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Wheat diseases affecting leaves like leaf rust (Puccinia
triticina), tan spot (Pyrenophora tritici-repentis) and spot
blotch (Cochliobolus sativus = Bipolaris sorokiniana) are
widely spread and potentially dangerous in the West-Asian
region of Russia and North Kazakhstan. The study of these
pathogens’ populations is very important for genetic
protection of wheat. The objective of this study was to
explore the population structure of the causative agents of
leaf rust and tan spot on spring wheat based on virulence
traits and assessing the distribution of the causative agent
of spot blotch in the West-Asian region of Russia and North
Kazakhstan. The source of inoculum were wheat leaves
affected by leaf rust and spot diseases collected in the
Chelyabinsk and the Omsk region of Russia and in North
Kazakhstan. Virulence analysis of P. triticina using 20 lines
with known Lr genes demonstrated that all 109 mono-
pustule isolates were avirulent on TcLr24. The isolates
virulent on TcLr19 were identified only in the Chelyabinsk
population. The prevalence of isolates virulent on TcLr2a,
Tclr2b, TcLr2¢, TeLr11, TeLr15, TcLr16, TcLr20 and TcLr26 was
higher in the Omsk and the North Kazakhstani popula-
tion, while virulence to TcLr9 was higher in Chelyabinsk.
Using 20 TcLr-lines, we identified 27 virulent phenotypes
of P. triticina: 12 in the Omsk, 19 in the Chelyabinsk and

8 in the Kazakhstani population. The phenotypes TLTTR
(avirulent to TcLr16, TcLr19, TcLr24, TcLr26), TCTTR (aviru-
lent to TcLr9, TcLr16, TcLr19, TcLr24), and TBTTR (avirulent
to TcLr9, TcLr16, TcLr19, TcLr24, TcLr26) were observed in

all the populations. The phenotypes TQTTR (avirulent to
TcLr19,TcLr24, TcLr26) and TGTTR (avirulent to TcLr9, TcLr19,
TcLr24,TcLr26, TcLr9, TcLr19, TcLr24, TcLr26) were common
in the Omsk and the North Kazakhstani population, while
THPTR (avirulent to avTcLr9, TcLr11, TcLr19, TcLr24) and
TCTTQ (avirulent to TcLr9, TcLr16, TcLr19, TcLr20, TcLr24)
were common in the Omsk and the Chelyabinsk popula-
tion. There was a high genetic similarity in virulence and
phenotypic composition between the Omsk and the North
Kazakhstani population as well as between the Omsk

and the Chelyabinsk population and a moderate similar-
ity between the Chelyabinsk and the North Kazakhstani
population. The prevalence of the spot blotch pathogen
was higher in the material collected from the Omsk region,
while none of this pathogen was identified in the North
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CTpyKTypa MOMYISLNi JIMCTOBBIX
[IaTOT€HOB SIPOBO IIIIEHUIIbI

B 3allaJIHOA3MaTCKUX permoHax Poccun
1 CeBepHoM KasaxcraHe B 2017 1.

EN. l"yz\]:»TﬂeBa1 ®), H.M. KoBaaenkol, B.IT. [llamanuu2,
B.A. Tionun3, E.P. ]J.[pe]?[Aep?’, E.A. Hlaitparox!, AL MopryI-IOB4

T Bcepoccuinckuii HayuHO-MCCe0BaTENbCKNI UHCTUTYT 3aLMUTbl PACTEHNI,
CaHkT-TMeTepbypr, MywknH, Poccus

2 OMcKuit rocyfapcTBeHHbI arpapHblii yHnBepcuteT nm. MN.A. CTonbinuHa,
Omck, Poccuna

3 YenaGUHCKMIN HayYHO-NCCNIEAOBATENbCKMIA MHCTUTYT CESbCKOTO XO3ANCTBA,
YenabuHckan obnactb, YebapKynbCKuii panoH, noc. TuMrpsaseBcKui,
Poccua

4 Me>xyHapoHbI LeHTp ynyylleHnsa KyKypy3bl 1 nwernupbl (CIMMYT),
AHkapa, Typumsa

JlnctoBble 60n1e3HN APOBON NieHULbl — bypas pxaBunHa (Bo36y-
avTens — Puccinia triticing), )enTaa NATHUCTOCTb (MpeHodopo3)
(Pyrenophora tritici-repentis) n TemHo-6ypas naTH1cTocTb (Cochlio-
bolus sativus = Bipolaris sorokiniana) — oTHOCATCA K rpynne pacnpo-
CTpaHeHHbIX 1 NOTEHLMaNbHO onacHbiX 6one3Hen B 3anagHoasn-
aTckux pernoHax Poccum n CeBepHom KasaxcTaHe. [1na 060cHO-
BaHWA CTPaTernii reHeTNYECKON 3aLymTbl MNLIEHULbI He06X0AMMbI
nonynsUnoHHbIe UccnefoBaHua dutonatoreHos. Llenb paboTbl —
XapaKTepucTmKa CTPYKTYpbl Nonynaumnin Bo3dyanTenen 6ypoi
PKaBUMHbI 1 XeNTOW NATHUCTOCTY APOBO MNLWEHWULbI MO NpW-
3HaKaM BMPYNIEHTHOCTM 1 OLleHKa pacnpoCcTpaHeHHOCTN BO36Y-
OUTeNsA TEMHO-6YPOI MATHUCTOCTY B 3aMaiHOA3MaTCKKX Permo-
Hax Poccuinckon ®epepaumm n CeBepHom KasaxctaHe B 2017 T.
NCTOYHMKOM MHPEKLMOHHOTO MaTepurana ClyXuim NopaxeHHble
6ypol PrKaBUYMHOM U NATHUCTOCTAMU TNCTbA 06Pa3LIOB APOBON
MnLweHnLbl, cobpaHHble B YensbuHckon 1 OMckon obnacTax un Ce-
BepHoM KasaxcTaHe. AHanu3 BupyneHTHoctv 109 nsonaros P. tri-
ticina Ha 20 nuHuAx-guddepeHLMaTopax NoKasas, Yto BCe U3yYeH-
Hble MOHOMYCTYJbHblE N30MATbI ObINY aBUPYNEHTHbI K TcLr24. 130-
NATbI, BUPYNEHTHbIE K TcLr19, BblABNEHbI TONIbKO B YeNAOUHCKOW
nonynauun. YactoTbl BUPYNEHTHbIX U30MATOB K TcLr2a, TcLr2b,
Telr2¢, TeLr11, Telr15, TeLr16, TcLr20 v TcLr26 6binvi Bbillie B OMCKOW
1 CeBepOKa3axCTaHCKOM nonynsauusx, a K TcLr9 — B 4yenabuHCKoN.
Mpw ncnonb3osaHuy 20 TcLr-nnHKiA onpegeneHo 27 ¢eHoTNOB
BUPYNeHTHOCTK P. triticina: 12 B oMckoM, 19 B yenabuHcKonm,

8 B ka3axcTtaHckom. @eHotvnbl TLTTR (aBupyneHTHOCTD (av) K TcLr16,
TcLr19,TcLr24, TcLr26), TCTTR (av: TcLr9, TcLr16, TcLr19, TcLr24),
TBTTR (av: TcLr9, TcLr16, TcLr19, TcLr24, TcLr26) BcTpevanucb Bo
Bcex pernoHax. ®eHoTunbl TQTTR (av: TcLr19, TcLr24, TcLr26) n
TGTTR (av: TcLr9, TcLr19, TcLr24, TcLr26) 6binm o6Wummn ansa OMCKOMn
1 ceBepoKasaxcTaHckon nonynauuin, a THPTR (av: TcLr9, TcLr1],
TcLr19, TcLr24) n TCTTQ (av: TcLr9, TeLr16, TcLr19, TcLr20, TcLr24) -
[NA OMCKOM 1 yenabuHckon. OnpefeneHo BbICOKOe reHeTnyeckoe
CXOACTBO OMCKOW NOMYNALMN C CEBEPOKA3aXCTaHCKON 1 YensbrH-



Kazakhstani material. The isolates of tan spot were identi-
fied in all the regions. Five races of P. tritici-repentis were
identified among Chelyabinsk isolates based on the toxins
produced by the following pathogens: race 1 (PtrToxA
PtrToxC); race 2 (PtrToxA); race 7 (PtrToxA, PtrToxB), race 8
(PtrToxA, PtrToxB, PtrToxC), and race 4 (does not produce
toxins). Three races were identified in the Omsk region

(1 - 3) and four, in North Kazakhstan (1 — 4). A total of 26

P, tritici-repentis phenotypes were identified by virulence
analysis using 11 differential lines: two were present in all
the populations; two. in Chelyabinsk and North Kazakh-
stan; one, in Omsk and Chelyabinsk; and all the others
were original. A high degree of similarity between the
obligate pathogen P. triticina and the saprophytic patho-
gen P. tritici-repentis in the West-Asian region of Russia
and in North Kazakhstan demonstrates that this is one
epidemiological region across this wheat production area.
The presence of common phenotypes suggests there is a
the possibility of gene exchange between the populations
and this shall be considered while releasing genetically
protected wheat varieties.

Key words: leaf rust; tan spot; spot blotch; spring wheat;
populations; virulence; Lr-genes.

HOW TO CITE THIS ARTICLE:

CKOW M YMEPEHHOE MeXay YenAbMHCKON 1 ceBepOoKa3axcTaHCKoM
nonynauuaAmmn. PacnpoctpaHeHHOCTb BO30yaUTeNs TeMHO-6ypoii
NNCTOBON NATHUCTOCTU B OMCKOI obnacTu 6bina Bbllle, Yem B
YenabuHckoii. U3 ceBepokasaxcTaHCKMX MHEKLMOHHBIX 06pa3LioB
nuctbeB C. sativus He BblgeneH. Bo3byanTtenb XenTol NATHUCTOCTM
06Hapy»KeH BO BCEX N3YUYEHHBIX PermoHax. Mo npusHaKky TOKCMHO-
06pa3oBaHNA cpeamn YensibMHCKNX N3onaToB P. tritici-repentis BbisAB-
neHo nATb pac (p1 (PtrToxA, PtrToxC); p2 (PtrToxA); p7 (PtrToxA,
PtrToxB), p8 (PtrToxA, PtrToxB, PtrToxC); p4 (He obpa3syeT TOKCU-
Hbl)); cpefm oMckux — Tpu (p1, p2, p3); cpean ceBepoKkasaxcTaH-
cKux — yeTblpe (p1, p2, p3, p4). 26 deHoTunoB P. tritici-repentis
BbIAIB/IEHO NPWY aHanu3e BUPYNeHTHOCTU Ha 11 copTax-auddeper-
umaTtopax. [ga 13 HUX Obinv NpeAcTaBneHbl BO BCEX MONYAALUAX;
[1Ba — B YeNAOUHCKO 1 CEBEPOKA3aXCTaHCKOM; OAWH — B OMCKOM

1 4enAbVHCKON; OCTasibHble 6bINN OPUTrMHaNbHbIMU. Bbicokas
CTeneHb CXOACTBA CTPYKTYPbI MONYNALNUA 06NUraTHOrO NaToreHa
P. triticina v canpoTpodHoro P. tritici-repentis B 3anafHOa3naTCKmx
obnacTtax Poccuinckon Oepepaunn n CeBepHom KasaxctaHe yka-
3blBaeT Ha €AUHYI0 SMUAEMNONOMMYECKYI0 30HY. Hannumne obymx
$eHOTMNOB NaTOreHoB CBUAETENIbCTBYET O BO3MOXKHOM FeHHOM
NoToKe MeXAY U3yYeHHbIMU NONYNALUAMY, UTO CeayeT yumnTbl-
BaTb NPU pasmeLLeHNN B STUX PErmMoHax reHeTUYeCKn 3aLluLLeH-
HbIX COPTOB APOBOW NLIEHNLbI.

KntoueBble cnosa: 6ypaﬂ pPXaB4ylMHa; XenTaa NATHNCTOCTb,
TeMHO-6ypaﬂ MATHUCTOCTb; APOBad NnweHunua; nonynaunu;
BUPYJNIEHTHOCTb; Lr-reHbl.
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pring wheat is the main cereal crop grown in the Urals,

West Siberia and North Kazakhstan. Wheat diseases af-

fecting leaves like leaf rust, stem rust, spot blotches and
tan spot significantly reduce wheat yields in these regions
(Koishybaev, 2010; Shamanin et al., 2016; Belan et al., 2017).
Leafrust (caused by Puccinia triticina Erikss.) occurs annually
with severity fluctuating from moderate to epiphytotic. The
disease appears from flag leaf to ear-flowering stages. Stem
rust (caused by Puccinia graminis Pers. f. sp. tritici Erikss.
et Henn.) develops later and prevails at grain ripening stages
(Koishybaev, 2015). Until recently, glum blotch caused by
Parastagonospora nodorum (Berk.) Quaedvl., Verkley &
Crous (= Septoria nodorum Berk.) was the most important dis-
ease of wheat (Sanina, Pakholkova, 2002; Koishybaev, 2015).
In the last ten years, however, the harmfulness of tan spot
(caused by Pyrenophora tritici-repentis (Died.) Drechsler) has
increased (Mikhailova et al., 2010, 2015; Koishybaev, 2015).
Under field conditions, tan spot and septoriosis are difficult to
distinguish — even for experts. The spread of tan spot is pro-
moted by the modern gentle soil treatment, after which a large
number of plants remain on the surface and serves as a habitat
for the wintering of P, tritici-repentis pseudotecia (Mikhailova
etal., 2010). PtrToxA, PtroxB, PtrToxC exotoxins are the main
pathogenicity factors of P. tritici-repentis. Ptr ToxA induces
necrosis on susceptible plants, and both PtrToxB and PtrToxC
induce chlorosis (Lamari et al., 1998). Spot blotch of wheat
(caused by Cochliobolus sativus (S. Ito & Kurib.) Drechsler
ex Dastur (= Bipolaris sorokiniana (Sacc.) Shoemaker)) is a
more important disease in wet and warm years (Kuznetsova,
1987). These spots normally appear together at the wheat
stalking stage (Koishybaev, 2010).
364
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Fungus population studies are important for improving
genetic strategies of wheat protection. With these studies, the
researcher can characterize the race composition dynamics,
effectiveness of resistance genes at the host plants and
evaluate the influence of commercial wheat varieties on
fungus population changes. The population biology of leaf rust
pathogens is the most studied. By virulence and microsatellite
analyses, the existence of a common P, triticina population in
the Urals West Siberia, and Kazakhstan (Mikhailova, 2006;
Kolmer, Ordofiez, 2007; Kolmer et al., 2015; Gultyaeva et
al., 2017) was shown, which should be taken into account
when disposing varieties with Lr-genes. Annual virulence
surveillance of P. triticina populations conducted by the
Chelyabinsk Scientific Research Institute of Agriculture and
the Omsk State Agrarian University allows the dynamics of
pathogen variability to be monitored and breeding programs
to be improved.

First studies of P, tritici-repentis in Russia were carried out by
Mikhailovaetal. (2010,2015). The existence of several P, tritici-
repentis populations in Russia (North Caucasian, Northwestern
and West Siberian) was determined according to virulence
frequencies in a special wheat differential set. An independent
status of the Omsk P. tritici-repentis population was also
confirmed by microsatellite markers (Mironenko et al., 2016).

In the world literature, data about differential interactions
between the plant host and C. sativus are controversial. The
absence of differential sets significantly limits the popula-
tion studies of the spot blotch pathogen based on virulence
(Mikhailova et al., 2002). Mycological analysis is usually
used to assess the spread of this pathogen and to estimate the
prevalence of C. sativus isolates.

Population genetics
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Most population studies of lead rust and tan spot pathogens
have been carried out in independent experiments. It was
relevant to conduct a comprehensive analysis of the struc-
ture of pathogens that differed in parasitic type (obligate vs.
hemibiotrophic), using a similar infectious material collected
in geographically remote regions. The objective of this study
was to explore the population structure studies of the caus-
ative agents of leaf rust and tan spot on spring wheat based on
virulence and to assess the distribution of the causative agent
of spot blotch in the West-Asian region of Russia and North
Kazakhstan in 2017.

Materials and Method

Wheat samples with leaf rust and leaf spot symptoms were
collected from the Ural (Chelyabinsk) and the East Siberian
(Omsk) region of Russia and North Kazakhstan in 2017. Leaf
rust severity at the sampling locations ranged from moderate
to strong and spots, from low to moderate.

In the Chelyabinsk region, leaves were collected from
30 spring wheat samples in the breeding nursery of the
Chelyabinsk Scientific Research Institute of Agriculture. In
the Omsk region, leaves were collected from 40 wheat samples
growing in the experimental fields of the Omsk State Agrarian
University and Cherlak and Pavlodar state variety test plots.
In Kazakhstan, infectious material was collected from
commercial fields at seven points of the North Kazakhstan
region and at two in the Akmola region.

Leaf rust uredinia from dry leaves were renewed on a
susceptible wheat variety and single pustule isolates were
obtained. Isolates’ multiplication for virulence analysis was
carried out using a laboratory method of pathogen cultivation.
Single uredinial isolates were tested for virulence to 20 near
isogenic lines of Thatcher wheat that differed in single leaf rust
resistance genes. Three seeds of each of these Thatcher lines
were sowed to a pot filled with soil. Each set of 10-14 day-
old differentials (the first leaf stage) was spray inoculated by
urediniospores of each isolate (10%/ml) and kept in a Versatile
Environmental Test Chamber (Sanyo) at optimal tempera-
ture (22 °C) and moisture (75 %) (Gultyaeva, Soloduhina,
2008). Virulent phenotypes were determined 10 days after
inoculation using E.B. Mains and H.S. Jackson scale (1926),
where 0 means no visible uredia; 0, hypersensitive flecks; 1,
small uredia with necrosis; 2, small- to medium-sized uredia
with green islands and surrounded by necrosis or chlorosis;
3, medium-sized uredia with or without chlorosis; 4, large
uredia without chlorosis; X, heterogeneous, similarly dis-
tributed over the leaves. The plants with infection types 0 to
2 were classified as resistant and infection types 3 to 4 and
X as susceptible.

A differential set of 20 near isogenic TcLr-lines was used
for studying the leaf rust pathogen’s population structure.
Each isolate was given a five-letter code based on virulence
or avirulence to each of the five subsets of four differentials as
adapted from the North American nomenclature for virulence
in P, triticina (Long, Kolmer, 1989). The following order of
setswasused: 1, Lrl, Lr2a, Lr2c,and Lr3a; 2, Lr9, Lr16, Lr24,
and Lr26; 3, Lr3ka, Lrll, Lri7, and Lr30; 4, Lr2b, Lr3bg,
Lri4a, and Lri4b; 5, Lrl5, Lrl8, Lr19, and Lr20. The first
three groups were similar to the original differential set (Long,
Kolmer, 1989) widely used for P. triticina population studies
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(Kolmer, Ordofiez, 2007; Kolmer et al., 2015). Thatcher lines
highly informative for differentiation of Russian populations
were included in the other two groups (Gultyaeva et al., 2017).
Five-letter phenotype codes, virulence frequencies, Nei (Hs)
and Shennon (Sh) indexes of population diversity were deter-
mined using Virulence Analysis Tool (VAT) software package
(Kosman et al., 2008).

Leaf segments with one infection spot surround by an area
of green tissue were cut out for tan spot and spot blotch studies
and put on agar medium V4 (Mikhailova et al., 2012). Dishes
with leaf segments were incubated in a thermostat with UV
lamps (LE-30) and at a temperature of 20 to 22 °C for three
days and were then placed in a refrigerator (5-8 °C) for one
day for stimulation of P. tritici-repentis conidia development.
The frequency of P. tritici-repentis and C. sativus colonies
obtained from different geographic populations was used as
a criterion of the distribution of these pathogens.

Reproduction of P. tritici-repentis fungus culture was car-
ried out according to L.A. Mikhailova et al. (2012). Virulence
analysis was carried out using methods of cutting leaves placed
on the benzimedazole solution (0.004 %).

The racial identity revealed by the ability of P. tritici-
repentis isolates to form the toxins Ptr ToxA, Ptr ToxB and
Ptr ToxC was determined by inoculation of the cultivar
Glenlea, lines 6B662 and 6B365, by the presence of necrotic
and chlorotic spots on wheat leaves (Lamari, Bernier, 1989;
Lamari et al., 1998).

The virulence of P. tritici-repentis isolates was studied
using the following set of cultivars: Allies (France); Norin
58, Satsukei 86, Hokkai 252, Komadi 3 (Japan); Riley 67,
Clark (USA); Asiago (Italy); Salamouni (Egypt); and M3
(Canada), which differentiate the fungus isolates for their
ability to produce necrosis and chlorosis. The type of infection
caused by isolates was assessed using a five-point scale
corresponding to the size of necrotic and chlorotic spots,
according to Mikhailova et al. (2012). A comparison of the
population samples on the basis of virulence was carried out
according to the index of the average score of infection per
isolate (the ratio of the sums of the points exhibited by isolates
on tan spot wheat differential sets to the number of isolates).
For the determination of phenotypes, only the indicator of the
necrotic reaction evaluation was used, since it characterizes
the result of the action of one (Ptr ToxA), and not two toxins,
as in the case of a chlorotic reaction, when two independent
traits appear that are identical in phenotype (Mikhailova et
al., 2010). The results of the virulence evaluation of P. tritici-
repentis isolates were presented as a binary matrix: 1, virulence
(scores 3-5); 0, avirulence (scores 0-2).

The degree of genetic similarity between the Omsk, the
Chelyabinsk and the North Kazakhstani populations of
P, triticina and P. tritici-repentis for virulence was evaluated
using Nei (Nei genetic distance, Nei D) and Fst indexes
calculated by GenAlEx (Genetic analysis in Excel, 6.5 http://
biology.anu.edu.au/GenAlEx) software package.

Results and Discussion

One hundred and nine single-pustule isolates — 30 from
Chelyabinsk, 45 from Omsk and 34 from North Kazakhstan —
were characterized during the leaf rust population studies.
All single-pustule isolates studied were avirulent to TcLr24.
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Isolates virulent to TcLr/9 were detected in the Chelyabinsk
population. The prevalence of isolates virulent to TcLr2a,
TcLr2b, TcLr2e, TeLrll, TeLrl5, TcLrl6, TcLr20 and TcLr26
was higher in the Omsk and the North Kazakhstani population
and of those virulent to 7cLr9, in the Chelyabinsk population
(Table 1). A high virulence to Lr9 in the Chelyabinsk
population in comparison to the other populations studied was
due to a high prevalence (10 %) of varieties with this gene in
the infectious material (3 % in the Omsk population).

Ahigh efficiency of the Lr24 gene in the regions of Russian
Federation is due to the absence of commercial varieties with
this gene. Nevertheless, at present, Lr24 donors are used in
breeding in Russia (Tyunin et al., 2017). The world practice
of cultivating varieties with the Lr24 gene shows that mass
cultivation is rapidly followed the emergence of virulent races
and the gene loses its effectiveness. Virulence to Lr24 occurs
in P, triticina populations across North America and Australia,
where wheat varieties protected by this gene are widely grown
(Mclntosh et al., 1995).

Isolates virulent to the Lr/9 gene were observed only in
the Chelyabinsk population and were isolated from the line
protected by this gene. They were not detected on any wheat
sample carrying Lr/9 and Lr26 at once — not, for example, on
cv. Omskaya 37 or cv. Omskaya 38. Virulence to Lr/9 gene
is more often noted in the Volga region, where varieties with
this gene are grown, but it can also occur in other regions
(Kovalenko et al., 2012; Tyunin et al., 2017). All P. triticina
isolates studied virulent to TcLr/9 were avirulent to TcLr26.
Similar observations were made for isolates virulent to TcLr9.
Expanding areas with varieties carrying Lr9 provides for
increase in the frequency of isolates with virulence to Lr9
in the West Asian regions of Russia, which are as powerful
accumulators of infection (Meshkova et al., 2012, Tyunin et
al.,2017). To stabilize the phytosanitary situation in the Urals
and West Siberia, a strategy of pyramiding the L9 and Lr19
genes with Lr26 and other Lr-genes may be useful, because
their effective combination will help prolong the “useful life”
of new varieties.

Twenty-seven virulent phenotypes (12 from Omsk, 19 from
Chelyabinsk and 8 from Kazakhstan) were determined using
20 TcLr lines (Table 2). The phenotypes TLTTR, TCTTR
and TBTTR were found in all the populations studied. The
phenotypes TQTTR and TGTTR were common in the Omsk
and the North Kazakhstani population, while THPTR and
TCTTQ were common in the Omsk and the Chelyabinsk
population. A high degree of similarity by the virulence
phenotypes indicates gene flow between pathogen populations
in the study area in 2017. In general, no significant changes in
the phenotypic composition of the Omsk and the Chelyabinsk
population were observed in 2017 as compared to 2014-2016
(Tyunin et al., 2017).

Analysis of the Omsk and the Chelyabinsk P. triticina
population on similar sets of spring wheat showed their
identical virulence on the susceptible varieties Pamyati
Azieva, Omskaya 35, Saratovskaya 29 and Lutescens 857.
Significant differences in virulence between the populations
studied were observed for the following wheat samples:
Lutescens 1103 (on the Tc-lines with genes Lr2a, Lr2b, Lr2c,
Lri5, Lrl6), Lutescens KS14/09-2 (Lr2a, Lr2b, Lr2c, Lril,
Lri5, Lr20), Duet (Lr2a, Lr2b, Lr2c, Lril, Lrl5, Lr16, Lr20),
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and moderate differences, for Novosibirskaya 16, Lutescens
37-17, Erythrospermum 1119 (Lr16), Stolypinskaya 2, GVK
2127 (Lr16, Lr20), OmGAU 100 (Lr11), Tyumenochka (Lr11,
Lr20) and Element 22 (Lr11, Lr16).

The Nei (Ns) and Shannon (Sh) indices, which characterize
the in-population genetic diversity, showed that the
Chelyabinsk population was more heterogeneous for virulence
(Ns=0.21) and phenotypic composition (Sh = 0.82) compared
to the Omsk and the North Kazakhstani population (Ns =0.09
and 0.06, Sh=0.51 and 0.49, respectively).

Nei’s genetic distance (N) indicated a high similarity
between the Omsk, the North Kazakhstani (N =0.03) and the
Chelyabinsk population (N = 0.05) and a moderate similarity
between Chelyabinsk and North Kazakhstan (N = 0.13). The
results obtained in 2017 suggest there had been no changes
in the structure of the populations studied compared to the
previous time (Kovalenko et al., 2012; Gultyaeva et al., 2017,
Tyunin et al., 2017).

For population studies in P. tritici-repentis and C. sativus,
we used wheat leaves with typical visual symptoms of the
diseases being discussed. In the Chelyabinsk region, nine
wheat cultivars were used as infectious material: Ural’skaya
kukushka, Chelyaba rannyaya, Eritrospermum 59, Iskra,
Rossiyanka, Izumrudnaya, Astana 2, Tyumenochka, Tertsia;
in the Omsk Region, eight: Pamyati Aziyeva, Sibakovskaya
yubileynaya, OmGAU 90, Chernyava 13, Uralosibirskaya,
Duet, Grani and Katyusha. In leaf samples from the North
Kazakhstan region, spots was noted in six samples.

A total of 466 infected samples (segments of leaves with
separate spots) were studied: 125 from Omsk, 215 from
Chelyabinsk, and 126 from North Kazakhstan. The prevalence
of C. sativus and P. tritici-repentis isolates was 12 % and 14 %,
respectively, in Omsk samples; 3 % and 25 %, in Chelyabinsk;
and 0 % and 43 % in North Kazakhstan. Thus, the presence
of the causative agent of spot blotch disease of wheat was
stronger in the Omsk than in Chelyabinsk region. In North
Kazakhstani leave samples, C. sativus was not observed.
P, tritici-repentis was noted in all regions. The prevalence of
P tritici-repentis isolates was higher in North Kazakhstani
and Chelyabinsk samples and lower in Omsk.

Nineteen Chelyabinsk, 8 Omsk and 27 North Kazakhstani
isolates of P. tritici-repentis were used to analyze the
population structure on the basis of virulence and toxicity.
P. tritici-repentis races identified in the three populations by
toxicity are presented in Table. 3. Five races were found in
the samples of the Chelyabinsk population; three, in Omsk;
and four, in North Kazakhstan.

The racial structure of Omsk P. tritici-repentis isolates was
characterized by a higher diversity in 2017 than 2007, when
two races were found: race 2 and race 7 (Mikhailova et al.,
2010). Races 1 to 4 of P. tritici-repentis, which predominate
in the study populations, are also widely distributed in other
Russian regions (Central European and North Caucasian)
(Mikhailova et al., 2010, 2012).

In general, a high incidence of isolates producing PtrToxA
(87-95 %) was noted (see Table 3), which indicates a potential
harmfulness of yellow spot in the West Siberian and the Ural
region of Russia and North Kazakhstan.

Twenty-six phenotypes of P. tritici-repentis were identified
by virulence analysis using 11 differential cultivars (on the
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Table 1. Prevalence of isolates virulent to Thatcher lines in the Chelyabinsk, the Omsk
and the North Kazakhstani P. triticina population in 2017 (%)

Tester line P. triticina populations

Oomsk  Chelyabinsk | NorthKazakhstan
R|_6064Tch24 .................................................................... 0 0 ................................................ 0 ..............................................
R|_6016Tch2a .................................................................... 9 51003601009 ................................... 100 ..........................................
R|_6019TcL er .................................................................... 9 5i0 03 ................................... 7 Oio 08 ................................... 100 ..........................................
R|_6047TcL r2c ..................................................................... 9 5io 03 ................................... 7 oio 08 ................................... 100 ..........................................
RL6OI0TCLPO 10£005  433:000 147£006
RL6053Tch17 ..................................................................... 8 0i006 ................................... 7 oJ_roog ................................... 100 ..........................................
R|_6052Tch15 .................................................................... 9 5¢oo360¢oog ................................... 100 ..........................................
‘RL6OOSTcLiS 7254007 433009 676+008
R|_5040Tch19 .................................................................... 0 ................................................ 3 3 1003 .................................. o ..............................................
RL6092TcLr20 9254004 5334000 w00
‘RL6O78TcLr26 80£006 s0-009 5594008
'RL6003TcLr1, RL6002 Tclr3a, RL6042 Tclr3bg, - 00 00 00

RL6007 TcLr3ka, RL6013 TcLr14a, RL6006 TcLr14b,
RL6008 TcLr17, RL6009 TcLr18, RL6049 TcLr30

Table 2. Phenotypic composition of P. triticina in the West Asian regions of Russia and North Kazakhstan in 2017 (%)

Phenotype Avirulence to TcLr lines P. triticina populations
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Table 3. P, tritici-repentis races identified by toxins produced in the West Asian regions

of Russia and North Kazakhstan in 2017 (%)

Races

Toxin produced

P, tritici-repentis populations

basis of necrosis). Two of them were found in all regions, two
were shared by the Chelyabinsk and the North Kazakhstani
population, and one, by Omsk and Chelyabinsk. Forty-seven
percent of Chelyabinsk isolates and 33 % of North Kazakhstani
isolates are represented by unique phenotypes. The presence
of common phenotypes in the populations studied indicates
a possible gene flow. It is believed that microevolutionary
changes in the populations of the causative agent of tan
spot of wheat during the occupation of new territories occur
so as to expand genetic diversity and to increase virulence
in comparison with the populations inhabiting developed
territories (Mikhailova et al., 2010). When studying the
virulence of isolates on 11 tan spot wheat differential sets, it
was determined that the values of the average infection type
were similar in all collections studied: 1.69 (necrosis) —1.71
(chlorosis) in Chelyabinsk populations and 1.47-1.84;
1.71-1.55 in Omsk populations).

The indices of genetic distances of Nei and Fst indicated
a high similarity between the Chelyabinsk, Omsk and North
Kazakhstani isolates of P, tritici-repentis (N = 0.02—0.05; Fst=
0.03—0.12). This indicates the presence of a shared epiphytotic
zone of P. tritici-repentis in the study area.

Population analysis of P. triticina and P. tritici-repentis,
important wheat pathogens differing in parasitism type
(obligate vs. hemibiotrophic), revealed a similarity of their
structure in the West Asian regions of the Russian Federation
and North Kazakhstan. Data obtained should be considered
for territorial zoning of genetically protected varieties in
these regions. The study of new varieties should be relevant
to their resistance not only to local populations of the most
prevalent pathogen in a region, but also to those races that
can appear in the population due to a possible air drift from
neighboring regions. Such a system of studying varieties is
used in cooperation programs of the Kazakhstan-Siberian
Wheat Improvement Network (KASIB). The best breeding
material is tested annually at various environmental settings
(the Volga Region, the Urals, West Siberia and Kazakhstan).
Monitoring pathogen virulence allows coordinating strategies
for placing new varieties in the study regions, prolonging their
“useful life” and improving the ecological situation around
wheat crops.
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