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Abstract.—Genomic data have become invaluable for answering questions in biological conservation and for
gaining high resolution in population genetic studies. A molecular dataset has been integrated to provide
genetic variation and baseline genetic information, using mitochondrial cytochrome oxidase subunit I (COI)
gene analysis of the African Common Toad (Sclerophrys regularis), order Anura, family Bufonidae. In the
present study, mitochondrial DNA sequence data were analyzed for Sclerophrys regularis from many localities
in Egypt. Based on COI sequences, the phylogenetic tree was constructed using the Maximum Likelihood (ML)
method. Results show that Egyptian Sclerophrys regularis populations have very high genetic diversity and
gene flow among them. The haplotype diversity was 1.000 for all studied regions, except for Gharbiya and Beni
Suef populations which were0.900 and 0.833, respectively. The low haplotype diversity values in these two
regions could indicate a possible genetic barrier between the South and North River Nile that is restricting gene
flow, such as water sources, climatic conditions or distances between habitats. At present, there is insufficient
data to determine the evolutionary significant units (ESU) for the conservation of Sclerophrys regularis. More
exhaustive studies should examine the more variable genetic markers and the ecology of this species to
establish a conservation strategy.
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Introduction

Recently, declines of native amphibian populations
have received a great deal of attention. Reports indicate
that diseases, pollution, habitat destruction, predation,
and competition with exotic species may be related to
amphibian declines (Houlahan et al. 2000; Kiesecker et
al. 2001; Stuart et al. 2004; Whiles et al. 2013). One of
the most important families of the class Amphibia is the
Bufonidae, which is distributed in all parts of the world
except for Antarctica. Due to their wide distribution,
bufonids are frequently used as model organisms in experimental biology studies. The genus Sclerophrys (previously part of the genus Bufo) is a widespread and wellknown bufonid genus consisting of 17 species (Saad et al.
2009), including the African Common Toad, Sclerophrys
regularis Reuss, 1833 (Borkin 1999: 338; Ibrahim 2001;
Baha El Din 2006). Recently, the name Amietophrynus
regularis (Reuss, 1833) was applied (Borkin and Litvinchuk 2013; Ibrahim 2013a, b), however, the generic name
should be replaced by the senior valid name Sclerophrys
Tschudi, 1838 (Ohler and Dubois 2016) providing the
combination Sclerophrys regularis (Reuss, 1833). The
African Common Toad is a large, strong toad with warty
skin. The dorsal surface is dark olive-brown in color with

Amphibians play a pivotal role in properly functioning
ecosystems, sharing in nutrient cycling, bioturbation,
energy flow, food webs, and other ecosystem dynamics
(Hocking and Babbitt 2014; Cortés-Gomez et al. 2015).
Indeed, these animals provide additional ecosystem services valuable to humans, such as regulating pests, serving as a food source, functioning as models for medical
research, and giving enjoyment and intangible contributions that vary across cultures (Warkentin et al. 2009).
Because of their critical importance in functional ecosystems, anthropogenic efforts toward the maintenance
of amphibian diversity are essential. As a prerequisite,
amphibian diversity first needs to be measured accurately
so that improvement scan be documented and restoration
measures implemented in disturbed systems.
Stuart et al. (2004) and the International Union for
Conservation of Nature (IUCN) (2015) reported that amphibians are the most threatened group of vertebrates assessed to date. In spite of this fact, amphibian species are
among the most poorly known vertebrate groups in many
geographic areas (Pino-Del-Carpio et al. 2014).
Correspondence. lamiaadeef@yahoo.com; lamiaadeef@du.edu.eg
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dark, often symmetrically arranged patches on the back.
Smaller dark blotches occur on the upper lip and the eyelids and dark markings separate the warts on the flanks.
The undersides of both sexes are white to beige and the
throats of males are black (Rödel 2000).
The African Common Toad is often found near rivers,
where it also breeds. Furthermore, it is distributed across
a wide geographic range that makes this species an ideal
candidate for a geographic analysis of its genetic variability. This toad is abundant, found in both moist and
dry savanna, forest margins, montane grassland, and agricultural habitats. It is distributed widely in Sub-Saharan
Africa, with its range extending to the oases in Algeria
and Libya and into northern Nilotic Egypt (Frost 2007).
In Egypt, this toad is adaptable, but the molecular
characterization of this species remains unclear (Sakr et
al. 2014). Presently, pollution, habitat destruction, predation, and competition with exotic species may be contributing to the decline of this species, drawing attention to
the study of its genetic variation. Therefore, the purpose
of this study was to elucidate the genetic variability of
Sclerophrys regularis populations in Egypt and to provide baseline genetic information, using mitochondrial
cytochrome oxidase subunit I (COI) gene analysis.

Fig. 1. Map of the sampled localities.

(5); 6. Matrouh (4); 7. Gharbiya (5); 8. Cairo (4); 9. Siwa
Oasis (7); 10. Beni Suef (4); 11. Menia (5); 12. Sohag (5);
13. Qena (6), and 14. Aswan (5).Toads were sampled from
April 2015 to March 2016. The specimens were caught in
special nets or picked up by volunteers during nocturnal
and diurnal surveys.

Material and Methods

DNA extraction, PCR amplification, and mitochondrial DNA sequencing

Study area and sample collection
Egypt covers an area of about one million km2 (Fig. 1) in
the central part of the great Palearctic desert belt which
extends from the Atlas Mountains in the west to the Gobi
Desert in the east. Most of Egypt is occupied by some
of the driest deserts of the world, only interrupted by
the Nile Valley and Delta, and a few small oases. Saleh
(1997) divided Egypt into four habitats for amphibians:
The Western Desert, the Eastern Desert, the Sinai Peninsula, and the Nile Valley and Delta.
In the present study, fourteen locations were selected as
the study areas, representing each of the different habitats
of Egypt that are suitable for this toad:1. North Coast of
Egypt, Matrouh, Alexandria, Damietta, and Ismailia (Marine and Coastal Habitat, toads were captured from parks
and around buildings); 2. Arish and Sharm El-Shaikh
(Marine and Coastal Habitat of the Sinai Peninsula, toads
were captured from agricultural lands); 3. Gharbiya, Cairo, Bani Sweif, Menia, Sohag, Qena, and Aswan (the Nile
Valley, Delta and the Eastern Desert, toads were captured
from slow-flowing pools along streams and swamps, and
around building and roads); 4. Siwa Oasis (the Western
Desert, toads were captured from farms).
Sixty-nine African Common Toads were obtained from
the fourteen locations in Egypt, with between four and
seven toads obtained per locality (Fig. 1). These locations
were numbered from 1 to 14, with the number of toads
from each shown in parentheses: 1. Sharm El-Shaikh (4);
2. Arish (4); 3. Ismailia (5); 4. Damietta (6); 5. Alexandria
Amphib. Reptile Conserv.

Samples of muscle tissues from the toads were taken immediately and frozen at -80 ºC. DNA was extracted using
a GeneJET™ kit Genomic DNA Kit#K0721. COI gene
was amplified using primers FE1 (5′- GGT CAA CAA
ATC ATA AAG ATA TTG G -3′) and RE1 [(5′- TAA ACT
TCA GGG TGA CCA AAG AAT CA -3′)]. The polymerase chain reactions (PCR) consisting of ~50 ng of
template DNA were carried out in volumes of 15 μl with
1× PCR Buffer: 2 mM MgCl, 0.5 μM each of FE1 and
RE1, 0.2 mM dNTP, and 0.6 U Taq DNA Polymerase.
The thermocycling conditions to amplify DNA using the
polymerase chain reaction (PCR) were: 1 cycle 96 °C/3
min; 35 cycles 95 °C/30 s, 55 °C/45 s, 72 °C/1.5 min; and
1 cycle 72 °C/7 min.
The PCR products were separated on 1.0% agarose
gels, bands were visualized by ethidium bromide staining
and viewed with an ultraviolet light source. The amplified
products were purified using a GeneJET™ kit (Thermo
K0701) according to the manufacturer’s instructions. Sequencing was performed using an ABI 3730xl DNA sequencer.
Data Analysis
For sequence alignment, MEGA version 7.0 (Kumar et
al. 2016) and Geneious version 5.3 (Drummond et al.
2010) were used, followed by visual editing. Numbers
of haplotypes, haplotype diversity (h) and nucleotide di105
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Fig. 2. Phylogenetic tree of African Common Toad, using COI haplotypes based on the Maximum Likelihood method. Numbers
refer to localities mentioned in the text: 1. Sharm El-Shaikh; 2. Arish; 3. Ismailia; 4. Damietta; 5. Alexandria; 6. Matrouh; 7.
Gharbiya; 8. Cairo; 9. SiwaOasis; 10. Bani Sweif; 11. Menia; 12. Sohag; 13. Qena; 14. Aswan.

versity (π) were calculated from aligned DNA sequences
by DnaSP version 6.0 (Rozas et al. 2017). Within and
among population genetic diversities were estimated by
calculating Nei’s nucleotide diversity (Pi) indices using DnaSP, version 6.0. Within-population gene diversity (H), gene diversity in total populations [HT = HS+
DST, DST, gene diversity between populations and Hs,
the average intrapopulation diversity (Nei 1973)], and a
measure of population differentiation (GST), were calculated according to the methods described by Pons (1996).
MEGA version 7.0 was used to construct a Maximum
Likelihood tree.

ered. Of the 14 populations, the Siwa Oasis population
had seven haplotypes; Damietta and Qena had six; Matrouh, Arish, Sharm El-Shaikh, Cairo, and Gharbiya each
had four; and Beni Suef three.
The average values of haplotype diversity (h) and
nucleotide diversity (π) of the toads are shown in Table
2. The haplotype diversity was 1.000 for each of the
studied regions except for the Gharbiya and Beni Suef
populations, which were 0.900 and 0.833, respectively,
indicating lower haplotype diversity values in these two
localities. However, nucleotide diversity was the highest in Cairo at 0.71177. Damietta and Beni Suef had the
lowest nucleotide diversities at 0.27339 and 0.23012, respectively.
Total genetic diversity (HT = 0.999) was higher than
the average intrapopulation diversity (HS = 0.00001) resulting in high levels of genetic differentiation (GST =
0.99899) as shown in Table 3. These results indicate that
this toad has high levels of genetic variation among its
Egyptian populations and distinct population structures
at all but two of the locations, Beni Suef and Gharbiya.
Based on COI sequences, a phylogenetic tree was constructed using the Maximum Likelihood method (Fig. 2).
The tree shows two distinct clades: the first clade comprises the Sharm El-Sheikh and Arish populations and the

Results
Partial COI fragments of 654 bp were obtained from the
69 individual Egyptian toads from the 14 populations
and some of the sequences were deposited in GenBank
(Accession numbers KF665552, KF665569, KF665599,
KF665651,
KF665716,
KF665756,
KF665824,
KY079472, KY079473, KY079476, KY079477,
KY079478, KY079479, KY079480, KY079483,
KY079484, KY079487, KY079488).
Haplotype information is shown in Table 1. For COI
data of Sclerophrys regularis, 67 haplotypes were recovAmphib. Reptile Conserv.
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Table 1. Haplotype numbers of the study localities of African
Common Toad (Sclerophrys regularis).
Population

Haplotype numbers

Sharm El-Shaikh

4

Arish

4

Ismailia

5

Damietta

6

Alexandria

5

Matrouh

4

Gharbiya

5

Cairo

4

Siwa Oasis

7

Bani Sweif

4

Menia

5

Sohag

5

Qena

6

Aswan

5

Table 2. The average values of haplotype diversity (h)
and nucleotide diversity (π) of the African Common Toad
(Sclerophrys regularis).

second clade comprises individuals from all other studied
localities. In the constructed phylogenetic trees of this species based on COI sequences, haplotypes of the second
clade consist of two main sub-groups. The first sub-group
represents the haplotypes of Ismailia, Damietta, Alexandria, Matrouh, and Gharbiya populations, which includes
one cluster of the Ismailia and Damietta populations and
a second cluster of the Alexandria, Matrouh and Gharbiya
populations. The second sub-group consists of haplotypes
of Cairo, Siwa Oasis, Bani Sweef, Menia, Sohag, Qena,
and Aswan populations, which includes one cluster of Cairo, Siwa Oasis and Beni Suef populations, a second cluster
of the Menia and Sohag populations, and a third cluster of
the Qena and Aswan populations.
In addition, the phylogenetic tree generated in the

Population

Haplotype
diversity (h)

Nucleotide
diversity (π)

Sharm El-Shaikh

1.000

0.53517

Arish

1.000

0.56702

Ismailia

1.000

0.47080

Damietta

1.000

0.27339

Alexandria

1.000

0.50122

Matrouh

1.000

0.42355

Gharbiya

0.900

0.38746

Cairo

1.000

0.71177

Siwa Oasis

1.000

0.47306

Bani Sweif

0.833

0.23012

Menia

1.000

0.41116

Sohag

1.000

0.55214

Qena

1.000

0.56381

Aswan

1.000

0.47523

current study using the Maximum Likelihood method
revealed that individuals of Sharm El-Shaikh and Arish
populations have the greatest genetic distances from the
other studied populations. The other individuals examined are included in a single branch. On the other hand,
the tree showed that haplotypes of Ismailia and Damietta
populations are grouped in one branch while haplotypes
of Alexandria, Matrouh and Gharbiya populations are in
a different branch next to each other in one clade and are
more closely related to each other. In contrast, haplotypes
of Cairo, Siwa Oasis and Beni Suef populations are situated in another branch close to the haplotypes of the Menia,
Sohag, Qena, and Aswan populations (Fig. 2).

Table 3. Genetic differentiation (GST) and diversity parameters (HT, HS) for the combined mtDNA sequences in all studied populations
of the African Common Toad (Sclerophrys regularis).
Zoon

HS

HT

GST

Sharm El-Shaikh

0.031

1.000

0.969

Arish

0.031

1.000

0.969

Ismailia

0.016

1.000

0.984

Damietta

0.009

1.000

0.991

Alexandria

0.016

1.000

0.984

Matrouh

0.031

1.000

0.969

Gharbiya

0.026

0.900

0.874

Cairo

0.031

1.000

0.969

Siwa Oasis

0.005

1.000

0.995

Bani Sweif

0.050

0.833

0.783

Menia

0.016

1.000

0.984

Sohag

0.016

1.000

0.984

Qena

0.009

1.000

0.991

Aswan

0.016

1.000

0.984

Total

0.00001

0.999

0.99899
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ied populations, which may be related to differences in
habitat and climate specifically, the Sharm El-Shaikh and
Arish regions are particularly arid (Borkin et al. 2016).
In Egypt, this toad mainly inhabits savannas. Borkin
et al. (2016) reported that western Africa, the northern
part of eastern Africa, and the Nile River valley in Egypt
were the most suitable environments for Sclerophrys regularis. Distribution of this toad is restricted by the Sahara
Desert in the north and, perhaps, by concurrent closely
related species in the south, such as Sclerophrys gutturalis (Power 1927). The population at Sharm El-Sheikh is
highly isolated from the native range of the species by
the desert of Sinai. However, the coastal strip along the
Red Sea in the southernmost part of the Sinai Peninsula
has quite suitable environmental conditions for the survival of this species (Borkin et al. 2016).
Large agricultural reclamation projects using Nile water are being established in northwest Sinai. Some have
suggested that Sclerophrys regularis will spread into this
region (Baha El Din 2006). Recently, at the eastern side
of the Suez Canal, Sclerophrys regularis was found in
six localities in green fields east of the Bitter Lakes up
to 9–10 km into Sinai, including the vicinities of villages
Al-Taqaddom, Al-Abtal and Meet Abul Kum Al-Jadeeda
(Ibrahim 2013a, b). As in the western bank of the Suez
Canal, Sclerophrys regularis introduced from the River
Nile is becoming quite common around freshwater irrigation canals.

Discussion
It is well-established that the long-term evolution of a species produces its genetic variation and this genetic variation represents its evolutionary potential for survival and
development (Soltis et al. 1992; Gitzendanner and Soltis
2000). During a long evolutionary history, high levels of
genetic variation are expected to accumulate. At present,
there is insufficient data to determine the evolutionary
significant units (ESU) for the conservation of Sclerophrys regularis. However, it seems prudent to protect and
preserve all of the habitats of Sclerophrys regularis due
to its high genetic variation and wide distribution. More
exhaustive studies should focus on more highly variable
genetic markers and on the ecology of Sclerophrys regularis to establish an effective conservation strategy. As
expected, these toads were found to have high genetic
diversity and genetic differentiation at the species level.
The results provide insight into the genetic variability of Sclerophrys regularis using mitochondrial cytochrome oxidase subunit I (COI) gene analysis. Avise et
al. (1987) and Moritz (1994) reported that mitochondrial
DNA genes have been used extensively in evolutionary
biology to measure genetic variation within populations,
especially in those that diverged recently, and to assess
the conservation value of specific populations or areas.
In particular, mtDNA is useful for phylogenetic studies
because it has maternal inheritance, a mutation rate 10
times faster than nuclear DNA, and a low recombination
rate (Brown et al. 1979; Masuda and Yoshida 1994). As
a barcoding gene, COI is also widely used for many taxa
(including amphibians) for species identification and
taxonomic discovery (Marshall 2005; Salvolainen et al.
2005; Little and Stevenson 2007) because it often yields
deeper phylogeny than other genes, such as cytochrome
b (Lynch and Jarrell 1993; Simmons and Weller 2001).
The results indicate that the Siwa Oasis population
and the Damietta and Qena populations had the largest
numbers of haplotypes. On the other hand, the Matrouh,
Arish, Sharm El-Sheikh, Cairo, and Beni Suef populations had the lowest numbers of haplotypes, suggesting a
possible genetic barrier between South and North River
Nile which restricts gene flow, such as water sources, climatic conditions or distances between habitats. In addition, a high haplotype diversity was found in all studied
locations, except for the Gharbiya and Beni Suef populations which had low haplotype diversity values. This
may be related to dry climate and limited water sources
in the two locations.
The nucleotide diversity was highest in the Cairo
population, while the Damietta and Beni Suef populations had the lowest nucleotide diversity. High haplotype
diversity and low nucleotide diversity in a species can
often be explained by many singular haplotypes with few
base substitutions.
Samples from the Sharm El-Shaikh and Arish localities had the greatest genetic distances to the other studAmphib. Reptile Conserv.

Conclusions
The results from COI analysis show that Sclerophrys regularis has very high genetic diversity and gene
flow among different Egyptian populations. Therefore,
it seems reasonable to perform many additional studies
on Sclerophrys regularis due to its high genetic variation
and wide distribution. These data may indicate that the
ecological niche of this species is somewhat broader than
was revealed for populations within its native distributional range.
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