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ABSTRACT
Of the goby fishes, many Gymnogobius species have been poor recognized mainly because of the
absence of enough molecular information and clear phylogenetic framework. In this study, the com-
plete mitochondrial genome of Gymnogobius petschiliensis was determined and described. The mitoge-
nome is 16,422 bp in length and consists of 22 tRNAs, 13 protein-coding genes, two rRNAs, one control
region and a light strand replication origin (OL). The arrangement of this mitogenome is identical to
that of the typical teleost. The overall base composition is 27.5%, 29.5%, 26.1%, and 16.9%, for A, T, C,
and G, respectively, with a slight bias on Aþ T content (57.0%). The 13 protein-coding genes use the
initiation codon ATG except COI, which uses GTG. Most of them use TAA or TAG as the stop codon,
while COII, COIII, and Cyt b use an incomplete T or TA and ND4 uses an unusual AGA. The maximum-
likelihood phylogeny tree of 19 Gobionellinae species demonstrated that G. petschiliensis had a very
closely relationship with the same genus G. urotaenia. This study is expected to contributing to the
phylogenetic evolution of G. petschiliensis and further phylogenetic relationship of Gobionellinae and
Gobiiformes.
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Gobiidae is one of the largest families with about 210 genera
(at least 1950 species) (Nelson 2006). However, there are many
species have not been well described. Of the goby fishes, for
instance, many Gymnogobius species have been poor recog-
nized mainly because of the absence of enough molecular
information and clear phylogenetic framework (Kim et al.
2004). Mitochondrial DNA, which has been proved useful in
species identification and phylogenetic studies, has great
potential to resolve this issue (Miya et al. 2003; Tornabene
et al. 2013; Harrington et al. 2016). In the present study, we
determined and described the complete mitogenome of G.
petschiliensis, and reconstructed the phylogenetic relationship
of the relative species of Gobionellinae, expecting for better
understanding the systematic evolution of the genus
Gymnogobius and further phylogenetic study of Gobionellinae.

The specimen was collected from Qingdao in Shangdong,
China (36.0412�N; 120.1923�E) and was stored in 95% ethanol
with accession number 20131115NA05. Eleven primers were
designed to amplify the complete mitochondrial sequence
according to previous species (Kong et al. 2009; Shi et al.
2011; Gong et al. 2017b). The total length is 16,422 bp
(GenBank accession no. MG018480), including 22 tRNAs, 13
protein-coding genes, two rRNAs, one control region and a
light strand replication origin (OL). Most of the genes are

encoded by heavy strand, while ND6 and other eight tRNAs
are encoded by light strand. The gene arrangement of this
species is identical to that of typical teleost (Boore 1999;
Ponce et al. 2008; Gong et al. 2017a). The overall base com-
position is A 27.5%, T 29.5%, C 26.1%, G 16.9%, and Aþ T
content 57.0%.

The 22 tRNA genes were interspersed between rRNA and
protein-coding genes, with sizes ranging from 65bp (tRNA-
Cys) to 75 bp (tRNA-Lys). The 13 protein-coding genes use the
initiation codon ATG except COI, which uses GTG. Most of
them use TAA or TAG as the stop codon, while COII, COIII,
and Cyt b use an incomplete T or TA and ND4 uses an
unusual AGA. The 13 protein-coding genes encode 3810
amino acids in total. The two rRNA genes (12S and 16S) are
generally isolated by tRNA-Val, located between tRNA-Phe and
tRNA-Leu. The 48 bp OL is located between the tRNA-Asn and
tRNA-Cys genes in a cluster of five tRNA genes (WANCY
region). The 925 bp CR is commonly situated between tRNA-
Pro and tRNA-Phe genes. The symbolic structures are
observed as in other teleosts: termination-associated sequen-
ces (TAS), central conserved sequence blocks domain (CSB-F,
D, B, A), and conserved sequence blocks (CSB-2, 3) (Guo et al.
2003; Xu et al. 2011; Gong et al. 2015).
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In order to explore the systematic status of G. petschiliensis
and further phylogenetic study of Gobionellinae, a maxi-
mum-likelihood tree was constructed based on the 13 pro-
tein-coding genes from 19 Gobionellinae species, with
Tridentiger obscurus and T. barbatus as the outgroup. The tree
clearly showed that all Gobionellinae species clustered into a
group and G. petschiliensis formed a sister-group with G. uro-
taenia, suggesting a very closely relationship of these two
species (Figure 1).

Disclosure statement

The authors report no conflicts of interest. The authors alone are respon-
sible for the content and writing of the paper.

Funding

This work was supported by the National Natural Science Foundation of
China (NSFC) (No. 41706176).

References

Boore JL. 1999. Animal mitochondrial genomes. Nucleic Acids Res.
27:1767–1780.

Gong L, Liu L-Q, Guo B-Y, Ye Y-Y, Lu Z-M. 2017a. The complete mitochon-
drial genome characterization of Thunnus obesus (Scombriformes:

Scombridae) and phylogenetic analyses of Thunnus. Conserv Genetics
Resour. 9:379–383.

Gong L, Liu L-Q, Guo B-Y, Ye Y-Y, Lu Z-M. 2017b. The complete mito-
chondrial genome of Oncorhynchus masou formosanus
(Salmoniformes: Salmonidae) and phylogenetic studies of Salmoninae.
Conserv Genetics Resour. 9:281–284.

Gong L, Shi W, Si LZ, Wang ZM, Kong XY. 2015. The complete mitochon-
drial genome of peacock sole Pardachirus pavoninus
(Pleuronectiformes: Soleidae) and comparative analysis of the control
region among 13 soles. Mol Biol. 49:408–417.

Guo X, Liu S, Liu Y. 2003. Comparative analysis of the mitochondrial DNA
control region in cyprinids with different ploidy level. Aquaculture.
224:25–38.

Harrington RC, Faircloth BC, Eytan RI, Smith WL, Near TJ, Alfaro ME,
Friedman M. 2016. Phylogenomic analysis of carangimorph fishes
reveals flatfish asymmetry arose in a blink of the evolutionary eye.
BMC Evol Biol. 16:224.

Kim YJ, Kweon H-S, Kim I-C, Lee Y-M, Kim JM, Lee J-S. 2004. The com-
plete mitochondrial genome of the floating goby, Gymnogobius pet-
schiliensis (Perciformes, Gobiidae). Mol Cells (Springer Science &
Business Media BV). 17:446–453.

Kong X, Dong X, Zhang Y, Shi W, Wang Z, Yu Z. 2009. A novel rearrange-
ment in the mitochondrial genome of tongue sole, Cynoglossus semi-
laevis: control region translocation and a tRNA gene inversion.
Genome. 52:975–984.

Miya M, Takeshima H, Endo H, Ishiguro NB, Inoue JG, Mukai T, Satoh TP,
Yamaguchi M, Kawaguchi A, Mabuchi K, et al. 2003. Major patterns
of higher teleostean phylogenies: a new perspective based on 100
complete mitochondrial DNA sequences. Mol Phylogenet Evol.
26:121–138.

Nelson JS. 2006. Fishes of the word. 4th ed. New York: John Wiley.

Figure 1. Phylogenetic tree of Gobionellinae based on the maximum-likelihood (ML) analysis of 13 protein-coding genes. The GTRþ IþG model was the most
appropriate model based on the Akaike Information Criterion (AIC). The number at each node is the bootstrap probability. The number before the species name is
the GenBank accession number.

MITOCHONDRIAL DNA PART B: RESOURCES 817



Ponce M, Infante C, Jim�enez-Cantizano RM, P�erez L, Manchado M. 2008.
Complete mitochondrial genome of the blackspot seabream, Pagellus
bogaraveo (Perciformes: Sparidae), with high levels of length hetero-
plasmy in the WANCY region. Gene. 409:44–52.

Shi W, Kong X-Y, Wang Z-M, Jiang J-X. 2011. Utility of tRNA genes from
the complete mitochondrial genome of Psetta maxima for implying a
possible sister-group relationship to the Pleuronectiformes. Zool Stud.
50:665–681.

Tornabene L, Chen Y, Pezold F. 2013. Gobies are deeply divided: phylo-
genetic evidence from nuclear DNA (Teleostei: Gobioidei: Gobiidae).
Syst. Biodivers. 11:345–361.

Xu T-J, Cheng Y-Z, Sun Y-N, Shi G, Wang R-X. 2011. The
complete mitochondrial genome of bighead croaker,
Collichthys niveatus (Perciformes, Sciaenidae): structure of control
region and phylogenetic considerations. Mol Biol Rep. 38:
4673–4685.

818 L. GONG ET AL.


	The complete mitochondrial genome of Gymnogobius Petschiliensis (Gobiiformes;Gobiidae; Gobionellinae) and its phylogenetic implications
	Disclosure statement
	References



<<
	/CompressObjects /Tags
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 150
	/DoThumbnails false
	/ColorConversionStrategy /sRGB
	/GrayImageFilter /DCTEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/ImageMemory 1048576
	/LockDistillerParams true
	/AllowPSXObjects true
	/DownsampleMonoImages true
	/PassThroughJPEGImages false
	/ColorSettingsFile (None)
	/AutoRotatePages /All
	/Optimize true
	/MonoImageDepth -1
	/ParseDSCComments true
	/AntiAliasGrayImages false
	/GrayImageMinResolutionPolicy /OK
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ConvertImagesToIndexed true
	/MaxSubsetPct 100
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 600
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth -1
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages true
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.6
	/MonoImageResolution 600
	/NeverEmbed [
	]
	/CannotEmbedFontPolicy /Warning
	/AutoPositionEPSFiles true
	/PreserveOPIComments false
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/EmbedJobOptions true
	/MonoImageDownsampleType /Bicubic
	/DetectBlends true
	/EncodeGrayImages true
	/ColorImageDownsampleType /Bicubic
	/EmitDSCWarnings false
	/AutoFilterColorImages true
	/DownsampleGrayImages true
	/GrayImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 150
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/DetectCurves 0.1
	/PDFXTrapped /False
	/ColorImageFilter /DCTEncode
	/TransferFunctionInfo /Preserve
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/ColorACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DSCReportingLevel 0
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/PreserveCopyPage true
	/UsePrologue false
	/StartPage 1
	/MonoImageDownsampleThreshold 1.5
	/GrayImageDownsampleThreshold 1.5
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 1
	/PreserveOverprintSettings true
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.5
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Bicubic
	/Description <<
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/PTB <>
		/FRA <>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NOR <>
		/DEU <>
		/SVE <>
		/DAN <>
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/JPN <>
		/SUO <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/ESP <>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /Default
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts true
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


