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Abstract

Thyme is an important medicinal plant in cosmetic, pharmaceutical and food industries. The first step for
breeding of thyme is evaluating of genetic variation and relationship between thyme's accessions. Therefore, the
objective of this study was to evaluate morphology, chemical and molecular variation of 13 accessions of
Thyme medicinal plant. ANOVA showed significant differences between accessions for total characterization
tested. The dendrogram constructed on the basis of morphology similarities showed two major clusters. In order
to evaluate the genetic variation, the genomic DNA was extracted using modified medicinal CTAB protocol.
The evaluation of the of DNA quality was performed using electrophoresis. Twenty primers were used for PCR
analysis and only 9 primers showed clear bands. Out of 149 bands, 83.22% were the polymorphism. The data
were analyzed with SPSS and POPGENE programs and the dendrogram was drawn based on UPGMA and
showed three major clusters. In order to evaluate the chemical variation, essential oil was obtained using
Clevenger unit. ANOVA showed significant differences between accessions for total characterization test.
Dendrogram for chemical variation showed two major clusters. Chemical and morphological traits matrices
were formed using Statistical V5.5A software and were compared with genetic similarity matrices using
GenAlex 6.1 software.
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made it one of the most popular medicinal herbs.
Thymus essential oil is among the world’s best ten
essential oils [4]. At present, the demand of
essential oils for this herb is raised for perfumery,
cosmetic and medicinal use deprived of any

I ntroduction

Thyme is a medicinal herb of the genus Thymus L.
and family of Lamiaceae [1]. That is one of the
oldest medicinal plants and possesses various

applications in the food, pharmaceutical and
cosmetic industries [2]. The pharmacological
properties and biological activity of the thyme are
attributed to the presence of essential oils. Thus,
special attentions nowadays have been given to
characterize and evaluate the volatile compounds
and essential oils present in this plant [3]. The
aromatic and medicinal properties of Thymus have

breeding programs to select proper cultivars. In
traditional herbal medicine, Thymus species are
greatly used as tonic, antiseptic, antitussive and
carminative [5,6]. There are studies about thyme,
such as genetic variation [7-13], karyotypic [14]
and in vitro selection [15]. Two important species
of Thymus, Thymus daenensis Celak and Thymus
kotschyanus Boiss & Hohen, in Iranian folk
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medicine, are used as fresh or dried for these
objectives [4].

Wild relatives of crops are usually used as principle
resource of genetic variation for new breeding
programs, while wild medicinal plants are actually
in danger of extinction. Therefore, genetic
relationship of these plants is a critical subject
[4,16]. Knowledge about the genetic basis of
medicinal plants populations threatened by
extinction is an essential factor to perform the
conservation programs. The unique genetic makeup
of plant populations not only discriminates them
from other populations, but also defines their
ability to adapt to changing conditions and,
potentially, to create new species. Many
conservationists ~ would  discuss  that  the
conservation of genetic diversity is the
foundational basis of all conservation -efforts
because genetic diversity is requisite for
evolutionary adaptation, and such adaptation is the
key to the long-term survival of any species [17].
The habitat fragmentation and the spatial distance
of populations increase genetic drift and
differentiation among them and reduce their future
adaptation to environmental changes [18].
Hybridization is very common in Thymus due to
cross pollination. Bees are the most insects which
visit the flower of this plant and have an important
role in transferring of pollen. Thereby, high
morphological variations present in the thyme
population [19]. All selections are based on
variation in the plant breeding. Selection requires
genetic diversity and high genetic diversity widens
the range of selection. The characterization and
classification of germplasm allow breeders to avoid
duplication. Heterosis depends on the genetic
distance between parents and to investigate the
genetic distance, cultivars and varieties should be
classified [20]. Genetic diversity in plant species
through morphological and biochemical traits has
always been common. Due to environmental
effects on the gene expression, the morphological
assessment may not be a reliable method to
determine the genetic differences. The differences
that are present in the DNA (DNA markers) have
been widely used in the classification of organisms,
genetic diversity and mapping [21]. One of the
most common molecular markers is Random
Amplified Polymorphic DNA (RAPD) that has
been used in various fields [22]. Because of low
studies on Thymus, investigation of thyme diversity
is required. The aim of this study was to classify
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the Iranian native thyme using morphological and
molecular techniques and to determine the
variation in the essential oil content among those
varieties.

Material and M ethods

Plant Material Collection

The 13 accessions of thyme were collected from
Khorasan Razavi Agricultural and Natural
Resources Research Center in Mashhad (Table 1).

Table 1 Genotypes used as plant materials

Number Accession Geographical origin
1 T. kotschyanus Zanjan

2 T.transcaucasicus Zanjan

3 T. kotschyanus West Azarbaijan

4 T.pubescens Qazvin

5 T. kotschyanus Qazvin

6 T. kotschyanus Khorasan Razavi

7 T pubescens Eﬂa;:agheh Azarbaijan-
8 T. Vulgaris Khorasan Razavi

9 T. lancifolius Fars

10 T. lancifolius Kordestan

11 T.pubescens Zanjan

12 T. vulgaris Markazi

T. kotschyanus *T. West Azarbaijan

13 Trautveteri (Hybrid)

Morphological Variation

Biometric measurements of the plants were made
during the vegetation period including number days
to two, four, six and eight leaves, height of plant,
maximum diameter crown area of canopy,
minimum diameter crown area of canopy, crown
area of canopy area, number of stem in each plant,
germination  percentage, germination  speed,
number of days to start flowering, number days to
50% of flowering. The samples were taken and
shooting parts of the plant were weighed and dried
in the shade. After drying process, the samples
were weighed again [23].

Phytochemical Variation

The leaves of each accession were dried
individually in the oven at 60 °C for 3 days.
Subsequently, the essential oil content was
extracted by hydrodistillation for 2.5 hours using a
Clevenger (Rezaei and Jaymand) [24]-type



apparatus by water distillation [23]. The resulting
essential oil was dried over anhydrous sodium
sulfate and stored at 4 °C. The volume, weight and
the percentage of the extracted essential oil for each
accession were determined.

Genetic Variation

One gram of leaf tissue from each accession was
placed in a porcelain mortar chilled with liquid
nitrogen and ground with a pestle. DNA extraction
was performed as Khanuja method (1999) [25].
PCR mixtures (25 pl) contained MgCl,, PCR
buffer, dNTP, primer (Table. 2), Tag DNA
polymerase (Cinna Gen, co, Iran) and 50 ng
templates genomic DNA. The DNA amplification
was carried out using an Eppendorf thermocycler
gradient  programmed as follows: initial
denaturation at 94 °C for 3 min, 35 cycles of 1 min
at 94 °C, 1 min at 36°C, 2 min at 72 °C and 10 min
at 72 °C for a final extension. The amplification
products were electrophoresed on 1.2% agarose
gels with 0.5X TBE buffer for 40 minutes at a
voltage of 90. Gels were stained with ethidium
bromide and visualized under UV light and the size
of amplified products was determined by
comparison with lambda DNA digested with
ECOR | (size range from 250 to 1000) used as
DNA size marker.

Table 2 Primers used for PCR amplification

Number Primer code  Primer sequence (5=— 3)
1 OPS 17 TGG GGACCA A
2 OPC8 TGG ACCGGT G
3 OPJ 21 ACG AGGGACT
4 OPA9 GGG TAACGGC
5 OPI 14 TGACGGCGGT
6 OPP7 GTCCATTGAC
7 OPU19 GTC AGTGCGC
8 18 OPJ TGG TCG CAG A
9 19 JOP GGACACCACT

Data Analysis

The data obtained from essential oil content and
morphological assessments were analyzed in a
balanced completely randomized design using SAS
(ver. 9) and SPSS (ver. 16) s. Comparison of means
was performed using Duncan method at 5% level.
Cluster analysis was carried out using Ward (Ward,
1963) [26] method and a dendrogram was
constructed using SPSS (ver. 16) software. For
molecular data, all the accessions were scored for
the presence of band (1) or its absence (0). Only
those RAPD bands that appeared distinct in both of
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the replicate PCR reactions were recorded. The
Pop-Gene (ver. 32) software was used to estimate
genetic similarity. The dendrogram was drawn
based on UPGMA (unweighted pair group method
with the arithmetic averages).

Results

Morphological Variation

The biometric values were significantly different
among all the thyme accessions except Number
days to 2 leaves as shown in Table 3. The highest
value for the number of days to two, four, six and
eight leaves was found to be in the accession 9, 8, 9
and 9, respectively. While, the lowest value for the
number of days to two, four, six and eight leaves
was observed in the accession 4, 4, 13 and 13,
respectively.

The most and the least value for the height of the
plant were observed in the accession 8 and 10,
respectively. The accessions 4 and 12 appeared to
have the maximum and minimum diameter crown
area of the canopy, respectively. The most and the
least values for the crown area of the canopy were
found in the accession 4 and 6, respectively. The
most and the least values for the number of the
stem in each plant were observed in the accession 7
and 1, respectively. For the traits such as a number
of days to start flowering and 50% flowering, the
accession 7 indicated the most and accession 1
showed the least values. The accession 3 and 13
showed the most and the least values for the
germination percentage and speed, respectively.
The dry weight value in the accession 7 was the
most and in the accession 13 was the least value.

Clustering Analysis of Morphological Traits

The clustering analysis was carried out using 15
traits. The dendrogram was designed using SPSS
software. Cluster analysis allowed separating
thyme in two groups. Group 1 was divided into two
subgroups. The first subgroup was consisted of
accessions of 2, 10, 3 and 6. The other subgroup
was formed by the accessions of 5, 11, 4, 13 and 1.
The group 2 consisted of 12, 7, 9 and 8 which the
accession 8 was placed in a separate subgroup (Fig.
1).

Essential Qil Content of the Thyme Accessions

The content of the essential oils was significantly
(p<0.05) different among all the accessions (Table
4). The accession 8 showed the highest volume and
the weight of essential oil. The accession 11
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showed the highest and accession 3 showed the
lowest values in the percentage of the essential oil
production as shown in Table 4.

Clustering Analysis Based on Essential Oil Content

Clustering analysis allowed separating thyme in
two groups. Group 1 could be separated into two
subgroups. The first subgroup was formed by
accession 11 and the second was formed by
accessions of 8, 10, 7, 9, 12 and 6. Group 2 could
be separated into two subgroups. The first was
formed by 3 and the other was formed by
accessions of 2, 13, 4, 5and 1 (Fig. 2).

Assessment of Genetic Variability

Twenty RAPD primers were used in the PCR
reactions. Only eight primers produced clear bands
upon gel electrophoresis analysis. For the examined
thyme accessions, 149 amplicons were scored
which 83.2% of them were polymorphic. The mean
of amplicon for each primer was 16.5 and the mean
of polymorphic bands for each primer was 13.7.
The number of amplification products per primer
varied from 12(OPC 8) to 23(OPA9) (Fig. 3 and 4).
Mean of an effective allele (Ne) per loci was 16
which were similar to the real allele (Fig. 2).

Based on RAPD data, genetic distance ranged from
0.2559 to 0.6931. Accessions 5 and 3 were in the
lowest genetic distance and accessions 1 and 8
were in the most genetic distance (Table 5). Nei's
(1978) [27] gene variation average was 0.3560 and
Shannon’s index (1948) [28] was 0.5322.

CASE O 5 10 15 20 25
Label Num + + + +

Clustering Analysis Based on RAPD Markers

The clustering based on RAPD markers was used
to determine the genetic distance and the
relationship among all the thyme accessions. The
dendrogram divided the thymes into two groups.
Group 1 was formed by accession 7 and 8. Group 2
was separated into various subgroups (Fig. 5).

Table 4 Essential oil content of the thyme accessions

Accessions  Weight Volume Percentage
(mg) (cc) (%)

1 0.4615abc  0.65 bc 55 bc

2 0. 3270 bc 04c 64.11 bc

3 0.1635¢ 0.2c 32.05¢

4 0.3226 bc 0.565 bc 55.29 bc

5 0.3838 bc 0.5 bc 39.56 ¢

6 0.6822abc 0.8 abc 85.27 bc

7 0.7565 ab 0.9667 ab 87.49 bc

8 0.8868 a 1.667 a 108.01 ab

9 0.7063 abc  0.86 abc 108.66 ab

10 0.8493 a 0.9ab 78.63 bc

11 0.6766 abc 0.7 abc 153.77 a

12 0.65 abc 0.75 abc 87.84 bc

13 0.2798 ¢ 04c 4176 ¢c

Correlation

Correlation coefficients between morphological
and molecular matrices were statistically
significant (R?=0.166, p=0.03). The correlation
coefficient between distance matrices of molecular
and essential oil content (R?=0.0045, p=0.28) and
also correlation coefficient between distance
matrices of morphological and essential oil content
(R?=0.0125, p=0.26) was very low and not
significant (Fig. 6).

Fig. 1 The dendrogram constructed using morphological traits
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Table 3 Comparison of mean value of morphological characteristics in the 13 thyme accessions

Dalir and Safarnejad

Accessions 1 2 3 4 5 6 7 8 9 10 11 12 13
:\e';\r/';ger days 102 a3, 9.84a 1057a 9.94a 11a 11.15a 10a 11422 1211a 11.15a 98a 11.82a 114a
:\elz\r::er days 104 yg 10 15.15 be 15¢ 1527bc  16.14abc 17.5ab 1514bc  18.36a 18.33a 16 abc 146¢ 1752ab  17.7a
::;\22” days 10 6 g5, 22 bede 2357abc  2116cde  22.07bcde  23.1abed 2057de  2336abc  2533a 2253bcd  2lcde  22.78abed  17.7ab
:\e';\r/';ger days 10 8 oy 0¢ 26.23 cde 28 abc 2511de 2642 cde 27.2 cde 25 de 2826abc  30.1la 2692bcde  25.1de  27.65abcd  29.6ab
Height of stem 15.11 cd 15.67 cd 1557¢d  11.22d 11.92d 21.15 abc 1671bcd 23264 17.66abcd  11.15d 23ab 2269ab  14.6¢cd
Eﬁaz’;;)“;”m diameter of 3 ggabcd  26.23abed  2114bed  186d 21.5 abed 31.25ab 2557abed  28.78abcd  28.1labed  19.5¢d  3L7a  20.26abc  2L.5abcd
'C\::]"Oig/“m diameter of ., g6 ¢ 20.30 abc 1757abc  13.lc 165 be 253a 2142abc  19.42abc  2labc 1538bc  2l7abc  23.73ab 138¢
Canopy area 380.7 abc 612.5 abc 483.6 abc 291.1c 417.1 abc 829.2 ab 619.3 abc 694.2 abc 702.7 abc 340.6 bc 850.4 a 733.5 abc 282.1c
g‘lzmber stem of each 1566 ¢ 23.69 abc 18.71 be 1555¢ 17.42 be 26.65 abc 22 abc 2757ab  22.22abc 1815bc  254abc  30a 16.7 b
S;rcr:r:::;i:” 50 83.33 bed 96.66 a 56.66 f 86.66 abc 83.33 bed 8333bcd  90ab 70e 86.66abc  7333de  76.66cde  83.33bed
Germination speed 9.12b 17.62 ab 186a 10.7f g 17.04 ab 14.71cd 11.25 efg 17.22 ab 1031 g 17.64 ab 12.66 def 13.2de 15.73 bc
Fresh yield 90.8b 97.2b 925b 76.9b 76.3b 339.9.ab 1236b 3859ab  126b 109.8 b 144 b 5954 829a
Dry yield 26.27b 34.8b 30.11b 26.67b 28.33b 127.37 ab 47b 14547ab  48.74b 33.97b 5912b  21482a  27.87b
;\'t;rrggzrof ﬂgjv’:ring 16322 nc 161.25 be 155 be 13411d  1545bc 14877bcd  164.33b 161.16b 160 bc 14537¢cd 196 a 144.77 od
Number days to 50% g, 11, 177.25b 171 be 147.44 ¢ 169.17 be 153.5 be 1785 17633b  174hbc 164.38bc  209.2a 160 be

of flowering
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13

Fig. 3 RAPD profiles of the thyme accessions amplified using OPA9 primer on 1.2% agarose gel. M: DNA ladder (Lambda
DNA digested with ECORI), number 1-13 are accessions of table 1.
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Fig. 4 RAPD profiles of the thyme accessions amplified using OPF5 primer on 1.2% agarose gel. M: DNA ladder (Lambda
DNA digested with ECORI), number 1-13 are accessions of table 1.
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Table5 Genetic distance matrix for 13 thyme accessions

Dalir and Safarnejad

POP
ID 1 2 3 4 5 6 7 8 9 10 11 12 13
1 0 - - - - - - - - - - - -
2 0.4258 0 - - - - - - - - - -
3 0.4136 0.4765 0 - - - - - - - - - -
4 0.5436 0.4258 0.3895 0 - - - - - - - -
5 0.4636 0.5298 0.2559 0.3895 0 - - - - - - - -
6 0.6459 0.5162 0.3776 0.4765 0.3544 0 - - - - - - -
7 0.6614 0.5298 0.5436 0.5436  0.5436 0.5298 0 - - - - - -
8 0.6931 0.6459 0.6008 0.6614 0.5718 0.4258 0.3429 0 - - - - -
9 0.6008 0.5298 0.4895 0.5162 0.4136 0.4765 0.6306 0.5718 0 - - - -
10 0.5576 0.6306 0.3776 0.5028 0.4014 0.5162 0.5862 0.5576 0.4014 0 - - -
11 0.5436 0.5576 0.3659 0.5162 0.4383 0.5028 0.6614 0.6931 0.5162 0.4765 0 - -
12 0.6771 0.6614 0.4014 0.4508 0.3776 0.3895 0.5862 0.5298 0.4258 0.3429 0.3544 0 -
13 0.5028 0.4636 0.4258 0.5028 0.4014 0.3895 0.5298 0.4765 0.4014 0.3659 0.4258 0.2985 0
*.'I-'I L L E B & X N &L X 3 3 BB X X R L B 3 N L LRLERZENS XL LB JJJ "pﬂpl
L L E R L N L | IHII-IT
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Fig. 5 UPGMA dendrogram constructed using RAPD data
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Discussion

DNA Analysis

PCR analysis indicated that 83.22% of the bands
were polymorphic. Alamdari et al (2011, 2012)
reported that 61.86% polymorphism was observed
in thyme [8,9]. Percentage of polymorphism was
reported 92% in thyme by Bagherzadeh (2009)
[10]. Also, Echeverrigaray (2001) showed 63.8%
polymorphism in Thymus wvulgaris L.[11]. As a
result, 35% variation was observed between
accessions. In a study on two species of Cuminum
L. 0.15% and 0.084% variation was observed [29].
Alamdari et al (2011) reported there was 22%
variation between thyme and it is due to one
province dispersal of thyme in Iran [8]. Khadivi-
khub et al (2015), showed 63.8% polymorphism in
Saturgja bachtiarica bunge [30]. Hadian et al
(2008) detected 83% polymorphism in S hortensis
L. by RAPD markers so when variation decreases
[31], disease increases and quality of essential oil
decreases [32]. In a study on Bunium W. D. J.
Koch reported an investigation of genetic variation
in this species indicated that RAPD marker is a
suitable approach to determine the polymorphic
loci and to estimate the genetic distance between
the populations of the species [33, 21, 34, 35].

Morphological Traits and Essential Oil Content

ANOVA showed that there was a significant
difference  between thyme accessions for
morphological traits. It is important for plant
breeding which high variation increases the
selection of desirable traits for breeding. In order to
crossing and hybridization, parents must be
genetically distant to gain the most variation. In
this study relationship between thyme accessions
using morphological, phytochemical and molecular
traits was investigated so plant breeder can use it
for production desirable hybrid.

Investigation the morphological traits in this study
showed a significant difference between thyme
accessions. As a result, the most vyield was
observed in accession 7 (T. pubescens Boiss. &
Kotschy ex Celak.) from East Azerbaijan-
Maragheh, 8 (T. vulgaris L.) from Khorasan Razavi
and 12 (T. vulgaris L.) from Markazi, so they were
supposed to large cultivation. Accession 1 (T.
kotschyanus Boiss. & Hohen) from Zanjan and 8
(T. vulgaris L.) from Khorasan Razavi were placed
in separate groups in the morphological and
phytochemical dendrogram that confirm with
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molecular dendrogram. So they can use for
desirable  hybridization.  Accession 3  (T.
kotschyanus Boiss. & Hohen) from West
Azerbaijan and 8 (T. wulgaris L.) from Khorasan
Razavi were in the lowest distance and they were in
one group in the morphological and phytochemical
dendrogram. So they dont suggest for
hybridization.

In the chemical study, significant differences were
observed between thyme samples. According to the
available results, it is better at the time of selection
of these samples for mass cultivation to be used of
accessions with high essential oil content. The most
percentage of essential oil was observed in
accession 11 (T. pubescens) from Zanjan, 8 (T.
vulgaris) from Khorasan Razavi and 9 (T.
lancifolius Celak) from Fars so they are suitable for
cultivation.

Correlations between Morphological,
Phytochemical and Molecular Traits

Correlation coefficients between morphological,
molecular and essential oil content matrices were
very low. Mantel test results showed the average
correlation (r=0.166) among morphological and
molecular marker. This low correlation may be due
to affecting the molecular differentiation by
mutations, genetic drift and gene flow. But the
difference in morphological traits is more
dependent on natural selection and influenced by
environmental factors. Also, it has been reported
differences between RAPD data and morphological
based on grouping by Harrison et al.,, 1997
Persson et al., 2000; Samal et al., 2003 that it is
matched to our results [36-38]. Persson et al (2000)
to identify 12 varieties of rhubarb studied 12
morphological traits and 47 RAPD markers [37].

In a study on Satureja bachtiarica, the results
showed that grouping based on molecular markers
and morphological traits were different so these
two systems could not discriminate individuals as
the same way. The genetic relatedness among the
studied individuals could provide useful
information for conservation and selection of cross-
parents in breeding [30]. Incongruence reported
between genotype and phenotype suggests that
parental phenotypes are affected by introgression,
and intermediate hybrid phenotypes can be
genetically closer to one of the parents. Thus, it is
evident that morphology, when used alone, can be
misleading for interpreting hybridization, and
critical evaluation of another data is needed [39].
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Which only small portions are the coding regions
[40, 41]. According to Persson and Gustavsson
(2001), the relationship between molecular markers
and phenotypic traits could be significant if the
markers were linked to selected loci [42]. Some
authors have reported an association between
volatile compounds and molecular diversity. Some
authors have reported an association between
volatile compounds and molecular diversity. In a
study on Ophrys lupercalis Devillers-Tersch. &
Devillers, Ophrys iricolor Desf. (Family
Orchidaceae) and their hybrids, no correlation was
found between scent compounds and AFLP data
using the Mantel test [43]. On the other hand, the
Mantel test showed a correlation between scent
compounds in Sorbus species (family Rosaceae)
and the genetic variability revealed by AFLP [44].
A weak correlation was also found between AFLP
and the essential oil profile of Coriandrum sativum
L. fruits from different populations [45].

Azizi et al (2012) in a study of 42 accessions of
Origanum wvulgare L., mostly originating from
Europe, were evaluated, to detect molecular,
quantitative  morphological, and chemotype
polymorphisms and to discover possible
correlations between them. A relatively high
correlation between chemotypic patterns and
genetic markers was identified, while a lower
correlation was found between the morphological
and genetic matrices [46].

In a study on Tansy (Tanacetum wvulgare L.),
Keskitalo et al (2001) observed a high correlation
(r’=0.407) between their genetic distance matrix,
based on random amplified polymorphic DNA
(RAPD) and their chemical distance matrix,
suggesting  that  differences in  terpenoid
composition could be related to the differential
activation of specific enzymes and indirectly to
molecular-marker polymorphisms [47].

In a report on Teucrium arduini L'Hér., the Mantel
test showed a very weak correlation between the
AFLP data and morphological traits (r= 0.19). A
weak correlation was found between the
morphological traits and geographical position of
the populations. There was no correlation between
the AFLP data and essential oil profile [48]

In another study, to ascertain whether there are
chemical and genetic relationships among some
Thymus species and also to determine a correlation
between these two sets of data, the essential oil
composition and genetic variability of six
populations of Thymus were analyzed by GC and
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GC/MS, and also by randomly amplified
polymorphic DNA (RAPD). RAPD Markers
allowed a perfect distinction between the different
species based on their distinctive genetic
background. However, they did not show identical
clustering with the volatile oil profiles [49].
Chemical and genetic differences of twenty taxa
belonging to four Thymus species were studied in
order to determine whether molecular characters
and essential oil components could be used as
taxonomic markers and to examine the correlation
between them. Partial correlation has been found
between molecular and chemical assessments [50].
In another paper, Labra et al (2004), experiment the
usefulness of molecular markers of DNA
polymorphism, based on AFLP analysis, to unravel
disputed attributions. They conclude that the
combined analysis of morphological traits, volatile
oil composition and molecular markers represents
the optimal approach to verify taxonomy and to
correlate it with agronomic traits [51].

Conclusion

Morphological, molecular and phytochemical
analyses showed a good genetic diversity between
different accessions. These achievements are
important for germplasm management and also will
help breeders in selection programs to obtain a
desirable cultivar. So, it is expected that this
collection could provide a sufficient genetic
variation and good sample set for choosing highly
polymorphic markers.

References

1. Morales R. The history, botany and taxonomy of genus

Thymus Elisabeth Stahl- Biskup and Saez, F.(eds). The
genus Thymus. 2002;1-124.

2. Omid Baigy R. Production and processing of medicinal

plants. Second Volume. Astan Qods Razavi

publications. 2007; 280 pages. (In Persian).

3. Stahl- Biskup E, Saez F. Thyme.1% ed. Talor and Francis.

4.

England, 2002. 346 pages.

Rahimmalek M, Bahreininejad B, Khorrami M,
Tabatabaei S.B.E. Genetic variability and geographic
differentiation in Thymus daenensis subsp. daenensis, an
endangered medicinal plant, as revealed by inter-simple
sequence repeat (ISSR) markers. Biochem Genet.
2009;47:831-842.

Amin G. Popular medicinal plants of Iran. Tehran
University of Medical Sciences Press. Tehran. 2005. (In
Persian).



51

6. GhasemiPirbalouti A, Karimi A, Yousefi M, Enteshari S,

Golparvar AR. Diversity of Thymus daenensis Celak in
central and west of Iran. J Med Plants Res. 2011;5:319-
323.

7. Khoshsokhan F, Babalar M, Fatahi M, Poormeidani A.

Assessment of Genetic Diversity of Some Wild
Populations of Thymus Kotschyanus using RAPD
Molecular Markers. Cercetari Agronomice in Moldova.
2014;3:71-81.

8. Alamdary S.B.L, Safarnejad A, Rezaee M. Evaluation of

genetic variation between Thymus accessions using
molecular markers. J Basic Appl Sci Res. 2011;1:2552-
2556.

9. Alamdary S.B.L, Safarnejad A, Nematzadeh G.A. Using

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

RAPD marker for genetic diversity assessment of several
Thymus species. Iranian J Rangelands Forests Plant
Breeding Gen Res. 2012; 20:192-201.
Bagherzadeh F. Genetic diversity assessment of thyme
and evaluation of relationship using RAPD marker. MSc
thesis. Ferdowsi University. Mashhad. Iran. 2009. (In
Persian).
Echeverrigaray S, Agostini G, Atti-Serfini L, Paroul N,
Pauletti G. F, Atti Dos Santos A.C. Correlation between
the chemical and genetic relationships among
commercial thyme cultivars. J Agric Food Chem.
2001;49:4220-422.
Trindade H, Costa M, Lima A. S, Pedro L .G, Ana C,
Figueiredo J, Barroso G. Genetic diversity and chemical
polymorphism of Thymus caespititius from Pico, S&o
Jorge and Terceira islands (Azores), Biochem System
Ecol. 2008;36:790-797.

Trindade H, Costa M, Lima AS, Pedro LG, Ana C,
Figueiredo J, Barroso G. A combined approach using
RAPD, ISSR and volatile analysis for the
characterization of Thymus caespititius from Flores,
Corvo and Graciosa islands (Azores, Portugal). Biochem
Syst Ecol. 2009;37:670-677.

Daftari Z, Safarnejad A. Karyotypic study of four
Thymus species (T. pubescens, T. fedtschenkoi, T.
daenensis, T. lancifolius). Iranian J Rangelands Forests
Plant Breeding Gen Res. 2012;19:241-250.
Zia A, Rezanejad F, Safarnejad A. In vitro selection for
NaCl tolerance in Thymus vulgaris L. J Cell Mol Res.
2011;2:86-92.
Fracaro F, Echeverrigaray S. Genetic variability in
Hesperozygis ringens Benth. (Lamiaceae), an endangered
aromatic and medicinal plant of Southern Brazil.
Biochem Genet. 2006;44:479-490.
Dyke F.V. Conservation biology, foundations, concepts.
applications. 2008. Springer.
Ben el Hadj Ali I, Guetat A, Boussaid M. Chemical and
genetic variability of Thymus algeriensis Bioss. et Reut.
(Lamiaceae), a North African species. Indust Crops Prod.
2012;40:277-284.

Thompson JD. Population structure and the spatial
dynamics of genetic polymorphism in thyme in Stahl —
Biskup E. & Saez, F.(eds.) The genus Thymus. 2002;76 -
122.

20.

21.

22.

23.

24.

25.

Dalir and Safarnejad

Nematzadeh Gh, Kiani GH. Plant breeding book (classic
methods). First Vollum. Mazandaran University
publications. 2005. 456 pages. (In Persian).

Hashemi H, Safarnejad A, Bagheri A. Investigation of
genetic variation among Iran’s Persian Zira (Bunium
persicum Boiss) landraces using RAPD marker. Iranian J
Rangelands Forests Plant Breeding Genetic Research.
2009;16:239-246.

Farsi M, Zolala J. Principles of Plant Biotechnology
(Translation). The Ferdowsi University of Mashhad
publications. Second edition. 2004. 495 pages.

Akbarinia A, Sharifi Ashoorabadi A, Mirza M.

Evaluation of performance, value and principal
compounds in the essential oil of (Thymus daenensis
Celak.) cultivated in Qazvin. Investigation Med Arom
Plants. 2010;26:205-212. (In Persian).
Rezaie M.B, Jaymand K. Study of chemical constituent
oil of Lippia citrodora H.B.K. Pajouhesh-va-Sazandegi
in Agronomy and Horticulture. 2002;53:13-15. (In
Persian).
Khanuja S.P.S, Shasany AK, Kumar S. RAPD isolation
of DNA from dry and fresh samples of plants producing
large amounts of secondary metabolites and essential
oils. Plant Mol Biol Rep. 1999;17:1-7.

26. Ward J.H. Hierarchical grouping to optimize an objective

27

28.

29.

30.

31.

32.

33.

34.

35.

function. J Am Stat Assoc. 1963;58:236-244.

Nei M. Estimation of average heterozygosity and genetic
distance from a small number of individual. Genetics
.1987;89:583-590.

Shannon CE. A  mathematical theory of
communication. Bell Syst Tech J. 1948;27:379-423 and
623-656.

Kermani M, Marashi H, Safarnejad A. Investigation of
genetic variation within and among two species of
Cuminum spp. using AFLP markers. lranian J
Rangelands & Forests Plant Breeding & Gen Res.
2009;16:198-206.

Khadivi-Khub A, Salehi-Arjmand H, Movahedi KH,
Hadian J. Molecular and morphological variability of
Saturgja bachtiarica in Iran. Plant Plant Syst Evol.
2015;301:77-93.

Hadian J, Tabatabaei SMF, Naghavi MR, Jamzad Z,
Ramak-Masoumi T. Genetic diversity of Iranian
accessions of Satureja hortensis L. based on horticultural
traits and RAPD markers. Scientia Horticulturae.
2008;115:196-202.

Jamzad Z. Thymus and Saturgja species. Institue
Research Forests and Rangeland. 2010. 171 pages. (In
Persian).

Hashemi H, Safarnejad A, Bagheri A. The use of RAPD
marker assessing the genetic diversity of Bunium
persicum B. Fedtsch populations. Int J Sci Nat.
2010;1:202-208.

Safarnejad A, Khosravinasab Z. Cytogenetic study of
Cuminum setifolium (Boiss) Kos-Pol as a medicinal
plant. Int J Sci Nat. 2011;2:105-109.

Safarnejad A, Khosravinasab Z. Comparison of

biochemical characterization in Cuminum cyminum and



36

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Journal of Medicinal Plants and By-products (2017) 1: 41-52

Cuminum setifolium seeds. Int J Sci Nat. 2011;2:874-
877.

Harrison RE, Luby JJ, Furnier GR, Hancock JF.
Morphological and molecular variation among
populations of octoploid Fragaria virginiana and
chiloensis (Rosaceae) from North America. Am J Bot.
1997;84:612-620.

Persson HA, Rumpunen K, Molersted LK. Identification
of culinary rhubarb (Rheum ssp.) cultivars using
morphological characterization and RAPD marker. J
Hortic Sci Biotech. 2000;75: 684-689.
Samal S, Rout GR, Nayak S, Nanda RM, Lenka PC, Das
S. Primer screening and optimization for RAPD analysis
of cashew. J Plant Biol. 2003;46:301-304.

Lihoval J, Kuceral J, Pernyl M, Marhold K.

Hybridization between two Polyploid Cardamine
(Brassicaceae) Species in  North-western  Spain:
Discordance Between Morphological and Genetic

Variation Patterns. Ann Bot. 2007;99:1083-1096.

Khan MA, Witzke-Ehbrecht S, Maass BL, Becker HC.
Relationships among different geographical groups,
agro-morphology, fatty acid composition and RAPD
marker diversity in safflower (Carthamus tinctorius).
Genet. Resource. Crop Evolution. 2008;56:19-30.

Panahi B, Afzal R, Mahmoodnia M, Neghab MG.
Relationships among AFLP, RAPD marker diversity and
agro-morphology traits, in safflower (Carthamus
tinctorius L.). World Appl Sci J. 2013;26:213-223.
Persson HA, Gustavsson BA. The extent of clonality and
genetic diversity in lingonberry (Vaccinium vitis-idaea
L.) revealed by RAPDs and leaf-shape analysis. Mol
Ecol. 2001;10:1385-1397.

Stokl J, Schlueter PM, Stuessy TF, Paulus HF, Assum G,
Ayasse M. Scent variation and hybridization cause the
displacement of a sexually deceptive orchid species. Am
J Bot. 2008;95:472-481.

Feulner M, Pointner S, Heuss L, Aas G, Paule J, Dotterl
S. Floral scent and its correlation with AFLP data in
Sorbus. Org Div Evol. 2014;14:339-348.

Lopez PA, Widrlechner MP, Simon PW, Rai S, Boylston
TB, Isbell TA, Bailey TB, Gardner CA, Wilson LA.
Assessing phenotypic, biochemical, and molecular
diversity in coriander (Coriandrum sativum L.)
germplasm. Genet Res Crop Evol. 2008;55:247-275.
Azizi A, Hadian J, Gholami M, Friedt W, Honermeier B.
Correlations between Genetic, Morphological, and
Chemical Diversities in a Germplasm Collection of the
Medicinal Plant Origanum vulgare L. Chem Biodiver.
2012;9:2784-2801.

Keskitalo M, Pehu E, Simon J. Variation in volatile
compounds from tansy (Tanacetumvulgare L.) related to
genetic and morphological differences between
genotypes. Biochem Syst Ecol. 2001;29:267-285.
Kremer D, Bolaric S, Ballian D, Bogunic F, SteSevic D,
Karlovic K. Morphological, genetic and phytochemical
variation of the endemic Teucrium arduini L.
(Lamiaceae). Phytochemistry. 2015;116:111-119.

49.

50.

51.

52

Rustaiee A.R, Yavari A.,, Nazeri V, Shokrpour M,
Sefidkon F, Rasouli M. Genetic Diversity and Chemical
Polymorphism of Some Thymus Species. Chem Biodiver.
2013;10:1088-1098.

Pluhar Z, Kocsis M, Kuczmog A, Csete S., Simké H.,
Sérosi S., Molndr P., Horvdth G. Essential oil
composition and preliminary molecular study of four
Hungarian Thymus species. Acta Bio Hungarica.
2012;63:81-96.

Labra M, Miele M, Ledda B, Grassi F, Mazzei M, Sala F.
Morphological characterization, essential oil composition
and DNA genotyping of Ocimum basilicum L. cultivars.
Plant Sci. 2004;167:725-73.



