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Abstract. Powdery mildew caused by Oidium neolycopersici is a harmful
diseases of tomato widespread all over the world, particularly affecting
tomato plants in greenhouses. Despite the occurrence of the disease in
Kazakhstan, no studies on molecular identification of the pathogen were
conducted to date. In the present work, third generation sequencing of partial
rRNA gene sequence was used to identify the isolate of the powdery mildew
fungus from a local greenhouse, in addition to traditional identification
based on symptoms and micromorphology. As a result, 5,693 reads specific
to the target genomic region allowed to obtain a partial consensus sequence
rRNA gene of 499 bp length. This sequence was used to identify the fungus.
Although the specificity of this sequences was not certain within genera
Erysiphe and Pseudoidium, in addition to morphological and pathological
traits, it provided sufficient data to identify the found fungal isolate as
Oidium  [Erysiphe] neolycopersici. More precise identification and
characterization require additional studies using purified genetic material of
the fungus.

1 Introduction

Powdery mildew is a group of infectious diseases of plants caused by ascomycetes of Ery-
siphaceae family, class Leocyomycetes. With more than 800 species capable of infecting
about 10,000 host plant species [1,2], powdery mildews pose a significant threat virtually for
all economically important plants. Erysiphaceae are obligate biotrophic parasites colo-nizing
plant epidermis [3]; except for hemiendophytic genera of tribe Phyllactinieae, most species
have epiphytic localization [4]. General symptoms of powdery mildews include typical white
powdery spots on leaves, shoots, or fruits, spreading over the plant and caus-ing necrotic
damage and wilting [2]. Most species have dual classification due to their complex life cycle
with asexual (anamorph) and sexual (teleomorph) stages with differing morphology [5].

For tomato, three powdery mildew fungi are known: Oidium neolycopersici L. Kiss syno-
nyms Pseudoidium neolycopersici, Erysiphe neolycopersici) [6], Leveilulla taurica (Lev.) G.
Arnaud (syn. Erysiphe taurica Lev.) [7], and Oidium lycopersici, which is an endemic species
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of Australia [6]. Leveilulla taurica, assigned to Phyllactinicae, demonstrates signif-icant
differences in symptoms, whereas two Oidium species are similar and were previously
classified as one species [6]. Since 1986, when a first significant outbreak was observed in
Netherlands, Oidium neolcypersici became an important problem worldwide, as the usual
greenhouse conditions are very favorable for the growth of the fungus [8].

Despite the wide occurrence of powdery mildew on tomato plants in open ground farms
and greenhouses, to date no studies on formal identification of tomato powdery mildew using
molecular methods were conducted in Kazakhstan. In the present work, we have used third
generation DNA sequencing tecnhoology by Oxford Nanopore to obtain sequences of rRNA
genes with internal transcribed spacers (ITS) and identify powdery mil-dew species, in
addition to traditional phytopathology and microscopic observations. The obtained results
will be useful for further development of plant pathology and protection on the contemporary
molecular genetic foundations in our country.

2 Materials and Methods

2.1 Collection and maintenance of infected plant material

The tomato leaves displaying characteristic symptoms of powdery mildew were collected in
the private greenhouse in Almaty region, Kazakhstan. The leaf fragments with white powdery
spots were washed with standard phosphate buffer saline (PBS) solution (137 mM sodium
chloride, 2 mM potassium chloride, 10 mM phosphate puffer pH 7.4; Amres-co, USA) to
suspend conidia. Tomato plants were grown from the mixture of hybrid seeds on universal
turf substrate, in the following conditions: 20°C, relative humidity 50%, 12 h light day period.
One month old seedlings were inoculated by spraying with PBS suspension of powdery
mildew conidia. The condition of the inoculated plants was monitored daily, and the passage
of infection to the fresh healthy plants was conducted when needed to maintain a living
culture of the fungus.

2.2 Light microscopy

The isolated fungal mycelium and conidia were prepared by pressing a tomato leaf frag-ment
with white powdery spots to a glass slide covered with 10% glycerol solution in PBS. After
drying on the air, the slide was fixed by quick heating with an alcohol burner, the leaf
fragment was removed, and the fungus was fixed on the glass was stained for an hour with
0.05% methylene blue water solution, rinsed with distilled water, and dried on the air. Fun-
gal mycelia were prepared by fixing fresh infected leaves in 96% ethanol overnight, fol-
lowed by staining with Giemsa solution, washing in distilled water, and air drying. All fixed
preparations were mounted for permanent storage using epoxy resin. Additionally, freshly
obtained wet conidia preparations were observed using dark field and phase contrast mi-
Croscopy.

2.3 DNA sequencing and data analysis

A suspension of conidia for PCR was prepared by shaking infected leaf fragments (about 2
cm?) in 150 uL of the standard phosphate buffer for 30 min at room temperature.

Primers AITS (5’-CGATTGAATGGCTAAGTGAGG-3’) and TWI14 (5°-
GCTATCCTGAGGGAAACTTC-3") were used for amplification of rRNA gene region, ac-
cording to Bradshaw and Tobin [9]. PCR reaction mix was prepared in the final volume 50
pL and contained 1U Phusion® dDNA-polymerase (Thermo Fisher, USA) with 10 pL of
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supplied reaction buffer (five-fold stock solution), 1 uL. of 10 mM dNTP mix, 2 pL of each
primer (10 uM), and 5 pL of conidia suspension prepared immediately before use. Results of
PCR were checked by electrophoresis in 1.5% agarose gel in tris-acetate electrophoretic
buffer. The amplification product was quantified using Qubit with dsSDNA Broad Range
reagent kit.

Sequencing of the PCR product was carried out using Oxford Nanopore MinlON device
with FLO-MIN114 (v. R10) flowcell and SQK-RBK114-96 Rapid Barcoding library prepa-
ration kit, following manufacturer’s protocols. Obtained reads were mapped using BWA-
MEM tool with parameters recommended for Nanopore long reads [10]. The scaffold level
genome  assembly of  Erysiphe [Oidium] neolycopersici =~ ASM361085vl
(https://www.ncbi.nlm.nih.gov/genome/; accession number GCA 003610855.1) [11] was
used as a reference for read mapping. UGENE software [12] was used to obtained consen-
sus sequence covered by the reads. NCBI Blast tool [13] was used to identify the obtained
consensus sequences.

3 Results and Discussion

The collected tomato leaf material with typical symptoms of powdery mildew was used to
obtain the pathogen (Fig. 1, A). The symptoms were reproduced on tomato plants grown in
the laboratory conditions (Fig. 1, B). In the used growth conditions, first signs of white pow-
dery spots appeared about 14-16 days post inoculation; the appearing symptoms were rapidly
spreading on nearby leaves and shoots, leading to their necrosis. Further inoculations with
the secondary obtained infectious material demonstrated the similar diseases development.

Fig. 1. Symptoms of powdery mildew of tomato: A) white powdery spots on tomato leaves collected
in a greenhouse; B) white powdery spots on tomato plants after first and following inoculations

Microscopic examination was conducted throughout the in vivo cultivation of powdery
mildew fungus. Several methods was used to observe micromorphology of the pathogen (Fig.
2). The morphology of conidia and conidiophores was in agreement with the published data
on Oidium neolycopersici [6, 14]. Due to the relatively low humidity of growing
environment, conidiophores were observed to form separate conidia rather than long
pseudochains [15]. The morphological properties were stable across a series of inoculations,
confirming the identity of the infectious agent.

The known specificity of powdery mildew species growing on tomato plants indicate two
species, Oidium neolycopersici and Leveilulla taurica as the main candidates for the found
pathogenic isolate. Along with the visual symptoms on the plants, the morphology of the
fungus allowed to initially attribute it as O. neolycopersici rather than L. taurica.
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The sequencing of partial rRNA gene was performed using long read Oxford Nanopore
technology. Unlike the traditional Sanger sequencing, this method is useful for identification
of sequences in case of mixed DNA, as it allows to sequence individual DNA molecules. It
is important in case of rRNA genes and ITS, which are ubiquitous among all cellular
organisms, so the amplification of sequences from a particular species is difficult. Indeed,
only 9,044 of all 74,990 obtained reads were succesfully mapped against the reference
genome of Oidium neolycopersici, and 5,693 reads were specific to the target region (rRNA
gene located in scaffold MCFK01000579). After mapping and filtering poorly mapped reads
out, a high quality partial consensus sequence of rRNA gene with length 499 bp was obtained.
BLAST search results revealed high similarity with species of genera Erysiphe and
Pseudoidium (Table 1). For all considered hits (100 best BLAST hits) the query coverage
was 88%, identity from 89.6 to 90.06%, E-value near zero (not exceeding 10-147). Erysiphe
[Oidium] neolycopersici and E. aquilegiae, phylogenetically close species [16], had the
highest numbers of hits among identified sequences.
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Fig. 2. Micromorphology of Oidium neolycopersici. Note: A) dark field microscopic image of conidia;
B) phase contrast microscopic image of conidia; C) isolated hyphae, conidiophores, and conidia fixed
by heat and stained with methylene blue; D) conidiophore on the leaf surface fixed with ethanol and
stained with Giemsa solution.

Although the specific identification of the found powdery mildew fungus remains not
finally conclusive for the obtained DNA sequence, in combination with morphological data,
symptoms, and the host plant observation, it allows to conclude that it should be classified as
Oidium [Erysiphe] neolycopersici with high degree of confidence. The results demonstrate
that Nanopore Sequencing technology is suitable for targeted identification of plant
pathogens; however, although this method can be used for mixed DNA samples, it still
requires higher concentration of target DNA comparing to any side components, e.g.
pathogen’s vs host’s DNA. For instance, more precise identification and characterization of
the discovered isolate would require more accurate isolation of pure conidia and their DNA.
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Table 1. Summary of BLAST search results for obtained partial consensus sequence of rRNA gene of
candidate Oidium [Erysiphe] neolycopersicum isolate. Only species with more than one hit are shown

Species BLAST score Number of hits
Erysiphe aquilegiae 545 11
Erysiphe (unidentified species) 545 10
Erysiphe neolycopersici 545 8
Erysiphe chloranthi 545 5
Erysiphe sedi 545 5
Erysiphe ruyongzhengiana 545 5
Erysiphe begoniae 545 5
Erysiphe viburni 540 5
Erysiphe lonicerae 540 5
Erysiphe caricae-papayae 545 4
Erysiphe pseudoviburni 540 4
Erysiphe macleayae 545 3
Erysiphe takamatsui 545 3
Erysiphe cf aquilegiae HAL 3134 F 545 2
Erysiphe parnassiae 545 2
Erysiphe aquilegiae var ranunculi 545 2
Erysiphe lentaginis 540 2
Pseudoidium pedaliacearum 545 8
Pseudoidium hortensiae 545 4

4 Conclusion

The present work demonstrates the first results of use of third generation of sequencing
technologies for targeted identification of tomato powdery mildew pathogen, Oidium
neolycopersici, in Kazakhstan. Despite high economical importance of tomato production in
Kazakhstan, and potential harm imposed by locally distributed and imported powdery
mildew isolates, only limited efforts have been made to date to implement modern DNA
based methods of pathogen identification and monitoring. The results of this work show that,
although having shortcomings related to purity and specificity of analyzed samples, modern
DNA sequencing methods are important tool to achieve this goal. In addition to traditional
visual and microscopic methods, the retrieved fragment of rRNA gene sequence allowed to
attribute species of the found fungal isolate. The further work aimed to improve purity and
analyzed samples, increase data output and accuracy, will be important step in studies of
powdery mildews spreading in our country, not only Oidium neolycopersici on tomato, but
also harmful pathogens of other important crops.
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