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Abstract: The genetic diversity of wild thyme (Thymus capitatus) which growing in
southern parts of Al-Jabal Al-Akhdar region, Libya was studied by using cluster anal-
ysis of morphological traits (flower measurements). This study was aimed to establish
the phylogenetic relationships based on floral parameters among accessions of thyme
(T.capitatus). The five populations (accessions) of Libyan thyme were assigned into
two clusters (clades) at the critical distance value of 22%. The 1¥cluster contained
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three populations that were included white-flowered, dotted white-flowered and violet-
flowered accession, then the 1* cluster was divided into two sub-clusters by the critical
distance value of 5%, the first sub-cluster contained two populations (white-flowered,
dotted white-flowered accession). While, the second sub-cluster contained one popula-
tion (violet-flowered accession). The 2™ cluster contained two populations which were
purple-flowered and mosaic-flowered accessions. In conclusion, The flower measure-
ments can be a preliminary tool to classify Libyan thyme (T.capitatus), and floral pa-
rameters can be used in the classification of Libyan thyme accessions (populations).
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INTRODUCTION overall similarity should reflect genealogy

(Baker et al., 1998; Coombs et al., 1981;

Since the time of Darwin, systematists have
attempted to reconstruct phylogenies by look-
ing at the distributions of character states in
organisms. In general they have assumed that
those organisms with more character states in
common are more closely related and that

Duncan et al., 1980; Hennig, 1966). A major
goal in systematic biology is to examine the
relationships among a group of closely relat-
ed organisms to determine their evolutionary
history (Manos et al., 2001). A phylogenetic
tree, also called an evolutionary tree, is a
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graph showing the evolutionary interrelation-
ships among various entities that are believed
to have a common ancestor. In this graph (a
form of a cladogram), each node with de-
scendants represents the most recent common
ancestor of the descendants, and edge lengths
correspond to time estimates (Ali and Musta-
fa, 2020). Traditional phylogenetic methods
rely on morphological data obtained by
measuring and quantifying the phenotypic
properties of representative organisms
(Lewis, 2001).

Many biologists agree that a phylogenetic
tree of relationships should be the central un-
derpinning of research in many areas of biol-
ogy. Comparisons within or among plant spe-
cies in a phylogenetic context can provide the
most meaningful insights into biology. This
important realization is now apparent to re-
searchers in diverse fields, including ecology,
molecular biology, physiology and evolution
(Crane, 1985; Daly et al., 2001; Doyle &
Donoghue, 1986; Doyle et al., 2008; Hall et
al., 2002; Leht, 2009; Soltis & Soltis, 2000).
One obvious importance is the value of plac-
ing organism in the appropriate phylogenetic
context to obtain a better understanding of
both patterns and processes of evolution. The
most popular and frequently used methods of
phylogenetics tree building is the un-
weighted pair group method with arithmetic
mean (UPGMA). This method is simple, fast
and has been extensively used in many stud-
ies to investigate genetic distance among
populations or accessions determined by
morphological traits (Doyle, 2013; Lewis,
2001 ; Ali and Mustafa; 2020).

Phenotypic characters have been and contin-
ue to be used as essential components in the
final classification of living organisms. Till
today, morphological characters have been
the main descriptive tool characterize a given
collection or germplasm, to identify and dif-
ferentiate wild type populations (Ali et al.,
2019; Daly et al., 2001; Doyle, 2013; Doyle
& Endress, 2000; Doyle & Luckow, 2003;
Ennouri et al., 2017; Schneider et al., 2009;

Soltis & Soltis, 2003). Phylogenetic analyses
based on phenotypic characters have been
used to identify phylogenetic relationships in
various plant species, including ferns
(Kenrick & Crane, 1997), morning glory
(Manos et al., 2001), peonies (Zhi-Qin &
Pankai-Yu, 2003), corallinoidean taxa (Kim
et al.,, 2007). Also, the genetic distance as
well as genetic variation among accessions
can be determined by using cluster analysis
based on phenotypic traits (Hillis & Wiens,
2000; Wiens, 2004).

Thyme(T.capitatus) is a perennial woody
plant, 15 cm tall, with abundant stoloniferous
branches. The inflorescences are composed
of whorls of small, zygomorphic flowers. The
pollination in T.capitatusisentomophilous, as
in most T. species. The main pollinators are
Apismellifera and some species of Bombus.
T.capitatus is gynodioecious, as for most
species of T.(Ali et al., 2019; Gruenwald et
al., 2004). Many reports have shown that
T.capitatus possesses biological properties:
antimicrobial activity (Alves et al., 2000;
Bounatirou et al., 2007; Ebrahimi et al.,
2008), antifungal activity (Grayer &
Harborne, 1994; Kalemba & Kunicka, 2003;
Ricci et al., 2005) and antioxidant activity
(Bounatirou et al., 2007; Ricci et al., 2005 ;
Al-mustafa and Al-thunibat, 2008). Moreo-
ver, the honey from T.capitatus flowers is
largely appreciated for its delicacy
(Figueiredo et al., 2008).

Thymus capitatus is an endemic wild plant in
Al-Jabal Al-khdar area, Libya (SWECO,
1986). T. capitatus growing in southern parts
of Al-Jabal Al-khdar showed flower color
polymorphism which results in five different
phenotypes: white- flowered, dotted white-
flowered, purple-flowered, violet-flowered
and mosaic-flowered accessions (Ali et al.,
2019).

The main objective of this study was to estab-
lish the phylogenetic relationships based on
floral parameters among accessions of thyme
(T.capitatus) which growing in southern parts
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of Al-Jabal Al-khdar region, Libya.
MATERIALS AND METHODS

T.capitatus growing in south parts of Al-
Jabal Al-khdar region has shown a stable
flower-color polymorphism (Fig. 1). There
are five patterns (five populations or acces-
sions):  white-flowered, dotted  white-
flowered, purple-flowered, violet-flowered
and mosaic-flowered plants (Ali et al.,
2019).In this investigation, 5 accessions
(populations) of T.capitatus representing the
diversity of thyme, were collected during
flowering period (from mid June to the end of
July) from different sites in Al-Jabal Al-
khdar region, Libya . For each population, 10
individual plants were selected randomly. For
each plant, five floral measurements were
made on 5 healthy flowers. The total length
of flower, stamen length, style length, calyx
length were measured using mm scale. The
ratio between the calyx length and the total
length of flower is determined as the percent
value .

Means and standard deviations were calculat-
ed according to standard methods (Manly,
1986 ; Ali and Mustafa; 2020). The data ma-
trix was converted into a matrix of dissimilar-
ity values using standard methods (Coombs
et al., 1981; Lewis, 2001; Wiens, 2004). Un-
weighted pair-group method using an arith-
metic average (UPGMA) cluster analysis was
performed. The standardized mean values of
every floral trait were used to perform the
cluster analysis using appropriate procedures
of the program SPSS (version 14). During
tree construction process, all measurements
of flower for five populations were unordered
and equally weighted, with multi-states inter-
preted as uncertainty.

RESULTS

Name accessions (populations) and means of
floral traits (flower measurements) of Libyan
thyme (T.capitatus) were presented in Table
1. Flower measurements were flower length

(ranged between 6.38 and 3.31 mm), Calyx
length (ranged between 2.40 and 1.08 mm),
Stamen length (ranged between 4.65 and
3.41mm), Style length (ranged between 5.37
and 4.20 mm) and Calyx/ flower length
(ranged between 0.58 and 0.19 %).

Based on average values of floral traits
(flower measurements), the five populations
of Libyan thyme (T.capitatus) were classified
into two clusters (clades) at the critical dis-
tance value of 22%, the 1% cluster (the early
or medium-flowering cluster) and the 2"
cluster (the late flowering cluster). The 1%
cluster (the early or medium-flowering clus-
ter) contained three populations that were:
white-flowered, dotted white-flowered and
violet-flowered accession. Furthermore, the
1% cluster was divided into two sub-clusters
by the critical distance value of 5%, the first
sub-cluster contained two populations (white-
flowered, dotted white-flowered accession)
while the second sub-cluster contained one
population (violet-flowered accession). On
the other hand, the 2" cluster (the late flow-
ering cluster) contained two populations
which were purple-flowered and mosaic-
flowered accessions (Table 1 and Fig. 2).

Results of the present study showed that,
there were a closer relationship between
white-flowered and dotted white-flowered
population than between either of them and
any other populations of T.capitatus. These
two populations first formed their own mon-
ophyletic group, and then together formed a
monophyletic clade with violet-flowered
population. In addition, purple-flowered and
mosaic-flowered formed a monophyletic
group, which was then joined by other
thyme's populations.

In this study, the accessions that have large
flowers size, were grouped into early or me-
dium-blooming cluster, while the accessions
that have small flowers size were clustered
into late or medium- blooming cluster, based
on floral traits cluster analysis.

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Figure: (1).Flower color polymorphism in Libyan
thyme (T.capitatus):

(a) white- flower (b) dotted-white flower (c) purple

flower (d) violet-flower and (e) mosaic-flower.
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Figure: (2).Dendrogram for five accessions of Libyan
thyme (T.capitatus) by floral traits data.

Table:(1). Means of floral traits (flower measurements) of the five accessions Libyan thyme (T.capitatus)

Means of floral measurements

Accessions Blooming
(Populations) time Flower Calyx length  Stamen Style length Calyx / flower
length (mm) (mm) length (mm) (mm) length (%)
White-flowered Early 5.83 1.08 3.41 4.46 .19
Dotted white- Early 5.65 1.26 3.55 4.20 0.22
flowered
Purple-flowered Late 3.31 2.13 4.33 4.86 0.64
Violet-flowered Medium 6.38 1.54 4.56 5.37 0.24
Mosaic-flowered Late 4.15 2.40 4.65 4.53 0.58
Table:(2). Distance matrix of the Libyan thyme (T.capitatus) populations.
Populations
White Dotted white Violet Purple Mosaic
White 0.00 0.33 1.30 23.45 18.31
Dotted white 0.33 0.00 1.67 18.93 14.79
Violet 1.30 1.67 0.00 25.35 17.25
Purple 23.45 18.93 25.35 0.00 2.51
Mosaic 18.31 14.79 17.25 2.51 0.00
DISCUSSION Mustafa, 2020). It is common for morpho-

The current study indicated that flower
measurements (morphological characters)
can generate a well-supported phylogenetic
tree for Libyan thyme (T.capitatus). These
results are in agreement with several stud-
ies, which demonstrated that morphological
characters are informative for phylogenetic
studies (Kenrick & Crane, 1997; Renzaglia
et al., 2007; Schneider et al., 2002 ; Ali and

logical data to be considered less important
than DNA sequence data in phylogenetic
studies (Bowe et al., 2000; Endress &
Igersheim, 2000). However, morphological
characters (such as flower measurements)
differ substantially from DNA sequence
characters in their complexity and their fre-
quency of evolutionary change. Many mor-
phological characters including floral pa-
rameters show a much lower mutational rate

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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than DNA sequence and thus may be less
prone to problems such as saturation
(Cracraft & Donoghue, 2004; Donoghue &
Yang, 2016; Endress & Doyle, 2009; Hillis
& Wiens, 2000). Therefore, some phenotyp-
ic parameters are likely to be ideal phyloge-
netic characters because they allow us to
identify ~ single  evolutionary  events
(Bateman et al., 2006; Lee & Palci, 2015;
Mathews, 2009).

Moreover the results showed that phyloge-
netic analysis using floral parameters is an
easy, inexpensive, useful and powerful ap-
proach in taxonomic purposes. Several pre-
vious studies demonstrated that phenotypic
parameters were reasonable tool to build
phylogenetic tree for many plant species
(Doyle et al., 2008; Giribet, 2015; Hall et
al., 2002; Lewis, 2001 ; Ali and Mustafa,
2020).

In this study, all of the large flower size ac-
cessions (populations) were grouped into
early or medium-blooming cluster, while
the small flower size accessions were
grouped into late blooming cluster, based on
flower measurement cluster analysis. In ad-
dition, the violet-flowered accession was
assigned into unique sub- cluster. It can be
suggested that floral parameter analysis is a
useful tool in studying the difference in eco-
logical type. Therefore, morphological trait
analysis (such as flower measurements) may
be helpful to identify patterns of combina-
tions between the diverse ecological type
variety groups (Ali et al., 2019; Doyle,
2013; Schneider et al., 2009).

The current results indicate that flower
measurements (morphological characters)
can be a preliminary tool to classify Libyan
thyme (T.capitatus).Moreover, the present
research has revealed that floral parameters
can be used in the classification of Libyan
thyme accessions (populations). This result
was confirmed by other researches which
reported that the morphological characters
have an important role in the classification

and identification for many species (Doyle,
2013; Manos et al., 2001; Zhi-Qin &
Pankai-Yu, 2003 ; Ali and Mustafa, 2020).

The result of our cladistic analysis indicates
that The success of a phylogenetic analysis
depends upon the discovery of character
sets that provide accurate information. This
result was confirmed by other researches
which reported that many character sets are
molecular but the value of morphological
data to reconstruct phylogenetic relation-
ships was reasonable tool to build phyloge-
netic tree for many plant species (Davis et
al., 1998; Doyle, 2013; Ennouri et al., 2017;
Hu et al., 2018; Wiens, 2004; Wodniok et
al., 2011 ; Bremer et. al., 2009).

Phylogenetic tree based on morphological
characters was also reported in other plant
species like apple (Forte et al., 2002),
Theaceae (Luna & Ochoterena, 2004), vicia
(Leht, 2009) and olive (Ali and Mustafa,
2020). However, the phylogenetic tree
based on morphological data could not re-
veal the genetic relationship among culti-
vars adequately (Keating et al., 2020;
Lewis, 2001; Soreng et al., 2017). Further-
more, the morphological variation does not
always reflect real genetic variation because
of genotype-environment interaction and the
largely unknown genetic control of polygen-
ic morphological and agronomic traits (Ali
et al., 2019; Ayed et al., 2015; Doyle, 2013;
Wiens, 2004).

CONCLUSION

By using cluster analysis of morphological
traits (flower measurements) for five natural
populations Thymus capitatus (accessions)
were assign into two clusters. The 1stcluster
contained three populations that were white-
flowered, dotted white-flowered and violet-
flowered accession. Furthermore, the 1st
cluster was divided into two sub-clusters
distance value the first sub-cluster contained
two populations (white-flowered, dotted
white-flowered accession) while the second

© 2022 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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sub-cluster contained one population (vio-
let-flowered accession). On the other hand,
the 2nd cluster contained two populations
which were purple-flowered and mosaic-
flowered accessions
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