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Abstract In this study, we developed 15 novel polymorphic 

simple sequence repeat (SSR) markers by SSR-enriched 

genomic library construction from Codonopsis lanceolata. 

We obtained a total of 226 non-redundant contig sequences 

from the assembly process and designed primer sets. These 

markers were applied to 53 accessions representing the 

cultivated C. lanceolata in South Korea. Fifteen markers 

were sufficiently polymorphic, and were used to analyze the 

genetic relationships between the cultivated C. lanceolata. 

One hundred three alleles of the 15 SSR markers ranged 

from 3 to 19 alleles at each locus, with an average of 6.87. By 

cluster analysis, we detected clear genetic differences in 

most of the accessions, with genetic distance varying from 

0.73 to 0.93. Phylogenic analysis indicated that the 

accessions that were collected from the same area were 

distributed evenly in the phylogenetic tree. These results 

indicate that there is no correlative genetic relationship 

between geographic areas. These markers will be useful in 

differentiating C. lanceolata genetic resources and in 

selecting suitable lines for a systemic breeding program.

Keywords Codonopsis lanceolata, Marker, Medicinal plant , 

Simple sequence repeats (SSR), Genetic relation

Introduction

Codonopsis lanceolata, commonly called the bonnet bellflower, 

is a dicotyledonous perennial plant. It is included in the family 

Campanulaceae, which has 42 species predominantly distributed 

in East, Central and South Asia (He et al. 2015). It is highly 

valued as a traditional medicinal plant and a very popular 

vegetable in East Asia, especially, in the countries such as 

China, Japan and South Korea (Yoo et al. 1989).

  Many phytochemical studies have reported that C. lanceolata 

roots contain saponins (Lee et al. 2002), phenylpropanoids 

(Ushijima et al. 2008), alkaloids and triterpenes (Jung et al. 

2006), flavonoids (He et al. 2011), and more. In addition, 

many studies report that the chemical compounds of C. 

lanceolata show medicinal effects, influencing the immune 

system, cancer (tumor growth prevention) and gastrointestinal 

function (Sathiyamoorthy et al. 2011). Ichikawa et al (2009) 

have reported that there are seven kinds of saponins in C. 

lanceolata. Therefore, it is speculated that there is remarkable 

diversity in the composition and constituents of chemicals 

within cultivated C. lanceolata. 

  Several DNA markers have been successfully employed to 

analyze genetic relationships in Codonopsis. Doo et al (2002) 
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studied the genetic relationship of C. lanceolata collected 

from Baekdoo Mountain and Korea using random amplified 

polymorphic DNAs (RAPD). Lee et al (2001) also reported 

the discrimination and genetic relationship of Adenophorae 

tryphylla and C. lanceolata using RAPD method. Guo et al 

(2006) reported the successful development of inter-simple 

sequence repeats (ISSR) and RAPD methods and applied 

them to C. lanceolata. However, these methods were not 

sufficient to study genetic distance, and development of 

additional DNA markers is still needed. 

  Simple sequence repeat (SSR) marker is a powerful tool for 

analysis of genetic relationships. In addition, it is a useful tool 

for studying the non-reference plant genome, due to its even 

distribution throughout the genome, as well as its high pol-

ymorphism between individuals. Therefore, many studies 

have reported SSR marker applications to crops for phylo-

genetic analysis or genetic diversity on the non-reference 

plant genomes (Badiane et al. 2012; Bang et al. 2011; Kim et 

al. 2015; Park et al. 2013; Reed and Rinehart 2009). Li et al 

(2009, 2013) identified SSR markers for C. tangshen and C. 

pilosula, and then successfully applied these findings to 

investigate the genetic diversity and population structure of 

these two species. Although, C. lanceolata is one of the most 

important medicinal plants in Korea, an elite, inbred line or a 

variety has not been developed yet. Therefore, the study of 

genetic relationship or difference analysis should be carried 

out using markers based on genomic sequences. 

  In this study, we tried to develop novel SSR markers based 

on C. lanceolata genomic sequences to analyze the genetic 

relation of 53 cultivated accessions of C. lanceolata, collected 

from ten areas in South Korea.

Materials and Methods 

Collection of Accessions and DNA Extraction

Fifty-three accessions of cultivated C. lanceolata fresh roots 

or seeds were collected from seed companies or farmers 

throughout South Korea. The collected accessions are listed 

in Appendix 1. All of the collected roots or seeds were grown 

in the Chungbuk National University greenhouse in the spring 

of 2015. For genomic DNA (gDNA) extraction, fresh leaves 

were ground with liquid nitrogen and kept in a deep freezer 

(-80°C) until gDNA extraction using the CTAB method 

(Doyle and Doyle 1987).

Development of SSR Markers

The microsatellite-enrichment library was constructed according 

to the method of Glenn and Schable (2005). Briefly, gDNA 

from C. lanceolata leaves (from accession CL0001) were 

digested with the restriction enzyme Rsa I to obtain DNA 

fragments ranging from approximately 300 to 1,000 base 

pairs (bp), and then ligated with a linker. The ligation products 

were subject to double enrichment steps by hybridization with 

3'-biotinylated microsatellite probes. Information about 3'- 

biotinylated oligos for the enrichment was previously described 

by Glenn and Schable (2005). The DNA fragments, rich in 

microsatellite sequences, were ligated into the pGEM-T vector 

(Promega, Madison, WI, USA) and the ligation mixture was 

transformed into competent E. coli DH5α cells. The resulting 

colonies were subjected to colony PCR to identify recombinant 

clones using M13 forward and reverse primer sets. The PCR 

products were purified and used for sequencing by the ABI 

3730 DNA Analyzer (Applied Biosystems, Foster City, CA, 

USA). After trimming the vector and linker sequences, nucleotide 

sequences were assembled to generate non-redundant contigs 

using Lasergene SeqMan (version 7.0.0, DNASTAR, Madison, 

WI, USA). Putative SSRs were identified by MISA software 

(http://www.pgrc.ipk-gatersleben.de/misa) using the following 

criteria: a minimum of three repeats for di-nucleotides to 

hexa-nucleotides and a gap within 100 bp for composite class. 

Criteria for primer design are as follows: 85-350 bp amplicon 

size and 57-60°C annealing temperature. Primers used in this 

study were synthesized by Biomedic Co., Ltd., Korea (www. 

ibiomedic.co.kr). The specificity of primers was validated by 

routine PCR using gDNA as the template. For the preliminary 

screening of polymorphic markers, routine genomic PCR was 

performed using gDNA from six selected accessions (CL0001, 

CL0004, CL0005, CL0006, CL0007, and CL0008) as templates. 

The PCR products were separated on a 2% agarose gel.

PCR Amplification and Genotyping

PCR was conducted using the Biometra Thermocycler (Göttingen, 

Germany) in a total volume of 20 ml containing 20 ng gDNA, 

1 x HS
TM
 Taq DNA polymerase buffer, 1.5 mM MgCl2, 0.2 

mM of each dNTP, 0.2 mM of each primer, 1.25 units HS
TM
 

Taq DNA polymerase (Dongsheng Biotech, Guangzhou, China). 

The conditions for PCR amplification were as follows: 5 min 

for initial denaturation at 95°C, 34 cycles of 30 sec at 94°C, 30 

sec at 57-61°C, 30 sec at 72°C, concluding with 1 cycle of 30 

min at 72°C. PCR products were separated in a 2.0% agarose 

gel to visualize PCR amplification. PCR primer sets used in 

these experiments are listed in Table 1. Forward primers were 

labeled with a virtual dye 6-FAM, NED, VIC or PET (Applied 

Biosystems). After PCR amplification, 0.2 ml of PCR pro-

ducts were mixed with 9.8 ml Hi-Di formamide (Applied 

Biosystems) and 0.2 ml of GeneScan
TM
 500 LIZ

®
 size standard 
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Table 1 Characteristics of the SSR markers developed and used in this study

No. Marker ID SSR motif

Annealing

Temperature 

(°C)

Allele

size range 

(bp)

Primer sequences

(5’-3’)

GenBank 

accession No.

1 CLSSR-1 (CATC)3(CATA)7 58 130-158
F : FAM-GACACAGCATTATCCACGAA

KP245963
R : GTTTAATTATGCGTTTTGGCTGTC

2 CLSSR-2 (CT)8(ATCT)5 59 178-249
F : PET-CACCACTCAATCATGCAAGC

KP246055
R : GTTTGACGCAGRRGCAGAAAAGAA

3 CLSSR-3 (GATT)6 59 225-249
F : PET-TGTCTATCCTTAATCTTGACAAGT

KP246111
R : GCTAGGATTTCGTCCACACC

4 CLSSR-4 (CTGT)4 61 231-263
F : FAM-AGGTGGAAACGGTGTCTTTG

KP246182
R : GTTTGTCCACAGATGCCATTCGTA

5 CLSSR-5 (TATG)5 58 182-202
F : FAM-GAGAACAATTATTTAAGAACGGATG

KP246037
R : GTTTGTCAGGCCCGRAAAAATGAA

6 CLSSR-6 (AGAA)7 59 136-164
F : PET-TGGACTGTAGATGCCCTGCT

KP246090
R : GTTTTTAAGCCCAAGGTGTTCGTT

7 CLSSR-7 (TATG)5 58 128-160
F : VIC-TAGTTTGGTGGGTAGGTGGA

KP246032
R : GTTTTGCACTTCCCAAGAAGAAAC

8 CLSSR-8 (ATAC)6 60 107-143
F : NED-TTATGCAACTGCTAATTGGTTT

KP246034
R : GGAAAACTCCTGCTGCTGAA

9 CLSSR-9 (CATA)7 58 161-173
F : VIC-GCAGAAGTGAGTATGCAAGTAG

KP246035
R : GTTTGATCATATCTATTGGCATGCA

10 CLSSR-10 (TTGT)6 57 112-132
F : FAM-CATCCCTCCCTGAAAAATGT

KP246057
R : GTTTTGAAACTTTATGGGCATCTTG

11 CLSSR-11 (AAGA)7 58 92-120
F : NED-GTCCTTGCTCACAATTAGCC

KP246084
R : GTTTTGACAAAATGGTGATGCCTA

12 CLSSR-12 (AAGA)7 57 124-136
F : PET-GGGACGCATTTTCGTAATC

KP246086
R : GTTTAGAAATGTTTGTTTATGGGGTG

13 CLSSR-13 (CTTTT)3C(TCTT)7 58 131-155
F : PET-AAGTGGTGAAATTGCAGAGG

KP245959
R : GTTTCATCAATGGATGCGAATAGA

14 CLSSR-14 (TGAT)4T(GA)7 58 182-192
F : VIC-CCACTGGAACAAAGATTACGG

KP246040
R : GTTTCATGGAATTTTCATCGACAAGA

15 CLSSR-15 (CAAA)4 59 207-235
F : NED-CCAATGTCTTGTGTTTGAGATG

KP246054
R : GTTTCAAGGCATTGTAACGTGCAT

(Applied Biosystems). The mixture was denatured at 95°C for 

5 min and placed on ice. The amplified fragments were 

separated by capillary electrophoresis on the ABI 3730 DNA 

analyzer (Applied Biosystems) using a 50-cm capillary with a 

DS-33 install standard as a matrix. We analyzed the amplicon 

size using the GeneMapper software (version 4.0, Applied 

Biosystems).

Data Analysis for Genetic Diversity 

The informative bands were scored based on presence/ 

absence/miss (1/0/9), and were used as the data set generation 

for analysis. The locus and variant of each SSR marker were 

analyzed. Genetic diversity (h) values of loci were calculated 

using the genetic diversity index. These values were calculated 

as follows: h=1-∑ pi
2
, where pi is the frequency of the i

th
 

allele. In addition, heterozygosity of each locus was estimated 

for each SSR marker (Nei 1978). Polymorphism information 

content (PIC), a measure of closely related diversity, was 

estimated using PowerMarker software (version 3.25) (Botstein 

et al. 1980; Liu and Muse 2005). To analyze the genetic 

diversity of the collected accession, we performed statistical 

calculations using NTSYS software (version 2.11) (Rohlf 

1992). The Jaccard genetic similarity matrix was used to 
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Table 2 Genetic diversity measures for 15 polymorphic SSR loci in 53 Codonopsis lanceolata accessions

Marker ID Number of alleles Genetic diversity Heterozygosity PIC
a

CLSSR-1 7 0.63 0.49 0.60

CLSSR-2 19 0.86 0.51 0.85

CLSSR-3 7 0.75 0.68 0.71

CLSSR-4 7 0.76 0.21 0.73

CLSSR-5 3 0.14 0.08 0.14

CLSSR-6 8 0.47 0.44 0.45

CLSSR-7 3 0.50 0.17 0.39

CLSSR-8 9 0.74 0.67 0.71

CLSSR-9 4 0.55 0.42 0.45

CLSSR-10 6 0.75 0.36 0.71

CLSSR-11 7 0.50 0.51 0.47

CLSSR-12 4 0.55 0.49 0.50

CLSSR-13 6 0.68 0.27 0.63

CLSSR-14 6 0.68 0.37 0.63

CLSSR-15 7 0.7 0.62 0.65

Mean 6.87 0.62 0.42 0.57
a

PIC (Polymorphic Information Content) > 0.5 indicates an informative marker.

construct an Unweighted Pair Group Method with Arithmetic 

Average (UPGMA) dendrogram. WINBOOT software (Yap 

and Nelson 1996) was used for bootstrap analysis.

Results and Discussion

SSR Marker Development

The SSR enrichment approach has been widely used to isolate 

SSR markers efficiently from diverse organisms including 

plants (Glenn and Schable 2005; Zane et al. 2002). A library 

highly enriched for di-, tri-, and tetra-nucleotide types of SSR 

motifs was constructed from the genomic DNA of C. 

lanceolata. A total of 456 individual recombinant clones were 

subject to nucleotide sequencing by both directions using 

universal primers of the cloning vector. Finally, we obtained a 

total of 226 non-redundant contig sequences from the contig 

assembly process and deposited to the GenBank database 

under the accession numbers of KP245956 - KP246182. Primer 

sets were designed from the flanking sequences of the SSR 

motifs and used for the primary screening of polymorphic 

primer sets. To test polymorphism of the isolated SSR loci 

using the designed primer sets, total genomic DNA was 

isolated from genetic resources of various collection areas and 

was subjected to PCR amplification. Primary polymorphic 

SSR primers were selected based on agarose gel electrophoresis 

pattern of the PCR products. Finally, 15 polymorphic SSR 

primer sets based on C. lanceolata genomic sequences were 

identified (Table 1). The amplified band sizes ranged from 92 

to 263 bp, and clearly showed single or double bands in 

electrophoresis. From these results, we obtained novel SSR 

markers based on genomic sequences to analyze C. lanceolata 

genetic resources.

Polymorphisms of the Developed SSR Markers

We obtained clearly amplified bands using 15 SSR markers 

from the 53 collected accessions. The polymorphisms of all 

samples were analyzed by GeneScan
TM
 500 LIZ

®
 size standard. 

The 15 SSR loci identified were polymorphic. 103 unique 

alleles were detected from the 53 accessions, which varied 

from 3 to 19 alleles at each locus, with an average of 6.87 

(Table 2). CLSSR-2 showed as many as 19 alleles. The genetic 

diversity for the loci tested in the total accessions showed a 

mean value of 0.62, varying from 0.14 (in CLSSR-5) to 0.86 

(in CLSSR-2). The average of heterozygosity was 0.42, and 

CLSSR-2, CLSSR-3, CLSSR-8, CLSSR-11, CLSSR-15 showed 

> 0.5 (Table 2). PIC values were calculated for each polymorphic 

marker using a method that gives a maximum value of 0.50 

(Roldán-Ruiz et al. 2000). The average PIC value was 0.57. 

CLSSR-2 exhibited the highest PIC value, 0.85. Five markers 

showed <0.5. The PIC value reflects the amount of 

polymorphism and is an informative marker if the value is > 
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Fig. 1 Phylogenetic tree of the 53 Codonopsis lanceolata accessions created using UPGMA cluster analysis

0.5. Although the PIC values of the five markers out of the 15 

SSR markers were less than 0.5, they were sufficient to 

analyze the genetic diversity of the accession.

Genetic Relationship among Accessions

The genetic relationship among the accessions was analyzed, 

and an UPGMA cluster of the 53 C. lanceolata was constructed 

based on fragment analysis data using SSR markers. The 

genetic distance value ranged from 0.73 to 0.93, and there was 

no observed distinct group among the accessions (Fig. 1). 

Phylogenic analysis indicates that CL0009 through CL0020 

accessions, which were collected in Hoengseong-gun, Gangwon- 

do, were distributed evenly in the phylogenetic tree. These 

results indicate that there is no correlative genetic relationship 

between the collection areas. CL0027 and CL0032 accessions, 

which were obtained from Yangpyeong-gun, Gyeonggi-do, 

and Yongin-si, Gyeonggi-do, respectively, were the only 

accessions having exactly the same genotype.

  In this study, we developed 15 novel SSR markers based on 

C. lanceolata genomic sequences, and successfully applied 

them to the collected accessions, showing 103 polymorphic 

bands. Also, the PIC values indicated that the almost SSR 

markers were informative (Table 2). Whereas the developed 
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SSR markers showed 103 polymorphic and reproducible bands, 

20 RAPD primers generated only 49% of the polymorphic 

bands among the total PCR products (Doo et al. 2002). These 

results give evidence that the newly developed SSR markers 

are more efficient than RAPD. While the mean heterozygosity 

for the developed SSR markers was 0.42, Guo et al (2006) 

reported that the C. lanceolata heterozygosity for ISSR markers 

was extremely low. Therefore, we think that SSR markers are 

more useful than ISSR markers in heterozygous crops such as 

C. lanceolata. When the phylogenetic tree was constructed, 

we could not identify a distinct group or cluster to classify 

cultivated C. lanceolata (Fig. 1). These results indicate that the 

cultivated C. lanceolata plants had various genetic backgrounds 

and no variety had been developed yet.

  Recently, the development of sequencing technology makes 

it possible to obtain high-throughput genetic information. 

Gao et al (2015) reported the transcriptome analysis of C. 

pilosula (Franch.) Nannf. using next generation sequencing 

(NGS) technology, and they provided the biosynthetic 

pathway of Codonopsis polysaccharides. This report suggested 

that it is possible to develop extensive genomic SSR, EST-SSR 

or single nucleotide polymorphism (SNP) markers from the 

crops have no reference genome. In the future, these markers 

would help to study the genomics or genetics of C. lanceolata 

cultivars as well as wild ones by facilitating genetic map 

construction, trait mapping, diversity studies, or selecting 

suitable lines for developing mapping populations and systemic 

breeding programs.
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Appendix Table 1 Accession names, collection types and collected regions of 53 Codonopsis lanceolata from South Korea for the 

genetic relationship analysis

No. Accession name Collection type Collected region

1 CL0001 Root Samcheok-si, Gangwon-do

2 CL0002 Seed Wonju-si, Gangwon-do

3 CL0003 Seed Cheolwon-gun, Gangwon-do

4 CL0004 Root Chuncheon-si, Gangwon-do

5 CL0005 Root Pyeongchang-gun, Gangwon-do

6 CL0006 Root Backduck Mountain, Pyeongchang-gun, Gangwon-do

7 CL0007 Root Maebong Mountain, Hongcheon-gun, Gangwon-do

8 CL0008 Root Hongcheon-gun, Gangwon-do

9 CL0009 Root Hoengseong-gun, Gangwon-do (1)

10 CL0010 Root Hoengseong-gun, Gangwon-do (2)

11 CL0011 Root Hoengseong-gun, Gangwon-do (3)

12 CL0012 Root Hoengseong-gun, Gangwon-do (4)

13 CL0013 Root Hoengseong-gun, Gangwon-do (5)

14 CL0014 Root Hoengseong-gun, Gangwon-do (6)

15 CL0015 Seed Hoengseong-gun, Gangwon-do (7)

16 CL0016 Seed Hoengseong-gun, Gangwon-do (8)

17 CL0017 Seed Hoengseong-gun, Gangwon-do (9)

18 CL0018 Seed Hoengseong-gun, Gangwon-do (10)

19 CL0019 Seed Hoengseong-gun, Gangwon-do (11)

20 CL0020 Seed Hoengseong-gun, Gangwon-do (12)

21 CL0021 Seed Hoengseong-gun, Gangwon-do (13)

22 CL0022 Seed Hoengseong-gun, Gangwon-do (14)

23 CL0023 Seed Hoengseong-gun, Gangwon-do (15)

24 CL0024 Seed Hoengseong-gun, Gangwon-do (16)

25 CL0025 Seed Namyangju-si, Gyeonggi-do

26 CL0026 Seed Bucheon-si, Gyeonggi-do

27 CL0027 Root Yangpyeong-gun, Gyeonggi-do

28 CL0028 Root Yongin-si, Gyeonggi-do (1)

29 CL0029 Seed Yongin-si, Gyeonggi-do (2)

30 CL0030 Seed Yongin-si, Gyeonggi-do (3)

31 CL0031 Seed Yongin-si, Gyeonggi-do (4)

32 CL0032 Seed Yongin-si, Gyeonggi-do (5)

33 CL0033 Root Jiri Mountain, Sancheong-gun, Gyeongsangnam-do (1)

34 CL0034 Seed Jiri Mountain, Sancheong-gun, Gyeongsangnam-do (2)

35 CL0035 Seed Bonghwa-gun, Gyeongsangbuk-do

36 CL0036 Root Ulleung-gun, Gyeongsangbuk-do

37 CL0037 Root Yeongju-si, Gyeongsangbuk-do

38 CL0038 Seed Jung-gu, Daejeon Metropolitan City (1)

39 CL0039 Seed Jung-gu, Daejeon Metropolitan City (2)

40 CL0040 Seed Songpa-gu, Seoul

41 CL0041 Seed Jongno-gu, Seoul

42 CL0042 Root Gwangyang-si, Jeollanam-do

43 CL0043 Root Jiri Mountain, Gurye-gun, Jeollanam-do

44 CL0044 Root Sinan-gun, Jeollanam-do

45 CL0045 Root Hwasun-gun, Jeollanam-do

46 CL0046 Root Muju-gun, Jeollabuk-do (1)

47 CL0047 Root Muju-gun, Jeollabuk-do (2)

48 CL0048 Root Seogwipo-si, Jeju Special Self-Governing Province

49 CL0049 Root Jeju-si, Jeju Special Self-Governing Province (1)

50 CL0050 Root Jeju-si, Jeju Special Self-Governing Province (2)

51 CL0051 Seed Jeju-si, Jeju Special Self-Governing Province (3)

52 CL0052 Root Danyang-gun, Chungcheongbuk-do

53 CL0053 Root Chungju-si, Chungcheongbuk-do


