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ABSTRACT

Spodoptera litura Nucleopolyhedrovirus (Sp/tNPV) is an entomopathogenic virus from the Baculoviridae family, currently
under development as a biological control agent for cutworm Spodoptera litura. The NPV’s ability to infect its pest host can
be determined by expression of pif protein complex by pif gene. The research aims to acquire genetic character information
of the pif gene of Sp/tNPV from Bogor. Amplification of the NPV gene was carried out using the specific primers to amplifies
two types of pif gene. The PCR products were sequenced then the DNA sequences were analyzed with the BioEdit and
BLAST programs. The PCR amplification results showed that the size of the sample DNA fragment was 900 bp, 1300 bp and
710 bp. Based on the sequence analysis results, Sp//NPV isolates from Bogor are closely related to Sp/tNPV and Sp/iNPV
isolates from China. The highest nucleotide homology values of Pif-1, Pif-2, and Pif-3 gene were 99.56%, 99.37% and 100%,
respectively. Based on the results of phylogenetic analysis, HearNPV isolates from Bogor belong to the same group as the
NPVs that infect the species Spodoptera litura and closely related to NPV that infect Spodoptera littoralis. The amino acid
sequence analysis showed the number of mutated sites in pif-1, pif-2, and pif-3 in this study are 1, 3, and 0, respectively, which

indicates that protein mutation in Sp//NPV Bogor did not significantly alter the viral infection process.
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INTRODUCTION

Spodoptera  litura  Nucleopolyhedrovirus
(SpI(NPV) is an entomopathogenic virus from the
Baculoviridae family that has the potential to be
developed as a biological control agent against
Spodoptera litura larvae. NPV acts as a stomach
poison in its target host (Cuartas-Otalora et al., 2019).
Occlusion bodies (OBs) enter the larvae digestive
system through the ingestion of contaminated
polyhedra on the food surface (Harrison & Hoover
K, 2012). Infected larvae typically exhibit symptoms
such as reduced appetite, decreased mobility, a shiny
body appearance, body swelling, and death, often
with their bodies hanging from plant shoots or twigs
(Claus et al.,, 2012). Larvae generally die within
3-5 days after infection occur (Ali et al., 2018).

The use of Sp/f{NPV for controlling S. litura
holds promise as an effective and environmentally safe
biological control method. Each NPV species, including
SpltNPV, is host-specific and does not negatively
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impact non-target insects such as pollinators, predators,
and parasitoids (Rodgers, 1993). Sp/fNPV has been
widely used for S. /itura management worldwide and is
beginning to be developed in Indonesia. In Taiwan and
India, SpltNPV applications have successfully reduced
S. litura infestationss in peanuts, cotton, and rice (Das
& Durga, 1996; Moscardi et al., 2011). Sp/f{NPV has
also been commercially applied for S. /ifura control
in China and Japan (Mitsuhashi, 2009; Sun, 2015).
In Indonesia, a Sp/fNPV isolate from China has been
developed as a biological agent against S. /itura, but
indigenous isolates are still studied at the laboratory
scale (Bedjo, 2017).

The morphology and physiology of a virus
are determined by the genetic information within its
genome (Nayak, 2007). The pif gene (Per os infectivity
factor) is one of the core genes in the NPV genome
and plays a crucial role in the viral infection process in
the host’s small intestinal epithelial cells (Boogaard et
al., 2018). The pif protein consists of multiple protein
types, forming a complex that facilitates the entry
of the nucleocapsid into epithelial cells. The ability
of viral particles to enter host cells is a key factor in
determining the pathogenicity and virulence of the
virus.

Genetic studies of NPV in S. litura in Indonesia
have been reported previously. The lef-§ gene of
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SpltNPV was identified in Indonesia by Kusumah
et al. (2023). Similarly, molecular characterization
of NPV isolates from other lepidopteran pests has
been conducted. For instance, Kusumah et al. (2017)
analyzed the lef-8 gene of Hyposidra talaca NPV
(HytaNPV) from tea plantations in Gunung Mas, Bogor,
revealing a high nucleotide and amino acid homology
(98% and 100%, respectively) with NPV isolates
infecting the genus Helicoverpa from Brazil, Australia,
Spain, and the Netherlands. Additionally, Kusumah et
al. (2018) conducted a molecular characterization of
Helicoverpa armigera NPV (HearNPV) in H. armigera
larvae, demonstrating a close relationship with other
HearNPV strains, with nucleotide sequence homology
ranging from 98.4% to 99.4% and amino acid sequence
homology ranging from 98.2% to 99.2%. This study
aims to investigate one of the key genes involved in
the primary infection process of SpltNPV, namely the
pif genes. Comprehensive information on pif genes
is essential for understanding the virulence factors of
NPV, which serve as a reference for biological pest
control applications.

MATERIALS AND METHODS

Research Site. This research was conducted at the
Insect Pathology Laboratory and the Integrated
Laboratory of Plant Protection, Department of Plant
Protection, Faculty of Agriculture, IPB University.
Nucleopolyhedrovirus (NPV) strains were obtained
from taro plants in the area around the IPB University
campus.

Viral Isolation. The virus were extracted using a
gradual centrifugation method with a refrigerated
benchtop centrifuge, Sorvall Biofuge Fresco (Kendro
Laboratory Products, USA) (Kusumah et al., 2022).
Nucleopolyhedrovirus-infected larvae were crushed
in 0.1% SDS buffer using a sterile mortar. A 1.5
mL of virus suspension was transferred into a 1.5
mL microtube and centrifuged for 1 min at 380 x g
for 20 min. The resulting white-colored pellet was
resuspended in sterile water until a final volume of 1.5
ml was reached, then homogenized using a vortex for
30 seconds. The suspension was centrifuged again for
1 min at 380 x g, and the supernatant was subjected
to a second centrifugation at 2375 x g for 20 min.
The supernatant was discarded, and the pellet was
resuspended in sterile water to obtain a relatively pure
virus suspension..

Viral Propagation. Nucleopolyhedrovirus (NPV)
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propagation was carried out at the Insect Pathology
Laboratory, Department of Plant Protection, IPB
University. A 50 uL artificial diet, previously prepared
based on Singh & Moore (1985), was smeared onto a
90 mL plastic cup. Then, 1 pL of virus suspension with
a concentration of 107 POBs/mL was added to the diet.
Second instar-larvae were starved for 2 h before being
fed the prepared diet until it was completely consumed.
The larvae were then fed a virus-free artificial diet and
maintained at 25 °C with a 16-h photoperiod until
death. Dead larvae exhibiting dark, soft, and watery
bodies were collected and stored in a freezer at -20 °C.

DNA Extraction. Viral DNA was extracted using
a modified Cetyl-Trimethyl Ammonium Bromide
(CTAB) method (Doyle & Doyle, 1987). A 0.1 g
sample of NPV-infected larvae was placed into
a 1.5 mL microtube and mixed with 400 uL of
CTAB extraction buffer (2% (v/v) CTAB, 0.05 M
Tris-HCIL, 0.02 M EDTA, 1.4 M NaCl, 1% (v/v)
B-mercaptoethanol, ddH,O). The larvae were crushed
with a micropestle and homogenized using a vortex for
30 s. The mixture was incubated at 60 °C for 30 min.
Then, 58 puL of chloroform and 2 pL of isoamyl alcohol
were added, followed by vortex homogenization for
30 seconds. The mixture was centrifuged at 9500 X
g for 3 min, and the supernatant was transferred into
a new microtube. DNA precipitation was performed
by adding an equal volume of isopropanol at -20 °C,
followed by centrifugation at 9500 g for 3 min. The
supernatant was discarded, and the pellet was washed
twice with 500 pL of 70% ethanol. The pellet was then
air-dried at room temperature for 2 h. The dried pellet
was resuspended in 50 pL. TE buffer (0.01 M Tris-HCI,
0.001 M EDTA, ddH,0) and stored at -20 °C.

DNA Amplification. Sp/fNPV DNA was amplified
using pre-designed primer (Table 1). Each amplification
reaction contained 2 pL of Sp/fNPV DNA (+40 ng/uL),
12.5 pL of 2 x Taq® Plus PCR Mastermix (Tiangen,
Beijing), 1 pL forward primer (10 pmol), 1 pL reverse
primer (10 pmol), 4 uL of DNA template, and 6,5 pL of
nuclease free-water. The amplification steps consisted
of pre-denaturation at 94 °C for 4 min, followed by
30 cycles of denaturation at 94 °C for 30 s, annealing
at 54 °C for 30 s, elongation at 72 °C for 60 s, and a
final elongation at 72 °C for 5 min. The final storage
temperature of the amplification product was set to 4
°C.

A 5 pL aliquot of the PCR product was mixed
with 1 pL of PegGREEN gel stain (Peqlab, Hongkong)
and subjected to electrophoresis in 1% agarose gel
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under a 50 V current for 50 min. The gel was visualized
using a UV-transilluminator.

DNA Sequencing and Data Analysis. The amplified
DNA fragments were sequenced by 1st BASE Malaysia
and sent via PT. Genetika Science Indonesia using
the Sanger sequencing method. The sequences were
trimmed before being compared with published gene
sequences from the National Center for Biotechnology
Information (NCBI) database using the Basic Local
Alignment Search Tools (BLAST) program (Altschul et
al., 1990). Selected nucleotide sequences were aligned
using the ClustalW algorithm in BioEdit ver 7.2.6 (Hall
1999). The sequence alignments were analyzed using
the Sequence Dermacation Tools v2.1. for homology
analysis and the Molecular Evolutionery Genetic
Analysis (MEGA) v11.0 software for phylogenetic
analysis (Tamura et al., 2021). The phylogenetic tree
was constructed using the Maximum Likelihood
approach with 1000 bootstrap replications.

Amino acid structure analysis was performed
by translating the nucleotide sequences using the
Expasy translation tool (website.expasy.org/translate/)
and aligning the resulting protein sequences using the
ClustalW algorithm in BioEdit v7.2.6.

RESULTS AND DISCUSSION

Symptoms of NPV Infection in Spodoptera litura.
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Infected larvae showed symptoms of decreased feeding
activity on the fourth day after inoculation. The larvae
died on the sixth day after inoculation, displaying
symptoms of pale body color and hanging upside down
on the side of the cup (Figure 1).

DNA Amplification Using the PCR Method. The
amplification result showed DNA bands with varying
amplicon sizes. DNA amplification of pif-1 (pif-1a and
pif-1b) genes produced an amplification product of
900 bp, while the pif-2 and pif-3 genes produced an
amplification product of 1300 and 700 bp, respectively
(Figure 2).

Homology and Phylogenetic Analysis Based on
Nucleotides. BLAST analysis revealed that the
Bogor SpltNPV isolate had the highest similarity to
SplINPV isolates from China, specifically isolates
KY and TO, as indicated by their homology values.
The highest nucleotide homology values for the Pif-
1, Pif-2, and Pif-3 genes were 99.56%, 99.37%, and
100%, respectively (Table 2). Based on the identity
matrix and phylogenetic analysis, the Bogor Sp//NPV
isolate clustered within the same group as NPV species
infecting Spodoptera litura and Spodoptera littoralis
(Figure 3, 4, 5).

According to King et al. (2012), a high homology
value with a nucleotide sequence similarity of more
than 89% suggests that the virus belongs to the same

Table 1. Pre-designed primer used for PCR of several pif genes from Sp//NPV

Target gene Primer sequence (5'-3) Tm (°C) Amplicon (bp)
pif-la F  CGGCTAAATACAACGCTTC 51.5 + 900
R GTTACATTCAAGCTGACCATC 51.5
pif-1b F  CCAAATTTGTACTGTTCGG 49.1 + 900
R CATCGACATGTACGAGATAA 49.1
pif-2 F  CCAGCATGAACACGATTAG 51.0 + 1300
R GGTATTTGAATTTGGCCATTG 50.5
pif-3 F  TGTACGACCGCTCTAGGATAAG 55.5 + 700
R GTCTCGCCAAACATCGAACA 55.6

Figure 1. NPV-infected Spodoptera litura larvae.
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species. The analysis showed that each pif gene from
SpltINPV Bogor had more than 89% homology with
SplNPV isolates from China and Japan. However, the
homology percentages of SpltNPV Bogor were lower

1500 bp iy
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than 89% when compared with Sp/iNPV isolates from
Egypt and Tunisia for pif-1 and pif-3, but not for pif-2
(Figures 6, 7, and 8). These results suggest that pif-2 is
a more conserved sequence than pif-/ and pif-3.

<«— 1300 bp

<+— 900 bp

<+— 700bp
500 bp =—s

Figure 2. Visualization of Sp/fNPV pif gene amplification on 1% agarose gel using UV-transilluminator. M=
marker 1 kb (Thermo Scientific, US); lane 2= pif-1a gene; lane 2= pif-1b gene; lane 4= pif-2 gene; lane
5= pif-3 gene.
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Figure 3. Phylogeny tree of Sp/tNPV pif-1 gene nucleotide sequences based on Maximum-likelihood method with
Kimura-2 approach (1000% bootstrap).
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Figure 4. Phylogeny tree of Sp/tNPV pif-2 gene nucleotide sequences based on Maximum-likelihood method with
Kimura-2 approach (1000% bootstrap).
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The Baculovirus genome contains approximately
895 open reading frames, 31 of which are core genes
(Miele et al., 2011). Per os infectivity factor (pif)
genes are among these core genes, expressed in the
late phase of infection and playing a crucial role in
oral viral infection in the host’s digestive tract. The
PIF protein facilitates the attachment of the occlusion
body and the fusion of the nucleocapsid into the
epithelial cells of the host midgut (Liao et al., 2013).
The pif gene sequence is highly conserved and is also
found in other virus groups, including nudiviruses and
polydnaviruses (Burke et al., 2013). Several known pif’
genes in the baculovirus genome include pif-0 (P74),
pif-1, pif-2, pif-3, pif-4, pif-5, pif-6, pif-7, pif-8, and pif-
9 (Makalliwa et al., 2018).

Each pif genes encodes a protein that plays a
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distinct role in the viral infection process. P74 (pif-0)
facilitates the attachment of viral particles to midgut
epithelial cells (Haas-Stapleton et al., 2004). Pif-1 and
Pif-2 are involved in binding the viral to the epithelial
cell (Ohkawa et al., 2005). The pif-3 protein does not
directly participate in virus attachment but aids in viral
translocation across the microvilli (Slack & Arif, 2006).
A deletion in any of these genes can disrupt the viral
entry process, reducing virulence without eliminating
viral pathogenicity (Mu et al., 2014).

Amino Acid Sequence Analysis. This study suggests
that Sp//NPV from Bogor may represent a different
strain compared to isolates from China and Japan. This
conclusion is supported by differences in the number
of cysteine residues and the presence of mutations.
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Figure 5. Phylogeny tree of Sp/tNPV pif-3 gene nucleotide sequences based on Maximum-likelihood method with

Kimura-2 approach (1000% bootstrap).
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Figure 6. Homology of SpltNPV pif-1 gene nucleotide sequence based of sequence identity matrix. Matrix identity
were generated with twelve NPV isolates obtained from NCBI (www.ncbi.nlm.nih.gov).
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Figure 7. Homology of SpltNPV pif-2 gene nucleotide sequence based of sequence identity matrix. Matrix identity
were generated with twelve NPV isolates obtained from NCBI (www.ncbi.nlm.nih.gov).
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Figure 8. Homology of Sp/fNPV pif-3 gene nucleotide sequence based of sequence identity matrix. Matrix identity
were generated with twelve NPV isolates obtained from NCBI (www.ncbi.nlm.nih.gov).

Based on amino acid alignment, the number of cysteine
residues in pif-1, pif-2, pif-3 from the Bogor Sp/{NPV
isolate was 19, 14, and 13, respectively. Pif-1 from
SpltNPV Bogor had one additional cysteine residue at
position 228 (Figure 9), which was found in pif-2 or

pif-3 (Figure 10, Figure 11).

Mutation were observed in pif-1 and pif-2. The
pif-1 sequence showed a single point mutation, where
glycine (G) was replaced by cysteine (C) at position
228. The pif-2 sequence contained three mutations:
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Table 2. BLAST result of several Pif gene in SpltNPV Bogor isolate based on comparison with nucleotide data

from NCBI (www.ncbi.nlm.nih.gov)

] Query cover (%) Identity (%)
Spesies Accesion Country Target gene
number

Pif-1  Pif-2  Pif-3  Pif-1  Pif-2  Pif-3
S.litura NPV isolate KY OR557577.1  China 100 97 100 9937  99.32 100
S.litura NPV isolate TO 0Q735222.1  China 100 97 100 99.56  99.07 100
S.litura NPV isolate WV 108 MZ290131.1  China 100 97 100 99.49 99.24 99.83
S.litura NPV isolate G2 NC 003102.1 China 100 97 100 99.49 99.24  99.67
S.litura NPV isolate B-0-4 FJ384667.1 Japan 100 97 100 99.49  99.07 99.83
S.littoralis NPV isolate AN1956 NC 038369.1 Egypt 99 94 99 83.48 89.17 87.65
S.littoralis NPV isolate Tun-2 MG958660.1 Tunisia 99 94 99 83.61 89.08 87.65
H. armigera NPV isolate TR MK507817.1  Turkey 25 53 26 64.52 6723 73.62
H. armigera NPV isolate G4 NC 002654.2 China 7 53 26 71.77 6723  73.01
H. armigera NPV isolate W104 MT810812.1  China 25 53 26 64.69 66.72 73.01

histidine (H) to proline (P) at position 49, glutamic acid
(E) to lysine (K) at position 383, and alanine (A) to
arginine (R) at position 389 (Figure 10). However, no
significant differences were observed in the N-terminal
domain structures of pif genes from SpltNPV Bogor,
China, Japan, Egypt, and Tunisia.

The Pif proteins (pif-0, pif-1, pif-2, pif-3, pif-4)
form a protein complex crucial for the fusion process
and determining viral host specificity (Ohkawa et
al., 2005). The ability of the virus to infect its host is
influenced by the stability of this protein complex. A
more stable complex resists proteolytic degradation
by factors such as high protease concentrations and
the alkaline pH of the midgut environment (Boogaard
et al., 2017). Proteases in the midgut can inhibit the
attachment of the pif protein complex, thereby affecting
viral infectivity (Horton & Burand, 1993).

The stability of pif protein complexes is closely
associated with the number of cysteine residues and the
structure of the inner nuclear membrane sorting motif
(INM-SM) in the N-terminal domain. Pif proteins
are cysteine-rich, which indicates by high-level of
cysteine in every type of pif protein. In amino acid
sequence, high concentration of cysteines is needed to
form disulfide bonds that facilitates protein complex
formation and assists protein folding process (Wang
et al., 2017). The INM-SM sequence consists of 18
hydrophobic amino acids with one or more positively
charged amino acids at the end (Boogaard et al., 2018).
According to Braunagel et al. (2004), the N-terminal
domain is essential for binding to the plasma membrane
and translocating to the inner nuclear membrane.

Based on nucleotide identity differences and

mutations in pif-1 and pif-2, the Bogor Sp/fNPV isolate
may represent a new strain. PIF proteins, particularly
pif-1, pif-2, and pif-3, are highly conserved, as indicated
by their percentage of amino acid constant sites
(PAACS). In Bombyx mori nucleopolyhedrovirus, a
model species, PAACS values for pif-1, pif-2, and pif-
3 range from 97% to 98% (Xu et al., 2013). Mutations
in conserved viral proteins suggest strain differences
within the same species (Doud et al., 2015).

The study of viral protein structures, which
primarily act as factors of infection, is essential for
understanding the physiology and pathogenicity
potential of the virus within its host. A mutation in one
or more amino acids in this region could potentially
affect the structure of the pif protein, which may lead
to changes in its function. According to Boogaard et
al. (2020), mutations could impact the pif protein’s
ability to bind to the host cell and its proteolytic
resistance. Based on this study, the mutations that
occurred in the amino acids were not significant to
the conserved regions, as evidenced by the number
of mutations found in the sequence. According to a
Baculovirus genetic variation study, the maximum
number of mutations in pif-1, pif-2, and pif-3 are
26, 8, and 6 sites, respectively (Xu et al., 2013). The
number of mutated sites in pif-1, pif-2, and pif-3 in this
study are 1, 3, and 0, respectively. This information
indicates that protein mutation in Sp/tNPV Bogor did
not significantly alter the viral infection process.

Understanding the structure of infection-
related viral proteins is crucial for evaluating the
potential of NPV as a biological control agent. Low
pathogenicity is observed in NPV isolates lacking
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CONCLUSION
The result of BLAST analysis showed that the

3 gene. Sequences with bold line (-) indicates
Bogor Spl/tNPV isolate had the highest similarity to the

if-
TO. Based on identity matrix and phylogeny analysis,

SplINPV isolates from China, namely isolates KY and

especially

b

-terminal domain; sequences with asterisk (*) indicates the positively charged

hydrophobic region in N

Figure 11. Amino acid sequence alignment of SpltNPV p
amino acid.

cells, impairing the oral infection pathway (Mu et

al., 2014). While low pif-1 expression does not affect
pathogenicity, it influences viral virulence (Wang et al.,

pif-1 and pif-2, prevents viral entry into host midgut
2017).

pif gene expression. Deletion of pif genes
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Bogor Sp/fNPV isolate is in the same group with NPV
species that infect Spodoptera litura and Spodoptera
littoralis. Pif-1 from Sp/fNPV Bogor have one
additional cysteine amino acids compared to SpItNPV
and Sp/fNPV isolates from NCBI. N-terminal domain
in pif-1, pif-2, and pif-3 from Sp/f/NPV Bogor shows
no difference to pif genes from Sp/INPV and Spl/tNPV
from NCBI.

ACKNOWLEDGMENTS

We would like to express our deepest gratitude
to all individuals and institutions that contributed to
the successful completion of this research endeavor.
Special thanks are extended to Department of Plant
Protection, IPB University for providing access to
essential resources and facilities. Additionally, we
acknowledge the contributions of our colleagues and
collaborators who generously shared their expertise.
Lastly, we extend our appreciation to the participants
who volunteered their time and made this study
possible. Each of these contributions has played a
crucial role in advancing our understanding in this
field.

FUNDING
This research was funded independently.
AUTHORS’ CONTRIBUTIONS

MC considered and planned the experiment,
sampling, infecting larvae, carried out the isolation
of DNA Spodoptera litura NPV, performed molecular
work and analysis data sequencing. MC, YMK, and
KHM interpreting sequence data. MC, YMK, KHM
prepared the manuscript. All the authors have read and
approved the final manuscript.

COMPETING INTEREST

We confirm that we have no competing interests
to declare regarding the publication of our work.

REFERENCES

Ali G, Vlak JM, & van der Werf W. 2018. Biological
activity of Pakistani isolate Sp/f{NPV-Pak-BNG
in second, third and fourth instar larvae of the
leafworm Spodoptera litura. Biocontrol Sci.
Technol. 28(5): 521-527. https://doi.org/10.108
0/09583157.2018.1461197

Vol. 25, No. 1 2025: 128—140

Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ.
1990. Basic local alignment search tool. J. Mol.
Biol. 215(3): 403—410. https://doi.org/10.1016/
S0022-2836(05)80360-2

Bedjo B. 2017. The potential of various isolates of
Spodoptera litura Nuclear Polyhedrosis Viruses
from East Java (Indonesia) to control Spodoptera
litura on soybean. Biodiversitas J. Biol. Div.
18(2):  582-588.  https://doi.org/10.13057/
biodiv/d180219

Boogaard B, van Lent JWM, Theilmann DA, Erlandson
MA, & van Oers MM. 2017. Baculoviruses
require an intact ODV entry-complex to resist
proteolytic degradation of per os infectivity
factors by co-occluded proteases from the larval
host. J. Gen. Virol. 98(12): 3101-3110. https://
doi.org/10.1099/jgv.0.000974

Boogaard B, Van Oers MM, & Van Lent JWM.
2018. An advanced view on Baculovirus per
Os Infectivity Factors. Insect. 9(3): 84. https://
doi.org/10.3390/insects9030084

Boogaard B, Van Oers MM, & Van Lent JWM. 2020.
Baculovirus per os infectivity factors-a complex
matter. Doctoral thesis. Wageningen University.
Wageningen. https://doi.org/10.18174/506926

Braunagel SC, Williamson ST, Saksena S, Zhong Z,
Russell WK, Russell DH, & Summers MD.
2004. Trafficking of ODV-E66 is mediated via a
sorting motif and other viral proteins: Facilitated
trafficking to the inner nuclear membrane. PNAS.
101(22): 8372-8377. https://doi.org/10.1073/

pnas.0402727101
Burke GR, Thomas SA, Eum JH, & Strand MR. 2013.
Mutualistic polydnaviruses share essential

replication gene functions with pathogenic
ancestors. PLoS Pathog. 9(5): €e1003348. https://
doi.org/10.1371/journal.ppat. 1003348

Claus JD, Gioria VV, Micheloud GA, & Visnovsky G.
2012. Production of insecticidal Baculoviruses
in insect cell cultures: Potential and limitations
In: Soloneski S & Larramendy M (Eds.).
Insecticides—Basic and Other Applications. pp.
127-152. InTech. Croatia.

Cuartas-Otalora PE, Gomez-Valderrama JA, Ramos
AE, Barrera-Cubillos GP, & Villamizar-
Rivero LF. 2019. Bio-Insecticidal potential
of Nucleopolyhedrovirus and Granulovirus
mixtures to control the fall armyworm


https://doi.org/10.1080/09583157.2018.1461197
https://doi.org/10.1080/09583157.2018.1461197
https://doi.org/10.1016/S0022-2836%2805%2980360-2
https://doi.org/10.1016/S0022-2836%2805%2980360-2
https://doi.org/10.13057/biodiv/d180219
https://doi.org/10.13057/biodiv/d180219
https://doi.org/10.1099/jgv.0.000974
https://doi.org/10.1099/jgv.0.000974
https://doi.org/10.3390/insects9030084
https://doi.org/10.3390/insects9030084
https://doi.org/10.18174/506926
https://doi.org/10.1073/pnas.0402727101
https://doi.org/10.1073/pnas.0402727101
https://doi.org/10.1371/journal.ppat.1003348
https://doi.org/10.1371/journal.ppat.1003348

Christian et al.

Spodoptera  frugiperda (J.E. Smith, 1797)
(Lepidoptera: Noctuidae). Viruses. 11(8): 684.
https://doi.org/10.3390/v11080684

Das RH & Durga PY. 1996. Restriction
endonuclease analysis of the Spodoptera
litura nucleopolyhedrovirus (NPV) isolate.

Biochem. Mol. Biol. Int. 39(1): 1-11. https://doi.
org/10.1080/15216549600201001

Doud MB, Ashenberg O, & Bloom JD. 2015. Site-
specific amino acid preferences are mostly
conserved in two closely related protein
homologs. Mol. Biol. Evol. 32(11): 2944-2960.
https://doi.org/10.1093/molbev/msv167

Doyle JJ & Doyle JL. 1987. A rapid DNA isolation
procedure for small quantities of fresh leaf
tissue. Phytochemical Bulletin. 19: 11-15.

Federici BA. 1997. Baculovirus Pathogenesis.
In: Miller LK (Ed.). The Baculoviruses.
pp. 33-59. Springer. New York. https://doi.
org/10.1007/978-1-4899-1834-5

Haas-Stapleton EJ, Washburn JO, & Volkman LE. 2004.
P74 mediates specific binding of Autographa
californica M nucleopolyhedrovirus occlusion-
derived virus to primary cellular targets in
the midgut epithelia of Heliothis virescens
larvae. J. Virol. 78(13): 6786—6791. https://doi.
org/10.1128/JV1.78.13.6786-6791.2004

Hall TA. 1999. BioEdit: A user-friendly biological
sequence alignment editor and analysis program
for Windows 95/98/NT. Nucleic Acids Symp.
Ser. 41: 95-98.

Horton HM & Burand JP. 1993. Saturable attachment
sites for polyhedron-derived baculovirus on
insect cells and evidence for entry via direct
membrane fusion. J. Virol. 67(4): 1860—
1868.  https://doi.org/10.1128/JV1.67.4.1860-
1868.1993

Kusumah YM, Ilhami MAW, & Kurniawati F. 2023.
Molecular characterization of Spodoptera litura
Nucleopolyhedrovirus (Sp/fNPV) from Bogor
using the late expression factor-8 gene. IOP Conf.
Ser.: Earth Environ. Sci. 1133: 012039. https://
doi.org/10.1088/1755-1315/1133/1/012039

King AMQ, Adams MJ, Carstens EB, & Lefkowitz
EJ. 2012. Family-Baculoviridae. In: Virus
Taxonomy: Classification and Nomenclature
of Viruses. Ninth Report of the International
Committee on Taxonomy of Viruses. pp. 163—

Genetic structure analysis of several peroral infectivity factor gene 139

173. Elsevier Academic Press. San Diego.

Kusumah RYM, Hartanto T, & Kurniawati F. 2022.
Identifikasi  berbasis  karakter = molekuler
Nucleopolyhedrovirus pada larva Helicoverpa
armigera Hubner (Lepidoptera: Noctuidae)
asal Bogor, Jawa Barat [Identification based on
molecular character of Nucleopolyhedrovirusin
Helicoverpa armigera Hubner (Lepidoptera:
Noctuidae) larvae from Bogor, West Javal].
Jurnal Entomologi Indonesia. 19(2): 127-134.
https://doi.org/10.5994/jei.19.2.127

Liao L, Hou D, Huang H, Wang M, Deng F, Wang H,
Hu Z, & Zhang T. 2013. Identification of the
epitopes of monoclonal antibodies against P74
of Helicoverpa armigera Nucleopolyhedrovirus.
Virol. Sin. 28: 360-367. https://doi.org/10.1007/
s12250-013-3393-7

Makalliwa GA, Wang X, Zhang H, Zhang N, Chen C,
LiJ, Deng F, Wang H, Wang M, & Hu Z. 2018.
HearNPV pseudotyped with PIF1, 2, and 3 from
MabrNPV: infectivity and complex stability.
Virol Sin. 33: 187—-196. https://doi.org/10.1007/
s12250-018-0014-5

Miele SAB, GaravagliaMJ, Belaich MN, & Ghiringhelli
PD. 2011. Baculovirus: Molecular insights on

their diversity and conservation. Int. J. Evol.
Biol. 2011. https://doi.org/10.4061/2011/379424

Mitsuhashi W. 2009. Insect virus proteins involved in
the peroral infectivity of the viruses and their
potential practical application in pest control.
In: Connell CI & Ralston DP (Eds.). Insect
Viruses. Detection, Characterization and Roles.
pp. 1-20, Nova Science Publishers. New York.

Moscardi F, de Souza LM, de Castro Batista MEB, Lara
Moscardi M, & Szewczyk B. 2011. Baculovirus
pesticides: Present state and future perspectives.
In: Ahmad I, Ahmad F, & Pichtel J. Microbes and
Microbial Technology. pp. 415-445. Springer.
New York. https://doi.org/10.1007/978-1-4419-
7931-5 16

Mu J, van Lent JWM, Smagghe G, Wang Y, Chen X,
Vlak JM, & van Oers MM. 2014. Live imaging
of baculovirus infection of midgut epithelium
cells: A functional assay of per os infectivity
factors. J. Gen. Virol. 95(11): 2531-2539.
https://doi.org/10.1099/vir.0.068262-0

Nayak DP. 2007. Virus Morphology, Replication, and
Assembly. In: Hurst CJ (Ed.). Viral Ecology. pp.


https://doi.org/10.3390/v11080684
https://doi.org/10.1080/15216549600201001
https://doi.org/10.1080/15216549600201001
https://doi.org/10.1093/molbev/msv167
https://doi.org/10.1007/978-1-4899-1834-5
https://doi.org/10.1007/978-1-4899-1834-5
https://doi.org/10.1128/JVI.78.13.6786-6791.2004
https://doi.org/10.1128/JVI.78.13.6786-6791.2004
https://doi.org/10.1128/JVI.67.4.1860-1868.1993
https://doi.org/10.1128/JVI.67.4.1860-1868.1993
https://doi.org/10.1088/1755-1315/1133/1/012039
https://doi.org/10.1088/1755-1315/1133/1/012039
https://doi.org/10.5994/jei.19.2.127
https://doi.org/10.1007/s12250-013-3393-7
https://doi.org/10.1007/s12250-013-3393-7
https://doi.org/10.1007/s12250-018-0014-5
https://doi.org/10.1007/s12250-018-0014-5
https://doi.org/10.4061/2011/379424%0D
https://doi.org/10.1007/978-1-4419-7931-5_16
https://doi.org/10.1007/978-1-4419-7931-5_16
https://doi.org/10.1099/vir.0.068262-0

140 J. Trop. Plant Pests Dis.

63—124. Academic Press. San Diego. https://doi.
org/10.1016/B978-012362675-2/50004-5

Ohkawa T, Washburn JO, Sitapara R, Sid E, & Volkman
LE. 2005. Specific binding of Autographa
californica M Nucleopolyhedrovirus occlusion-
derived virus to midgut cells of Heliothis
virescens larvae is mediated by products of
pif genes Ac119 and Ac022 but not by Acll5.
J Virol. 79(24): 15258-15264. https://doi.
org/10.1128/jvi.79.24.15258-15264.2005

Rodgers PB. 1993. Potential of biopesticides in
agriculture. Pest Manag. Sci. 39(2): 117-129.
https://doi.org/10.1002/ps.2780390205

Singh P & Moore RF. 1985. Hand Book of Insect
Rearing Vol II. Elvesier Science Publishing
Company Inc. New York.

Slack J & Arif BM. 2006. The baculoviruses occlusion-
derived virus: Virion structure and function. Adv.
Virus Res. 69: 99—165. https://doi.org/10.1016/
s0065-3527(06)69003-9

Sun X. 2015. History and current status of development
and use of viral insecticides in China. Viruses.

Vol. 25, No. 1 2025: 128—140

306-319. https://doi.org/10.3390/

7(1):
v7010306
Tamura K, Stecher G, & Kumar S. 2021. MEGA11:
Molecular evolutionary genetics analysis
version 11. Mol. Biol. Evol. 38(7): 3022-3027.
https://doi.org/10.1093/molbev/msab120

Harrison R & Hoover K. 2012. Baculoviruses and
other occluded insect viruses. In: Vega FE In:
Vega FE & Kaya HK (Eds). Insect Pathology.
Second Edition. pp. 73—131. Academic Press.
San Diego.

Wang X, Liu X, Makalliwa GA, Li J, Wang H, Hu Z,
& Wang M. 2017. Per os infectivity factors: a
complicated and evolutionarily conserved entry
machinery of baculovirus. Sci. China Life Sci.
60(8): 806-815. https://doi.org/10.1007/s11427-
017-9127-1

Xu YP, Cheng RL, XiY, & Zhang CX. 2013. Genomic
diversity of Bombyx mori nucleopolyhedrovirus
strains. Genomics. 102(1): 63-71. https://doi.
org/10.1016/j.ygeno.2013.04.015


https://doi.org/10.3390/v7010306
https://doi.org/10.3390/v7010306
https://doi.org/10.1093/molbev/msab120
https://doi.org/10.1007/s11427-017-9127-1
https://doi.org/10.1007/s11427-017-9127-1
https://doi.org/10.1016/j.ygeno.2013.04.015
https://doi.org/10.1016/j.ygeno.2013.04.015
https://doi.org/10.1016/B978-012362675-2/50004-5
https://doi.org/10.1016/B978-012362675-2/50004-5
https://doi.org/10.1128/jvi.79.24.15258-15264.2005
https://doi.org/10.1128/jvi.79.24.15258-15264.2005
https://doi.org/10.1002/ps.2780390205
https://doi.org/10.1016/s0065-3527%2806%2969003-9
https://doi.org/10.1016/s0065-3527%2806%2969003-9

