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Amphibians inhabit a wide variety of habitats and environments, such as arboreal, terrestrial and fresh-
water aquatic ecosystems, and are considered among the vertebrate classes to exhibit one of the most
diverse distributions. Their life histories, behaviour and diversity play vital roles in assessing environ-
mental and evolutionary theories. The mitochondrial 16S rRNA gene sequence analysis has been widely
used in molecular taxonomy and is frequently used in systematic analyses of families and genera. This
study examines taxonomic relationships among 18 specimens of the Arabian toad (Sclerophrys arabica)
and the Dhofar toad (Bufo dhufarensis) from Al Madinah Province, Saudi Arabia by estimating phyloge-
netic relationships using the mitochondrial 16S ribosomal RNA gene (16S rRNA). Results indicate the
presence of four new lineages of toads among the samples in this study. The generated phylogenetic tree
grouped all samples of Arabian toad in one clade, while the Dhofar toad samples were divided into three
subclades. This is the first study to be reported the genetic diversity of Al Madinah Province toads.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

The Arabian Peninsula hosts a unique array of animal and plant
species because of the region’s dynamic geologic history and
changing climate. Peninsular flora and fauna range from limited
temperate endemics to disjunct expansions of the Horn of Africa
and Eastern Afromontane hotspots (Mittermeier et al., 1999,
Myers et al., 2000). The Arabian species is a combination of South
Asian, Western Eurasian, and African components, a pattern illus-
trated even in the comparatively depauperate Arabian bufonids
(Portik and Papenfuss, 2015). Portik and Papenfuss (2015) report
that South Asian and Western Eurasian lineages are independently
derived from continental Africa. Their data suggest that Ami-
etophrynus arabicus and Amietophrynus tihamicus did not colonize
the Arabian Peninsula via overwater dispersal or through the
southern land bridge from the Horn of Africa. Rather, it is specu-
lated that formation of the Red Sea drove simultaneous diver-
gences in these species; thus, their current distribution in the
Arabian Peninsula represents authentic African relics.

Amphibians are regarded as one of the vertebrate classes
demonstrating the greatest distributional variety and widest range
of ecological environments. Because of their variety of biological
features, convergences in form, and diversity of environments they
live in, which can require fossorial, terrestrial, or arboreal lifestyles,
amphibians are an attractive taxon for researching evolutionary
processes (Bossuyt and Milinkovitch, 2000, Wells, 2010). Amphib-
ians have a vast range of reproductive phases, ranging from bipha-
sic life cycles, with larval and adult forms separated by
metamorphosis, to systems in which either the larval or adult stage
is completely absent, and it can be said that amphibians are the
most diversified group of terrestrial vertebrates in terms of repro-
ductive diversity (Wells, 2010).

Saudi Arabia’s geographical location between temperate and
tropical areas, as well as fluctuations in climatic conditions, make
the coastal and riverine oases and wetlands of Saudi Arabia habitat
to seven amphibian species of frogs and toads. Four of these are
endemic to the Arabian peninsula (Sclerophrys tihamica), Arabian
five-fingered frog (Euphlyctis ehrenbergii), Arabian toad (Bufo arabi-
cus) and Dhofar toad (Bufo dhurefencis). The three species also
found elsewhere in the world are the Middle East tree frog (Hyla
savignyi), marsh frog (Pelophylax ridibundus) and European greek
toad (Bufo viradid) (Balletto, 1985). Amphibians in Saudi Arabia
have no significant obstacles as a result of their adaptation to a
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diverse variety of habitats and changed habitat, and the Arabian
toad is considered one of the most widely distributed toad species
in the Arabian Peninsula (Al-Obaid et al., 2017, Hafez et al., 2017).

Avise (2000) reports that phylogeographic analysis is a strong
method for examining the evolutionary history of a species, pro-
viding valuable insight into the genesis of current biogeographic
and systematic patterns. Molecular phylogenetic tree is used to
identify closely related species sequences in order to recognize
genes, and non-coding RNAs in newly sequenced genomes in order
to explain present and ancient individual genomes, as well as to
refine phylogenetic trees (Kellis et al., 2003, Pedersen et al.,
2006). The 16S rRNA gene is now globally recognised in the phy-
logeny of organisms as a suitable, highly conserved and reliable
molecular marker that develops slowly and is functionally pre-
served (Nakahara et al., 2004, EARDLY and Van Berkum, 2005,
Pratihar et al., 2016, Hedges et al., 1993, Yamaguchi et al., 2019).

Some molecular studies have been conducted on toads in Saudi
Arabia, but these are few and do not include most regions of Saudi
Arabia (Hafez et al., 2017, Al-Qahtani and Amer, 2019). The present
study aimed to identify the taxonomic status of the Arabian toad
(Sclerophrys arabica) and the Dhofar toad (Bufo dhufarensis). Sam-
ples were collected from Wadi Abather in the Al Madinah Province
were utilized to compare genetic variation to other taxa, for which
nucleotides of the mitochondrial 16S rRNA have previously been
sequenced.
2. Materials and methods

Eighteen samples of Arabian and Dhofar toads were collected
from Wadi Abather, Yanbu Al-Nakhal, a city in the Al Madinah Pro-
vince of western Saudi Arabia (24�30017.000N 38�37001.000E). All
individual samples were collected in January 2021 (Table 1) using
the toe-clipping method described by Sambrook (1989). Samples
were preserved in ethanol before being sent to a laboratory at King
Saud University (KSU) and subsequently kept at �20 �C for future
examination. DNAzol� (Invitrogen, UK) was used to extract DNA
from the tissue samples (tissue was first chopped into small pieces)
according to manufacturer instructions. A hand-held glass/Teflon
homogenizer was used to homogenize tissue samples. After
40 mg of homogeneous tissue was transferred to a 1.5 mL Eppen-
dorf� tube, 500 lL of DNAzol has been added to each tube and vor-
texed thoroughly to lyse the cells. Samples were centrifuged for
Table 1
Samples used for mtDNA analysis in the present study; species names, and GenBank
accession No.

ID Sample No. Species GenBank
Accession No.

1 1SA Arabian toad Sclerophrys arabica OL639235
2 2SA Arabian toad Sclerophrys arabica OL639236
3 3SA Arabian toad Sclerophrys arabica OL639237
4 4SA Arabian toad Sclerophrys arabica OL639238
5 5SA Arabian toad Sclerophrys arabica OL639239
6 6SA Arabian toad Sclerophrys arabica OL639240
7 7SA Arabian toad Sclerophrys arabica OL639241
8 8SA Arabian toad Sclerophrys arabica OL639242
9 1BD Dhofar toad Bufo dhufarensis OL636499
10 2BD Dhofar toad Bufo dhufarensis OL636500
11 3BD Dhofar toad Bufo dhufarensis OL636501
12 4BD Dhofar toad Bufo dhufarensis OL636502
13 5BD Dhofar toad Bufo dhufarensis OL636503
14 6BD Dhofar toad Bufo dhufarensis OL636504
15 7BD Dhofar toad Bufo dhufarensis OL636505
16 8BD Dhofar toad Bufo dhufarensis OL636506
17 9BD Dhofar toad Bufo dhufarensis OL636507
18 10BD Dhofar toad Bufo dhufarensis OL636508
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5 min at 9000g at 4 �C, and the supernatants were collected and
transferred to new Eppendorf tubes; 5 mL of absolute ethanol
was then added to each tube. Mixtures were mixed for 10 s on a
vibrator machine, followed by 8 min of centrifugation at 4 �C at
9,000 g. The liquid was then removed and the DNA pellet washed
with 2 mL of 75 % ethanol. DNA pellets were air-dried for 20 min
and then resuspended in 1 mL of nuclease-free water (Alrefaei
et al., 2022). The extracted DNA was stored at �20 �C. The concen-
tration of DNA in each sample was determined using spectropho-
tometry based on an absorbance reading at 260 nm. The 16S
rRNA was amplified by PCR using the primers 16SL
(50CGCCTGTTTATCAAAACAT-30) and 16SH (50CCGGTCTGAAC
TCAGATCACG-30), as published by Palumbi et al. (1991), with the
following modifications: to make a 24 lL reaction mix, 10 lL Green
Master Mix (2X; Thermo Fisher Scientific, Waltham, MA), 3 lL of
10 pg/lL forward and reverse primer solutions (Macrogen, Seoul,
Korea), 7 lL of nuclease-free water, and 1 lL of extracted DNA
were added. A negative control was run during each PCR. The fol-
lowing cycling conditions were used for PCR amplification: 94 �C
for 4 min, then 40 cycles of heat denaturation at 94 �C for 1 min,
followed by primer annealing at 52 �C for 1 min, then a DNA elon-
gation step of 72 �C for 1 min, and then a final extension for 5 min
at 72 �C. A 1 % agarose gel was used for each PCR amplification.
Amplification was visually confirmed using UV illumination, and
all positive PCR products were sent to Macrogen Inc. for sequenc-
ing (Seoul, Republic of Korea). The evolutionary relationships
between the sequences of species in this study were examined,
and a phylogenetic tree was created using the software tool MEGA,
Version 11 (Kumar et al., 2018). All samples in this study were sub-
jected to PCR to acquire 16S rRNA in both directions. MEGA soft-
ware was used to align all 16S rRNA sequence data using the
forward and reverse complements of the reverse primer. All
sequences acquired in this study were submitted to GenBank,
and other samples from various species utilised for phylogeny
were downloaded from GenBank. The phylogenetic trees from
GenBank and those generated in this study were constructed inde-
pendently using maximum-likelihood (ML), genetic distance, and
the Tamura-Nei models, and were used to analyze the relation-
ships between species using nucleotide sequence analysis
(Kumar et al., 2018). The related taxa grouped in the bootstrap test
(1000 repetitions) are presented adjacent to the branches using
Felsenstein’s bootstrap approach. The final data set includes
460 bp of PCR product from all samples. Estimates of evolutionary
divergence between sequences were determined using
MEGA X (version 10.2.6) as a genetic distance matrix (Kumar
et al., 2018). The CLUSTVIS web tool was used to create a genetic
distance heatmap (Metsalu and Vilo, 2015).
3. Results

Eighteen samples, obtained from eight specimens of the Ara-
bian toad and ten specimens of the Dhofar toad and genetically
characterised using 16S rRNA gene amplification, and were depos-
ited in the GenBank database under the following accession num-
bers: OL639235- OL639242 and OL636499- OL636508 (Table 1). A
maximum-likelihood phylogenetic tree was constructed using the
16S rRNA gene fragment with a 460-nucleotide sequence. Results
of the ML tree clearly grouped the species sequences in separated
clusters with high bootstrap values. Four new lineages were iden-
tified among these samples (Fig. 1). This is corroborated by the
Genetic Distance Matrix (Table 2 and Fig. 2). The ML tree split
the Arabian toad, with only one lineage of all samples that were
obtained in this study, whereas sequencing analysis of the Dhofar
toad demonstrated three lineages in a clear monophyletic group
(Fig. 1).



Fig. 1. Phylogenetic tree created using the Maximum Likelihood method and Tamura-Nei model (Tamura and Nei, 1993), based on the 16S rRNA gene, indicating the
relationships of Arabian toad and Dhofar toad to other toad and frog species. The percentage of trees in which the associated taxa clustered together is shown next to the
branches. The NCBI GenBank accession numbers for all sequences are written after each species name. This analysis involved 22 nucleotide sequences. Evolutionary analyses
were conducted in MEGA X (Kumar et al., 2018).
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Phylogenetic analysis placed all the Arabian toad sequencing in
one clade as a sister taxon with high support of the Arabian toad
(GenBank: KT031423) (Portik and Papenfuss, 2015), with 99.21 %
identity. Inside this clade, however, a subclade which grouped as
being sister to the African common toad, Sclerophrys gutturalis,
was observed (GenBank: MK759964) (Telford et al., 2019)
(Fig. 1). Furthermore, genetic distance matrix showed a value of
0.1205 of base substitutions per site between Arabian toad species
(Fig. 2 and Table 2).

Dhofar toad sequencing was divided into three lineages as
monophyletic with strong support. These sequences were demon-
strated to be sister taxa of the Riyadh Province species Dhofar toad
(GenBank: MW242776), and were also grouped in the same clade
as Oman species (GenBank: KF665085 and FJ882837) (Liedtke
et al., 2016, Jayawardena et al., 2017), with 99.35 % identity
(Fig. 1), and all of these also were supported by the low value of
genetic distance in assessing evolutionary divergence (Fig. 2 and
Table 2). Notably, all of these sequences are unique in Saudi Arabia
toads and are being reported for the first time in this study.

4. Discussion

The analysis of 16S ribosomal RNA sequences to establish phy-
logenetic relationships is a powerful tool used for categorizing var-
3

ious animal species. This study successfully determined the
taxonomic status of the Arabian and Dhofar toad in Wadi Abather,
Al Madinah Province, in Saudi Arabia by 16S rRNA. The phyloge-
netic tree and genetic distance heap maps produced confirmed
the existence of four new toad lineages among the samples col-
lected from the study area. This experimental approach is signifi-
cant that it determines the phylogenetic relationship and
differences between toad species. With this finding is crucial for
providing a better understanding of the genetic variation of toads,
as well as for identifying genetic resources of toads, as genetic
studies of toads in Saudi Arabia and neighbouring countries are
limited.

The 16S rRNA gene has been sequenced and examined exten-
sively and is frequently utilised in systematic investigations of
families and genera, as it contains variable regions where con-
served areas reflect phylogenetic relationships among species
(Fouquet et al., 2007, Smith et al., 2008, Palumbi, 1996,
Dufresnes et al., 2019). It has been widely used to determine rela-
tionships among amphibian genera, and it has been found that
variation within this region is low within species (Harris, 2001).
Both Hedges et al. (1993) and Pratihar et al. (2016) found a region
of the mitochondrial 16S rRNA gene that is beneficial for revealing
elements of amphibian phylogeny and represents an important
genetic marker.



Fig. 2. Genetic distance heatmap. The heatmap plot was constructed with genetic distance data (see Table 2) using CLUSTVIS web tool (Metsalu and Vilo, 2015).

Table 2
Estimates of Evolutionary Divergence between Sequences. The number of base substitutions per site from between sequences are shown. Analyses were
conducted using the Tamura-Nei model (Tamura and Nei, 1993). This analysis involved 22 nucleotide sequences. Codon positions included were
1st + 2nd + 3rd + Noncoding. All ambiguous positions were removed for each sequence pair (pairwise deletion option). Evolutionary analyses were conducted
in MEGAX (Kumar et al., 2018).
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Phylogenetic analysis, supported by high bootstrap values,
clearly showed that all sequencing obtained from Arabian toads
was identical and able to be grouped into one genetic lineage.
4

Moreover, low values in the Genetic Distance Matrix also support
the idea of unique genetic lineage for Arabian toads (Table 2 and
Fig. 2). This result indicates that the Arabian toad taxa examined
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in this study were clustered with the Arabian toad (GenBank:
KT031423) (Portik and Papenfuss, 2015). The Arabian toad, a
common amphibian in Saudi Arabia, showed no genetic variation
across this region when using 16S rRNA gene. The resultant trees
further indicated that the Dhofar toad was divided into three
clades and that ancestors of the clade consisted of the same species
from the Riyadh Province (GenBank: MW242776). The genetic
variation and relationships among Dhofar toad species are high
and show evidence of considerable gene flow, with other species
from Oman and the Riyadh Province sharing haplotypes.

Alrefaei et al. (2022), reported that sequence analyses of 27
specimens of Dhofar toad obtained from three different regions
in Riyadh Province, Saudi Arabia showed that all the samples col-
lected in this study showed identical sequences depending on
the 16S rRNA. However, the results of this study indicate that there
are three new lineages of toads among the samples that were col-
lected from study area.

Yang and Rannala (2010) report that phylogenetic analysis
employs molecular techniques to identify and analyse the connec-
tions among closely related species in systematics and taxonomy.
The current study provides a phylogenetic outline of Bufo species
found in Saudi Arabia. There are few investigations of genetic vari-
ation of these species in Saudi Arabia and thus a paucity of avail-
able molecular data. Therefore, additional samples of toad
species from around Saudi Arabia are necessary to assess genetic
diversity and relationships between individuals of these species.

5. Conclusions

To our knowledge, this study is the first investigated of the rela-
tionships of toads that were collected from Wadi Abather, Al Mad-
inah Province, in Saudi Arabia using a DNA-based phylogenetic
approach. According to the above-mentioned findings that the
mitochondrial 16S rRNA gene support the existing taxonomy based
on morphological characteristics, though there are some discrep-
ancies which require further investigation. This work will be valu-
able for researchers interested in the evolutionary history of toads
alike as well as providing an important molecular toolbox for the
amphibians ecology community.
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