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ABSTRACT

Barley (Hordeum vulgare L.) is an important cereal crop traditionally used in animal feed, malting, and food production.
In Kazakhstan, barley is the second most cultivated cereal grain. However, despite the long history of barley cultivation in
Kazakhstan, traditional breeding methods prevail here. The introduction of marker-assisted selection (MAS) in the breeding
process may improve the adaptation and productivity of local cultivars, as well as help in the development of new ones. For
that, validation of 23 kompetitive allele-specific PCR (KASP) assays for adaptation and productivity traits developed using
previous GWAS results was performed. The collection of 35 two-rowed barley promising lines was grown at the Kazakh
research institute of agriculture and plant growing (KRIAPG, Almaty region, Kazakhstan) in 2021 and studied for 5 adaptation-
related (heading time, heading-maturity time, plant height, peduncle length, and spike length) and 5 productivity-related
(number of kernels per spike, the weight of kernels per spike, weight of kernels per plant, thousand kernels weight, and yield
per m?) traits. The same collection was genotyped using 23 KASP assays. As a result, 21 KASPs demonstrated a good level of
polymorphism (MAF > 0.10 and I > 0.36) in the studied barley collection. Six KASP assays confirmed their associations with
adaptation and productivity traits (P < 0.05); nine KASPs were associated with other agronomic traits (P < 0.05). Nine KASP
assays were identified for adaptation traits, one assay was detected for productivity traits and six KASPs were found to be
associated with both types of traits. Four KASP assays (ipbb_hv 9, ipbb_hv_101, ipbb_hv_109, and ipbb_hv_110) confirmed
significant (P < 0.05) effect of shorter heading-maturity time on higher productivity traits under stress conditions of south-east
Kazakhstan. Thus, in this study fifteen out of the studied twenty-one KASP assays were validated for their associations with

adaptation and productivity traits and potentially can be included in the barley breeding projects.
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INTRODUCTION

Spring barley (Hordeum vulgare L.) is one of the lead-
ing cereal crops occupying 4" place among all cereals in the
world after corn, wheat, and rice [1]. In Kazakhstan, barley is
the second most cultivated cereal crop [2]. According to the
Bureau of National Statistics of Kazakhstan, in 2021, spring
barley was the second cereal after wheat by total grain pro-
duction (2.35 million tons) [2]. Among that, 0.44 million tons
(about 18.7 % of the total yield) were produced in the Almaty
region, which makes the region economically prospective for
barley breeding.

For many years, barley breeding in Kazakhstan was based
on using traditional methods, including the selection and hy-
bridization of individuals with favorable traits. However,
these methods have several disadvantages. Often, favorable
genes are inherited along with unfavorable ones; inheritance
of one gene is often accompanied by the loss of another; some
genes are linked to each other, which makes it difficult to sep-
arate the good one from the bad one. To strengthen desir-
able hereditary properties, it is necessary to increase the ho-
mozygosity of a new cultivar taking years. The development
of modern biotechnological approaches including molecular
DNA markers may help to improve accuracy and reduce the
time of breeding processes. One of these approaches is mark-
er-assisted selection (MAS) successfully used worldwide for
crop improvement [3, 4]. The basic principle of MAS is the
identification of associations between a DNA marker and a
linked gene controlling the trait of interest. These marker-trait
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associations (MTAs) are used for the search and development
of new cultivars and breeding lines. DNA markers are usu-
ally used for the assessment of genetic diversity, genes, and
quantitative trait loci (QTL) mapping, selection of promising
breeding material, loci introgression, and gene pyramiding [5,
6]. The most common type of DNA markers involved in MAS
for the last 10 years is single nucleotide polymorphism (SNP).
These markers are numerous and can be found on all chromo-
somes throughout the plant genome [7]. In addition, now, the
detection of SNPs is relatively simple and accelerated by ar-
rays, next- and third-generation sequencing technology, and
MALDI-TOF mass spectrophotometry [8].

SNPs found in the barley genome are widely used for gene
mapping genes and QTLs associated with economically valu-
able traits. This type of markers was used for association map-
ping via genome-wide association study (GWAS) of the resis-
tance to biotic [9-11], abiotic stresses [12-14], adaptation traits
[15-17], yield components [17-19], and grain quality traits of
barley [20, 21]. All of these QTLs together with known genes
potentially may be involved in the barley breeding process
aimed at yield improvement. The big advantage of SNP mark-
ers is the possibility to convert them into markers for kompet-
itive allele-specific PCR or KASP. KASP is a high-throughput
assay for the rapid genotyping of breeding material by mark-
ers associated with economically valuable traits listed above
[22]. The official website of the National Institute of Agri-
cultural Botany (NIAB) (www.niab.com/mas/species/type/3/
Barley) provides information about 25 KASP assays devel-
oped for spike row number, grain pigmentation, seasonal type,
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plant height, lodicule disposition, and other important barley
traits, as well as genotyping data for many barley cultivars.
KASP assays were also developed for the resistance to green-
bug [23], powdery mildew [24], leaf rust [25], seed dormancy
regulation [26], a-amylase activity [27], B-glucan content in
the grain [28], and other valuable traits of barley.

In Kazakhstan, the MAS approach in barley breeding is
not fully developed and traditional methods still prevail. How-
ever, there are works on GWAS of barley grown in Kazakh-
stan with SNP markers identified for key adaptation and pro-
ductivity traits [18, 19]. According to Y. Xu and coauthors
[29], proper genetic markers for MAS should be significantly
associated with traits. One of the ways to test MTAs is the val-
idation — genotyping of new germplasm material with mark-
ers and association test. SNPs from previous barley GWAS
studies [18, 19] were used for the transformation of them into
convenient KASP assays. The current study was aimed at val-
idation of KASP assays using the collection of promising bar-
ley lines in the Almaty region.

MATERIALS AND METHODS

Barley collection and field experiment

Studied spring two-rowed barley collection included 35
promising lines (F_,) obtained from Karabalyk agricultural
experimental station (KAES, Kostanay region, Kazakhstan).
The collection was grown in the field of the Kazakh research
institute of agriculture and plant growing (KRIAPG, Almaty
Table 1 — The list of KASP assays used for the analysis.

region, Kazakhstan) under natural non-irrigated conditions in
2021. Each individual barley line was sowed in one m* plot
in two independent random replications. The collection was
studied for 5 adaptation-associated traits: heading time (HT,
days), heading-maturity time (HMT, days), plant height (PH,
cm), peduncle length (PL, cm), and spike length (SL, cm). As
well as for 5 productivity-associated traits: number of ker-
nels per spike (NKS, pcs), the weight of kernels per spike
(WKEP, pcs), the weight of kernels per plant (WKP, g), thou-
sand kernels weight (TKW, g), and grain yield per m? (YM2,
g/m?). Together with the studied collection, the check culti-
var ‘Asem’ was grown for comparative analysis. For further
validation, the average values of two repetitions were used.

KASP genotyping and statistics

Total genomic DNA was extracted from 4-days individ-
ual seedlings of studied barley collection using the CTAB
extraction protocol [30]. SNP markers identified in previous
GWAS studies of barley [18, 19] were transformed into KASP
assays using sequences obtained from the Triticeae Toolbox
(https://barley.triticeaetoolbox.org). Two forward allele-spe-
cific primers and one reverse common primer were designed
using SNP sequences and the LGC Genomics tool (www.bi-
osearchtech.com). Positions and associated traits for five 23
KASP assays are provided in Table 1. The KASP assays were
designed by LGC Genomics and the PCR was carried out in
accordance with the manufacturer’s protocol with three rep-
etitions for each barley line. KlusterCaller software (https://

# KASP assay Chromosome Associated traits with references

1 ipbb_hv 5 1H NKS [18]

2 ipbb_hv_6 3H HT, HMT, PH, PL, NKS, TKW, YM2 [18]
3 ipbb_hv 7 6H HT, HMT, PH, PL, NKS, TKW, YM2 [18]
4 ipbb_hv 9 1H HT [19]

5 ipbb_hv_10 2H NKS [19]

6 ipbb_hv_11 7H TKW [19]

7 ipbb_hv 101 4H HT, PH, PL, TKW [18]

8 ipbb_hv_102 SH PH (unpublished)

9 ipbb_hv_103 6H TKW, YM2 (unpublished)

10 ipbb_hv_104 1H HT, PH, TKW, YM2 [18]

11 ipbb_hv 105 4H PL, NKS (unpublished)

12 ipbb_hv_106 7H NKS (unpublished)

13 ipbb_hv_107 6H NKS (unpublished)

14 ipbb_hv 108 2H SL (unpublished)

15 ipbb_hv 109 SH YM2 [18]

16 ipbb_hv 110 SH PH, YM2 (unpublished)

17 ipbb_hv_111 6H NKS (unpublished)

18 ipbb_hv 113 SH TKW [18]

19 ipbb_hv 114 SH YM2 (unpublished)
20 ipbb_hv 115 1H SL[18]
21 ipbb_hv_116 1H HT, HMT, PH, PL, TKW, YM2 [18]
22 ipbb_hv 128 7H HMT, PH, PL, NKS, TKW, YM2 [18]
23 ipbb_hv 134 2H HT, HMT, PH, PL [18]

Notes: HT — heading time, HMT — heading-maturity time, PH — plant height, PL — peduncle length, NKS — number of kernels per spike, TKW —
thousand kernels per spike, YM2 — yield per m?
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www.biosearchtech.com) was used to visualize the KASP ge-
notyping results. A t-test in the IBM SPSS Statistics v 27.0
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Figure 1 — Distribution of adaptation (green) and productivity (red)
traits in studied two-rowed barley collection. The arrows denote spring
barley check cultivar ‘Asem’ originated and developed in KRIAPG for

south-east Kazakhstan.
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(https://www.ibm.com/products/spss-statistics) was applied to
determine the significant differences (P < 0.05) between the
means of studied adaptation and productivity traits in two al-
lelic groups for each KASP assay.

RESULTS

Adaptation and productivity traits in studied barley col-
lection

The collection of 35 two-rowed barley promising lines
was grown and studied for 10 key agronomic traits including
5 adaptation and 5 productivity traits. For all studied traits,
a wide range of variability was observed (Figure 1). HT was
between 38 and 49 days, while HMT ranged from 7 to 36
days. PH varied from 45.3 to 75 cm, PL was from 6.7 to 17
cm, and SL was between 5.7 and 10.3 cm. As for the pro-
ductivity traits, NKS was observed between 11.7 and 27 pcs,
WKS — from 0.6 to 1.9 g, WKP — from 1 to 3.6 g, TKW var-
ied from 33.6 to 54.3 g, and YM2 — from 72.2 to 297 g/m?
(Figure 1). Generally, for adaptation traits (HT, HMT, PH,
PL, and SL), there were lines with larger and smaller values
than the check cultivar. At the same time, according to pro-
ductivity traits (NKS, WKS, WKP, TKW, and YM2), the ma-
jor part of the collection was more productive than the check
cultivar (Figure 1).

KASP genotyping

In total, 23 KASP assays were used for validation of pre-
viously identified MTAs for productivity and adaptation traits.
The collection of 35 barley promising lines was genotyped
with these KASP assays (Figure 2).

Among them, two KASP assays demonstrated a low level
of polymorphism and minor allele frequency (MAF) < 0.05,
therefore they were excluded from further analysis (Table 2).
Other 21 assays showed good segregation, MAF from 0.11 to
0.50, I (Shannon’s Information Index) > 0.355, and were used
as genotypes for the t-test. Among studied barley lines, het-
erozygous individuals were detected by 17 KASP assays and
were excluded from analysis as well.

Associations between KASP markers and adaptation traits
in studied barley collection

For the validation, values of 5 adaptation traits studied in
the collection of 35 barley promising lines and their genotyp-
ing results were used in the t-test. The results of the t-test are
summarized in Table 3.

Figure 2 — Fragment of genotyping results. KASP segregation plots of ipbb_hv_6 (A), ipbb_hv_116 (B), and ipbb_hv_128 (C).
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Table 2 — Polymorphism information for 23 KASP assays in the population of barley promising lines.

# KASP assay N MAF Ne 1

1 ipbb_hv 5 34 0.26 1.637 0.578

2 ipbb_hv_6 34 0.12 1.262 0.362

3 ipbb_hv_7 35 0.03 1.059 0.130

4 ipbb_hv_9 32 0.38 1.882 0.662

5 ipbb_hv 10 33 0.21 1.502 0.517

6 ipbb_hv 11 32 0.50 2.000 0.693

7 ipbb_hv_101 33 0.42 1.955 0.682

8 ipbb_hv 102 33 0.18 1.424 0.474

9 ipbb_hv 103 35 0.03 1.059 0.130

10 ipbb_hv 104 32 0.41 1.932 0.675

11 ipbb_hv 105 32 0.47 1.992 0.691

12 ipbb_hv_106 32 0.25 1.600 0.562

13 ipbb_hv_107 32 0.19 1.438 0.483

14 ipbb_hv_108 35 0.34 1.820 0.643

15 ipbb_hv_109 31 0.29 1.701 0.602

16 ipbb_hv 110 34 0.32 1.778 0.630

17 ipbb_hv 111 31 0.29 1.701 0.602

18 ipbb_hv 113 31 0.42 1.949 0.680

19 ipbb_hv 114 31 0.13 1.290 0.385

20 ipbb_hv 115 32 0.28 1.679 0.594

21 ipbb_hv 116 35 0.49 1.998 0.693

22 ipbb_hv_128 35 0.11 1.254 0.355

23 ipbb_hv_134 35 0.43 1.960 0.683

Notes: N — number of individuals. MAF — minor allele frequency. Ne — number of effective alleles. I — Shannon’s Information Index.
Table 3 — T-test results for adaptation traits. P-values are presented.

# KASP MAF HT HMT PH PL SL

1 ipbb_hv 5 0.26 0.586 0.307 0.450 0.796 0.486
2 ipbb_hv_6 0.12 0.033 0.676 0.260 0.123 0.594
3 ipbb_hv 9 0.38 0.931 0.041 0.038 0.068 0.670
4 ipbb_hv 10 0.21 0.005 0.588 0.767 0.369 0.965
5 ipbb_hv 11 0.50 0.546 0.603 0.275 0.279 0.939
6 ipbb_hv 101 0.42 0.404 0.038 0.234 0.162 0.341
7 ipbb_hv_102 0.18 0.325 0.004 0.001 0.003 0.037
8 ipbb_hv_104 0.41 0.184 0.004 4.10E-05 0.065 0.120
9 ipbb_hv 105 0.47 0.593 0.315 0.0171 0.423 0.269
10 ipbb_hv_106 0.25 0.040 0.844 0.075 0.002 0.202
11 ipbb_hv_107 0.19 0.845 0.009 0.004 0.746 0.408
12 ipbb_hv_108 0.34 0.494 0.926 0.772 0.487 0.912
13 ipbb_hv_109 0.29 0.892 0.039 0.092 0.694 0.613
14 ipbb_hv 110 0.32 0.095 0.008 0.052 0.713 0.630
15 ipbb_hv 111 0.29 0.822 0.057 0.006 0.702 0.332
16 ipbb_hv 113 0.42 0.397 0.399 0.430 0.319 0.615
17 ipbb_hv 114 0.13 0.932 0.811 0.818 0.407 0.814
18 ipbb_hv_115 0.28 0.544 0.183 0.284 0.655 0.523
19 ipbb_hv 116 0.49 0.046 0.014 7.30E-06 0.016 0.046
20 ipbb_hv 128 0.11 0.363 0.542 0.599 0.108 0.838
21 ipbb_hv_134 0.43 0.750 0.106 0.064 0.034 0.732

Notes: MAF — minor allele frequency. P values < 0.05 are highlighted in bold.
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Among 21 polymorphic KASPs, 14 assays demonstrated
significant associations (P < 0.05) with studied adaptation
traits. Assay ipbb_hv_6 was significantly associated with HT
(P <0.05); iphbb_hv_9 — with HMT and PH (P < 0.05); ipbb_
hv_10 — with HT (P < 0.05); ipbb_hv_101 — with HMT (P <
0.05); ipbb_hv_102 — with HMT (P < 0.01), PH (P < 0.01),
PL (P <0.01), SL (P < 0.05); ipbb_hv_104 — with HMT (P
< 0.01) and PH (P < 0.0001); ipbb_hv 105 — with PH (P <
0.05); ipbb_hv_106 — with HT (P < 0.05) and PL (P < 0.01);
ipbb_hv_107 —with HMT (P < 0.01) and PH (P < 0.01); ipbb__
hv_109 — with HMT (P < 0.05); ipbb_hv_110 — also with
HMT (P <0.01); ipbb_hv_111 — with PH (P < 0.01); ipbb_
hv_116 —with all traits — HT (P < 0.05), HMT (P < 0.05), PH
(P<0.00001), PL (P <0.05), SL (P <0.05); and ipbb_hv 134
— with PL (P < 0.05) (Table 3). In total, 8 assays were asso-
ciated with one adaptation trait, 4 assays were identified for
two traits, 1 assay demonstrated association with 4 traits, and
one assay — with all 5 traits. By the traits, the largest number
of assays were observed for HMT (8 assays) and for PH (7
assays). For SL only two assays were detected.

Associations between KASP markers and productivity
traits in studied barley collection

All 21 KASP assays were used for the validation of their
association with productivity traits. For these traits, 6 out of
21 KASP assays demonstrated significant associations (P <
0.05). General information about associations is provided in
Table 4.

Assay ipbb_hv_9 was associated with NKS (P <0.01) and
TKW (P <0.05); ipbb_hv 101 — with NKS (P < 0.05); ipbb
hv_109 — with WKP (P < 0.01); ipbb_hv 110 — with NKS

(P <0.05); ipbb_hv 115 — NKS (P < 0.05) and TKW (P <
0.05); iphb_hv_134 — with TKW (P < 0.05) (Table 4). Among
KASPs significantly associated with productivity traits, two
were found to be related to two traits and four were identi-
fied for one trait each. By traits, for NKS there were 4 as-
says, for TKW — 3 assays, and for WKP only one assay was
detected. For WKS and YM2 there were no significant asso-
ciations observed.

Assays ipbb_hv_9, ipbb_hv 101, ipbb_hv_109, ipbb
hv_110, and ipbb_hv_134 were associated with both adapta-
tion and productivity traits demonstrating significant effects
(Table 5).

Genotype ‘A:A’ of ipbb_hv_9 negatively affected HMT,
PH, and TKW, but positively affected NKS. Genotype ‘A:A’
of ipbb_hv_101 demonstrated the positive effect of HMT, but
the negative on NKS. Genotype ‘A:A’ of ipbb_hv_109 de-
creased HMT, but increased WKP. Genotype ‘A:A’ of iphb
hv_110 had a positive effect on HTM but it was negative for
NKS. And finally, genotype ‘A:A’ of ipbb _hv_134 affected
positively both PL and TKW.

DISCUSSION

One of the top priorities in MAS is the validation of MTAs
and/or QTLs identified in association and linkage mapping
studies [31]. The validation of such genotype-phenotype as-
sociations is an essential step for the application of MAS in
practice. From a technical point of view, it is very important
to test these associations by using cost-effective, informative,
and reliable types of DNA markers, such as KASP assays.
For this purpose, previously identified MTAs [18, 19] were

Table 4 — T-test results for productivity traits. P-values are presented.

# KASP MAF NKS WKP WKS TKW YM2
1 ipbb_hv S 0.26 0.113 0.927 0.163 0.063 0.876
2 ipbb_hv 6 0.12 0.454 0.783 0.386 0.158 0.110
3 ipbb_hv 9 0.38 0.008 0.508 0.699 0.015 0.133
4 ipbb_hv 10 0.21 0.196 0.456 0.216 0.084 0.905
5 ipbb_hv 11 0.50 0.074 0.084 0.133 0.138 0.905
6 ipbb_hv 101 0.42 0.012 0.567 0.577 0.216 0.054
7 ipbb_hv_102 0.18 0.055 0.951 0.483 0.054 0.260
8 ipbb_hv_104 0.41 0.191 0.331 0.129 0.491 0.667
9 ipbb_hv_105 0.47 0.051 0.318 0.908 0.413 0.682
10 ipbb_hv_106 0.25 0.332 0.597 0.149 0.502 0.085
11 ipbb_hv_107 0.19 0.235 0.503 0.414 0.578 0.993
12 ipbb_hv_108 0.34 0.642 0.696 0.340 0.616 0.155
13 ipbb_hv_109 0.29 0.353 0.004 0.171 0.543 0.903
14 ipbb_hv 110 0.32 0.037 0.187 0.823 0.338 0.250
15 ipbb_hv 111 0.29 0.659 0.374 0.606 0.587 0.534
16 ipbb_hv 113 0.42 0.852 0.783 0.613 0.391 0.079
17 ipbb_hv 114 0.13 0.639 0.321 0.554 0.615 0.988
18 ipbb_hv 115 0.28 0.028 0.823 0.235 0.024 0.977
19 ipbb_hv_116 0.49 0.091 0.149 0.082 0.367 0.385
20 ipbb_hv_128 0.11 0.533 0.493 0.254 0.992 0.905
21 ipbb_hv_134 0.43 0.140 0.786 0.764 0.013 0.184

Notes: MAF — minor allele frequency. P values < 0.05 are highlighted in bold.
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Table 5 — Significant (P < 0.05) effect of genotypes on adaptation and productivity traits in the studied barley breeding lines.

ipbb_hv 9 Genotype N Mean SD Effect (%)

A:A 20 18.30 7.88 -38.65
HMT (days)

B:B 12 29.83 12.67 +38.65

A:A 20 52.75 7.23 -9.42
PH (cm)

B:B 12 58.24 6.31 +9.42

A:A 20 20.51 3.63 +16.58
NKS (pcs)

B:B 12 17.11 2.48 -16.58

A:A 20 40.82 5.05 -10.80
TKW (g)

B:B 12 45.76 5.60 +10.80
ipbb_hv_101 Genotype N Mean SD Effect (%)

AA 19 25.53 13.24 +34.55
HMT (days)

B:B 14 16.71 8.59 -34.55

AA 19 17.82 3.52 -14.98
NKS (pes)

B:B 14 20.96 3.11 +14.98
ipbb_hv_109 Genotype N Mean SD Effect (%)

A:A 22 18.09 11.41 -35.14
HMT (days)

B:B 9 27.89 11.55 +35.14

A:A 22 231 0.83 +32.47
WKP (g)

B:B 9 1.56 0.47 -32.47
ipbb_hv_110 Genotype N Mean SD Effect (%)

AA 23 25.78 10.09 +39.68
HMT (days)

B:B 11 15.55 6.85 -39.68

AA 23 17.89 3.18 -13.32
NKS (pes)

B:B 11 20.64 3.95 +13.32
ipbb_hv_134 Genotype N Mean SD Effect (%)

A:A 15 13.27 2.64 +15.15
PL (cm)

B:B 20 11.26 2.68 -15.15

A:A 15 45.37 5.63 +10.09
TKW (g)

B:B 20 40.79 4.71 -10.09

transformed into KASP assays and used for the validation of
their associations in different barley germplasm. In the cur-
rent study, the collection of promising two-rowed barley lines
demonstrated wide ranges of both adaptation and productiv-
ity traits (Figure 1), as well as good polymorphism by studied
KASP assays (Table 2). Values of five key productivity traits
were higher in the collection than in the check cultivar ‘Asem’
(Figure 1). While adaptation traits in the majority of the col-
lection were similar to the check cultivar. Nine KASP assays
were identified for adaptation traits exclusively, one assay was
identified for productivity traits and six KASPs were found to
be associated with both types of traits (Figure 3).

In total, the validation of six KASP assays can be con-
sidered successful, since their associations with adaptation
and productivity traits identified in GWAS [18, 19] were con-
firmed in the current study (Tables 1, 3, 4). Six KASPs did
not associate with any agronomic traits in the studied barley
promising lines collection (Tables 3 and 4). Nine KASP as-
says demonstrated associations with other agronomic traits
not-mentioned in previous works [18, 19] (Tables 3 and 4).
The largest number of significant associations among all traits
was observed for HT, HMT, and PH — key adaptation traits. It
is known, that heading time- and flowering-associated gene

groups, such as PpdH, HvFT, HvCO, and others, as well as
QTLs, have a great effect on almost all agronomic traits of
barley including yield [32]. In the current study, four KASP
assays (ipbb_hv_9, ipbb_hv_101, ipbb_hv_109, and ipbb
hv_110) demonstrated associations with HMT and productiv-
ity traits NKS, WKP and TKW (Tables 3 and 4). Presumably,
genes and/or QTLs similar to the above-mentioned heading
time genes may affect these productivity traits. Interestingly,
the alleles of these four KASP assays decreased HMT at the
same time increasing the productivity of barley lines (NKS
and WKP) (Table 5). It may be explained by the fact that grain
filling during HMT in southeast Kazakhstan coincides with
periods of drought and high-temperature stress reducing crop
yield [33]. The short duration of HMT appeared to contrib-
ute to increased stress tolerance and yield, as was observed
for wheat earlier [34]. A short to medium grain filling period
appeared to be desirable in environments where the growing
season included severe stress [35]. The largest effect on pro-
ductivity was detected for the genotype ‘A:A’ of ipbb_hv_109
increasing WKP by 32.47 % (1.56 g for ‘B:B’ and 2.31 g for
‘A:A’) and decreasing HMT by 35.14 % (from 27.89 days for
‘B:B’ to 18.09 days for ‘A:A’) (Table 5). In previous GWAS
work, this SNP was associated with other important produc-
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Adaptation traits

Productivity traits

ipbb_hv 6
ipbb_hv 10
ipbb_hv 102 ipbb hv 9
ipbb_hv_104 ipbb_hv_101
ipbb_hv_105 ipbb_hv_109 ipbb_hv 115
ipbb_hv_106 ipbb_hv_110
ipbb_hv 107 ipbb_hv 134
ipbb _hv 111
ipbb _ hv 116

Figure 3 — KASP assays identified for adaptation (blue), productivity (yellow), and for both groups of traits (intersection).

tivity traits — YM2 [18]. Thus, KASP assays ipbb_hv_9, ipbb
hv_101, ipbb_hv_109, and ipbb_hv_110 confirmed their sig-
nificance in the studied collection of barley promising lines
and are presumably novel genetic factors that can be suc-
cessfully used in barley breeding in drought regions of Ka-
zakhstan. Other assays significantly associated with agro-
nomic traits confirmed in this study also may be included in
the breeding process as a part of MAS.

CONCLUSIONS

In the present study, the collection of 35 two-rowed
barley promising lines was used for the genotyping and phe-
notyping, and further validation. For that, 23 KASP assays for
adaptation and productivity traits were developed using the
result of previous GWAS studies. Among them, 21 KASPs
demonstrated a good level of polymorphism (MAF > 0.100
and 1> 0.355) in the studied barley collection. Six KASP as-
says confirmed associations with adaptation and productivity
traits, nine KASPs demonstrated associations with other agro-
nomic traits not-mentioned in previous works, and six KASPs
had no significant associations. Nine KASP assays were iden-
tified for adaptation traits, one assay was for productivity
traits and six KASPs were found to be associated with both
types of traits. Four KASP assays (iphb_hv_9, ipbb_hv 101,
ipbb_hv 109, and ipbb_hv_110) revealed genotypes condi-
tioning significant (P < 0.05) effect of shorter heading-matu-
rity time on higher productivity traits under stress conditions
of south-east Kazakhstan. Thus, fifteen KASP assays signifi-
cantly associated with agronomic traits confirmed in this study
(P <0.05) can be included in the barley breeding activities.
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AHHOTAIIUA

Slumens (Hordeum vulgare 1L.) sBnsieTcst BaXXHO# 3¢pHOBO# KyJIbTYpPOM, TPAIUIIMOHHO UCIIOIB3YEMON B KOPMOMPOU3BO/I-
CTBe, MUBOBAPECHUU U MHUIIEBOH npombliieHHOCTH. B Ka3axcrane ssumMeHb 3aHMMaeT BTOPOE MECTO 10 POU3BOACTBY CPEAU
3epHOBBIX. TeM He MeHee, He CMOTPS Ha JONTYI0 HCTOPUIO sTUMEHEBOJCTBA B Ka3axcTane, 371ech HCHONB3YIOTCS MPeUMYyILe-
CTBEHHO TPAJUIIMOHHBIE METO/BI ceNekinu. MHTpoayKims Mapkep-onocpeaoBanHoi ceneknun (MOC) B mporiecc MOXKET Mo-
MOYb YJIyUIINTh aJanTalrio U IpAyKTHBHOCTh METCHBIX COPTOB, a TakxKe pa3padorarb HoBble. J{Jst aTOro ObLIA MpOBEACHA
Basmanums 23 kompetitive allele-specific PCR (KASP) mapkepoB, cBsi3aHHBIX ¢ IPU3HAKAMH aalTallK U IPOJYKTHBHOCTH
U CO3/IaHHBIX M0 pe3ysibTaraM npenbiaynux pador GWAS. Komekius, BKiIrogaromnas B ce0s 35 NepCreKTUBHBIX BYPSIIHBIX
JIMHUI stuMeHsl, Oblia BhIpaleHa B rojie Ka3axckoro HayqyHO-MCCIIe0BaTeNbCKOr0 MHCTUTYTA 3eMIISISITHSI M PACTEHUEBOICTBA
(KasHUWN3uP, Anmarunckas obnactb, Kazaxcran) B 2021 1. 1 u3yueHa 1o 5-u NpU3HaKaM aanTaiuy (BpeMs KOJIOIICHNS,
BpEMs OT KOJIOIIEHHUS 10 CO3PEBaHMs, BBICOTA PACTEHHS, AJTMHA BEPXHET0 MEXKJI0Y3/IUs U AJTHMHA KOJIOca) U MO 5-U MPU3HAKAM
MIPOAYKTUBHOCTH (YHCIIO 3epEH B KOJIOCE, Macca 3epeH ¢ Kojoca, Macca 3epeH ¢ pactenus, macca 1000 3epeH u ypokaitHOCTh
Ha M?). DTa ke KoJieknus Obita renotunuposana 1o 23 KASP-mapkepam. B pesynbrare 21 Mapkep mokasaj XOpOIIUi ypo-
BeHb mojuMopdusma (yacrora munopHoro amiens > 0,10, unaekc [llenona > 0,36) B u3yueHHOM Koyuteknuu stamerst. [llects
KASP-mMakpepoB NOATBEPAMIN CBOIO aCCOIMALIMIO ¢ MPU3HAKaMHU afanTanuu u npoayktuBHoctH (P < 0,05); neBats mapke-
POB OBLIIM aCCOLMUPOBAHBI C APYTUMHU arpoHomMudeckumu npusHakmu (P < 0,05). lessts KASP-mapkepos 0butn naeHTHU-
LUPOBAHBI JUIS IPU3HAKOB a/IANTAlMH, OIMH MapKep — JUlsl TPU3HAKOB MPOIYKTUBHOCTH U LIECTh MapKEePOB OBLTH aCCOLUHUPO-
BaHbI cpa3y ¢ AByMs rpymnamu npusHakos. Yetsipe KASP-mapkepa (ipbb _hv 9, ipbb_hv_101, ipbb_hv_109 v ipbb_hv_110)
noaTBepaAny 3Ha4nMBbli ap ekt (P < 0.05) ykopoueHHOro neproja Mexay KOJOMICHHEM M CO3PEBaHUEM Ha BBICOKYIO TPO-
JYKTHBHOCTB B CTPECCOBBIX YCJIOBHSX [oro-socroka Kazaxcrana. Takum oOpa3om, OblIa yCHENIHO MTpoBe/ieHa Baauaauus 15
u3 21 uzyuennoro KASP-mapkepa it MpU3HAKOB afanTaluy U ypokaitHOCTH. JlaHHBIE MapKepbl MOTYT OBITh BKJIIOUYEHBI B
CEJIEKLINOHHBIE TIPOCKTHI.

KoroueBsie ciioBa: Hordeum vulgare L., cenexuys saMeHs, MapKep-OIOCpeIOBaHHAs CEJIEKINs, ypoxkaitHocTh, KASP-re-
HOTUIIHPOBAHUE.
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TYWUIH

Apma (Hordeum vulgare L.) — mocTypii Typie Malt a3bIFbl peTiH/Ie, ChIpa KaifHaTy jKoHE TaMaK OHepKaCciOiHe KOMTaHbIIa-
TBIH MaHBI3/IbI JOH/I TaKbLT OOMbIT TaObuTaabl. Ka3zakcTanma apra ToH/I JaKpUIIap apachkiHaa oHiMi OOWBIHIIIA eKIHII OPBIH/IA.
Hereamen, Kazakcranna apma ecipyiH Y3aK TapuxblHa KapaMacTaH, MYHIa J3CTYPIIi ecipy amictepi 6acem. [Ipomeccke map-
kep-xaHama cenekiustabl (MXKC) eHrisy xepritikTi copTTapabiH OeiiMIeyiH KoHe OHIMAIITIH jKaKcapTyFa, COHAaN-akK jkaHa
COPTTap/IbI XKacayra KeMekTeceni. by ymrin Oeifimmenyi skoHe oHIMALTIK OenrinepiMer OaitmaHbcThl jxoHE GWAS 3eprTey-
TepiHiH HoTIKeTepi Herizinae anpaFad 23 kompetitive allele-specific PCR (KASP) mapkeprepi Bamumausiiansl. ApriaHbIH
35 mepcieKTUBTI €Ki KaTapiIbl THHUSACHH KaMTUTBIH KosuteKiwst 2021 xpurel Kazak eriHmIiTik 5koHe 0CIMIIK MapyarTbUIbIFEL
FRUTBIMHU-3epTTey MHCTUTYTHIHBIH (KasEOLUF3U, Anmvarsr o6mbeickr, Kazakcran) ericTik ankaObiHaa ecipimin, 5 GeiiMaery
Oenrici (MacaKTaHy yaKbITHI, MaCaKTaHyIaH ITiCIIT KETiyTe MSHIHTI yaKbIT, OCIMIIK OUIKTIT1, )KOFapFbI OYbIH apalblK Y3bIH-
JIBIFBI J)KOHE MAacak Y3BIHIBIFBI) J)KOHE 5 oHIMIiiK Oenrici OoWbHIIa (06ip MacaKTarbl IOH CaHBI, Oip MacaKTaFbl TOH CaJIMaFbl,
6ip ecimmikreri qoH noH canmarbl, 1000 1oH camMars skoHe M2 oHIM) 3epTTeri. Ocsr komtekiws 23 KASP-mapkepiepi 60ii-
BIHIIIA TEHOTHNTEN . HoTimkeciHae, 3epTTeNreH apa KoJUIeKIuschiHAa 21 Mapkep momTuMoppHU3MHIH KaKChl IeHreliH Kop-
ceTTi (MEHOPIBIK ayurens xwuimiri > 0,10, [llenon uamexci > 0,36). KASP-mapkepain antaysl OeiliMaeny jkoHE OHIMIITIK
Oenrinepimen OaitmanbsichiH pactans! (P < 0,05); ToFer3 Mapkep 0acka arpoTeXHUKAIBIK OenrinepMeH OaiaHbICKaHIBIFEI (P
<0,05) atikprananaer. bertimaeny Oenrinepi yria Torer3 KASP-mapkepi aHBIKTaIIbI, OHIMAUIIK OenTinepi YImiH 0ip Mapkep
JKOHE aNThl Mapkep OipAeH eki Oenrisiep ToOBIMeH OaimaHbICTH OOFaHIBIFB alKeHAans. TopT KASP-mapkepnepi (iphb
hv_9,ipbb _hv 101, ipbb_hv_109 xone ipbb_hv_110) KazakcTaHHBIH OHTYCTIK-IIBIFBICBIHAAFBI CTPECC KaFTalbIHAA YKOFAPhI
OHIMITIKKE MacaKTaHy MEH TIiCIIT KeTITy apachIHAAFbl KBICKAPTHUTFaH Ke3eHHIH aiTapibIkTail ocepin pactansl (P < 0.05).
Ocpinaiima, 3eprrenred 21 KASP-mapkepnepinin 15 Oefiimaerry xoHe OHIMIUTIK OeNTiepi YImiH BaTUIAH COTTI KYPTi3iii.
AHBIKTaJIFaH MapKepIIepi CeNEeKIISUTBIK Kobapaiapra KocyFa 00a bl

Tyitinoi ce30ep: Hordeum vulgare L., apma cenexusacsl, MapKep-KaHaMa celeKius, oHiMautik, KASP-renorumntey.
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