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The caterpillar Pseudoplusia includens (Walker, 1857) (Lepidoptera, Noctuidae), known as soybean looper,
is a pest that has recently assumed greater importance in soybean in Brazil. Isolates of nucleopolyhedro-
viruses (NPVs) of this pest have been identified from cotton in Guatemala and soybean farms in Brazil,
providing an interesting perspective of potential use of viral insecticide against the insect in lieu to chem-
ical insecticides. With the objective to contribute to the characterization studies of this virus, morpholog-
ical and molecular analyses and biological activity were carried out with seven P. includens viral isolates
(I-A to I-G). Electron microscopy of viral samples, purified from macerated infected larvae, showed par-
ticles with typical morphology of the Baculoviridae family, genus Alphabaculovirus (Nucleopolyhedrovirus -
NPV) presenting virions with only a single nucleocapsid per envelope (SNPV) occluded in a protein
matrix, forming occlusion bodies (OB). This virus was then classified as P. includens single nucleopolyhe-
drovirus (PsinSNPV). OB particles analyzed in SDS-polyacrylamide gel showed an intense band corre-
sponding in size to NPV polyhedrin protein. DNA restriction profiles of the PsinSNPV isolates showed
differences in the fragment size and number suggesting the existence of genotypic variants, except
between I-E and I-F profiles that were similar. Among the isolates tested for infectivity against P. inclu-
dens, I-A, I-E and I-F were the most virulent. Survival times (STsq) varied according to viral concentration,
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with significant differences among isolates for the three higher concentrations.

© 2010 Elsevier Inc. All rights reserved.

1. Introduction

The soybean looper, Pseudoplusia includens (Walker) (Lepidop-
tera: Noctuidae; Plusiinae), is a species with distribution restricted
to the western hemisphere, occurring from northern United States
of America (USA) to southern South America (Alford and Ham-
mond, 1982). It may feed on a large number of host plants, includ-
ing crops of economic importance such as soybean, cotton, beans,
tobacco, sunflower and various vegetables (Bueno et al., 2007). In
Brazil, this insect has become a key pest of soybean in the last five
years, being controlled mainly by applications of broad spectrum
chemical insecticides (Bueno et al., 2007), usually requiring much
higher dosages of insecticides than the major soybean defoliating
noctuid and a concurrent species, the velvetbean caterpillar,
Anticarsia gemmmatalis (Hiibner) (Morales et al., 1995). In this
context, use of a viral insecticide based on the PsinSNPV to control
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P. includens would be important to overcome problems related to
reduction of natural enemies and possible selection of resistance
to chemical insecticides in populations of the insect related to cur-
rent control practices (Bueno et al., 2007).

Baculoviruses are a large virus group belonging to the family
Baculoviridae that infect different insect orders, mainly Lepidoptera
(Theilmann et al., 2005). Presently, it is subdivided into four gen-
era, the Alphabaculovirus (lepidopteran-specific nucleopolyhedro-
virus, NPV - Groups | and II), Betabaculovirus (lepidopteran-
specific granulovirus), Gammabaculovirus (hymenopteran-specific
NPV), and Deltabaculovirus (dipteran-specific NPV) (Jehle et al.,
2006; www.ictvonline.org). Baculoviruses have large and cova-
lently closed circular genomes of double-stranded DNA (range
from 80 to 180 kbp), which are packaged singly or multiply in an
enveloped, rod-shaped virion (Friesen and Miller, 2001; Theilmann
et al., 2005). Two morphologically distinct forms of infectious par-
ticles are generated in the baculovirus cycle, the occlusion derived
virus (ODVs), comprising enveloped virions embedded within a
crystalline matrix of protein (polyhedrin for NPVs and granulin
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for GVs), and budded virus (BVs), consisting of a single virion
enveloped by a plasma membrane. Due to their specificity and high
virulence to a number of insect pest species, they have been used
worldwide to control lepidopteran pests in many crops (Groner,
1986; Moscardi, 1999; Moscardi et al., 2002). The A. gemmatalis
multiple nucleopolyhedrovirus (AgMNPV) is one of the most success-
ful and recognized examples of virus use by farmers (Moscardi,
1999, 2007), being employed in soybean in Brazil, Argentina, Para-
guay and Mexico.

A number of studies based on the DNA restriction patterns have
been used to investigate variability among NPV isolates obtained
from geographically separate populations of a given host species
and to distinguish NPVs isolated from different insects (Gettig
and McCarthy, 1982; Caballero et al., 1992; Tanada and Kaya,
1993; Boughton et al.,, 1999; Richards et al., 1999; Takatsuka
et al., 2003; Cooper et al., 2003; Graham et al., 2004; Cory et al.,
2005; Martins et al., 2005; Figueiredo et al., 2009).

A single nucleopolyhedrovirus of P. includens (PsinSNPV) ob-
tained from the insect on cotton in Guatemala has been studied
under laboratory and field conditions, regarding aspects as dosage
and temperature response (Livingston et al., 1980; Kunimi et al.,
1997; Ali and Young, 1991), effect of viral enhancers (fluorescent
brighteners) (Zou and Young, 1996; Young, 2001), field persistence,
control efficacy, effect on post larval stages and transmission
(Mcleod et al., 1982; Young and Yearian, 1982). This isolate was
also used for initial laboratory trials in Brazil (Morales and Moscar-
di, 1993a; Morales et al., 1993). Most recently, some other isolates
have been obtained from the insect in soybean in Brazil. Due to the
changing status of P. includens as a pest of importance on this crop,

there have been initiatives to evaluate the potential of PsinSNPV as
a biological insecticide. It is important to select the best isolates to
use against P. includens. Therefore, we initiated a study of the mor-
phology, genetics, and biological activity of several PsinSNPV
isolates.

2. Materials and methods
2.1. Insects and viral isolates

Infected P. includens larvae from different localities in South and
Central Brazil were collected in soybean farms (Table 1), brought to
Embrapa Soja, Londrina, Parand state, and prepared for an initial
examination under a phase-contrast microscope. From those lar-
vae, seven viral isolates were used for morphological analysis by
electron microscopy, genomic analyses with restriction endonucle-
ases and for virulence and survival time evaluations through
bioassays.

2.2. Purification of viral occlusion bodies (OBs)

Occlusion bodies (OBs) from P. includens larvae infected with
each of the seven PsinSNPV isolates were purified and then used
as stocks for electron microscopic observations, SDS-polyacryl-
amide gel electrophoresis, DNA extraction and bioassays. Infected
larvae were macerated in homogenization buffer (1% ascorbic acid;
2% sodium dodecyl sulphate — SDS; 0.01 M Tris-HCI, pH 7.8; and
0.001 M EDTA), filtered through six layers of gauze and was first gi-
ven a low speed spin at 4000g for 5 min to remove the larval debris

Table 1

Viral isolates obtained from infected Pseudoplusia includens larvae.
Isolates Host insect Collection date Collection local Institution Crop
Psin-IA (I-A) Pseudoplusia includens 1972 Guatemala/Central America University of Arkansas/USA Cotton
Psin-IB (I-B) Pseudoplusia includens January 2006 Londrina, PR Embrapa Soja Soybean
Psin-IC (I-C) Pseudoplusia includens January 2006 Maringa, PR Embrapa Soja Soybean
Psin-ID (I-D) Pseudoplusia includens February 2006 Iguaragu, PR Embrapa Soja Soybean
Psin-IE (I-E) Pseudoplusia includens February 2007 Iguaracgu, PR Embrapa Soja Soybean
Psin-IF (I-F) Pseudoplusia includens February 2008 Dourados, MS Soybean farmer’ field Soybean
Psin-IG (I-G) Pseudoplusia includens February 2008 Sertanépolis, PR Soybean farmer’ field Soybean

Occlusion Body - OB

Fig. 1. Transmission electron micrographs of Pseudoplusia includens NPV occlusion bodies (OB) showing virions containing single (S) nucleocapsids (NC) embedded in the
crystalline matrix of polyhedrin protein (P). This polyhedral morphology was found in all isolates examined. Scale bars: (a) 2 um; (b) 0.2 um.
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and then centrifuged at 12,000g for 15 min to pellet the occlusion
bodies. The pellets were suspended in TE buffer (0.01 M Tris-HCl,
pH 7.8 and 0.001 M EDTA) and centrifuged at 12,000g for 15 min.
The OB-containing pellets were again suspended in TE buffer with
0.1% SDS and 0.1 M NaCl and then collected by centrifugation. The
final OB suspensions were prepared in Milli-Q H,O and stored at
-20°C.

2.3. Transmission electron microscopy

For morphological identification of the virus, occlusion bodies
(OBs) from seven isolates were processed for transmission electron
microscopy (TEM). The purified OBs were fixed by 2.5% glutaralde-
hyde in 0.02 M sodium cacodylate buffer (pH 7.2) for 2 h, and then
post-fixed by 1% osmium tetroxide in the same buffer for 1 h. The
fixed samples were dehydrated by immersion in 0.5% uranyl ace-
tate and washed in a graded series of ethanol, and then embedded
in Spurr’s resin (Spurr, 1969). Ultrathin sections were prepared
with a Reichert OMU3 Ultramicrotome (Reichert Supernova Ultra-
microtome), stained with 2% uranyl acetate followed by Reynolds
lead citrate (Reynolds, 1963), and observed in a JEOL 1011 trans-
mission electron microscope at 80 kV.

2.4. Polyacrylamide gel electrophoresis (SDS-PAGE) of occlusion
bodies (OB)

The OBs were mixed individually with equal volumes of 2x
sample buffer (125 mM Tris-HCl, pH 6.7; 4% SDS; 30% glycerol;
0.002% bromophenol blue, containing reducing agent 10% 2-B-
mercaptoethanol). After boiling for 5 min, the samples were loaded
onto the 16% polyacrylamide gel containing SDS as described by
Laemmli (1970). OB samples of the seven PsinSNPV isolates, along
with a sample of known AgMNPV-2D polyhedrin protein (33-kDa)
for comparison of the polyhedrin size, were loaded on the same
denaturing gel, which was afterwards stained with Coomassie bril-
liant blue.

2.5. Purification of DNA from OBs

DNA of all the seven isolates was purified from OBs for a com-
parative restriction endonuclease analysis, and the procedures
used were based on standard method (O'Reilly et al.,1992). Virions
were released by dissolving 1 x 10° OB/ml in an alkaline solution

Ag2D 1A B Ic
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(0.1 M Na,COs3, 0.17 M NaCl, 0.01 M EDTA, pH 10.9) at 37 °C for
30 min. DNA was extracted from alkali-liberated virions by over-
night incubation at 37 °C with 1% SDS and 0.5 mg/ml proteinase
K (final concentration), followed by extractions with phenol:chlo-
roform:isoamylalcohol (25:24:1). In order to precipitate the DNA,
a 0.1 volume of 3 M sodium acetate, pH 5.2 and 2 volumes of abso-
lute ethanol were added to the aqueous phase and then incubated
at —20 °C, overnight. The precipitated DNA was recovered by cen-
trifugation in the microfuge at 14,000g for 15 min, and washed
with 70% (v/v) ethanol. The dried DNA was then suspended in ster-
ile TE buffer (pH 8.0) and stored at 4 °C until use. DNA concentra-
tion was estimated by comparison to known concentrations of
standard DNA (/. DNA).

2.6. Viral DNA cleavage with restriction endonucleases (REN)

Viral DNA (1-2 ng) was cleaved with the restriction endonucle-
ases BamHI, EcoRl, Hindlll and Pstl under the conditions recom-
mended by the manufacturers (Gibco BRL or Sigma) individually.
The generated DNA fragments were analyzed by 1% agarose gel
electrophoresis carried out at 40 V, overnight (14-16 h), using 1x
TAE buffer (0.04 M Tris-acetate, 0.001 M EDTA, pH 8.0). The 1 kb
plus DNA ladder (Gibco BRL) was used as molecular size marker.
The gel was stained with 0.5 pg/ml ethidium bromide, visualized,
and photographed with an Eagle Eye II still video system
(Stratagene).

2.7. Bioassays: determination of lethal concentration (LCsy) and
survival time (STsp)

In order to investigate the pathogenic potential of isolates from
diseased P. includens larvae, bioassays were carried out using in-
sects obtained from an existing P. includens colony. Third-instar
P. includens larvae (40 larvae/viral concentration) were infected
with the different isolates by incorporation of each virus into an
artificial diet (Greene et al., 1976), according to procedures of Mor-
ales and Moscardi (1993Db), at five viral concentrations (625, 2500,
10,000, 40,000, 160,000 occlusion bodies — OB/ml of diet) per iso-
late. The larvae were placed in 50-ml plastic vials (2 larvae/vial)
containing the treated diet and incubated in environmental cham-
bers at 26 + 2 °C, relative humidity of 70 + 10%, and photoperiod of
12L:12D. Larvae fed untreated diet were used as controls. Mortality
was checked daily and dead larvae were frozen at —20 °C. Mortal-
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Fig. 2. Analysis of Pseudoplusia includens SNPV structural proteins. Polyacrylamide gel (SDS-PAGE 15%) stained with Coomassie Blue (A). At left, AgMNPV polyhedra with its

known 33 kDa polyhedrin. At right, molecular weights are expressed in kilodaltons.



T.M. Alexandre et al./Journal of Invertebrate Pathology 105 (2010) 98-104 101

ity data were submitted to Probit analysis (Finney, 1971), using 3. Results and discussion
POLO-PLUS program (Russell et al., 1977) to estimate the median
lethal concentration (LCso), as well as associated parameters (95%  3.1. Morphological description of the Pseudoplusia includens SNPV

fiducial limit, slope, x?2) for all isolates. The median survival times isolates

(STso) for the isolates were estimated using the Kaplan-Meyer

Product-Limit estimator method in JMP SAS (2008), and were com- Samples of virus suspensions from seven uncharacterized

pared using log-rank tests (Kabfleisch and Prentice, 1980). PsinSNPV isolates were examined first by phase contrast microscopy
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Fig. 3. Comparison of four DNA restriction profile patterns among PsinSNPV isolates (I-A, I-B, I-C, I-D, I-E, I-F and I-G). DNAs were digested with BamHI, EcoRlI, HindIIl and Pstl;
restriction fragments were separated by electrophoresis in 1.0% agarose gel. Each novel band is marked by an asterisk. The presence of submolar bands suggests that these
isolates can be a mixture of more than one strain of the virus. Molecular marker (M): 1 kb plus DNA Ladder (Invitrogen).
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for the presence of occlusion bodies (OBs) and then by transmission
electron microscopy (TEM). TEM micrographs of P. includens SNPV
OBs revealed the presence of several (up to 21) virions containing
a single nucleocapsid packaged within a single viral envelope
(Fig. 1). The OBs exhibit pleomorphic shapes with sizes ranging from
0.5 to 1.3 pm in diameter, most of them around 1 pm. This size is at
the lower end of the size range (0.15-15 pum) reported for NPVs
(Theilmann et al., 2005). Single-nucleocapsid NPVs isolated from
other lepidopteran insects have shown similar sizes, with OB diam-
eters ranging from 0.5 to 2.0 um, such as Clanis bilineata SNPV (Wang
etal., 2008), Ectropis obliqua SNPV (Ma et al., 2006), Adoxophyes hon-
mai NPV (Ishii et al., 2003), Thysanoplusia orichalcea SNPV (Cheng
and Carner, 2000), and other SNPV cited by Sudhakar and Mathavan
(1999). The polyhedral structure of the PsinSNPV isolates observed
by TEM was confirmed by detection of PsinSNPV polyhedra in
SDS-PAGE gels. All isolates analyzed in this work showed a major
protein species corresponding in molecular mass to the polyhedrins,
as reported for other NPVs (Fig. 2).

3.2. Comparative analyses of the viral DNA restriction patterns

The genome DNA of each of the seven PsinSNPV isolates was
cleaved with the enzymes BamHI, EcoRI, HindlIIl and Pstl to com-
pare restriction profiles generated among them (Fig. 3). The analy-
ses were done by comparison of additional fragments present in
relation to number of fragments common to all isolates generated
by each cleavage. Some differences were observed among the
restriction patterns of the viral isolates analyzed, particularly for
digestion with EcoRI that revealed an even greater range of varia-
tion in terms of number of detectable DNA fragments (from 26 to
32 fragments). Besides 26 EcoRI fragments common in all isolates,
there were three extra fragments of about 10, 2.7 and1.6 kbp (or
1.8) for I-A and I-B isolates, respectively; a 2.7 kbp fragment for
I-C; four fragments of 10, 3.7, 2.7 and 1.6 kbp for I-E and I-F; and
six fragments of 10, 3.7, 3.6, 2.7, 1.6, and 1.2 kbp for I-G isolate.
In all other REN profiles the variation was only of one or two extra
fragments. The combination resulting of the DNA analyses with the
four restriction enzymes showed that from the seven isolates only
two, I-E and I-F, exhibited the same number and mobility of frag-
ments in the gels, demonstrating thus that these isolates might
have similar genomes.

Wild-type baculovirus isolates are frequently found to be genet-
ically heterogeneous and this is typically indicated by the presence
of submolar bands in the DNA restriction profiles (McIntosh et al.,
1987; Smith and Crook, 1988a, 1988b). Therefore, the heterogeneity
observed among the isolates here analyzed could be related with
those bands present in submolar quantities on the gels. On the other
hand, when our REN fragment gels were compared to other pub-
lished REN fragment gels, since we have not yet PsinSNPV genome
sequence data, the REN patterns of the PsinSNPV isolates were dis-
tinct from those other already known SNPV, such as Trichoplusia ni
SNPV (Bilimoria, 1983; Davis and Wood, 1996; Erlandson et al.,
2007), Buzura suppressaria SNPV (Liu et al., 1993), Orgyia antique
SNPV (Richards et al., 1999), Orgya pseudotsugata SNPV (Leisy
et al., 1986), Orgyia ericae SNPV (Yang et al., 2006), Helicoverpa
(Heliothis) zea SNPV (Granados et al., 1981; McIntosh and Ignoffo,
1983), Heliothis armigera SNPV (Sudhakar and Mathavan, 1999), T.
orichalcea SNPV (Cheng and Carner, 2000), A. honmai SNPV (Ishii
et al., 2003; Takahashi et al., 2008). However, this comparison was
not exhaustive and we still do not know whether the virus described
here is a new virus or a variant of a previously described virus.

3.3. Median lethal concentration (LCsg) and survival time (STsg)

The %? values related to the different tested isolates LCso were
non-significant, indicating that the data were homogeneous for

all isolates and fit the probit analysis model utilized (Finney,
1971). The I-A isolate (from Guatemala) resulted in the lowest
LCso, but did not statistically differ from I-E (from Iguaragu, PR,
Brazil, season 2006/07) and I-F (from Dourados, MS, Brazil). These
three isolates were the most virulent against P. includens (Table 2).
However, I-F also did not differ from I-D and I-E. On the other hand,
I-E did not differ from I-B, I-D, and I-F. The analysis related to the
median survival time (STsg) revealed that STso did not follow the
same pattern of the LCso in the comparisons among PsinSNPV iso-
lates (Table 3). The lowest viral concentration tested (650 OB/ml of
diet) was excluded from this analysis as it caused less than 50%
mortality in infected insects. In general, STso decreased with in-
crease in viral concentration. At 2500 OB/ml of diet, there were
no significant differences among isolates. At 100,000 OB/ml of diet,
the isolate I-A resulted in the lowest STsq, but did not differ from I-
D and I-F. At 40,000 OB/ml of diet, lowest STso values were ob-
served for I-B and I-G, which were significantly different from I-C
to I-D, but did not differ from the other isolates. At 160,000 OB/
ml of diet I-D resulted in the highest STsq, not significantly differing
from I-C, but differing from the other isolates.

Genotypic variants of the same baculovirus, a common event in
field population, have been reported to differ in their DNA restric-
tion profiles and also in their biological activities (Caballero et al.,
1992; Takatsuka et al., 2003; Cory and Myers, 2003; Cory et al.,
2005). In the present work, PsinSNPV isolates from different local-
ities were analyzed and compared essentially based on their DNA
restriction patterns, virulence, and survival time, since all isolates
were similar in their general morphology. DNA cleavage using four
restriction enzymes generated profiles exhibiting variation in their
genomes with evidence of submolar bands in most of the profiles.
This suggests that some of these isolates could in fact be a mixture
of more than one strain of the virus. According to Cory et al. (2005),
small genomic changes may result in significant modifications in
the biological activity of baculoviruses. However, our biological
activity data are quite preliminary since the isolates here evaluated
were originally obtained from field-collected P. includens larvae
and then multiplied in laboratory assays. Therefore, further
sequencing studies, besides being helpful in the identification
and characterization of the isolates, might help elucidate if the var-
iable genomic regions detected here are related to LCso and STsq
differences observed among the isolates evaluated.

The isolate I-A (obtained from Guatemala) was studied in the
1980s by Livingston et al. (1980) and Young and Yearian (1982)
regarding larval mortality in laboratory and in the field, as well
as other aspects; however, there have not been recent research
with the PsinSNPV, specially those related to investigating the bio-

Table 2
Median lethal concentrations (LCso) obtained for P. includens third-instar larvae
infected with different PsinSNPV isolates.

Isolates? LCso 95% Fiducial limits Slope * SE” x?
Lower Upper

I-A 2500e 1833 3408 2.07 £0.31 0.00 ns©
I-B 5800abc 4188 7766 2.00+0.24 2.18 ns
1-C 8713ab 5915 14,485 1.51+£0.24 2.08 ns
I-D 4751bcd 3459 6424 1.98 £0.24 0.33 ns
I-E 2974cde 1797 4500 1.21+£0.17 3.00 ns
I-F 2811de 1855 3984 1.53£0.20 3.38 ns
I-G 9274a 6590 13,526 1.61+0.21 0.03 ns

2 A - from Guatemala; B - from Londrina-PR; C - from Maringa-PR; D - from
Iguaragu-PR season 2005/2006, E - from Iguaragu-PR season 2006/2007; F - from
Dourados-MS; and G- from Sertanépolis-PR. Different letters after LCsq values for
each isolate are significantly different (P = 0.05).

b SE, standard error.

¢ Non-significant chi-square (?) values.
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Table 3
Median survival times (STso) and associated parameters for P. includens third-instar
larvae infected with different PsinSNPV isolates.

Concentration Isolates STsq 95% SE df  »? P
(OB/ml of (d.p.i.)* Confidence
diet) interval
CI Cl
low high
2500 I-A 8a 8 12 044 6 1037 0.11
I-B 12a 0 - 0.45
I-C 12a 11 12 0.37
I-D 10a 9 12 0.43
I-E 10a 8 11 0.31
I-F 10a 8 12 0.40
I-G 12a 10 12 0.34
10,000 I-A 7b - - 022 6 4587 0.001
I-B 8a 8 9 0.32
I-C 8a 8 9 0.27
I-D 8ab 7 8 0.32
I-E 8a - - 0.29
I-F 8ab 7 8 0.29
I-G 8a 8 10 0.36
40,000 I-A 7ab 6 7 012 6 3253 0.00
I-B 6b - - 0.17
I-C 7a 7 8 0.14
I-D 7a - - 0.14
I-E 6ab 6 8 0.23
I-F 6ab 6 7 0.17
I-G 6b - - 0.15
160,000 I-A 6b - - 010 6 6452 0.00
I-B 6b - - 0.12
I-C 7ab 6 7 0.17
I-D 7a - - 0.10
I-E 6b - - 0.12
I-F 6b - - 0.12
I-G 6b 6 6 0.10

2 Median survival times were determined using the Kaplan-Meier Product-Limit
estimator (Collett, 1994); d.p.i. = days post inoculation. Different letters after ST50
values for each dose are significantly different with a = 0.05. Chi-square results are
from test of the null hypothesis that times to death were not significantly different
among virus treatments at each dose (test of equality over isolates log-rank).

logical activity of different viral isolates and their molecular char-
acterization, as conducted in the present work.

Therefore, differences in virulence due to intraspecific heteroge-
neity, as found in the present work, may represent an important
tool to develop the PsinSNPV as a biological insecticide.
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