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Spore Dimorphism in Nosema pyrausta (Microsporidia, Nosematidae):
from Morphological Evidence to Molecular Genetic Verification
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Abstract. Microsporidia infection rate in Ostrinia nubilalis larvae collected in Russia in 2011-2016 ranged from 0 to 16%. Totally, among
262 examined insects, there were as many as 13 infected specimens, resulting in average prevalence of 5% over the period indicated. In
all positive samples but one diplokaryotic spores 4 um long were observed corresponding to diagnosis of Nosema pyrausta. Nevertheless,
in one case (i.e. 0.4%) the infected larva contained monokaryotic spores about 2 pm long. After experimental infection of a substitute host
Ostrinia furnacalis with monokaryotic spores only Nosema-like spores were observed in laboratory assays. Ribosomal RNA and RPB1
gene portions were 100% identical in samples of both mono- and diplokaryotic spores. This observation shows that Nosema pyrausta can
form uninucleate spores under yet to be described conditions in nature and that molecular genetic analysis is essential for correct species
identification.
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INTRODUCTION pean corn borer Ostrinia (Pyrausta) nubilalis (Hill and
Gary 1979, Lewis et al. 2006). In France, two micro-
sporidia were described from this insect host: Nosema
(Perezia) pyrausta (Paillot 1927) and Thelohania os-
triniae (Lipa 1977). In the present paper, we compare
the molecular genotypes of two spore morphotypes of
N. pyrausta isolated from field populations of O. nubi-
lalis from Russia.

Microsporidia are obligate intracellular parasites of
animals widely occurring in natural populations of their
hosts, especially arthropods (Becnel and Andreadis
1999). In Lepidoptera, natural microsporidia infections
contribute to the population density dynamics of their
hosts (Franz and Huger 1971, Wilson 1973, Lipa 1976,
Issi 1986, Solter and Hajek 2009, van Frankenhuyzen

et al. 2011), including an important maize pest, Euro-  nfATERIALS AND METHODS
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stored at +8—12°C in glass jars provided with folded paper pieces
for 4 months prior to reactivation and laboratory experiments. Each
month diapausing larvae were checked visually to remove cadav-
ers which were dried and stored at room temperature. Fresh smears
were prepared from perished specimens and examined in bright
field for the presence of microsporidia spores with Carl Zeiss Im-
ager M1 equipped with epifluorescence. When microsporidia spores
were observed on the slides, they were fixed and stained with DAPIL.
For infection assay, the spores (8 x 10®%) were isolated from infected
tissues by homogenization in water and pelleting using a centrifuge
at 4000 g for 5 min and fed to second instar larvae of a continuous
laboratory culture of Asian corn borer Ostrinia furnacalis by addi-
tion of 4 x 10° spores per larva to the artificial diet portion. After
contaminated diet consumption, the infected larvae (N = 20) were
routinely maintained at +20-22°C and 18:6 (light:dark) photoperiod
on normal artificial diet. Control insects were from the same infec-
tion-free colony, not treated with spores. Three weeks later larvae
and pupae were dissected and examined for microsporidia infection.
The experiment was repeated two times with similar results using
12 and 15 insect specimens for dissection, respectively.

Samples of microsporidia spores isolated from insects col-
lected in field and after experimental infection were subjected to
DNA extraction, amplification and sequencing (Sambrook et al.
1989). To avoid cross-contamination between samples during
molecular genetic studies, samples of different spore morphot-
ypes were treated independently and the whole cycle of genotyp-
ing was repeated two times with identical results for each sample.
Samples from 2012, 2014 and 2016 were amplified with primers
18£:1492r (Weiss and Vossbrinck 1999) flanking small subunit
ribosomal RNA (SSU rRNA) gene fragment ~1200 bp long. For
a more robust molecular genetic comparison, primers nvRPB1F1
(5’-CCWATGTTYCATGTYGGTTA-3’) and nvRPBIR1 (5’-TA-
ATTACAGACCTGGCACT-3’) were designed targeting the RNA
polymerase II largest subunit (RPB1) gene fragment ~500 bp long
of Nosema|Vairimorpha group based upon RPB1 nucleotide se-
quences of two type species: Nosema bombycis (# DQ996231) and
Vairimorpha necatrix (# AF060234).

RESULTS AND DISCUSSION

Approximately 200 to 300 larvae of O. nubilalis
were collected each year and mortality was approxi-
mately 10 to 20% during overwintering, prior to ex-
perimental activation in April-May, under laboratory
conditions. Number of larvae examined using light
microscopy for microsporidia infection ranged from
20 to 115, microsporidia prevalence rate ranged from
0 to 16% with infections seen each year but 2015
(number of examined insects N = 115), overall aver-
age = 5%, N = 262 (Table 1). This was consistent with
previously obtained data (Malysh et al. 2011) for the
period of 2005-2010 where percent infection was re-
ported to range from 3 to 17%. In most cases, typical
oval diplokaryotic Nosema-like spores were observed,

measuring 4-5 pum x 2-3 um, live (unfixed). The only
exception was in 2016 where 1 of 3 infected specimens
was found to harbor small (about 2 pm x 1.5 um in
size, unfixed) monokaryotic spores (Fig. 1). The overall
average of monokaryotic spores is therefore 0.4% (N =
262). The cadaver containing these spores was partially
liquefied, not suitable for detection of sporophorous
vesicles in these spores (characteristic of an additional
octosporous sporogony in Nosema/Vairimorpha) or for
ultrastructural analysis. In an experimental infection
assay, feeding these monokaryotic spores to infection-
free O. furnacalis larvae resulted in the formation of
diplokaryotic spores 4—5 um long in 100% of examined
insects (N =27, pooled from two experiments).

All SSU rRNA gene sequences of microsporidia
isolated from Ostrinia in this paper were 100% iden-
tical to the type sequence reported for the European
isolates of Nosema pyrausta (Genbank accession #
HM566196) discovered both in France and Krasnodar
Territory (Tokarev et al. 2015) and 99.8% similar to
Nosema bombycis (Table 2). RPB1 nucleotide sequence
(# MG182018) was 100% identical in microsporidia
with diplo- and monokaryotic spores from O. nubila-

Fig. 1. DAPI fluorescence (A, C) and Nomarski contrast (B, D) of
monokaryotic (A, B) and diplokaryotic (C, D) spores of microspo-
ridia detected in Ostrinia nubilalis larvae. Arrows and double ar-
rows indicate single nuclei and diplokarya, respectively. Scale bar
=4 um.



lis. When compared to Genbank, it showed about 90%
identity to N. bombycis (Table 3).

This is another example of an additional sporogony
observed in true Nosema, others being «Vairimorpha
imperfecta, «Vairimorpha» cheracis and Nosema dis-
striae (Kyei-Poku and Sokolova 2017). The incidence
rate of the monokaryotic spore morphotype is about
tenfold as lower as compared to the diplokaryotic one,
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which is consistent with observations in other members
of the Nosema/Vairimorpha group. Interestingly, The-
lohania-like spores were occasionally found in an O.
nubilalis population (Lipa 1977). Based upon this mor-
phological character and revealing this spore morpho-
type in a novel host, this microsporidium was described
as a new species, Thelohania ostriniae. Nevertheless,
taking into consideration that the very population was

Table 1. Percentage of infection with microsporidia in Ostrinia nubilalis larvae collected in field and perished in lab during hibernation

Year of collection Cadavers with microsporidia spores Morphotype SSU rRNA gene identity
n(N) % + SE

2011 1(20) 40+39 Nosema-like NA

2012 4(25) 16+73 Nosema-like N. pyrausta

2013 2(33) 6.7+£4.6 Nosema-like NA

2014 3(30) 10£5.5 Nosema-like N. pyrausta

2015 0(115) 0 - NA

2016 3(25) 8.1+4.5 Nosema-like (2); Thelohania-like (1) N. pyrausta

Total 13(262) 50£1.3 - -

n(N) — total number of examined (N) and infected insects (n); NA — not assayed; SE — standard error

Table 2. Sequence similarity of SSU rRNA gene portion sequenced for isolates of Nosema pyrausta and Nosema bombycis

# Species Host Genbank accession # Sequence similarity, %

1 2 3 4
1 Nosema bombycis Bombyx mori AY209011 = - - -
2 Nosema pyrausta Ostrinia nubilalis HM566196 99,8 = - -
3 Nosema pyrausta Ostrinia nubilalis* ND 99,8 100 = -
4 Nosema pyrausta Ostrinia furnacalis** ND 99,8 100 100 =

* monokaryotic spores from a field collected sample

** diplokaryotic spores from a substitute host infected artificially under lab conditions

ND - not deposited
The type isolate of N. pyrausta is in bold

Table 3. Sequence similarity of RPB1 gene portion sequenced for isolates of Nosema pyrausta and Nosema tyriae in the present study (in

bold) and related sequences available from public databases

# Species Host Genbank accession # Sequence similarity, %

1 2 3 4
1 Nosema bombycis Bombyx mori DQY96231 = - - -
2 Nosema pyrausta Ostrinia nubilalis MG182018 92,0 = - -
3 Nosema pyrausta Ostrinia nubilalis* ND 92,0 100 = -
4 Nosema pyrausta Ostrinia furnacalis** ND 92,0 100 100 =

All indications as in Table 2
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also co-infected with N. pyrausta, it is also possible that
there also was an additional sporogony of the latter spe-
cies producing Thelohania-like spores, as assumed in
the present study. Unfortunately, this assumption can-
not be validated. It also cannot be concluded, whether
specific conditions are needed for Thelohania-like
spore production in N. pyrausta or this process is spo-
radic. The biological importance of an additional The-
lohania-like sporogony in the life cycle of N. pyrausta
is obscure; some authors link this developmental se-
quence with sexual process and consider these spores
as meiospores i.e. resulted from meiosis (Kyei-Poku,
Sokolova 2017).

These observations indicate that (a) two morpho-
types of microsporidia spores found in corn borer lar-
vae under field conditions belong to the same species of
the parasite, namely N. pyrausta; (b) the monokaryotic
spores of N. pyrausta are met at frequency below 0.5%
in Krasnodar Territory; (c) monokaryotic spores are in-
fective to corn borer larvae but under lab conditions in
a substitute host this morphotype is switched to a regu-
lar developmental sequence resulting in diplokaryotic
spores; (d) RPB1 gene sequencing is exploitable for
differentiation of closely related species and geograph-
ic isolates of microsporidia.
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