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ABSTRACT

Nucleic acid-based diagnostic approaches are significant methods in the detection and identification of viruses due
to their small genome structures and minimal nucleotide differences among virus isolates or strains. In this study,
dead or diseased larvae of Helicoverpa sp. were collected from tomato fields in distinct geographic areas in Iran,
and baculovirus infection was assayed by occlusion body extraction using an optimized Sodium Dodecyl Sulphate
method. Two sets of specific polymerase chain reaction (PCR) primer pairs (Pol-a and Pol-b) were designed based
on the conserved polyhedrin gene region of 26 fully sequenced HearSNPV/HzNPV isolates. Accordingly,
infection by HearSNPV was confirmed in 28 out of 34 tested larvae by PCR amplification of monomorphic
fragments of about 370 and 790 nucleotides, respectively. Cloning and sequencing of those fragments showed that
they belong to the corresponding polyhedron gene from nucleopolyhedriviruses of H. arimegra and H. zea species
with 99.6% sequence identity. The phylogeny trees developed for Iranian isolates based on their polyhedron gene
sequences showed that they all belong to the Group Il Alphabaculovirus and formed one clade with other
HearSNPV isolates. This further confirmed the efficiency of the developed method for baculovirus detection and
characterization. To our knowledge, this is the first report of introduction and molecular characterization of some
HearSNPV isolates, circulating in these pests in Iran, using a robust DNA-based approach. The excellent efficacy
of this method in virus detection makes it a valuable tool for rapid screening of insect cadavers for HearNPV
infection, phylogenic studies, and virus monitoring in bioinsecticides application.
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1. Polyhedron (pl.: Polyhedra)
2. Occlusion body
3. Nucleopolyhedrovirus
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F: forward primer; R: reverse primers; Polh: Polyhedrin gene
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Figure 1. PCR amplification of a 373 bp fragment of partial pol gene in two isolates of HearSNPV from
East Azarbaijan. C- and M indicate negative control and DNA ladder (1Kb), respectively
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Figure 2. PCR amplification belonging to the partial pol gene (fragment of 373 bp) HearSNPV on 1.5%
agaros gel in HearNPV-infected cadavers collected from different geographic regions of Iran. A) AZ:

East Azarbaijan (80AR from Ardabil) B), KH: Khorasan Razavi (42KHbo from North Khorasan), C) GO:
Golestan provinces. C- and M indicate negative control and DNA ladder (1KDb), respectively (Fermentas).
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Figure 3. PCR amplification belonging to the complete pol gene (fragment of 790 bp) of selected
HearSNPV isolates. AZ: East Azarbaijan (80AR from Ardabil), GO: Golestan, KH: Khorasan Razavi

(42KHbo from North Khorasan) provinces. C- and M indicate negative control and DNA ladder (1Kb),
respectively (Fermentas)/
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Table 2. Accession numbers of the polh amplified from the studied HearSNPV Iranian isolates.

Iranian Isolate

Collected date / Geographic region

Accession number

200IRAz East Azarbaijan/2013-2014 MNB840078
201IRAz " MN840079
10 IRaz " MNB840074
40IRAz " MN840075
80IRAz Avrdabil/ 2013-2014 MN840076
100IRAz East Azarbaijan/2013-2014 MNB840077
35IRkn Khorasan razavi /2016 MN840082
411Rkn " MN840083
76IRco Golestan /2017 MN840080
791Rgo " MN840081
42 IRnk North Khorasan/2017 MN840084
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Figure 4. Phylogenic tree constructed based on full polyhedrin amino acid sequences of baculovirus
isolates by Neibour-joining analysis method in MEGAG. The division of baculovirus genus is indicated
and the position of Iranian isolates marked. Bootstrap resampling was done 1000 times and resulting
bootstrap values are shown on the corresponding branches (Alphabaculovirus group | [HycuNPV (NC-
007767), BMNPV(JQ-291706), ACMNPV (M-25054), AgMNPV (NC-008520), AceNPV
(U40834)],Alphabaculovirus group Il [HearMNPV (NC-011615), SINPV (X-94437), HtarNPV (U-97657),
MacoNPV-A (NC-003529), LsNPV (LSU30302), MbNPV (M-20927), AgipNPV (NC-011345), AgseNPV (NC-
007921)], Betabaculovirus [ TnGV (NC_038375), CpGV(NC-002816), PIxyGV (NC-002593), SpliGV (NC-009503),

XnGV (NC-002331), Gmmabaculovirus [ NeabNPV (NC-008252), NeleNPV (NC-005906), NeseNPV (NC-
005905), deltabaculovirus [ CuniNPV (NC-003084)].
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Supplementary Table. Information of published HzZNPV/HearSNPV isolates in NCBI and used for
designing pol gene specific primers.

Isolate Country Accession number Refrence
HearNPV-SP1B Spain KJ701033 Arrizubieta et al. 2015
HearNPV-SP1A Spain KJ701032 Arrizubieta et al. 2015
HearNPV-NNg1 Africa AP010907 Ogembo et al. 2009

HearNPV-LB1 Spain KJ701029 Arrizubieta et al. 2015
HearNPV-LB3 Spain KJ701030 Arrizubieta et al. 2015
HearNPV-LB6 Spain KJ701031 Arrizubieta et al. 2015
HearNPV-C1 China NC-003094 Zhang et al. 2005
HearNPV-G4 China NC-002654 Wang et al. 2001
HearNPV-Australia Australia IN584482 Zhang et al. 2014
HearSNPV-AC 53 Australia KJ909666 Noune and Hauxwell ,2016
HearNPV-AC53T5 Australia KU738904 Noune and Hauxwell, 2016
HearNPV-AC53T2 Australia KU738901 Noune and Hauxwell, 2016
HearSNPV-AC 53 Australia KU738900 Noune and Hauxwell, 2016
HearNPV-AC53T5 Australia KU738899 Noune and Hauxwell, 2016
HearNPV-AC53T2 Australia KU738898 Noune and Hauxwell, 2016
HearNPV-AC53C9 Australia KU738897 Noune and Hauxwell, 2016
HearNPV-AC53C6 Australia KU738896 Noune and Hauxwell, 2016
HearNPV-AC53C5 Australia KU738903 Noune and Hauxwell, 2016
HearNPV-AC53C3 Australia KU738902 Noune and Hauxwell, 2016
HearNPV-L1-India India KT013224 Rakshit et al., 2015
HearsNPV-H25EAL Australia KJ922128 Noune and Hauxwell, 2016
HzSNPV-F16 America AF334030 Chen et al., 2002
HzSNPV-HS-18 Russia KJ004000 Ternovoi et al., 2013
HzSNPV Australia HZU67264 Cowan et al., 1994
HzSNPV-Br/south Brazil KM596835 Ardisson-araujo et al., 2015
HgSNPV-ar Aegentina KP340517 Ferrelli et al., 2015
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