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Varieties of spring and winter
durum wheat (Triticum durum Desf.)
by alleles of the Ppd-A1 gene
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Purpose. Identification and evaluation of the frequencies of dominant and recessive alleles of the Ppd-A1 gene in
winter and spring durum wheat varieties of different geographical origins. Methods. DNA isolation, allele-specific PCR,
electrophoresis in agarose and polyacrylamide gels and statistical analysis were used in the research. Results. Using diag-
nostic molecular markers, the genotypes of 81 spring and winter durum wheat varieties from different geographical origins
were identified by alleles of the Ppd-A1 gene, which determines differences in photoperiodic sensitivity. Four alleles were
found in spring varieties and three in winter varieties (the dominant allele Ppd-A1a.2 was absent). The recessive allele
Ppd-A1_del303 was not found in any of the examined varieties. Conclusions. No significant differences were found between
winter and spring genotypes in the frequency of one or the other allele. In winter and spring varieties, the recessive allele
Ppd-A1_del2ex7 is the most frequent (68.5 and 47.9%, respectively). The recessive allele Ppd-A1b is significantly lower in
winter varieties and almost identical in spring varieties. The frequencies of the dominant alleles Ppd-Ala.2 and Ppd-Ala.3
are lower than the two above and generally very low. The Ppd-Ala.2 allele was detected only in the Georgian variety ‘Merliuri’
(spring type); Ppd-Ala.3 — in the Ukrainian varieties ‘Luhanska 7, ‘Metyska” (spring) and ‘Koralovyi” (winter). The possibi-
lity of using varieties carrying the dominant alleles Ppd-A1a.2 and Ppd-Ala.3 as donors in durum winter wheat breeding
programmes is currently being discussed, in order to increase their adaptive potential in conditions of drought and high
temperatures and to increase grain yield. The use of marker analysis will ensure the selection of breeding material with the

optimal combination of alleles of the Ppd-Ala gene.
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Introduction

Due to the significant variability of a trait
such as heading time depending on seaso-
nal conditions, wheat is able to minimise the
impact of stress factors such as frost, heat,
drought and others [1]. Optimising the hea-
ding time of plants by selecting appropriate
alleles controlling this trait can improve adap-
tation and increase yield potential, and is a
useful tool for selecting varieties suitable for
cultivation in different conditions and geogra-
phical regions [2].

Photoperiodism is one of the most important
natural mechanisms determining the length of
the period before heading. The analysis of 79
modern varieties of winter durum wheat, origi-
nating from the Plant Breeding and Genetics
Institute — National Center of Seed and Culti-
var Investigation (PBGI — NCSCI), and foreign
varieties adapted to the conditions of southern
Ukraine, revealed only one variety with weak
photoperiodic sensitivity, and most of the varie-
ties studied had average or strong photoperio-
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dic sensitivity [3]. Royo et al. [4] state that
early flowering genotypes with the lowest pho-
toperiodic sensitivity were the most productive
when grown during several years of research in
Spain, northern and southern Mexico. On the
other hand, late flowering due to high photo-
periodic sensitivity did not confer any advan-
tage in grain yield. In durum wheat, photoperi-
od sensitivity is determined by the Ppd-AI and
Ppd-B1 genes located on chromosomes 2AS
and 2BS, respectively [5]. Reduced photoperiod
sensitivity in durum wheat results from pro-
moter mutations in one of the two Ppd-1 genes.
It 1s thought that the main differences in pho-
toperiod response in 1. durum are related to
variability in the Ppd-A1l gene itself. Wilhelm
et al. [6] identified two large deletions of 1027
and 1127 bp in the promoter of the tetraploid
wheat varieties 7. durum GS-100 and GS-105,
which are designated as alleles Ppd-Ala.2 and
Ppd-Ala.3, respectively. Damage to the pro-
moter structure results in altered expression
parameters, which persist throughout the day
with the highest levels observed during the
dark phase. A comparison of the nucleotide
sequences of photoperiod-insensitive Ppd-Ala
alleles, found in tetraploid wheat varieties 7. du-
rum GS-100 and GS-105, revealed that they
arose independently of each other [7]. The high
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frequency of deletions of 1027 and 1127 bp in
modern cultivated varieties, and their absence
in wild tetraploid wheat, led to the conclusion
that they arose during the domestication of
wheat [8]. The wild-type Ppd-A1b allele, which
is only expressed from dawn to the beginning of
the dark phase, causes sensitivity to the shor-
tening of the day length [6]. At the same time,
it was found that the Ppd-AI gene has muta-
tions not only in the promoter, but also in the
introns and exons. Such mutations can alter the
genetic code, leading to the formation of Ppd
proteins that partially or completely lose their
function as inducers of the FT (Vrn-3) flowering
locus. In particular, non-functional proteins are
encoded by recessive alleles resulting from a
303-bp deletion, which covers the region of in-
tron 5 and exons 5 and 6, as well as a 2-bp de-
letion in exon 7 of the Ppd-Al gene. We have
designated these alleles as Ppd-Al_del303 and
Ppd-Al_del2ex7, respectively. In general, a sig-
nificant number of mutations have been iden-
tified in the Ppd-Al gene, grouped into more
than 60 haplotypes [9].

The frequency of the insensitive allele Ppd-
Ala.3 (variety GS105) was higher (34%) than
alleles Ppd-Ala.2 (20%; variety GS100) among
varieties of spring durum wheat [10]. In Ar-
gentine durum wheat varieties, the Ppd-Ala.3
allele (GS105 variety) had a frequency of only
25%, while the Ppd-Alb allele was present in
75% of genotypes [11]. Royo et al. [12] found the
Ppd-Al_del303 allele in 20% of local varieties,
but not in any of the modern ones. Only 1.3%
of landraces possessed the photoperiod-insensi-
tive allele Ppd-Ala.3 (variety GS105), and the
allele Ppd-Ala.2 (GS100) was entirely absent.
The group of modern varieties contained both
sensitive and insensitive alleles.

The genotypes of carriers of individual al-
leles of the Ppd-A1 gene can be arranged in the
following order based on the duration of the pe-
riod before heading: Ppd-A1l_del303, Ppd-Alb,
Ppd-Ala.3 (GS105), and Ppd-Ala.2 (GS100)
[12]. Furthermore, the Ppd-Ala.3 (GS105) al-
lele was associated with an increase in harvest
index, a decrease in plant height, and a de-
crease of protein content in grain. An increase
in the number of grains per spike is associated
with Ppd-Ala.3 (GS105), but also with smaller
spikelets per spike [11]. Additionally, the Ppd-
Ala.2 allele (GS100) contributes to a slight
increase in the weight of one thousand grains
and yield [12].

Currently, there is limited information on
the distribution of dominant and recessive al-
leles of the Ppd-A1 locus in durum wheat varie-
ties, as well as other cultivated types of wheat
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in Ukraine. Additionally, the influence of these
alleles on the rates of development before hea-
ding has not been assessed to date.

The purpose of the research. Identification
and evaluation of the frequencies of dominant
and recessive alleles of the Ppd-A1 gene in win-
ter and spring durum wheat varieties of diffe-
rent geographical origins.

Materials and methods

The starting material for this study con-
sisted of ancient and modern varieties of
durum wheat (Triticum durum Desf.). A to-
tal of 35 winter and 46 spring development
types of different origins were used. Among
the winter varieties, there were 33 varieties
of Ukrainian breeding, including almost all
of PBGI — NCSCI and the Plant Production
Institute named after V. Ya. Yuriev, as well
as single varieties from Romania (‘Pandur’)
and Austria (‘Lupidur’). The spring sample
included 23 breeding varieties from various
Scientific Research Institutions in Ukraine,
along with four varieties from Russia (‘Belo-
turka’, ‘Voronezhskaya 7’, ‘Donskaya Elegia’,
‘Novodonskaya’), three from Portugal (‘Mar-
zaga’, ‘Presto De Tavira’, “Trems’), three Italy
(‘Gumillo’, ‘Lumillo’, ‘Maliani 2°), two varie-
ties from Georgia (‘Merliuri’ and ‘Tbilisuri 9’),
two varieties from France (‘Brindur’ and
‘Megadur’), several varieties from Azerbaijan
(‘Shirvan 5’), Algeria (‘Oued Zenati 368’), Yeo-
men (‘Mestna’), Kazakhstan (‘Ema’), Mexi-
co (‘Oviachic 65’), USA (‘Wells’), Tajikistan
(‘Saodat’) and Hungary (‘Gk Basa’).

To determine the recessive and dominant al-
leles of the Ppd-Al gene in T. durum, a mul-
tiplex polymerase chain reaction (PCR) was
used (Table 1). The presence of an amplifica-
tion fragment of 452 bp indicates the absence
of any deletion in the promoter of the Ppd-Al
gene and, accordingly, the presence of a reces-
sive allele. Fragments of 380 bp and 290 bp
determine the dominant alleles Ppd-Ala.2 and
Ppd-Ala.3, respectively [6]. Detection of a re-
cessive allele with a 303 bp deletion in exons 5
and 6, designated as Ppd-Al_del303, and the
allele Ppd-Al_del2ex7, which has a 2 bp dele-
tion in exon 7, was carried out using the PCR
markers recommended by S. Takenaka and
T. Kawahara [14]. The sequence of primers
is shown in Table 1. The presence of the Ppd-
Al_del303 allele is detected by a fragment of
220 bp, with the Capelle-Desprez variety being
the reference sample that has such a mutation.
The presence of the Ppd-Al_del2ex7 allele in
the genotype is indicated by the presence of a
170 bp amplification fragment.
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Table 1
Primer sequences and expected sizes of PCR products
for marking alleles of the Ppd-A1 gene
Gene Primer Primer sequence Amplifier size
Ppd-A1b / durum_AglF1 gtatgcgattcgcctgaagt
Ppd-Ala.2 / durum_AglF2 cgtcacccatgcactctgtt 452/380,/290 bp [6]
Ppd-Ala.3 durum_AglR2 ctggctccaagaggaaacac

303 bp_del_F2

cttacatctgtgagaagtatctgcatc

Ppd-A1_del303 30b3 bg_[:lel_R3 cagatcagcagctcgaacaattac 220 bp [14]
2 bp_del F1 gccgcecgtgaacaagttg
Ppd-Al_del2ex7 | bp_del_R1 ggtaacgcacctgcaaaatgag 170 bp [14]

The reaction buffer for multiplex PCR ampli-
fication consisted of 50 mM KCl; 20 mM Tris-
HCI, pH 8.4; 2.0 mM MgCL; 0.01% Tween-20,
0.15 mM of each dNTP; 5 pM of each primer;
20 ng of DNA, and 1 unit of Taq polymerase.
The reaction mixture volume was 20 pl. Am-
plification conditions: denaturation — 94 °C —
2 min, then — 20 s; annealing — 60 °C — 30 s;
synthesis — 72 °C — 50 s. 35 cycles; the last
elongation — 72 °C — 3 min.

Agarose and polyacrylamide (PAA) gels
were used to test amplification products. The
PCR products were separated on agarose gels,
stained with ethidium bromide, and photo-
graphed under UV light. The PAA gel consisted
of 10% acrylamide and 1 X TVE buffer, which
is composed of 50 mM Tris-H,BO, and 2 mM
Na,EDTA at a pH of 8.0. Electrophores1s was
carrled out at a voltage of 500 V for 120 min-
utes at 60 °C. The gel was prepared by mixing
10 ml of 30% polyacrylamide solution, 3 ml of
10x TVE buffer, 25 pul of TMED, and 50 pl of
10% PSA. To control the movement of DNA frag-
ments in the gel, each DNA sample was mixed
with 4 pl of a 0.2% (w/v) solution of bromophe-
nol blue and 0.2% (w/v) xylenecyanol. Ledder
1000 or pUC19/Msp1 was used to control the
molecular weight of the amplified fragments.

Results and discussion

The genotypes of 35 durum winter wheat varie-
ties and 46 spring wheat varieties were identi-
fied based on the alleles of the Ppd-AI gene.
Polymorphism of amplification fragments was
observed among both winter and spring varie-
ties (Fig. 1) The winter variety ‘Koralovyi’ and
the spring varieties ‘Luhanska 7" and ‘Metyska’
produced a PCR product with a size of 290 bp,
while the spring variety ‘Merliuri’ produced a
380 bp product. The first three genotypes car-
ry the dominant allele Ppd-Ala.3, while the
‘Merliuri’ variety carries the Ppd-Ala.2 allele
(Table 2). There is no significant difference in
the proportion of varieties carrying either the
Ppd-Ala.2 or Ppd-Ala.3 allele between winter
and spring varieties. The difference in the pro-
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portion of varieties with different types of deve-
lopment was only 2.2 + 3.40% in the first case
and 1.4 + 5.18% in the second. The electropho-
reogram showed the presence of a 452 bp am-
plification fragment in all 77 other genotypes,
regardless of their developmental type. This
suggests that one of the recessive alleles of the
Ppd-A1 gene is present in their genotypes.

600 bp

500bp - - b & & --' =
400 bp oy

300 bp e

12 3 45 6 7 8 9 10 11 12 13

Fig. 1. Electropherogram of multiplex PCR products
detecting Ppd-A1b, Ppd-Ala.2, Ppd-A1.3 alleles
in T. durum varieties:
1 - Ledder 1000; 2 - ‘Kolektyvna 2, 3 - ‘Kharkivska 46’,
4 —Merliuri’, 5 — ‘Spadshchyna’, 6 — ‘Chado’, 7 - ‘Narodna’,
—‘Metyska’, 9 — ‘Luhanska 7’, 10 - ‘Koralovyi’,
— ‘Akveduk’, 12 - “Blyskuchyi’, 13 - ‘Linkor’

The PCR test was unable to detect the pre-
sence of the mutant recessive allele, Ppd-Al_
del303, which results in a non-functional pro-
tein due to a violation of the structure of intron
5 and exons 5 and 6 of the Ppd-A1 gene, in any
of the varieties in the general sample. However,
Royo et al. [12] reported the presence of this al-
lele in local varieties of spring durum wheat in
Mediterranean countries, but not in any modern
commercial variety. The Ppd-Al_del303 allele
is prevalent in modern soft winter wheat from
north-western Europe, particularly in Sweden,
as well as in old local varieties [15]. This sug-
gests that the allele may have been selected for
these growing conditions. However, it is possible
that this prevalence is due to the founder effect
or historical selection of linked genes with fa-
vourable alleles for other traits. Further study
1s required to determine the effects of this al-
lele in different conditions. The Ppd-Al_del2ex7
allele is prevalent among the studied varieties
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Table 2
Genotypes of durum winter and spring wheat varieties from different geographical regions
and their allele frequencies at the Ppd-A1 locus
Genotype dngl%T)r?wtent Variety n| PS5, % nTogidj;: A
winter 0]0.0+2.63 1.2+
Ppd-Ala.2 spring ‘Merliuri’ 17224216 1| 1.1
winter ‘Koralovyi’ 1]2.9+2.84 3.7+
Fpd-Ala.3 spring ‘Luhanslzla 7', ‘Metyska’ 24.3+2.99] 3| 2.09
winter ‘Akveduk’, “Arhonavt’, ‘Burshtyn’, ‘Hordeiforme 3’, ‘Kontynent, 10 28.6 +
‘Kreiser’, ‘Lainer’, ‘Prestyzhnyi’, ‘Kharkivska 1, “Yaskravyi’ 7.64
‘Donskaya elegiya’, 'Ema’, “Zhyzel’, Tzolda’, ‘Mestna’, ‘Kharkivska 3',
Ppd-A1b ‘Kharkivska 13’, ‘Kharkivska 15, ‘Kharkivska 25, ‘Kharkivska 51’, 4574+ |31 +3§ '20
spring ‘Chado’, ‘Shyrvan 5', ‘Shovkovysta’, ‘Brindur’, ‘Gk Basa’, 21 '34‘ =
‘Gumillo’, ‘Marzaga’, ‘Megadur’, ‘Oviachic 65', ‘Presto De Tavira’, ’
‘Oued Zenati 368’
‘Aysberh’, “Alyy parus’, ‘Almaznyy’, “Areal’, ‘Afina’, ‘Blyskuchyt’,
winter ‘Bpsfor’, ‘Havan’, ’Harﬁemaryn’,‘Delﬁn’, ‘Zolote Rund’, ‘Lahuna’, 24 68.5 +
‘Linkor’, “Makar’, ‘Nadiinyi’, ‘Parus’, ‘Perlyna’, ‘Prybutkova’, 7.85
‘Prozoryi’, “Tur, ‘Faktor Odeskyi’, ‘Shliakhetnyi’, ‘Lupidur’, ‘Pandur’ 56.8
Ppd-A1_del2ex7 ‘Arnautka’, ‘Beloturka’, 'Voronezhskaya 7/, 'Dunyasha’, 46| 5 '50
‘Kolektyvna 2, ‘Kuchumivka’, ‘Lumillo’, ‘Narodna’, ‘Novodonskaya’, 47.8+ =
spring ‘Prykrasa’, ‘Saodat’, ‘Thilisuri 9, ‘Tera’, ‘Kharkivska 21, 22| '3 6
‘Kharkivska 33', ‘Kharkivska 37’, ‘Kharkivska 39’, ‘Kharkivska 46, :
‘Chornokoloska’, ‘Maliani 2, Trems’, ‘Wells
winter - 35 100
Total spring - 46 100 81| 100

(Fig. 2). It was identified in 57% (46 samples),
with a share of 47.8% in spring varieties and
68.5% 1n winter varieties. However, the dif-
ferences between these two groups of varieties
were not significant (t = 1.92 at t , = 2.01).

242 bp

190 bp

147 bp

1 2 3 4 5 6 7 8 9

Fig. 2. Marking of the allele Ppd-A1_del2ex7
of durum wheat varieties:

1, 4,6,7,8 — the presence of a mutant allele in the
varieties ‘Parus’, ‘Aisberh’, ‘Kolektyvna 2’, ‘Kharkivska 46,
‘Biloturka’; 2, 5, 9, 10 — the absence of a mutant allele
in the varieties ‘Metyska’, ‘Merliuri’, “Yaskravyi’, ‘Chado’;
3 —molecular weight marker puC19/Msp1

10

Of the remaining studied varieties, 31 or
38.3% possess the “classic” recessive Ppd-Alb
allele in their genotype. The number of these
genotypes in winter varieties is more than two
times less than in spring varieties. However,
the differences in the frequency of Ppd-A1b al-
lele distribution between groups of varieties of
different developmental types are not signifi-
cant (t = 1.61 at t . = 2.04). Based on marker
analysis of 81 durum wheat varieties, it was
found that 77 of them (95.1%) carry two diffe-
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rent recessive alleles, while only four samples
(4.9%) carry two different dominant alleles of
the Ppd-Al gene. The proportions of the two
groups of genotypes of carriers of different dom-
inant alleles Ppd-Ala.2 or Ppd-Ala.3 did not
differ from each other in the general sample (t
=1.04 with t, = 2.78) or in the samples of win-
ter (t = 0.75 with t . = 17.71) and spring (t =
0.57 with t . = 3.18) varieties. Meanwhile, the
proportion of genotypes carrying the recessive
allele Ppd-Al_del2ex7 significantly exceeds
that of the Ppd-A1b genotype by almost 40%
(t =3.64 at t . = 2.04) in the winter varieties.
However, in the spring varieties, this advantage
is only 2.1% and is not significant (t = 0.19 at
t, s = 2.02). It is important to note that in du-
rum wheat, which has a photoperiodic response
controlled by only two Ppd-1 genes, nearly half
of the varieties examined had the Ppd-Al gene
with a mutation that results in the loss of Ppd
protein functionality. In the same time, the fre-
quencies of the recessive alleles Ppd-Al_del2ex7
and Ppd-A1b significantly exceeded those of the
dominant alleles Ppd-Ala.2 or Ppd-Ala.3 by
41.4-45.6% 1in spring varieties (t = 5.23-7.50
with t, . = 2.07) and by 25.7-68.5% in winter
varieties (t = 2.24-7.86 with t . = 2.06-2.23).
Out of the 57 Ukrainian durum wheat varie-
ties, 33 are winter and 24 are spring. None of
these varieties were found to carry the domi-
nant Ppd-Ala.2 allele. The percentage of car-
riers of the dominant Ppd-Ala.3 allele is very
low, at around 8% for spring and 3% for win-
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ter. Therefore, over 90% of genotypes for both
spring and winter varieties of durum wheat car-
ry recessive alleles. The presented findings con-
tradict the previous results on the ratio of sen-
sitive and insensitive photoperiod genotypes in
samples of winter and spring varieties of bread
wheat of Ukrainian breeding [16]. Specifically,
the proportion of varieties carrying recessive al-
leles of Ppd-1 genes is several times higher in
spring varieties of bread wheat than in winter
varieties, and vice versa in the sample of win-
ter varieties — dominant alleles. The absence
of dominant alleles in spring varieties of du-
rum wheat and bread wheat may be due to the
cultivation area and sowing time. In Ukraine,
spring wheat is usually cultivated in the nor-
thern regions with sowing taking place between
late March and early April. The primary stages
of spring wheat development occur during late
spring and summer, with longer natural day-
light hours (15-16 hours), which largely elimi-
nates differences in the effects of photoperiod
genes. Under these conditions, genotypes with
dominant alleles of Ppd-1 genes no longer have
a significant advantage in terms of grain yield.
The growth and development of winter va-
rieties, both bread and durum, falls on the
autumn-winter and early spring periods, when
the length of the natural day in all regions of
our country is insufficient (9—11 hours) for the
development of wheat. As a result, the tran-
sition to heading in photoperiod-sensitive va-
rieties occurs quite late, which increases the
probability of winter durum wheat plants fal-
ling under the influence of heat and drought in
the second part of the growing season, which
1s significantly intensified during the period
of ripening and filling of grain throughout the
territory of Ukraine, especially in the south. It
has been proven that insensitivity to the photo-
period is useful for bread winter wheat in sou-
thern regions with high summer temperatures
[17-19], including the south of Ukraine [20,
21]. At the same time, among Ukrainian winter
durum wheat varieties, only ‘Koralovyi’ variety
1s a carrier of the dominant Ppd-Ala.3 allele.
The absence of dominant alleles of the Ppd-
Ala gene in winter durum wheat varieties may
be attributed to their origin. Winter durum
wheat is typically created through interspe-
cific hybridization of spring durum and winter
bread wheat, followed by intraspecific hybridi-
sation [22]. The distribution of dominant al-
leles of the Ppd-A1l gene is significantly limited
among spring varieties of durum wheat, and its
share in different collections of winter varieties
of bread wheat varies from 0 to 15% [23-25].
However, the introgression of dominant alleles
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of the Ppd-Al gene into newly created varie-
ties can reduce the negative impact of climate
change on durum wheat grainfilling [26].

Conclusions

Genotypes of 81 varieties of spring and win-
ter durum wheat were identified by alleles of
the Ppd-Al gene. Four alleles were found in
spring varieties and three in winter varieties.
The latter lack the Ppd-Ala.2 allele. No reces-
sive allele Ppd-Al_del303 was detected in any
variety, regardless of the type of development.

No significant differences were found be-
tween winter and spring genotypes in the dis-
tribution frequency of each of the four alleles. In
winter and spring varieties, the most frequent
recessive allele was Ppd-Al_del2ex7 (68.5 and
47.9%, respectively), whose frequency was sig-
nificantly higher than the other recessive allele
Ppd-A1b in winter varieties and almost equal
to that in spring varieties.

The frequencies of the dominant alleles Ppd-
Ala.2 and Ppd-Ala.3 are quite low and sig-
nificantly lower than those of the alleles Ppd-
Al_del2ex7 and Ppd-A1b. The Ppd-Ala.2 allele
was detected only in the Georgian spring varie-
ty ‘Merliuri’ and the Ppd-Ala.3 allele in the
Ukrainian spring varieties ‘Luhanska 7’ and
‘Metyska’ and the winter variety ‘Koralovyi’.

The use of varieties carrying the dominant
alleles Ppd-Ala.2 and Ppd-Ala.3 as donors in
winter durum wheat breeding programmes will
contribute to increasing the adaptive potential
to heat and high temperature conditions and to
increasing grain yield, and the use of marker
analysis can ensure the selection of breeding
material with an optimal combination of alleles
of the Ppd-Ala gene.
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MeTta. IneHTUdiKyBaTK Ta OLHUTK YACTOTM LOMiIHAHTHUX
i peuecuBHUX anenie reHa Ppd-Al B 03UMUX Ta ApPUX COPTiB
nweHuyi TBepAoi pi3Horo reorpadiyHOro MOXOKEHHS.
MeTtopu. Tlig yac pocnifxeHb BMKOPUCTOBYBANW METOAM
BuginenHs [HK, anenb-cneumdiuvoi MJIP, enektpodo-
pe3y B arapo3HoMmy W moniakpunamifHoOMy rensx, craTuc-
TUYHOTO aHanisy. PesynbTaTu. 3aBOsAKM 33CTOCYBaHHIO
LiarHOCTUYHUX MONEKYAAPHUX MapKepiB igeHTUdiKOBaHO
reHotunu 81 copty TBEPAOT NIWWEHMLi APOro Ta 03MMOro TUMiB
pO3BUTKY pi3HOTO reorpadiyHOro MOXOMKEHHA 3a anensmu
reHa Ppd-Al, wo BU3HAYaE BiAMiHHOCTI 33 oToNepioanyHOI0
4yTMBicTIO. B ApKX COPTiB BUABNEHO YOTUPYU aneni, B 03UMUX —
Tpu (BipcyTHIN fomiHaHTHUIA anenb Ppd-Ala.2). B xopHoro
COpPTY He3aNexHo Bif TUNY po3BUTKY He ineHTUdikoBaHO
peuecusHoro anens Ppd-Al_del303. BUCHOBKM. ICTOTHUX
BiMIHHOCTE MiX 03UMMUMKM Ta APUMW reHOTUNAMM 3a Yac-
TOTOIO TOFO YM iHWOrO anens He BcTaHoBneHo. Cepep o3u-
MUX i ApUX COPTIB HAaNNOWMPEHIWNM € peLecMBHUI anenb
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Ppd-A1_del2ex7 (68,5 i 47,9% BignoBigHo). 3HauHO KoMy
MOCTYNAETLCA B O3UMUX COPTIB i MaiiXKe OJHAKOBUIA 3 HUM
33 4acToOTOI0 PO3MOBCIOMKEHHS B APUX PELECUBHUN anesb
Ppd-A1b. MeHwu1MuK 3a ABi BULLEBKA3aHi il 3aranom ayxe ma-
JIMMM € YACTOTM AOMiHAHTHUX anenis Ppd-Ala.2 i Ppd-Ala.3.
Anenb Ppd-Ala.2 BUABNEHO nWwWe Y TPY3UHCbKOTO COPTY
‘Mepniypi’ (apuit TMN po3BuUTKY); Ppd-Ala.3 — B yKpaiHCbKUX
copri ‘JlyraHcbka 7', ‘Metucka’ (sapi) Ta ‘Kopanosuit’ (o3u-
Muit). Hatenep 06roBOpIOIOTL MOXAUBICTb BUKOPUCTAHHSA
COpTiB-HOCiiB AOMiHaHTHUX aneniB Ppd-Ala.2 i Ppd-Ala.3
fIK JOHOPiB y Nporpamax cefekuii nweHuui TBepaoi o3umoi
3 MeTol0 NiABWLEHHSA 11 afanTMBHOTO MOTeHUiany B yMoBax
NOCYxM Ta BUCOKMX Temnepatyp i ans 36inbleHHs Bpoxato
3epHa. 3acTocyBaHHA MAapKepHOro aHanisy AacTb 3Mory 3a-
6e3neynt nobip cenekuinHoro marepiany 3 onTMMabHOK
KombiHauieto anenis reHa Ppd-Ala.

Knruosi cnosa: Triticum durum; mun po3sumky; ¢omo-
nepiod; Ppd-1 2eHu; 2eHomun.
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