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Polimorfismo do Gafanhoto Schistocerca pallens (Thunberg) (Orthoptera: Acrididae)
e seu Patdgeno Natural Metarhizium flavoviride Gams & Rozsypal
(Hyphomycetes), Revelado pela Andlise de RAPD.

RESUMO - Foi investigadaavariabilidade genéticaatravés de andlise de RAPD
entre 27 individuos de duas popul agBes distintas (Rio Grande do Norte e Distrito
Federal) do gafanhoto-praga Schistocerca pallens (Thunberg) ede oitoisolados
do seu patégeno natural, o fungo Metarhizium flavoviride Gams & Rozsypal.
Para os gafanhotos, 79 caracteres binérios gerados por dez primers foram
selecionados para andlise. A estimativa média da diversidade de nucleotideos
nas populagdes de S. pallens do Distrito Federal e do Rio Grande do Norte ,
feita através do programa RAPDDIP, indicou alta variabilidade genética
intrapopulacional, com valores de 2,2 e 2,3% respectivamente. No entanto, o
valor estimado de divergénciade nucleotideos de 0.004 revel ou que praticamente
ndo existe diferenca entre essas popul agdes estudadas. Com relacdo aosisolados
de M. flavoviride, foram selecionados para andlise 388 caracteres binarios
gerados por 31 primers. A andlise fenética destes dados revelou uma ata
homogeneidade (similaridade > 79,5%) entre osisolados, principa mente entre
os brasileiros (similaridade > 98,3%), os quais foram obtidos de regifes
geograficamente préximas e do mesmo hospedeiro, S. pallens.

PALAVRAS-CHAVE: Insecta, variabilidade genética, fungo entomopato-
génico, controle biolégico, marcadores moleculares.

ABSTRACT - The genetic variability of 27 individuals from two distinct
populations (Northeast and Central Brazil) of the grasshopper Schistocerca
pallens (Thunberg) and eight isolates of its natural pathogen, the fungus
Metarhiziumflavoviride Gams & Rozsypal, wasinvestigated using RAPD analy-
sis. For the grasshoppers, ten different 10-mer oligonucleotide primers of arbi-
trary sequence were selected for analysis, resulting in 79 scorable binary char-
acters. The program RAPDDIP applied to S. pallensreveal ed nucleotide diver-
sity of 2.3 and 2.2% for the populations from Rio Grande do Norte (Northeast
Brazil) and Federal District (Central Brazil), respectively. These values indi-
catethe presence of high genetic variability within these populations. Conversely,
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the value for nucleotide divergence (0.004) showed almost no distinction be-
tween the two populations. In the case of M. flavoviride, thirty-one 10-mer oli-
gonucleotide primers of arbitrary sequence were selected for analysis, produc-
ing 388 scorable binary characters. A dendrogram obtained for M. flavoviride,
using the program NTSY'S, revealed high homogeneity (similarity >79.5%)
among the 8 isolates analyzed. The Brazilian isolates, all from the same geo-
graphical areaand host (S pallens), were even more homogeneous (>98.3%).

KEY-WORDS:

Insecta, genetic variability, entomopathogenic fungus, biologi-

cal control, molecular markers.

The grasshopper, Schistocerca pallens
(Thunberg), isaserious pest of several crops
in Northeast Brazil, including beans, maize,
cotton, sugarcane, cashew, and native aswell
as cultivated pastures (Moreira et al. 1996).
With few exceptions, thisinsect can befound
al over the country (Duranton et al. 1987),
including Central Brazil (DF), where it oc-
curs at low population densities (F. G.
Schmidt, personal communication). The only
currently adopted pest control strategy is
based on chemical insecticides. A promising
alternative would be the use of biopesticides,
in particular those based on pathogenic fungi
(Morley-Davies et al. 1995, Miranda et al.
1996, Moreiraet al. 1996). Thereforeasearch
for anatural enemy of S. pallensis needed.

Metarhizium flavoviride Gams &
Rozsypal has been found to infect S. pallens
in Northeast Brazil (Magalhées et al. 1997).
One of its isolates (CG423) has shown high
virulence against another grasshopper,
Rhammatocerus schistocercoides (Rehn),
from Central Brazil (Magalhdes et al. 1997)
and against Siphra robusta Mello-Leitdo
(Orthoptera: Proscopiidae) from Northeast
Brazil (M. Moreira & B. P. Magalhées, un-
published). These results indicate the possi-
ble use of this fungus against grasshopper
pests. However, an important aspect in the
development of asuccessful control strategy
involvesthe understanding of the genetic vari-
ability of the host population and that of the
fungal isolate. Host populations that are ge-

netically distinct may present different levels
of susceptibility, affecting the choice of iso-
late. Genetic characterization of isolates also
allows accurate monitoring following appli-
cation. This information can be used to as-
sess fungal isolate factors such as efficiency,
stability and persistency in thefield.
PCR-based DNA markers, such as those
generated by random amplified polymorphic
DNA-RAPD (Williams et al. 1990), also
known as arbitrarily primed PCR markers
(Welsh & McClelland, 1990), have been ex-
tensively used to study polymorphism of sev-
eral organisms, including grasshopperswithin
the genus Melanoplus (Chapco et al. 1992)
and fungal isolates of Metarhizium spp.
(Fegan et al. 1993, Bidochka et al. 1994,
Tigano-Milani et al. 1995). Thistechniqueis
based on PCR amplification using random
primersthat produce several DNA fragments
from an individual genomic DNA. By com-
paring several individuals, the presence/ab-
sence of a specific amplified DNA fragment
may produce useful genetic information to
identify anindividual by itsDNA fingerprint
or polymorphic fragments as a genetic char-
acter to study population dynamics. Based on
that, in this study we have used RAPD mark-
ers with the objective to obtain preliminary
dataon theintraand interpopul ational genetic
variability of S pallens from Northeast and
Central Brazil. Another objective was to in-
vestigate the existence of molecular markers
to separateisolatesof M. flavoviridethat show
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potential to control grasshopper pestsin Bra-
zil.

Material and Methods

I nsects. Twenty-seven femaleadults, 11 from
Central Brazil and 16 from Northeast Brazil
were used. The insects were stored in abso-
lute ethanol at -20°C prior to DNA extrac-
tion.

Fungi. Eight isolates of M. flavoviride were
used. Five of theseisolateswere obtained from
S pallens from Northeast Brazil and 3 from
other countriesand acridid hosts. Oneisolate
of M. album Petch and one isolate of M.
anisopliae (Metschn.) Sorokin were used as
outgroups (Table 1). Mycelium was obtained
from a submerged culture of spores in
Saboraud dextrose broth, which was previ-
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muscles of grasshopper individuals were re-
moved and incubated at 60°C for at least 1 h
with 400ml of salt lysis buffer (0.4M NaCl,
10mM Tris-HCI pH 8.0, 2mM EDTA pH 8.0),
containing proteinase K (70mg) and 2% SDS.
After adding 350ml of 6M NaCl to the sus-
pension, the mixture was then vortexed for at
least 1 min, followed by centrifugation at
14,000 rpm for 20min. DNA was preci pitated
from the supernatant by adding an equal vol-
ume of isopropanol, incubated at -20°C for 1
h and then centrifuged at 14.000 rpm for
20min. The pellet waswashed with 70% etha-
nol, dried and resuspended in 300ml of ster-
iledistilled water.

FungusDNA Extraction. Approximately 3g
of lyophilized mycelium for each Metarhizium
spp. isolate was grounded to a powder in a
mortar and pestle, using liquid nitrogen. Ge-

Table 1. Isolates of Metarhizium spp. used in RAPD analysis.

Isolatet Species Host Geographical Origin?
CG288 M. flavoviride  Schistocerca pallens (Ort., Acrididae) PB/Brazil
CG291 (ARSEF324) M. flavoviride  Austracris guttulosa (Walker 1870) (Ort.,Acrididae) Australia
CG343 (ARSEF2575) M. anisopliae  Curculio caryae (Horn) (Coal., Curculionidae) USA
CG366 (IM1330189) M. flavoviride  Ornithacris cavroisi (Finot) (Ort., Acrididae) Nigeria
CG423 M. flavoviride  Schistocerca pallens RN/Brazil
CG429 M. flavoviride ~ Schistocerca pallens PB/Brazil
CG430 M. flavoviride  Schistocerca pallens RN/Brazil
CG431 M. flavoviride  Schistocerca pallens RN/Brazil
CG442 (ARSEF3391) M. flavoviride  Zonocerus elegans (Thunberg) (Ort., Acrididae) Tanzania
CG515 (ARSEF1941) M. album Nephotettix virescens (Dist.) (Hom., Cicadellidae)  Philippines

1 CG, Embrapa - Genetical Resourses and Biotechnology Collection, Brasilia, DF, Brazil;
ARSEF, Agricultural Research Service Entomopathogenic Fungus Collection, USDA-ARS,
Ithaca, NY, USA; IMI, International Mycological Institute, Egham, UK.

2PB, Paraiba State; RN, Rio Grande do Norte State.

ously shaken at 150 rpm for 3 days at 25°C.
Mycelium was harvested by filtration through
filter paper (Whatman N°1), lyophilized and
stored at -80°C.

Grasshopper DNA Extraction. Femoral

nomic DNA extraction was carried out as de-
scribed by Raeder & Broda (1985).

Grasshopper RAPD Analysis. PCR
amplifications were performed in a reaction
final volume of 30ml, using 10ng of eachtem-
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plate DNA. The amplifications were done
using the following reaction mixture: 0.2mM
of each dNTPR, 0.4mM of primer, 2U of Taq
DNA Polymerase (CENBIOT-RS) and 1x
polymerase buffer containing 1.5mM MgCl.,.
Thirty-two 10-primers were screened using
genomic DNA from two grasshopper indi-
viduals. Ten 10-mer primers (Operon Tech-
nologies) were then selected for this study
based on their ability to produce easily dis-
tinguishabl e polymorphisms (OPC-04, 06, 10;
OPE-01, 03,04, 06, 08, 11, 15). Thetempera-
ture profile for al reactions was 94°C for 3
min, followed by 40 cyclesof 93°C for 1min,
35°C for 1min, 72°C for 2min, with a final
extension at 72°C for 5min, using a 9600
cycler (Perkin-Elmer) system. Theamplifica-
tion productswere stored at 15°C prior to the
analysis on a 2% Tris/Borate/EDTA (TBE)
agarose gel and visualized by staining with
ethidium bromide (Sambrook et al. 1989).

FungusRAPD Analysis. PCR amplifications
were performed in areaction final volume of
15ml. Two different concentrations of each
template DNA (5 and 15ng) were used to
eliminate sporadic amplifications products
from the data. Fifty-eight 10-mer primers
(Operon Technologies) were tested using
DNA from isolates of Metarhizium spp. Of
these 55, 31 were selected for further study
(OPA-11; OPD-01, 02, 04, 05, 07, 08, 11, 12,
13, 15, 18, 20; OPE-02, 03, 09, 13, 14, 15,
16, 17, 18, 19; OPN-13; POR-01, 09, 12, 14,
15, 19; OPX-07). Reaction mixture, tempera-
ture profile, and visualization of the products
were done as described above.

Statistical Analysis. Only well-resolved am-
plified products were scored from photo-
graphsof ethidium bromide stained gels. The
presence or absence of a specific band of de-
fined size wasrecorded. Independent charac-
ters were analyzed using NTSY S-pc v.1.8
(Rohlf 1993) by calculating the Jaccard simi-
larity coefficient. The generated pairwise
matrix was used to group individuals by the
Unweighted Pair Group Method, Arithmetic
Average (UPGMA; Sneath & Sokal 1973).
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For S. pallens, further analyses were per-
formed using the RAPDDIP program (Clark
& Lanigan 1993) in order to access the ge-
netic diversity within and between geographi-
cal populations. Nucleotide diversity repre-
sents a percentage of the nucleotide substitu-
tion per primer annealing sitein the genome,
serving as an index to evaluate the genetic
diversity within a population. Nucleotide di-
vergence represents a pairwise comparison of
the nucleotide diversity values, serving asan
index to evaluate de genetic distance among
different populations. Nucleotide diversity
within population and nucleotide divergence
between populations (Nei 1987) were esti-
mated using the following assumptions: poly-
morphic bands segregatein aMendelian fash-
ion, same-sizefragmentsin different individu-
asarealelic and have not arisen through in-
dependent mutation, and single nucleotide
substitution rather than insertion and deletions
are the principal cause of lack of amplifica-
tion of a particular DNA fragment at a par-
ticular primer annealing site.

Resultsand Discussion

Polymorphism of S. pallens. The 10 prim-
ers used for analysis produced an average of
15 fragments per primer. Seventy-nine DNA
fragments of molecular sizevarying from 180
to 3000 pb were used as distinct characters
for statistical analysis. An example of there-
sultsis shown (Fig. 1).

Using these data, a pairwise comparison
matrix was generated using the Jaccard simi-
larity coefficient (Fig. 2). The average simi-
larity among individual swithin the Northeast
and the Central Brazil populations was 54.6
and 60.1%, respectively. However, cluster
analysis by UPGMA did not resolve distinct
phenetic groups correlating with geographic
region (data not shown). Recently, Clark &
Lanigan (1993) developed a computer pro-
gram, RAPDDIP, that estimates genetic pa-
rametersderived directly from populationin-
formation. Using this analysis, values of 2.3
and 2.2% for nucleotide diversity were ob-
tained for the Northeast and Central Brazil
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Figure 1. Agarose gel showing DNA amplification products using primer QPI_E-OG for 27
individualsof S pallens. Abbreviationsrefer to Brazilian States: DF, Federal District (Central

Brazil); RN, Rio Grande do Norte (Northeast).

populations respectively (10% is the maxi-
mum possible value according to Clark &
Lanigan’s method). A nucleotide divergence
score of 0.004 (standard error of 0.0007), in-
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dicates a high homogeneity between the two
grasshopper populations. Thus, it was not
possible to characterize individuals belong-
ing to a particular population. Similar intra
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Figure 2. Genetic similarity coefficient matrix for 27 individualsof S. pallens, based on 79
PCR fragment patterns obtained from 10 RAPD primers. Values were calculated by Jaccard
coefficient. Individuals number 1 to 11 are from Central Brazil (DF) and 12 to 27 arefrom the

Northeast (RN).



96

and interpopulational genetic variability has
been obtained with two other grasshopper
species, Melanoplus sanguinipes (Fabricius)
and M. femur-rubrum (De Geer), using RAPD
analysis (Chapco et al. 1992).

The RAPD technique was successfully
used to show polymorphismwithin S pallens
populations. However, it was not possible to
fully differentiate between these popul ations.
Further analysis, using a greater number of
insects and markers, as well as different
populations, will be necessary to confirm these
preliminary findings. Knowledge of the ge-
netic variability between populations from
different regions may be useful in the estab-
lishment of new strategies for the microbial
control of this pest. Should alow variability
between S pallens popul ations be confirmed,
the efficacy of M. flavoviride against any
given population would not be expected to

M CG366

(G291 CG442 CG288 (G423 CG430 CG429 (G431
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age of 12 fragments per primer. DNA frag-
ments (388) of molecular size varying from
200 to 3000bp were used as distinct charac-
tersfor statistical analysis. An example of the
fingerprints obtained is shown (Fig. 3).
Cluster analysis, based on similaritiescal-
culated from RAPD data, showed a high de-
gree of homogeneity among M. flavoviride
isolates (Fig. 4). The eight M. flavoviride
strainsanalyzed wereall isolated from acridid
grasshoppers and, despite their origins, they
clustered with avery high similarity (=79.5%).
Brazilian isolates (CG288, CG423, CG429,
CG430 and CG431) showed even higher ssimi-
larity (298.3%). Besides being from close
geographic areas (Northeast Brazil), theseiso-
lateswere also originally found infecting the
same host, S pallens. The Nigerian isolate
(CG366), which is being developed as a
biopesticide against grasshoppers in Africa

CGSIS CG343 M

- 3.0 kbp

- 1.0 kbp

- 0.5 kbp

Figure 3. Agarose gel showing DNA amplification products using primer OPE 15 for iso-
lates of M. flavoviride, M. album and M. anisopliae.

differ significantly under similar climatic con-
ditions.

Polymorphism of M. flavoviride. The 31
primers used for analysis produced an aver-

(Bateman, 1992), clustered with Brazilian iso-
lates, showing a high level of similarity
(93.5%). Isolatesfrom Australia(CG291) and
Tanzania (CG442) clustered together with
85.6% similarity, and were found to be ge-
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Figure 4. Dendrogram constructed from RAPD data, indicating relationships among iso-
lates of M.flavoviride (@), M. anisopliae (b) and M. album (c). The UPGMA dendrogram was
generated from a similarity matrix, calculated by Jaccard coefficient.

netically moredistant (81.3% similarity) from
the Brazilian and Nigerian isol ates.

Low genetic variability of M. flavoviride
strainsobtained from acridid hosts has a ready
been demonstrated by other RAPD analysis
(Cobb & Clarkson 1993, Bidochka et al.
1994, Tigano-Milani et al. 1995, B.P.
Magalh&es, M. Faria, M.S. Tigano & B.W.S.
Sobral, unpublished) and by rDNA sequence
analysis(Curran et al. 1994). Therepresenta-
tives of outgroups used here, M. anisopliae
(CG343) and M. album (CG515), were very
distinct fromthe M. flavovirideisolates, with
16.7 and 10% similarity respectively, making
theinterspecific differences very clear.

As shown by the results, there was some
clustering by geographic areaand host. How-
ever, thelow polymorphism observed among
M. flavoviride isolates indicates the need to
introduce an exogenous marker into the iso-
late selected ashiological control agent. This
will be a powerful tool for reliable identifi-
cation and monitoring of the pathogen in the
field.
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