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ABSTRACT

In this study, we determined the complete chloroplast genome of Cypripedium tibeticum, an endan-
gered species in China. The plastome is 159,223 bp in length, with a large single-copy region (LSC) of
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86,537 bp, a small single-copy region (SSC) of 17,552 bp, and a pair of inverted repeat regions (IRs) of

27,567 bp each. It contains 133 genes, including 87 protein-coding genes, 38 tRNA genes, and 8 rRNA
genes. The overall GC content was 36.9%, while the corresponding values in the LSC, SSC, and IR
regions are 34.6, 30.4, and 42.6%, respectively. The phylogenetic analysis showed that C. tibeticum was
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closely related to its congeners and the classification of five subfamilies of Orchidaceae was also

highly supported.

The Orchidaceae is well known for the economic, ecological,
cultural values and all species are classified as endangered
plants for the overexploitation of wild resources. The phylo-
genetic relationships among species and/or groups are often
changeable, mainly due to the enormous number in the fam-
ily. Recent molecular studies strongly supported that
Orchidaceae could be classified into five subfamilies (Givnish
et al. 2015). Cypripedium, belonging to the subfamily of
Cypripedioideae, contains about 50 species with widely vege-
tative and floral variations. The infrageneric classification in
the genus remains incompletely identified and phylogenomic
works are necessarily needed in the future (Li et al. 2011).
Cypripedium tibeticum King ex Rolfe is mainly distributed in
western China, Bhutan, and Sikkim. Its roots are commonly
used as medicine for the treatment of rheumatism and
edema (Teoh 2016). In this study, we determined the com-
plete chloroplast genome of C. tibeticum to provide genomic
information for conservation management of the species and
phylogenetic research in Orchidaceae.

Total genomic DNA was extracted from fresh leaves of an
individual of C tibeticum collected in Qinling Mountains,
China (N33.52°, E108.54°). The voucher (201408734) was
deposited at the Evolutionary Botany Laboratory (EBL),
Northwest University. Data processing follows the previous
studies (Li et al. 2019; Peng et al. 2019), including genome
sequencing, reads trimming/assembling and gene annotation.
The plastome was annotated with Cypripedium japonicum

(NC 027227) as reference and has been deposited into
GenBank with the accession number of MN561380.

The whole chloroplast genome of C. tibeticum is
159,223 bp, including a large single-copy region (LSC) of
86,537 bp, a small single-copy region (SSC) of 17,552 bp, and
a pair of inverted repeat regions (IRs) of 27,567 bp each. A
total of 133 genes were detected, including 87 protein-
coding genes, 38 tRNA genes, and 8 rRNA genes. Eighteen
genes are duplicated in the IRs, containing six protein-coding
genes (rps19, rpl2, rpl23, ycf2, ndhB, and rps7), eight tRNA
genes (trnH-GUG, trnl-CAU, trnL-CAA, trnV-GAC, trnl-GAU,
trnA-UGC, trnR-ACG, and trnN-GUU), and four rRNA genes
(rrn16, rrn23, rrn4.5, rrn5). Among the annotated genes, 15
contain a single intron, including 9 protein-coding genes
(rps16, atpF, rpoC1, petB, petD, rpl16, rpl2, ndhB, and ndhA),
and 6 tRNAs (trnK-UUU, trnG-UCC, trnL-UAA, trnV-UAC, trnl-
GAU, and trnA-UGC), and 3 genes (rps12, clpP, and ycf3) har-
bored two introns. The overall GC content was 36.9%, while
the corresponding values in the LSC, SSC, and IR regions are
34.6, 30.4, and 42.6%, respectively.

For the phylogenetic analysis, 24 plastomes from repre-
sentative species in Orchidaceae were used to conduct the
maximum-likelihood tree following the previous study (Peng
et al. 2019) with Iris sanguinea (NC_029227) and Narcissus
poeticus (NC_039825) as outgroup. Our result showed that C.
tibeticum was a sister to C. japonicum and the genus was
clustered with other genera of Cypripedioideae (Figure 1).
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Figure 1. The phylogenetic tree of representative species in Orchidaceae constructed by maximum-likelihood method using the whole plastome sequences.

All branches were 100% supported with 1000 bootstrap replicates.

The monophyly and relationships of five subfamilies of
Orchidaceae were also well supported by our data.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was financially supported by the National Natural Science
Foundation of China [31670219, 31870321] and National Basic Resources
Survey Project of China [2017FY100200].

ORCID

Zhan-Lin Liu http://orcid.org/0000-0002-5735-3750

References

Givnish TJ, Spalink D, Ames M, Lyon SP, Hunter SJ, Zuluaga A, lles WJ,
Clements MA, Arroyo MT, Leebens-Mack J, et al. 2015. Orchid phylo-
genomics and multiple drivers of their extraordinary diversification.
Proc Biol Sci. 282(1814):1553.

Li J, Yang Q, Liu ZL. 2019. The complete chloroplast genome sequence
of Liparis japonica (Orchidaceae). Mitochondrial DNA B Resour. 4(2):
2405-2406.

Li JH, Liu ZJ, Salazar GA, Bernhardt P, Perner H, Tomohisa Y, Jin XH,
Chung SW, Luo YB. 2011. Molecular phylogeny of Cypripedium
(Orchidaceae: Cypripedioideae) inferred from multiple nuclear and
chloroplast regions. Mol Phylogenet Evol. 61(2):308-320.

Peng FF, Chen L, Yang Q, Tian B, Liu ZL. 2019. The complete chloroplast
genome of Dipelta yunnanensis (Caprifoliaceae), a vulnerable plant in
China. Mitochondrial DNA B Resour. 4(1):515-516.

Teoh ES. 2016. Medicinal orchids of Asia. Cham (Switzerland): Springer.



	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


