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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 
in terest 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 effect 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 × 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 F5—F9 has shown that the Gpc-B1 gene causes a 3% increase in protein content as compared with the 
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 aestivum 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 re lated 
to the protein complex formed by gliadins, glute-
nins, albumins, and globulins. In wheat grain, the 
storage proteins — gliadin and glutenin — ha ve 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. 

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 1st class shall con-
tain at least 14% of the total protein in the grain, 
that of the 2nd class shall have at least 12.5%, and 
that of the 3rd 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-B1 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-B1 (grain protein con-
tent, NAM-B1) (2n = 4x = 28) with genomic for-
mula Au Au 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-B1 gene have been suc-
cessfully used in the breeding program aimed at 
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increasing the content of total protein and key trace 
elements in wheat grain [11]. The Gpc-B1 gene 
has been cloned and studied in detail both in terms 
of molecular structure and functionality [12].

The detailed study of the Gpc-B1 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 
OSJNBa002E05.19-1, 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-B1 in 
breeding populations [13, 14].

It is important to emphasize that unlike other 
previously identified genes that affect  the grain 
protein content, Gpc-B1 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-B1 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-B1 
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-B1 ge ne 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-B1 
gene have a protein content that is higher by 
14%, on average, as compared with the parent 
variety [17].

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-B1 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-B1 gene, the 
Glu-Pro line [14], is crossed with the Kuyalnyk 
variety (Gpc-B1 × Kuyalnyk). The population 
of F2–F4 hybrids and the resulting homozy-
gous lines have been tested on 10—20 m2 plots, in 
3—4-fold repetitions. Lines (F5—F9) 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 phe nological 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 cm3. The flour samples are placed in 



ISSN 2409-9066. Sci. innov. 2023. 19 (6)34

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

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-B1 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 μM. 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 μM.

The amplification products are separated by elec-
t ro phoresis in a 1.5% agarose gel, with the use of 
et hidium 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 F2—F4 generation for the presence 
of the Gpc-B1 gene using a dominant system of 
molecular genetic markers. Amplicons of 1600 bp 
are expected for the Gpc-B1 gene and 934 bp. for 
reference gene TaTM20. A typical electrophoreo-
gram is presented in Fig. 1.

The results of the analysis of F2—F4 hybrids with 
the use of the dominant marker system have allo-
wed the selection of lines with the Gpc-B1 ge ne. 
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 F2—F4 hybrids has been done.

Fig. 1. Electrophorogram of the results of multiplex PCR for detecting the presence of the Gpc-B1 gene 
and reference gene TaTM20. Lanes 1—16 — the wheat samples of generation F2—F4; 17 — the Gpc-B1 
gene donor; 18 — the Kuyalnyk wheat variety; K0 is the negative reference without DNA; M is the mo-
lecular weight marker of GeneRuler™ DNA Ladder Mix

Table 1. The Primers Used in the Research

No. Target gene, allele Sequence Amplicon size, bp.

1 Gpc-B1 5′-TTCACAAACTAAGGGGAGGGA-3′
5′-CTACCATCGAAAGTTGATAGGGA-3′ [21]

1600

2 Gpc-B1 5′-TCTCCAAGAGGGGAGAGACA-3′
5′-TTCCTCTACCCATGAATCTAGCA-3′ [22]

122, 126

3 TaTM20 5′-AAGGGTTGCTCCTCTTCGCGATCTTG-3′
5′-GTACATGCCAGCACCGTATGGATTG-3′ [23]

934

934 b. p.

1600 b. p.

1000 b. p.
500 b. p.
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A codominant molecular genetic marker sys-
tem has been used to test the lines of the F5 hy-
brid generation for the presence of the Gpc-B1 
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 F5 hybrids selected giv-
en the phenotypic characteristics. The presence 
of functional allele of the Gpc-B1 gene is moni-
tored annually until the F9 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 F5—F9 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 li nes 
have that of above 14%. The highest protein con-

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-B1 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-B1 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-B1 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 

Fig. 2. Electrophorogram of DNA amplification products of wheat samples with primers to the Gpc-B1 
gene. Lanes 1—15 — the lines; 16 — the Kuyalnyk variety; 17 — the Gpc-B1 gene donor Glu-pro line; K0 is 
the negative reference, without DNA; M is the molecular weight marker of GeneRuler™ DNA Ladder Mix

Fig. 3. The protein content in grain by variety (average for 
2019—2022)

126 b. p.

200 b. p.

100 b. p.
122 b. p.
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Table 2. The Results of the Analysis of the Qualities of Wheat Lines (Gpc-B1 × Kuyalnyk) (average for 2019—2022)

No of lines Protein
content, %

Presence
of the Gpc-B1 gene 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 + 7.1 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-В1 gene 16.9 + 3.1 92.0 
НІР0.5 0.7 – 0.3 5.2

Note: “+” is the presence of the Gpc-В1 gene from Triticum turgidum ssp. dicoccoides; “–” is the presence of the Gpc-В1 from 
T. aestivum.
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wheat lines with functional wild-type Gpc-B1 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-B1 
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-B1 
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-B1 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-B1 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 (8.3 t/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-B1 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).

Thus, the results of our research have indicated 
that the influence of the Gpc-B1 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-B1 gene on 
the yield. Among these studies, in 79% of the cas-
es, there is no negative effect of the Gpc-B1 on 
the yield, in 17% there is a positive correlation 
between the Gpc-B1 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-B1 + gene 
as compared with the genotypes without it have 
almost the same sedimentation index of 92 ml.

The lines created by us (Gpc-B1 × 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-B1 gene functio nal 
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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ДІЯ ГЕНА Gpc-B1 НА ВМІСТ ПРОТЕЇНУ В ЗЕРНІ ПШЕНИЦІ М’ЯКОЇ ОЗИМОЇ
НА ТЛІ ГЕНЕТИЧНОГО ОТОЧЕННЯ УКРАЇНСЬКИХ СОРТІВ

Вступ. Нагальною проблемою селекції пшениці є питання покращення якості зерна. Одним із напрямків генетично-
го поліпшення пшениці є перенесення генів від диких родичів. Особливий інтерес у цьому напрямку становить ген 
Gpc-B1. 

Проблематика. Використання сучасних систем ДНК-маркерів для визначення гена Gpc-B1 від Triticum turgidum 
ssp. dicoccoides дасть можливість за короткий термін створити нові перспективні сорти-інновації з підвищеним вміс-
том протеїну у поєднанні з високими господарсько-цінними ознаками.

Мета. Визначити ефективність дії гена Gpc-B1 у генетичному оточенні українського сорту ‘Куяльник’ на вміст 
протеїну в зерні, урожайність та хлібопекарські характеристики. 

Матеріали й методи. Виявлення гена Gpc-B1 проводили методом мультиплексної полімеразної ланцюгової реакції. 
Джерело гена Gpc-B1 лінію Glu-Pro було схрещено з сортом ‘Куяльник’ (Gpc-B1 × Куяльник). Вміст протеїну в зерні 
вимірювали методом інфрачервоної спектрометрії (NIR); визначення індексу седиментації за методом SDS-30 
здійснювали на автоматичному приладі. 

Результати. Розроблено домінантну та кодомінантну молекулярно-генетичні системи ДНК-маркерів для виявлен-
ня гена Gpc-B1 від T. turgidum ssp. dicoccoides у лініях пшениці м’якої озимої. Аналіз зерна рослин поколінь F5—F9 по-
казав, що ген Gpc-B1 зумовлює підвищення вмісту протеїну на 3 % порівняно з вихідним сортом ‘Куяльник’. Проана-
лізовано врожайність ліній носіїв гена Gpc-B1 у польових умовах. 

Висновки. Показано, що вплив гена Gpc-B1 на урожай зерна практично відсутній на тлі генетичного оточення 
районованого українського сорту ‘Куяльник’. Досліджено вплив цього гена на хлібопекарські характеристики пшениці 
м’якої. Лінії з геном Gpc-B1 і без нього мали майже однаковий показник седиментації. Створено новітній селекцій-
ний матеріал пшениці м’якої озимої з підвищеним вмістом протеїну у зерні у поєднанні з високими господарсько-
цінними ознаками, який готовий до передавання на Державне сортовипробування. 

Ключові слова: Triticum aestivum L., ген Gpc-B1, Triticum turgidum ssp. dicoccoides, молекулярні маркери, вміст протеїну 
в зерні, показник седиментації.
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