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Abstract

To understand the phylogenetic position of Bostrychus sinensis in Eleotridae and the phylogenetic relationships of the family,
we determined the nucleotide sequence of the mitochondrial (mt) genome of Bostrychus sinensis. It is the first complete
mitochondrial genome sequence of Bostrychus genus. The entire mtDNA sequence was 16508 bp in length with a standard
set of 13 protein-coding genes, 22 transfer RNA genes (tRNAs), two ribosomal RNA genes (rRNAs) and a noncoding control
region. The mitochondrial genome of B. sinensis had common features with those of other bony fishes with respect to gene
arrangement, base composition, and tRNA structures. Phylogenetic hypotheses within Eleotridae fish have been controversial
at the genus level. We used the mitochondrial cytochrome b (cyth) gene sequence to examine phylogenetic relationships
of Eleotridae by using partitioned Bayesian method. When the specific models and parameter estimates were presumed for
partitioning the total data, the harmonic mean —InL was improved. The phylogenetic analysis supported the monophyly of
Hypseleotris and Gobiomorphs. In addition, the Bostrychus were most closely related to Ophiocara, and the Philypnodon is
also the sister to Microphlypnus, based on the current datasets. Further, extensive taxonomic sampling and more molecular
information are needed to confirm the phylogenetic relationships in Eleotridae.

[Wei T., Jin X. X. and Xu T. J. 2013 The first complete mitochondrial genome from Bostrychus genus (Bostrychus sinensis) and partitioned
Bayesian analysis of Eleotridae fish phylogeny. J. Genet. 92, 247-257]

Introduction

Eleotridae is an important and diverse family of fishes and
includes 35 genera and about 150 species (FishBase 2000,
http://www.fishbase.org/home.htm.). Most Eleotridae fish
inhabit the tropical, subtropical coastal and estuarine waters
in the world. They are a major component of many fish
fauna; however, the species are difficult to sample and the
biology of the group is not well understood (Thacker 2003).
The Eleotridae fish are generally small in size in comparison
with other species, and some species have even losses and
simplifications about some aspects of morphology (Akihito
Iwata et al. 2000). In addition, lack of phylogenetic studies
on the different genera has also led to limite understanding
of evolutionary relationships of genera within the family.
Currently, molecular phylogenetic studies have succeeded
in solving some phylogenetic questions and persistent
controversies among teleosts, for example in the Cyprinidae
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(He et al. 2008). The evolutionary relationships of higher
teleosts have also explored by using mitogenomic sequence
(Miya et al. 2003). Despite some studies about morphol-
ogy and molecular phylogeny in Eleotridae, the phyloge-
netic relationships have not been well resolved in this family,
leading to conflicting phylogenetic hypothesis (Thacker
2003; Thacker and Hardman 2005). The genus Hypseleotris
was considered to be monophyletic and a sister to the pair
of Eleotris and Philypnodon. The monophyly of the Gob-
iomorphs group was not supported by molecular data, and
Mogurda was found to be a sister to Opieleotris. Bostrychus had
also been closely related to Ophiocara (Wang et al. 2001).
However, Thacker (2003) pointed out that Hypseleotris and
Philypnodon were sisters, excluding Eleotris. It was different
from Wang et al.’s (2001) hypothesis to some extent. In addi-
tion, the Mogurda have been treated as being closely related
to Opieleotris. Thacker and Hardman (2005) suggested the
Hypseletris was sister to Calumia. Meanwhile, Bostrychus
was found to have a close relationship with Ophiocara,
which was consistent with Wang et al.’s (2001) conclusion.
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Previous molecular approaches to Eleotridae phylogenetic
reconstruction based on molecular data were simple. When
using a single nucleotide substitution model and associ-
ated parameters, the ability to explain the data sets which
are multiple genes displaying different models of evolu-
tion are limited (Brandley et al. 2005). In addition, the use
of a single model with data may result in mismodelling
and significant systematic error in different evolving subsets
(Brandley et al. 2005; Cheng et al. 2012). A solution to
these problems would be to apply specific modes and associ-
ated parameter estimates to each partition and integrate this
into a single maximum likelihood (ML) tree search (Yang
1996). Methods of implementing partitioned analysis using
Bayesian/Markov chain Monte Carlo (MCMC) methods are
available (Huelsenbeck and Ronquist 2001; Nylander et al.
2004). As it accurately models the data, the use of partition-
specific modelling can reduce systematic error, and pro-
duce more accurate posterior probability estimates and better
likelihood values (Cheng et al. 2012).

In an attempt to resolve the interrelationships of Eleotri-
dae, we determine the mitogenomic sequence data from
B. sinensis for the first time in the genus. B. sinensis is a
small sized camping-cave food fish, belongs to the Eleotri-
dae family (Ip et al. 2001). Due to its good taste and high
nutritive value, B. sinensis has been a promising high quality
breeding fish, but few molecular studies have been conducted
on the species so far. More studies are needed to determine
the phylogenic position of the species within the Eleotridae
family. In the present study, we determined the mitochon-
drial genome sequence of B. sinensis. In addition, the Cytb
gene was used as a genetic marker to infer the phylogenetic
relationships within Eleotridae species.

Materials and methods

Sample collection and DNA extraction

The specimens of B. sinensis were collected from the
Zhoushan fishing grounds, East China Sea (Zhejiang
Province, China). Taxonomic status of the fish was identified
by morphology. Total genomic DNA was extracted from the
muscle tissue by the standard phenol-chloroform method
(Sambrook and Russell 2001) and visualized on 1.0%
agarose gel, and then it was stored at 4°C.

PCR amplification and sequencing

A total of 10 sets of primers (table 1) were used for
amplifying contiguous, overlapping segments of the com-
plete mitochondrial genome of B. sinensis. The PCR
reactions were conducted in 50 uL reaction mixtures con-
taining 5.0 uL of a 10x Tag Plus polymerase buffer, 0.2 mM
of ANTP, 0.2 uM of the forward and reverse primers, 2 U
of Tag Plus DNA polymerase with proof-reading charac-
teristic (Tiangen, Beijing, China), and 1 uL of DNA tem-
plate. The PCR reactions consisted of predenaturation at
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Table 1. PCR primers in the analysis of B. sinensis.

Primer Sequences (5'-3")

Bosi-F1 ACTAAAGCATAACACTGAAGAT
Bosi-R1 TTCATTTCTCTTTCAGCTTTCC
Bosi-F2 AAGGGGAGGCAAGTCGTAAC
Bosi-R2 TGTTTAAAGGGCTTAGGTCT
Bosi-F3 GTTTGTTCAACGATTAAAGTCCTACG
Bosi-R3 ATAAAGAAAATTATTACAAAGGCATG
Bosi-F4 TGCCTTTGTAATAATTTTCTT
Bosi-R4 TAGTTGTGAGGGATGTGCCAT
Bosi-F5 CGAGAAAGGGAGGACTTGAACC
Bosi-R5 TATCTTTCCTTGGAATTTAACC
Bosi-F6 ATACCACATAGTAGACCCCAG
Bosi-R6 GACTTTAACCACGAGCTTTTG
Bosi-F7 GGCTCAAAAGCTCGTGGTTAAAG
Bosi-R7 TGCACCAAGAGTTTTTGGTTCCT
Bosi-F8 GGTCTTAGGAACCAAAAACTCTT
Bosi-R8 AATAACAACGGTGGTTTTTCAAG
Bosi-F9 GTG ACTTGA AAA ACCACCGTT
Bosi-R9 CTCCATCTCCGGTTTACA A
Bosi-F10 AGCACCGGTCTTGTAAACCG
Bosi-R10 GGGCTCATCTTAACATCTTCA

94°C for 4 min; 35 cycles of denaturation at 94°C for 50 s,
annealing at 60°C for 60 s, extension at 72°C for 2 min;
and final extension at 72°C for 10 min. The PCR was
performed on a Veriti thermocycler (Applied Biosystems,
Foster City, USA). The PCR product was electrophoresed on
a 1% agarose gel to check integrity, and then it was puri-
fied by using the PCR purification kit (Tiangen, Beijing,
China). The purified fragments were ligated into PMD-19T
vectors (Takara, Dalian, China) and cloned in TOP10 cells
(Tiangen, Beijing, China) according to the standard protocol.
Positive clones were screened via PCR with M13+/— primers.
At least three clones were sequenced from both strands on
an ABI3730XL Automated Sequencer with (Applied Biosys-
tems, Foster City, USA) M13 primer.

Sequence analysis

The SeqMan program (DNAstar, Madison, USA) was
used for editing and assembling the contiguous, over-
lapping sequence. The majority of tRNAs were identi-
fied by using tRNAscan-SE 1.21 (http://lowelab.ucsc.edu/
tRNAscan-SE/), with default search mode, using vertebrate
mitochondrial genetic code as tRNA structure prediction
and mitochondrial/chloroplast DNA for the source. The
remaining rRNA genes were determined by homology, sec-
ondary structure and specific anti-codons (Gutell ef al. 1993).
The DOGMA (http://ogdraw.mpimp-golm.mpg.de/cgi-bin/
ogdraw.pl) was used to identify positions of protein-coding
genes and rRNAs with default settings (Wyman et al.
2004). Subsequently, gene predictions were refined by
comparing with other known mitochondrial genome from
Eleotridae fish. Repeat sequence patterns in the noncod-
ing region were determined by using Tandem Repeats
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Finder software server (http://tandem.bu.edu/trf/trf.basic.
submit.html). The codon usage and base composition were
calculated by MEGA 4.0 software (Kumar et al. 2008). Puta-
tive origin of L-strand replication and control region were
determined by sequence homology and proposed secondary
structure.

Phylogenetic analysis

To understand the phylogenetic relationship within Eleotri-
dae, the data set (Cytb) was collected from the sequence
available in GenBank. The Odontobutis obscura was cho-
sen as an outgroup to root the tree. Multiple alignments of
the Cytb sequences from 30 Eleotridae species were imple-
mented by using the Clustal W (Thompson et al. 1994),
and then adjustments were made manually. Phylogenetic
trees were performed on MrBayes 3.1 by using partitioned
Bayesian method (Huelsenbeck and Ronquist 2001). Here
we set three partitions, P1 (all codon positions together),
P2 (first and second codon positions; third codon position),
and P3 (first codon position; second codon position; third
codon position). We determined the best-fit model of molec-
ular evolution for each partition by the akaike information
criterion (AIC) using the jModeltest (Posada 2008) program.

A smaller AIC value demonstrated the model better fitted to
the data. The jModeltest identified GTR+I4+G as the best
model for cytb all codon positions, HKY+I1+4G for Cytb first
codon position, HKY+I+4-G for cytb second codon position,
GTR+I4-G for Cytb third codon position, and GTR+I+G
for cytb first and second codon. The Markov chain Monte
Carlo (MCMC) analysis (with random starting trees) were
run with one cold and three heated chains. We ran the pro-
gramme one for 3 million generations and sampled every
100 generations (mcmcp 3000000, nchains = 4, temp = 0.1,
samplefreq = 100, burnin = 7500). After the first 7500 as
burnin, the remaining 22500 sampled tree were used for esti-
mating the 50% majority rule consensus tree. Bayes factor
was used to compare the results for each partitioning strat-
egy, and aimed at accepting the better phylogeny hypothesis
for the data matrix.

Results and discussion

Genomic structure, organization and composition

The complete mitochondrial genome sequence of B. sinen-
sis was deposited in the GenBank database under acces-
sion number NC_017880. The total length of the B. sinensis

Bostrychun sinensis
mitochondrial genome

16508 bp

Figure 1. Gene map of the four-eyed sleeper, B. sinensis (Perciformes, Eleotridae) mitochon-
drial genome. Genes encoded on the heavy or light strands are shown outside or inside the
circular gene map, respectively. Inner ring displays the GC content.
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Table 2. Organization of the complete mitochondrial genome of B. sinensis.

Position Size (bp) Codon Intergenic
Gene From To Nucleotide Amino acid Initiation Stop! nucleotide!! Strand
tRNALhe 1 68 68 H
12S rRNA 69 1021 953 H
tRNAY! 1022 1093 72 2 H
16S rRNA 1096 2774 1679 H
tRNALe*(UUR) 2775 2849 75 H
NDI 2850 3824 975 324 ATG TAG 3 H
(RNAe 3828 3897 70 -1 H
tRNACH 3897 3967 71 -1 L
tRNAMet 3967 4035 69 H
ND2 4036 5082 1047 348 ATG TA— -1 H
tRNATP 5082 5154 73 3 H
tRNAA 5158 5226 69 1 L
tRNAAS" 5228 5300 73 37 L
tRNA O 5338 5403 66 L
tRNATD” 5404 5474 71 1 L
Col 5476 7029 1554 517 GTG TAA H
tRNASe" (UCN) 7030 7100 71 3 L
tRNAAP 7104 7175 72 —4 H
COIl 7182 7872 691 230 ATG T 1 H
tRNAL» 7873 7948 76 H
ATPase8 7950 8117 168 55 ATG TAA —10 H
ATPase6 8108 8791 684 227 ATG TAA -1 H
COlll 8791 9575 785 261 ATG TA— -1 H
tRNACY 9575 9646 72 H
ND3 9647 9997 351 116 ATG T -2 H
tRNAA"E 9996 10064 69 H
ND4L 10065 10361 297 98 ATG TAG -2 H
ND4 10355 11735 1381 460 ATG T H
tRNAZS 11736 11804 69 ATG H
tRNAS"(AGY) 11805 11872 68 4 H
tRNALe(CUN) 11877 11949 73 H
ND5 11950 13788 1839 612 ATG TAA —4 H
ND6 13785 14306 522 173 ATG TAA L
tRNA G 14307 14375 69 5 L
Cytb 14381 15521 1141 380 ATG o H
tRNAT 15522 15593 72 -1 H
tRNAPT 15593 15662 70 L
Control region 15663 16508 846 H

ITA— and T—, represent incomplete stop codons.

'Numbers correspond to the nucleotides separating adjacent genes. Negative numbers indicate overlapping nucleotides.

mitochondrial genome was 16,508 bp, which was similar
to other teleost species. The mitogenome contained 13
protein-coding genes, 22 transfer RNA genes, two riboso-
mal RNAs and a putative noncoding control region (figure 1;
table 2). The structure and location of different genes in the
genome corresponded to the vertebrate mitogenome model
(Hurst et al. 1999; Waldbieser et al. 2003; Xu et al. 2011,
Quan et al. 2012; Shi et al. 2012). Most of the genes
were encoded on the H-strand, except that ND6 and eight
tRNA genes were encoded on the L-strand, and all genes
were similar in size to those in other bony fishes (Tzeng
et al. 1992; Miya et al. 2001). The base composition of
B. sinensis mitochondrial genome was as follows: 27.53% A,
31.16% C, 16.17% G, 25.14% T (table 3) and G+C content
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Table 3. Base composition of B. sinensis mitochonondrial

genome.
Base composition (%)

Gene/region T C A G A+4+T
Ist 20.85 27.89 25.70 25.56 46.55
2nd 40.33 28.00 18.20 13.47 58.53
3rd 20.31 41.01 30.65 8.03 50.96
Total 27.17 32.30 24.84 15.69 52.01
tRNA 23.68 25.87 31.00 19.45 54.68
sRNA 20.17 26.67 32.49 20.67 52.66
Control region 29.79 22.22 31.56 16,43 61.35
Overall 25.14 31.16 27.53 16.17 52.67
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was 47.33%. The whole mitochondrial genome of B. sinensis
was biased against GC nucleotides (47.33%), similar to
those of Gillichthys mirabilis (46.28%), Rhyacichthys aspro
(48.05%), and Odontobutis platycephala (43.79%). The GC
and AT skew for B. sinensis were determined to be 0.05
and —0.31. These selective nucleotide compositional biases
were ascribed to differential mutational pressures or natural
selection (Bachtrog 2007). The total base compositions were
against G in mitochondrial genome, maybe it was due to a
strong bias against the use of G at the third codon position
(Peng et al. 2006; Wang et al. 2007).

Protein coding genes and codon usage

In this study, the organization of 13 protein-coding genes in
B. sinensis was similar to that of other vertebrate species. As
shown in table 2, protein coding genes, 12 (ND1, ND2, ND3,
ND4, ND4L, ND5, COI, COIl, COIlll, ATPase6, ATPase8,
and Cytb) were encoded on the H-strand. On the contrary,
ND6 gene was coded on the L-strand. The typical initia-
tion codon for ATG was used by 12 of 13 protein coding
genes, while COI gene employed GTG as the start codon. A
different pattern of codon usage was found in stop codons:

TAA (ATPase6, ATPase8, COI, ND5, and ND6), and TAG
(ND1, ND4L). The remaining six genes seemed to end in
two incomplete stop codons, TA- (ND2, COIIIl) and T-(COIl,
ND3, ND4, Cytb), which were completed via posttranscrip-
tional polyadenylation (Ojala et al. 1981). Moreover, as
in other vertebrates, there were four overlaps on protein-
coding genes of B. sinensis. The ATPase8 and ATPase6
genes overlapped by 10 nucleotides, the ND4L and ND4 by
two nucleotides, and ATPase6 and COIII by one nucleotide.
In addition, the ND5 and ND6 genes were located on dif-
ferent strands and had overlaps of four nucleotides. The 13
B. sinensis protein-coding genes had a strong bias against
G (30.65% A; 41.01% C; 8.03% G; 20.31% T) at the third
codon position, which was typical in vertebrate mitochon-
drial genomes (Inoue et al. 2000; Ishiguro et al. 2001). At the
second position, pyrimidines were represented more com-
pared to purines (T4+C = 68.33%), as also seen for other ver-
tebrate mitogenomes. But at the first codon position, the ratio
of pyrimidines (48.74%) was lower than purines (51.26%).
The codon usage pattern of the 13 protein-coding genes in
B. sinensis is listed in table 4. A total of 3697 codons for
20 amino acids were identified in all protein-coding genes.
Codons for leucine were the highest percentage value of

Table 4. Codon usage in B. sinensis mitochondrial protein-coding genes.

Number/frequency Number/frequency
Amino acid Codon (%) Amino acid Codon (%)
Phe TTT 109/2.9 Tyr TAT 28/0.8
TTC 117/3.1 TAC 77/2.1
Leu TTA 94/2.5 Stop TAA 10/0.3
TTG 20/0.5 TAG 2/0.1
CTT 149/4.0 His CAT 22/0.6
CTC 193/5.2 CAC 84/2.3
CTA 150/4.1 Gln CAA 85/2.3
CTG 45/1.2 CAG 12/0.3
Ile ATT 120/3.3 Asn AAT 24/0.7
ATC 132/3.6 AAC 98/2.7
Met ATA 104/2.8 Lys AAA 70/1.9
ATG 53/1.4 AAG 2/0.1
Val GTT 47/1.3 Asp GAT 15/0.4
GTC 72/2.0 GAC 51/1.4
GTA 62/1.7 Glu GAA 74/2.0
GTG 24/0.7 GAG 19/0.5
Ser TCT 36/1.0 Cys TGT 6/0.2
TCC 81/2.2 TGC 16/0.4
TCA 55/1.5 Trp TGA 88/2.4
TCG 5/0.1 TGG 27/0.7
Pro CCT 59/1.6 Arg CGT 7/0.2
cCccC 108/2.9 CGC 20/0.5
CCA 42/1.1 CGA 40/1.1
CCG 9/0.2 CGG 6/0.2
Thr ACT 36/1.0 Ser AGT 13/0.4
ACC 143/3.9 AGC 43/1.2
ACA 99/2.7 Stop AGA 0/0.0
ACG 13/0.4 AGG 0/0.0
Ala GCT 63/1.7 Gly GGT 17/0.5
GCC 174/4.7 GGC 107/2.9
GCA 101/2.7 GGA 59/1.6
GCG 11/0.3 GGG 49/1.3
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Figure 2. Sequences of B. sinensis mitochondrial tRNA genes, represented in the clover-form.
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17.5%, followed by alanine (9.4%), and those of cysteine
were the least frequent (0.6%). For amino acid with four-
fold degenerated codons third position, codons ending with C
were the most frequent, followed by codons ending in A and
T, but A appeared more frequent than C for arginine. Within
two-fold degenerate codons, C appeared to be used more
than T for pyrimidine codon family. In addition, the most fre-
quently used codon was CTC (193/3697), and TCG was the
least frequently used codon (5/3697); the codon usage bias
might be related to the available tRNAs in organism (Lee and
Kocher 1995; Xia et al. 2007; Cheng et al. 2011).

Transfer and ribosomal RNA genes

The 22 tRNA genes and predicted structures for B. sinen-
sis were determined and compared with homologues in
other vertebrates (figure 2). Of these tRNAs, two forms of
tRNA-Ser (UCN-AGY) and tRNA-Leu (UUR-CUN) were
identified. Three tRNA clusters (IQM, HSL, and WANCY)
were well conserved in B. sinensis as in other vertebrate
mitochondrial genomes (figure 1). These tRNA genes ranged
in size from 66 to 80 nucleotides, and the gene arrange-
ment was typically as in most vertebrates. The most of tRNA
secondary structures contained 7 bp in amino acid stem,
5 bp in the TWC stem, 5 bp in the anticodon stem, and
4 bp in the DHU stem. The tRNA-Ser (AGY) had no dis-
cernible DHU stem in the B. sinensis mitochondrial genome,
which was similar to that in the bony fish (Oh et al. 2007,
2008).

The 125 and 16S rRNA genes of B. sinensis were 953 bp
and 1679 bp in length, respectively (table 2). As in other ver-
tebrate mitochondrial genomes, these genes were located on
the H-strand between tRNA Phe and tRNA Leu (UUR) and
being separated by tRNA Val. The A: C: G: T base compo-
sition of the 12S and 16S rRNAs gene is 32.49%: 26.67%:
20.67%: 20.17% (table 3). The A+T content of B. sinensis
rRNA genes was 52.66%, which was a slightly higher than
protein-coding gene (52.01%), but was less in comparison
with tRNA genes (54.68%).

Noncoding regions

As in most vertebrates, there are two noncoding regions in
the B. sinensis mitochondrial genome: origin of L-strand
replication and the control region. The O is 36 bp in length
and locates in a cluster of five tRNA genes (WANCY region)
between tRNA-Asn and tRNA-Cys genes. It is thought to
be able to fold into a stable stem-loop secondary structure
with 10 bp in the loop and 13 bp in the stem. This stem—
loop structure is similar to those of bony fish whose stems
are 12 to 13 bp in size and loops about 10—14 bp. Meanwhile,
the conserved motif (5'-GCGGG-3') is identified at the base
of the stem in the tRNA-Cys gene, which is involved in the
transition from RNA to DNA synthesis (Hixson et al. 1986).
The conserved stem—loop structures indicate that they play
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a key role in the origin of mitochondrial DNA replication
(Desjardins and Morais 1990).

According to alignment with the mitochondrial genome of
other fishes, the control region in B. sinensis mitogenome
is determined between tRNA Pro and tRNA Phe. The
A+T content of the region is 61.35% (A = 31.56%, T =
29.79%, C = 22.22%, G = 16.43%) (table 3), which is
higher than the average value of the whole mitogenome
(52.67%) of B. sinensis. Though the control region is a
unique and variable area in mitochondrial genome, termi-
nation associated sequence (TAS), and central and con-
served sequence (CSB) domains are determined by multiple
homologous sequence alignment in B. sinensis (figure 3).
The TAS might play a key role in terminating the synthe-
sis of the heavy strand (Cheng et al. 2010). The conserved
sequence blocks (CSB-1, CSB-2 and CSB-3) are thought
to be associated with positioning RNA polymerase for both
priming replication and transcription (Clayton 1991; Shadel
and Clayton 1997). Meanwhile, the CSB-D, CSB-E, CSB-F
could also be detected in B. sinensis control region. It might
provide a little information for examining the structure—
function relationships of the control region (Cui et al. 2009).
Even though the tandem repeats sequence in the control
region has been reported in some teleosts (Arnason and
Rand 1992; Lee et al. 1995), we did not find them in
B. sinensis.

Effect of partitioning on harmonic mean —InL, topology,
posterior probabilities and Bayes factors

The harmonic mean —InL was used for measuring fitness of
partitioning data within the entire data set. Partitioning the
Cytb data set greatly improved harmonic mean —InZ by codon
position partition (table 5), which was similar to previous
report (Brown and Lemmon 2007). The partitioning could
be thought as a useful method for regulating heterogeneity
in the processes of molecular evolution (Cheng et al. 2012).
The consensus tree topologies were different in different par-
titioning data analyses, and these differences were inferred to
alternative placements of weakly supported nodes (Bayesian
posterior probabilities <95%). There were some differences
in posterior probabilities among the analysis which relied on
whether Cytb sequences were partitioned by codon position.
All Bayes-factor estimates were much higher than the cri-
terion against a hypothesis. On the basis of Bayes factors,
analysis involving the P; partition-strategy would pro-
vide better explanation of data than the other partition-
strategies (tables 5 and 6). Consequently, it is the preferred
hypothesis of the Eleotridae phylogeny and next discus-
sion will be confined to this tree about P; partition-strategy
(figure 4).

The phylogeny of the Eleotridae family

The phylogenetic analyses were used to investigate B.
sinensis phylogenetic position and the inner relationships
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Bostrychus sinensis AGTACATATATGTACTTACACCATATATTTATGTAAMCCATAATAAATAATGCTTGAGGACATATAC-ATGTATAATCACCATTCATAG )

Eleotris acanthopoma T.A... - | P P ) o P | [, i AT.. a0
Eleotris melanosoma .... § - {IEE AT B Y R . % a0
Rhyacichthys aspro .. A............ [ . DR I R e ' ol TR LR 3 R y | BTRTONEY ) ey, Rt P )
TAS
Bostrychus sinensis GCTTTGACCATTCATACATCACCATGTCCAAGAAGGGGTACAAAATGCATGAAATTTCA-ACTTAACACA-ACTGCATACTAATATA-AT 180
Eleotris acanthopoma ............... ; L KBl i T i B wllin 180
Eleotris melanosome .......oovvvvivnnnnns G. ACL.AT...C..A..A . 180
Rhyacichthys aspro . AG............T..... A GO AL T.. ACTG...C... AL A LA 180

Bostrychus sinensis TACCCAAGTTATA-ATCCACAGAAAAAACTAAGCCCTAGTATAATATTCAATCAACCATATATACCACGAACCACCATCCCGTTAAGGAA 270

Eleotris acanthopoma ...... GCC. . ATC.A.....A..C..GT..../ | VG f TRRERY SN, W+ g P {950 o | PR CC...ACC 270
Eleotris melanosome e L p S il 1 (G 7 ST RS | oY | BRSO ] SRRRPRRR! i ¢ | TR i 270
Rhyacichthys aspro ........A...CT.A.....TG.C..GT....A... . AC.CC. A ACATTCA.C-...........G. TT..MT......C... A 270
Bostrychus sinensis AAATTCC TAACATGCCGAGCGTTCAGCAAAGCGAACACGGTTATTGATGGTCAGGCACAAGTATTCG TEEGEGTTT 360
Eleotris acanthopoma ...A...T... e ... A-.GA.. .06, ..., | PRI e 360
Eleotris melanosome o N VN I (RN, L 360
Rhyacichthys aspro L ... T- MGCT. ... P i LB, 160
CSB-E
Bostrychus sinensis CACACGGTGAATTATTCCTCGCATTTGGTTCCTATTTCAGGGCCATTGATTGATA-TTATTCCCCATTCTTTCCTTGACCCTGGCATAAG 450
Eleotris acanthopoma ...CTA...C.C......... - SEERC N | I O R——" e 150
Eleotris melanosoma o T A e G . ... . A CG s he G AG LG T =
s Y S [ 1— . 430
CSB-D 450
Bostrychus sinensis -TTGTTGGTGGAGTACATACTGTCCGTGACCCCACATGCCAAGCGTTCACTCTAATGGACTAGGTTATTTTTTTTTGGTTTCCTTTCACT 340
Eleotriz scanthopoma = . .iicoviiviven Gl GiBmoblh v s i BiswinaaToviai vl caaiviiniinii, 0
Eleotris melanosoma -... "o 4 ‘e . TCC. e 540
Rhyacichthys aspro A......... 2 BCT. o Tillivns s wrscs GG 540
Bostrychus sinensis TGGCATTTCACAGTGCAGCGCTAAGGCTAGCTGACAAGGGTGTACATTTT-CTTGCGCGGCGTGCAARATCTTCATGOTGAMAGATTTT 630
Eleotris acanthopoma ..........ovvvvrniveevenns AT Le o vsias smsiaiaranies ol T iviiinn T.GCA.C....... C.. 530
Eleotris melanoso@a .........ovvevennns R Ll Densvaimss (B oy O L () 1 —— { 630
Rhyacichthys aspro ........covvviennn T T By { LI CA. CAAGAA.G. . G..GA......G6G-..C... 630
Bostrychus sinensis CATAAMAGAATTGCATAACTGATATCAAGAGCATAAAGATATAAT-ATTTCCCCTAACATATCTAAGATATGCCCCCCTCRGCTTTTGCG 720
Eleotris acanthopoma ... T..... (i sas e sisulsassisssesssiaaninss ETTAG: .08 5T i} e e T o Giai 790
Bleotris welanosoma ...T..... il eee et e TTAC, . . .66, .o oo Thoisaniinnssnnnsssansnsnnnns Giva 720
Fhyacichthys aspro GG....... Ciomeeeemeees Gosewesssesee-ATAC. 6T. T.. ... T..... T .TC....Tooscecennenn . TL0GL . ~
C5B-1 L
Bostrychus sinensis CGTAARACCCCCCTACCCCCCTAAACTCGTAAACTATTATTCTTCCTGAAMCCCCCCGOAAACAGGAAGCCTCGAGCTAGGTTTTTTA 810
Eleotris acanthopoma ... B o ees s s n e« » G . 2 G, o o | R ! TER—. TGG. . AA. L GC. 810
Eleotris melanosoma ...-.. .6..6.. 3 ’ 810
Fhyacichthys aspro ... - -- 6. . 310
CsB-2
Bostrychus sinensis CCCCTTCAAGATGTATCTATTTACATTATTAAAATAATATTTTT 854
Eleotris acanthopoma ..G.CC...CG..C..... 854
Eleotris melanosoma ..A.CCT..TG..C..... 854
Rhyacichthys aspro  TG.TOC. .. A .G inirroniiniiiiinannns G.GA. . -

Figure 3. Complete nucleotide sequence of mitochondrial control region of Eleotridae species.
Termination associated sequence (TAS), conserved sequence blocks (CSB-1, CSB-2 and CSB-
3), and central conserved sequence blocks (CSB-F, CSB-E and CSB-D) are shaded in gray.
The species names and GenBank accession numbers are as follows: Bostrychus sinensis
JQ665462; Eleotris acanthopoma AP004455; Eleotris melanosoma EU352700; Rhyacichys
aspro AP004454.

Table 5. Harmonic mean —InL of each partition strategy, and 2In
Bayes factor results from comparisons between all the partition-

ing strategies. The Bayes factor was calculated from estimated har-  aple 6. Interpretations of the 2In Bayes factor. Modified from
monic means of likelihood by the sump command in MrBayes3.1. Kass and Raftery (1995).

Partition strategy 2Iln Bayes factor Evidence for H;
P1 P2 P3
<0 Negative (supports Ho)
Harmonic mean —InZ 12851.73 12841.40 12260.06 O0to2 Bare worth mentioning
P1 - 2t06 Positive
P2 20.66 - 6to 10 Strong
P3 1183.34 1162.68 - > 10 Very strong
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Odontobutis obscura
_mg': Mogurnda adspersa Mogiirida
Mogurnda mogurnda
87 Ratsirakia legendrei ':1| Ratsirakia
_H': Tateurndina ocellicauda .~ Tateurndina
Bostrychus sinensis Bostrychus
Ophiocara porocephala
& 100 Oxyeleotris lineolata Ophiocara
33 _|: Oxyeleotris selheimi
L Oxyeleotris marmorata Cenelegluse
= Oxyeleotris nullipora
Butis amboinensis Butis
100 Eleotris acanthopoma
100 _|: Eleotris sandwicensis
i3 Eleotris smaragdus
Eleotris picta
” i —TDDE Eleotris pisonis Eleotris
51 — Eleotris fusca
100 L——— EJeotris melanosoma
76 Eleotris oxycephala
100 Hypseleotris aurea
_': Hypseleotris compressa Hypseleotris
100 Hypseleotris galii
90 100 Gobiomorphus breviceps
100 —: Gobiomorphus cotidianus Gobiomorphus
Gobiomorphus hubbsi
= _mu-I: Microphilypnus sp.cet wiivopkilyphia
Microphilypnus ternetzi
100 Philypnodon grandiceps
T: Philypnodon sp. dwarf Philypnodon

Figure 4. Consensus trees of Eleotridae constructed using Bayesian analysis based on P3 partition-strategies. The species names and
the GenBank accession numbers are as follows: Eleotris acanthopoma AB021235, E. fusca AB021236, E. melanosoma AB021237, E.
oxycephala AB021238, E. pisonis AY 722229, E. picta AY722219, E. sandwicensis AY 722186, E. smaragdus AY 722185, Hypseleotris
aurea AY722187, H. compressa AB021240, H. galii DQ468295, Gobiomorphus breviceps AY 722224, G. cotidianus AB560890, G. hubbsi
ABO021239, Microphilypnus sp. CET EU380977, Microphilypnus ternetzi AY722253, Philypnodon sp. Dwarf DQ463936, Philypnodon
grandiceps DQ463864, Oxyeleotris lineolata AY7222377, O. selheimi AY722238, O. marmorata AB021246, O. nullipora AY722249,
Mogurnda adspersa AY 722184, Mogurnda mogurnda AB021242, Ratsirakia legendrei AY 722235, Tateurndina ocellicauda AB021247,

Butis amboinensis AB021232, Ophiocara porocephala AB021245, B.

among Eleotridae. The phylogenetic tree based on Cyzb gene
sequence was performed by partitioned Bayesian method,
and it included 30 species belonging to 12 genera (figure 4).
The results showed that our current analysis disagreed with
previous hypothesis in some way. The molecular hypothesis
is based on the mitochondrial 12S and tRNA gene, show-
ing a monophyletic Hypseleotris and Hypseleotris as sis-
ter to the pair of Eleotris and Philypnodon (Wang et al.
2001). However, Hypseleotris is found to be sister with

Journal of Genetics, Vol. 92, No. 2, August 2013

sinensis NC_017880, Odontobutis obscura AB021243.

Philypnodon, excluding Eleotris based on three mitochon-
drial genes (NDI, ND2, and COI) (Thacker 2003). Our
hypothesis indicates Hypseleotris is monophyletic, and sis-
ter to Eleotris, in addition, the Philypnodon are sister
to Microphlypnus, which is not consistent with previous hypo-
thesis (Wang et al. 2001; Thacker 2003). The Bostrychus
have been most closely related to Ophiocara, which is con-
gruent with previous hypotheses (Wang et al. 2001; Thacker
and Hardman 2005). Wang et al. (2001) identified that
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the monophyly the Gobiomorphs group is not supported
by molecular data, and Mogurda is found to be sister to
Opieleotris. However, our molecular phylogeny supports
the monophyly of Gobiomorphs, and Mogurda have been
most closely related to Ratsirakia and Tateurndina. Conse-
quently, the phylogeny of Eleotridae remains to be solved
in some respect, so the inclusion of further data from exten-
sive taxonomic sampling and more molecular information
are required to illustrate the phylogeny of Eleotridae.
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