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Allelic composition of puroindolinium genes
and confectionery properties of flour
of soft winter wheat samples
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Purpose. Identification of soft winter wheat varieties and lines from the Plant Production Institute nd. a. V. Ya. Yuryey,
NAAS by allelic state of Pina-D1 and Pinb-D1 genes for targeted use in the breeding for high confectionery properties of
flour. Methods. Identification of the Pina-D1 and Pinb-D1 genes allelic state was performed by polymerase chain reac-
tion (PCR) using allele-specific primer pairs. Confectionery properties of flour were evaluated by determining the quality
indicators: the water absorption capacity (WAC) of the flour, trial baking of cookies and evaluation of its quality. Results.
According to the results of PCR analysis, 9 samples had an allelic composition of puroindoline genes (Pina-D1a and Pinb-D1a)
characteristic for soft-grained varieties. Flour of the lines ‘L137-26-0-2', ‘L137-26-0-3" had the best confectionery proper-
ties, it had a WAC value less than 55%, cookies diameter 85 mm, cookies height 10 mm, estimation of a surface of cookies
7-9 points, what meets the requirements for soft-grained wheat. 76% of the samples belonged to hard-grained varieties
and had the corresponding alleles of the Pina-D1 or Pinb-D1 genes. In the studied sample, Pina-D1 gene is represented by
2 alleles: Pina-D1a and Pina-D1b. 27 samples had Pina-D1a allele, which also allows them to be used in breeding programs
for grain quality when crossed with soft samples, 4 ones had Pina-D1b allele. As to Pinb-D1 gene, all hard grain samples had
Pinb-D1b allele, and the ‘Erythrospermum S 424-1/14" line was heterogeneous for Pinb-D1a/Pinb-D1b. The flour of these
samples had typical for hard wheat quality indicators: WAC 68% and more, cookie diameter of 60-72 mm, cookie height of
13-15 mm, the surface evaluation of 1-4 points. Conclusions. The studies allowed to differentiate the breeding material
and transfer a soft winter wheat cultivar of a confectionery use ‘L137-26-0-3" (‘Mazurok’) which has an allelic structure of
puroindolins genes (Pina-D1a and Pinb-D1a) characteristic for soft-grained varieties and high confectionery flour proper-
ties for qualification examination.

Keywords: common winter wheat; variety; line; Pina and Pinb genes; water absorption capacity; cookies.

quirements for food and baking properties are

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-
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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 Breeding
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” alleles of Pina-D1 gene (Pina-Dla
allele) and the Pinb gene (Pinb-Dla 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-
DI1b-g or Pinb-DI1I) [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
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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 Breeding 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-DI 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 DiatomDNAPrepl00 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 uM
of forward and reverse primers, was brought
to the final volume (20 pl) with the solvent
from the PCR Kkit.

The identification of the allelic state of Pina-
DI and Pinb-D1 genes was carried out using
primers proposed by Gautier et al. [25] and
Kléova et al. [26]. Differentiation of Pinb-DI
alleles (pinb-Dl1a and pinb-D1b) was performed
with allele-specific primer pairs [27] and re-
striction analysis proposed by Kl¢ova 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—Dl-F CCC TGT AGA GAC AAA GCT AA
Pina-D1-R | TCA CCA GTA ATA GCC AAT AGT G
. Pinb-Dl-F ATG AAG ACC TTA TTC CTC CTA
Pinb-D1 Pinb-D1-R | TCA CCA GTA ATA GCC ACT AGG GAA
n 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-DI and Pinb-DI
genes: ‘Rheia’ — Pin a DIb, ‘Vasylyna’ — Pin a Dla,
Pin b DI b, serine, ‘Mirleben’ — Pin a Dla, Pin b
Dla, glycine [23, 25].

Amplification for all pairs of primers was
performed under the following conditions: de-
naturation 95 eC (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 KH’ 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
VIS 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
‘lwhadka’ 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 higher
its quality [22]. The greatest ratio of the diam-
eter of the biscuit to its thickness was obtained
for wheat flour of the lines ‘L.137-26-0-3’ — 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-Dla 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

Ne Sample name Pina-D1 allele | Pinb-D1 allele | Amino acid
1 |‘Pryvablyva’ Pina-Dla 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 KH’ Pina-Dia Pinb-Dla glycine
6 | “Erytrospermum S 424-1/14" | Pina-Dla Pinb-Dia glycine
Pinb-D1b serine
7 | ’Erytrospermum 1002-16 Pina-Dia Pinb-Dia glycine
8 |’Erytrospermum 1003-16 Pina-Dia Pinb-Dla glycine
9 |‘L137-26-0-2 Pina-Dia Pinb-Dia glycine
10 |‘L137-26-0-3" Pina-Dia Pinb-Dia glycine
11 |’L202-20’ Pina-Dla Pinb-Dia glycine
12 |'S492-3/14 Pina-D1a Pinb-D1a glycine
13 | VS 2019-1/15 Pina-Dla Pinb-Dia glycine
14 | VS 497-2/14' Pina-Dla Pinb-Dia glycine
15 | ‘T. spelta 1139-16 Pina-Dia Pinb-D1b serine
16 | ‘T. spelta 1140-16 Pina-Dia Pinb-D1b serine
17 | T. spelta 1145-16 Pina-Dia Pinb-D1b serine
18 | ‘Doridna’ Pina-Dia 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-Dia Pinb-D1b serine
23 | ‘Pronia’ Pina-Dia Pinb-D1b serine
24 |’Doskonala’ Pina-D1a Pinb-D1b serine
25 | ‘Rozkishna’ Pina-Dla Pinb-D1b serine
26 | ‘Korovayna’ Pina-D1a Pinb-D1b serine
27 |‘Alryans’ Pina-D1a Pinb-D1b serine
28 |Vasylyna’ - St Pina-D1a Pinb-D1b serine
29 | ‘Astet’ Pina-Dla Pinb-D1b serine
30 | “Zdobna’ Pina-D1a Pinb-D1b serine
31 | ‘Harmonika’ Pina-Dla Pinb-D1b serine
32 |‘Krasa laniv’ Pina-D1a Pinb-D1b serine
33 | ‘Patriotka’ Pina-Dla Pinb-D1b serine
34 |‘Hayok’ Pina-Di1a Pinb-D1b serine
35 |‘Statna’ Pina-Dla Pinb-D1b serine
36 | ‘Zapashna’ Pina-Di1a Pinb-D1b serine
37 |‘Dyvo’ Pina-Di1a Pinb-D1b serine
38 | ‘Bona Dea’ Pina-Di1a Pinb-D1b serine
39 | ‘Rheia’ - St Pina-D1b - -
40 |‘Myrleben’ - St Pina-Dla Pinb-Dla glycine
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sponds to Pina-DI1b allele, which was identified
in the samples of ‘Metelytsia kharkivska’,

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

M 1 2 3.4 5. 6. 1 8 = TSI

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 -'0L202-20', 12 - ‘S 492-3/14’

As aresult of the allelic state of the puroindoli-
ne b gene in the lines ‘L.139-03 KH’, ‘L.L137-26-0-2’,
‘L137-26-0-3’ and others (Fig. 2), the presence

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

M 1 2 3 ad s

500

250 L

6 Fi -8 9 10 L 17

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

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 wvarieties.
Therefore, to obtain reliable information about
the allelic state of Pinb-DI in the study, an

analysis was performed using the restriction
endonuclease Mbil (BsrBI). Amplification was
carried out using primers to Pinb-DI 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,

M 1 2 3

500

250 il PO T

6. A28 9. 10 Skl i

s B FE O N

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-
Dla and Pinb-Dla (‘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-Dla and Pina-D1b.
27 samples of winter wheat had Pina-Dla 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-DI
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’, ‘L.137-26-0-2°, ‘L.137-26-0-3’,
‘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-
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dolinium genes characteristic for soft-grain va-
rieties (Pina-Dla, Pinb-Dla), good and satisfac-
tory confectionery indicators of flour quality.

76% of the studied cultivars had the allelic
composition of puroindoliniums Pina-Dla/
Pina-D1b; Pinb-DI1b, 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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Merta. IneHTudikyBaTh 3a anenbHUM cTaHoM renun Pina-D1
i Pinb-D1 copTiB Ta NiHii nweHuLi M'aKoT 03umoi cenekuii IH-
CTUTYTY poCanMHHKMLTBA iM. B. fl. lOp’eBa HAAH ans uinboBoro
BUKOPUCTAHHSA B CeNeKLii Ha BUCOKi KOHAUTEPCbKI NOKA3HM-
Ku 6opoliHa. MeToau. AnenbHuii ctaH rexie Pina-D1 i Pinb-D1
ineHTuikyBanm MeTo4oM noniMepasHoi NaHLoroBoi peakuii
(NNP) 3 BUKOPUCTAHHAM anenb-cneuudiyHux nap npaimepis.
KoHauTepchbki BnactuBocTi 6opollHa OLiHIOBaNM, BU3HAYNB-
LM NOKA3HMKM AKOCTi: BOAONOTANHANbHY 34aTHICTb OOpoLWHa
(BN3), npobHe BuNiKaHHA NeynBa Ta OLiHIOBAHH:A MOr0 AKOCTI.
PesynbraTtu. 3a pesynstatamu MJ1P-aHanisy 9 3paskis mManu
anenbHui cknap reHis nypoingoninie (Pina-Dia i Pinb-Dia),
XapaKTepHuii ana m'aKo3epHux coptie. Kpawmm 3a KoHauTep-
CbKMMU BNACTUBOCTAMM Oyno 6GopowHo niHiin ‘L137-26-0-2',
‘L137-26-0-3', BOHO Mano nokasHuk BI3 meHwuin 55%, pia-
MeTp neuyusa 85 MM, BUCOTY — 10 MM, OUiHKY MOBEpXHi —
7-9 6anis, wo BignoBigano BMMoram A0 M'AKO3epHUX Mlle-
HULb. 76% 3pa3KiB Hanexanu [O TBepLO3epHUX COpPTiB Ta
Manu BignosigHi aneni redis Ping-D1 abo Pinb-D1. Y pocni-

YAK 633.11.1:577.21:664.681.15

IXeHiit Bubipui reH Pina-D1 GyB npeAcTaBneHuii 2 anensamu:
Pina-Dla 1a Pina-D1b. 27 3pa3kie manu anenb Pina-Dla, wo
TaKOX [03BOJIMNIO BUKOPUCTOBYBATU iX B CeNeKLidHUX npo-
rpamax Ha fiKicTb 3epHa Npu CXpellyBaHHi 3i 3paskamu Tuny
soft, 4 — anenb Pina-D1b. 3a reHom Pinb-D1 BCi TBepAo3epHi
3pasku Manu anens Pinb-D1b, a niHis ‘Eputpocnepmym S 424-
1/14" 6yna reteporeHHoto Pinb-D1a/Pinb-D1b. bopowHo uux
3pa3KiB Mano xapakTepHi A1 TBEpLO3EPHOT NIEHULT NoKa3-
HUKM siKkocTi: BMN3 68% i Ginblue, giameTp neynsa 60-72 mm,
BucoTa — 13—15 MM, ouiHKa noBepxHi — 1-4 6anu. BUCHOBKM.
BukoHaHi pocnifxeHHs po3sonuau edekTUBHO autepeHLi-
toBaTW cenekuiinHuin maTepian i nepepatu Ha keanidikauiii-
HY eKCnepTM3y COpT NILeHULi M'AKOT 03MMOT KOHAUTEPCHKOTO
HanpaMmy BuUKopucTaHHA ‘L137-26-0-3" (‘Ma3ypok’), AKkuii mae
aneneHUit cknag redis nypoiHponinie (Pina-Dia i Pinb-D1a),
XapaKTepHUil ns MAKO3epHUX COPTiB, Ta BUCOKi KOHAMTEp-
CbKi BNacTMBOCTi 60poLWHa.

Kniovosi cnosa: nweHuys M aka o3uma; copm; JiHif; 2eHu
Pina-D1 i Pinb-D1; so0onoenuHansHa 30amHicms; nequso.
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Lenb. NaeHTudunumposatb annefnbHoe COCTOSHMUE FeHOB
Pina-D1 v Pinb-D1 copToB U IMHUI NWEHULbI MATKO 03UMON
cenekumnm WHctutyta pacteHuesoactea um. B. fA. HOpbesa
HAAH pns uenesoro Mcnonb3oBaHWUs B CENEKLUMUM Ha BbICO-
Kue KOHLMTEpCKMe nokasatenu myku. Meropbl. AnnensHoe
coctosiHue reHoB Pina-D1 w Pinb-D1 wpeHtnduMumposanu
MEeTOZOM nonumepasHoi uenHoit peakuuu (MLUP) ¢ ucnons-
30BaHMeM annenb-cneuynduyeckux nap nparimepos. Kox-
OVUTepCKMe CBOICTBA MYKM OLEHMBANM, OnNpefenuB noka-
3aTeNy KayecTBa: BOJOMOMOTUTENbHYIO CMOCOBGHOCTb MYKM
(BMC), npobHyto BbINEYKY MeYeHbs U OLEHKY ero KayecTsa.
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Pe3ynbrarbl. Mo pe3ynstatam MLP-aHanu3a 9 obpasuos
MMenu annenbHoe COCTOSIHWE TEeHOB MypPOMHAONMHOB, Xa-
paKTepHoe ANs MArko3EpHbIX copToB — Pina-D1a v Pinb-D1a.
Jlyywei no KOHAUTEPCKMM CBOWCTBAM 6blna MyKa NUHMIA
nwenunusl ‘L137-26-0-2', ‘L137-26-0-3', oHa uMena noka-
3atenb BIC meHbwe 55%, gnametp neyeHbs 85 MM, BbICO-
Ty — 10 MM, OLeHKa NOBEPXHOCTU NeyeHba cocTaBnana 7-9
6anoB, YTO COOTBETCTBOBANO TPEOOBAHUAM K MATKO3EPHbIM
nweHnuam. 76% M3ydeHHbIX 06pa3L0B OTHOCMAUCH K TBEP-
[O3EpPHbIM COPTaM U UMENU COOTBETCTBYIOLLME aNNesin reHoB
Pina-D1 wnw Pinb-D1. B onbiTHO! BbiGOpKe 06pa3uoB reH
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Pina 6bin npeactasned 2 annensmu: Pina Dla v Pina D1b.
27 o6pa3uoB umenu annenb Pina D1a, 370 Takke NO3BOAUIO
MCMNONb30BaTh UX B CENEKLMN HA KAuyecTBO 3epHa npu ckpe-
WMBAHUM C COpTamMu TuNa soft, 4 — annens Pina D1b. Mo reHy
Pinb Bce TBEpA03EpHLIE 06pasubl uMenu annens Pinb D1b,
a AMHua putpocnepmym S 424-1/14" Gbina reteporeHHoil
Pinb D1a/Pinb D1b. 3T 06pa3ubl UMENU COOTBETCTBYIOLIME
TBEPAO3EPHLIM MIUEHWLAM MOKa3aTtenu kKavectsa Myku: BIC
68% u Bbllwe, auameTp neveHbss 60—-72 mm, BoicoTa — 13-15 mm,
OLeHKa noBepxHOCTW — 1-4 6anna. BbiBopbl. MpoBeneH-
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Hble uMccnepoBaHus no3soaunu 3ddekTnBHo Anddepen-
LMpOBaTb CENEeKLMOHHbIA MaTepuan U nepefatb Ha KBanu-
(DMKALMOHHYIO 3KCNEPTU3Y COPT MWEHULb MATKOW 03MMOMN
KOHAMTEPCKOro HanpaesieHus ucnonb3oBaHusa ‘L137-26-0-3"
('Masypok’), KoTOpbIi MMeeT annenbHblii COCTaB reHoB Nypo-
unponuHos (Pina-Dla w Pinb-D1a), xapakTepHblii pns mar-
KO3EpHbIX COPTOB, U BbICOKME KOHAUTEPCKME CBOMUCTBA MYKH.

Knwoyesbie cnosa: nweHuya Ma2Kas o3umas; copm; au-
HusA; eeHbl Pina u Pinb; BodonoenomumensHas cnocobHocms,;

neyeHsbe.
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