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Abstract - Agastache rugosa, a member of the mint family (Labiatae), is a perennial herb widely distributed in East Asian 
countries. It is used in traditional medicine for the treatment of cholera, vomiting, and miasma. This study assessed the 
genetic diversity and population structures on 65 accessions of Korean mint A. rugosa germplasm based on inter simple 
sequence repeat (ISSR) markers. The selected nine ISSR primers produced reproducible polymorphic banding patterns. In 
total, 126 bands were scored; 119 (94.4%) were polymorphic. The number of bands generated per primer varied from 7 to 
18. A minimum of seven bands was generated by primer 874, while a maximum of 18 bands was generated by the primer 
844. Six primers (815, 826, 835, 844, 868, and 874) generated 100% polymorphic bands. This was supported by other 
parameters such as total gene diversity (HT) values, which ranged from 0.112 to 0.330 with a mean of 0.218. The effective 
number of alleles (NE) ranged from 1.174 to 1.486 with a mean value of 1.351. Nei’s genetic diversity (H) mean value was 
0.218, and Shannon’s information index (I) mean value was 0.343. The high values for total gene diversity, effective 
number of alleles, Nei’s genetic diversity, and Shannon’s information index indicated substantial variations within the 
population. Cluster analysis showed characteristic grouping, which is not in accordance with their geographical affiliation. 
The implications of the results of this study in developing a strategy for the conservation and breeding of A. rugosa and other 
medicinal plant germplasm are discussed.
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Introduction

The Labiatae comprises a large family of over 6000 
species (Thorne, 1992). The family is known for its fine 
ornamental and culinary herbs like basil, lavender, mint, 
oregano, rosemary, sage, and thyme, as well as representing a 
rich source of essential oils for the flavoring and perfume 
industry. They have traditionally been considered closely 
related to the Verbenaceae (Harley et al., 2004), but in the 
1990s, phylogenetic studies suggested that many genera 
classified in Verbenaceae belong instead in Lamiaceae 
(Cantino et al., 1992). The genus Agastache (Lamiaceae) 
comprises 12 species with stiff, angular stems clothed in 
tooth-edged lance-shaped leaves and broad that vary by 
species. They have an upright spike of tubular, two‐lipped 

flowers. The flowers are usually white, pink, mauve, or 
purple with bracts that back the flowers, being of the same or 
a slightly contrasting color. Leaf tips can be eaten and made 
into teas.

The species Agastache rugosa Kuntze (syn. Lophanthu 
rugosus) is a perennial herb belonging to the Labiatae family. 
The plant is widely distributed in Korea, China, India, Japan, 
and other East Asian countries and used in Chinese folk 
medicine. Antitumor and cytotoxic activities of the plant 
have been reported (Weverstahl et al., 1992) and the whole 
plant has been used as an agent for the treatment of cholera, 
vomiting, and miasma. Leaves can also be used as a spice. 
The species is traditionally used as a medicinal plant in Korea 
(Jung and Shin, 1990).

In recent years, the breeding and registration of medicinal 
plant cultivars have been reported from several different 
countries (Bernath, 1996). The most important goals of any 
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medicinal plant‐breeding program are to improve the mor-
phological characteristics and increase the accumulation of 
biologically active agents. Studying the genetic diversity of 
available plant germplasm is a prerequisite for each breeding 
program (Bernath, 2002).

Molecular markers have been used in determining genetic 
diversity and reconstructing evolutionary processes (Ikbal et 
al., 2010). In contrast to traditional selection based on 
phenotypic screening, molecular markers refractory to environ-
mental variation are fully inheritable and available in large 
numbers. To develop an efficient identification method, 
molecular techniques have been used since they are reliable, 
unaffected by environmental conditions, and can aid in varietal 
identification. In recent years, DNA‐based on molecular 
markers have been used to assess the genetic diversity among 
the germplasm of many plant species. DNA‐based molecular 
markers have the advantage of being free from environmental 
modulation. Inter simple sequence repeats (ISSR) based on 
PCR amplification have been widely used for the study of 
population genetics in several medicinal plants (Bornet et al., 
2002; Chen et al., 2006; Fracaro and Echeverrigaray, 2006; 
Li and Jin, 2008). ISSR primers of repeat motifs (micro-
satellites) that are abundant and dispersed throughout 
genomes anchor at either the 5’ or 3’ end with one or a few 
specific nucleotides. Sequences are amplified between two 
microsatellite loci (Wang et al., 1994; Wang et al., 2008; 
Zietkiewicz et al., 1994; Ratnaparkhe et al., 1998). Because 
of the higher annealing temperature and longer sequence of 
ISSR primers, they can yield more reliable and reproducible 
bands than random amplification of polymorphic DNA 
(RAPD; Nagaoka and Ogihara, 1997; Wolfe et al., 1998; 
Goulao et al., 2001; Qian et al., 2001), and the cost of these 
analyses is lower than that of some other markers such as 
restriction fragment length polymorphisms (RFLPs), simple 
sequence repeats (SSRs), and amplified fragment length 
polymorphisms (AFLPs; Yang et al., 1996; Wang et al., 
2008). In addition to freedom from the necessity of obtaining 
genomic sequence information, ISSR markers are technically 
simpler than many other marker systems in the genetic 
diversity studies of plants (Ratnaparkhe et al., 1998; Bornet 
and Branchard, 2001; Ye et al., 2005). To date, no report is 
available on applications of molecular markers in studies on 

the genetic diversity of A. rugosa. In this investigation, a first 
attempt was made to study the genetic diversity and population 
structure of A. rugosa using ISSR markers.

Materials and Methods

Plant material and DNA isolation 
Sixty‐six accessions of A. rugosa germplasm (Table 1) 

representing different countries of origins (61 accessions 
from Korea, two accessions from Russia, one accession from 
North Korea, one accession from China, and one accession 
from Canada) were selected for the present study. Seeds were 
obtained from the National Agrobiodiversity Center at the 
Rural Development Administration, Republic of Korea. 
ISSR analyses were conducted using a single plant from each 
accession. DNA was extracted from the freeze‐dried leaves of 
15‐day‐old seedlings of each accession, according to the 
modified cetyltrimethyl ammonium bromide (CTAB) method 
(Dellaporta et al., 1983). The relative purity and concentration 
of extracted DNA were estimated using an ND‐1000 
spectrophotometer (Dupont Agricultural Genomics Laboratory, 
NanoDrop Technologies, Wilmington, DE, USA). The final 
DNA concentration was adjusted to 10ng/µl.

ISSR primer screening
In total, 139 primers (UBC, University of British Columbia, 

Canada) were used in the ISSR‐PCR reaction. After a 
preliminary test, we selected nine primers that had clear, 
repeatable, amplified polymorphic bands to analyze the 
polymorphism of A. rugosa germplasm accessions. Each 
experiment was performed at least twice. 

ISSR‐PCR amplification
The ISSR‐PCR amplification of 20 ng of DNA was 

performed in 10 mM Tris‐HCI (pH 8.3), 50 mM KCl, 1.5 mM 
MgCl2, 0.5 mM spermidine, 2% formamide, 0.1 mM dNTPs, 
0.3 µM primer, and 1 U of Taq DNA polymerase (NeoTherm) 
in a 20 µl reaction using a PTC‐220 thermal cycler (MJ 
Research, Watertown, MA, USA). The following reaction 
conditions were used: initial denaturation for 5 min at 94 °C, 
followed by 40 cycles of 1 min at 94 °C (denaturation), 45 s at 
50 °C (annealing), and 2 min at 72 °C (extension), with a final 
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Table 1. Effects of the Red Ginseng on the thymus and spleen index in BALB/c mice

Sl. 
No.

Accession 
No. Species name Country 

code Country Sl. 
No.

Accession 
No. Species name Country 

code Country

1 175074 Agastache rugosa KOR Korea 38 K134675 Agastache rugosa KOR Korea
2 183182 Agastache rugosa KOR Korea 39 K134676 Agastache rugosa KOR Korea
3 195160 Agastache rugosa KOR Korea 40 K134677 Agastache rugosa KOR Korea
4 196719 Agastache rugosa KOR Korea 41 K136422 Agastache rugosa Unknown Unknown
5 196720 Agastache rugosa KOR Korea 42 K144963 Agastache rugosa KOR Korea
6 209893 Agastache rugosa KOR Korea 43 K144964 Agastache rugosa KOR Korea
7 209894 Agastache rugosa KOR Korea 44 K144965 Agastache rugosa KOR Korea
8 807260 Agastache rugosa KOR Korea 45 K144966 Agastache rugosa KOR Korea
9 K001011 Agastache rugosa CAN Canada 46 K144967 Agastache rugosa KOR Korea
10 K001475 Agastache rugosa KOR Korea 47 K144968 Agastache rugosa KOR Korea
11 K001476 Agastache rugosa KOR Korea 48 K146120 Agastache rugosa RUS Russia
12 K001477 Agastache rugosa KOR Korea 49 K146200 Agastache rugosa RUS Russia
13 K001478 Agastache rugosa KOR Korea

50 K153751 Agastache rugosa PRK North 
Korea14 K001479 Agastache rugosa KOR Korea

15 K001480 Agastache rugosa KOR Korea 51 K160463 Agastache rugosa KOR Korea
16 K001481 Agastache rugosa KOR Korea 52 195180 Agastache rugosa KOR Korea
17 K001482 Agastache rugosa KOR Korea 53 195188 Agastache rugosa KOR Korea
18 K001483 Agastache rugosa KOR Korea 54 911019 Agastache rugosa KOR Korea
19 K001484 Agastache rugosa KOR Korea 55 K124860 Agastache rugosa KOR Korea
20 K001485 Agastache rugosa KOR Korea 56 K124861 Agastache rugosa KOR Korea
21 K001486 Agastache rugosa KOR Korea 57 K124862 Agastache rugosa KOR Korea
22 K001487 Agastache rugosa KOR Korea 58 K124864 Agastache rugosa KOR Korea
23 K001488 Agastache rugosa KOR Korea 59 K124865 Agastache rugosa KOR Korea
24 K001489 Agastache rugosa KOR Korea 60 K124866 Agastache rugosa KOR Korea
25 K001490 Agastache rugosa KOR Korea 61 K124867 Agastache rugosa KOR Korea
26 K001491 Agastache rugosa KOR Korea 62 K124868 Agastache rugosa KOR Korea
27 K001492 Agastache rugosa KOR Korea 63 K124869 Agastache rugosa KOR Korea
28 K001493 Agastache rugosa KOR Korea 64 K124870 Agastache rugosa KOR Korea
29 K001494 Agastache rugosa KOR Korea 65 K124871 Agastache rugosa KOR Korea
30 K001495 Agastache rugosa KOR Korea
31 K024673 Agastache rugosa CHN China
32 K026440 Agastache rugosa KOR Korea
33 K040600 Agastache rugosa KOR Korea
34 K109330 Agastache rugosa KOR Korea
35 K109639 Agastache rugosa KOR Korea
36 K124859 Agastache rugosa KOR Korea
37 K124863 Agastache rugosa KOR Korea

extension at 72 °C for 5 min. Amplified products were 
electrophoresed on 2 % agarose gel using 0.5 × TAE buffer 
(10 mM Tris‐HCl and 1 mM EDTA, pH 8.0) and visualized 
using ethidium bromide staining. The patterns were 
photographed and stored as digital pictures in a gel documenta-
tion system.

Data analysis
Unequivocally reproducible bands were scored and 

entered into a binary character matrix (1 for presence and 0 
for absence). Nei’s similarity matrix was subjected to cluster 
analysis by the unweighted pair group method for arithmetic 
mean averages (UPGMA) and a dendrogram was generated 
using the software MEGA 4. POPGENE 1.3 software was 
used to calculate Nei’s unbiased genetic distance among the 
different genotypes for all markers. Data for total gene 
diversity (HT), effective number of alleles (NE), Nei’s genetic 
diversity (H) and Shannon’s information index (I) were also 
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Table 2. Genetic diversity of A. rugosa detected by ISSR marker analysis

Primer Nucleotide sequence 
(5’‐3’)

Total no. of 
scorable bands

No. of polymorphic 
bands

Polymorphic
(%) HT NE H I

811 (GA)8C 16 12 75 0.205 1.334 0.205 0.330
815 (CT)8G 17 17 100 0.175 1.263 0.175 0.284
826 (AC)8C 10 10 100 0.292 1.486 0.292 0.447
834 (AG)8YG 17 15 88.23 0.231 1.380 0.231 0.360
835 (AF)8YC 17 17 100 0.163 1.251 0.163 0.266
844 (CR)8RC 18 18 100 0.184 1.276 0.184 0.298
868 (GAA)6 11 11 100 0.236 1.387 0.236 0.360
874 (CCCT)4 7 7 100 0.112 1.174 0.112 0.198
880 (GGAGA)3 13 12 92.31 0.330 1.563 0.330 0.494

Total 126 119 ‐ ‐ ‐ ‐ ‐
Mean 14.0 13.22 ‐ 0.2178 1.3514 0.2178 0.3427
S.D. ‐ ‐ ‐ 0.2178 0.3346 0.1744 0.2386

Y (C, T), R (A, G); NE, effective number of alleles; I, Shannon’s information index; HT, total gene diversity; H, Nei’s gene diversity

analyzed across all 165 accessions (Yeh et al., 1999). 

Results

ISSR polymorphisms
The A. rugosa specimens were analyzed using 139 

primers, of which nine produced reproducible polymorphic 
banding patterns. In total, 126 bands were scored, 119 (94.4 
%) of which were polymorphic. The number of bands 
generated per primer varied from 7 to 18. The minimum of 
seven bands was generated by primer 874, while the 
maximum of 18 bands was generated by primer 844. Six 
primers (815, 826, 835, 844, 868, and 874) generated 100% 
polymorphic bands. A high level of polymorphism was 
detected by the ISSR markers in this study. 

Genetic variability details from inter simple sequence 
repeat (ISSR) markers 

The data for total gene diversity (HT) values ranged from 
0.112 to 0.330 with a mean value of 0.218, while effective 
number of alleles (NE) ranged from 1.174 to 1.486 with a 
mean value of 1.351 (Table 2). Nei’s genetic diversity (H) 
values ranged from 0.112 to 0.330 with a mean value of 0.218 
and Shannon’s information index (I) ranged from 0.198 to 
0.494 with a mean value of 0.343. The values of H and I were 

found to be highest for primer 880 and lowest for primer 874 
in all 65 accessions, which were analyzed using nine ISSR 
markers. The high values for total gene diversity, effective 
number of alleles, Nei’s genetic diversity, and Shannon’s 
information index displayed substantial variations within the 
population. 

Genetic structure 
Genetic relationships among the accessions were establish-

ed using UPGMA cluster analysis (Fig. 1). Nei’s unbiased 
measure of genetic distance was employed to further elucidate 
the genetic differentiation in all the accessions. Nei’s genetic 
distance ranged from 0.482 to 1.000 and genetic identity 
ranged from 0.000 to 0.730. A dendrogram was developed for 
65 accessions of A. rugosa using ISSR markers. The genetic 
relationships revealed among the accessions using nine ISSR 
markers were grouped into two major clusters denoted as 
cluster A and cluster B. Cluster A was subdivided in to two 
subclusters, A1 and A2. The subcluster A1 contained 49 
accessions, including 43 accessions from Korea, two 
accessions from Russia, one accession from Canada, one 
accession from North Korea, one accession from China, and 
one unknown accession. The subcluster A2 contained 13 
accessions from Korea only and cluster B contained only 
three accessions also from Korea. Despite the identification 
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Fig. 1. Dendrogram of 65 A. rugosa accessions based on Jaccard’s similarity coefficient.

of several groups, the dendrogram showed no strict relation-
ship with respect to geographical distribution.

Discussion

In the rapid development of molecular biology, molecular 
markers have increasingly been shown to be useful for 
diversity assessments in many plant species (Waugh and 
Powell, 1992). Compared with other molecular markers, 
ISSR markers are more reproducible, stable, simple, and have 
been demonstrated to be very powerful in analyzing genetic 
structure and diversity in many medicinal plant species 
including Carthamus tinctorius (Peng et al., 2008), 
Pogostemon cablin (Wu et al., 2010), and Rheum tanguticum 
(Hu et al., 2010). In our study using 139 primers, nine 
produced reproducible polymorphic banding patterns. In 
total, 126 bands were scored, and 119 (94.4 %) were 
polymorphic. The number of bands generated per primer 

varied from 7 to 18, with the minimum of seven bands 
generated by primer 874, and the maximum of 18 bands 
generated by primer 844. Six primers (815, 826, 835, 844, 
868, and 874) generated 100 % polymorphic bands. Therefore, 
the observed high levels of polymorphism detected in 
otherwise self‐pollinated accessions of A. rugosa may be 
attributable to the broad genetic base of the species that in the 
process of speciation may have acquired novel gene 
combinations for better adaptability to changing environmental 
conditions. A similar observation of high diversity in a self‐
pollinated species has been reported in Mucuna pruriens 
(Capo‐chichi et al., 2003; Padmesh et al., 2006). The high 
genetic diversity observed in A. rugosa may be due to its wide 
geographical and climatic distribution in both tropical and 
temperate regions that must have accelerated the evolvement 
of novel and diverse genotypes.

In the present study, the gene diversity (HT) values ranged 
from 0.112 to 0.330 with a mean value of 0.218, while 
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effective number of alleles (NE) ranged from 1.174 to 1.486 
with a mean value of 1.351. The values of H and I were found 
to be highest for primer 880 and lowest for primer 874 for all 
65 accessions and were analyzed using nine ISSR markers. 
The high values for total gene diversity, effective number of 
alleles, Nei’s genetic diversity, and Shannon’s information 
index indicated substantial variations within the population. 

Yang et al. (2010) similarly reported total genetic diversity 
(HT) was 0.2954 and Shannon’s information index (I) was 
0.4371, suggesting a relatively high rate of genetic variation 
at the species level in Meconopsis quintuplinervia Regel. The 
average within‐ population diversity also appeared to be high, 
with He and I values of 0.2408 and 0.3347, respectively. 
Nei’s coefficient of differentiation (GST) was also found to be 
high (0.2320), further confirming the relatively high level of 
genetic differentiation within populations. Genetic variability 
within populations is a very important measure of species 
adaptation to environmental changes and of species survival 
(Sofia et al., 2006). When the gene pool of a population 
narrows and loses genetic plasticity, it becomes increasingly 
susceptible to changes in the environmental conditions and 
hence more prone to extinction (Louis, 1980). In the present 
study, Nei’s unbiased measure of genetic distance was 
employed further to elucidate the genetic differentiation in all 
the accessions. Nei’s genetic distance ranged from 0.482 to 
1.000 and genetic identity ranged from 0.000 to 0.730. A 
dendrogram was developed for 65 accessions of A. rugosa 
using ISSR markers. The genetic relationships among 
accessions using nine ISSR markers were grouped into two 
major clusters denoted as cluster A and cluster B. Cluster A 
was subdivided into two subclusters, A1 and A2; subcluster 
A1 contained 49 accessions. Subcluster A2 contained 13 
accessions and cluster B contained only three accessions. 
Despite the identification of several groups, these dendrograms 
showed no strict relationship with respect to geographical 
distribution.

Padmesh et al. (2012) reported in their cluster analysis of 
Rauvolfia serpentina L. that the grouping of samples did not 
strictly follow the geographical affiliation of the accessions, 
since all samples from southern and central Kerala clustered 
along with the lone member from a distant location (Andhra 
Pradesh, India) to form three clusters with few outliers. 

Gajera et al. (2010) reported that dendrograms showed no 
clear pattern of clustering according to the locations from 
where genotypes were collected, indicating little or no 
location specificity among castor genotypes. Similar results 
were also reported in Azuki bean (Yee et al., 1999) and in 
groundnut (Dwivedi et al., 2001). The high genetic diversity 
observed implies that an appropriate and efficient protection 
strategy if employed would help restore the species stability 
to a significant extent. As A. rugosa is widely used in 
traditional medicine in China and Korea, the results of our 
study on the genetic diversity and population structure of A. 
rugosa using ISSR markers, and the integration of informa-
tion obtained by genetic analysis, allow for the development 
of effective conservation strategies. In this context, the 
persistence of high genetic diversity within and among the 
population, and the presence of high polymorphism, total 
gene diversity, effective number of alleles, Nei’s gene diversity, 
Shannon’s index, and UPGMA analysis, ultimately resulted 
in a nonsignificant correlation between geographical distance 
and genetic diversity. The aforesaid investigations indicate 
that large germplasm collections are necessary to represent 
the overall genetic diversity of A. rugosa. Moreover, the 
genetic diversity information obtained from this study may 
provide detailed inputs to devise a useful and appropriate tool 
for the conservation and management of breeding programs 
for medicinal plant species.

Acknowledgements

This study was supported by a grant (Code no. PJ00937 
32013) from the National Academy of Agricultural Science, 
RDA, Republic of Korea.

Literature Cited

Bernath, J. 1996. Conventional breeding methods and their 
effectiveness in selection of medicinal and aromatic plants. 
In Proceedings of the First International Symposium on 
Breeding Research on Medicinal and Aromatic Plants, 
Quedlinburg, Germany. pp. 154‐161.

Bernath, J. 2002. Strategies and recent achievements in 
selection of medicinal and aromatic plants. Acta. Hortic. 



Korean J. Plant Res. 26(3) : 362～369 (2013)

- 368 -

576:65‐68.
Bornet, B. and M. Branchard. 2001. Nonanchored inter simple 

sequence repeat (ISSR) markers: reproducible and specific 
tools for genome fingerprinting. Plant Mol. Biol. Rep. 
19:209‐215.

Bornet, B., F. Goraguer, G. Joly and M. Branchard. 2002. 
Genetic diversity in European and Argentinian cultivated 
potatoes (Solanum tuberosum subsp. tuberosum) detected by 
inter‐simple sequence repeats (ISSRs). Genome 45:481‐484.

Cantino, P.D., R.M. Harley and S.J. Wagstaff. 1992. Genera of 
the Labiatae, status and classification. In Harley R.M. and T. 
Reynolds (eds.), Advances in Labiate Science, Royal 
Botanic Gardens, Kew. London, UK. pp. 511‐522.

Capo‐chichi, L.J.A., D.B. Weaver and C.M. Morton. 2003. The 
use of molecular markers to study genetic diversity in 
Mucuna. Trop. Subtrop. Agroecosyst 1:309‐318.

Chen, J.M., W.R. Gituru, Y.H. Wang and Q.F. Wang. 2006. 
The extent of clonality and genetic diversity in the rare 
Caldesia grandis (Alismataceae): comparative results for 
RAPD and ISSR markers. Aquat. Bot. 84:301‐307.

Dellaporta, S., J. Wood and J.B. Hicks. 1983. A plant DNA 
minipreparation: version l. Plant Mol. Biol. Rep. 1:19‐21.

Dwivedi, S.L., S. Gurtu, S. Chandra, W. Yuejin and S.N. 
Nigam. 2001. Assessment of genetic diversity among 
selected groundnut germplasm. Plant Breed. 120:345‐349.

Fracaro, F. and S. Echeverrigaray. 2006. Genetic variability in 
Hesperozygis ringens Benth. (Lamiaceae), an endangered 
aromatic and medicinal plant of Southern Brazil. Biochem. 
Genet. 44:479‐490.

Gajera, B.B., N. Kumar, A.S. Singh, B. Singh Punvara, R. 
Ravikirana, N. Subhasha and G.C. Jadejab. 2010. Assessment 
of genetic diversity in castor (Ricinus communis L.) using 
RAPD and ISSR markers. Ind. Crops Prod. 32:491‐498.

Goulao, L., T. Valdiviesso, C. Santana and C.M. Oliveira. 
2001. Comparison between phenetic characterisation using 
RAPD and ISSR markers and phenotypic data of cultivated 
chestnut (Castanea sativa Mill.). Genet. Resour. Crop Evol. 
48:329‐338.

Harley, R.M., S. Atkins, A.L. Budantsev, P.D. Cantino, B.J. 
Conn, R.J. Grayer, M.M. Harley, R.P.J. de Kok, T.V. 
Krestovskaja, R. Morales, A.J. Paton and P. Olof Ryding. 
2004. Labiatae. In Kubitzki K. and J.W. Kadereit  (eds.), The 
families and genera of vascular plants, Vol. VII. Springer‐
Verlag, Heidelberg, Germany. pp. 167‐275.

Hu, Y.P., L. Wang, X.L. Xie, J. Yang, Y. Li and H.G. Zhang. 

2010. Genetic diversity of wild populations of Rheum 
tanguticum endemic to China as revealed by ISSR analysis. 
Biochem. Syst. Ecol. 38:264‐274. 

Ikbal, K.S. Boora and R.S. Dhillon. 2010. Evaluation of genetic 
diversity in Jatropha curcus using RAPD markers. Indian J. 
Biotechnol. 9:50‐57.

Jung, B.S. and M.K. Shin 1990. Encyclopedia of Korean Crude 
Drugs. Youngrim Sa, Seoul, Korea. p. 840.

Li, J.M. and Z.X. Jin. 2008. Genetic structure of endangered 
Emmenopterys henryi Oliv. based on ISSR polymorphism 
and implications for its conservation. Genetica 133:227‐234.

Louis, L. 1980. Biology of the Gene. C.V. Mosby Company, 
London, UK. p. 151. 

Nagaoka, T. and Y. Ogihara. 1997. Applicability of inter‐
simple sequence repeat polymorphisms in wheat for use as 
DNA markers in comparison to RFLP and RAPD markers. 
Theor. Appl. Genet. 94:597‐602.

Padmesh, P., J.V. Reji, M. Jinish Dhar and S. Seeni. 2006. 
Estimation of genetic diversity in varieties of Mucuna 
pruriens using RAPD. Biol. Plant 50:367‐372.

Padmesh, P.P., S.S. Jayakumari, K.M. Menon, K.S.P. 
Jayakumar and S. Apian. 2012. ISSR analysis reveals high 
intraspecific variation in Rauvolfia serpentina L. – a high 
value medicinal plant. Biochem. Syst. Ecol. 40:192‐197.

Peng, S., N. Feng, M. Guo, Y. Chen and Q. Guo. 2008. Genetic 
variation of Carthamus tinctorius L. and related species 
revealed by SRAP analysis. Biochem. Syst. Ecol. 36:531‐
538.

Qian, W., S. Ge and D.Y. Hong. 2001. Genetic variation within 
and among populations of a wild rice Oryza granulata from 
China detected by RAPD and ISSR markers. Theor. Appl. 
Genet. 102:440‐449.

Ratnaparkhe, M.B., M. Tekeoglu and F.J. Muehlbauer 1998. 
Inter‐simple‐sequence‐repeat (ISSR) polymorphisms are 
useful for finding markers associated with disease resistance 
gene clusters. Theor. Appl. Genet. 97:515‐519.

Sofia, S.H., C.R.M. Silva, B.A. Galindo, F.S. Almeida, L.M.K. 
Sodre and B.R.M. Claudia. 2006. Population genetic 
structure of Astyanax scabripinis (Teleostei, Characidae) 
from an urban stream. Hydrobiology 553:245‐254.

Thorne, R.F. 1992. Classification and geography of the 
flowering plants. Bot. Rev. 58:225‐348.

Wang, C., H. Zhang, Z.Q. Qian and G.F. Zhao. 2008. Genetic 
differentiation in endangered Gynostemma pentaphyllum 
(Thunb.) Makino based on ISSR polymorphism and its 



Genetic Diversity and Population Structure of Korean Mint Agastache rugosa (Fisch & Meyer) Kuntze (Lamiaceae) using ISSR Markers

- 369 -

implications for conservation. Biochem. Syst. Ecol. 36:699‐
705. 

Wang, Z., J.L. Weber, G. Zhong and S.D. Tanksley. 1994. 
Survey of plant short tandem DNA repeats. Theor. Appl. 
Genet. 88:1‐6.

Waugh, R. and W. Powell. 1992. Using RAPD markers for crop 
improvement. Trends Biotech. 10:186‐191.

Weverstahl, P., H. Marshall, E. Mantenffel and S. Humeck. 
1992. Volatile constituents of Agastache rugosa. J. Essent. 
Oil Res. 4:585‐587.

Wolfe, A.D., Q.Y. Xiang and S.R. Kephart. 1998. Assessing 
hybridization in natural populations of Penstemon (Scro-
phulariaceae) using hypervariable inter simple sequence 
repeat (ISSR) bands. Mol. Ecol. 7:1107‐1125.

Wu, Y.G., Q.S. Guo, J.C. He, Y.F. Lin, L.J. Luo and G.D. Liu. 
2010. Genetic diversity analysis among and within 
populations of Pogostemon cablin from China with ISSR 
and SRAP markers. Biochem. Syst. Ecol. 38:63‐72.

Yang, S., X. Lu, R. Ye, Y Li., Y. Zhou, P. Yue, J. Zhao, C. 
Zhang and M. Peng. 2010. Genetic diversity and population 
structure in Meconopsis quintuplinervia (Papaveraceae). 

African J. Biotechnol. 9:3048‐3053.
Yang, W.P., A.C. De Oliveira, I. Godwin, K. Schertz and J.L. 

Bennetzen. 1996. Comparison of DNA marker technologies 
in characterizing plant genome diversity: variability in 
Chinese sorghums. Crop Sci. 36:1669‐1676.

Ye, C.J., Z.W. Yu, F.N. Kong, S.W. Wu and B. Wang. 2005. R‐
ISSR as a new tool for genomic fingerprinting, mapping, and 
gene tagging. Plant Mol. Biol. Rep. 23:167‐177.

Yee, E., K.K. Kidwell, G.R. Sills and T.A. Lumpkin. 1999. 
Diversity among selected Vigna angularis (Azuki) acces-
sions on the basis of RAPD and AFLP markers. Crop Sci. 
39:268‐275.

Yeh, F., R. Yang and T. Boyle. 1999. POPGENE version 1.32. 
Microsoft Window‐based freeware for population genetic 
gnalysis. Molecular Biology and Biotechnology Center, 
University of Alberta, Canada.

Zietkiewicz, E., A. Rafalski and D. Labuda. 1994. Genome 
fingerprinting by simple sequence repeat (SSR)‐anchored 
polymerase chain reaction amplification. Genomics 20:176‐
183.

(Received 12 November 2012 ; Revised 24 January 2013 ; Accepted 25 January 2013)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


