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2. Identification of polyhedrin gene of Thai BmNPV

2.1 Cloning and sequencing of Thai BmNPV polh

To study the sequence of Thai BmNPYV polh, specific primers for BmNPV polh were
designed. When specific primers were used, PCR products of the expected size of 1,448 bp were
observed on gel (Figure 10). Purified PCR product was cloned into pGEM®-T vector.
Recombinant clones were identified by white colony selection. The selected clones were then

screened for clone harboring the BmNPV polh.

PCR
M product

1500 bp 1448 bp

Figure 10 The expected PCR products of 1,448 bp amplified from the extracted DNA of Thai
BmNPV.

M=DNA marker (100 bp+1.5kbp)
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Two methods were used to screen clone harboring the BmNPV polh gene. The
expected size of pGEM®-T vector with insert gene was shown in Figure 11 (a). Examples of
clone selection for insert gene of BmNPV polh were illustrated in Figure 11 (b) and (c). At first,
PCR was used to identify the recombinant clones. Figure 11 (b) showed three clones that were
clarified by PCR and result indicated that only clone 1 revealed band of BmNPV polh of
approximately 1,500 bp while clone 2 and clone 3 had no expected PCR products. Therefore,
clone 1 may has an insert of polh gene. This result was rechecked by digestion recombinant clone
with HindIII-Sall. Figure 11 (c) showed HindlII-Sall restriction pattern of the selected clone in
which 3 bands with the size of 4.4 kb, 3 kb and 1.3 kb were observed. Fragment of 4.4 kb was
the vector with insert gene, fragment of 3 kb was pGEM®-T vector and fragment of 1.3 kb was

the insert gene.
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Figure 11 Screening of recombinant clones harboring the BmNPV polh gene.
a) Diagram of pGEM®-T vector and insert PCR product
b) Clone selection confirmed by PCR method, C=clones , M=marker 100 bp+1.5 Kb
¢) Clone selection confirmed by HindIII-Sa/l digestion, C=clones

M= marker :A, DNA- HindIII and () X174 DNA-Haelll Mix
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2.2 Nucleotide sequence of Thai BmNPV polh

The PCR amplification products cloned into pGEM®-T vector showed the
nucleotide sequence of 1,440-bp fragment of the Thai BmNPV DNA that contained the full-
length coding region of the polh. The nucleotide sequence of Thai BmNPV polh and its flanking
region was submitted to GenBank at electronic access (http:/www.ncbi.nlm.nih.gov/) (Benson et
al., 2000) and the accession number AY 779044 was given as shown in Figure 12. The sequences
and predicted amino acid were designed as shown in Figure 13. The polh ORF consisted of 735
nucleotides (not include stop codon) that encoded a polypeptide of 245 amino acids with the
predicted molecular mass of 28.8 kDa. The submitted sequence contained 228 bp upstream of the
translation initiation codon (ATG) and 474 bp downstream of the translation stop codon (TAA).
Several characteristics of Thai BmNPV polh gene sequence were investigated. The immediate
upstream sequence of the translation initiation site was AT rich and contained the unique
conserved transcription start sitt TAAG motif which is similar to other baculovirus late gene
promoters. There was no additional TAAG sequence in the sequence upstream of the initiation
codon. As has been observed in all other hyperexpressed baculovirus late genes, there is a
conserved sequence of 14 nucleotides upstream of the coding region with the consensus sequence
of TAAATAAGTATTTT at position -42 to -56 (Leisy ef al., 1986). DNA sequences similar to
the consensus TATA and CAAT which represented important elements of eukaryotic gene
promoters were observed at position -107 and -143. The canonical poly (A) signal AATAAA
was present in the 3’end of the Thai BmNPV polh gene at position 1081. The Thai BmNPV polh
ORF had the translation initiation codon, ATG, and the termination codon, TAA, as found in
other baculoviruses (O'Reilly et al., 1992). The complete whole sequence of Thai BmNPV polh
overlapped with lef~2 (late gene expression factor-2) in the 5° flanking region and orf1629 in the
3’ flanking region. The lef-2 was located in the polh upstream region adjacent to the transcription
start site in the same direction and the orf1629 was located in the polh downstream region in the

reverse direction.
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Figure 12 Information of GenBank accession number AY779044, the submitted sequences of

Thai BmNPV polyhedrin gene.

Source: http://www.ncbi.nih.govlentrez/viewer.fcgi?db=nucleotide&val=55247500
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Figure 13 Nucleotide sequence of Thai BmNPV polyhedrin gene and its flanking

regions. A total of 1,440 base pairs was submitted to GenBank
(AY779044). The first nucleotide of the polyhedrin gene translational start
signal ATG is given number 1. The predicted amino acid sequence is
indicated by one-letter code and displayed below the nucleotide sequence.
The sequence at nt -51 initiates the 5’ end of the mRNA. The putative
transcription initiation motif (TAAG) is underlined. The potential
polyadenylation signal (ATTAAA) is indicated by overlining. The primer
used in the primer extension assay is also shown and the arrow indicates

the direction of extension.
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The orientation of polh, lef-2 and orf1629 in BmNPV are the same as those found in
AcNPV genome. The position of orf1629 gene in HaNPV, SeNPV and SINPV is next to polh
similar to BmNPYV but the position of lef-2 is different. In HaNPV, SeNPV and SINPV, lef-2 is
not located in polh upstream. In BmNPV Jef-2 is essential for both viral DNA replication and late
gene expression (Sriram and Gopinathan, 1998) and the orf1629 is essential for BmNPV viability
(Jeetal., 2001).

Flanking nucleotides of Thai BmNPV polh and BmNPV polh fragment which was used
to design the primers, were compared. The major difference between the two isolates was the
deletion of eight nucleotides in the upstream region of Thai BmNPV polh ORF while the rest of
the nucleotide sequences were almost identical (Figure 14). Since the eight nucleotides are
located upstream of the polh promoter, it might have no effect on the expression of polh
promoter. A study on recombinant expression indicated that the suitable multiple cloning site
(MCS) is located immediately downstream of the polh promoter (Acharya et al., 2002). In
addition, there was a study on series of deletion in the upstream region of BmNPV polhs (lef-2,
orf327, orf453 and bro-e) and the results revealed that the upstream region of polh has no effect

on expression of polh promoter (Acharya and Gopinathan, 2001).

Thai CCCAAGATGTGTATAAACCACCAAACTGCCAAAAAATGAAAACTGTCGACAAGCTC -173
Japanese 1 (T3) CCCAAGATGTGTATAAACCACCAAACTGCCAAAAAATGAAAACTGTCGACAAGCTC -181
lef-2
) —>
Thai TGTCCGTTTGCTGGCAACTGCAAGGGICTCAATCCTATTTGTAATTATTGAA.AATAAAA -103

Japanese 1(T3) TGTCCGTTTGCTGGCAACTGCAAGGGECTCAATCCTATTTGTAATTATTGAABAATAAAA -121

Thai CBATTATAAATGTCAAATTTGTTTTTTATTAACGATACAAATEEEEEEEETAACCATCTC  -61
Japanese 1(T3) CHATTATAAATGTCAAATTTGTTTTTTATTAACGATACAAATEEAAATAATAACCATCTC -61

Thai GCAAATAAATAAGTATTTTACTGTTTTCGTAACAGTTTTGTAATAAAAAAACCTATAAAT -1
Japanese 1 (T3) GCAAATAAATAAGTATTTTACTGTTTTCGTAACAGTTTTGTAATAAAAAAACCTATAAAT -1

Figure 14 Comparison of flanking nucleotide of Thai BmNPV polh (AY779044) and Japanase 1
(T3) (L33180). The different nucleotide sequences are shaded. The deletion region in

Thai BmNPYV is indicated by dashes.
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2.3 Comparison of Thai BmNPV polh with other BmNPV polhs

The nucleotides of Thai BmNPV polh were compared with those of five other
BmNPV; Japanese 1 (T3) (Gomi ef al., 1999), Japanese 2 (Maeda ef al., 1985), Korean (K1),
Chinese and Canadian (Iatrou et al., 1985). All BmNPV po/ih ORFs contained 735 nucleotides
that encoded a polypeptide of 245 amino acids. The coding portion of the polh of all BmNPVs
was not interrupted by intervening sequences. The nucleotide and amino acid sequences of the
BmNPV polh of Thai and Japanese 1 (T3) isolate were identical. Percentage identity of the
BmNPV polh sequence of the Thai isolate compared with the isolates from Japan (Japanese 2),
Korea, China, and Canada were 99.9%, 99.7%, 99.6% and 98.8%, respectively, and percent
identity of Thai BmNPV Polh amino acid sequence compared with those of the above-mentioned

BmNPYV isolate were 100%, 99.6%, 99.6%, 99.6% and 96.7%, respectively (Figure 15).

Percentage nucleotide sequence identity

2 3 4 5 6 varieties

100 99.9 | 99.7 99.6 98.4 Thai

99.9 | 99.7 99.6 98.4 Japanese 1(T3)
99.6 99.5 98.5 Japanese 2

99.6

OO || W[IN|PF
OO || W[IN|F

99.6 99.6 99.3 98.1 Korean(K1)
99.6 99.6 | 99.2 98.0 Chinese
96.7 96.7 | 97.1 Canadian

1 2 3

Percentage amino acid sequence identity

Figure 15 Nucleotide and amino acid sequence identity of BmNPV polhs. Percentage nucleotide
identity is denoted above the diagonal and percentage amino acid identity is below.
Sequence data of BmNPV polhs were retrieved from GenBank: 1) Thai (AY779044);
2) Japanese 1 (T3) (L33180); 3) Japanese 2 (M30925); 4) Korean (K1) (U75359); 5)

Chinese (X63614) and 6) Canadian (M100430).
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Five amino acid sequences of BmNPV Polhs were aligned with Thai BmNPV Polh and
results showed variation of the amino acid sequence in the N-terminus (Figure 16). In
comparison between the Polh amino acid sequence of Thai BmNPV with those of the Japanese 2,
Korean (K1) and Chinese, there was only one amino acid difference. An amino acid substitution
was observed at M™/V in Japanese 2, at P’/S in Korean, and at Q57/E in Chinese Polh. Among the
five isolates of BmNPV, the Canadian isolate showed the most difference from the Thai BmNPV
Polh. There were 8 amino acid differences: substitution at position N7/T, G26/C, A R K42/Q,
Vo , N77/S, D'*/E and M"™*/V. The amino acid sequence beyond position 156 of BmNPV Polh
was conserved in all BmNPVs studied. Comparison of the nucleotide and amino acid sequences

among BmNPVs indicated that BmNPVs found in the Asian countries (Thailand, Japan, Korea

and China) were more closely related than the isolate from the North American country (Canada).

Thai

Japanese 1 (T3)
Japanese 2
Korean (K1)
Chinese
Canadian
Consensus

Thai

Japanese 1 (T3)
Japanese 2
Korean (K1)
Chinese
Canadian
Consensus

Thai

Japanese 1 (T3)
Japanese 2
Korean (K1)
Chinese
Canadian
Consensus

Thai

Japanese 1 (T3)
Japanese 2
Korean (K1)
Chinese
Canadian
Consensus

MPNYSYTPTIGRTYVYDNKYYKNLGCL Il KNAKRKKHLVEHEQEEKQWDLLDNYMVAEDPFLGPGK
MPNYSYTPTIGRTYVYDNKYYKNLGCL I KNAKRKKHLVEHEQEEKQWDLLDNYMVAEDPFLGPGK
MPNYSYTPTIGRTYVYDNKYYKNLGCL I KNAKRKKHLVEHEQEEKQWDLLDNYMVAEDPFLGPGK
MPNYPYTPTIGRTYVYDNKYYKNLGCL I KNAKRKKHLVEHEQEEKQWDLLDNYMVAEDPFLGPGK
MPNYSYTPTIGRTYVYDNKYYKNLGCL Il KNAKRKKHLVEHEQEEKQWDLLDNYMVAQDPFLGPGK
MPNYSYNPTIGRTYVYDNKYYKNLGGL I KNAKRKKHLIEHEKEEKQWDLLDNYMVAEDPFLGPGK
MPNYSYTPTIGRTYVYDNKYYKNLGCL IKNAKRKKHLVEHEQEEKQWDLLDNYMVAEDPFLGPGK

NQKLTLFKEIRSVKPDTMKL IVNWSGKEFLRETWTRFVEDSFP IVNDQEVMDVYLVANLKPTRPN
NQKLTLFKEIRSVKPDTMKL IVNWSGKEFLRETWTRFVEDSFP IVNDQEVMDVYLVANLKPTRPN
NQKLTLFKEIRSVKPDTMKL IVNWSGKEFLRETWTRFVEDSFP 1VNDQEVMDVYLVANLKPTRPN
NQKLTLFKEIRSVKPDTMKL IVNWSGKEFLRETWTRFVEDSFP 1VNDQEVMDVYLVANLKPTRPN
NQKLTLFKEIRSVKPDTMKL IVNWSGKEFLRETWTRFVEDSFP IVNDQEVMDVYLVANLKPTRPN
NQKLTLFKEVRNVKPDTMKL IVNWSGKEFLRETWTRFVEDSFP IVNDQEVMDVYLVANLKPTRPN
NQKLTLFKE IRSVKPDTMKL IVNWSGKEFLRETWTRFVEDSFP 1VNDQEVMDVYLVANLKPTRPN

RCYKFLAQHALRWEEDYVPHEVIRIVEPSYVGMNNEYR I SLAKKGGGCP IMNIHSEYTNSFESFV
RCYKFLAQHALRWEEDYVPHEVIRIVEPSYVGMNNEYR I SLAKKGGGCP IMNIHSEYTNSFESFV
RCYKFLAQHALRWEEDYVPHEVIRIMEPSYVGMNNEYR I SLAKKGGGCP IMNIHSEYTNSFESFV
RCYKFLAQHALRWEEDYVPHEV IRIVEPSYVGMNNEYR I SLAKKGGGCP IMNIHSEYTNSFESFV
RCYKFLAQHALRWEEDYVPHEVIRIVEPSYVGMNNEYR I SLAKKGGGCP IMNIHSEYTNSFESFV
RCYKFLAQHALRWDEDYVPHEVIRIMEPSYVGMNNEYR I SLAKKGGGCP IMNIHSEYTNSFESFV
RCYKFLAQHALRWEEDYVPHEVIRIVEPSYVGMNNEYR I SLAKKGGGCP IMNIHSEYTNSFESFV

NRVIWENFYKPIVY IGTDSAEEEEILIEVSLVFKIKEFAPDAPLFTGPAY
NRVIWENFYKPIVY1GTDSAEEEEILIEVSLVFKIKEFAPDAPLFTGPAY
NRVIWENFYKPIVY IGTDSAEEEEILIEVSLVFKIKEFAPDAPLFTGPAY
NRVIWENFYKPIVY IGTDSAEEEEILIEVSLVFKIKEFAPDAPLFTGPAY
NRVIWENFYKPIVY IGTDSAEEEEILIEVSLVFKIKEFAPDAPLFTGPAY
NRVIWENFYKPIVY1GTDSAEEEEILIEVSLVFKIKEFAPDAPLFTGPAY
NRVIWENFYKPIVY IGTDSAEEEEILIEVSLVFKIKEFAPDAPLFTGPAY

130
130
130
130
130
130
130

195
195
195
195
195
195
195

245
245
245
245
245
245
245

Figure 16 Alignment of the deduced amino acids of Thai BmNPV polh (AY779044) with other
BmNPV  polhs; Japanese 1 (T3) (L33180), Japanese 2 (M30925), Korean
(K1)(U75359), Chinese (X63614) and Canadian (M100430). The alignments of five
BmNPV polhs were made using the Clustal method, MegAlign program of

DNASTAR. The different amino acids are shaded.
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Previous study on the Canadian and Russian BmNPV Polh indicated that there were 8
amino acid differences (Iatrou et al., 1985). The homology of other very late gene, pl0, of
BmNPV from different isolates has been reported. Among six BmNPV isolates, four from Korea
and two from China, two of them had the identical P10 amino acid sequences while the rest had
8-14 amino acid differences from each other (Hong ef al., 2000). The percentage identity of five
BmNPV pl0 from India, China, Japan (2 isolates) and Taiwan was higher than 95.7% (Palhan
and Gopinathan, 2000). Functional studies on p/0 and polh of BmNPV have suggested polh is

more conserved than p10 since polh showed less differences and high percent identity than p10.

A phylogenetic tree was generated from the deduced amino acid sequence of BmNPV
polh using DNASTAR (MegAlign) (Figure 17). The results showed that BmNPV could be
divided into two groups. The Asian group composed of BmNPV isolates from Thailand, Japan 1
(T3), Japan 2, Korea (K1) and China. The North American group composed of BmNPV isolate

from Canada.

Korean (K1)

Chinese

Japanese 1 (T3)
Thai

Japanese

Canadian

Figure 17 A phylogenetic tree of 6 BmNPV polhs (Thai: AY779044, Japanese 1 (T3):
L33180, Japanese 2: M30925, Korean (K1): U75359, Chinese: X63614 and
Canadian: M100430) constructed from amino acid sequences. The tree was

generated by Clustal method, MegAlign program of DNASTAR.

Silkworm has been reared for centuries and has become a domestic animal species. Due
to this life history, wings of silkworm have shortened and the silk moth can not longer fly. This

immobility feature has restricted them to a confined region. Thus, it was believed that silkworms
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and their NPVs may originally occur in the same place and during evolution they distributed and
evolved individually. The limited vagility of the silkworm, biogeographic variation was observed
between different isolates of NPVs in this species as demonstrated by phylogeographic
differences between the Canadian and Asian isolates. However, the percentage identity of all
BmNPYV polh nucleotide sequences was greater than 98% which indicated that polh was a highly

conserved gene.

2.4 Comparison of Thai BmNPV polh with other NPV polhs

Thai BmNPV polh nucleotides and amino acid sequences were compared with those
of AcNPV (Ayres ef al., 1994), HaNPV (Chen et al., 2001), SeNPV (IJkel et al., 1999) and
SINPV (Pang et al., 2001). AcNPV is a prototype of Baculovirus, and HaNPV, SeNPV and
SINPV are the viruses of economically important insect pests in Thailand. The percentage
identities of Thai BmNPV polh gene sequence as compared with those of AcNPV, HaNPV,
SeNPV and SINPV were 75.2%, 65.3%, 70.1% and 65.9%, respectively, and percentage identities

of the Polh sequence were 86.1%, 81.6%, 78.0%, and 79.6%, respectively (Figure 18).

Percentage nucleotide sequence identity

Virus

BmNPV

AcCNPV

HaNPV

SeNPV

a| | W[N] P

SINPV

Percentage amino acid sequence identity

Figure 1 Nucleotide and amino acid sequence identity of NPV polhs. Percentage nucleotide
identity is denoted above the diagonal and percentage amino acid identity is below.
Sequence data of NPV polhs were retrieved from GenBank: 1) BmNPV (AY779044);
2) AcNPV (NC 001623); 3) HaNPV (NC_002654); 4) SeNPV (NC_002169) and 5)

SINPV NC _003102).
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ORF of BmNPV polh encoded a polyhedrin protein containing 245 amino acids similar
to polh of AcNPV and HaNPV while the polh of SeNPV and SINPV contained 246 and 249
amino acids, respectively. The amino acid sequence alignment of BmNPV Polh with other NPVs
demonstrated that differences occurred more in the N-terminus than C-terminus (Figure 19). In
HaNPV, the amino acid of Polh at position 40 is deleted. There are many substitution positions
that make amino acids of BmNPV Polh differs from other NPV Polhs such as V3O/L, LSO/W,
MIZS/L, Rm/K, CW/W, D148/E, P149/E, L]86/I, 1'°/V and L™*/I. Amino acid contents of the putative
BmNPV Polh indicated that it is rich in acidic amino acid residues, such as glutamic acid,
especially at position 220-223 where four glutamic acids align consecutively. It is relative poor in

cystein, tryptophan and histidine.

BmNPV ————-MPNYSYTPTIGRTYVYDNKYYKNLGCL I KNAKRKKHLVEHEQEEKQWDLLDNYMVAEDPFL 65
ACNPV ————-MPDYSYRPTIGRTYVYDNKYYKNLGAV I KNAKRKKHFAEHE I EEATLDPLDNYLVAEDPFL 65
HaNPV ——-MYTRYSYSPTLGKTYVYDNKYFKNLGAV IKMPTQEH-LEEHEHEERNLDSLDKYLVAEDPFL 65
SeNPV —-—-MYTRYSYNPALGRTYVYDNKFYKNLGSV IKNAKRKEHLLQHEIEERTLDPLERYVVAEDPFL 65
SINPV MYSRYSAYNYSPHLGKTYVYDNKYYKNLGHV I KNAKRKHDALEREADERELDHLDKYLVAEDPFM 65
Consensus YT YSYSPTLGRTYVYDNKYYKNLGAVIKNAKRK HLLEHE EER LD LDKYLVAEDPFL 65

BmNPV GPGKNQKLTLFKEIRSVKPDTMKLIVNWSGKEFLRETWTRFVEDSFP IVNDQEVMDVYLVANLKP 130
ACNPV GPGKNQKLTLFKE IRNVKPDTMKLVVGWKGKEFYRETWTRFMEDSFP I VNDQEVMDVELVVNMRP 130
HaNPV GPGKNQKLTLFKE IRSVKPDTMKLVVNWSGREFLRETWTRFMEDSFP I VNDQEIMDVELSVNMRP 130
SeNPV GPGKNQKLTLFKEIRIVKPDTMKLVVNWSGKEFLRETWTRFMEDSFP IVNDQEIMDVELVINMRP 130
SINPV GPGKNQKLTLFKEIRNVKPDTMKLIVNWNGKEFLRETWTRFMEDSFP I VNDQEVMDVELVVNMRP 130
Consensus GPGKNQKLTLFKEIR VKPDTMKLVVNWSGKEFLRETWTRFMEDSFP IVNDQEVMDVFLVVNMRP 130

BmNPV TRPNRCYKFLAQHALRWEEDYVPHEV IRIVEPSYVGMNNEYR I SLAKKGGGCPIMNIHSEYTNSF 195
AcCNPV TRPNRCYKFLAQHALRCDPDYVPHDV IRIVEPSWVGSNNEYRISLAKKGGGCPIMNLHSEYTNSF 195
HaNPV TKPNRCYRFLAQHALRCDPDYIPHEV IRIVEPSYVGSNNEYR I SLAKKYGGCPVMNLHAEYTNSF 195
SeNPV TRPNRCFRFLAQHALRCDPDYVPHEV IRIVEPVYVGTNNEYR I SLAKKGGGCPVMNLHSEYTNSF 195
SINPV TRPNRCFRFLAQHALRCDPEYVPHDV IRIVEPSYVGTNNEYRISLAKKGGGCPVMNLHAEYTTSF 195
Consensus TRPNRCYRFLAQHALRCDPDYVPHEV IRIVEPSYVGSNNEYRISLAKKGGGCPVMNLHSEYTNSF 195

BmNPV ESFVNRVIWENFYKP1VYIGTDSAEEEEILIEVSLVFKIKEFAPDAPLETGPAY 249
ACNPV EQFIDRVIWENFYKPIVYIGTDSAEEEE I LLEVSLVFKVKEFAPDAPLETGPAY 249
HaNPV EDFITNVIWENFYKPIVYVGTDSAEEEE I LLEVSLIFKIKEFAPDAPLYTGPAY 249
SeNPV EEFINRVIWENFYKP1VYVGTDSGEEEE I LLELSLVFKIKEFAPDAPLYNGPAY 249
SINPV ESFIDKVIWYNFYKP1VYVGTDSAEEEE I LLEVSLVFKIKEFAPDAPLYTGPAY 249
Consensus E F1 RVIWENFYKPIVYVGTDSAEEEEILLEVSLVFKIKEFAPDAPLYTGPAY 249

Figure 19 Alignment of the deduced amino acids of Thai BmNPV polh (AY779044) with other
NPV polhs; AcNPV (NC 001623), HaNPV (NC 002654), SeNPV(NC _002169) and
SINPV(NC 003102). The alignment of five NPV Polhs were made using the Clustal

method, MegAlign program of DNASTAR. The different amino acids are shaded.
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In general, percentage identity of NPV amino acid sequence was higher than nucleotide
sequence which suggests that the genetic code is degenerated and the same amino acid is encoded
by more than one codon. Previously, Chou et al. (1996) reported the percentage identities of
amino acid sequence of the BmNPV Polh as compared to that of AcNPV, SeNPV, and SINPV

were 86%, 82% and 80%, respectively, which is similar to the results obtained from this study.

Phylogenetic tree of NPV Polhs showed that Thai BmNPV Polh was distinct from other
NPVs. Based on multiple sequence alignment (MegAlign) analysis of the Polh, BmNPV

separated from the group of AcNPV, HaNPV, SeNPV and SINPV (Figure 20).

HaNPV
— SINPV
SeNPV
. AcNPV
BmNPV
21.9 | , ; : ;
20 15 10 5 0

Figure 20 A phylogenetic tree of five NPV Polhs (BmNPV:AY 779044, AcNPV:NC 001623,
HaNPV: NC 002654, SeNPV:NC 002169 and SINPV:NC 003102) constructed
from amino acid sequences. The tree was generated by Clustal method, MegAlign

program of DNASTAR.

Nucleopolyhedrovirus clades were first identified by Zanotto et al. (1993). Based on the
Polh, they constructed a phylogenetic tree of baculoviruses in which NPVs were divided into
Group I and Group II. Subsequently, Bulach et al. (1999) supported these clades and revealed
other subclades under Group II by analyzing the Polh and DNA polymerase. Both Zanotto et al.
(1993) and Bulach et al. (1999) grouped BmNPV and AcNPV into Group I and HaNPV, SeNPV

and SINPV into Group II.
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Harrison and Bonning (2003) constructed a phylogenetic tree of Polh sequence of many
lepidopteran NPVs including BmNPV, AcNPV, HaNPV, SeNPV and SINPV. They grouped
HaNPV, SeNPV and SINPV into Group II and BmNPV into Group I of the proposed tree of
Zanotto et al. (1993). The AcNPV polyhedrin was put on a branch outside of the clade
containing the other members of Group I. This could suggest that AcNPV may acquire its polh
gene by recombination with another virus that is not closely related to other NPVs in Group [. In
addition, Jehel (2004) used the Hidden Markov Model to explain that AcNPV polh is a chimeric
gene which consists of a mosaic of the genome of Group I and II NPVs. From these results
AcNPV can be grouped in both Group I and Group II depending on the method used for the
analysis. Since several reports revealed that adding the AcNPV polh resulted in distortion and
instability to the polh gene tree, therefore, many other genes were recently employed for
phylogenetic analysis of baculovirus (Herniou et al., 2004). However, for simple molecular
analysis, polh is still useful because a great number of polh gene sequences are available in

GenBank (Lange et al., 2004).



