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Purpose. Analysis of the allelic state of Ppd-1 genes, which control sensitivity to photoperiod, in varieties and lines of bread
winter wheat, and comparison of the results obtained with field observations on the duration of periods before heading and
flowering, whose originators were the Nosivska Breeding and Research Station of the V. M. Remeslo Myronivka Institute of
Wheat National Academy of Agrarian Sciences of Ukraine and Poltava State Agrarian Academy of the Ministry of Education
and Science of Ukraine. Methods. The following methods were used in the work: DNA extraction, allele-specific PCR, agarose
and polyacrylamide gel electrophoresis, analysis of variance. Results. It was revealed that ‘Yuvivata 60 variety has a recessive
Ppd-1 genotype and belongs to the III haplotype by a combination of mutations in the structure of Ppd-D1 gene. Line ‘L41/95
was heterogeneous by alleles of Ppd-D1 gene, which corresponded to the presence of haplotypes III and VII. All other tested
cultivars and lines were characterized by alleles Ppd-A1b, Ppd-B1b and Ppd-D1a, and assigned to haplotype VII. According to the
results of statistical data processing, the duration of the period from May, 1 to heading was the smallest for the variety ‘Donskaya
polukarlikovaya” in the conditions of both the Forest-Steppe and Polissia-Forest-Steppe regions of Ukraine, the longest — in the
varieties ‘Yuvivata 60, ‘Myronivska 61" and ‘L41/95". The differences between these groups were significant and amounted to
10 days. Conclusions. A breeding material with a high adaptive ability for growing conditions in Polissia-Forest-Steppe zone
was studied by the allelic state of the Ppd-1 genes. A low level of polymorphism in the studied varieties and lines was revealed
by the alleles of Ppd-1 genes [12.5% — Ppd-D1b (111), 12.5% - Ppd-D1a/b (111/VIL), 75% — Ppd-D1a (VII)], that agrees with the
hypothesis that breeders gave a greater preference for the photoperiod-insensitive wheat genotype under Ukrainian conditions.
The genotypes with the dominant Ppd-D1a (VII) gene almost completely dominate in the south of Ukraine. At the same time, in
northern latitudes, weather conditions negate the advantages of the genotypes with Ppd-D1a gene.
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enable them to adapt to different climatic and
geographical conditions. Global and regional
climate changes make it required to increase
the adaptive potential of winter wheat plants.
The purpose of breeding winter wheat in the

Introduction

Varieties and lines of bread winter wheat are
characterized by different growth rates, which
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of gene copies, which significantly affect the
regulation of plant growth and development [1].
The duration of the “sprouts-heading” period of
Triticum aestivum L. determines the flowering
time, indirectly affects the yield, and thus is
one of the most important agronomic traits.
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The onset of heading largely depends on photo-
period sensitivity of wheat plants — the respon-
se to the length of daylight hours. In T. aesti-
vum, photoperiod sensitivity is determined by
Ppd-1 genes located on homeologous chromo-
somes 2A, 2B, and 2D [2]. Dominant alleles of
these genes shorten the duration of the “sprouts-
heading” period due to a decrease in the re-
sponse of plants to the photoperiod under con-
ditions of short daylight hours. Such alleles
appeared in the wild-type wheat genotype as a
result of mutations (deletions or insertions) in
the promoter regions of Ppd-Al, Ppd-Bl, Ppd-DI
genes or an increase in the number of copies of
Ppd-BI gene [3—6]. Ppd-1 genes belong to pseudo-
response regulator family and play an impor-
tant role in the control of circadian rhythms
due to the increased expression of the CON-
STANS (CO) proteins during long daylight
hours. CO proteins interact with proteins en-
coded by the locus that controls FLOWERING
TIME (FT), thereby enhancing their expression
and inducing flowering. Alleles of Ppd-1 genes,
which cause a neutral reaction to photoperiod,
activate the genes for vernalization and trigger
early flowering at short daylight hours, in some
cases even when the requirements for vernali-
zation are not met [7].

The aim of the research is to revealed the
alleles of Ppd-1 genes, which control sensitivity
to photoperiod, in the varieties and lines of
bread winter wheat of the the Nosivska Bree-
ding and Research Station of the V. M. Remes-
lo Myronivka Institute of Wheat of NAAS of
Ukraine (NBRS MIW) and Poltava State
Agrarian Academy of the Ministry of Educa-
tion and Science of Ukraine (PSAA), and com-
parison of the data of molecular genetic analy-
sis with the data of period of heading and
flowering obtained in the field experiments.

The varieties and lines analyzed in the work
were tested at the National Centre for Plant
Genetic Resources of Ukraine, approved, regis-
tered and used in the breeding programs of the
PSAA, V. M. Remeslo Myronivka Institute of
Wheat of NAAS of Ukraine (MIW), The Plant
Production Institute named after V. Ya. Yuriev
of NAAS. The study of the molecular genetic
characteristics of this bread winter wheat mate-
rial will enable to characterize its alleles and
further conduct marker assisted selection (MAS)
for the effective breeding of genotypes with cer-
tain combinations of alleles and haplotypes that
determine sensitivity to photoperiod.

Materials and methods

We analyzed varieties and lines of bread win-
ter wheat NBRS MIW (‘Yuvivata 60’°, ‘KSI’,
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‘KS22-04°, ‘L59-95’, ‘Zoriana Nosivska’, ‘KS14’,
‘L41/95’), PSAA (‘Ariivka’) and control varieties
‘Donskaya polukarlikovaya’, ‘Myronivska 61,
provided by V. V. Moskalets, an employee of the
Institute of Horticulture of the NAAS. The pedig-
rees of the used lines are shown in Table 1. Va-
rieties ‘Yuvivata 60’, ‘Zoriana Nosivska’ belong
to the semi-intensive type for low and medium
agronomic background. Variety ‘Ariivka’ and
lines ‘L41/95’, ‘1.59-95’, ‘KS1’ are of the univer-
sal type, suitable for growing after various pre-
decessors. One of the main parental and mater-
nal components in hybridization variety ‘Don-
skaya polukarlikovaya’ is of an intensive type,
well-selected, balanced, early maturing, winter
and drought-resistant with large-grain size,
productive high and stable grain quality.

DNA was isolated from etiolated seedling by
the modified method [12]. Nested allele-speci-
fic PCR were carried out on a Flax Cycler Am-
plifier (Analytik Jena, Germany), the PCR
conditions are described in publications [3—6].
The nucleotide sequences of primers for the
detection of alleles of genes of photoperiod sen-
sitivity are described in detail in the article by
Bakuma et al. [13]. Amplification fragments
obtained in PCR were fractionated by horizon-
tal and vertical electrophoresis in 1% agarose
gel or in 7% polyacrylamide gel.

The dates of heading and flowering onset of
wheat plants were recorded during field expe-
riments on the basis of the NBRS MIW (Polis-
sia-Forest-Steppe zone) and the Bila Tserkva
National Agrarian University of the Ministry
of Education and Science of Ukraine (Forest-
Steppe of Ukraine) for seven years (2010—2017).
The experimental field of the Nosivska Bree-
ding and Research Station is located within a
specific ecotone of the Dnipro lowland, in the
sphere of influence of two physical and geo-
graphical zones — Polissia and Forest-Steppe.
The soil of the experimental site is leached
chernozem, low humus, light loamy.

The experimental field of the Bila Tserkva
NAU is located in the central part of the Right-
Bank Forest-Steppe — in the Buzko-Serednod-
niprovskyi district of the Dnister-Dnipro Forest-
Steppe province. The soil is typical black one.
The placement of the plots is randomized, the
repeatability of the experiment is 3—6 times and
in different ecological zones varied depending
on the homogeneity of the field in terms of soil
and relief features, the predecessor, the quality
of preparation of the area for sowing, the vo-
lume of seed material. The total area of the
experimental plot was 12 m2. The predecessors
of bread winter wheat were annual cereals and
legumes; the cultivation technology is generally
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Table 1
Pedigree of the studied varieties and lines of bread winter wheat
Variety / line . Year of ..
No (national catalog number, certificate) Pedigree creation Originator
‘Ariivka” (No. 171136) ‘Donskaya polukarlikovaya’ x ‘K6477/91" | 2007 | PSAA [8]
line ‘KS1" (38-95, UA0107961) ‘Donskaya polukarlikovaya’ x ‘K6477/91" | 1995 | NBRS MIW [9]

1
2

3 | line *KS22-04 (UA0108019)
4 | line 'L59-95" (UA0108016)

‘Zoriana Nosivska’ x ‘Myronivska 61’
Q’ Donskaya polukarlikovaya’
x & [Q(Q ‘Maris Malder’ x &' ‘Pony’)

2004
1995

NBRS MIW [9]
NBRS MIW [9]

5 | Zoriana Nosivska’ (UA 0110603,
No. 521)
6 | ‘Donskaya polukarlikovaya’

Hunstman’

7 | line 'KS14-05" (UA0123342, No. 1913)

line ‘L41/95" (UA010803, No. 757)
‘Yuvivata 60’ (line ‘L4639/96")
(UA0108163, No. 1102;

variety in the State Register since
2014)

10| ‘Myronivska 61’

O 00

x & ‘Donskaya polukarlikovaya']
(‘Obrii” x ‘Maris Hunstman’) x ‘Maris

(‘Rusalka’” x ‘Severodonskaya")

Q ‘Maris Hunstman’ x &' (‘Kyianka’ x ‘Pony’)

‘Mirleben’ x ‘Poliska 92
(‘Poliska 90" x ‘Mirleben’) x
(‘Holger’ x ‘PPH296")

intraspecific hybridization with
subsequent individual selection from
the hybrid population ‘Illichivka” x
‘Hadmersleben 6508-74

1998 | NBRS MIW [10]

1983 | All-Russian Research
Institute of Grain Crops
named after I. G. Kalinenko
NBRS MIW / Institute of
Horticulture NAAS [9]
NBRS MIW [9]

NBRS MIW [9]

2005

1995
1996

1987 | MIW [11]

accepted for the conditions of Forest-Steppe
zone [14]. To reveal the beginning of heading
and flowering periods the corresponding dates,
when we observed flowering and heading in
about 50% of the plants of each plot of a spe-
cific wheat genotype, were marked according to
the generally accepted method [15, 16].

The climate of the transitional Polissia-Fo-
rest-Steppe and Forest-Steppe zones is modera-
tely continental, warm, mild, with sufficient
moisture. Growing conditions during 2010-2017
were varied. The increased temperature in May
(which is indicated for the period 2010-2014,
compared to the long-term norm) and June
(2010—-2013) did not allow wheat plants to use
their maximum potential for heading and flowe-
ring phenophases (accumulate the required
amount of assimilates) and caused thermal
drought, which can negatively affect grain for-
mation and, as a result, yield. October 2013 and
2014 were very dry, only 615 mm of precipita-
tion fell in the Forest-Steppe, and 6—24 mm in
the Polissia-Forest-Steppe. In 2017, the amount
of precipitation during the growing season was
lower than the average annual indicators — only
56 mm of precipitation fell in April, May and
June. The data were statistically processed us-
ing the Statistica 10 software by one- and two-
way analysis of variance (ANOVA) [17]. The
reliability of the influence of the “Line”, “Cul-
tivation zone” factors and their interaction are
determined by Fisher’s F-criterion for the cor-
responding factor or interaction.
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Results and Discussion

The breeding material of bread winter wheat
analyzed in the article, was created at the Nosiv-
ska Breeding and Research Station, located in
the conditions of the southern ecotone of Polis-
sia, or Polissia-Forest-Steppe zone. Long-term
field studies allowed this material to be diffe-
rentiated into stable, narrowly and broadly
adaptive varieties / lines. The latter group (‘Yu-
vivata 60’°, ‘1.4639/96’°, ‘L.41/95’, etc.) is characte-
rized by a wide range of ecological plasticity,
the varieties referred to it have a high mass of
1000 grains, large-grain, and multiflorous.
And it should be noted that the use of multiflo-
rous forms of wheat in the breeding process
reliably leads to an increase in the number of
grains per spike in the following hybrid popula-
tions [18, 19]. They are the ones who most ful-
ly realize their genetic potential in the indi-
cated growing zone, based on what they were
selected into the Polissia-Forest-Steppe ecotype
among the studied varieties and lines of wheat.
Alleles of Ppd-Al, Ppd-Bl, Ppd-DI genes were
investigated in the genotypes of the studied
varieties and lines. No polymorphism was found
in Ppd-Al locus. According to results of the
electrophoresis of the amplification fragments
obtained by allele-specific PCR, the presence of
Ppd-Alb allele was revealed, what means the
absence of 1085 bp deletion in the promoter
region (Fig. 1a). In addition, the recessive allele
Ppd-Blb was detected in all studied varieties
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and lines. The resulting PCR product was 1299
bp, what indicates the absence of 308 bp inser-
tion in the promoter region (Fig. 1b). At the
same time, fragments of 223 bp and 425 bp,

which define three and four copies of Ppd-BI in
the genotype, respectively, and which presence
lead to decrease in sensitivity to the photoperi-
od were not found. (Fig. 1c, d).

MK+1 2 3

C

d

Fig. 1. Electropherogram of amplification fragments obtained by PCR of DNA
of varieties / lines with allele-specific primers:
a) Ppd-A1b: 1 - ‘Ariivka’; 2 — line ‘KS1’; 3 - line ‘KS22-04"; M — molecular weight marker ladder mix;
b) Ppd-B1b: 1 — ‘Ariivka’; 2 — line ’KS1; 3 - line ‘KS22-04"; M — molecular weight marker ladder mix;
c) three copies Ppd-B1 type of ‘Sonora 64" 1 — ‘Ariivka’; 2 — line ’KS1’; 3 - line ‘KS22-04"; K+ - ‘Elehiia Myronivska’;
M — molecular weight marker pUC19/MspI; d) four-copy Ppd-B1 type ‘Chinese Spring” 1 — “Ariivka’, 2 — line ‘KS?’,
3 - line ‘KS22-04"; K+ — “Struna Myronivska’; M — molecular weight marker pUC19/Mspl.

The recessive allele b was identified in the
genotype of ‘Yuvivata 60’ variety by Ppd-D1
gene. Line ‘L41/95’ turned out to be heteroge-

neous at this locus. In other varieties and lines
of bread wheat, the dominant allele Ppd-Dla
was detected (Fig. 2).

Fig. 2. Electropherogram of amplification fragments obtained by PCR with a pool of DNA isolated
from five kernels of varieties / lines, with allele-specific primers:
a) Ppd-D1b: 1 - ‘Ariivka’; 2 — line 'KS1’; 3 - line 'KS22-04’; 4 — line ‘L59-95"; 5 — ‘Zoriana Nosivska’;
6 — ‘Donskaya polukarlikovaya’; 7 — line ‘KS14’; 8 — line ‘L41/95; 9 - ‘Yuvivata 60’; 10 — ‘Myronivska 617
M, — molecular weight marker ladder mix; b) Ppd-D1a: 1 - ‘Ariivka’; 2 — line ‘KS1’; 3 - line ‘KS22-04"; 4 - line 'L59-95";
5 —‘Zoriana Nosivska’; 6 — ‘Donskaya polukarlikovaya; 7 — line ‘KS14’; 8 — line ‘L41/95; 9 — "Yuvivata 60
10 - ‘Myronivska 617 M, — molecular weight marker pUC19/MspI; M, — molecular weight marker ladder mix.

Ppd-DIb allele in “Yuvivata 60’ variety and in
‘L41/95’ line was most likely inherited from the
‘Mirleben’ donor variety, where this allele was
found earlier [20]. In addition, the second paren-
tal form of “Yuvivata 60’ cultivar is ‘Poliska 90’,
which carries allele b of the Rht8 dwarfing gene
[21]. This suggests that the cultivar is recessive
in Ppd-D1 gene, since the dominant Ppd-Dla
allele is usually inherited together with allele ¢
of the Rht8 dwarfing gene. ‘Donskaya polukar-
likovaya’ variety was also studied and involved
in the pedigree of ‘Ariivka’ variety, ‘KS1’ and
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‘L59-95’ lines. It has the Ppd-Dla allele in the
genotype, which causes a neutral reaction to
photoperiod. Analysis of the origin of ‘Zoriana
Nosivska’ variety suggests that Ppd-Dla allele
is inherited from ‘Obrii’ variety [22].
Currently, on the basis of the molecular
structure of Ppd-D1 gene, ten functionally dis-
tinctive haplotypes are distinguished. They
control different levels of gene expression and
have different effects on the duration of the
‘sprouts-heading” period [23]. Using allele-spe-
cific markers in the genotypes of the studied
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plants, the presence of mutations in the nu-
cleotide sequence of Ppd-DI gene-insertions of
24 bp and 15 bp, separated by 105 bp in the
intact promoter region (Fig. 2a), insertion of
MLE (mariner-like elements) type transposons
in intron 1 (Fig. 3a), no 5 bp deletion in the
seventh exon (Fig. 3b) and deletion of 16 bp in
the eighth exon (Fig. 3c) was detected.

The combination of these mutations with a
key deletion of 2089 bp, which causes a neutral

320.bp.

- ——
1005 bp.

Fig. 3. Electrophoregram of the distribution in 7%
PAG of amplification fragments obtained by PCR with
DNA of varieties / lines and allele-specific primers:
a) Ppd-P5 (TE insertion located in intron 1): 1 - ‘Ariivka’;
2 — line ’KS1’; 3 - line 'KS22-04"; K+ — ‘Zymoiarka’;

M — molecular weight marker ladder mix;

b) Ppd-P7 (deletion of 5 bp in exon 7): 1 - ‘Ariivka’;

2 — line ’KS1’; 3 - line ‘KS22-04"; M — molecular weight
marker pUC19/MspI; c) Ppd-P3 (insertion of 16 bp
in exon 8): 1 — ‘Ariivka’; 2 — line ‘KS1; 3 - line 'KS22-04";
M — molecular weight marker pUC19/Mspl.

reaction to photoperiod, allowed the genotype
of ‘Yuvivata 60’ to be assigned to haplotype
I1I, and line ‘L.41/95" heterogeneous at the Ppd-D1
locus, to haplotypes III and VII. Other varie-
ties and lines are assigned to haplotype VII
(Table 2). According to Guo et al. [5], haplo-
type III is characterized by a lower level of
expression of Ppd-D1 gene compared to haplo-
types I-VI, which leads to a later heading of
plants and can be an advantage when grown in
northern latitudes, since it will allow plants to
avoid the effect of low temperatures in case of
flowering in late spring — early summer. Cur-
rently, no studies of the expression level of
haplotype VII of Ppd-D1 gene have been car-
ried out.

As a result of one-way analysis of variance
of field experiment data on heading and flow-
ering rates, a significant influence of the
“Line” factor (P = 0.01) on the investigated
traits was revealed. The earliest heading un-
der the conditions of the Forest-Steppe and
Polissia-Forest-Steppe of Ukraine was typical
for the variety ‘Donskaya polukarlikovaya’,
the latest for varieties ‘Yuvivata 60°, ‘My-
ronivska 61’ and line ‘L.41/95° (Table 3). The
difference between the indicated groups was
significant — about 10 days. But in terms of
yield, the studied lines differed among them-
selves within the margin of error.

Among the varieties and lines with ‘Dons-
kaya polukarlikovaya’ variety in the pedi-

Table 2
Ppd-D1 haplotypes of the studied wheat varieties and lines
Number | 24bp+15b 2089 bp TE 5 bp 16 bp
;\l(lﬁfl Variety, line thld-tDl o of insgrtion inp deletion in the | insertion | deletion | insertion
p APIOYPE | \arieties | the promoter promoter inintron 1| atexon 7 | atexon 8
b |’Yuvivata 60 I11 1 absent absent present | absent | absent
‘Ariivka’,
‘KS1,
'KS22-04',
a |‘L59-95 VII 8 absent present present | absent | absent
‘Zoriana Nosivska’,
‘Donskaya polukarlikovaya’,
‘KS14’, ‘Myronivska 61’
b/a | line’L41/95 III/VII 1 absent absent / present | absent | absent
present
gree, only line ‘L59-95’ did not significantly sensitive variety ‘Yuvivata 60’ and line

differ from the parent variety in flowering
time, which may indicate the presence of other
genes in the genotype of these samples that
affect the rate of phenophase duration which
we do not test in this work. Also of interest
is the rather late heading and flowering of
‘Mironivska 61’ variety plants (which is cha-
racterized by the presence of Ppd-Dla allele),
practically at the level of the photoperiod-
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‘L41/95’. The differences may be due to other
genetic systems or epigenetic factors. In gene-
ral, samples with the recessive allele of Ppd-D1
gene tended to later heading and flowering
than varieties and lines with a dominant al-
lele. According to two-way ANOVA (Table 4),
the factors “Line” and “Growing area” sig-
nificantly influenced the DH and DF, but not
on the yield. In the conditions of Forest-
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Table 3
Characteristics of the studied varieties and lines of bread winter wheat according to agronomic traits

Variety, line Average for 2010-2017 (Forest-Steppe) Average for 2010-2017 (Polissia-Forest-Steppe)
’ DH DF Yield, g/m? DH DF Yield, g/m?

‘Ariivka’ 23.13 27.13 637.5 25.13 30.25 687.09
KS1 23.25 27.25 624.3 25.13 29.63 623.35
'KS22-04 21.50 26.38 590.6 23.88 28.25 632.68
‘L59-95 20.63 25.00 577.8 22.50 26.63 536.36
“Zoriana Nosivska’ 24.25 28.75 555.3 26.13 31.00 595.44
Yuvivata 60’ 27.25 31.88 661.4 30.25 34.50 640.54
‘KS14 22.63 26.75 578.6 24.13 29.75 556.00
‘L41/95 26.75 31.88 597.9 29.13 34.00 577.23
‘Donskaya polukarlikovaya’ | 17.25 21.50 530.0 19.00 23.00 519.59
‘Myronivska 61’ 26.13 30.50 591.0 28.38 33.00 579.48

LSD, s 3.92 3.74 - 3.82 3.36 -

LSD, ., 5.2 5.1 - 5.06 4.47 -

Note. DH - date of heading (starting from the first of May); DF — date of flowering (starting from the first of May).

Table 4
Influence of factors “Line” and “Growing area” factors on the studied traits
Signs Source of variation, mS
“Line” “Growing area” | “Line” x “Growing area” interaction | Accuracy
df 9 1 9 140
DH 164.92*** 174.31*** 0.72 15.17
DF 179.0*** 211.6*** 1.2 13.2
Yield 29222 5 4074 22268

*** _ valid for p = 0.001.

Steppe flowering and heading occurred ap- ditions of the Polissia-Forest-Steppe zone

proximately two days earlier than in the con- (Fig. 4).
34 38 ‘ ‘ ‘
B 32 7 361
= 30 = 34|
3 | BRE.
> = 30}
30} ©
§= 24 + i + + 5= 28 + }
=5 22 “, 5 26+
_§ 20 _§ 24|
= 18 = 22}
= 16 a 201
14 P17 AN D R N S IR (NS S S B
Mo ¥ ¥ o v © In© — N o ¥ ¥ @ @ ©™ In @ «—
O F3 9V L I e o0 T O 59 v LT 2 e
o 8 ¥ N = 3 = a4 =2 8 o 8 ¥ o >3 = 9 > ©
n kg S N QK SN n B I N G St 9 %
o > v o < o 2 o g v o < 3 x 9
S 3 3 = = = 5 Z ~ = < = o=
=] © T o = © s 5
> c = = > = = £
< © =2 > < © =2 >
= o = = o =
o a o [= T
N N
~ © ~ ;
Py ©
~ 4
n 6 2
a c
3 s

Fig. 4. Time of heading (a) and flowering (b) of the studied lines in the conditions
of the Forest-Steppe (blue circle) and Polissia-Forest-Steppe zone (red square)
Note. m, ® — average value; I — variance.

Lines with (Ppd-DI1a) and absence of deletion of
2089 bp upstream of the coding region (Ppd-DIb),
regardless of the cultivation zone, did not sig-
nificantly differ among themselves in yield,
which can be explained by selective breeding,

aimed at creating high-yielding varieties. Also,
the absence of differences can be influenced by
the presence of only one sample with Ppd-DI1b
and Ppd-Dla/b in groups and a fairly high vari-
ance in terms of yield (Fig. 5).
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Fig. 5. Productivity of the investigated lines depending on the alleles of the Ppd-D1 gene under the conditions
of the Forest-Steppe (blue circle) and Polissia-Forest-Steppe (red square)
Note. m, ® — average value; [ - variance.

Conclusions

The new varieties and lines analyzed in the
work fully correspond to the direction of bread
winter wheat breeding for the conditions of
Polissia and Forest-Steppe, since they combine
high adaptability to unfavorable abiotic fac-
tors, productivity, including large grain, multi-
flowering, 1000-grain weight, etc. In these
agroclimatic zones, varieties with Ppd-Dla
gene (VII haplotype) prevail. As we have shown
earlier, all varieties of the Steppe ecotope [13]
assigned to haplotype VII, but among other
varieties belonging to the Forest-Steppe eco-
tope there were carriers of Ppd-DIb allele [24,
25] assigned to haplotypes II, III, and IV, howe-
ver their percentage was quite small, especial-
ly among winter varieties.

During cultivation of new wheat genotypes
in Forest-Steppe and Polissia-Forest-Steppe
zone, similar trends regarding earlier heading
and flowering of plants with reduced sensiti-
vity to photoperiod are observed. So an inte-
resting question remains: What genetic mecha-
nism allows ‘Donskaya polukarlikovaya’ variety
to be the earliest among all the studied sam-
ples (even among the varieties with the same
Ppd-Dla gene).

However, for the conditions of Polissia and
Polissia-Forest-Steppe transition zone there is
no need to create varieties with early heading,
typical for the variety ‘Donskaya polukarliko-
vaya’, because for this ecological niche May

conditions are occasionally accompanied by
low and negative air temperatures, which cau-
ses a complete or partial white spike, sterility
of the ear, an increase in the formation of un-
derdeveloped shoots and, as a result, uneven
maturation, and decrease in crop productivity.
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MeTa. Bu3HauyeHHs aneibHOro CTaHy reHiB Ppd-1, wo
KOHTPONIOIOTH YyTAMBICTb A0 (oTonepiofy, y COPTiB Ta NiHii
nwenui m’akoi o3umoi HociBcbKoi cenekuiitHo-pocnigHoi
cTaHuii MupoHiBcbKkoro iHCTUTYTY nwenuyi im. B. M. Pemec-
na HAAH (HCAC MIN) i NontaBcbkoi gepxaBHOi arpapHoi
akapemii MOH Ykpainu (MJAA), Ta 3icTaBneHHs OTpUMAHUX
pe3ynbTaTiB MONEKYNAPHO-FEHETUYHOMO aHani3y 3 AaHuMu
NONbOBUX CMOCTEPEXKEHb LWOAO CTPOKIB KONOCIHHA Ta UBITiH-
Hs. MeTtogu. Buginenus OHK, anenb-cneundiuna MNP, enek-
Tpodhope3 dparmeHTiB amnnicikauii B arapo3Hux Ta noni-
aKpuanamigHux rensx, pucnepciiHuii aHanis. Pesynbratu.
Bu3HaveHo, wo copt ‘lOBiBata 60" Ma€ peLecuBHUN TeHOTMN
Ppd-1 1a HanexuTsb go III rannotuny 3a kombiHauielo MyTaLlilt
y cTpykTypi Ppd-D1 rexa. Jlinis ‘J141/95 BusBunacs retepo-
reHHO 3a anensimu reHa Ppd-D1, wo BignoBigano HasBHOCTI
rannotunis III i VII. Yci iHWi gocnigkeHi 3pa3ku xapakTe-
pusyBanuca anensamu Ppd-Alb, Ppd-B1b 1a Ppd-Dla Ta Ha-
nexanu go rannotuny VII. 3a pesynbtatamu CTaTUCTUYHOT
06po6KM AaHuX TpuBanicTb Nepiofy Bif NepWoro TpasHsa Ao
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KOOCiHHsA Gyna HaiMeHLwWOolo B copTy ‘[OHCKas NoNyKapiuKo-
Bas’' B yMoBax sk Jlicocteny, Tak i Monicca—Jlicocteny Ykpainu,
HaiiGinbwoto — y coptis ‘lOBisata 60°, ‘MupoHiscbka 61" Ta
NiHii ‘N141/95". BigMiHHOCTI MiX 3a3HayeHUMK rpynamu Gynu
[OCTOBipHUMMU i1 cTaHOBMAM NpuGAn3HO 10 Ai6. BUCHOBKM.
3a anesibHUM CTaHOM reHiB Ppd-1 focCnigKeHo cenekuinHuit
Matepian 3 BUCOKOI afanTUBHOK 3[aTHiCTIO 4S8 YMOB BUPO-
WyBaHH#A B nepexifgHiii 30Hi Monicca—Jlicocten. 3a anensamu
reHis Ppd-1 pocnimxeHi copt Ta niHii BMABMAM HeBMCO-
Kuit piBeHb nonimopdismy [12,5% — Ppd-D1b (III), 12,5% —
Ppd-Dia/b (I1I1/VII), 75% — Ppd-Dl1a (VII)], wo y3romxyerb-
CA 3 rinoTe30l0 HafaHHA ceneklioHepamu 6inblwoi nepesa-
rM CNabKouyTIMBUM A0 (HOTONepiofy reHoTUNnaMm nuweHuLi B
ymoBax YkpaiHu. [eHoTunu 3 fomiHaHTHUM anenem Ppd-Dla
(VII) B ymoBax NiBgHA YKpaiHW NpakTMUYHO NOBHICTIO JOMiHY-
t0Tb. BogHouac y NiBHIYHIWMX WKMPOTax NOrOAHI YMOBM HiBe-
NIIOIOTb NEPEBAry, Wo MaioTb reHoTunu 3 Ppd-Dia.

Knrouosi cnosa: Triticum aestivum L.; yymausicme 00
omonepiody; anens-cneyugiyra I1/1P.
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