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ABSTRACT

Leaf and stem rust that infect wheat lines are the most prevalent and damaging fungal diseases affecting the wheat pro-
duction rates globally. One of the efficient and economically wise ways of controlling the disease progression is the breeding
resistant wheat varieties. Use of molecular markers associated with resistance genes, might be useful for identifying the vari-
eties, that carry the specific resistant genes. Sixty-four wheat cultivars and lines provided by domestic agricultural experimen-
tal stations were examined using DN A-markers for the presence of leaf (L) and stem (S) rust resistance genes. The reactions
were carried out using eight pairs of different primers. Six Lr genes (Lr10, Lri13, Lr16, Lr19 and Lr39) responsible for wheat
resistance were detected using PCR. The molecular marker detection demonstrated the presence of a combination of several
Lr genes, particularly Lr16, Lr34 and Lr39 in the fifteen spring wheat accessions. Six varieties in the nursery of spring soft
wheat from KarabAES, two varieties from AktAES (Ekada 113, Lin. 225/21g.) and seven varieties from NorthKazAES (435/
Lut 2, 659/12, 486/Lut 22, 23/07, Erith 42/12, 453 SP-2/19) carried the combination these three genes. In summary, the find-
ings illustrate the usefulness of the investigated markers in detecting rust-resistant genes across various cultivars. These re-
sults can form a foundation for future research and is expected to be especially beneficial to breeders when choosing rust-re-

sistant wheat varieties.
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INTRODUCTION

Kazakhstan is considered one of the key regions with the
highest wheat production rates in Central Asia. It was among
the top ten countries that exported wheat between 2000 and
2016 [1]. Recent analysis has shown that Kazakhstan was the
top 14" wheat producer reaching over 14 million tonnes of
crop yield in 2020 [2]. Moreover, wheat production in Ka-
zakhstan has a pivotal role in food security in Central Asia,
as more than 70 % of the imported crops in these countries
were from Kazakhstan [3]. However, the wheat production
rates vary annually and can be low, which is limited by sev-
eral factors, including unfavourable weather conditions (a
short growing season with high temperatures in summer and
limited water availability) and a lack of fertilizers [1]. But
most importantly, it is the unsatisfactory phytosanitary con-
dition of crops and the cultivation of wheat varieties suscep-
tible to diseases.

Leaf rust (LR), caused by Puccinia triticina Erics (Pt),
is one of the frequently occurring fungal infections of wheat
and is considered an important wheat disease globally and
in Kazakhstan. Leaf rust infections are responsible for sig-
nificant wheat yield losses of higher than 50% at even ear-
lier stages and cover large geographical areas [4]. In Kazakh-
stan, leaf rust mainly occurred in the Northern, Eastern and
Western regions of Kazakhstan. During 2001-2016 the inci-
dents of leaf rust infection along with Septoria occurred eight
times [5]. Another prevalent and dangerous rust disease that
infects wheat is stem rust (SR) caused by Puccinia graminis
f-sp.tritici (Pgt). Several epidemics were due to the outbreak
of the stem rust pathogen, causing significant yield losses in
Kenya [6], Ethiopia [7], North Kazakhstan [8], and Siberia [9,
p- 2017-2018]. For instance, over one million hectares of land
with wheat were affected by stem rust in the Northern part of
Kazakhstan and the Omsk region of Russia [10,11].

One of the economical and sustainable methods of con-

trolling plant diseases, and also supporting yield potential
in cultivated crops is to select resistant varieties of wheat
[12]. Therefore, genetic studies on leaf and stem rust-resis-
tant genes are of particular importance. Up to now, more than
80 Lr genes for leaf resistance have been identified in wheat
[13]. Some of them are active during all stages of wheat
growth towards leaf rust and are described as all-stage re-
sistance (ASR genes) also known as race-specific seedling
resistance. Whereas, other genes are expressed at the adult
plant stage and are known as race non-specific adult plant
resistance (APR genes) [12,13]. Most resistance genes are
race-specific Lr genes that are characterized by a hypersen-
sitive reaction upon infection [14]. Among them are Lr/2,
Lri3, Lr22a [15], Lr35, Lr37 [16], Lr 48, and Lr 49 [17]. In
contrast, non-race specific APR genes cause non-hypersensi-
tive responses and are controlled by small-impact genes [18].
This type of resistance is associated with the durability and
longevity of leaf rust resistance, which is characterized by
slower infection frequency and longer latent period, less spore
production. These genes include Lr34, Lr46, Lr67 and Lr68
[14]. However, it is important to note that not a single, but a
combination of these genes can strengthen the resistance to-
wards leaf rust [12]. Genes, associated with stem rust resis-
tance are known as Sr genes and currently, there are more than
60 genes have been discovered [19]. Some are effective under
certain temperature conditions, such as Sr/0 [20], and Sri5
[21], some are resistant towards the races of Ug99 at high
temperatures, such as Sr21 [22]. The Sr24 gene, derived from
Thinopyrum ponticum, also confers resistance against Ug99
races and other stem races [23,24]. Similarly, the Sr26 gene
has the same source of derived plant and resistance against
Ug99 races [23].

To date, numerous genes catrying resistance to stem and
leaf rust have been identified. Currently, DNA-based mo-
lecular markers, associated with resistance genes have been
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widely employed. This is useful for tracking, whether the
wheat cultivars carry the specific resistant genes or not, using
marker-assisted validation. In this study, we used several mo-
lecular markers, based on the literature review, that are linked
to leaf and stem-resistant genes of wheat cultivars

MATERIALS AND METHODS
Plant material

The main source for research was spring wheat varieties of
domestic origin. The analysis of genetic resistance comprised
in total of sixty-four cultivars and lines from Karabalyk Ag-
ricultural Experimental Station (KarabAES), Aktobe Agri-
cultural Experimental Station (AktAES) and North Kazakh-
stan Agricultural Experimental Station (NorthKazAES) to leaf
and stem rust.

DNA Marker-associated molecular analysis of leaf and
stem rust resistant genes of wheat

DNA isolation was performed using a commercial Plant
DNA Isolation Kit (Magnetic Bead System) (Norgen Biotek
Co. Thorold, ON, Canada) following the manufacturer’s in-
structions. The quantity and the quality of the isolated DNA
were checked on 1% agarose gel (Sigma-Aldrich, St. Louis,
MI, USA) stained with ethidium bromide (TM MEDIA, India)
in 1 x TBE buffer (Invitrogen, Waltham, MA, USA).

The selection of molecular markers associated with leaf
and stem rust resistance genes was based on the literature
sources (Table 1). The PCR reactions were carried out us-
ing 8 pairs of different primers. Each specific pair of prim-
ers has its own reaction conditions shown in Table 1. PCR
was performed using a Mastercycler nexus cycler (Eppendorf,
Germany) and 2720 Thermal Cycler (Applied Biosystems,
USA). The amplified products were detected on 1.5% agarose
gels (Invitrogen, Waltham, MA, USA) containing ethidium
bromide (TM MEDIA, India) and the MINIBISPRO 16mm
GELQUANT gel documenting system (DNR Bio-Imaging
Systen, Israel). The molecular weight of the fragments was
assessed using 50bp, 100 bp and 1 kb DNA molecular weight
marker «GeneRuler DNA Ladder» (Thermo Fisher Scientific,
Waltham, MA, USA).

RESULTS AND DISCUSSIONS

This study aimed to identify the cultivars and lines that
carry specific genes of resistance towards leaf and stem rust,
using previously selected gene-specific markers. Marker-spe-
cific molecular analysis for the resistance genes can provide
an efficient approach for controlling diseases and help breed-
ing plants, resistant to common wheat rust. We screened six-
ty-four cultivars and lines of domestic origin obtained from
different local agricultural experimental stations (AES) for
the presence of Lr10, Lri3, Lr16, Lr19, Lr39, Sr24, and Sr26
genes (Table 1). The size of the amplified markers of the con-
trol cultivar is shown in Figure 1. Analysis of the closely
linked markers for eight genes demonstrated, that they can
be used for the detection of resistant genes.

According to the molecular screening, the use of gene-spe-
cific markers showed the presence of a combination of sev-
eral Lr genes, particularly Lr16, Lr34 and Lr39 in the fifteen
spring wheat accessions (Table 2). The table below illus-
trates, that six varieties in the nursery of spring soft wheat
from KarabAES, two varieties from AKtAES (Ekada 113, Lin.
225/21g.) and seven varieties from NorthKazAES (435/Lut 2,
659/12, 486/Lut 22, 23/07, Erith 42/12, 453 SP-2/19) carried
the combination of above-mentioned three gen es.

M100bp Lr10 Lr13 Lri6 Lr19 L34 Lr39 Sr24 Si26 OK M50bp
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Figure 1. Amplification products of leaf and stem rust resistant
genes, where M — 100 bp marker; Lr10 — 310 bp.; Lri3 — 120 b.p.;
Lri6—180b.p.; Lri9—130b.p.; Lr34 — 150-229 b.p.; Lr39 — 190-

280 b.p.; Sr24 — 500 b.p.; Sr26 — 207 b.p.; OK — negative control;
M — 50 bp marker.

Table 1. DNA markers, associated with resistant genes against leaf and stem rust

Lr gene PCR conditions (temperature and time) Size of amplified prod- References
uct (bp)

Lr10 94 C.f 50m1n, 40 pycles (94°C - 20 sec; 60°C — 1 min ; 72°C — 1,30 310 [25.26]
min); 72°C — 7 min
94°C -2,5 min, 40 cycles (94°C —1,5 min; 55°C 1,5 min ~ 72°C-1,5

Lrl3 min); 72°C —10 min 120 [27]

Lr16 940C -3 min, 40 cycles (94°C — 1 min; 55°C — 1 min; 72°C -2 min) 180 126]
72°C —10 min
94°C — 3 min; 40 cycles (94°C — 1 min; 58°C — 1 min; 72°C -2

Lri9 min); 72°C — 10 min 130 [26]

1134 940C -5 min; 40 cycles; (94°C — 40 sec; 58°C — 30 sec; 72°C — 1 min); 150-229 28]
72°C — 7 min

1139 94 C. 72,05 min; 40. cycles (94°C —1,5 min; 55°C —1,5 min; 72°C-1,5 190-280 [26,29]
min); 72°C —10 min
94°C -5 min; 35 cycles; (94°C —1 min; 62°C —1 min; 72°C -2

Sr24 min); 72°C —10 min 500 [23]
94°C -3 min; 35 cycles (94°C —1 min; 60°C —1 min; 72°C -2

5r26 min); 72°C —10 min 207 [23]
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Table 2. Molecular screening of resistant wheat cultivars and lines to diseases using DNA markers
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Resistant genes of wheat cultivars to leaf and stem rust

No Cultivar and line names
Lri0 | Lri3 | Lr16 | Lr19 | Lr34 | Lr39 | Sr24 | Sr26
1 2 3 4 6 7 9 10
1 TERTSIYA/3/SRN/... x CHELYABA YUBILEINAYA/... +
2 TERTSIYA/3/SRN/... x CHELYABA YUBILEINAYA/4/...
3 TERTSIYA/3/SRN/AE.SQUARROSA(358)//... x CHELYABA YUBILE- N N
INAYA/...
4 LUTESCENS 210.99.10*2/4/... x TERTSIYA/3/SRN/ ... +
5 LUTESCENS210.99.10*2/...x LUTESCENS 307-97-23/ ... + +
6 LUTESCENS 210.99.10*2/... x LUTESCENS 307-97-23/... + +
7 LUTESCENS 210.99.10%2/... x LUTESCENS 307-97-.... + +
8 LUTESCENS 210.99.10*%2/... x LUTESCENS 307-97-23/11/CROC_1/.... + + +
9 LUTESCENS 210.99.10%2/4/ x LUTESCENS 307-97-23/11/CROC_1/ ... + +
10 | LUTESCENS 210.99.10*... x LUTESCENS 307-97-23/11/CROC_1/ ... +
11 LUTESCENS 210.99.10... x LUTESCENS 307-97-23/11/CROC_1/... +
12 LUTESCENS  307-97-23/11/CROC_1/....  x  TERTSIYA/3/SRN/ N N
AE.SQUARROSA (358)//...
13 | LUTESCENS 307-97-23/11/CROC_1/... + + +
14 | LUTESCENS 307-97-23/11/CROC_1/... x LUTESCENS210.99.10%2/.. + +
15 | LUTESCENS 307-97-23/11/CROC_1/... x LUTESCENS210.99.10... + +
16 | LUTESCENS 307-97-23/11/CROC_1/... x LUTESCENS210.99.10*2/... + +
17 | LUTESCENS 307-97-23/11/CROC_1/... x LUTESCENS210.99.10%2/... + +
18 Aina (Aiina) +
19 Fantasiya (danTa3zus) + + +
20 | CHELYABAYUBILEINAYA/4/BETTY/3/...x TERTSIYA*2/3/EMBI16/... + +
21 LUTESCENS 30-94/3/... + + +
22 | LUTESCENS290-99-7/... + +
23 | BELYANKA/4/... +
24 | OMSKAYA35/GRANITE/3/... +
25 | ALBIDUM29/ZLATA/S/... + +
26 | WS- Stru 133001s7 +
27 Lada x Karabalykskaya (JIaga x Kapabansixckas 90) +
23 Shortandinskaya 125 x Lyutescens 86-91-94-1 (ILlopranaunckas 125 x Jlro- N
TecieHe 86-91-94-1)
29 | llinskaya x Kazakhstanskaya 19 (Mnsumnckast x Kazaxcranckas 19) + + +
30 Omskaya 35 x Shortandinskaya (Omckas 35 x IlopramguHckas N +
yITy4IleHHast)
31 Omskaya 33 x Tselinnaya 24 (Omckas 33 x Llenunnas 24) +
32 Saratovskaya 51 x Aktyubinka (CaparoBckas 51 x AkTroOMHKa)
13 Karabalykskaya 90 x Lyutescens 2/10-99 (Kapa6ansixckas 90 x JlroTecuenc 4 "
2/10-99)
34 Karabalykskaya 4 x Karabalykskaya 90) KapaGansikckas 4 x Kapaba- N 4
abIkcKast 90
35 Karabalykskaya 7 x Sary-Arka (Kapa6anbikckas 7 x Capbl-Apka) + + +
36 | Aktobe 39 (Aktio0¢ 39) +
37 Stepnaya 2 (CtenHas 2) + +
38 Stepnaya 50 (Crennas 50) + +
39 Ekada 113 (Dkana 113) + + +
40 Dinastiya ([{unactust) + +
41 Stepnaya 53 (Ctennas 53) +
42 Stepnaya 75 (Crennas 75) +
43 | Lin.P-1413m (JIun. P-1413m) +
44 | Lin.P-1415m (JIun. P-1415m) +
45 | Lin. 201/21g (JInn. 201/21r.) +
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46 | Lin.205/21g (JIun. 205/21r.) + +
47 | Lin.225/21g (JIun. 225/21r.) + + +
48 Erit 255 (Oput 255) +
49 | 435/Lyut 2 (435/JTrot 2) + +
50 | 659/12 + +
51 486/Lyut 22 (486/JTot 22) + + +
52 | 63/Lyut 37 (63/JIrot 37) + +
53 | 23/07 + + +
54 | 218/10 + +
55 | Erit42/12 (Opur 42/12) + + +
56 Lyut 13/12 (JIrot 13/12) + +
57 | 384/06-1 + +
58 134 SP-21/19 (134 CII-21/19) + +
59 189 SP-21/19 (189 CII-2/19) + +
60 | 316 SP-21/19 (316 CII-2/19) + +
61 435 SP-21/19 (435 CI1-2/19) + +
62 | 450 SP-21/19 (450 CI1-2/19) + +
63 | 453 SP-21/19 (453 CII-2/19) + + +
64 | 73/07 + + +

Lr10 gene originated from 7riticum aestivum L chromo-
some arm 1A [30]. Lr10 is among the most common genes
found in European and Russian wheat genotypes [31-33]. In
the present study, the results of the molecular analysis did not
detect the known Lr genes, such as Lr10 and Lr19 in the pro-
vided experimental samples. Similarly, the molecular marker
evaluation of the spring wheat obtained from Southern Ka-
zakhstan and Omsk regions did not reveal these genes [34].
However, the molecular screening of wheat samples in the dif-
ferent study showed the presence of the Lr10 gene only in two
Kazakh genotypes (Yegmen and Dinara) and the Lr/9 gene
in one sample from Russia [35]. According to some studies,
Lri10 lost its efficacy and the virulence of the leaf rust patho-
gen for this gene was common in many regions [36,37]. Lr19
gene along with Lr9, Lr25 and Lr29 is still effective against
the population of leaf rust pathogen in different regions of
Kazakhstan [38]. Moreover, low virulence of these partic-
ular genes has been noticed in Iran, demonstrating its effec-
tiveness against the wheat leaf rust pathogen population [39].
The retained efficacy of the Lr/9 gene might be suggested for
use in wheat breeding programs for enhancing leaf rust resis-
tance in cultivated wheat varieties. It was hypothesized that
the absence of the known Lr genes resistant to leaf rust might
be safeguarded with the presence of additional Lr genes or
multiple minor genes within their genetic makeup, protect-
ing the plant [34].

Another rust-resistant gene Lr/3, identified in the “Man-
itou” Canadian wheat cultivar, is probably the most common
and extensively spread gene over a large area [37]. Its impor-
tance is defined by the rendering of durable adult plant resis-
tance, however, there has been little discussion about its inef-
fectiveness towards rust in several countries [40]. Molecular
analysis of the presence of Lr/3 in our studied samples did
not reveal this gene. However, in a similar study, the DNA
marker analysis of the lines from Kazakhstan showed its pres-
ence [41]. Nevertheless, Lr13 still demonstrates good resis-
tance in field experiments in combination with other rust-re-
sistant genes [14,42,43].
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Sr24, closely linked to leaf rust resistance Lr24 gene, was
first originally identified from Agropyron elongatum and lo-
cated on the 3DL chromosome. Lines, containing Sr24 might
be an effective source for breeding stem rust disease-resistant
cultivars [44,45]. Sr26 was also derived from Agropyron elon-
gatum (Thinopyrum ponticum) and was introduced to wheat
chromosome 6A [23,46]. Its continued resistance was con-
firmed towards Pgt pathotypes in combination with Sr2 and
Sr24 resistance genes [46,47]. The relevance of this gene re-
mains, as it has been showing its effectiveness since 1969 [48,
p. 1969-1985]. As can be seen from Table 2, the molecular
markers specific to Sr24 and Sr26 did not reveal these genes
in the studied cultivars. Both genes are known to be effective
against the highly virulent and aggressive race UG99 [49].
Even though this virulent race is predominantly established
in Eastern African regions, there is a huge concern about the
possible dispersal and migration of this race to other parts of
the world [50]. Furthermore, the subsequent announcement
of the UG99 race occurrence in Iran (2008) held huge con-
cern from Russian scientists about the distribution of the race
through the Caucasus or the Caspian Sea due to the movement
of air masses [51,52]. The UG99 pathotypes have not been
found in Kazakhstan, however, the risk of the occurrence is
also possible due to the above-mentioned reasons. Therefore,
it might be reasonable to incorporate these genes when breed-
ing the wheat cultivars as protective measures.

Lr16 was first reported in Canada and found in the Selkirk
variety [53]. As mentioned in the literature review, Lr6 was
originated from wheat chromosome arm 2BS and assigned us-
ing microsatellite markers [54]. This gene confers resistance
at the seedling stage. In the present study, the Lr/6 gene in
combination with Lr34 was found in twelve wheat lines and
four cultivars. It seems to be consistent with other research,
which found that a combination of these two genes exhibited
better resistance in wheat lines, than the lines with Lr/6 or
Lr34 alone [55].

The Lr34 gene is known to be present in lots of wheat cul-
tivars and is described as a first-cloned gene that confers par-
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tial resistance to multiple pathogens [12]. Gene is positioned
on the 7D chromosome [56]. Lr34 has resistance in adult
plant stages, however, under certain conditions, it can con-
fer resistance in seedling stages too. It is also worth mention-
ing, that in combination with other leaf rust-resistant genes,
it can demonstrate a synergetic effect [28]. As expected, Lr34
was identified in twenty-two wheat samples in combination
(Lr34, Lr39 and Lr16) or alone (Table 2). These results of the
current study are in keeping with recent molecular screen-
ing of domestic wheat accessions, where Lr34 was found at
high frequency with an occurrence of 22.8%. According to
their results, the combination of Lr37, Lr34 and Lr68 genes
demonstrated the highest efficiency and lowest susceptibility
to leaf rust [57]. In contrast, a different study has found the
Lr34 gene in combination with Lr/ and Lr26 in their stud-
ied Kazakh cultivars [35]. The resistance of the Lr34 gene is
no longer effective in Russia, however, it is used in combi-
nation with other genes to provide a durable resistance of the
cultivars [58]. Lr39 has been derived from Aegilops tauschii
and mapped to chromosome 2DS. The combination of sev-
eral resistance genes may enhance the durable resistance to
leaf rust. It was suggested that L»39 exhibits improved resis-
tance to leaf rust when combined with other resistant genes
[59]. In this study, the Lr39 gene was present in forty-three
lines and fifteen cultivars in combination with either Lr/6 or
Lr34 alone, or both.

The effectiveness of resistance genes towards the patho-
gen population can vary between regions and show different
results due to several factors. It might be due to genetic di-
versity and variability of the pathogen, environmental condi-
tions (temperature, humidity etc.) or the continuous use of the
same resistance genes that lead to the virulence of the patho-
gen and the diminishment of the gene’s efficacy. Nevertheless,
this combination of results provides some support for prov-
ing the occurrence of adult plant and seedling resistance genes
in our local cultivars and lines. This outlines that the use of
genes selected with DNA markers is of particular importance
for wheat resistance breeding in Kazakhstan.

CONCLUSION

In the present study, we examined sixty-four cultivars and
lines from KarabAES, AktAES and NorthKazAES and char-
acterized leaf and stem rust resistance genes using specific
molecular markers. We examined the presence of eight Sr
and Lr resistance genes, including Lr10, Lri3, Lrl6, Lr19,
Lr34, Lr39, Sr24 and Sr26 in the analyzed samples. Molec-
ular screening showed a total of fifteen spring wheat acces-
sions that carried a combination of several Lr-genes (Lr16,
Lr34 and Lr39) of resistance. Of these, six varieties in the
nursery of spring soft wheat from KarabAES, two from Ak-
tAES (Ekada 113, Lin. 225/21g.), seven from NorthKazAES
(435/Lut 2, 659/12, 486/Lut 22, 23/07, Erit 42/12, 453 SP-2
/19). To conclude, the results demonstrate the usefulness of
the examined markers for the identification of rust-resistance
genes in different cultivars, which may serve as a base for fu-
ture studies and should prove to be particularly valuable to
breeders in selecting wheat-resistant varieties.
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CKPUHUHI HOBBIX COPTOB IMIIEHULBI KASAXCTAHCKOI'O MPOUCXOXKIAEHUSI
HA HAJIMYUE TEHOB YCTOMYNUBOCTHU K CTEBJEBOM U IUCTOBOM PXJKABUYNHE C
HCIIOJIb3OBAHUEM MIIP-MAPKEPOB

KypsimbaeBa H. /., Mayaen6aii A.Jl.*, Kypmanraau A.K., blckaxosa I.I1l., CaBun T.B., Pcanues A.C.

Hayuno-uccredosamenvcruti uncmumym npobnem duonoeuueckou besonacnocmu, Kazaxcman, I'sapoetickuui
*a.maulenbay@biosafety.kz

AHHOTAIIUA

JlucToBast u credneBast pXKaBUMHA SIBISIFOTCS] HAHOOJIee PacpOCTPAaHEHHBIMU U BPEIOHOCHBIMH TPUOKOBBIMH 3200JICBaHU-
SIMH, KOTOpBIE CYIIECTBEHHO BIIHMSIOT Ha yPOBEHb IPOM3BOCTBA MILIEHUIBI BO BceM Mupe. OHNM 13 3 (HEKTUBHBIX M DKOHO-
MHYECKH 11e1eC000pa3HbIX CII0CO00B KOHTPOJISI Pa3BUTHS OTHX OOJIE3HEH SBISETCS CEJICKIUs YCTOHYMBBIX COPTOB ITIICHHIIBL.
HVcrionp3oBaHre MOJIEKYISIPHBIX MapKEepOB, CBSI3aHHBIX C TEHAMHU YCTOHYMBOCTH, MOXKET OBITH MMOJIE3HBIM JUIsl WACHTH(UKA-
IIIH COPTOB, HECYIIMX KOHKPETHBIC FeHbl YCTOMYMBOCTH. B TaHHOM McciieoBaHuy ObLIO MCCIIe0BaHbI 64 copTa U JIMHUN
MIIEHUIBI, IPETOCTABICHHBIE OT€UECTBEHHBIMU CEIIbCKOXO3SHCTBEHHBIMU ONBITHBIMU CTaHIUSAMHU. CKPUHUHT HA HaJlIU4He
TEHOB YCTOHYMBOCTH K JINCTOBO# (L) 1 credneBoi (Sr) pikaBunHe rpoBeseH ¢ noMoibio 8 map JJHK-mapkepos. Ilects re-
HOB YCTOMYHMBOCTH K JICTOBOU pykaBumne (Lr10, Lrl3, Lr16, Lr19 w Lr39) 6bumn BeisiBnensl MetogoM I11P. Micionb3oBanne
MOJIEKYJISIPHBIX MapKepoB I10Ka3aj0 HaIn4ne KOMOMHAIMH HECKOJILKUX TeHOB Lr, B yacTHoCTH Lr]6, Lr34 v Lr39, y nsarHan-
1aru 00pasioB sspoBoii mueHumpl. lllecTs copToB B MUTOMHMKE SIpoBOi Msrkoit menunIp! ot KapadCXOC, nBa copra ot Ak-
TCXOC (Okana 113, mun. 225/21r.) u cemb coptoB ot CeBKazCXOC (435/JTrot 2, 659/12, 486/J1yt 22, 23/07, Dpur 42/12,
453 CI1-2/19) neciim KOMOMHAIIUIO ATHX TPeX TeHOB. Takum 00pa3oM, MOITyUEHHBIE Pe3yJIbTaThl WILTIOCTPUPYIOT MOJIE3HOCTh
UCCJIE0BaHHBIX MapKePOB JUIsi OOHAPYKEHHUS] TEHOB YCTOMYMBOCTHU K PyKaBYMHE Y PA3IMYHBIX COPTOB. J[aHHBIE pe3ynbTraTh
MOTYT CTaTh OCHOBOM JUIsl OyyIIMX MCCIIEIOBaHHUI U, KaK 0)KHUIACTCS, MOIJIO OBITH OCOOCHHO IOJIE3HO CEIEKIIMOHEpaM pu
BBIOOPE YCTOWYMBBIX K P’KaBYMHE COPTOB MILICHHUIIBI.

KiioueBble ciioBa: crebieBast pxxaBunHa, Oypast p)kaBunHa, MIeHNIa, TeHsl Lr u Sr, ITIP-mMapkepsl, ceTbcKOX03IHCTBEH-
HBIE OIBITHBIE CTAHILIUU.

NITP-MAPKEPJIEPII MAWJTAJTAHA OTBIPBII, KASAKCTAHIBIK BUIAWIBIH dKAHA
COPTTAPBIH CABAK JKOHE KATIBIPAK TATTAPBIHA TO3IMILJIIK IT'EHIEPTHIH CKPUHUHTI

KypsimbaeBa H. /., Mayaen6aii A.JI.*, Kypmanraau A.K., blckaxosa I.I11., CaBun T.B., Pcanues A.C.

Buonocusnvix kayincizoixk npobiemanapuinviy eblivimu sepmmey uncmumymel, Kasaxeman, I'sapoetick
*a.maulenbay@biosafety.kz

TYHUIH

bunaiiapiy xKarbIipak *&oHe cabak TaThbl aypysiapbl OuIai eHIIpICiHE Kepl dcep TUTI3ETiH KeH TapaliFaH JKOHE 3USH/IbI CAHbI-
payKkyJiaK aypyJaapbiHbIH Oipi. Bys1 aypysapslH 1aMyblH TeKEUTIH THIMII 9icTepiHiH Oipi — OuaaiibiH TO3iM/Ii COPTTapbiH
eHipicte naiinanany. Te3iMaitik reHepiMeH OaiaHbICTBl MOJICKYJIAJbIK MapKepiiep/l aiaanany oenrii 6ip Te3iMaiIiK
reHjiepi 0ap copTrap/ibl aHbIKTay YIIiH naiiansl 00yl MyMKiH. Byit 3epTreyie oTanabIK aybulapyaibulblK TOKIpHOe CTaH-
LUSJIaphl YChIHFAH 64 Ouail coprrapsl MeH JnHusiap 3eprreii. JKanbipak (Lr) sxoHe cabak (Sr) TaTsl aypysapbiHa TO3IMIUTIK
renaepiniy ckpununri 8 sxyn JIHK mapkepi apkpuis sxy3ere acsipbuiasl. [ITP oiciMeH ykanbIpak TaThlHA TO3IMIUTIKTIH aaThl
reni (Lr10, Lr13, Lri6, Lr19 xone Lr39) anpikranabl. MoJekysaiablk MapKepiepii KoJlaHy apKbUIbl XKa3bIK OUIaiIbIH OH
Oec copryunricinne Lr16, Lr34 sxone Lr39 Te3iMaiik reniep KOMOMHAIMSCH! aHBIKTANbL. 3epTTey HOTHIKECIHIIE HKa3/IbIK JKYM-
cax Ounait muromuuringeri antel copt KapabATC, eki copt AKTATC (Oxana 113, nun. 225/21r) xxone CeBkazATC xerTi co-
pryaricinne (435/JTwot 2, 659/12, 486/J1yT 22, 23/07, Dpur 42/12, 453 CI1-2/19) aranran Te31MIUIIK TeH1ep KOMOMHAIUSCHI
anbpIKTan el OchlIaiiia, 3epTTelreH MapKepIiepAiH 9pTYpJii COPTTAP/bIH TaT TYpJIepiHe TO3IMILTIK I'eHIEPiH aHbIKTay YILIiH
THIMAUIITIH KepceTei. AbIHFaH HOTHKEJIEePial Ooariak 3eprreyiepre Heri3 6osa anaapl. COHBIMEH Karap, TaT TypJepiHe
Te31M/Ii Oujjaii COpTTaphIH IIbIFApy/a CeJIeKIIMOHEepIIepre Naiaabl Oonaabl et Ky Tutye.

KinarTik ce3mep: cabak TaThl, KaIbIpak TaTbl, Ouaii, Lr sxxone Sr reuaepi, [ITP mapkepiep, aybutmapyanibuibik TOKIpUOe
CTaHIUSUIAPBI.
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