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Abstract

To date, over 78 genomes of nucleopolyhedroviruses (NPVs) have been sequenced and 
deposited in NCBI. How to define a new virus from the infected larvae in the field is 
usually the first question. Two NPV strains, which were isolated from casuarina moth 
(L. xylina) and golden birdwing larvae (Troides aeacus), respectively, displayed the same 
question. Due to the identity of polyhedrin (polh) sequences of these two isolates to that of 
Lymantria dispar MNPV and Bombyx mori NPV, they are named LdMNPV-like virus and 
TraeNPV, provisionally. To further clarify the relationships of LdMNPV-like virus and 
TraeNPV to closely related NPVs, Kimura 2-parameter (K-2-P) analysis was performed. 
Apparently, the results of K-2-P analysis that showed LdMNPV-like virus is an LdMNPV 
isolate, while TraeNPV had an ambiguous relationship to BmNPV. Otherwise, MaviNPV, 
which is a mini-AcMNPV, also exhibited a different story by K-2-P analysis. Since K-2-P 
analysis could not cover all species determination issues, therefore, TraeNPV needs to 
be sequenced for defining its taxonomic position. For this purpose, different genomic 
sequencing technologies and bioinformatic analysis approaches will be discussed. We 
anticipated that these applications will help to exam nucleotide information of unknown 
species and give an insight and facilitate to this issue.

Keywords: nucleopolyhedroviruses, Kimura-2-parameter analysis, next-generation seq- 
uencing, bioinformatic analysis

1. Introduction

Baculoviruses are insect-specific viruses which have a large circular double-stranded DNA 
genome packaged in enveloped, rod-shaped nucleocapsid and occluded within a paracrys-
talline protein occlusion body (OB) [1, 2]. The family Baculoviridae has four genera, including 

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



Alphabaculovirus, Betabaculovirus, Gammabaculovirus and Deltabaculovirus. Nucleopolyhedrovirus 
(NPV) is a member of Alphabaculovirus (lepidopteran-specific NPV) [3]; NPV replicates in the 
nucleus of the infected host cell and causes a disease of nuclear polyhedrosis. Epidemic out-
break of NPV may play a role in regulation of the host nature population [4]. Thereby, it is a 
potential agent for biological control with a number of eco-friendly benefits including high 
virulence and specificity against target insects, environmental safety and sustainable existence 
with target insects. Several baculoviruses showing promising results have been commercial-
ized as biopesticides for the control of insect pests around the world [5]. For biotechnological 
applications, baculoviruses have been constructed as a eukaryotic protein expression vectors 
(baculovirus expression vector system (BEVS)) over the last 30 years and used to gene therapy 
trials. So far, many recombinant proteins have been expressed in insect cells by BEVS and con-
tribute to human life [6].

To date, baculoviruses are known to infect more than 660 insect species; most of them are 
belonging to the order of Lepidoptera, Diptera and Hymenoptera [7, 8]. Baculoviruses exhibit 
genetic variations among species and its isolates [9]. Although a large number of baculovi-
ruses in the nature, only a few have been well studied. To the best of our knowledge, a total 
of 78 fully sequenced genomes have been deposited in GenBank [10] and also several baculo-
viruses of whole genomes may soon be sequenced and deposited (Table 1). However, these 
published viral genomes represent only a small fraction and the genetic relationship among 
nucleopolyhedroviruses (NPVs) in the natural environment remains a puzzle.

Previously, Sanger sequencing was employed to sequence the viral genomic sequences 
cloned in plasmids. With the advances of sequencing technologies, next-generation sequenc-
ing (NGS) is becoming an important technology for large-scale viral genomic sequencing. 
The high cost of NGS and requirement of intensive bioinformatic analysis remain a hurdle 
for this application. In a word, NGS is an available tool to facilitate on the study of the genetic 
relationship of baculoviruses.

2. Identification of NPVs

Biochemical and biotechnology-based methods are the most common approaches employed 
to identify the NPVs. In most cases, more than one method is employed to compensate the 
pros and cons for each other. For example, restriction enzyme profiling of viral genomic DNA 
was used to reveal genetic variations among different isolates [97–99] and to distinguish 
one species from another between closely related viruses such as Rachiplusia ou (RoMNPV), 
AcMNPV, Trichoplusia ni (TnMNPV), Galleria mellonella (GmMNPV) [100, 101] and the MNPVs 
of Spodoptera frugiperda [102].

Polymerase chain reaction (PCR)-based methods were then established. These methods 
have been shown not only to be more sensitive and faster but also more reliable than restric-
tion enzyme analysis for classifying baculoviral species [4, 103–105]. Multiple genetic mark-
ers (e.g., egt, ac17, lef-2, polh, p35, pif-2) could be used for the identification of baculoviruses 
[7, 106–109]. The late expression factor 8 (lef-8), late expression factor 9 (lef-9) and polyhedrin 
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(polh) were found in a highly conserved genes among baculoviruses [110], therefore, used 
as targets for degenerating PCR to characterize lepidopteran NPVs through the amplifica-
tion of the conserved regions from a variety range of baculoviruses [111–113]. The Kimura 
2-parameter (K-2-P) distances between the aligned polh/gran, lef-8 and lef-9 nucleotide 
sequences were described by Jehle et al. for baculoviruses identification and species clas-
sification [3]. The K-2-P nucleotide substitution model from aligned nucleotide sequences 
were determined by using the pairwise distance calculation of MEGA version 3.0 applying 
the Kimura 2-parameter model [114].

Due to the higher cost of NGS for viral genome sequencing, it is frequently required to com-
bine various approaches to cut down the cost but still ensure precision, e.g., PCR-based K-2-P 
analysis and NGS approach for identifying the potential new NPV species. Two NPVs were 
isolated from casuarina moth (Lymantria xylina) and golden birdwing larvae (Troides aeacus) 
collected from the fields, respectively, will be as representative cases for explanation in the 
following sections. We will focus on the characterization of these two potential new NPVs first 
and then the use of the sequences of three genes, lef-8, lef-9 and polyhedrin of two NPV candi-
dates was used to examine their taxonomic position by K-2-P analysis. Finally, we will focus 
on the genome sequencing technology and bioinformatic analysis on NPVs.

3. The identification of ambiguous NPVs

In this section, the discussion of molecular identification of NPV species based on K-2-P dis-
tance [3] is presented. Two new NPVs were used as examples in this study to reveal different 
issues regarding the classification of NPVs.

3.1. LdMNPV-like virus

The K-2-P distances, based on the sequences of three genes, between different viruses 
could mostly evaluate the ambiguous relationship among the NPVs. It was defined that 
distances less than 0.015 indicates that the two isolates are the same baculovirus species. 
On the other hand, the difference between two viruses is more than 0.05 should be consid-
ered as different virus species. For the distances between 0.015 and 0.05, complementary 
information is needed to determine whether these two viruses are of the same or different 
species [3, 9, 115].

A new multiple nucleopolyhedrovirus strain was isolated from casuarina moth, L. xylina 
Swinhoe, (Lepidoptera: Lymantriidae) in Taiwan. Since the polyhedrin sequence of this virus 
had high identity to L. dispar MNPV (98%), it was named LdMNPV-like virus [116]. To pre-
cisely clarify the relationship of three Lymantriidae-derived NPVs (LdMNPV-like virus, 
LdMNPV and LyxyMNPV [60]), the K-2-P of polh, lef-8 and -9 was performed. The distances 
between LdMNPV-like virus and LyxyMNPV exceeded 0.05 for each gene, polh, lef-8, or lef-9 
and also for concatenated polh/lef-8/lef-9 (Figure 1). For LdMNPV-like virus and LdMNPV, 
not only the single lef-8 and lef-9 sequences but also concatenated polh/lef-8/lef-9, the distances 
were generally lower than 0.015, but only the polh sequence distance (0.016) exceeded slightly 
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0.015 (Figure 1). These results strongly suggested that LdMNPV-like virus is an isolate of 
LdMNPV. However, as indicated by our previous report, the genome of LdMNPV-like virus 
is approximately 139 Kb, due to large deletions compared to that of LdMNPV [116]. To fur-
ther investigate the LdMNPV-like virus, a HindIII-PstI fragment (7,054 nucleotides) was 
cloned, sequenced and compared to the corresponding region of LdMNPV. Nine putative 
ORFs (including seven with full lengths and two with partial lengths) and two homologous 
regions (hrs) were identified in this fragment (Figure 2) and those genes, in order from the 5′ 
to 3′ end, encoded part of rr1, ctl-1, Ange-bro-c, LdOrf151, LdOrf-152-like peptides, Ld-bro-n, 
two Ld-bro-o and part of LdOrf155-like peptides (Table 2). The physical map of HindIII-PstI 
fragment of LdMNPV-like virus showed that the gene organization was highly conserved 
compared to the corresponding region of LdMNPV, although several restriction enzyme rec-
ognition sites were different. Additionally, the ld-bro-o gene in the LdMNPV-like virus was 
split into two ORF7 and ORF8, due to a point deletion in the downstream (+669) of ORF7 
and this deletion causes a frameshift that results in the formation of a stop codon (TGA) after 
73 bp. Afterward, ORF8 was overlapped with the last four base pairs (ATGA) in ORF7. The 
nucleotide identities of these genes were 96–100% homologous to those of LdMNPV, except 
ORF3 which was 68% homologous to Ange-bro-c and ORF7 and ORF8 showing low identities 
to Ld-bro-o (73% and 26%, respectively). The deduced amino acid sequences of these genes 
were similar to those of LdMNPV, with identities of 81–100%, except the similarity of ORF3 to 
Ange-bro-c was 70% and ORF7 and ORF8 also showed low similarity to Ld-bro-o (67% and 26%, 
respectively). These results imply that the LdMNPV-like and LdMNPV viruses are closely 
related but not totally identical.

Based on these results, LdMNPV-like virus has a genomic size significantly smaller than that 
of LdMNPV and LyxyMNPV and appears to be an NPV isolate distinct from LdMNPV or 
LyxyMNPV. Moreover, a gene, ange-bro-c of LdMNPV-like virus, was truncated into two ORF7 

Figure 1. Pairwise K-2-P distances of the nucleotide sequences of polh, lef-8 and lef-9 and concatenated polh/lef-8/lef-9 
fragments of LdMNPV-like virus, LyxyMNPV and LdMNPV. Modified data reproduced with permission of the Elsevier 
[116].
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and ORF8 and the sequence showed relatively low identity to that of LdMNPV (Table 2). 
Taken together, these results indicate that LdMNPV-like virus is a distinct LdMNPV strain 
with several novel features. Otherwise, LdMNPV-like virus and LdMNPV have distinct 
geographical locations (from subtropical and cold temperate zones, respectively) and are 

Figure 2. Comparison of relative restriction sites and gene locations in the LdMNPV-like virus HindIII-PstI fragment 
with those of the corresponding LdMNPV fragment. Arrows denote ORFs and their direction of transcription. Gray 
boxes represent the homologous repeat regions (hrs). ORF homologues in the corresponding regions are drawn with the 
same patterns. Numbers below the arrows indicate the nine putative ORFs listed in Table 2.

No* LdMNPV-like virus LdMNPV§

Position† Length Name Identity (%)

nt aa nt aa

1 1 → 654 654 217 rr1 96 81

2 1063 → 1224 162 53 Ctl-1 100 100

3 1397 → 2473 1077 358 Ange-bro-c 68 70

4 2590 → 3596 504 168 LdOrf-151 99 98

5 3200 → 3952 753 251 LdOrf-152 99 99

6 4019 → 5026 1005 335 Ld-bro-n 93 91

7 5645 → 6391 744 248 Ld-bro-o 73 67

8 6388 → 6654 264 88 Ld-bro-o 26 26

9 6758 → 7054 297 99 LdOrf-155 100 100
†The directions of the transcripts are indicated by arrows.
§Reference from the genome of LdMNPV (Kuzio et al. [63])
*The nine potentially expressed ORFs are numbered in the order in which they occur in the LdMNPV-like virus genomic 
fragment from the 5′ to 3′ end. Two ORFs extend past this cloning site are printed in bold; only the N-terminus which 
contains 217 amino acids (654 nucleotides) and 99 amino acids (297 nucleotides) was examined.

Table 2. Comparison of the nucleotide (nt) and deduced amino acid (aa) sequences for putative ORFs in LdMNPV-like 
virus genomic fragment and their corresponding LdMNPV homologues.
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distinct in genotypic and phenotypic characteristics and it also showed broad genetic varia-
tion among LdMNPV isolates [9].

3.2. An NPV isolate from T. aeacus larvae

A nucleopolyhedrosis disease of the rearing of the golden birdwing butterfly (T. aeacus) larvae 
was found and the polyhedral inclusion bodies (PIBs) were observed under light microscopy 
(Figure 3). PCR was performed to amply the polh gene by 35/36 primer set (Figure 3) to further 
confirm NPV infection [117, 118]. Therefore, this NPV was named provisionally TraeNPV. 
The three genes, polh, lef-8 and lef-9 of TraeNPV, were cloned and sequenced and then the 
K-2-P distances between the aligned single and concatenated polh, lef-8 and lef-9 nucleotide 
sequences were analyzed. The results indicated that TraeNPV belonged to the group I bacu-
loviruses and closely related to BmNPV group. Figure 4 showed that most of the distances 
between TraeNPV and other NPVs were between 0.015 and 0.050, whereas the distances for 
polh between TraeNPV, PlxyNPV, RoNPV and AcMNPV group exceeded 0.05. It should be 
noted that for all the concatenated polh/lef-8/lef-9 sequences, the distances were apparently 
much more than 0.015 and even to 0.05. These results left an ambiguous situation of this 
NPV isolate; so far, we could conclude that TraeNPV neither belongs to BmNPV group nor 
AcMNPV group. More complementary information is needed to determine the viral species 
of TraeNPV.

In summary, K-2-P distances were employed to further clarify the relationship between closely 
related NPVs. We discussed two different cases analyzed by K-2-P. From the sequence data 

Figure 3. Identification of unknown NPV. (A) Light microscopy observation of liquefaction from the cadavers of T. aeacus 
larvae, scale bar = 20 μm. Black arrows indicated the polyhedral inclusion bodies (PIBs). (B) PCR detection of partial 
polyhedrin gene, M = 100 bp marker, (+) = positive control and (−) = negative control.
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of LdMNPV-like virus, results strongly supported that LdMNPV-like virus is an isolate of 
LdMNPV. Since the RFLP profiles of the LdMNPV-like virus showed the genome of this isolate 
was deleted tremendously, this deletion also showed coordinately in our partial sequences of 
genomic DNA fragments and the results of K-2-P. The K-2-P distances between TraeNPV and 
BmNPV or AcMNPV were among 0.05 and 0.015. Anyway, we cannot define that this virus is 
a new species with the evidences of RFLP, part gene sequences and K-2-P results; therefore, it 
is necessary to get more data, especially the whole genome sequence of TraeNPV.

4. The importance of whole genome sequencing on baculoviruses

The rapidly growing mass of genomic data shifts the taxonomic approaches from traditional 
to genomically based issues. The K-2-P distance supported LyxyMNPV as a different viral 
species (K-2-P values = 0.067–0.088), even though they were still a closely relative species phy-
logenetically. But, “how different did LyxyMNPV and LdMNPV?” become another question. 
Thus, the whole genome sequence could provide deep information of this virus. For exam-
ple, as the genomic data revealed, the most part of the ORF (151 ORFs) between LyxyMNPV 
and LdMNPV was quite similar while still have several different ORF exhibits or absent in 
LyxyMNPV, e.g., two ORFs were homologous to other baculoviruses and four unique ORFs 
were identified in the LyxyMNPV genome and LdMNPV contains 23 ORFs that are absent 
in LyxyMNPV [60]. Besides, there is a huge genomic inversion in LyxyMNPV compared to 
LdMNPV [60]. Another example is Maruca vitrata NPV (MaviNPV). All of the K-2-P distance-

Figure 4. Pairwise Kimura-2-parameter distances of the nucleotide sequences of lef-8, lef-9 and polh and concatenated 
polh/lef-8/lef-9 fragments of TraeNPV and 12 viruses.
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supported MaviNPV is quite different from other NPVs (K-2-P values = 0.092–0.237) (Figure 6). 
While the gene content and gene order of MaviNPV were highly similar to that of AcMNPV 
and BmNPV, through the genomic sequencing, it showed the 100% collinear to AcMNPV [27] 
and MaviNPV shared 125 ORFs with AcMNPV and 123 with BmNPV. The detailed infor-
mation could only be captured after whole genome sequencing rather than partial gene 

Figure 5. Pairwise Kimura-2-parameter distances of the nucleotide sequences of lef-8, lef-9 and polh and concatenated 
polh/lef-8/lef-9 fragments of MaviNPV and 12 viruses.

Figure 6. Common bioinformatic workflow for genome assembly and analysis.
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sequences or other phylogenetic analyses. Sometimes, usage of K-2-P data may raise other 
problems, which we mentioned above; it seems LdMNPV-like virus and LdMNPV were the 
same viral species. While through the restriction enzyme profile and partial genomic data, we 
could identify that there are some deletion fragments and different gene contents within the 
LdMNPV-like virus genome. For the TraeNPV, most of the K-2-P values were ranged from 
0.015 to 0.05; thus, whole genome sequencing could be one of the best ways to figure out this 
ambiguous state. The more detailed information we can get, the more deep aspect we can 
evaluate, e.g., the taxonomic problems and further evolutionary studies.

5. Genomic sequences of NPVs

5.1. Genome sequencing technology

Previous NPV genome sequencing employed three types of approaches: plasmid clone (or 
template) enrichment, NGS, or a combination of the two methods. Initially, the most com-
mon approach used restriction enzymes to fragmentize the viral genome into smaller pieces. 
Plasmid-based clone amplification was then employed to enrich templates for sequencing. 
Later, conventional Sanger sequencing and/or next-generation sequencing was employed for 
genome assembly. In addition, purely high-throughput sequencing-based approach from iso-
lated viral genome was also employed [9, 15]. To date, next-generation sequencing technology 
plays an increasingly important role on viral genome assembly. Previous researches showed 
that Illumina HiSeq has superior performance in yield than 454 FLX [119–121]. Baculoviruses 
usually contain a novel homologous region (hr) feature, which comprises a palindrome that 
is usually flanked by short direct repeats located elsewhere in the genome [122]. Thereby, the 
shorter single-read length of Illumina sequencers might lead the difficulty during genome 
assembly. Further application of paired-end read sequencing method could certainly provide 
alternative for sequencing overlap the hrs in baculoviral genomes.

5.2. Bioinformatic analysis

Construction of a complete genome map is essential for future genomic investigations. 
Besides sequencing, bioinformatic approaches are also required for determining the order 
and content of the nucleotide sequence information for the viral genome of interest. In gen-
eral, bioinformatic approaches can be separated into three consecutive steps: genome assem-
bly, genome annotation and phylogenetic relationship inference (Figure 5).

5.2.1. Genome assembly

Sequence reads are the building blocks for genome sequencing and assembly. Thus, quality 
control of sequence reads plays a key role in determining the fidelity of a genome assembly. 
The procedure of read quality checking includes, but not limited to, the removal of unrelated 
sequences such as control sequences, adaptors, vectors, potential contaminants, etc., trimming 
of low-quality bases and selection of high-quality reads. The control sequences (e.g., PhiX con-
trol reads in Illumina sequencers, control DNA beads in Roche 454 sequencer) are routinely 
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used by sequencer manufacturers to evaluate the quality of each sequencing run. There are soft-
ware applications made available to be utilized to identify and remove control sequences and 
low-quality bases. For NGS, sequencing adapters could be identified in reads if the fragment 
size is shorter than read length. Cutadapt [123] was implemented to trim the adapter sequences. 
Ambiguous bases or bases with lower-quality values can be removed by PRINSEQ [124] from 
either 5′ or 3′ end. NGS QC Toolkit [125] has programmed module to select high-quality reads. 
If paired-end technology was applied, paired-end reads could be joined by PANDAseq [126], 
PEAR [127], FLASH [128] and COPE [129], if a fragment size is shorter than read length.

Genome can be assembled from quality paired-end or single-end reads with de novo or ref-
erence-guided approaches. There are two standard methods known as the de Bruijn graph 
(DBG) approach and the overlap/layout/consensus (OLC) approach for de novo genome 
assembly. The idea of de Bruijn graph is to decompose a read into kmer-sized fragments 
with sliding window screening. Each kmer-sized fragment will be used to construct graph 
for longer path (e.g., contigs). Then, long-range paired reads can be utilized to build scaffolds 
from contigs with given insert size and read orientation. SOAPdenovo [130] is one of the 
DBG assembler that has an extreme speed by utilizing threads parallelization [131]. The OLC 
assembler starts by identifying all pairs of reads with higher overlap region to construct an 
overlap graph. The contig candidates are identified by pruning nodes to simplify the overlap 
graph. The final contigs are then output based on consensus regions. Additionally, Newbler 
[132] is a widely used OLC assembler distributed by 454 Life Sciences.

Reference-guided genome assembly is another solution for genome assembly if the genome of 
a closely related species is already available. For viral genome assembly, closely related spe-
cies can be identified by mapping quality reads against sequenced viral genomes deposited 
in GenBank (http://www.ncbi.nlm.nih.gov/genome/viruses/) and select top-ranked species 
as the reference genome(s) to facilitate the assembly of the genome of interest. Reference-
guided assembler is also called mapping assembler that the complete genome is generated 
by mapping quality reads with variant (single nucleotide polymorphism (SNP), insertion and 
deletion) identification. For example, MIRA (a computer program) [133] can create a refer-
ence-based assembly by detecting the difference between references.

During the assembly process, gap filling (or gap elimination) is conducted to resolve the 
undetermined bases either by bioinformatics or other approaches such as PCR and additional 
sequencing. Bioinformatic approaches normally use paired-end reads to eliminate gaps. PCR 
coupled with Sanger sequencing is a common approach to finalize the undetermined regions 
[134]. In addition, Sanger sequencing can also be used for genome validation and homologous 
region (hr) checking.

5.2.2. Genome annotation

Annotation determines the locations of protein-coding and noncoding genes as well as the func-
tional elements in the genome. Glimmer [135], N-SCAN [136], NCBI ORF Finder (https://www.
ncbi.nlm.nih.gov/orffinder/), GeneMark [137] and VIGOR [138] are gene prediction tools for 
identifying protein-codivng genes in the genome. Repetitive sequence regions were detected by 
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RepeatMasker (http://www.repeatmasker.org/). Viral microRNA candidate hairpins can be pre-
dicted by Vir-Mir [139]. The circular map of the viral genome was generated by CGView [140].

5.2.3. Phylogenetic analysis

Phylogenetic relationship inference reveals the evolutionary distances of various, especially 
closely related, species. MEGA [141] was the most widely used software suite that provides 
the sophisticated and integrated user interface for studying DNA and protein sequence 
data from species and populations. Alternatively, phylogenetic relationships among species 
based on the complete viral genomes or functional regions could also be estimated with 
Clustal Omega [142]. Clustal Omega was employed for multiple sequence alignment on the 
complete genomes and DNA fragments, respectively. ClustalW [143] was employed to do 
file format conversion of multiple sequence alignment. Ambiguously aligned positions were 
removed by using Gblocks version 0.91b [144, 145] under default settings. Phylogenetic tree 
inference could be constructed by hierarchical Bayesian method (e.g., MrBayes [146]) or max-
imum likelihood method (e.g., RAxML [147]) to estimate phylogeny [148]. Tree was depicted 
with FigTree version 1.4.2 (http://tree.bio.ed.ac.uk/software/figtree/). The divergence times 
of different species were estimated using BEAST version 1.8 or version 2.3.2 [149]. In addi-
tion, pairwise sequence identity was determined by BLASTN (NCBI BLAST Package) [150] 
to analyze sequence-level variation. Also, whole genome pairwise alignment can be done by 
LAGAN [151]. CGView comparison tool (CCT) [152] was used to represent the block similar-
ity among different species. Mauve [153], one of the multiple genome alignment tools, can 
help us to visualize the consensus sequence blocks among distant-related species.

Up to 78 baculoviruses have been reported; most of baculoviruses have a narrow host range, 
only infect their homogenous hosts, such as BmNPV, SpltNPV, SpeiNPV, MaviNPV and 
so on; LyxyNPV can infect LD and LY cell lines, while AcMNPV has a wide host range; at 
least 40 hosts in vitro have be found. Therefore, a new baculovirus isolate needs to define its 
taxonomic position and to analyze its phylogenetic relationship with a known baculovirus 
member.

6. Conclusion

With the accomplishment of the sequencing technologies, more NPV genomes were sequenced. 
So far, more than 78 baculoviruses have been fully sequenced and based on the sequencing 
methods, we can divide into two parts, one is sequencing by Sanger method and another is 
sequencing by NGS method (Table 1). Among these sequenced genomes, 35 genomes were 
sequenced by Sanger method and 43 genomes were sequenced by NGS methods. It could be 
expected that whole genome sequencing by NGS method would get much common in this 
field; however, the upcoming metagenomic era is imperative that one remains aware of and 
careful about the shortcomings of the information presented about the organisms that are 
being sequenced and that these databases can oversee neither the correctness of the organis-
mal identifications nor of the sequences entered into the databases.
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The natural environment harbors a large number of baculoviruses. However, only a few of 
them have been sequenced and studied. A lot more information related to the genetic relation-
ship of NPVs in the natural environment is needed to facilitate our understanding of these 
creatures. Though NGS technology has become an important technology for viral genomic 
sequencing, high cost of NGS for whole viral genome sequencing remains a barrier. To reduce 
the cost, it is necessary to evaluate whether the newly collected NPVs are suitable for whole 
genome sequencing or not. Alternatively, biochemical approaches and biological tools, such as 
PCR-based K-2-P analysis, can be good options to facilitate the process. As expected, all these 
applications are anticipated to help us reveal the genetic information of unknown species, so 
that more detailed insights of their genetic makeup and functional composition can be obtained 
to help us better understand the nature of these viruses. By using the powerful sequencing 
technique, the metagenomic progress (e.g., transcriptome analysis of insect host), new patho-
gen species in the natural environment would be easier to be found in the future. With the 
increase of new baculoviral genomic data, improvement of bioinformatic analysis methods and 
further validation of biological information would generate a group of genes, which connect to 
the viral host range and solve the contradiction situation in the baculoviral genomics.
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