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ABSTRACT. We present polymorphic microsatellite markers isolated
for genetic studies of the sugarcane borer, Diatraea saccharalis
(Fabricius). We isolated 16 microsatellite loci through an enriched
genomic library protocol. After characterization, 12 markers showed
polymorphic information expressed in the observed number of
alleles (ranging from 2 to 7; 5 on average) and in the polymorphism
information content (ranging from 0.292 to 0.771; 0.535 on average).
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These markers can be used in further studies to understand the basic
ecological characteristics of the sugarcane borer, e.g., dispersion
patterns and population genetic differentiation, associated with distinct
geographic scales and host plants.

Key words: Microsatellite; Population genetics; Lepidoptera evolution;
Genetic diversity; Gene flow; Management units

INTRODUCTION

The sugarcane borer, Diatraea saccharalis (Fabricius), is one of the major sugar-
cane (Saccharum officinarum L.) lepidopteran pests across the Western hemisphere (Pash-
ley et al., 1990). This species has encountered suitable conditions for its development in
grass-related crop fields and the outbreak of D. saccharalis populations is historically as-
sociated to sugarcane, maize (Zea mays L.), sorghum (Sorghum bicolor L.), and rice (Oryza
sativa L.) agricultural expansion in the Southern United States of America and Central and
South America (Botelho, 1992; Castro et al., 2004).

D. saccharalis presents important traits such as the use of different host plants
(Long and Hensley, 1972; Mor¢ et al., 2003) and pheromone composition (Cortés et al.,
2010) that make it a suitable model in ecology and evolutionary biology studies. These
facts challenge evolutionary studies of D. saccharalis conducted to understand multi-scale
geographic genetic differentiations, host-plant adaptation, and population ecology of spe-
cies hybridization.

Microsatellites, also called simple-sequence repeats, are highly polymorphic and
abundant genetic markers. Their characteristics, e.g., high loci variability, easy determina-
tion, and good reliability of scoring and co-dominant inheritance, associated with powerful
statistical analysis as Bayesian and maximum likelihood methods (Luikart and England,
1999), make them widely applied by insect molecular ecologists (Behura, 2006; Beadell et
al., 2010; Aggarwal et al., 2011). Here, we present the efforts to develop primers to access
microsatellite loci for future genetic studies of D. saccharalis.

MATERIAL AND METHODS

Total genomic DNA was extracted from fresh thoracic tissue of adults using the
Wizard® Genomic DNA Purification Kit (Promega, Madison, WI, USA). DNA was diluted
in 50 pL TE buffer (10 mM Tris-HCI, pH 8.0, and 1 mM EDTA, pH 8.0) and stored at
-20°C. Each sample was quantified by running on a 1% agarose gel with a 22.2-ng/mL A
DNA marker. A microsatellite-enriched library was obtained using adapted protocols from
Billotte et al. (1999). Genomic DNA from 4 genotypes of D. saccharalis were digested
with Afal (Invitrogen, Carlsbad, CA, USA), enriched in microsatellite fragments using
(CT), and (GT), motifs. The enriched fragments were cloned into pGEM-T (Promega)
and ligation products were used to transform Epicurian Coli XL1-Blue Escherichia coli
competent cells. The positive clones were selected using the f-galactosidase gene and
then grown overnight in the presence of ampicillin. All clones were sequenced on an ABI
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3730 automated sequencer (PE Applied Biosystems, Carlsbad, CA, USA) using a BigDye
terminator cycle sequencing kit (Applied Biosystems). A total of 16 primer pairs were de-
signed using Primer 3 v. 0.4.0 (Rozen and Skaletsky, 2000) and tested in 30 specimens of
D. saccharalis collected on sugarcane plants from 1 sample site (Ribeirdo Preto - 21°10°S,
47°49°W) in the State of Sdo Paulo, Brazil.

Polymerase chain reactions were performed in a 20-puL. volume containing: 1X
reaction buffer (20 mM Tris-HCI, pH 8.4, 50 mM KCl, and 2.0 mM MgCl,), 9 ng genomic
DNA, 0.2 mM forward and reverse primers, 0.25 mM dNTPs, 50 ng bovine serum albumin,
and 1 U recombinant 7ag DNA polymerase (Invitrogen). All reactions were performed in
the Applied Veriti 384 thermal cycler. The polymerase chain reaction program consisted of
an initial denaturing step at 95°C for 5 min followed by 40 cycles of amplification (95°C
for 30 s, 45 s at the specific annealing temperature of each primer pair (Table 1), and 72°C
for 45 s), 8 additional cycles of amplification (94°C for 30 s, 53°C for 45 s, and 72°C for
45 s), and a final elongation step at 72°C for 10 min. Amplification products were resolved
by electrophoresis on 7% denaturing polyacrylamide gels and visualized by silver staining.
The allele scoring was done using the 10-bp DNA ladder (Invitrogen) as size standard.

Descriptive statistics (expected and observed heterozygosities and polymorphism
information content) were calculated using the MSTools applicative (Stephen Park, http://
animalgenomics.ucd.ie/sdepark/ms-toolkit/). The Fisher exact tests for deviation from
Hardy-Weinberg proportions were performed for each locus using the R package “pegas”,
version 0.4.1 (Paradis, 2009). When deviations from Hardy-Weinberg proportions were
detected, the frequency of null alleles was calculated for each locus using the maximum-
likelihood estimation via the EM algorithm implemented in FREENA (Chapuis and Es-
toup, 2007). The composite gametic disequilibrium was tested using the Genetics Data
Analysis II program (Weir, 1996). Bonferroni’s correction was used to correct nominal
level for all multiple tests.

RESULTS AND DISCUSSION

Twelve of 16 loci were polymorphic and informative for population genetic studies
(Table 1). The Fisher exact test showed that only the locus Dsc3 deviated significantly from
Hardy-Weinberg proportion after Bonferroni’s correction (P < 0.004). The excess of homo-
zygotes leading to deviations from Hardy-Weinberg proportions was caused by the frequency
of the null allele (frequency = 0.248). No gametic disequilibrium was detected among all loci.

Molecular ecology studies with highly reliable and statistically powerful molecular
markers as microsatellites can help us to identify patterns of dispersion/migration determin-
ing scales of genetic divergence (Torriani et al., 2010), population differentiation through
geographic discontinuities (Abila et al., 2008), the degree of population differentiation re-
lated to host plants (Carletto et al., 2009), and the process of sympatric speciation (Santos et
al., 2011). Microsatellite markers developed for D. saccharalis in this study can be applied in
further population genetic studies to address ecological and evolutionary questions and also
to improve our ability to manage populations of this species according to local integrated pest
management practices.
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