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Development of efficient DNA markers plays an important role in modern breeding projects of
many crops, including cultivated hexaploid bread wheat (BW) and tetraploid durum wheat (DW).
Findings of genome-wide association studies on major polyploid crops, such as BW, may also
help in molecular breeding studies in relative cultivated species with a similar genetic background,
including DW. Therefore, the validation of identified quantitative trait loci or marker-trait associa-
tions is an important preliminary step in marker-assisted selection (MAS) oriented projects. In this
study, thirty-two SNP (single nucleotide polymorphism) markers of six agronomic traits identified
in BW, harvested in Kazakhstan, were converted to KASP (Kompetitive Allele-Specific PCR) as-
says. Generated 32 KASP assays were used in the analysis of 29 DW accessions from Ka-
zakhstan. Firstly, the group of DW accessions was tested using replicated and randomised
one-metre blocks in field conditions of southeast Kazakhstan and evaluated for main agronomic
traits. The analysis showed that 14 KASP assays were polymorphic in the scoring of 29 DW ac-
cessions. The t-test suggested that the segregation in eight KASP assays was significantly asso-
ciated with five agronomic traits. The study confirms robustness of KASP assays in MAS of DW

breeding projects for the improvement of yield potential.
Key words: durum wheat, SNP, KASP assays, yield components.

DNA technologies that derived from genomic studies have
offered a great promise for breeding projects based on
marker-assisted selection (MAS) approach. There are five
main considerations regarding the use of DNA markers in
MAS: their reliability and reproducibility, the required
quantity and quality of DNA, the technical procedure of
marker assay; the polymorphism level, and costs (Collard
and Mackill, 2008). Considering these requirements, KASP
(KBioscience Kompetitive Allele-Specific PCR) was re-
cently proposed as a very promising tool for the accelera-
tion of crop breeding (Semagn et al., 2014), and widely
used to validate the importance of SNPs (Neelam et al.,
2013).

In the last decades, the identification of quantitative trait
loci (QTL) using DNA markers (genotyping data), pheno-
typing data, and appropriate software were major break-
throughs in the characterisation of quantitative traits
(Pozniak et al., 2007; Maccaferri et al., 2008; Sukumaran et
al., 2018). As costs for high throughput genotyping are de-
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creasing, genome-wide association studies (GWAS) are
becoming a powerful approach for the detection of QTLs
associated with wheat agronomic traits. However, confirma-
tion, validation of QTL, and fine (high resolution) mapping
may be required. QTL validation is generally referred to as
verifying that QTL is effective in different genetic back-
grounds. Once tightly linked markers that reliably predict
the phenotype of the trait have been identified, they can be
used for MAS (Collard and Mackill, 2008).

Undoubtedly, the wealth of research data obtained in
GWAS of hexaploid bread wheat (BW) can be efficiently
used in many genetically closely related cultivated species,
including in durum wheat (DW) (Periyannan et al., 2014;
Qureshi et al., 2018). Therefore, the focus in this study was
the validation of a group of SNP markers from the GWAS
of BW (Turuspekov et al., 2017) in the analysis of DW ac-
cessions harvested in Kazakhstan. For this purpose, the
group of identified SNP markers associated with agronomic
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traits in BW study was transformed into KASP arrays,
which tested for the scoring of local DW accessions.

The DW panel consisted of 29 spring type cultivars and
promising lines from Kazakhstan, Russian Federation, and
Ukraine. The panel included 11 commercial cultivars that
were officially registered through the State Seed Trials
Commission of the Republic of Kazakhstan. The seeds were
obtained from the Karabalyk Agricultural Experimental Sta-
tions (Kostanai region, Northern Kazakhstan) and Aktobe
breeding station (Aktobe region, Western Kazakhstan).

The field trials were conducted at the Kazakh Research In-
stitute of Agriculture and Plant Industry (KRIAPI, Almaty
region, Kazakhstan, 43°13°09” N, 76°41°17” E, altitude 740
m above sea level) in the growing season of 2018. The ex-
perimental design was a randomised complete block design
with two replications under rainfed conditions. Experimen-
tal plots were 1 m x 3 m with 20 rows spaced 0.2 m apart
and with 5 cm between plants. The soil at the location is
light chestnut (humus 2.0-2.5%). The meteorological con-
ditions of 2018 growing season are presented in Table 1.
The cultivar Nauryz 2 was used as a check cultivar in the
Almaty region. Phenological observations were carried out
by the Zadoks scale (Zadoks, 1974). The analysis of yield
components was carried out according to Dospekhov (Do-
spekhov, 1985). The following traits were recorded: plant
height (PH), peduncle length (PL), spike length (SL),
number of fertile spikes per plant (NFS), number of kernels
per spike (NKS), thousand kernels weight (TKW), and yield
per plant (YPP).

DNA of 29 durum wheat cultivars was extracted from four
day-seedlings according to the method of Dellaporta (Della-
porta et al., 1973). In addition to DW accessions, two DNA
samples of BW cultivars of Kazakhstan were used as con-
trols for each KASP-PCR. KASP markers were developed
by using 32 identified SNPs for hexaploid wheat traits.
Those SNP markers were previously revealed to be associ-
ated with flowering time (FT), seed maturation time (SMT),
PL, TKW, NKS, NFS, and YPP, based on GWAS of the
BW collection tested in Kazakhstan (Turuspekov et al.,
2017). DNA sequences of identified SNP markers were
used for the development of KASP assays by LGC Genom-
ics Company (LGC Genomics, Beverly, MA, USA; Semagn

Table 1

AIR TEMPERATURE AND PRECIPITATION AT THE EXPERIMEN-
TAL SITE IN 2018 (APRIL-AUGUST)

Almaty region

Month T min, T max, T mean, | Amount of precipitation,
°C °C °C mm
April -0.5 14.6 12.5 81.6
May 6.0 22.7 16.3 124.9
June 11.6 28.1 22.3 29.3
July 17.5 31.5 25.2 323
August 139 30.3 24.4 435

T min — mean of minimal temperature, T max — mean of maximum tem-
perature, T mean — average monthly temperature
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et al., 2013). Sequences of allele-specific and common
primers are listed in Table 2 (only the markers that are sig-
nificant in this study are given).

The polymerase chain reaction (PCR) was carried out ac-
cording to the KASP assay manufacturer’s recommenda-
tions. (LGC Genomics, Beverly, MA, USA). End-point flu-
orescence data were visualised with a plate reader
Fluoroscan Ascent (Thermo Fisher Scientific, USA) and
analysed using the genotype cluster analysis software Klus-
terCaller (LGC Group, www.lgcgroup.com/software). Sta-
tistical t-test was performed using RStudio (www.rstu-
dio.com), and Pearson correlation index was calculated

Table 2

ALLELE-SPECIFIC AND COMMON PRIMERS FOR EIGHT SIGNIFI-
CANT KASP MARKERS

Marker Chr. | Primer | Primer sequence (5°-3°, without tail
sequences)
1 BS00022431_51 4B A GGAAGCAAAGGAGCTCGCT
B GGAAGCAAAGGAGCTCGCC
C ATCTTTTGCTGTGCCGTGGTGC
2 BS00066460_51 1A A CTACTTAGCCTTTGTTTGTTTC
GTA
B CTACTTAGCCTTTGTTTGTTTC
GTG
C CTATTGGCCATGGAAAGACTG
GTT
3 GENE-2352.96 2A A TTGACCATGTATAGATACACG
4 CT
B TTGACCATGTATAGATACACG
CcC
C CATGCGTGTCACCTCAGTCT
4 BS00022689_51 5B A GCCTCAAAGACAAATTCTGAT
GGC
B GCCTCAAAGACAAATTCTGAT
GGT
C GAAGGAGATGTCATGCTCTTC
CGG
5 BS00037002_51 6A A GGGTGTTTTTGTACCTGGCAC
B GGGTGTTTTTGTACCTGGCAT
C CATCTTCGGCATCAGCGCAT
6 wsnp_Ex_c2470 1B A AGCCTGCTCCCCAAGTATTTC
0_33953160
B AGCCTGCTCCCCAAGTATTTT
C TTCGGAACTGACAGTCGTGG
7 Kukri_c54_306 6B A CCAGCTCAGGGTTAGTCTGTA
T
B CCAGCTCAGGGTTAGTCTGTA
C
C GCGAGACGAAAAGAGCCGT
8 BS00067150_51 5A A CATGCACGTGGTACAGGGAAG
C
B CATGCACGTGGTACAGGGAAG
T
C TAGAAAAGGGCCCCCGACTCT
CTGTTTCATA

Chr., chromosome; A, allele-specific primer 1; B, allele-specific primer 2;
C, common primer
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using GraphPad Prism (v. 8.1.2; https://www.graph-
pad.com).

The Pearson correlation index suggested that YPP was
negatively correlated with FT (p < 0.03), and positively
with PH and TKW with low significance (p < 0.05), and
PL, NFS, and NKS with high significance (p < 0.0001). Si-
multaneously, 32 SNP markers associated with agronomic
traits in BW (Turuspekov et al., 2017) were initially con-
verted to KASP assays and tested for 29 DW accessions. It
was found that 14 out of 32 KASP assays were polymorphic
for DW accessions. In general, 14 KASP assays could be
separated into two groups according to the type of traits:
i) plant development traits, and ii) yield-related compo-
nents. The first group consisted of 11 assays that linked to
QTL of FT and SMT in BW. The t-test suggested that five
of these 11 assays were significantly associated with FT and
SMT in DW. Particularly, it was shown that the polymor-
phism in KASP assays for GENE-2352 964 and
BS00037002_51 were associated with FT. As it was men-
tioned above, FT plays an enormous role in plant adaptation
and influences many agronomic traits. KASP assays for
BS00066460_51, BS00067150_51, BS00022689_51 were
associated not only with FT or SMT but also with yield
components (NKS, TKW), indicating the pleiotropic effect
of putative genetic factors. The remaining six KASP assays
were not significantly related to studied traits in DW (Table
2, Fig. 1). The second group of DNA markers for yield-
related components (NFS, NKS, TKW, YPP) consisted of
three KASP polymorphic assays (Fig. 2). The t-test sug-
gested that these three assays were significantly associated
with yield components in studied DW accessions. Par-
ticularly, it was shown that KASP assay for
wsnp_Ex_c24700_33953160 was associated with NKS, and
assays for BS00022431_51 and Kukri_c54_306 with TKW,
respectively.

Recently, Sukumaran with coauthors assessed a CIMMYT
durum wheat panel grown under three different conditions
(yield potential, drought and heat stresses) using DArTseq
markers, and QTL hot-spots were found in durum wheat
suggesting common marker-trait associations for stress indi-
ces and specific genomic locations for adaptation (Sukuma-
ran et al., 2018). Interestingly, the chromosomal positions
of three marker-trait associations (MTA) in this study were
in the vicinity of the MTA identified in Sukumaran et al.,
2018 under drought stress condition. Particularly, SNPs for
FT (5A, 52.5 cM), NKS (1A, 78.6%), and TKW (4B, 50.1
cM) were in nearly the same positions for corresponding
traits examined in Sukumaran et al., 2018, which partially
verifies the robustness of the approach undertaken in this
work.

Overall, the study confirms the high possibility in the ex-
ploitation of bread wheat DNA markers in durum wheat ac-
cessions, the robustness of GWAS in identification of im-
portant marker-trait associations in cereals, and the
efficiency of KASP markers in the evaluation of genetic re-
sources for important agronomic traits in DW and their high
potential in marker-assisted selection of small cereals.
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Fig. 1. Results of five KASP genotyping assays for flowering time used for
screening 29 durum accessions. Red and blue dots represent homozygous
genotypes with alternative alleles, and black circles are no-template water
controls. A) GENE-2352_964; B) BS00037002_51; C) BS00066460_51;
D) BS00067150_51; E) BS00022689_51.
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Fig. 2. Results of three KASP genotyping assays for yield components
used for screening 29 durum wheat accessions. Red and blue dots represent
homozygous genotypes with alternative alleles, and black circles are
no-template water controls. A) wsnp_Ex_c24700_33953160; B)
BS00022431_51; C) Kukri_c54_306.
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MAIZES KVIESU KASP MARKIERU VALIDACUA DURUM KVIESIEM KAZAHSTANA

Uz markieriem balstitas izlases veikSanai selekcijas vajadzibam ir svarigi zinat, vai vienai sugai izveidoti molekularie markieri var tikt
izmantoti citas radnieciskas sugas kvantitativo pazimju identificéSanai. Saja darba tika valideti 32 KASP (Kompetitive Allele-Specific PCR)
maizes kvieSu markieri uz 29 durum kvieSu Kazahstanas paraugiem. Paradits, ka Sie markieri var tikt izmantoti maizes (miksto) kvieSu

selekcijas programmas.
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