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Abstract The purpose of this research by the way of investigating the mo-
lecular genetic structure of a highly variable fungal phytopathogen Pyricularia
oryzae Cav., to determine effective genes for the development of a strategy for
immunogenetic protection against rice blast in conditions of epiphytotic develop-
ment of the disease in the south of Russia, which would combine high efficacy with
both environmental friendliness and resource and energy saving, to ensure country’s
food security. The knowledge of local pathotype diversity of Pyricularia oryzae Cav.
and the (a)virulence genes in rice-growing regions of Russia may allow the predic-
tion of new races and its interaction in local agro-ecology. The identification of
virulence gene may become an indispensable theoretical basis for the development
of genetic sources with long-lasting resistance to rice blast. Based on molecular and
genetic approaches, the genetic structure and biodiversity of the phytopathogenic
fungus Pyricularia oryzae Cav. in the south of Russia were considered. The moni-
toring was studied and it isolated 57 strains of the pathogen from the damaged herbal
material collected from the fields in eight agro-ecological rice-growing regions of
the Krasnodar Region (Russian Federation): Krasnoarmeysky, Kalinin-sky, Krym-
sky, Abinsky, Temryuksky, Seversky, Slavyan-sky districts, Krasnodar, Rostov
Region (Russian Federation)—Proletarsky district and the Republic of Adygea
(Russian Federation). A multiplex PCR technique was applied on the basis of
fragment analysis to identify the virulent fungal isolates. 33 fungal genotypes with
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unique genetic profiles were identified among the studied races of Pyricularia oryzae
Cav. Their DNA profiles were created. The studied isolates of the pathogen of rice
blast were classified using morphological and microbiology cultural features. Based
on the phytopathological test using differentiation rice varieties, the quantitative and
qualitative composition of (a)virulence genes in fungal races was established. Ef-
fective genes for pathogen resistance, which are recommended for breeding pro-
grams for the development of rice varieties resistant to rice blast, were identified in
the south of Russia.

Keywords Rice ¢ Rice blast ¢ Isolates « PCR « Microsatellite markers « DNA
profile « (A)virulent genes

Introduction

Rice blast infested by imperfect fungi Pyricularia oryzae Cav. (Magnaporthe
grisea (Herbert) Barr), of order Hyphomycetales, is one of the most malicious dis-
eases of rice and very common in all rice-growing regions. In its development,
Pyricularia oryzae Cav. goes through a vegetative stage represented by mycelium
and conidia and a perfect ascigerous stage (Magnaporthe grisea (Herbert) Barr)
(Kovalenko et al. 1988).

Apart from rice, this pathogen is virulent for more than eighty species of
cultivated and wild plants. Control of the distribution of rice blast using resistant
varieties is rather complicated due to high variability of the pathogen and favourable
conditions for the development of the disease in agrocenosis (alternative host than
rice).

Three decades ago phytopathologists used only differentiation pathogenic
varieties to analyse (a)virulence and genetic variability of pathogens. Currently, the
emergence of molecular genetic methods ensure the obtaining of DNA “‘imprints’’
of the rice blast pathogen, Magnaporthe grisea (Herbert) Barr, which opened a new
page in the study of its genetic diversity (Yankovsky 1996).

Several genetic maps of this pathogen have been created, including, based on
different types of polymorphism, such as RAPD, RFLP, REMAP, isozyme, telo-
mere, etc. (Castiglioni et al. 1998; Kumar and Zeigler 1995; Pad-manabhan et al.
1970; Resurreccion et al. 1994). A physical map of the seventh chromosome of
pathogen was created using the BAC clones and attached to the RFLP marker card.
The sequencing of all 7 chromosomes of Pyricularia oryzae Cav. was carried out.
(Ahn et al. 1996; Bryan et al. 2000).

In the 1990s, the marker analysis of Pyricularia oryzae Cav. for most cases
was based on the restriction fragment length polymorphism and discrete clonal lines
were normally analysed (Lang et al. 2001; Launder et al. 1987). In 1993, Bernardo et
al. analysed the population of Magna-porthe grisea (Herbert) Barr using the RAPD
method and found a good correlation between the major groups of isolated RAPD
and RFLP (Arase et al. 2000; Ayres et al. 1997). Later, pairs of primers were de-
veloped to amplify the mobile elements present in the genome of Pyricularia oryzae
Cav. (Jensen et al. 2001; Kaye et al. 2003). At the next step, the analysis of isolates
of Magnaporthe grisea (Herbert) Barr, isolated from affected rice plants and eleu-
sine, showed that the studied pathogen populations did not have common DNA



“fingerprints’’. To date, a variety of molecular markers of various types has been
created to study the pathogen of rice blast (Conaway-Bormans et al. 2003; Fuji et al.
1999; Xia et al. 1993).

The polymorphism of simple, DNA tandem repeat sequences (SSRs, mi-
crosatellite repeats) has several advantages. Microsatellite sequences are found
throughout the eukaryotic genome. They are based on the polymerase chain reac-
tion, highly reproducible, codominant and mul-tiallelic (Levy et al. 1993). When
compared to other marker systems, microsatellite markers showed better genetic
characteristics of Aspergillus fumigatus, Saccharomyces cerevisiae, Fusarium o0x-
ysporum and Fusarium circinatum (Khush et al. 2001).

The purpose of the research was to study the genetic structure and biodiversity
of a highly variable fungal phytopathogen, Pyricularia oryzae Cav., in the south of
Russia based on the results of PCR using SSR-markers and to identify effective re-
sistance genes. The phytopatholog-ical testing was used to determine (a)virulence
genes of the pathogen for rice-growing regions in the south of Russia. For this
purpose, a set of 30 rice differentiation varieties of pyricularia race was used. During
identification of (a)virulence genes based on phytopathological testing using a set of
differentiation varieties of pyricularia races, the resistance genes to Pyricularia
oryzae Cav., effective for the south of Russia, were identified. Such studies are of
particular interest, as they provide a forecast of the appearance of new races and
pathogenic types of Pyricularia oryzae Cav. and identification of (a)virulence genes
in the rice-growing regions of Russia. The latter is a necessary theoretical basis for
the creation of genetic sources with long-lasting resistance to rice blast.

Materials and methods

The material for molecular genetic studies included 57 isolates of the
Pyricularia oryzae Cav. pathogen (Table 1), isolated from the affected herbal mate-
rial collected from rice fields in 2015-2018 in eight ecological rice-growing regions
of the Krasnodar Krai (Krasnoarmeysky, Kalininsky, Krymsky, Abinsky,
Temryuksky, Seversky, Slavyansky districts, Krasnodar), Rostov Region (Prole-
tarsky district) and the Republic of Adygea, which all located in Russian Federation
(Fig. 1).

The phytopathological testing was used to determine (a)virulence genes of the
pathogen for rice-growing regions in the south of Russia. For this purpose, a set of 30
rice differentiation varieties of pyricularia race obtained from the International Rice
Research Institute was used (Table 2) (IRRI, Philippines, Kovalenko et al. 1988).

Differentiation varieties (Table 2) were grown in the field of the nursery of the
FGBNU All-Russian Research Institute of Rice and the rice irrigation system of the
FGUESP Krasnoye (Krasnoarmeysky district). At the stage of 56 leaves (3840
days after sowing), rice plants were inoculated with a suspension of Pyricularia
oryzae Cav. conidia with a Tween 80 adhesive (0.0001%). The concentration of
spores in the suspension was 105 conidia/mL, which corresponds to 10-14 spores in
the field of view of the Biolar microscope with a 1259 zoom. The reaction to inoc-
ulation with a suspension of Pyricularia oryzae Cav. was evaluated on the seventh
day using a method developed by the All-Russian Research Institute of Phy-



topathology (Kovalenko et al. 1988).

Based on the results of the studies, the virulence of fungal isolates was ana-
lysed according to the type of infection (the size of the infected rice
leaf plate) (Kovalenko et al. 1988); the pathogen types of the Krasnodar and
Rostov populations of Pyricularia were determined and the quantitative and quali-
tative ratio of the virulence genes was interpreted. The main condition for the study
of any pathosystem is the possibility of pure pathogen culture isolation, which is
based on the methods for obtaining isolates and monoisolates. The fungal culture
was isolated from affected rice tissues (nodes of the stem, leaves, parts of the pani-
cle) collected from rice fields, according to the guidelines developed by the
All-Russia Institute of Phytopathology (Kovalenko et al. 1988).

Table 1 Origin and morphological and cultural characteristics of strains of

Pyricularia oryzae Cav. 2016-2018

Strain I Date of | Part | Character of colony | Colony Col- | SubstrateColour
District . .
no. selection | of growth our (upper | (lower myceli-
Inhomogeneous low | From light
2 Temryuksky |27.06.2016| Leaf dense and a little | gray to gray Black
Proletarsky . .
8 | (RostovRe- |30.06.2016| Leaf Felted From light | From light grey
. gray to olive to black
gion)
7-16| Crimean  |15.07.2016| Leaf | MNOMOgeNeous low | From light | - py .y 0,
shaggy and low gray to
Inhomogeneous, | From grayto | From discol-
11 Crimean  |30.07.2016| Leaf | sectors with felted, | brown, with oured to in-
shaggy and low white zones | tensely black
12 Crimean 30.07.2016 | Leaf Low dense Gray Black
Kras- . Inhomogeneous From light From dark
21 noarmeysky 13.08.2016) Joint powdery with high | gray to dark | brown to black
31 Kras- 14 07.2016| Leaf Felted Darkgrey Black
noarmeysky
4.1 Kras- 27.06.2016| Leaf Low felted Gray (mousy) | Brownishblack
noarmeysky
_ Inhomogene- From light | From brown to
37 Kalininsky 116.07.2016/ Leaf ous—sectors with | gray to dark black
39 Kalininsky |16.07.2016| Leaf Low pOWd";[y (“ra- | From dark Black
diate’’) gray to
50 Kalininsky |18.07.2016| Leaf Powdery and low Light gray Brown
shaggy
5 | Abinsky |15.07.2016|Leaf|  Low felted From light Black
olive to gray
38 Abinsky 30.07.2016 |Head Low powdery F?rr:ydgk Black
6 | Abinsky |15.07.2016] Leaf| . IMNomogeneous | From gray to Black
felted and powdery | gray-brown
3-17 | Slavyansky |27.07.2017| Leaf Low felted From light | From discol-
gray to gray | oured to dark




From light

Fromdiscoloured

4-17 | Slavyansky |27.07.2017| Leaf Low felted
gray to gray to brown
5-17 | Slavyansky |27.07.2017| Leaf Low pgz\rlgfigy’ con- Gray Light brown
From light From light
6-17 | Slavyansky [27.07.2017|Leaf Low felted gray to dark | brown to brown
From light From discol-
7-17 | Slavyansky |27.07.2017| Leaf Low dense gray to olive | oured to in-
9-17 | Slavyansky |27.07.2017| Leaf Low felted From light From light
gray to gray | brown to dark
Kras- Inhomogene- From light From discol-
14-17 noarmeysky 10.08.2017) Leaf ous—sectors with | gray to dark | oured to black
17-17 Kras- 10.08.2017| Joint Lowdense and a little] From light | Frombrown to
noarmeysky fluffy gray to gray black
Kras- .. |Lowfelted and a little| | . From dark
19-17 noarmeysky 10.08.2017) Joint fluffy Light gray brown to black
20-17 Kras- 10.08.2017 Joint Inhomoge_neous_low From white to Black
noarmeysky dense with white gray
2117 K18 110.08.2017|soint|-OWAeNse andalittlel gy Black
noarmeysky fluffy
Kras- . Inhomogene- From light From light
22-17 noarmeysky 10.08.2017) Joint ous—sectors with | gray to olive | brown to black
Kras- Inhomogene- From light From discol-
23-17 noarmeysky 10.08.2017 Leaf ous—crumbly grey to dark oured to in-
26-17 Kras- 10.08.2017| Joint Inhomogene- From light From discol-
noarmeysky ous—Ilow dense and | gray to gray oured to
97-17 Krasnodar, 15.08.2017| Leaf Inhomogene- From light From d!scol-
Belozerny ous—Iow felted and gray to oured to intense
33-17 Kras- 16.08.2017| Joint Inhomogene- Erom light From d!scol-
noarmeysky ous—powdery and | olive to dark | oured to intense
34-17 Kras- 16.08.2017| Joint Inhomogene- From light Intense black
noarmeysky ous—high crumby | gray to dark
37-17| Kalininsky |25.08.2017| Leaf Inhomogene- From light |From light black
ous—shaggy and gray to to black
38-17| Kalininsky |25.08.2017 Stalk Inhomogene- From light From discol-
of |ous—crumby shaggy| gray to gray | oured to dark
Stalk Inhomogene- From gray to | From discol-
39-17)  Seversky 125.08.2017 of | ous—sectors with dark olive | oured to intense
Stalk |High crumby shaggy | From white to| From discol-
40-17) Seversky ~125.08.2017 of ‘‘radiate”’ brownish ol- | oured to intense
55.17 Crimean 30.08.2017 Stalk Inhomogene- From light From discol-
of |ous—crumby shaggy| graytogrey | oured to dark
56-17| rasnodar, 1, g pop7 Stalk| Low powdery “ra- | g Black
Belozerny of | diate’’ concentric
5817 The Republic 10.09.2017 Stalk Inhomogene- From \_/vhlte to Fro_m light black
of Adygea of |ous—crumby shaggy|brownish-gray| to intense black
18 Kras- =15 06.2018|Leaf|  Low felted From light 1 From light
noarmeysky gray to dark | brown to dark
38 Kras- 22 06.2018| Leaf Low feltedand |From whiteto| From light
noarmeysky crumby fluffy gray (mousy) | brown to brown




Jrasnodar, Inhomogene- From white to| From discol-
4.8 Belozerny 2.07.2018 | Leaf ous—crumby and | gray and light| oured to dark
58 Kras- 5.07.2018 | Leaf Inhomogene-_ From white to| From discol-
noarmeysky ous—sectors with gray oured to dark
6.8 Kras- 15072018 [Leaf|  Low felted Dark gray | From light
noarmeysky concentric | brown to black
Kras- Inhomogene- From light From discol-
98 noarmeysky 5.07.2018 | Leaf ous—sectors with | white to gray oured to
10.8 Kras- 9.07.2018 | Leaf Inhomogene- F_rom white to| From discol-
noarmeysky ous—low powdery | light gray and | oured to dark
118 Kras- 9.07.2018 | Leaf Inhomogene-_ From light From light
noarmeysky ous—sectors with | gray to gray brown to
128 | K& 19072018 |Leaf|  Low felted From light | From dark
noarmeysky gray to olive | brown to black
14.8 Kras- 9.07.2018 | Leaf Inhomogene- From light From light
noarmeysky ous—crumby shaggy| gray to dark | brown to dark
15.8 Kras- 9.07.2018 | Leaf Low dense and a lit- | From light From discol-
noarmeysky tle fluffy gray to gray | oured to dark
188 | Seversky |24.07.2018|Head|  Mhomogene- From white to| ~From light
ous—sectors with gray-olive |brown to intense
. From light | From brown to
20.8 Abinsky  |24.07.2018| Leaf Low dense gray to dark dark brown
1.8 Abinsky  |24.07.2018| Leaf Low felted and low |From whiteto| From dark
powdery dark gray | brown to black
248 | Slavyansky |26.07.2018|Head| _'Mhomogene- | From light -} From light
ous—shaggy and | graytogray | brown to dark
Inhomogene- From light From light
258 | Slavyansky 26.07.2018 Head ous—powdery with | gray to dark | brown to black
26.8 | Slavyansky |1.08.2018 |Head Low felteq ”con- From dark From d!scol-
centric gray to olive | oured to intense
Stalk] Inhomogene- From gray to | From discol-
28.8 Krasnodar [17.08.2018| of |ous—crumby shaggy gray
dark gray oured to black
head| and low powdery
208 | Kalininsky |30.08.2018|Joint Crumbly fluffy with | From dark |From light black

felted zones

gray to olive

to intense black
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Fig. 1 Map of selection of herbarium material of rice plants with signs of affection
by Pyricularia oryzae Cav.

Samples of the affected tissue were washed with sterile water and placed on
sterile carrot-sugar agar in Petri dishes, which were then placed in a wet (100%)
chamber at a temperature of 27 + 1 °C, optimal for the formation of conidia of
Pyricularia oryzae Cav. The resulting pure culture was cultivated in a thermostat
prior to distribution of the fungal colony over the entire surface of the agar medium
and the isolates were described using morphological and cultural characteristics. The
Pyricularia oryzae Cav. isolates were further divided into morphological groups.
The DNA of Pyricularia oryzae Cav. for molecular genetic studies was isolated from
the myecelial mixture of monoconidial culture of Pyricularia oryzae Cav. using
CTAB method (Murray and Thompson 1980).

Table 2 Determination of (a)virulence genotype of the rice blast population

No.

Registra-
tion
no.

Name of variety

Re-
sistance
gene

Variety reaction

Virulence gene

Federal State

RIS of Unitary Elite
Seeds
All- ’

. Enterprise
Russian “Krasnove’’
Research Y

. of the
Institute .
of All-Russian
Rice Rice
Research Insti-
tute

RIS of
All-
Russian
Research
Institute
of
Rice

Federal State
Unitary Elite
Seeds
Enterprise
““Krasnoye’’
of the
All-Russian Rice
Research Insti-
tute




1 | 11366 | Sha-tiao-tsao | Pi-k® R R

2 | 11367 |Ishikari-shiroke | Pi-i S S Av-i’ -

3 | 11370 Usen Pi-a R MS — —

4 | 11373 |Yaschiro-mochi| Pi-ta S MS Av-ta’ -

5 | 11375 Toride-1 Pi-Z' S S Av-z" Av-z"

6 | 11377 Minehikari Pi-m R MS - -

7 | 11382 CO39 NoR | p R - -
gene

8 | 11385 'R?(':'é‘]KU Pi-k R R

9 | 11388 'RB['gcrH'TS Pik™ | S S Av-k™

10| 11389 'RB['ég']KGO Pik® | MS MS - -

11| 11390 |IRBI1-La[CO]| Pi-1 R R - -

12| 11391 | IRBI7-M[CO] | Pi-7(t) | R MS = -

13| 11392 'R'T::Sé‘]‘ KU1 pish | s S Av-sh’ Av-sh’”

14 | 11395 |IRBlta-Ja[CO]| Pi-ta R MS = =

15| 11396 'R?(':tgiv'E Pita | MS S - Av-ta’

16| 11399 'RB'[??)']'RM Pita | S S Avta? | Av-ta?

17 | 11400 Pi-z° S MS Av-z*’

18 | 11405 | IRBI9-W [LT] | Pi-9 S S Av-9’ Av-9’

19| 11406 'RB['E’%?P Y Pz | s R Av-37

20 | 11409 | IRBIK3[LT] | Pi-kh S R Av-kh’

21| 11431 IRBI -Fu Pi-z R R - -

22 | 11433 IRBI zt-T Pi-Z' S MS Av-z" -

23| 11436 | IRBLb-B Pi-b R MS - -

24 | 11437 | IRBIt-K59 Pi-t S S Av-t’ Av-t’

25| 11445 | IRBI12-M |Pi-12(t)| R MS - -




26 | 11446 IRBI19-A Pi-19 S S Av-19° Av-19’

27 | 11451 IRBI11-Zh | Pi-11(t) R R - -

28 BI-1 Pi-b MS MS _ -

29 IR-36 Pi-ta MS MS - -

30 LAc-c1o1 | P83 | R R _ _
Pi-1

31 St Innovator — S

32 | St stable - R

RIS, Rice Irrigation System; R (resistance), variety resistant to rice blast; S,
non-resistant; MS, medium-resistant; Innovator, control of non-resistant rice vari-
ety; Sonet, control of resistant rice variety



In this method, cetyl trimethylammonium bromide was used as a detergent in
a lysis buffer. To identify isolates of the pathogens causing rice blast, 30 pairs of
primers with specific fluorescent dyes were synthesized (Table 3, Sintol, Russia)
(Adreit and Santoso 2007). The SSR used in this study were evenly distributed
across all seven chromosomes of Pyricularia oryzae Cav. (Li et al. 2007; Ahn et al.
1996; Kaye et al. 2003).

Their nucleotide sequences are taken from the NCBI genetic resources data-
base, available at http://blast.ncbi. nim.nih.gov/Blast.cgi (Table 3).

These markers were highly polymorphic (73% of the locus), which allows its
use for genomic mapping, population studies and DNA ‘profiling’’ of the rice blast
pathogens in all rice-growing countries worldwide (Adreit and Santoso 2007). The
position on the genetic map for all 41 microsatellite loci uniformly distributed over
all seven Pyricularia grisea Sacc. chromosomes was determined as shown in Fig. 2
(Zheng et al. 2008).

PCR was performed in a volume of 25 ul containing 1 x PCR buffer, 1.25 units
of Tag DNA polymerase 100 umol dNTP (NPO DNA-Technology LLC, Russia), 10
pmol of each primer and 5 ul of DNA solution. Amplification was carried out in a
detection thermocycler (model of thermo-cycler was CFX-BioRad, USA) according
to the program: 95 °C—10 min (94 °C—30's, 55 °C—30 s, 72 °C—30 s) 30 cycles.

Fragment analysis was carried out using the automatic genetic analyser
“NANOFOR-05" at the Institute of Analytical Instrumentation RAS in Russia,
supported by the Centre for Collective Use ‘‘Biotechnology’’ of the All-Russian
Research Institute of Agricultural Biotechnology.

Pathogen isolates were clustered ranked into groups according to their genetic
affinity and correlation between Pyricularia oryzae Cav. genotypes. The analysis
was calculated according to phytopathological test and its molecular (microsatellite)
““finger print’’ (Li et al. 2007).

Results

The research was conducted in the laboratory of information, digital and bi-
ological technology of All-Russian Rice Research Institute. As a result of investi-
gation of 25 rice-growing farms in eight ecological regions of the Krasnodar Krali,
and the “‘Proletarskoe’’ plot and production farm of the Rostov Region, herbarium
material with signs of disease was collected from (Fig. 1).

When selecting parental pairs for breeding programs to create rice
blast-resistant varieties of rice, it is important to have information about the type of
resistance of the donor variety that would provide long-term protection against the
disease. Therefore (a)virulence genes to Pyricularia oryzae Cav. should be deter-
mined for a certain rice-growing area in the south of Russia.

A set of differentiation varieties of rice blast obtained from the International
Rice Research Institute (IRRI, Philippines) based on the phytopathological testing
method was used in the studies. Differentiation varieties were seeded in the infec-
tious nursery of the All-Russian Research Institute of Rice (Krasnodar), and in the
rice irrigation system of Federal State Unitary Elite Seeds Enterprise ‘‘Krasnoye’’ of
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the All-Russian Rice Research Institute of Krasnoarmeysky district. The phyto-
pathologi-cal test results are presented in Table 2. The inoculation was carried out
with a mixture of isolates of the Krasnodar population of Pyricularia oryzae Cav.
pathogen by the method described in the ‘‘Materials and methods’’ section.

The affected leaves, stem nodes, panicles of rice plants, 57 strains (popula-
tions) of Pyricularia oryzae Cav. with various sporulation capabilities were isolated
from the affected leaves, stem nodes, panicles of rice plants. Their characteristics are
presented in Table 1.

According to morphological and cultural attributes, the majority of Pyricu-
laria oryzae Cav. pathogen strains studied in 2015-2018 has non-homogeneous
colony growth and can be divided into the following morphotypes (clusters):

I: Strains with low, powdery, concentric growth pattern of the grey colony

I1: Strains with low felty (slightly fluffy) growth pattern of the light grey or
grey and grey-olive colony

I11: Strains with low dense (slightly fluffy) growth pattern of the light grey to
grey colony

IV: Strains with flocculent, felty and low powdery growth pattern of the light
grey to dark grey and olive colony

V: Strains with high, loose, flocculent, ‘‘radiant’’ growth pattern of the white
to brownish-olive colony

V1. Strains with heterogeneous sectors with loose, flocculent and low felty
growth pattern of the light grey to dark grey and olive colony

VII: Strains with heterogeneous sectors with powdery and felty growth pat-
tern of the light olive to dark grey colony

VIII: Strains with heterogeneous low-density growth pattern with white areas
of the white to grey colony

IX: Strains with low, powdery, ‘‘radiant’’, concentric growth pattern of the
grey colony

X: Strains with low dense and slightly fluffy growth pattern of the light grey
and grey colony

XI: Strains with low felty and slightly fluffy growth pattern of the light grey to
grey and olive colony

Table 3 Microsatellite markers used to study the biodiversity of the pathogen of rice
blast, Pyricularia oryzae Cav.

Chromo- Refer-
: . Anneal-

. . Microsatellite . some ence for

Primer Primer sequence ing T, .
pattern oC (genome | genomic
contig)  |sequence

Pyrms |F(NED):gcaaataacataggaaaac Kaye et
7-8 |g R: agaaagagacaaaacactgg CT/GA29 53 7(557) al. (2003)
Pyrms |F(NED): ttcttccatttctctcgtcttc Kaye et
15-16 |R: cgattgtggggtatgtgatag (CTn 53 3(152) al. (2003)
Pyrms |F(NED): accctaccccactcatttc " Kaye et
37-38 |R: aaggatcagccaatgccaagt CAIGTE ? CT/GAL2 53 2 (1054) al. (2003)




3940 |qocsaga Recgaee (CA S| 162) |1 (oo
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4o, taagocacocagt (A | 7@ | ooy
475 R sgechogatgrongonse. | (TN | 4090 |1 (oo
5060 ogaatoh R it (A 5| 40 |1 oo
o162 letctact (G e I
Fé)?/)r?j ggtlgED):ttgggatcttcggtaa— CT/GAILS 55 1 (2196) ara(qz/g gé)
67:65 |gatgcagho R oitaontay (CA 5| 10 | oo
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Pyrms F(.HEX):cttatcggaggtgcagaac TCTAGT/AGATCA 55 5 (1587) Dean et
533-53 |R: cacggcatactgcatacgtg 3 al. (2005)




Pyrms |F(FAM): cccaagctccataa- Dean et
607-60 |taggctac R: tccgagactctttgga- GCA/CGTI3 55 1(90) al. (2005)
Pyrms |F(HEX): atcag- Dean et
657-65 |tcgaacccacaaagc R: atgtgtg- CA/GT12 55 6 (29) al. (2005)

F forward primer (5-nucleotide sequence), R reverse primer (3 -nucleotide se-
quence), n number of microsatellite motif repeats

The first morphotype includes strain No. 5-17 isolated from the affected
herbarium material collected from the rice fields of the Slavyansky district. The
second type includes strains Nos. 3-17, 4-17, 6-17, 8-17, 9-17, No. 27-17 isolated
from the herbarium material collected in rice fields in the farms of the Slavyansky
district and Krasnodar (village of Belozerny). The third morphotype includes strains
Nos. 7-17 (Slavyansk district), 21-17, 26-17 (Krasnoarmeysky district). The fourth
type includes strains Nos. 14-17, 22-17 (Krasnoarmeysky district), Nos. 37-17,
38-17 (Kalininsky district) and No. 39-17 (Seversky district). The fifth morphotype
includes strain No. 40-17 isolated from the herbarium material with signs of rice
blast, collected on the fields in rice-growing farms of the Sev-ersky district. The
sixth type includes strains Nos. 23-17, 34-17 (Krasnoarmeysky district) and 55-17
(Krymsky district), and strain No. 58-17 (the Republic of Adygea). Strain No. 33-17
(Krasnoarmeysky district) belongs to the 7th type and has a heterogeneous powdery
and felty colony and therefore may occupy an intermediate position between the
fourth and seventh type. Strain No. 20-17 is allocated to the eighth type according to
the morphological and cultural attributes. This strain has a heterogeneous low and
dense structure of the colony with white areas. The ninth morphotype includes strain
number 56-17 (Krasnodar, village of Belozerny); and the tenth and eleventh mor-
photypes include strains Nos. 17-17 and 19-17, respectively, from the Kras-
noarmeysky district.

Thus, in the ecological regions studied, the greatest diversity of the phyto-
pathogenic fungus Pyricularia oryzae Cav. was observed in the Krasnoarmeysk
district, where 7 morphotypes of Pyricularia oryzae Cav. were isolated.

Figure 3 shows pictures of all eleven morphotypes of Pyricularia oryzae Cav.
isolated in 2015-2017.

With comparing the three-year data in 2017, 4 new morphotypes of this
pathogen (strains Nos. 17-17, 19-17, 20-17, 40-17) with a unique genetic profile
were identified (Table 4).
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Fig. 2 Genetic map of Pyricularia oryzae Cav. created on the basis of physical map
(option 5) and its comparison with physical map

Previously published sequences of 18 pairs of primers (Adreit and Santoso
2007) were used for the genetic classification of Pyricularia oryzae Cav. Strains
which were isolated in the territory of the Krasnodar Krai, the Rostov Region and the
Republic of Adygea were subjected to by microsatellite analysis. Based on these
primers sequences while the current study two multiprimer systems were developed
for the analysis of 9 microsatellite loci simultaneously in one PCR sample.

As a result of the testing of these two SSR systems for analysing the genetic
diversity of Pyricularia oryzae Cav. isolates from the affected herbarium material



collected from rice fields in southern Russia, in the current study reproducible re-
sults were obtained for all 18 pairs of primers. However, out of these, only 6 pairs of
primers (Pyrms 07-08, Pyrms 37-38, Pyrms 77-78, Pyrms 101-102, Pyrms 233-234,
Pyrms 409-410, Pyrms 453-454, Pyrms 533-34, Pyrms 657-658) were found to be
discriminatory for the Pyricularia oryzae Cav. strains studied.
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Fig. 3 Morphological and cultural attributes of the strains of rice blast pathogen
Pyricularia oryzae Cav.

Table 4 Multi-primer PCR system for the genetic analysis of isolates of the rice blast
pathogen from different ecological rice-growing regions of the Krasnodar Krai, the
Rostov Region and the Republic of Adygea

Genotype 1 | Genotype 2 | Genotype 3 | Genotype 4
. . .| Fluorescent| DNA frag- | DNA frag- | DNA frag- | DNA frag-
No.| Primer |Indication
dye ment, base | ment, base | ment, base | ment, base
pair pair pair pair
Pyrms
1 07-08 A R6G 130 138 130 124
Pyrms
2 47-48 B ROX 176 174 176 172
Pyrms
3 83-83 C FAM 179 182 179 187
Pyrms
4 43-44 D FAM 222 205 222 212
Pyrms
5 99-100 E R6G 220 214 223 200
Pyrms
6 497-498 F ROX 224 222 224 208

Blue — fluorescent dye FAM; Green — fluorescent dye R6G; Red — fluorescent dye
ROX

Table 5 Classification of rice blast pathogen Pyricularia oryzae Cav. strains based on
the obtained genetic profiles and their DNA profiles




A B C D E F _
Genotype 07-08 | 47-48 | 83-84 | 43-44 | 99-100 | 427-428 Strain no.

1 124 171 186 210 199 206 K4-16

2 128 175 178 223 223 223 37-17

3 130 175 178 219 223 223 5-17

4 130 175 178 221 220 223 K1-16

5 132 175 178 221 223 223 55-17

6 134 175 178 223 223 223 18-16

7 138 173 180 204 211 219 48-16

8 138 173 180 204 214 221 3-17,4-17, 14-17,
34-17

9 138 175 180 204 214 221 27-17

10 138 173 180 204 226 221 40-17

11 138 173 178 206 188 221 39-17

12 138 173 180 206 214 221 19-17

13 138 173 180 206 214 223 56-17

14 138 173 180 208 214 221 26-17

15 140 173 180 204 214 221 17-17, 21-17

16 140 173 180 208 214 221 33-17

17 140 173 180 225 220 221 20

18 146 179 180 214 211 223 7-16

12,21,37,38,

19 130 176 179 222 220 224 5011 30,32

20 138 174 182 205 214 222 5,31,39,7,6

21 130 176 179 222 223 224 2,5,8

22 124 172 187 212 200 208 4

Based on these six SSR primers, a multi-primer PCR system was developed (Ta-
ble 4), which was used to classify strains of Pyricularia oryzae Cav. isolated in the
Krasnodar Region, the Rostov Region and the Republic of Adygea (Dubina et al.

2015).

As a result of the analysis, individual genetic profiles were obtained for each strain
(Table 5, Fig. 4). Samples of DNA isolates were used as positive controls, with
known genetic profiles belonging to four different genotypes: K1 —strain No. 12, K2
— strain No. 5, K3 — strain No. 8 and K4 — strain No. 4. Repeated analysis of these
samples gave reproducible results. Among 57 strains studied, 22 genotype variants
were identified (Table 5).




It can be seen from the table that the results of fragment analysis using SSR
markers revealed significant genetic differences between the isolates studied in the
current work. The analysis of the obtained PCR results and their description by
morphological and cultural attributes showed some differences in the distribution of
pathogen strains into types (morpho- and genotypes). The major research findings
were as follows:

1. According to the genetic analysis results strains Nos. 3-17, 4-17, 14-17
and 34-17 have a similar genetic profile, but differ in morphological and cultural
characteristics.

2. Strains 26-17,21-17, 7-17 have the same morphotype, but different genetic
profiles.

3. Strains Nos. 17-17 and 21-17 are similar in genotype, but different in
morphotype. Strain number 9 belongs to one cluster with strain number 7-17 on the
genetic profile, but they are different in morphological attributes.

4. Strains Nos. 37-17, 14-17, 39-17 are different in genotype, and included
into the same cluster by morphotype. The other strains studied in the work corre-
spond to their distribution into groups according to morphological and cultural at-
tributes and genetic profiles.

5. Strains Nos. 2, 8, and 5 are assigned to genotype 21, which, when de-
scribed by morphological and cultural characteristics, have the same growth pattern
(powdery) and colour (light to dark grey) of colonies.

6. Strains Nos. 5, 31, 39, 7, and 6 are assigned to genotype 20. All of them,
except for strain No. 39, have a felty growth pattern with the light grey or light olive
to grey or olive colony in the description by morphological and cultural character-
istics.

7. Strain No. 39 has a powdery and radiant colony growth pattern on the basis
of cultural and morphological attributes.

8. According to the results of fragment analysis, strains Nos. 12, 21, 37, 38,
50, 11, 30, 31 are referred to genotype 19 with certain differences in morphological
and cultural attributes: some strains have powdery growth with felty areas, and some
strains are powdery, but with a low flocculent colony growth pattern (strains Nos. 37,
50).

9. Strain No. 4, characterized by a felt growth and a dark grey colony, had a
unique genetic profile of the 22nd genotype.

The genetic profiles of some strains were shown as an example (Fig. 4).
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Fig. 4 Genetic profiles of the studied isolates of Pyricularia oryzae Cav., identified
with DNA analysis

Thus, according to morphological and cultural attributes, Pyricularia oryzae
Cav. strains studied are divided into 11 types (pathotypes), and 22 genotypes of the
pathogen are isolated with DNA analysis. The differences between two methods can
be explained by colony heterogeneity (by sectors) of some strains when the mor-
phological and cultural attributes were described.

Despite the fact that DNA analysis is a more accurate method of identifying
strains of Pyricularia oryzae Cav. since the study sample can be characterized ac-
cording to the genotype, and this method has several advantages over the phenotype
estimation, these two methods can complement each other when studying the bio-
diversity of the disease pathogen.

From the experimental data given in Table 5, it can be seen that the virulent
genes for the rice-growing zone of Krasnodar are: Av-i’, Av-ta’, Av-z", Av-k™,
Av-sh’, Av-ta . Av-z ¥, Av-9°, Av-3°, Av-kh’, Av-z ¥, Av-t’, Av-19°. Effective
Pyricularia oryzae Cav.-resistant genes: Pi-k®, Pi-a, Pi-m, Pi-k, Pi-1, Pi-7(t), Pi-z,
Pi-b, Pi-12(t), Pi-11(t), Pi-33, Pi-1 which can be used as donors in breeding pro-
grams for the development of resistant rice varieties to rice blast for this cultivation



area.

Taking into account the ecological and geographical aspects of the
rice-growing region of the Krasnoarmeysky district, virulence genes were deter-
mined as follows: Av-z”, Av-sh’, Av-ta’, Av-ta ”’, Av-9°, Av-t’, Av-19”. As a

result of gene identification for resistance to rice blast based on phytopatho-
logical testing using differentiation rice varieties which overcome the Krasnodar
population Pyricularia oryzae Cav. for this cultivation area are genes: Pi-k®, Pi-a,
Pi-k, Pi-1, Pi-3, Pi-kh, Pi-z, Pi-11(t), Pi-33. Donors with these effective resistance
genes to pyricularia can be recommended for use in breeding programs for the de-
velopment of disease resistant rice varieties.

Researchers from other countries have also been studying the biodiversity of
Pyricularia oryzae Cav. in rice-growing regions of their countries. Kariaga et al.
(2017) analyzed the genotypes of eight different isolates previously described
morphologically using DNA analysis and sequencing of the its region from the rice
genome. Results revealed variation with respect to colony colour, diameter, mor-
phology and conidia shape and size demonstrating that there is a certain level of
genetic diversity among isolates of P. oryzae from various regions of Kenya (Ka-
riaga et al. 2017).

In a similar study conducted in Brazil using 57 isolates and 8 rice-growing
regions a total of 21 strains were identified, with a prevalence for the 1A group
strains, in all collection sites, especially the IA-1 strain. From the studied isolates, it
was concluded that there is a variability of P. oryzae, prevalence of the 1A strain, a
higher tolerance for the cultivar BRS Firmeza and that the Pi-2 gene confers re-
sistance to rice blast in all isolates analysed (Martins Nunes et al. 2014).

The main difference from the above articles and the uniqueness of this study is
that the effective genes for resistance to blast identified in this work can be recom-
mended for use in breeding programs for the development of disease-resistant rice
varieties in rice-growing zones.

Conclusions

As a result of this study, based on the fragment analysis method, the studied
races of Pyricularia oryzae Cav. were divided into twenty-two genotypes. However,
according to morphological and cultural features, the studied races of Pyricularia
oryzae Cav. were divided into 11 types of pyricularia. This is due to the fact, that
when described according to morphotypes, some races were characterised by het-
erogeneity of the colony (sectors). Despite the fact that DNA analysis is a more
accurate method for the identification of Pyricularia oryzae Cav. races, as it allows
sample characterisation by genotype and has a number of advantages over the
“‘phenotype’’ evaluation, these two methods can complement each other for the
studies of biodiversity of the pathogen.

During identification of (a)virulence genes based on phytopathological testing
using a set of differentiation varieties of pyricularia races, the resistance genes to
Pyricularia oryzae Cav, effective for the south of Russia, were identified. The ex-
istence of a large number of effective genes can be explained by the fact that for
more than 25 years the All-Russian Rise Research Institute has conducted direction



of breeding of rice varieties resistant to pyricularia.

The effective resistance genes of Pyricularia, found during this study, can be
recommended for use in breeding programs for the development of disease resistant
rice varieties in the rice-growing areas of the Krasnodar Region: Pi-k°, Pi-a, Pi-m,
Pi-k, Pi-1, Pi-7(t), Pi-z, Pi-b, Pi-12(t), Pi-11(t), Pi-33 for the rice-growing areas of
the Krasnoarmeysky district: Pi-k°, Pi-a, Pi-k, Pi-1, Pi-3, Pi-kh, Pi-z, Pi-11(t), Pi-33.
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