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Abstract

This study concerns the genetic diversity and taxonomic status of Marrubium species
from central and south-west of Zagros region, Iran. It is investigated by Inter-Simple
Sequence Repeat analysis. A total of 68 accessions from five Marrubium species were
collected from their natural habitats. Molecular analysis was approved with 17 primers,
of which 12 were carried out in the reaction mixture. Moreover, a data matrix was
designed to estimate genetic parameters. To determine the genetic structure and
taxonomic status, analysis of molecular variance, clustering analysis with UPGMA
(Unweighted Pair Group Method Average) and the Jaccard similarity coefficient were
estimated using NT-SYSpc and Gene Alex software. Supplementary morphological
evidences of calyx teeth features were also provided. The results of this study revealed
that both sections Marrubium, Microdonta, and Ballota aucheri displayed a high
percentage of polymorphism (PP=100%). In addition, their genetic diversity
(Gst=0.99), number of effective aleles (Ne=1.53) and Shannon information index
(I=0.51) showed a high percentage. Notably, al of the 12 primers produced
reproducible bands. Analysis of molecular variance detected low quantities of gene
variation among species (18%) from which high proportion of variation presented
among populations within species (82%). Based on cluster analysis, M. cuneatum, M.
vulgare and M. anisodon were definitely separated. Moreover, M. crassidens and M.
vulgare were closely grouped. The calyx teeth features of M. cuneatum and M.
crassidens revealed high variations which is consistent with molecular results. In
conclusion, high genetic diversity in Marrubium species and accessions presents a
valuable genetic resource in Zagros region, Iran.
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I ntroduction

Marrubium L. is belonging to mint family
(Lamiaceae/ Lamioideae) that is one of the important
medicinal genera [4]. Its species grow as annual,
perennial, herbaceous and suffruticose plants [40].
Marrubium species mainly distribute in Irano-Turanian
and Mediterranean phyto-geographical regions [6].
This genus includes approximately 40 species
throughout the world of which 11 species are reported
in Iran [4, 40]. Moreover, the adaptation of these
species is evident by its ability to grow in different
ecological conditions especialy in different kind of
soils[18, 40].

As a traditiona medicinal plant, Marrubium is
known to have beneficia therapeutic properties
including anti-cancer, anti-microbial, anti-hypertensive,
analgesic, anti-inflammatory, expectorant effects,
hyperglycemia, dyslipidemia and in the treatment of
diabetes mellitus owing to its high antioxidant
properties[14, 31, 43].

From ataxonomical perspective, the classification of
Marrubium was inconsistent. This genus was divided
into various sections using morphological characters.
Bentham defined two sections for this genus [8].
Boissier divided Marrubium into two sections [9].
Briquet considered three sections [10] and Knorring
defined one section and two sub-sections [22].
Moreover, Seybold clarified four sections [40] for 14
species (Table 1), but Cullen, Akgul and Jamzad did
not refer to any section for this genus [4, 12, 17]. It is
noted that the species limits have been disturbed by
high  morphological  variations,  hybridization,
speciation and polymorphism features [4, 40].

At present, there are limited infra-genus reports of
morphological studies for Marrubium  species.
Karazian and Hashemi reported high morphological
variations and taxonomic status of different Marrubium
species from Zagros region, Iran [21]. Based on micro-
morphological studies, Abu-Asab and Cantino and
Akgul et a. evaluated the taxonomy of Turkish
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Marrubium species using pollen features [1, 4]. Ahvaz
et al. also studied the micro-morphology of trichomes
and the role of environmental factors in Marrubium
species[3].

Based on molecular markers, the Inter-Simple
Sequence Repeat-Polymerase Chain Reaction (1SSR-
PCR) procedure is a known method for identifying the
DNA polymorphism in microsatellite sequences. It is
noted that genetic diversity and inter and intra-specific
variations and distinguishing a higher number of
polymorphic fragments have been recognized using this
technique [16, 25]. Remarkable evidences in different
taxa and population genetics studies were proved by
this method [7, 35]. This marker includes PCR
amplifications of DNA using a single primer contained
of amicrosatellite sequence [5].

Nothing is known regarding the molecular
systematic and genetic diversity of the genus
Marrubium. Some molecular investigations [27, 34, 39,
45] are related to the other members of Lamioideae or
Lamiaceae. These researches are mainly focused on the
phylogenetic approaches. The phylogeny of Tribe
Phlomideae was provided for the genera Phlomioides
Moench and Micromeria Benth. using nuclear
ribosomal and chloroplast sequence [27, 34, 39, 45].
Furthermore, phylogenetic relationships of the genus
Sachys L., sect. Eriostomum (Hoffmanns. & Link)
Dumort. in Turkey were identified via nuclear
ribosomal TS sequences[13].

Based on previous results of genetic diversity, Song
et a. distinguished genetic diversity and population
structures by ISSR and Sequence-Related Amplified
Polymorphism (SRAP) molecular markers in Salvia
miltiorrhiza Bunge. which showed high levels of
genetic diversity within the populations [42]. Kochieva
et a. characterized high polymorphism in Russian
Sachys using ISSR and Random Amplified
Polymorphism DNA (RAPD) [23, 24]. They aso
determined the phylogenetic position of this genus [23,
24]. Moreover, Kharazian et al. illustrated genetic
diversity and taxonomic status of 15 Iranian Stachys
species using 1SSR [20]. Genetic variability of Nepeta

Table 1. The classification history of Marrubium based on taxonomic literature

Bentham (1834, 1848) Boissier (1879)

Briquet (1896)

Knorring (1954) Seybold (1982)

1) Marrubium sect. 1) M. sect. 1) M. sect.
Lagopis Benth. Eumarrubium Ballotoides

2) M. sect. Marrubium Boiss. 2) M. sect.
Benth. 2) M. sect. Marrubium

Ballotoides Boiss.

3) M. sect. Lagopsis

M. sect. Marrubium with
two sub-sections including

1) M. sect. Marrubium
2) M. sect. Afghanica

1) M. sub-sect. Seybold
Decendentata Brig. 3) M. sect. Stellata
2) M. sub-sect. (Briquet) Seybold
Quinquedentata Brig. with 4) M. sect. Microdonta
two groups including (Briquet) Seybold

1) Sellata Briq.
2) Microdonta Briq
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L., Micromeria Benth. and Culina D. Royen. ex L. was
also investigated using 1SSR molecular markers [2, 28,
41]. High genetic diversity in some of the Iranian
Salvia L. species was detected using Amplified
Fragment Length Polymorphism (AFLP) molecular
markers which illustrated considerable variations
within populations [38].

There are no reports in the literatures regarding
molecular evidence of Marrubium species. It is
reasonable to assume that there would be a
considerable levels of variation in the case of
morphological traits and high hybridization in infra
specific levels. Moreover, Zagros region is one of the
genetic resource foundations to conserve biodiversity
of plant taxa [20]. Consequently, there is a need for
detecting the genetic diversity of Marrubium speciesin

Table 2. Locdity of Marrubium and Ballota species from Iran

this region. Accordingly, the aims of this study are as
follows: 1) assessment the taxonomic status of five
Marrubium species from central and south-west of
Zagros region using ISSR molecular markers, 2)
comparison the morphological features such as shape
of calyx teeth with the molecular data among
Marrubium species and 3) identify the genetic
diversity, population genetic structure and the genetic
relations of Marrubium species utilizing ISSR markers
for thefirst timein Iran.

Materialsand M ethods

Taxon Sampling
Overadl, 68 accessions were collected from different
habitats of centra and south-west of Zagros region

Species/accessiongherbarium L ocality Height (m) Longitude,
No. latitude

M. cuneatum 1, 2 Chaharmahal va Bakhtiari-Soureshjan 1805-1832  32°19’N,50°40’E

M. cuneatum 5,6, 7 Chaharmahal va Bakhtiari- Rostam abad 1645-1732  32°5’N,50°32°E
M. cuneatum8,9 Chaharmahal va Bakhtiari- Alikouh 1638-1851 32°7'N 50°30'E

M. cuneatum10 Chaharmahal va Bakhtiari- Haji abad, Boldgji 1791 31°55'N 50°54'E

M. cuneatum 16,17 Chaharmahal va Bakhtiari- Farsan 1778-1683  32°15'N 50°34'E
M. cuneatum 18,19,20,21 Chaharmahal va Bakhtiari- Hirkan, Chamouran 1600-1735  32°10'N 50°26'E
M. cuneatum 29,31,32 Chaharmahal va Bakhtiari- Cheghakhor 1671 31°55'N 50°54'E
M. cuneatum 33 Chaharmahal va Bakhtiari- Bajgiran 1614 31°55'N 50°36'E

M. cuneatum 35,36 Chaharmahal va Bakhtiari- Helen forest, Firouz abad 1906-2016  31°46'N 50°42'E
M. cuneatum 50 Chaharmahal va Bakhtiari- Bare Morde, Gandomkar 1853 31°49'N 50°33'E

M. cuneatum 51,52 Chaharmahal va Bakhtiari- Lordegan, Chelegah, Kouh-e Rig  1800-2338  31°20'N 50°58'E
M. cuneatum 13,72,73 Chaharmahal va Bakhtiari- Cheliche, Emamzade Saeid 1800-1920 32°13'N 50°37'E
M. cuneatum 71 Chaharmahal va Bakhtiari- Chaleshtor 2000 32°22'N 50°47'E

M. cuneatum 37 Isfahan- 75 km from Dran, Heidari 1792 33°2'N 50°26'E

M. cuneatum 43,44,45 |sfahan- 15 km from Khansar 1665 33°03N50°29'E
M. cuneatum 48 |sfahan- Khansar, Golestan kouh 2412 33°9'N 50°20'E
M. crassidens 3,4 Chaharmahal va Bakhtiari- Cheliche, Juneghan 1833 32°13’N,50°37°E

M. crassidens A (73), 74 Chaharmahal va Bakhtiari- Chaleshtor 2000 32°22'N 50°47'E
M. crassidens 41,42 Isfahan-Khansar, Darehbid 1689 33°4'N 50°27'E
M. crassidens 45 Isfahan- Tarar, Daran 1900 32°56'N 50°27'E

M. anisodon 16 Chaharmahal va Bakhtiari- Doabsamsami 2500-2586 32°9'N 50°16'E

M. anisodon 18, 23,25 Chaharmahal va Bakhtiari- Doabsamsami, Birakan 2500-2568  32°10'N 50°18'E
M. anisodon 20, 21 Chaharmahal va Bakhtiari- Marbore, Abbarik 2516-2525  32°25'N 50°14'E
M. anisodon 28,29 |sfahan- 15 kmm from Rozveh 1693-1749  32°47'N 50°36'E
M. anisodon 39 Kohgiloye va Boyerahmad-Toutnadeh 1350 30°53'N 51°20'E

M. anisodon 40, 59 Kohgiloye va Boyerahmad- 10 km from Sisakht 2066 30°51'N 51°29'E
M. anisodon 41 Kohgiloye va Boyerahmad- Kouhgol 2114 30°51'N 51°31'E

M. wulgare 17, 24 Chaharmahal va Bakhtiari- Doabsamsami 1768 32°9'N 50°16'E

M. wulgare 27, 38 Isfahan- toward Chadegan 1756 32°46'N 50°37'E

M. wulgare 42, 63 Kohgiloye va Boyerahmad- Kouhgol 2490 30°51'N 51°31'E

M. astracanicum 11 Chaharmahal va Bakhtiari- Kouh-e Chirou, Hoseinsanabad 2350 31°50'N 51°4'E
M. astracanicum 12,15 Chaharmahal va Bakhtiari- Kouh-e Chirou 2470-2500 31°50'N 51°4'E
M. astracanicum 22 Chaharmahal va Bakhtiari- Doabsamsami 1769 32°9'N 50°16'E
M. astracanicum 26 Chaharmahal va Bakhtiari- Marboreh, Abbarik 2555 32°25'N 50°14'E
M. astracanicum 46,47,49 Isfahan- Khansar, Golestankouh 1631-2447 33°9'N 50°20'E
M. astracanicumo6 Kohgiloye va Boyerahmad- Kouhgol 2696 30°51'N 51°31'E

B. aucheri 64 Kohgiloye va Boyerahmad- Sisakht, kouh-e Mishi 1850 30°51'N 51°31'E

B. aucheri 65 K ohgiloye va Boyerahmad- Sisakht, Kouhgol 2696 30°51'N 51°31'E
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including five Marrubium species with one variety and
two Ballota aucheri Boiss. accessions (Table 2). These
five species belong to M. sect. Marrubium Benth. (M.
cuneatum Banks & Sol., M. crassidens Boiss. var.
brevidens Seybold, M. vulgare L. and M. anisodon K.
Koch.) and M. sect. Microdonta (Briquet) Seybold (M.
astracanicum Jacg.). The voucher specimens were
deposited in the Herbarium of Shahrekord University.
It is noteworthy that these five Marrubium species
mainly distribute in central and south-west of Zagros
region.

In the case of morphological investigations, the
shape of calyx teeth was studied in Marrubium species
using a digitalized Olympus SZX-ZB12 research stereo
microscope.

Due to the close taxonomic relationships between
Marrubium and some Ballota species (B. aucheri),
molecular investigations were first performed with
those taxa.

DNA Extraction

Leaf samples were stored at —20°C untii DNA
isolation. DNA was extracted from 0.5 g fresh leaves
using the method of Khanuja et a. with minor
modifications [19]. In order to verify the quantity and
quality of DNA samples, a spectrophotometer with
260-280 nm and 0.1% agarose gel with Tris-Borate-
Ethylene-diaminetetra-acetic-acid (TBE) was applied.
A total of 35 Marrubium accessions were selected for
extraction (Table 2).

I SSR-PCR Amplification
To facilitate genomic DNA amplification, ISSR
extension analysis was applied [24]. ISSR analysis was
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approved with 17 primers of which 12 were suitable to
intensify (Table 3) [24]. Twelve primers were
investigated in the reaction mixture; all reactions were
carried out in a25 pl volume including 1 pl of template
DNA, 1 pl primer, 0.5 ul each deoxyribonuclectide
triphosphates (dNTPs) (Datp, Dttp, Dctp, Dgtp), 1.25
ul MgCl,, 0.4 pl of rTag DNA polymerase and 16.5 pl
dH,0 in a suitable 2.5 pl 10X buffer with 2 ul DMSO.
DNA amplification was performed on an Eppendorf
Mastercycler gradient 5331 thermal cycler and the
amplification conditions were achieved through initial
denaturation at 95°C for 3 minutes, followed by 35
cycles of denaturation at 94'C for 30 seconds,
annealing at 45°C for 45 seconds and elongation at 72°'C
for 1 minute. A final extension was planned at 72°C for
5 minutes. The amplification products were separated
by 1.2% agarose gel, runat 90 V in 0.5x TBE and were
stained with 15.2 pl of ethidium bromide with a 50-
1500 bp DNA ladder as a molecular size marker [24].
The amplified genomic DNA bands were visualized
and photographed under ultraviolet light (UV) using
GEL DOC UV Tech.

DNA Analysis

To perform DNA analysis, all of the clear and
reproducible amplified bands were chosen and scored
as present (1) and absent (0). Then, a data matrix was
designed to estimate genetic diversity in terms of
different coefficients. Different genetic diversity
parameters were applied in this research [29, 32, 44].
The additiona measurement of partitioning genetic
variation was obtained through analysis of molecular
variance (AMOVA) to determine the genetic structure
and genetic variability among species and populations

Table 3. Properties of |SSR markers used for Marrubium and Ballota species

Primer name

Nucleotide sequence (5°-3")

ISSR1
ISSR2
ISSR3 (UBC808)
ISSR4 (UBC815)
ISSR5
ISSR6 (UBC856)
ISSR7
ISSR8 (UBC809)
ISSR9 (UBC825)
ISSR10
ISSR11 (UBC827)
ISSR12 (UBC854)
ISSR13 (UBC810)
ISSR14 (UBC841)
ISSR15 (UBC873)
ISSR16 (UBC855)
ISSR17 (UBC861)

ACCACCACCACCACCACC
CTCTCTCTCTCTCTCTA
AGAGAGAGAGAGAGAGC
CTCTCTCTCTCTCTCTG
CACACACACACACAYC
ACACACACACACACACYA
GAGAGAGAGAGAGAGACC
AGAGAGAGAGAGAGAGG
ACACACACACACACACT
ACACACACACACACACT
ACACACACACACACACG
TCTCTCTCTCTCTCTCRG
GAGAGAGAGAGAGAGAT
GAGAGAGAGAGAGAGAYC
GACAGACAGACAGACA
ACACACACACACACACYT
ACCACCACCACCACCACC

*Y: mixed base positionsfor C and T, R: mixed base positions for A and G
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within the species using Gene Alex 6.5 software [33].

A dendrogram was also generated by UPGMA
(Unweighted Pair Group Method Average) and SAHN
clustering methods (Sequential  Agglomerative
Hierarchical Non-overlapping) to illustrate the
taxonomic relationships. Moreover, similarity matrix
based on the Jaccard’s coefficient was initially
estimated using SMQUAL program with NT-SYS-pc
v.2.02 software [36]. The correlation and linear
regression between genetic distance and geographical
distance were estimated by Gene Alex 6.5 and SPSS
v.20 [30].

Results

The results of ISSR amplification showed that
among the 17 primers used to detect polymorphic
bands, 12 generated clear profiles and these were
chosen for further studies. The fragments of 500-1500
bp were provided for five Marrubium species.
Moreover, the 1000-1500 bp (ISSR 4, 6) and 600-800
bp (ISSR 13, 14, 15) bands illustrated the unique bands
arising in all of the studied species. A total of 95 bands
were identified for 35 Marrubium accessions (M. sect.
Marrubium and M. sect. Microdonta) and two Balota
aucheri accessions. It is revealed that al bands were

polymorphic. For both sections and B. aucheri, the
highest number of polymorphic bands was observed in
ISSR primer no.17 (NP=12) and the lowest was in
primer nos. 14 and 4 (NP=3). The mean number of
polymorphic bands was 7.9. The highest polymorphic
information content (PIC=0.45, 0.44) was observed in
primer nos.4 and 13 and the lowest was (PIC=0.17) in
primer no.12 (Table 4). The percentage of
polymorphism (PP) was found to be 100% which was
detected for al primers used. The highest value of
marker index (M1=4.7, 3.9) was observed in primers
nos. 16 and 8. The lowest value (MI=1.05) was found
in primer no. 12 (Table 4).

Because of high morphological variations in shape
of calyx teeth (Fig. 5), the molecular analysis was
investigated separately among M. cuneatum accessions.
In the case of M. cuneatum accessions, the highest
number of polymorphic bands belonged to 1SSR primer
no. 16 (NP=10) and the lowest one was observed in
ISSR primer no. 4 (NP=2) (Table 4). The mean number
of polymorphic bands was 6.25. The highest PIC=0.36
was observed for primer nos.13, 16 and 8 and the
lowest value (PIC=0.18) was in primer no. 12.
Noticeably, the PP detected was 100% which was
observed in primer nos. 9, 8, 11, 12, 13, 14, 15 and 16
(Table 4). The highest value of MI=3.6 was identified

Table 4. Molecular information for each primer used for M. sect. Marrubium, M. sect. Microdonta, Ballota aucheri and M.
cuneatum accessions. N, number of loci; NP, number of fragment polymorphism; PP, percentage of polymorphism; PIC,

polymorphic information content; M1, marker index

M. sect.
Marrubium, M.
sect. Microdonta,

and Ballota

aucheri

Primer ISSR 3 4 6 8 9 12 13 14 15 16 17 Sum Mean
/character

N 11 3 6 11 6 6 8 3 9 11 12 95 79
NP 11 3 6 11 6 6 8 3 9 11 12 95 79
PP 100 100 100 100 100 100 100 100 100 100 100 100 1200 100
PIC 029 045 0.29 0.35 0.32 0.37 0.17 0.44 041 026 043 028 4.06 0.33
Ml 32 13 17 39 19 33 1.05 35 12 23 47 34 314 26
M. cuneatum

accessions

Primer ISSR 3 4 6 8 9 12 13 14 15 16 17 Sum Mean
/character

N 8 3 5 8 6 6 8 3 8 10 10 83 6.9
NP 5 2 4 8 6 6 8 3 8 10 7 75 6.25
PP 62 66 80 100 100 100 100 100 100 100 100 70 1078 89.8
PIC 024 0.26 0.24 0.36 0.29 0.32 0.18 0.36 032 028 036 026 3.74 0.28
Ml 075 035 0.77 29 17 2.6 1.09 28 0.97 2.2 3.6 128 2101 175
M. sect.

Marrubium

Primer ISSR 3 4 6 8 9 12 13 14 15 16 17 Sum Mean
/character

N 8 3 6 10 6 6 8 3 9 11 11 20 75
NP 8 3 6 10 6 6 8 3 9 11 10 89 74
PP 100 100 100 100 100 100 100 100 100 100 100 90 1190 99.1
PIC 029 0.28 0.30 0.31 0.31 0.28 0.20 0.38 039 023 032 020 349 0.29
Ml 2.3 0.84 1.8 3.1 1.8 25 12 3.1 12 2.1 35 1.8 25.2 2.1
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Figure 1. Banding patterns of ISSR primers with amplified loci in Marrubium species.
M. cuneatum: 1, 2, 5, 7, 10, 16, 19, 29, 35, 36, 37, 43, 51, 50, 71; M. crassidens var. brevidens: 3,
4, 42; M. vulgare: 24, 38, 42, 63; M. anisodon: 3, 23, 25, 39, 41, 40, 59, 74; M. astracanicum: 15,

66; B. aucheri: 64, 65

in primer no. 16 and the lowest one (M1=0.35) was in
primer no. 4 (Table 4). Noticeably, from a total number
of 83 bands assessed 75 were polymorphic (Table 4).

The primer position was also estimated in M. sect.
Marrubium. The mean number of polymorphic bands
was 7.4 and the highest value (NP=10 and 11) belonged
to primer nos. 17, 8 and 16. Both M| and PIC values
were ranged from 0.84-3.5 and 0.2-0.39, respectively
(Table 4). A total number of 90 bands were identified
from which 89 bands were polymorphic (Table 4).

The ISSR banding patterns of appropriate primers
are shown in Figure 1. As aresult of this section, atotal
of 12 primers were appropriate to detect polymorphic
bands in Marrubium species but the primer nos. 17, 13
and 16 were mainly considered to illustrate the
variability information (Table 4). In M. cuneatum, eight
primers were appropriate to detect the polymorphism
and the primer nos. 8, 13 and 16 displayed the best
evidence of diversity (Table 4). In M. sect. Marrubium,

al primers were suitable to illustrate polymorphic
bands (Table 4) but primer no. 16 was the most
appropriate marker for our purposes.

The genetic diversity parameters were also estimated
for the both sections of M. sect. Marrubium, M. sect.
Microdonta and Ballota species. Overall, genetic
diversity (Gst) and genetic diversity within individuals
(Fis) were 0.98 and 0.01, respectively. Moreover, the
Shannon information index (1) was found to be 0.51
(Table 5). The linear regression between geographical
distance and genetic distance is also provided for this
part (Fig. 2). The results suggest that there is little
correlation between the both cases (r=0.43).

In M. cuneatum accessions, genetic diversity (Gst)
and genetic diversity within individuals (Fis) were 0.86
and 0.14, respectively. Also, the Shannon information
index (1) was found to be 0.55. Regarding the high
genetic diversity, the high polymorphism in primers
(PP=89.8%) was certainly expected in this case (Tables

Table 5. Inbreeding coefficient within individuals or genetic diversity within individuas (Fis or Gis), genetic diversity (Gst),
expected heterozygosity (He), number of different alleles (Na), Shannon information index (1) and number of effective aleles (Ne)

of Marrubium and Ballota species and M. cuneatum accessions

Species/accessions Fis Gst He Na I Ne

M. sect. Marrubium, M. sect. Microdonta and B. aucheri 0.01 0.98 0.34 1.96 0.51 1.53
M. cuneatum 0.14 0.86 0.37 2 0.55 1.60

M. sect. Marrubium 0.012 0.99 0.35 2 0.53 157
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Figure 2. Linear regression between genetic distance (Gentd) and geographical distance (Geod) in the both sections Marrubium

and B. aucheri
Table 6. Genetic structure in total Marrubium and Ballota species using AMOVA analysis
Source Df Sum of Variance Per centage of
Square Component  Variation P <0.001

Among species 5 4.769 0.096 18%

Among population within species 30 13.509 0.450 82%

Total 35 18.278 0.546 100%
4 and 5). of genetic variation presented among populations

In M. sect. Marrubium, evidence of genetic diversity
was also estimated. It was found that, genetic diversity
was high (Gst=0.99) and the Shannon information
index was 0.53. Similarly, genetic diversity within
individuals (Fis= 0.012) was low and the PP was found
to be 99.1% (Table 5).

AMOVA analysis also demonstrated a high quantity

within the species (82%) and a low quantity presented
among species (18%). AMOVA analysis also identified
a high significant genetic differentiation among the
populations (Table 6).

The results of cluster analysis for the both sections
of M. sect. Marrubium, M. sect. Microdonta and
Ballota species showed two groups (Fig. 3). In

"hatlotss

Figure 3. Dendrogram of five Marrubium species belonging to M. sec. Marrubium and M. sec. Microdonta, and B. aucheri using
ISSR molecular markers. Cun: M. cuneatum, astra: M. astracanicum, vulg: M. vulgare, crass: M. crassidens, aniso, M. anisodon,

ballot: Ballota aucheri
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taxonomic point of view, most of the M. anisodon, M.
vulgare, M. cuneatum, M. crassidens and B. aucheri
accessions were definitely grouped and discriminated.
Some of the species including M. astracanicum, M.
vulgare 38 and M. cuneatum 43 were positioned in
different  taxonomic  groups.  Therefore, M.
astracanicum displayed different groups with M.
cuneatum. Moreover, M. vulgare clustered with M.
crassidens.

The results of the second cluster analysis of M.
cunetaum accessions encompassed two groups (Fig. 4).
Based on these results, ten different groups were
identified. Noticeably, M. cuneatum 29, 37, 7 and 35
are different accessions from the others. These
accessions displayed different morphological features
in the shape of calyx teeth. It can be concluded that

N. Salehi, et al.

J. Sci. . R. Iran

these Marrubium accessions exhibited intra-specific
variations, intermediate species and polymorphism
events. These variations are provided in Figure 5 using
morphological characters. Noticeably, the M. cuneatum
accessions with intermediate features of calyx teeth
(Figs. 5B, D, G, H) and the absence of sinuses between
the calyx teeth (Figs. 5C, E) certainly support this
polymorphism.

Based on taxonomic point of view and cluster
analysis in M. sect. Marrubium, two groups were
identified. The taxonomic status of the members was
closely matched with Figure 3 using both sections (Fig.
7). In this cluster analysis most of the species such as
M. anisodon, M. wulgare and M. cuneatum were
definitely grouped but M. vulgare (with accession no.
38) was grouped with M. crassidens (with accession
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Figure 5. Forms of calyx teeth in M. cuneatum accessions X10
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Figure 6. Forms of calyx teeth in M. crassidens var. brevidens accessions X 10
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Figure 7. Dendrogram of Marrubium species belonging to M. sec. Marrubium using |SSR molecular markers. Cun: M. cuneatum,
vulg: M. vulgare, crass. M. crassidens, aniso, M. anisodon, ballot: Ballota aucheri

no. 42) and M. cuneatum (with accession no. 43) was
separately clustered with M. crassidens (with accession
nos. 4 and 41).

Discussion

Based on the molecular cluster analysis, we found an
exact position for the both sections;, M. sect.
Marrubium and M. sect. Microdonta. The genetic
diversity results in Zagros region showed high
variations in M. sect. Marrubium, M. sect. Microdonta
and B. aucheri using cluster analysis. Indeed, ISSR
molecular marker clearly provided variations in
members of both sections (Figs. 3 and 7). It is
attributed to M. cuneatum with 11 groups, M. anisodon,
M. crassidens and M. astracanicum with three groups
and M. wvulgare with two groups (Figs. 3 and 7).
Kharazian and Hashemi reported high morphological
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and flavonoid profile variations in the both sections.
These variations were observed in M. cuneatum, M.
vulgare and M. anisodon [21]. As mentioned above,
these molecular variations were in agreement with
previous results [21].

Marrubium cuneatum accessions exhibited ten
different groups (Fig. 4) which are based on previous
results of flavonoid and morphological studies from
Marrubium species [21]. It is noted that the
morphological variations in M. cuneatum accessions
(Fig. 5 might be due to the polyploidy and
hybridization features. It appears that some Marrubium
species influence this feature. It is recognized by
morphological character such as shape of calyx teeth.
Kharazian and Hashemi pointed out these variations
are especialy focused on the number of flowersin each
verticillaster (16-24), bract size (15-25 x 5-20 mm),
length of calyx teeth (0.5-4 mm), number of calyx teeth
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(12-30), the absence of sinuses between calyx teeth and
type of coalition in the base of calyx teeth, corolla
length (5.2-6.5 mm); indumentum of stem, ledf,
inflorescence axis, bract, bracteole, calyx and corolla
[21]. Ahvazi et al reported the variations of trichome
length of calyx in M. cuneatum [3]. Noticeably, M.
cuneatum with accession nos. 7, 35 and 37 with
different morphological characters in terms of calyx
teeth were grouped separately (Fig. 3). It isrevealed by
the absence of sinuses between the calyx teeth (shape
of teeth) and the type of codlition at the base of them
(Fig. 5€). Accession no. 29 was also placed in a
different group which is characterized by the shape of
calyx teeth (including two or more simple teeth) (Fig.
3). Molecular analyses evidently support the previous
results [21]. Moreover, M. cuneatum was definitely
separate from the other species. Molecular analysis of
this study also confirmed these variations. High degree
of polymorphism was detected including the genetic
parameters such as Gst=0.86, 1=0.55, Ne= 1.6,
PP=89.8% and He= 0.37 (Tables 4 and 6).

It is noted that the applied technique in this study
powerfully discriminated against M. cuneatum and M.
vulgare. Akgul et al. reported that some of the pollen
features, seed shape and seed ornamentation from M.
cuneatum and M. vulgare were similar [4] and included
closed groups involving high hybridization between
them [21, 40]. However, they were different in regard
to exine ornamentation, shape of polar/equatorial axes
and seed dimensions [4]. Therefore it displayed two
distinct clades which are strongly in accordance with
our molecular results.

Some of the M. crassidens var. brevidens accessions
showed broad calyx teeth in the base which strongly
differ from the other accessions, i.e., the middle teeth
of calyx. All of the calyx teeth were simple and slender
but the only one had a bi-dentate lobe of calyx and
wide base (Fig. 6). This difference was found in our
clustering analysis with molecular data. Marrubium
crassidens accessions were also distinctly grouped but
the accession no. 42 was clustered with the M. vulgare
accession (with accession no. 38) (Fig. 3). It can be
stated with confidence that M. crassdens var.
brevidens displays variability in its accessions. Ahvaz
et a. observed mono-cellular simple hairs in upper
surface of leaf in these species [3]. In addition, M.
crassidens clustered near to M. cuneatum with
accession no. 43 (Fig. 7) which is also substantiated
using morphological reports [21, 40]. Controversialy,
flavonoid reports do not confirm this finding [20]. M.
crassidens var. brevidens exhibits a substantia
deviation in the formation of the calyx teeth [21, 40].
Marrubium crassidens related with M. cuneatum and
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distributed closely with M. cuneatum [40]. It is
reasonable to assume that it would be an intermediate
or hybrid species which is detected using ISSR
molecular markers (Fig. 7). The molecular variations of
this species were strongly detected by morphological
and flavonoid data [21], but do not support
morphological evidences of some previous results [40].

In another case, Seybold, Jamzad, Ahvaz et al. and
Kharazian and Hashemi also reported high
morphological variation and polymorphism for M.
astracanicum which is supported by our molecular
analysis results [3, 17, 21, 40]. As aresult, this species
is comprised of different groups (Fig. 3). Akgul et al.
reported that the pollen features of M. astracanicum
such as polar axis, polar/equatoria axes and shape,
exine thickness, pollen meridional and ornamentation,
and seed shape were different especially in comparison
with M. cuneatum and M. wulgare [4] which is not
based on our molecular data. Exceptionaly, M.
cuneatum with accession no. 43 was clustered with M.
astracanicum but both of them definitely differed (Fig.
3). Ahvaz et al. aso reported similar stellate trichomes
in both species[3].

Marrubium anisodon and M. cuneatum detected
different groups (Fig. 3). Abu-Asab and Cantino
reported that M. anisodon and M. cuneatum were
different in colpi, polar and equatorial axes,
polar/equatoria shape, exine thickness, and seed sizes
but were similar in pollen sculpturing of upper and
lower, exine and seed ornamentation [1]. Akgul et al.
also detected different pollen meridional in M.
cuneatum [4]. Morphological features, micro-
morphology of trichomes and flavonoid profiles from
previous results powerfully confirm our molecular
results [3, 20]. Marrubium anisodon accessions
included distinct groups. Marrubium anisodon with
accession no. 39 was also clustered as a separated
group from the other M. anisodon accessions (Fig. 3).
In terms of morphology and flavonoid profiles,
Kharazian and Hashemi reported the differences of M.
anisodon compared with the other Marrubium species
[21]. Controversialy, phylogenetic analysis showed
close relations between M. anisodon and M. vulgare [4]
which is comprised of two distinct clades. Our
molecular results do not confirm previous researches
[4]. It can be determined that ISSR markers strongly
differed among Marrubium species.

Despite Marrubium presenting a complex group [4],
ISSR molecular markers highlight the discriminating
capacity to identify the taxonomic status.

In spite of high similarity between B. aucheri and
Marrubium species, they form separate groups in
cluster analysis which is confirmed by previous reports
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[21].

Noticeably, molecular anaysis of M. sect.
Marrubium and M. sect. Microdonta illustrated a high
degree of diversity and polymorphism which it presents
through high genetic variations for all of the primers
used such as Gst=0.98, He= 0.34, PP=100%, Ne= 1.53
and 1=0.51 (Tables 3 and 6). Similarly, these
polymorphisms were also separately detected in section
Marrubium for example Gst=0.99, 1=0.53, Ne= 1.57,
He=0.35 and PP=99.1% (Tables 5 and 6). Based on
previous results, the high value of genetic diversity,
percentage of polymorphism, the Shannon information
index and expected heterozygosity were found in
different sections of the genus Sachys in Iran and
Russia (Lamiaceae, Lamioideae) using |SSR molecular
markers [20, 24] which supports our results.

Based on the molecular data, in the both sections
PIC ranges from 0.17-0.45 and PP varies from 89.8-
100%. Moreover, Gst ranges from 0.86-0.99 and Fis
ranges from 0.01-0.14. Kochieva et a. and Kharazian
et a. also detected a high percentage of polymorphism
(315 polymorphic fragments; PP=71.18-100%) in
different sections of Stachys [20, 24]. Moreover, Song
et a., Erbano et a. and Yousefi Azarkhanian et al.
reported high percentage of polymorphism and high
genetic diversity in Salvia species [15, 42, 47]. Our
molecular results were in accordance with previous
studies in Lamiaceae members utilizing RAPD and
ISSR markers [37, 42, 48].

Anaysis of molecular variance (AMOVA) aso
showed high genetic variations among populations and
low variations among species. WU et al. reported high
gene flow (Nm) among populations from
Rhododendron L. species [46]. The high genetic
diversity and low genetic differentiation in species can
be explained by the life history traits, pollen dispersal
and high gene flow. Pollen or seed dispersal over large
distances cause high gene flow among populations.
Wind dispersal over large distances can also influence
it [46]. Gene flow among Marrubium populations was
also found to be high (Nm=2.3) which coincides with
Wu et a. [46]. The low genetic variation of speciesin
small populations is less than in larger ones and this
correlates to genetic drift and inbreeding systems.
However, the small size of populations displays high
genetic diversity. This is due to vegetative forms and
habitat specifications. Moreover, outcrossing systems
display higher genetic diversity than self-systems [46].
It is known that the genetic differentiation and
population structure of some species do not correlate
with geographical detachment [11]. Based on our
findings, there is a low correlation between
geographical and genetic distance which is based on
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Obviously, a strong disparity among populations
was due to high Fst or Gst values and high genetic
diversity. In our results, high levels of genetic diversity
(Gst=0.86-0.99, Shannon information index=0.51-0.55,
Ne= 1.53-1.6 and He=0.34-0.37) restricted the genetic
differentiation which was detected by the ISSR
technique and accomplished by the above mentioned
results [37, 50]. The habitat fragmentation causes high
differentiation among populations and leads to a strong
genetic differentiation among them [49]. Moreover,
there is increased genetic differentiation of species
affected by repressed gene flow [44]. The genetic
structure of regular populations is strongly affected by
both fundamental factors [46]. On the whole, genetic
differentiation would be controlled by vicariant factors
[26]. Evidently, the species with a wider distribution
tends to have higher genetic diversity [35]. However,
further studies are needed to illustrate the breeding
system. Thus, the levels of polymorphism at the ISSR
loci from 35 Marrubium accessions are likely to give
an accurate estimate of Gst.

In the both studied sections and B. aucherii, low
levels of inbreeding coefficient (Fis) were found
suggesting that the breeding system of Marrubium taxa
encompasses high population and species diversity.
Other molecular evidence such as marker index (MI)
value ranges from 0.75-4.7, and the Shannon
information index (1) ranges from 0.51-0.55 which
supports the above resullts.

Conclusion

Based on these assumptions, the gene pool diversity
can be ascribed to the rich genetic resources in the
Zagros region which are significant in plant breeding.
Estimating the high genetic diversity requires the
recognition of regions with polymorphism and justifies
organization of this germplasm [37]. To better
understand the patterns of genetic diversity and
structure on the quantitative genetic differentiation,
breeding system and habitat fragmentation will be
needed [35]. Because of the waell-documented
taxonomical status of Marubium species achieved
through 1SSR molecular markers, these are the tools of
choice to identify the genetic diversity in Marrubium. It
is recognized that molecular investigations
discriminated Marrubium species in term of
taxonomical point of view. The shape of calyx teeth in
M. cuneatum and M. crassidens reveded high
variations which is consistent with molecular results. It
is observed that the other species of Marrubium do not
display this variation. In addition, M. cuneatum and M.
crassidens detected inter-specific  hybridization.
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Marrubium wulgare was closely

related to M.

crassidens but M. anisodon was definitely different
from other Marrubium species. It is probably that M.

astracanicum and M.

cuneatum display different

ecotypes in Zagros region, Iran.

Acknowledgment

The authors are thankful to the research deputy of

Shahrekord University for providing financial support.
It isalso appreciated Mr. J. Aalipour for cooperation.

10.

11.

12.

References
Abu-Asab M.S. and Cantino P.D. Systematic
implications of pollen morphology in subfamilies
Lamioideae and Pogostemonoideae. Ann. Mo. Bot. Gard.
81: 653-686 (1994).
Agostini  G., Teixeira de Souza-Chies T. and
Echeverrigaray S. Genetic diversity of Cunila incisa
Benth. (Lamiaceae). Med. Aromatic Plants 1. 1-3
(2012).
Ahvazi M., Jamzad Z., Bdai G.R. and Saeidi H.
Trichome micro-morphology in  Marrubium L.
(Lamiaceae) in Iran and the role of environmenta factors
on their variation. Iran. J. Bot. 22: 39-58 (2016).
Akgul G., Ketenoglu O., Pinar N.M. and Kurt L. Pollen
and seed morphology of the genus Marrubium
(Lamiaceae) in Turkey. Ann. Bot. Fenn. 45: 1-10 (2008).
Ansari SA., Narayanan C., Wali SA., Kumar R., Shukla
N. and Rahangdale SK. ISSR markers for analysis of
molecular diversity and genetic structure of Indian teak
(Tectona grandis L.f.) populations. Ann. For. Res.
55:11-23 (2012).
Aytac Z., Akgul G. and Ekici M. A new species of
Marrubium (Lamiaceae) from Central Anatolia, Turkey.
Turk. J. Bot. 36: 443-449 (2012).
Badfar-Chaleshtori S, Shiran B., Kohgard M.,
Mommeni H., Hafizi A., Khodambashi M., Mirakhorli
N. and Sorkheh K. Assessment of genetic diversity and
structure of Imperial Crown (Fritillaria imperialis L.)
populations in the Zagros region of Iran using AFLP,
ISSR and RAPD markers and implications for its
conservation. Biochem. Syst. Ecol. 42: 35-48 (2012).
Bentham G. Labiatarum Genera et Species. Ridgeway &
Sons, London, 783 p. (1834).
Boisser P.E. Flora Orientalis. Regnum Academic
Scientific, Basel, 1276 p. (1879).
Briquet J. Labiatae. In: Engler A. and Pran H.K. (Eds.),
Die Naturlichen Pflanzenfamilien, W.
Engelmann, Leipzig, pp.183-375 (1896).
Chen L., Chen F,, He S. and Ma L. High genetic
diversity and small genetic variation among populations
of Magnolia wufengensis (Magnoliaceae), reveaed by
ISSR and SRAP markers. Electron. J. Biotechnol. 17:
268-274 (2014).
Cullen J. Marrubium L. In: Davis P.H. (Ed.), Flora of
Turkey and the Aegean Idands, Edinburgh Univ. Press,
Edinburgh, pp. 165-178 (1982).

18

N. Salehi, et al.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

J.Sci. . R. Iran

Dundar E., Akcicek E., Dirmenci T. and Akgun S.
Phylogenetic analysis of the genus Sachys sect.
Eriostomum (Lamiaceae) in Turkey based on nuclear
ribosomal ITS sequences. Turk. J. Bot. 37: 14-23 (2013).
El Barda S., Morel S., Wibo N., Faber M., Llabers N.G.,
Lyouss B. and Uetin-Leclercq J. The vasorlaxant
activity of murrabenol and marrubin from M. vulgare.
Planta Med. 69: 75-77 (2003).

Erbano M., Schuhli G.S. and Pereira dos Santos E.
Genetic Variability and Population Structure of Salvia

lachnostachys:  Implications for Breeding and
Conservation Programs. Int. J. Mol. Sci. 16: 7839-7850.
(2015).

Hou Y.C.,, Yan Z.H., Wei Y.M. and Zheng Y .L. Genetic
diversity in barley from west China based on RAPD and
ISSR analysis. Barley Genet. Newsl. 35: 9-22 (2005).
Jamzad Z. Lamiaceae. In: Asadi M., Masoumi A.A. and
Mozafarian V. (Eds.), Flora Iran, Research Ingtitute of
Forest and Rangelands, Tehran, pp.152-251 (2012).
Karioti A., Heilmannb J. and Skaltsa H. Secondary
Metabolites from Marrubium velutinum, Growing Wild
in Greece. Z. Naturforsch. 60b: 328-332 (2005).
Khanuja S.P.S., Shasany A.K., Darokar M.P. and Kumar
S. Rapid isolation of DNA from dry and fresh samples of
plants producing large amounts of secondary metabolites
and essentia oils. Plant Mol. Biol. Rep. 17: 1-7 (1999).
Kharazian N., Rahimi S. and Shiran B. Genetic diversity
and morphological variability of fifteen Sachys
(Lamiaceae) species from Iran using morphological and
ISSR molecular markers. Biologia 70: 438-452 (2015).
Kharazian N. and Hashemi M. Chemotaxonomy and
morphologica studies in five Marrubium L. species in
Iran. Iran. J. <ci. Technol. 41: 17-31 (2017).

Knorring O.F. Marrubium L. In: Schischkin B.K. (Ed.),
Flora of the USSR, lIsrael Program for Scientific
Trandlations, Jerusalem, pp.155-165 (1954).

Kochieva E.Z., Khussein |.A., Legkobit M.P. and
Khadeeva N.V. The detection of genome polymorphism
in Stachys species using RAPD. Russ. J. Genet. 38: 516
520 (2002).

Kochieva E.Z., Ryzhova N.N., Legkobit M.P. and
KhadeevaN.V. RAPD and ISSR analyses of species and
populations of the genus Stachys. Russ. J. Genet. 42:
723-727 (2006).

Liu B. and Wendel JF. Inter simple sequence repeat
(ISSR) polymorphisms as a genetic marker system in
cotton. Mol. Ecol. Notes. 1: 205-208 (2001).

Liu J, Wang L., Geng Y., Wang Q., Luo L. and Zhong
Y.G. Genetic diversity and population structure of
Lamiophlomis rotata (Lamiaceae), an endemic species
of Qinghai-Tibet Plateau. Genetica 128: 385-394
(2006).

Mathiesen C., Scheen A.C. and Lindgvist C. Phylogeny
and biogeography of the Lamioid genus Phlomis
(Lamiaceae). Kew Bull. 66: 83-89 (2012).

Meimberg H., Abele T., Brauchler Ch., McKay JK.,
Perez de Paz P.L. and Heubl G. Molecular evidence for
adaptive radiation of Micromeria Benth. (Lamiaceae) on
the Canary Idlands as inferred from chloroplast and
nuclear DNA seguences and ISSR fingerprint data. Mol.
Phylogenet. Evol. 41: 566-578 (2006).



29.

30.

31

32.

33.

35.

36.

37.

38.

39.

Genetic Diversity of Marrubium Species from Zagros Region ...

Milbourne D., Meyer R., Bradshaw J.E., Baird E., Bonar
N., Provan J., Powell W. and Waugh R. Comparison of
PCR based marker systems for the analysis of genetic
relationships in cultivated potato. Mol. Breeding 3:127-
136 (1997).

Moresco R.M., Maniglia T.C., De Oliveira C. and
Margarido V.P. The pioneering use of ISSR (Inter
Simple Sequence Repeat) in Neotropicd anurans
preliminary assessment of genetic diversity in
populations of Physalaemus cuvieri  (Amphibia,
Leiuperidae). Biol. Res. 46: 53-57 (2013).

Muhamed N.H. Anticancer activity of Marrubium
alysson L. and its phenolic congtituents. In: Awaad A.S.,
Govil JN. and Singh V K. (Eds.), Drug Plants, Stadium
PressLLC, USA, pp.185-193 (2010).

Nei M. Andysis of gene diversity in subdivided
populations. In: Proceeding of Nationa Academic
Sciences of the USA, pp. 3321-3323 (1973).

Peskall R. and Smouse P. Gen AIEx 6.5: Genetic
analysis in Excel. Population genetic software for
teaching and research — an update. Bioinformatics 28:
2537-2539 (2012).

Puppo P, Curto M., Gusmao-Guedes J., Cochofel
J., Perez de Paz P.L., Brauchler C. and Meimberg H.
Molecular phylogenetics of Micromeria (Lamiaceae) in
the Canary lIdands, diversification and inter-island
colonization patterns inferred from nuclear genes. Mol.
Phylogenet. Evol. 89: 160-70 (2015).

Rodrigues L., van den Berg C., Povoa O. and Monteiro
A. Low genetic diversity and significant structuring in
the endangered Mentha cervina populations and its
implications for conservation. Biochem. Syst. Ecol. 50:
51-61 (2013).

Rohlf F.J. NTSYS-pc: Numerica Taxonomy and
Multivariate Analysis System. Exeter software, Setauket,
New York, ver. 2.1. (2000).

Saidi M., Movahedi K., Mehrabi A.A. and Kahrizi D.
Molecular genetic diversity of Satureja bachtiarica. Mol.
Biol. Rep. 40: 6501-6508 (2013).

Sgjadi S., Shiran B., Kharazian N., Houshmand S. and
Sorkheh K. Genetic diversity of Salvia species from
Chaharmaha va Bakhtiari and Isfahan province using
AFLP molecular markers. J. Hort. Sci. 40: 79-88 (2010).
Salmaki Y., Zarre S., Rydin O., Lindgvist C., Scheunert
A., Brauchler C. and Heubl G. Phylogeny of the tribe
Phlomideae with special focus on Eremostachys and

19

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

Phlomioides: new insights from nuclear and chloroplast
sequences. Taxon 61:161-179 (2012b).

Seybold S. Marrubium L. In: Rechinger K.H. (Ed.),
Flora Iranica, Akademische Druck- und Verlagsanstalt,
Graz, pp. 88-108 (1982).

Smolik M., Czak D.J. and Gtowczyk A. Assessment of
morphological and genetic variability in chosen Nepeta
accessions. Herba Pol. J. 54: 68-78 (2008).

Song Z., Li X., Wang H. and Wang J. Genetic diversity
and population structure of Salvia miltiorrhiza Bge. In
Chinarevealed by ISSR and SRAP. Genetica 138: 241-
249 (2010).

Stankovic M.S. Total phenolic content, flavonoid
concentration and antioxidant activity of Marrubium
peregrinum L. extracts. Kragujevac J. Sci. 33: 63-72
(2011).

Tero N., Aspi J., Siikamaki P., Jakalaniemi A. and
Tuomi J. Genetic structure and gene flow in a
metapopulation of an endangered plant species, Slene
tatarica. Mol. Ecol. 12: 2073-2085 (2003).

Wink M. and Kufmann M. Phylogenetic relationships
between some members of the subfamily Lamioidae
inferred from nucleotide sequence of the rbcl gene. Bot.
Acta 109: 139-148 (1996).

Wu F.Q., Shen Sh.K., Zhang X.J., Wang Y.H. and Sun
W.B. Genetic diversity and population structure of an
extremely endangered species: the world’s largest
Rhododendron. AoB Plants 7:1-9 (2014).

Yousefi Azarkhanian M., Asghari A., Ahmadi J,
Asghari B. and Jafari A.A. Genetic diversity of Salvia
species assessed by ISSR and RAPD markers. Not. Bot.
Horti Agrobo. 44:431-436 (2016).

Yuzbasioglu E. and Dadand M.Y. Phylogenetic
relationships among species of the subsection
Dendrophlomis Bentham. Electron. J. Biotechno. 11: 1-9
(2008).

Zaouali Y., Chograni H., Trimech R. and Boussaid M.
Genetic diversity and population structure among
Rosmarinus officinalis L. (Lamiaceae) varieties. var.
typicus Batt. and var. troglodytorum Maire. based on
multiple traits. Ind. Crop Prod. 38: 166-176 (2012).
Zaghloul M.S., Hamrick JL., Moustafa A.A., Kamel
W.M. and El-Ghareeb R. Genetic diversity within and
among Sinai populations of three Ballota species
(Lamiaceae). J. Hered. 97: 45-54 (2006).



