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Novel PCR-RFLP Method for its Rapid Differentiation
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ABSTRACT Helicoverpa armigera (Hübner) (Lepidoptera: Noctuidae: Heliothinae) is among the most
voracious global pests of agriculture. Adults of this species were identified recently in northern Argentina
by dissection of male genitalia. In this work, a rapid and simple molecular tool was designed to distin-
guish H. armigera from the morphologically similar indigenous bollworms Helicoverpa zea (Boddie) and
Helicoverpa gelotopoeon (Dyar), regardless of the life stage. Amplification of partial COI gene with a
new primer pair, and subsequent digestion with endonuclease HinfI, yielded different RFLP profiles for
the three main Helicoverpa pests currently present in South America. The method was validated in Heli-
coverpa specimens collected across Argentina, whose identity was further corroborated by COI sequenc-
ing and phylogenetic analysis. The data reported here constitute the first molecular confirmation of this
pest in the country. The survey revealed the occurrence of H. armigera in northern and central
Argentina, including the main soybean- and maize-producing area.
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The Helicoverpa–Heliothis complex (Lepidoptera: Noc-
tuidae: Heliothinae) includes economically important
agricultural pests worldwide. In southern South Amer-
ica, the polyphagous neotropical bollworms Helico-
verpa zea (Boddie) and Helicoverpa gelotopoeon (Dyar)
have been traditionally considered the principal mem-
bers of the complex (Cork and Lobos 2003, Specht
et al. 2013, Murúa et al. 2014). During the last years,
the detection of the Old World bollworm Helicoverpa
armigera (Hübner) in cotton, maize, and soybean fields
in Brazil (Czepak et al. 2013, Specht et al. 2013, Tay
et al. 2013) has raised the alarm about the spread of
this exotic, invasive species in the region. H. armigera
is one of the most destructive pests of agriculture in
Eurasia, Africa, and Oceania (Tay et al. 2013). Its dev-
astating impact is enhanced by the insect’s outstanding
capacity to develop resistance to chemical insecticides
and to transgenic Bacillus thuringiensis (Bt) crop varie-
ties (Yang et al. 2013).

Recently, H. armigera adults were identified based
on male genitalia in NW Argentina (Murúa et al. 2014).
Since Argentina is one of the top maize and soybean

producers in the world, this finding has pointed out the
need of establishing an extensive national monitoring
program. The early detection of H. armigera in differ-
ent agro-ecosystems is crucial to implement control
measures. The observation of morphological character-
istics alone (e.g., wing pattern design) may not be ade-
quate to discriminate Helicoverpa species, especially
when the integrity of pheromone-trapped specimens
cannot be assured. This is particularly true for H. armi-
gera and H. zea, which, besides their similar morphol-
ogy and overlapping host range, are attracted by the
same volatile compounds (Pogue 2004). At the larval
stage, or in the case of frayed adult specimens, differ-
entiation from H. gelotopoeon poses an additional com-
plication. Microscopic analysis of the male genitalia
(the traditional way of classification) is time-consuming
and requires the examination of adult moths, retarding
the diagnostic of larval infestations in the field. Direct
sequencing of mitochondrial cytochrome oxidase I
(COI) gene has proven its reliability for the correct
identification of Heliothinae (Cho et al. 2008, Li et al.
2011). However, this technique is expensive and de-
mands high-cost equipment not always available, espe-
cially in low complexity laboratories located in rural
areas.

Previous works employed DNA-based techniques to
discriminate among Heliothinae species. PCR-RFLP
methods have been conceived to distinguish Heliothis
virescens (F.) from H. zea (Roehrdanz, 1997) and
H. armigera from Helicoverpa assulta (Guenée) (Orui
et al. 2000, Kranthi et al. 2005). Instead, Ming and
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Wang (2006) used AFLP markers to discriminate
H. armigera and H. assulta. In a more comprehensive
research, Behere et al. (2008) developed a molecular
method to differentiate H. armigera, H. assulta, Helico-
verpa punctigera (Wallengren), and H. zea through am-
plification of two regions of the mitochondrial DNA
and digestion with two endonucleases. The present
study provides a new molecular tool to discriminate H.
armigera from H. zea, taking also into account a previ-
ously disregarded, though economically important spe-
cies: H. gelotopoeon. Identification is based on the
restriction patterns of a partial sequence in the COI
gene amplified with a new primer pair and digested
with a single endonuclease. Consequently, a sensitive
reduction in time and costs can be achieved by dimin-
ishing the number of reactions needed. The method
was assessed in silico and further validated by process-
ing Helicoverpa specimens sampled over a wide geo-
graphic range. This paper reports the first molecular
evidence on the occurrence of H. armigera in Argen-
tina, and expands the current knowledge about the dis-
tribution of the pest in diverse agricultural regions of
the country. A brief molecular phylogeny of the COI
sequences obtained to confirm the identity of the in-
sects is also reported.

Materials and Methods

Helicoverpa specimens were collected from different
production areas of central and northern Argentina.
Adults were captured with light traps, while larvae
were caught directly from the affected crops (in all
cases, between October 2014 and January 2015). Sam-
pling sites and host plants are detailed in Fig. 1.
Eighty-five specimens were chosen for PCR-RFLP
analysis. H. armigera, H. zea, and H. gelotopoeon con-
trols consisted of adult males identified by macroscopic
features and microscopic examination of their genitalia.

DNA was extracted from single specimens using a
CTAB-based protocol (Doyle and Doyle 1987). A new
set of primers was designed to amplify an 812-bp re-
gion, based on Heliothinae COI sequences from Gen-
Bank: H3Fw (50-CGAGCAGAATTAGGTAAYCC-30)
and H3Rv (50-GCTGATGTRAAATAAGCTCGAG-30).
PCR conditions were as follows: 95�C for 5 min, 40 cy-
cles of 95�C for 30 s, 50�C for 30 s, and 72�C for 1 min,
and final extension at 72�C for 2 min. In silico diges-
tions were performed to identify an endonuclease that
would produce a distinctive band pattern for H. armi-
gera COI sequences, compared to the two other Heli-
coverpa spp. commonly found in South America and to
Heliothis virescens (a cotton pest of northern Argen-
tina). Although not reported in the New World, solana-
ceous specialist Helicoverpa assulta was included in the
bioinformatic screening because, as for H. zea, this spe-
cies is quite difficult to distinguish from H. armigera,
particularly at the larvae stage (Li et al. 2011). The po-
lyphagous Australian pest H. punctigera, also absent
from the Americas, was considered as well. The endo-
nuclease HinfI (Promega, Madison, USA) was selected
using Vector NTi and AlignX software (InfoMax, Be-
thesda, USA), after an exhaustive restriction analysis of

published COI sequences of all the above-mentioned
species (Cho et al. 2008, Li et al. 2011, Albernaz et al.
2012, Leite et al. 2014, Walsh 2014, Zahiri et al. 2014).
PCR products, before and following digestion, were re-
solved in 1% agarose gels.

After PCR-RFLP analysis, partial sequencing of COI
gene was performed on three individuals per Helico-
verpa species collected across the country. H3Fw/
H3Rv-primed products were purified with ADN Puri-
Prep-GP kit (INBIO, Tandil, Argentina) and directly
sequenced (both strands) in an ABI PRISM 3500 XL
genetic analyzer (Applied Biosystems, Foster City,
USA) at CICVyA-INTA (Hurlingham, Argentina).
Hence, the taxonomy of the specimens was confirmed
through phylogenetic analysis by the maximum likeli-
hood method (1,000 bootstrap replicates) using MEGA
version 5.2 (Tamura et al. 2011). Reference sequences
from GenBank were incorporated in the phylogenetic
tree and Spodoptera exigua (a non-Heliothinae noc-
tuid) served as outgroup.

Results and Discussion

Amplification of partial COI sequences with primer
pair H3Fw/H3Rv yielded fragments of the expected
size from all Helicoverpa specimens tested (not shown).
When digesting PCR products with HinfI (which tar-
gets the 50-GnANT C-30 sequence), distinctive restric-
tion patterns were observed for each of the three key
Helicoverpa pests in southern South America. No di-
gestion occurred in H. zea samples (n¼ 30), whereas a
restriction site was present in the partial COI se-
quences of H. gelotopoeon (n¼ 30) and H. armigera
(n¼ 25). In the case of H. gelotopoeon, the 812 bp
PCR product was cleaved into two fragments of 638
and 174 bp, while the digestion of H. armigera ampli-
cons resulted in two fragments of 462 and 350 bp, as
predicted from in silico analysis. These differences
could be clearly visualized through conventional aga-
rose-gel electrophoresis (Fig. 2). HinfI restriction sites
found in the obtained partial COI sequences reported
later (50-GnAAT C-30 for H. armigera and 50-GnATT
C-30 for H. gelotopoeon) were in accordance with the
observed fragment sizes. Since mitochondrial DNA can
be extracted at any time throughout the insect’s life
cycle, this method constitutes an easy and low-cost al-
ternative for the rapid identification of H. armigera
without the necessity of examining adult males. Even if
individuals of Heliothis virescens and the exotic pests
Helicoverpa assulta and H. punctigera were not empiri-
cally tested, bioinformatic analysis evidenced the ab-
sence of HinfI restriction sites in the equivalent COI
fragments. The lesser studied, but regionally significant,
pest H. gelotopoeon also showed a distinctive PCR-
RFLP pattern (Fig. 2). Despite causing considerable
losses, and possibly due to its restricted geographical
distribution, this species was not included in previous
works involving the use of molecular markers. This
novel PCR-RFLP method proved to be quick and sim-
ple, as only one COI sequence and a single restriction
enzyme are sufficient to discriminate the three major
Helicoverpa pests currently known in South America.
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Fig. 1. Origin of the Helicoverpa specimens analyzed in this study.
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In contrast, in order to accurately distinguish H. zea
from other Heliothinae spp. (native pests or potential
invaders), the use of additional enzymes and/or geno-
mic regions is to be envisaged. In this sense, earlier re-
search carried out by Behere et al. (2008) on H. assulta
and H. punctigera provides valuable information.

Partial COI gene sequences were obtained from
specimens of geographically distant Argentinean

populations of Helicoverpa spp. After removal of
poor-quality reads, sequences ranging from 704 to 812
bp were deposited in GenBank under accession num-
bers KP984522, KP984523, KP984524 (H. armigera),
KP984519, KP984520, KP984521 (H. zea), and
KP279738, KP984517, KP984518 (H. gelotopoeon).
Sequences were trimmed to a common length of
539 bp and compared to those available at public

Fig. 2. Agarose gel electrophoresis of PCR products digested with HinfI restriction enzyme, showing different RFLP
patterns for the Helicoverpa spp. analyzed. M: molecular weight markers. Lanes 1–3: H. gelotopoeon specimens from Marcos
Juárez, Córdoba, and Sáenz Peña, respectively; lanes 4–6: H. armigera specimens from Marcos Juárez, Rapelli, and Las
Breñas, respectively; lanes 7–9: H. zea specimens from Marcos Juárez, Rapelli, and Hudson, respectively.

Fig. 3. Molecular phylogeny of partial Helicoverpa spp. COI sequences obtained in this study (insect collection sites in
parentheses). Reference sequences of Helicoverpa spp. and other Heliothinae are included in the tree. S. exigua served as
outgroup. Black diamond indicates previously reported sequences. GenBank accession numbers are indicated at the branch
tips. Branch lengths are measured in number of substitutions per site. Bootstrap percentages are shown at nodes.
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databases. The resulting phylogenetic tree (Fig. 3) con-
firmed the morphological and PCR-RFLP identifica-
tions of the field-sampled insects, which grouped into
three well-defined clades (96–100% bootstrap support).
Low intraspecific genetic variability was observed
among obtained COI sequences, and also when con-
trasted with those previously reported (>99% identity).
The utility of COI gene as a barcode for noctuid spe-
cies is well known (Behere et al. 2008, Cho et al. 2008,
Li et al. 2011, Zahiri et al. 2014).

Originally detected in Tucumán province (Murúa
et al. 2014), this sampling revealed the occurrence of
H. armigera in further agricultural areas of Argentina
(Fig. 1). H. armigera larvae collected from chickpea in
Rapelli (Santiago del Estero province), and adults cap-
tured with light traps near leguminous and cotton fields
in Las Breñas (Chaco province), suggest that this new
pest has already settled over a wide area in the North
of the country. Moreover, this preliminary survey dem-
onstrated the spread of H. armigera southern to the Ar-
gentine corn and soybean belt. Indeed, adults were
caught by light traps adjacent to maize and soybean
fields in Marcos Juárez (Córdoba province), at the core
of the country’s main agricultural lands (Fig. 1). A
model estimating the potential distribution of the pest
can be found in Kriticos et al. (2015). From where and
when H. armigera entered Argentina is uncertain. The
analysis of COI alone does not allow tracing the ori-
gin(s) of this biological invasion. Supplementary re-
search, including additional genomic regions, is needed
to elucidate the gene flow of this species at a global
and local scale.

The results presented here constitute the first molec-
ular evidence on the presence of H. armigera in Argen-
tina, and provide a useful tool for its differentiation
from the main South American Heliothinae. A broader
sampling is mandatory to monitor the spread of the pest
across the country, in order to adopt integrated manage-
ment strategies for minimizing its impact on agriculture.
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