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GENETIC VARIABILITY OF PERSPECTIVE BTREEDING MATERIAL
OF SPRING BREAD WHEAT FOR RESISTANCE
TO LEAF RUST IN RUSSIA AND KAZAKHSTAN

Abstract. Leaf rust, caused by Puccinia triticina Erikss., is one of the major diseases of wheat in Russia and
Kazakhstan. The resistance and genetic diversity of 61 spring wheat genotypes from Russia and 50 ones from
Kazakhstan were studied. Field evaluation of Kazakhstani wheat material allowed to select 27 lines as resistant and
8 lines as moderate resistant to leaf rust. Molecular screening revealed 29 wheat lines characterized by the presence
of Lr genes. As a result of phytopathological and molecular screening of Kazakhstani material, carriers of 2, 3, and
4 Lr genes were selected. The 92 % of Chelyabinsk’ lines were characterized by high level of resistance to leaf rust
both at the adult and seedling stages. Using molecular markers Lr24, Lr9, Lr19, LrSp, Lr1, Lr3, Lr10, Lr26, Lr21 and
Lr34 genes separately or in different combinations has been revealed in Russian wheat lines. In the field conditions
of the Southern Urals, isogenic lines with genes Lr24, Lr25, Lr26, Lr28, Lr45, Lr47, Lr49, Lr51 and Lr57 showed
high resistance, and in lines with the genes Lr/7, Lr23, Lr29 and Lr64 moderate resistance was observed. At the
seedling stage all single pustule isolates were avirulent to Tc-lines with Lri6, Lr19, Lr24, Lr28 and Lr29 genes. In
Kazakhstan virulence of P. triticina population collected in South-East and North-Kazakh regions was studied.
Against the Almaty population Lr9, Lri9, Lr24, Lr25 and Lr28 genes with high efficacy, and gene Lr45 with
moderate efficacy were identified. All of the lines with the rest Lr genes were susceptible to the pathogen. The
isogenic lines with genes Lr19, Lr24, Lr25, Lr28, Lr36 and Lr45 were characterized by high efficacy to the Kostanai
P. triticina population. Virulence studies of P. triticina showed a similarity of pathogen structure on the Southern
Urals of Russia and Northern Kazakhstan.

Key words: wheat, leaf rust, Lr genes, molecular markers, isolates, virulence.

Introduction. Leaf rust, caused by Puccinia triticina Erikss., is one of the major diseases of wheat in
Russia and Kazakhstan. Its harmfulness varies by year and region. The yield loss of genotypes may
achieve 30-60 % depending on the environment and severity of infection [1]. The use of genetically
resistant cultivars is considered to be the most effective, economic and environmentally safe method for
disease control. The region of Central Asia is one of the world's most important producers of wheat,
encompassing a production are of more than 15 million ha [2, 3]. Winter wheat cultivars are grown in the
southern regions of the country, and spring wheats — in the Northern, Western and Eastern regions.
Developing high yielding and leaf rust, stripe rust and stem rust resistant cultivars is an important
objective of winter and spring wheat (Triticum aestivum L.) improvement programs in Central and West
Asia [4-8]. Production of wheat in Kazakhstan is being constrained also by leaf spotting diseases,
including tan spot, caused by Pyrenophora tritici-repentis [9-13] and common bunt, caused by Tiletia
caries [14]. In the West Siberian and Ural regions of the Russian Federation, bordering Northern
Kazakhstan, spring soft wheat (Triticum aestivum) is the leading grain crop. The development of resistant
varieties, including leaf rust, is a priority in the breeding of this crop in Russia [15]. It was shown that
there is one common population of P. triticina in the Urals and Western Siberia of Russia and Kazakhstan
[16-18]. This should be taken into account when developing and locating cultivars with Lr genes in this
60
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vast territory. For successful control of leaf rust in a single epidemiological zone, information on the
genetic diversity of promising new wheat material and monitoring of the virulence of pathogen
populations in these areas needed. The present study aims to study the genetic diversity of leaf rust
resistance sources in advanced spring bread wheat lines developed in Russia and Kazakhstan. The aim of
this study was 1) to screen advanced wheat breeding lines for resistance to leaf rust, 2) to determine of
Lr-genes by molecular markers and 3) to compare effectiveness of Lr-genes at the seedling and adult plant
stages in Kazakhstan and Russian Southern Ural.

Materials and methods. The study of resistance to leaf rust carried out in laboratory conditions at
the seedling stage and in the field at the adult plant stage. Russian material included 61 advanced spring
bread wheat lines, developed with the participation of donors carrying genetic material from Aegilops
speltoides, Ae. tauschii, Agropyron elongatum, Ag. intermedium, and Secale cereale. This material
developed in Chelyabinsk Research Institute of Agriculture (CARI). In addition, 40 isogenic wheat lines
with Lr genes were included in field trials. All wheat tested in the field in 2019 in CARI under natural
disease infection. The study of field resistance of 50 Kazakhstani wheat advanced spring wheat lines,
developed in Scientific-Production Center of Grain Farming named after Barayev carried out during the
2018-2019 cropping seasons at the experimental station in v. Almalybak, Almaty region. Field leaf rust
resistance of entries evaluated using the modified Cobb scale [19].

To assess the seedling resistance of the studied material in Kazakhstan the method of detached leaf
segments preserved in water — benzimidazole solution was used (40 mg/L); virulence studies was
performed using detached leaf method [20]. For inoculation, the combined Almaty and Kostanai
populations P. triticina collected in 2019 were used. Before use, these populations were characterized by
virulence. In Russia 10-days-old seedling were used for inoculation by urediniospores of each isolate
P. triticina. To study leaf rust resistance, four test clones marked with virulence for the Lr9, Lri9, and
Lr26 genes, and the combined Chelyabinsk and Krasnodar populations were used. The virulence profile of
this infectious material presented in table 1. Seedlings for their infection types to leaf rust according to
Mains & Jackson (1926) were assessed [21].

Tablel — Characterization of the virulence of Russian clones and populations of Puccinia triticina

Populations and o Virulence Avirulence
. Origin - -
isolates to Thatcher lines with Lr genes
Chelyabinsk reg., 1, 2a, 2b, 2c, 3a, 3bg, 3ka, 9, 10, 11, 14a, 14b, 15,
Test-clon 1 (K9) 2017 16, 17, 18, 20, 30 19, 23, 24, 26, 28, 29, 44
Test-clon 2 Tambov ree.. 2016 1, 2a, 2b, 2¢, 3a, 3bg, 3ka,10, 14a, 14b, 15, 17, 18, 9,11, 16, 23, 24, 26, 28,
(K19) & 19, 20, 30, 44 29
Test-clon 3 1, 2a, 2b, 2c, 3a, 3bg, 3ka, 10, 11, 14a, 14b, 15, 17,
(K26) Krasnodar reg., 2017 18, 20, 23, 26, 30, 44 9, 16, 19, 24, 28, 29
1, 2b, 2c, 3a, 3bg, 3ka, 10, 11, 14a, 14b, 16, 17, 18, 9,2a, 15, 19, 20, 24, 28,
P Kr Krasnodar reg., 2018 23,26, 30, 44 29
1, 2a, 2b, 2c¢, 3a, 3bg, 3ka, 9, 10, 11, 14a, 14b, 15,
P_Chel Krasnodar reg., 2018 16, 17, 18, 20, 30 19, 23, 24, 26, 28, 29, 44

In Russia 10-day-old seedling were used for inoculation. Urediniospores of each isolate were
inoculated on a differential host series consisting of 20 wheat single-gene near-isogenic lines known to
possess resistance genes (Lr) 1, 2a, 2c¢, 3, 3bg, 3ka, 9, 10, 11,14a,14b, 15, 16, 17, 18, 19, 20, 24, 26, 28,
29, and 30 in a Thatcher genetic background. Additionally, lines with the Lr28, Lr29, Lr44, and TcLr47
genes were included in the virulence analysis. To characterize the virulence of Kazakhstan populations,
32 Thatcher isogenic lines with the L» genes were used.

DNA was extracted according to Dorokhov and Kloke (1997) [22]. The presence of molecular
markers to resistance genes Lr/ (WRO003), Lr3 (Xmwg798), Lr9 (SCSS), Lri0 (Fi.2245/Lr10-6/r2),
Lr19/5r25 (SCS265), Lr20/Sr15 (STS638), Lr21 (Lr21F/R), Lr24/Sr24 (Sr24#12), Lr26/Sr31/Yr9/Pmé8
(SCM9), Lr28(SCS421570), Lr29(Lr29F24), Lr34/Sr57/Yr18 (csLV34), Lr37/Sr38/Yri17 (Ventriup/LN2),
Lr41(GDM35), Lr47(PS10), Lr66(LrSp) (S13), Lr28 (Wmc 313), Lr68 (csGS), Lri9/Sr25 (PSY-El),
Lr35/8r39 (Sr39#50), Lr37/Yr17/5r38 (Ventriup/LN), Lr39 (Xgwm 210) was determined. The
amplification products were separated on 2%-agarose gels. Gels were visualized on Gel Documentation
System (Gel Doc XR+, BIO-RAD, Hercules, USA) for documentation of allele types in cultivars.




Bulletin the National academy of sciences of the Republic of Kazakhstan

Table 2 — Phytopathological evaluation and molecular screening

of advanced lines of wheat to leaf rust in Kazakhstan

Name Field evaluation Lr28 Lr68 Lrl9/ Lr35/ Lr37/Yrl7/ Lr39

of to leaf rust 320 385 Sr25 Sr39 Sr38 182

genotype b.p. b.p. 191b.p. 250 b.p. 262 b.p. b.p.

I-record | 2-record 3-record

304/14 0 0 0 + - — + _ _
351/12 0 0 0 - - + - + _
39/14 0 0 0 - - + - _ _
64/15 0 0 0 + + + — _ _
297/13 10MS 10MS 30MS - — — — — _
385/12 0 0 0 + - - + + +
29/13 0 10MR 20MS - — - _ _ _
125/14 0 0 10MS + - - + — _
319/14 0 0 SMR + - - + + _
189/14 0 0 10MS + - - — _ _
206/14 20MS 20MS 40MS - - - _ _ _
89/14 0 0 10MS - - - + + _
129/12 0 0 0 - — — + + +
348/13 10MS 20MS 20S - - - _ _ _
42/14 0 10MS 30MS - - - _ _ _
386/13 0 0 10MS - — - + + _
398/13 0 0 10MS - - - + + _
3/14 0 0 0 - + - — + n
182/14 0 0 10MS - - - - _ +
362/13 0 0 10MR - - - + — +
221/14 0 0 0 + — — _ . +
221/14 0 0 0 + - _ - - n
162/14 0 0 0 - — + _ _ _
56/14 20MS 20MS 40MS - — — — — _
268/13 0 0 308 - - - — _ _
320/12 0 0 20MS - — - _ _ _
89/13 20MS 30MS 50MS - - - _ _ _
339/13 0 0 0 — + - — _ T
186/14 5SMR 10MS 20MS - — — — — _
25/13 0 0 0 - + + - — +
100-11-17 0 0 SMR - - - _ _ +
94-11-19 0 0 0 - — — _ _
365-12-1 0 0 SMR - — - — _ _
399-12-3 0 0 0 - - - + _ _
399-12-7 0 0 0 - - - _ _ _
116-10-4 0 0 0 - - - + _ +
211-10-10 0 0 0 - — - + — +
211-10-12 0 0 0 - B , n = —
239-10-15 0 0 0 - — - _ _ _
239-10-17 0 0 0 - — - — + +
239-10-18 0 0 0 - - - — _ +
66-10-6 0 0 10MR - — - _ _ _
66-10-12 0 0 0 _ _ _ _ _
56-10-13 0 0 SMR - - - — + +
56-10-15 0 0 0 - — — — _ _
366—13-5 0 0 0 - - — + n +
151-13-6 0 0 10MR - — - _ _ _
149-12-15 0 0 0 — — — — _ _
353-12-22 0 0 10MR - - - — _ _
206-11-3 0 0 0 - — - _ _ _

— 62 ——
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Results. As a result of the field evaluation of leaf rust resistance in 50 Kazakhstani spring wheat
advanced lines the group of immune samples included 27 wheat lines in which no symptoms of P. triticina
disease were detected (table 2). A moderately resistant reaction (MR) was observed in 8 wheat lines
(319/14, 362/13, 100-11-17, 365-12-1, 66-10-6, 56-10-13, 151-13-6 and 353-12-22).

Molecular identification of carriers of Lr genes in wheat advanced lines was carried out. It was found
that 29 wheat lines contain Lr genes (table 2). Twelve lines had 2 Lr genes. The lines 304/14 and 125/14
contains Lr28 and Lr35/5r39 genes; the line 351/12 — Lr19 and Lr37/Yr17/Sr38 genes; the lines 89/14 and
386/13 — Lr35/5r39, Lr37/Yri7/Sr38 genes; the lines 362/13, 116-10—4 and 211-10-10 — Lr35/5r39 and
Lr39 genes; line 221/14 — Lr28 and Lr39 genes; the line 339/13 — Lr68 and Lr39 genes; the lines 239—10-
17 and 56-10-13 — Lr37/Yri7/Sr38 and Lr39 genes. In 7 wheat lines, 3 Lr genes were detected: the line
64/15 contains Lr28, Lr68, and Lri9/Sr25 genes; the line 319/14 — Lr28, Lr35/Sr39 and Lr37/Yri7/5r38
genes; the line 129/12 — Lr35/5r39, Lr37/Yr17/Sr38 and Lr39 genes; the line 3/14 — Lr68, Lr37/Yri7/Sr3
and Lr39 genes; line 221/14 — Lr28, Lr37/Yr17/5r38, Lr39 genes; the line 25/13 — Lr68, Lri9/Sr25 and
Lr39 genes; the line 366—13-5 — Lr35/5r39, Lr37/Yri7/5r38 and Lr39 genes. Wheat line 385/12
characterized by the presence of 4 Lr genes (Lr28, Lr35/5r39, Lr37/Yr17/5r38 and Lr39). As a result of
phytopathological and molecular screening of Kazakhstani advanced lines, carriers of 2, 3, and 4 Lr genes
of leaf rust resistance were selected.

In the field of the Chelyabinsk region, almost all the studied material was characterized by high level of
resistance to rust leaf. Disease severity for other Thatcher isogenic lines varied from 10% to 70% (table 3).

Table 3 — Diseases severity and reaction type to leaf rust
of isogenic Thatcher (Tc) lines with Lr genes on the Russian Southern Ural in 2019

Tc—line with Disease severity (%) Tc—line with Disease severity (%) Tc—line with Disease severity (%)
gene Lr and reaction type gene Lr and reaction type gene Lr and reaction type

1 308 15 158 32 58

2a 58 16 208 33 308

2b 108 17 1S 34 58

2c 308 18 208 37 30S

3a 60 S 19 70 S 38 20 S

3ka 508 20 80 S 45 0

3bg 508 21 208 47 0
9 308 22a IS 48 58

10 58S 23 1S 49 0

11 70 S 24 0 51 0

12 108 25 0 53 0

13 10S 28 0 57 0

14a 40 S 29 1S 64 1 MR

14b 58

A resistant type of reaction to leaf rust was observed in 92 % of advanced lines. The lines Lut. 26720,
Lut. 26721 and Eritr. 26759 lines were susceptible to all clones and populations of P. triticina. The line
Lut. 26534 showed a MR reaction when inoculated with a clone virulent to L»/9 and S reaction to all other
clones and populations of P. triticina. The line of Eritr. 26775 was susceptible to a clone virulent to Lr26
and to the pathogen population from Chelyabinsk. The line Ferr. 26635 was struck by all clones and
populations avirulent to Lr9 and had a S reaction when infected with a virulent clone (K9) and the
Chelyabinsk population, also virulent to Lr9, which suggests that it has this gene. All of the above lines
have the adult plant resistance genes, or genes that have lost effectiveness, which individually are not
effective, but with certain combinations can provide expression of resistance in the field.

Alien translocation from Ag. elongatum with highly effective seedling resistance genes to leaf (Lr24)
and stem (Sr24) rust was detected in 7 breeding lines/ The genes Lr19 and Sr25 in the line Lut. 26706
were found. Translocation from Ae. speltoides (LrSp) was highly efficient for leaf and moderately
effective for stem rust in 23 lines. Translocation from Ae. umbellulata (Lr9) was detected in 9 wheat lines.
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Translocation from S. sereale (Lr26, Sr31) was identified in 6 lines. Translocation from Ae. tauschii with
the APR genes Lr21 and Lr34 was identified in 10 lines. The LrSp gene is highly effective against leaf rust
in the South Urals, although the Lr9 and Lr26 genes have lost their effectiveness. We have shown for the
first time that in order to extend the useful life of these genes, their effective combination is of great
importance. This is due to the fact that there are no isolates in the pathogen population that are
simultaneously virulent to these two foreign genes [23]. Confirmation of this is a high level of field
resistance of all lines with the Lr26 + Lr9 genes and the susceptibility of the line Ferr. 26635 and also the
isogenic TcLr9 line. Cultivars with the Lr26 gene susceptible in the Southern Urals, but the line Erit.
26762 with Lr26, had a high level of resistance in the field and laboratory conditions. The Lr26 gene
cannot ensure its resistance to leaf rust. This fact suggests the presence of additional gene (s) in this wheat
line. At the lines Lut. 26729 and Lut. 26721 identified ineffective Lr3 gene. At the line Eritr. 26759 — Lr1
and Lri0; at the lines Eritr. 26760, Eritr. 26775 — Lr10; at the line Lut. 26765 — Lr3 and Lr26 genes
identified. The study the virulence of the South Ural P. triticina population showed that all isolates studied
were avirulent to Tc—lines with gene Lri6, Lrl19, Lr24, Lr28 and Lr29 and virulent to Lri, Lr3a, Lr3bg,
Lr3ka, Lri4a, Lri4b, Lri7 and Lri8. Virulence frequencies to other TcLr—line varied 10 to 30%.

In Kazakhstan virulence of P. triticina population collected in Almaty (South—East) and North—
Kazakh (North) region of Kazakhstan was studied. Against the Almaty population genes Lr9, Lr19, Lr24,
Lr25 and Lr28 with high efficacy (reaction type 0, 1 and ;), and gene Lr45 with moderate efficacy were
identified. Tc—lines with genes Lr/7 and Lr18 had a moderate susceptible type reaction X, and all the rest
of the lines were susceptible to the pathogen. The Kostanai population differed in virulence from the
Almaty population. The lines with genes Lr19, Lr24, Lr25, Lr28, Lr36 and Lr45 were characterized by
high efficacy in relation to the Kostanai population. Tc—lines with Lr23, Lr29 and Lr32 genes had a
moderate susceptible type reaction X, and all other lines were highly susceptible to P. triticina (type 3—4).

Thus, different efficacy of the L9 and Lr36 genes with respect to the south and north Kazakhstan
populations of P. triticina were revealed. Russian populations from Chelyabinsk were close in virulence to
North Kazakhstan P. triticina populations.

Discussion. As a result of the studies, seedling and adult plant resistance to leaf rust in advanced
spring bread wheat lines and their diversity in Lr genes were characterized. A study of the diversity of
Russian lines revealed effective Lr genes (Lr24, LrSp) individually and in combination with ineffective Lr
genes; an effective combination of the Lr9 + Lr26 genes has been revealed. The Lr9 and Lr26 genes
separately in the South Urals lost their effectiveness.

Identified earlier in the Chelyabinsk advanced lines with L»24 and Lr2] genes were not found in
commercial wheat cultivars. In Russia cultivars French (Kanyuk) and German (KVS Akvilon) cultivars
with Lr24 and Lr2] genes and in Kazakhstan Aina cultivar with the Lr24 gene are recommended for
industrial cultivation [24]. The cultivation of varieties with the Lr24 gene shows different duration of its
resistance: from 5 years to 20 years [25]. The Lr9 and Lr19 genes identified in the lines from Chelyabinsk
belong to the group widely distributed in Russian cultivars [24, 26]. A positive example is the combination
of the Lr19 (or Lr9) genes with the ineffective Lr26 gene or with Lr37 APR gene [26, 15]. Most Russian
and Kazakhstani isolates of P. triticina, are virulent to Tc—lines with the Lr9 or Lr19, Lrl, Lr3, and Lri0
genes [15, 24]. The Lr21 gene detected in a number of lines is new for Russian and Kazakhstan wheat
cultivars and belongs to the partially effective group.

It was found that 29 Kazakh wheat lines contain Lr genes for leaf rust resistance. As a result of
phytopathological evaluation and molecular screening of Kazakhstani advanced breeding material, carriers
of 2, 3, and 4 Lr genes of leaf rust resistance were selected. An earlier study leaf rust resistance in
Kazakhstan, allowed to rank the spring wheat cultivars by level of seedling resistance. It was shown that
the North Kazakhstan population of P. friticina was characterized by high virulence: 97 % were
susceptible and only 4 % were resistant to the pathogen. The latter include cultivars Aktobe 39, Astana
and Albidum 31 [27]. Among the 30 wheat entries, the genes Lr/0 and Lr37 in three (L-1090,
Krasnovodapadskaya 210 and Madsen) and L7/9 and Lr68 in cultivars (Pallada and Yegemen) were found
[5]. The most valuable donor of leaf rust resistance was the line Almaly/Obriy with three identified Lr
genes (Lr34/Yrl8, Lr37/Sr38/Yr17 and Lr68) [28].

A population analysis of the virulence of leaf rust P. triticina of wheat indicated a similarity of their
structure in the Southern Urals of Russia and Northern Kazakhstan. The information obtained should be
taken into account when locating genetically protected cultivars in these regions. The study and
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development of new cultivars should be carried out taking into account their resistance not only to local
pathogen populations prevailing in a particular region, but also to those races that may appear in the
population due to possible airborne drift from neighboring regions.

Conclusion. For successful control of leaf rust in a single epidemiological zone (Urals and Western
Siberia of Russia, Kazakhstan), the genetic diversity of promising new breeding wheat material and
monitoring of the virulence of pathogen populations in these areas was carried out. As a result of this
study the genetic diversity of leaf rust resistance sources in advanced spring bread wheat lines developed
in Russia and Kazakhstan was revealed. A population analysis of the virulence of leaf rust P. triticina of
wheat indicated a similarity of their structure in the Southern Urals of Russia and Northern Kazakhstan.
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PECEI MEH KASAKCTAH/IA KOHBIP TATKA TO3IMAITT BOMBIHLIA
YKA3JIBIK 5)KYMCAK BUJIANIBIH HIEPCHEKTUBTI CEJTEKLIUSIIBIK
MATEPHAJIJIAPBIHBIH TEHETUKAJIBIK AJTYAH TYPJILTITT

Annoranusi. KoHplp Tat Ko3ueipyuisickl Puccinia triticina Erikss — Ka3zakcran men Peceiineri Oumaiabia
Heri3ri aypyJsapbiHbiH Oipi. OHBIH 3USHABUIBIFBI KbUT MEH OUail ecipiyierin aitmMakka OainaHbIcThl ©3repeni. Opra
MeH HMH(EKIUSIHBIH TapalyblHa OaiIaHBICTBl TEHOTUNTEPAIH OHIMAUIITiIHIH WHFEHE 30-60 %-Fa >xeTyl MyMKiH.
I'eHeTHKaNBIK TO3IMAI COPTTapAbl KOJIAaHY — aypyMeH KypecimiH eH 3(QeKTHBTi, YHEMIl >XOHE SKOJIOTHSIIBIK
JKaFbIHAaH Kayinci3 tociai. KoHbIp TaTreH HoTHkeNl Kypecy yiuiH YelasOMHCK aybuIlIapyallbulblK FRUIBIMU-3EPTTEY
WHCTUTYTHIHBIH 61 >ka3mblk Oupjail reHoTunTepi MeH bapaeB aThlHAarbl aybUINIAPYalIbUIBIK FHUIBIMH-OHAIPICTIK
OpTANBIFBIHBIH 50 TeHOTHITIHIH TCHETUKAIBIK allyaH TYPJIUIri MEH Te3IMILIITI eki enje ae 3eprrenni. Kasakcranga
(hUTONIATONOTHSIIBIK CKPUHUHT HETi3iHIEe Hana XaraalblHAa Oumail MEepCIEeKTHBTI JIMHUSUIAPBIHAH KOHBIP TaTKa
27 Te3iMAl MWHWSA MEH 8 opTamia Te3iMJi JIMHUS ipIKTeNin ajablHabl. Ka3akcTaHIBIK MEepCIeKTUBTI JTMHHSIAPIBIH
MOJIEKYJTAJIBIK CKPUHIHT1 KOHBIP TaTKa Te3IMALTIK Lr renaepi 6ap 29 Ounait THHUACHH aHBIKTayFa MYMKIHIIK Oepi.
Exi TesiMuinik Lr rernepi O6ap 12 muaus ansikraneiHasl: 304/14 xone 125/14 munwsnapeiaga Lr28 6en Lr35/Sr39
reraepi; 351/12 nuuusicerana — Lrl19 sxone Lr37/Yr17/Sr38; 89/14 xone 386/13 nunusnapeiaga — Lr35/Sr39,
Lr37/Yr17/8r38; 362/13, 116-10—4 sxone 211-10—10 muausapeiaga — Lr35/Sr39 6en Lr39; 221/14 nuausceiHIa —
Lr28, Lr39; 339/13 nunusceiuga — Lr68, Lr39; 239—10-17 men 56—10-13 nunusutapeina — Lr37/Yrl7/Sr38, Lr39
reHepi uacHTUGUKAIMIaHIbl. Y1 Ly reHaepi 0ap OumaiabiH 7 THHUSACHI aHBIKTAIABL: 64/15 nuuusceinna — Lr28,
Lr68 xone Lr19/Sr25; 319/14 nunusceinga — Lr28, Lr35/5r39, Lr37/Yr17/Sr38; 129/12 nunusaceinga — Lr35/5r39,
Lr37/Yr17/5r38 xone Lr39; 3/14 — Lr68, Lr37/Yr17/Sr3 xoue Lr39; 221/14 nuuusaceinga — Lr28, Lr37/Yr17/5r38,
Lr39; 25/13 nusausceiana — Lr68, Lr19/Sr25 wone Lr39; 366—13—5 munusiceiana —Lr35/8r39, Lr37/Yr17/Sr38 xoHe
Lr39 renpepi naentndukanusuiangsl. 4 Lr reaepi Oap Ooupaiasie 385/12 nunusicel naeHTHOUKanusuianasl: Lr28,
Lr35/5r39, Lr37/Yrl7/Sr38 xone Lr39. BunmaiijplH Ka3akCTaHIBIK IEPCHEKTHUBTI CEJEKIUS MaTepHalIIapbIHBIH
MOJIEKYJIAJIBIK CKPUHHUHTI MEH (DHUTOMATONOTHSIIBIK Oaraliaybl HOTIDKECIHAE KOHBIp TaTka 2, 3, 4 Te3iMaimik
Lr renpepi Oap TachIMangaymbuiap TaHIANBI albHABL. 3epTTenreH UenaOHCKIHIH CeTeKIISUTBIK MaTepUaIJapbIHBIH
92 % nuHUIApB 6CIMIIKTIH OCKIH XKOHE epeceK CATBHICHIHAA Ja KOHBIP TaTKa >KOFaphl TOIIMAUIITIMEH epeKIIeIIeH]II.
Momnexymnanslk MapKepiaepai KOJAaHbII, ONIaiiibIH peceinik muHusmapsiHad Lr24, Lr9, Lrl9, LrSp, Lri, Lr3, Lri0,
Lr26, Lr21 xone Lr34 TeHnepi )xeke Hemece opTypii KoMOWHAIUsUTapAa aHbIKTATBIH/IbL.

OnTtycTik OpanaslH Jananblk Karganeiaa Lr24, Lr25, Lr26, Lr28, Lr45, Lr47, Lr49, Lr51, Lr57 (3aKpIMAaTy
nenreiii 0) renzepi 0ap M30TeH/l JIMHUSIIADP KOFapbl TO3IMILTIK TaHBITTHL, an Lrl7, Lr23, Lr29 xoune Lr64 rennepi
Oap JuHEsUIApJAa OpTalla Te3IMAUIIK Oadkanmel (3aKpIMOany AeHreui 5 %-ra kem). OCKIH CaTBICHIHAA OapiibIK
MOHOMYCTYNANBIK u3ossitrap Lri6, Lri9, Lr24, Lr28 xoune Lr29 reunepi 6ap Tc nuHUsIIapra aBUPYJIETTI OOJIBL
Kazakcranueiy Anmatel (OHTycTik-1IbFbic) xoHe ConrycTik KazakcTan (CONTYCTIK) OOJBICTapbIHAH JXHHAIFAH
P. triticina MONyJSIIUACHIHBIH BHPYJICHTTUIN 3€pTTENi. AJMATBUIBIK MOITYISAIUS KO3IBIPYIIBICEIHA JKOFaphI
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spdextuBTi (peakumss tumi 0, 1 xome;) Lr9, Lrl9, Lr24, Lr25 wxone Lr28 tenaepi meH opTtama 3(p¢GeKTHUBTI
Lr45 tenpepi naeHTuduKamysmannel. Kamran Lr reHaepi O0ap OapiblK JIWHUSIIAP MATOTEHTE TO3IMCI3 OOJIBI.
Lri9, Lr24, Lr25, Lr28, Lr36 xone Lr45 rennepi Oap W30TeHAl TMHASIIAP KOCTAHAMIBIK P. friticina MOMyISIAsICEIHA
KOFapbl A(QQEKTUBTUIIrIMEH epekiueneHal. bupaiabiH P. triticina KOHBIP TAThIHBIH BHPYJICHTTUIITHIH
nonyJsiuusuiblk aHanu3l Peceitnig Onryctik Opan men KasakcranubiH ConrtycTiriHzeri olapiblH KYpJbIMBIHBIH
YKCACTBIFbIH KOPCETTi. AJIBIHFaH MOJIMETTEp OChl aiiMaKkTa TeHETHKAaJbIK KOPFaJFaH COPTTap/bl OpPHAIACTHIPYAA
eckepinyi Kaxet. JKaHa copTrap/sl HIBIFAPY MEH 3epTTey KesiHae Oenriii Oip afiMakTa TeK JKEpriTiKTI MaTOreHHIH
MOMYJIAIUSCHIHA TOIIMLIITIH €CENKe aTyMECH FaHa )KYPri3ijiMeyi KepeK, COHBIMEH KaTap KepIiijiec ailMakTapiaH aya
apKbUIBI TApaTybl MyMKIH TONYJISIUSIapFa TO3IMIUIITIH JIe eCKepy KaxeT.
Tyiiin ce3nep: Ounaii, KOHBIp TaT, Lr TeHIepi, MOJIEKYJIaJIBIK MapKepJiep, H30JSATTap, BUPYJICHTTUIIK.
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IFEHETUYECKOE PABHOOBPA3HUE NEPCHHEKTUBHOI'O CEJIEKHHOHHOI'O MATEPHAJIA
APOBOU MATI'KOU ITIIEHUILBI ITO YCTOUYNUBOCTH K BYPOU P’)KABUHNHE
B POCCHUHU U KA3ZAXCTAHE

AnHoraunusi. bypas pxaumHa, Bo3Oymutens Puccinia triticina Erikss., sBISeTCS OZHUM W3 OCHOBHBIX
3a0oneBannii mmeHnnbl B Poccnn n Kaszaxcrane. Ero BpegHOCTh BapbupyeT B 3aBUCHMOCTH OT TO/a M PETHOHA
BO3ZENBIBaHUS MIIeHUIEI. [loTeps yposkaliHOCTH T€HOTHUIIOB MOXeT nocTturate 30—60% B 3aBHCHMOCTH OT CpEebl U
TshkecTH uH(pekuun. lcrnonp3oBaHHE T'€HETUYECKH YCTOWYMBBIX COPTOB CuHTaeTcss Hamboisiee 3(h(HEKTUBHBIM,
SKOHOMHYHBIM U DIKOJOTHYCCKH O€30MacHbIM MeTooM OophObl ¢ Oonesnsimu. s ycmenHoit 0opsObl ¢ Oypoit
pKaBUMHOIM B 00enx cTpaHax ObLia M3y4eHa YCTOHYMBOCTh M T'€HETHYECKOe pa3zHooOpasue 61 reHoTura spoBou
nuIeHUIbl YensOMHCKOTO HayYHO-UCCIISI0BATEIbCKOIO HHCTUTYTA CEIbCKOro xo3siictBa U 50 renorunoB HayuHo-
IIPOM3BOJICTBEHHOT'O LIEHTPa 3€pHOBOTO X03s1iicTBa MMeHH bapaeBa. B Kazaxcrane Ha ocHOBe (pUTONATOIOTHIECKOTO
CKPHMHHHIA B TIOJICBBIX YCJIOBHSX IMEPCIEKTUBHBIX JIMHUI CENEKIMU IIIEHUIB 0TOOpaHO 27 YCTOHYMBBIX JIMHUN
MIIEHAIBI U 8 YMEpEeHHO YCTOWYMBBHIX JMHUH K Oypol pikaBunHe. MOJEKYJSIPHBIH CKPHHHUHI Ka3aXCTaHCKHX
MEPCIEKTUBHBIX JIMHAN TO3BOJHMJ BBIABHTH 29 IIMHUHA MIICHUIBI, XapaKTEPU3YIONIUXCS HATU4WeM Lr TEHOB
ycTroitunBocTH K Oypoil prkaBumHe. Y 12 nmHWA BEIBIEHO 1o 2 Ly reHa ycrowuuBocTH: y ymHHA 304/14 u
125/14 npentnduuupoBans! reHsl Lr28 u Lr35/Sr39; y muaunm 351/12 — Lri9 u Lr37/Yr17/Sr38; y nuauit 89/14 n
386/13 — Lr35/5r39, Lr37/Yrl7/S5r38; y nunmii 362/13, 116-10-4 u 211-10-10 — Lr35/5r39 u Lr39; y nunuu
221/14 — Lr28, Lr39; y munuu 339/13 — Lr68, Lr39; y aunnii 239—-10-17 u 56-10-13 — Lr37/Yri7/5r38, Lr39. B
7 MUHUSX TIICHWIBI BBIABICHO 1O 3 Lr rena: y munuu 64/15 — Lr28, Lr68 u Lr19/Sr25; y nuuuu 319/14 — Lr28,
Lr35/8r39, Lr37/Yri7/Sr38; y muauu 129/12 — Lr35/Sr39, Lr37/Yri7/Sr38 w Lr39; y nunum 3/14 — Lr68,
Lr37/Yr17/Sr3 u Lr39; y muauu 221/14 — Lr28, Lr37/Yr17/5v38, Lr39; y nuauu 25/13 — Lr68, Lri19/Sr25 u Lr39);
y muauu 366—-13-5 —Lr35/5r39, Lr37/Yr17/Sr38 u Lr39. UnentudunupoBana nuHus mimeHUnb 385/12 ¢ 4—ms
Lr renamu: Lr28, Lr35/5r39, Lr37/Yr17/Sr38 u Lr39. B pe3ynbrare GUTONATOJIOTHYECKOH OLIEHKH U MOJIEKYJISIPHOTO
CKPHHHHTA [IEPCIIEKTUBHOTO Ka3aXCTAaHCKOTO CEJNEKIMOHHOTO MaTepHaa MIISHNIb! ObUTH OTOOpaHbl HOCUTENHN 2—X,
3—Xx u 4-x Lr TeHOB yCTOWYHBOCTH K Oypoil p>kaBumHe. V3 M3y4eHHOTO YeTMIOWHCKOTO CENIEKIIMOHHOTO MaTepuaia
92% nuHUH XapaKTepH30BaINCh BEICOKUM YPOBHEM YCTOWYMBOCTH K JINCTOBOM pyKaBUMHE KaK HA CTaJUU B3POCIOTO
pacTeHus, TaKk ¥ Ha CTaJUH TPOPOCTKOB. B POCCHICKHMX JNHWHUSAX IIICHUIBI C HCIOIB30BAHHEM MOJEKYIISPHBIX
MapKepoB ObUIH BBISBIICHBI Te€Hbl Lr24, Lr9, Lrl9, LrSp, Lrl, Lr3, Lri0, Lr26, Lr21 u Lr34 no OTAeIbHOCTH WA B
pa3nuyHbIX KOMOMHanusaX. B monesbix ycmoBusx FOkHOro Ypana BBICOKYIO YCTOWYMBOCTH MPOSIBIIIM W30TCHHBIE
TUHUM ¢ TeHamul Lr24, Lr25, Lr26, Lr28, Lrd45, Lr47, Lr49, Lr51, Lr57 (crenenp mopaxenus 0), a B JIMHUAX C
renamu Lrl7, Lr23, Lr29 u Lr64 Habmopanu yMEpeHHYIO yCTOWYMBOCTb (CTENeHb nopaxeHus MmeHee 5%). Ha
CTaJIuU MPOPOCTKOB BCE MOHOIYCTYJIbHBIC M30JISTHI ObUTH aBUPYJICHTHBI K Tc—muHusM ¢ reHamu Lrl6, Lrl9, Lr24,
Lr28 u Lr29. B KazaxcraHe n3yueHa BUPYJIEHTHOCTb MONyJsiuuu P. triticina, coopanHod B Anmarunckoit (FOro-
Bocrok) n CeBepo-kazaxcranckoii (Cesep) obnactsix Kazaxcrana. MnentuduipoBans! BeicokodddexTrBHbIE (THIT
peakimu 0, 1 ¥;) IPOTHB aIIMAaTHHCKOM MOITYJISUH BO30yaAuTeNs TeHsl Lr9, Lrl9, Lr24, Lr25 u Lr28, a Takke TeH
Lr45, xapakrepu3oBaBIUMiics yMepeHHOW »3¢QeKTuBHOCTBIO. Bce nmHMM ¢ ocTambHBIMH Lr reHamu Obuim
BOCTIDHIIMYHBHI K TaToreHy. V3oreHHsle muHUM ¢ TeHamu Lrl9, Lr24, Lr25, Lr28, Lr36 n Lr45 xapakTepnu30BalluCch
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BBICOKOW A((EKTHBHOCTHIO TI0 OTHOMICHHIO K KOCTaHAWCKOW momyisiuuu P. triticina. TlomynsimuOHHBIA aHAaIH3
BUPYJICHTHOCTH Oypoil pXKaBUMHBI NMIIEHUNBI P. triticina TOKa3al CXOACTBO WX CTPYKTypbl Ha FOxHoM VYpane
Poccun u B CeBepHomM Kazaxcrane. [lomyuennas nHbOpMaIs JOIDKHA YIUTBHIBATHCS IPH PA3MEIICHUHN T€HETHIECKU
3alMIIEHHBIX COPTOB B 3TUX pernoHax. M3ydeHue u pa3paboTKa HOBBIX COPTOB JOJKHBI IPOBOAUTHCS C YIETOM HX
YCTOWYHMBOCTH HE TOJIBKO K MECTHBIM IOIMYJIALMAM ITaTOr€HOB, IPE00IaAal0INM B KOHKPETHOM PETHOHE, HO U K TEM
pacam, KOTOPBIE MOTYT ITOSIBUTBCS B MOMYJISIIMHI M3—3a BO3MOXKHOTO TIEPEHOCA MO BO3AYXY U3 COCETHUX PETHOHOB.
KioueBsbie ciioBa: nuiennna, Oypas p)kaBurHa, Lr TeHbl, MOJIEKYJSIPHBIE MapKepbl, H30JIThI, BUPYJIEHTHOCTh

Information about authors:

Gultyaeva Elena, Doctor of Biological Sciences, All-Russian Research Institute of Plant Protection,
St. Petersburg, Russia; eigultyaeva@gmail.com; https://orcid.org/0000-0001-7948-0307

Kokhmetova Alma, Doctor of Biological Sciences, Professor, Corresponding member of NAS RK, Institute of
Plant Biology and Biotechnology, Kazakh National Agrarian University, Kazakhstan; gen kalma@mail.ru;
https://orcid.org/0000-0002—-0186—7832

Shaydayuk Ekaterina, Leading Agronomist, All-Russian Research Institute of Plant Protection, St. Petersburg,
Russia; eshaydayuk@bk.ru ; https://orcid.org/0000-0003-3266—6272

Shreyder E.R., candidate of agricultural sciences, Chelyabinsk Research Institute of Agriculture,
v. Timiryazevsky, Russia; shreyderl 1 @mail.ru; https://orcid.org/0000—0001-6094-962x

Atishova Makpal, master of pedagogical sciences, Institute of Plant Biology and Biotechnology, Almaty,
Kazakhstan; maki 87@mail.ru, https://orcid.org/0000-0002-2270-571X

Madenova Aigul, PhD, Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan;
madenova.a@mail.ru; https://orcid.org/0000-0003—-0349—749X

Kanat Galymbek, PhD, Institute of Plant Biology and Biotechnology, Almaty, Kazakhstan; galymbek@mail.ru;
https://orcid.org/0000-0001-7260-3669

Malysheva Angelina, student, Al-Farabi Kazakh National University, Almaty, Kazakhstan;
malysheva_angelina@list.ru; https://orcid.org/0000-0002—9840-9570

REFERENCES

[1] Morgounov A., Akin B., Demir L., Keser M., Kokhmetova A., Martynov S., Orhan S., Ozdemir F., Ozseven 1.,
Sapakhova Z., Yessimbekova M. (2015) Yield gain due to fungicide application in varieties of winter wheat (Triticum aestivum)
resistant and susceptible to leaf rust, Crop and Pasture Science, 66 (7): 649-659. DOI: 10.1071/CP14158.

[2] Kokhmetova A. M., Atishova M. N., Galymbek K. (2020) Identification of wheat germplasm resistant to leaf, stripe and
stem rust using molecular markers, Bulletin of NAS RK. 2020. N 2. P. 45-52.

[3] Kokhmetova A., Atishova M. (2020) Identification wheat genotypes resistant to tan spot Pyrenophora tritici—repentis,
Bulletin of NAS RK. 2020. N 2. P. 29-35.

[4] Rsaliyev A.S., Rsaliyev Sh.S. (2018) Principal approaches and achievements in studying race composition of wheat
stem rust, vavilov journal of genetics and breedin,22 (8): 967-977. DOI 10.18699/VJ18.439.

[5] Kokhmetova A., Madenova A., Kampitova G., Urazaliev R., Yessimbekova M., Morgounov, A.,Purnhauser L. (2016)
Identification of leaf rust resistance genes in wheat cultivars produced in Kazakhstan, Cereal Research Communications,
44 (2): 240-250. DOI: 10.1556/0806.43.2015.056.

[6] Sharma R.C., Rajaram S., Alikulov S., Ziyaev Z., Hazratkulova S., Khordarahami M., Nazeri S.M., Belen S,
Khalikulov Z., Mosaad M., Kaya Y., Keser M., Eshonova Z., Kokhmetova A., Ahmedov M.G., Jalal Kamali, M.R., Morgounov
A.L (2013) Improved winter wheat genotypes for Central and West Asia, Euphytica, 190 (1): 19-31. DOI: 10.1007/s10681-012—
0732-y.

[7] Kokhmetova A., Sharma R.C., Rsaliyev S., Galymbek K., Baymagambetova K., Ziyaev Z., Morgounov A. (2018)
Evaluation of Central Asian wheat germplasm for stripe rust resistance, Plant Genetic Resources, 16 (2): 178-184.
doi:10.1017/S1479262117000132.

[8] Kokhmetova A., Morgounov A., Rsaliev S., Yessenbekova G., Typina L. (2011) Wheat germplasm screening for stem
rust resistance using conventional and molecular techniques, Czech Journal of Genetics and Plant Breeding, 47: 146-154.

[9] Kokhmetova A., Kremneva O., Volkova G., Atishova M., Sapakhova Z. (2017) Evaluation of wheat cultivars growing
in Kazakhstan and Russia for resistance to tan spot, Journal of Plant Pathology, 99 (1): 161-167. DOI:10.4454/jpp.v99i1.3812.

[10] Kokhmetova A.M., Ali Sh., Sapakhova Z., Atishova M.N. (2018) Identification of genotypes—carriers of resistance to
tan spot Ptr ToxA and Ptr ToxB of Pyrenophora tritici—repentis in common wheat collection [Identifikacija genotipov—nositelej
ustojchivosti k toksinam pirenoforoza Ptr ToxA i Ptr ToxB Pyrenophora tritici-repentis v kollekcii mjagkoj pshenicy],
Vavilovskii zhurnal genetiki i selektsii, 22 (8): 978-986. DOI 10.18699/VJ18.440 (in Russ.).




Bulletin the National academy of sciences of the Republic of Kazakhstan

[11] Kokhmetova A.M., Atishova M.N, Kumarbayeva M.T., Leonova, I.N. (2019a) Phytopathological screening and
molecular marker analysis of wheat germplasm from Kazakhstan and CIMMYT for resistance to tan spot, Vavilovskii zhurnal
genetiki i selektsii, 23 (7): 879-886. DOI 10.18699/VJ19.562.

[12] Kokhmetova A., Atishova M., Madenova A., Kumarbayeva M. (2019b) Genotyping of wheat germplasm for
resistance to toxins of tan spot Pyrenophora tritici-repentis, Journal of Biotechnology, 305: 53-53.
DOI: 10.1016/j.jbiotec.2019.05.188.

[13] Gultyaeva E., Yusov V., Rosova M., Mal’chikov P., Shaydayuk E., Kovalenko N.M., Wanyera R., Morgounov A.,
Yskakova G., Rsaliyev A. (2020) Evaluation of resistance of spring durum wheat germplasm from Russia and Kazakhstan to
fungal foliar pathogens, Cereal Research Communications. DOI: 10.1007/s42976—019—-00009-9.

[14] Madenova A K., Atishova M.N., Kokhmetova A.M., Galymbek K., Yernazarova G.I. (2019) Identification of carriers
of resistance to common bunt (7illetia caries) of winter wheat, Research on Crops, 20 (4): 782-790. DOI: 10.31830/2348—
7542.2019.115.

[15] Tyunin V.A., Shreider E.R., Gultyaeva E.I., Shaydayuk E.L. (2017) Characteristics of virulence of Puccinia triticina
populations and the potential of the Lr24, Lr25, LrSp genes for spring common wheat breeding in the Southern Ural, Vavilovskiy
zhurnal genetiki i selektsii, 21 (5): 523-529. http: www.doi.org/10.18699/VJ17.269 (in Russ.).

[16] Gultyaeva E.I., Aristova M.K., Shaidayuk E.L., Mironenko N.V., Kazartsev [.A., Akhmetova A., Kosman E. (2017)
Genetic differentiation of Puccinia triticina Erikss. in Russia Russian Journal of Genetics. 53 (9): 998-1005. doi:
10.7868/S0016675817070037.

[17] Gultyaeva E.I., Shaydayuk E.L., Shamanin V.P., Akhmetova A.K., Tyunin V.A., Shreyder E.R., Kashina 1.V,
Eroshenko L.A., Sereda G.A., Morgunov A.l. (2018) Genetic structure of Russian and Kazakhstan leaf rust causative agent
Puccinia triticina Erikss. populations as assessed by virulence profiles and SSR— markers, Agricultural biology, 53 (1): 85-95.
doi:10.15389/agrobiology.2018.1.85rus.

[18] Kolmer J.A., Kabdulova M.G., Mustafina M.A., Zhemchuzhina N.S., Dubovoy V. (2015) Russian populations of
Puccinia triticina in distant regions are not differentiated for virulence and molecular genotype, Plant Pathol, 64: 328-336. Doi:
10.1111/ppa.12248.

[19] McIntosh R.A., Wellings C.R., Park R.F. (1995) Wheat Rusts: An atlas of Resistance Genes. CSIRO. Australia. 200 p.
ISBN 0 643 05428 6.

[20] Mikhailova L.A., Gultyaeva E.I., Mironenko N.V. (1998) Methods for studying the structure of populations of the
causative agent of brown rust of wheat, Sbornik metodicheskih rekomendacij po zashchite rastenij, Rossijskaya akademiya
sel'skohozyajstvennyh nauk, Vserossijskij nauchno—issledovatel'skij institut zashity rastenij, Sankt—Peterburg. P. 105-126.

[21] Mains E.B., Jackson H.S. (1926) Physiologic specialization in the leaf rust of wheat Puccinia triticina Erikss,
Phytopathol, 16: 89-120.

[22] Dorokhov D.B., Klocke E. (1997) Fast and economic technique RAPD analysis of plant genomes, Genetika,
33: 443-450.

[23] Gultyaeva E.I., Shreyder E.R., Shaydayuk E.L., Bondarenko N.P. (2019) Monitoring of virulence and phenotypes
composition of puccinia triticina population in southern ural in 2018, Plant Protection News, 2 (100): 28-33.
doi.org/10.31993/2308-6459-2019-2(100)-28-33.

[24] Gultyaeva E.I. (2018) Genetic structure of Puccinia triticina populations in Russia and its variability under the
influence of host plant, Avtoref. Dis. dokt. biol. Nauk, Pushkin —St. Petersburg. 42 p. (in Russ.).

[25] Park R.F., Bariana H.S., Wellings C.R., Wallwork H. (2002) Detection and occurrence of a new pathotype of Puccinia
triticina with virulence for Lr24 in Australia, Aust J Agric Res, 53 (9): 1069-1076. doi.org/10.1071/AR02018.

[26] Sibikeev S.N., Krupnov V.A. (2007) Evolution of leaf rust and protection from it in the Volga region, Vestnik
Saratovskogo gosuniversiteta im, Vavilova Special edition. P. 92-94 (in Russ.).

[27] Galymbek K., Kokhmetova A.M. (2017) Evaluation of resistance of cultivars to North—Kazakhstan population of leaf
rust (Puccinia recondita Rob. ex Desm. f.sp. tritici) [Kazakstannyy Soltystik ajmaryndary xoHyr tat (Puccinia recondita Rob. ex
Desm. f.sp. tritici) populjacijasyna sorttardyy tezimdiligin baralau], Izvestija Nacional'noj akademii nauk respubliki kazahstan.
Serija agrarnyh nauk, 4: 51.

[28] Madenova A., Kokhmetova A., Kampitova G., Purnhauser L., Atishova M. (2015) Identification of the carriers of
genes for resistance to wheat leaf rust using molecular markers, Biosciences Biotechnology Research Asia, 12 (2): 1683-1690.
DOI:10.13005/bbra/1831.




Bulletin the National academy of sciences of the Republic of Kazakhstan

Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal—-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication
elsewhere, that its publication is approved by all authors and tacitly or explicitly by the responsible
authorities where the work was carried out, and that, if accepted, it will not be published elsewhere in the
same form, in English or in any other language, including electronically without the written consent of the
copyright-holder. In particular, translations into English of papers already published in another language
are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be
checked by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[IpaBumna opopmiieHHs cTaThU IS My OJIMKALUK B )KypHaJIe CMOTPETh Ha CalTe:

www:nauka—nanrk kz
ISSN 2518-1467 (Online), ISSN 1991-3494 (Print)

http://www.bulletin—science.kz/index.php/en/

Penaxropst M. C. Axmemosa, T. A. Anenoues, /[. C. Anenos
Bepctka Ha kommbiotepe 4. A. A6opaxumosoii

IMoamucano B mewats 12.06.2020.
®opmar 60x881/8. bymara odcernas. [Ieuars — puzorpad.
19,1 n.n. Tupax 500. 3akas 3.

Hayuonanvnas akademus nayx PK
050010, Anmamul, yn. Lllesuenxo, 28, m. 272—13-18, 272—13—-19



