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ABSTRACT

Barley is an important cereal crop in Kazakhstan, mostly used for animal feeding, malting, and the food industry. The
success of barley production is dependent on the genetic resources (cultivars) available, and local breeding programs that focus
on the development of competitive cultivars. One way to develop new high-yielding cultivars and improve the efficiency of
breeding programs is the application of modern molecular genetic and genomic tools. One such technology is genome-wide
association study (GWAS), which has been successfully applied to identify the quantitative trait loci (QTLs) associated with
the valuable traits. The identified single nucleotide polymorphisms (SNPs) based on GWAS can be converted to flexible and
cost-effective KASP (Kompetitive Allele Specific PCR) assays and validated for use in future marker-assisted breeding projects.
The purpose of this study was to genotype eleven promising six-rowed barley lines using twenty-one KASP assays associated
with agronomic traits reported in previous GWAS. The genotyping results suggested that only seven out of twenty-one KASP
markers were polymorphic in this group of barley accessions. The #-test output suggested that six out of nine agronomic traits
were significantly associated with seven KASPs. Notably, two assays (ipbb_hv_6, ipbb_hv_108) affected both vegetation
period (VP) and yield per m* (YM2) in conditions of Northern Kazakhstan, where barley is growing in more than 80% of total
crop sowing areas of the country. The application of these highly informative KASP markers can help enhance the efficiency

of local breeding projects in barley.
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INTRODUCTION

Barley is the fourth most important cereal crop after
wheat, rice, and maize [1], and can successfully grow un-
der drought and soil saline stress conditions [2]. In Kazakh-
stan barley is produced mainly for the livestock feeding and
food industry, and exported to several of neighboring coun-
tries [3]. However, the average grain yield rarely exceeds 2
tons per hectare, which underlines the necessity for the de-
velopment of new competitive cultivars for different regions
of the country [4]. One of the ways to develop competitive
new high-yield cultivars is the use of promising germplasm
from other regions of the world, including six-rowed lines.
The six-rowed barley is advantageous over two-rowed bar-
ley for feed due to the larger number of seeds per spike and
the higher seed protein content. The growth of six-rowed bar-
ley is potentially important for breeding in agriculturally ori-
ented countries, such as Kazakhstan [5]. Another way to con-
struct new high-yield cultivars and improve the efficiency of
breeding programs is the application of modern molecular
genetic and genomic tools. Over the past three decades, dif-
ferent types of molecular markers including RFLP, RAPD,
AFLP, SSR, and SNP markers have been developed and suc-
cessfully used in a wide range of applications in barley ge-
netics and breeding [6-12]. Among molecular markers, SNPs
are the most abundant source of genetic variation loci in plant
genomes, characterized by the highest density in the genome.
Due to the high automatization process of genotyping, SNPs
have a lower cost per sample compared with other types of
DNA markers [8, 10-12].

Modern genomic technologies for searching the associa-
tions between DNA markers and complex quantitative agro-
nomic traits, such as genome-wide association study (GWAS),
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have been successfully applied to identify the quantitative trait
loci (QTLs) used in the breeding of crops for adaptation, pro-
ductivity, and quality improvement [13]. In Kazakhstan, this
approach was also successfully used in studies for productiv-
ity in barley [5, 14], bread wheat [15-16], durum wheat [17],
and soybean [18]. Also, similar studies were performed for
disease resistance in bread and durum wheat [19-20], barley
[21], and soybean [22-23]. Hence, previous studies of QTL
identification for valuable traits in crops generated abundant
information about a wide range of genetic loci and SNPs as-
sociated with the key agronomic traits. However, the identi-
fied SNPs are required to be validated for use in future mark-
er-assisted breeding programs. These SNPs can be converted
to KASP (Kompetitive Allele Specific PCR) markers through
different approaches and analyzed for association with stud-
ied traits by using different sets of the germplasm [24]. KASP
technology is a flexible genotyping platform and cost-effec-
tive SNP genotyping method developed by LGC Limited [25-
26].

This study aimed to genotype eleven spring promising six-
rowed barley lines using 21 KASP markers associated with
agronomic traits [5, 14], and to validate the efficiency of these
KASPs based on the field performance of the analyzed sam-
ples. The application of these highly informative KASP mark-
ers can help enhance the efficiency of breeding programs in
barley.

MATERIAL AND METHOD
Evaluation of the breeding lines for variation in agronomic
traits

The subject of the study was 11 spring six-rowed barley
lines (hereafter referred to as KBL) bred at the Karabalyk
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Agricultural Experimental Station (KAES, Kostanay region,
north of Kazakhstan). Eleven barley lines have been planted
on the experimental plots of the Kazakh Research Institute
of Agriculture and Plant Industry (KRIAPI, Almaty region,
southeast of Kazakhstan) and KAES during the 2021 vegeta-
tion season. The climate conditions recorded during the trials
are shown in Figure 1 [27].
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DNA extraction and KASP Assay

Genomic DNA of 11 KBLs was isolated from single seed-
lings in three replications of each line using the Delaporta pro-
tocol with modification [28]. The DNA concentration for each
sample was adjusted to 30 ng/ pL.

Twenty-one KASP markers were developed by using
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Figure 1 — Temperature (A) and precipitation (B) data in the KRIAPI and KAES in 2021 [27]

The rows were spaced 15 cm apart, and the distance be-
tween plants within a row was 5 cm. In total, the data for
mean values of nine agronomic traits for the eleven KBLs
harvested in the 2021 trials were analyzed. The studied traits
are divided into two groups: 1) plant adaptation-related traits
and 2) yield components. The first group included the fol-
lowing traits: heading time (HT, days), seed maturation time
(SMT, days), vegetation period (VP, days), plant height (PH,
cm), and peduncle length (PL, cm). The group of yield com-
ponents consisted of the following traits: spikes length (SL,
cm), the number of kernels per spike (NKS, pcs), thousand
kernels weight (TKW, g), and yield per m* (YM2, g/m?).

SNPs associated with agronomic traits (Table 1). Most of
these markers were reported by Genievskaya with co-authors
(2018) [14] and Almerekova with co-authors (2019) [5]. The
KASP reaction was performed in a volume of 10 pL with 5
puL DNA and 5 pL of the prepared genotyping mix (2x KASP
master mix and primer mix). A total of twenty-one represen-
tative SNPs were used for the development of KASP assays
by LGC Genomics Company [25]. KASP amplification was
performed using the following thermal cycling profile, start-
ing with 15 min at 94 °C, followed by 40 cycles of 94°C for
20 s and 60 °C for 1 min.

Table 1 — List of KASP markers associated with agronomic traits of barley

KASP ID Chromosome Position, cM Trait
ipbb_hv_5 IH 64.9 NKS [14]

ipbb_hv_6 3H 79.1 HT/SMT/PH/NKS/PL [14]
ipbb_hv_10 2H 157.4 NKS [5]

ipbb_hv_11 7H 146.0 TKW [5]

ipbb_hv 101 4H 51.3 HT/PH/YM2/TKW [14]
ipbb_hv_102 5H 60.74 TKW [29]

ipbb_hv_105 4H 103.11 NKS/PL[unpublished]
ipbb_hv_106 7H 91.79 NKS [29]

ipbb_hv_107 Un 0.0 NKS [unpublished]
ipbb_hv_108 2H 6.45 SL [unpublished]

ipbb_hv_109 5H 137.16 YM2 [14]

ipbb_hv_110 Un 0.0 SL [29]

ipbb_hv 111 6H 52.75 NKS [unpublished]

ipbb_hv 113 Un 0.0 TKW([14]

ipbb_hv_114 SH 46.23 YM2 [unpublished]
ipbb_hv_115 IH 66.7 NKS/SL/YM2 [unpublished]
ipbb_hv_116 1H 50.60 HT/SMT/PH/PL/TKW/YM2 [14]
ipbb_hv 128 Un (7H) 0.0 TKW/YM2/PL/SMT/NKS [14]
ipbb_hv_129 2H 67.89 NPS [5]
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ipbb_hv_130 3H 5831

SL/PL [5]

ipbb_hv_132 1H 48.12

HT [5]

kernels weight, YM2 — yield per m?.

Note: Un — unknown chromosome, HT— heading time, SMT — seed maturation time, PH — plant height, PL — peduncle
length, SL — spikes length, NPS — number of productive spikes, NKS — number of kernels per spike, TKW — thousand

Statistical data analysis

t-test of studied traits was assessed using Statistical Pack-
age for the Social Sciences Version 16.0 [30]. The descriptive
statistics of all traits were done using MS Excel. The correla-
tion analysis was calculated using the R studio software [31]
Genetic diversity was assessed via Shannon’s information in-
dex, unbiased diversity, and percentage of polymorphic loci
using the GenAlEx ver.6.5 program [32].

RESULTS

The field evaluation of eleven KBLs was conducted in two
locations (KRIAPI and KAES) in 2021. High phenotypic vari-
ability of studied traits has been registered between the two
regions. For instance, the earliest HT was noted in KAES
(35.7+0.6 days), and the latest was in KRIAPI (45.7+0.9
days). For SMT it was determined the carliest seed matura-
tion was registered in Almaty (35.0+1.4 days) and the latest
in Karabalyk (41.2+0.8 days). The YM2 was higher in North-
ern Kazakhstan in comparison to yield performance in South-
east Kazakhstan (Table 2).

The assessment of correlations among the traits suggested
that in the Northern region the YM2 was significantly cor-
related with VP and PH, while in the South-east region there
were no obvious correlations of YM2 with other studied traits
(Fig. 2). However, TKW has positively correlated with SMT
and VP.

The results of field trials were taken for the validation of
marker-trait associations (MTA) listed in Table 1. In the first
step of the study, twenty-one SNPs associated with nine ag-
ronomic traits were converted to KASP arrays (Table 1). In
the second step, eleven KBL were genotyped using 21 KASP
arrays (Figure 2). The results of genotype scoring showed
that only seven KASPs were polymorphic out of 21 assays
in this group of samples. The effective number of alleles
was 1.838+0.51, unbiased Nei’s genetic diversity index was
0.499+0.017 (Table 3), and the percentage of polymorphic
loci was 100 %.

The significance of each KASP assay for a particular trait
was assessed using the #-test. As it was mentioned above the
studied traits can be divided into two groups: 1) plant adap-

Table 2 — Average values of agronomic traits in the collection of barley lines in two regions of Kazakhstan.

Traits Karabalyk Almaty
KBL (mean + SE) KBL (mean + SE)

Heading time (HT, days) 35.7+0.6 45.7+0.9
Seed maturation time, (SMT, days) 41.2+0.8 35.0£1.4
Vegetation period (VP, days) 76.9£0.5 80.7+0.7
Plant height (PH, cm) 51.4+1.8 49.6+0.9
Peduncle length (PL, cm) 13.4+0.8 12.7+0.4
Spike length (SL, cm) 5.8+£0.6 8.3+0.3
Number kernel per spike (NKS, pcs) 26.2+3.1 41.8£2.4
Thousand kernel weight (TKW, g) NA 36.5+1.0

Yield per m?(YM2, g/m?) 146.3£9.9 111.7+£10.6
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Note: Correlations with P < 0.05 are highlighted in color. The color indicates either positive (blue) or negative (réd) correlation.

Figure 2 — Pearson’s correlation index among means of studied traits in the KAES (A) and KRIAPI (B) in the 2021 growing season
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tation-related traits and 2) yield-related traits. The first group
included five traits: HT, SMT, VP, PH, and PL. The second
group of yield components consisted of SL, NKS, TKW, and
YM2.

The results of the #-test suggested that all seven polymor-
phic KASP arrays were significant both in KAES and KRI-
API. Four KASP assays (ipbb_hv_6, ipbb_hv 108, ipbb
hv_128 and ipbb_hv_130) were significant for both studied
groups of traits, and three assays (iphb_hv_102, ipbb_hv 105,
and ipbb_hv_114) for yield-related traits (Table 3). Notably,
five KASP assays were significant at the KAES site, while all
seven assays were found to be efficient at the KRIAPI site.
Nevertheless, all five assays at the KAES site were associ-
ated with YM2, while none of the assays were associated with
YM2 at the KRIAPT site (Table 3).

The analysis of the phenotypic effect of KASPs in KAES
suggested that two assays (ipbb_hv_6, ipbb_hv_108) affected
both VP and YM2 (Table 3 & 4). Interestingly, the largest ef-
fect on YM2 showed ipbb_hv_108 (61.2 g), which is also as-
sociated with shorter VP duration. Similarly, iphbb _hv_6 has
positively influenced YM2, and negatively VP (Table 4).

DISCUSSION

The development of new molecular tools can be poten-
tially very efficient for breeding activities towards the con-
struction of new highly productive cultivars. Latest achieve-
ments using GWAS provided plenty of opportunities to

identify important genes and QTL that may potentially accel-
erate and optimize the breeding processes in cereals, including
barley [11, 13, 33-35]. One of the important parts of the appli-
cation of these tools in breeding is the validation of identified
significant associations between DNA markers and agronomic
traits using alternative groups of germplasm in different envi-
ronmental conditions [5, 14]. Therefore, in this work, we at-
tempted to validate SNP markers with the highest significance
in marker-traits associations (MTA) identified using previous
barley GWAS based on evaluation of local six-rowed prom-
ising lines [5, 14, 29]. Hence, selected 21 SNP markers from
previously identified MTA were converted to 21 KASP assays
using LGC protocols. Further, the group of eleven promising
six-rowed barley lines was tested in two different regions, in-
cluding the Kostanay region (KAES, North Kazakhstan) and
the Almaty region (KRIAPI, South-east Kazakhstan) in 2021.
The field performance of the samples suggested that eleven
KBL showed higher YM2 in Northern Kazakhstan in com-
parison with Southeast Kazakhstan. Nevertheless, the SL and
NKS, which are one of the main components of grain yield,
showed high values in Southeast Kazakhstan (Table 2). The
correlation analysis showed that YM2 was negatively cor-
related with VP, and positively correlated with PH (Fig. 2).
In contrast, in the Almaty region, YM2 showed none of the
significant correlation with studied traits. However, the TKW,
one of the major yield components, has positively correlated
with SMT and VP (Fig. 2), which is suggesting that the per-
formances of the studied group of six-rowed barley lines have

Table 3 — The #-test results in the identification of the relations between KASP markers and studied traits in two regions in

the 2021 growing season.

KASP Almaty (KRIAPT) Karabalyk (KAES)
HT MT NKS TKW VP YM2
ipbb_hv_6 0.001*** 0.007** 0.244 0.351 0.027* 0.007**
ipbb_hv_102 0.228 0.120 0.002** 0.043* 0.894 0.071
ipbb_hv_105 0.529 0.237 0.010 * 0.088 0.612 0.134
ipbb_hv_108 0.000%*** 0.000%** 0.003** 0.007** 0.015%* 0.000%**
ipbb_hv 114 0.233 0.079 0.013* 0.088 0.612 0.016%*
ipbb_hv_128 0.003** 0.012%* 0.365 0.245 0.375 0.006**
ipbb_hv_130 0.016* 0.013* 0.104 0.025* 0.079 0.021*

Note: The p-values are provided with a significance level indicated by the asterisks. *** p <0.001, ** p <0.01, * p <0.05.

Table 4 — The effects of iphbb_hv_6, ipbb_hv_108 on agronomic trait “yield per square meter” in the Karabalyk (KAES) site

in 2021.
Trait ‘ Region Allele N Mean SD Phenotype effect
ipbb_hv_6
Vegetation period (VP, | Karabalyk A 5.00 78.00 1.41 -2.00 days
days) G 6.00 76.00 1.10 +2.00 days
Yield per m* (YM2, Karabalyk A 5.00 120.20 10.21 +47.86 g
g/m?) G 6.00 168.06 28.92 -47.86 g
ipbb_hv_108

Vegetation period (VP, | Karabalyk A 4.00 75.50 0.58 +2.21 days
days) G 7.00 77.71 1.38 -2.21 days
Yield per m? (YM2, g/ | Karabalyk A 4.00 185.25 8.65 -61.20 g
m?) G 7.00 124.05 13.46 +61.20 g
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significantly depended on environmental conditions. There-
fore, it was expected that the validation of studied KASP as-
says would have a different outcome for two sets of gener-
ated field data.

The genotyping of eleven six-rowed barley accessions has
allowed determining that only seven out of twenty-one KASP
assays were polymorphic (Table 3). The KASP genotyping
resulted in the separation of the accessions in two groups of
samples with different allele statuses for each of the seven
polymorphic assays. The #-test was applied to assess the as-
sociations of seven KASPs with five plant adaptation-related
traits and four yield-related traits (Table 3). The results sug-
gested that six out of nine agronomic traits were significantly
associated with seven KASPs. Particularly, four KASPs were
associated with HT, SMT, NKS, and YM2, three KASPs with
TKW, and two assays showed significance with VP. Notably,
the ipbb_hv 102 and ipbb_hv 114 were associated only with
yield-related traits (NKS, TKW, and YM2). Five KASP assays
were associated both with yield-related traits (NKS, TKW,
and YM2) and plant adaptation-related traits (HT, MT, and
VP). Interestingly, two assays (iphbb_hv_6, ipbb _hv _108) af-
fected both VP and YM2 (Table 3 & 4) in conditions of North
Kazakhstan, where Kazakhstan has over 80% of barley grow-
ing area [3]. The phenotypic effects for both cases (iphb_hv 6,
ipbb_hv_108) showed that when the vegetation period was
shorter for 2.0 and 2.2 days, the yield was higher for 47.9 g
and 61.2 g, respectively (Table 4).

Thus, the study validated the importance of at least seven
KASPs that were polymorphic for this group of six-rowed
barley samples tested in Northern and South-eastern Kazakh-
stan. Therefore, the application of KASP assays can be effi-
ciently used in the pyramiding of favorable genes [36] and
successfully introduced into local breeding projects for the
development of new competitive six-rowed barley cultivars.

CONCLUSIONS

The eleven spring six-rowed barley lines bred at the
KAES were analyzed using nine agronomic traits using ex-
perimental plots of the KRIAPI and KAES during the 2021
season. The correlation analysis showed that YM2 in North-
ern Kazakhstan was negatively correlated with VP, and pos-
itively correlated with PH. In contrast, in the Almaty region
TKW, one of the major yield components, has positively cor-
related with SMT and VP, which is suggesting that the per-
formances of the studied group of six-rowed barley lines have
significantly depended on environmental conditions. The ge-
notyping of eleven six-rowed barley accessions has allowed
determining that only seven out of twenty-one KASP assays
were polymorphic. The #-test results suggested that six out
of nine agronomic traits were significantly associated with
all seven polymorphic KASPs. Notably, two assays (ipbb
hv_6, ipbb_hv_108) affected both VP and YM2 in conditions
of North Kazakhstan. The phenotypic effects of iphb_hv 6
and ipbb_hv_108 showed that when the vegetation period
was shorter, the yield was higher for 47.9 g and 61.2 g per
square meter, respectively. Thus, the study validated the im-
portance of at least seven KASPs that were polymorphic for
this group of six-rowed barley accessions tested in Northern
and South-eastern Kazakhstan.
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BAJIMJIALIMSI ACCOLIMALINN MAPKEP-TIPU3HAK B CEJIEKIIMOHHBIX JIMHUSAX
HECTHUPSIHOTO SYMEHS B KA3SAXCTAHE
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AHHOTAIIUA

SluMeHb sBNISETCS BaXKHOM CENIbCKOXO3SIMCTBEHHO KynbTypoil B Kasaxcrane, B OCHOBHOM HCHONB3yeMOil JUIst KopMa Jis
JKMBOTHBIX, COJIOJIOBEHHOM ¥ MHIIEBOH IPOMBIIUICHHOCTH. YCIEX NPOU3BOJCTBA SUMEHS 3aBHCUT OT UMEIOLINXCS B HATMYUN
TEHETHYECKUX PECYpPCOB (COPTOB) M MECTHBIX CEJICKIIMOHHBIX IPOrPaMM, HAPaBJICHHBIX Ha CO3/IaHHE HOBBIX KOHKYPEHTHO
CIOCOOHBIX cOpTOB. OJTHUM M3 CITIOCOOOB CO3/IaHMST HOBBIX BRICOKOYPOXKalfHBIX COPTOB M MOBBIIICHHS Y (PEKTUBHOCTH CEJIeK-
IIHOHHBIX TPOrPaMM SIBIISIETCSI IPUMEHEHNUE COBPEMEHHBIX HHCTPYMEHTOB MOJICKYJISIPHONW T€HETHKU ¥ TeHOMUKH. OHON 13
TaKUX TEXHOJIOTUH SIBISIETCS TIOTHOI€HOMHBIN aHain3 accormarmii (GWAS), KoTopblii ycrienHo npuMeHsieTcs Al HICHTH-
(uKanum JIOKycoB KoJIH4YecTBeHHbIX Npu3HaKkoB (QTL), cBs3aHHBIX ¢ EHHBIMU Npu3HaKaMu. Mnentudunuposannsie SNP
(omHOHYKIIEOTHIHBIE TTOMMMOP(hU3MBI), ocHOBaHHBIE HA GWAS, MOTyT OBITH IIPE0Opa30BaHbl B YIOOHBIE M SKOHOMHUYECKH
a¢dexruubie Mapkepsl KASP (koHkypeHTHas amienb-crienuduueckas [11P) u moaTBepkIeHb! Juist JaabHEHIIEro UCTIOb-
30BaHUs B MapKep-OMOCPEAOBaHHOM ceneknnu. Llenbro naHHoro ucceinenoBanus OblIIO TEHOTUITMPOBAHNE OIMHHA/ILATH TIEep-
CTNEKTHBHBIX JINHUH IIECTUPSIHOTO STYMEHS C UCTIOIb30BaHueM JBajaTi oqHoro KASP mapkepa, cBsi3aHHOTO ¢ arpOHOMH-
YeCKMMHU NPHU3HAKaMH, OIyOIIMKOBaHHBIX B TIpenbIAyIuX padorax mo GWAS. Pe3ynbraTsl TeHOTUIIMPOBAHUS ITOKA3aiIH, YTO
TOJIEKO ceMb u3 iBaanar ognoro KASP mapkepa Obutr moauMopQHBIME 1Sl JAaHHOHM IPYIIBI 00pa3oB. Pe3ynbrars ~Tecta
TIOKa3aJIi, YTO LIECTh U3 JICBATH arpOHOMHUYECKHX MPU3HAKOB OKAa3aJIMCh CTAaTUCTHYECKH 3HAYMMBIMH JUIsl TAHHON KOJIJICKIIUH
00pa3ioB u cBs3aHbl ¢ ceMbio KASP mapkepamu. [Ipumeuarensro, uto qBa Mapkepa (ipbb _hv_6, ipbb_hv_108) accouuupo-
BaHbI KaK ¢ BeretaimoHHbIM meprojioM (VP), Tak u ¢ ypoxkaitHocTbio Ha M* (YM2) B ycnoBusix CeBepHoro KazaxcraHa, rie s4-
MEHb BhIpaluBaetcst 6osee, yeM Ha 80% BceX MOCEBHBIX IUIOMIAICH CTPaHBbI ISl TAaHHOM KyJbTyphl. [IprMeHeHne 9THX BBICO-
konHpopmaTuBHBIX KASP MapkepoB MOKET TOMOYb TTIOBBICHTH d((EKTUBHOCT MECTHBIX CEIEKIIMOHHBIX ITPOCKTOB SUMEHSI.

KuroueBble ci10Ba: SUMEHb, MapPKeP-0NOCPEIOBAHHAS CENIEKIUS, JIOKYChl KOMYECTBEHHBIX IPU3HAKOB, arPOHOMUYECKHE
npusHaxy, KASP mapkepsl.
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TYUIH

Apnia-Man a3bIFbl, YBIT )KOHE TaMaK OHEpKaciOl yiiH maiiiananpuiateiH KazakcTaHnarsl MaHbI3IbI aybUIIIAPYaLTbUIBIK
JAKBII. ApIia eHIIpiCiHIH KETICTIri Koiaa Oap TeHETHKAJBIK pecypcTapra (CopTTapra) jKoHe yKaHa 0ocekere KadiieTTi copr-
TapIpl KypyFa OaFbITTaliFaH KEPriTiKTi CeIeKIUSIIBIK OaFaapIaMatapra OaimaHeIcThl. JKaHa KOFaphbl OHIMII COPTTapAbl Kypy-
JIBTH JKOHE CETICKITMSITBIK OaFapiraMaiapIblH THIMIUTITIH apTTEIPYIBIH Oip 9/1ici-MONEKyTalbIK TeHeTHKAa MEH TeHOMUKAHBIH
3aMaHayH KypaijapbiH Koniany. OChIHAal TeXHOJIOTHSIIAP/IBIH Oipi accolranusiapabl ToJIbIK TeHoMIbIK Tannay (GWAS) 6o-
JIBIT TAOBLTA IBI, O KYH/IBI OCTTiepMeH OaliiTaHbICTHI CaHABIK OenTi TokycTapsiH (QTL) aHBIKTAY YIITiH COTTI KONJaHBLIAIBI.
GWAS =eriznenin aasikranrad SNP (0ip HykimeoTHaTI momuMoppu3Maep) sIHFaiinb! sxoHe YHeMai KASP mapkeprepine (am-
nenb-creruduransik 6aceke [1TP) Typmenaipinin, ogaH opi Mapkep-kaHaMa CEJICKIMACH YIIiH pacTaaybl MyMKiH. 3epTTey
JKYMBICBIHBIH Makcathl ablHFbl GWAS eHOeKTepiHe KapHsilaHFaH arpOHOMUSUTBIK OeNTiIepMeH OailIaHBICTBI JKHBIpMa Oip
KASP mapkepiiepiH KojiJjaHa OTBIPBIIL, aJIThI KaTapIIbl apIaHbIH OH Oip MepCleKTHBAIBIK JIMHUIIAPBIH TeHOTUIITEY. [ eHOTHIITEY
HoTIKETepi xubIpMa 6ip KASP mapkepiniH xxereyi rara Oenrisi 6ip yirisiep ToOBI YIIiH MOTUMOP(HTH €KEHIH KOPCETTI. /~TeCT
HOTIDKENEP] TOFBI3 arpOHOMUSUIBIK OSNTIIep/IiH anTaybl OChI YArIep KOJUIEKIHACH! YIIiH CTaTHCTHKAIBIK MaHBI3bI OOJIBII Ta-
OBLTATHIHIBIFBIH JKoHE jkeTi KASP mapkepriepiMen OaiiaHbICTEI ekeHiH KopceTTi. bip KbI3bIFEL, eki Mapkep (iphbb_hv_6, ipbb
hv_108) apna naxpUIBI YITiH eNIiH OapIbK ericTik ankantapbiHbH 80% - man actambl eceTiH ContycTik Ka3akcran xarmaii-
BIHIa BereTarmsuibik keseameH (VP) xone m? eniminiriven (YM?2) accormarusiianrad. Ochl skoFapsl akmaparThik KASP
MapKepIepiH KOJIaHy KEPTLTIKTI apIa CeNeKIUACH Ko0aIapbIHbIH THIMAUTITIH apTTRIPyFa KOMEKTECEII.

Kiar ce3aep: apma, Mmapkep-KaHaMa CEIESKIHSICH, CAHIBIK OeNTijep JOKyCTaphl, arpOHOMHSITBIK Oenrinep, KASP map-
Kepiiep
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