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Tobacco is one of the major industrial crops cultivated worldwide. Chemical control is the main method
employed to reduce damage by insect pests. The use of entomopathogenic fungi represents an alternative to
replace insecticides. The search for effective strains in the field constitutes a first step when developing a
formulation. The objective of this work was to study genetic differences among isolates of entomopathogenic
fungi obtained from tobacco grown soils using ISSR markers. The pathogenicity of the strains towards
Helicoverpa gelotopoeon and Diabrotica speciosa was also assessed in order to search for a relationship
between virulence and genetic diversity. Nineteen isolates were identified according to morphological features
and molecular techniques as Beauveria bassiana (11) and Purpureocillium lilacinum (8). The diversity tree
generated by ISSR analysis showed a high diversity among the strains. The pathogenicity towards H. gelo-
topoeon and D. speciosa was assessed and the logistic models generated showed that B. bassiana isolates
LPSc1215 and LPSc1364 were the most pathogenic against both insect pests tested. In the diversity tree, these
strains were grouped in a same cluster with a similarity level of approximately 85%, indicating a possible
relationship between virulence and the band pattern generated.
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1. Introduction

Tobacco (Nicotiana tabacum L.) is one of the major
industrial crops, with a cultivated area of approxi-
mately 3.9 million hectares worldwide. Many insect
pests attack this crop at different stages of its life cycle,
affecting the development of the plant and therefore
decreasing crop yield. The most harmful insect affect-
ing this crop are those belonging to Lepidoptera and
Coleoptera (Mercado Cardenas et al. 2013; Yang et al.
2019). The main method to reduce damage is the use of
chemical insecticides that seriously affect the environ-
ment and human health, especially of farmers that are
in direct contact with them (Da Silva et al. 2014).
Biological control has arisen to amend adverse

effects of conventional plant protection strategies,

particularly fungal entomopathogens are promising
organisms among these ecofriendly practices. Species
within the genera Beauveria, Lecanicillium, Metarhiz-
ium and Purpureocillium have been commercially
formulated with more than 200 products available in
the market (de Barros et al. 2015; de Faria and Wraight
2007; Mishra et al. 2015; Pathan et al. 2019; Sandhu
et al. 2017).
Accurate taxonomic determination and knowledge

about genetic diversity of strains constitutes the first step
when searching for a suitable biocontrol agent (Fernán-
dez Bravo 2017; Zimmermann 2007). In this sense, a
promising application of fingerprints techniques is that
they may allow tracing organisms in the field when these
are utilized as formulations with biological control pur-
poses and therefore the way strains perform and persist

http://www.ias.ac.in/jbiosci

J Biosci          (2020) 45:136 � Indian Academy of Sciences
DOI: 10.1007/s12038-020-00108-4 (0123456789().,-volV)(0123456789().,-volV)

http://orcid.org/0000-0003-3631-3722
http://crossmark.crossref.org/dialog/?doi=10.1007/s12038-020-00108-4&amp;domain=pdf
http://www.ias.ac.in//jbiosci


on the field (Takatsuka 2007). Tigano-Milani et al.
(1995) proposed the hypothesis that more than one
haplotype may be required to initiate and maintain a
fungal epizootic in an insect population. According to
this, the genetic diversity of the strains would be the
factor that would allow the fungi to adapt to changing
environmental conditions and to successfully attack
different insect populations (Cruz et al. 2006). In line
with this, PCR molecular markers such as Amplified
Fragment Length Polymorphism (RFLP), Random
Amplified Polymorphic DNA (RAPD) and Inter Simple
Sequence Repeats (ISSR) have been used as effective
tools to detect genetic variability among fungal popula-
tions (Enkerli and Widmer 2010; Fernandes et al. 2006;
Serna-Domı́nguez et al. 2019; Sevim et al. 2012; Trissi
et al. 2013). DNA fingerprinting with ISSR markers is
considered to provide superior discrimination among
fungal isolates compared to other methods because it
produces quite variable fingerprints with a large number
of fragments throughout the genome (Taylor et al. 1999).
Concerning fungal entomopathogens, ISSR markers
have been successfully used to detect genetic variability
within several species of Hypocreales like Beauveria
bassiana (Bals.-Criv.) Vuill. (Estrada et al. 2007; Rehner
and Buckley 2005; Takatsuka 2007; Toledo et al. 2019),
Metarhiziumanisopliae (Metsch.) Sorokin (Enkerli et al.
2005; Oulevey et al. 2009) and Paecilomyces fumosor-
oseus (= Isaria fumosorosea) Wize (Dalleau-Clouet
et al. 2005), constituting a first step in the selection of
pathogenic strains according to their genotype.
The objective of this investigation was to study

genetic differences among entomopathogenic fungi
associated to tobacco crop using ISSR markers and to
determine their entomocidal capacity against to major
tobacco pests, Helicoverpa gelotopoeon Dyar (Lepi-
doptera: Noctuidae) and Diabrotica speciosa Germar
(Coleoptera: Chrysomelidae) under laboratory condi-
tions in order to establish a connection between fungal
genetic profiles and their capacity to kill insects.

2. Material and methods

2.1 Fungal isolation and morphological
characterization

Fungal isolates were obtained from soil samples from
seven tobacco (N. tabacum L.) crops. Samples were
collected during summer in Perico, Jujuy province
(24�23’S – 65�08’W). Five compound soil samples
from each crop (from a depth up to 12 cm) were
collected with a sterile shovel, placed into

polyethylene plastic bags and stored at 4�C in the
laboratory for no longer than a month until they were
examined for the presence of entomopathogenic
fungi.
To accomplish entomopathogenic fungi isolation

from soil, serial dilution protocol was performed
according to Lecuona (1996). For each sample, six
dilutions with five repetitions each were obtained and
100 ll were spread with a Drigalsky spreader in Petri
dishes containing selective medium for ento-
mopathogenic fungi (Posadas et al. 2012). A total of
1,050 plates were analyzed for the presence of ento-
mopathogenic fungi. These were stored at 24�C in the
darkness for a period of 10 to 15 days. Ento-
mopathogenic fungal colonies were detected under
binocular microscope and transferred to potato dextrose
agar (PDA) (Britania� S.A., Buenos Aires, Argentina)
plates. Microscopical mounts were made to confirm
fungal morphological identity according to taxonomic
keys and monographs of Nagamani et al. (2006);
Domsch et al. (2003); Samson et al. (1988); Seifert
et al. (2011). For each isolate, monosporic colonies
were obtained and preserved at the Micological Col-
lection of the Botanical Institute Carlos Spegazzini,
Argentina (LPSc), under their respective accession
numbers.

2.2 Diversity analysis

DNA was extracted from eleven strains of B. bassiana
and eight strains of Purpureocillium lilacinum (Thom)
Luangsa-ard, Houbraken, Hywel-Jones & Samson
grown on liquid Sabouraud dextrose plus 1% yeast
extract (SDY 1%) medium after 7 day’s incubation,
without agitation, at 25�C in the darkness. Extraction
was performed according the methodology proposed
by Aljanabi and Martinez (1997). DNA quality was
assessed by electrophoresis on 0.7% w/v agarose gels
supplemented with ethidium bromide (100 ng ml-1)
and its quantity was estimated by comparison with a
molecular marker control of known concentration
(Lambda Phage Genome digested with Hind III –
Promega Biotech) using the image analyzer (SYN-
GENE GeneTools).
Diversity analysis was performed using the ISSR

primers 826 (50-ACCACACACACACACC-30), BA3
(50-ACACACACACACACACCT-30) and KA5 (50-
CTACACACACACACACAC-30) selected considering
previous results obtained by Toledo et al. (2019). The
ISSR-PCR reactions were performed on a MJ Research
(PTC-150 MiniCycler) and each amplification reaction
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had a total volume of 15 ll containing 1 9 buffer (500
mM KCl; 100 mM Tris–HCl, pH 9.0 at 25�C; 1%
Triton X-100), 2 mM (primers 826 and KA5) or 2.5
mM (primer BA3) of MgCl2, 0.25 mM each dNTP, 50
ng of each primer, 1 U Taq DNA polymerase and
approximately 50 ng of template DNA (reagents Inbio
Highway�, Tandil, Buenos Aires, Argentina). PCR
program was as follows: initial denaturation at 94�C for
5 min, followed by 30 cycles of denaturation at 94�C
for 45 s, annealing at 48�C for 45 s and extension at
72�C for 3 min, with an additional final extension step
at 72�C for 5 min. PCR products were resolved by
electrophoresis on 1.5% w/v agarose gels supple-
mented with ethidium bromide (100 ng ml-1) using as
control an internal standard the DNA marker 100–1000
bp (Inbio Highway�, Tandil, Buenos Aires, Argen-
tina). The ISSR banding patterns generated were ana-
lyzed with the software Past3 and a dendrogram was
built using the similarity matrix of DICE and the
Unweighted Pair Group Method with Arithmetic Mean
(UPGMA).

2.3 Molecular identification

For further isolates identification, their molecular
identity was confirmed by choosing eight isolates to
amplify and sequence the ribosomal internal tran-
scribed spacers (ITS) and the translation elongation
factor 1-alpha (TEF1-a) genes. The isolates were
selected according to their location in the previously
built diversity analysis dendrogram.
DNA extraction was performed as describe above for

the diversity analysis. The universal primers ITS5 (50-
GGAAGTAAAAGTCGTAACAAGG-30) and ITS4
(50-TCCTCCGCTTATTGATATGC-30) (White et al.
1990) and primers 983F (50-GCYCCYGGH-
CAYCGTGAYTTYAT-30) and 2218R (50- ATGA-
CACCRACRGCRACRGTYTG-30) (Rehner and
Buckley 2005) were used to amplify ITS and TEF1-a
regions, respectively. The reaction mix contained
Buffer 19 (500 mM KCl; 100 mM Tris–HCl, pH 9.0 at
25�C; 1% Triton X-100), 1.5 mM of MgCl2, 0.2 mM of
each dNTP, 50 ng of each primer, 1 U of Taq DNA
polymerase and approximately 20 ng of DNA (Inbio
Highway�, Tandil, Buenos Aires, Argentina reagents).
The PCR reactions were performed in a MJ Research
(PTC-150 MiniCycler) termocycler, and the program
consisted in an initial DNA denaturation at 94�C for 4
min followed by 33 cycles of denaturation at 94�C for
1 min, 45 s at 56�C for ITS and 1 min at 48�C for
TEF1-a, 1 min at 72�C and finally an elongation step at

72�C for 5 min. The amplified PCR products were
precipitated in an isopropanol volume and a 0.1 volume
of ammonium acetate 3M, this mixture was incubated
at -18�C for 12 h and later was centrifuged at
15,000g for 15 min. The DNA pellet was washed with
ethanol 70%, dried and dissolved in distilled sterile
water. The sequencing was performed at the CERELA-
Institute (CONICET, Tucumán, Argentina). The
sequences obtained were submitted to the National
Center for Biotechnology Information (NCBI) Gen-
Bank database (www.ncbi.nlm.nih.gov) for gene anno-
tation. Sequences were edited using BioEdit software
version 7.0.5 (Hall 1999), and posteriorly used to
perform a phylogenetic analysis that included the
sequences of the isolates of Beauveria and Purpure-
ocillium from this work with sequences of some spe-
cies for the genera available at the GenBank database
including type material of B. bassiana ITS=
NR_111594.1, TEF1-a= HQ880974.1 and P. lilacinum
ITS= NR_111432.1, TEF1-a= EF468792.1. All
sequences were aligned with the ClustalW tool of the
program Mega5 (Tamura et al. 2011) and the phylo-
genetic study was carried out using the analysis of
maximum likelihood. The statistical support for the
nodes was evaluated through 1000 bootstrap replicates.

2.4 Pathogenicity tests

Pathogenicity bioassays were performed against third
instar larvae of H. gelotopoeon and adults of D. spe-
ciosa. Helicoverpa gelotopoeon eggs were provided by
AgIdea Pergamino, Buenos Aires, Argentina (https://
www.agidea.com.ar/) and larvae were fed with artificial
diet according to Patana (1977). Diabrotica speciosa
adults were collected from the field and were kept in
laboratory for a period of fifteen days to prevent any
disease from the field (Pilz et al. 2007).
All entomopathogenic strains were tested for their

pathogenicity. Each fungal colonywas grown on PDA at
25�C in the darkness during 14 days.After twoweeks, 10
ml of Tween 80 (Merck�) 0.01%v/vwere added to Petri
plates to obtain conidia by scraping strains surfaces with
a sterile scalpel. The resulting conidial suspensions were
filtered with a sterile cloth and subsequently were vor-
texed for five minutes. Conidial concentration of each
suspension was adjusted to 19108 conidia/ml using a
Neubauer chamber. Conidial viability was assed
according to Ayala Zermeño et al. (2015).
To test strains pathogenicity the immersion method

was carried out according to Nussenbaum and Lecuona
(2012). Three replicates of 10 individuals for each
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treatment were performed. Insects were submerged
individually for fifteen seconds in conidial suspensions,
subsequently were lean on sterile filter paper to dry off
excess moisture, and finally placed on plastic Petri
dishes. Controls were treated only with Tween 80.
Insects were kept on a breeding chamber under uniform
and controlled conditions (25 ±2�C, 75% RH, pho-
toperiod 14:10 L: D). Food was provided on daily
bases, for H. gelotopoeon caterpillars artificial diet
according to Patana (1977) was used and for D. spe-
ciosa adults, zucchini (Cucurbita pepo) pieces of
approximately 0.5 cm3 were offered (Pecchioni 1989).
The number of dead insects on each treatment was

recorded for a period of fourteen days. Mortality due to
mycosis was asserted by placing cadavers on humid
chambers and stored at 25�C in the darkness to pro-
mote mycelia outgrowth (Powell et al. 2007).
Mortality registered for each strain was adjusted to a

logistic model to estimate their pathogenicity as a
function of time using StatSoft Statistica software
(version 7.1) (2005).

3. Results

3.1 Fungal isolates

A total of nineteen entomopathogenic fungal isolateswere
obtained from tobacco grown soil samples using selective
media for this type of fungi. According to morphological
features, eleven of them were assigned to B. bassiana
(Accession numbers: LPSc1210, LPSc1211, LPSc1212,
LPSc1213, LPSc1214, LPSc1215, LPSc1216, LPS
c1217, LPSc1363, LPSc1364, LPSc1364, and LPSc
1265) and eight to P. lilacinum (Accession numbers:
LPsC1367, LPSc1368, LPSc1369, LPSc1370, LPSc1
371, LPSc1372, LPSc1373, and LPSc1374).

3.2 Diversity analysis

The diversity study employing three ISSR primers
generated a total of 55 fragments with sizes that
ranged between 300 and 1200 pb. The primer 826
generated a pattern of 18 bands, the primer BA3 a
pattern of 13 bands and the primer KA5 a pattern of
24 bands (figure 1). The topology of the UPGMA-tree
showed a high diversity among the strains. The three
primers used confirmed the presence of four clusters
inside B. bassiana group, showing the existence of at
least four different haplotypes. Isolate LPSc1363
appeared in the first clade. Isolates LPSc1214,

LPSc1213, LPSc1211, LPSc1212 and LPSc1365 were
associated in the second clade, in which the first three
isolates were grouped in a subclade and the other two
isolates in another subclade. Isolates LPSc1215 and
LPSc1364 formed the third clade, while isolates
LPSc1217, LPSc1216 and LPSc1210 were grouped in
the fourth clade. Similar relationship was observed
inside the P. lilacinum group, where four different
haplotypes were also recorded. The first clade was
formed by isolates LPSc1368, LPSc1369, LPSc1370
and LPSc1367, with the two first isolates grouped in a
subclade. The second clade was formed by isolates
LPSc1372 and LPSc1373, while the third and the
fourth clades were formed by isolates LPSc1374 and
LPSc1371, respectively (figure 1).

3.3 Molecular identification

ITS amplicons from the eight selected strains (B.
bassiana LPSc1213, LPSc1216, LPSc1363 and
LPSc1364 and P. lilacinum LPSc1370, LPSc1371,
LPSc1373 and LPSc1374) considered as representative
for each cluster in the ISSR dendrogram had a length
of 522 to 576 bp for B. bassiana and of 474 to 486 bp
for P. lilacinum. TEF1-a amplicons of the same
selected isolates had a size of 954 to 956 bp for B.
bassiana and of 917 to 920 bp for P. lilacinum. In the
maximum likelihood tree resulting from the phyloge-
netic analysis of the ITS region, the four isolates of B.
bassiana were clustered together with the material type
of B. bassiana NR_111594 in a monophyletic group
supported by a bootstrap value of 99%. While Beau-
veria amorpha, B. caledonica, B. malawiensis and
Cordyceps brongniartii, all morphologically-related
species, formed an independent clade supported by a
bootstrap value of 95% (figure 2A). In the same tree
the P. lilacinum isolates selected were clustered in a
monophyletic group supported by a bootstrap value of
99%, which included only P. lilacinum representatives,
including the sequences of the type material
NR_111432.1 (figure 2A). On the other hand, the
maximum likelihood tree resulting from the phyloge-
netic analysis of the TEF1-a showed a similar topol-
ogy to that observed for ITS regions. All isolates of B.
bassiana selected in this work were clustered together
with B. bassiana type material HQ880974.1 in a same
clade supported by a bootstrap value of 82%. Like-
wise, the four isolates of P. lilacinum were grouped
together with the type material EF468792.1 in a clade
integrated only by this species and supported by a
bootstrap value of 100% (figure 2B).
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3.4 Pathogenicity tests

All isolates tested against H. gelotopoeon were adjus-
ted to a logistic model for their pathogenicity as a
function of time. Beta values were considered as 0, and
p values for all models showed values\0.005 (table 1

and figure 3). Those isolates that were not pathogenic
to larvae were not adjusted to any model.
The strains LPSc1212, LPSc1214, LPSc1215,

LPSc1364 and LPSc1365 belonging to B. bassiana
exhibited pathogenicity levels above 50%. The isolate
LPSc1215 was the most pathogenic to the insect with

Figure 1. Dendrogram built using the similarity matrix of DICE and the UPGMA including the patterns of bands of
Beauveria bassiana and Purpureocillium lilacinum isolates generated by ISSR primers 826, BA3 and KA5. M = DNA
marker 100–1000 bp.
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100% infectivity at 7 days after treatment. Also, iso-
lates LPSc1212 and LPSc1364 showed high levels of
pathogenicity with 97% and 94% at 11 and 10 days
post treatment, respectively. With respect to P. lilac-
inum isolates, only LPSc1371 was pathogenic against
H. gelotopoeon larvae, showing a low pathogenicity
of 33% after 7 days post treatment. In addition, a
logistic model was chosen as well to analyze the
behavior (pathogenicity as a function of time) of iso-
lates towards D. speciosa. Beta values were consid-
ered as 0, and p values for all models showed values

\0.005. Alfa and Gama values for the models gen-
erated for each strain are presented in table 1 and
figure 4. If strains were not pathogenic, no model was
adjusted. Only four isolates displayed pathogenicity
levels over 50% against D. speciosa. The isolate B.
bassiana LPSc1215 was the most pathogenic to the
insects reaching 98% mortality at 11 days while iso-
late B. bassiana LPSc1364 reached 86% mortality at
12 days. Likewise, P. lilacinum isolates LPSc1368 and
LPSc1369 showed 81% and 78% mortality at 10 and
9 days, respectively.

Figure 2. Phylogenetic tree obtained by the analysis of (A) ITS and (B) TEF1-a sequences from four Beauveria basssiana
isolates and four Purpureocillium lilacinum and related groups. Isolates belonging to this work are identified by an * symbol.
GeneBank accession numbers of the isolates are provided next to each strain. The bar at the bottom indicates the number of
substitutions per site.
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4. Discussion

In the present study, soil samples associated to N.
tabacum crops were analyzed for the presence of
entomopathogenic fungi. A total of 19 isolates were
identified according to morphological features and
molecular techniques as B. bassiana (11) and P. lilac-
inum (8). Both species are frequently isolated from
natural and agricultural soils (Vega 2008) where their

survival is influenced by various factors such as UV
radiation, air mobility, water content, temperature (Flint
et al. 2002; Thompson et al. 2006; Yang et al. 2019),
fertilizers and other chemical inputs (Bruck 2009,
Shapiro-Ilan et al. 2013), processing methods (Boetel
et al. 2012; Hummel et al. 2015) and soil and crop
types (Shapiro-Ilan et al. 2012). The results of our
investigations revealed the presence of two of the most
effective biological control species among

Table 1. Pathogenicity of Beauveria bassiana and Purpureocillium lilacinum towards Helicoverpa gelotopoeon and
Diabrotica speciose

Species Strain

Helicoverpa gelotopoeon Diabrotica speciosa

Maximum
pathogenicity

reached
Pathogenicity

rate

Maximum
pathogenicity

time

Maximum
pathogenicity

reached
Pathogenicity

rate

Maximum
pathogenicity

time

B. bassiana LPSc
1365

0.64 1.09 10 0.16 1.6 8

B. bassiana LPSc
1212

0.97 0.6 11 0.2 1.46 10

B. bassiana LPSc
1217

0.2 1.48 7 0 0 0

B. bassiana LPSc
1214

0.54 1.05 10 0.07 1.52 8

B. bassiana LPSc
1216

0 0 0 0 0 0

B. bassiana LPSc
1213

0.37 1.15 12 0.48 1.02 10

B. bassiana LPSc
1215

1.02 1.08 6 0.98 1.43 11

B. bassiana LPSc
1210

0.13 1.46 9 0.1 1.52 11

B. bassiana LPSc
1211

0.31 1.31 10 0.34 1.28 9

B. bassiana LPSc
1363

0.24 1.64 5 0 0 0

B. bassiana LPSc
1364

0.94 1.32 10 0.86 1.29 12

P. lilacinum LPSc
1368

0 0 0 0.81 0.96 10

P. lilacinum LPSc
1369

0 0 0 0.78 1.34 9

P. lilacinum LPSc
1370

0 0 0 0.17 1.3 7

P. lilacinum LPSc
1367

0 0 0 0.24 1.44 9

P. lilacinum LPSc
1371

0.33 1.07 7 0 0 0

P. lilacinum LPSc
1372

0 0 0 0.07 1.38 8

P. lilacinum LPSc
1373

0 0 0 0 0 0

P. lilacinum LPSc
1374

0 0 0 0.13 1.11* 11
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Figure 3. Accummulated mortality (%) as a function of time (days) of Helicoverpa gelotopoeon larvae after inoculation of
different strains of Beauveria bassiana and Purpureocillium lilacinum.

Figure 4. Accummulated mortality (%) as a function of time (days) of Diabrotica speciosa adults after inoculation of
different strains of B. bassiana and P. lilacinum.
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entomopathogenic fungi, capable to survive in tobacco
soils in Jujuy province and constituting potential agents
for the control of pests in this crop.
The diversity tree generated by ISSR analysis

allowed to separate strains of B. bassiana and P.
lilacinum, but also permitted to discriminate isolates
within the same species. Studies by Takatsuka (2007),
Wang et al. (2005) and Estrada et al. (2007) also
demonstrated that this type of technique provides
valuable information when discriminating isolates of B.
bassiana. Furthermore, Aquino de Muro et al. (2005)
who studied Beauveria species isolated from Middle
East and West Asia, established that ISSR and AFLP
analyses allowed correlating intraspecific groupings
with genetic diversity between strains, recognizing then
that this kind of methodologies are quick and reliable
when describing genetic diversity of entomopathogenic
fungi. In this study, three ISSR markers were used to
generate banding patterns that enabled characterizing
strains diversity among B. bassiana and P. lilacinum.
Usually, the number of markers employed is higher but
only a few of them are useful to discriminate between
isolates (Estrada et al. 2007; Fontecha et al. 2011;
Takatsuka 2007; Wang et al. 2005). According to this,
the present work was based on a previous selection of
three markers that were the most adequate to separate
haplotypes in B. bassiana collected from different
locations in Argentina (Toledo et al. 2019). The results
indicated that markers 826, BA3 and KA5 were also
effective to detect genetic variability between isolates
of B. bassiana and P. lilacinum collected from tobacco
soils. It is interesting to mention that this study con-
stitutes the first report for these markers to discriminate
between P. lilacinum strains.
According to the relationship between fungal genetic

diversity and pathogenicity the results show that B.
bassiana isolates LPSc1215 and LPSc1364, recorded
as the most pathogenic against both insect pests tested,
were grouped in a same cluster with a similarity level
of approximately 85%. This cluster was located next to
another cluster that included the other two isolates
(LPSc1212 and LPSc1365) highly pathogenic against
H. gelotopoeon. Respect to P. lilacinum, isolates
LPSc1368 and LPSc1369, both the most pathogenic
against D. speciosa adults, formed a single cluster with
a similarity level of 98%, while isolate LPSc1371, only
pathogenic against H. gelotopoeon, was not grouped
with any other isolate, but it was remained along
forming a last cluster within the ISSR dendrogram. The
results obtained in this work are in accordance with
those recorded by Almeida Carneiro et al. (2008) who,
though the use of RAPD markers, observed that B.

bassiana and B. brongniartii (Sacc.) isolates were
grouped in three different clusters according to their
levels of pathogenicity against Spodoptera frugiperda
(Smith) (Lepidoptera: Noctuidae). These authors
detected that three RAPD polymorphic bands among
Beauveria isolates were associated with the levels of
pathogenicity against S. frugiperda and suggested a
potential use of these markers as a first screening
strategy of Beauveria isolates for biological control
purposes against this pest. Similar results were reported
by Amer et al. (2008). These authors evaluated the
pathogenicity of B. bassiana, B. brongniartii, M.
anisopliae, M. flavoviridae (Gams & Roszypal) and
Paecilomyces farinosus (= Isaria farinosa) (Holmsk.)
Fr. against Spodoptera littoralis (Boisduval) (Lepi-
doptera: Noctuidae) and observed that only the highly
virulent isolates M. anisopliae and M. flavoviridae
showed two unique RAPD markers that were not pre-
sent in the other pathogens. Their results show that
RAPD markers would have diagnostic potential in
identifying highly virulent isolates. Similarly, the
results obtained in our investigation not only provide
valuable information regarding genetic diversity of
native fungal isolates and their pathogenicity against to
H. gelotopoeon and D. speciosa, but also suggest the
potential use of ISSR markers to identify isolates with
different virulence against these two important pests of
tobacco crops. Although future studies will be needed
to establish a link among amplified bands and genes
related to the ability of entomopathogenic fungi to kill
insects.
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entomopathogenic fungi (Berlin: Springer-Verlag)
pp 187

Sandhu SS, Shukla H, Aharwal RP, Kumar S and Shukla S
2017 Efficacy of entomopathogenic fungi as green
pesticides: current and future prospects. In: Microorgan-
isms for Green Revolution (eds) DG Panpatte, YK Jhala,
RV Vyas and HN Shelat (Singapore: Springer)
pp 327–349

Seifert K, Morgan-Jones G, Gams W and Kendrick B 2011
The genera of Hyphomycetes (Utrecht: CBS-KNAW
Fungal Biodiversity Centre) pp 997

Shapiro-Ilan DI, Gardner WA, Wells L and Wood BW 2012
Cumulative impact of a clover cover crop on the
persistence and efficacy of Beauveria bassiana in
suppressing the pecan weevil (Coleoptera: Curculion-
idae). Environ. Entomol. 41 298–307

Shapiro-Ilan DI, Gardner WA, Wells L, Cottrell TE, Behle
RW and Wood BW 2013 Effects of entomopathogenic
fungus species, and impact of fertilizers, on biological
control of Pecan weevil (Coleoptera: Curculionidae).
Environ. Entomol. 42 253–261

Serna-Domı́nguez MG, Andrade-Michel GY, Rosas-Valdez
R, Castro-Félix P, Arredondo-Bernal HC. and Gallou, A
2019 High genetic diversity of the entomopathogenic
fungus Beauveria bassiana in Colima, Mexico. J. Inver-
teb. Pathol. 163 67–74
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