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EVALUATION OF THE WHEAT RECOMBINANT INBRED
LINES FOR RESISTANCE TO LEAF RUST

Abstract. Wheat leaf rust, caused by Puccinia triticina Erikss., is one
of the major diseases in major wheat-growing regions of the world. It is
one of the major diseases of wheat in Kazakhstan. The aim of study was to
phenotype and genotype the Kazakh mapping population of recombinant
inbred wheat lines (RIL) Almaly/Anza for resistance to Puccinia triticina.
The evaluation of the adult plant resistance of the RIL Almaly/Anza
wheat population in the field to P. recondita made it possible to rank the
studied genotypes according to the level of resistance. It was found that
the frequency of occurrence of resistant wheat samples was 50.8%, and
those susceptible to leaf rust —49.2%, i.e., the ratio of the group of disease-
resistant to susceptible genotypes was approximately the same number.
Genotyping the most resistant in the field lines Almaly/Anza with three
Lr genes linked molecula markers showed that the most frequent Lr gene,
identified individually or in combination, was Lrl. The expected marker
fragment associated with Lr1 was found in five of the lines studied. The
marker linked to Lr28 was found in two lines. The marker linked to Lr34
was found four RIL. These identified wheat lines also showed a moderate
and high level of adult plant resistance to leaf rust. This study identified
some wheat genotypes highly resistant to leaf rust that may contribute
to the improvement resistance to the pathogen. Obtained in this research
data of the Kazakh mapping population of RIL Almaly/Anza for resistance
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to leaf rust will become the basis for subsequent genotyping and QTL
mapping of this wheat population.

Key words: wheat, leaf rust, Puccinia triticina, resistance genes,
molecular markers.

A. KoxmetoBa*, A. Maasimena, M. Kymap0aeBa, A. bosiar6exoBa,
A. KoxmetoBa

OcimaikTep OMOIOTUACH KOHE OMOTEXHOJIOTUACH UHCTUTYTHI,
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E-mail: gen_kalma@mail.ru

BUJIAVIBIH PEKOMBUHAHTTHI MHBPUITI
JIMHUSJIAPBIHBIH KOHBIP TATKA TO3IMILIITTH BAFAJIAY

AnHoTaumsi. Puccinia triticina Erikss Ko3mpIipaTeiH Oumail xKanbIparbl
TaThl QJIEMHIH HETI3r1 Oujai ecipeTiH alMaKTapblHJaFbl HETI3r1 aypy-
napabiy Oipi 6osbin Tabbutanel. byn Kazakcrangarsl Heri3ri Oumait aypy-
JMapeIHBIH Oipi. 3epTTeynmiH Makcarbl: Ajmaibl/AH3a PEKOMOMHAHTTHI
nHOpenTik Oupal nuHusnapbiHblH (RIL) KazakcTaHIObIK KapTajlaHFaH
MOMyJISUACHIHBIH P. triticina-ra Te3imMaimirine QeHOTUINTEY >KOHE TeHO-
THNTEY KYpri3zy. Ankantarbl RIL Oumaii momynsmusceiabig P. triticina-ra
TO3IMIUTITIH Oaranay TO3IMIUTK JeHreil OOWBIHIIA 3epTTENETIH TEHO-
TUNITEPAl paHXUpIeyre MYMKIHIIK Oep/i. bumaiinbiy Te3iMIi yaTiiepiHiH
naitna 6oy xuiiri 50,8%, anskaneipak TaTbiHa ce3iMTANAAPHI 49,2 %, IFHH,
aypyra Te3iMJi TeHOTHUNTEpAiH aypyFa Te3iMJi TOOBIHBIH apaKaThIHACHI
mamameH Oipaeit 6onapl. Lr renaepiMen OaiiaHbICKaH YII MOJIEKYJIAbIK
MapKepJepal naiaagana OThIPHII, epicke eH To3imai Almaly/Anza nuHus-
JapblH TEHOTHNTEY >KaJIFbI3 HeMece Oacka TeHIEepPMEH OipiKTipiareH
eH kem TapanraH TeHHiH Lrl ekeHiH aHbIKTangsl. KyTineTiH mapkep
(dparmenti Lrl-meHn accocanussianrad 0ec 3epTTENreH JIMHUSA1a TaObUIIHI.
Lr28-0eH TipkeckeH Mapkep eki JuHHsAa Ta0buabl. Lr34-neH TipkeckeH
mapkep Topt RIL-me Tabwuiael. by Tannmanran Oujald JUHUSIIAPHI J1a
€peCceK OCIMIIKTEP/IH KambIpaK TaTblHA TO3IMAUTITIHIH OpTalia >KoHE
KOFaphl ACHIeHiH KopceTTl. 3epTTey HOTHXKeCiHAe, OMIaiIbIH MaToreHre
TO3IMIUIITIH apTTHIPYFa BIKIAJ €T€ aJIaThIH, JKaIlbIpaK TaTbIHA TO3IMILTIT1
KOFapsl Oujai reHotuntepl aHbIKTanIbl. OChl 3epTTEy/Ie albIHFAH Ka3ak-
cTaHJblK KapTamanatelH RIL Anmansi/AH3a Oumail MmomynsiUsSCHIHBIH
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KOHBIP TaTKa Te31MAuIIriHe (EeHOTHUNTIK JAEPeKTepi, OChl MOMYISIUSIHBIH
KeiiiHri renorunrteyine xone QTL kapranaybiHa Heri3 00Jajbl.

Tyiiin ce31ep: Ounait, KOHbIp TaT, Puccinia triticina, Te3iMILTIK TeHAEP],
MOJICKYJTAJIBIK MapKepIiep.

A. KoxmeroBa*, A. MaasimeBa, M. Kymapo6aeBa, bosiaréexoBa,
A. KoxmetoBa

WNHctutyT 6MON0TMN M OMOTEXHOJIOTUM PACTEHUH,
Anmarsl, Kazaxcran.
E-mail: gen _kalma@mail.ru

OILIEHKA PEKOMBUHAHTHBIX WHBPEIHBIX JINHUI
NIIEHUIBI HA YCTOMYNUBOCTD K BYPOU PXKABUMHE

AHHoTanusi. JlucToBas pxkaBuMHa IUIEHMIBI, BbI3biBaeMas Puccinia
triticina Erikss., sBiasieTcst 0O4HUM U3 OCHOBHBIX 3a00JIEBAHUI B OCHOBHBIX
peruoHax MHpa, BO3JAEJBIBAIOLIMX MIIEHUIY. JTO OJHA HU3 OCHOBHBIX
6onesneit nmenunsl B Kazaxcrane. Llenbio uccienoBanus 0110 GeHOTH-
IIPOBaHUE U F€HOTUIIMPOBAHUE KA3aXCTAHCKON KapTHUPOBAHHOM IOIYJIs-
LUH PEeKOMOMHAHTHBIX UHOpeaHbIX nuHui neHuns! (RIL) Almaly/Anza
Ha yCTOMYMBOCTH K P. triticina. OmeHka yCTOWYMBOCTH MOMYJNIALUN TIIIIE-
Huipl RIL B moneBwix ycnoBusx k P. triticina mo3Bosnia paHKHPOBATh
U3y4aeMble FEHOTHUIIBI 10 YPOBHIO yCTOMYNBOCTH. BBIsBIEHO, 4TO YacToTa
BCTPEUAEMOCTH yCTOMYMBBIX 00pa3loB mmieHUIb coctaBmia 50,8%, a
BOCIIPUUMYUBBIX K Oypoil pxkaBunHe - 49,2%, T.€. COOTHOLIEHUE TPYIIIIbI
YCTOHYMBBIX K BOCIIPUMMYHUBBIM K 00JI€3HSIM T'€HOTUIIOB OBLJIO PUMEPHO
OZIMHAaKoOBO. ['eHoTUNHpOBaHME HauboJee yCTONYMBBIX B MOJEBBIX YCIO-
Busix JuHUM Almaly/Anza ¢ uCHOIB30BaHMEM TpPeX MOJIEKYISIPHBIX
MapKepoB, CLEIUICHHBIX ¢ Lr reHamu, mokasaino, 4To Hambojee 4acTo
BCTPEUAIOLIUMCSI TE€HOM, WIACHTHU()HUIMPOBAHHBIM HHAMBHIYAJIbHO HIN
B KOMOMHAIuu ¢ npyrumu reHamu, Obul Lrl. OskummaeMblii MapKepHBIN
(bparmeHT, accouupoBaHHblii ¢ Lrl, oOHapykeH y MATH UCCIEI0BAHHBIX
nuHuil. Mapkep, cuerieHHsii ¢ Lr28, oOHapyskeH y n1Byx nunuil. Mapkep,
cueruieHHsli ¢ Lr34, BoisiBneH y yetsipex RIL. OTu oToOpanHble TUHUN
MIICHUIBl TAKXKE TMOKAa3aJlu CPEIHUM U BBICOKMM YPOBEHb YCTOMYUBOCTHU
B3pOCJBIX pacTeHHil K Oypoi pkaBumHEe. B pesymbrare ucciaenoBaHUs
UACHTU()HUIIMPOBAHBI TEHOTHITHI MIIEHUIIBI, 00J1a/1a101I1e BEICOKOH YCTOM-
YUBOCTHIO K Oypoil prkaBUMHE, YTO MOXET CIIOCOOCTBOBATh MOBBILICHUIO
YCTOWYMBOCTH HIIEHULBI K AaTOreHy. /laHHble (EeHOTUIMPOBAHUS Ka3ax-
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CTaHCKOH kaptupyromieil momynsuuu mnmeHunsl RIL Almaly/Anza nHa
YCTOWYUBOCTH K Oypo# p>kaBUMHE, MOJYyYSHHBIE B JAHHOM UCCIIEIOBAHUH,
CTaHyT OCHOBOW sl mocienyroniero reHorunupoBanus u QTL-kapTu-
POBaHMS ATON MOMYJISLIHUH.

KuawueBble ciaoBa: miieHuia, Oypas pkaBumHa, Puccinia triticina,
T€Hbl YCTOMUYHUBOCTHU, MOJIEKYIISIPHBIE MapKEPHI.

Introduction. According to FAO experts, the world’s population will
double by 2050. World grain production has been increasing in recent
years, but the loss of wheat in the world from disease is about 10% of
the potential yield (FAOSTAT data, 2016). Wheat leaf rust, caused by
Puccinia triticina Erikss. (Ptr), is one of the major diseases in major wheat-
growing regions of the world. It is one of the major diseases of wheat in
Kazakhstan. Annual losses of yield in Kazakhstan from leaf rust are from
10 to 30%, and in the years of epiphytoties — up to 50%. In the period
from 2001 to 2009, LR epidemics occurred in Northern Kazakhstan five
times (2002, 2003, 2005, 2007 and 2009), and the loss of wheat yield on
susceptible varieties reached 20-30% (Koishibayev, 2018; Morgounov et
all, 2015). Resistance to Ptr helps to reduce production costs and protect
the environment. Production of wheat in Kazakhstan and Russia is being
constrained also by tan spot (Kokhmetova et all, 2018a, 2019a, 2019b,
2020,2021a,2021b; Kremneva et all, 2019, 2021), Septoria (Babkenova et
all, 2020) and common bunt (Madenova et all, 2021). Dominant position,
as a part of the pathogenic complex of wheat in Kazakhstan, is taken by
rusts (yellow, stem, and leaf rust) (Sharma et all, 2013; Kokhmetova et all,
2018b, 2011, 2021c; Rsaliyev et all, 2018).

The diversity of Lr genes in wheat varieties is of great importance for
the fight against epidemics of leaf rust in the region. However, resistance
to leaf rust can be overcome by changing the virulence of new pathogen
races (Kolmer et all, 2016). Therefore, the search and development of new
donors of resistance is an important task for effective disease control.

Symptom-based phytopathological methods are not always effective
for the development of varieties with resistance genes. Field evaluation
is expensive, time-consuming and highly affected by environmental
conditions. Incorporation of the resistance genes is an eco-friendly system
that does not place any cost burden on the growers. Molecular markers
associated with disease resistance will be a more effective way to identify
disease resistance factors. The advent of relatively inexpensive, high
throughput molecular marker platforms makes marker-assisted selection

51



ISSN 2224-5227 2.2022

(MAS) a viable approach to tracking resistance genes (Sharma-Poudyal et
all, 2013).

The development of mapping wheat populations to map genes and
quantitative trait loci (QTLs) that control disease resistance is an important
step in breeding programs. The aim of this study is to phenotype and
genotype the Kazakh mapping population of recombinant inbred wheat
lines (RIL) Almaly/Anza for resistance to Puccinia triticina. Phenotyping
data of the Kazakh mapping population of RIL Almaly/Anza wheat for
resistance to leaf rust obtained in this research will become the basis for
subsequent genotyping and QTL mapping of the wheat RIL population.

In connection with the above, the aim of the research is to phenotype
and genotype the population of recombinant inbred wheat lines Almaly/
Anza for resistance to Puccinia triticina.

Research materials and methods. Objects of research is a collection
of 205 recombinant inbred lines of wheat Almaly/Anza (RIL). This
material was developed from crossing thge winter wheat cultivar Almaly
from Kazakhstan and Anza spring wheat cultivar from the United States
based on of single-seed descent approach (SSD). This is the first mapping
population developed in Kazakhstan. Parental forms are contrasted in
terms of resistance to Ptr and productivity traits. This study assessed 205
RIL, which were evaluated for Ptr resistance in the field tests. Evaluation
of field resistance to leaf rust was carried out under conditions of the
Kazakh Scientific Research Institute of Agriculture and Plant Growing
(KazNIIZiR), (Almalybak, 43°13°09” N, 76°36’17” E, Almaty region)
in Southeast Kazakhstan, Almaty region, during 2020 cropping seasons.
Experiments were conducted with a completely randomized design
with two replicates in 1 m? The Ptr-susceptible cultivar Morocco was
planted in every 10th row and as a spreader border around the nursery
to ensure uniform infection. The growing conditions were favorable for
the development of rust. Infection type and severity data were recorded
according to the method developed at the CIMMYT (Roelfs et all, 1992).
Five types of infection were evaluated, IT, including immune, resistant,
moderately resistant, moderately susceptible and susceptible reactions.
Field resistance was assessed at boot and milk stages, respectively
(Peterson et all, 1948).

Genomic DNA was extracted from wheat at the two-leaf seedling stage
for each genotype using the CTAB method (Riede et all, 1996). The presence
of molecular markers to resistance genes Lrl (pTAG), Lr28 (Wmc313)
and Lr34/Sr57/Yr18 (csLV34) was determined as described by Feuillet et
al. (1995), Vikal et al. (2004), and Lagudah et al. (2006) (Feuillet et all,
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1995; Vikal et all, 2004; Lagudah et all, 2006). Polymerase chain reaction
(PCR) was carried out in accordance with the protocols described for each
Lr gene in the references. PCR reactions were carried out in a Bio-Rad
T100TM Thermal Cycler (Bio-RAD, Hercules, California, USA). The PCR
mixture (25 pL) contained 2.5 pL of genomic DNA (30 ng), 1 uL of each
primer (1 pM/ uL) (SigmaAldrich, St. Louis, MI, USA), 2.5 uL of ANTP
mixture (2.5 mM, dCTP, dGTP, dTTP and dATP aqueous solution) (ZAO
Sileks, Russia), 2.5 pL MgCl12 (25 mM), 0.2 uL Taq polymerase (5 units
uL) (ZAO Sileks, Russia), 2.5 pL 10X PCR buffer and 12.8 uL ddH20.
PCR amplification was done using a Mastercycler (Eppendorf, Hamburg,
Germany) with initial denaturation at 94°C for 3 min, 45 cycles: 94°C for
1 min, annealing at 60°C for 1 min, 72°C for 2 min, and final elongation at
72°C for 10 min. The PCR products were separated on 2% agarose gel in
TBE buffer (45 mM Tris-borate, | mM EDTA, pH 8) with the addition of
ethidium bromide. To determine the length of the amplification fragment, a
100-bp DNA ladder (Fermentas, Vilnius, Lithuania) was included. Results
were visualized using the Gel Documentation System (Gel Doc XR+,
BIO-RAD, Hercules, California, USA).

Results. A study of the Kazakhstan population of recombinant inbred
lines of wheat Almaly/Anza for adult plant resistance to the P. recondita
was carried out. The Almaly variety is a Kazakh variety of common winter
wheat, developed by the KazNIIZiR in 2002, with a pedigree (R6862 x
50431) x Bezostayal. It is widely used as a parent in breeding programs
in Kazakhstan and Central Asian countries and cultivated as a commercial
wheat variety. Almaly has a high yield potential and moderately high
resistance to leaf, stripe and stem rust. It is a carrier of the Lrl, Lr28 and
Lr34 genes (Table 1). The pedigree of the variety contains Bezostayal, a
carrier of the Lr34, Lr3a and Lrl3 resistance genes (WheatCAP https://
maswheat.ucdavis.edu). The Lr34 gene is also present in the second parent
of recombinant inbred lines population, Anza (spring wheat), which is
widely used in commercial breeding around the world. Anza, developed
by the University of California (USA) in 1971, has high yield potential
and is moderately resistant to a number of diseases, including leaf rust
(WheatCAP https://maswheat.ucdavis.edu).

Table 1. Characterization of the resistance of parental cultivars of RIL
Almaly/Anza to the Puccinia triticina and presence of Lr-genes.

Parental entries Adult plant resistance Presence of Lr-genes
Q Almaly (winter wheat) 10MR-20MR Lrl1, Lr28, Lr34
& Anza (spring wheat) 30MR-30MS Lr34
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Evaluation of the adult plant resistance resistance of the wheat
population RIL Almaly/Anza to Puccinia triticina in field conditions
showed the following. A high level of resistance with infectious type IT —
0 was found in 84 lines of RIL Almaly/Anza, which amounted to 44.92%.
Among them are the lines: 331-670, 332-671, 333-672, 334-673, 335-674,
etc. (Table 2, Fig. 1). With a percentage of defeat 1-20%, i.e., 11 wheat
genotypes (5.88%) were identified as moderately resistant to leaf rust with
an assessment of “MR”: RIL Almaly/Anza-450-793, RIL Almaly/Anza-
453-796, RIL Almaly/Anza-454-797, etc.

Table 2. Evaluation to leaf rust of the RIL Almaly/Anza (Almalybak, 2021).

Leaf rust resistant entries Moderately Moderately susceptible | Susceptible
rated "0-R" resistant to leaf | to leaf rust entries rated | to leaf rust
rust entries "MS" entries rated
rated "MR" "S"

RIL Almaly/Anza-332-671, | RIL Almaly/ | RIL Almaly/Anza-337- | RIL Almaly/
333-672, 334-673, 335-674, | Anza-331-670, | 676, 343-682, 346-685, | Anza-376-
342-681, 344-683, 345-684, | 340-679, 341- 347-686, 348-687, 715,377-717,
355-694, 356-695, 357-696, | 680, 362-701, | 349-688, 350-689, 351- |378-718, 379-
358-697, 360-699, 361-700, | 367-706, 370- | 690, 352-691, 353-692, | 719, 380-720,
363-702, 364-703, 368-707, | 709, 381-721, | 359-698, 365-704, 366- |382-722, 424-
383-723, 387-728, 397-738, | 404-746, 469- | 705, 369-708, 371-710, | 767, 434-777,
398-739, 399-740, 400-742, | 812,470-813, | 372-711,373-712,374- |435-778, 436-
401-743, 402-744, 405-747, 483-827 713, 375-714, 384-724, | 779, 444-787,
408-750, 409-751, 410-752, 385-726, 386-727, 388- | 446-789, 448-
411-753, 412-755, 414-757, 729, 389-730, 390-731, | 791, 459-802,
415-758, 416-759, 417-760, 391-732,392-733, 393- | 460-803, 461-
418-761, 422-765, 425-768, 734, 394-735, 395-736, | 804, 481-825,
426-769, 427-770, 428-771, 396-737, 403-745, 406- 482-826
430-773, 432-775, 441-784, 748, 407-749, 419-762,
442-785, 451-794, 455-798, 421-764, 423-766, 433-
456-799, 457-800, 463-800, 776, 437-780, 438-781,
464-807, 465-808, 466-809, 439-782, 440-783, 443-

467-810, 475-819 786, 447-790, 450-793,

452-795,

Table 2 continue

RIL Almaly/Anza- 477-821, RIL Almaly/Anza 453-796,
478-822, 484-828, 485-829, 458-801, 462-805, 468-811,
486-830, 488-832, 489-833, 471-814, 472-815, 474-818,
490-834, 491-835, 493-837, 476-820, 479-823, 480-824,
494-838, 496-840, 497-841, 487-831, 500-844, 501-845,
499-843, 502-846, 504-848, 503-847, 505-849, 506-850,
508-852, 509-853, 511-855, 507-851, 510-854, 512-856,
513-857, 514-859, 515-860, 516-862, 517-863, 518-864,
519-865, 520-866, 521-867, 522-868, 523-869, 525-871,
524-870, 528-874, 530-876, 526-872, 532-878, 533-879
531-877, 535-881
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Figure 1. Frequency of occurrence of wheat genotypes by reaction to leaf rust in the
field

Thus, the carried out phytopathological screening in the population of
recombinant inbred lines Almaly/Anza for resistance to leaf rust made it
possible to rank the studied genotypes according to the level of adult plant
resistance. It was found that the frequency of occurrence of resistant wheat
entries (groups R, MR) was 50.8% (95 genotypes), and susceptible to leaf
rust (groups MS, S) - 49.2% (92 genotypes). The ratio of the number of
genotypes in the groups of resistant versus susceptible to the disease was
approximately the same.

Genotyping of parental entries and the most resistant in the field RIL
Almaly/Anza with three leaf rust resistance genes linked markers is shown
in Table 3. The most frequent Lr gene, identified in the material studied
individually or in combination, was Lrl. The expected marker fragment
associated with Lrl was found in 5 (45,4%) of the lines, including 398-
739, 496-840, 515-860, 528-874 and 450-793. The marker linked to Lr28
was found in two (18,2%) lines (451-794 and 474-818). The marker linked
to Lr34 was found in four (36,4%) RIL, including 513-857, 511-855, 510-
854 and 501-845.

Table 3. Molecular screening for the Lr genes in recombinant inbred

lines Almaly/Anza.
Molecular marker test
Entries Lrl Lr28 Lr34 Lr genes detected
(pTAG) | (Wmc313) | (csLV34) | based on linked marker
Q Almaly (winter wheat) 1 1 1 Lrl, Lr28, Lr34
& Anza (spring wheat) 0 0 1 Lr34
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Table 3 continue

RIL Almaly/Anza
398-739 1 0 0 Lrl
451-794 0 1 0 Lr28
513-857 0 0 1 Lr34
496-840 1 0 0 Lrl
511-855 0 0 1 Lr34
515-860 1 0 0 Lrl
528-874 1 0 0 Lrl
474-818 0 1 0 Lr28
510-854 0 0 1 Lr34
450-793 1 0 0 Lrl
501-845 1 0 1 Lrl, Lr34
AVOCET'S' (negative control) 0 0 0 0

Note: “17, “0” — indicate the presence and absence allele of correspond-
ing gene, respectively

The expected marker fragment associated with Lrl was found in 5
(45,4%) of the 14 lines, including 398-739, 496-840, 515-860, 528-874
and 450-793. The marker linked to Lr28 was found in two (18,2%) lines
(451-794 and 474-818). The marker linked to Lr34 was found in four
(36,4%) RIL, including 513-857, 511-855, 510-854 and 501-845.

Discussion. As a result of the studies, leaf rust resistance in recombinant
inbred wheat lines and their diversity in Lr genes were characterized. Leaf
rust is one of the major problems for spring and winter wheat in Russia
and Central Asia, including Kazakhstan (Morgounov et all, 2007; Rsaliev
et all, 2011; Gultyaeva et all, 2018; Morgounov et all, 2020), and Ptr
populations are diverse and highly virulent (Kokhmetova et all, 2021d).
The evaluation of the adult plant resistance of the RIL Almaly/Anza in the
field to leaf rust made it possible to rank the studied genotypes according
to the level of resistance. It was found that the frequency of occurrence of
resistant wheat samples (groups R, MR) was 50.8% (104 genotypes), and
those susceptible to leaf rust (groups MS, S) - 49.2% (101 genotypes), i.e.,
the ratio of the group of disease-resistant to susceptible genotypes was
approximately the same number.

In previous studies, the sources of Lr resistance genes (Lr19, Lr26,
Lr37, Lr34, Lrl, Lr26, Lr34, Lr10, Lr37, Lr19, and Lr68 genes) were
identified in winter wheat breeding material (Kokhmetova et all, 2021d;
Yessenbekova et all, 2014). In this research, molecular screening of wheat
entries showed differences in the frequencies of three important Lr genes.
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In this study among the 11 entries, 5 carried resistance gene Lrl, 2 had
Lr28 and Lr34 was found in 4 wheat lines.

Recent studies in Kazakhstan have shown that with the advent of new
virulent races of the pathogen, many Lr genes have become ineffective
(Kokhmetova et all, 2021d). Therefore, new knowledge about the mechani-
sms and genetic bases of resistance to this dangerous disease for Kazakhstan
is needed. This study identified some wheat genotypes highly resistant to
leaf rust that may contribute to the improvement of leaf rust resistance.
Phenotyping data of the Kazakh mapping population of RIL Almaly/Anza
for resistance to leaf rust obtained in this research will become the basis
for subsequent genotyping and QTL mapping of the wheat RIL population.

Conclusion. The results of field phytopathological screening of 205
RIL Almaly/Anza to Puccinia triticina in field conditions allowed ranking
the studied material according to the level of resistance. It was found that
the frequency of occurrence of resistant wheat samples was 50.8% and
those susceptible to leaf rust 49.2%, i.e., the ratio of the group of disease-
resistant to susceptible genotypes was approximately the same number.
Based on the results of molecular screening among the entries studied, 5
carried Lrl, 2 had Lr28 and Lr34 resistance gene was found in 4 wheat
lines. Phenotyping data of the Kazakh mapping population of RIL Almaly/
Anza for resistance to leaf rust will become the basis for subsequent
genotyping and QTL mapping of this population.
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IHAMATH
AHIAPEA JEOHUJTOBUYA KYHULIBIHA

19 ssuBaps 2022 1. Ha 86 TOLy )KU3HU CKOHYAJICSI U3BECTHBIN YUEHBIH, YJIEH
HannoHansHOTro KOMUTETA 110 TEOPETUUECKON U IPUKIIAHON MexaHuke PO
npodeccop Anapeit Jleonunosuu KyHuipH.

Kynuupin A.JL. poguiics 26 nrons 1936 1. 8 Caparose. Tam jxe nmpouuiy ero
nerckue roapl. [Tana 6601 BpauoM. OH norud Ha gpponTe. Bee 3a00ThI 0 chiHe
Jery Ha miedn MaMbl. Pox KyHUIBIHBIX n3BeCTeH ¢ kKoHLA 18-ro Beka. Kupa
BnagumupoBHa noompsiia TATY CblHA K 3HAHUSM U CIIOPTY, BOCIIUTHIBAJIA
BBICOKOMOPSIOYHOTO  FOHOIIY,  OTIMYAIOLIEroCs  MCKIIOYUTEIbHON
yecTHOCTHI0. [IIkomy AHapeli 3akoHYMII ¢ 30J10TOM Menainpio Ha CaxainuHe,
Kylda ero Mama yesxaina paborarb. MHTepec k moneram mpuBen AHIpes
KyHuupiHa B MOCKOBCKUI aBHALlMOHHBIM MHCTUTYT, KyJa OH MOCTYIHJI
B1954 .

ITpuoputeTHOI B 00IIECTBE B TO BpeMsl ObLIa KOCMHYECKasi TEMaTHKA.
Jly4mux BBIYCKHHUKOB By30B pactpeneisuin B coorsercTBytomme OKb. Tak
B 1960 1. A.JI. KyHuipiH Hauan paboTaTh CHENHMAIMCTOM 110 TPACKTOPUIM
CIyTHUKOB M JPYI'MX KOCMHMYECKHMX ammaparoB. MHTepec Kk MpoekTy
camoJIeTa, JIETAIOIIEro Ha BHICOTE OJMIKHEr0 KOCMOCA, IMTPUBETT €r0 K MBICITH
0 He0OXOIMMOCTH AalibHEeHIIeH TeOpeTHUECKOM OATOTOBKU B aCIIMPAHTYpE.
Acnupantypy Kynuusin A.JL. npoxonun nox pykosoactsoM [.B. Kamenkosa
— pextopa MAMU, oxnHoro u3 opranuzatopoB KazaHCKOro aBHaniMOHHOTO
nHctutyTa. Kamenkos I'B. cymiecTBEHHO pa3BUII TEOPUIO yCTOHYMBOCTHU
JlsanyHoBa B kputndeckux ciaydasx. IIpu 3Tom 3a pamkamu paccMOTpeHHs
OCTQJINCh CIIy4al BHYTPEHHEIO PE30HAHCA — HAJIM4YUA LEIOYHUCIECHHOIO
COOTHOUIEHMSI MEXKIY 4aCTOTAMH JIMHEWHON CUCTEMBI.

Hayunsle untepecsl A.JI. KyHunpiHa Ha MHOTO JIET CTajau CBS3aHbI C
Teopuell BHYTPEHHETO PE30HAHCA U €€ IPUIIOKEHUSIMH B 337a4aX MEXaHUKH.
B 70-x rogax mpomuioro Beka HayajloCh MHTEHCHBHOE M3YYEHHME CHCTEM,
KOTOpbIE CO BpeMeHH co3znaHus A.M. JIAnmyHOBBIM T€OpUU yCTOHYHMBOCTHU
BBI3bIBAIM IPUHLUIIMAIBHBIE TPYAHOCTU. TeM HE MEHee, TaKhe CUCTEMBI
UMEIOT BaXHOE 3HAYeHHWE B OOBSICHEHUH PE30HAHCHBIX 3(PPEKTOB,
BCTPEUAIOLIUXCS KaK B IPUPOAE, TaK M B MATeMaTHYECKUX MOJIEISX.
Kynunpsin AJL. momyumn pesynasraTsl JUlsi HaubOosiee BaXKHBIX CIIydaeB
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pEe30HaHCa HU3IIMX MOPSAJKOB JJI1 aBTOHOMHBIX U HEPUOANYECKUX CHCTEM
obmiero Buaa. lccrienoBanus moabITOXeHbI B MOHOTpaduu «HekoTopbie
3a/laud yCTOMYMBOCTU HEJIMHEHWHBIX PE30HAHCHBIX CHUCTEM» (COBMECTHO
¢ TamumossiM JI.T.) u 0030pe «YCTONYMBOCTh B PE30HAHCHBIX CIy4asx»
(coBmectHO ¢ MapkeeBbiM A.I1.). Cerogus B HayuHoMm Mupe ums KyHuiipina
AJL cBs3BIBAIOT C Pa3pabOTKOM TEOPUHM YCTOMYUBOCTH PE3OHAHCHBIX
cucteM o01ero (HeraMmJIBTOHOBOTO) BU/IA.

UccnenoBanust Kynunbsina A.JL. Bcerma ObUIM CBA3aHBI ¢ HEOECHOMH
MEXaHUKOM M KOCMOHAaBTUKOM. Ero paboTel 1O reocralnoHapHOMY
CIYTHUKY, TpPEyroJbHBIM TOYKAM JHOpaly HEOTpaHUYEHHOW 3a7a4uu
Tpex Tej, cTaOWIN3aluu CIYyTHHUKA B KOJUIMHEAPHBIX TOYKAaX TUOpanuu B
cucteMe 3emuis-JIyHa, TBU)KEHHIO Tejla B IPABUTALMOHHO-PENYJIbCUBHOM
nonie (dororpaBUTAIIMOHHAs 3a/laya TpeX TeJ) XOPOIIO H3BECTHHI B
HayyHOM Mmupe. B HeorpannuenHoi 3anade tpex Tena KyHuubiHbiM A.JL
JlaHa TeoMeTpUYecKas WHTEPIIPETAIHs JIsl TPEYTOJIbHBIX TOYEK JIMOpaluu
B HEJIMHEHHON MOCTAHOBKE M IOJYYEHBI PE3yJbTaTbl M0 YCTOMYHUBOCTH.
B ¢dotorpaButaninoHHoOi KpyroBoil 3ajade Tpex Teld ¢ OJHUM U ABYMS
U3IyYaloluMu TedamMu uM (coBmecTHO ¢ TypembaeBbiM A.T.) ymamock
OIHCATh BCE yCTONYMBBIE MHOXKECTBA TOUEK IUOpanuu. B 3Be31H0M TuHAMuKe
OH TIPEJJIOKUI MOJEIb, KOTOPAsl BIIOCJIEACTBUU MO3BOJIMIIA MIPEICKA3bIBATH
CYLIECTBOBAHME TUTAHTCKUX OOJAUHBIX CKOMUIEHWH Mukpouactui. A.JL.
KynuipiH OblT TpU3HAHHBIM ABTOPUTETOM 1O (DOTOrpaBUTALMOHHON
HebecHoit mexaHuke. Ero o630p mo (oTrorpaBUTAllMOHHOM 3aJadye Tpex
ten (coBmectHo ¢ [lomsaxoBoit E.H.) He TepsieT akTyaabHOCTH M TIOHBIHE.
PaGorer A.Jl. KyHunbiHa OTIMYAIOT SCHOCTh IIOCTAHOBKU 3a/1auH,
aHAJIUTUYECKas IIyOMHA U U3ALIECTBO TEOMETPHUECKON HHTEPIPETAIUH.

On aBrop u coaBrop Oonee 100 pabot, Bkiarouas 3 MoOHOrpaduwu.
B 1966 r. Kynuupia A.JL.. 6bu1 npuriamies npod. lesuenko K.H. 8 MUDOU
Ha Kadeapy, e Ha4alu TOTOBUTH CIIEIIMATMCTOB 10 KOCMUYECKOW TEMATHKe.
31ech BO BCEH MOJHOTE MPOSBWICS MEAAaroru4eckuid TtajgaHT AHapes
Jleonnnosuua, ysnekmuii Haykoii Mensenesa C.B., Kpacunsaukosa I1.C.,
[lepexoruna A.A., Txait B.H. — crynenToB crapmux KypcoB. B 3to xe
BpeMsi KaHIUAATCKYIO OuccepTanuio 3amutui Meip3abekoB T.—mepBblit
yuenuk u3 Kazaxcrana. B 1977 r. AJL. KynunsiH BepHyics B ajibMa-
MaTep Ha Kadeapy TEeOpeTHUYECKOM MEXaHMKH, rae padotan mnpodeccopom
0 yxoja Ha mneHcuwo. JJokTopckyr aucceprauuio oH 3amutui B 1980
r. 3Banue mpocdeccopa emy mpucBoeHo B 1983r. B 2006 r. u3bpan B
HaunoHanbHbIi KOMUTET IO TEOPETUYECKON U MPUKIAIHON MexaHuke PD.
Ounnan MAW B r. JIeHMHCK NpHUBIEKAeT TaJaHTIMBYIO MOJIONEKb M3
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Kazaxcrana. B pesynbrare A.JI. KyHUIIBIHBIM CO31aHa Hay4dHas IIKOJIA B
Kazaxcrane. Beero non pykoBonctsom A.JI. Kynuneina B MAU 3ammtunuce
8 yuenbix u3 Kazaxcrana. Bugnseiii npeacraBurens mkonbl Tamumos JLT.
CTal JOKTOpOM Hayk, nmpodeccopom, akagemukoM HAH PK (ckonuancs B
2021 r). B crynenueckue roast A.JI. KyHuIisiH ObU1 U3BECTEH KaK YEMITHOH
MockBbl 1o mTanre, ceiuac B youtube https://youtu.be/WJh7Nrwqq68
CIIyIIAIOT TECHIO Ha ero ctuxu. OH T00MIT eCHHU, HaBESHHBIC IIUPOKUMU
npoctopamu Boury, nen pomanckl. OH NOMIO0MIT Ka3aXCKYIO KYJIBTYPY.

I1.C. KpacunsaukoB (mpodeccop MAU), A.Il. MapkeeB (mpodeccop
M®THN), C.B. Mensenes (mpodeccop MAUN), E.H. Ilonsixosa (mpodeccop
CIIoI'Y), B.H. Txaii (raBusii Hayunbli coTpyaauk UITY PAH, npodeccop),
A.A. Tlepexorun (npodeccop MAU), A.C. Myparos (mpocdeccop FOKVY),
A.T. TypembaeB (npodeccop KY um. KopkbiTr Arta), A.A. Tyskbaen
(nmpodeccop KY nm. KopkeiT ATa).
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