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Abstract
The genus Calligonum L. Her (Polygonaceae) comprises 158 species with widespread distribution in regions such as India, 
China, North Africa, Pakistan, Afghanistan, Saudi Arabia, and South Europe. Calligonum L. is a prominent shrubby psam-
mophyte found in deserts, known for its traditional medicinal uses. The aim of this study is to use Start Codon Target (SCoT) 
and Inter-Retrotransposon Amplified Polymorphism (IRAP) markers to evaluate the genetic diversity of Calligonum comosum 
and Calligonum tetrapterum in Saudi Arabia. In addition, it uses the raxmlHPC algorithm and DNA barcoding techniques 
(matK and rpoC1) to examine phylogenetic relationships. SCoT and IRAP markers revealed distinct genetic patterns, clus-
tering Calligonum species based on their genetic similarities. DNA barcoding of matK and rpoC1 genes provided valuable 
insights into the evolutionary relationships within Calligonum species. Phylogenetic analyses highlighted well-supported 
structures with outgroup sequences showing early divergence. Conserved motifs analysis confirmed the presence of shared 
motifs in both isolated and identified genes, validating the potential use of isolated genes as biomarkers. This comprehensive 
genetic analysis enhances our understanding of Calligonum species’ genetic relationships, contributing valuable information 
for taxonomic classification and molecular marker validation. We are the first to add sequence of rpoC1 gene to Calligonum 
comosum and Calligonum tetrapterum in Gen-Bank. The identified conserved motifs and phylogenetic insights underscore 
the potential applications of Calligonum genes in various fields, including medicine and biodiversity conservation.
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Introduction

The genus Calligonum L. (Polygonaceae) contains 158 spe-
cies distributed across different geographic areas like such 
as India, China, North Africa, Pakistan, Afghanistan, Saudi 
Arabia, and Southern Europe (Purohit and Kumar 2020; 
Alaklabi 2022). The mobile dunes are the most common 
home to one important species: Calligonum comosum L’Hert 

(Purohit and Kumar 2020; Alaklabi 2022). Growing up to 
three meters tall, this evergreen shrub bears silvery white 
flowers, grayish white stems, and white branches (Fal’kovich 
2023). In traditional folk medicine, Calligonum comosum, 
also called Escanbil, is used to treat menstrual cramps and 
weighty periods (Kiani et al. 2019). Its bioactive chemical 
components, such as tannins, anti-oxidative flavonoids, and 
glycoside derivatives, also give it anti-inflammatory, anti-
cancer, and antioxidant qualities (Kiani et al. 2019; Atef 
et al. 2020). It can also be used to treat gynecological condi-
tions that cause infertility (Tahmasebi et al. 2018; Barati and 
Movahedin 2021).

Short DNA fragments called barcode markers are used 
in DNA barcoding to identify species (Antil et al. 2023). 
DNA barcoding uses barcode markers to identify species, 
with a curated database needed for successful results. Global 
initiatives aim to make biodiversity data publicly available 
(Leray et al. 2019; Antil et al. 2023). Plant DNA barcoding 
is essential for conservation, ecology, product verification, 
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and reconstructing past vegetation and climate (Sheth and 
Thaker 2017; Tizard et al. 2019). It can identify species from 
entire plants or remnants like pollen, seeds, and roots (Kress 
2017; Lennartz et al. 2021). Barcoding techniques are used 
in various contexts, such as verifying plant products like 
tea (Avarave and Thomas 2021), berries (Wu et al. 2018), 
olive oil (Nehal et al. 2021), spices (Negi et al. 2021), and 
medicinal plants(Yu et al. 2021). Building phylogenetic trees 
in phylogenetic community ecology requires DNA barcod-
ing (DeSalle and Goldstein 2019). Chloroplast loci matK 
and rbcL are recommended for molecular identification 
in plants (Skuza et al. 2019). The Consortium Barcode of 
Life supports using both loci for accurate species identifica-
tion (CBOL Plant Working Group, 2009). MatK’s strong 
discriminatory capabilities across a variety of taxa make it 
especially useful for examining plant phylogenetic relation-
ships (Liu et al. 2019).

Multilocus markers, such as IRAP markers, are com-
monly used in genetic research to validate DNA (Guan et al. 
2020). IRAP markers arise from variations in retrotranspo-
son insertion sites across genomic regions and generate 
informant DNA fingerprints that aid in kinship analysis and 
genetic identification (Amiteye 2021; Kalendar et al. 2021; 
Arvas et al. 2023). They have been used to assess genetic 
diversity in species such as bamboo and sakura, demonstrat-
ing their ability to evaluate samples (Stepanov et al. 2020; 
Li et al. 2020).

SCoT markers are useful tools for studying plant genetics 
because they target regions surrounding the ATG start codon 
(Mishra et al. 2020). Due to their low recombination rates, 
they provide advantages in marker-assisted breeding pro-
grams. Studies on date palms, mango, and other species have 
demonstrated the utility of SCoT for DNA fingerprinting and 
genetic analysis (Adawy et al. 2014) (Luo et al. 2010). SCoT 
assessed the genetic variations of 29 wild plants in Al Jubail, 
Saudi Arabia (Alotaibi and Abd-Elgawad 2022).

Numerous studies have been conducted on Calligonum’s 
genetic diversity to support taxonomy and conservation. 
While RAPD and ISSR analyses demonstrated broad vari-
ability in C. comosum populations in Tunisia (Gasmi et al. 
2022), RAPD markers in Egypt demonstrated notable diver-
sity (Mahdy and Rizk 2023). In China, cpDNA, ITS, and 
ETS sequences verified the link between C. jeminaicum 
and C. mongolicum (Shi et al. 2019), while full plastome 
sequencing elucidated taxonomic relationships within the 
genus (Song et al. 2020).

However, few studies particularly address the genetic 
diversity of Calligonum species in Saudi environments. This 
study seeks to close this gap by examining genetic diversity 
using matK and rpoC1 genes in conjunction with SCoT and 
IRAP markers. The purpose of this study is to assess the 
genetic diversity for Saudi Calligonum comosum and Cal-
ligonum tetrapterum using SCoT and IRAP markers. It also 

uses DNA barcoding methods and the raxmlHPC algorithm 
to analyze phylogenetic relationships. This study advances 
future conservation strategies and possible uses in agricul-
ture, improving breeding programs and medicine by shed-
ding light on the relationships between Calligonum species.

Methods

Collection of plant samples

Calligounum comosum plants were collected from two sites: 
Al-Kharj (C1) and Al-Qassim (C2), as well as Calligonum 
tetrapterum, which was collected from two sites: Najran (T1) 
and Al-Qassim (T2). The plant samples were identified in 
the King Saud University Herbarium (KSU) of the Depart-
ment of Botany and Microbiology.

Amplification of SCoT and IRAP markers

Eleven SCoT and eleven IRAP primers were used (Table 1). 
PCR amplification was carried out in 25μL reaction vol-
ume containing 12.5-μL 2X PCR Master Mix (sigma), 2-μL 
primer (10pcmol/ μL), 3-μL genomic DNA (10 ng/ μL) and 
7.5-μL dH2O (Ibrahim et al. 2019). The amplification pro-
cess was performed in a Perkin-Elmer/GeneAmp® PCR 
System 9700 (PE Applied Biosystems, Waltham, MA, USA) 
programmed to initial denaturation cycle for 3 min at 94 °C 
followed by 35 and 40 cycles for IRAP and SCoT, with each 
cycle consisting of a denaturation at 94 °C for 40 s., anneal-
ing at 50 °C for 50 s., and elongation at 72 °C for 60 s. The 
primer extension segment was extended to 7 min at 72 °C in 
the final cycle. The amplification products were resolved by 
electrophoresis in a 1.5% agarose gel containing ethidium 
bromide (0.5ug/ml) in 1X TBE buffer at 95 V. A 100 bp 
DNA ladder was used as a molecular size standard PCR 
products were visualized on UV light and photographed 
using a Gel Documentation System (BIO-RAD 2000).

matK and rpoC1 barcoding analysis

DNA barcoding analysis was performed with the plastidial 
matK and rpoc1 region (Table 1). For PCR amplification 
and sequencing of matK and rpoc1, the reaction mixture 
consisted of 1 × buffer (Promega), 15 mM MgCl2, 0.2-mM 
dNTPs, 20pcoml of each primers, 1u of Taq DNA polymer-
ase (GoTaq, Promega), 40-ng DNA and ultra-pure water to a 
final volume of 50 uL. PCR amplification was performed in 
a Perkin-Elmer/GeneAmp® PCR System 9700 (PE Applied 
Biosystems) programmed to fulfill 40 cycles after an initial 
denaturation cycle for 5 min at 94 °C. Each cycle consisted 
of a denaturation step at 94 °C for 30 s., an annealing step at 
47 °C and 50 °C for 30 s. and an elongation step at 72 °C for 
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1 min for matK and rpoc1, respectively. The primer exten-
sion segment was extended to 7 min at 72 °C in the final 
cycle. The amplification products were resolved by electro-
phoresis in a 1.5% agarose gel containing ethidium bromide 
(0.5ug/ml) in 1X TBE buffer at 95 V. A 100 bp DNA ladder 
was used as a molecular size standard. PCR products were 
visualized on UV light and photographed using a Gel Docu-
mentation System (BIO-RAD 2000). Amplified products for 
all PCR were purified using EZ-10 spin column PCR prod-
ucts purification PCR reaction mixture was transferred to 
1.5-ml microfuge tube and three volumes was added of bind-
ing buffer 1 after that the mixture solution was transferred 
to the EZ-10 column and let it stand at room temperature 
for 2 min after that centrifuge, 750 ul of wash solution was 
added to the column and centrifuge at 10.000 rpm for 2 min, 
repeated washing, 10.000 rpm was spine for an additional 
minute to remove any residual wash solution. The column 
was transferred into a clean 1.5-ml microfuge tube and adds 
50 ul of elution buffer, incubated at room temperature for 
2 min and when store purified DNA at – 20 °C.

matK and rpoC1 sequencing

The sequencing of the product PCR was carried through 
in an automatic sequencer ABI PRISM 3730XL Analyzer 
using Big Dye TM Terminator Cycle Sequencing Kits fol-
lowing the protocols supplied by the manufacturer. Single-
pass sequencing was performed on each template using 
matK and rpoC1 Forward primer. The fluorescent-labeled 
fragments were purified from the unincorporated terminators 
with an ethanol precipitation protocol. The samples were 
resuspended in distilled water and subjected to electropho-
resis in an ABI 3730xl sequencer (The American University 
in Cairo School of Sciences and Engineering).

Data analysis

For SCoT and IRAP analysis, only clear and unambiguous 
bands were visually scored as either present (1) or absent (0) 
for all samples and final data sets included both polymorphic 
and monomorphic bands. Then, a binary statistic matrix was 
constructed. Dice’s similarity matrix coefficients were then 
calculated between genotypes using the unweighted pair 
group method with arithmetic averages (UPGMA). This 
matrix was used to construct a phylogenetic tree was per-
formed according to Euclidean similarity index using the 
PAST3 software Version 1.91 (Hammer et al. 2001).

matK and rpoC1 comparative analysis

In this study, our primary goal was to validate our experi-
mental findings through a comparative analysis of the matK 
and rpoC1 genes. To achieve this, we retrieved matK and 
rpoC1 gene sequences from all Calligonum species avail-
able on the NCBI database. Specifically, we obtained 22 
matK sequences from 22 Calligonum species, and included 2 
additional matK sequences from the nucleotide database on 
NCBI (MK228108.1, KY293577.1), as presented in Table 3. 
In addition, we retrieved 22 rpoC1 sequences from 22 Cal-
ligonum species, as detailed in Table 4.

This comprehensive approach enables us to conduct a 
meaningful comparative analysis between the genes isolated 
in our experiment and those identified in the database. Our 
objective is to explore similarities between the two sets of 
genes and derive insights from these comparisons, thereby 
validating our genes as molecular markers.

To facilitate this analysis, we utilized the MAFFT algo-
rithm (Katoh and Standley 2013), a well-established tool for 
multiple sequence alignment. This step ensures the accurate 

Table 1   List of IRAP primers, matK primers, SCoT primers and rpoC1 primers sequence used to analyze Calligounum species

No IRAP Primer sequence SCoT Primer sequence

1 IRAP-01 5’-TTA​GAC​CCG​GAA​CCG​CCG​TG-3’ SCoT-1 5’-ACGAC​ATG​GCG​ACC​ACGC-3’
2 IRAP-02 5’-ATC​CTT​CGC​GTA​GAT​CAA​GCG​CCA​-3’ SCoT-2 5’-ACC​ATG​GCT​ACC​ACC​GGC​-3’
3 IRAP-03 5’-GAA​GTA​CCG​ATT​TAC​TTC​CGT​GTA​-3’ SCoT-3 5’-ACGAC​ATG​GCG​ACC​CACA-3’
4 IRAP-04 5’-ATG​TGA​CAG​TCG​ACT​AAC​CAC-3’ SCoT-4 5’-ACC​ATG​GCT​ACC​ACC​GCA​-3’
5 IRAP-05 5’-TGG​CGC​TTG​ATC​TAC​GCG​AAGGA-3’ SCoT-5 5’-CAATG​GCT​ACC​ACT​AGC​G-3’
6 IRAP-06 5’-AAC​TTG​ATC​CAG​ATC​ATC​TCC-3’ SCoT-6 5’-CAATG​GCT​ACC​ACT​ACA​G-3’
7 IRAP-07 5’-TGA​TCA​GAG​AAG​AAA​GGG​GA-3’ SCoT-7 5’-ACA​ATG​GCT​ACC​ACT​GAC​-3’
8 IRAP-08 5’-GCG​CTT​AGC​GTT​AGG​CTA​ACT-3’ SCoT-9 5’-ACA​ATG​GCT​ACC​ACT​GCC​-3’
9 IRAP-09 5’-CGT​GTA​GCC​TCT​TTG​GCC​CTA-3’ SCoT-10 5’-ACA​ATG​GCT​ACC​ACC​AGC​-3’
10 IRAP-10 5’-CGA​GTA​GTA​GGA​AGG​AAC​CGG-3’ SCoT-11 5’-ACA​ATG​GCT​ACC​ACT​ACC​-3’
11 IRAP-11 5’-GAA​CGA​TTA​CCT​CAC​AGA​CA-3 SCoT-12 5’-CAACA​ATG​GCT​ACC​ACCG-3’

matK Primer sequence rpoC1 Primer sequence
matK-F 5’-CGA​TCT​ATT​CAT​TCA​ATA​TTTC-3’ rpoC1-F 5’-GGC​AAA​GAG​GGA​AGA​TTT​CG-3’
matK-R 5’-TCT​AGC​ACA​CGA​AAG​TCG​AAGT-3’ rpoC1-R 5’-CCA​TAA​GCA​TAT​CTT​GAG​TTGG-3’
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alignment of our sequences, providing a robust foundation 
for subsequent comparisons and interpretations.

Phylogenetic relationships

To deduce the evolutionary relationships and formulate 
a phylogenetic tree based on the aligned sequences, we 
utilized the raxmlHPC algorithm (maximum likelihood) 
(Rokas 2011). Recognized for its precision and depend-
ability in constructing phylogenetic trees, raxmlHPC was 
selected to unveil the evolutionary context of our sequences. 
The resulting phylogenetic tree file produced by raxmlHPC 
was then uploaded and visualized through the iTOL (Inter-
active Tree of Life) software platform (Bailey et al. 2015). 
This procedure enabled us to generate a visually informative 
and scientifically robust representation of the evolutionary 
relationships among the sequences.

Conserved motifs analysis

For the identification of conserved motifs shared between 
our isolated genes and those identified in the NCBI-sup-
ported genes, we employed the MEME Suite algorithm 
(Bailey et al. 2015). This motif analysis encompassed both 
MATK and rpoC1 genes, previously identified and sup-
ported on NCBI, from all Calligonum species, as well as our 
isolated genes. The analysis was configured to detect a maxi-
mum of five motifs. The resulting conserved motifs were 
visualized using the TBtools software (Chen et al. 2020). 
Notably, these findings were integrated with the outcomes 
of the phylogenetic tree analysis to offer a comprehensive 

understanding of motif conservation across diverse evolu-
tionary lineages.

Results

SCoT and IRAP markers

Figure 1 displays photographs of agarose gel electrophoresis 
for PCR fingerprinting in 4 Calligounum species. Eleven 
SCoT markers yielded 121 amplicons, 57 of which (47.11%) 
were polymorphic (Table 1). The amplicons per primer 
ranged from 7 for SCoT-7 and SCoT-9 to 15 for SCoT-1. 
The number of polymorphic markers varied, ranging from 
1 for SCoT-9 to 11 for SCoT-2. The average number of poly-
morphic amplicons per SCoT primer was 5.18. The low-
est polymorphism, 14.3%, was detected in SCoT-9. On the 
other hand, the highest polymorphism 78.6% was recorded 
in SCoT-2 (Table 2).

Four species were analyzed using SCoT markers, reveal-
ing significant genetic variation. C. comosum2 had 22 poly-
morphic bands, C. comosum1 and C. tetrapterum1 had 37, 
and C. tetrapterum2 had 29. These findings imply com-
plex genomic structures or increased genetic diversity. A 
Euclidean distance tree was created for species using SCoT 
markers, scoring 1 for presence and 0 for absence (Fig. 2; 
Table 3). The species are divided into two major groups: 
C. tetrapterum and C. comosum. The two C. comosum had 
the highest similarity of 87.7, while C. comosum1 and C. 
tetrapterum1 had the lowest of 75.3. These numbers show 
how similar the two most similar species were.

Fig. 1   Banding patterns of four 
samples Calligounum species 
(two C. comosum; C1, C2 and 
two C. tetrapterum; T1 and T2) 
amplified with the eleven SCoT 
primers, M: 1 kb DNA ladder
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Figure 3 shows images of agarose gel electrophoresis 
used in four different Calligounum species for PCR finger-
printing. Eleven IRAP markers produced 128 amplicons, of 
which 50 (39.1%) were polymorphic (Table 1). For IRAP-
08, and IRAP-02, the amplicons per primer varied from 6 to 

20. There were different numbers of polymorphism markers: 
0 for IRAP-11 and 13 for IRAP-02, respectively. 4.55 poly-
morphic amplicons on average were found for each IRAP 
primer. IRAP-11 exhibited the lowest polymorphism, 0%. 
However, Table 2 shows that IRAP-02 had the highest poly-
morphism of 65%.

Four species were analyzed using IRAP markers, reveal-
ing significant genetic variation. C. comosum1 had 26 poly-
morphic bands, C. comosum2 had 24, C. tetrapterum1 had 
32, and C. tetrapterum2 had 23. Despite greater polymor-
phism in C. tetrapterum1, the identical band counts of the 
first three Calligounum indicated a closer genetic relation-
ship. A Euclidean distance tree was created using binary 
data from IRAP markers, which were scored as 1 for pres-
ence and 0 for absence for each species (Fig. 4; Table 4). 
The tree divided the species into two main groups, with 
two species, C. comosum2 and C. tetrapterum2, creating 
the first cluster. C. comosum2 and C. tetrapterum2 had the 
highest similarity score of 91.5, while C. comosum1 and C. 
tetrapterum1 had the lowest score of 82.0.These numbers 
show how similar the two species with the highest degree 
of similarity were.

Molecular identification of matK and rpoC1 gene

Four DNA samples of C. comosum and C. tetrapterum were 
used as a template for PCR amplification of matK gene 
region identification of C. comosum and C. tetraterum. 
Results showed that partial nucleotide sequences of matK 
gene 786, 786, 785, and 785 nts were amplified for the PCR 
of C1, C2, T1, and T2 respectively, the sequences were 
documented in Gen-Bank under the accession numbers: 
OR855414.1, OR855415.1, OR855416.1, and OR855417.1 
respectively (Table 5). According to rpoC1, results showed 
that partial nucleotide sequences of rpoC1 gene 555, 555, 

Table 2   The list of primers, 
total number of amplicons 
(TNAs), Number of 
polymorphic amplicons 
(NPAs), and percentage of 
polymorphism (P %), as 
revealed by SCoT and IRAP 
markers

The lowest and the highest value are in bold and underline

SCoT TNAs NPAs P % IRAP TNAs NPAs P %

SCoT-1 15 10 66.7 IRAP-01 15 7 45.7
SCoT-2 14 11 78.6 IRAP-02 20 13 65
SCoT-3 10 6 60 IRAP-03 8 3 37.5
SCoT-4 12 5 41.7 IRAP-04 11 5 45.5
SCoT-5 12 6 50 IRAP-05 8 4 50
SCoT-6 8 4 50 IRAP-06 13 4 30.7
SCoT-7 7 3 42.9 IRAP-07 16 6 37.5
SCoT-9 7 1 14.3 IRAP-08 6 2 33.3
SCoT-10 14 3 21.4 IRAP-09 11 3 27.3
SCoT-11 12 5 41.7 IRAP-10 9 3 33.3
SCoT-12 10 3 30 IRAP-11 11 0 0
Total 121 57 47.11 Total 128 50 39.1
Average 11 5.18 45.2 Average 11.6 4.55 32.78

Fig. 2   Dendrograme for Calligounum species constructed from SCoT 
marker data using UPGMA and similarity matrix computed accord-
ing to Dice coefficient

Table 3   Similarity matrix 
among the Calligounum species 
according to the coefficient of 
dice as shown by SCoT marker

The lowest and the highest 
value are in underline.

C1 C2 T1 T2

C1 100
C2 87.7 100
T1 75.3 81.9 100
T2 79.1 84.2 85.0 100
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551, and 515 nts were amplified for the PCR of C1, C2, 
T1, and T2 respectively, the sequences were documented 
in Gen-Bank under the accession numbers of OR933566.1, 
OR933567.1, OR933568.1 and OR933569.1 respectively 
(Table 6). We are the first to add sequence rpoC1 gene to C. 
comosum and C. tetrapterum in Gen-Bank.

Phylogenetic relationships

Phylogenetic relationships were constructed using the raxm-
lHPC algorithm with 10 bootstrap replica, and conserved 
motifs were identified using the MEME Suite algorithm. 
The phylogenetic tree of matK genes from Calligonum spe-
cies shows distinct classes and sub-clads, with out-group 
sequences of C. tetrapterum and C. comosum showing early 
divergence. The tree also shows a nested pattern, highlight-
ing hierarchical relationships.

The phylogenetic tree from rpoC1 genes reveals signifi-
cant evolutionary patterns, with a clear hierarchical structure 
and well-supported clads. Early divergence in C. comosum, 
distinct branches in C. tetrapterum, and similarity in C. 
juochiangense.

In summary, this gene-based phylogenetic analysis pro-
vides valuable insights into the evolutionary dynamics of 
matK and rpoC1 within Calligonum species. These find-
ings contribute to our understanding of genetic relationships, 
with potential implications for taxonomic classification and 
the validation of molecular markers (Fig. 5).

Fig. 3   Banding patterns of four 
samples Calligounum species 
(two C. comosum; C1, C2, and 
two C. tetrapterum; T1 and T2) 
amplified with the eleven IRAP 
primers, M: 1 kb DNA ladder

Fig. 4   Dendrograme for Calligounum species constructed from IRAP 
marker data using UPGMA and similarity matrix computed accord-
ing to Dice coefficient

Table 4   Similarity matrix 
among the Calligounum species 
according to the coefficient of 
dice as shown by IRAP marker

C1 C2 T1 T2

C1 100
C2 88.4 100
T1 82.0 82.8 100
T2 87.9 91.5 85.3 100
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Conserved motifs analysis

Our exploration of conserved motifs in matK and rpoC1 
genes unveiled the detection of five distinct motifs, 
depicted in Fig. 6. Upon scrutinizing these motifs in our 
accessions and comparing them to those identified in 
the database, a noteworthy observation. The five motifs 
identified in the database genes shared a common region, 
approximately from 647 to 1225 bp for matK and from 
1876 to 2363 bp for rpoC1 (refer to supplementary MEME 
files).

Intriguingly, our isolated genes were found to harbor the 
same conserved motifs, validating our investigation. Despite 
the shorter length of our sequences, the distances between 
the discovered motifs were consistently spaced. This obser-
vation suggests the isolated region aligns with the identi-
fied regions in Calligonum species genes retrieved from the 
NCBI database. The motifs’ logos are illustrated in Fig. 7.

These findings robustly validate the potential utility of 
our isolated genes as biomarkers. The shared conserved 
motifs emphasize the reliability and significance of our 
genetic findings, enhancing their applicability in molecu-
lar studies and contributing to the broader understanding of 
genetic relationships within Calligonum species.

Discussion

This study evaluated the genetic diversity of Calligonum 
species collected from Saudi habitats using SCoT, IRAP 
markers and the chloroplast DNA matK and rpoC1 bar-
codes. Genetic diversity was investigated using 121 mark-
ers created by 11 SCoT primers, the polymorphism ratio 
ranging from 78.6% for SCoT-2 to 14.3% for SCoT-9, with 
the average polymorphism ratio was 45.2%. Some wheat 
cultivars reported low levels of polymorphism ranging 
from 11 to 81% by the SCoT primers (Abouseada et al. 
2023). Several wheat cultivars from Northern Africa have 

Table 5   Accession numbers for matK genes in 22 identified species

Database accession

Accession Organism

NC_053267.1 Calligonum yengisaricum
NC_053266.1 Calligonum taklimakanense
NC_053265.1 Calligonum squarrosum
NC_053264.1 Calligonum rubicundum
NC_053263.1 Calligonum roborowskii
NC_053262.1 Calligonum pumilum
NC_053261.1 Calligonum mongolicum
NC_053260.1 Calligonum leucocladum
NC_049137.1 Calligonum aphyllum
NC_049148.1 Calligonum korlaense
NC_049149.1 Calligonum klementzii
NC_049147.1 Calligonum junceum
NC_049146.1 Calligonum jeminaicum
NC_049145.1 Calligonum ebinuricum
NC_049144.1 Calligonum densum
NC_049143.1 Calligonum cordatum
NC_049142.1 Calligonum colubrinum
NC_049141.1 Calligonum caput-medusae
NC_049140.1 Calligonum arborescens
NC_049139.1 Calligonum gobicum
NC_049138.1 Calligonum juochiangense
NC_062619.1 Calligonum bakuense
MK228108.1 Calligonum comosum 6H matK gene
KY293577.1 Calligonum comosum matK gene
Our Accession
OR855414.1 Calligonum comosum C1 matK gene
OR855415.1 Calligonum comosum C2 matK gene
OR855416.1 Calligonum tetrapterum T1 matK gene
OR855417.1 Calligonum tetrapterum T2 matK gene

Table 6   Accession numbers for rpoC1 Genes in 22 identified species

Database accessions

Accession Organism

NC_053267.1 Calligonum yengisaricum
NC_053266.1 Calligonum taklimakanense
NC_053265.1 Calligonum squarrosum
NC_053264.1 Calligonum rubicundum
NC_049140.1 Calligonum arborescens
NC_049141.1 Calligonum caput-medusae
NC_049142.1 Calligonum colubrinum
NC_049143.1 Calligonum cordatum
NC_049144.1 Calligonum densum
NC_049145.1 Calligonum ebinuricum
NC_049146.1 Calligonum jeminaicum
NC_049147.1 Calligonum junceum
NC_049148.1 Calligonum klementzii
NC_049149.1 Calligonum korlaense
NC_062619.1 Calligonum bakuense
NC_049137.1 Calligonum aphyllum
NC_053260.1 Calligonum leucocladum
NC_053261.1 Calligonum mongolicum
NC_053262.1 Calligonum pumilum
NC_053263.1 Calligonum roborowskii
NC_049139.1 Calligonum gobicum
NC_049138.1 Calligonum juochiangense
Our Accessions
OR933566.1 Calligonum comosum C1 RpoC1 gene
OR933567.1 Calligonum comosum C2 RpoC1 gene
OR933568.1 Calligonum tetrapterum T1 RpoC1 gene
OR933569.1 Calligonum tetrapterum T2 RpoC1 gene
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low levels of polymorphism, as measured by the SCoT 
primers, ranging from 8 to 57% (Mohamed et al. 2017). 
The low polymorphism percentage in wheat cultivars 
may be due to the  limited diversity of genes and high 
preservation.

All populations had different levels of genetic polymor-
phism, according to the SCoT marker analysis. Of these, 
C. comosum1 and C. tetrapterum1 had the most polymor-
phic bands (37 each), suggesting higher genetic diversity 
and potentially more complex genomic structures. While C. 

Fig. 5   Phylogenetic tree generated using raxmlHPC algorithm from a matK sequences and b rpoC1 sequences

Fig. 6   Conserved motifs analyses using MEME suit algorithm from a matK sequences and b rpoC1 sequences
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comosum2 had the fewest polymorphic bands (22), indicat-
ing comparatively less genetic variability, C. tetrapterum2 
displayed an intermediate level of polymorphism with 29 
bands. These results demonstrate the importance of SCoT 
markers in evaluating genetic diversity within the population 
as well as the notable genetic variation among the samples. 
The genetic varying qualities of 4 Calligonum genotypes 
were computed using the esteem of hereditary differing 
qualities parameters revealed by SCoT markers. Certain 
species demonstrated convergence, as seen in the case of 
the two C. comosum and C. tetrapterum in the clustering 
analysis. Other reports that estimated the genetic relation-
ships using SCoT markers disagreed with these results, as 
in 29 wild plants in Al Jubail Saudi Arabian (Alotaibi and 
Abd-Elgawad 2022), and among indigenous EPNs belong-
ing to H. indica species (Abd El Azim and Khashaba 2021).

This study evaluated hereditary differences using 128 
markers generated by 11 IRAP primers. Polymorphism 
rates ranged from 0% for IRAP-11 to 65% for IRAP-02, 
with the average polymorphism ratio was 32.78%. The 
findings contradict Badr et al. (Badr et al. 2020), who used 
IRAP to study genetic diversity in Medicago sativa culti-
vars and found high polymorphism. The populations had 
different levels of genetic polymorphism, according to the 
IRAP marker analysis, with polymorphic band counts of 
26, 24, 23, and 32. Although the genetic diversity levels of 
the first three samples were comparatively comparable, C. 
tetrapterum1 had a noticeably higher number of polymor-
phic bands, suggesting greater genetic variability. Accord-
ingly, C. tetrapterum1 might have been subjected to differ-
ent evolutionary pressures or have a more varied genetic 
background. Overall, the findings demonstrate how well 
IRAP markers identify genetic diversity and offer insightful 
information about the genetic makeup of the population. The 
low polymorphism percentage in Calligonum species may be 
due to the limited diversity of genes and high preservation. 
Certain species demonstrated convergence, as seen in the 

case of C. comosum2 and C. tetrapterum2 in the clustering 
analysis. These findings disagreed with previously recorded 
findings, IRAP markers was conducted on 12 sakura geno-
types (Stepanov et al. 2020), and the Asian bamboo genus 
Phyllostachys (Li et al. 2020).

The results indicate that SCoT is highly reproducible and 
more effective than IRAP markers in assessing the relation-
ships between the taxa under investigation within Calligo-
num species. Given that C. comosum1 and C. tetrapterum1 
have more polymorphic bands, the SCoT analysis may be 
more successful in accurately differentiating between spe-
cies. Their unique genetic diversity and evolutionary paths 
are reflected here. On the other hand, the IRAP analysis may 
be more useful for comparing traits between closely related 
species because it identifies differences in retrotransposons 
activity that could reveal traits and evolutionary relation-
ships in common. Through the integration of findings from 
both IRAP and SCoT analyses, we can improve our compre-
hension of these species’ evolutionary dynamics and genetic 
diversity. Although the start codon ATG is surrounded by 
a short, conserved sequence known as the SCoT sequence 
(Collard and Mackill 2009), IRAP marker analyses indicate 
that the instability of RTN insertion events and environmen-
tal conditions may contribute to the findings (Kalendar et al. 
2011). Diverse biologic circumstances may be the reason for 
the distinct increases in the separated species under inspec-
tion. These conditions may also increase the genetic diver-
sity among species, which in turn may promote the innate 
assortment among them. IRAP and SCoT markers showed 
high levels of polymorphism in genetic diversity analyses 
of 268 Diospyros accessions in China (Guan et al. 2020).

This study marks the inaugural exploration of the 
roles played by matK and rpoC1 genes within the Cal-
ligonum genus. The matK and rpoC1 sequences from 
the same plant species were obtained from NCBI. Sub-
sequently, each sequence underwent a BLAST search in 
Gen-Bank using the mega-blast parameter, allowing for 

Fig. 7   Conserved motifs logos 
of the identified motifs from a 
matK sequences and b rpoC1 
sequences
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an assessment of homology among barcoding sequences 
within the plant species and related taxa. The percent-
age of homology, as evident in the phylogenetic tree, 
was examined to identify the closest matches. We are the 
first to add a sequence of rpoC1 genes to Calligonum 
comosum and Calligonum tetrapterum in Gen-Bank. The 
matK gene phylogenetic tree displays a robust structure 
with distinct clades and subclades. The C. tetrapterum 
T1 and C. tetrapterum T2 outgroup sequences are note-
worthy because they occupy a basal position, indicating 
an early divergence from the other Calligonum species. 
The close relationship between C. comosum 6H, C. como-
sum, and C. comosum C1 indicates high similarity in the 
matK sequences. The tree displays a nested pattern as it 
moves inward, emphasizing the hierarchical relationships 
between the matK genes of Calligonum species.

The rpoC1 gene phylogenetic tree derived from unveils 
significant evolutionary patterns. The tree displays a clear 
hierarchical structure with well-supported clades. The 
outgroup of C. comosum C2 represents an early diver-
gence, followed by a distinct branch leading to C. como-
sum C1 at the base. C. tetrapterum T1 and C. tetrapterum 
T2 share a clade with C. juochiangense, indicating a 
degree of similarity between rpoC1 genes in these spe-
cies. Our comparative analyses of isolated matK and 
rpoC1 genes demonstrated high similarities with the cor-
responding genes in other Calligonum species from the 
NCBI database. The phylogenetic relationships between 
our accessions and those in the database served as a vali-
dating method, confirming the potential of these genes 
as valid barcoding markers across Calligonum species. 
Both genes have previously been acknowledged for their 
efficacy in evaluating genetic diversity. In China, cpDNA, 
ITS, and ETS sequences verified the link between C. 
jeminaicum and C. mongolicum (Shi et al. 2019), while 
full plastome sequencing elucidated taxonomic relation-
ships within the genus (Song et al. 2020). This approach 
aligns with using rpoC1 and matK of spinach cultivars to 
find associations among genotypes through phylogenetic 
analysis (Manzoor et al. 2022). Similarly, successfully 
utilized matK, among other loci, as a potential barcode 
for identifying Paphiopedilum vietnamese species, with 
17 out of 22 Paphiopedilum species accurately identified 
(Vu et al. 2019). The phylogenetic analysis of Poaceae 
species is similar to our methodology in that it empha-
sizes conserved DNA motifs and selects barcode regions 
(matK and rpoC1) (Bhatt and Thaker 2021). For instance, 
genetic diversity was assessed in wheat cultivars using 
ISSR and SCoT markers, along with rbcL and matK, 
which revealed discernible variations in matK sequences, 
distinguishing cultivars from distinct regions (Abouseada 
et al. 2023).

Conclusions

The genetic variation study of Calligonum species in Saudi 
habitats provided species-specific insights. C. tetrapterum 
has demonstrated early divergence in both matK and rpoC1 
phylogenetic trees, indicating a distinct evolutionary path 
from other species. C. comosum’s accessions showed high 
genetic similarity, particularly in matK sequences, indicat-
ing a more homogeneous genetic structure. SCoT mark-
ers effectively distinguished between Calligonum species, 
whereas IRAP markers identified traits shared by closely 
related species. MatK and rpoC1 genes exhibit greater 
genetic diversity across species, highlighting their poten-
tial for species breeding, medicinal uses, and biodiversity 
conservation efforts.
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