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Abstract—The polymorphism of beta-amylase isoenzymes in spring common wheat was studied among vari-
eties cultivated under the conditions of the Northern Trans-Urals. Four zymotypes were identified among the
41 accessions. A, C, and A* isozymes differed most frequently, the share of which, respectively, was 64.6 ±
7.3, 22.0 ± 3.7, and 12.2 ± 3.7%. During 2011–2013, the aggregating ability of grain proteins was studied using
-S-S-bonds between groups of varieties carrying variants of beta-amylase A and C. It was established that the
presence of isoenzyme C promoted a greater aggregation of grain polypeptides in comparison with beta-amy-
lase A carriers but did not affect the formation of yield. Differences in beta-amylase did not affect the falling
number associated with amylase activity.
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INTRODUCTION

The main part of the beta-amylase of cereal grain is
in a bound form. During seed germination, this
enzyme is released as a result of the proteolytic action
of one or several SH-proteases [1]. Accordingly, this
leads to a decrease in its molecular weight by 5000 Da
compared with beta-amylase extracted by dithioth-
reitol. By isozyme composition, this wheat enzyme
has certain intraspecific polymorphism [2–5]. It has
been established that the occurrence of different beta-
amylase isoenzymes in winter cultures is not the same.
Thus, zymotypes A, B, and C among winter wheat
varieties of Ukraine and Russia had the following dis-
tribution values, respectively: 51.7 ± 4.7, 30.7 ± 3.8,
and 11.9 ± 2.5% [5]. In addition to these variants of the
enzyme, five more beta-amylase zymotypes were
found. Their occurrence varied within 0.6–3.4%.
Beta-amylase polymorphism in spring wheat cultures
has not been studied. Considering the ability of beta-
amylase to aggregate using disulfide bonds, the role of
its various electrophoretic variants in the formation of
the quality of winter common wheat grain’s protein
part was previously evaluated [5–7]. At the same time,
the question on the role of isoenzymes of this enzyme
in spring common wheat grain’s formation of quality
remains open.

The goals of the study were the assessment of beta-
amylase isoenzymes’ distribution in the spring com-
mon wheat culture of the Northern Trans-Urals and
the influence of hereditary enzyme variants on the for-
mation of grain quality and yield indices.

MATERIALS AND METHODFS
As plant material, a set of 41 varieties of spring

common wheat that were zoned or created in Western
Siberia was used. During 2011–2013, grain quality
indices related to the protein and carbohydrate part of
the caryopsis as well as yield under the conditions of
Tyumen were investigated.

The content of crude gluten in the grain was deter-
mined by the manual method (GOST 31699-2012), and
the quality of gluten was determined by gluten strain
gage. The activity of amylolytic enzymes according to
the falling number value was determined using a Hag-
berg-Perten device (GOST 27676 ISО 5529: 1992).
The amount of disulfide bonds of the protein complex
was determined by the method of Netsvetaev et al.,
2009 [8]. The content of total nitrogen was obtained by
the Micro-Kjeldahl method, and the content of crude
protein was obtained by recalculation: N × 5.7.

The following electrophoretic methods of analysis
were used to identify the isoenzymes of this enzyme:
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Fig. 1. Zymyotypes of 2β-amylase occurring among the varieties of spring common wheat in Western Siberia: 1, Novosibirskaya 15;
2–4, Novosibirskaya 29; 5–7, Novosibirskaya 31; 8–10, Melodiya; 11–13, Serebristaya; 14–17, Svirel; 18–20, Aviada; 21–23,
Gerakl; 24–26, Margarita; 27–29, Tyumenskaya 29; 30–32–OmGAU-90; 33–34, ShTRU-051911.
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isoelectrofocusing [2, 3], SDS electrophoresis [4], and
electrophoresis in a Tris-glycine system of a polyacryl-
amide gel at pH 8.3 [5]. For the study of beta-amylase
isoenzymes, the last variant of this enzyme was used.

Vertical polyacrylamide gel electrophoresis was
performed on 190 × 105 × 1-mm plates. For this pur-
pose, a device [9] manufactured at the Institute of
Selection and Genetics of the National Academy of
Agrarian Sciences of Ukraine (Odessa) that allowed
the formation of two gel plates of corresponding sizes
was used. Electrophoresis of individual grains was
used to determine the homogeneity or heterogeneity
of the variety for amylase isozymes. For this purpose,
three to five individual caryopses from each sample
were analyzed. β-amylase was isolated from the endo-
sperm of individual mature grains that had been
crushed with pliers in advance. In test tubes with
crushed caryopses, 250 μL of 3% Na2SO3 solution was
added and left overnight. After grinding the grains in
test tubes with a stainless-steel rod, the resulting sus-
pension was centrifuged for 4 min at 10000 rpm. Then,
10 μL of the supernatant from each were taken into clean
tubes and 10 μL of a solution containing 2% β-mercap-
toethanol, 40% sucrose, and 0.03% bromophenol blue
were added to the tubes. The extract (5 μL) was
applied to the starting cells of the gel. The electropho-
resis conditions and the composition of the gel are
similar to those previously described for barley [10].
Electrophoresis was carried out at 300 V. The separa-
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tion was stopped after the release of 1.5 dye labels (1.5 h).
Incubation, staining, and designation of common
wheat’s beta-amylase variants was carried out in
accordance with the previously described method [5].

For the assessment of the selection of the variety’s
ancestor in the selection process based on the occur-
rence of β-amylase isoenzymes, χ2 was used. The dif-
ference in the means was estimated by Student’s crite-
rion [11, 12]. Evaluation of isoenzymes’ frequency of
occurrence was carried out according to C. Lee [13].
Analysis of variance was carried out in the StatNov
program (VIUA).

RESULTS AND DISCUSSION
In the analysis of beta-amylase isoenzymes in vari-

eties of spring common wheat of Western Siberia, four
variants of enzymes were identified: A, A*, C, I (Fig. 1).

The list of varieties carrying one or another isoen-
zyme of beta-amylase is presented in Table 1.

Among the 41 varieties of wheat, five were hetero-
geneous (12.2%). The remaining studied forms were
samples representing homozygous populations for
genetic factors determining β-amylase isoenzymes.
Considering the presence of heterogeneous wheat
varieties by β-amylase isoenzymes and knowing their
frequency, we can estimate in which generation of self-
pollination the selection of the parent plant occurred
during the selection process. Existence of a heteroge-
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Table 1. Varieties of spring common wheat grouped by zymotypes of β-amylase

A + A*, etc.—heterogeneous varieties with the corresponding β-amylase isoenzymes.

β-amylases 
zymotypes List of varieties of spring common wheat Number of varieties Occurrence, %

A Pamyati Leonteva, Krasnoufimskaya 100, Tyumenskaya 30, 
Chernyava 13, Sibirskaya 17, Chelyaba stepnaya, Sudarushka, 
Iren, Tyumenskaya 31, Ilinskaya, Raduga, ShTRU-062272, 
Novosibirskaya 29, Melodiya, Gerakl, OmGAU-90, Tyu-
menskaya 25, LP-588-1-06, Tyumenskaya 27, Baginskaya 51, 
Kampanin, Diablon, Lutestsens 70, Kazakhstanskaya 10

24 58.5

A* Ikar, Novosibirskaya 31, Chernozemnouralskaya, Omskaya 36 4 9.8
A + A* Margarita, Tyumenskaya 28 2 4.9
A + C Omskaya 38, Skent 3 2 4.9
C Novosibirskaya 18, Sertori, Novosibirskaya 15, Serebristaya, 

Svirel, Aviada, Tyumenskaya 29, Tepsei
8 19.5

A + I ShTRU-051911 1 2.4
Total 41 100

Table 2. Generation of parental plants’ selection during spring wheat breeding

Number of genotypes

Studied varieties

For selection in generation

homogeneous heterogeneous
F2 F3 F4

36 5 41 23.4 3.5 0.01
p <0.05 >0.05 >0.90

χ2
1:1 χ2

3:1 χ2
7:1
neous variety suggests that the parent plant was het-
erozygous for this qualitative trait. Thus, it is known
that the ratio of homozygotes to heterozygotes for
alleles of one locus was close to 1 : 1 in F2, and this
ratio was 3 : 1 in F3 and 7 : 1 in F4. The results of such
an assessment are presented in Table 2.

The data of Table 2 show that the selection of a par-
ent plant in the breeding process of Russian varieties of
spring common wheat occurs not in the second gener-
ation of self-pollination but in the third or fourth gen-
erations (p, respectively, >0.05 and >0.90).

The percentage of different beta-amylase zymo-
types' occurrence among spring varieties is not the
same. The zymotype A predominated and its share
was higher than 64% (Table 3). The next most com-
mon is the zymotype C, which is higher than 20%.
Approximately 1% of the occurrence was composed by
the zymotype I. Isoenzyme A* (12.2%) occupied the
third place by distribution. In general, a significant
excess of the occurrence of zymotype A (Table 3) over
the other isoenzymes may indicate a more intensive
selection under the conditions of the Northern Trans-
Urals in favor of this variant of β-amylase.

It is characteristic that β-amylase also dominates in
the winter wheat cultures of Ukraine and the Euro-
pean part of Russia [5]. At the same time, the second
most common distribution in this case was the zymo-
type B, the percentage of which was 30.7 ± 3.8. As can
be seen (Table 3), this phenotype was not found in the
spring wheat culture of the Northern Trans-Urals.
Type C in winter culture composed 11.9 ± 2.5%, which
was significantly lower (t = 2.26; p > 0.95) in compar-
ison with its occurrence in varieties of spring wheat
(Table 3). Consequently, the spring wheat of the
Northern Trans-Urals differs in the range of occur-
rence of β-amylase variants in comparison with the
winter wheat varieties of Ukraine and the European
part of Russia.

Taking into account the previously found conju-
gacy of β-amylase isoenzymes with grain quality indi-
ces in winter wheat culture [6, 7], variants A and C of
this enzyme were evaluated for their ability to aggre-
gate in the endosperm protein complex and associa-
tion with gluten deformation index (GDI). The 3 years
results for the spring culture under the conditions of
Tyumen are presented in Table 4.

As can be seen, the differences between the selected
groups of varieties in the number of -S-S- bonds in the
flour were low in 2011. In 2012, differences in this
index between carriers of variants C and A were signif-
icant (Table 4). Characteristically, in the period under
CYTOLOGY AND GENETICS  Vol. 53  No. 4  2019



BETA-AMYLASE ISOZYMES IN SPRING COMMON WHEAT 297

Table 3. Occurrence of zymotypes of β-amylase among the varieties of spring common wheat of the Northern Trans-Urals
(n = 41)

Zymotypes of β-amylase Occurrence, % ± to A type of β-amylase Estimation of differences
in the occurrence values, t/p

A 64.6 ± 7.3 – –
C 12.2 ± 3.7 –52.4 6.41/>0.999
A* 22.0 ± 3.7 –42.6 5.21/>0.999
I 1.2 ± 1.2 –63.4 8.57/>0.999

Table 4. Variants of β-amylases and indices of the protein complex’s quality in spring common wheat grain (Tyumensky
area, Tyumen)

–S–S– is the number of disulfide bonds, mL; GDI is gluten deformation index, rel. unit; * the differences are significant at p < 0.05.

Types
of beta-
amylases

Number
of varieties

2011 2012 2013 Average

–S–S– GDI –S–S– GDI –S–S– GDI –S–S– GDI

A 8 34.6 ± 5.4 85.0 ± 3.8 74.6 ± 1.4 82.5 ± 2.3 45.3 ± 3.5 66.9 ± 4.2 51.5 78.1

C 24 30.9 ± 2.7 84.6 ± 1.9 70.6 ± 0.9 86.3 ± 0.9 41.7 ± 1.5 70.0 ± 2.2 47.5 80.3

Differences
between A and C

3.7 0.4 4.0* –3.8 3.6 –3.1 4.0* –1.9

t-criterion 0.69 0.09 2.36 1.50 0.94 0.65 – –

LSD0.95 0.7 5.6
study, varieties that had type C β-amylase had higher
aggregative ability due to disulfide bonds compared
with the group carrying variant A. The same trend was
observed in the following year, but the differences
were insignificant in this case. In general, in assessing
the presented data using for 3 years analysis of vari-
ance, the differences in the number of disulfide bonds
between the selected groups confirmed their signifi-
cance (Table 4). The differences in the physical prop-
erties of gluten (GDI) over the 3-year period between
the studied groups of varieties were within the experi-
mental error. During 2012 and 2013, there was a ten-
dency for improvement in the quality of gluten in favor
of the wheat groups with variant C. It is characteristic
that the conditions of the year had a leading influence
on the variation of the indices of the aggregating
capacity of the protein complex and the physical prop-
erties of gluten. Thus, the effect of the year on these
quantitative traits determined more than 90% of vari-
ability, while the genotype of β-amylases determined
approximately 2%. At the same time, random devia-
tions were less than 1%, which indicates the signifi-
cance of the variety’s influence on the manifestations
of these traits. Consequently, β-amylase isoenzymes
affect the aggregative ability of the protein complex of
spring wheat grain. A type C enzyme variant has a
higher ability to form intermolecular -S-S-bonds of
the grain’s protein complex as compared with isoen-
zyme A. It should be noted that the data presented in
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Table 4 on the quality of gluten between the selected
groups of varieties are not convincing. Minor differ-
ences in the quality of gluten may be associated with
the use of the standard method of washing gluten and
the limited sample. In particular, it is known [14–16]
that environmental conditions have a significant effect
on the GDI index in this case, and this increases the
error of experiment. At the same time, it is known that
the modified method of washing out gluten described
by Netsvetaev et al. [14–16] reduces the influence of
environmental variation and increases the influence of
heredity in the formation of the gluten deformation
index (GDI). Taking into account the comments pre-
sented, the quality of gluten of 95 varieties of common
wheat of the 2017 harvest (competitive variety trial-17)
was investigated in accordance with the modified
method of its washing, and the amount of disulfide
bonds in the grain protein was determined. As a result,
a significant correlation between these indices (r)
equal to –0.314*** (n = 95; p < 0.001) was obtained.
In this case, the correlation between the number of
disulfide bonds in the f lour and grain protein was
0.683*** (n = 95; p < 0.001).

Thus, β-amylase isoenzymes affect the aggregative
ability of common wheat grain’s protein complex. The
type C variant of this enzyme has a higher ability to
form intermolecular -S-S-bonds of the protein com-
plex of the grain as compared with isozyme A and it is
capable of improving the physical properties of gluten.
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Table 5. Estimation of the falling number between carriers of different β-amylase isoenzymes in spring common wheat

Types
of beta-amylases

Number
of varieties

Falling number, s

2011 2012 2013 average
over three years

C 8 392.8 ± 42.3 334.5 ± 28.6 589.9 ± 41.1 439.1
A 24 431.6 ± 21.4 331.4 ± 14.7 574.4 ± 28.5 445.8
t-criterion
LSD0.95

0.820 0.096 0.309 – 70.6
The falling number is an index characterizing the
state of the carbohydrate-amylase complex of the
grain. It characterizes the resistance of wheat to the
germination of grain on the root. This is due to the
activity of α-amylase, under the action of which starch
is hydrolyzed with the formation of water-soluble sub-
stances: dextrins and sugars. Taking into consideration
that β-amylase is also involved in the hydrolysis of
starch, the selected groups of varieties were investi-
gated according to this index (Table 5).

The presented results indicate that these variants of
the enzyme have the same effect (if any) on the falling
number.

In 2011, the yield of samples with β-amylase of type C
was 4.63 ± 0.20 t/ha (n = 8), and that with the type A
isoenzyme was 4.71 ± 0.13 (n = 24). The differences in
yield between the studied groups of varieties were not
significant, t = 0.349; p > 0.05. Analysis of the yield of
variety groups divided according to β-amylase isoen-
zymes in 2012 confirmed the previous values of these
indices. Thus, the yield of varieties with a C variant of
this enzyme was 0.81 ± 0.06 t/ha, and that with the
zymotype A was 0.91 ± 0.03 t/ha (t = 1.629; p > 0.05).
Similar results were also obtained from the results of
2013. In this case, a group of varieties with the C iso-
enzyme yielded a grain yield of 4.73 ± 0.23 t/ha, and that
with variant A yielded a grain yield of 4.52 ± 0.14 t/ha.
Differences of 0.21 t/ha are insignificant (t = 0.812;
p > 0.05).

CONCLUSIONS
In general, as a result of the presented data’s esti-

mation for 3 years using analysis of variance, the follow-
ing results were obtained: the group of varieties with the
enzyme variant C provided a yield of 3.39 t/ha, and that
with variant A was 3.38 t/ha (LSD0.95 = 0.43 t/ha)
Thus, the separated groups of varieties did not differ in
grain productivity due to the genes controlling the
synthesis of isoenzymes A and C. The variation in
yield between varieties in this case was solely due to
environmental variability over the years, which is
expressed by 99.84% (error is 0.16%) value of contri-
bution to this indicator.

Thus, β-amylase isozymes A and C are predomi-
nant in the culture of spring wheat of the Northern
Trans-Urals. Variant C of this enzyme has a higher
ability to form intermolecular -S-S-bonds of the
grain’s protein complex as compared to isozyme A and
is able to improve gluten properties. Improving the
quality of spring common wheat’s grain by the intro-
duction of type-C β-amylase into the culture, which
can improve the quality of the protein, will not affect
the grain productivity of new wheat varieties. Differ-
ences in the falling number between samples with A
and C isozymes were not detected.
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