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ABSTRACT

Spodoptera frugiperda (J.E. Smith, 1797) (Lepidoptera: Noctuidae) is considered to be one of
the most serious pests for crops such as corn, rice and other Gramineae, and its control is of great economic
importance.

Studies on this species have mainly focussed on the agricultural damage caused by the pest and
on its control. There are practically no studies on genetic variability at the protein level within and among
S. frugiperda populations.

The objective of the present study was to determine the electrophoretic patterns of twelve
proteins (peptidases, carboxylesterases, malic enzyme, glucose dehydrogenase, alcohol dehydrogenase,
glycerol-3-phosphate dehydrogenase, isocitrate dehydrogenase, leucine-aminopeptidase, nonspecific
proteins, phosphoglucomutase, malate dehydrogenase, and superoxide dismutase) in natural S. frugiperda
populations, as well as the number of loci involved, and to identify possible allele variants.

Six of the twelve proteins studied (malic enzyme, glucose dehydrogenase, aicohol
dehydrogenase, peptidase, superoxide dismutase, and malate dehydrogenase) are described for the first
time for this species. Twenty-two loci were detected, 13 of which presented genetically determined

variation. Statistical analysis of the population data is in preparation.

* Part of a thesis presented by LM.K.S.L. to the Departamento de Genética, FMRP, USP in partial
fulfillment of the requirements for the Doctoral degree.
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INTRODUCTION

Spodoptera frugiperda (J.E. Smith, 1797) is an insect of the order Lepidop-
tera, family Noctuidae, and is considered to be a New World species (Todd and Poole,
1980). It is an agricultural pest which, according to Luginbill (1928), originates in
tropical and subtropical regions of the Western Hemisphere and is distributed from
Southern Canada to Chile and Argentina (Todd and Poole, 1980). In the Americas,
S. frugiperda is considered to be one of the major pests of corn, rice, sorghum and
forage grasses (Wiseman et al., 1966; Carvalho, 1970; Sparks, 1979; Pantoja et al.,
1986), which are basic foodstuffs for many human populations and which are also
used for the preparation of animal rations.

In general, few agricultural pests have been characterized electrophoretical-
ly for genetically determined differences among populations, and S. frugiperda is not
an exception to this rule. Studies on the protein variability of this species have been
conducted by Pashley et al. (1985) on populations from Mexico, the United States
and Porto Rico in order to establish the migratory routes of these insects among these
countries.

In the present study we report the electrophoretic patterns of twelve proteins
analyzed in pupae from two natural populations of S. frugiperda. The number of active
zones and of loci involved were determined and possible allelic variants were iden-
tified. Statistical analysis of the population data is currently in preparation.

MATERIAL AND METHODS

Samples of natural S. frugiperda populations were collected from cornfields
at the Experimental Agricultural Station of Sertdozinho, Department of Agriculture
of the State of Sao Paulo (SP), from November to December 1984, and at a rural site
in the municipality of Londrina, State of Parand (PR) in February, 1985. Insects in
the final larval stages were collected and maintained in the laboratory until the pupal
phase, when they were stored frozen at -20°C until the time for use.

The pupal stage was ideal for analysis because there was no problem of
extract contamination with food, it was possible to identify the sex of each individual,
and a larger number of activity zones could be observed, with better visualization in
most cases.

Individual samples were homogenized in 0.5% 2-beta-mercaptoethanol (v/v)
and centrifuged for 20 minutes at 3000 rpm at room temperature. Whatmann No. 3
filter paper was used to absorb the supernatant for analysis by horizontal gel
electrophoresis. Two types of gel were used, i.e., 10.5% starch (Smithies, 1955) and
starch-agarose at respective concentrations of 2% and 0.8%. Buffer solutions and
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reaction mixtures were prepared by the methods of Harris and Hopkinson (1976) and
Lima (1989).

Table I summarizes the electrophoretic conditions used for the study of the
following proteins: peptidases (PEP), carboxylesterases (EST), malic enzyme (ME),
glucose dehydrogenase (GDH), alcohol dehydrogenase (ADH), isocitrate
dehydrogenase (IDH), glycerol-3-phosphate dehydrogenase (G-3-PDH), leucine-
aminopeptidase (LAP), nonspecific proteins (PT), phosphoglucomutase (PGM), su-
peroxide dismutase (SOD), and malate dehydrogenase (MDH).

Table I - Electrophoretic conditions utilized for the study of different proteins in S. frugiperda.

Buffers Gel Migration

Protein type time V/em
Bridge Gel (hours)

PEP, EST 03M 0.076-0.007 M starch 55 6
Borate Tris-Citrate
pH 8.0 pH 8.5-8.6

ME, GDH, ADH 03M 0.02M starch 16 25
Tris-HCI Tris-HCl
pH 8.6 pH 8.6

IDH, G-3-PDH 0.240-0.15 M 1:40 dilution starch 17 3
Phosphate- (v/v)of the
Citrate bridge buffer
pH 8.6

LAP, PT 03M 0.017-0.0023 M starch 55 2
Borate Tris-Citrate
pH 8.0 pH 8.0

PGM, SOD, MDH 022M 1:15 dilution starch- 5 6
TEMM (v/v)of the agarose

pH74 bridge buffer
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RESULTS AND DISCUSSION

When interpreting the results we numbered the zones of activity according
to their electrophoretic mobility from the anode toward the cathode. The nomencla-
ture for the designation of loci and alleles was the same as that proposed by Shows et
al. (1979) for human genes.

The electrophoretic pattern of each of the 12 proteins studied, the number
of loci involved and their possible allelic variants are given below.

Peptidases

The electrophoretic pattern of S. frugiperda peptidases is formed by two
anodic activity zones designated according to the migration of PEP1 and PEP2, which
can be visualized throughout the ontogenetic development.

The two zones were variable in the populations analyzed. The
electrophoretic phenotypes observed suggest that PEP1 is genetically controlled by
one locus with three codominant alleles, PEP1*1, PEP1*2 and PEP1*3, and that PEP2
is controlled by a locus with two, also codominant, alleles, PEP2*1 and PEP2*2.
Heterozygous individuals presented three bands for PEP1 and two for PEP2. Figure
1 illustrates the different electrophoretic phenotypes detected for this protein.

Pashley et al. (1985), who also studied the peptidases of S. frugiperda,
detected two zones, each coded by one locus: PEPF with five alleles, two of them ex-
tremely rare, and PEPS with three alleles, one of which appeared only in one of the
eleven populations investigated.

Among lepidopterans such as Lymantria dispar (Lymantriidae) (Harrison et
al., 1983) and Hemileuca olivae (Saturniidae) (Dubach et al., 1988), only one PEP
locus was detected, which was variable in both cases. In Anticarsia gemmatalis (Noc-
tuidae), Pashley and Johnson (1986) detected two variable loci.

Carboxylesterases

Under the conditions used, the electrophoretic pattern of S. frugiperda
esterases was found to consist of three activity zones. A fourth zone composed of two
weakly staining bands and not always present in pupae was visualized between EST2
and EST3.

The more anodic esterase EST1 was detected only by specifically using 4-
methyl umbelliferone ester, whereas EST2 and EST3, in addition to being detected
with the use of this substrate, were alsr‘o" detected more appropriately with the use of
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PEP1 1
PEP1 2
PEP1 3

Figure 1 - Schematic presentation
of the different electrophoretic -— - PEP2 4
phenotypes detected for pep- - o= & pPcp22
tidase in extracts of S. frugiperda
pupae. For PEP1, the following
phenotypes were obtained for
each sample: PEP1 1 (sample 1),
PEP1 2 (sample 2), PEP1 1-2
(sample 3), PEP1 1-3 (sample 4)
and PEP1 2-3 (sample 5). For
PEP 2: PEP2 1 (samples 1 and 4), 0

PEP2 2 (samples 2 and 5), and 1 2 3 4 5
PEP2 1-2 (sample 3).

naphthyl esters. The three zones were present in all phases of ontogenetic develop-
ment.

In the analyses performed on the two populations, EST1 and EST3 presented
phenotypic variants, suggesting that the EST1 locus may have two codominant alleles,
ESTI*I and ESTI*2, and that the £ST?3 locus may have at least 6 codominant alleles,
Le., EST3*1, EST3*2, EST3*3, EST3*4, EST3*5 and EST3*6. The heterozygous
individuals presented 3 bands for EST1 and/or EST3. The phenotypes detected for
the carboxylesterases are shown in Figure 2.

In all analyses performed, EST2 counsisted of three activity bands (Figure 2)
of very close migration and of identical staining intensity. We believe that this region
may be coded by a single locus but we do not rule out the possibility that each of these
isozymes may be coded by different loci. We have no conclusive data to opt for one
of these two possibilities.

Pashley er al. (1985) detected six alleles for the EST3 region, but did not
comment on the number of loci or alleles involved with respect to EST1 and EST2.

In a study of adults from natural populations of S. exempta, Den Boer (1978)
found only one zone of esterase activity for which he postulated the existence of a
locus with three alleles.
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Carboxylesterases have been extensively investigated in different lepidop-
teran families, always presenting several activity zones, at least one of which is variable
(Lokki et al., 1975; Sluss et al., 1978; Stock and Castrovillo, 1981; Harrison et al., 1983;
Whillhite and Stock, 1983; Pashley and Johnson, 1986; Menken, 1987).

Malic enzyme

In S. frugiperda, malic enzyme presented only one activity zone which showed
anodal migration and was monomorphic (Figure 3B). This zone is present in all
phases of ontogenetic development and progressively becomes more deeply stained
from the prepupal to the adult phase.

Studies by Den Boer (1978) have shown that in S. exempta malic enzyme is
coded by a locus with two alleles. The same result has been observed for other
lepidopterans. In some species malic enzyme is monomorphic including: Lymanthria
dispar (Harrison et al., 1983), 25 species of the Tortricidae (Pashley, 1983), and in
Anticarsia gemmatalis (Pashley and Johnson, 1986). In others it is variable: Solenobia
triquetrella (Psychidae) (Lokki et al., 1975); several species of the genus Speyeria
(Nymphalidae) (Brittnacher et al., 1977); in two species of the genus Heliothis, family
Noctuidae (Sluss et al., 1978), and in five species of the genus Choristoneura, family
Tortricidae (Stock and Castrovillo, 1981; Willhite and Stock, 1983).

Glucose dehydrogenase

Under the electrophoretic conditions used, we considered only one zone of
glucose dehydrogenase activity, GDH1, which is more anodal and is present in all
phases of ontogenetic development; the other GDH isozymes could not be properly
characterized.

Analysis of pupal extracts in both populations revealed the presence of three
electrophoretic phenotypes (Figure 3A) for GDH1, which suggest that this enzyme
may be controlled by one locus, GDH1, with two codominant alleles, GDH*1 and
GDH1*2.

Generally speaking, GDH is not an enzyme studied in lepidopterans.

Alcohol dehydrogenase
In S. frugiperda, the electrophoretic pattern of alcohol dehydrogenase is

formed by three cathodal activity zones denoted ADH1, ADH2 and ADH3, accord-
ing to their migration.
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Figure 3 - Schematic presenta-
tion of the electrophoretic pat- o 1 o 3
terns obtained for extracts of S.
frugiperda pupae. (A) Pheno- P - @ ADH3
types detected for glucose
- @ @ /02
dehydrogenase. Sample 1, C
GDHI 1; sample 2, GDHI 1-2; g o= @& o1
sample 3, GDH1 2. (B) Malic - oD
enzyme. (C) Phenotypes - ADHA1 1
detected for alcohol
dehydrogenase. Samples 1and 3,
ADH1 2; sample 2, ADH1 1-2.

This pattern varies according to the phase of ontogenetic development. From
egg to 3rd-instar larvae the three isozymes are not detected; 4th- and Sth-instar larvae
present ADH1 with reasonable staining intensity; 6th- and 7th-instar larvae, in
addition to deeply-staining ADH1, present ADH2 with moderate staining; prepupae
present all three isozymes, with ADH3 showing very weak staining at the beginning
of this phase and becoming more deeply stained as the phase progresses. The pupal
phase up to the 5th and 6th day is characterized by the three enzymes, all of them
deeply stained, and ADH1 showing the highest staining intensity; as pupal age
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progresses, ADH3 and ADH2 start to decrease in intensity. Adults only present
ADH1, with weak staining intensity.

Even though the phenotypes detected for ADH could be interpreted in
several manners, we consider the three isozymes to be the products of three distinct
loci, ADH1, ADH2 and ADH3, which may be activated at different phases of
ontogenetic development. The phenotypic variants detected for ADH1 may be
determined by two codominant alleles at the ADH1 locus, ADH1*1 and ADH1*2
(Figure 3C).

Isocitrate dehydrogenase

Analysis of pupal extracts of S. frugiperda revealed an electrophoretic pattern
consisting of two bands of isocitrate dehydrogenase activity, both of them of anodal
migration, which were designated IDH1 and IDH2. The electrophoretic pattern of
IDH varied according to ontogenetic development. In addition to the IDH1 isozyme
which was visualized from the larval to the adult stage, two more anodal isozymes
could be identified depending on the life cycle phase. Further studies are needed
before more definite conclusions can be reached about these isozymes. IDH2 was
detected from the prepupal to the adult stage.

Phenotypic variants for IDH1 and IDH2 were detected in the population
analyses, suggesting the existence of an IDH]I locus with two codominant alleles,
IDHI*1 and IDH1*2, for the Sertaozinho population, and a third allele, IDH1*3, in
addition to the first two for the Londrina population (Figure 4A). The data also
suggest that IDH2 may be coded by the IDH?2 locus in both populations and that this
locus may have three codominant alleles, IDH2*1, IDH2*2 and IDH2*3. Figure 4A
presents two phenotypes detected for this zone. Heterozygous individuals for both
IDH1 and IDH2 presented three bands.

In the S. frugiperda populations analyzed by Pashley et al. (1985), two IDH
loci (IDHS and IDHF), possibly having three alleles each were detected. Den Boer
(1978) observed two activity zones for IDH in S. exempta but did not make any genetic
comments.

Isocitrate dehydrogenase has been investigated in other lepidopterans in
which, as observed in S. frugiperda, it presented two activity zones determined by two
loci which usually have more than one allele, as was the case for Solenobia triquetrella
(Lokki et al., 1975), Lymantria dispar (Harrison et al., 1983), 25 species of the
Tortricidae (Pashley, 1983), Anticarsia gemmatalis (Pashley and Johnson, 1986), and
Euphydryas spp. (Nymphalidae) (Brussard, 1989). A single locus with genetic varia-
tion has been determined in Choristoneura retiniana and C. fumiferana (Stock and
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Castrovillo, 1981), in several species of the genus Speyeria (Brittnacher et al., 1977),
and in Heliothis virescens and H. zea (Sluss et al., 1978).

Glycerol-3-phosphate dehydrogenase

The electrophoretic pattern of glycerol-3-phosphate dehydrogenase (G-3-
PDH) detected in pupal extracts of S. frugiperda consisted of a single activity band of
anodal migration. We consider this enzyme to be coded by the G-3-PDH locus which
may be monomorphic (Figure 4B). G-3-PDH is first detected during the last larval
stages (6th and 7th) and the staining intensity of the band increases with pupal and
adult age.

In the studies by Pashley et al. (1985), G-3-PDH monorphism was observed.
In S. exempta, Den Boer (1978) identified one G-3-PDH activity band which may be
coded by a locus with two alleles. Studies conducted on other lepidopterans have also
detected a single G-3-PDH band coded by a single locus. In some species, G-3-PDH
was found to be monomorphic: Solenobia triquetrella (Lokki et al., 1975), Lymantria
dispar (Harrison et al., 1983), and 21 species of the family Tortricidae (Pashley, 1983).
In others, G-3-PDH is polymorphic: three species of the genus Speyeria (Brittnacher
et al., 1977), Heliothis virescens and H. zea (Sluss et al., 1978), Choristoneura occiden-
talis and Archips argyrospilus (Pashley, 1983), and Euphydryas spp (Brussard, 1989).

Leucine-aminopeptidase

The electrophoretic pattern of leucine-aminopeptidase detected here con-
sisted of a main zone of anodal activity present throughout the life cycle of S. frugiperda
but staining more intensely after the 7th larval instar.

A second, less anodic activity zone was also detected but the electrophoretic
conditions used were not ideal for its characterization.

In the Sertaozinho populations, LAP was monomorphic, and in the Londrina
population it showed phenotypic variants whose electrophoretic pattern consisted of
two activity bands. These phenotypes suggest that in this population the LAP locus
may consist of two codominant alleles, L4P*I and LAP*2 (Figure 5A).

In a study of 11 S. frugiperda populations, Pashley et al. (1985) described the
LAPS locus, which may be variable in seven of them and may have two alleles. For
Heliothis virescens and H. zea (Sluss et al., 1978), three LAP loci were detected, all of
them variable. Three loci were reported for five Choristoneura species (Stock and
Castrovillo, 1981), one of them variable in all of these species and the other monomor-
phic in C. occidentalis; five variable loci for Anticarsia gemmatalis (Pashley and
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Figure 5 - Schematic presentation of the electrophoretic phenotypes detected in extracts of S. frugiperda
pupae. (A) Leucine-aminopeptidase. Samples 1 and 3, LAP 1; sample 2, LAP 1-2. (B) Nonspecific
proteins. Sample 4, PT1 1 and PT3 1; sample 5, PT1 1-2 and PT3 1; sample 6, PT1 1 and PT3 1-2.

Johnson, 1986), and one locus in 19 species of the Tortricidae, which was variable in
four of them (Pashley, 1983).

Nonspecific proteins

The nonspecific proteins of S. frugiperda visualized with Amido-Black 10B
showed an electrophoretic pattern consisting of six bands. The most anodal protein,
PT1, was detected from the 6th larval instar to the end of the pupal stage. The
phenotypic variants detected suggest that the PTI locus may have two codominant
alleles, PT1*1 and PT1*2, with heterozygous individuals showing three bands.
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Between PT1 and PT2 there was a much weaker-staining band which,
however, was not present in all electrophoretic analyses and had the same migration
as the least anodic band of the PT1 1-2 heterozygote. PT2 can be visualized from the
3rd larval instar to the 10-day old adult phase. There was a weakly-staining band with
slightly less anodal migration than PT2 which was not always observed in the
electrophoretic analyses.

Present only in the pupal phase, PT3 is formed by a not very deeply staining
band. Phenotypic variants were detected for PT3, suggesting that the PT3 locus, which
codes for this protein, may have two codominant alleles, PT3*] and PT3*2.
Heterozygous individuals presented two bands.

PT4 consists of two weakly staining bands that are not always detected in all
analyses and is only observed in the pupal phase. PTS and PT6 are present from the
3rd larval instar to the final pupal stage and are deeply staining, though staining be-
comes weaker during the adult phase. We consider each of these three bands to be
coded by one locus which is monomorphic for the populations analyzed.

Figure 5B schematically illustrates the electrophoretic pattern of nonspecific
proteins and the different phenotypes detected for PT1 and PT3.

Phosphoglucomutase

Two activity zones were detected for phosphoglucomutase. One of them, the
more anodal one, was well characterized under the electrophoretic conditions used
and was designated PGM1. The other was not well defined and therefore was ex-
cluded from the present analyses.

PGM1 was present in all phases of ontogenetic development and was more
deeply staining during the larval and pupal stages. Phenotypic variants were detected
for PGM1, suggesting that this enzyme is genetically controlled by a single locus with
four codominant alleles: PGM1*1, PGM1*2, PGM1*3, and PGM 1*4. Of the possible
phenotypes resulting from the combination of these alleles, we did not detect PGM1
1, PGM1 4 or PGM1 1-4. Heterozygous individuals presented two bands of equal
staining intensity (Figures 6A and 7).

Pashley et al. (1985) also detected a PGM zone in the populations studied
by them, the PGM locus having five alleles in one and four alleles in the remaining
populations.

Phosphoglucomutase has been extensively investigated. Studies conducted
on several lepidopteran species have detected a single PGM locus with genetic varia-
tion, usually with more than three alleles (Lokki et al., 1975; Brittnacher et al., 1977,
Sluss et al., 1978; Harrison et al., 1983; Pashley, 1983; Willhite and Stock, 1983; Pash-
ley and Johnson, 1986; Brussard, 1989).



724 Lima and Contel

- & PGM1 1
A @ [ - & PGM1 2

¢ oo @ v
o - -

B — D —D O o SOD 1
CO D (O SsoD2
0 1 2 3 4 5 S 7

C G D@ G @ @& ' oH

Figure 6 - Schematic presentation of the electrophoretic patterns obtained for extracts of S. frugiperda
pupace. (A) Phenotypes detected for phosphoglucomutase. Sample 1, PGM1 2; sample 2, PGM1 3; sample
3, PGM1 1-2; sample 4, PGM1 1-3; sample 5, PGM1 2-3; sample 6, PGM1 24; sample 7, PGM1 3-4. (B)
Phenotypes detected for superoxide dismutase. Samples 1, 2 and 5, SOD 1; samples 3 and 7, SOD 2;
samples 4 and 6, SOD 1-2. (C) Malate dehydrogenase.

Superoxide dismutase
The electrophoretic pattern of S. frugiperda superoxide dismutase consisted

of a single activity band of anodal migration. During ontogenetic development SOD
is absent until the end of the larval stage, is present in prepupae though with weak



‘v TWDJ ‘g s1dwes ¢z TWOJ ‘L pue ¢ saidwes ¢ TWNOJ

‘v apdwres ‘z-1 TINDd ‘6 bue € saiduwres (7 TINOJ ‘01 PUB 9 ‘7 ‘T sojdweg "asseinwoonSoydsoyd 1oy poures 123 e jo ydeidoroyd - £ aindig

v IWOd
€ INDd

CIiNDd

L IWOd

oL

725



726 Lima and Contel

staining intensity, shows stronger staining intensity in the pupal stage and is weaker
again in the adult phase.

We detected phenotypic variations suggesting that the SOD coding locus of
S. frugiperda has two codominant alleles SOD*1 and SOD*2. Heterozygous in-
dividuals presented two bands of equal intensity. Schematic presentations of the
phenotypes are illustrated in Figure 6B.

In other lepidopterans in which SOD was studied, two loci have been
detected which are monomorphic in ten species of the genus Speyeria (Brittnacher et
al., 1977) and in Lymantria dispar (Harrison et al., 1983) and polymorphic in
Euphydryas spp. (Brussard, 1989). In Solenobia triquetrella, one locus is monomorphic
and the other polymorphic (Lokki et al., 1975). In Heliothis virescens and H. zea (Sluss
et al., 1978) two SOD loci serve as genetic markers to differentiate the two species
since one of them is polymorphic in H. virescens and monomorphic in H. zea and
vice-versa.

Malate dehydrogenase

The electrophoretic pattern of S. frugiperda malate dehydrogenase was quite
simple, consisting of only one band of enzyme activity of cathodal migration. We
believe that there may be only one locus coding for MDH and that this locus is
monomorphic (Figure 6C).

In terms of ontogenetic development, our studies are incomplete, since we
have no data about the egg stage and the first larval stages. MDH activity was detected
from the 6th larval instar to the adult phase.

Studies carried out on other lepidopterans have identified two MDH loci, at
least one of which is monomorphic in the species analyzed (Lokki et al., 1975;
Brittnacher et al., 1977; Stock and Castrovillo, 1981; Willhite and Stock, 1983; Har-
rison et al., 1983; Pashley, 1983; Dubach et al., 1988).

Analysis of the data obtained in the present study permits us to conclude that
starch gel and/or starch-agarose gel electrophoresis when used for protein fractiona-
tion together with specific staining proved is still a very useful technique for the
determination of the electrophoretic pattern of each protein studied and of the
number of loci involved and for the identification of the phenotypes resulting from
allelic variants. Of the 12 proteins studied, six (ME, GDH, ADH, PT, SOD and
MDH) are described for the first time for S. frugiperda. A total of 22 loci were
detected, 13 of which presented genetically determined variation.

Population data related to allelic and genotypic frequencies, the comparison
of genotype distribution between sexes, intralocus and mean heterozygosity, as well
as comparative analysis of the two populations are currently being analysed.
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RESUMO

Spodoptera frugiperda (J.E. Smith, 1797) (Lepidoptera: Noctuidae) € considerada uma das
maiores pragas da cultura de milho, arroz e outras gramineas, sendo que seu controle € de grande
importancia econdmica.

Os estudos realizados sobre essa espécie, tém levado em conta os danos causados a cultura e
controle da praga. Trabalhos sobre variabilidade genética a nivel proteico, dentro e entre populagdes de
S. frugiperda, praticamente sio inexistentes.

O presente trabalho tem como objetivo analisar doze proteinas: peptidases, carboxilesterases,
enzima malica, glicose desidrogenase, dlcool desidrogenase, glicerol-3-fosfato desidrogenase, isocitrato
desidrogenase, leucina-aminopeptidase, proteinas nio especificas, fosfoglicomutase, malato desidro-
genase e superdxido dismutase, em populagdes naturais de S. frugiperda a fim de determinar o perfil
eletroforético das mesmas, nimero de locos envolvidos e identificar possiveis variantes alélicas para as
mesmas.

Das doze proteinas estudadas, seis delas (ME, GDH, ADH, PT, SOD ¢ MDH) séo descritas
pela primeira vez. Foram detectados vinte e dois locos, sendo que treze apresentaram variagdo genetica-

mente determinada. A analise estatistica referente aos dados populacionais estd em preparagio.
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