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Abstract

The entomopathogenic fungus, Beauveria bassiana causes a disease known as the white muscadine disease in
insects. Most of the entomopathogenic fungi are soil borne nature an attempt was made to collect the soil
samples from various ecosystems. Therefore, the present study aimed to isolate native strains of B. bassiana and
study their genetic diversity at Taif region, Saudi Arabia, using ITS of nuclear DNA and COI gene analysis by
comparing of different isolates from occasional localities through the world. Ninety-four soil samples were collected
from different regions at Taif. Only 11 samples had B. bassiana fungus with a ratio of 11.7%. Sequences of ITS
(593 bp), and partial COI (437 bp) of these isolates were carried out and revealed that four differed in their genetics.
These sequences were deposited in the DDBJ GenBank database with eight accession numbers. Consequently, the
three analytical methods (MP, NJ, and ML) executed a single tree with identical topology. The tree identified the
studied isolates into two main clusters; the first contained Uzbekistan and USA isolates. The Chinese isolate
clustered with this group in the MP tree and was diverged as a single cluster in the NJ tree. The second clade
included the newly studied four isolates from Taif and the Italian isolate. The pairwise genetic distances among the
four studied isolates (D ranged between 0.002 and 0.008) showed that they were genetically closely related. Further
studies are needed to indicate more differentiation among these isolates and to evaluate their efficacy against the
important insect pests in Saudi Arabia.
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Background
Soil is the main reservoir of entomopathogenic fungi (EPF)
which have an essential influence on the occurrence and
expansion of insect mycoses (Ignoffo et al. 1978). There is
an increasing interest in the exploitation of EPF for the
control of insect pests (Inglis et al. 2001). The entomo-
pathogenic fungus, Beauveria bassiana causes a disease
known as the white muscadine disease in insects. Taking
into account of the substantial information available on the
effectiveness and potential use of B. bassiana in control of
many insect species and also most of EPF are soil borne
nature, an attempt was made to collect the soil samples

from various ecosystems (Zimmermann 1986). EPF are
already available commercially for the control of various
pest species of thrips, aphids, and other pests (Goettel et
al. 1990; Upadhyay 2003). Indigenous isolates or strains of
mycopathogens from different hosts or localities provide
control programs with available and specific tool of con-
trolling certain indigenous pests because they are more
adapted with the environment anywhere (Zayed 2003).
Isolation of these fungi have been based on insect

cadavers or soil (Zimmermann 1986; Abdo et al. 2008;
Glare et al. 2008). Both two methods with a susceptible
insect host and selective media have been utilized to the
isolation of EPF from soil (Zimmermann 1998). Using of
insect bait is a very sensitive detection method and ento-
mopathogenic fungi can be selectively isolated. However,
some insect species may be selected for specific fungal
pathogens and difficult to quantify inoculums levels. By
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contrast, selective media have some advantages for the
mass collection of positive EPF and quantitative data.
Therefore, various selective media have been developed
for the mass collection of EPF from soil (Meyling 2007).
B. bassiana represents the first example describing a

micro-organism as the agent of a contagious disease. It
contains a diverse assemblage of genotypes and probably
comprises species complexes. Therefore, it is conceivable
to have individual isolates or pathotypes which exhibit a
substantially restricted host range (Inglis et al. 2001).
The advent of the molecular taxonomy of microorgan-

isms was important to distinguish species more accur-
ately (Fierer 2008). The internal transcribed spacer (ITS1
and ITS2) and 5.8 S regions of the nuclear ribosomal re-
peat unit are the most widely used for identification of
EPF (White et al. 1990; Arnold et al. 2007; Sabbahi et al.
2009; Shin et al. 2010). Other studies such as Mondal
and Baksi (2018) used 28S ribosomal DNA for identifica-
tion of isolates of B. bassiana and to differentiate them
from other isolates. Moreover, a set of five mitochondrial
probes derived from a strain of B. bassiana was used to
evaluate the similarity of mtDNAs from 15 B. bassiana
isolates and five genera of other EPF (Hegedus and
Khachatourians 1993). The present study aimed to
isolate native strains of B. bassiana and study their
genetic diversity at Taif, Saudi Arabia, throughout an
analysis of ITS of nuclear DNA and COI gene.

Methods
Samples collection
Ninety-four cultivated soil accumulated samples from
various locations at Taif region, Saudi Arabia were col-
lected by collecting the topsoil down to 15 cm depth,
with a help of a scoop like tool made up of stainless
steel. Three samples were collected from each site and
mixed to represent a single sample of ½ kg. Samples were
collected in sterile zipper polyethylene bags, brought to
the laboratory, and stored at 4 °C before processing.

Fungi isolation by selective medium
The selective DOC2-PDA medium for EPF was prepared
[0.2 g CuCl2, 2 mg crystal violet, 39 g PDA (Potato
Dextrose Agar), 1000 ml distilled water, pH 4.0 with
HCl] according to Shin et al. (2010). A 0.2 g of soil sam-
ple was placed in a 1.5 ml micro tube with 1.3 ml of
0.02% Tween-80 solution and was vortexed for 15 min.
The resulting suspension was serially diluted (10− 1) and
plated on DOC2-PDA medium. After incubation for
6 days at 25 °C, the putative EPF were selected by
morphological characteristics (aspects of the colonies,
such as color, diameter, and mycelia texture). The fungus,
B. bassiana was identified mainly based on the morpho-
logical characteristics of reproductive structures according
to the taxonomical key of Samson et al. (1988).

Genomic DNA isolation
Fungal genomic DNA was extracted from the hyphae
using a partially modified chemical lysis method (St. Leger
and Wang 2009). Each fungal isolate was inoculated into
1.5 ml micro tube with PDA (Potato Dextrose Agar) and
was incubated for 4 days at 25 °C on a shaker at 250 rpm.
The mycelia was pelleted by centrifuging at 10,000 rpm
for 10 min and was suspended in 400 μl of fungal DNA
extraction buffer (0.2 M Tris-Cl, 0.5 M NaCl, 10 mM
EDTA (pH 8.0), and 1% (w/v) SDS). Then, 400 μl of
phenol-chloroform-isoamylalcohol (25:24:1) was added,
and the mixture was vortexed for 5 min. and centrifuged
at 10,000 rpm for 8 min. Then, the aqueous upper layer
was transferred to a new micro centrifuge tube. After add-
ing 1 μl of RNase solution (20 mg/ml) into the sample, it
was incubated at 37 °C for 30 min and purified again with
a phenol-chloroform-isoamylalcohol (25:24:1). The DNA
in the aqueous phase was precipitated with 2.5 volume of
100% ethanol. The sample was centrifuged at 4 °C/
12,000 rpm for 10 min, and the pellet was washed with
70% ethanol, dried, and suspended in 25 μl of distilled
water. The extracted DNA solutions were used as a tem-
plate for PCR.

PCR for ITS and COI and sequencing
The ITS regions of the ribosomal DNA were amplified by
PCR with specific primers for ITS1 and ITS2 in nuclear
DNA and for Cytochrome Oxidase I (COI) in mitochon-
drial DNA. These specific primers were designed according
to the accession numbers of KC753394 and KR733105 for
ITS region and COI gene, respectively. These primers are
presented in Table 1. PCR amplifications were carried out
in a final volume of 50 μl by mixing 2 μl of DNA with
0.5 mM of each primer, 150 mM of dNTPs, 1 U of Taq
DNA polymerase (Promega), and PCR reaction buffer.
Amplification was carried out in a thermal cycler with an
initial denaturation of 3 min at 94 °C followed by 35 cycles
of 1 min at 94 °C, 1 min at suitable annealing temperature
for both pair primer (52 °C), 1 min at 72 °C, and a final ex-
tension of 10 min at 72 °C. Aliquots of PCR products were
checked by electrophoresis on a 1% agarose gel with eth-
idium bromide and were visualized by UV trans illumin-
ation. The PCR products were excised after electrophoresis
and purified using BioFlux BioSpin Gel Extraction kit (Bioer

Table 1 PCR conditions and primer sequence of ITS and COI
genes of B. bassiana

Gene Product
size (bp)

Annealing
(°C)

Direction Sequence (5′-3′)

ITS 593 50 Sense GGAAGTAAAAGTCGTAACAA

Antisense TCCTCGCTTATTGATATGA

COI 437 50 Sense TGCCTTTAATGGTAGGAGGTC

Antisense AGGATCTCCACCACCAGCTA
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technology Co., Ltd). The purified products were sequenced
using the same primers used in the PCR by an automated
DNA sequencer (Macrogen, Korea). Obtained sequences in
this study were compared with the GenBank database, using
the BLAST software on the NCBI website. Sequences were
submitted to GenBank on the DDBJ website.

ITS analysis
The segment spanning ITS-1 to ITS-2 was sequenced
for all collected isolates. The same fragment of other re-
lated isolates was collected from the database by Blast
program and was used for phylogenetic analysis. The
analysis was primarily done by maximum-likelihood
(ML) (Swofford 2002). Heuristic searches with the
nearest-neighbor interchange branch swapping and 10
random taxon additions were adjusted and bootstrap-
ping was set to 10,000 replications. The best model test
to estimate the data was TrN + I (Posada and Crandall
1998). Maximum-parsimony (MP) and neighbor joining
(NJ) with 10,000 bootstrap replications for MP and 500
for NJ were used to confirm the robustness of ML tree
topology. NJ was executed with Tamura-Nei distance
option.

Results and discussion
Out of the 94 soil samples collected from different
regions at Taif region, only 11 samples contained B.
bassiana fungus with a ratio of 11.7%. The sequences of
the amplified ITS region and the mitochondrial COI
gene were identical for 8 of the 11 samples while the
other 3 samples were different. Therefore, four different
isolates of B. bassiana in their genomics were obtained.
The PCR products of ITS and COI for the different four
isolates Sp1 to Sp4) are indicated in Fig. 1. The se-
quences of the three samples and a representative of the
eight identical isolates were used together with other
four different GenBank isolates in the phylogenetic ana-
lysis (Fig. 2).
Sequencing of partial COI (437 bp) indicated that all

specimens were identical. Meanwhile, four differentiated

specimens in ITS sequences with a total 593 bp were
obtained. The 593 bp were 18S ribosomal RNA gene,
partial sequence (53 bp); internal transcribed spacer 1,
complete sequence (160 bp); 5.8S ribosomal RNA gene,
complete sequence (158 bp); internal transcribed spacer
2, complete sequence (163 bp); and 28S ribosomal RNA
gene, partial sequence (95 bp). These sequences were
deposited in the DDBJ GenBank database with the
accession numbers LC338054 to LC338057 for ITS and
LC338058 to LC338061 for COI. All single nucleotide
polymorphism (SNP) in these sequences were found in
ITS1, 5.8S, and ITS2. Therefore, gabs were deleted in
the analysis. The isolates were compared with five iso-
lates in the GenBank from China, Uzbekistan, Italy,
Spain, and USA (Table 2 and Fig. 2). Nucleotides of 477
sites of ITS-I, 5.8 gene ITS-II were analyzed for the 4
samples which acquired base composition of A = 23.6%,
C = 31.5%, G = 25.4%, and T = 19.4%. Of these sites, 462
were constant and 15 were variables. Nine of the
variable sites were parsimony uninformative and six
were informative. MP tree exhibited consistency index
(CI = 0.875), homology index (HI = 0.125), retention index
(RI = 0.769), and rescaled consistency index (RC = 0.673).
The score of the ML tree was -lnL = 758.24 log likeli-

hood. Chinese isolate exhibited different position in the
MP and NJ trees; otherwise the three analytical methods
executed similar tree topology (Fig. 1). Chinese isolate
clustered with Uzbekistan and USA isolates in MP tree
and it was out of both isolates in NJ tree. GTR + G was
the best-fit model to explore the dataset (substitution
rate matrix R a = 2.58, b = 5.727, c = 4.22, d = 0.000,
e = 5.727, and f = 1.00). The proportion of invariable
sites (I) was 0.00 and gamma distribution shape
parameter = 0.134.
The tree identified the studied isolates into two main

clusters. The first contained Uzbekistan and USA iso-
lates which grouped with reasonable bootstrap support
(63, 75, and 63% for MP, NJ, and ML, respectively). The
Chinese isolate clustered with this group in the MP tree
and was diverged as a single cluster in the NJ tree;

Fig. 1 PCR products of partial COI gene and ITS genes in four indigenous isolates of B. bassiana from Taif, KSA
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however, this divergence was not statistically supported.
The second clade included the newly studied four isolates
from Taif and the Italian isolate (bootstrapping = 69, 76,
and 61 for MP, NJ, and ML, respectively).
In this sense, several studies on the analysis of ITS genes

have demonstrated the association between B. bassiana
genetic groups and world-wide climatic zones (Ghikas et
al. 2010). Moreover, phylogenetic studies based on
nuclear ITS sequences have demonstrated the monophyly
of Beauveria and the existence of at least two lineages
within B. bassiana (Rehner and Buckley 2005).
The pairwise genetic distances among the studied

isolates are shown in Table 2. The isolates (Sp1 to Sp4)
were genetically closely related (D ranged between 0.002
and 0.008). Similarly, previous studies have reported
genetic homogeneity among B. bassiana isolates
originating from a particular (usually small) geographical

region (Glare and Inwood 1998; Muro et al. 2005;
Fernandes et al. 2009). However, these isolates and their
cluster showed similar genetic distances to the other iso-
lates of Uzbekistan and Chinese isolates. Meanwhile,
both USA and Uzbekistan isolates were closely related
to Chinese isolate. In this sense, the ITS-RFLP and ITS
sequences did not detect significant genetic variation
among 104 isolates of B. bassiana obtained from seven
countries in the Middle East and West Asia (Muro et al.
2005). On the other hand, Berretta et al. (1998), using
RAPDs with fluorescent labels, did not detect correla-
tions with geographical origin or host as they found that
some isolates of B. bassiana from distinct geographical
origins and hosts were closely related. Generally, geo-
graphical distance between populations apparently is an
important factor influencing genotypic variability among
B. bassiana populations (Wang et al. 2003; Fernandes et
al. 2009). Accordingly, greater geographical distances
were associated with higher genetic distances. The
isolation by distance of B. bassiana played an important
role in its phylogenetic diversity (Rehner et al. 2006).
Valero-Jiménez et al. (2016) indicated that the genome
sequences of five isolates of B. bassiana provide a better
understanding of the natural variation in virulence and
will offer a major resource for future researches on this
important biological control agent. Generally, the mo-
lecular genetic markers were useful for the identification
of genetic types of B. bassiana and related species
(Coates et al. 2002; Bhattacharya et al. 2005). The
ITS1-5.8S-ITS2 region sequence analysis provided more
information on polymorphism among 10 isolates of B.
bassiana, allowing them to be clustered by relative simi-
larity into three large groups (Costa et al. 2011).

Conclusions
The ITS sequences did detect slightly genetic variation
among 11 (eight of them are identical) isolates of B.
bassiana obtained from Taif, Saudi Arabia. These data
recommended that the analyses yielding the tree top-
ology are not enough to resolute the confident relation-
ship among the studied isolates. It could be concluded

Fig. 2 ML tree constructed from 477 bp of ITS-I, 5.8 gene, ITS-II
sequenced in this study. The values at some nodes refer to the
bootstrapping of maximum-parsimony, neighbor-joining and
maximum-likelihood, respectively which were shown when they
were over 50%. The numbers between brackets are the accession
numbers of the sequences collected from the GenBank database

Table 2 Pairwise genetic distances among the different isolates studied

USA isolate Uzbekistan isolate Italian isolate Sp4 Sp3 Sp2 Sp1

– Sp1

– 0.0042 Sp2

– 0.0021 0.006 Sp3

– 0.002 0.004 0.008 Sp4

– 0.004 0.006 0.008 0.008 Italian isolate

– 0.008 0.008 0.011 0.013 0.013 Uzbekistan isolate

– 0.002 0.011 0.011 0.013 0.015 0.015 USA isolate

0.004 0.002 0.006 0.006 0.008 0.011 0.011 Chinese isolate
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that the four current isolates from Taif were closely re-
lated to each other and to the Italian isolate other than
any of the studied isolates. Further studies are needed to
indicate more differentiations among these isolates and
to evaluate their efficacy against the important insect
pests in Saudi Arabia in order to use these indigenous
isolates because they are matched with the environmen-
tal conditions more than other commercial isolates.
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