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ABSTRACT - Spodoptera frugiperda is the most economically important maize pest in Brazil. There is little information
about the genetic structure, using SSR markers, of S. frugiperda populations collected from maize crops. In this study,
21 SSR markers were used to evaluate the genetic diversity and population structure of S. frugiperda collected from
distinct Brazilian geographical regions. Two hundred and twenty-seven alleles were recorded with an average of 10.76
per marker, and Polymorphic Information Content (PIC) values ranging from 0.242 to 0.933, with an average of 0.621,
indicating a high discriminating power. The overall F, 0.061, indicated a moderate genetic differentiation among the
S. frugiperda populations collected from maize, and the AMOVA showed that 87.36% of the genetic variation is within
populations. The Mantel test showed significant correlation between genetic and geographic distances. The genetic data
demonstrated that all individuals from the six sampling sites were structured as two sub-populations, being one of them
composed only by the CL population, collected in the Rio Grande do Sul state. The knowledge about genetic diversity
and population structure of S. frugiperda is important for the development of strategies for the insect pest management
and monitoring systems, especially for the differentiated CL population.
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ESTRUTURA POPULACIONAL DE Spodoptera Frugiperda
COLETADA EM MILHO DE DIFERENTES REGIOES GEOGRAFICAS BRASILEIRAS

RESUMO - Spodoptera frugiperda ¢ a praga do milho de maior importancia econémica no Brasil. Existe pouca infor-
magao disponivel sobre a estrutura genética, utilizando marcadores SSR, de populagdes de S. Frugiperda coletadas em
cultivos de milho.Neste estudo, 21 marcadores SSR foram utilizados para avaliar a diversidade e a estrutura genética de
S. frugiperda coletadas em regides brasileiras geograficamente distintas. Um total de 227 alelos foram obtidos, com uma
médiade 10,76 alelos por marcador, ¢ os valores do Contetdo de Informagao Polimorfica (PIC) variaram de 0,242 2 0,933,
com uma média de 0,621, indicando alto poder de discriminagao. O FST geral, 0,061, indicou moderada diferenciagao
genética entre as populacdes de S. frugiperda coletadas em milho e a Amova mostrou que 87,36% da variagao esta dentro
de populagdes. O teste de Mantel mostrou correlagio significativa entre distancias genéticas e distancias geograficas. Os
dados genéticos demonstraram que todos os individuos dos seis locais de amostragem foram estruturados em duas sub-
-populagdes, sendo uma delas composta apenas pela populagdo CL, coletada no estado do Rio Grande do Sul. O conhe-
cimento sobre a diversidade genética e a estrutura populacional de S. frugiperda ¢ importante para o desenvolvimento de
estratégias para os sistemas de manejo e monitoramento de insetos-praga, especialmente paraa diferenciada populacao CL.
Palavras-chave: Zea mays L., marcadores SSR, lagarta-do-cartucho, estrutura genética.
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The fall armyworm, Spodoptera frugiperda,
described in 1797 by J.E. Smith, is an endemic insect
to the Western Hemisphere, with a wide geographical
distribution from the United States to Argentina
(Martinelli et al., 2006; Vélez-Arango et al., 2008;
Pogue, 2002). It is a polyphagous pest, becoming
one of the most harmful species for annual crops in
tropical regions of the Americas. Particularly in Brazil,
S. frugiperda occurs throughout the year in different
crop species, such as maize (Zea mays L.), sorghum
(Sorghum bicolor (L.) Moench), cotton (Gossypium
herbaceum L.), pasture (Panicum maximum Jacq. Hp.
Tanzania); sugarcane (Saccharum officinarum L.),
soybean (Glycine max (L.) Merrill) and rice (Oryza
sativa L.) (Busato et al., 2004a; Boregas et al., 2013
and Juarez et al 2012).

In the larval stage, the fall armyworm feeds
mainly from the whorl of young plants and may cause
losses over 30% in the Brazilian maize production
(Cruz, 1995). However, data about reductions in crop
yield are still scarce, as these depend on factors such
as environment, cultivar, agricultural practices, and
especially the developmental stage and nutritional
status of plants. Furthermore, the voracity of the fall
armyworm strainis a factor that can influence the losses
in production (Cruz, 1995; Busato et al., 2008), mainly
considering the breakdown of resistance to Bt proteins
in the country (Farias et al., 2014), when the maize
crops were 80% Bt transgenic plants (Celeres, 2013).

Nagoshi et al. (2008) mentioned that a more
detailed understanding of fall armyworm population
movements will facilitate efforts to find more
accurate ways to predict the timing and severity of
infestations. Some studies have shown the existence
of two strains that inhabit the same area in the United
States, occurring at the same time and tending to use
different hosts (Pashley, 1986). The “rice strain” was

found feeding on rice, Brachiaria and other grasses,
while the “maize strain” was found feeding on maize
and cotton (Pashley, 1993). These strains were
also identified in other countries, including Brazil
(Busato et al., 2008). These authors reported the
importance of S. frugiperda strains to the economical
entomology, as they may respond differentially to
strategies of control. Salinas-Hernandez et al. (2011)
found no evidence for strains of S. frugiperda due to
the host under Colombia conditions. However, Juarez
et al. (2012) working with individuals of this species
collected in Brazil, Argentina and Paraguay, detected
the existence of mitochondrial “rice” and “maize”
host haplotypes and identified that the distribution of
the rice haplotype was apparently more widespread,
being found in other hosts such as alfalfa.

The

the genetic variation among insect populations is

identification and characterization of

an important issue to the development of strategies
for pest management. However there is a lack
of knowledge about the genetic variation of S.
frugiperda collected in maize from distant regions
of Brazil using SSR (Simple Sequence Repeats)
markers, which are highly polymorphic and abundant
throughout all eukaryotic genomes (Goldstein and
Scholétterer, 1999). SSR has been the most widely
applied class of molecular markers used in genetic
studies (Ellegren 2004), because of its codominance,
multiallelism, high reproducibility and PCR-based
reaction (Oliveira et al., 2006).

To have success using practices for the
integrated pest management and control of S.
frugiperda in maize, it is important to characterize
populations and the dispersion pattern of this pest
(Busato et al., 2004b). In this context, the objective
of this study was to investigate the genetic diversity

and population structure of fall armyworm from
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six different maize producing areas over a large

geographic area of Brazil.

Material and Methods

Insect collection

The larvae were collected randomly in
equidistant points inside the non-transgenic maize
fields in six Brazilian regions (Figure 1) (collection
permit emitted by Brazilian Institute of Environment

—IBAMA/SISBIO #35100). One hundred individuals

were collected from each region for later selection,
aiming to maintain representation of the population.
For transportation each individual was placed in
plastic cups of the 50 ml, containing adapted diet for
rearing S. frugiperda (Kasten Jr et al., 1978).

In the lab, the larvae was stored in ethanol
99,5% (v/v) and kept at 4°C. The ethanol was changed
daily for three days to avoid DNA degradation due to
dilution by water released from the larvae (Souza et
al., 2013). After that, the fall armyworm larvae were
stored in a -20°C freezer up to the DNA extraction. The

identification of the collected larvae was performed
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FIGURE 1. Sampled areas of Spodoptera frugiperda in Brazil. TE: Teresina, PI; NP: Nova Porteirinha, MG;
VM: Varjao de Minas, MG; SG: Santo Ant6nio de Goias, GO; CA: Cascavel, PR; CL: Capao do Ledo, RS. The

Brazilian biomes are identified in the legend.
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according to Luginbill (1928) description.

DNA extraction and SSR markers amplification

in the fourth instar or above
were selected and the genomic DNA extracted

according to Rogers and Bendich (1988) with

Larvae

some modifications (Souza et al.,, 2013). Twelve
larvae from each population had the heads isolated
and homogenized in extraction buffer [Tris-HCI
200 mM (pH 8,0), EDTA 70 mM, NaCl 2 M, BSA
2% (w/v), PVP 2% (w/v) and B-mercaptoetanol
5% (v/v)]. CTAB (2% w/v) and Proteinase K (170
pg/mL) were added and the homogenate was
incubated at 65°C for 1 h. DNA was isolated with
chloroform:octanol (24:1) and precipitated adding
1 volume of -20 °C isopropanol 99,98% and 0,45
volume of ammonium acetate 5 M. After incubation
for 2 h at -20°C, the samples were centrifuged and
DNA pellet was rinsed with 70% (v/v) ethanol, air
dried and, resuspended in TE buffer containing
RNase A (40 pg/mL). The DNA was quantified
the Nanodrop 1000 (Thermo Scientific,

Inc) and diluted to a concentration of 10 ng/uL.

using

M13-tailed SSR method

A total of 27 SSR sequence-specific primers
developed for fall armyworm (Arias et al., 2011)
were synthetized with M13 tail sequence (5’
CAGTTTTCCCAGTCACGAC 3°) at the 5’end.

PCR analyses were carried out with three primers:

a sequence-specific forward primer with M13 (19
nt) tail at its 5° end, a sequence-specific reverse
primer, and the universal fluorescent-labeled M13
primer with 6-carboxy-fluorescein (FAM). The M 13-

labelled primer and the reverse primer were in excess

over the forward primer, which is limited. This allows
the forward M13-tailed primer and reverse primer to
initiate the reaction and, when the limited primer is
depleted, the labelled primer takes the place of the
limited forward primer in the remaining PCR cycles
(Barkley et al., 2007; Schuelke, 2000).

PCR reactions consisted of 30 ng DNA, 0.5X
Colorless GoTaq® Flexi Buffer (Promega Madison,
WI), 1.5 mM MgCl,, 0.2 mM dNTPs, 0.5 U GoTaq®
Flexi DNA Polymerase (Promega Madison, WI), 5
pmol of each reverse and FAM-M13 primers and 2
pmol of the forward primer. Conditions of the PCR
amplification were: 94°C (5 min), then 30 cycles at
94°C (30 s) / 56°C (45 s) / 72°C (45 s), followed by
8 cycles at 94°C (30 s) / 53°C (45 s) / 72°C (45 s),
and a final extension at 72°C ( 10 min) (Schuelke,
2000). Subsequently, 2 pl of the PCR product was
added to 7.5 pl Hi-Di Formamide and 0.5 pl ROX
standard (ABI, Foster City, CA) and ran on the ABI
3100 Genetic Analyzer (ABI, Foster City, CA). For
the capillary electrophoresis performed on MegaBace
(Amersham Biosciences) were used 2 pl of the PCR
products, 0.3 pL of standard size GeneTABS500
(GenelD) and 9.7 ul tween 20 (0.1% v/v). Data were
evaluated using the Fragment Profile 1.2 Software
(Amersham Biosciences) and GeneMapper 3.5
Software (ABI, Foster City, CA).

Descriptive statistics

Monomorphic primers and the ones exhibiting
problems in the amplification were removed from
data analysis. For each SSR marker, major allele
frequency, allele number, variability, gene diversity,
heterozygosity and PIC (Polymorphism Information
Content) calculated using the
PowerMarker software (Liu and Muse, 2005). PIC is

values were
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defined as the measure of the discrimination power
and informativeness for an SSR marker (Botstein et
al., 1980).

Clustering and population

structure analyses

Clustering analysis was performed through
the Ward’s method (Ward 1963), based on the
Rogers’ distance (Rogers, 1972), using the package
ade4 (Dray et al. 2007) available in the R software
(R Core Team, 2013). Population structure analysis
was carried out through the software STRUCTURE
(Pritchard et al., 2000), considering a burn-in
period of 250,000 and 500,000 iterations with
five replicates, assuming admixture model, non-
informative priors and correlated allele frequencies,
with a number of groups (k) ranging from 1 to
10. The putative number of subpopulations was
determined based on the AK statistics, which
corresponds to a measure of the second-order rate
of change in the likelihood between successive K

values (Evanno et al., 2005).
Mantel test for matrices correlation

The correlation between the genetic distance
(Rogers’ distance) and the geographic distance
matrices was verified through the Mantel test (Mantel,
1967) implemented in the software Genes (Cruz,

2013), considering 10,000 simulations.
F-statistics

The Wright’s F-statistics (Fg F F

ST and ~ IT

Wright, 1951), as well as the expected and observed

heterozygosity per population, were estimated using

the package hierfstat (Goudet, 2005) available
in the R software (R Core Team, 2013). The 95%
confidence intervals for the F coefficient were
calculated based on 1,000 bootstrap replications.
The observed and expected heterozygosity were
calculated based on the average of all markers in
each population. The analysis of molecular variance
(AMOVA) was performed through the package
pegas for R (Paradis, 2010). Gene flow (N ) was
calculated as N, = (1- F, )/4F . (Wright, 1951).

Results

Polymorphism and allele frequency

analysis of microsatellite loci

Of the 27 microsatellite (SSR) markers tested,
four of them were monomorphic (Stv_Spf688,
Stv_Spf1068, Stv_Spfl890 and Stv_Spfl1856)
and two (Stv_Spfl409 and Stv_Spfl552) did not
have satisfactory PCR amplicons. In total, the 21
polymorphic markers (Table 1) resulted in the
identification of 227 alleles for the 72 individuals
(6 populations). Considering all the SSR loci,
allele size ranged from 103 to 242 bp, and allele
frequency varied from 0.04 to 1.00, depending on
the population (Figure 2). Also, for the majority of
loci, some alleles in common were observed among
populations. The number of alleles scored per locus
ranged from 4 to 27 for the markers Stv_Spf538 and
Stv_Spf1592, respectively, with an average of 10.76
(Table 2), revealing a high level of genetic diversity
of fall armyworm in Brazil. The diversity of alleles
observed for the polymorphic loci demonstrates a
high intrapopulational and low interpopulational
variability. PIC values ranged from 0.242 to 0.933
for Stv_Spfl48 and Stv_Spfl1592, respectively, with
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FIGURE 2. Frequency and size (bp) of alleles in the 21 microsatellite loci for each one of the six Spopodptera

frugiperda populations. VM: Varjao de Minas; NP: Nova Porteirinha; CA: Cascavel; SG: Santo Antonio de

Goias; CL: Capao do Ledo and TE: Teresina.

an average of 0.621, and only four of them presented
values below 0.5. The high PIC values indicate the
potential of these microsatellite markers in fall

armyworm genetic diversity analysis.

Genetic diversity and population structure

The average values of mean observed

(H,)
heterozygosity (H,) were 0,394 (ranging from 0,091
to 0,794) and 0,648 (ranging from 0,249 to 0,933),

respectively (Table 2). For all markers, except for the

heterozygosity and mean  expected

Stv_Spf38 locus, the observed heterozygosity (H,)

values were lower than the expected heterozygosity

(H,) values for all populations, indicating a deficit
of heterozygotes relative to the expectations of
Hardy-Weinberg equilibrium (HWE), suggesting the
presence of inbreeding. The highest mean observed
heterozygosity (#,) value (0.461) was detected in the
TE population whereas the lowest value (0.319) was
recorded in the CL population (Table 3).

The local inbreeding coefficient (F ) was
positive and ranged from 0.168 to 0.414, for CL and
CA populations, respectively, with an overall mean
of 0.365, and overall inbreeding coefficient (F ) of
0.404, indicating heterozygotes deficiency.

Comparing the six geographic populations,
the overall fixation index (Fg) of 0.06 indicated
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TABLE 2. Number of alleles (A), observed heterozygosity (H,), expected heterozigosity (H,), and polymorphic
information content (PIC) per marker

Marker A H, H, PIC
Stv_Spf38 6 0.625 0.617 0.559
Stv_Spf148 5 0.182 0.249 0.242
Stv_Spf150 6 0.551 0.628 0.584
Stv_Spf343 14 0.682 0.877 0.865
Stv_Spf467 5 0.310 0.344 0.315
Stv_Spf538 4 0.254 0.581 0.520
Stv_Spf606 5 0.371 0.377 0.357
Stv_Spf670 15 0.514 0.817 0.799
Stv_Spf747 8 0.094 0.556 0.528
Stv_Spf752 10 0.650 0.754 0.720
Stv_Spf764 8 0.259 0.736 0.698
Stv_Spf789 13 0.569 0.814 0.795
Stv_Spf918 13 0.736 0.748 0.707
Stv_Spf997 21 0.794 0.881 0.871
Stv_Spf1057 7 0.061 0.543 0.514
Stv_Spf1268 8 0.313 0.453 0.428
Stv_Spf1502 19 0.276 0.801 0.788
Stv_Spf1592 27 0.623 0.937 0.933
Stv_Spf1706 13 0.147 0.511 0.501
Stv_Spf1728 9 0.182 0.736 0.703
Stv_Spf 1844 10 0.091 0.654 0.624

Mean 10.76 0.394 0.648 0.621

TABLE 3. Mean observed heterozygosity (H ), mean expected heterozigosity (H,) and inbreeding coefficient
(F ), for each population and overall F, and F,. CL: Capdo do Ledo; TE: Teresina; SG: Santo Antonio de
Goias; VM: Varjao de Minas; NP: Nova Porteirinha; and CA: Cascavel.

Population mean H, mean H, F F F

IS ST T
VM 0.376 0.643 0.397
NP 0.388 0.595 0.361
CA 0.393 0.663 0414
SG 0.438 0.689 0.339
CL 0.319 0.415 0.168
TE 0.461 0.731 0.356
Overall 0.393 0.619 0.365 0.061 0.404
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a moderate degree of differentiation among
populations. An F_ index, ranging from 0 to 1, is an
estimate of gene differentiation among populations,
which represents a genetic variation among fall
armyworm populations (Nei, 1973). When F is
equal to zero there is no genetic variation among
populations. The estimated gene flow (N ) over all
populations, calculated based on the F_ value, was
3.484, indicating the occurrence of migration among
the sampled populations. N values higher than 1
generally indicate the presence of a significant gene
flow among populations (McDermott and McDonald,
1993).

Through the clustering and population structure

(A)

0.35
1
cL ——

0.30
1

analyses, based on the selected SSR markers, it
was possible to distinguish the six populations and
the two groups, respectively (Figures 3A and 3B).
The major group consisted of TE, SG, VM, NP
and CA populations, and the other one included
only the CL population. The same result was also
observed through the population structure analysis
performed in the software STRUCTURE (Pritchard
et al., 2000). Following the method proposed by
Evanno et al. (2005), the maximum value of AK
was observed for K= 2, i.e. the existence of two
putative subpopulations (Figure 3B), with one of
them composed only by CL population, with influx of
alleles from just one immigrant. In the major group the

population structure analysis, quantifying how likely

Genetic Distance

0.25
1
TE

0.20
L
SG

(B) 1.00

0.80
0.60
0.40
0.20
0.00

I

[ <
z S

FIGURE 3. (A) Clustering analysis showing the genetic relationships among fall armyworm populations

sampled from six areas in Brazil. (B) Population structure obtained through the software STRUCTURE, in

which the putative number of subpopulations (k=2) was estimated based on the DK statistics (Evanno et al.,

2005). Q corresponds to the posterior probability to assign an individual to a given subpopulation. Each one of

the 72 individuals is represented by a vertical bar. Vertical black lines are separating the six sampled populations,
in the following order: Capdo do Ledo (CL), Teresina (TE), Santo Antdnio de Goids (SG), Varjao de Minas
(VM), Nova Porteirinha (NP) and Cascavel (CA). The colors (black and grey) inside the bars represent the

probability of an individual to belong to one of the two subpopulations.
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each individual belong to the group, suggested the
existence of a certain degree of genetic relationship
among CA, NP, VM, SG and TE populations. In both
analyses, clustering and population structure, the
six populations were genetically structured in two
subpopulations.

Analysis of molecular variance (AMOVA)

The AMOVA (Table 4) showed that the
difference
(P<0.001),

variation residing within populations (87.36%) than

among populations was significant

with the majority of the genetic

among populations (12.65%), showing a modest
differentiation among populations. The overall F
value agrees with the results of the AMOVA, indicating

a moderate genetic variability among populations.

Correlation between genetic distance

and geographic distance

The correlation between the geographic and
genetic distance matrices was significant at 5% of
probability, accessed by the Mantel test, revealing
a significant effect of the geographic isolation in
the genetic variability observed among populations
of S. frugiperda. The estimated genetic distance
between the six populations presented slightly higher
values for the pairs containing CL or TE (Table
5). These two populations, which were located at
geographically distant areas in Brazil, South and
Northeast, respectively, revealed a trend to increase
the genetic differentiation as consequence of the

increase in the distance of isolation. However, only for

TABLE 4. AMOVA performed for the six Brazilian populations of Spodoptera frugiperda.

Source Variance Percentage
o DF Square Sum o P-value
of Variation Components of Variation
Among populations 5 2.044 0.02162 12.65 <0.001
Within populations 66 9.856 0.14934 87.36
Total 71 11.900 0.17096 100

TABLE 5. Rogers’ (genetic) distance matrix (above the diagonal) between populations of Spodoptera

frugiperda obtained through SSR markers, and geographic distance (in kilometers, km) (below the diagonal).
VM: Varjao de Minas; NP: Nova Porteirinha; CA: Cascavel; SG: Santo Antonio de Goias; CL: Capao do Ledo

and TE: Teresina.

Population VM NP CA SG CL TE
VM 0 0.218 0.212 0.245 0.405 0.313
NP 412 0 0.206 0.224 0.340 0.271
CA 1,057 1,468 0.208 0.360 0.277
SG 406 642 1,034 0 0.333 0.264
CL 1,619 2,004 780 1,730 0 0.386
TE 1,517 1,192 2,478 1,448 3,132 0
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the CL population the genetic differentiation seems
to be affected by a putative geographic isolation.
Our results suggested that for this population the
geographical distance could be one of the limitations
for the gene flow, as seen in the Figure 3B, with just

one immigrant individual in population CL.

Discussion

The intensification of production systems in
Brazil has allowed the cultivation of two and even
three crops a year, favoring polyphagous pests like
S. frugiperda to find suitable conditions for their
maintenance in the field throughout the year. This
sequential system allows S. frugiperda to have host
plants over the year, reducing the adaptive value of
migration (Farias et al., 2014). In face of an efficient
management practices, it is necessary to know
the genetic complexity and structure of the pest
population, to delay the evolution of resistance to
any control method (Tabashnik, 1991). Many studies
have been conducted on genetic characterization
of the fall armyworm, using strains from different
crops, for example, rice, maize and cotton. Although
these studies are commonly performed based on a
limited sample size and a restricted number of
molecular markers, small genetic variation among
geographic regions has been found (Belay et al.,
2012). It is important to know the genetic structure
of fall armyworm from different maize producing
areas before the use of large-scale efforts to control
insect pests (Martinelli et al., 2007). Thus, the
results of this study will contribute to improve the
strategies for the management and control of pests
in maize crops.

Here, in this study, 21 SSR markers selected

from a first report of sequence-specific SSR for fall

armyworm, developed by Arias et al (2011), were
used for genotyping the individuals of six populations
collected in distinct geographic Brazilian regions.
Microsatellites were selected due to its highly
polymorphic content, abundance across the genome
and codominance (Weber 1990). These markers
were polymorphic and highly informative (227
alleles), allowing to study the genetic variability of S.
frugiperda collected in Brazil, being useful to detect
genetic structure among the sampled populations.
Also, these SSR will be important for further and
different studies concentrated on S. frugiperda
populations associated with different crops and over
the crop seasons.

Two major distinctive groups were identified
in the clustering analysis, one of them composed by
TE, SG, VM, NP and CA populations, and another
represented only by CL population, showing an
effect of the region on the structure of the genetic
variation, since the correlation of genetic distance
to geographic distance was significant. The genetic
distance observed in the dendrogram for the TE
population in the major group, may result from
the association of geographic distance, growing
conditions and distinguished biome (Figure 1).
The CL population was clustered according to
its geographic distance of origin, indicating
the presence of local barriers that limit the gene
flow, and other factors besides the host plant have
influenced the selection of genetic differences. In
the state of Rio Grande do Sul, where the county
of Capado do Ledo (CL) is located, Busato et al.
(2004a) identified a maize and rice strains of S.
frugiperda. Later, Busato et al. (2008) verified
restricted compatibility between the fall armyworm
strains of rice and maize. Although mating occurred

in both directions, they concluded that these two
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strains were in the initial process of speciation
and represent strains associated with host. Besides
that, they mentioned that was evident the non-
preference of these two strains for irrigated rice,
barnyardgrass and sorghum in relation to maize
(Busato et al., 2004b). The dispersion capability,
the geographic barriers and other related process
can also influence the population structure of a
given species (Avise et al., 1987).

In our study, the majority of the genetic
variability was observed within population and
not among populations, confirming that the local
populations are the principal reservoir of genetic
variability. Similar studies with fall armyworm
conducted by Belay et al (2012) using AFLP markers
and samples collected in the United States, Puerto
Rico, Panama and Argentina, Martinelli et al.
(2006) and Busato et al. (2004b) using, respectively,
AFLP and RAPD markers and samples from Brazil,
also showed a higher degree of variation within
populations than among populations.

The moderate degree of differentiation among
populations, which resulted in the separation in two
groups, supports the hypothesis of gene flow among
populations. Martinelli et al. (2006) working with
fall armyworm from maize and cotton collected in
the state of Bahia, northeast of Brazil, suggested
the existence of a considerable gene flow between
these populations at the same geographical regions,
however, we also found gene flow among populations
located in distant regions of Brazil. Murua et al. (2008)
found no incompatibility among fall armyworm
populations from the north of Argentina. However,
indications of incompatibility were observed between
the northern populations and a geographically distinct
population from Buenos Aires.

Our study is the first one to apply the SSR

markers developed by Arias et al (2011) in S.
frugiperda populations from Brazil, and the results
showed that the 21 selected SSRs allowed the
detection and characterization of the genetic diversity
among insect populations, showing effectiveness for
the study of population structure. This information
could be useful for monitoring migration among
populations and for the improvement of pest
management strategies. Pavinato et al. (2013) had
also found degrees of genetic structure among
three Brazilian populations, although it was a test
validation for their six SSR markers, of which five
dinucleotide and one compound, developed for the
fall armyworm.

The intensive cultivation system and the
intensive use of Bt maize in Brazil act in favor of
an evolution toward a resistance to Bt maize in
S. frugiperda (Farias et al., 2014). Moreover, the
frequent genetic admixture of immigrant individuals
into populations of S. frugiperda has the potential
to influence the strategies for the management of
an insect resistance (Roush and Daly, 1990). Also,
the regular application and heavy selection pressure
of insecticides has conducted to the development
of resistant fall armyworm in many regions (Yu
1991, Berta et al. 2000). In both situations, the
knowledge about the genetic variability, structure
and migration in armyworm populations will assist in
the development of adequate management strategies,
contributing to the preservation of these technologies.
The identification of two populations can contribute
to the IPM (Integrated Pest Management) strategies,
with more specific control tools, especially for the
Capao do Ledo in the extreme south region.

In our study, the population structure of
maize fall armyworm suggested the presence of two

major groups showing significant correlation with
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their geographic sampling location in Brazil. These
results reinforce the importance for differentiated
management strategies in relation to these population
groups and also, for further studies using SSR markers
to evaluate the genetic variability and structure of the
fall armyworm, from more maize regions over the
Crop seasons.
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