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ABSTRACT

Lilium speciosum var. gloriosoides is an important breeding parent with high ornamental and edible
value in worldwide. In this study, we reported a complete chloroplast genome of L. speciosum var.
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gloriosoides, which was de novo assembled using the next-generation sequencing data. The whole gen-

ome is 152,912 bp in length and includes one large single copy (LSC) region of 70,693 bp, one small
single copy (SSC) region of 17,517 bp, and a pair of inverted repeat (IR) region of 26,539 bp. A total of
131 functional genes were encoded, consisting of 76 protein-coding genes, 36 transfer RNA genes, and
eight ribosomal RNA genes. The overall AT content of the chloroplast genome is 63.00%. In the max-
imum likelihood, a strong phylogenetic signal showed that L. speciosum var. gloriosoides is a species of

Lilium, which is the first major genome in section Archelirion.

Lilium speciosum var. gloriosoides is a perennial flower bulbs
belonging to the section Archelirion, the genus Lilium
(Liliaceae), which is characterized by bulb flattened subglo-
bose, nectaries with red, fimbriate projections, and papillae
on both surfaces (Liang and Tamura 2000). Lilium speciosum
var. gloriosoides occurs in SW Japan (Kyushu, Shikoku); this
species is only distributed in Anhui, Guangxi, Hunan, Taiwan,
and Zhejiang of Province in China. It has high medicinal,
ornamental, and horticultural values. Particularly, the bulbs
can edible and medicinal value of antiviral activity (Chen
et al. 2019). However, largely due to anthropogenic overhar-
vesting and loss of natural habitat, the resources of
L. speciosum var. gloriosoides have been dramatically
decreased. Now, the species is distribution became shrinking
in China, a good knowledge of its genomics datum would
contribute to the effective management, the genetic back-
ground can be better understood, which is helpful in pro-
moting the preservation of the species and great reference
value for lily breeding. Simultaneously, this is useful for the
conservation and exploitation of this valuable germplasm,
and the molecular identification and phylogenetic study with
other species in Lilium. In this study, we assembled and
annotated the complete chloroplast genome of L. speciosum
var. gloriosoides from Next Generation Sequencing data.
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Samples of L. speciosum var. gloriosoides were collected from
Tianmu Mountains (Geospatial coordinates: N:30°20'40"E:
119°2530") in Zhejiang, China, and DNA was stored at the herb-
arium of Institute of Botany, CAS (Herbarium number:
BOP201947). Total genomic DNA was extracted from fresh leaves,
according to the DNA secure Plant Kit (Aidlab). An lllumina
paired-end library was prepared and used for Next Generation
Sequencing on the HiSeq4000 Sequencing System at Novogene
(http://www.novogene.com/index.php), Beijing, China. Then, top-
quality reads were produced to map the whole genome using
the program Sequencher 5.0 (Gene Codes Corporation, USA),
with that of reported chloroplast genome of Lilium species (Kim
and Kim 2013; Bi et al. 2016; Hwang et al. 2016; Du et al. 2016,
2017) as the reference. Assembled chloroplast genome was
annotated using Dual Organellar GenoMe Annotator (http://
dogma.ccbb.utexas.edu/) (Wyman et al. 2004). A physical map of
the genome was drawn using OGDraw v1.2 (Lohse et al. 2013).

Whole chloroplast genome sequence of L. speciosum var.
gloriosoides has been submitted to GenBank with the acces-
sion number MN509267. The genome is 152,912 bp in length
and includes one large single copy (LSC) region of 70,693 bp,
one small single copy (SSC) region of 17,517bp, and two
inverted repeat (IR) regions of 26,539 bp. It contains 131 genes,
comprising 84 protein-coding genes, 36 transfer RNA, and
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Figure 1. Phylogenetic relationships of 15 sequences in the genus Lilium with outgroups of two Fritillaria species constructed by whole chloroplast genome with
the maximum likelihood (ML) analyses. The bootstrap values were based on 1000 replicates.

eight ribosomal RNA genes. Among these genes, there are 20
genes that contain a single intron, which are trn-KUUU, rps16,
atpF, rpoCl1, ycf3, trnL-CAA, trnV-UAC, clpP, petB, petD, rpli6,
rpl2, ndhB, rps12, trnl-GAU, ndhA, trnA-UGC, trnl-GAU, ndhB, rpl2,
and two genes ycf3 and clpP contained two introns. Out of
these 19 genes, three genes (trnA-UGC, trnl-GAU, ndhB, rpl2,
rps12) are partially located within in the IR regions. This gen-
ome composition is asymmetric (31.1% A, 18.9% C, 18.2% G,
and 31.9% T) with an overall A+ T content of 63%. The A+T
content of the IR regions (57.6%) is obviously lower than those
of the SSC (69.4%) and LSC (65.1%) regions, respectively.

Phylogenetic analysis was constructed using total chloro-
plast genome sequence of L. speciosum var. gloriosoides with
nine published sequences in Lilium and outgroups of
Fritillaria hupehensis and Fritillaria taipaiensis using maximum
likelihood (ML) analyses (Figure 1). The ML tree was con-
structed at CIPRES (http://www.phylo.org) (Miller et al. 2010)
using RAXML-HPC Black Box v.8.1.24 and branch support
was estimated with 1000 bootstrap replicates. The ML tree
results display 10 of 12 nodes that were supported by boot-
strap values 100%, and the other two nodes by values <
50%, sect. Archelirion have no chloroplast genome
sequenced, L. speciosum var. gloriosoides gathered on a sin-
gle branch. The clustering of sect. Sinomartagon, sect.
Leucolirion, and sect. Martagon is very clear and has a high
support rate. The complete chloroplast genome can be sub-
sequently utilized for genetic diversity, identifying species,
taxonomy, and phylogenetic evolution studies for this spe-
cies. Sect. Leucolirion is the original parent of Oriental hybrid.
It is of great reference value to the cultivation breeding. It
has important medicinal and ornamental value and can pro-
vide reference for other sect. Archelirion chloroplast genome
sequencing. Simultaneously, it provides essential data for
further study on the accurately identifying species, tax-
onomy, and phylogenetic resolution and evolution for the
genus Lilium, and the available genome information also
provides valuable insight into conservation and exploitation
efforts for this endangered species.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by the National Natural Science Foundation of
China [Grant No.31601781] and Youth Research Fund of Beijing Academy
of Agriculture and Forestry [QNJJ201910].

ORCID

The Su Moe http://orcid.org/0000-0002-8640-5716

References

Bi Y, Du Y, Chen X, Yang F, Xue J, Zhang X, Dong R. 2016. The complete
chloroplast genome sequence of Lilium fargesii (Lilium, Liliaceae).
Conserv Genet Resour. 8(4):419-422.

Chen W, Zhang H, Wang J. 2019. A new triterpenoid from the bulbs of
Lilium speciosum var. gloriosoides. Chem Nat Compd. 55(2):289-291.
Du Y, Bi Y, Chen X, Yang F, Xue J, Zhang X. 2016. The complete chloro-
plast genome of Lilium cernuum: genome structure and evolution.

Conserv Genet Resour. 8(4):375-378.

Du Y-P, Bi Y, Yang F-P, Zhang M-F, Chen X-Q, Xue J, Zhang X-h. 2017.
Complete chloroplast genome sequences of Lilium: insights into evo-
lutionary dynamics and phylogenetic analyses. Sci Rep. 7(1):5751.

Hwang YJ, Lee SC, Kim K, Choi BS, Park JY, Yang TJ, Lim KB. 2016. The
complete chloroplast genome of Lilium distichum Nakai (Liliaceae).
Mitochondrial DNA A DNA MappSeq Anal. 27(6):4633-4634.

Kim JS, Kim JH. 2013. Comparative genome analysis and phylogenetic
relationship of order Liliales insight from the complete plastid gen-
ome sequences of two Lilies (Lilium longiflorum and Alstroemeria
aurea). PLoS One. 8(6):e68180.

Liang SY, Tamura MN. 2000. Lilium Linnaeus Vol 24. Flora of China.
Beijing/St. Louis (MO): Science Press/Missouri Botanical Garden Press.
Lohse M, Drechsel O, Kahlau S, Bock R. 2013. Organellar Genome
DRAW-a suite of tools for generating physical maps of plastid and
mitochondrial genomes and visualizing expression data sets. Nucleic

Acids Res. 41(W1):W575-W581.

Miller MA, Pfeiffer W, Schwartz T. 2010. Creating the CIPRES Science
Gateway for inference of large phylogenetic trees. Paper presented at
the Gateway Computing Environments Workshop (GCE); Nov. 14.

Wyman SK, Jansen RK, Boore JL. 2004. Automatic annotation of organel-
lar genomes with DOGMA. Bioinformatics. 20(17):3252-3255.


http://www.phylo.org

	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


