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Cotton bollworm Helicoverpa armigera is one of the most polyphagous and cosmopolitan pests. Intracellular
endosymbionts are widespread in Lepidoptera, often playing an important role in their dynamics. The prevalence of
endosymbionts of cotton bollworm in Russia was not investigated. Cotton bollworm larvae and adults were collected
in 2018-2020 in Krasnodar Area, and in Voronezh and Saratov Regions (from 131 to 170 insects) and analyzed by PCR
using sets of group-specific primers for baculoviruses (locus /ef8), bacteria of the genus of Wolbachia (locus wsp), and
microsporidia (locus SSU rRNA). Level of infection with baculoviruses was 16 % for the sample of 32 individuals collected
in Temryuk District of Krasnodar Area in 2018. The infection rate of the entire sample of 170 individuals was 2.9 %. The
lef8 locus demonstrated 98.7-99.6 % of sequence similarity to the nuclear polyhedrosis virus isolates from the cotton
bollworm and American bollworm. Among the tested 131 insects, bacteria of the genus of Wolbachia were not detected.
PCR screening for microsporidia revealed one positive larvae among 19 insects collected in Krasnoarmeysk District of
Krasnodar Area in 2019, which corresponded to the prevalence of 5%. Partial sequencing of the genes coding for SSU
rRNA and largest subunit RNA polymerase II made it possible to identify the new isolate as N. bombycis.
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Introduction

Cotton bollworm Helicoverpa armigera (Noctuoidea:
Noctuidae) is among the most polyphagous and cosmopolitan
pests (Cunningham, Zalucki 2014; Gomes et al., 2017). This
is a multivoltine species characterized by high ecological
plasticity, which allows the insect to adapt easily to changing
environmental conditions and reach a high abundance (Chenkin
et al., 1990; Farrow, Daly, 1987; Jones et al., 2018). The cotton
bollworm is one of the most dangerous agricultural pests in
Russia and other countries of Europe, Asia, Africa, Australia
etc. (Fitt, 1989; Tay et al., 2013; Arnemann et al., 2016; Murua
et al., 2014; Czepak et al., 2013). According to different
sources, the number of plant species damaged by this pest
ranges between 120 and 180 species (Singh et al., 2002; Wu
et al., 2008; Murua et al., 2014). The most preferred crops are
cotton, tomatoes, cereals, such as corn and sorghum, as well as
soybean, chickpea and other legumes (Riaz et al., 2021). The
annual global cost of controlling this pest, together with crop
losses, is estimated at US$5 billion (Murua et al., 2014; Haile
et al., 2021). Intensive and sometimes unreasonable use of
broad-spectrum synthetic pesticides reduces the effectiveness
of natural enemies and biocontrol agents, while the target
pest species develop resistance to a wide range of insecticides
(Armes et al., 1996; Ahmed et al., 2004; Yang et al., 2013).
Solving these problems requires improvement of the synthetic
pesticides range and their rational use to preserve the natural
enemies of H. armigera in different agroecosystems (Mohan
et al., 2008; Williams et al., 2022), as well as development of
alternative, environmentally friendly approaches to population
management (Binod et al., 2007; Yu et al., 2008; Patil, Jadhav,
2015; Suryanarayanan et al., 2016; Knox et al., 2016; Kolosov

et al., 2017; Agasieva et al., 2019). To understand the main
patterns of population dynamics, improve forecasting systems
and identify new forms of potential sources of microbiological
formulations, it is necessary to perform screening of the
pest populations aimed at identification of pathogenic
microorganisms of the main groups.

Among the obligate intracellular symbionts, which are the
most widespread and frequently found in insects, three groups
deserve attention in the first place.

The first group includes the nuclear polyhedrosis (NPV) and
granulosis viruses from the Baculoviridae family of double-
stranded DNA viruses that infect insects from the orders of
Lepidoptera, Hymenoptera, and Diptera (Van Regenmortel et
al., 2000). They serve as the basis of microbial formulations
against Lepidoptera pests, including the cotton bollworm,
which are widely used worldwide (Chen et al., 2000; Shapiro
et al., 2002; Yu et al., 2015; Kolosov et al., 2017; Eroglu et
al., 2019). NPV populations can grow rapidly, increasing it
number at billion-fold rate per insect. Up to three such viral
“generations” can be multiplied in one generation of insects
(Harper, 1987), which provides in vivo large-scale propagation
of baculoviruses and makes them the promising agents for
biological plant protection (Eroglu et al., 2018). Despite the
isolation of numerous NPV strains from the cotton bollworm
in various parts of the world and studies of their genetic
polymorphism and effectiveness in terms of combating this
pest (Leslie Hayes, Bell, 1994; Moscardi, 1999; Erlandson,
2009; Baillie, Bouwer, 2012, Arrizubieta et al., 2014; Ardisson-
Aragjo et al., 2015), assessment of natural prevalence levels is
usually not carried out. Specific data on the levels of natural
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infection of cotton bollworm populations are missing. For
other members of the Noctuidae family, there are data on
the prevalence of nuclear polyhedrosis virus for Spodoptera
frugiperda in Louisiana, where the virus prevalence ranged
from 50 to 68 %, being higher than that of the other pathogens
(Fuxa, 1982). In other works, the level of occurrence of NPV
in lepidopteran was estimated after artificial introductions
of viral particles, which did not allow estimating the natural
prevalence rates (Fuxa and Richter, 1999; Cherry et al, 2000).

The second group, bacteria of the genus Wolbachia, belong
to widespread endosymbionts of arthropods (Bouchon et al.,
1998), and infect according to various estimates, from 40 to
65% of the arthropod species (Hilgenboecker et al., 2008;
Werren et al., 2008; Zug, Hammerstein 2012). The effects of
Wolbachia on insects including Lepidoptera, are very diverse
(Hiroki et al., 2004; Charlat et al., 2006, 2007; Narita et al.,
2007; Graham, Wilson, 2012; Salunkhe et al., 2014; Arai et
al., 2019), and the study of these bacteria is of interest both
from theoretical and practical points of view. The prevalence
of Wolbachia in lepidopteran populations varies from almost
complete absence to 100% infection (Tagami, Miura, 2004;
Salunke et al., 2012; Ahmed et al., 2015; Solovyev et al.,
2015; Ilinsky, Kosterin, 2017; Tokarev et al., 2017; Bykov et
al., 2020). For example, in Dendrolimus superans, a high level
of infection with Wolbachia (69—100 %) has been shown to be
maintained in geographically distant populations for several
years (Bykov et al., 2020). For Aporia crataegi, the frequency
of Wolbachia occurrence was very low: out of 376 samples
collected in 10 regions of Russia, only eight Wolbachia-
positive insects were found in Yakutia, Buryatia, Sverdlovsk
and Kaliningrad Regions (Bykov et al., 2021). In Loxostege
sticticalis, the prevalence of Wolbachia varied from 21 to
40% in Asian and from 0 to 47 % in European parts of Russia
(Malysh et al., 2020). Analysis of the sample of 257 individuals
for the presence of Wolbachia in Hypolimnas bolina females
collected from the wild habitat showed that 99% of the
females were infected (Dyson, Hurst, 2004). The presence of
endosymbiotic bacteria of the genus of Wolbachia was also
found in populations of stem borers of the genus Ostrinia. In
various geographic populations, endosymbiont prevalence
ranged from 2.9 (N=34) to 65.8% (N=38), with three of the
four habitats showing a significantly higher level of infection
for O. scapulalis as compared to O. nubilalis (Tokarev et al.,
2017). Pieris rapae in Japan was infected with Wolbachia with
the prevalence of 0—3 % (Tagami, Miura, 2004). In addition, in
the Japanese populations of the gypsy moth (Lymantria dispar
Jjaponica and L. postalba), the presence of Wolbachia was not
revealed (Ilinsky et al, 2017).

The third group is the microsporidia, parasitic protists
related to fungi. They parasitize the representatives of all
major taxa of Animalia kingdom, including higher vertebrates
and humans (Issi, 2020). The largest number of microsporidia
was found in arthropods (Wittner, 1999), and many species are
highly pathogenic to these hosts and significantly affect their
populations. Interest in the study of microsporidia has notably
increased recently due to the understanding of their role as
dangerous pathogens of humans and economically significant
species of vertebrates and invertebrates. They are also widely
exploited as a model of intracellular parasites demonstrating
the maximum level of genome and cell minimization (Wittner,
1999; Becnel, Andreadis, 2014). The role of infection with
microsporidia in the host density dynamics has been studied
well for several lepidopterans (Issi, 1986; Frolov et al., 2008;
Lipa, Madziara-Borusiewicz, 1976; Zelinskaya, 1980; Solter
etal., 1997; 2010; Van Frankenhuyzen et al., 2007; Kermani et
al.,2013; Simoes etal., 2015; Hopper et al.,2016; Malysh etal.,
2021). In particular, in the stem borers of the genus of Ostrinia,
the levels of microsporidia infection in Russia ranged from 3.0
to 17.2% in 2005-2010 (Malysh et al., 2011) and from 0 to
16% in 2011-2016 (Grushevaya et al., 2018). PCR analysis of
98 individuals of L. sticticalis for the presence of microsporidia
was positive for 7% of the samples (Malysh et al., 2019).
The prevalence of microsporidiosis in Bombyx mori in India
was about 15-20% (Bhat et al., 2009). In Archips xylosteana
in Bulgaria, the prevalence of microsporidiosis was 3% for
the sample of 791 individuals (Pilarska, 2017). In Japanese
populations of Lymantria spp., microsporidia infection was
not detected (Ilinsky et al, 2017), although they are known in
European and North American populations (McManus, Solter,
2003). In the susceptibility bioassays of the cotton bollworm,
isolates of microsporidia from different hosts were exploited.
However, when spotting microsporidia infections of the cotton
bollworm under natural conditions, the frequency data were
not indicated (Issi, Nilova, 1967; Gaugler, Brooks, 1975; Lee,
Anstee, 1992; Mitchell, Cali, 1994; Rabindra, Jayaraj, 1994,
Pei et al., 2021).

Studies of natural infections by viruses and microorganisms
in populations of this pest in the Former Soviet Union
Countries in the 21st century are restricted to the detection of
new isolates of baculoviruses, most of which were done using
laboratory-maintained insect cultures of Central Asian origin
(Kolosov et al., 2017). The aim of this work was to assess
the natural occurrence of baculoviruses, Wolbachia spp. and
microsporidia in local populations of the cotton bollworm in
the European part of Russia using molecular markers.

Materials and methods

To detect the presence of entomopathogens in cotton
bollworm populations, H. armigera larvaec were collected in
maize stands in five localities of Krasnodar Area, Voronezh
and Saratov Regions, and adults were caught on the pheromone
trap at one point, Gulkevichi Region of Krasnodar Area in
2019 (Fig. 1). The total amount of collected material was 170
individuals. Insects were stored either dry at room temperature
without preservatives or in 90% ethanol. Total DNA was
extracted using a simplified protocol of Sambrook et al. (1989)
without addition of phenol, with adjustments in the volumes
of DNA washing agents (Malysh et al., 2019). Samples were

homogenized in 100 pl of CTAB (Cetyl Trimethyl Ammonium
Bromide). Then, 500 ul of CTAB + B-mercaptoethanol (final
concentration 0.2 %) were added and incubated at a +65 °C for
2 hours, consequently washed with a mixture of chloroform
and isoamyl alcohol (24:1), precipitated with ethanol and
resuspended in 50 pl of ultra-purified water. The DNA solution
was used for PCR analysis. The PCR mix consisted of 4 pl of
DNA, 5 ul of DreamTaq Green PCR Master Mix, and 0.5 pl
of primers (forward and reverse). For the analysis, only half
of each individual sample was used, saving the other half for
further analysis in case the microsporidia spores are detected.
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Figure 1. Sampling sites of Helicoverpa armigera larvae and adults in Temryuk (1), Slavyansk (2), Krasnoarmeysk (3), and
Gulkevichi Districts (4) of Krasnodar Area, Ramon District of Voronezh Region (5), Engels District of Saratov Region (6)

Pucynok 1. Mecta ot60opoB mpo6 rycenun u umaro Helicoverpa armigera B TemprokckoMm (1), CnaBsHckoM (2),
KpacnoapmeiickoMm (3) u I'ynekeBuuckom (4) paiionax Kpacronmapckoro kpas, PamonckoMm paitone Boponexckoit obnactu (5)
u DHrenbckoM paiione CaparoBckoii odmactu (6)

The DNA quality of individual samples was checked
by PCR with LepFl:LepR1 primers flanking the Metazoa
mitochondrial DNA fragment (Hebert et al., 2004). Testing
for the presence of Wolbachia, as well as baculoviral
and microsporidian infections, was carried out by PCR
amplification with the following primer sets (Table 1):

- to determine the presence of baculoviruses, primers
L8F2:L8R2 were used, flanking the conservative region of
the late elongation factor gene (/ef8). As a reference (positive
control), we used DNA samples of the cotton bollworm
nuclear polyhedrosis virus, isolate HS-18 (kindly provided by
Kolosov A. V., FBSI SRC VB “Vector” of Rospotrebnadzor);

- to determine the presence of microsporidia, standard
primers 18f:1047r were used, to amplify part of the small
subunit rRNA gene (SSU rRNA). The positive control was
the DNA sample of microsporidia Nosema pyrausta from the
corn borer (kindly provided by I.V. Grushevaya, All-Russian
Institute of Plant Protection). For more accurate identification,
primers nvRPb f1 were used: nvRPB r1 to the gene fragment
of the large subunit of RNA polymerase II (rpb1);

- the analyses for the presence of Wolbachia, were
carried out by amplification with the wsp81F:wsp691 primer
set specific for the Wolbachia surface protein (wsp) locus.
Wolbachia DNA samples from the corn borer (kindly provided
by I.V. Grushevaya) were used as a positive control.
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Table 1. Primers used for detection of endosymbionts of cotton bollworm Helicoverpa armigera

Tadmmua 1. [IpaiiMepbl, HCTIONB3yeMbIE IJIsl AUATHOCTHKH YHIOCHMOMOHTOB XJIOMTKOBOM COBKU Helicoverpa armigera

Primer name

Target, amplicon size

5’-3” Primer sequence Reference
HazBanune s~ o Hens, pazmep ammiu-
N 5’-3’mocnenoBarenbHOCTh IpaiMepa Cchouika
mpaimMepa KOHa
L8F2 GTAAAACGACGGCCAGTNNNACNRCNGARGAYCC | Baculovirus late elonga- |  Herniou et al., 2004

TAATTACAGACCTGGCACT

nvRPBI1R1

tion factor, ~500 bp

Wolbachia surface pro-
tein, ~600 bp

Microsporidia small
subunit rRNA, ~900 bp

RNA polymerase II
largest subunit, ~700 bp

Tokarev et al., 2019

The amplification program was the same for all primers:
initial denaturation at 95 °C for 5 min, 35 cycles of denaturation
at 95°C for 1 min, annealing at 54 °C for 1 min, elongation at
72 °C for 1 min, and final elongation step of 72 °C for 5 min.

The amplicons were visualized using electrophoresis
in 1% agarose gels with GeneRuler Ladder Mix molecular
weight marker, 7520000 bp (Thermo Fisher Scientific).
Amplicons in the gel of about 500 bp (primers L8F2:L.8R2),
600 bp (wsp81F:wsp691), 900 bp (18f:1047r) and 700 bp
(nvRPB1F1:nvRPB1F1) were excised with a scalpel and
frozen until further purification. The cut sections of the gel
were melted in a 3 M solution of guanidine isothiocyanate,
and the amplicons were purified by the silica sorption method
(Vogelstein, Gillepsie, 1979). The purified amplicons were
sequenced at the Core Centrum «Genomic Technologies,

Proteomics and Cell Biology» of the All-Russian Institute of
Agricultural Microbiology in both directions by a standard
method of chain termination (Sanger et al., 1977) using an
ABI Prism 3500 genetic analyzer. The obtained sequencing
chromatograms were analyzed using the BioEdit software
(Hall, 1999). The search for homologous sequences in
GenBank was performed on the NCBI server using the built-
in BLAST utility using the megablast and blast algorithms
(Altschul et al., 1990).

To compare the morphometric characteristics of
microsporidian spores, the length and width of at least 10
spores of the new isolate from the cotton bollworm were
measured, and compared to the N. bombycis spores from
the silkworm culture at the Research Institute of Sericulture
(Tashkent, Uzbekistan), kindly provided by I.V. Senderskiy
(All-Russian Institute of Plant Protection).

Results

The quality of DNA samples was confirmed by
amplification of the DNA fragment of insects with primers
LepF1:LepR1. In the most of samples, no positive signals or
nonspecific reactions with non-target DNA were observed
while diagnosing endosymbionts with corresponding primers.
However, a few sequences of amplicons of the expected size
amplified with baculovirus- and Wolbachia-specific primers,
matched DNA fragments of the host insect or intestinal
bacteria and were excluded from the study.

In particular, a number of amplicons positive reaction for
baculoviruses was registered in 5 out of 32 samples from one
sample of Temryuk District of Krasnodar Area in 2018. This
corresponds to 16 % prevalence, and to 2.9 % if to consider the
entire sample of 170 tested insects (Table 2).

Amplified fragments of the /ef8 gene were sequenced.
The obtained sequences demonstrated high levels of identity
with homologous regions of genomes of numerous viral
isolates designated in GenBank as cotton bollworm nuclear
polyhedrosis  viruses (NPVs) (Helicoverpa armigera
nucleopolyhedrovirus, HearNPV) or the American cotton
bollworm NPVs (Helicoverpa zea nucleopolyhedrovirus,
HzNPV). Both isolates derive from various representatives
of closely related species of the Heliothis/Helicoverpa
complex, and from Hyblea puera (Hyblacoidea: Hyblaeidae).
Alignment of 380 nucleotides showed 100 % identity of HS-18
strain used as standard in this study (1) with the corresponding
fragment of the whole genome sequence deposited earlier for
this strain in GenBank (accession # KJ004000) and (2) with

some other HZNPV isolates (# KM596835) and (4) HearNPV
(# KU738904 and # KJ922128). Isolates from Temryuk
identified in this work contained two A/G transitions, one of
which was not found in other isolates (Table 3). The similarity
of the Temryuk isolates to the HZNPV and HearNPV sequences
from GenBank, was 98.7-99.6 % (Table 4). To understand the
genetic differentiation of HZNPV and HearNPV at the genome
level, a BLAST analysis of the whole genome sequence of HS-
18 was additionally performed, which showed a similarity of
>99.9% with HZNPV and >99.6 % with HearNPV (Table 5).

For assessing the prevalence of bacteria of the genus of
Wolbachia, 131 individual DNA samples were tested. All
of them produced a positive reaction with primers LepF1:
LepR1 demonstrating thus suitability of the samples for PCR
amplification. None of these samples produced a specific signal
with Wolbachia-specific primers that could be confirmed by
sequencing. At the same time, a sample of genomic DNA of a
Wolbachia-infected corn borer, used as a positive control, gave
a signal of the expected size in all the experiments performed.
Thus we consider the negative result of Wolbachia detection in
bollworm samples as reliable.

PCR screening for microsporidia revealed one positive
signal for the sample from Krasnoarmeysk District of
Krasnodar Area, obtained in 2019. Prevalence level in this
sample equaled to 5.2% (N=19), and for the whole dataset
of 168 individuals — to 0.6%. Sequencing the SSU rRNA
gene fragment showed 100 % identity to the microsporidium
N. bombycis from the silkworm B. mori, as well as to
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Table 2. Size of analyzed samples from local populations of the cotton bollworm

Sampling site Year Stage Number of analyzed samples* (N)
baculoviruses | microsporidia Wolbachia
Krasnodar Area, Temryuk District 2018 larvae 32(5) 32 32
o 2018 larvae 30 30 -
Krasnodar Area, Slavyansk District 2020 Jarvac 9 i i
Krasnodar Area, Gulkevichi District 2019 adults (from traps) 30 30 30
Krasnodar Area, Krasnoarmeysk District 2019 larvae 12 19(1) 12
Voronezh Region, Ramon District 2019 larvae 29 29 29
Saratov Region, Engels District 2020 larvae 28 28 28
TOTAL 170(5) 168(1) 131(0)

* in brackets is the number of verified positive samples (if any).

Tabauna 2. O6beM NpoaHaIN3NPOBAHHBIX BHIOOPOK JIOKAJIBHBIX MOIYIISAINHA XJIOMKOBOH COBKH

Ton O0beM BBIOOPKH™ TIPU aHATH3E Ha
Mecro cbopa Cranns pa3BUTHA .
cbopa 0aKyIOBHPYCHI | MUKPOCIIOPHAHNI | BOIIEOAXHIO
Kpacnonapckuii kpaii, TeMprokckuii palioH 2018 I'ycenunnsl 32(5) 32 32
Kpacronmapckuit kpait, CraBsHCKHUH paiioH 2018 Tycentuer 30 30 i
’ 2020 T'ycenuiip 9 - -
Kpacnonapckuii xpaid, I'ynpkeBUUCKUi palioH 2019 | Nmaro (13 10BYyIIEK) 30 30 30
Kpacnonapckuii kpaii, Kpacnoapmerickuii paiion | 2019 I'ycenuns 12 19(1) 12
Boponexckast obnacts, PamoHckuit paiion 2019 I'ycenuns 29 29 29
CapaToBckasi 001aCTh, DHICIILCKHI paiioH 2020 I'ycenunsl 28 28 28
HUTOT'O 170(5) 168(1) 131(0)

* B CKOOKaxX yKa3aHO KOJIMYECTBO BEPUBHIMPOBAHHBIX ITOJIOKUTEIBHBIX P00 (MIPU HATHYHH).

Table 3. Polymorphism of the nucleotide sequences of the /ef8 gene fragment of the Helicoverpa armigera
nucleopolyhedrovirus isolates obtained in the present study from Krasnodar Area (TEMRYUK21...32) and standard strain
HS-18 (VECTOR), as well as those accessible through GenBank (annotated with accession number and host species)

Tadonuua 3. [Tomnmopdu3M HYKICOTHIHBIX TTOCIEAOBATENBHOCTEN (hparMeHTa reHa [ef8 Bupyca saepHOro MoIu3Apo3a
XJIOTIKOBOH COBKH, ITOTyYSHHBIX B HacTOsAMmIEeH paboTe mis m3oimsatoB u3 Kpacronmapekoro xpas (TEMRYUK21...32) u
stanorHoro mramma XC-18 (VECTOR), a Taxoke mnoctynabix B GenBank (yka3zan HoMep JOCTyIIa ¥ BAJ HACEKOMOTO-X0351HA)

GenBank Accession # or strain Nucleotide position as in reference sequence KJ004000*
name Host species [NonoxxeHne HyKI€OTHIA OTHOCHTENBHO pedeperHcHoro cukeHca KJ004000*
Howmep noctyma B GenBank Bun xo3smna
N — 32305 | 32308 | 32387 | 32389 | 32419 | 32488 | 32509 | 32524 | 32602

KJ004000 (HS-18) Helicoverpa zea C G T A G T G C G
VECTOR (HS-18 in this study) | Helicoverpa armigera C G T A G T G C G
TEMRYUK21 Helicoverpa armigera C A T G G T G C G
TEMRYUK24 Helicoverpa armigera C A T G G T G C G
TEMRYUK32 Helicoverpa armigera C A T G G T G C G
KU738904 Helicoverpa C G T A G T G C G
KM596835 Helicoverpa zea C G T A G T G C G
KJ922128 Helicoverpa armigera C G T A G T G C G
KM357512 Helicoverpa armigera C G T G G T G C G
AY118080 Helicoverpa armigera C G T G G T A C G
KTO013224 Helicoverpa armigera C G T G A T G C G
KJ701031 Helicoverpa armigera C G T G G T G C G
MK507817 Helicoverpa armigera T G T G G T G T A
MG569706 Helicoverpa assulta C G A G G C A T G
MTS810812 Helicoverpa armigera C G A G G C A C G
MH254887 Hyblaea puera C G T G A T G C G

*The unique polymorphic position of the newly found baculovirus variants is highlighted with gray background.
*YHUKaNbHas MOJIMMOP(Has MO3UIMSA BHOBb HAliIGCHHBIX BAPHAHTOB GaKyJIOBHpYyCa OTMEYCHA CEPBIM (DOHOM.
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Table 4. The nucleotide sequences of the lef8 gene of isolates of the Helicoverpa armigera nuclear polyhedrosis virus
available in GenBank, used for comparative analysis in this work

Lo GenBank Start End Identit
Species, isolate Host Country Accession # | position position level, ‘;;

Helicoverpa armigera nucleopolyhedrovirus | Helicoverpa armigera Spain KJ701031 32242 32630 99.23
Helicoverpa SNPV AC53 Helicoverpa sp. Australia KU738904 32173 32561 98.97
Helicoverpa armigera nucleopolyhedrovirus | Helicoverpa armigera India KTO013224 14454 14842 98.97
Helicoverpa zea single nucleopolyhedrovirus | Helicoverpa armigera Brazil KM596835 31027 31415 98.97
Helicoverpa zea single nucleopolyhedrovirus Helicoverpa zea Uzbekistan* |  KJ004000 32226 32614 98.97
Helicoverpa armigera nucleopolyhedrovirus | Helicoverpa armigera India KM357512 1895 2283 99.23
Helicoverpa armigera SNPV Helicoverpa armigera Australia KJ922128 32207 32595 98.97
Helicoverpa armigera nucleopolyhedrovirus Helicoverpa armigera | South Africa | AY 118080 460 848 98.97
Helicoverpa armigera nucleopolyhedrovirus Heliothis peltigera Turkey MKS507817 32100 32488 98.46
Helicoverpa armigera nucleopolyhedrovirus | Helicoverpa armigera China MT810812 32536 32924 98.46
Helicoverpa assulta nucleopolyhedrovirus Helicoverpa assulta China MG569706 32470 32858 98.20
Hyblaea puera nucleopolyhedrovirus Hyblaea puera India MH254887 29 341 98.72

* according to Kolosov A.V., personal communication.

Taommua 4. Jloctynasie B GenBank HyKJI€OTHIHBIC MOCIEIOBATEIILHOCTH TeHa /ef8 N30IITOB BUpYyCa SICPHOTO MOIUAPO3a
Helicoverpa armigera, ucnionb30BaHHbIC [T CPABHUTEIBHOTO aHAJIM3a B HACTOAIICH paboTe

Bun, uzonsar

Xo03s1H

Helicoverpa armigera nucleopolyhedrovirus
Helicoverpa SNPV AC53

Helicoverpa armigera nucleopolyhedrovirus
Helicoverpa zea single nucleopolyhedrovirus
Helicoverpa zea single nucleopolyhedrovirus
Helicoverpa armigera nucleopolyhedrovirus
Helicoverpa armigera SNPV

Helicoverpa armigera nucleopolyhedrovirus

Helicoverpa armigera nucleopolyhedrovirus
Helicoverpa armigera nucleopolyhedrovirus
Helicoverpa assulta nucleopolyhedrovirus
Hyblaea puera nucleopolyhedrovirus

Helicoverpa armigera
Helicoverpa sp.
Helicoverpa armigera
Helicoverpa armigera
Helicoverpa zea
Helicoverpa armigera
Helicoverpa armigera

Helicoverpa armigera

Heliothis peltigera
Helicoverpa armigera
Helicoverpa assulta
Hyblaea puera

Crpana Homep mocryna Havanpnas | Koneunas Ypor«er},0
B GenBank MO3UIKMS | MO3MIHMS | CXOACTBA, %
Hcnanus KJ701031 32242 32630 99.23
ABcTpanus KU738904 32173 32561 98.97
Wuaus KT013224 14454 14842 98.97
Bpazumus KM596835 31027 31415 98.97
V36ekuctan*® KJ004000 32226 32614 98.97
Wuaus KM357512 1895 2283 99.23
ABcTpanus KJ922128 32207 32595 98.97
tOcuas AY 118080 460 848 98.97
Adpuka
Typruwst MK507817 32100 32488 98.46
Kwuraii MT810812 32536 32924 98.46
Kuraii MG569706 32470 32858 98.20
WHaus MH254887 29 341 98.72

* CormacHo KomocoBy A.B., mnaHOE coobiieHme.

numerous unidentified isolates from lepidopterans belonging
to different families (Table 6). The rpbl sequence, deposited
in GenBank under the number ON099402, showed similarity
with homologous N. bombycis sequences at the level of 96—
99%, while similarity to other closely related species was
93 % for N. disstriae (# HQ457438), 92% for N. fumiferanae

(# HQ457435) and 91% for N. pyrausta (# MG182018).
Spores isolated from the infected cotton bollworm larva
measured 3.2—4.5(mean 3.9) x 2.0-2.7(mean 2.4) um (n=12)
and N. bombycis spores from silkworm — 3.8—4.4(mean 4.0) x
2.2-2.8(mean 2.4) um (n=11).

Discussion

Baculoviruses and microsporidia are widely distributed
in nature, and their detection in populations of the cotton
bollworm is quite expected. In addition, since bacteria of the
genus of Wolbachia are also widespread among Lepidoptera,
it was expected to detect their presence in the studied samples
of H. armigera. Yet, no Wolbachia was found. This can be due
to the low frequency of this endosymbiont, as well as due to its
uneven spatial and temporal distribution in local populations
of the pest. In particular, though no published data in scientific
literature were found concerning Wolbachia in the cotton
bollworm, presence of respective GenBank entries indirectly
indicate occasional detection of this endosymbiont in this
host in India (# KY781914) and China (## EU399644 and
EU753172).

Since the species diversity of baculoviruses in cotton
bollworms over the vast territory of Russia had been practically

unexplored at the beginning of the work, diagnostics was
aimed at detecting baculovirus infections using degenerate
primers, because of high evolutionary lability of wviral
genomes (Herniou et al., 2004). The virus isolates were found
in only one geographic location, and the sequences of all of
them were identical to each other and showed the maximum
similarity to the HearNPV and HzNPV entries available in
GenBank, with only minor genetic differences. Unfortunately,
sequencing of the /ef8 locus had insufficient resolution to
differentiate these species and, accordingly, to accurately
diagnose the new isolates. This goal should therefore recruit
analysis of other, more polymorphic loci (protein kinase, DNA
polymerase, DNA helicase, chitinase, zinc finger protein, etc.)
or whole genome sequencing. In addition, it is possible that
the two indicated above species of the virus should rather be
considered as intraspecific isolates, since they cross-infect
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Table S. Results of BLAST analysis of the complete genome of the HS-18 strain against the Helicoverpa zea
nucleopolyhedrovirus (gray background) and Helicoverpa armigera nucleopolyedrovirus sequences
Taoauna 5. Pesynsrarer BLAST-ananu3a nmoiaHoro reaoma mramma XC-18 otHocuTenbHO cukBeHCOB Helicoverpa zea
nucleopolyhedrovirus (cepsrit pon) u Helicoverpa armigera nucleopolyhedrovirus

Species, strain GenBank Accession # Identity level, %
Bun, uzonsr Homep moctyma B GenBank YpoBeHsb cxoncTBa, %
Helicoverpa zea single nucleopolyhedrovirus KJ004000 100.00
Helicoverpa zea single nucleopolyhedrovirus AF334030 99.97
Helicoverpa SNPV ACS53 KM596835 99.96
Helicoverpa armigera SNPV KJ909666 99.55
Helicoverpa SNPV AC53 KJ922128 99.54
Helicoverpa SNPV AC53 KU738896 99.23
Helicoverpa SNPV AC53 KU738904 99.20
Helicoverpa SNPV AC53 KU738901 99.20
Helicoverpa SNPV AC53 KU738899 99.20
Helicoverpa SNPV AC53 KU738902 99.20
Helicoverpa SNPV AC53 KU738900 99.20
Helicoverpa SNPV AC53 KU738897 99.20
Helicoverpa SNPV AC53 KU738898 99.19
Helicoverpa armigera NPV NNgl KU738903 99.13
Helicoverpa armigera nucleopolyhedrovirus AP010907 99.00
Helicoverpa armigera nucleopolyhedrovirus KJ701029 98.84
Helicoverpa armigera nucleopolyhedrovirus KJ701033 99.20
Helicoverpa armigera nucleopolyhedrovirus KJ701032 99.11
Helicoverpa armigera nucleopolyhedrovirus KJ701030 99.01
Helicoverpa armigera NPV strain Australia KJ701031 99.00
Helicoverpa armigera nucleopolyhedrovirus G4 JN584482 98.90
Helicoverpa armigera nucleopolyhedrovirus AF271059 98.78
Helicoverpa zea single nucleopolyhedrovirus AF303045 98.44

Table 6. GenBank entries of microsporidia isolates showing 100 % identity of small subunit ribosomal RNA sequence
to the microsporidium from Helicoverpa armigera identified in the present study
Ta6aumna 6. 3anucu B GenBank 11 M30515TOB MUKpOCTIOpUAniA, teMoHcTpupytomue 100 % uaeHTHIHOCTh
MOCIIEIOBATEILHOCTU MaJiol cyObemuamibl pubocomuoit PHK ¢ mukpocnopunueii us Helicoverpa armigera,
BBISIBJICHHO B HACTOSIILIEM HCCIIEAOBAHUH

Species, isolate Host species Country GenBank Accession #
Bun, uzonsar Bun xo3suna Crpana Homep noctyna B GenBank

Nosema bombycis Bombyx mori Japan AB125665
Nosema bombycis Antheraea mylitta India AB036052
Nosema bombycis Bombyx mori Japan AY259631
Nosema bombycis Bombyx mori No data EU864525
Nosema bombycis (Nosema heliothidis) Helicoverpa armigera China FJ772435
Nosema bombycis (Nosema spodopterae) Spodoptera litura Taiwan AY747307
Nosema bombycis GD 1 Bombyx mori China JF443582
Nosema bombycis GNB3 Bombyx mori China MT510128
Nosema bombycis GX 1 Bombyx mori China JF443577
Nosema bombycis SAd-NU-IW8401 Spodoptera depravata Japan D85504
Nosema bombycis SES-NU Bombyx mori Japan D85503
Nosema sp. CO1 Pieris rapae South Korea AY383655
Nosema sp. CmM1 Cnaphalocrocis medinalis China KC836091
Nosema sp. CP JX-2014 Catopsilia pyranthe China KMO001609
Nosema sp. Hyblaea puera 1 Hyblaea puera India GQ244502
Nosema sp. AA1 Antheraea assamensis India MG584870
Nosema sp. OSL-2014-3 Spodoptera litura Japan LC422302
Nosema sp. PM-1 Papilio machaon Linnaeus China KM190863
Nosema sp. PX1 Plutella xylostellae Taiwan AY 960986
Nosema sp. ‘S. litura’ Spodoptera litura Taiwan AF238239
Nosema sp. TWSL-2014-1 Spodoptera litura Taiwan LC422303
Nosema sp. VSI-2007-13 Spodoptera litura Viet Nam AB569602
Nosema sp. YGSL-2015-2 Spodoptera litura Japan LC422315
Nosema sp. YY-2018a Athetis lepigone China MF150255
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American cotton bollworms and the cotton bollworms, the
closely related insect species. In addition, levels of genetic
divergence between viral isolates are extremely low, even
when comparing among genome-wide sequences, (Kolosov et
al., 2017). Detection of viruses with the same /ef8 haplotype
in the phylogenetically distant species of H. puera, registered
in GenBank, is interesting. However, the host identification
requires additional verification, since infection of distantly
related host species does not correspond to modern ideas about
the species specificity of baculoviruses (Thiem, 1997; Song et
al., 2016).

As for microsporidia, the range of their potential hosts
is much wider. In particular, N. bombycis was isolated from
various Lepidoptera, including representatives of the Noctuidae
family (Iwano and Ishihara, 1991; Tokarev et al., 2020). The
rpb1 sequence of the new isolate was identical to the GenBank
entry for N. bombycis, and its morphometric characteristics
coincided with those of N. bombycis, which allows us to
consider the microsporidia from the cotton bollworm as an
isolate of this species. This corresponds to the wide range of
hosts of this microsporidium confirmed by molecular genetic
analysis of the natural N. bombycis infections in different
species of Lepidoptera (Tokarev et al., 2020).

Interpreting low levels of occurrence of microsporidia and
baculoviruses in local populations of the cotton bollworm,
one should take into account the fact that the analyzed
samples were collected over a limited period of time, during
the pest outbreak in 2018-2020. An increase in prevalence
of microsporidia and viruses corresponding to the growth
of population density beneficial to horizontal transmission,
has been recorded for various Lepidoptera species including
L. dispar (Solter et al., 2010), Choristoneura pinus (van
Frankenhuyzen et al., 2011), Tortrix viridana (Lipa, Madziara-
Borusiewicz, 1976), Taragama siva (Ahmed, Kumar, 1998),
S. exempta (Odindo, 1983). It could be presumed that in the
case of the cotton bollworm, pathogens’ prevalence levels
do not increase during the outbreaks. This can be explained
by high motility of larvae that helps to avoid overcrowding
and cannibalism. Interestingly, cannibalism was repeatedly
reported under laboratory conditions but never observed in
the field (Dhandapani et al., 1993; Kakimoto et al., 2003;
Zalucki et al.,, 2021). We hope that further studies will
clarify the interactions between the prevalence of infections
with endosymbionts and dynamics of Helicoverpa armigera
population density.
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Ilonnomexcmosas cmamosn

MOJIEKVIJISIPHAA IUATHOCTUKA S9HIOCUMBUOHTOB B ITOITYJIALIUAX
XJIOIIKOBOW COBKW HELICOVERPA ARMIGERA (LEPIDOPTERA: NOCTUIDAE)
B EBPOIIEHCKOI YACTH POCCUU
A.T". Kononuyk*, C.M. Mansim, A.C. Pymsnuesa, [1.C. Kupeesa, A.B. I'epyc, B.C. XKypasnés
Bcepoccuiickuii nayuno-ucciedoeamenscxuil uncmumym 3awumol pacmenuti, Cankm-Ilemepoype
* omeemcmeeHHbIll 30 Nepenucky, e-mail: akononchuk@vizr.spb.ru

XuonkoBasi coBka Helicoverpa armigera — OMH U3 CaMbIX MHOTOSJIHBIX M KOCMOIIOJMTHYHBIX BUAOB (GuTO(hAros.
BHYTpUKIIETOUHBIE YHJ0CUMOHOHTBI IIUPOKO PACHPOCTPAHEHBI B HOMYJISIIMAX YSIIYEKPhIIbIX HACEKOMBIX M YACTO UMEIOT
BO)XHOE 3HAYCHUE B UX JUHAMHKE YHCICHHOCTHU. /laHHBIE O pacIpOCTPaHEHHH YHTOMOIATOIEHOB y XJIOIKOBOW COBKH
Ha TeppuTOopur Poccun B COBPEMEHHBIX YCIOBHUSX HMPAKTUYECKH OTCYTCTBYIOT. ['yCEHMIIBI MU MMAaro XJIOMKOBOWH COBKH
6n1u coOpansl B 2018-2020 rr. B KpacHogapckoM kpae, Boponexckoit 1 CapaToBCkoi 00JacTsIX U MPOAHATU3UPOBAHbI
metomom ITLIP ¢ ucmons30BaHnEeM HAOOPOB IPYIIIO-CIICHU(PUIHBIX IPaiiMepOB Ha OaKyITOBUPYCHI (JIOKYC lef8), Oakrepuii
pona Wolbachia (noxyc wsp) n mukpocnopuanii (;iokyc SSU rRNA) B komudectBe ot 131 m0 170 ocobelt mis pa3HbIX
rpymnm naroreHoB. [lonoxurensHas peaknus Ha 6aKyJI0BHPYCH OTMedanach Ha ypoBHE 16 % st Beroopku u3 32 ocobeit
Temprokckoro paitona Kpacuomapckoro kpas 2018 . Obmias 3apakeHHOCTb 11 Beel BhIOOpkH u3 170 ocobeili coctaBuiia
2.9%. OOHapyKeHO CXOACTBO HYKJIEOTHIHOW IOCIEeNoBaTeNnbHOCTH [ef8 Ha ypoBHE 98.7-99.6 % ¢ u3onsTamMu BUPYCOB
SIIEPHOTO TIOM3APO3a XJIOMKOBOK COBKHM M aMEPUKAHCKOM XJIOTIKOBOI COBKH. Pe3ynbraTsl TeCTHpOBaHMs BRIOOPKHU U3 131
oco0eii Ha mpucyTcTBue O6akrepuit poga Wolbachia 6bun otpunarenbHbiMu. [Tpu ITLP-ckprHUHATE HA MUKPOCTIOPUIUI
MOJTyY€H OJMH TOJOKHUTEIbHBIA CUTHAM JUIs BEIOOpKH n3 19 ocobeli KpacHoapmetickoro parioHa KpacHogapckoro kpas
2019 1., gro cootBercTBYeT 5%. [y Bceit BeIOOpKM M3 168 mpoaHann3upOBaHHBIX 0COOEH 3apakeHHOCTh COCTaBMIIA
0.6 %. HykneoTuaHble moCiIen0BaTeIbHOCTH (parMeHToB reHoB, koaupytomux SSU pPHK u Gonbiuyio cyObenuHuUIly
PHK-nonumepassl 11, mo3Boiamuio uaeHTHGUINPOBaTh HOBBIH U30JST Kak N. bombycis.

*OTBETCTBEHHBIN 32 MEePENHCKy, e-mail: akononchuk@vizr.spb.ru
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