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ABSTRACT 

 

Taraxacum species, known as dandelion, are perennial plants in the 

family Asteraceae, the largest family of flowering plants. The genus 

Taraxacum consists of over 2,500 species which is widely distributed 

in the warm temperate areas of the Northern Hemisphere. Taraxacum 

species have long been utilized for medicinal purposes due to their 

various pharmacological activities including diuretic and anti-

inflammatory effects. In Korean official compendium for herbal 

medicine, Po gong young is dried entire part of T. officinale, T. 

platycarpum, T. mongolicum, and T. coreanum. The genus Taraxacum 

shows taxonomic complexity because of the presence of agamospermy, 
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complex hybrids, and polyploidy. Six Taraxacum species have 

different morphology, but it is hard to distinguish these plants in dried 

or processed state. For authentication of these six species and 

development of barcode markers, chloroplast (cp) genome and 45S 

nuclear ribosomal DNA (45S nrDNA) sequences were analyzed. 

Complete cp genome and 45S nrDNA sequences were characterized 

using the low coverage of whole genome sequences produced by next-

generation sequencing technology. The complete cp genomes of the six 

Taraxacum species range from 151,173 bp to 151,451 bp. All six cp 

genomes share the typical quadripartite chloroplast structure of 

angiosperm. The 45S nrDNA units of six Taraxacum species were 

5,826 bp in length. The six Taraxacum chloroplast genomes identically 

harbored a total of 112 genes arranged in the same order, including 79 

protein-coding genes, 29 transfer RNA genes, and four ribosomal RNA 

genes. Divergent sequence variations of SNPs and InDels were 

identified among six Taraxacum species. A total of 756 SNPs and 133 

InDels in cp genomes and 71 SNPs were identified in 45S rDNA 

genomes among six Taraxacum species. The phylogenetic relationships 

based on chloroplast and 45S nrDNA sequences revealed that 

registered species of Po gong young and not-registered species were 

clustered together. 53 Tandem repeats longer than 10 bp were detected 

in cp genomes of six Taraxacum species. Three InDel-based markers 

derived from cp sequences were developed and successfully validated 

to authenticate six species and commercial samples of Po gong young. 

Metabolite profiles of five species Taraxacum species were analyzed, 

distinct metabolite patterns of each species were identified. Integrative 

analysis of genomics and metabolite profiling suggests that reliable 

taxonomy systems of different Taraxacum species. 
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INTRODUCTION 

 

Dandelion is a perennial plant belonging to the family Asteraceae, the 

largest families of flowering plants. The genus Taraxacum consists of over 

2,500 species which are widely distributed in the warm temperate areas of the 

Northern Hemisphere (Richards 1973; Ge et al. 2007). 

Taraxacum roots contain various sesquiterpenes, triterpenes, phytosterols, 

flavonoids and phenolic compounds (Schütz et al. 2006). Taraxacum species 

have long been utilized for medicinal purposes due to their various 

pharmacological activities including diuretic and anti-inflammatory effects. In 

Korean official compendium for herbal medicine, Po gong young is dried 

entire part of T. officinale, T. platycarpum, T. mongolicum and T. coreanum.  

Chloroplasts (cp) are multifunctional organelles possessing their own 

genetic material. In most higher plants, the cp genome forms a double 

stranded, circular molecule ranging from 120 to 160 kb. It has highly 

conserved, structure and gene content (Odintsova et al., 2006). The plant cp 

genomes typically harbor a quadripartite structure consisting of two inverted 

repeats (IRs) separated by two regions of the large (LSC) and small (SSC) 

single copy regions (Jansen et al., 2005). Substitution rates in plant cp 

genomes are much lower than those in their nuclear genomes and the low 

level of recombination and primarily maternal inheritance makes cp genome 



 

２ 

 

as a valuable source for analyzing genetic diversity. For these reasons, cp 

genome is also useful tool for DNA barcoding.  

The genus Taraxacum is evolutionary and taxonomical complex taxa, 

because of complex hybridity and coexistence of agamospermy, which causes 

great difficulties in the phylogenetic study of this genus (Kirschner et al. 2003; 

Drábková et al. 2009). So far, complete chloroplast genome sequences of 

many species in the family Asteraceae have been reported including 

Helianthus annuus and Artemisia frigida (Timme et al. 2007; Liu et al. 2013), 

whereas none of Taraxacum species was subject to study on complete 

chloroplast genome sequence. On this account, I generated the complete 

chloroplast and 45S rDNA genome sequence of six Taraxacum species for the 

first time in the genus Taraxacum. The sequences will provide the information 

for evolution study by phylogenetic analysis and molecular study of this 

species as well as other species in the family Asteraceae.  

These Taraxacum species have different morphology, but it is hard to 

distinguish these plants in dried or processed state. For this reason, I would 

like to investigate the difference between registered species and not- 

registered species, T. ohwianum and T. laevigatum, of Po gong young and 

authenticate each Taraxacum species. Additionally, genetic and metabolic 

information of four registered species is needed for better understanding. 

With the increasing demand for commercial use and the value of this 

medicinal plant, genetic information for Taraxacum species is highly needed. 

So the goal of this study is 1) to find reliable and effective methods for 
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authentication of Taraxacum species in dried plants and processed products, 2) 

also to provide a higher level of phylogenetic resolution based on complete 

chloroplast and nrDNA sequences and integrate metabolite profiling. 
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MATERIALS AND METHODS 

 

1. Plant materials and DNA preparation 

Six Taraxacum species, T. officinale, T. platycarpum, T. mongolicum, T. 

coreanum, T. ohwianum and T. laevigatum were used for genomic DNA 

preparation and sequencing. Leaf materials of six Taraxacum plants used in 

this study were collected from various regions in Korea (Table 1) and 

maintained in the Hantaek Botanical Garden (http://www.hantaek.co.kr/). 

Total genomic DNAs were extracted from fresh leaves of each species 

using cetyltrimethylammonium bromide (CTAB) method (Allen et al., 2006). 

The quantity and quality of genomic DNA were examined using Nanodrop 

ND-1000 (Thermo scientific, Wilmington, USA) and agarose gel 

electrophoresis. 

 

2. Whole genome sequencing and chloroplast genome and 

45S nrDNA assembly 

Paired-end (PE) libraries were prepared and sequenced using Illumina 

MiSeq and NextSeq platforms (Illumina, San Diego, CA) by Lab Genomics 

Inc., Seongnam, Korea (Table 1) following the standard protocol provided by 

the manufacturer. Whole genome sequencing (WGS) data of 1.2-7.7Gb were 

generated for six Taraxacum species. Each species was independently 
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assembled by a CLC de novo genome assembler (v. beta 4.6, CLC Inc., 

Aarhus, Denmark) of the low coverage whole genome sequence (WGS) as 

described in Kim et al. (2015a and 2015b). The representative chloroplast 

contigs were selected from the total contigs by comparing with the 

sequence of Panax ginseng (GenBank accession No. NC006290) as a 

guidance. Representative contigs were arranged in order based on the 

reported cp sequence and merged into a single draft sequence by joining 

overlapped contigs. The draft sequences were manually corrected by 

mapping of raw reads. 

 

3. Genome annotation and comparative analysis 

The genes in the chloroplast genomes were annotated using the DOGMA 

program (Wyman et al., 2004) to predict protein-coding genes, transfer 

RNA (tRNA) genes, and ribosome RNA (rRNA) genes. The results were 

manually checked for the start and stop codons with comparison to 

homologous genes from other chloroplast sequences in Asteraceae. The 

circular cp genome maps were drawn using Organellar Genome DRAW 

tool (OGDRAW; Lohse et al., 2007).  

Multiple alignments of cp genome and 45S nrDNA sequences of six 

Taraxacum species were performed using MAFFT v.7 (Katoh and Standley, 

2013). Using mVISTA program, we compared the chloroplast sequences of 

the six Taraxacum species (Frazer et al., 2004). 
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4. Phylogenetic analysis 

Phylogenetic analysis was carried out based on common 74 chloroplast 

protein coding genes of six Taraxacum species in this study and other 7 

species, Ageratina adenophora (NC015621.1), Cynara cardunculus 

(KP842709.1), Guizotia abyssinica (EU549769.1), Helianthus annuus 

(DQ383815), Jacobaea vulgaris (NC015543.1), Lactuca sativa (AP007232.1), 

Silybum marianum (NC028027.1), from NCBI Genbank and 6 additional 

species, Artemisia capillaries, Artemisia fukudo, Artemisia gmelinii, 

Carthamus tinctorius, Chrysanthemum indicum, and Chrysanthemum 

zawadskii, sequenced in the previous study (Lee et al., 2016a; Lee et al., 

2016b; Lu et al., 2016; Xia et al., 2016), belonging to the main Asteraceae 

subfamilies (Asteroideae, Carduoideae, and Cichorioideae). In addition, 

phylogenetic analysis using 45S nrDNA genome sequences of six Taraxacum 

species was also conducted. All phylogenetic trees were generated using 

Maximum likelihood method for statistical model by MEGA 6.0 (Tamura et 

al., 2013) with 1000 bootstrap replicates.  

 

5. Repeat analysis 

Tandem repeats in the Taraxacum chloroplast genomes were identified 

with Tandem Repeats Finder (TRF) with default parameter settings (Benson 

1999). The lengths of tandem repeats were 10 bp or more with the minimum 
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alignment score and maximum period size set as 50 and 500, respectively 

and the identity of repeats was set to 80% and above. 

 

6. Development and validation of DNA markers 

Barcode markers were developed based on polymorphic regions found 

among chloroplast sequences of six Taraxacum species. The primer sets 

were designed using Primer/BLAST program (Ye et al., 2012) and 

presented in Table 9. PCR was performed in a 25 µL final volume which 

consisted of 20 ng DNA, 2 unit Taq polymerase (Vivagen, Seongnam, 

Korea), 2.5 mM dNTPs, and 20 pmol each primer. PCR conditions were as 

follows: 94℃ for 5 min, 35 cycles of 94℃ for 20 sec, 52 ~ 58℃ for 20 sec, 

72℃ for 30 sec; and finally extension at 72℃ for 7 min. Amplified 

fragments were checked onto 1% and 3% agarose gel, and the gels were 

stained with ethidium bromide for 20 min and visualized under UV trans-

illuminator using a gel documentation system  

Two indel-based barcode markers were applied to conduct blind test 

analysis of 19 commercial dried Taraxacum herbs (Po gong young). The 

amplified PCR products were genotyped by capillary electrophoresis using 

Fragment Analyzer (Advanced Analytical Technologies Inc., USA) 

according to manufacturer’s protocol. The genotyping results were obtained 

by using PROSizeTM 2.0 analytical software. 
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7. Sample preparation for metabolomics analysis 

Each 3 samples of T. officinale, T. platycarpum, T. coreanum, T. ohwianum 

and T. laevigatum and were prepared. The accurately weighed 100.0 mg of 

the powdered samples were extracted with 1.0 ml MeOH/H2O (5:5, v/v), 

sonicated at room temperature for 15 min, centrifuged at 10,000 g for 5 min, 

and the 0.5 ml supernatant was collected. The collected supernatant was 

filtrated with a PVDF filter for UHPLC-ESI-Q-TOF-MS analysis. Samples 

were analyzed from three biological replicates in negative ion mode. 

 

8. High resolution UHPLC-DAD-ESI-Q-TOF-M analysis 

The 50% methanol extracts were analyzed on an UHPLC-high resolution 

quadruple time-of-flight high-resolution MS instrument (UHPLC-Q-TOF 

Xevo G2 HR-MS system, Waters Corporation, Manchester, UK). Compounds 

were separated on a HSS T3 Acquity column (1.8 μm, 2.1 × 100 mm; Waters 

Corporation, Manchester, UK) using 0.1% formic acid in water (solvent A) 

and UHPLC-grade acetonitrile containing 0.1% formic acid (solvent B). The 

column temperature was maintained at 40°C. A stepwise gradient method at 

constant rate of 0.3 mL/min was used to elute the column with the following 

conditions: 10–11% B over 0.0–3.00 min, 11–20% B over 3.00–6.00 min, 20% 

B over 6.00–11.00 min, 20–40% B over 11.00–14.00 min, 40–100% B over 

14.00–17.00 min, held constant at 100% B over 17.00–20.00 min, and 

returning from 100 to 10% B over 20.00–20.10 min. The column was washed 
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with 10% B over 20.10–23.00 min to return to the initial conditions. The 

photo diode array (PDA) detector scanning range was from 200 to 500 nm 

with 1.2 nm resolution and a sampling rate of 20 points/s. The MS detector 

was set to collect both negative (ESI−) and positive (ESI+) ions. 

 

9. Multivariate data analyses for biomarker identification 

Primary raw data was pre-processed by MarkerLynx XSTM software 

(Waters, Manchester, UK). Data was normalized to total intensity (area) 

using MarkerLynxTM. For data acquisition, pooled samples were used for 

QC (quality control) checks. Sample acquisition was randomized and the 

QC sample analyzed every 5 injections to monitor and correct changes in 

the instrument response. 

The PCA output consisted of score plots that were used for visualizing 

the contrasts between different samples and loading plots to explain the 

cluster separation. The data file was scaled with pareto scaling before all 

variables were subjected to the PCA. The partial least-squares discriminant 

analysis (PLS-DA) method is a supervised analysis that uses class 

information to maximize the separation between classes and minimize the 

distance between intragroup clustering. The quality of the models was 

described by R2 and Q2 values. 
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RESULTS 

 

1. Complete chloroplast genome and 45S nrDNA 

sequences of six Taraxacum species 

Six Taraxacum species, T. officinale, T. platycarpum, T. mongolicum, T. 

coreanum, T. ohwianum and T. laevigatum were sequenced to produce 

4,028,822 - 51,344,052 paired-end raw reads (Table 1), with read size 300 bp 

from MiSeq and 150 bp from NextSeq platform. After comparing these 

paired-end reads through alignment with reference cp genomes of Panax 

ginseng (NC006290), the representative chloroplast genome reads were 

extracted. 

Chloroplast genomes and 45S nrDNA sequences were assembled by de 

novo assembly, as described in previous study (Kim et al., 2015a; Kim et al., 

2015b). The complete cp genome sequences were generated by combining 

four to six contigs for each individual of the species.  

The complete cp genomes of the six Taraxacum species ranged from 

151,173 bp in T. laevigatum to 151,451 bp in T. mongolicum and T. 

ohwianum (Table 2). All six cp genomes shared the typical quadripartite 

chloroplast structure, with a pair of inverted repeats (24,420 – 24,466 bp) each 

separated by a large single copy region (83,812 – 84,052 bp) and a short 

single copy region (18,500 – 18,562 bp) (Table 2). Average coverage of raw 

WGS reads mapped to the cp genome sequences ranged from 196.51 X to 
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1,238.61 X. The sequences of six chloroplast genomes were deposited in 

GenBank (Table 2). 

Nuclear ribosomal DNA sequences of the six species were also assembled, 

which consisted of 45S rDNA transcribed units (Table 3, Fig. 2). The 45S 

rDNA units of T. officinale, T. platycarpum, T. coreanum, T. ohwianum and T. 

laevigatum were 5,826 bp in length, which consist of 18S rRNA (1,810 bp), 

5.8S rRNA (159 bp), 26S rRNA (3,349 bp). However, the 45S nrDNA units 

of T. mongolicum was 5,825 bp in length, which also consist of 18S rRNA 

(1,810 bp), 5.8S rRNA (159 bp), 26S rRNA (3,349 bp) (Table 3). Average 

coverage of raw WGS reads mapped on the 45S nrDNA sequences ranged 

from 305 X to 5,832 X (Table 3). 
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Table 1. Summary of WGS data of six Taraxacum species 

Species 
Collected 

regions 

Raw data 
 

Trimmed data  
Sequencing 

platform 
Reads Total bases Reads Total bases 

T. officinale  Yongin  4,443,768  1,334,642,368  3,594,190  80.88%  875,241,078  65.58%  MiSeq  

T. platycarpum  Chuncheon  5,624,986  1,689,739,086  4,505,225  80.09%  1,091,965,126  64.62%  MiSeq  

T. mongolicum  Namwon  4,028,822  1,210,129,749  2,998,859  74.44%  717,866,016  59.32%  MiSeq  

T. coreanum  Seosan  4,390,000  1,318,746,265  3,662,265  83.42%  902,265,598  68.42%  MiSeq  

T. ohwianum  Yongin  6,089,410  1,829,297,351  4,899,776  80.46%  1,191,133,601  65.11%  MiSeq  

T. laevigatum  Ochang  51,344,052  7,712,501,217  20,144,271  39.23%  2,374,360,680  30.79%  NextSeq  
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Table 2. Complete chloroplast genome features of six Taraxacum species 

Species 
cp genome 

coverage
a

 (X) 

cp genome  

length (bp) 

LSC  

length (bp) 

IRA/B 

length (bp) 

SSC 

length (bp) 

T. officinale  296.54  151,324  83,895  24,440  18,549  

T. platycarpum  416.26  151,307  83,922  24,439  18,507  

T. mongolicum  196.51  151,451  84,052  24,429  18,541  

T. coreanum  458.78  151,338  83,914  24,431  18,562  

T. ohwianum  397.8  151,451  84,019  24,466  18,500  

T. laevigatum  1238.61  151,173  83,812  24,420  18,521  

a
 Coverage of cp genome indicates the total WGS read depth for the complete cp genome. 

  



 

１４ 

 

Table 3. Complete 45S nrDNA genome features of six Taraxacum species 

Species 
rDNA genome 

coverage
a

 (X) 

45S rDNA  

length (bp) 

18S  

length (bp) 

5.8S 

length (bp) 

26S 

length (bp) 

T. officinale  619 5,826 1,810 159 3,349 

T. platycarpum  472 5,826 1,810 159 3,349 

T. mongolicum  556 5,825 1,810 159 3,349 

T. coreanum  305 5,826 1,810 159 3,349 

T. ohwianum  698 5,826 1,810 159 3,349 

T. laevigatum  5832 5,826 1,810 159 3,349 

a
 Coverage of 45S nrDNA genome indicates the total WGS read depth for the complete 45S nrDNA genome. 
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Fig. 1. Chloroplast genome structure and variation among 6 Taraxacum species. Genes shown on the outside 

of the map are transcribed clockwise, while genes on the inside are transcribed counter-clockwise. Genes 

belonging to different functional groups are color-coded. 



 

１６ 

 

  

Fig. 2. Schematic diagram of a representative complete 45S nrDNA genome. 
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2. Sequence comparisons of chloroplast genomes of six 

Taraxacum species 

The six Taraxacum chloroplast genomes identically harbored a total of 112 

genes arranged in the same order, including 79 protein-coding genes, 29 

transfer RNA (tRNA) genes, and four ribosomal RNA (rRNA) genes (Table 4, 

Fig. 1). 12 of the protein-coding genes and 6 of the tRNA genes contain 

introns, 15 of which contained a single intron, whereas, ycf3, clpP, and rps12 

have two introns. The gene rps12 is trans-spliced; the 5’ end exon is located 

in the LSC region and the 3’ exon and intron are duplicated and located in the 

IR regions. The overall GC contents were approximately 37.68%, which is 

almost identical to each other among the six complete Taraxacum cp genomes. 

To investigate levels of genome divergence, multiple alignments of six 

Taraxacum cp genome sequences were performed. The overall sequence 

identity of the six Taraxacum cp genomes was plotted with mVISTA with T. 

officinale as a reference (Fig. 3). The results revealed the high sequence 

similarity across six Taraxacum cp genomes. As expected, non-coding 

regions exhibit a higher divergence than coding regions and the most 

divergent regions among the six cp genomes are localized in the intergenic 

spacers. Intergenic regions with high degrees of divergence included 

trnM(CAU)-aptE, rbcL-psaI, trnL(UAG)-ccsA. Therefore, developing 

molecular markers for these intergenic regions could be helpful in assessing 

phylogenetic relationships among Taraxacum species.  
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I identified 756 SNPs and 133 InDels among cp genomes of six Taraxacum 

species (Table 5-1). Global alignment of the six Taraxacum cp genomes 

revealed that total substitutions varied from 24 to 471. A comparison of indels 

among these cp genomes showed that the number of indels ranged from 6 to 

84 (Table 5-2). I observed that there were the fewest substitutions and indels 

between T. officinale and T. coreanum and greatest those between T. 

platycarpum and T. ohwianum. 
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Table 4. Genes present in the six Taraxacum chloroplast genomes 

Category of genes  Gene name  

 Photosystem I  psaA, B, C, I, J, ycf3
b
, ycf4  

 Photosystem II  psbA, B, C, D, E, F, H, I, J, K, L, M, N, T, Z  

 Cytochrome b6/f  petA, B
a
, D

a
, G, N, L  

 ATP synthase  atpA, B, E, F
a
, H, I  

 Rubisco  rbcL  

 NADH oxidoreductase  ndhA
a
, B

a,c
, C, D, E, F, G, H, I, J, K  

 Large subunit ribosomal proteins  rpl2
a,c

, 14, 16
a
, 20, 22, 23

c
, 32, 33, 36  

 Small subunit ribosomal proteins  rps2, 3, 4, 7
c
, 8, 11, 12

b,c,d
, 14, 15, 16

a
, 18, 19  

 RNA polymerase  rpoA, B, C1
a
, C2  

 Other Proteins  cemA, clpP
b
, ccsA, matK, infA  

 Proteins of unknown function  ycf1, ycf2
c
, ycf15

c
  

 Ribosomal RNAs  rrn16
c
, rrn23

c
, rrn4.5

c
, rrn5

c
  

 Transfer RNAs  

trnA-UGC
a,c

, C-GCA, D-GUC, F-GAA, M-CAU, G-GCC, G-UCC
a
, H-GUG, I-

CAU
c
, I-GAU

a,c
, K-UUU

a
, L-CAA

c
, L-UAA

a
, L-UAG, M-CAU, N-GUU

c
, P-UGG, 

Q-UUG, R-ACG
c
, R-UCU, S-GCU, S-GGA, S-UGA, T-GGU, T-UGU, V-GAC

c
, V-

UAC
a
, W-CCA, Y-GUA  

a
Gene containing a single intron; 

b
Gene containing two introns; 

c
Two gene copies in the IRs; 

d
Gene divided into two 

independent transcription units 
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Fig. 3. Sequence comparisons of chloroplast genomes among six Taraxacum species. The vertical scale indicates the identity 

percentage (50% to 100%). The horizontal axis corresponds to the coordinates within the chloroplast genome. Annotated 

genes are displayed along the top. 
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Table 5-1. The number of SNP and InDel among six Taraxacum chloroplast genomes  

 SNP  InDel  

Total  756  133  
 

 

Table 5-2. Information of SNP and InDel in chloroplast genomes of six Taraxacum species 

 TO TP TM TC TOH TL 

TO / 43 80 6 80 48 

TP 207 / 80 42 84 46 

TM 414 458 / 79 48 76 

TC 24 196 424 / 79 50 

TOH 446 471 200 435 / 56 

TL 240 285 429 248 463 / 

TO: T. officinale; TP: T. platycarpum; TM: T. mongolicum; TC: T. coreanum; TOH: T. ohwianum; TL: T. laevigatum  

The upper triangle shows the number of InDels, while the lower triangle indicates the total nucleotide substitutions.  
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3. Sequence comparisons of 45S nrDNA genomes of six 

Taraxacum species 

By performing global alignment of six Taraxacum 45S nrDNA genome 

sequences, the 45S nrDNA transcription unit sequences were found that 

highly homogeneous among the six Taraxacum species sequenced in this 

study. Interestingly, T. coreanum and T. ohwianum have hetero types of 

nrDNA sequence and 4 and 5 variations between two nrDNA genome types of 

T. coreanum and T. ohwianum, respectively (Table 6).  

By comparison of 45S nrDNA unit sequence, a total of 71 SNPs were 

found. No InDel was detected among six Taraxacum species (Table 7-1). 

Multiple alignments of the six Taraxacum 45S nrDNA genomes revealed that 

total substitutions ranged from 2 to 61 (Table 7-2). I observed that there were 

the fewest substitutions between T. platycarpum and T. ohwianum-1 and the 

greatest substitutions between T. mongolicum and T. ohwianum-2. 
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Table 6. Two hetero types of 45S nrDNA genomes identified in T. coreanum 

and T. ohwianum  

Position 
TC-

type1 

TC-

type2 
Position 

TOH-

type1 

TOH-

type2 

1895 A G 1903 G C 

2008 C T 2068 T C 

2335 C T 2260 T G 

2986 C T 2368 T C 

   
2779 C T 

TC: T. coreanum; TOH: T. ohwianum 
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Table 7-1. The number of SNP and InDel among six Taraxacum 45S rDNA genomes  

  SNP  InDel  

Total  71 0 
 

Table 7-2. Information of SNP and InDel in 45S rDNA genomes of six Taraxacum species 

 TO TP TM TC-1 TC-2 * TOH-1 TOH-2 * TL 

TO /        

TP 23 /       

TM 47 58 /      

TC-1 0 23 47 /     

TC-2 * 4 27 51 4 /    

TOH-1 26 3 61 26 30 /   

TOH-2 * 23 2 58 23 27 5 /  

TL 0 23 47 0 4 26 23 / 

TO: T. officinale; TP: T. platycarpum; TM: T. mongolicum; TC: T. coreanum; TOH: T. ohwianum; TL: T. laevigatum 

The lower triangle indicates the total nucleotide substitutions.  

* T. coreanum and T. ohwianum have hetero types of nrDNA sequence  
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4. Phylogenetic relationships of Taraxacum species  

The chloroplast genome sequences are addressed successfully for the 

phylogenetic studies of angiosperm. Taraxacum species have been 

considered to be a complex and taxonomically difficult group because of 

their similar morphological characteristics. In this study, phylogenetic 

analysis was performed using various sequence information obtained in this 

study and from public database. 

The availability of completed chloroplast genome sequences of 

Taraxacum species provided worthy information to study the molecular 

evolution and phylogeny of Taraxacum species with closely related species.  

 

4.1. Phylogenetic analysis of six Taraxacum species 

within family Asteraceae 

In order to identify taxonomic relationship between Taraxacum species in 

the family Asteraceae, a phylogenetic analysis was carried out based on 

common 74 chloroplast protein coding sequences of six Taraxacum species 

and other 13 species belonging to the main subfamilies of Asteraceae (Fig. 4). 

According to ML analysis, high bootstrap values were found, with 100% 

values for 12 of 16 nodes. 

All species were clustered into each subfamily Cichorioideae, Carduoideae, 

and Asteroideae. The phylogenetic analysis demonstrated that six Taraxacum 

species, as expected, were grouped along with Lactuca sativa in the subfamily 
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Cichorioideae. Interestingly, registered species of Po gong young and not-

registered species, T. laevigatum and T. ohwianum, were clustered together. 

This phylogenetic tree showed both Cichorioideae and Asteroideae are related 

to the Carduoideae subfamily. Taxa within the Carduoideae subfamily form 

two groups. The first one is composed of Silybum marianum and Cynara 

cardunculus, and, the second one is Carthamus tinctorius. 
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Fig. 4. Phylogenetic analysis of cp genome sequences of six Taraxacum species. Phylogenetic position of the six species 

was analyzed using 74 protein coding sequences, with reported chloroplast sequences of other 13 species in the family 

Asteraceae. The trees were generated using ML method by MEGA6 as mentioned in Materials and methods. 
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4.2. Phylogenetic analysis of six Taraxacum species based 

on cp genomes and 45S rDNA sequences 

To confirm a higher level of phylogenetic resolution, additional 

phylogenetic analysis was carried out based on 45S rDNA sequences (Fig. 5). 

As with the chloroplast, ribosomal DNA is also the main target for 

phylogenetic study by reason of multi-copy and additional useful information 

from amphigonous inheritance. 

 Therefore, it will be informative to compare phylogenetic tree using both 

chloroplast and 45S nrDNA sequences. The topologies based on both analyses 

were a little bit different. The phylogenetic tree constructed using 45S nrDNA 

sequences revealed that T. officinale is closer to T. laevigatum than to T. 

platycarpum. Meanwhile, phylogenetic tree built using chloroplast sequences 

demonstrated that T. platycarpum had closer relationships to T. officinale. 

Especially, T. mongolicum showed distant relationship compared to the 

chloroplast-based tree. It is interesting that not-registered species of Po gong 

young, T. laevigatum and T. ohwianum were grouped with registered species. 

The difference between these two phylogenomic trees might be due to the 

different characteristics of chloroplast and nrDNA genomes. This result 

suggests that research of genetic diversity and authentication of Taraxacum 

species is highly needed. 
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Fig. 5. Phylogenomic relationship of Taraxacum species based on cytoplasmic cp and nuclear rDNA genomes. 

Phylogenetic position of the six species was analyzed using 74 protein coding sequences and 45S nrDNA transcription unit 

sequences, with reported chloroplast sequences of other 6 species in the family Asteraceae. The trees were generated using 

ML method by MEGA6 as mentioned in Materials and methods. 
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5. Copy number variation of tandem repeat in cp 

genomes 

Copy number variation (CNV) of various TRs played major role in InDel 

polymorphism. 53 tandem repeats (TRs) longer than 10 bp in length were 

detected in cp genomes of six Taraxacum species (Table 8). Out of 53 repeats, 

20 repeats have no inter-specific variation among the six cp genomes. 

The number of TRs was 33, 32, 30, 34, 29 and 33 for T. officinale, T. 

platycarpum, T. mongolicum, T. coreanum, T. ohwianum and T. laevigatum, 

respectively. The length of repeat units in these regions varied from 11 bp to 

76 bp and the lengths of 11-20 bp were most common. 35 were 11-20 bp, 16 

were 21-30 bp, one was 32 bp and the rest one was 76 bp in length. Among all 

the repeats, 88.68% were in intergenic space regions, 5.66% in the intronic 

regions, 5.66% in the coding regions, accD, rps18, and ycf2. Various tandem 

repeats were largely related to InDel polymorphism among six Taraxacum 

species and useful for developing barcode markers. 

Especially, No. 21 TR unit of 24 bp was present two copies at intergenic 

spacer region of trnT(GGU)-psbD in T. ohwianum specifically (Table 8). This 

CNV was used to develop barcode marker, ta32, for identification of T. 

ohwianum against other five Taraxacum species (Fig. 6).  
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Table 8. Distribution of tandem repeats in the six Taraxacum chloroplast genomes 

TR 

No. 
Repeat sequence 

Unit 

size 

(bp) 

Copy number 
Location 

TO TP TM TC TOH TL 

1 atataaacctcta 13 1 1 2 1 1 1 trnH(GUG)-psbA 

2 cgaaccggaataaattatt 19 2 1 1 2 1 1 matK-trnK(UUU) 

3 gaaaattaatatatttttttat 22 1 1 1 1 1 2 rps16(intron) 

4* ataagaaataaa 12 2 2 2 2 2 2 rps16-trnQ(UUG) 

5 tgtttcttttcaaa 14 1 1 1 1 1 2 rps16-trnQ(UUG) 

6* acaatacatacct 13 2 2 2 2 2 2 rps16-trnQ(UUG) 

7 tctttcttctttattcttcttt 21 1 NF 1 2 1 1 trnQ(UUG)-psbK 

8 atcactattagattgagattgg 22 2 2 2 2 2 1 trnC(GCA)-petN 

9 attaatcactacatatatt 19 1 1 1 1 1 2 petN-psbM 

10* accactggaccataggggc 19 2 2 2 2 2 2 trnY(GUA)-rpoB 

11* attgagccctaaataatactgtcaattg 28 2 2 2 2 2 2 trnY(GUA)-rpoB 

12* ttcaagtagattagatatc 20 2 2 2 2 2 2 trnY(GUA)-rpoB 

13* aaagattacaat 12 2 2 2 2 2 2 atpI-atpH 

14 ttatataaagatttgattcct 21 1 2 1 1 1 1 atpH-atpF 

15 taattctaatatacta 16 1 2 2 1 1 1 trnR(UCU)-rnG(UCC) 

16 tgtattaattagagtctattagag 24 2 1 1 1 1 2 trnR(UCU)-rnG(UCC) 

17 atatataaatatag 14 2 1 NF 2 1 1 trnR(UCU)-rnG(UCC) 

18* aatagtaataaaaa 14 2 2 2 2 2 2 trnT(GGU)-psbD 

19* gttatagtatattagtt 17 2 2 2 2 2 2 trnT(GGU)-psbD 

20 ttattttattgaatatta 18 2 2 2 2 1 2 trnT(GGU)-psbD 

21 tttgttccgacaatcgtatgaaga 24 1 1 1 1 2 1 trnT(GGU)-psbD 

22* ttgtaaaataaaa 13 2 2 2 2 2 2 trnS(UGA)-psbZ 
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Table 8. Continued 

TR 

No

. 

Repeat sequence 

Unit 

size 

(bp) 

Copy number 
Location 

TO TP TM TC TOH TL 

23 aaataataactaaaataaag 20 1 2 1 1 1 1 psaA-ycf3 

24 

aggaatacctgggatagctcagtcggtaga 

gcagaggactcaaaatctttgtgcaccagtt 

cgaatctggttccttc 

76 2 2 2 2 2 3 trnL(UAA)-trnF(GAA) 

25 atagaatatatttatat 17 1 1 1 1 1 2 ndhC-trnV(UAC) 

26* tcttgtcaagatgaatattctcatgaa 26 2 2 2 2 2 2 trnV(UAC)-trnM(CAU) 

27 aaataaattaaatatt 18 2 1 NF 2 NF 1 trnM(CAU)-atpE 

28 tacaacatacatcact 16 2 2 3 2 3 2 atpB-rbcL 

29* atttgagtttgaggcaatggatact 25 2 2 2 2 2 2 rbcL-accD 

30 ttttagtgaaagatagtaatggggaca 27 2 1 1 2 1 1 accD 

31* aaatagaatcgaattag 17 2 2 2 2 2 2 accD-psaI 

32* attataataagatatcttta 21 2 2 2 2 2 2 cemA-petA 

33 ctttatctttctacccatc 20 1 1 1 2 1 1 psbE-petL 

34* aattgaaaataatatattttt 21 2 2 2 2 2 2 trnW(CCA)-trnP(UGG) 

35* gtccaatgtgaattga 16 2 2 2 2 2 2 rps18 

36* taaatccaagcgaacttttct 21 2 2 2 2 2 2 petB(intron) 

37 gaagaactttcggattttt 19 1 1 2 1 1 1 petB-petD 

38 atttgttatttaa 14 1 2 1 1 1 1 rpoA-rps11 

39* ttgtttctcttgct 14 2 2 2 2 2 2 rpoA-rps11 

40 tgctattgaaatatcttc 18 1 2 1 1 1 1 rpl16(intron) 
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Table 8. Continued 

TR 

No. 
Repeat sequence 

Unit 

size 

(bp) 

Copy number 

Location 
 TO   TP  TM  TC  TOH TL 

41 aaataataaaa 11 2 1 1 2 2 2 rpl16-rps3 

42 attgaacagaaaagaaaaa 19 1 1 1 1 1 2 rpl22-rps19 

43 tatacataaacaaacgttttta 22 1 2 1 1 1 2 rpl22-rps19 

44 aatatctatatat 13 2 2 2 2 3 2 ycf2 

45* acgatattcatgctagtg 18 2 2 2 2 2 2 rps12-ycf15 

46* tcttttctattatattatctattatattag 30 2 2 2 2 2 2 rrn4.5-rrn5 

47* cattgttcaactctttaacaacacgaaaaaac 32 2 2 2 2 2 2 trnN(GUU)-ycf1 

48 ccttttggtgtcattaacataaca 24 2 2 1 2 2 2 rpl32-trnL(UAG) 

49 tatttctttgtagt 14 1 1 2 1 1 1 ccsA-ndhD 

50 tttaagagaataaaaatctt 20 1 1 2 1 1 1 ndhG-ndhI 

51 taatagttcttaattacttaattat 25 2 1 1 2 1 1 ndhG-ndhI 

52 ttaattattaaattaata 18 1 1 1 1 2 1 ndhG-ndhI 

53 tttttacagatatttattt 19 1 1 1 1 2 1 rps15-ycf1 

Tandem repeat locus with * in the column of TR No. indicates that the copy number variation of tandem repeats was same in 

nucleotide unit for each of six Taraxacum cp genomes. NF, Not found. 

 

 

  



 

３４ 

 

6. Development of barcode markers derived from the cp 

genome  

Based on chloroplast sequence comparison, InDel-based barcode markers 

were developed and applied to 6 Taraxacum species, 3 Artemisia species and 

2 Chrysanthemum species belonging to the family Asteraceae. I designed a 

total of three markers (ta55, ta32 and ta90) based on the polymorphic sites of 

trnM(CAU)-atpE, trnT(GGU)-psbD and trnL(UAG)-ccsA (Fig. 6). 

Among the three markers, ta55 was designed to classify four groups out of 

six species, while two markers (ta32 and ta90) were developed to distinguish 

T. ohwianum. First, ta55 marker is based on various tandem repeats. Next, 

ta32 marker is based on a 24 bp InDel from two copies of a tandem repeat of 

T. ohwianum. Last, ta90 marker is located in intergenic regions shows a 24 bp 

InDel of T. ohwianum specifically. The result of ta32 and ta90 markers 

showed distinctive patterns of Taraxacum species compared with other 

Artemisia and Chrysanthemum species.  

PCR analysis revealed that all developed markers produced PCR amplicons 

at different size along each of six species, as expected. Marker ta55 amplified 

distinct amplicons in T. officinale and T. laevigatum (group 1), T. 

platycarpum (group 2), T. mongolicum and T. ohwianum (group 3), and T. 

coreanum (group 4) by which one group could be clearly discriminated from 

three groups. Marker ta32 and ta90 showed distinct amplicons in T. ohwianum 

and thus could discriminate T. ohwianum from other five species.  
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Authentication of dried sample or processed products is more difficult even 

when they are made from different species. In order to prove the utility of 

these InDel-based markers, I tested ta55 and ta32 markers to commercial 

herbal drug in circulation (Fig. 7). The application result of ta55 and ta32 

markers to the Po gong young samples indicated not-registered species were 

adulterated with registered species. No. 10, 11 samples are needed to be 

further examined because additional nonspecific bands were detected. This 

result clearly indicated the necessity of authentication of different Taraxacum 

species and establishment of clearer standard of herbal medicine than previous 

one. 

This finding suggests that these barcode markers can be used for 

authentication of Taraxacum species, especially to authenticate commercial 

dried Taraxacum herbs.  
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Table 9. List of primers used for barcode markers 

Primer name Primer sequence (5’-3’)  Location  

ta55  
F :  TCATACGGCGGGAGTCATTG 

trnM(CAU)-atpE  
R :  AAATCTAGCTCTGCGACGGG 

ta32  
F :  TCCTCCACGGAGAACCCTTT 

trnT(GGU)-psbD  
R :  TCTCGCATCCACTCTTCATACG 

ta90  
F :  GAGCATCTCGGTTCGAGTCC 

trnL(UAG)-ccsA  
R :  ACTATCATCCCCTTTTCTGACGA 
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Fig. 6. Validation of copy number variation (CNV) in intergenic regions among Taraxacum species. Three InDel markers, 

ta55, ta32, and ta90 were designed based on chloroplast genome sequences of six Taraxacum species and validated 

successfully by PCR amplification. TO, T. officinale; TP, T. platycarpum; TM, T. mongolicum; TC, T. coreanum; TOH, T. 

ohwianum; TL, T. laevigatum; AG, A. gmelinii; AC, A. capillaris; AF, A. fukudo; CZ1, CZ2, C. zawadskii; CI, C. indicum.  

  



 

３８ 

 

 

Fig. 7. Application of the molecular markers to authenticate Taraxacum species in dried plants. 
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7. Sample analysis using UHPLC-ESI-Q-TOF-MS 

To study the common features and the inter-species differences of 

metabolites of Taraxacum species, metabolite profiling of five Taraxacum 

species was carried out. Chemical constituents of Taraxacum species were 

analyzed by reversed phase UHPLC-DAD-ESI-Q-TOF-MS within 17 min. 

Comparison of the UHPLC-MS total ion chromatograms (TICs) of the 

extracts of five Taraxacum species was performed. Compared to the positive-

ion ESI mode, negative-ion MS spectral revealed that better sensitivity and 

more observable peaks than in positive mode. Dandelion phenolic and 

sesquiterpene lactones with carboxyl or phenol groups are relatively polar and 

thus readily ionized in the negative ion mode. Hence, all samples and analysis 

were carried out in the negative ion mode. 

 

8. PCA and PLS-DA of five Taraxacum species 

Metabolite profiles of different Taraxacum species were analyzed by 

UHPLC-ESI-Q-TOF-MS accompanied by PCA and PLS-DA statistical 

analyses. From the five species, a total of 5361 mass signals were extracted by 

MarkerlynxTM form the UHPLC-MS data set acquired in negative ionization 

mode and subjected to PCA analysis. The different biological replications of 

each species were clustered together. 

T. ohwianum and T. platycarpum exhibited a similar metabolite profile 

while T. coreanum and T. officinale exhibited a similar metabolite profile. In 
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the PLS-DA model, T. ohwianum and T. platycarpum extracts are separated 

from the other three species by first principal component (PC1) and T. 

coreanum and T. officinale extracts are separated from T. laevigatum by 

second principal component (PC2) (Fig. 8).  

Hierarchical cluster analysis (HCA) of the PLS-DA model was performed 

(Fig. 9). In this result, T. ohwianum and T. platycarpum may be categorized 

into a group with relatively similar chemical fingerprints and also based on 

nrDNA genomes (Fig. 5).  
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Fig. 7.  Metabolite profiling of five Taraxacum species. (A) PCA score plots and (B) PLS-DA score plots derives form 

UHPLC-Q-TOF-MS data of five Taraxacum species.  
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Fig. 8. HCA result of the PLS-DA model of Taraxacum metabolite profiles
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DISCUSSION 

 

1. Complete chloroplast and 45S nrDNA genome 

sequences of six Taraxacum species 

The complete chloroplast and 45S nrDNA genome sequence of six 

Taraxacum species were characterized using low coverage of WGS data 

with Illumina sequencing technology (Fig. 1). This is the first reported 

complete chloroplast and 45S nrDNA genome sequences in the genus 

Taraxacum. The chloroplast genomes of six Taraxacum species have a 

very similar size and organization similar to other sequenced angiosperms 

(Table 2).  

This result demonstrated that assembly method used in study is 

reliable and efficient to obtain complete cp genome and 45S nrDNA 

sequence, as described in Kim et al. (2015a). Multi-copies of cp genome 

and 45S nrDNA sequence are present in cytoplasm and nucleus, 

respectively, which are well explained why low amount WGS data 

showed high coverage of reads for assembled cp genome and 45S nrDNA 

sequence (Table 1 and 2). 

    

2. Sequence variations of chloroplast genomes of six 

Taraxacum species 
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Although chloroplast genomes of six Taraxacum species harbor identical 

gene numbers and contents, there are many sequence variations at inter-

species level. Genic regions are more conserved than intergenic regions in cp 

genomes. Chloroplast genome and 45S nrDNA genome sequences show low 

polymorphism at intra-species level but high at inter-species level (McCauley 

et al., 1995). This research revealed that inter-species polymorphism was 

more frequently present than intra-species polymorphism. For example, 45S 

nrDNA genome of T. ohwianum had lots of inter-species polymorphic sites 

but only 5 at intra-species level (Table 7-2). 

The divergent inter-species variations of cp genomes and 45S nrDNA 

sequences found in this study will be useful for barcoding six species as well 

as studying genetic diversity in the family Asteraceae. 

 

3. Phylogenetic relationships of Taraxacum species in 

family Asteraceae 

. Several studies have been conducted to analyze the phylogenetic 

relationship in the Asteraceae family using partial chloroplast genes such as 

matK, ndhD, ndhF, ndhI, rbcL, rpoB and rpoC1 (Cuici et al., 2015; Pandero 

et al., 2008). Many uncertainties are still remaining in the molecular 

phylogeny of the family Asteraceae. The complete Taraxacum chloroplast and 

45S rDNA genome sequences provided the sequence information to study the 

phylogeny of Taraxacum species and its close relative species. In this study, 
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the phylogenetic relationships were made by a dataset of sequences of 74 

shared cp protein-coding genes and 45S rDNA units of Taraxacum and other 

Asteraceae genomes. 

Overall, all phylogenetic analysis revealed that not-registered species of Po 

gong young, T. laevigatum and T. ohwianum were grouped with registered 

species. (Fig. 4 and 5). This result supported the needs for understanding 

genetic diversity and authentication of Taraxacum species. 

 

4. Repeat sequence analysis in Taraxacum cp genomes 

I analyzed the repeat sequences in the cp genomes of Taraxacum and 

found 53 tandem repeats at least 10 bp long per repeat unit with a sequence 

identity of 80% and above. 20 repeats have no inter-specific variation 

among the six cp genomes and the lengths of 11-20 bp were most common. 

Almost 90% were in intergenic space regions. 

The abundant and variable tandem repeats identified in Taraxacum 

chloroplast genomes will be useful in characterizing genetic diversity of 

Taraxacum. 

 

5. Development of barcode markers for authentication of 

six Taraxacum species 

Chloroplast genome is known to be reliable and precise target for plant 

DNA barcoding because of their multi-copies and high inter-species variation 
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(Dong et al., 2012). Among inter-species polymorphic regions of cp genome 

identified in this study, InDels were used to develop molecular markers. Three 

InDel-based markers derived from cp sequences were successfully validated 

to authenticate each of six species (Fig. 6). Developed barcode markers will 

be valuable to authenticate taxon identification and correctly distinguish these 

Taraxacum species for medicinal plants. 

In conclusion, the abundant inter-species nucleotide variations revealed by 

complete cp genomes and 45S nrDNA sequences of six Taraxacum species 

will provide important resources for barcoding applications and genetic 

diversity studies within this genus and also within the Asteraceae family. 

Moreover, the barcode markers can be utilized as practical tools to 

authenticate commercial products derived from these species in market. 

 

6. Metabolite profiling of six Taraxacum species 

In this study, five species of Taraxacum were compared based on 

secondary metabolite profiling using LC-MS combines with multivariate 

analysis. The metabolites including sesquiterpene lactones and phenolic 

compounds can be used individually or in combination to authenticate the 

Taraxacum species. 

In the score scatter plot of PLS-DA, distinct metabolite patterns of each 

species were identified. According to hierarchical cluster analysis of the PLS-

DA model, T. ohwianum (not-registered species) and T. platycarpum 
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(registered species) exhibit a similar metabolite profile (Fig. 9). The 

phylogeny obtained from the nrDNA genomes is consistent with the 

classification based on metabolites (Fig. 5). T. officinale and T. coreanum 

were grouped together and T. platycarpum and T. ohwianum were categorized 

into a group.  

Integrative analysis of genomics and metabolite profiling suggested the 

reliable taxonomy systems of different Taraxacum species and much clear 

standard of the herbal medicine has to be established. 
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ABSTRACT IN KOREAN 

 

민들레속 식물들은 오랫동안 전통 한약재로서 사용되어 왔다. 각 

식물체의 건조된 상태는 구분하기가 매우 어려워 한약재나 

제품으로 사용될 때 혼용되는 경우가 빈번히 발생하고 있는 

실정이다. 이에 민들레 종들을 체계적으로 분류할 수 있는 바코드 

마커를 개발하기 위해 엽록체와 45S nuclear ribosomal DNA 서열을 

분석하였다.  

NGS 기술을 이용하여 대한민국 공정서에 포공영으로 등록된 

4종 (서양민들레, 민들레, 털민들레, 흰민들레)와 근연식물(산민들레, 

붉은씨서양민들레)에 대해 엽록체와 핵 내 ITS 영역을 포함하는 

45S rDNA 전체서열을 완성하였다. 완성된 서열의 변이지역들을 

기반으로 공정서 등록종과 근연식물을 비교하여 포공영 등록종을 

안정적으로 판별할 수 있는 바코드 마커 시스템을 구축하였다. 또한 

민들레속 식물들에 대해 대사체 비교 분석을 수행하였으며, 각각의 

종 특이 대사체 마커를 선정하였다.  

본 연구에서 획득한 완전한 엽록체 genome 과 45S nrDNA 

서열에서 밝혀진 다양한 종간 변이는 민들레속 식물의 근연관계 

확인 및 국화과 근연종 다양성 연구에 가치 있게 활용될 수 있을 

것이다. 그리고 본 연구에서 개발한 바코드 마커는 시장에서 

유통되는 민들레 유래 약재 및 제품을 판별하기 위해서 사용될 수 

있을 것이다. 
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