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Abstract Chloroplast genome sequences are very useful for

species identification and phylogenetics. Chuanminshen (Chuan-

minshen violaceum Sheh et Shan) is an important traditional Chi-

nese medicinal plant, for which the phylogenetic position is still

controversial. In this study, the complete chloroplast genome of

Chuanminshen violaceum Sheh et Shan was determined. The total

size of Chuanminshen chloroplast genome was 154,529 bp with

37.8%GC content. It has the typical quadripartite structure, a large

single copy (17,800 bp) and a small single copy (84,171 bp) and a

pairof invertedrepeats(26,279 bp).Thewholegenomeharbors132

genes, which includes 85 protein coding genes, 37 tRNA genes,

eight rRNA genes, and two pseudogenes. Thirty-nine SSR loci, 32

tandem repeats and 49 dispersed repeats were found. Phylogenetic

analyses results with the help of MEGA showed a new insight for

the Chuanminshen phylogenetic relationship with the reported

chloroplast genomes in Apiales plants.
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Introduction

Chloroplast plays an important role in the plant photo-

synthesis and carbon fixation (Neuhaus and Emes 2000).

The size of the major angiosperm chloroplast genome is

110–165 kb and contains 90–110 unigenes (Sugiura 1992).

They consist of four parts, a large single copy region

(LSC), a small single copy region (SSC), and two inverted

repeats (IRs; Jansen et al. 2005). Chloroplast genomes are

highly conserved in sequence and structure due to their

non-recombinant, haploid and uniparentally (i.e., mater-

nally) inherited nature (Birky 2001; Wicke et al. 2011).

Therefore, chloroplast genome sequence was widely used

in the phylogenetic analyses, organelle-scale barcodes

research and evolutionary studies. Presently, chloroplast

sequences of 30 species of Apiales plants were reported in

NCBI (http://www.ncbi.nlm.nih.gov/genome/organelle/).

Chuanminshen is a Chinese endemic genera of the

Apiaceae plant family which has only one species.

Chuanminshen violaceum Sheh et Shan is a typical species

of the Apiaceae family (Flora 1979), and is considered a

‘medicine food homology’ plant. The rhizome of the plant

is popularly used as a traditional Chinese medicine in

China. Chuanminshen has significant effects in reducing

phlegm, anti-cough and nourishing yin. Modern pharma-

cognosy research showed that the roots of Chuanminshen

are rich in bioactive components such as Chuanminshen

violaceum polysaccharides (CVPs; Lei and Zhang 2012).

These components function as antioxidants, antimutations,

antifatigue (Chen and Peng 2011), and antivirals (Song

et al. 2013), and have expectorant and antitussive proper-

ties as well, along with reports of physique enhancement

(Feng et al. 2015; Zhang et al. 2007). The latest study also

found that polysaccharides obtained from Chuanminshen

could improve the immune responses of foot-and-mouth

disease vaccine in mice (Feng et al. 2015).

Previously, research of Chuanminshen mostly focused

on the field of pharmacognosy, but very rarely on the

phylogenetics. To date, the phylogenetic analysis of

Chuanminshen (She and Shan 1980; Song et al. 2014; Tao
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et al. 2008) is still controversial. In the current study, we

sequenced the Chuanminshen chloroplast genome, and

made a survey of its general features. Furthermore, we

investigated the phylogenetic relationships by Chuanmin-

shen and all other Apiales plants whose chloroplast genome

have been reported.

Materials and methods

Plant materials

The sequenced plant was originated from our own breeding

parents, the inbred line CMS-1. The plant was confirmed

by Shangqin Hu (Director of Chinese herbal medicine

planting research center of Sichuan province, China)

through plant phenotype indentification.

Methods

Total genomic DNA was extracted from fresh, clean Chuan-

minshen leaves by plant genomic DNA extraction kit TM.

cpDNA amplification was carried out through nine universal

effective primer pairs by long-range PCR (Yang et al. 2014).

ThePCRproductswere fragmented to construct 500 bp short-

insert libraries according to the Illumina manufacturer’s

manual. Each DNA library was labeled with a barcode and

pooled together in one lane and the sequencing was executed

using Illumina Hiseq 2000 in Kunming Institute of Botany,

Chinese Academy of Sciences. Raw data were filtered using

the Next Generation Sequencing (NGS) QC toolkit (Patel and

Jain 2012), high-quality short reads were assembled into the

complete chloroplast genome using SOAPdenovo software

(Luo et al. 2015) andthe chloroplast genome was annotated

using theDualOrganellarGenoMeAnnotator (DOGMA) tool

(Wyman et al. 2004) and CpGAVAS (Liu et al. 2012). The

start/stop codons and intron/exon boundaries were manually

corrected. The perl script MicroSAtellite (MISA; Parida et al.

2010) was used to analyze the distributing frequency of

chloroplast genome simple sequence repeat (SSR; parameter

setting: the minimum repeat number of each unit are as fol-

lows, 1–10, 2–6, 3–5, 4–5, 5–5, 6–5). Tandem repeat finder

(Benson 1999; the default parameterswere used) andREPuter

(Kurtz and Schleiermacher 1999; the setting parameters of

REPuter to the minimal repeat size of 30 bp, hamming dis-

tance to 3) was used to analyze the repeat incidents in

Chuanminshen cpDNA. In order to avoid the influences of the

IR regions, we used only a single IR region, meanwhile, the

redundant results of REPuter were manually removed.

Chuanmingshen cp genome, 30 Apiales chloroplast genome

and an outgroup chloroplast genome was downloaded from

NCBI, 80 common proteins were used to carry out the max-

imum likelihood (ML) analysis based on the JTT matrix-

based model and 1000 bootstraps by MEGA7 (Kumar et al.

2016), all positions containing gaps and missing data were

eliminated. There were a total of 12,409 positions in the final

dataset, the branch lengths measured in the number of sub-

stitutions per site.

Results and discussion

Cp genome general features of Chuanminshen

The full length of chloroplast genome sequence for

Chuanminshen (with the accession number in GenBank is

KU921430) was 154,529 bp, constructed with a quadri-

partite structure (Fig. 1). The four parts were LSC with

17,800 bp, SSC with 84,172 bp, IR regions (IRa and IRb)

with 26,279 bp. The whole Chuanminshen cp genome

contained 132 genes, including 85 protein-coding genes, 37

transfer RNAs, eight ribosomal RNAs and two pseudoge-

nes (ycf1 and rps19). Whereas only 112 unigenes were

harbored in Chuanminshen cp genome due to a multi-copy

of six protein-coding genes, four rRNAs and 10 tRNAs.

The total GC content in Chuanminshen cp genome was

37.8%. Of these, the LSC region, SSC region and IR region

was 35.9, 31.5 and 42.9%, respectively. Most genes in

Chuanminshen cp genome contained only one or no intron.

In addition, three genes had two introns, which are rps12

(ribosomalproteinS12), clpP (clp protease proteolytic sub-

unit), ycf3 (hypothetical chloroplast RF34).

Compared with other cp genome sequences, Chuan-

minshen cp genome was smaller than Panax ginseng

156,318 bp (Kim and Lee 2004), Nicotiana tabacum

155,943 bp (Shinozaki et al. 1986), and much longer than

Salvia miltiorrhiza Bge151328 bp (Qian et al. 2013), a

model plant of Chinese herbal medicine (Zhang et al.

2015). Statistical analysis showed that Chuanminshen is

the sixth largest cp genome in size and has the highest GC

content among the 15 chloroplast genome sequences

(including Chuanminshen) of Apiaceae plant family.

Similar to the Sesamum indicum L (Yi and Kim 2012),

Epimedium (Zhang et al. 2016), Daucus carota (Ruhlman

et al. 2006), it is rich in GC content in IR regions owing to

four rRNA genes. Through the annotation, all the genes

were classified into four categories, including the gene for

self replication such as rRNA genes and tRNA genes,

genes for photosynthesis such as psaA and ndhA, other

genes such as clpP, and genes of unknown functions such

as ycf1.

Cp SSR and repeat sequence analysis

SSR markers are widely used in phylogenetic analysis, pop-

ulation genetics and ecological studies (Cavalier-Smith2002).
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Using MISA, 39 SSR loci were identified in the Chuan-

mingshen cp genome. Three compound formations of SSR

were presented, 10.3% di-nucleotide (all was AT/AT) and

89.7% mono-nucleotide (84.6% A/T, 5.1% G/C; Fig. 2).

Eleven repeats of A/T motif is the most frequent and

included up to 12. The second abundant is 10 repeats of

A/T motif, which was found in eight loci. Once in eight

repeats and thrice in six repeats were found in AT/AT

motif. Obtaining SSR from the cp genome was common in

the study, because it exhibited highly polymorphic results

due to the diversity levels in repeat unit copy numbers

among the same species (Grassi et al. 2002; Powell et al.

1995). In accordance with most cp SSR research results,

Chuanminshen cp SSR was rich in homopolymers as well.

Surprisingly, we did not find any tri-nucleotide repeats or

larger repeat units in the Chuanmingshen cp genome, we

Fig. 1 Gene map of the Chuanminshen violaceum Sheh et Shan

chloroplast genome: Outside of the outer circle was drawn with the

counter clockwise genes, and inside was drawn with transcribed

clockwise genes, various colors indicated the genes in different

functional groups. LSC The large single copy region, SSC the small

single copy region, IRa and IRb the inverted repeats. The two

innermost gray area: The darker gray represented GC content and the

lighter represented AT content
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suspected that this result was relevant due to the usage of

the default MISA tool. Subsequently, we analyzed the

Daucus carota, Salvia miltiorrhiza and Epimedium cp

genome based on our own set of parameters. In contrast to

the previous SSR analysis reported in the literature, the

statistical results confirmed our speculation that only two

types of the repeat units were observed.

In most angiosperm plants, repeat regions regularly

occurred in non-coding regions and frequent variation

occurred due to illegitimate recombination and slipped-

strand mispairing (Asano et al. 2004; Timme et al. 2007).

The tandem repeats and dispersed repeat sequence analysis

were realized by Tandem repeat finder and REPuter

respectively in this study. Thirty-two tandem repeats were

found, ranging from 9 to 40 bp. Twenty-one bp repeats

were most common within five times, which was thrice in

LSC and twice in IRs. The major distribution of repeat size

was 11–21 bp (Fig. 3a). The number of tandem repeats in

Chuanminshen cp genome was equivalent to that of crofton

weed (Nie et al. 2012) and slightly more than bamboo

(Zhang et al. 2011) whereas the longest tandem repeat size

was shorter than the crofton weed with 85 bp and bamboo

with 65 bp. To investigate the dispersed repeats in

Chuanminshen cp genome, we adjusted the setting

parameters of the REPuter described above. In total, 19

repeats were found and were divided into three categories,

eight forward repeats, nine palindromic repeats and two

reverse repeats. The maximum size of repeat was 64 bp.

Repeat unit length in 30–40 bp was 16 including two

reverse repeats, 41–50 bp was two, and the rest was one

with 64 bp (Fig. 3).

The results present here in regarding to the SSR and the

repeat sequences promoted the identification of

Chuanminshen species which laid the foundation for fur-

ther phylogenetic studies and diversity analyses.

Phylogenetic analysis

Chloroplast genome was successfully applied to phyloge-

netics in several angiosperms (Samson et al. 2007). Pre-

vious studies had two viewpoints in the phylogenetic

analysis of Chuanminshen. In the first report, the phylo-

genetic position of Chuanminshen was placed in the Peu-

cedaneae Drude based on the microstructural features of

the fruit (She and Shan 1980). Beyond the traditional

classification, by using the molecular markers ITS, RAPD

and ISSR, Chuanminshen was clustered closely to Chan-

gium smyrnioides (Tao et al. 2008) and belonged to the

genera Smyrnieae Koch which was supported based on the

variation of psbA-trnH sequence (Song et al. 2014). In

order to provide more evidence to solve the dispute

throughout the current study, we performed phylogenetic

analysis based on 80 common protein coding sequences, 30

plants of Araliaceae and Apiaceae with Nicotiana tabacum

as an outgroup (Fig. 4). The phylogenetic tree constructed

with Maximum Likelihood (ML) algorithms was carried

out using MEGA7, the results suggested that the closest

relationship to Chuanminshen was Bupleurum falcatum

which belonged to Ammineae Koch, Anthriscus cerefolium

and Daucus carota belonging to the Scandicineae DC. The

three closer species are Carum carvi, Anethum graveolens,

and Foeniculum vulgare which also were classified in the

Ammineae Koch. Our analysis results suggested that

Chuanminshen’s phylogenetic position was distant from

the Peucedaneae Drude, whereas only the chloroplast

genome represents maternal genetic code, so further

Fig. 2 The distribution information of SSR motif repeat in Chuan-

minshen cp genome. a The number of distributions of SSR motif

repeat. x-axis SSR repeat types; y-axis Number of SSR types; red

bars stand for 11–20 motif repeats, blue bars stand for 5–10 motif

repeats. b The percentage distribution of SSR motif type. Blue sector

represented A/T, green sector represented AT/AT, red sector

represented G/C
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Fig. 3 Distribution frequency of disperse and tandem repeats in

Chuanminshen cp genome. a The distribution frequency of repeats,

x-axis Length of repeats; y-axis Number of repeats; Red bars stand

for dispersed repeats, blue bars stand for tandem repeats. b The

percentage distribution of dispersed repeat type. F Forward, P palin-

dromic, R reverse

Fig. 4 MLphylogenetic tree of 31 plants ofApiales based on 80 protein

coding sequence of cpgenomes.Numbers above eachnode are bootstrap

support values from1000 replicates. The gray box indicates the taxa that

belong to the Apliales, the yellow box indicates the taxa that belongs to

Apiaceae, the green box indicates the taxa that belongs to Araliaceae,

the purple box indicates the taxa that belongs to the outgroup
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confirmation of the phylogenetic relationship is still needed

to combine the nuclear genome information.
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