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Polychaeta): an evidence of conservativeness between gene arrangement and
phylogenesis in Glycera

Panpan Chena,b, Xin Shena,b, Yuefeng Caia,b, Nanjing Jia,b, Yongqi Lia,b, Tian Gea,b and Shishi Liua,b

aJiangsu Key Laboratory of Marine Bioresources and Environment/Jiangsu Key Laboratory of Marine Biotechnology, Jiangsu Ocean University,
Lianyungang, China; bCo-innovation Center of Jiangsu Marine Bio-industry Technology, Jiangsu Ocean University, Lianyungang, China

ABSTRACT
The complete mitochondrial genome of Glycera chirori Izuka (Annelida: Polychaeta) was presented, which
is a circular molecule of 15,930bp nucleotides. It encodes 37 genes, including 13 PCGs, 22 tRNAs, and
two rRNAs. The length of non-coding regions is 1428 bp, and the longest one (1346bp) is speculated as
the control region, which is located between trnA and trnL2 and is longer than most species in Glycera.
The complete mitogenome of G. chirori Izuka consists of 31.2% A, 23.6% C, 12.9% G, and 32.2% T, which
has T vs. A skew (�0.02) and C vs. G skew (�0.29), respectively. Phylogenetic analysis indicates the classi-
fication status of G. chirori Izuka and the relationship with other species in Glycera, which is closer with
Glycera unicornis and Glycera fallax (bootstrap ¼ 100). By comparisons, the gene arrangement of G. chirori
Izuka and other seven species in Glycera are identical and they also cluster together in phylogenetic tree
with higher support rate, which indicates the conservativeness between gene arrangement and phylo-
genetic analysis in Glycera. In conclusion, the complete mitochondrial genome of G. chirori Izuka can pro-
vide supportive data for further molecular and evolutionary analysis of Glycera.
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Glycera is one of three genera in Glyceridae and is also the
most species-rich genus at present (Richter et al. 2015). There
are some reports on this genus, which involved geographical
distribution, biological activity, and molecular basis (Sch€uller
2011; von Reumont et al. 2014; Richter et al. 2015). Glycera
chirori Izuka (Annelida: Polychaeta: Glyceridae) is one of the
most common species in Glyceridae (Sun and Yang 1994),
distributing in China’s coastal water and Japan’s sea area and
living in the intertidal and subtidal zones (Wang and
Song 2017).

The specimen of G. chirori Izuka was collected from inter-
tidal of Multi-Island Sea, Lanshan District, Rizhao, Shandong
Province, China (N: 30.71, E: 122.78). The total DNA was
stored at Marine Museum of Jiangsu Ocean University
(Accession number: Gchi-002). We used ultrasonic to interrupt
long DNA fragments to 2–3 kb to build a library and get the
complete mitochondrial genome sequence by sequencing
and assembly with SeqMan 7.1.0 software (Swindell and
Plasterer 1997). Gene annotation was obtained with MITOS
(Bernt et al. 2013) and tRNAscan-SE (Chan and Lowe 2019).

The total length of mitogenome of G. chirori Izuka is
15,930 bp, which is a circular molecule, encoding 13 PCGs,
two rRNA, and 22 tRNA genes on one strand (GenBank acces-
sion number: MK858188) (Boore 1999; Shen et al. 2009). AT
and GC skews of the whole genome are �0.02 and �0.29,
respectively (Perna and Kocher 1995). The length of all non-

coding regions is 1428 bp. The Tandem Repeats Finder
(Benson 1999) was used to speculate the control region
(1346 bp), locating between trnA and trnL2, which is longer
than most species in Glycera (Richter et al. 2015).

Gene arrangement was a useful tool to elucidate the evo-
lution and phylogenetic relationship between homologous
species (Boore 1999; Weigert et al. 2016). Compared with the
other 12 species of Glycera in the GenBank database, the
gene arrangement of G. chirori Izuka is identical in 13 PCGs
and two rRNA genes and this arrangement pattern (15 genes)
is consistent with most species in Annelida (Jennings and
Halanych 2005; Zhong et al. 2008; Weigert et al. 2016).
Besides, only a few tRNA genes show translocation for their
higher variability (Weigert et al. 2016).

We used MEGA 7.0.25 (Kumar et al. 2016) to construct
phylogenetic trees based on neighbour-joining (NJ) and max-
imum-likelihood (ML) methods, using 13 PCGs’s amino acid
data from 13 species (Glycera) and four Oligochaeta species
(outgroup) (Figure 1). As result showed, G. chirori Izuka clus-
ters with Glycera unicoins isolated FS15 (BP ¼ 92/95), and the
two species cluster with Glycera fallax isolated FS14 (BP ¼
97/98). And then this group is clustered with the other two
groups from other five species with high support rate (BP ¼
99). Significantly, G. chirori Izuka and other six species
grouped on phylogenetic tree share the same gene arrange-
ment, which indicated that gene arrangement and
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phylogenetic tree in Glycera complement each other. Thus, G.
chirori Izuka could be a valid support to reflect the conserva-
tiveness between gene arrangement and phylogenetic ana-
lysis in Glycera.

The accession numbers of the genomes used for compari-
son were KT989321 (G. americana isolate FS12), KT989330 (G.
americana isolate FS23), KT989329 (G cf. oxycephola FS21),
KT989319 (G. capitata isolate FS10), KT989320 (G. capitata iso-
late FS11), KT989323 (G. fallax isolate FS14), KT989324 (G. uni-
cornis isolate FS15), KT989318 (G. dibranchiata isolate FS15),
KT989327 (G cf. tridactyla FS19), KT989328 (G cf. tridactyla
FS20), KT989331 (G. tridactyla isolate Glytri), KT989326 (G. tes-
selata isolate FS18), NC_029864 (Amynthas hupeiensis),
NC_029865 (Amynthas morrisi), NC_029863 (Amynthas carno-
sus), and NC_029866 (Amynthas cucullatus).
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Figure 1. Phylogenetic trees constructed from neighbour-joining (NJ) and maximum-likelihood (ML) methods of 13 PCGs (amino acid data). The numerical values at
the node represent the bootstrap value from ML and NJ methods, respectively.

MITOCHONDRIAL DNA PART B 3747


	Abstract
	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 <>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/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.)
		/NOR <>
		/DEU <>
		/SVE <>
		/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.)
		/DAN <>
		/JPN <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/SUO <>
		/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


