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THE EFFECT OF THE Gpc-B1 GENE ON THE PROTEIN
CONTENT OF SOFT WINTER WHEAT GRAIN AGAINST
THE BACKGROUND OF GENETIC ENVIRONMENT

OF UKRAINIAN VARIETIES

Introduction. The issue of improving grain quality is an urgent problem of wheat breeding. The transfer of genes
from wild relatives is one of the directions of genetic improvement of wheat. The Gpc-B1 gene is of particular
interest in this direction.

Problem Statement. Using modern DNA marker systems to determine the Gpc-B1 gene from T. turgidum ssp.
dicoccoides makes it possible to create new promising innovation varieties with increased protein content in com-
bination with high economic and valuable properties in a short period of time.

Purpose. The purpose of our research is to determine the ef fect of the Gpc-B1 gene in the genetic environment
of the Ukrainian variety Kuyalnyk on the grain protein content, yield, and bread-making characteristics.

Material and Methods. The Gpc-B1 gene has been detected by the method of multiplex polymerase chain
reaction (PCR). The source of the Gpc-B1 gene, the Glu-Pro line, has been crossed with the Kuyalnyk variety
(Gpc-B1 x Kuyalnyk). The protein content in grain has been measured by infrared spectrometry (NIR); the sedi-
mentation index has been determined by the SDS-30 method, on an automatic device.

Results. Dominant and codominant molecular genetic systems of DNA markers have been developed to detect the
Gpc-B1 gene from Triticum turgidum ssp. dicoccoides in soft winter wheat lines. The analysis of the grain of plants of
generations F,—F, has shown that the Gpc-B1 gene causes a 3% increase in protein content as compared with the

9
original Kuyalnyk variety. The productivity of lines carrying the Gpc-B1 gene has been analyzed in field conditions.
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Conclusions. The results of our research have shown that the influence of the Gpc-B1 gene on the grain yield is practically
absent against the background of the genetic environment of the Kuyalnyk zoned Ukrainian variety. The influence of this gene
on the baking properties of soft wheat has been studied. The lines with the Gpc-B1 gene and without it have almost the same
sedimentation rate. We have created a modern breeding material of soft winter wheat with increased protein content in the grain
in combination with high economic and valuable properties, which is ready for the state variety tests.

Keywords: Triticum aestioum L., Gpc-B1 gene, Triticum turgidum ssp. dicoccoides, molecular markers, grain protein content, and

sedimentation rate.

Increasing the protein content of wheat grain re-
mains one of the strategic tasks of modern breeding,
However, it is a complex polygenically determined
trait, largely dependent on agroclimatic growing
conditions and, as a result, hard to control and
manage in the breeding process [1]. According to
the UN forecast, from 2000, the Earth’s population
will grow by 50% in the next half century and will
reach about 9.5 billion people by 2050. In order
to feed such a mass of the population, the agricul-
tural products shall increase by 60% [2]. Among
the nutritional factors, vegetable protein has now
and will have strategic biological importance in
the future. Today, the share of total vegetable pro-
tein consumed by the Earth’s population is 57%.
At least half of the total amount of vegetable pro-
tein during the last decades has been stably sup-
plied by wheat [3]. Therefore, the issue of increas-
ing both the amount of wheat protein (content in
the grain) and its quality (technological and bio-
logical value) is a priority in the genetic research
of wheat culture in the near future. Along with
protein, trace elements are extremely important
in human nutrition, and more than half of the
world population suffers from their deficiency in
daily food [4].

An important characteristic that determines the
quality of wheat flour is the structural grain com-
position. It contains 13—17% of the membranes,
2—3% of the embryo, and 81—84% of the endo-
sperm. The special properties of wheat are related
to the protein complex formed by gliadins, glute-
nins, albumins, and globulins. In wheat grain, the
storage proteins — gliadin and glutenin — have a
share of 80—85% in the total protein content. Al-
bumins and globulins act as structural and enzy-
matic proteins of the aleurone layer and embryo.
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The storage proteins carry the main functional
load in terms of their influence on the quality of
gluten. Glutenins are polymerizable through the
formation of intermolecular disulfide bonds that
create the macromolecular framework of gluten
and are responsible for the elasticity and firmness
of the dough. Gliadins occupy about 40—50% of
the total protein and contribute to the elasticity
and strength of gluten [1].

The protein content is an important character-
istic of the quality of wheat grain, which is regu-
lated by DSTU 3768:2019. According to the gov-
ernment standard, wheat of the 1 class shall con-
tain at least 14% of the total protein in the grain,
that of the 2" class shall have at least 12.5%, and
that of the 3™ class shall possess at least 11% of
the total protein. However, in recent decades, in-
stead of an increase in yield, the grain quality, in-
cluding the protein content index has been dete-
riorating [5].

The Gpc-B17 gene is of particular interest in this
direction. In wild wheat, dicotyledons T. turgidum
ssp. dicoccoides from the national germplasm funds
of Israel, in chromosome 6B, there has been iden-
tified wild-type gene Gpc-B7 (grain protein con-
tent, NAM-B1) (2n = 4x = 28) with genomic for-
mula A" A" BB, which significantly increases the
content of protein and several key trace elements
in the grain without affecting the yield, due to the
acceleration of the physiological aging of plants
and the coding of a transcription factor that stim-
ulates the remobilization of nitrogen, iron, and
zinc from the vegetative organs into the grains [1,
6—9]. In most modern varieties of wheat, there is no
Gpc-B1 gene or it does not function (mutated) [10].

Lines carrying the Gpc-B7 gene have been suc-
cessfully used in the breeding program aimed at

ISSN 2409-9066. Sci. innov. 2023.19 (6)



The Effect of the Gpc-B1 Gene on the Protein Content of Soft Winter Wheat Grain against the Background

increasing the content of total protein and key trace
elements in wheat grain [11]. The Gpc-B7 gene
has been cloned and studied in detail both in terms
of molecular structure and functionality [12].

The detailed study of the Gpc-B7 gene as a fac-
tor encoding a NAC-domain protein has made it
possible to clearly define its position in chromo-
some 6B, identified as a 7400-bp sequence located
between marker loci Xucw 109 and Xuhw 106. Mar-
ker locus Xuhw 84, orthologous of the rice gene
O§JNBa002E05.19-1, appeared to be closely lin-
ked to Gpc-B1. It can be used as a sufficiently re-
liable DNA marker for the detection of Gpc-B7 in
breeding populations [13, 14].

It is important to emphasize that unlike other
previously identified genes that affect the grain
protein content, Gpc-B17 is a unique gene. Firstly,
because of its strong positive influence on both
the content of total protein and, at the same time,
on the content of key trace elements in wheat
grain. Secondly, for the mechanism of its expressi-
on, which manifests itself morphologically as phe-
nomenon of physiological aging of plants [1, 9].

In the course of the series of experiments in dif-
ferent world countries, on different genetic back-
grounds and under contrasting growing conditi-
ons, the high efficiency of using the Gpc-B7 gene
in breeding programs with the aim of increasing
the protein content of grain and improving its
technological and consumer value has been prov-
en [1, 12, 15]. A strong positive effect of the Gpc-B71
gene and the extraexpression of high molecular
weight glutenin subunits Glu-A1x2*, Glu-D1x5
on the grain hardness, grain protein content, and
grain quality has been reported [16]. The research
results have proven that the Gpc-B7 gene trans-
ferred from wild spelled Triticum turgidum ssp. di-
coccoides into the new genetic environment of
highly productive Ukrainian variety Kuyalnyk po-
sitively influences the accumulation of the total
protein in the grains of soft hexaploid winter
wheat. All experimental lines carrying the Gpc-B71
gene have a protein content that is higher by
14%, on average, as compared with the parent
variety [17].
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The Gpc-B1 gene is also responsible for accel-
erated senescence of leaves and high content of
important trace elements such as Zn, Mn, and Fe
in wheat grain [1]. The effect of the locus has been
studied and shown a significant increase as com-
pared with the baseline in the grain content of zinc
(60 mg/kg vs. 47.5 mg/kg), iron (44.2 mg/kg vs.
35.9 mg/kg), manganese (53.9 mg/kg vs, 40.9 mg/kg),
and protein (14.4% vs. 10.8%) [12, 14, 18].

The purpose of this research is to determine the
effectiveness of the Gpc-B7 gene in the genetic
environment of Ukrainian-bred variety Kuyalnyk
on the grain protein content, yield, and bread-ma-
king properties.

Field experiments were conducted at the expe-
rimental field of the IPPG of the NAS of Ukraine
in 2012—2022. The source of the Gpc-B7 gene, the
Glu-Pro line [14], is crossed with the Kuyalnyk
variety (Gpc-B1 x Kuyalnyk). The population
of F,—F, hybrids and the resulting homozy-
gous lines have been tested on 10—20 m? plots, in
3—4-fold repetitions. Lines (F,—F,) are generat-
ed by the pedigree method during ear-by-ear (ear-
row) sowing. Homozygous lines with the Gpc-B1
locus have been observed by phenological indica-
tors and counted according to the generally ac-
cepted methods [19].

The protein content in grain has been measured
by infrared spectrometry (NIR). Grain weighing
40 g is ground by a Perten LM 3100 laboratory
mill (Sweden). The protein content of flour has
been determined by a Perten Inframatic 8600 de-
vice (Sweden), according to the manufacturer’s
recommendations.

The strength of flour, i.e. the sedimentation in-
dex determined by the SDS-30 method (SDS is
sodium dodecyl sulfate) has been evaluated indi-
rectly by an automatic device with software con-
trol [20]. For this, an average flour sample weigh-
ing 3.2 g is taken and poured with 10 ml of 4%
acetic acid. After that, the flour sample is placed in a
water bath heated to 30 °C and stood for 30 min;
20 ml of 4% glacial acetic acid solution and 2%
SDS solution are added to each sample up to the
mark of 100 cm?®. The flour samples are placed in

33



Morgun, B. V., Sandetska, N. V., and Velykozhon, L. H.

1 23 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 K¢ M

1600 b. p.

934 b. p.

Fig. 1. Electrophorogram of the results of multiplex PCR for detecting the presence of the Gpc-B1 gene
and reference gene TuTM20. Lanes 1—16 — the wheat samples of generation F,—F,; 17 — the Gpc-B1
gene donor; 18 — the Kuyalnyk wheat variety; K is the negative reference without DNA; M is the mo-
lecular weight marker of GeneRuler™ DNA Ladder Mix

the automatic device, the program of rotation cy-
cles runs, and in 16 min the readings are taken.

The Gpc-B1 gene is detected by the method of
multiplex polymerase chain reaction (PCR). The
primers used in the study are listed in Table 1.

The total DNA is isolated by the CTAB meth-
od. The multiplex PCR to detect the Gpc-B7 ge-
ne with TaTM20 as a reference gene is as follows:
4 min denaturation at 94 °C; 35 cycles: 30 s dena-
turation at 94 °C, 1 min renaturation at 64 °C, 1 min
40 s elongation at 72 °C, and 5 min final elonga-
tion at 72 °C. The final concentration of primers
in the reaction is 0.5 pM. The PCR to detect the
Gpc-B1 gene (codominant system) is as follows:
4 min denaturation at 94 °C; 10 cycles: 30 s dena-
turation at 94 °C, 30 s renaturation at 65 °C (the
temperature decreases by 1 °C in each cycle), 20 s
elongation at 72 °C; then 25 cycles: 30 s denatur-
ation at 94 °C, renaturation 20 s at 55 °C, 20 s
elongation at 72 °C; 5 min final elongation at 72 °C.
The final concentration of primers in the reaction
is 0.5 uM.

Table 1. The Primers Used in the Research

The amplification products are separated by elec-
trophoresis in a 1.5% agarose gel, with the use of
ethidium bromide as a dye.

The experimental data are statistically proces-
sed with the use of the Microsoft Excel.

TESTING THE WHEAT SAMPLES
FOR THE GPC-B1 GENE

The first stage of our research is to test the wheat
samples of the F,—F, generation for the presence
of the Gpc-B7 gene using a dominant system of
molecular genetic markers. Amplicons of 1600 bp
are expected for the Gpc-B7 gene and 934 bp. for
reference gene TaTM20. A typical electrophoreo-
gram is presented in Fig. 1.

The results of the analysis of F,—F, hybrids with
the use of the dominant marker system have allo-
wed the selection of lines with the Gpc-B7 gene.
The mass selection of elite plants (300—500 pcs.)
that meet the highest requirements for a complex
of economic and valuable properties among the
populations of F,—F, hybrids has been done.

No. Target gene, allele Sequence Amplicon size, bp.
1 Gpce-B1 5'-TTCACAAACTAAGGGGAGGGA-3' 1600
5'-CTACCATCGAAAGTTGATAGGGA-3' [21]
2 Gpc-B1 5-TCTCCAAGAGGGGAGAGACA-3' 122,126
5-TTCCTCTACCCATGAATCTAGCA-3' [22]
3 TaTM20 5-AAGGGTTGCTCCTCTTCGCGATCTTG-3' 934
5'-GTACATGCCAGCACCGTATGGATTG-3' [23]
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Fig. 2. Electrophorogram of DNA amplification products of wheat samples with primers to the Gpc-B71
gene. Lanes 1—15 — the lines; 16 — the Kuyalnyk variety; 17 — the Gpc-B7 gene donor Glu-pro line; K is
the negative reference, without DNA; M is the molecular weight marker of GeneRuler™ DNA Ladder Mix

A codominant molecular genetic marker sys-
tem has been used to test the lines of the F, hy-
brid generation for the presence of the Gpc-B71
gene. The presence of amlicone 122 bp. indicates
allele of the Gpc-B1 gene from Triticum turgidum
ssp. dicoccoides, while amplicon of 126 bp. means
the presence of inactive allele from T. aestivum. A
typical electrophorogram is presented in Fig 2.
The codominant system of molecular genetic
markers tested 35 lines of F, hybrids selected giv-
en the phenotypic characteristics. The presence
of functional allele of the Gpc-B7 gene is moni-
tored annually until the F, generation. It has been
found that 28 lines have functional allele of the
Gpc-B1 gene from T. turgidum ssp. dicoccoides,
whereas 7 lines do not have this allele.

EFFECT OF THE Gpc-B1 GENE
ON THE GRAIN PROTEIN

It is especially important to study the effects of
the Gpc-B1 gene on the grain quality and yield
under different climatic conditions of wheat cul-
tivation. We have conducted our research in the
forest-steppe zone of Ukraine. The content of to-
tal protein in wheat lines of F.—F generation has
been determined by the method of infrared spec-
trometry (NIR). For the analysis, 35 lines that
were previously tested for the presence of the
Gpc-B1 gene have been selected. Among the ana-
lyzed 35 lines: 2 have a protein content above
18%; 19 lines have that of above 16.0%; and 14 lines
have that of above 14%. The highest protein con-
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Fig. 3. The protein content in grain by variety (average for
2019—-2022)

tent has been found in line No. 16 (18.1%), while
the lowest one has been reported for lines No. 1
and No. 6 (14.6%). On average, in lines with the
presence of functional allele of the Gpc-B7 gene,
there has been observed an increase of 3.0% rela-
tive to mother variety Kuyalnyk. At the same time,
the protein content of mother variety Kuyalnyk is
13.6%, while the parental line of the Gpc-B7 ge-
ne donor is 16.9% (Fig. 3). Particular attention
should be paid to lines No. 10, No. 15, No. 16,
No. 17, No. 18, and No. 19, in which the protein
content exceeds 17%. In the line that does not
have the Gpc-B1 gene, the average protein con-
tent makes up 15.2% that is 1.4% less as compared
with the lines that have the Gpc-B7 gene. The re-
sults obtained by us have been confirmed by lite-
rature data. Tabbita et al. [12], while summariz-
ing the results of 25 studies, have found that
among the analyzed samples, 91% of the studied
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Table 2. The Results of the Analysis of the Qualities of Wheat Lines (Gpc-B1 x Kuyalnyk) (average for 2019—2022)

No of lines C(};"t‘;tlftm/ o thfg;ff_ng? sene Yield, t/ha SDS-30, ml

1 14.6 - 8.1 94.0

2 15.4 - 7.7 95.0

3 15.6 - 7.7 93.0

4 15.6 - 7.6 92.5

5 15.2 - 8.3 87.0

6 14.6 - 8.6 95.0

7 15.5 - 9.1 94.5

8 15.9 + 6.8 94.5

9 16.9 + 7.9 93.5

10 17.4 + 7.9 94.5

11 16.3 + 8.3 92.0

12 16.7 + 8.1 94.0

13 16.7 + 7.9 94.0

14 16.0 + 7.8 57.5

15 18.0 + 7.3 93.0

16 18.1 + 71 96.0

17 17.4 + 8.2 93.5

18 17.5 + 7.7 93.0

19 17.3 + 8.1 92.5

20 15.8 + 7.3 95.5

21 15.8 + 7.5 95.0

22 16.8 + 7.8 90.0

23 16.2 + 8.1 84.0

24 16.6 + 9.0 85.0

25 15.9 + 8.3 88.0

26 16.0 + 8.3 95.0

27 16.0 + 8.2 95.5

28 16.8 + 8.3 94.5

29 16.5 + 9.3 94.5

30 16.9 + 8.3 95.0

31 16.6 + 8.3 94.0

32 15.9 + 8.9 95.0

33 15.2 + 8.0 91.5

34 15.7 + 8.6 94.0

35 16.5 + 8.2 92.0
Kuyalnyk variety,

reference 13.6 - 8.2 91.5
Donor line of the

Gpc-B1 gene 16.9 + 3.1 92.0

HIP 0.7 - 0.3 5.2

Note: “+” is the presence of the Gpc-B71 gene from Triticum turgidum ssp. dicoccoides; “—" is the presence of the Gpc-B7 from
T. aestioum.
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wheat lines with functional wild-type Gpc-B7 al-
lele have an average protein content by 21.8%
higher than the lines with non-functional allele.
In the other 9% of the studied lines, the differ-
ence in the protein content between the compared
variants of the experiment is insignificant. The
obtained results have indicated that the Gpc-B71
gene transferred from wild spelled to highly pro-
ductive Ukrainian variety Kuyalnyk positively af-
fects the protein content of the grain. The studied
lines are valuable genetic material for the further
breeding and the creation of new high-quality
wheat varieties with a high protein content.

EFFECT OF THE Gpc-B1 GENE
ON THE YIELD

Yield is one of the main factors for evaluating wheat
varieties. The functional allele of wild-type Gpc-B71
is an atypical genetic factor for soft wheat, which
positively affects the protein content of the grain
(the parental line of the donor of the Gpc-B7 gene
is short and low-yielding, but has a high protein
content, the second parental form — the Kuyal-
nyk variety in terms of grain quality — is extra-
strong, high-yielding, entered in the State Regis-
ter of Plant Varieties of Ukraine in 2003, suitable
for cultivation in steppe and forest-steppe zones).
At the same time, there is an inverse trend between
the protein content and the wheat yield, which is
the basis for sudying the relationship between the
Gpc-B1 functional allele and the yield. We have
compared the yield of the created lines with the pa-
rental forms: the Kuyalnyk variety (yield 8.2 t/ha)
and the Gpc-B7 gene donor line (yield 3.1 t/ha).
Among the 28 wheat lines carrying the functional
allele of the Gpc-B1 gene, there are 12 lines with
the yield higher than that of the Kuyalnyk variety:
line No. 11 (8.3 t/ha), No. 24 (9.0 t/ha), No. 25
(8.3 t/ha), No. 26 (8.3 t/ha), No. 27 (8.2 t/ha),
No. 28 (8.3 t/ha), No. 29 (9.3 t/ha), No. 30 (8.3 t/ha),
No. 31 (8.3t/ha),No.32 (8.9 t/ha), No. 34 (8.6 t/ha),
and No. 35 (8.2 t/ha). The average yield of the
28 lines with the Gpc-B71 gene is 8.1 t/ha, while the
average yield of the 7 lines that do not contain this
gene is 8.2 t/ha (Table 2).

ISSN 2409-9066. Sci. innov. 2023. 19 (6)

Thus, the results of our research have indicated
that the influence of the Gpc-B7 gene against the
background of the genetic environment of zoned
Ukrainian variety Kuyalnyk on the grain yield is
practically negligible. The results obtained by us
have been confirmed by the literature data. Tab-
bita et al. [12] have summarized the data of 15
studies on the influence of the Gpc-B7 gene on
the yield. Among these studies, in 79% of the cas-
es, there is no negative effect of the Gpc-B7 on
the yield, in 17% there is a positive correlation
between the Gpc-B7 gene and the yield. The
maximum increase in the yield as a result of the
Gpc-B1 gene introgression is 0.634 t/ha, while in
4% of the studied cases, there is a decrease in the
yield by 0.363 t/ha.

EFFECT OF THE Gpc-B1 GENE
ON THE SEDIMENTATION (SDS-30)

An increase in the protein content, as a result of the
expression of the wild-type allele of the Gpc-B1
gene, can affect the baking properties of common
wheat. To solve this issue, we have analyzed the
baking quality of wheat by the SDS-30 method.
The twenty-five studied lines of wheat carrying
the Gpc-B1 gene have a sedimentation rate as high
as that of original Kuyalnyk variety, from 88 to
95 ml. High SDS-30 sedimentation index indi-
cates high baking quality of the flour. It should be
noted that the genotypes with the Gpc-B7 + gene
as compared with the genotypes without it have
almost the same sedimentation index of 92 ml.
The lines created by us (Gpc-B71 x Kuyalnyk) ha-
ve no obvious negative phenotypic deviations from
the characteristics of the Kuyalnyk variety. A fea-
ture of such lines is somewhat accelerated (by
2—3 days) ripening and dying of leaves on plants.

CONCLUSIONS

1. The introgression of the Gpc-B7 gene functional
allele into the genetic environment of Ukrainian va-
rieties has led to an increase in the protein content
by 3% as compared with original variety Kuyalnyk.
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2. The dominant and codominant molecular ge-
netic systems of DNA markers have been develo-
ped to detect the Gpc-B7 gene in soft winter wheat
plants.

3. The applied methods of marker-assisted se-
lection have ensured the creation of promising
wheat breeding material that is ready to be trans-
ferred to the state variety testing, with a high
protein content in the grain in combination with
high economic and valuable plant properties.
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JIId TEHA Gpe-B1 HA BMICT IPOTETHY B 3EPHI HIITEHUIII M’AKOT O3MMOT
HA TJIITEHETUYHOT'O OTOUYEHHYA YKPATHCHKUX COPTIB

Beryn. HaranbHoto 11po6ieMoto ceieKIlii MeHutli € MUTaH st OKPaIleHHs sskocTi 3epHa. OIHUM i3 HATIPSIMKIB reHeTHYHO-
O HOJIIIIIEHHST [IIIEHUII € IIEPEHECEHHST TeHIB Bijl AUKuX poaudis. OcobunBuil iHTEPEC Y IIbOMY HAIIPSIMKY CTAHOBUTD TeH
Gpc-B1.

IIpo6GaemaTuka. Bukopucranns cyyacnux cucrem JIHK-mapkepis ais Busnauenns reda Gpe-B1 Bin Triticum turgidum
ssp. dicoccoides nacTb MOKIMBICTH 32 KOPOTKHUI TEPMiH CTBOPUTH HOBI MEPCIIEKTUBHI COPTU-IHHOBAIT 3 M BUIICHIM BMic-
TOM MPOTETHY Y TIOEAHAHHI 3 BUCOKNMHU TOCTIOIAPCHKO-TIIHHIMH O3HAKAMI.

Merta. Busnauutu edektuBHicTb aii reHa Gpc-B7 y reHeTHYHOMY OTOUEHHI YKpaiHCBKOTro copTy ‘KysaibHUK' Ha BMICT
pOTEiHy B 3€pHi, yposKaiiHicTh Ta XJIi00IEeKapChKi XapaKTePUCTUKU.

Marepianu it metoau. Busigiiennsi reHa Gpc-B71 poBOIMIM METO/IOM MYJIBTUILIIEKCHOT 1TOJIiMEPA3HO] JIAHIIOTOBOT PeakIlil.
Ilsxepeno rena Gpe-B1 miniio Glu-Pro 6ymo cxpernieno 3 coprom ‘Kysuibauk’ (Gpe-B1 x Kysuibauk). Bmict mporteiny B 3epHi
BUMipIoBasu MetooM ingpauepsonoi ciekrpomerpii (NIR); Busnauennsa injgekcy ceaumentariii 3a metogom SDS-30
3/1IFICHIOBA/INT HA aBTOMATUYHOMY TIPUJIAI.

Pesyabratu. Po3po6.ieHo 10MiHAHTHY Ta KOJOMIHAHTHY MOJIEKYJIsipHO-TeHeTnuHi cuctemu [{HK-Mapkepis i/is1 BusiBJieH-
s rena Gpe-B1 Bin T. turgidum ssp. dicoccoides y ninisx nmenuui M’saxoi o3umoi. Anasis sepua pociun nokouinn F,—F, mo-
Ka3as, 1110 reH Gpc-B71 3yMOBIIIOE MiIBUIIIEHHS BMICTY ITpOTeiHy Ha 3 % NopiBHsIHO 3 Buxignum coptoM ‘Kysmbnuk’. [Tpoana-
JTiI30BaHO BPOKAMHICTH JiHil HOCITB rera Gpc-B7y IOJbOBUX YMOBAX.

BucnoBku. Iloxasano, mo BrmimB rena Gpe-B71 Ha yposkail 3epHa MPAKTUYHO BiJICYTHIN Ha TJIi TEHETMYHOTO OTOYEHHS
paiioHoBaHOTO YKpaiHChKOro copty ‘KysuibHuk'. J[ocmipkeHO BIUIMB IbOTO TeHa Ha XJI00TeKapChKi XapaKTePUCTUKY TIIIEHUIT
M’sikoi. JIinii 3 rerom Gpc-B7 i 6e3 HbOro Maiu Maike OIHAKOBUHN TTOKasHUK ceanmenTaitii. CTBOpEeHO HOBITHIN ceTeKIiii-
HUIT MaTepias MIIeHuIi M'IKOi 03UMOI 3 ITiJIBUIIIEHUM BMICTOM MPOTEIHY Y 3€PHi Y MOEAHAHHI 3 BUCOKMMH T'OCIIOaPChKO-
I[IHHUMU O3HAKAMHU, SIKMIA TOTOBUII JI0 1iepeiaBanHst Ha [lepskaBHe cOPTOBUIIPOOYBAHHSI.

Kmouosi crosa: Triticum aestioum L., ren Gpe-B1, Triticum turgidum ssp. dicoccoides, MOJIEKYJISIPHI MapKepH, BMICT IPOTEIHY
B 3€PHi, TOKa3HUK CEIMMEHTAIII].

ISSN 2409-9066. Sci. innov. 2023. 19 (6) 39




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Uncoated FOGRA29 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


