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ABSTRACT

Fritillaria delavayi has been widely used as a traditional Chinese medicine (TCM) to treat respiratory dis-
eases for thousands of years. In this study, the complete chloroplast genome of F. delavayi was
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assembled. The circular genome is 151,938bp in size, which is comprised of one large single-copy

(LSC) region of 81,757 bp and one small single-copy (SSC) region of 17,537 bp and separated by a pair
of inverted repeat (IR) regions of 26,322 bp. A total of 112 unique genes (78 protein-coding, 30 tRNA,
and 4 rRNA) are predicted and 19 of them are duplicated in IR regions. The overall GC content is
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37.0% while the GC content of the LSC, SSC, and IR regions are 34.8, 30.5, and 42.5%, separately.
Phylogenetic analysis indicated that F. delavayi was closely related to F. cirrhosa.

Fritillaria delavayi Franch. (Liliaceae) mainly distributes in
sandy and gravelly places in the Qinghai-Tibet Plateau and
its adjacent areas. The bulbus of F. delavayi is one of the
most commonly-used antitussive and expectorant in China,
Japanese, Korea and many other countries (Zhou et al. 2010).
It is officially recorded in the Chinese Pharmacopoeia as one
source of ‘Chuan bei mu’ (National Pharmacopoeia
Committee 2015). The mainly phytochemical constituents of
F. delavayi are alkaloids, saponins, terpenoids, etc.
Pharmacological studies have proven alkaloids to be the
most bioactive and potent components (Li et al. 1999). In the
present study, the complete chloroplast (cp) genome of
F. delavayi was determined by using Illumina paired-end
sequencing data.

In this study, the fresh leaves of F. delavayi are collected
from Qinghai province of China (102°0'16"E, 36°59'48”N) and
the voucher specimen (QHHZ20190525) was stored in the
herbarium of Institute of Medicinal Plant Development,
Chinese Academy of Medical Sciences, Peking Union Medical
College (IMD). The total genomic DNA was isolated according
to the manufacturer’s instructions of the Plant Genomic DNA
Kit (Tiangen Biotech, Beijing, China) and subsequently
sequenced by Illumina HiSeq platform with a PE150 genomic
library. BLAST4++ was used to filter the cp genomic reads
and SOAPdenovo2 and SSPACE-STANDARD3.0 were applied
to assemble and extend the complete cp genomes (Boetzer
et al. 2011; Luo et al. 2012) with that of its congener

F. hupehensis (GenBank accession number KF712486) as the
initial reference genome (Li et al. 2014). The annotated gen-
omic sequence has been submitted to GenBank with the
accession number MN480806.

The chloroplast genome of F. delavayi was 151,938 bp in
size, which is the typical circular quadripartite structure of
angiosperm cp genomes and consists of one LSC region of
81,757 bp and one SSC region of 17,537 bp and separated by
a pair of IR regions of 26,322 bp. A total of 112 unique genes
(78 protein-coding, 30 tRNA, and four rRNA species) were
predicted and 19 of them are duplicated in IR regions.
Among these genes, 16 genes (10 protein-coding genes and
6 tRNA genes) had a single intron while two protein-coding
genes (clpP and ycf3) had two introns. The total GC content
is 37.0%, while the corresponding values of the LSC, SSC, and
IR regions are 34.8, 30.5, and 42.5%, respectively.

Both Bayesian inference (BI) and maximum likelihood (ML)
were performed in MrBayes v3.2.1 and CIPRES Science
Gateway (http://www.phylo.org) respectively (Miller et al.
2010; Ronquist et al. 2012) to evaluate the phylogenetic pos-
ition of F. delavayi in Liliaceae. Colchicum autumnale was
chosen as the outgroup. The results showed F. delavayi was
the sister of F. cirrhosa with high support (Figure 1).
The complete cp genome of F. delavayi could be used as a
super barcode to distinguish Fritillaria species and also to
gain deeper insights into the promising ethnomedici-
nal plant.
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Figure 1. Phylogeny of 14 species within Liliaceae based on Bayesian inference (Bl) of the concatenated chloroplast protein-coding sequences. Relative branch
lengths are shown at the top-left corner. * above the branches indicate that bootstrap support values of ML equal 100% and Bayesian posterior probabilities equal

1.0. Accession numbers are shown after the species names.

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 [Grant nos. 81573531 and 81703650].

ORCID
Peng Che http://orcid.org/0000-0001-9065-2755
References

Boetzer M, Henkel CV, Jansen HJ, Butler D, Pirovano W. 2011. Scaffolding
pre-assembled contigs using SSPACE. Bioinformatics. 27:578-579.

Li Q Li Y, Song J, Xu H, Xu J, Zhu Y, Li X, Gao H, Dong L, Qian J. 2014.
High-accuracy de novo assembly and SNP detection of chloroplast

genomes using a SMRT circular consensus sequencing strategy. New
Phytol. 204:1041-1049.

Li S-L, Chan S-W, Li P, Lin G, Zhou G-h, Ren Y-J, Chiu FC-K. 1999. Pre-col-
umn derivatization and gas chromatographic determination of alka-
loids in bulbs of Fritillaria. J Chromatogr A. 859:183-192.

Luo R, Liu B, Xie Y, Li Z, Huang W, Yuan J, He G, Chen Y, Pan Q, Liu Y.
2012. SOAPdenovo2: an empirically improved memory-efficient short-
read de novo assembler. BioMed Central. 1:1-6.

Miller MA, Pfeiffer W, Schwartz T. 2010. Creating the CIPRES Science
Gateway for inference of large phylogenetic trees. Gateway
Computing Environments Workshop (GCE). 2010:1-8. IEEE.

National Pharmacopoeia Committee. 2015. Chinese pharmacopoeia 2015.
Beijing: China Medical Science Press; p. 36-38.

Ronquist F, Teslenko M, van der Mark P, Ayres DL, Darling A, Hohna S,
Larget B, Liu L, Suchard MA, Huelsenbeck JP. 2012. MrBayes 3.2: effi-
cient Bayesian phylogenetic inference and model choice across a large
model space. Syst Biol. 61:539-542.

Zhou JL, Xin GZ, Shi ZQ, Ren MT, Qi LW, Li HJ, Li P. 2010.
Characterization and identification of steroidal alkaloids in Fritillaria
species using liquid chromatography coupled with electrospray ioniza-
tion quadrupole time-of-flight tandem mass spectrometry.
J Chromatogr A. 1217:7109-7122.



	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


