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Abstract

The Asteraceae family is one of the largest and most diverse families of flowering
plants worldwide, comprising over 23,000 species distributed across a wide range of
geographic environments. Molecular markers have become essential tools in
taxonomic and evolutionary studies of plants, particularly in groups where species are
difficult to distinguish based solely on morphological characteristics. The Internal
Transcribed Spacer (ITS) region is one of the most widely used molecular markers in
plant systematics and phylogenetic studies due to its high evolutionary rate and strong
discriminatory power among closely related species. This study aimed to assess
genetic diversity and infer phylogenetic relationships among four plant species
belonging to the Asteraceae family using ITS region sequencing (n = 4). Plant samples
were collected from several areas in Anbar Governorate, Iraq. Total genomic DNA
was extracted using the CTAB method, and the ITS region was amplified using
polymerase chain reaction (PCR) with the primers ITS1F and ITS4R. The amplified
products were confirmed on agarose gel, showing clear bands of approximately 600—
700 bp, consistent with the expected size of the ITS region in angiosperms. The
obtained sequences were compared with reference sequences in the GenBank using
BLAST analysis, revealing high sequence similarity (97-100%), which confirmed
accurate species identification. Phylogenetic analysis was performed using the
Maximum Likelihood method with 1000 bootstrap replicates. The results showed that
the studied species were divided into two main clades. The first clade included
Centaurea caballeroi, Artemisia transiliensis, and Sonchus brachyotus, where the
closest genetic relationship was observed between C. caballeroi and S. brachyotus,
with genetic distance values ranging from 0.183 to 0.193, while A. transiliensis
showed higher divergence (0.376). In contrast, Silybum marianum formed a distinct
separate clade with the highest genetic distance, indicating clear genetic
differentiation. Overall, the results demonstrate the effectiveness of ITS-based DNA
barcoding in resolving phylogenetic relationships within the Asteraceae family and
highlight its importance in plant molecular taxonomy and biodiversity studies.
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Introduction

The Asteraceae family is one of the
largest and most diverse flowering
plant families in the world,
comprising more than 1,600 genera
and over 23,000 species distributed
across a wide range of climatic
environments [1]. This family is

characterized by its great
morphological and chemical
diversity, as well as its high
adaptability to various
environmental conditions, which has
contributed to its widespread

distribution in temperate and semi-
arid regions [2]. The Asteraceae
family includes a large number of
plants of economic and medicinal
importance, such as Helianthus
annuus and Lactuca sativa, in
addition to well-known medicinal
plants like Artemisia annua and
Silybum marianum, which contain
active compounds of pharmaceutical
interest [3]. Traditional plant
classification has long relied on the
morphological characteristics  of
plants; however, the morphological
similarity between many species can
lead to difficulties in accurately
determining taxonomic
relationships. Therefore, molecular
techniques have become an essential
tool in studying the evolutionary
relationships of plants and re-
evaluating their classification [4].
Among the molecular markers used
in plant taxonomy are chloroplast
genes such as matK and rbcL, as
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well as nuclear markers such as the
Internal Transcribed Spacer (ITS)
region within nuclear ribosomal
DNA [5]. The ITS region is
characterized by conserved regions
that facilitate amplification using
PCR, along with variable regions
that allow for the detection of
genetic differences between
taxonomically related species [6].
This region has been successfully
used in numerous plant evolutionary
studies, demonstrating high
efficiency in analyzing genetic
relationships between species within
the Asteraceae family, particularly in
genera  such as  Centaurea,
Artemisia, and Lactuca [7].

Furthermore, the use of molecular
comparison tools such as BLAST
allows for the determination of the
degree of similarity  between
different genetic sequences and the
identification of the closest
evolutionary  relatives [8]. In
addition, constructing phylogenetic
trees using methods such as
Maximum Likelihood or Neighbor-
Joining provides a  deeper
understanding of the evolutionary
relationships  between  different
lineages [9]. With advances in Next-
Generation  Sequencing  (NGS)
techniques, whole-genome analysis
has become a powerful tool for
studying the genetic diversity of
microorganisms [10]. Despite the
ecological and economic importance
of Asteraceae plants in many parts of
the world, including the Middle
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East, molecular studies of the
evolutionary relationships among
species in this family remain

relatively limited in some regions.
Therefore, this study aimed to
analyze genetic diversity and assess
the evolutionary relationships among
a group of Asteraceae species using
ITS region sequencing.

Material and Methods
Plant Sample Collection

Plant samples were collected
through field visits to several sites in
Anbar Governorate, including the
areas of Ramadi, Al-Qaim, Al-
Karma, and Haditha, during the
spring and winter seasons of 2023
and 2024. Samples were collected
during the flowering and fruiting
stages to ensure accurate taxonomic
identification. After collection, the
plant samples were cleaned to
remove dirt and impurities using
distilled water and then dried in the

shade at room temperature. The

dried plant samples were then
ground into a fine, homogeneous
powder and stored in airtight
containers  pending molecular
analysis.

Phylogenetic Analysis

The obtained nucleotide sequences
were aligned using the MAFFT
multiple sequence alignment
program. Phylogenetic analysis was
performed using MVSP version 3.22
software. Genetic distances between
sequences were calculated using the
p-distance model, and  the
phylogenetic tree was constructed
using the UPGMA (Unweighted Pair
Group Method with Arithmetic
Mean) algorithm.

The reliability of the phylogenetic
tree branches was evaluated by
bootstrap  analysis  with 1000
replicates.

Table 1. Geographic Locations and Coordinates of Plant Species Collected
from Different Regions of Al-Anbar Governorate

Location (English) Scientific Name Latitude Longitude
Falahat Ramadi Sonchus brachyotus N 33.34033° E 43.66631°
Hayy al-Zira‘a, Ramadi Silybum marianum N 33.4311° E 43.3414°
Karma Centaurea caballeroi N 33°23'34.1 E 43°56'07.7
Haditha Artemisia transiliensis N 34°07'51" E 42°22'26"

Genomic DNA Extraction

Total DNA was extracted from plant
samples using a modified CTAB
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method. Plant tissues were milled
with liquid nitrogen, then a buffered
CTAB solution was added, and the
mixture was incubated in a water
bath at 65°C for 25 minutes.

Chloroform was then added to
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separate the cellular components,
and the clear layer containing the
DNA was centrifuged.

Electrophoresis

DNA quality and purity were
determined using electrophoresis on
a 1% agarose gel prepared with TBE
buffer solution. The DNA samples
were mixed with loading dye and
electrophoresed at 100 mA for 45
minutes, after which the bands were
visualized under UV light. In
addition, the amplified ITS-PCR
products were analyzed using 1.5%

agarose gel electrophoresis to
confirm successful amplification and
determine the expected fragment
size. The PCR products were then

preserved for subsequent
purification and sequencing
procedures.”

PCR

PCR amplification of the ITS region
of nuclear ribosomal DNA was
performed using the primers ITS1F
and ITS4R (prepared by Macrogen)
according to Wang et al., as shown
in Table 2.

Table 2 shows the nitrogenous base sequences of the primers used in the

molecular study.

Primer Nucleotide Sequence (3'—5’)

Annealing Temperature (°C)

ITSIF TCCGTAGGTGAACCTGCGG 65.6
ITS4AR TCCTCCGCTTATTGATATGC 55.8

The PCR reaction was carried out in
a final volume of 25 pL containing
12,5 pL deionized distilled water
(ddH, O), 2.5 L of 10x ThermoPol
buffer, 2.5 uL MgCl, , 5 uL dNTPs,
1 pL of each primer (ITS1F and
ITS4R), 0.2 pupL Tag DNA
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polymerase, and 1-2 pL of template
DNA. The reaction mixture was
mixed thoroughly and amplified in a
thermal cycler according to the
thermal program shown in Table 3.
The final concentrations of MgCI.,
and dNTPs were adjusted according
to the manufacturer’s instructions.
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Table 3. Thermal program for PCR reaction

Step Number of Cycles Temperature (°C) Time
Initial Denaturation 1 95 5 min
Denaturation 30 95 30 sec
Annealing 30 56 45 sec
Extension 30 72 50 sec
Final Extension 1 72 7 min

the absence of  non-specific

Purification, Sequencing, and amplification. Thus, the

Family Tree Construction

The PCR product was purified to
remove proteins, primer residues,
and dNTPs, and the DNA was then
sequenced. The sequencing data
were used to study the evolutionary
relationships between the plant
samples, and a genetic family tree
was constructed using MVSP v.3.22
software.

Results and Discussion

The studied plant species underwent
molecular analysis based on
amplification of the transcribed
internal spacer (ITS) region of
rDNA. Electrophoresis on a 1.5%
agarose gel showed distinct, well-
defined bands in all samples, ranging
in size from 600 to 700 base pairs,
which is the expected size for the
ITS region in plants. The presence of
a single, distinct band per sample
indicates the quality and integrity of
the extracted DNA, as well as the
efficiency of the PCR reaction and
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electrophoresis analysis confirms the
success of the ITS region
amplification process, providing a
scientific basis for sequencing
analyses and the study of genetic
relationships among the studied
species. The results in Figure 1,
based on sequence analysis and
comparison of nitrogenous bases
with the NCBI database, show
genetic variation among the studied
species, with high BLAST searches
showed high sequence identity (97—
100%) and low E-values, confirming
the accuracy of the molecular
identification of the species. The
results indicate that the samples
belong to several genera within the
Asteraceae family, including
Sonchus, Centaurea, Artemisia, and
Silypum.  To ensure sequence
validation and availability for future
research, the ITS sequences of the
studied plant species were deposited
in GenBank following confirmation
of sequence identity. The assigned
accession numbers were LC920497
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for A. transiliensis and LC920496
for S. marianum. Phylogenetic
divergence analysis also revealed
genetic differences ranging from
0.183 to 1.248, reflecting significant
genetic diversity among the species.
These results were clearly reflected
in the phylogenetic tree
(dendrogram), where the species
were grouped into two main clusters.
The first cluster comprised species
with low genetic distances, while the

Figure 1. ITS region of nrDNA (Agarose
the Asteraceae family

Table 2 results indicated a high
identity  percentage  (85-100%)
associated with a low expected value
(E value), and this confirms the
close genetic relationship to the
reference sequence. It also appeared
that Silybum marianum dominated
regions such as Ramadi-Tash, Hit,
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species with high divergence values
formed a relatively separate group,
reflecting a clear pattern of genetic
relatedness and  differentiation
among the studied species. These
results confirm the efficiency of the
ITS region as an effective molecular
marker for analyzing phylogenetic
relationships within the Asteraceae
family and revealing the level of
genetic diversity among them.

gel 1.5%) extracted from 4 plants of

and Qa’im, while  Sonchus
brachyotus spread in regions like
Anah and Haditha. However,
Ramadi-Al-Hamdhiyah and Rutba
were dominated by Artemisia
transiliensis. This suggests the
adaptability to various ecological
zones
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Table 5. Results of comparing ITS sequences of the studied species with the

NCBI database using BLAST

No. Species Closest Accession Identity Query E-
Match in Number (%) Coverage value
NCBI (%)
1 Sonchus Sonchus DQ507909.1 92.0 85 4e-10
brachyotus  brachyotus
7 Centaurea Centaurea  KF721040.1 98.0 98 2e-11
caballeroi solstitialis
9  Artemisia Artemisia PVv900215.1 99.0 98 0.0
transiliensis annua
10  Silybum Silybum AY914831.1 97.0 100 0.0
marianum marianum
The phylogenetic analysis (0.376), indicating moderate genetic
revealed that the studied plant divergence compared to the other

species were divided into two main
clusters based on their genetic
distances. The first cluster included
Centaurea caballeroi (Sample 2),
Artemisia transiliensis (Sample 3),
and Sonchus brachyotus (Sample 4),
indicating a relatively closer genetic
relationship among these species.
Within  this cluster, Centaurea
caballeroi and Sonchus brachyotus
showed the closest relationship, as
reflected by the lower genetic
distance values (0.183 and 0.193),
suggesting a higher level of
sequence similarity between them.
On the other hand, Artemisia
transiliensis appeared slightly more
distant within the same cluster
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two species. The second cluster
consisted of Silybum marianum
(Sample 1), which was clearly
separated from the rest of the
species, showing the highest genetic
distance. This separation reflects a
distinct genetic background and
suggests that Silybum marianum is

more  evolutionarily  divergent
compared to the other studied
species. Overall, the clustering

pattern indicates varying degrees of
genetic relatedness among the
studied plants, with some species
sharing closer evolutionary
relationships while others exhibit
significant divergence.
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0.376

0.183
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0.193
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Sample1

Figure 2. The dendrogram showing clustering of studied plant species based on

ITS sequence analysis

The results of the present study
demonstrated that the Internal
Transcribed Spacer (ITS) region of
rDNA is an efficient molecular marker
for the identification and phylogenetic
analysis of plant species belonging to
the family [11]. The amplification of
the ITS region produced clear bands
ranging from 600-700 bp, which is
consistent with the expected fragment
size for ITS sequences in most
angiosperms.  Similar results were
reported by Devi et al., and Okan et
al.,[12, 13], who indicated that the ITS
region is widely used in plant molecular
systematics due to its high variability
and suitability for distinguishing closely
related species within Asteraceae . The
sequence analysis and comparison with
the NCBI database confirmed the
taxonomic identity of the studied
species with similarity values ranging
from 97-100%, indicating accurate
molecular identification. This high level
of similarity supports the reliability of
ITS markers in differentiating plant
taxa. These findings agree with the
study of Mandel et al.,[1], who reported
that ITS sequencing provides a
powerful approach for resolving
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phylogenetic relationships within the
Asteraceae family and for identifying
species belonging to different genera
such as Centaurea, Artemisia, and
Sonchus.  This balance  between
conserved and variable regions has
made this gene a cornerstone of
molecular taxonomy for decades. The
BLAST analysis results in this study
showed that the studied gene sequence
has a high similarity to a set of
reference sequences in the GenBank
database, indicating that the studied
sample belongs to a specific
evolutionary group within the bacteria
studied. BLAST analysis is a crucial
step in molecular studies because it
allows for the identification of the
closest related sequences to the studied
sequence and the estimation of their
similarity [14]. Furthermore, the use of
global genetic databases contributes to
improving the accuracy of genetic
identification of microorganisms. The
ITS-based phylogenetic  analysis
revealed a clear genetic differentiation
among the studied species, grouping
them into two main clusters. The first
cluster included Centaurea caballeroi,
Artemisia transiliensis, and Sonchus
ISSN 2072-3857
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brachyotus, indicating a relatively
closer genetic relationship among these
species despite belonging to different
genera. This clustering may reflect
shared evolutionary pressures or partial
similarity in ecological adaptation.

Within this group, the relatively low
genetic distance between Centaurea
caballeroi and Sonchus brachyotus
suggests a higher degree of sequence
similarity, which could be attributed to
conserved regions within the ITS
marker.  In  contrast,  Artemisia
transiliensis showed a higher genetic
distance within the same cluster,
indicating moderate divergence, which
may be linked to its distinct ecological
adaptation or evolutionary lineage. On
the other hand, Silybum marianum
formed a separate cluster, reflecting a
clear genetic divergence from the other
studied species. This separation
indicates a distinct genetic background,
which  may Dbe associated with
differences in ecological requirements,
life history traits, or taxonomic
classification. This high divergence
reflects significant differences in the
ITS region sequences and suggests
distant  evolutionary  relationships
between these species despite belonging
to the same botanical family.
Comparable results were reported by
Chen et al.,[6], who noted that the
Asteraceae family exhibits high genetic
diversity among genera due to its wide
evolutionary radiation and adaptation to
diverse ecological environments. ITS-
based DNA barcoding has proven to be
an effective method to highlight the
genetic relationships among species
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belonging to the same genus in various
geographical regions [15]. However,
the low diversity (97.8%) in Rawa
might reflect intraspecific variation, or
crossing was common in species such
as Chenopodium [16]. The biodiversity
observed in the current investigations
highlights the importance of
maintaining those species as a gene
bank  for  domesticated  plants,
particularly in regions affected by
climate change.

Recent studies indicate that using
Maximum Likelihood methods in
phylogenetic tree analysis provides
higher accuracy compared to some
traditional methods, due to their ability
to model molecular evolutionary
processes more realistically. This
method has become widely used in
many  modern genomic  studies,
especially with the development of
analytical software such as 1Q-TREE
and MEGA [17]. These findings
highlight the usefulness of ITS markers
was also demonstrated through DNA
diversity analyses which are useful in
estimating  genetic  diversity and
evolutionary  relationships  among
herbaceous species of the Asteraceae
family  distributed in  different
ecological regions (e.g. Ramadi,
Karma, Haditha and Al-Qaim). Further
diversification of species genetics can
also arise due to ecology, geography
and adaptation to different conditions.
The importance of environmental
diversity on genetic variation among
members of the Asteraceae family has
been previously highlighted [18].
Overall, the current study confirms that
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ITS sequence analysis provides a
reliable  molecular  approach  for
identifying plant ~ species  and
understanding  their  evolutionary

Conclusion

These results underscore the importance
of using molecular bioengineering tools
in studying and understanding the
genetic relationships between different
species, especially in cases where
traditional methods are insufficient to
distinguish between closely related

species. Overall, this study
demonstrates that combining gene
sequence analysis, comparing

sequences using global databases,
analyzing  gene  distances, and
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