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Introduction
Winter wheat (Triticum aestivum L.) is the 

leading grain crop in Ukraine; it surpasses other 
grain crops in terms of sown areas (5.9–6.5 mil-
lion hectares) and forms the basis for the forma-
tion of the country’s grain balance [1]. In the 
context of a market economy, increased competi-
tion in the market and in connection with 
Ukraine’s entry into the World Trade Organiza-
tion, increasing the competitiveness of agricul-
tural products becomes especially relevant.

Special attention should be paid to impro-
ving the competitiveness of grain products, in-
cluding increasing its technical and quality 
level [2, 3]. At the same time, consumer re-

quirements for food and baking properties are 
growing and expanding, in particular, the cre-
ation of confectionery varieties necessary for 
manufacture of cakes and pastries is urgent [4].

Commodity classifications of grain in some 
EU countries are based on the peculiarities of 
the endosperm structure, in Ukraine this indi-
cator is not taken into account [5–8]. The world 
is successfully breeding wheat varieties for 
special purposes. Soft wheat varieties ‘Ami’, 
‘MV Irma’, ‘Webster’, ‘Wisdom’, ‘FS 401’ and 
others have been created among them. Howe-
ver, due to the low level of adaptability to 
growing conditions, they are not introduced on 
the territory of Ukraine [9]. Only two varieties 
of soft-grain wheat – ‘Biliava’ (Plant Bree ding 
and Genetics Institute – National Center for 
Seed Production and Variety Research, UA) 
and ‘Arkeoks’ (Limagrain Europe, FR), which 
have the indices necessary for confectionery 
wheat have been entered into the State Regis-
ter of Plant Varieties of Ukraine by 2020 [10].

The grain hardness of soft wheat is one of the 
most important characteristics of grain quality 
and directly related to grain grinding, dough 
kneading and making bakery products. Depen-
ding on the manifestation of this trait, wheat 
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grain can be classified as a bakery or confec-
tionery type [11]. Compared with soft endosperm 
caryopses, in varieties with a hard endosperm, 
grain grinding is a long and energy-intensive 
process. As a result, flour with large particles 
is formed. It contains a large amount of dama-
ged starch grains, due to which it has a high 
water absorption capacity (WAC, %). Due to the 
availability of a large amount of carbohydrates 
as a substrate for yeast, such flour is better for 
yeast bread baking [12]. High-quality confec-
tionery products are made from special types of 
flour, obtained when grinding grain of specific 
soft-grain wheat varieties. Confectionery wheat 
flour differs significantly in its technological 
properties from baking wheat flour. This flour 
has a characteristic consistency; it is looser 
than baker’s and has a low specific gravity, sig-
nificantly lower WAC compared to baking flour. 
Such technological characteristics of the flour 
provide a high thermoplasticity of the pastry 
kneadind in the first minutes of baking, due to 
which obtained biscuits are more loose and of 
better quality both in terms of organoleptic, 
taste, and biological characteristics of the nu-
tritional value of the product [4]. Studies of the 
nature of endosperm structure inheritance re-
vealed that the differences in cultivars in this 
trait are determined by several linked genes 
located on the short arm of chromosome 5D at 
the B locus (Hardness) [13, 14].

The genes encode three polypeptides that 
form the freeabilin protein: puroindoline a 
(Pina-D1 gene), puroindoline b (Pinb-D1 gene), 
and Grain Softness Protein (Gsp-1 gene). 
Changes in the amino acid composition of these 
polypeptides are closely related to changes in 
grain texture. Soft wheat varieties contain 
both “wild” allele s of Pina-D1 gene (Pina-D1a 
allele) and the Pinb gene (Pinb-D1a allele), 
while hard-grain wheat varieties contain either 
a deletion of the Pina-D1 gene, or one of the 
“mutant” forms of Pinb-D1 gene (alleles Pinb-
D1b-g or Pinb-D1l) [15–17].

Considering the prospect of breeding direc-
tions expanding in order to increase the com-
petitiveness of soft winter wheat varieties, the 
corresponding studies (the search and attrac-
tion of new source material for soft wheat 
breeding) are carried out at Plant Production 
Institute nd. a. V. Ya. Yuriev, NAAS of Ukraine. 
Since 2001, varieties and lines with high adap-
tive potential have been crossed with soft-grain 
varieties and lines of foreign breeding. At the 
National Center for Plant Genetic Resources of 
Ukraine, soft-grain lines [18–20] were regis-
tered, as well as an indicative collection of con-
fectionery properties [21], a number of constant 

selection lines of confectionery use were created, 
which are now being pre-tested, and the variety 
of soft-grain wheat ‘Mazurok’ was transferred 
to qualification examination at the Ukrainian 
Institute for Plant Varieties Examination.

The effective use of foreign material during 
hybridization with high-yielding local varieties 
adapted to the conditions of Ukraine is possible 
when the latter are identified by the allelic state 
of puroindolinium genes. Today, the allelic com-
position of these genes is being actively studied 
in varieties created at the Plant Bree ding and 
Genetics Institute – National Center for Seed 
Production and Variety Research, the 
V. M. Remeslo Myronivka Institute of Weat,  
and Poltava State Agrarian Academy [23, 24].

The aim of the research is to identify Pina-D1 
and Pinb-D1 genes of soft winter wheat sam-
ples of the Plant Production Institute nd. a. V. Ya. 
Yuriev, NAAS of Ukraine for further use in 
breeding for high confectionery properties of 
flour.

Materials and methods
Grains of 25 varieties of winter wheat, 12 

selection lines of confectionery direction of 
use, which are pre-tested, 3 lines of Triticum 
spelta L were used in the study. As the stand-
ards of technological parameters of flour, we 
used the soft-grain variety ‘Biliava’ and the 
hard-grain variety ‘Pryvablyva’.

Preliminary selection of soft-grain forms 
was carried out by determining the indicators: 
WAC of flour, test baking and evaluation of 
the quality of cookies [22].

To identify the allelic states of Pina-D1 and 
Pinb-D1 genes in the soft winter wheat samples, 
the polymerase chain reaction (PCR) method 
was used with the use of target gene markers.

DNA isolation was carried out from 5 grains 
of ten individual plants of each sample using 
the DiatomDNAPrep100 reagent kit (Neogen). 
DNA amplification was performed in tubes 
with a lyophilized PCR reagent kit (GenePak 
PCR core) in a Tertsik amplifier (Russia).

The reaction mixture for PCR analysis, 
which contained 20 ng of isolated DNA, 1 µM 
of forward and reverse primers, was brought 
to the final volume (20 µl) with the solvent 
from the PCR kit. 

The identification of the allelic state of Pina-
D1 and Pinb-D1 genes was carried out using 
primers proposed by Gautier et al. [25] and 
Klčová et al. [26]. Differentiation of Pinb-D1 
alleles (pinb-D1a and pinb-D1b) was performed 
with allele-specific primer pairs [27] and re-
striction analysis proposed by Klčová et al. 
[26] (Table 1).
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Table 1
Primers for identification of Pina-D1 and Pinb-D1 gene alleles

Gene Fragment length Primer name Sequence

Pina–D1 330 Pina-D1-F CCC TGT AGA GAC AAA GCT AA
Pina-D1-R TCA CCA GTA ATA GCC AAT AGT G

Pinb-D1
447 Pinb-D1-F ATG AAG ACC TTA TTC CTC CTA

Pinb-D1-R TCA CCA GTA ATA GCC ACT AGG GAA

250
Pinb-glyR CTC ATG CTC ACA GCC GCC
Pinb-serR CTC ATG CTC ACA GCC GCT

For identification, we used winter wheat vari-
eties with known alleles of Pina-D1 and Pinb-D1 
genes: ‘Rheia’ – Pin a D1b, ‘Vasylyna’ – Pin a D1a,
Pin b D1 b, serine, ‘Mirleben’ – Pin a D1a, Pin b 
D1a, glycine [23, 25].

Amplification for all pairs of primers was 
performed under the following conditions: de-
naturation 95 ºC (5 min), then 35 cycles: 94 °C 
(30 sec), 60 °C (30 sec), 72 °C (1 min 15 sec), 
final elongation 72 °C (7 min).

Amplification products were visualized by 
electrophoresis in 2.0% agarose gel in borate 
buffer; ethidium bromide was used for DNA 
monitoring in ultraviolet light according to 

the standard procedure [28]. Electrophoresis 
was performed in a horizontal Hoefer Super-
Sub100 device. M 50 GENPAK® was used as a 
molecular weight marker. The resulting gels 
were documented using Nikon D50 camera. 

To determine the size of the amplification 
products, a demo version of the TotalLab 120 
program (http://www.totallab.com) was used.

Results and discussion
Varieties and new breeding lines of winter 

wheat were preliminarily differentiated by 
confectionery properties, having determined 
technological indicators of confectionery quali-

Table 2 
Confectionery properties of soft winter wheat samples (2016–2019)

Sample name Evaluation of cookies WAC, 
%diameter (D), mm thickness (T), mm D/T evaluation of the cookie surface, score

‘Pryvablyva’ – St 79.17 12.27 6.48 4 62.7
‘Metelytsia kharkivska’ 80.48 11.13 7.27 6 62.2
‘Erytrospermum 533-16’ 82.17 10.82 7.64 7 65.3
‘Liutestsens 652-16’ 73.67 12,13 6.09 7 68.4
‘L 139-03 ÊÍ’ 81.57 11.00 7.50 7 62.7
‘Erytrospermum S 424-1/14’ 80.00 11.14 7.28 6 59.1
‘Erytrospermum 1002-16’ 77.67 11.57 6.73 7 66.1
‘Erytrospermum 1003-16’ 80.33 11.07 7.26 7 61.0
‘L137-26-0-2’ 85.10 10.07 8.61 8 52.7
‘L137-26-0-3’ 86.00 9.95 8.68 9 53.1
‘L202-20’ 80.04 11.32 7.20 6 56.8
‘S 492-3/14’ 77.00 11.27 6.83 9 62.3
‘VS 2019-1/15’ 76.67 12.03 6.37 7 65.8
‘VS 497-2/14’ 77.33 11.50 6.73 7 68.4
‘T. spelta 1139-16’ 77.33 12.77 6.06 4 71.8
‘T. spelta 1140-16’ 74.67 12.30 6.07 3 68.8
‘T. spelta 1145-16’ 76.67 11.97 6.41 1 69.0
‘Doridna’ 77.33 11.73 6.59 4 69.9
‘Pryvitna’ 78.67 12.07 6.52 4 72.4
‘Prynada’ 83.33 12.03 6.93 3 68.5
‘Vyhadka’ 76.67 12.43 6.17 4 66.3
‘Fermerka’ 74.67 12.83 5.82 4 68.3
‘Pronia’ 77.67 12.23 6.35 4 65.9
‘Doskonala’ 77.33 12.37 6.25 4 66.6
‘Rozkishna’ 77.33 11.93 6.48 3 71.0
‘Alians’ 76.00 11.63 6.53 4 64.3
‘Zdobna’ 76.67 11.53 6.65 3 71.9
‘Harmonika’ 77.33 12.20 6.34 4 72.7
‘Krasa laniv’ 79.67 12.20 6.53 4 73.3
‘Patriotka’ 77.00 12.43 6.19 4 74.1
‘Zapashna’ 77.45 11.58 6.70 4 67.6
‘Biliava’ – St 86.70 10.10 8.60 6 54.6
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ty: flour WAC, test baking and evaluation of 
the quality of cookies [22] (Table 2). The re-
search results indicate that the quality of con-
fectionery products varied significantly de-
pending on the sample.

It is known that the larger the diameter of the 
biscuit and the smaller the thickness, the hig her 
its quality [22]. The greatest ratio of the diam-
eter of the biscuit to its thickness was obtained 
for wheat flour of the lines ‘L137-26-0-3’ – 8.68, 
‘L137-26-0-2’ – 8.61, at the standard level – 
soft-grain varieties ‘Biliava’ and significantly 
higher in comparison with the standard hard 
grain variety ‘Pryvablyva’ – 6.48. These sam-
ples were characterized by low SPO rates of 
53.1% and 52.7%, respectively. Hard-grain 

winter wheat varieties ‘Fermerka’, ‘Doskonala’, 
‘Rozkishna’ , ‘Alians’ , ‘Zdobna’,  ‘Harmonika’, 
‘Krasa laniv’, ‘Patriotka’ and a number of lines 
had a low ratio of cookie diameter to its thick-
ness (5, 82-6.82) and, accordingly, high WAC 
rates of 65.9–74.1%. Lines T. spelta by confec-
tionery parameters of flour are attributed to 
hard grain samples. Allelic state of genes Pina-
D1 and Pinb-D1 of 40 varieties and winter 
wheat lines was determined (Table 3).

As a result of the study using allele-specific 
primers, the presence of a 330 bp fragment, 
that corresponds to the Pina-D1a allele of the 
puroindoline a gene [26], was revealed in 36 
wheat samples. The absence of the amplifica-
tion product on the electrophoregram corre-

Table 3 
Allelic state of Pin a and Pin b genes of soft winter wheat samples

¹ Sample name Pina-D1 allele Pinb-D1 allele Amino acid
1 ‘Pryvablyva’  Pina-D1a Pinb-D1b serine
2 ‘Metelytsia’ Pina-D1b Pinb-D1b serine
3 ‘Erytrospermum 533-16’ Pina-D1b Pinb-D1b serine
4 ‘Lyutestsens 652-16’ Pina-D1b Pinb-D1b serine
5 ‘L 139-03 ÊÍ’ Pina-D1a Pinb-D1à glycine
6 ‘‘Erytrospermum S 424-1/14’ Pina-D1a Pinb-D1à 

Pinb-D1b
glycine
serine

7 ‘Erytrospermum 1002-16’ Pina-D1a Pinb-D1à glycine
8 ‘Erytrospermum 1003-16’ Pina-D1a Pinb-D1à glycine
9 ‘L137-26-0-2’ Pina-D1a Pinb-D1à glycine

10 ‘L137-26-0-3’ Pina-D1a Pinb-D1à glycine
11 ‘L202-20’ Pina-D1a Pinb-D1à glycine
12 ‘S 492-3/14’ Pina-D1a Pinb-D1à glycine
13 ‘VS 2019-1/15’ Pina-D1a Pinb-D1à glycine
14 ‘VS 497-2/14’ Pina-D1a Pinb-D1à glycine
15 ‘T. spelta 1139-16’ Pina-D1a Pinb-D1b serine
16 ‘T. spelta 1140-16’ Pina-D1a Pinb-D1b serine
17 ‘T. spelta 1145-16’ Pina-D1a Pinb-D1b serine
18 ‘Doridna’ Pina-D1a Pinb-D1b serine
19 ‘Pryvitna’ Pina-D1a Pinb-D1b serine
20 ‘Prynada’ Pina-D1a Pinb-D1b serine
21 ‘Vyhadka’ Pina-D1a Pinb-D1b serine
22 ‘Fermerka’ Pina-D1a Pinb-D1b serine
23 ‘Pronia’ Pina-D1a Pinb-D1b serine
24 ‘Doskonala’ Pina-D1a Pinb-D1b serine
25 ‘Rozkishna’ Pina-D1a Pinb-D1b serine
26 ‘Korovayna’ Pina-D1a Pinb-D1b serine
27 ‘Al�yans’ Pina-D1a Pinb-D1b serine
28 ‘Vasylyna’ – St Pina-D1a Pinb-D1b serine
29 ‘Astet’ Pina-D1a Pinb-D1b serine
30 ‘Zdobna’ Pina-D1a Pinb-D1b serine
31 ‘Harmonika’ Pina-D1a Pinb-D1b serine
32 ‘Krasa laniv’ Pina-D1a Pinb-D1b serine
33 ‘Patriotka’ Pina-D1a Pinb-D1b serine
34 ‘Hayok’ Pina-D1a Pinb-D1b serine
35 ‘Statna’ Pina-D1a Pinb-D1b serine
36 ‘Zapashna’ Pina-D1a Pinb-D1b serine
37 ‘Dyvo’ Pina-D1a Pinb-D1b serine
38 ‘Bona Dea’ Pina-D1a Pinb-D1b serine
39 ‘Rheia’ – St Pina-D1b – –
40 ‘Myrleben’ – St Pina-D1a Pinb-D1à glycine
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sponds to Pina-D1b allele, which was identified 
in the samples of ‘Metelytsia kharkivska’, 

‘Erythrospermum 533-16’, ‘Liutescens 652-16’ 
(Fig. 1).

Fig. 1. Electrophoregram of PCR products with specific primers for Pina D1 gene: 
M – molecular weight marker M 50 GENPAK®; 1 – ‘Pryvablyva’, 2 – ‘Metelytsia Kharkivska’, 

3 – ‘Erythrospermum 533-16’, 4 – ‘Lutescens 652-16’, 5 – ‘L 139-03 KN’, 6 – ‘Erythrospermum S 424- 1/14 ‘, 
7 – ‘Erythrospermum 1002-16’, 8 – ‘Erythrospermum 1003-16’, 9 – ‘L137-26-0-2’, 10 – ‘L137-26-0-3’, 

11 – ‘L202-20’, 12 – ‘S 492-3/14’

As a result of the allelic state of the puroindoli-
ne b gene in the lines ‘L139-03 KH’, ‘L137-26-0-2’, 
‘L137-26-0-3’ and others (Fig. 2), the presence 

Fig. 2. Electropherogram of PCR products with primers to Pinb-D1 alleles (see description to Fig. 1)

of glycine at position 46 of the polypeptide was 
determined, as evidenced by the amplification 
products of 250 bp.

It is known that, despite the difference in 
allele-specific primer pairs by only one nucleo-
tide, there is a possibility of errors in the de-
termination of Pinb-D1 alleles using primers 
to the glycine nucleotide sequence [27]. So, 
when carrying out PCR with primers that de-
termine serine at position 46 of the pin-b pro-
tein, the amplification product of 250 bp in 
size was obtained in all studied varieties. 
Therefore, to obtain reliable information about 
the allelic state of Pinb-D1 in the study, an 

analysis was performed using the restriction 
endonuclease MbiI (BsrBI). Amplification was 
carried out using primers to Pinb-D1 gene de-
signed by Giroux et al. [25]; an amplification 
product of 447 bp was obtained, which was 
further cleaved with endonuclease. The enzyme 
recognizes the CCGICTC nucleotide sequence, 
which determines the change from glycine to 
serine. After incubation with restriction endo-
nuclease amplification products 447 bp in the 
absence of mutation on the electrophoretogram, 

Fig. 3. Electropherogram of PCR products with primers to the nucleotide sequence 
of serine in determination of Pinb-D1 alleles (see description to Fig. 1)
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amplicons of 320 bp were observed. In geno-
types where, as a result of the mutation, gly-
cine was replaced by serine, the amplicons 
were 200 bp (Fig. 3).

The analysis revealed the presence of serine 
at position 46 of the puroindoline b protein in 
30 out of 40 samples.

According to the results of PCR analysis of 
the allelic composition of puroindolinium genes 
out of a total of 37 samples, 9 (24%) – had the 
allelic composition of the puroindolinium genes 
characteristic for soft-grain varieties, Pina-
D1a and Pinb-D1à (‘L139-03KH’, ‘L137-26-0-2’, 
‘L137-26-0-3’, ‘L202-20’, ‘Erythrospermum 
1002-16’, ‘Erythrospermum 1003-16’, ‘S 492-
3/14’, ‘VS 2019-1/15’, ‘VS 497-2/14’). soft win-
ter wheat varieties ‘MV Homber’ (HUN), ‘War-
wik’, ‘Webster’ (CAN), ‘Eva’ (SVK), ‘FS 401’ 
(USA), ‘Oksana’, ‘Blond’ (UKR) were used for 
these lines creating. The best confectionery in-
dicators among soft-grain samples were in the 
lines ‘L137-26-0-2’, ‘L137-26-0-3’, which had 
WAC of less than 55%, biscuit diameter – 85 mm, 
height – 10 mm, surface assessment cookies – 
8–9 points. The remaining 7 lines were char-
acterized as satisfactory by the confectionery 
properties of flour.

76% of the samples had the alleles of Pina-
D1 and Pinb-D1 genes, which are typical for 
hard-grain varieties. In the studied selection 
of hard-grain samples, the Pina-D1 gene is rep-
resented by two alleles: Pina-D1a and Pina-D1b. 
27 samples of winter wheat had Pina-D1a allele, 
which allows to use them in breeding for soft-
grain quality when crossed with soft samples, 
3 samples had Pina-D1b allele (‘Metelytsia 
Kharkivska’, ‘Erythrospermum 533-16’, ‘Liute-
scens 652-16’). All hard-grain samples had Pin-
bD1b allele in Pinb-D1 gene, and the ‘Erythros-
permum S 424-1/14’ line was heterogeneous. 
These samples had quality indicators charac-
teristic of hard-grain wheat: WAC – 68% and 
above, diameter – 60–72 mm, biscuit height – 
13–15 mm, surface score – 1–4 points.

T. spelta lines, involved in the analysis, both 
for alleles of puroindolinium genes and for the 
technological confectionery properties of flour, 
were included in the group of hard-grain samples.

Conclusions
The allelic state of PINa-D1 and Pinb-D1 

genes was revealed for 37 varieties and lines 
of soft winter wheat breeding of Plant Produc-
tion Institute nd. a. V. Ya. Yuriev NAAS.

Lines ‘L139-03KH’, ‘L137-26-0-2’, ‘L137-26-0-3’, 
‘L202-20’, ‘Erythrospermum 1002-16’, ‘Erythros-
permum 1003-16’, S’ 492-3/14’, ‘VS 2019-1/15’, 
‘VS 497-2/14’ had an allelic state of the puroin-

dolinium genes characteristic for soft-grain va-
rieties (Pina-D1a, Pinb-D1a), good and satisfac-
tory confectionery indicators of flour quality.

76% of the studied cultivars had the allelic 
composition of puroindoliniums Pina-D1a/         
Pina-D1b; Pinb-D1b, i.e. were characterized as 
hard-grain samples of Triticum aestivum L.

The studies allowed to differentiate the crea-
ted linear material and transfer for the qualifi-
cation examination the soft winter wheat varie-
ty of confectionery use ‘L137-26-0-3’ (‘Mazu-
rok’) with a genetically confirmed soft-grain 
structure of endosperm and high confectionery 
properties of flour; transfer the lines of winter 
wheat with high confectionery properties for 
registration to the NCPGRU.

‘Mazurok’ (‘L 137-26-0-3’) is a soft-grain va-
riety of winter wheat for confectionery use. 
The variety is high-yielding (7.93 t/ha), highly 
resistant to damage by leaf septoria (7 points), 
powdery mildew (7 points); its frost resistance 
is 7 points. According to technological indica-
tors, it is referred to soft red winter wheat, 
and has increased confectionery properties: 
low protein content in grain – 11%, vitreous-
ness – 25%, flour strength – 73 w. i., WAC – 
53%, high biscuit linear dimensions, D/T ratio, 
high biscuit surface score – 9 points.
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Ìåòà. ²äåíòèô³êóâàòè çà àëåëüíèì ñòàíîì ãåíè Pina-D1 
³ Pinb-D1 ñîðò³â òà ë³í³é ïøåíèö³ ì’ÿêî¿ îçèìî¿ ñåëåêö³¿ ²í-
ñòèòóòó ðîñëèííèöòâà ³ì. Â. ß. Þð’ºâà ÍÀÀÍ äëÿ ö³ëüîâîãî 
âèêîðèñòàííÿ â ñåëåêö³¿ íà âèñîê³ êîíäèòåðñüê³ ïîêàçíè-
êè áîðîøíà. Ìåòîäè. Àëåëüíèé ñòàí ãåí³â Pina-D1 ³ Pinb-D1 
³äåíòèô³êóâàëè ìåòîäîì ïîë³ìåðàçíî¿ ëàíöþãîâî¿ ðåàêö³¿ 
(ÏËÐ) ç âèêîðèñòàííÿì àëåëü-ñïåöèô³÷íèõ ïàð ïðàéìåð³â. 
Êîíäèòåðñüê³ âëàñòèâîñò³ áîðîøíà îö³íþâàëè, âèçíà÷èâ-
øè ïîêàçíèêè ÿêîñò³: âîäîïîãëèíàëüíó çäàòí³ñòü áîðîøíà 
(ÂÏÇ), ïðîáíå âèï³êàííÿ ïå÷èâà òà îö³íþâàííÿ éîãî ÿêîñò³. 
Ðåçóëüòàòè. Çà ðåçóëüòàòàìè ÏËÐ-àíàë³çó 9 çðàçê³â ìàëè 
àëåëüíèé ñêëàä ãåí³â ïóðî³íäîë³í³â (Pina-D1a ³ Pinb-D1à), 
õàðàêòåðíèé äëÿ ì’ÿêîçåðíèõ ñîðò³â. Êðàùèì çà êîíäèòåð-
ñüêèìè âëàñòèâîñòÿìè áóëî áîðîøíî ë³í³é ‘L137-26-0-2’, 
‘L137-26-0-3’, âîíî ìàëî ïîêàçíèê ÂÏÇ ìåíøèé 55%, ä³à-
ìåòð ïå÷èâà 85 ìì, âèñîòó – 10 ìì, îö³íêó ïîâåðõí³ –
7–9 áàë³â, ùî â³äïîâ³äàëî âèìîãàì äî ì’ÿêîçåðíèõ ïøå-
íèöü. 76% çðàçê³â íàëåæàëè äî òâåðäîçåðíèõ ñîðò³â òà 
ìàëè â³äïîâ³äí³ àëåë³ ãåí³â Pina-D1 àáî Pinb-D1. Ó äîñë³-
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Öåëü. Èäåíòèôèöèðîâàòü àëëåëüíîå ñîñòîÿíèå ãåíîâ 
Pina-D1 è Pinb-D1 ñîðòîâ è ëèíèé ïøåíèöû ìÿãêîé îçèìîé 
ñåëåêöèè Èíñòèòóòà ðàñòåíèåâîäñòâà èì. Â. ß. Þðüåâà 
ÍÀÀÍ äëÿ öåëåâîãî èñïîëüçîâàíèÿ â ñåëåêöèè íà âûñî-
êèå êîíäèòåðñêèå ïîêàçàòåëè ìóêè. Ìåòîäû. Àëëåëüíîå 
ñîñòîÿíèå ãåíîâ Pina-D1 è Pinb-D1 èäåíòèôèöèðîâàëè 
ìåòîäîì ïîëèìåðàçíîé öåïíîé ðåàêöèè (ÏÖÐ) ñ èñïîëü-
çîâàíèåì àëëåëü-ñïåöèôè÷åñêèõ ïàð ïðàéìåðîâ. Êîí-
äèòåðñêèå ñâîéñòâà ìóêè îöåíèâàëè, îïðåäåëèâ ïîêà-
çàòåëè êà÷åñòâà: âîäîïîãëîòèòåëüíóþ ñïîñîáíîñòü ìóêè 
(ÂÏÑ), ïðîáíóþ âûïå÷êó ïå÷åíüÿ è îöåíêó åãî êà÷åñòâà.                    
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äæå í³é âèá³ðö³ ãåí Pina-D1 áóâ ïðåäñòàâëåíèé 2 àëåëÿìè: 
Pina-D1à òà Pina-D1b. 27 çðàçê³â ìàëè àëåëü Pina-D1à, ùî 
òàêîæ äîçâîëèëî âèêîðèñòîâóâàòè ¿õ â ñåëåêö³éíèõ ïðî-
ãðàìàõ íà ÿê³ñòü çåðíà ïðè ñõðåùóâàíí³ ç³ çðàçêàìè òèïó 
soft, 4 – àëåëü Pina-D1b. Çà ãåíîì Pinb-D1 âñ³ òâåðäîçåðí³ 
çðàçêè ìàëè àëåëü Pinb-D1b, à ë³í³ÿ ‘Åðèòðîñïåðìóì S 424-
1/14’ áóëà ãåòåðîãåííîþ Pinb-D1à/Pinb-D1b. Áîðîøíî öèõ 
çðàçê³â ìàëî õàðàêòåðí³ äëÿ òâåðäîçåðíî¿ ïøåíèö³ ïîêàç-
íèêè ÿêîñò³: ÂÏÇ 68% ³ á³ëüøå, ä³àìåòð ïå÷èâà 60–72 ìì, 
âèñîòà – 13–15 ìì, îö³íêà ïîâåðõí³ – 1–4 áàëè. Âèñíîâêè. 
Âèêîíàí³ äîñë³äæåííÿ äîçâîëèëè åôåêòèâíî äèôåðåíö³-
þâàòè ñåëåêö³éíèé ìàòåð³àë ³ ïåðåäàòè íà êâàë³ô³êàö³é-
íó åêñïåðòèçó ñîðò ïøåíèö³ ì’ÿêî¿ îçèìî¿ êîíäèòåðñüêîãî 
íàïðÿìó âèêîðèñòàííÿ ‘L137-26-0-3’ (‘Ìàçóðîê’), ÿêèé ìàº 
àëåëüíèé ñêëàä ãåí³â ïóðî³íäîë³í³â (Pina-D1a ³ Pinb-D1à), 
õàðàêòåðíèé äëÿ ì’ÿêîçåðíèõ ñîðò³â, òà âèñîê³ êîíäèòåð-
ñüê³ âëàñòèâîñò³ áîðîøíà. 

Êëþ÷îâ³ ñëîâà: ïøåíèöÿ ì’ÿêà îçèìà; ñîðò; ë³í³ÿ; ãåíè 
Pina-D1 ³ Pinb-D1; âîäîïîãëèíàëüíà çäàòí³ñòü; ïå÷èâî.

Ðåçóëüòàòû. Ïî ðåçóëüòàòàì ÏÖÐ-àíàëèçà 9 îáðàçöîâ 
èìåëè àëëåëüíîå ñîñòîÿíèå ãåíîâ ïóðîèíäîëèíîâ, õà-
ðàêòåðíîå äëÿ ìÿãêîç¸ðíûõ ñîðòîâ – Pina-D1a è Pinb-D1à. 
Ëó÷øåé ïî êîíäèòåðñêèì ñâîéñòâàì áûëà ìóêà ëèíèé 
ïøåíèöû ‘L137-26-0-2’, ‘L137-26-0-3’, îíà èìåëà ïîêà-
çàòåëü ÂÏÑ ìåíüøå 55%, äèàìåòð ïå÷åíüÿ 85 ìì, âûñî-
òó – 10 ìì, îöåíêà ïîâåðõíîñòè ïå÷åíüÿ ñîñòàâëÿëà 7–9 
áàëîâ, ÷òî ñîîòâåòñòâîâàëî òðåáîâàíèÿì ê ìÿãêîç¸ðíûì 
ïøåíèöàì. 76% èçó÷åííûõ îáðàçöîâ îòíîñèëèñü ê òâ¸ð-
äîç¸ðíûì ñîðòàì è èìåëè ñîîòâåòñòâóþùèå àëëåëè ãåíîâ 
Pina-D1 èëè Pinb-D1. Â îïûòíîé âûáîðêå îáðàçöîâ ãåí 
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Pina áûë ïðåäñòàâëåí 2 àëëåëÿìè: Pina D1à è Pina D1b. 
27 îáðàçöîâ èìåëè àëëåëü Pina D1à, ýòî òàêæå ïîçâîëèëî 
èñïîëüçîâàòü èõ â ñåëåêöèè íà êà÷åñòâî çåðíà ïðè ñêðå-
ùèâàíèè ñ ñîðòàìè òèïà soft, 4 – àëëåëü Pina D1b. Ïî ãåíó 
Pinb âñå òâ¸ðäîç¸ðíûå îáðàçöû èìåëè àëëåëü Pinb D1b, 
à ëèíèÿ ‘Ýðèòðîñïåðìóì S 424-1/14’ áûëà ãåòåðîãåííîé 
Pinb D1à/Pinb D1b. Ýòè îáðàçöû èìåëè ñîîòâåòñòâóþùèå 
òâ¸ðäîç¸ðíûì ïøåíèöàì ïîêàçàòåëè êà÷åñòâà ìóêè: ÂÏÑ 
68% è âûøå, äèàìåòð ïå÷åíüÿ 60–72 ìì, âûñîòà – 13–15 ìì, 
îöåíêà ïîâåðõíîñòè – 1–4 áàëëà. Âûâîäû. Ïðîâåäåí-

íûå èññëåäîâàíèÿ ïîçâîëèëè ýôôåêòèâíî äèôôåðåí-
öèðîâàòü ñåëåêöèîííûé ìàòåðèàë è ïåðåäàòü íà êâàëè-
ôèêàöèîííóþ ýêñïåðòèçó ñîðò ïøåíèöû ìÿãêîé îçèìîé 
êîíäèòåðñêîãî íàïðàâëåíèÿ èñïîëüçîâàíèÿ ‘L137-26-0-3’ 
(‘Ìàçóðîê’), êîòîðûé èìååò àëëåëüíûé ñîñòàâ ãåíîâ ïóðî-
èíäîëèíîâ (Pina-D1a è Pinb-D1à), õàðàêòåðíûé äëÿ ìÿã-
êîç¸ðíûõ ñîðòîâ, è âûñîêèå êîíäèòåðñêèå ñâîéñòâà ìóêè. 

Êëþ÷åâûå ñëîâà: ïøåíèöà ìÿãêàÿ îçèìàÿ; ñîðò; ëè-
íèÿ; ãåíû Pina è Pinb; âîäîïîãëîòèòåëüíàÿ ñïîñîáíîñòü; 
ïå÷åíüå. 
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