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ABSTRACT
The green sandpiper Tringa ochropus (Charadriiformes, Scolopacidae) is completely migratory with an
extremely large distribution range. However, its habitat ecology, and disease spreading are relatively
understudied, and the molecular genetics is relatively unclear. In this study, we report the complete
mitochondrial genome of T. ochropus, which is a circular molecule of 16,906bp in length and the Aþ T
content of overall base of the composition of H-strand is 54.88% (A: 31.62%, T: 25.53%, C: 29.47%, G:
13.38%). This study strongly supports the monophyly of Charadriiformes, and division of the order into
three major clades, including Lari, Scolopaci, and Charadrii.
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The green sandpiper Tringa ochropus (Charadriiformes,
Scolopacidae) is completely migratory with an extremely
large distribution range, which have brown wings with little
light dots and a delicate but contrasting neck and chest pat-
tern. Recent studies of T. ochropus have paid more attention
on habitat ecology, environmental disruption, and disease
spreading (Gres�ıkov�a et al. 1975; Smith et al. 1992; Malekian
& Hosseinpour-Mohamadabadi 2015). However, the basic
genetics data of T. ochropus are relatively unclear. In this
study, we sequenced the complete mitogenome of T. ochro-
pus to better understand the mitogenomic characteristics and
its phylogenetic relationships within Charadriiformes.

The muscle specimen of T. ochropus was collected from
the Lukou Country, Nanjing, International Airport, Jiangsu
Province, China (31�43'47" N, 118�52'26" E). The voucher spe-
cimen was preserved in absolute ethanol at Nanjing Normal
University (NJNU: Toc-2015017), Nanjing, China. Total DNA
was extracted with standard phenol–chloroform methods
according to Sambrook and Russell (1989). The complete
mitochondrial genome was amplified and sequenced by 13
pairs of primers. Annotations were confirmed by comparing
other Charadriiformes species with MITOS-generated annota-
tions (Bernt et al. 2013).

The circular mitogenome of T. ochropus is 16,906 bp in
length with 13 protein-coding genes, 2 ribosomal RNAs (12S
rRNA and 16S rRNA), 22 transfer RNA genes, and a non-cod-
ing region. The mitogenome size is well within the range
found in Charadriiformes, from 16,357 (Sternula albifrons,
GenBank No. KT350612) to 17,135 bp (Vanellus cinereus,
KM873665). The overall nucleotide composition was A:

31.62%, T: 25.53%, C: 29.47%, G: 13.38%. The annotated mito-
genome of T. ochropus is available online in NCBI (KX668223).

We performed a phylogenetic analysis based on 13 pro-
tein-coding genes (PCGs) of the available mitogenome
sequences of 19 Charadriiformes and two other species, using
maximum Bayesian (BI), likelihood (ML) and neighbour-joining
(NJ) methods. These sequences were aligned with Clustal X
1.81 (Thompson et al. 1997) with default parameters. Total of
14,120 bp were used for phylogenetic analyses. There were
8447 (59.82%) conserved sites, 4294 (30.41%) parsim-info
sites, and 1379 (9.77%) singleton sites. Models of molecular
evolution were assessed using MrModeltest 2.3 (Nylander
2004), and GTRþ IþG model was selected. BI were per-
formed using MrBayes 3.1.2 (Ronquist et al. 2012). Four
Markov Chains Monte Carlo (MCMC) chains were run for
1.0� 106 generations. Two independent runs were performed
to allow additional confirmation of the convergence of
MCMC runs. ML and NJ phylogenetic analyses were per-
formed using PAUP v4.0b10 (Swofford 2002), and the relative
support of internal nodes was assessed by bootstrap analyses
with 1000 replications.

The phylogenetic analysis (Figure 1) resolved a well-sup-
ported clade of Charadriiformes, in which Tringa appears to
be sister group of Scolopax. This result indicates that there is
great mitochondrial divergence within the Charadriiformes.
Relationships of the order Charadriiformes strongly support
the monophyly of Charadriiformes, and division of the order
into three major clades including Lari (Laridae, Stercorariidae
and Alcidae) and its sister Scolopaci (Scolopacidae and
Jacanidae), which is in turn sister to the suborder Charadrii
(Charadriidae, Haematopodidae, and Recurvirostridae).
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Figure 1. Phylogeny of T. ochropus and closely related 18 mitochondrial sequences constructed using the BI, ML and NJ methods by analyzing 13 protein-coding
genes (PCGs). Numbers above each branches are the posterior probabilities, ML and NJ bootstrap support. GenBank accession numbers of each species are shown in
parentheses.

842 W. CHEN ET AL.


	The complete mitochondrial genome of Tringa ochropus (Charadriiformes, Scolopacidae)
	mkchap1247677__ack
	Disclosure statement
	References



<<
	/PreserveCopyPage true
	/MonoImageDownsampleType /Bicubic
	/MonoImageDict <<
		/K -1
	>>
	/ParseICCProfilesInComments true
	/PreserveHalftoneInfo false
	/TransferFunctionInfo /Preserve
	/GrayImageMinResolution 150
	/EncodeColorImages true
	/AutoFilterGrayImages true
	/ImageMemory 1048576
	/PDFXRegistryName ()
	/EmbedJobOptions true
	/MonoImageFilter /CCITTFaxEncode
	/PDFXNoTrimBoxError true
	/ASCII85EncodePages false
	/DefaultRenderingIntent /Default
	/GrayImageAutoFilterStrategy /JPEG
	/PDFXCompliantPDFOnly false
	/GrayImageFilter /DCTEncode
	/ColorImageResolution 150
	/DownsampleMonoImages true
	/EncodeGrayImages true
	/ColorImageFilter /DCTEncode
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/ParseDSCComments true
	/ColorImageAutoFilterStrategy /JPEG
	/EmbedOpenType false
	/AntiAliasMonoImages false
	/JPEG2000ColorImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/CreateJDFFile false
	/PreserveEPSInfo false
	/PDFXSetBleedBoxToMediaBox true
	/DSCReportingLevel 0
	/NeverEmbed [
	]
	/Optimize true
	/Description <<
		/DEU <>
		/NOR <>
		/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.)
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/ESP <>
		/FRA <>
		/SUO <>
		/JPN <>
		/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.)
		/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.)
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/DAN <>
		/PTB <>
		/SVE <>
	>>
	/CreateJobTicket false
	/EndPage -1
	/MonoImageDepth -1
	/GrayImageResolution 150
	/AutoFilterColorImages true
	/AlwaysEmbed [
	]
	/ColorImageMinResolution 150
	/ParseDSCCommentsForDocInfo true
	/sRGBProfile (sRGB IEC61966-2.1)
	/AutoRotatePages /All
	/MonoImageResolution 600
	/AllowTransparency false
	/GrayACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DoThumbnails false
	/GrayImageDepth -1
	/AntiAliasGrayImages false
	/ColorImageDownsampleThreshold 1.5
	/CompressObjects /Tags
	/AntiAliasColorImages false
	/EmbedAllFonts true
	/ColorImageMinResolutionPolicy /OK
	/PDFXOutputConditionIdentifier ()
	/PreserveFlatness true
	/DownsampleColorImages true
	/MonoImageDownsampleThreshold 1.5
	/PDFXOutputIntentProfile ()
	/GrayImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/UsePrologue false
	/ColorACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/JPEG2000GrayACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorConversionStrategy /sRGB
	/EmitDSCWarnings false
	/MonoImageMinResolutionPolicy /OK
	/UCRandBGInfo /Remove
	/DetectCurves 0.1
	/ColorSettingsFile (None)
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/GrayImageDownsampleThreshold 1.5
	/CropColorImages true
	/MonoImageMinResolution 600
	/JPEG2000ColorACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/CalRGBProfile (sRGB IEC61966-2.1)
	/CompressPages true
	/Binding /Left
	/PDFXTrapped /False
	/PDFX3Check false
	/DetectBlends true
	/JPEG2000GrayImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/GrayImageDownsampleType /Bicubic
	/CompatibilityLevel 1.6
	/PassThroughJPEGImages false
	/PDFXOutputCondition ()
	/CannotEmbedFontPolicy /Warning
	/AllowPSXObjects true
	/LockDistillerParams true
	/ConvertImagesToIndexed true
	/GrayImageMinResolutionPolicy /OK
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoPositionEPSFiles true
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/DownsampleGrayImages true
	/PDFX1aCheck false
	/CropGrayImages true
	/CalGrayProfile (Gray Gamma 2.2)
	/CropMonoImages true
	/SubsetFonts true
	/ColorImageDownsampleType /Bicubic
	/CheckCompliance [
		/None
	]
	/PreserveOPIComments false
	/PreserveOverprintSettings true
	/EncodeMonoImages true
	/MaxSubsetPct 100
	/ColorImageMinDownsampleDepth 1
	/ColorImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/OPM 1
	/StartPage 1
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


