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ABSTRACT
In this study, complete chloroplast genome sequences of Rhus chinensis was characterized by de
novo assembly using whole genome sequence data. The chloroplast genome of R. chinensis were
149,011bp long, which was comprised of a large single copy region of 96,882bp, a small single copy
region of 18,647bp, and a pair of inverted repeats of 16,741bp. The genome contained 77 protein-
coding genes, four rRNA genes and 30 tRNA genes. Phylogenetic tree revealed that R. chinensis was
closely grouped with Spondias species, S. tuberosa and S. bahiensis, belonging to the Anacardiaceae
family.
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The Rhus genus in the Anacardiaceae family consists of 250
species that are mainly distributed in temperate and tropical
regions (Rayne & Mazza 2007). Rhus chinensis has been used
as a traditional medicine in Asia for treatment of cold, fever
and malaria (Rayne & Mazza 2007). In particular, extract of
the galls, induced by infection with Schlechtendalia chinensis
(Bell), is known to be effective on bacterial control since galls
are rich in gallotannin (50–70%) along with phenolic com-
pounds such as gallic acid (Djakpo & Yao 2010). Previous R.
chinensis studies have mainly focused on its biological activ-
ities, however, there is no report regarding genome of this

plant species until now. In this study, we characterized a
chloroplast genome sequence of R. chinensis and analyzed its
phylogenetic relationship with other species. The genome
information can be further applied to genetic and molecular
study of this plant species.

Chloroplast genome of the R. chinensis was characterized
based on the previous studies (Kim et al. 2015a,b). In brief,
we isolated total genomic DNA from leaf tissues of R. chinen-
sis which were collected from Yanggu, Gangwon Province
(38�17033.200N, 128�08037.100E) in South Korea (Seoul National
University voucher No. IM151120-1) and performed whole

Figure 1. Phylogenetic tree showing relationship between Rhus chinensis and nine species belonging to the Sapindales order. The phylogenetic tree was constructed
using complete chloroplast genome sequences of the ten species and analyzed neighbour-joining method with 1000 bootstrap values in MEGA 6.0. The numbers in
the nodes of phylogenetic tree indicated the bootstrap support values.
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genome sequencing using an Illumina MiSeq platform
(Illumina, San Diego, CA). High quality paired end reads of
about 0.8 Gb were assembled using CLC genome assembler
4.6 (v. beta 4.6, CLC Inc., Aarhus, Denmark). The contigs rep-
resenting chloroplast sequence were retrieved, ordered and
combined into a single sequence by comparing with chloro-
plast genome of Azadirachta indica (NC_023792.1).

Complete chloroplast genome of R. chinensis (KX447140)
was 149,011 bp in length. The genome consisted of four dis-
tinct parts such as a large single copy region of 96,882 bp, a
small single copy region of 18,647bp, and a pair of inverted
repeats of 16,741 bp. In the genome, 77 protein-coding
genes, four rRNA genes, and 30 tRNA genes were identified
through DOGMA annotation (http://dogma.ccbb.utexas.edu/)
and BLAST searches.

Complete chloroplast genome sequence of R. chinensis
was subjected to phylogenetic analysis with nine species
belonging to the Sapindales order by neighbour-joining
method with 1000 bootstrap values in the MEGA 6.0 (MEGA
Inc., Englewood, NJ) (Figure 1) (Tamura et al. 2013). The
phylogenetic analysis revealed that R. chinensis was closely
located with two Spondias species, S. tuberosa (KU756562.1)
and S. bahiensis (KU756561.1), belonging to the
Anacardiaceae family.

Disclosure statement

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

Funding

This research was supported by the Korea Environmental Industry &
Technology Institute [Project No.:2014000130001], Republic of Korea.

References

Djakpo O, Yao W. 2010. Rhus chinensis and Galla Chinensis-folklore to
modern evidence: review. Phytother Res. 24:1739–1747.

Kim K, Lee SC, Lee J, Lee HO, Joh HJ, Kim NH, Park HS, Yang TJ. 2015a.
Comprehensive survey of genetic diversity in chloroplast genomes
and 45S nrDNAs within Panax ginseng species. PLoS One.
10:e0117159.

Kim K, Lee SC, Lee J, Yu Y, Yang K, Choi BS, Koh HJ, Waminal NE, Choi HI,
Kim NH, et al. 2015b. Complete chloroplast and ribosomal sequences
for 30 accessions elucidate evolution of Oryza AA genome species. Sci
Rep. 5:15655.

Rayne S, Mazza G. 2007. Biological activities of extracts from sumac (Rhus
spp.): a review. Plant Foods Hum Nutr. 62:165–175.

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. 2013. MEGA6:
molecular evolutionary genetics analysis version 6.0. Mol Biol Evol.
30:2725–2729.

MITOCHONDRIAL DNA PART B: RESOURCES 697

http://dogma.ccbb.utexas.edu/

	The complete chloroplast genome sequence of Rhus chinensis Mill (Anacardiaceae)
	mkchap1222250__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


