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ABSTRACT
Lycoris sprengeri is native to China and has various variations. It belongs to the Amaryllidaceae family,
which contains abundant alkaloids for medical use and also was planted as garden bulbous flowers. In
this study, we assembled the complete chloroplast (cp) genome of L. sprengeri by DNA sequencing,
which will improve the complete cp genomic information for analysis of phylogenetic relationships
and germplasm identification in Lycoris. The whole cp genome is 158,687 bp, which contained a large
single-copy region (LSC) of 86,489bp, a small single-copy region (SSC) of 18,540bp, and a pair of
inverted repeats (IRs) of 26,829bp. A total of 137 genes were annotated, including 87 protein coding
genes (PCGs), 42 tRNA, and 8 rRNA genes. Phylogenetic tree analysis revealed that the close relation-
ship of three species of Lycoris (L. sprengeri, L. radiate, and L. squamigera) in the Amaryllidaceae family.
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Lycoris sprengeri is native to central China, and a member of
the Amaryllidaceae family with abundant alkaloids for
medical use (Wu et al. 2014) and beautiful flower for bulbous
flowers. However, because of the high-frequency interspecific
hybridization in Lycoris, there are various variants that co-
existed in one species (Zhang et al. 1999). Although some
researchers have tried to clarify their interspecific relation-
ships and hybrid origin of Lycoris species by ITS and rDNA
sequences (Shi et al. 2006; Quan et al. 2012), the evidence
was not enough to prove it. In the Genbank, limited chloro-
plast (cp) genome fractions of L. sprengeri can be found,
which are insufficient to the phylogenetic analysis. Here, we
assembled the complete cp of L. sprengeri, described the
characteristics and constructed the phylogeny tree for gen-
etic comparison. The results will provide more evidence
for the phylogeny analysis and germplasm identification of
Lycoris species.

L. sprengeri bulbs were planted in Nanjing Botanical
Garden, Mem. Sun Yat-sen (E118_83, N32_06), Nanjing, China.
Specimens (no. NAS00585503) were stored at herbarium of
Institute of Botany, Jiangsu Province and Chinese Academy
of Science. Fresh leaves were collected for DNA extraction
according to the instruction of plant DNA isolation reagent
(Code: D9194, TaKaRa, Beijing, China). DNA purity and integ-
rity were detected using a NanoDrop spectrophotometer and
agarose gel electrophoresis, then qualified DNA was used for

library construction. The DNA sequencing was conducted by
Illumina Noveseq at Novogene company (http://www.novo-
gene.com/). As a result, 172 million reads (paired-end 150)
were generated and 10 million reads were assembled to
L. sprengeri cp genome, with 10,352-fold organelle coverage.
NOVOPlasty version 2.6.2 (https://github.com/ndierckx/
NOVOPlasty) (Dierckxsens et al. 2017) was used as an assem-
bler and published L. squamigera cp genome (GenBank
accession MH118290.1) (Jin et al. 2018) was chosen as a ref-
erence. Web server CPGAVAS2 (http://www.herbalgenomics.
org/cpgavas2) (Shi et al. 2019) was performed to
genome annotation, visualization, and tandem repeats
identification.

The cp genome of L. sprengeri was deposited in GenBank
(accession no. MN158986). Whole cp genome was 158,687 bp
with 37.8% GC content, which comprised a large single-copy
(LSC) region of 86,489 bp, a small single-copy (SSC) region of
18,540 bp and two equal lengths inverted repeat (IR) regions
of 26,829 bp. A total of 137 genes were predicted, which con-
tained 87 protein-coding genes (PCGs), 42 tRNA, and 8 rRNA
genes. In PCGs, 16 splitting genes contained one intron and
two genes (ycf3 and clpP) contained two introns, which is
consistent with the L. radiata cp genome (Zhang et al.
2019, accepted).

Phylogenetic analysis was completed using the whole cp
genome of 17 species belonged to five related families. The
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CLUSTAL format was aligned by MAFFT version 7.427 with
default parameters (https://mafft.cbrc.jp/alignment/server/)
(Rozewicki et al. 2019), then the phylogenetic tree was con-
structed by neighbour-joining (NJ) with 1000 bootstrap repli-
cates (Figure 1). From the phylogenetic tree, we could see
that all species were clustered on the correct clades of family,
L. sprengeri was grouped together with L. Squamigera, and
L. radiata in Lycoris, together with other seven species in the
Amaryllidaceae family.
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Figure 1. Phylogenetic tree analysis using the cp genome sequences of 17 species in five families, which revealed the close relationship among L. sprengeri, L. radi-
ata, and L. squamigera. Numbers on the nodes were the bootstrap value from 1000 replicates. Genbank accession number of each species was presented in the
brackets after species’ names.

3578 F. ZHANG ET AL.

https://mafft.cbrc.jp/alignment/server/

	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


