_013724 Catanese et al. (2010)
Scombridae Scomber australasicus NC_013725 Catanese et al. (2010)
Scombridae Scomber japonicus NC_013723 Catanese et al. (2010)
Cichlidae Red tilapia GU477631 Unpublished

Cichlidae Oreochromis niloticus GU477626 Unpublished

Cichlidae Oreochromis mossambicus NC_007231 Unpublished
Tetrapturus Tetrapturus angustirostris NC_012679 Unpublished
Tetrapturus Makaira mazara NC_012680 Unpublished
Tetrapturus Makaira indica NC_012675 Unpublished
Tetrapturus Tetrapturus audax NC_012678 Unpublished
Lutjanidae Lutjanus malabaricus NC_012736 Unpublished
Lutjanidae Lutjanus sebae NC_012737 Unpublished
Sinipercidae S. chuatsi JF972568 Present study
Sinipercidae S. kneri IN378751 Present study
Sinipercidae S. scherzeri JN084101 Present study
Kyphosidae Girella punctata AP011060 Yagishita et al. (2009)
Kyphosidae Microcanthus strigatus AP006009 Yagishita et al. (2009 )
Kyphosidae Labracoglossa argentiventris AP011062 Yagishita et al. (2009)
Kyphosidae Scorpis lineolata AP011063 Yagishita et al. (2009)
Kyphosidae Kyphosus cinerascens APO11061 Yagishita et al. (2009)
Oplegnathidae Oplegnathus fasciatus APO06010 Yagishita et al. (2009)
Sparidae Pagellus bogaraveo AB305023 Ponce et al. (2008)
Sparidae Parargyrops edita EF107158 Xia et al. (2007
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Continued

Classification Species Accession References
number

Pomacanthidae  Centropyge loricula AP006006 Yamanoue et al. (2007)
Pomacanthidae  Chaetodontoplus septenirionalis ~ AP006007 Yamanoue et al. (2007)
Chaetodontidae  Chaetodon auripes AP0O06004 Yamanoue et al. (2007)
Chaetodontidae ~ Heniochus diphreutes AP006005 Yamanoue et al. (2007 )
Scaridae Scarus forsteni FJ619271 Unpublished
Labridae Parajulis poecilepterus NC_009459 Oh et al. (2007)
Labridae Pteragogus flagellifer EF409976 Unpublished

Results and discussion

Genome organization

S. chuatsi, S. kneri, and S. scherz-
eri mitochondrial genomes were reported
for the first time and their sequences were
deposited in the GenBank with accession
numbers of JF972568, JN378751, and
JN084101 , The

base compositions of the complete mitog-

respectively. overall

enomes of the three sinipercid fishes are
presented in Tab. 3. As observed in other
fish species, the C contents are relatively
high but the G contents are lowest (Miya
et al. 2003 ; Mabuchi et al. 2007 ; Oh et
al. 2007 ). The G contents are 16. 2%
(S. chuatsi) , 16.2% (S. kneri), and
16.5% (S. scherzeri) , which is relative-
ly low compared with the mitogenomes of

other teleost fishes (Oh et al. 2010).

Tab.3 Base compositions of the three sinipercid fishes mitochondrial genomes

S. chuatsi S. kneri S. scherzert
A i G T A C G T A G G il
Complete genome Protein 28.6 29.2 16.2 26.0 28.7 29.1 16.2 26.0 28.4 29.5 16.5 25.6
First 25.7 27.8 25.6 20.9 25.8 27.8 25.5 20.9 25.7 27.9 25.7 20.7
Second 18.2 27.6 13.9 40.3 18.4 27.7 13.8 40.1 18.0 31.1 13.7 37.2
Third 34.3 35.6 7.1 23.0 34.3 35.6 7.1 23.0 33.3 33.3 8.2 25.2
Total 26.1 30.3 155 28.1 26.2 30.3 15.5 28.0 25.7 30.8 15.8 27.7
tRNAs 31 24.7 20.2 24.1 31.0 24.8 20.1 24.1 30.9 25.1 20.0 24.0
rRNAs 32.3 25.4 21.3 21 32.4 125. 21.2. 21.0 32.2 25.9 21.1 20.8
Control region 33.8 20.6 15.0 30.6 33.8 20.2 15.3 30.7 34.0 20.9 15.8 29.3
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The structure of the mitochondrial
genomes of the three sinipercid fishes are
very similar to that of other teleost spe-
cies ( Miya and Nishida 2000 ; Saitoh et
al. 2000; Yue et al. 2006). They all
contain 13 protein-coding genes, 2rRNA
genes, and 22 tRNA genes, as well as
the putative control region. Most genes
are encoded on the H-strand, except for
the Nad6 and eight tRNA genes (tRNA-
Pro, tRNA-Glu, tRNA-Ser*“"“  {RNA-
Tyr, tRNA-Cys, tRNA-Asn, tRNA-Ala,
tRNA-Gln )
(Tab.4). The non-coding control region
located between the tRNA-Pro and tR-

NA-Phe genes contains the heavy strand

encoded on the L-strand

origin of replication (OH). A smaller
control region containing the putative
light strand origin of replication is found
tRNA-Asn  and tRNA-Cys
genes, the same order as reported in the
other fish species (Oh et al. 2010).

between

Protein-coding genes

Among the 13 protein-coding genes
of the three sinipercid fishes, overlaps of
three reading frames are found on the
same strand: ATP8 and ATP6 overlap by
10 nucleotides, and ND4 and ND4L o-
verlap by 7 nucleotides, and ND5 and
ND6 overlap by 3 nucleotides (Tab.4).
The overlap of the ATPase genes appears
to be common in most vertebrate mito-
chondrial genome, and its size in fish
(7 =10 bp) is smaller than that in mam-
mals (40 — 46 bp) ( Broughton et al.
2001). Except for COl, which began

with GTG as an initiation codon, all pro-
teins started with an ATG codon. Howev-
er, the termination codons of the 13 pro-
tein-coding genes are varied ( Tab. 4).
Among the 13 protein-coding genes of the
three sinipercid fishes, four genes
(ND1, ATP8, ND4L, ND5) ended with
TAA, CO1 with AGG, ND6 stopped with
TAG, CO3 has an incomplete stop codon
(TA), and four genes ( CO2, ND3,
ND4, CYTB) ended with T. The ND2
gene ended with AGG in S. chuatsi and
S. kneri while it ended with T in S.
scherzeri. The termination codons of
S. chuatsi and S. kneri were TAA while
ended with incomplete stop codon ( TA)
in ATP6 gene in S. scherzeri (Tab.4).
The incomplete termination codons,
which are often found within the mito-
chondrial genomes of teleost fishes, are
completed via posttranseriptional polya-
denylation ( Ojala et al. 1981; Ishiguro
et al. 2001 ; Miya et al. 2003).

The base composition of the 13 mi-
tochondrial protein-coding genes of the
three sinipercid fishes is presented in
Tab. 3. In the protein-coding genes, the
proportion of G at the first position of the
codons has no obvious bias, but was rel-
atively low at the second and third posi-
tions. Especially at the third position, G
was found with only 7. 1% , 7. 1% , and
8.2% of the codons in S. chuatst, S.
kneri, and S. scherzeri, respectively,
which is in agreement with previous re-

ports ( Saitoh et al. 2000; Mabuchi et
al. 2007; Oh et al. 2007).
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Tab.4 Summary of the mitochondrial genomes of the three sinipercid fishes

Codon
S. chuatsi S. kneri S. scherzeri
Feature Start Stop Position Start Stop Position Start Stop Position
tRNA - Phe 1-68 1-68 81 — 148
12SrRNA 69 - 1014 69 -1014 149 - 1093
tRNA - Val 1015 - 1086 1015 - 1086 1094 - 1165
16SrRNA 1087 -2778 1087 —2778 1168 —2856
tRNA — LeuVA(®) 2779 - 2852 2779 - 2852 2857 -2930
NDI1 ATG TAA 2853 -3827 ATG TAA 2853 —-3827 ATG TAA 2931 -3905
tRNA - 1le 3832 -3902 3832 -3902 3910 -3980
tRNA - Gin 3902 -3972 3902 -3972 3980 - 4050
tRNA - Met 3973 -4041 3972 - 4040 4050 - 4118
ND2 ATG AGG 4042 -5091 ATG AGG 4041 -5090 ATG T~ 4119 -5163
tRNA - Trp 5089 -5159 5088 —5158 5165 —5235
tRNA - Ala 5161 - 5229 5228 -5160 5237 -5305
tRNA - Asn 5231 -5303 5302 -5230 5307 -5379
tRNA - Cys 5341 - 5407 5406 - 5340 5417 —5482
tRNA - Tyr 5408 - 5477 5476 - 5407 5483 - 5552
CO1 GTG AGG 5479 -7038 GTG ACGG 5478 -7037 GTG  AGG 5554 -7113
tRNA — SerVAN(A) 7030 —7100 7099 —7029 7105 -7175
tRNA - Asp 7104 -7175 7103 - 7174 7179 -7254
Cc0O2 ATG T- 7184 -7874 ATG T- 7183 -7873
tRNA - Lys 7875 -7948 7874 - 7947 7950 - 8023
ATP8 ATG  TAA 7950 -8117 ATG TAA 7949 -8116 ATG TAA 8025 -8192
ATP6 ATG TAA 8108 -8791 ATG  TAA 8107 -8790 ATG TA - 8183 -8865
C03 ATG TA- 8791 -9575 ATG TA 8790-9575 ATG TA- 8866 -9650
tRNA - Gly 9576 — 9647 9575 — 9646 9651 —9722
ND3 ATG T- 9648 -9996 ATG T- 9647 -9996 ATG T- 9723 -10071
tRNA - Arg 9997 — 10065 9996 — 10064 10072 - 10140
ND4L ATG  TAA 10066 - 10362 ATG  TAA 10065 -10361 ATG  TAA 10141 -10437
ND4 ATG T- 10356 -11736 ATG T- 10355 -11735 ATG T- 10431 -11811
tRNA-His 11737 - 11805 11736 — 11804 11812 — 11880
tRNA-Sert€Y(0) 11806 — 11875 11805 - 11872 11881 - 11948
tRNA — Leu®UAtM) 11878 — 11950 11877 — 11949 11953 - 12025
ND5 ATG  TAA 11951 -13789 ATG  TAA 11950 -13788 ATG  TAA 12026 - 13864
ND6 ATG TAG 13786 — 14307 ATG TAG 13785 -14306 ATG TAG 13861 —14382
tRNA - Glu 14308 - 14376 14375 - 14307 14383 — 14451
CYTB ATG T - 14381 -15521 ATG T- 14886 —-16026 ATG T - 14456 — 15596
tRNA - Thr 15522 - 15593 16027 — 16098 15597 - 15668
tRNA - Pro 15593 - 15662 16167 — 16098 15668 — 15737
D - Loop 15663 - 16496 16172 - 17002 15758 — 16579

Italic text Underlining indicates a gene encoded on the L-strand



