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ABSTRACT: Eighteen accessions of Mentha arvensis var. piperascens Holmes from the CIMAP collection (CIMAP/C01 to CIMAP/
C18) consisting of wild collections and released varieties, their mutants, seed progeny and hybrids from the CIMAP gene bank 
were assessed for diversity through a combined morphochemical and molecular approach. Morphological characters, oil yield 
and essential oil components were taken into account to generate a cluster that outgrouped accession CIMAP/C05 from others. 
A total of 60 primers were used for RAPD and the tree generated after cluster analysis revealed accession CIMAP/C05 as the 
most diverse genotype. All the accessions exhibited diff erences in narrow range except CIMAP/C05. A wide range of compo-
sitional diff erences were observed in the essential oil profi le of the genotypes indicating varying effi  ciencies of conversion of 
one component into other and/or existing metabolic blocks in the essential oil biosynthetic pathway in them. Copyright © 
2009 John Wiley & Sons, Ltd.
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Introduction

Mints (species of genus Mentha L.) belonging to the family 

Lamiaceae are commercially important, due to the essential oil 

produced by them. One of the p-menthane monoterpene consti-

tuting the major part of the essential oil is menthol, which along 

with other components such as limonene, carvone, linalool, etc. 

fi nd various uses in the pharmaceutical, food and confectionery 

industries. The main component of mint oil menthol is being 

used as analgesic and this property is mediated through a selec-

tive activation of κ-opioid receptors.[1] Menthol also enhances 

the effi  cacy of ibuprofen in topical applications via vasodilation, 

which reduces skin barrier function.[2] In nature, Mentha species 

exhibit variability, not only morphologically but also in essential 

oil content and composition, resulting in diff ering aromas.[3] This 

variability can be accounted for by the fact that natural interspe-

cifi c hybridization has led to the formation of hybrids diff ering 

widely from their parents and often designated as diff erent 

species. In an ongoing eff ort to assess the diversity of Mentha 

germplasm, studies were carried out at interspecifi c level at 

Central Institute of Medicinal and Aromatic Plants, Lucknow, 

India.[4,5,8]

DNA fi ngerprinting methods are widely used in plant genome 

research, such as in variability studies, phylogenetic analysis, 

synteny mapping, marker-assisted selection of superior geno-

types, etc.[6,7] Random amplifi ed polymorphic DNA (RAPD) tech-

nique has been used in several laboratories for variability analysis 

and identifi cation of markers linked to agronomically important 

traits.[9–14] RAPD has also been used as a tool to asses genetic 

uniformity of the in vitro regenerated plantlets.[15] The present 

investigation is the detailed study of the available diversity in 

India for the taxon Mentha arvensis var. piperascens Holmes at 

intraspecifi c level, with the aim of selecting the most diverse 

genotypes with variations in morpho- and chemotypic charac-

ters to be used as breeding stocks in the mint improvement 

programme. At the same time the selected germplasm will be of 

use for exploitation of genes involved in the monoterpene meta-

bolic pathway.

Materials and Methods

Plant Material

Accessions of Mentha arvensis var. piperascens Holmes were 

obtained from the National Gene Bank for Medicinal and Aromatic 

Plants, housed at CIMAP (sponsored by the Department of 

Biotechnology, Government of India). These are collections from 

diverse places of India, mutant and seedling selections, Gene 

bank collections, as well as some of the released varieties of 

CIMAP (description provided in Table 1). Suckers of 18 accessions 

(CIMAP/C01 to CIMAP/C18) of M. arvensis were planted (fi ve rep-

licates each) in plots of 2.5 × 2.5 m size in the normal cropping 

season in a CIMAP farm fi eld. Standard agronomy practices were 

followed.[16]
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Morphochemotypic Analysis

Fresh leaves were collected in the month of May from the fi eld-

grown plants of various accessions and oil was extracted from 

300 g plant samples in triplicate by hydrodistillation, using a 

Clevenger’s apparatus. Oil yield (%) was calculated as the mean of 

three samples. The collected oil was subjected to gas–liquid chro-

matography (GLC) analysis on a Varian CX-3400, using a 30 m × 

0.32 mm (0.25 μm fi lm thickness) BP21 column. The injector and 

detector temperatures were maintained at 220°C and 240°C, 

respectively. The oven temperature was programmed from 50°C 

to 220°C at a rate of 6°C/min, with an initial hold of 2 min. Hydrogen 

was used as the carrier gas at rate of 30 ml/min and a 0.1 μl sample 

was injected with a split ratio of 1 : 100. Data were processed by a 

chromatography data station (AIMIL Ltd, India), using Winacds 

software, and the identifi cation was based on the retention times 

of authentic samples and retention index calculations.[17]

Morphological characters in terms of plant height and 

leaf : stem ratios (weight of leaf : weight of stem) of individual 

accessions were noted from fi eld-grown plants 110 days after 

planting (average of three replicates per accession). Hierarchical 

cluster analysis was carried out based on these morphological 

characters and essential oil components present in diff erent 

accessions taken together. Standard Euclidian distance was gen-

erated and clusters were made through the average linkage 

method, using KYPLOT software (Koichi Yoshioka: http://www.

qualest.co.jp).

PCR Amplifi cation and RAPD Analysis

The pooled leaves from the fi ve replicates of each accession con-

stituted the material for DNA isolation. The protocol of Khanuja 

et al. (1999) was employed to isolate DNA from fresh leaf 

tissue.[18] Polymerase chain reaction (PCR) was carried out in 25 μl 

volume. A reaction tube contained 25 ng DNA, 0.2 U Taq DNA 

polymerase, 2.5 μl 10 × buff er, 100 μM each of dNTPs, 1.5 mM 

MgCl2 and 5 pM decanucleotide primers. Three sets of 60 primers 

each were used to assess the genetic variability among the 18 

accessions. The fi rst set of 20 decanucleotide primers were cus-

tom-synthesized in the laboratory at CIMAP, using an ABI Model 

392 synthesizer (Applied Biosystems). The sequences of these 

primers, designated as MAP 01–MAP 20, were AAATCGGAGC, 

GTCCTACTCG, GTCCTTAGCG, TGCGCGATCG, AACGTACGCG, 

GCACGCCGGA, CACCCTGCGC, CTATCGCCGC, CGGGATCCGC, 

GCGAATTCCG, CCCTGCAGGC, CCAAGCTTGC, GTGCAATGAG, 

AGGATACGTG, AAGATAGCGG, GGATCTGAAC, TTGTCTCAGG, 

CATCCCGAAC, GGACTCCACG and AGCCTGACGC, respectively. 

The other two sets of 20 primers each, OPJ 01–OPJ20 and OPT 

01–OPT20, were obtained from Operon Technologies (USA). 

RAPD profi ling was repeated twice and the consistent loci were 

scored for further analysis.

RAPD profi les were analysed by scoring the presence and 

absence of fragments of diff erent accessions and the similarity 

indices were generated using Nei and Li’s coeffi  cient.[19] The 

average similarity matrix was used to generate a tree through the 

average linkage method, using KYPLOT software. The distances 

between individuals calculated with molecular and morpho-

chemical data were compared through a Mantel test (Program 

for Mantel test, version 1.19, by Mauro J. Cavalcanti, Centro de 

Ciências Biológicas, Universidade Santa Úrsula: ftp://life.bio.

sunysb.edu /morphmet/mantel32.exe).

Results and Discussion

Morphochemotypic Variability

Average performances of these accessions in terms of morpho-

chemical characters are listed in Table 2. Accession CIMAP/C12 

showed the highest plant height of 92.6 cm and CIMAP/C06 

exhibited dwarf characteristics (47.6 cm). The accessions CIMAP/

C15 (showing the highest leaf : stem ratio) also yielded the 

Table 1. Menthol mint Mentha arvensis var. piperascens Holmes accessions taken in the study

Serial no. Accession no. Source/origin Reference

 1 CIMAP/C01 Gene bank collection Gene bank*
 2 CIMAP/C02 Gene bank collection Gene bank*
 3 CIMAP/C03 Gene bank collection Gene bank*
 4 CIMAP/C04 Gene bank collection Gene bank*
 5 CIMAP/C05 Gene bank collection Gene bank*
 6 CIMAP/C06 Gene bank collection Gene bank*
 7 CIMAP/C07 Mutant generated by seed irradiation of CIMAP/C03 Gene bank*
 8 CIMAP/C08 Gene bank collection Gene bank*
 9 CIMAP/C09 Seedling selection of CIMAP/C03, open pollinated Gene bank*
10 CIMAP/C10 Seedling selection of CIMAP/C03, open pollinated Gene bank*
11 CIMAP/C11 Seedling selection of CIMAP/C03, open pollinated Gene bank*
12 CIMAP/C12 Released variety of CIMAP, ‘Gomti’, seedling variant from the 

seeds of CIMAP/C18

US Patent PP 10 935

13 CIMAP/C13 Seedling selection of CIMAP/C18 Gene bank*
14 CIMAP/C14 Released variety of CIMAP, ‘Himalaya’, hybrid of ‘Gomti’ and ‘Kalka’ 24, US Patent PP 10 935
15 CIMAP/C15 Released variety of CIMAP, ‘Kosi’ 25, US Patent PP 12 426
16 CIMAP/C16 Released variety of CIMAP, ‘MAS-1’, somatic variant of CIMAP/C03 Gene bank*
17 CIMAP/C17 Released variety of CIMAP, ‘Kalka’ (HY77), selection of ‘MAS-1’ US Patent PP 10 935, PP 12 426
18 CIMAP/C18 Released variety of CIMAP, ‘Shivalik’ Gene bank*

* As provided by Dr J. R. Bahl, breeder in charge of maintenance of the Mentha germplasm.
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highest amount of essential oil (0.83%) and CIMAP/C10 (showing 

the lowest leaf stem ratio) was the lowest oil producer (0.28%). 

This was expected, as essential oil is synthesized and stored in 

special structures called glandular trichomes that are distributed 

abundantly on the leaf surfaces and scarcely found on the 

stem.[20,21] The accumulation of oil is chiefl y governed by its rate 

of synthesis, whereas neither monoterpene catabolism nor 

monoterpene volatilization has any signifi cant role to play in the 

levels of the stored pool of products.[22] For this reason, the 

content of essential oil in CIMAP/C08 (0.68%) is high in spite of 

having the lowest leaf : stem ratio. This also suggests enhanced 

levels of biosynthetic activity of the trichomes or their probable 

presence in higher numbers. In the essential oil biosynthesis 

pathway in Mentha (as depicted in Figure 1), pulegone is con-

verted to isomenthone and menthone. Menthone is further con-

verted to neomenthol and menthol and the latter, through 

acetylation, forms menthyl acetate. On comparative assessment 

of the oil constituents of these accessions, CIMAP/C07 showed 

the highest accumulation of menthone (71.65%) and the lowest 

percentage of menthol (11.63%) and menthyl acetate (0.60%) in 

its essential oil. The genetic and regulatory machinery in this 

accession is effi  cient enough to convert pulegone to menthone 

and the lowest percentage of menthol indicates a metabolic 

block in the menthone-to-menthol conversion in accession 

CIMAP/C01. The accession CIMAP/C17 showed the lowest per-

centage of menthone (3.99%) and the highest percentage of 

menthol (83.76%) in its essential oil, indicating a higher conver-

sion rate of menthone to menthol. The other accession showing 

a relatively higher conversion of menthone to menthol is CIMAP/

C14. This is a released variety and a hybrid between CIMAP/C12 

and CIMAP/C17, retaining the monoterpene pattern of CIMAP/

C17.[23] The varying amounts of oil constituents may be due to 

diff erential effi  ciencies of these accessions to convert one com-

ponent into the other in the essential oil biosynthesis pathway. 

Accession CIMAP/C03 had the highest percentage of isomen-

thone, and menthyl acetate in its essential oil. The accession 

CIMAP/C05 shows the least content of isomenthone, which is a 

‘desired trait’, but has the highest content of neo-menthol and 

quite low menthol content. This again indicates diversions in the 

metabolic pathway leading to a low level of menthol. The essen-

tial oil profi le of CIMAP/C05 is quite diff erent from the rest, as the 

fi ve main components taken in the study constitute 43% of the 

total essential oil, compared to approximately 90% in most of the 

accessions. The menthyl acetate content was seen to be highest 

in accession CIMAP/C02, followed by CIMAP/C09, CIMAP/C11 and 

CIMAP/C03, indicating an active conversion of menthol to 

menthyl acetate. These accessions, as a result, accumulated 

average levels of menthol in their essential oil (58–68%).

Clustering on the Basis of Morphochemotypic Characters

The average dissimilarity matrix (Table 3) depicts the relationship 

among the accessions based on morphochemical characters. In 

cluster analysis using morphological and essential oil constituent 

data (Figure 2), the accession CIMAP/C05 outgrouped from the 

rest, followed by CIMAP/C01 and CIMAP/C07, which formed a 

separate cluster together. The accession CIMAP/C05 showed 

uniqueness in the composition of its essential oil, with low per-

centages of menthone, isomenthone and menthol and the 

highest percentage of neomenthol. The accessions CIMAP/C01 

and CIMAP/C07 accumulate high menthone in the essential oil, 

with low menthol and menthyl acetate, indicating a lower 
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Figure 1. Metabolic pathway of menthol biosynthesis in Mentha arvensis

0 0.2 0.4 0.6 0.8 1

C01
C07
C02
C03
C11
C09
C10
C12
C04
C18
C08
C06
C16
C17
C13
C15
C14
C05

Distance

Figure 2. Distance among M. arvensis accessions, based on 

morphochemical characters
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Figure 3. Genetic clustering among accessions of M. arvensis 

by RAPD analysis

conversion of menthone. Interestingly, accession CIMAP/C01 

accumulates the lowest percentage of neomenthol but the 

accession CIMAP/C07 accumulates high neomenthol in the 

essential oil. All the other accessions were grouped into two 

major clusters. One cluster comprised accessions CIMAP/C13, 

CIMAP/C14 and CIMAP/C15 closely related to each other 

(grouped together) and the other had accessions CIMAP/C06, 

CIMAP/C16 and CIMAP/C17 together. The other cluster subdi-

vided into three subclusters, with accessions CIMAP/C04, CIMAP/

C08 and CIMAP/C18 in one group, CIMAP/C03, CIMAP/C09, 

CIMAP/C11 in the second group and CIMAP/C10 and CIMAP/C12 

forming the third group. Accession CIMAP/C02 outgrouped from 

other accessions of this cluster. The twig of accession CIMAP/C05 

is being depicted in Figure 4 along with the twigs of CIMAP/C17 

and CIMAP/C14.

Genetic Variability and Cluster Analysis on the Basis of 

RAPD Markers

The average dissimilarity matrix (Table 4) depicts the genetic 

divergence among the accessions (5–43%). In the cluster analysis 4
4
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(Figure 3), the accession CIMAP/C05 was found to be the most 

diverse genotype, showing a divergence of 28–33%. In addition, 

the two accessions clustering together, CIMAP/C01 and CIMAP/

C02, outgrouped from the rest of the accessions. The rest of the 

accessions generated a bigger cluster. Accessions CIMAP/C14 

and CIMAP/C15 were closely related (95% similarity). Accession 

CIMAP/C14 is a hybrid between CIMAP/C17 and CIMAP/C12, 

whereas the other accession, CIMAP/C15, is a half-sib progeny of 

CIMAP/C17.[24] These two accessions (CIMAP/C14 and CIMAP/

C15) share a common progenitor, CIMAP/C17. In the same sub-

cluster, CIMAP/C16 and CIMAP/C17 formed a separate group. 

CIMAP/C17 is a selection of accession CIMAP/C16. These four 

genotypes (CIMAP/C14, CIMAP/C15, CIMAP/C16 and CIMAP/C17) 

are from the same linage (CIMAP/C03, considering CIMAP/C16 as 

the somatic variant of CIMAP/C03). CIMAP/C03 showed a diver-

gence of 12–15% from the other four genotypes mentioned 

above. The similarity among the four accessions (CIMAP/C14, 

CIMAP/C15, CIMAP/C16 and CIMAP/C17) is higher (90–95%) 

compared to the similarity of these accessions with CIMAP/C03. 

CIMAP/C12 (the progenitor of CIMAP/C14) is the seedling selec-

tion of CIMAP/C18. Genetically, CIMAP/C18 is in the same cluster 

as of CIMAP/C13–CIMAP/C 17. CIMAP/C13, which is a seedling 

selection of CIMAP/C18, clustered along with it, but the other 

seedling selection, CIMAP/C12, was found to be in another 

cluster. CIMAP/C09 was comparatively close to CIMAP/C03. 

CIMAP/C10 and CIMAP/C11 were found to be in same cluster, 

along with former two accessions. This was expected, as CIMAP/

C09, CIMAP/C`10 and CIMAP/C11 are the seedling selections 

from the CIMAP/C03. CIMAP/C07 is a mutant derived from seed 

irradiation of CIMAP/C03 and present in the same cluster. All 

other accessions, such as CIMAP/C04, CIMAP/C05, CIMAP/C06 

and CIMAP/C08 clustered separately and are gene bank collec-

tions from diverse places. The origin of the accessions is sum-

marized in Table 1.

The comparison of distance between morphochemotypic and 

genetic variability showed a signifi cant correlation value of 0.574, 

with a Mantel t-test value of 3.3359 (at p = 0.9996) after 10 000 

random permutations. This indicates that the proportion of 

morphochemotypic distances correlates and shows a similar 

trend for the distances calculated by RAPD.

Conclusion

In this investigation, the monoterpene component analysis 

clearly shows the diversions and metabolic blocks in the geno-

types. Except for CIMAP/C05, all other accessions were more or 

less similar genotypically. One correlation could be obtained for 

the highly deviated genotype CIMAP/C05 in the chemical com-

ponents as well as genetic make-up. The close genetic relation-

ship among the other genotypes with a high diversity in chemical 

components indicates that small changes in the genome for the 

biochemical pathway-related sequences might have led to the 

diversity in the chemotypes. The capability of accumulating dif-

ferent monoterpenes by the accessions reveals the role of diff er-

ing capabilities of the intermediate enzymes in the essential oil 

biosynthesis pathway, thus resulting in a higher accumulation of 

an intermediate product (menthone) or production of other by-

products (isomenthone, neomenthol) instead of menthol (main 

product). These accessions will serve as plant material for future 

study in elucidating the metabolic blocks and regulation of 

essential oil production in Mentha.
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Figure 4. Accessions C05 and C17 growing in the fi eld (inset: twigs of the plants)
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