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The aim of the study was to develop rapid and sensitive assay for the simultaneous detection
of R. cerealis and R. solani. Pure cultures of fungi were grown on a potato dextrose agar for 5
days at 28 °C, and mycelium was harvested and used for DNA extraction. Total DNA was
extracted using a commercial test-systems. Molecular identification of phytopathogenic fungi
was performed using a multiplex-touchdown PCR with further electrophoretic separation of
amplification products in agarose gel. The specific sequence characterized amplified region
primers RtubR4/RtubF4 for R. cerealis and ITS1/GMRS—-3 for R. solani were tested for their
specificity and useability in PCR multiplex capacity. The specificity of the multiplex-touchdown
PCR was tested using DNA from wide range of fungal species and non-target DNA from healthy
wheat. The used primer pairs provided only specific fragments for R. cerealis and R. solani. No
PCR products were obtained during amplification with the negative control or non-target DNA
templates from other species. Coupled to this we have optimized the temperature regime for the
multiplex PCR protocol. Taken together, our protocol convincingly demonstrated the
simultaneous ability to detect Rhizoctonia cerealis and Rhizoctonia solani and can be used for
the diagnosis of compound Rhizoctonia root rot.

Key words: phytopathogenic fungi, Rhizoctonia, multiplex PCR.

Considerable changes came in the patho-
genic complex of grain-crops in Ukraine and
outside the country during the last decades
[1-3]. Intensive technologies mastering
resulted in distorting the ecological balance
in agrocoenoses, entailed the origin of hearths
and growth of distribution of those disease of
wheat, that did not have the special value
before. The occurrence of these plant diseases
is a result of reducing of soil suppression due
to the depletion of microbiota [4, 5]. These
diseases include collar rot, Fusarium head
blight, winter wheat leaf blotch and root rot.
Root rot is a group of cereals diseases that
affect roots, root portion of the stem, an
underground intestine and planting site.
Pathogens with necrotrophic phase in life
cycle such as soil-borne necrotrophic basidio-
mycetes including Rhizoctonia are responsi-
ble for these plant diseases [6, 7]. The sharp

eyespot caused by necrotrophic fungus
Rhizoctonia cerealis van der Hoeven (teleo-
morph: Ceratobasidium cereale D. Murray &
L.L. Burpee) is a stem-base wheat disease that
is widely distributed in wheat-growing
regions worldwide. In Ukraine, sharp eyespot
is spread in the steppe and in the south
regions of forest-steppe zone [8]. This disease
is able to strike more than 230 types of year-
ling and perennial plants from 66 families,
among those the most valuable agricultural
crops such as a potato, wheat, barley, rice and
other [9]. Sharp eyespot is associated with
yield losses due to interference with nutrient
and water uptake caused by stem weakening
[10, 11]. In the field, rhizoctonia diseases of
wheat are frequently caused by at least two
soil-borne pathogens fungi, including R. cere-
alis and R. solani [12]. Rhizoctonia solani
Kiithn (teleomorph Thanatephorus cucumeris
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[Frank] Donk) is another soil-borne necrotro-
phic fungus causing several wheat diseases,
such as collar rot and wet root rot [13, 14].
The severity of disease caused by these patho-
gens is increased during the last several
decades due to global climatic changes, earli-
er sowing, the use of fungicides etc. Moderate
and severe disease can reduce wheat yield
substantially and causes deterioration of its
quality [15]. In order, to precisely determine
yield losses due to these fungi, correct identi-
fication of the causal agents is required. In
addition, early, rapid, and specific identifica-
tion of plant pathogens is essential for effec-
tive plant disease management. Specific dis-
ease diagnosis is also required for timely and
proper control measure.

In field conditions, root rot type
identification in a correct and timely manner
is quite problematic. Visual diagnostics
is complicated because of the fact that all
pathogens are necrotrophic, and therefore
the main symptom that they cause is
necrosis. In addition, visible symptoms show
up at advanced stage of the disease that is
why providing the timeliness of realization
of treatments is problematic. Molecular
diagnostic technologies based on PCR
have been developed for rapid and precise
detection of numerous phytopathogenic
fungi. However, these methodologies are
developed for detecting a single pathogen
including those for the identification of
R. cerealis [15] and R. solani [16]. As
mentioned above, under field conditions,
Rhizoctonia diseases occur primarily as
mixed infections. Therefore, the multi-
step PCR methodology seems to be too
time- and labor-consuming, as well as too
expensive for practical use. Multiplex PCR
technology is more advanced. This approach
can simultaneously amplify several primers,
thereby decreasing the detection cost and
overcoming the drawbacks of single PCR
detection. This methodological approach
is successfully used for the simultaneous
detection of several phytopathogenic fungi
that cause compound infections [17]. This
study aimed to develop a rapid and sensitive
assay for the simultaneous detection of
R. cerealis and R. solani. For this purpose
we used touchdown PCR. Touchdown
PCR provides a simple and rapid means
to optimize PCRs, increasing specificity
and sensitivity, without the necessity for
optimizations and/or the redesigning of
primers [18].
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Materials and Methods

All isolates used in the study are presented
in Table 1. Isolates were obtained from the
collection of the Laboratory of Mycology and
Phytopathology, All-Russian Institute for
Plant Protection.

Pure culture of all isolates have been
growing on a potato dextrose agar (PDA) for
5 days at 28 °C, and mycelium was harvested
and used for genome extraction. The total
fungal genomic DNA was extracted using the
Agrosorb NK kit (LLC Agrogen Novo, Ukraine).
The quantity and purity of extracted DNA were
measured using a spectrophotometer NanoDrop
1000 (Thermo Fisher Scientific, USA). Purity
DNA preparations have expected at A260/A280
ratio and DNA concentration is estimated by
measuring the absorbance at 260 nm.

For assaying primer specificity, DNA
was extracted from healthy plants of wheat
(negative control) and from other fungal
species (Alternaria solani, Fusarium culmorum,
F. graminearum, F. oxysporum, F. poae,
F. cerealis, F. sporotrichioides, F. verticilloides,
F. proliferatum, F. avenaceum, F. solani,
F. subglutinans, F. tricinctum, F. langsethiae).

To confirm the correct identification of the
Rhizoctonia isolates the PCR was performed
using the specific Sequence Characterized
Amplified Region (SCAR) primers RtubR4/
RtubF4 for R. cerealis and ITS1/GMRS-3 for
R. solani (Table 2) [19, 20]. PCR reactions
were carried out on a T100™ Thermal Cycler
(Bio-Rad Laboratories Ltd., USA) under
thermal cycling parameters as follows:
initial denaturation at 95 °C for 7 min; then,
39 cycles of denaturation at 94 °C for 30 s,
primer annealing at 56-65 °C for 30 s and
primer extension at 72 °C for 45 s; finally,
final primer extension at 72 °C for 5 minutes.
The reaction was conducted in a 10-ul reaction
mixture consisting of 3.4 ul ddH20, 1,7 ul
5x PCR-buffer blue 15 ptM Mg?" (AmpliSens,
Russia), 0.3 nl 5x PCR-buffer 0 pM Mg?"
(AmpliSens, Russia), 1 ul ANTP (1.76 uM of
each nucleotide), 1 pl primer mix (0.25 uM
of each primer), 0.1 ul Taq polymerase (5 U)
(Thermo Scientific, USA), 2.5 nl template
DNA. Sterile distilled water was used as a
negative control to test for the presence of
contamination in PCR reagents.

PCR amplicons were electrophoresed
on 2.0% agarose gel stained with ethidium
bromide and visualized by UV light (260 nm)
and photographed using Bio-Rad Gel DocTM
XR+ gel documentation system (Bio-Rad
Laboratories Ltd., USA).
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Table 1. Isolates of R.cerealis, R.solani and other fungal species used in the study

Species Isolate code Year and region of Collection Host Plant Source
Rhizoctonia cerealis -2 2016, Kyiv region, Ukraine Wheat -
R. solany - 2015, Kyiv region, Ukraine Potato -
Alternaria solani P 043-021 2006, Primorsky region, Russia Potato MF1
Fusarium culmorum G 102100 2007, Kirov region, Russia Barley MF
F.graminearum G 58570 2014, Krasnodar region, Russia Wheat MF
F.oxysporum G 58767 2015, Leningrad region, Russia Cucumber MF
F. poae G 102702 2007, Kirov region, Russia Oats MF
F. cerealis G 58694 2008, Hellongjlang province, Wheat MF
F. sporotrichioides G 163101 2011, Krasnodar region, Russia Wheat MF
F. tricinctum G 58368 2010, Krasnodar region, Russia Wheat MF
F. verticillioides G 59039 2016, Almaty region, Kazakhstan Corn MF
F.proliferatum G 58380 2010, Krasnodar region, Russia Wheat MF
F.langsethiae G 192201 2013, Lipetsk region, Russia Wheat MF
F.avenaceum G 59019 2015, Latvia Wheat MF
F. solani G 90602 2007, Leningrad region, Russia Barley MF
F. subglutinans G 59045 2016’%::;??:%?*1;1011’ Peas MF

1A.A. Jaczewski Laboratory of Mycology and Phytopathology All-Russian Institute of Plant Protection
(FSBSI VIZR) Federal State Budget Scientific Institution; MF: “Microorganisms and Fungi”; St.Petersburg,
Russia. 2Not available.

Table 2. Primers used in the study

Pathogen Primer Sequence (5'—3") Direction Source
R. solani GMRS-3 | AGT GGA ACC AAG CAT AAC ACT Reverse Johanson et. al..
ITS1 TCC GTA GGT GAA CCT GCG G Forward 1998
R. cerealis RtubR4 GCT AGT GCG GTC AAT GTA TAG Reverse
Guo et al., 2012
RtubF4 CCT AAA TGA GTC TGG AGT AAG TC Forward

Results and Discussion

PCR method allows detecting the presence
of a certain sequence of pathogenic nucleic
acid in samples and due to high sensitivity,
determines single copies of its genomes.
For today, a PCR-analysis is one of the
most widespread technologies of laboratory
diagnostics that develops dynamically.

The diagnostic PCR assay involves several
critical steps, such as DNA extraction from
specimens, PCR amplification, and detection
of amplicons. The amount of total DNA in a
PCR has a marked effect on the outcome of
the analysis procedure. Sample overloading
would result in packed DNA in the confined
space of the reaction vessel and can lead to

false priming and even poor DNA synthesis
due to the obstructed diffusion of large Taq
polymerase molecules [21]. Therefore, the final
DNA concentration was adjusted to 2.5 ng/ul
by sterile deionized water.

For assaying primer specificity DNA was
isolated from different fungal species. As a
negative control, the non-target DNA, healthy
wheat DNA diluted with distilled water
(ddH20) was used.

The primer pair RtubR4/ RtubF4 provided
only a single specific fragment of 138 bp for
R. cerealis. No PCR products were obtained
during amplification with the negative control
or non-target DNA templates from other
species (Fig. 1, a).
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Fig. 1. Agarose gel electrophoresis of the amplification products of target and non-target DNA
using species-specific primer sets:
a — RtubR4/RtubF4; b — ITS1/GMRS-3; M: GeneRuler 50 bp DNA Ladder (IsoGen, Russia).

Lane 1 — Rhizoctonia cerealis; lane 2 — R. solani; lane 3 — healthy plant; lane 4 — ddH,0; lane 5 — Alternaria
solani; lane 6 — Fusarium culmorum; lane 7 — F. graminearum; lane 8 — F. oxysporum; lane 9 — F. poae;
lane 10 — F. cerealis; lane 11 — F. sporotrichioides; lane 12 — F. verticilloides; lane 13 — F. proliferatum,

lane 14 — F. avenaceum, lane 15 — F. solani, lane 16 — F. subglutinans; lane 17 — F. tricinctum;
lane 18 — F. langsethiae

The PCR reaction with ITS1/GMRS-3
primers confirmed the occurrence of R. solani,
giving the expected product of amplification
550 bp. Moreover, the specific PCR fragment
was amplified from the DNA of R. solani
isolates, but not from the DNA of other fungal
isolates (Fig. 1, b).

Multiplex PCR is a valuable tool in many
biological studies, but it is a multifaceted
procedure that has to be planned and
optimised thoroughly to achieve robust and
meaningful results [22]. The development of
an efficient multiplex PCR usually requires
strategic planning and multiple attempts
to optimize reaction conditions. For a
successful multiplex PCR assay, the relative
concentration of the primers, concentration
of the PCR buffer, balance between the
magnesium chloride and deoxynucleotide
concentrations, cycling temperatures, and
amount of template DNA and Taq DNA
polymerase are important. An optimal
combination of annealing temperature and
buffer concentration is essential in multiplex
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PCR to obtain highly specific amplification
products [23, 24].

Optimization of the reaction conditions in
our experiments included: optimal annealing
temperature screening for each pair of primers,
determining the optimal composition of the
reaction mixture and the number of primers.

Testing different temperature regimes, it
was found that oligonucleotide systems respond
specifically to DNA from phytopathogenic
fungi at the gradient from 59 °C to 62 °C
(Fig. 2, d—g). In this case, the annealing of the
primers in the multiplex reaction did not occur
at the temperature gradient from 63 °C to 65 °C
(Fig. 2, a—c). It also should be noted, that the
multiplex system worked at all temperature
regimes, but only for the DNA from single
pathogen, not for DNA from both fungi.

As the temperature rise, the reaction
specificity increases, and, other way around,
temperature decrease leads to reaction specificity
reduction, but at the same time, increases the
PCR products yield. Taking into account, we
decided to use the Touchdown PCR method.
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Fig. 2. Effect of different annealing temperature on multiplex PCR detection of Rhizoctonia species using
species-specific primer sets RtubR4/RtubF4 & ITS1/GMRS-3:
a — annealing temperature 65 °C; b — annealing temperature 64 °C; ¢ — annealing temperature 63 °C;
d — annealing temperature 62 °C; e — annealing temperature 61 °C; f — annealing temperature 60 °C;

g — annealing temperature 59 °C; 2 — Touchdown (TD) program: the program gradually lowers the
hybridization temperature by 1 °C per-cycle increments from 65 °C to 56 °C; M: GeneRuler 50 bp DNA Ladder
(IsoGen, Russia). Lane 1 — healthy plant; lane 2 — Rhizoctonia cerealis; lane 3 — R. solani;
lane 4 — DNA mixture of R. cerealis & R. solani

With this method, the influence of non-specific
hybridization of primers on the formation of the
product was reduced. Touchdown PCR uses an
initial annealing temperature above the projected
melting temperature of the primers being used,
then progressively transitions to a lower, more
permissive annealing temperature over the
course of successive cycles. The first cycles in our
experiments were carried out at a temperature
higher than the annealing temperature, and then
the subsequent 10 cycles were performed at the
reduced annealing temperature by 1 °C. At that
temperature, the oligonucleotide system passed
through the band of optimal specificity of the
primers to the DNA (Fig. 2, h).

Thus, due to the lack of rapid effective
methods of detection of causative agents of
the diseases affecting the root system, the
root portion of the stem and seeds (grain) of
wheat, data on their distribution in Ukraine
is mostly fragmentary. Based on the inherent
difficulties and inaccuracies associated with an
attempt to distinguish fungal organisms based
on their growth pattern and morphological
characteristics, we have optimized multiplex

PCR that can detect these fungal pathogens
simultaneously.

As a result of research, the PCR conditions
(composition of the reaction mixture,
amplification conditions) were optimized for
multiplex PCR analysis. It has been established
that used combination of primers under given
conditions does not show cross-reactivity with
other phytopathogenic fungi, and can be used
for the diagnosis of Rhizoctonia root rot, which
will allow detecting of two pathogens at ones and
reduce the cost of reagents and timing by half.

Optimized multiplex PCR system
for identifying Rhizoctonia cerealis and
Rhizoctonia solani from the plant material
successfully tested in Syngenta diagnostic
centers and allowed us to conduct qualitative
analyzes of pathogens among grain crops.
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MYJbTUIIJTEKCHA TAYJAYH IIJIP
AJIA IIBUAKOI'O OJHOYACHOT'O
BUABJIEHHSA Rhizoctonia cerealis

I Rhizoctonia solani
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MeTo poboTu OyJi0 PO3POOUTH IIBUAKUMI
i uyTauBuU#i Meronx omHouacHOI imemTudirarii
R. cerealis Ta R. solani ynmpomoB:k omgHiel peakIrii.
YucTi KyabTypu QiTOIaTOreHHUX I'PUOiB KYJIbTHU-
ByBaJIX 5 IHIiB HAa KaPTOIJISHO-TJIIOKO3HOMY arapi
3a 28 °C, micuoia vyoro Bimbupasu Mitesriii Ta BUmi-
aaau JTHK sa gomomMoromo KOMepIiiiHUX TecT-Ha-
6opiB. MoseKyaAapHyY iZmeHTH(QiKaIlil0 IIPOBOIUIN
3a gqonomoroio IIJIP 3 momanpmium eaekTpodope-
TUYHUM PO3AIJIeHHAM IPOAYVKTIB aMIuridiraiii B
araposuHomy reji. Cnenudiuni napu npaiimepis
IS IUIAHKY 3 BiZomoro mocigosuictio: RtubR4/
RtubF4 gns R. cerealis ta ITS1/GMRS-3 gus
R. solani TecTyBagu 1040 iXHBOI crenudivHoCTi
Ta MOYKJIMBOCTI 3aCTOCYBaHHA Y MYJIbTUILJIIEKCHO-
my BapiauTi IIJIP. Ilna nepeBipKu cuenudiuHoCTi
npaiiMepiB 3xpiticHioBanu aHauaid IIJIP 3 inmumu
(ditomarorennumu rpubamu ta 3 [JTHK, Bumgine-
HOIO 31 30POBUX POCJMH HINeHHuIli. Beranosie-
HO, 110 00paHi HaMu Imapu IpaiMepiB MPOAYKY-
Baau enuui cruenudiuni gparmentu R. cerealis
i R. solani Ta He BUABJAJIN NePeXPeCHOI CIeIu-
(diunocTi moM0 iHMUX (QiTomaTOoreHHUX IPUOIB.
3a ZOomOMOTOI0 IpafieHTa TeMIepaTyp BCTAHOB-
JIEHO OIITMMAJIbHI 3HAUeHHA TeMIepaTyp Bigmaay
npaimepiB. TakumM ynHOM, PO3POOJIEHUN HAMU
OpoToKoJ MyabTuiLiekcuoi I1JIP npunatuuii gis
omHouacHOl imenTudikamnii Rhizoctonia cerealis
ta Rhizoctonia solani mporarom oxHiel peakmii
i Mo:xe OyTHM BUKODPHUCTAHUUN AJA AiarHOCTUKU
OJIieTioIOTiYHNX PU30OKTOHIO3iB.

Knwouwoei cnosea: (@itomarorenni rpubwu,
PuB0KTOHil, mysbTunIeKCcHa I1JIP.

MYJbBTUIIJIEKCHASA TAYJIAYH IIIIP
OJIA BBICTPOI'O OMHOBPEMEHHOI'O
BUABJEHUSA Rhizoctonia cerealis
U Rhizoctonia solani

0. prlu€61’ 2 JO. Illesuenko?,
H. Bopoﬁbesal, J. Cruska®

KueBckuit HAMOHAIBHBIN YHUBEPCUTET
nmenu Tapaca [lleBuenko, YHI]
«MHCTUTYT OMOJIOTUY 1 MEIUIIHEI» ,
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2000 «Cunrenra», Kue, YkpauHa

E-mail: olehhrytsev@gmail.com

ITenbro paboThl 6BIIO padpadboTaTh OBLICTPHINA
U YYBCTBUTEJbHBIH METOJN IJs OJZHOBPEMEH-
HOoUt upeHTuduranuu R. cerealis u R. solani Ha
NIPOTAMKEHUU ONHON peaKnuu. JYucThle KYJIb-
TYypPHI (PUTOIATOTEHHBIX I'PUOOB KYJIbTHUBUPO-
BaJnM 5 IHeU HA KapTOMeJbHO-TIIOKO3HOM ara-
pe mpu 28 °C, mocJje uero oroupaam MUIEJIUI
u Beigenanu [JHK ¢ momompio KoMMepUYecKux
TecT-cucTeM. MoJsieKynApHYIO uAaeHTUDUKA-
U0 ocymiecTBaanu ¢ nomombio IITTP ¢ mocue-
OYIOIIUM 3JIEKTPO(POpEeTUYEeCKUM pasiesieHueM
IIPONYKTOB aMIIN(PUKAIIUY B arapo3HOM TeJIe.
Crnenuduueckue mapbl IpariMepoB AJsd 00JIacCTH
C M3BECTHOH mocJjemoBarejbHOCTHIO: RtubR4/
RtubF4 pnsa R. cerealis w ITS1/GMRS-3
niss R. solani TecTHpoBaJu OTHOCUTENBHO UX
CHenUMUIHOCTH ¥ BO3MOKHOCTU KUCIIOJIb30BAHUSA
B myabTuiLiekcaom BapuanTe IIIP. [{ina nmposep-
KU crienu(pUUYHOCTY ITPaliMepoOB IPOBOAUIIY aHA-
au3 I[TIIP ¢ gxpyrumu uronaToreHHbIMY rpubamMu
u ¢ JHK, BrIgeseHHON 13 3JOPOBBIX PACTEeHUN
MIIEeHUIbI. ¥ CTAHOBJIEHO, UYTO BbIOPAaHHbBIE HAMU
Tapbl IpaiiMepoB NPOAYIIMPOBATIN eJUHCTBEHHBIE
cuenupuunbie hparmeHTs R. cerealis u R. solani
U He TIPOABJAIN MEePEKPECTHON crenu(puUHOCTHU
OTHOCHUTEJILHO JPYTUX (PUTOIAaTOTeHHBIX I'PUOOB.
C momombio rpajueHTa TeMIepaTyp yCTaHOBJE-
HBI OIITUMAaJIbHbIE 3HAUEHUSA TEeMIIePATypP OTIKIU-
ra npaiimepoB. PaspaboTaHHbBINI HAMU IIPOTOKOJI
myabTuiiekcHoi IIIP nmpuronen niaa ogHOBpe-
MeHHOU naentuduranuu Rhizoctonia cerealis u
Rhizoctonia solani Ha IPOTSAKEHUN OSHOUN peak-
IIAY U MOKeT OBITh MCIIOJb30BAH JJIA JUATHOCTH-
KU IIOJTUITUOJOTUYECKUX PU3OKTOHMO30B.

Knatouesvie cnosea: GuromaToreHHBIE T'PUOHI,
Pu3oKTOHUU, MyabTuiiekcuad II11P.
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