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IDENTIFICATION OF WHEAT GERMPLASM RESISTANT TO LEAF,
STRIPE AND STEM RUST USING MOLECULAR MARKERS

Abstract. Wheat leaf rust, stripe and stem rust are major wheat diseases in Kazakhstan that reduce yield and
quality and cause considerable economic damage. This study utilized winter wheat germplasm from different
national and international nurseries to evaluate their value for genetic and breeding programs directed towards
improvement of wheat rust resistance in Kazakhstan. Based on the data from field experiments, the most valuable
sources, combined resistance to both leaf and stripe rust were 16 lines and cultivars (28.6%), including mainly entries
from CIMMYT and IWWIP. Nineteen entries (30.6%) had high level of resistance to leaf rust in the field tests.
Thirty-three entries (53%) were effective to control stripe rust. In our study 22% wheat accessions studied had
polymorphic band linked to leaf rust resistance gene Lr/0. Based on rust reactions and data of molecular analysis,
3% entries were found to have Lr19/5r25, 11% entries — Lr26/Sr31/Yr9/Pm8, 43% entries — Lr34/Yr18, 12% entries
— Lr37/Yrl7/5r38, 17% — Lr68 gene and 6% entries — Yr/0 gene. Only one line from IWWIP nursery showed
presence of Yrl5 gene. Out of 38 studied entries, the fragment of DNA associated with Sr22 gene in 13 wheat entries
observed. Gene Sr22 was identified in five Kazakhstani and in 8 Belarusian wheat entries. The results obtained used
for developing wheat cultivars resistant to rust.

Key words: wheat, rust species, molecular markers, resistance genes.

Introduction. The region of Central Asia is one of the most important wheat areas in the world.
Currently Kazakhstan produces 18-20 million tons of wheat grain [1,2]. Wheat production in Kazakhstan
is seriously constrained due to rust diseases, including stem rust caused by Puccinia graminis f. sp. tritici,
stripe rust caused by Puccinia striiformis f.sp. tritici and leaf rust caused by Puccinia recondita f. sp.
tritici [3,4]. In the period between 2001 and 2007 in north Kazakhstan, epidemic development of Puccinia
triticina Ericks occurred four times (2002, 2003, 2005 and 2007). Leaf rust had severe development in
south and south-east of Kazakhstan. Infection on commercial cultivars was up to 20%, collection
accessions in demonstrative plots were damaged up to 20-70% [3,5,6]. Currently, more than 110 leaf rust,
86 stem rust, and 83 stripe rust resistance genes have been reported in wheat or wild relatives, most
conferring race-specific resistance [7]. Some of the important stem rust resistance genes are Sr2, Sr23,
Sr24, Sr25, Sr31, Sr33, Sr35, Sr36, Sr38, Sr45, Sr50, SrTmp, and SriRSAmigo. Important stripe rust
resistance genes are Yr2, Yr6, Yr7, Yr8, Yr9, Yri7 and Yr27; and leaf rust resistance genes are Lr9, Lri4a,
Lri6, Lri7a, Lr21, Lr22, Lr24, Lr26, Lr32, Lr39 and Lr41 [8,9]. In order to more reliably select and
deploy disease resistance it is very important to use molecular-genetic markers tightly linked to this trait.

The current study undertaken to asses of 62 wheat cultivars and lines developed in Kazakhstan and in
International Centers I[CARDA-CIMMYT and Kazakhstan to stripe, leaf and stem rust and to screen
wheat material using molecular markers.

Materials and methods. The 62 wheat entries were evaluated for stripe, leaf and stem rust at the
adult plant stage under natural conditions. Field test, according to complete randomized block design with
three replicates were conducted during the 2017-2019 cropping seasons at the experimental station in v.
Almalybak, Almaty oblast, Kazakhstan. The wheat variety, susceptible check Morocco, was planted all-
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around the experimental field in order to create a stripe and leaf rust epidemic. Disease severity and adult
plant response to stripe and leaf rust recorded following Mclntosh et al., 1995 [10]. Evaluation of the
development of stripe and leaf rust was carried out in phase milky-wax ripeness according to procedure
adopted in CIMMYT. Stripe and leaf rust infection type (IT) and disease severity (DS; percentage leaf
area infected) based on the modified Cobb’s scale; the IT data for stem rust using the methods described
by Stakman and Levine (1922) were analysed [11]. Disease severity was recorded following Peterson et
al. (1948) [12].

Genomic DNA was extracted at two-leaf seedling stage for each individual plant using the CTAB
method [13]. The DNA concentration for each sample was adjusted to 30 ng/ul. Samples were genotyped
using the markers designed to detect alleles of the Y, Lr and Sr genes. PCR amplification was undertaken
in 25-pl volumes, in thermal cycler (Bio-Rad, France). For each PCR reactions, reaction volume contained
30 ng of template DNA, 0.5 of each primer (1pM/pul) synthesized by Sigma-Aldrich, 2.5 pl ANTP mixture
(2.5 mM of each nucleotide) (ZAO Sileks, Russia), 2.5 pl of MgCI2 (25mM), 0.5 pl TagDNA polymerase
(0.5 U, 5 U/ul (ZAO Sileks, Russia), 2.5 pl 10X PCR buffer (ZAO Sileks, Russia), 16.0 ul of MQ-H20.
Temperature profiles consisted of an initial denaturation at 94°C for 3 min, and then 45 cycles of the
following program: 94°C for 1 min, 60°C for 1 min, and 72°C for 2 min, and final extension in 72°C for
10 min. The amplification products were separated on 2%-agarose gels in the TBE buffer (45mM Tris
borate, 1| mM EDTA, pH 8); gene-RulerTM, 100 bp DNA Ladder (Ferments, Lithuania). Gels were
visualized on Gel Documentation System (Gel Doc XR+, BIO-RAD, Hercules, USA) for documentation
of allele types in cultivars.

Results. The resistance evaluation (infection types and severity) of the 62 entries in field test are
listed in Table. Accessions studied had variable reactions to leaf and stripe rust from 40MS to high
resistant (0-R). The maximum disease recorded for entries studied was 40MS for leaf rust and 30MS for
stripe rust, compared to 100S for susceptible check Morocco. Based on field reactions, the 62 entries
could be classified into 3 groups. The first group consisted of 16 lines and cultivars that were resistant to
both leaf and stripe rust (IT — 0-5R). This group consisted of 28.6% entries with codes 18, 23, 24, 26, 27,
30, 31, 32, 34, 38, 39, 41, 42, 43, 58, 59 and includes mainly entries from CIMMYT and IWWIP, as
shown in Table. The second group consisted of nineteen entries (30.6%) that have high level of resistance
to leaf rust in the field tests. The third group consisted of thirty-three entries (53%) that were resistant to
stripe rust in the field and have great effectiveness to control stripe rust. The remaining 10 entries were
moderately susceptible (MS) to both leaf and stripe rust. Sixty two wheat cultivars (lines) were examined
by using molecular markers for eight Lr and Yr genes against the fungal pathogen of wheat (table). Data
presented in Table illustrates, that leaf rust resistance gene Lr/0 was identified in 14 entries used (22.6%),
including five CIMMYT lines, seven IWWIP lines and one cultivar from Kazakhstan. In these accessions
DNA amplification products 310 bp, corresponding to STS marker of Lr/0 — F1.2245Lr10-6/r2. The
disease severity in these entries to leaf rust was estimated between 0 — 20MS. Amplification products of
marker for Lr19/Sr25 was found in two Russian accessions Lyubava and 113/00i-4, accounting for 3,2%
of 62 wheat entries studied, suggesting that leaf rust resistance was from Lr/9. The dominant marker Gb
amplified a 130 bp fragment only in the Lr19/5r25-positive lines and no PCR product was obtained in
wheat lines that lack this complex. Marker analyses indicate that Lr26/Yr9/5r31/Pmé8 gene block is present
in approximately 11% of tested cultivars (lines) (Table). Disease severity in these entries to leaf rust was
estimated between SMR — 40MS, and to yellow rust — SR — 20MS. Amplification products 150 bp,
csLV34 corresponds with homozygous resistant allele of Lr34/Yrl8 gene were detected in 27 wheat
entries, including 15 CIMMYT lines, 6 IWWIP lines and 6 cultivars from Kazakhstan. These 27 cultivars
(lines) accounting for almost 44% of genotypes studied, suggesting that the stripe rust resistance of this
breeding material was from Lr34/Yr18 (Table). Disease severity in these entries to leaf rust was estimated
between SMR — 40MS, and to yellow rust — SR — 20MS. Eight of 62 tested cultivars showed the 262-bp
diagnostic DNA fragment associated to Lr37/Yri7. Of the 62 cultivars (lines) identified to carry these
resistance genes in our study, 8 accessions (13%), including 2 lines from CIMMYT and 6 IWWIP lines
amplified 262 bp fragment indicating the presence of the Lr37/Yr17/Sr38 resistance gene block. Lr37/Yri7
carriers have been found from immune to susceptible against field collection of leaf and stripe rust at adult
plant stage. Disease severity in these entries to leaf rust was estimated between 0 — 40MS, and to stripe
rust — 0 — 30MS. Amplification products of marker for Lr68 gene were found in 11 wheat accessions
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Field responses of wheat entries to leaf and yellow rust and molecular identification
of Lr and Yr resistance genes among wheat entries

1 sk
. . Field responses r | r1o/ Lr26/ | Lr34/ | Lr37/ v |
Accessions Origin* Leaf Stripe 10 | 5105 Yr9/ | Yri8/ | Yrl7/ s | 10| 15
rust rust Sr31 | Pm38 | Sr38
1 2 3 4 5 6 7 8 9 10|11 ] 12
338-K1-1//..MLT CIMMYT SMR SMS 0 0 0 1 0 01| 0 -
KINACI97/4/.../MLT CIMMYT 10MR SMR 1 0 0 1 0 0|0 -
AGRI/...PYN/BAU CIMMYT SR 30MS 0 0 0 1 0 0 0 -
TAM200/3/.../MLT CIMMYT 5R 30MS 0 0 0 1 0 0 0 -
WRM/4/FN/...ATR71/ CIMMYT 20MR SMR 0 0 0 1 0 0 IJ -
T-2003...1D13.1/MLT CIMMYT 10MS 20MS 0 0 0 1 0 01| 0 -
TAM10...BONITO-36 CIMMYT SMR 10MR 0 0 0 1 0 01| 0 -
TX87V161...ATTILA CIMMYT 30MS 20MS 0 0 1 0 0 01| 0 -
PASTOR/.../KARL CIMMYT 10MR 5R 1 0 0 0 0 1 0 -
EMBI16/.../3/LIRA CIMMYT 10MR 5R 0 0 0 0 0 01| 0 -
EMB16/CBRD//...//MCD/3 CIMMYT 10MR SMR 0 0 1 0 0 ol o B
/LIRA
AUS4930.6/.../4/
ZARGANA4 CIMMYT 20MR SMR 0 0 0 1 0 01| 0 -
AUS4930.7/2*PASTOR.../
KAUZ CIMMYT 10MR 5R 1 0 0 1 0 (i -
AUS4930.7/.../5/TAM200/
KAUZ CIMMYT 10MR 5R 1 0 0 1 0 (U -
338-K...ZARGANA-3 CIMMYT 20MS 5R 0 0 0 0 1 01| 0 -
338-K...ZARGANA-3 CIMMYT 30MS 5R 0 0 0 1 0 0|0 -
338-K1-1//ANB...BCN CIMMYT 10MR 0 1 0 0 1 0 0|0 -
DALNI...GALVEZS87 CIMMYT SR SR 0 0 0 1 0 01| 0 -
TREGO/.../KAUZ CIMMYT 20MS 10MS 0 0 0 1 0 010 -
DIAMONDB...KAUZ CIMMYT 10MR 5R 0 0 0 1 1 010 -
Ul11AGEC-1 Russia -
(Krasnodar 99) IWWIP 20MR ISMR ! 0 0 0 0 Lo -
U11AGEC-2
(VEE...200/KAUZ) IWWIP 5MS 5R 0 0 0 0 0 1 0 -
U11AGEC-
3(GAN...WRB860365) TWWIP 0 0 0 0 0 ! 0 ! 0 B
U11AGEC-4 (GANSU170
WRB860365) IWWIP 0 0 0 0 0 0 0 1 0 -
U11AGEC-
S(AMSE...F4105W2.1) IWWIP 20MR 508 1 0 0 0 0 1 0 -
U11AGEC-6
(ZOLOTA...MILAN) IWWIP 0 SR 1 0 0 0 0 010 -
U11AGEC-7 1+
(4WON-IR-.../MOS) TWwip 0 SR 0 0 0 0 0 ! 0 B
U11AGEC-8
(YMH/.. /KAUZ) TWWIP 20MR 5R 1 0 0 0 1 010 -
U11AGEC-9
(CADET.../CANON) IWWIP 30MS SR 0 0 0 0 0 1 0 1
U11AGEC-
10(AGRI/.. //KAUZ) IWWIP 0 5R 1 0 0 0 0 010 -
U11AGEC-
11(HK1/6/.../3NAI60) TWwip 0 SR ! 0 0 ! 0 ! 0 -
Ul1AGEC-12
(CATBIR...HE 1) IWWIP 0 SR 0 0 0 1 0 010 -
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Table continuation

1 2 3 4 5 6 7 8 9 10 | 11 | 12
UI11AGEC-13
(ZANDER...BCN) IWWIP 30MS 5R 0 0 0 1 0 0|0 -
U11AGEC-
15(MILAN..WEAVER) IWWIP 0 5R 0 0 0 1 1 1 0 -
U11AGEC-16
(DORADE-.. MLT) IWWIP 40MS 5R 0 0 1 0 0 0|0 -
UI11AGEC-17
(DORADE.../MLT) IWWIP 20MS 5R 0 0 1 0 0 0|0 -
U11AGEC-21 (Drujba) Russia SMS SR 0 0 0 1 0 1 0 -
U11AGEC-24
(PYN/.../ Bluegil) IWWIP 0 5R 0 0 0 0 1 010 -
UI11AGEC-25
(4WON-IR.. MOS) IWWIP 0 5R 0 0 0 0 1 0O -
UILAGEC-26-(GRECUM IWWIP 10MS 5R 0 0 1 0 0 0 0 -
BAU)
U11AGEC-27
(PBI1013.. STAR) IWWIP 0 5R 0 0 0 0 0 0|0 -
UI11AGEC-28
(PYN.. Bluegil) IWWIP 0 5R 0 0 0 0 1 0|0 -
ULLAGEC-29 (PYN/... IWWIP 0 SR [ 0| 0 0 0 1o o] -
Bluegil)
U11AGEC-30
(PSK... MNCH) IWWIP 10MS 5R 1 0 0 0 0 0|0 -
Egemen KZ 10MS 20MS 1 0 0 0 0 0 0 -
Almaly KZ 30MS 20MS 0 0 0 1 0 0| o0 -
Bezostaya 1 KZ 40MS 30MS 0 0 0 1 0 0|0 -
Karasai KZ 30MS 20MR 0 0 0 0 0 0|0 -
Maira KZ 20MR 30MS 0 0 0 1 0 0 0 -
Mereke Kz 40MS 30MS 0 0 0 1 0 (N (] -
Naz KZ 40MS 30MR 0 0 0 0 0 0|0 -
Nureke KZ 20MS 10MR 0 0 0 1 0 0|0 -
Ramin KZ 30MS 10MR 0 0 0 1 0 0 0 -
Sapaly KZ 30MS 20MR 0 0 1 0 0 0|0 -
Yubileinaya 60 KZ 40MS 20MS 1 0 0 0 0 0|0 -
Akdan Kz 20MR 30MS 0 0 0 0 0 0 IJ -
Lyubava RU 0 30MS 0 1 0 0 0 01| 0 -
KSI 16/12 BEL 20MS 0 0 0 0 0 0 0 1(;— -
KSI127/12 BEL 20MS 0 0 0 0 0 0 0|0 -
113/00i-4 RU SMR 10MR 0 1 1 0 0 0 0 -
Stekloyldnaya 24 (local Kz 308 30S 0 0 0 0 0 0 0 B
susceptible check)
Morocco (susceptible Morocco | 1008 100 | 0| o0 0 0 o (oo -
check)

Note: *Origin include countries: KZ - Kazakhstan, RU — Russia, Bel — Belorussia, IWWIP — International Winter Wheat
Improvement Program; **Field responses, max from three years, rust severity (%): MR — moderately resistant, MS — mode-
rately susceptible, S — susceptible; “17, “0”, “1+0” and “- refer to having same polymorphic bands as, different polymorphic
bands with the linked markers, heterozygote allele of gene, and no polymorphic bands, respectively.

(17.5%) (table). The disease severity in these entries to leaf rust was estimated between 0 — 30MS. Four
genotypes, one CIMMYT, one IWWIP line, one Kazakh cultivar and one Belorussian line amplified two
PCR products (200 bp and 180 bp) for resistant and susceptible alleles of Y770, indicating that these four
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entries appeared to be heterozygotes (Table). Disease severity in these entries to stripe rust was estimated
between 0 — SMR. Out of 62 genotypes tested for Y15 the expected PCR product was not amplified in
any of the entries, excluding IWWIP line UI1AGEC-9. The expected size of the fragment amplification
for locus Xbarc8 coupled to resistant allele of Y715 gene is 250 bp (table). The disease severity in these
entries was as SR. To identify sources of Sr resistance genes PCR analysis was performed. The gene of
Sr22 is localized on the short arm of chromosome 7A. PCR analysis with primers to the Xcfa2123 SSR
locus located at a distance 6 of cM from the S22 gene was done for identification of the Sr22 carriers [14].

PCR analysis showed that of 38 studied entries, the fragment of DNA associated with gene Sr22 with
size 245 bp in 13 samples wheat was observed. Gene Sr22 was identified in 5 Kazakhstani and in 8 Bela-
rusian wheat entries.

Discussion. Utilization of foreign germplasms is the best way to solve the problem of development
new rust resistant cultivars. Based on data from field test can be concluded that the most valuable sources,
combined resistance to both leaf and stripe rust were 16 lines and cultivars (28.6%), including mainly
entries from CIMMYT and IWWIP. Nineteen entries (30.6%) had high level of resistance to leaf rust in
the field tests. Thirty-three entries (53%) were resistant to stripe rust in the field and have great
effectiveness to control stripe rust. Application of molecular genetic markers allowed to identify efficient
rust resistance genes in wheat cultivars and hybrids [15,6,16,17,18,4,19,20].

Under molecular screening in this study eight genes were detected: three seedling genes (Lr10, Lr19,
Lr26) and three adult plant resistance genes (Lr34, Lr37, Lr68). Wheat accessions for the presence of two
Yr genes — Yri0 and Yri5 was also screened. In our study using STS marker, F1.2245Lr10-6/r2, we
detected the diagnostic fragment in 15 entries (22.6%). In moderately resistant lines (cultivars) carrying
Lr10 neither Lr34 nor Lr68 were detected, suggesting a combination of Lr genes different than
Lrl0 + Lr34 + Lré68 associated with high or moderate level of resistance to leaf rust. Molecular data
confirmed the detection of the Lr/9 diagnostic fragment only in two entries. L»/9 in combination with
other gene, Lr26, was more effective in the field. In our study marker analyses indicate that Lr26/Yr9/Sr31
gene block was present in seven (11%) of tested cultivars (lines). Because of its agronomic benefits (yield
increase, rusts and powdery mildew resistance), the chromosome 1R of rye (Secale cereale L.) has been
widely used in wheat breeding.

Yessenbekova et al., 2014, identified Lr34/Yr18 genes in 14 germplasms from CIMMYT and in 6
wheat entries from Kazakhstan. In our study, occurrence of adult plant resistance genes Lr34 in 27 (44%)
and Lr68 in 11 entries (18%) was confirmed [21]. In present study combinations of Lr34 with seedling
resistance genes Lr/(0 in five entries observed and provided moderate level of resistance. The same
resistance was observed in entries with combination of APR Lr68 with Lr10. The most level of resistance
to leaf rust had the IWWIP line U11AGEC-11 with immune reaction to leaf rust. Of the 62 cultivars/lines
studied, eight accessions (12.7%) had the Lr37/Yr17/Sr38 resistance genes block. In our previous study it
was found that Lr34 provided some protection, Lr37 occurred in cultivars/lines L-1090,
Krasnovodapadskaya 210 and Madsen; Lr/9 and Lr68 were present in cultivars Pallada and Yegemen
[22,6,18].

Based on recent evaluation in China and Kazakhstan, [23,5,24] stripe rust resistance genes Yr5, Yr10,
Yri5 are still effective and could be useful in breeding programs. Out of 62 genotypes tested for Y775 the
expected PCR product for locus Xbarc8 coupled to resistant allele of Y715 gene not amplified in any of the
entries, excluding the IWWIP line U1 1AGEC-9.

So, in our study marker Lr10 found in entries with moderate resistance and moderate susceptible
reaction. Using molecular markers, the Lr/0 gene identified in 15 entries; the Lr19/Sr25 gene, in two
entries; the Lr26/Yr9/5r31 gene block, in seven entries; the Lr34/Yri8/Pm38 gene block, in 27 lines; the
Lr68 gene, in seven entries; the Yr10 gene, in four entries and Yr/5 gene, in one entry. Four CIMMYT
lines and thirteen IWWIP lines were resistant to leaf/stripe rust, respectively. To identify sources of
effective stem rust resistance Sr22 gene PCR analysis with primers to the Xcfa2123 SSR locus PCR
analysis performed. The fragment of DNA associated with gene Sr22 in 13 samples wheat observed. Gene
Sr22 was identified in five Kazakhstani and in eight Belarusian wheat entries.

Conclusion. Thus, due to the threat of disease epiphytotics, it is necessary to create new donors of
stripe and leaf rust resistance and wheat breeding material based on them. We selected a number of wheat
lines resistant to P. recondita f. sp. tritici, P. striiformis f.sp. tritici and P. graminis sp. tritici. The selected
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material revealed the resistance to the Kazakh population of rusts. These genotypes were intensively
involved in crosses in national breeding programs for wheat improvement. To accelerate the breeding
process, we will continue selection of cultivars (lines) that are resistant to disease using molecular markers
linked with this trait
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MOJIEKYJIAJIBIK MAPKEPJIEP/I A JAJIAHA OTBIPBIII,
KOHBIP, CAPBI "KOHE CABAKTbI TATKA TO3IM/I BUJIAW/IbIH
TEPMOILTA3MAJIAPBIH COMKECTEHAIPY

AnHoranusi. OpranbK A3us aiiMarbl TyHHEKY3iHAErl Onmai oHmipici OOMBIHINIA €H MaHBI3IbI alMaKTapIbIH
0ipi Oosbin TabObLIaAEl. bumai 15 MutH ra erijgei, COHbIH IIHAS 5 MIH ra Ky34iK skoHe 10 MJIH ra »Ka3ablK Oumai.
Kazakcran Ounaiigpl aca Kem eHAIPYILi, COHBIMEH Karap 3KCIOPTTAayIllbl MEMJIEKETTepiH Oipi OO0k TaObLIa bl
xoHe Opranblk A3HSHBIH a3bIK-TYJIK KayiNCi3IiriH KaMTaMachl3 eTye MaHbI3Ibl peJ artkapaabl. Kasakcrannarsi
OualIbIH HeTi3ri aypysapbl OOJIBIT KOHBIP, Capbl XKOHE ca0akKThl TaT aypyJiapbl TaObUIa/bl, OJap OHIMHIH Carachl
MEH OHIMIUITIH TOMEHJIETII, SKOHOMUKAIIBIK IIBIFBIHFA OKENIN COKThIpabl. Te3IMIi YPBIKTHIK IIa3MaHbl XaJIbIK-
apanblK CepiKTecTiK IneHOepiHne KojmaHy, KasakcraHmarel TaTka Te3IMIl jKaHa COPTTapibl IIbIFAPYAa MaHbI3bI
Oonbin TabbuTanbl. By 3eprreyae Kasakcranga taTka TO3IMIUIIKTI )KaKcapTyFa OarbITTalFaH, TEHETUKAIBIK JKOHE
CeNeKIMSIIBIK MporpaMmaiap/ia eHIMHIH KYHIbUIBIFbIH Oarajiay Heri3iHAe OpTYpJi YITTHIK JKOHE XallbIKapasbIK
MUTOMHUKTEPIIH KY3[iK OHuIail yYpBIKTHIK IUIa3Maiapbl KoJmaHbuianel. Jlanma sxarmaliblHIAFel 3epTTeylepAiH
MOJTIMETTEpiHEe CYHCHE OTBIPHIIN, KOHBIP JKOHE Caphl TaTKa Oipaell Te3IMIUTIK TaHBITKAH, €H KYHIbI Ke3aep OOJIbIn
16 nunusuap meH coptrap (28,6 %) tabbuiansl, onapra HeriziHen CIMMYT xone IWWIP yurinepi kipeai. On
torbI3 yiri (30,6 %) nana sxkaraaibiHIAFbl 3ePTTEYNEp Ke3iHe KOHBIP TaTKa XKOFapbl TO3IMIUIIK KepceTTi. OThI3 yIi
yiiri (53 %) capsl TaTThl OakbiIayFa 3pQekTUBTI 00sabl. MoJeKynanblK MapKepiiepAiH KoMeriMeH OuIai by capbl
’KOHE KOHBIP TaThlHA Kapchl TO3IMIUIIK TreHaepl uaeHTH(UKalMsIanabl. MoJeKylalblKk MapKepiepai KosigaHa
OTBIPBIN OUaiIbIH 62 COPTHIH ceri3 Lr oHe Yr Te3IMIUIIK TeHAepiHe MOJIEKYJIadblK CKPUHHUHT KYpri3inii. Ocbl
TeHICPIIH IMIHIE VI TO3IMAUIIK TeHi ocKid ke3inmeri (Lr10, Lr19, Lr26) xoue 3 to3imainik reui (Lr34, Lr37, Lr68)
epeceKk Ke3eHJIer Te3IMILTIKTI KamTaMmacchi3 eteni. COHbIMEH Katap Oumail yariiepi exi Yr eenodepine, senu Yri(
koHe Y715 renyepin aHbIKTay KYMbICTaphl )Kyprizinmi. Lrl10, Lr19/Sr25, Lr26/Yr9/Sr31, Lr34/Yri8, Lr37/Yr17/Sr38,
Lr68, Yri0, Yrl5 rernepi yiriH MapkepiepaiH aMiuiddukanusianrad Gparmerrrepiniy komemi 310 x.H, 130 x.H,
1100 x.H, 150 »x.H, 262 x.H, 385 x.H, 200 x.H xoHe 250 x.H Kypaabl.bizain 3eprreyimizne ounaii yarinepinig 22 %-
a KOHBIp TaTThiH Lrl0 Tesimmimik reHiMeH Oaitmanbickad, STS F1.2245Lr10-6 / r2 mapkepiHiH moauMOpQThI
(parMeHTi aHBIKTANBIHIBL. MOJEKyIaublK 3epTTeyJIepIiH MOJIMETTepl MEH TaTKa peakiusi Heri3iHje, YIriiepaiH
3 %-ma Lr19/Sr25 tesimuinik reupepi, 11 %-mga Lr26/Sr31/Yr9/Pm8, 43 %-na Lr34/Yrl8, 12 %-na Lr37/Yrl17/Sr38
TO3IMALTIK TeH kemeHaepi, 17 %-na KoHsp TaTThiH Lr68 APR Te3iMaik rexi MeH 6 %-ma capsl Tatka Yrl0 Te3iM-
JTiK reHizepi 0ap Ooiybl MyMKIH eKeHAIrl aHbIKTanbiHABL. [WWIP ToniMOarbIHBIH TeK Oip JIMHHUSCHIHAH Capbl
TaTTBIH Y715 TO3IMAUIIK T'€HI aHBIKTAIBIHIBL. BUIalbIH cabakThl TaThlHA Kapchl 3epTreiareH 38 yuridin 13 mwm-
HusicbiHaa Sr22 reHiMeH OaiaHbicKaH, Kesemi 245 x.H. KypaiTein JTHK dparmentrepi aHbIKTadbIHABL. bysr reH
5 Ka3aKCTaH/BIK XoHe 8 0enopycThIK Ounail yiarizepinae uaeHTuduKkanusuianbsl. AbliHFan HoTIKenep Kasakcranma
TaTKa Te3iMIi Oujail cOpTTapblH MIbIFApyJa KOJJAHBLUIAAbl. bBI3iH 3epTTeysepliH HOTIKeIepl, MOJIECKYJIaIbIK
TeHETHKa JJICTEpiH KOoNJaHy HoTmkeciHne KasakcTaH[arbl CENeKIsUIbIK MPOLECcCTep/i )KaHa FhUIBIMH JICHreire
HIBIFapyFa MYMKIHIIK Oepei.

Tyiiin ce3nep: Oupai, TaTThIH TYpJIEpi, MOJIEKYJIAIBIK MapKepIep, TO3IMIUIIK TeHepi
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UIEHTUOUKAIIUA TEPMOILIASMA MIIEHUIBI, YCTONUYHUBOM K BYPOM, )KEJITOM
U CTEBJIEBOH P KABUMHE C UCITOJIb30BAHUEM MOJIEKYJSIPHBIX MAPKEPOB

AnHoTauus. Pernon LleHTpanbHO A3uM SIBISIETCA OJHUM U3 CaMbIX Ba)KHBIX NIIEHUYHBIX palOHOB B MHUpE.
[Nmenuua BeipamuBaeTcs Ha 15 MiH ra, B ToM 4ucie 5 MilH ra o3umoi u 10 mutH ra spoBoil mmenunsl. Kazaxcran
SBISIETCSl OJHMM M3 KPYIHEHIINX TPOM3BOJMTENICH W SKCHOPTEPOB NIICHUIBI M HIPaeT BaXHYIO pOJb B
obecrieueHHH MPOJOBOJIBCTBEHHON Oe3omacHocti lleHTpanbHoit Asum. Bypas, xenrtas u crebieBas pkaBYMHA
IMIIEHNIB! SBJIAIOTCS OCHOBHBIMU 3a00JeBaHMSAMH MIIeHHNbl B Ka3axcraHe, KOTOpbIE CHIXKAIOT ypPOXKaiHOCTb U
Ka4yecTBO M HAHOCAT 3HAYMTENBHBIA 3KOHOMUYecKHi ymepO. Vcronp30BaHne yCTOWIMBOM 3apOBIIIEBOH TUIa3MBI B
paMKax MeXIyHapOJIHOTO COTPYIHHYECTBAa MI'PAcT BAXKHYIO POJIb B pa3pabOTKe HOBBIX YCTOWYMBBIX K PrKaBUMHE
coproB juisi Kazaxcrana. B 3TOM mMccnenoBaHMM MCIIONB30BAJIaCh 3apoJbILIEeBas IIa3Ma O3WMOM IIICHHIBI U3
Ppa3JIMYHbIX HAOWOHAJIBHBIX W MCKIAYHAPOAHBIX MNMHUTOMHUKOB [JId OLCHKU HMX HEHHOCTHU I TI'CHCTUYCCKHUX U
CENICKIIMOHHBIX MTPOTpaMM, HANpaBlCHHBIX Ha YJIy4dlleHHE yCTOWYMBOCTH MIIEHHWIBI K pkaBunHe B Kaszaxcrawue.
OCHOBBIBasiCh Ha JaHHBIX IIOJIEBBIX O3KCIEPUMEHTOB, HanOoyiee IIEHHBIMH HMCTOYHHKAMH, KOMOWMHHPOBaHHOU
YCTOWYHMBOCTH Kak K OypoH, Tak M K JKeNTol prkaBunHe, Obim 16 jmHUIA 1 copToB (28,6%), BKIIOYas B OCHOBHOM
obpazisl 3 CIMMYT u IWWIP. JleBsatHaauars o0pasioB (30,6%) mMenn BBICOKHI YpOBEHb YCTOHMYMBOCTH K
Oypoii p>kaBUMHE B MOJIEBBIX HCOBITAHUX. Tpuanath Tpu odpasna (53%) Obim 3PEeKTUBHBI [UTT KOHTPOJIS JKENTON
pkaBunHbI. [IpoBeeH MONEKyIISIpHBIN CKPUHUHT 62 COPTOB U JMHHUM MIIEHUIBI C UCHIOIb30BAaHUEM MOJIEKYIISIPHBIX
MapKepoB, pa3padOTaHHBIX IS BOCBMHU Lr W Y7 T€HOB yCTOMYMBOCTH K P’KaBUMHE NIIEHHUNBI. TpH U3 3TUX T'CHOB
(Lr10, Lr19, Lr26) npopocTKOB U TpH TeHa (Lr34, Lr37, Lr68) KOHTpOINPYIOT YCTOHYNBOCTEK Oypoil pKaBunHE Ha
CTaJM1 B3pOCIbIX pacTeHuil. Kpome Toro, ObUT poOBe/IeH CKPUHUHT Ha HaJM4YHE JABYX Y7 reHoB ycroiunBoctu (Y710
u Yrl5). Pazmeps! IILP-npoxyxToB MmapkepoB coctasiseT 310 m.H, 130 m.H, 1100 n.H, 150 1.1, 262 n.H, 385 m.H, 200
u 250 . qs Lrl0, Lr19/Sr25, Lr26/Yr9/Sr31, Lr34/Yrl8, Lr37/Yr17/Sv38, Lr68, Yri0 u Yrl5 coorBeTcTBEeHHO. B
HameM HccienoBannu 22% o0pas3noB MuIeHUnbl uMmenn nonumopdHsii gparment mapkepa F1.2245Lr10-6 / 12,
CIECIUIEHHBIH C T€HOM YCTOHYMBOCTH K Oypoi pikaBumHe Lr/(). Ha ocHOBaHMM peakiyM K pXKaBYMHE M JaHHBIX
MOJIEKYJISIPHBIX aHAJIM30B ObUTO 00HApYKeHO, uTo 3% 00pa31oB, BO3MOXKHO, UMEIOT I'eHbI ycToHunBoCTH L] 9/Sr25,
11% o0pa3oB — KOMIUIEKC TeHOB ycroWumBoctH Lr26/Sr31/Yr9/Pm8, 43% o0pa3nmoB — KOMIUIEKC TE€HOB
ycroiunBoct Lr34/Yrl8 APR, 12 % o6pa3noB — KOMILUIEKC T€HOB ycToiuuBocty Lr37/Yrl7/5r38, 17% obpa3unos —
APR ren ycroiunBoctr K Oypoi pxkaBuunae Lr68 u 6% 00pa3oB — reH yCTOHYMBOCTH K JKeNnToi pxkaBunne Y710
Tonpko onHa nuHUA U3 nmuToMHEKa IWWIP mokasana Hajgmdue reHa yCTOMYMBOCTH K TTOJIOCOBOW prkaBUHMHE Y7/5.
U3 38 uccnenoBanHbix o0pa3ioB Sr22 B 13 nuHusx nmeHuibl ooHapyxen ¢parment JJHK ¢ pasmepom 245 m.H.,
CIEIUICHHBIH ¢ TeHOM Sr22. DTOT reH ObUT MACHTU(HUIMPOBAH B 5 Ka3aXCTaHCKUX M 8 OEIOPYCCKHX MIIEHUYHBIX
3anucsx. [lomydyeHHble pe3yabTaThl UCIIONB3YIOTCA B Kazaxcrane Jyuisi co3laHusi COPTOB MIIEHUIIBI, YCTOMYMUBBIX K
pkaBunHe. Pe3ynbTaThl Hallero MCCiIelOBaHUS CO3/al0T BO3MOXHOCTH JUIS MEpeBOja CEJIeKIIMOHHOIo Ipolecca B
Kazaxcrane Ha HOBBIH Hay4HBII ypOBEHb Oslarojapsi MpUMEHEHHIO METOJOB MOJICKYJISIPHOM T'€HETHKH.

KroueBbie c10Ba: miieHnna, BUAbI p>KaBUMHbL, MOJIEKYJISIPHBIE MapKepPbl, T€Hbl yCTOWYHBOCTH.
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