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Genetic Diversity among Mentha Populations in Egypt
as Reflected by Isozyme Polymorphism
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Abstract: Tsozyme polymorphism has been used to measure genetic diversity, genetic population structure and
for the estimation of the amount of genetic divergence within and between populations and species of Mentha
m Egypt. Ten 1sozyme systems revealed 31 sozyme loci and a total of 79 alleles i 32 populations of
M. longifolia, five populations of M. spicata and one population of M. piperita. The examined populations of
M. longifolia and M. spicata showed high levels of genetic variation that might be due to out-breeding and
wide dispersal of seeds and pollen grains. Three alleles were scored in all populations; however, no diagnostic
alleles at the species level were detected in the 31 1sozyme loci. This suggests that the three species may be of
hybrid origin or have recently been derived from an ancestor harboring high levels of genetic diversity. The
tree illustrating genetic distance among the examined accessions of Mentha indicated obvious discrimination
of the three species and the isolation of their populations from each other. At the infra-specific level, the
geographically proximal populations exhibited higher genetic sumilarity than those that geographically distant,

mdicating environmental impact on the genetic diversity n the genus Mentha m Egypt.
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INTRODUCTION

The genus Mentha 1.. includes perennial erect herbs
with prostrate stem and some erect aerial shoots. It
mcludes 25 species maimnly distributed in temperate
regions of the world; many of them are inter-specific
hybrids!?. The species of Mentha have a medicinal and
economic mmportance due to the volatile cils n their
vegetative parts™. Mentha is represented in the Egyptian
flora by three species; M. spicata, M. pulegium and
M. longifolia®™. The latter species is widely distributed
and includes two subspecies, M. longifolia subsp.
iyphoides and M. longifolia subsp. schemprei'.
M. spicata (spearmint) 1s cultivated for its volatile oils
and is used in food flavoring. M. piperita (peppermint)
was added to this study due to its wide cultivation in
Egypt for its economic uses.

In addition to morphological traits and other cellular
biochemical and molecular evidences, isozyme
polymorphism has been used effectively to assess genetic
variation, taxonomic and phylogenetic relationships
within and among populations of the same species and
also between closely related species™”. Isozymes are
closely tied to the genotype and electrophoretically

assayed 1sozymic variation has been used effectively to
estimate the extent of genetic variability™'". Isozyme
polymorphism has provided good estimates of genetic
variations within and among populations, within species
and between closely related species m a number of
genera. For example in natural population of wild barely
Hordium spontaneourn'", the wild radish Raphanus
sativus”? and the wild soybean, Glycine soja". Isozyme
polymorphism has been also recently used as evidence
for natural hybridization in Phlemis™ and reveal the
ancestors of white clover Trifolium repens'™”. Also, many
recent studies used isozyme markers to evaluate the
genetic resources and varability of plants for
conservation purposes'®',

Understanding and evaluation of genetic diversity in
plants are important for future crop improvement, which
15 dependent upon the availability and strategic use of
genetic diversity. Estimating the genetic diversity levels
both within and among populations of a crop is necessary
for the best conservation of its gene pool"”. The genetic
variation found within wild relatives of domesticated
species offer novel gene complexes for strategic
improvement of crop tolerance to biotic and abiotic

stresses'™. However, the variability found within
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populations of native plant species can also have
important implications
management'?. Genetic variation and/or taxonomic
relationships m the genus Mentha were previously

investigated using morphological, chemical, cytological
2,18-25

for their conservation and

and molecular traits™**!. However, no previous studies
utilizing electrophoretic variation of 1sozymes in
taxonomic, genetic or phylogenetic studies onAMentha
are known. The objective of this study was to investigate
genetic diversity among AMentha populations in Egypt

mferred from isozyme polymorplism.
MATERIALS AND METHODS

This study was conducted at 2003-2004. Seed
materials were collected from a number of localities
representing 38 natural populations. These included
32 populations of M. longifolia (MI.0O1-ML32), M1L.01 for
the subspecies schemprei and MLO2-ML32 for the
subspecies fyphoides. They mcluded also five
populations for M. spicata (MSO01-MS05) and one for
M. piperita (MP).

Seeds were germinated and a leaf specimen (0.25 g) of
one seedling was used to prepare samples for 1s0zyme
electrophoresis according to Marshall and Brown'™.
Twenty enzyme systems were assayed for activity;
nevertheless, valid results were obtained for only ten
enzyme systems including five esterases. The staiung
recipes of these enzymes are given in Table 1. About 4-6
individuals were used as replica from every accession for
each 1sozyme (Table 3).

Isozymes were separated on 8% PAGE vertical slab
gels (16x18x0.2 cm) according to Wendel and Weeden™.
The gel buffer composed of 45 mM Tris-HCI, 25 mM
boric acid and 1mM EDTA-Na, pH 8.6 and the electrode
buffer was composed of 0.18 M Tris-HCL, 0.1 M Boric
acid and 4 mM EDTA-Na, The gels were stained after
electrophoresis by shaking in the dark at 37°C in the
appropriate  recipe (Table 1). After staming, the
reaction was stopped by washing the gel 2-3 times with
tap water. The gel was then kept in the fixing solution

Table 1: The enzymes assayed and their staining recipes

(glycerol and water 1:1 v/v) for 24 h and rinsed two times
in tap water, then photographed.

Data analysis: [nterpretation of banding patterns followed
standard  principles™?.  Loci were mnumbered
consecutively from the anodal end and alleles at each
locus were labeled alphabetically in the same direction™!.
Alleles were directly scored for each 1sozyme locus and
allele frequencies were calculated Based on allele
frequencies, the following estimates of genetic variation
were calculated for each population: (1) Proportion of
polymorphic loci (p), (2) mean number of alleles per
polymorphic locus (kp) and (3) the mean number of alleles
per locus (K). A tree illustrating the genetic distance
among populations was constructed based on Nei's
genetic distance™ ", using the Unweighed Pair Group
Method with Arithmetic average (UPGMA)™? using the
sequential, agglomerative, hierarchical and nested
clustering method (SAHN) as defined by Sneath and

Sokal™, using the NTSY S-pe software program!™.
RESULTS

Ten enzyme systems and 31 loci were resolved and
scored in the 38 Mentha populations (Table 2 and 3). Only
IDH showed one locus while the remaining nine enzyme
systems extubited 2-4 loci each. Three of the 31 loci were
monomorphic m all the studied accessions (PHOS 2,
EST. g-n-val 1 and EST. B-n-acet 3), while the remaining
28 loci were polymorphic (Table 3). The allele frequency
of the polymorphic loci 15 given m Table 2.

In Mentha longifolia subspecies schemprei, 9 loci
were monomorphic (ME 1, PHOS 1, MDH 1, EST. at-n-acet
2, EST. ¢-n-acet 4, EST. g-n-buter 1, EST. g-n-buter 4,
EST. a-n-val 2 and EST. B-n-acet 2). Three loci could not
be scored (MDH 3, ME 3 and EST. ¢-n-buter 3) and the
remaining 16 loci were polymorphic. In Mentha longifolia
subspesies fyphoides all loci were polymorphic except
PHOS 3, while ME 1 was found pelymorphic in ML24 only
and MDH 3 could not be scored. In Mentha spicata, 7 loci
were monomorphic (PPO 3, ME 1, PHOS 1, PHOS 3,

Enzyme IUBMB 'V Staining recipe Reference Section
Esterases (EST) E.C.3.1.1.2 0.1 M Na-phosphate buffer pH 6.2, 0.1% Fast blue RR salt,

0.05 % w-naphthyl acetate, x-naphthyl valerate, ez-naphthyl butyrate,

o-naphthyl propionate or B-naphthyl acetate [27.28] Hydrolases

Isocitric dehydrogenase (IDH) E.C.1.1.1.42

Malate dehydrogenase (MDH) E.C.1.1.1.37
MTT and 4 mM PMS

0.1 M Tris-HCI buffer pH 7.5, 10 mM MnCl, 0.% DL-Isocitrate (Nas),
0.015%NADP and 0.2% MTT
0.1 M Tris-HCI buffer pH 7.5, 0.015% NAD, 0.12 M DL-Malate, 20 mM,

[29] Ortido-reductase

[11] Ortido-reductase

Malic Enzyme (ME) E.C.1.1.1.40 0.1 M Tris-HCI buffer pH 7.5, 20 mM MgCl,, 0.12 M DL-Malate,

0.01 32 NAD, 20 mM MTT and 4 mM PMS [11] Ortido-reductase
Phosphorylase (PHOS) EC.24.1.1 0.1 M Na-phosphate buffer pH 6.8, 25 mM G1-P, 10 mM I2 and 14 mM KI [30] Hydrolases
Polyphenol oxidase (PPO) E.C.1.14.181 0.1 M Na-phosphate bufter pH 6.8, 15 mg catechol and 50 mg sulfonic acid [31] Ortido-reductase

("Nomenclature committee of the intemational union of biochemistry and molecular biclogy, “Non-specific enzyme
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Table 2: Allele frequency of the different isozymes in the studied Mengha p opulations in Egypt
Isozyme Alleles MI1 MLZ ML3 M4 ML5 MLE ML7 MLE ML MLI0O MLI1T  MLIZ MLIZ ML14 M5 MLIE MLI7  ML18 MLIS
MDH 1 a o] 0 11 012 007 0 o] 0 1 0.07 0.15 022 005 012 012 o] o] 013 007

b o] 05 ocoe 008 008 O 02e 022 015 015 0.2 0.28 01 038 026 035 03 014 0.24

c 1 05 0.8 079 085 1 071 078 075 078 0.65 05 0.85 05 0.62 0.65 07 073 0.69%
MDH 2 a 05 0 o] 0 o] 0 o] 0 o] 0 0 o] o] 0 o] o] o] o] o]

b 05 0 o] 0 o] 0 o] 0 o] 0 0 o] o] 0 o] o] o] o] o]
MDH 3 a o] 05 o] 03 025 0 o] 0 05 0.5 0.5 1 05 05 042 o] o] o] o]

b o] 05 1 07 075 1 1 1 05 0.5 0.5 o] 05 05 058 o] o] o] o]
ME 1 a o] 0 o] 0 o] 0 o] 0 o] 0 0 o] o] 0 o] o] o] o] o]

b 1 1 1 1 1 0 1 0 o] 0 0 o] o] 0 o] o] o] o] o]
ME 2 a 041 05 05 036 04 0.4 0.4 04 028 025 0.39 0.4 018 024 035 05 o] o] 0.37

b 058 05 05 064 06 0.6 0.8 06 072 075 0.61 0.8 082 076 065 05 1 1 063
ME 3 a o] 0 o] 0 o] 0 o] 0 o] 0.29 0 0.31 o] 0 o] 1 1 1 1

b o] 1 1 1 1 1 1 1 1 071 1 0.6% 1 1 1 o] o] o] o]
PHOE 1 a 1 1 072 07 0ey 1 1 1 1 1 1 1 1 0.65 o7 1 1 1 1

b o] 0 028 03 031 0 o] 0 o] 0 0 o] o] 035 03 o] o] o] o]
PHOS 2 a 0ss 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

b 032 0 o] 0 o] 0 o] 0 o] 0 0 o] o] 0 o] o] o] o] o]
FPPO 1 a 023 0 o] 013 034 03 o] 8] o] 1 8] o] o] 8] o] 04 o] o] o]

b 0770 1 085 066 07 1 0 o] 0 0 o] o] 1 1 06 1 o] 1
PPO 2 a 019 019 014 0 009 0 008 Q04 002 09 0.22 015 01 0 016 o] o] 01 o]

b 051 053 06 071 07 083 08 08 078 0.69 0.7 072 08 083 0.54 073 0.5% 087 o7

c 03 028 026 029 021 017 0mn 016 02 021 0.18 013 01 017 03 027 0.41 023 0.29
PPC 3 a 08y 07 058 0 o] 0 o] 0 o] 0 0 o] o] 0 o7 1 1 1 066

b o] 0 o] 0 o] 0 o] 0 o] 0 0 o] o] 0 o] o] o] o] o]

c 035 03 042 0 1 0 1 1 o] 0 1 1 1 1 03 o] o] o] 033
I5D 1 a ocog 006 0 005 009 008 004 QO3 0 0 0 o] o] 0 o] 019 o1 018 035

b 092 094 1 095 091 092 0% 095 1 1 1 1 1 1 1 081 0.89 0.88 0.65
Estanacetate 1 a 051 06 o] 0 o] 0 o] 0 05 0 0.5 0.54 o] 1 1 o] 1 1 o]

b 049 04 o] 1 1 1 1 0 05 0 0.5 0.48 o] 0 o] o] o] o] 1
Estanacetate2 a o] 0 o] 0 o] 0 o] 0 033 014 0.3 021 o] 022 031 o] 0.24 o] o]

b o] 038 04 0 o] 0 o] 0 o] 021 0.19 079 o] 088 0.69 1 076 1 1

c 1 062 06 1 1 1 1 0 077 065 0.51 o] 1 0 o] o] o] o] o]
Estanacetate 3 a 058 0 058 0 075 0 o] 1 1 0 1 1 0.63 1 1 1 05 1 087

b 025 0 o] 0 o] 0 o] 0 o] 0 0 o] o] 0 o] o] o] o] 033

c 0170 042 0 025 1 0 o] 0 0 o] 037 0 o] o] 05 o] o]
Est anacetated a o] 0 o] 0 o] 0 052 05 o] 0.49 0 o] o] 0 o] o] o] o] o]

b o] 0 o] 0 o] 0 048 05 o] 0.51 0 1 o] 0 1 1 1 1 1

c 1 1 o] 0 o] 0 o] 0 1 0 0 o] 1 1 o] o] o] o] o]
Estanbuterat1 a 067 059 0 06 055 0 o] 0 052 0356 1 o] o] 1 1 o] 071 0.68 073

b 033 041 0 04 045 0 1 1 048 044 0 1 1 0 o] o] 0.2% 032 027
Estanbuterat2 a 1 05 1 058 0.6 1 0e? 0 063 0.61 1 1 1 064 07 1 1 0.57 0.67

b o] 05 o] 04z 04 0 033 1 037 039 0 o] o] 036 03 o] o] 043 033
Estanbuterat3 a o] 018 0 0 01 0 011 0 o] 0 0 o] 013 0 o] o] 07 05 011

b o] 0 o] 0 o] 1 o] 0 o] 1 0 o] o] 0.05 012 o] o] o] o]

c o] ng2 1 1 09 0 08y 1 1 0 1 1 087 095 0.88 1 0.93 0.95 0.89
Est wnbuterat4 a 1 033 038 03 037 1 044 03 052 044 0.4 05 061 058 043 05 053 037 064

b o] 034 036 034 031 0 056 036 048 031 0 o] o] 0 o] o] o] 033 o]

c o] 032 028 036 032 0 o] 034 0O 0.25 0.36 05 0.39 042 052 05 0.47 03 036
Estonvalerat2 a 1 0 o] 0 o] 0 o] 0 o] 0 0 o] o] 0 o] o] 1 1 1

b o] 0 o] 0 o] 0 1 1 1 0 0 1 1 1 1 1 o] o] o]

c o] 1 1 1 1 1 o] o] o] 1 1 o] o] o] o] o] o] o] o]
Estonvalerat3 a o] 0 o] 0 o] 0 o] 0 o] 0.23 0.28 o] 017 012 021 018 0z 015 018

b o] 0 o] 0 o] 0 o] 0 o] 0 0 o] o] 0 o] o] o] o] o]

c 05 0 o] 0 o] 0 o] 0 o] 0 0 o] o] 0 o] o] o] o] o]

d o] 1 1 1 1 1 1 1 1 077 072 1 0.83 088 079 082 08 0.85 0.82

e 05 0 o] 0 o] 0 o] 0 o] 0 0 o] o] 0 o] o] o] o] o]
Est anpropunat 1a o] 0 o] 0 o] 0oz 0O 019 0 0 0 o] o] 0 o] o] o] o] o]

b o] o1e 0 0 o] 011 o0 o o] 0 0.17 o] 0.24 0.06 013 025 017 017 021

c 08y 06 1 071 1 056 068 08l 079 1 0.63 0.83 076 056 05 05 05 053 052

d 035 021 0O 029 o] 025 024 0 021 0 0.2 017 o] 038 0.37 025 033 03 0.29
Estan.propunat 2 a 03% 071 074 1 0gz 1 0es 0 1 0 0.83 1 0.6% 08 0.85 07 075 073 o]

b 021 0 o] 0 o] 0 014 0 o] 0.6 0 o] 02 0 o] o] o] o] o]

c 02 02e 028 0O oig 0 o] 048 0 0 0 o] o] 0 o] 03 025 022 o]

d o] 0 o] 0 o] 0 o] 052 0O 0 0 o] o] 0 o] o] o] o] o]

e o] 0 o] 0 o] 0 o] 0 o] 0 0 o] o] 0 o] o] o] o] o]

f o] 0 o] 0 o] 0 o] 0 o] 04 0.17 o] 013 02 015 o] o] o] o]

g o] 0 o] 0 o] 0 o] 0 o] 0 0 o] o] 0 o] o] o] o] o]
Est an.propunat 3 a 08 085 079 075 0 065 06 087 072 069 0.75 065 0.58 071 073 0.6% 074 081 08

b o] 0 o] 0.06 043 006 012 013 009 011 0 013 013 01 0.07 012 0.08 o] o]

c 02 021 021 Q1% 057 029 028 O 0le 02 0.25 022 0.2% 01e 02 019 018 012 02
Est [ noacetat 1 a 08 0 o] 0 0el 0 0% 0 08y 0 0.7% 0.83 o] 077 079 o] 1 1 1

b 02 0 o] 009 0 0.41 0 015 0 021 017 o] 023 021 o] o] o] o]
EstPnacetate2 a o] 0 o] 0 o] 0 o] 0 o] 0 0.2 o] o] 0 o] o] 028 01s o]

b o] 072 072 0 o] 0 o] 0 o] 0 021 o] o] 0 o] o] o] o] o]

c 1 028 o028 1 1 1 1 046 0 1 0.5¢ 1 041 1 035 o] o] 021 o]

d o] 0 o] 0 o] 0 o] 054 1 0 0 o] 0.59 0 0.65 1 072 0.63 1
EstP noacetate 4 a 031 029 035 029 025 0 027 03 032 029 0.25 0.31 014 016 012 018 o] o] o]

b 042 051 065 0538 052 0 073 07 0es 071 0.75 0.6% 065 0.65 063 065 1 1 1

c 027 02 o] 019 023 0 o] 0 o] 0 0 o] 0.21 019 0.25 017 o] o] o]
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Isozyme Alleles ML20 ML21 ML2Z ML23 ML24 ML25 ML26 ML27 ML28 ML2? ML30 ML31 ML3Z MS1 M32  MS3  M34 MBS P
MDH 1 a oos 0 o] 00¢ 01 018 0 00% 011 008 0 0.06 0.06 0 o] 018 o] 029 05

b 03 02 o] 02 0z 0 o] 041 04 0.35 0.38 0.36 0.2% 0 o] o] o] o] 05

c 084 08 1 071 07 082 1 05 049 059 0.62 0.58 065 1 1 082 1 07 o]
MDH 2 a o] 0 o] 0 o] 0 o] 0 o] 0 0 o] o] 0 o] o] o] o] o]

b o] 0 o] 0 o] 0 o] 0 o] 0 0 o] o] 0 o] o] o] o] o]
MDH 3 a o] 0 05 1 1 1 05 05 05 0.5 0.5 o] o] 05 o] 05 o] 05 o]

b o] 0 05 0 o] 0 05 05 05 0.5 0.5 o] o] 05 o] 05 o] 0.5 o]
ME 1 a o] 0 o] 0 062 0 o] 0 o] 0 0 o] o] 0 o] o] o] o] o]

b o] 0 o] 0 038 0 1 1 1 0 1 1 1 1 1 o] o] o] o]
ME 2 a 035 039 0 05 028 037 031 029 034 035 0.25 0.26 03 028 028 029 1 0.5 o]

b 08y 061 1 05 072 063 065 071 068 065 0.75 074 o7 072 072 071 o] 05 1
ME 3 a 1 1 1 1 1 1 1 1 1 1 1 1 0.35 03 031 1 0.33 1 1

b o] 0 o] 0 o] 0 o] 0 o] 0 0 o] 065 07 065 o] 087 o] o]
PHOE 1 a 0se 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

b 031 0 o] 0 o] 0 o] 0 o] 0 0 o] o] 0 o] o] o] o] o]
PHOS 2 a 1 1 1 1 o] 1 o] 1 o] 0 1 1 o] 1 o] o] o] o] 1

b o] 0 o] 0 o] 0 o] 0 o] 0 0 o] o] 0 o] o] o] o] o]
PPO 1 a o] 0 o] 0 027 0 1 0 o] 0.21 0 02 031 0 1 o] o] 018 o]

b o] 0 o] 0 073 0 o] 1 1 079 0 08 069 0 o] 1 1 0.82 o]
PPO 2 a o] 011 0 0 o] 0 o] 0 o] 0 0 04 o] 0 017 02 02 o] o]

b 074 06 075 076 07 0.7 076 073 089 065 071 0.8 1 1 051 05 0.4% 05 1

c 026 029 025 024 03 03 024 027 031 033 0.29 o] o] 0 0.32 03 031 0.5 o]
PPC 3 a o] 0 o] 0 1 1 1 0 1 1 1 o] 1 0 o] 1 1 o] o]

b 1 1 1 1 o] 0 o] 0 o] 0 0 o] o] 0 o] o] o] o] o]

c o] 0 o] 0 o] 0 o] 0 o] 0 0 o] o] 0 o] o] o] o] o]
I5D 1 a 041 045 029 017 015 0352 051 007 011 004 0.3% 037 0.23 046 043 04 0.54 0.5% 062

b 059 055 071 083 085 048 049 093 0389 09 0.61 063 77 054 0.52 06 046 041 0.38
Estanacetate 1 a 046 0 05 0 o] 0 o] 0 o] 0 0 o] o] 0 o] o] o] o] o]

b 054 0 05 0 o] 0 o] 0 o] 0 0 o] o] 0 o] o] o] o] o]
Estanacetate2 a 1 0 o] 0 o] 0 o] 0 0oe 0 0 o] o] 0 o] o] o] o] o]

b o] 0 0egs 0 o] 0 o] 0 o] 0 0 o] o] 0 1 1 0.25 019 1

c o] 1 014 1 1 1 1 1 091 1 1 1 1 1 o] o] 075 0.81 o]
Estanacetate 3 a 1 0 o] 0 o] 0 o] 0 o] 0 0 o] o] 1 1 1 o] o] o]

b o] 1 1 0 o] 0 o] 0 o] 0 0 o] o] 0 o] o] o] o] o]

c o] 0 o] 0 o] 0 o] 0 o] 0 0 o] o] 0 o] o] o] o] o]
Estan acetate 4 a o] 0 o] 1 1 1 o] 0 1 0 1 1 06 0 o] 1 1 1 0.59

b 1 1 1 0 o] 0 o] 0 o] 0 0 o] o] 1 1 o] o] o] o]

c o] 0 o] 0 o] 0 1 1 o] 1 0 o] 0.4 0 o] o] o] o] 041
Estanbuterat1 a 0ss 0 059 06 07 0 o] 0 o] 0.67 0.71 057 o7 0 o] o] o] o] o]

b 035 0 041 04 03 0 o] 1 o] 0.33 0.2¢ 0.43 03 0 1 1 1 1 1
Estanbuterat2 a 063 0 051 05 05 0 o] 0 o] 0 1 1 o] 1 o] o] 1 1 o]

b 037 0 042 05 05 0 o] 0 o] 0 0 o] 1 0 1 1 o] o] 1
Estanbuterat3 a 0?0 0oe 0 o] 0 o] 0 o] 0 0 o] o] 0 o] o] o] o1 o]

b o] 0 o] 014 0 0 o] 007 0 0.12 1 1 o] 1 005 1 1 0.8% 1

c 093 1 094 08 1 0 o] 093 1 0.88 0 o] 1 0 0.95 o] o] o] o]
Est wnbuterat4 a 051 055 035 084 06 1 1 05¢ 1 0.65 1 1 1 1 065 1 1 1 1

b o] 0 034 036 04 0 o] 041 0 0.35 0 o] o] 0 o] o] o] o] o]

c 043 045 031 0 o] 0 o] 0 o] 0 0 o] o] 0 031 o] o] o] o]
Estonvalerat2 a o] 0 o] 0 1 1 1 1 o] 0.36 0 o] 03 0 045 043 05 0.54 042

b 1 0 o] 1 o] 0 o] 0 1 0 0 o] o] 1 o] o] o] o] o]

c o] 0 o] 0 o] 0 o] 0 o] 0.64 0 1 o7 0 0.55 052 0.5 0.56 0.58
Estonvalerat3 a 012 02 022 01 017 017 0O 031 0 02 0.22 023 015 02 018 018 0.25 022 022

b 01 0 o] 015 011 013 0 0 o] 0.15 0 012 015 012 01 o] 02 013 01

c o] 08 07s 0 o] 0 o] 06e 0 0 0 065 o7 068 072 082 055 065 0.8

d 0710 o] 0s9 072 07 1 0 1 0.65 0.78 o] o] 0 o] o] o] o] o]

e o] 0 o] 0 o] 0 o] 0 o] 0 0 o] o] 0 o] o] o] o] o]
Est anpropunat 1 a o] 0 o] 0 o] 013 0 0 013 0 0 032 o] 0 o] o] o] o] o]

b 01 0 o] 1 o] 016 0 0 0iz 0 0 0.68 o] 0 o] o] o] o] o]

c 08 07¢ 08 0O o] 051 0 0 055 0 0 o] o] 0 o] o] o] o] o]

d 024 021 019 0 o] 02 o] 0 02 0 0 o] o] 1 o] o] o] o] o]
Estan.propunat 2 a o] 0 o] 085 08 079 08 0 0gs 1 0 o] 077 0 o] o] 051 o] 1

b o] 0 o] 015 02 021 017 1 014 0 0 o] 0.23 0 o] o] o] o] o]

c o] 0 o] 0 o] 0 o] 0 o] 0 0 o] o] 0 o] o] 012 022 o]

d o] 019 022 0 o] 0 o] 0 o] 0 0 o] o] 0 0.5 043 o] o] o]

e o] 0 o] 0 o] 0 o] 0 o] 0 0 o] o] 0 0.5 057 o] o] o]

f 08 08l 078 0O o] 0 o] 0 o] 0 0 o] o] 0 o] o] 017 073 o]

g 02 0 o] 0 o] 0 o] 0 o] 0 0 o] o] 0 o] o] 013 o] o]
Est an.propunat 3 a 08l 07% 08 06y 072 068 065 083 032 079 0.75 081 074 05% 05 053 o] o] 05

b o] 0 o] 009 011 013 031 Q0% 008 01 0.25 019 016 041 0.5 047 1 1 0.5

c 01% 021 015 022 017 01% O 008 01 0.11 0 o] 03 0 o] o] o] o] o]
Est [ noacetat 1 a 083 08 07e 0 o] 0 o] 0 o] 0 0 o] o] 0 o] o] o] 04 o]

b 017 02 021 0 o] 0 o] 0 o] 0 0 o] o] 0 o] o] o] 0.6 o]
EstPnacetate2 a o] 1 o] 0 o] 0 037 03 035 034 0.35 o] 0.25 0 04 035 o] 033 o]

b o] 0 o] 1 1 1 0s3 07 065 0.66 0.65 1 075 054 o] o] o] 0.67 1

c 1 021 0 0 o] 0 o] 0 o] 0 0 o] o] 046 o] o] 0.24 o] o]

d o] 069 1 0 o] 0 o] 0 o] 0 0 o] o] 0 0.6 065 076 o] o]
EstP noacetate 4 a o] 0 o] 037 03 031 013 0 033 019 0.27 o] o] 1 014 1 o] 015 o]

b 1 1 1 063 07 0€e 072 o7 087 07 0.73 1 o] 0 086 o] o] 0.85 1

c o] 0 o] 0 o] 0 015 026 0O 0.11 0 o] o] 0 o] o] o] o] o]
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Table 3: Number of polymorphic and monomorphic loci for each isozyme
studied in Adentha samples
No. of polymorphic loci
3

Isozymes Neo. of monomorphic loci
MDH.

ME.
Phosphorylase
Isd

PPO.

EST w.n.acetate
EST w.n.buterate
EST w.n.valerat
EST o.n.propunat
EST B.n.acetate

O OO OO~ OO

Wk B W) W

Table 4: Number of replica (V), proportion of polymorphic loci (P), mean
number of alleles per locus (K), mean number of alleles
per pelymorphic locus (Ap) and number of unique allels in
accessions of Mentha

Populations N P K Kp Unique alleles
MLOL 5 0.62 1.77 2.25 4
MLO2 4 0.68 1.88 2.24 0
MLO3 6 0.52 1.74 2.25 0
MLO4 5 0.57 1.83 231 0
MLOS 5 0.62 1.85 2.25 0
MLO6 4 0.30 1.45 2.50 0
MLOT 4 048 1.70 2.23 0
MLOS 4 0.50 1.68 218 0
MLO2 5 0.54 1.75 2.23 0
MLI10 6 0.64 2.00 236 0
MLI11 4 0.58 1.88 236 0
MLI12 4 0.44 1.60 2.27 0
MLI13 5 0.57 1.87 2.38 0
ML14 5 0.58 1.77 2.27 0
MLI1S 5 0.65 1.85 2.29 0
MLI16 4 0.50 1.68 2.27 0
ML17 6 0.52 1.64 215 0
MLI18 6 0.50 1.79 242 0
ML12 5 0.54 1.7 215 0
ML20 4 0.58 1.83 236 0
ML21 4 0.55 1.70 2.18 0
ML22 4 0.58 1.7 2.07 0
ML23 4 0.54 1.73 2.25 0
ML24 5 0.59 1.86 2.23 1
ML2S 5 045 1.65 245 0
ML26 5 042 1.58 213 0
ML27 6 0.52 1.67 2.18 0
ML28 6 0.52 1.76 236 0
ML29 6 0.70 1.95 2.29 0
ML30 5 0.50 1.50 2.00 0
ML31 5 0.43 1.05 2.23 0
ML32 4 0.60 1.05 2.25 0
MS01 4 0.35 1.40 214 0
MS02 4 0.57 1.76 217 0
MS03 5 0.45 1.59 2.10 0
MS04 5 042 1.68 2.50 0
MS05 6 0.67 1.76 2.07 0
MP 4 0.32 1.37 217 0

EST.¢-n-acet 3, EST. ¢-n-buter 1 and EST. ¢-n-prop 1)
and two were absent (MDH 2 and EST. @-n-acet 1).
In Mentha piperita, 13 loci were monomorphic (ME
2, ME 3, PHOS 1, PHOS 3, PPO 2, EST. c-n-acet 2,
EST. ¢-n-buter 1, EST. ¢-n-buter 2, EST. ¢-n-buter 3,
EST. g-n-buter 4, EST. ¢-n-prop 2, EST. P-n-acet 2 and
EST B-n-acet 4) and six loci were polymorphic (MDH]1,
ISD1, EST. @-n-acetd, EST. ¢-n-val2, EST. ¢-n-val3 and
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Fig. 1: A UPGMA tree based on electrophoretic data of
Mentha isozymes

EST. ¢-n-prop3), while the remaining mne loci were absent
in the accession representing M. piperita.

The proportion of polymorphic loci (P) in the
populations of Mentha longifolia ranged between 0.3 and
0.7, m Mentha spicata, between 0.35 and 0.67 and was
0.32 in the accession representing M. piperita. The mean
mumber of alleles per locus (K) ranged between 1.05 and
2.0 1n Mentha longifolia and between 1.4 and 1.76 in
Mentha spicata and in Mentha piperita, K was 1.37. The
mean number of alleles per polymorphic locus (kp) ranged
between 2.0 and 2.5 in Mentha longifolia, between 2.07
and 2.5 m Mentha spicata and i Mentha piperita, kp
was 2.17 (Table 4).

Some accessions showed unique alleles that were not
scored n any other accessions. However, four of the
scored five umque alleles were found in Mentha
longifolia subspecies schemprei (MLO1) whereas only
one unique allele was found in accession ML24 of
Mentha longifolia subspecies typhoides (Table 4).

In the tree illustrating the relationships among the
studied Mentha populations (Fig. 1), Mentha piperita
was clearly separated from the populations of both
Mentha longifolia and Mentha spicata. The populations
of each of Mentha longifolia and Mentha spicata were
delimited in separate groups (Fig. 1). The group
representing Mentha spicata was diverged into two
clusters;, the first included samples having erect shoot
(MS01 and MS02) with mimimal dissimilarity, while the
other cluster included the samples having prostrate shoot
(MS03, MS04 and MS05). The group representing Mentha
longifolia was delimited in two subgroups;
comprising subspecies schemprei and accessions
ML23-ML32 of subspecies #yphoides. However, the

one
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accession representing  subspecies
clearly distant from accessions of subspecies typhoides.
The other subgroup of Mentha longifolia accessions
was differentiated m two clusters; one representing
accessions MLO2-ML15 and the other representing

accessions ML16-ML22.

schemprei was

DISCUSSION

The importance of isozyme polymorphism among the
examined populations of Mentha 13 demonstrated by the
topology of the UPGMA tree based on isozyme data
(Fig. 1) that shows an obvious discrimination of the three
species under study (M. longifolia, M. spicata and
M. piperita). The accession representing M. piperita,
which reproduce mostly vegetatively was separated from
all the accessions representing the other two species,
M. longifolia and M. spicata, which mostly reproduce
sexually (by seeds). The wvalidity of electrophoretic
assayed 1sozyme variations to assess the relationships at
the species level is further supported by the isolation of
the populations representing A. spciata from those
representing M. longifolia.

The grouping of the accessions of M. spicata that
have an erect shoot in one subgorup and the accessions
having prostate shoot in another subgroup reflects
genetic basis for the plant form i Mentha It also
supports the validity of electrophoretically assayed
isozyme polymorphism in assessing the genetic
diversity at infraspecific levels and in distinguishing
between different genetically-based plant
Moreover, it 1s obvious that the divergence of accessions
of both M. longifolia and M. spicata reflects the impact
of varation on the genetic diversity
among the populations of the genus Mentha. In both
species, accessions representing localities within the Nile
Delta were delimited from accessions representing
localities outside the Nile Delta. However, the accession
representing M. longifolia subsp. schemprei that was
collected from Sant Katherine is assigned to the group
representing the accessions collected from the Nile Delta,
but clearly separated from them. This mode of divergence
supports the view of Votava et al"¥ that geographically
or environmentally proximal populations are more similar
genetically than those that are geographically distant.

The amount of genetic polymorphism in a population
or a species 18 dependent on the amount of sexual
reproduction, whereas low levels of genetic diversity are
often associated with species that are maintained
asexually'”. This view agrees with the results cbtained in
thus study, where genetic diversity, expressed as the mean
number of alleles per locus (K) or the mean number of

forms.

envirommental
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alleles per polymorphic locus (Kp), was generally higher
in the sexually reproducing plants of Mentha longifolia
than the plants of Mentha piperita, which is mostly
propagated vegetatively. This higher genetic diversity
may be due to intraspecific natural hybridization and the
subsequent dispersion of pollen grains and hybrid fruits
or seeds in the sexually propagated plants of Mentha
longifolia. This view agrees with some previous studies
on other genera or species such as Phlomis
margaritae™, Raphanus sativis™ and Hemirocallis™!.

No diagnostic alleles were scored for any of the
studied species. However, four unique alleles were scored
in the subspecies schemprei of Mentha longifolia and
one umque allele m the accession ML24 of Mentha
longifolia  subspecies typhoides. The absence of
diagnostic alleles for any of the studied three species
suggests that these species may be hybrids or have
recently derived from an ancestor harboring high levels of
genetic diversity™'!. The hybrid origin of M. spicata and
M. piperita was proposed by Harley and Brighton!".
Thus, data inferred from isozyme polymorphism support
cytogenetic evidence in indicating the hybrid origin of
M. spicata and M. piperita. Natural hybridization 1s of
wide occurrence in the wild Mentha™.
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