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POLYMORPHISM OF BUCKWHEAT SEED STORAGE PROTEINS
IN CULTIVAR GROUPS, DIFFERING BY THEIR MORPHOTYPE
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Aim. To study polymorphism of buckwheat seed proteins in cultivar groups of different morphotypes by the
color of corolla. Methods. Electrophoresis by Laemmli method in 17.5 % separating PAAG gel. Results.
Electrophoresis spectrum variants with the incidence from 1 to 76 %, common for buckwheat cultivar groups,
which are different in their morphotype, were revealed. The obtained results demonstrate a particular level of
heterogeneity by the revealed variants in each investigated group of buckwheat genotypes. Variants 2/ and 4f,
occurring with the incidence of 10 % and 8 % respectively, and specific for green-flowered group of buckwheat
cultivars, were also revealed. Conclusions. Different incidence of electrophoresis spectrum components in
buckwheat morphotypes, different in flower coloring, demonstrates probable different selective value of genes,
which control the synthesis of these components or their relation to the genes, closely bound to them. Taking
this fact into consideration, buckwheat seed proteins may be molecular and genetic markers for identification
of some buckwheat morphotypes, which may be used in breeding programs.
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INTRODUCTION

Buckwheat (Fagopyrum esculentum Moench.) is a
valuable cereal crop, grown in China, Japan, Poland,
Germany, in the Balkans, Hungary, the Czech Republic,
Slovakia, Italy, France, the USA, Canada, India, Aus-
tralia, the Russian Federation and other countries. The
global area of buckwheat fields is about 2—2.5 million
ha, most of which are located in mountainous regions.
According to the data of the State Statistics Service, in
recent years the Ukrainian fields of edible buckwheat
have fluctuated in the range from 132.8 thousand ha to
311.2 thousand ha.

Food products, made of buckwheat, have high nu-
tritional value and unique combination of positive
therapeutic-dietary properties [1, 2]. The experts of
the International Plant Genetic Resources Institute
(IPGRI) and Consultative Group on International
Agricultural Research (CGIAR) consider edible
buckwheat to be a crop of the future [3]. It is ex-
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plained by high protein content (from 10 to 18 %)
which has high availability, nutritional value and
balance of aminoacid composition [1].

Buckwheat seed storage proteins constitute the larger
part of total protein in the seed and play an important
role as a source of nitrogen in the nutrition of seedlings
during the initial phases of development [4, 5]. Stor-
age proteins are composed of two main classes: salt-
soluble globulins and water-soluble albumins [4]. Al-
bumins have a sedimentation coefficient in the range of
1.7-2S whereas globulins have a sedimentation coef-
ficient in the range between 7S and 8S which is notable
for vicilin-like proteins and a sedimentation coefficient
in the range from 11 to 13S, notable for legumin-like
proteins [5]. It was established that the most significant
fraction of buckwheat proteins is 13S globulin which
constitutes about 33% from storage proteins of the
seed and belongs to legumin-like proteins [6]. It con-
sists of two non-identical subunits: a larger one of 32—
43 kDa and the other one — 23-25 kDa, connected with
a disulphide bond [5]. Minor classes of 8S globulins
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and 2S albumins, which constitute about 6.5 % from
total protein of the seed have recently been identified
[6, 7]. It was found that the fraction of 8S globulins
is three-link polymers which consists of subunits with
the mass of 57-58 kDa and belongs to vicilin-like stor-
age proteins [6]. 2S fraction of albumins, constituting
25 % from the total number of seed proteins, is present-
ed with a single-chain polypeptide with the molecular
mass of 816 kDa and is rich in essential aminoacids
(9.2 % methionine and 5.6 % lysine) [6]. The investi-
gation of polymorphism of buckwheat storage proteins
is relevant for the study of evolution of this crop, for
the determination of processes, occurring in buckwheat
populations under the impact of ecological factors and
the pressure of the breeding process [8, 9]. It was prov-
en that there is a possibility of using storage proteins
as genetic markers for other agricultural crops in the
links of the breeding process and seed production [10],
for passportization of cultivars [11]. Taking into con-
sideration the fact that buckwheat is a valuable groat
crop, this genetic evaluation of variability, including
polymorphism of seed storage proteins, is relevant for
the creation of lines with required characteristics and
elaboration of efficient breeding programs [12, 13].

The use of molecular and genetic markers in breed-
ing edible buckwheat is complicated with the fact that
this crop is poorly yielding to inbreeding, and the most
valuable cultivars are mostly highly heterogeneous
synthetic populations [14]. It is related to the phenom-
enon of self-incompatibility which excludes the pos-
sibility of self-pollination and, if a sufficient number of
natural pollinating insects is present, creates conditions
for maintaining a high level of heterozygosity of the
population. However, some investigations of genetic
diversity of edible buckwheat were conducted using
specific electrophoresis methods of storage proteins,
which were used to reveal moderate internal and inter-
specific polymorphism [15-17]. There are active cur-
rent efforts of introgression of self-compatibility genes
from Fagopyrum homotropicum Ohnishi species into
the genome of edible buckwheat which helped create
homozygous genetic material for studies [14]. The ob-
tained results demonstrate probable monogenic control
of inheriting buckwheat storage proteins [6]. However,
despite genetic proximity of F. esculentum and F. ho-
motropicum, the progeny, obtained from their hybrid-
ization may be a robust genetic model for studies.

Different scientists believe that despite poor diversity
of cultivated buckwheat there are differences between
different morphotypes at the levels of both phenotype
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and genotype. For instance, some samples with red or
dark pink flowers originate from high mountainous
districts of China and Nepal and some scientists relate
their occurrence to buckwheat spreading to colder re-
gions of the globe [18]. Green-flower variety of buck-
wheat was artificially bred from the mutant population
in Ukraine, in the Institute of Grain Crops at the Podil-
sky State Agrarian Technical University (Kamianets-
Podilsky) [19]. It was used as a basis to create a group
of cultivars, characterized by seeds fall resistance.
White-flower genotypes are wide-spread: white color
of corolla is dominant in terms of green- and red-flower
genotypes, thus it is considered a wild type [18]. The
color of corolla may have been the phenotype marker,
used by ancient agrarians to unconsciously select local
buckwheat cultivars both prior to synthetic breeding
and during the period of wide application of mutagen-
esis and hybridization in the 20" century which may
be traced in differences at the level of storage proteins.

The work was aimed at investigating polymorphism
of storage proteins of edible buckwheat of Ukrainian,
Belorussian and Russian breeding and the search for
differences by the incidence of electrophoretic variants
of cultivar groups, differing by corolla color.

MATERIALS AND METHODS

The material for investigations was obtained from
Ustymivska experimental station of the Institute of
Plant Production named after V.Ya. Yuriev, of NAAS —
green-flower cultivars of buckwheat: Zelenokvitko-

Table 1. Characteristics of investigated samples by their
origin and flower morphotype

Cultivar Corolla | Coun- Group
color try

Zelenokvitkova-90 Green | UKR
Zelenokvitkova-10 Green | UKR
Zelenokvitkova-16 Green | UKR I
Zelenokvitkova-12 Green | UKR
Zelenokvitkova-22 Green | UKR
Rozhevokvitkova-1 Red BLR
Chervonokvitkova Red | UKR
Rubinova Red | UKR
Rozhevokvitkova produktyvna Red | UKR 11
Bashkyrskaia krasnotsvetkovaia | Red | RUS
Lakneia White | BLR

Vlada White | BLR
Belorusskaya homostilnaia White | BLR

Olha White | UKR 111
Ukrainka White | UKR
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va-10, Zelenokvitkova-90, Zelenokvitkova-16, Zeleno-
kvitkova-22, Zelenokvitkova-12; red-flower cultivars:
Bashkyrskaia krasnotsvetkovaia, Chervonokvitkova,
Rozhevokvitkova produktyvna, Rozhevokvitkova-1,
Rubinova and white-flower cultivars: Ukrainka, Lak-
neia, Vlada, Belorusskaya homostilnaia and Olha (Ta-
ble 1). The cultivars were divided into groups by the
color of corolla: red-flower — group I, green-flower —
group II and white-flower — group II1.

The electrophoretic spectrum of storage proteins of
buckwheat was studied in 10-30 separate grains of
each cultivar. For this reason, a ground seed was cov-
ered with 400 pl of the extraction buffer and kept over-
night with subsequent centrifugation, the precipitate
was isolated and heated for 10 min on boiling water
bath. The SDS electrophoresis by Laemmli method in
17.5 % separating gel was conducted [20].

A biochemical approach was used to register some
spectrum components in all investigated cultivars.
To describe polymorphism, the electrophoregrams of
storage proteins were nominally divided into four zo-
nes — A, B, C, D (Fig. 2). Fisher’s exact test and chi-
square (*) were used for statistical evaluation of inci-
dence allocation.

RESULTS AND DISCUSSION

Polymorphism in the investigated cultivars was
determined in A, B, C, D areas of the obtained elec-
trophoretic spectrum of protein separation. A total of
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Fig. 1. Electrophoregrams of storage proteins: B1 — soft wheat Bezosta-1, 1-5 — buckwheat cultivar Rozhevokvitkova-1,
6—15 — buckwheat cultivar Rozhevokvitkova produktyvna, 16-25 — buckwheat cultivar Rubinova
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about 60 components of different intensity were identi-
fied (Table 2, Fig. 1, Fig. 2, Fig. 3).

Two variants — / and /a — were identified in the area
of electrophoretic spectrum A among the whole selec-
tion of cultivars. The incidence of variant / was 58 %
for white-flower samples, whereas for green-flower and
red-flower samples it was 70 and 76 % respectively.
Somewhat higher incidence of variant /a in the same
spectrum zone was noted for white-flower cultivars,
but these differences were not statistically reliable.

Eleven variants were identified in zone B of the elec-
trophoretic spectrum by all the cultivars. By the inci-
dence of spectrum variants 2a, 2j, 2h, statistically reli-
able differences between red-flower and white-flower
groups of genotypes were also determined at P < 0.05.

Statistically reliable differences were also observed
between groups of green-flower and white-flower gen-
otypes (P < 0.05). Variant 2 was observed with the in-
cidence of 35 % in white-flower cultivars, with only
14 % in green-flower cultivars, which was statistically
reliable (P < 0.05).

Components, specific for particular groups of buck-
wheat cultivars, were also revealed. Variant 24 is in-
herent only for some green-flower genotypes and has
the incidence of 10%, which demonstrates statistically
reliable difference from other groups of genotypes
(P < 0.05). Electrophoretic variant 2j was also found
in red-flower and white-flower genotypes with the in-
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Fig. 2. Schemes of variants of buckwheat storage proteins (up) and their corresponding electrophoretic spectra (down):
I — Bashkyrskaia krasnotsvetkovaia; II — Belorusskaya homostilnaia; III — Vlada; IV — Zelenokvitkova-10; VI —
Zelenokvitkova-16; VII — Zelenokvitkova-162; VIII — Zelenokvitkova-90

Zelenokvi-

tkova-12 Lakneia

Vlada
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nova

Rozhevokvitkova
produktyvna

Fig. 3. Variants of electrophoretic spectra of buckwheat seed storage proteins (SDS electrophoresis in 17.5 %

PAAG gel)

cidence of 14 %, which has statistically reliable (P <
< 0.05) difference from the green-flower group of
buckwheat cultivars, where it was not identified. The
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variants of electrophoretic spectrum 2f, 2g, observed
with the similar incidence in all three groups of culti-
vars, were determined.
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Table 2. Distribution of incidence of alleles for different groups of buckwheat cultivars

Group 1 Group 11 Group III
S Incidence Incidence Incidence
pectrum ; ; ;
variants Number .O f Varl'ants Number .0 f Varl.ants Number .o f var1'ants
of seeds in cultivars of seeds in cultivars of seeds in cultivars
with red with green with white
corolla, % corolla, % corolla, %
A
1 38 76 35 70 29 58
la 12 24 15 30 21 42
Total 50 100 50 100 50 100
B
2 14 28 T* 14 17* 35
2a 3% 6 8 16 10* 20
2b 5 10 12 24 5 10
2c 7 14 2 4 1 2
2d 3 6 6 12 1 2
2e 0 0 0 0 1 2
2f 3 6 3 6 2 4
2g 5 10 5 10 5 10
2h 0* 0 S*/** 10 0** 0
2i 3 6 1 2 0 0
2j T* 14 O*/** 0 TE* 14
Total 50 100 49 100 49 100
C
3 25 51 18 37 19 39
3a 4 8 3 6 4 8
3b 5 10 11 22 9 18
3c 10 20 5 10 6 12
3d 1 2 0 0 1 2
3e 4% 8 11%* 22 10 20
3f 0 0 1 2 0 0
Total 49 100 49 100 49 100
D
4 18* 36 15% 31 4 8
4a 11 22 11 22 19 38
4b 3 6 2 4 1 2
4c 5 10 1* 2 9* 18
4d 10 20 10 20 10 20
4e 2 4 1 2 1 2
4@f 1* 2 8*/** 16 1%* 2
4g 0 0 1 2 5 10
Total 50 100 49 100 50 100

Note/. * Reliable difference at P < 0.05 in variant 2 between cultivar groups IT and ITI (p = 0.019, > = 5.52); reliable difference at P < 0.05
in variant 2a between cultivar groups I and IIT (p = 0.033, > = 4.5); ** —reliable difference at P < 0.05 in variant 2j between cultivar groups
I, II and II, III (p = 0.012); reliable difference at P < 0.05 in variant 2A between cultivar groups I, II and II, IIT (p = 0.027); * — reliable
difference at P < 0.05 in variant 3e between cultivar groups I, IT (p = 0.049, %> = 3.86); reliable difference at P < 0.05 in variant 4 between
cultivar groups IT and IIT (p = 0.018, y*> = 5.57); reliable difference at P < 0.05 in variant 4 between cultivar groups I and III (p = 0.004,
x> = 8.13); reliable difference at P < 0.05 in variant 4¢ between IT and ITI (p = 0.016, y> = 7.11); ** —reliable difference at P < 0.05 in variant
4f between cultivar groups I and II, and between IT and III (p = 0.016, »* = 8.13); table value y>*=3.84 at f=1, P =0.05
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The incidence of variant 2g was 10 % for all the
groups of genotypes. Variant 2f was observed in culti-
var groups | and II with the incidence of 6 % and group
1T — 4%. The lowest incidence in the zone of electro-
phoretic spectrum B among buckwheat genotypes was
observed for variants 2f, 2i, 2e — 1-3 %. The highest
incidence in zone B among green-flower genotypes
was observed for variants 2 (28 and 35 %) in cultivar
groups with red and white corolla respectively and 2b
(24 %) — in a cultivar group with green corolla.

Seven variants were identified for zone C of the
electrophoretic spectrum of buckwheat. Variant 3 had
the highest incidence (37-51 %) in all the cultivar
groups of buckwheat in zone C. The incidence of variant
3a was also close in all the cultivar groups where it was
6—8 %. There were considerable differences (P < 0.05)
between the incidence of variant 3e of electrophore-
tic spectrum for red-flower (8 %) and green-flower
(22 %) cultivar groups, and it was 20 % in white-flower
cultivars.

Eight components were revealed in zone D of the
electrophoretic spectrum, the highest incidence being
registered for variant 4 (31 and 36 %) in red-flower
and green-flower cultivars of buckwheat respectively.
At the same time, this variant was identified only in
8 % of genotypes in white-flower cultivars. The dif-
ference between the incidence of this variant in cul-
tivar groups is reliable (P < 0.05) for red-flower and
white-flower genotypes, and also for green-flower and
white-flower groups of genotypes. The incidence of
variant 4a was high (22-38 %) for all the groups of
cultivars, but no statistically reliable difference was
determined between them by this variant. Variant 4c is
observed in white-flower cultivars with the incidence
of 18 %, whereas the incidence for green-flower and
red-flower genotypes is 2 and 10 % respectively. The
difference in the incidence of variant 4c¢ between cul-
tivar groups is statistically reliable for green-flower
and white-flower genotypes (P <0.05), being 2 and 18
% respectively. The highest incidence for variant 4f
was observed for green-flower group of cultivars (16
%), whereas in other groups its incidence was only 2
%, and this difference was statistically reliable (P <
0.05). Variant 4d had the same incidence for all the
cultivars — 20 %.

Variants 4g, 4b, 4e did not have high incidence —
2—-10 % in all the cultivar groups. Variant 4g was not
observed in red-flower cultivar group, but this differ-
ence from other groups of cultivars was not statistically
reliable.
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Thus, polymorphism by incidence of storage pro-
tein variants was observed in zones B, C, and D of
the electrophoretic spectrum. Statistically reliable
differences were observed in some variants between
cultivar groups, different in their corolla coloring.
No statistically reliable differences between differ-
ent groups of cultivars were determined in the zone
of electrophoretic spectrum A by the incidence of
variants / and /a. A reliable difference between cul-
tivar groups was revealed by variants 2, 2a, 2h, 2j
in spectrum zone B. A reliable difference was also
found between cultivar groups in the incidence of
variant 3e — zone of spectrum C; variants 4, 4c, 4f
— zone of spectrum D. A minor variant 3f was spe-
cific for green-flower group of genotypes, and vari-
ant 2e¢ — for white-flower group, but differences
were not statistically reliable. A statistically reliable
advantage was revealed in the white-flower group of
genotypes compared to the green-flower group of cul-
tivars in the incidence of variants 2 and 4c. In addi-
tion, green-flower genotypes had higher statistically
reliable incidence of variants 24 (10 %) and 4f(16 %),
compared to white- and red-flower groups of cultivars
and higher incidence of variant 3e (22 %), compared
to red-flower cultivars — 8 %. The variants, specific for
this group, were not revealed in the red-flower group
of cultivars, but a considerably higher incidence of
variants 4 (34 %) and 2;j (14 %) was notable compared
to the green-flower group of cultivars (31 and 0 %
respectively).

High interspecific polymorphism for buckwheat cul-
tivars was also described by Rogl and Javornik, who
used the method of SDS-PAGE electrophoresis [13]. In
the studies of F. Zeller et al. (2004), electrophoresis of
storage proteins in polyacrylamide gel in the presence
of SDS by the method of Yan et al. (2003) was used to
identify buckwheat cultivars from different countries
[15]. The authors made a conclusion on the presence
of many alleles of the locus, encoding 13S globulin in
buckwheat [15]. A similar method was used in the work
of Luthar et al., and the obtained results were used by
the researchers as a basis for the assumption that the
genes of globulin subunits are closely connected and
are inherited as one locus [S] which is in agreement
with the regularity of inheriting in the form of blocks
of components, which was previously revealed by
0.0. Sozinov while studying gliadins and high molec-
ular glutinins of soft wheat [10].

Electrophoresis spectrum variants with different in-
cidence, common for buckwheat cultivar groups, which
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are different in their morphotype, were revealed. The
obtained results demonstrate a particular level of het-
erogeneity by the revealed variants in each inves-
tigated group of buckwheat genotypes. Variants 24
and variant 4f, occurring with the incidence of 10 and
8 % respectively, and specific for green-flowered group
of buckwheat cultivars, were also revealed. Different
incidence of electrophoresis spectrum components in
buckwheat morphotypes, different in flower color-
ing, demonstrates probable different selective value
of genes, which control the synthesis of these compo-
nents or their relation to the genes, closely bound to
them. It provides for targeted selection of genotypes
depending on their morphotype. For instance, due to
recessive inheriting and incomplete penetrance of the
feature of green corolla coloring, protein markers may
be used to breed genotypes by this feature. Therefore,
further studies of storage proteins are promising for the
involvement in the breeding process, and some variants
of storage proteins may be used as markers to identify
some morphotypes of buckwheat.

This article does not relate to any studies using hu-
mans and animals as investigation subjects.
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Meta. BuBueHnas momimMopdi3my OiNKiB HACIHMHU TPEUKU
y Tpymax CopTiB pi3HUX MOpP(GOTHTIB 3a 3a0apBICHHIM Bi-
HOouyKka KBiTKH. Metomu. Merton enexTpodopesy 3a Me-
toaukoto Laemmli B 17,5%-My posninstoaomy PAAG reri.
Pe3yabraTu. BusBieHo coimbHI I yCiX pi3HHX 332 MOp-
(OTUTIOM TpPYyII COPTIB TPEYKU BapiaHTH EIEKTPOPOpeTHd-
HOT'O CIIEKTpa, IO 3yCTPIYaroThCs 3 4acToTaMu Bix 1 10
76 %. OTpuMaHi pe3ysipTaTH BKa3ylOTh HA HasBHICTH IEB-
HOTO piBHS TETEPOTeHHOCTI 32 BUSBICHUMH BapiaHTaAMH Y
KOXKHOT 3 JIOCHIIDKYBaHHX TPYIl TCHOTHINB Ipedku. Takox
BUSBJIICHO CIICIU(IUHI A 3€JCHOKBITKOBOI TPYIH COPTIB

16

TpedkHu BapiaHTH 2/ Ta BapiaHT 4f, IO 3ycTpidamucs 3
gactororo 10 1 8 % BigmosigHo. BucHoBku. Pisna gacrora
3yCTPIYaIbHOCTI KOMIIOHEHTIB €IeKTPO(OPETHIHOTO CIIEK-
Tpa y BIAMIHHHX 3a 3a0apBICHHSAM KBITKH MOpP(OTHIIIB
TpeYKH BKa3ye Ha WMOBIpHY pi3HY CeNeKUiiHYy IiHHICTh
TEHiB, IO KOHTPOJIOIOTh CHHTE3 I[MX KOMIIOHEHTIB, ab0 iX
3B)S30K 3 T€HaMH, TICHO 3YCIUICHHUMH 3 HUMH. 3Ba)KalOuH
HAa 1Ie, OUTKM HACiHHSA TPEYKH MOXKYTh OyTH MOJEKYISPHO-
TCeHeTUYHUMH MapKepaMH JJIs iAeHTU(IKAI]l AeIKUX MOp-
(hoTHUTIB rpeYKH Ta BUKOPHUCTAHI y CENEeKIIHHUX IporpamMax.

KurouoBi ciioBa: rpeuka ictiBHa, 3amacHi OUIKH, TIOOYIIIHH,
nbOyMiHH, TOTIMOPQI3M.
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Hean. Wzydenme mnonumopdusma OEIKOB ceMeHa Tpe-
YUXW B TPYHNNaX COPTOB pa3IUYHBIX MOP(OTHUIIOB 110
OKpacke BeHuHKa 1BeTka. MeTtoasl. Meton anexrpodopesa
mo wmerogmke Laemmli B 17,5%-HOM pazgensonieM
PAAG rene. Pesynbrarbl. B paznuuHbIX ydacTkax dnek-
TPO(POPETHUECKOTO CIEKTpa COPTOB TPEUUXH MOCEBHOMH
HUACHTH(OUIMPOBAHO MOTMMOP(H3M. BBIsBIICHBI 001HME 171
BCEX OTIMYUTENBHBIX 32 MOP(OTHUIIOM TPYII COPTOB
TPEUNXH BAapHAHTHI JIEKTPO(YOPETUIECKOTO CIHEKTpa, KO-
TOpBIE BCTPEYAIOTCS C PA3IMYHBIMU YacTOTaMH OT 1 10
76 %. IlomyueHHble pe3yabTaThl yKa3blBAlOT Ha HaJIM4ME
OIPEJCIIEHHOTO YPOBHSI TETEPOreHHOCTU 3a HaNJCHHBI-
MH BapHaHTaMH B KaKIOH M3 MCCIEAYyEeMBIX TPYHIT T'€HO-
TUTIOB Tpednxu. Takke BBIABICHBI crieuduueckue st
3€JICHOI[BETKOBOW T'PYIIIBI COPTOB T'PEUMXM BApHAHTHI 2/
W BapHaHT 4f, 4To BCTpewanuch ¢ yactoroid 10 u 8 % co-
OTBETCTBEHHO. BbIBoabl. Pa3zHas wacrora BcTpedaeMocTu
KOMITOHEHTOB 3JIEKTPO(OPETHUSCKOTO CIIEKTpa B pas3iiny-
HBIX 110 OKpacke IBeTKa MOP(OTHIIOB TPEUNXU yKa3bIBACT
Ha BEPOSATHYIO PAa3IUYHYI0 CEIEKIHMOHHYIO LEHHOCTh Ie-
HOB, KOHTPOJMPYIOIIMX CHHTE3 3TUX KOMIIOHEHTOB, WIN
X CBSI3b C IEHAMH, TECHO CLEIUIEHHBIX C HUMH. BBu-
Jy cnenn(pUIHOCTH OTPE/ICNICHHBIX BAPHAHTOB AJIEKTPOQO-
PETHYECKOTO CIEeKTpa 3aracHble OENKH CEMSH TI'PEUuXu
MOTYT OBITH MOJIEKYJSIPHO-TCHETHIECKUMH MapKepaMH ISt
UACHTH(UKAINN HEKOTOPBIX MOP(QOTHIIOB T'PEUYUXH U HC-
TI0JTb30BaHBI B CEJIEKIIMOHHBIX IPOrpaMMax.

KoroueBble cioBa: rpeuka cbenoOHas, 3amacHbIe OCIKH,
TI00YIMHBL, aI6OYMHUHBL, TIOMUMOP(HHU3M.
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