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Abstract

Background: The genetic diversity is naturally occurring in baculovirus population, which may affect the potency

of the bio-agent. The Spodoptera littoralis nucleopolyhedrovirus is a promising bio-control agent that can be used

to control the cotton leafworm, S. littoralis in Egypt. This study described the virulence and genetic variability of 3 S.
littoralis nucleopolyhedrovirus isolates named Cab2, P2 and P3 previously recovered from diseased S. littoralis larvae of
cabbage, pepper and eggplant cultivation fields.

Results: The viral genomic DNA restriction analysis using Pstl and Scal endonucleases showed identical Pst1 restric-
tion pattern of 10 fragments in both Cab2 and P3 isolates, while there are 7 extra fragments present in P2 isolate of
about 25, 19.8, 15, 14, 11,9 and 6.7 (kbp). On the other hand, the restriction pattern using Scal revealed 10 common
fragments in all three isolates, in addition to an extra marker fragment of about 25 kb in P3 isolate absent in both P2
and Cab3 isolates. The phylogenetic analysis of the partial nucleotide sequence of the polyhedrin gene confirmed
an extensive degree of co-linearity among the genomes of the 3 tested isolates, with pairwise sequence identities
of 97.04% with S. littoralis nucleopolyhedrovirus isolate A26-5 (Acc. No. AY706717). The median lethal concentration
(LCs) value revealed that Cab2 had the best virulence toward the first instar of S. fittoralis larvae with LCy value of
159 x 10* Obs/ml compared to the virulence recorded by P3 and P2 which were 1.23 x 10° and 2.7 x 10% OBs/m|,
respectively. The median survival time (LT5,) value of Cab2 isolate was the highest speed of treated larval mortality
with 120 hpi compared to P2 and P3, which recorded 132 hpi for both isolates.

Conclusions: Although all three S. littoralis nucleopolyhedrovirus isolates showed considered genotypic variation
and insecticidal activity against S. littoralis larvae, the variant Cab2 showed the highest virulence and speed mortality
against the first instar larvae of S. littoralis. The new variant proved to possess promising insecticidal properties for the
development of virus-based biopesticide for the control of S. littoralis population in Egypt.
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Background negative impact of chemical insecticides that had led to
The cotton leafworm, Spodoptera littoralis (Lepidoptera:  the exploration of alternative control measures such as
Noctuidae), causes huge damage to different strategic  bacteria, fungi and viruses as an environmentally friendly
crops and vegetables in Egypt and worldwide. Due to the ~ bio-control agents as an active ingredient in many com-
mercial products (Lei et al. 2020), baculoviruses have
— been considered as potent pathogens of insects, specifi-
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enveloped viruses with a circular double-strand DNA
genome of molecular weight ranged from 80 to 180 kilo
basepair (kbp) (Hill and Unckless 2017). Taxonomically,
the Baculoviridae family is classified into two genera,
Granulovirus (GV) and Nucleopolyhedrovirus (NPV)
relying on the morphology of the occlusion bodies (obs)
(Rohrmann 2008). Based on baculovirus genomes DNA
sequences, a new classification was proposed as follows:
Alphabaculovirus: lepidopteran NPVs; Betabaculovirus:
lepidopteran GVs; Gammabaculovirus: hymenopteran
NPVs and Deltabaculovirus: dipteran NPVs (Herniou
et al. 2011). Naturally, baculoviruses are thought to con-
trol the size of insect populations, and this is the basis for
their application as a bio-control agent of pests (Moscardi
1999). Baculovirus is considered as an outstanding can-
didate biopesticide due to its specificity, safe to verte-
brates and plants with no negative impacts on non-target
insects, still present some obstacles to be utilized com-
mercially, as slow killing speed and narrow spectrum of
its activity as well as short stability in the field (Regnault-
Roger 2012). Therefore, using novel viral isolates as a can-
didate for the development of biopesticide against the S.
littoralis population may be important to overcome those
obstacles. Nevertheless, picking native virus isolates to
be utilized as a bio-control agent requires molecular and
biological characterization of the isolate present in each
geographical area (Herniou and Jehle 2007).

The present study described the virulence and genetic
variability of SpliNPV isolates, which were collected from
naturally NPV-infected larvae from cultivars of eggplant,
pepper and cabbage in Egypt.

Methods

Insect

Neonates of the cotton leafworm, S. littoralis were
used for the bioassay analyses and fourth instar larvae
were used for virus propagation. The colony was main-
tained in growth chamber at 26 &1 °C and 70-80% R.H.,
and 16:8 light/dark photoperiods. Larvae were reared
on a semi-synthetic diet according to Levinson and
Navon (1969), which contains agar—agar mixed with
ascorbic acid, ground kidney bean, Brewer’s yeast and
methyl-4-hydroxybenzoate.

Viruses’ purification and propagation

NPV isolates were from the infected S. littoralis larvae
collected from eggplant, pepper and cabbage crops from
different locations in Egypt. Collected larvae were indi-
vidually kept at — 20 °C in 15-ml plastic tubes. In order to
prepare larvae for an initial phase-contrast microscopic
examination and for virus propagation, they were homog-
enized individually in ddH,O and centrifuged at 100xg
for 3-5 min. to remove cell debris. Then, the supernatant
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was centrifuged at 5000xg for 10 min to facilitate OBs
precipitation. The pelleted OBs were re-suspended in
suitable amount of ddH,0O. Small amount of OBs was
examined under a phase-contrast microscope. Puri-
fied OBs for each isolate were used to inoculate about
fifty fourth instar larvae by feeding them a small piece of
medium contaminated with few microliters of each iso-
late for 24 h. Next day, larvae that ingested the viral-con-
taminated medium were transferred to a fresh medium.
The infected larvae were maintained under controlled
ambient conditions, and the dead larvae were collected
few days post-infection (p.i.) and subjected for OBs puri-
fication. For the purification of viral OBs, the individually
dead larvae showing symptoms of viral infection were
homogenized in 0.1% aqueous sodium dodecyl sulfate
(SDS) (w/v) (1 ml /larva), filtered through two layers of
cheese cloth and one of cotton several times to get rid
from insect debris. The resulting pellets were washed in
0.5 M NacCl followed by re-suspension in sterile ddH,O
(0.5 ml/larva) and stored at—20 °C. The concentration
of the purified OBs was determined using the dark field
of Ziss Axiovert Al light microscope with 200X magnifi-
cation using a Petroff Hausser counting chamber (depth
0.01 mm) as previously described (Jehle et al. 1992).

Virus restriction pattern

The genomic DNA of viral isolates was purified from
viral polyhedra of each isolate according to Boughton
et al. (1999). Briefly, 200 pl of viral OBs of each isolate
was precipitated for 5 min at 8000 rpm, and the pellet
re-suspended in 200 pl of ddH,O. Using 1 M Na,COs,
the samples were treated in the final concentration of
0.1 M and then incubated at 37 °C for 1 h until the solu-
tion became almost clear. One millimolar HCI was used
to neutralize the solution to pH 8 before adding SDS in a
final concentration of 1%. Then, proteinase K was added
in a final concentration of 250 pg/ml, and the suspension
was incubated for 1 h at 37 °C to release viral genomic
DNA. The samples were treated with phenol/ chloro-
form 1:1 (v/v) and once with chloroform to remove the
phenolic residues. Using 1/10 volumes 3 M NaAc pH
5.2 and 2.5 volume ice-cold 96% ethanol DNA was pre-
cipitated in — 20 °C overnight and then washed using 70%
ethanol. The obtained genomic DNA was dried for 5 min,
and subsequently, DNA was eluted in enough amount of
ddH20.

Restriction endonuclease (REN) analysis was per-
formed for each isolate by digestion of 1.5 pg of
genomic DNA using 10U of Pstl, and Sacl endonu-
cleases (Thermo Fisher) at 37 °C for 2 h. The obtained
restriction fragments were electrophoresed on a 0.8%
agarose gel at 30 V overnight using TAE buffer (1 mM
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EDTA, 40 mM Tris—acetate at pH 8.0), stained with
SYBR Safe (Thermo Fisher) and then visualized under
UV-Transilluminator.

PCR amplification and sequencing of polyhedrin gene

One pair of specific primers named Spli-polh-F (5-ATC
TGGGCAAAACCTATGTAT-3) and Spli-polh-R (CTT
GGCGAGACTGATGCGGTATTC) were designed, syn-
thesized and used for amplification of polyhedrin gene
fragment using purified viral DNA according to the
method described recently by Elmenofy et al. (2020).
Blastn was used to align the nucleotide sequences of
the three isolates against the NCBI reference nucleotide
database. MEGA-X was used for multiple alignments and
producing tree data. The tree data clustering method was
neighbor joining, and iTOL was used to create the phylo-
genetic tree.

Insecticidal activity of virus isolates

Insecticidal activity was performed in autoclavable
50-well plates containing 45 ml of semi-synthetic diet
mixed with 5 ml virus suspension. The median lethal
concentration (LC50) was determined using six different
OB concentrations in each ml medium using viral con-
centration stock of 2.9 x 10% OBs/ml. The concentrations
were prepared as follows: 103, 5 x 10%, 10% 5 x 10%, 10°,
5x 10° and 10° OBs/ml as well as two virus-free plates
as control. Fifty larvae were used for each concentra-
tion of virus isolate as well as the control, which mixed
with ddH20 instead of virus suspension. Each bioassay
was replicated three times. Mortality was recorded at day
one post-infection, to exclude those larvae which died
from handling, and after 7 days. The mean survival time
(ST50) was determined by inoculating 50 larvae in two
independent replicates with the calculated LC85 for each
tested virus isolate, as well as two control plates. Mortal-
ity of the larvae was monitored daily and every 12 h start-
ing at day 3 post-infection until day 10 or larval death.

Statistical analysis

Estimation of the LC50 and slopes of regression lines
were calculated by probit analysis according to Finney
(1971) using EPA probit analysis program version 1.5
package. Significance testing of the LC50 was done by
pairwise comparisons using non-overlapping 95% confi-
dence intervals (CIs) (Robertson and Preisler 1992). The
ST50 value was determined using the Kaplan—Meier esti-
mator analysis method (Kaplan—Meier, 1958), and the
GraphPad Prism version 6.04 for Windows, GraphPad
Software, La Jolla California USA, www.graphpad.com
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Results

Restriction profile analysis

The genomic DNA of each of the three SpliNPV isolates
was digested using the enzymes Scal and Pstl to com-
pare restriction profiles generated among them (Fig. 1).
The analysis was carried out by counting the number of
extra fragments present in proportion to the number of
fragments produced by each digestion that were common
to all isolates. Some new DNA fragments were observed
among the restriction profiles of each viral isolate, par-
ticularly for digestion with PstI that revealed an even
greater range of variation in terms of number of detect-
able DNA fragments (7 fragments). Cab2 and P3 isolates
showed identical Pstl restriction profile of 10 fragments,
while there are 7 extra submolar fragments present only
in P2 of about 25, 19.8, 15, 14, 11, 9 and 6.7 (kbp). How-
ever, the restriction profile of Scal revealed 10 common
fragments in the three isolates, and an extra marker frag-
ment of about 25 kb in P3 isolate absent in P2 and Cab3.

Phylogenetic analysis

Enough amount of genomic DNA was successfully puri-
fied from each isolate and used along with two oligo-
nucleotide primers, which were designed to amplify
partial fragment within the polyhedrin gene. Since these
primers are highly conserved amongst NPVs, they were
employed in the present study for Egyptian NPVs detec-
tion and identification by PCR as well as phylogenetic
analysis (Jehle et al. 2006). The results showed that the
PCR-amplified fragments gave the expected size of polh
gene of about 494 bp (data nor shown), which subse-
quently subjected to Sanger nucleotide sequencing to
be compared to other NPVs corresponding to sequences
available in NCBI GenBank. Alignment of Cab2, P2 and
P3 isolates with polyhedrin gene sequences of other
NPV isolates confirmed an extensive degree of co-line-
arity among the genomes of these NPVs, with pairwise
sequence identities of 97.04% with S. littoralis nucleopol-
yhedrovirus isolate A26-5 (Acc. No. AY706717) (Fig. 2).

Bioassay

The median lethal concentration (LC50) of Cab2, P2 and
P3 isolates was determined to test their virulence on S.
littoralis larvae. Based on LC50 values (Table 1), the LC50
values of Cab2, P2 and P3 were 1.59 x 10% 1.23 x 10° and
2.7 x 10* OBs/ml, respectively. The results revealed that
Cab2 had the best virulence based on larval mortality
than the lowest virulence recorded by P3 and P2. Using
the Kaplan—Meier survival time estimator analysis, the
ST50 was calculated (Table 2). The calculated ST50 val-
ues were 120 h for Cab2, 132 h for P2 and 132 h for P3.
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Fig. 1 Restriction endonuclease analysis of viral genomic DNA purified from Cab2, P2 and P3 isolates. A Restriction profile analysis of all isolates
generated by Pstl endonuclease. B Restriction profile analysis of all isolates generated by Scal endonuclease. Electrophoresis was generated on
a 0.8% agarose gel for 18 hr using 30 V. M1: 1 kb DNA ladder (Thermo Fisher), M2: Lambda Hindlll DNA ladder (Thermo Fisher). Arrows indicated
submolar bands among isolates

These results showed that Cab2 isolate was the highest
speed of treated larval mortality compared to P2 and P3
isolates with about 12 h.

Discussion
In this study, three SpliNPV isolates were derived from S.
littoralis-infected larvae from cultivated field of cabbage,
pepper and eggplant crops in different districts in Egypt.
Their DNA were purified and subjected to REN analy-
sis. Results of the REN analyses showed that all three
isolates, Cab2, P2 and P3, exhibited slightly different
number and pattern of gel fragments demonstrating the
existence of genetic differences among them. The differ-
ence in the three SpliNPV isolate profiles demonstrated
that the isolates comprised genotypic variants in differ-
ent proportions. Hence, the variations in the genomes of
baculoviruses could result in relative difference in their
virulence and pathogenicity (Behle and Popham 2012).
Previously, REN analysis was performed on nine Splt-
NPV isolates from sick Spodoptera litura and an Egyptian

isolate of Spodoptera littoralis NPV. Six of the ten isolates
had new submolar bands, which indicated a combination
of genotypes (Takatsuka et al. 2003). Cherry and Sum-
mers (1985) investigated the genetic diversity of NPVs
that infected S. littoralis and also discovered two different
viruses, SpliNPV-A and SpliNPV-B, which were equally
dispersed throughout Israel. In addition, REN profile
analysis of SpliNPV Egyptian isolates named Cab-3 and
Spli-7 showed a number of submolar bands where these
isolates comprised genotypic variants (Elmenofy et al.
2020).

The NPV isolates in the current study showed a sig-
nificant homology with 100 NPV isolates based on
GenBank database. They showed 93.1% identity with S.
littoralis NPV polyhedrin gene of both SpliNPV-Tun2
and SpliNPV-AN1956 strains under accession number of
MG958660.1 and NC_038369.1, respectively, which were
isolated from Tunisia and Egypt.

Bioassays of the Cab2, P2 and P3 in this study revealed
a distinct pattern of virulence among them. The variant
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— Spodoptera frugiperda NPV-IBBL BCIPV 459
—— Autographa californica NPV

Agrotis ipsilon NPV-llincis
Mamestra configurata NPV-AB26
Helicoverpa armigera NPV-1072

Spodoptera exigua NPV
Euproctis digramma NPV-S24
Ecotropis obliqua NPV-A1

Spodoptera terricola NPV-A26-1

— Spodoptera litura NPV
L——— Spodoptera littoralis NPV-A26-5

— Spodoptera littoralis NPV-P3 *

Fig. 2 Phylogenetic inference of relationships among isolates of NPV based on polyhedrin nucleotide sequence alignments. The evolutionary
history was inferred using the neighbor-joining method. The SpliNPV isolates Cab2, P2 and P3 are indicated by black asterisks

Spodoptera littoralis NPV-Tun2
Spodoptera littoralis NPV- AN1956

Spodoptera littoralis NPV-Cab2 *

Spodoptera [ittoralis NPV-P2 %

Table 1 Bioassay of Spodoptera littoralis nucleopolyhedrovirus against the first instar S. littoralis larvae

Isolate code LC 50 (OBs/ml) Fiducial limit lower Fiducial limit upper X2 Slope
Cab2 159 % 10* 3535.124 35,210.320 94 1.57
P2 123 % 10° 629,259.875 4,419,055.500 11.07 0.76
P3 2.7 x 10* 17,298.635 43,715.742 948 1.36
Table 2 ST50 values of the first instar Spodoptera littoralis larvae infected by S. littoralis NPVs

Isolate code No. of larvae LC 85 (OBs/ml) Fiducial limit lower Fiducial limit upper ST50
Cab2 103 72,542.555 32,927.668 362,103.844 120
P2 120 27,950,752 6,763,316 570,543,168 132
P3 107 156,760.688 88,530.328 380,817.656 132

Cab2 presented a high virulence on the first instar lar-
vae of S, littoralis with LC50 value of 1.59 x 10* OB/ml,
than the P2 and P3 variants that represent lower LC50
value of 1.23 x 10° and 2.7 x 10* OBs/ml, respectively.
Moreover, it was shown that Cab2 was faster to kill the
larvae with ST50 value of 120 h compared to both other

isolates P2 and P3, which showed ST50 value of 132 h
for both isolates.

The selection of native isolates is crucial for devel-
oping a virus-based insecticide against S. littoralis.
Elmenofy et al. (2020) studied a new field collected
from SpliNPV-Cab3 genotypic variant to determine
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its toxic effect against S. littoralis, as a novel, envi-
ronmentally safe candidate virus-based bioinsecti-
cide. SpliNPV-Cab3 indigenous isolate was identified
as a variation isolate of the reference strain SpliNPV-
AN1956 based on the REN pattern and phylogenetic
analysis.

The virulence parameters of the three NPV iso-
lates of the current study showed that the LC50 val-
ues were higher than the LC50 observed for the first
instar S. littoralis of some SpliMNPYV isolates presented
by Toprak et al. (2005). The LC50 value of both Cab2
and P3 (1.59 x 10* and 2.7 x 10* OBs/ml) was slightly
higher than the calculated LC50 values for the S. litto-
ralis first instar using Spli-6 and Spli-7 isolates (3 x 10*
and 9.5 x 10* OBs/ml, respectively) that was studied by
Elmenofy et al. (2020). On the other hand, the speed of
mortality by both isolates Spli-6 and Spli-7 based on
ST50 value was 96 h, which showed to be faster than
that the current isolates Cab2, P2 and P3 against S. [it-
toralis larvae with ST50 values of 120, 132 and 132 h
for the three isolates, respectively. On the other hand,
the ST50 value of the isolates under the current study
was less than the ST50 value for SpliMNPV isolates
calculated by Lacey et al. (2015), which ranged from
125 to 360 h. Hence, the genetic variations observed
in SpliNPV isolates Cab2, P2 and P3 might have influ-
enced the viral potency of S. littoralis larvae.

The variability of LC50 and ST50 is probably due to
different factors such as the technique of surface treat-
ment, homogeneously treated diet and feeding habit of
the insect species or due to difference in larval instars.
It might possibly be also related to differences in the
host’s sensitivity to NPV isolates, the total number of
virions for each OB, the virus strain’s pathogenicity
and/or the cycles used for the viral isolate propagation
(Seufi 2008).

Therefore, the development of novel and environmen-
tally safe alternatives has become an urgent need for inte-
grated control programs for the cotton leafworm, with
emphasis on biological control through entomophagous
plant extracts and microorganisms (Matloub et al. 2021).

Based on the virulence characteristics (LC50 and ST50)
of the three isolates described in this study, their poten-
tial as a promising viral-based bioinsecticide is suggested,
specially isolate Cab2, which showed the best virulence
values against S. littoralis larvae. As long as baculovi-
ruses are isolated in Egypt from different districts, it is
expected to discover much more virus isolates in virgin
districts where no chemical pesticides are used. These
observations suggested that the Egyptian environment is
suitable for not only gathering novel baculovirus isolates
but also for their potential use as viral-based pesticides in
integrated pest management schemes (IPM).
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Conclusions

In the current study, three SpliNPV isolates named Cab2,
P2 and P3 were isolated from dead larvae of S. littoralis
and characterized. The restriction profile analysis showed
the presence of genotypic variations among viral isolates.
The phylogenetic analysis based on polyhedrin nucleo-
tide sequences confirmed an extensive degree of co-
linearity among the genomes of the three virus isolates.
Furthermore, Cab2 isolate showed the best virulence
values against the first instar larvae of S. littoralis based
on the calculated LC50 and ST50 values, compared to P2
and P3 isolates. These results suggested the potential uti-
lization of Cab2 variant as a base for the development of
viral-based bioagent for the effective control of S./ittoralis
population in Egypt.
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