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borer Diatraea saccharalis (Lepidoptera, Pyralidae) using specific primers

Ricardo Henri Rodrigues Destéfano', Suzete A. Lanza Destéfano” and Claudio Luiz Messias'

"Universidade Estadual de Campinas, Instituto de Biologia, Departamento de Genética e Evolugao,
Campinas, Sdo Paulo, Brazil.
*Instituto Bioldgico, Laboratério de Bacteriologia Vegetal, Campinas, Sdo Paulo, Brazil.

Abstract

In order to construct specific primers for the detection and identification of the entomopathogenic fungus Metarhizium
within infected sugarcane borer (Diatraea saccharalis) larvae we analyzed the ITS1 -5.8S- ITS2 rDNA regions of
strains and varieties of M. anisopliae, M. album and M. flavoviride. The PCR amplification of these regions yielded a
unique fragment of approximately 540 bp for M. anisopliae variety anisopliae strains E,, B/Vi and C (isolated in
Brazil), 600 pb for M. a. anisopliae strain 14 (isolated in Australia), 650 bp for the M. album and 600 bp for M.
flavoviride strains. The PCR products were digested with different restriction endonucleases (Afal, Alul, Dde |, Hae
I, Hpa Il and Sau 3A) and the PCR-RFLP profiles showed clear differences between the species. Sequencing of the
ITS-5.8S rDNA regions allowed us to design one specific primer (ITSMet: 5 TCTGAATTTTTTATAAGTAT 3’) for the
Brazilian M. a. anisopliae strains (E,, B/Vi and C) and another specific primer (ITSMet14: 5 GAAACCGGGAC
TAGGCGC 3) for the Australian strain (strain 14). Amplification was not observed with M. album, M flavoviride and
Beauveria bassiana strains. DNA extracted from larvae infected with the Brazilian or Australian strains were tested
using the specific primers designed by us to identify the fungal strains with which the larva had been infected. The
correct fungal strain was successfully detected within 48 h of the insect having been infected, showing that this

molecular technique allows rapid and secure detection and identification of M. anisopliae.
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Introduction

About 80% of the etiologic agents involved in insect
diseases are fungi, encompassing 90 genera and more than
700 species. Several research groups have verified the
entomopathogenicity of the Deuteromycete fungi
Metarhizium anisopliae, which has become an important
biocontrol agent used in the microbial control of insect
pests.

The sugarcane spittlebug (Mahanarva posticata)
(Homoptera, Cercopidae) causes serious losses in sugar-
cane crops but has been successfully controlled in north-
eastern Brazil using biocontrol by M. anisopliae, which has
also been used in the biocontrol of other spittlebug genera
(Aenolamia, Deois and Zulia) infesting pasture grasses
(Onoftre et al., 2002). Biological control of the sugarcane
borer (Diatraea saccharalis) (Lepdoptera, Pyralidae) by
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various M. anisopliae and Beauveria bassiana isolates has
been achieved by Alves et al. (1984; 1985).

The production of mycoinsecticides is very simple,
but their use as biocontrol agents depends critically on the
standardization of the production runs and the stability of
the mycoinsecticide under field conditions where the for-
mulation must allow the fungus to maintain its virulence. It
is also important to monitor how mycoinsecticides dissemi-
nate and survive in the environment after application
(Hegedus and Khachatourians, 1996a).

There is a need for specific and sensitive systems for
the detection and identification of fungi which can be used
to evaluate the dispersion and environmental persistence
of mycoinsecticides. Commercial implications such as the
identification of existing or new fungal isolates, quality
control and patent protection must also be considered be-
cause several researcher groups and commercial compa-
nies are developing production, formulation and
application methods involving entomopathogens for use
in the control of insect pests of agricultural and public
health importance.
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The classical methods for the identification of
entomopathogenic fungi are based on spore morphology,
biochemical characteristics and immunological properties,
but PCR and DNA sequence analysis are also being inten-
sively used as standard tools for the detection, identifica-
tion and phylogenetic analysis of many fungal species.
These techniques are particularly valuable for the large
number of species which are incapable of growth in the lab-
oratory under artificial conditions and from which pure
DNA is not easily obtained (Bindslev et al., 2002).

Several molecular genetic methods have been sug-
gested as potential systems for the identification and moni-
toring of entomopathogenic fungi. Techniques which use
DNA probes to create restriction fragment length polymor-
phism (RFLP) fingerprints have been used to distinguish
between species (Hegedus and Khachatourians, 1993a) or
individual isolates (Hegedus and Khachatourians, 1993b),
although direct DNA probing methods may not exhibit the
desired degree of sensitivity required for detection under
field conditions (Hegedus and Khachatourians, 1996b).
Other methods based on the polymerase chain reaction
(PCR), such as the random amplified polymorphic DNA
(RAPD) method, also exhibit the ability to discriminate be-
tween entomopathogenic fungal isolates (Jensen et al.,
2001; Freire et al., 2001; Alves et al., 2001; Urtz and Rice,
1997; Fungaro et al., 1996; Leal et al., 1994; Bidochka et
al, 1994) but the use of random oligonucleotide primers in
the design of these systems is not useful in the detection of
fungi within environmental samples which can contain a
significant amount of DNA from indigenous biotic materi-
als.

An alternative approach is to use ribosomal DNA
(rDNA), an important molecular marker widely used in the
identification and differentiation of species. The rDNA

Table 1 - Fungal strains used in this study and their insect hosts.
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operon of eukaryotes can be present in multiple copies per
genome, with each unit consisting of regions coding for
rRNA, 188, 5.8S and 28S genes as well as the two internal
spaces (ITS 1 and ITS 2) between these regions, each TDNA
unit being separated by one intergenic space (IGS). The
rDNA unit presents sequence variations which may be used
in systematic studies at different taxonomic levels (Fouly et
al., 1997; Argentina, 1999). The rDNA 18S and 28S re-
gions are the most conserved units, and may be used in dif-
ferentiating genera and species, while the ITS and IGS
spacer regions have accumulated more variability and are
better used to differentiate species or strains within the
same species (Esteve-Zarzoso et al., 1999).

In the study reported in this paper we sequenced the
ITS1 —5.8S- ITS2 region of various Metarhizium strains
and designed specific primers for the detection and identifi-
cation of M. anisopliae within infected D. saccharalis lar-
vae.

Material and Methods

Fungal strains

The Metarhizium album strain was supplied by Dr.
Myrian Tigano-Milani (Cenargen-EMBRAPA, Brasilia,
DF, Brazil) while the other Metarhizium and Beauveria
bassiana strains were obtained from the Germplasm Bank
of the Laboratoério de Genética de Microrganismos Ento-
mopatogénicos (Departamento de Genética e Evolucdo,
Instituto de Biologia, Universidade Estadual de Campinas -
UNICAMP, Campinas, SP, Brazil. All strains are listed in
Table 1.

Each fungal strain was individually grown on rice
medium (50g of food grade rice plus 40 mL distilled water,
sterilized at 121 °C for 20 min) for ten days at 28 °C.

Fungal Strain Host insect Source GenBank accession n.
Metarhizium anisopliae variety anisopliae

Ey Deois flavopicta (Homoptera: Cercopidae) Brazil AY 373632
B/Vi (Ey auxotrophic mutant tya’) Brazil AY 373633
C Mahanarva posticata (Homoptera: Cercopidae) Brazil AY 373634
14 unknown Australia AY 375445
Metarhizium album

201 (ARSEF 2082) Cofana spectra (Homoptera: Cicadellidae) Indonesia AY 375446
Metarhizium flavoviride

204 (ARSEF 2024) Otiorhynchus sulcatus (Coleoptera: Curculionidae) France AY 375447
209 (ARSEF 2133) Ceutorhynchusmacula alba (Coleoptera: Curculionidae) Czechoslovakia AY 375449
Beauveria bassiana

ARSEF 959 Spodoptera frugiperda (Lepdoptera: Noctuidae) Brazil

ARSEF 2253 Autographa gamma (Lepdoptera: Noctuidae) France

ARSEF 2629 Diatraea saccharalis (Lepdoptera: Pyralidae) Brazil

ARSEF: Agricultural Research Service of Entomopathogenic Fungi.
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Host insects and infection procedure

Third instar sugarcane borer (Diatraea saccharalis)
larvae (produced from stock cultures maintained in CTC/
COPERSUCAR, Piracicaba, SP, Brazil) were infected by
allowing them to walk over the sporulating fungi for 10 min
so that each larva received a potential inoculum of about
3.5 x 10° conidia. Each infected larva was placed in a plas-
tic plate containing a small piece of sugarcane stalk and the
plates kept at 28 °C and 80-100% relative humidity.
Twenty-four larvae per treatment were collected 48 h post-
infection, sacrificed immediately by freezing at -20 °C for
4 h and transferred to -80 °C. This procedure was repeated
for each fungal strain.

To remove external fungi, the surface of the dead lar-
vae were carefully washed, with gentle agitation, three
times in 2.5% (v/v) sodium hypochloride solution for
10 min, three times in 0.1% (v/v) Tween 80 solution and a
further three times with 0.85% (w/v) sodium chloride solu-
tion and the individual larva placed on sterilized filter paper
and dried in a laminar flow chamber. To confirm the effec-
tiveness of the surface disinfection process 0.1 mL of the
effluent from the last wash was inoculated onto agar plates
of the complete medium of Pontecorvo et al. (1953) and the
plates incubated for up to ten days at 28 °C. Infection of the
larvae was confirmed by placing some washed larvae onto
the surface of the same medium and incubating the plate
under the same conditions.

The dead, washed, cleaned and dried larvae were
stored in Petri dishes in an ultra-freezer at -80 °C. Non-
infected sugarcane larvae were washed and stored in the
same way and the extracted DNA used as a control.

DNA extraction and amplification

Genomic DNA was extracted from fungal mycelia,
non-infected larvae and infected larvae (48 h post-
infection) as described by Garber and Yoder (1983). The
ITS regions were amplified using the ITS1 and ITS4 prim-
ers (White ez al., 1990). The PCR reactions were carried out
using a PTC 200 DNA Thermal Cycler (MJ Research) us-
ing 25 uL reaction volumes, each containing 100 ng of tem-
plate DNA, 1X Tag buffer, 0.4 mM of each primer ITS1
and ITS4, 200 mM of ANTP mix, 0.1% bovine serum albu-
min (BSA) and 1U of Tag DNA polymerase (Genotaq-
GENON) using one cycle of 3 min at 95 °C followed by 32
cycles of 1 min at 94 °C, 1 min at 50 °C and 1 min at 72 °C
with a final extension of 3 min at 72 °C.

RFLP analysis of PCR amplified DNA

The PCR products (3 puL) were individually digested
with restriction endonucleases Afa 1, Alu 1, Dde 1, Hae 111,
Hpa 11 and Sau 3A Tunder conditions specified by the man-
ufacturer (Amersham Biosciences) and the restriction frag-
ments separated by electrophoresis in 3% agarose gels
using 1X TAE buffer (Sambrook et al., 1989). The gels
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were stained with ethidium bromide and then visualized
under UV. The molecular weights of the fragments were
determined by comparison with a 100 bp DNA ladder
(Amersham Biosciences).

Sequence analysis

The ITS1 — 5.8S — ITS2 amplified products (about
540 bp) were purified with the GFX PCR DNA and Gel
Band Purification kit (Amersham Biosciences) and se-
quenced in an automated system (ABI 377, Perkin Elmer,
Foster City, CA, USA). The sequences were aligned using
the ClustalW (http://www.ebi.ac.uk/clustalw) program and
compared with those available in the GenBank data base
for M. a. anisopliae (accession numbers AF516295 and
AF134150), M. album (AF137067), M. flavoviride
(AF138269) and Beauveria bassiana (BBA345090) using
the Genetic Data Environment (GDE) software version 2.2
and phylogenetic trees constructed using the Neigh-
bor-joining method (gopher://megasun.bch. umontreal.ca:
70/11/GDE).

Primer design and PCR conditions for Metarhizium
anisopliae

We found that the sequenced regions of the products
from the Brazilian M. a. anisopliae strains Eo, B/Vi and C
differed from those of the Australian M. a. anisopliae strain
14 and this allowed us to design a specific primer for each
of these distinct groups based on the location of the differ-
ences in the ITS1 — 5.8 S —ITS2 sequences. Two Oligonu-
cleotide primers were designed: a 20 mers oligonucleotide
primer (5 TCTGAATTTTTTATAAGTAT 3’), which we
named ITSMet, for the Eg, B/Vi and C strains and an 18
mers primer (5 GAAACCGGGACTAGGCGC 3’), which
we named ITSMetl4, for strain 14. These primers were
used in PCR reactions with DNAs from the different
Metarhizium strains, the ITS4 oligonucleotide being used
as the reverse primer and primer specificity checked by
comparison with available GenBank/EMBL/DDBJ data
base sequences.

The DNAs from M. a. anisopliae strains Eq, B/Vi and
C and 14 were used as targets in PCRs performed in 25 uL
reaction mixtures containing 1X Tagq buffer, 0.6 mM of the
ITSMet primer, 0.4 mM of the ITS4 primer, 0.1% BSA
(w/v), 0.2 mM of ANTP mix and 1U of Tag DNA polymer-
ase (Genotaqg-GENON). The ITSMet/ITS4 set primer am-
plification reaction conditions consisted of 3 min at 95 °C
followed by 32 cycles of 1 min at 94 °C, 1 min at 46 °C and
1 min at 72 °C with a final extension of 3 min at 72 °C. The
reaction conditions for the ITSMet14/ITS4 primer set were
3 min at 95 °C followed by 32 cycles of 1 min at 94 °C,
I min at 61 °C and 1 min at 72 °C with a final extension of
3 min at 72 °C. The products were visualized under UV
light in 1% agarose gels stained with ethidium bromide.
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Detection of Metarhizium anisopliae within infected
insects

The ability of the PCR-based system to identify M.
anisopliae within infected larvae was determined using to-
tal DNA extracted from infected larvae 48 h after inocula-
tion with M. a. anisopliae. PCR was conducted either with
the ITSMet/ITS4 or ITSMet14/ITS4 primer sets according
to the strain involved, DNAs from pure cultures of the dif-
ferent Metarhizium strains were used as controls and DNA
from non-infected larvae was also tested. The presence of
Metarhizium strains within infected larvae was confirmed
by restriction profiling (using the endonucleases Afa 1, Alu
I, Dde 1, Hae 111, Sau 3A 1 and Tagq 1) of the PCR products
obtained from infected larvae and pure cultures of the
fungi.

Results

PCR-RFLP of the ITS1 - 5.8S — ITS2 sequence

The amplification of the ITS region resulted in a sin-
gle product for all isolates. The size of the product was
about 540 bp for M. a. anisopliae strains Ey, B/Vi and C,
600 bp for M. a. anisopliae strain 14, 650 bp for the M. al-
bum strain and 600 bp for M. flavoviride strains. The PCR
products digested with the restriction enzymes Afa I, Alu 1,
Dde 1, Hae 111, Hpa 11 and Sau 3A 1 (Figure 1, Table 2)
showed distinct RFLP patterns for different strains. Diges-
tions with Afa I generated fragments of from 100 to 600 bp
while A/u I yielded fragments of from 100 to 650 bp. Diges-
tions with Hae III produced fragments ranging from 100 to
450 bp and Dde I fragments of from 150 to 450 bp, but with
slightly different profiles for different strains. The Hpa 11
digestions revealed fragments ranging from 100 to 370 bp,
showing clear differences between M. anisopliae, M. al-
bum and M. flavoviride. Fragments from 100 to 410 bp
were obtained in the Sau 3A I digestions and differentiation
between the three Metarhizium species was again evident.
The Australian strain of M. a. anisopliae (strain 14) showed
a distinct profile in comparison with the other strains of the
same species with all restriction enzymes tested, represent-
ing a separate group.

Phylogenetic analysis of the ITS sequence

The alignments of the nucleotide sequences of the
ITS1 —5.8S— ITS2 regions of the strains investigated by us
with GenBank ITS sequences for the same region and spe-
cies of fungi are shown in Figure 2. The alignments and
phylogenetic analysis (Figure 3) confirmed the taxonomic
identity of the strains used in our study, with M. album
strain 201 grouping with the GenBank M. album sequence
AF137067 while M. flavoviride strains 204 and 209
grouped with the GenBank M. flavoviride sequence
AF 138269, although strain 204 was phylogenetically more
distantly related. The M. a. anisopliae ITS sequences from
strains Eo, B/Vi and C were phylogenetically identical to
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Figure 1 - PCR-RFLP of the ITS1 —5.8S —ITS4 region digested with (A)
Afal, Alul, Ddel and Hae 111, and (B) Hpa 1l e Sau 3A 1. 1 = Metarhizium
anisopliae var. anisopliae strain Eo; 2 = M. a. anisopliae strain C; 3= M. a.
anisopliae strain 14; 4 = Metarhizium album strain 201; (5) Metarhizium

[flavoviride strain 204. M = 100 bp marker.

Table 2 - RFLP profiles produced by digestions of the ITS-PCR products
with different restriction enzymes.

Restriction enzymes ~ Fragments (bp) Fungal strains
Afa'l 540 M. anisopliae: E9, B/Vi, C
100, 500 M. anisopliae: 14
180, 450 M. album: 201
600 M. flavoviride: 209
Alu1 540 M. anisopliae: E9, B/Vi, C
200, 400 M. anisopliae: 14
650 M. album: 201
100, 450 M. flavoviride: 204 and
209
Dde 1 150, 400 M. anisopliae: E9, B/Vi, C
180, 430 M. anisopliae: 14
190, 450 M. album: 201
160, 450 M. flavoviride: 204 and
209
Hae 111 120,410 M. anisopliae: E9, B/Vi, C
130, 450 M. anisopliae: 14
100, 410 M. album: 201
100, 390 M. flavoviride: 204 and
209
Hpa 11 100, 360 M. anisopliae: E9, B/Vi, C
100, 370 M. anisopliae: 14
100, 120, 250 M. album: 201
100, 160, 340 M. flavoviride: 209
Sau3A 1 170, 190, 210 M. anisopliae: E9, B/Vi, C
100,120, 190, 2 M. anisopliae: 14
10 M. album: 201
210 M. flavoviride: 209
180, 410
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each other and to GenBank M. a. anisopliae sequences
AF516295 and AF134150, while M. a. anisopliae strain 14
from Australia formed a separate group, supporting the
high level of polymorphy detected in the PCR-RFLP exper-
iments. The B. bassiana strains grouped with the GenBank
sequences (Figure 3).

Design of new M. anisopliae primers

As pointed out in the Material and Methods section,
the presence of sequence differences in the PCR products
of'the ITS-5.8 S rDNA regions meant that the specificity of
the system to generate primers capable of recognizing re-
gional differences in the ITS sequences of the strains could
be increased by sequencing the PCR products from the
M. a. anisopliae, M. album and M. flavoviride strains and
comparing the sequences to each other. We observed some
differences in the sequenced regions of the products from
the Brazilian M. a. anisopliae (strains Eo, B/Vi and C) and
the Australian M. a. anisopliae strain 14 which allowed us
to develop a specific primer for each of these distinct

- AATGTHNNNNGTTANCANACHNGA - - - CCCTTTHGAATTTGACCANNTT 46
GOAGGGATCATTATCGAGTTTACTACAACTCCCARACCCCCTTGTGAACGTATACCTTTC 60
AANNTHTTHRNGTHNCANATC 21

201
AF137067
B9

c ANGTNTNTHNGGTCNCANANN 21
AF516295 == -COGAGTTATCCAACTCC 17
AF134150 ~BGRGGGATCATTACCGAGTTATCCARCTOC 30
B/vi = == = - ARGGGNCNAAGACHNNCNCNGTT - - CHAC 27
14 - ARGGGCNAARGACNACHNCAGTCARRNATNGGTCC 35
E L e ARGGTHCTCNGTCANACN 18
AF138269 -GGAGGEGATCATTACCGAGTTTACARRCTOCCA 32
204 NHARGGACNTCHNCNGGTNAARNN 29
2628 AHOGNNTHANGEANN TN TCHINGTTAARCHRNGCCTTCTOTAACCTTCCE 50
BBAI45090 CTGOGGAGGEATCATTACCGAGTTTTCAACTCCOCARCCCTTCTGTGARCCTACE 55
2283 seeeeseeeceeeeseeeeaoes ANAGTHCNGAGTARRACACGNGCTCTTCARNCTTTOC 37

959

= = - - ANGGGTCTAARGACHACNNNCRGTTTCANANACAG - GTNCNTTCTGTGAATTTHCC 55
congensus residues

201 -« TGCTTOGGOGECTATAGCC - COGGGGETCAGGTTOGCA- -
AF13IT067T = TGCTTOGGCGGETATAGCC - COGGGGTCAGGTTOGCA-
E9 -CCTGTCCACAGNTTHNCC - CAAG - -GTTG- - -CNTT -
[ SN

AF516295

AF134150 o ~COCCTUTGAATCATACCTTTAATTGT TG oTT
B/VL ~GCTCTGCAAATANNTC - - TCHATTGTTG - - -CTT
14 COAG- - - AACNTCCCGACACTGTTGCTTOGGOGGACCGACCCCT -
209 -COCCTGT - AACTT - THC - COGACGNCOGTTGCTT
AF138269 - COCCTGTGAACTTATAC CTGTCTACOGTTGCTT
204 ~GTTHCGEGANCTT - - TH- CCARGRACTGT - GCTH
2629 - -GNTGCTTOGGOGGACTCGOCC - - CAGC - - COGGACG -
BBA345090 TATC-GTTGCTTCOGCGGACTOGOCC - - CAGC - - COGGACG -
2283 CCA- - - -GGETTTGCOGGACTCGCCC - - CAGC - -COGGACG - -

959 CAATGGTTGCTTOGGOGGACTOGOCT - cammmmcmcctm‘“a 113
consensus residues

201 ~NOGGARCCAGGOGCCTGOCGGGOGACTA - - AAAC - TE'_T'_TA'_T'_CTUTA COATA 147
AF137067 - COGGAACCAGGOGCCTGOOGGEGGACCA - - ARRC CTTGTATTTCTGTA-OGATA 161
E® = = OGGGACTTOGCGCOCGOCGGGEACTCCG- - ARCT: TEY_'NMTTFT[TR A=TAA-- 105
c - - OGGGACTTOGOGCCOGOOGGGEACCOG - -ARCT "TL'[‘GMTTT"[‘T}\ A~ 'M - 108
AF516295 - - CGGGACTTOGOGCOOGOOGGEEACCOG- -AACT TTCTGAATTTTTT: - 103
AF134150 - - CGGGACTTOGOGCCCGCOGGEGACCTA - - AACT TTCTGJTTT‘TTA A~ ‘]‘M - 118
BV - OGGGACTTCGOGCOOGCOGEGGACC0G - - AACT - - -TTCTGAATTTTTTA-A-TAA 111
14 (LWM-:‘LL-"C.‘GLN(::;:X-ATCTMTML =TCTTGARTCTTCTATA- 1}..&1,\ 138
209 == ~0GGEGTT- - - CGCOOGCOGAGGEGACOGACAARCAMCTCTTGTATTTCTATC -TAT- - 106
AF13826% =COGGTT - - - CGCCCGCOGAGGAACCGACAAACARACTCTTGTATTTCTATC - TAT- - 122
204 - OGCOCGCOGAGGGACCGACAAACARACCCTTTTTTITCTATC -TAT -~ 116
2629 =ACCAGCGGCOOGINGGGGACCTC - = AARC - = - = TCTTGTATTCCAGCA- - TCTT 139
BBA3I450590 ~ACCAGOGGCOCGCOGGGGACCTC: TOCTGTATTCCAGCA - -TCTT 145
2253 ACCAGOGGCCOGCTTGGGACCTC TOCTGTATTC-AGCA--TCTT 123

$59 CCTGOAGCCAGGOGGO0GC0GEGEACCTC - -
consensus residues Bow ke we .

- =AC-TGTATCTCATCAGTCTCT 166

201 AGGAATGT - CTGAGTGGTTTATAGAAGAMAATGAATCAMACTTTCAACAACGGATCTCT 206
AF137067 AGGAATGT - CTGAGTGGTTTATAGAAGAAAATGAATCAARACTTTCAACAACGGATCTCT 220

-1 -GTATCTTCTGAGTGG - - T - TAARARAA - - TGAATCAAMCTTTCAACAACGGATCTCT 158
[+ = «GTATCTTCTGAGTGG - - T- TAAAARAA - - TGAATCAAAACTTTCAACAACGGATCTCT 159
AF516295 GTATCTTCTGAGTGG - T~ TAAAAAAA - - TGAATCAAAACTTTCAACAACGGATCTCT 156
AF134150 ~GTATCTTCTGAGTGG - - T- TARARAAAA - TGAATCAAAACTTTCAACAACGGATCTCT 170
B/vi = =GTATCTTCTGAGTGG - - T- TAAAARAA - - TGAATCAAAACTTTCAACAACGGATCTCT 164
14 TGGCATCTTCTGAGTGS - - T-GEGAARAAAATGAATCAAMACTTTCAACAACGGATCTCT 195
209 ~AGCATGT - CTGAGTGGAAT - CATACACAAATGAATCAAAACTTTCAACAACGGATCTCT 163
AF138269 ~AGCATGT - CTGAGTGGAAT - CATACACAAATGAATCAAMACTTTCAACAACGGATCTCT 179
204 ~AGCATGT-C T - CATACACAAATGAATCAAAACTTTTAACAACGGATCTCT 173
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groups, ITSMet for the Brazilian strains and ITSMet14 for
Australian strain.

With all the M. a. anisopliae strains studied by us the
ITSMet/ITS4 primer set yielded a specific 440 bp PCR
product. Although this set has been developed only to Bra-
zilian strains, the Australian strain 14 manifested a low-
intensity band in the gels. The ITSMet14/ITS4 primer set
produced a 490 bp fragment only from strain 14. Neither of
these primers produced amplified products with any of the
M. album, M. flavoviride or Beauveria bassiana strains
(Figure 4).

Detection of Metarhizium anisopliae within infected
insects

The presence of Metarhizium strains within infected
larvae was confirmed by the restriction profiles of the PCR

2629 CTGAATACGCCGCARGG- - - - CAARA - CARATGARTCAARACTTTCAACARCGGATCTCT 194
BBA345090 CTGAATACGCCGCAAGG- - - - CAAARACARRTGAATCAAARCTTTCARCARCGGATCTCT 201
2253 CTGAATACGCCGCAAGG- - - - CAAAAACAAATGAATCAAAACTTTCAACAACGGATCTCT 179
959 CTGAATCCGCCGCARGG- - - -CAACA- - C TCARARCTTTH CAACGGATCTCT 220
Cons. residues x wx oW ok K ARRRE AR AN KK KK HHK K HH A K

201 TGGTTCTGGCATCGATGARGAACGCAGCGARATGCGATAAGTAATGTGAATTGCAGAATT 266
AF137067 TGGTTCTGGCATCGATGAAGARCGCAGCGARRTGCGATAAGTAATGTGAATTGCAGAATT 280
E9 TGGTTCTGGCATCGATGARGARCGCAGCGABATGCGATARGTAATGTGAATTGCAGRATT 218
c TGETTCTGGCATCGATGARGAACGCAGCGARATGCGATAAGTAATGTGAATTGCAGAATT 219
AF516295 TGGTTCTGGCATCGATGAAGARCGCAGCGAARTGCGATAAGTAATGTGAATTGCAGAATT 216
AF134150 TCETTCTCGECATCCATGAAGAACGCAGCGARATGCCGATAAGTAATGTGAATTGCAGAATT 230
B/Vi TGGTTCTGGCATCGATGAAGAACGCAGCGABATGCGATARGTAATGTGAATTGCAGRATT 224
14 TGGTTCTGGCATCGATGARGARCGCAGCGARATGCGATAAGTAATGTGAATTGCAGRATT 255
209 TGGTTCTGGCATCOATGARGAACGCAGCGARRTGCGATAAGTAATGTGAATTGCAGRATT 223
AF138269 TGGTTCTGGCATCGATGAAGAACGCAGCGAARTGCGATAAGTAATGTGAATTGCAGAATT 239
204 TGGTTCTGGCATCNATGARNARCGCACCGARRTGCGATAAGTANTGGGAATTGCAGRATT 233
2629 TGGCTCTGGCATCGATGRAGARCGCAGCGABATGCGATARGTAATGTGAATTGCAGRATC 254
BBA345090 TGGCTCTGGCATCGATGARGAACGCAGCGARATGCGATAAGTAATGTGAATTGCAGAATC 261
2253 TGGCTCTCCCATCCATGAAGAACGCAGCCGARATGCCATAAGTAATGTGAATTGCAGAATC 239
959 TGETTCTGGCATCGATGAAGAACGCAGCGABACGCGATAAGTAATGTGAATTGUAGRATT 280
CONng. Tesidues *x% Fxxkdknk Haxkk FxkRIE KEHLX KEXKKIFAK ¥ KA XK E A X KK

201 CAGTGAATCATCGAATCTTTGARCGCACATTGCGCCCGCTAGTATTCTAGCGGGCATGCC 326
AF137067 CAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCTAGTATTCTAGCGGGCATGCC 340
E9 CAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGTCAGTATTCTGGCGGGCATGCC 278
c CAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGTCAGTATTCTGGCGGGCATGCC 279
AF516295 CAGTGAATCATCGAATCTTTG. GCACATTGCGCCCGTCAGTATTCTGGCG TGCC 276
AF134150 CAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGTCAGTATTCTGECGGGCATGLC 290
B/Vi CAGTGAATCATCGAATCTTTY GCACATTGCGCCCOTCAGTATTCTCE TGCC 284
14 CAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGTCAGTATTCTGGCGGGCATGCC 315
209 CAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCC 283
AF138269 CAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCC 299
204 CAGNGAATCATCGAATCTTTGAACGCNCATNGCGCCCCCCAGAATTTTGGNGGGCATGCC 293
2629 CAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGCATTCTGGCGGGCATGCC 314
BBA345090 CAGTGAATCATCGARTCTTT GCACATTGCGCCCGCCAGCATTCTGECE TGCC 321
2253 - AGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGCATTCTGECGGGCATGCC 298
959 TAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGLATTCTGGCGGGCATGUC 340
CONS. TESIAUES  ** Ah*sktdrkkkhrkk kA *kkd *%k% FAKXAH Kk KXk K * KAEFAKFN

201 TGTTCGA - GCGTCATTTCAACCCTCARGCCCCGGCGE- -TTTGGTG-T 370
AF137067 TGTTCGA - GCGTCATTTCAACCCTCARAGCCCCGGCGG -TTTGGTG-T 384
ES TGTTCGA - GCGTCATTACGCCCCTCAAGTCCCCTGTG -GACTTGGTG-T 324
c TGTTCGA -GCGTCATTACGCCCCTCAAGTCCCCTGTG -GACTTGGTG-T 325
AF516295 TGTTCGA - GCGTCATTACGCCCCTCAAGTCCCCTGTG -GACTTGGTG-T 322
AF134150 TGTTCGA - GCGTCATTACGCCCCTCAAGTCCCCTGETG -GACTTTGTG-T 336
B/Vi TGTTCGA - GCGTCATTACGCCCCTCARGTCCCCTETG -GACTTGGTG-T 330
14 TGTTCGAAGCGTCATTACGCCCCT - ARNCCCCCTGGG - ---GGTTTGGTG-T 361
209 TGTTCGA - GCGTCATTACAACCCTCARGCCCOCK TGACGGGAACGGGCTTGETG-T 341
AF138269 TGTTCGA - GCGTCATTACAACCCTCARGCCCCCCCGE - TGACGGGAACGGGCTTGGTG-T 356
204 TGTTC-A-GCGN- ATTACAACCCTCAAGGCCCCCCGG - GEACNGGAACCEECTTGGGGGT 349
2629 TGTTCGA-GCGTCATTT-AACCCTC-ACCTCCCCTGG - - - -GGGAGN-CGG--CGT 360
BBA3450%0 TGTTCGA - GCGTCATTTCAACCCTCGACCTCCCCTTG GGGAGGTCGG- -CGT 370
2253 TGTTCGA - GCGTCATTTCAACCCTCGACCTCCCCTTG - - -GGGAGGTCGG--CGT 347
959 TGTCCGAAGCGTNATTTCAACCCTTCNACGTCCCCTG - - - - - = - - GGAACGTCGGGCCTT 392
Cons. residuss *#* x * *xx  wxx [ * * *

201 TGGGGG- - CCGGARTGGTTGTT GATCTCTTCGTCCC-GCGCGCGCNGCCCCCGA 427
AF137067 TGGGEGG- - CCGGCGATGGTGTT GATCTCTTCGTCCCCGCGCGCECCGCCCCTGA 442
ES TGGGGA- - TCGGCGR--- - - GGCTGGTTTTCCAGCACA- - --------- GCCGTCCCTTA 366
[+ TGGGGA- ~ TCGGCGA- ---GCCGTCCCTTA 367
AF516295 TGGGGA - - TCGGCGA- -GGCTGGTTTTCCAGCACA: -GCCGTCCCTTA 364
AF134150 TGGGEGA- - TCGGCGA- - - - - GGCTGGTTTTCCAGCACA- - ---GCCGTCCCTTA 378
B/Vi TGGGGA - - TCGGCGA ---NCCGTCCCTTA 372
14 TGGGGA - - TCGGCGA. ---GCCGGNCCTTA 403
209 TGGGEGA- - CCGGCCAACTGETGCCCTGCTETC - CCGTA- CAAGCGCCGGCCCGUCCCCGA 397
AF138269 TGEGGA - - CCGGCCRACTEETGCCCTGCTGCTGCCETAGCAGGUGCCGS CCCCCGA 414
204 TNGGGA- - CCGGCNA - CTGENGCCCTGCTETGCNCNNANAAGGGCCCGGGCCCCCCCCCa 406
2629 TGGGGA--CCGGCAG----- AC-CCGCCGG- - CCCTGAAT - -GG 392
BBA345090 TGGGGA - - CCGGCAGC- - - -ACACCGCCGG- - CCCTGARA. -TG 404
2253 TGGGGA - - CCGGCAGC - - - - ACACCGCCCG - -GCCCTARA. -TG 381
959 TGGGGGACCNGGNANGA - - -ANACCGCCGGEGCCCNNAAAR - ATCN 434
Cons. residues * #*x* *e

Figure 2 - Alignment of the nucleotide sequences of the ITS1 — 5.8S — ITS2 region of the strains investigated by us (Metarhizium anisopliae var.
anisopliae strains Eo, B/Vi, C and 14; Metarhizium album strain 201; Metarhizium flavoviride strains 204 and 209; Beauveria bassiana strains 959, 2253
and 2629) with GenBank ITS sequences for M. a. anisopliae (AF516295 and AF134150), M. album (AF137067), M. flavoviride (AF138269) and B.
bassiana (BBA345090). The specific primers ITSMet and ITSMet14 developed by us are indicated by gray boxes. *consensus residues.
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201 AATAAATTGG- CGGCCTCGCCGH C - - -TCCTCTGCGTANNAACATGTTGCCCTTCC -~ 481
AF137067 AATGAATTG- - CGGCCTCGCCGCGGCC - -TCCTCTGCGTAGTAACATGTTGCCCCTTCGC 498
ES BAATTAATTGG - CGETCTCCCCETCGCCC-TCCTCTGCGCA-GTA- - - CTAAAACACTCGC 420
c AATTAATTGG- CGGTCTCGCCETGGCC - - TCCTCTGCGCA- GTA- - -GTAAAACACTCGT 420
AF516295 AATTAATTGG-CGGTCTCGCCGTGGCCC ~TCCTCTGCGCA-GTA- - -GTAAAACACTCGC 418
AF134150 AATTAATTGG - CGGTCTCGCCGTGGCCC - TCCTCTGCGCA -GTA- - - GTAAAGCACTCGC 432
B/Vi AATTAATTGG- CGEGTCTCGCCETGGCCC -TCCTCTGCGCAAGTA-- - - GTAAARCACTCNC 427
14 BATTTATTGH GGGCTCCCCGTGGCCTTTCCTCTGCGCAAGAA - - -GTAACTCCCTCGC 460
209 AATGAAATTGGCGGCCTCGTCGCGGCCT - CCCTCTGCGTAAGTA - - - ACACAARTCTCGC 453
AF138269 AATGAA- TTGGCGGUCTCGTCGCGGCCT - CCCTCTGCGTA- GTA - - -GCACAARTCTCGE 468
204 ARANAANTTGGGGGCCCTNTCCCGGCCT -NCCCTTNGGAARRAR - - - NNAARATTNNCCA 462
2629 AAGTGGCEG-CC-GT- - - - CCGCEBCGA- - CCTCTGCGTAGTAA - - - TACAGCT -CGCAC 440
BBA345090 GAGTGGCGG-CCCGT - - - - CCGH CGA- - CCTCTGCGTAGTAA- - -TACAGCT-CGCAC 453
2253 GAGTGGCGG-CCCGT - - - - CCGCGGCGA - - CCTCTGCGTAGNAA - - - TACAGCTTCGCAC 431
959 TNC C GTTNCGCUCNGC C--CTTTT - - -CTCNAGNTTHNNNC 489
Cons. residues * * ko * *oxx *
201 AACAGGAGCC- -GGCGCGG- - C-ACTGNCGTAAA - - CCACC- -ACTTTTTC - - -CAAGTT 529
AF137067 AACAGGRGCCC-GGCGCGG- - CCACTGCCGTAARAACCACC - -AACTTTTTTCACAAGTT 553
E9 GCCCCGGCGCGGCC - - ACTGCCGT: CCCCC- - -CAACTTT-TTATA-GTT 473
C AACARGGAGCCC-GGCGCEETCCANCTGCCGTARAACCCCC CAACTTT-TTATA-GTT 474
AF516295 AACAGGAGCCC-GGCGCGGTCC - ACTGCCGTARAACCCCC- - -CAACTTT-TTATA-G-- 469
AF134150 AACAGGAGCCC-GGUGCEGTCC - ACTGCCGTAARACCCCC - - -CAACTTT- TTATA-GTT 485
B/Vi AACAGCGACCC  CCOCGCCC CC ACTGCCONAAAACCCCC CAACTTT TTATAACTT 479
14 G GCCC-GGECGCEGECCA - NCTGC ! CCCCCAATCAACTTTGTTACA-GTT 517
209 AGCTGGAGCGCGECGCGN - - - CACCTGCCGTAARACG - - CA-C-AACCTT - TTTTAAGTT 505
AF138269 AGCTGGAGCGUGECGCGE - - - CCACTGCCGTAARACG - -CA- CCAACTTT - TTTAAAGTT 521
204 ACTT NNGG T, CC-CCCNCTTT-TTTTAAA-- 518
2629 CGG- - -AACCCCGACGCGG- - CCGCCGT- CC- - -CAACTTC- - TGAACGTT 489
BBA345090 CGG- - - AACCCCGACGCGG- - CCAC-GCCGT - ARAACACC - - -CAACTTC- - TGAACGTT 501
2253 CGG- - - AACCCCCACGCGG - -GCACGCCCGTTAARACCCC- - -CAACTTC- - TGAACGTT 481
959 CGGCGGNAARCCCGARGNNNG - - CCNTNGCCGA - ABAAAGCC- - - CANNTAA - - ARAACNTN 541
Cons. xesidues * = * *
201 GACCNC-BATCAGG-ARGAATCCCCTNACTTAGATT - 563
AF137067 GACCTCGAATCAGG-TAGGAAT --- 574
E9 GACCTCGAATCAGG - TAGGACTACCCGCTGAACTTAAGCATATCAATAGCGGGARA- - 528
< GACCTCGARTCAGG- TAGGACTACCCGCTGAACTTA - GCATATCAATARACNGNAA- - 528
AFS516295 -
AF134150 GACCTCGAATCAGG- TAGGACT - 506
B/Vi GACCTCNAATCANG - GAGGACTACCCGCTGAACTTAAGCATATAATNAGCGGGAA- - - 533
14 GACCTCARAT - - AG-GANGACNCCC- - CCNAACTTA - - - -CTTCATTAACGGAAA-- - 563
209 GACCTC-AATCAGG-GANGAARTACCCGCTGAACTTACATATCAN -- 548
AF138269 GACCTCGAATCAGG-TAGGAAT- - 542
204 e -
2629 GACCTCGAATCA- - 501
BBA3450%0 GACCTCGAATCAGG - TAGGACTACUCGCTGAACTTAAGCATATCAATA 550
2253 GACCTCCAAATAAG - GAGGACTNCCCCCTGAACTTAACATTCATNAC- - - - - -- 527
959 ABRCTTGGANTAAGGGNAGGARNAACCCCTNGACTTTTGCTTNTCNATAACGGGGGAR - 598
Figure 2 (Cont).
E9
C
M. anisopliae var. anisopliae (AF516295
M. amsaplzael\aar. anisopliae (AF134150)
2629
Beauvegfg bézssiana (BBA345090)
5

959

M. album (AF137067)
201
209
—rL_M avoviride (AF138269)
204

.10

B/Vi

Figure 3 - Phylogenetic analysis of ITS1 — 5.8S — ITS4 rDNA sequences
from Metarhizium anisopliae, Metarhizium album, Metarhizium
[flavoviride and Beauveria bassiana strains based on the Neighbor-joining
method. GenBank accession numbers are listed after species names.
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products obtained from infected larvae and pure cultures of
the fungi (Figures 5 and 6).

Discussion

Our PCR-RFLP data showed that the variation in
length and restriction sites in the ITS regions could be used
to differentiate M. a. anisopliae from M. album and M.
flavoviride. The six distinct restriction enzymes tested in
this study were able to clearly distinguish the different
Metarhizium species investigated. Ribosomal genes and
their ITS and IGS spacer regions have been widely used for
the identification and differentiation of species (Fouly et
al., 1997) as well as in taxonomic (Driver et al., 2000),
phylogenetic (Rakotonirainy et al., 1994) and genetic di-
versity (Anderson et al., 2001; Uetake et al., 2002) studies,
with ITS sequences having been reported as being useful
for discriminating between different species of fungi
(Neuveglise et al., 1994; Fouly et al., 1997; Jensen et al.,
2001; Anderson et al., 2001; Thomsen and Jensen, 2002).

Afal Alul Ddel Haelll Sau3 Tag 1

M 1 @2 3 1 2 I 2 1 2 1

[§]
=

Figure 5 - PCR-RFLP profiles of Metarhizium anisopliae var. anisopliae
strain E using the ITSMet/ITS4 primer set with the restriction enzymes
Afal, Alul, Dde 1, Hae 111, Sau 3A T and Tag 1. 1 = DNA from a pure cul-
ture of strain Eq; 2 = DNA from larvae infected with strain Eq. M = 100 bp
DNA marker.

490 bp

Figure 4 - Amplification of DNA from pure cultures and infected larvae using the primer sets ITSMet/ITS4 (A) and ITS14/ITS4 (B). Primer set A: 1 =
strain Eo; 2 = larvae infected by strain Eg; 3 = strain 14; 4 = larvae infected by strain 14; 5 = strain 201; 6 = strain 204; 7 = strain 959; 8 = non-infected lar-
vae; 9 =control reaction without DNA. Primer set B: 1 = strain 14; 2 = larvae infected by strain 14; 3 = strain Eo; 4 = larvae infected by strain Eo; 5 = strain
201; 6 = strain 204; 7 = strain 959; 8 = non-infected larvae; 9 = control reaction without DNA. M = 100 bp DNA marker.



Specific primers for Metarhizium anisopliae

Afal Alul

Dde 1 Haelll Sau3Al Tag 1
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Figure 6 - PCR-RFLP profiles of Metarhizium anisopliae var. anisopliae
strain 14 using the ITSMet14/ITS4 primer set with the restriction enzymes
Afal, Alul, Dde 1, Hae 111, Sau 3A T and Tag 1. 1 = DNA from a pure cul-
ture of strain 14; 2 = DNA from larvae infected with strain 14. M = 100 bp
DNA marker.

Our ITS1-5.8S—ITS2 sequencing data showed vari-
ations which allowed us to design specific primers which
could not only detect and identify M. a. anisopliae but also
to differentiate between our Brazilian strains (Eo, B/Vi and
C) and the Australian strain (strain 14) because the se-
quence variation of strain 14 was very different from that of
the other members of the same species, these sequence vari-
ations allowing us to develop a specific primer for strain 14.

Isolation of PCR-amplifiable DNA from environ-
mental samples is often difficult due to the co-isolation of
compounds with the ability to inhibit the PCR (Hegedus
and Khachatourians, 1996b). Samples of DNA from plants
(Do and Adams, 1991) and fungi (Pfeifer ez al., 1993) may
retain polysaccharides which can cause problems during
amplification and insect cuticles may contain a number of
compounds that can act as potent PCR inhibitors (Hack-
man, 1974). Our extraction protocol produced DNA from
infected larva with sufficient purity for direct PCR amplifi-
cation and although this DNA produced a reduced amount
of product in comparison with that produced when DNA
from pure cultures was used the amount of product was still
sufficient for us to be able to identify the fungal species
with which the larva had been infected.

Several fungi have been cited as being potential
mycoinsecticides (Samson et al., 1988), although only a
few have been intensively investigated and examined at the
molecular level (Hegedus and Khachatourians, 1996b).
Commercial mycoinsecticides (mycopesticides) require
specific and sensitive methods for the identification of the
specific fungal strain used during production, such methods
being needed not only to ensure strain stability and protect
patents but also for use under field conditions for such pur-
poses as making environmental impact assessments.

Specific primers have been developed for the detec-
tion and identification of some entomopathogenic fungi
such as Beauveria bassiana (Hegedus and Khachatourians,
1996b) and Gliocladium catenulatum (Paavanen-Huhtala

et al., 2000). In this study we developed a PCR-based
primer set system specific for Metarhizium anisopliae var.
anisopliae which can simply, rapidly and securely detect
this fungus in Diatraea saccharalis larvae 48 h after infec-
tion without the need to use techniques such as probe hy-
bridization or DNA sequencing.

Our study also showed that M. a. anisopliae, M. al-
bum and M. flavoviride can be clearly differentiated using
PCR-RFLP of the ITS 1-5.8S-ITS 2 region, supporting the
view of Curran et al. (1994) who used amplification and se-
quencing of the 5.8 S gene, intergenic regions ITS 1 and
ITS 2 and phylogenetic analysis to show that M. anisopliae
and M. flavoviride + M. album represent two separate evo-
lutionary lines.

The fact that DNA extracted from infected insects can
be rapidly analyzed using our set of primers means that the
identification of the entomopathogen fungus M. a.
anisopliae in laboratory and field studies can be used not
only to evaluate the efficacy of mycopesticides and indicate
when re-application is necessary but also to study the envi-
ronmental persistence of entomopathogens, such evalua-
tions normally taking a long time because
entomopathogenic fungi must be re-isolated and cultured
under specific conditions in order for them to be identified
by morphological and physiological tests. Our method of-
fers an alternative approach for typing M. a. anisopliae
strains within infected insects and reduces the need for
time-consuming conventional methods. This technique
also opens up the possibility of monitoring the environmen-
tal impact of M. a. anisopliae mycoinsecticides on
pollinators and other non-target insects.
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