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Introduction

Aim. To study frequency and spectrum of chromosome aberrations in the cells of Triticum
aestivum L. root meristem under a prolonged effect of radionuclides from water reservoirs in
the proximal alienation zone of the Chernobyl nuclear power plant NPP. Methods. The seeds
of two soft winter wheat varieties were treated with samples from water reservoirs in the al-
ienation zone of the Chernobyl NPP. Ana-telophase analysis of chromosome aberrations in
crushed cytological preparations of apical meristem of primary rootlets was carried out.
Results. Radionuclides from water reservoirs in the proximal alienation zone of the Chornobyl
NPP cause an increase in the occurrence of aberrant cells and mitoses by 1.6—4.2 times. The high-
est level of cytogenetic activity is typical for the radionuclides from the reservoir-cooler of the
Chernobyl NPP, Semyhodskyi backwater, drainage N 3 of the NPP and Lake Hlyboke. The ob-
seved aberrations are mostly represented by single and paired acentric fragments, bridges and
lagging chromosomes. Conclusion. A prolonged exposure to ionizing radiation by radionuclides
from the water reservoirs of the proximal alienation zone of the Chernobyl NPP produces leads
to high cytogenetic activity. No correlation between the chromosome aberration level and the
scope of specific radionuclides from water reservoirs was found; this may prove the induction
of cytogenetic disorders under the radiation effect in the low-rate range. The increased level of
aneuploid cells and those with multiple chromosome aberrations confirms genetic consequences
for the organisms in water reservoirs even with a low specific activity of radionuclides.

Keywords: Aberrations, cytogenetic disorders, radionuclide, low-rate radiation.

sulted from the accident at Chornobyl NPP.
They appear in various forms of pathologies,

The genetic changes in the organism are among  development and growth delay, intelligence
the most dangerous consequences of radionu-  decrease, shorter life expectancy and death of
clide contamination of the environment re- an individual [1]. All the time, beginning from
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the accident till present day, mutagenic activ-
ity of low-rate prolonged and chronic radia-
tions and their genetic after-effects in combina-
tion with chemical anthropogenic factors of
the environment have been the most crucial
issue for discussion. Numerous researches of
radionuclide contaminations in the alienation
zone of ChNPP with the use of plant test-ob-
jects enabled the solution of the issue. Most of
them are carried out in the dry land or in lab-
oratories using soil samples [2—4]. However,
insufficient attention is paid to studying the
genetic consequences of radionuclide con-
taminations of superficial waters of Chornobyl
alienation zone, the radio-ecological situation
in which is determined by the quantity of ra-
dioactive substances on the water surface and
a complicated complex of continuous interac-
tions of adjacent environments [5]. Several
hydro-biological studies of the alienation zone
of Chornobyl NNP [6—8] identified a high
level of chromosome aberrations in embry-
onic tissues of fish, shellfish and root meristem
of higher water plants, uncharacteristic patho-
logical branching of reed, abnormal formations
near racemes, fluctuating asymmetries of shell-
fish shucks, abnormalities in reproductive sys-
tems and fish organs, cancer genesis of ani-
mals, reduced resistance to pests and diseases,
increased mortality. Mutations in hydro bion-
ites are mostly induced by chronic effect of
incorporated a- and B-radiated radio nuclides,
which, when located in cell nucleus and DNA-
protein complexes, cause a relatively high
biological effect of internal radiation. The role
of the external y-radiation share in the forma-
tion of total mutagenicity of water reservoirs
at later dates after the accident at ChNPP re-
quires further studying.
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It is a known fact that the most informative
and sensitive markers of mutagen contamina-
tion, in particular a chronic low-rate radiation
impact, are cytogenetic indicators, namely
chromosome aberrations in plant cells [9, 10].
The calculations, based on the studies of ra-
diation after-effects, showed that the probabil-
ity to identify chromosome aberrations is
103-10* times higher than that of the identifi-
cation of individual locus mutation [11], and
the evaluation of a mutative process with the
help of cytogenetic analysis gives the results
which match those, received by the method of
electrophoretic analysis of isoenzymes [12, 13].

The purpose of the work was to study the
frequency and spectrum of chromosome aber-
rations in the root meristem cells of 7riticum
aestivum L. affected by prolonged radionuclide
contamination of water reservoirs in the near
alienation zone of Chornobyl NPP.

Materials and Methods

Seeds of two soft winter wheat varieties
(T. aestivum L.) Al’batros odes’kyi and
Zymoiarka were treated with water samples
from the Prypiat River (Chornobyl city), the
Brahinka River (dike N 39), a reservoir-cooler
of ChNPP (a coastal pump station), Semyhod-
skyi backwater, drainage-way N 3 of ChNPP,
Lakes Hlyboke and Azbuchyn. Specific acti-
vity of 137Cs and ?°Sr was 0.17 kBg/m3,
2.53 kBg/m3, 2.1 kBg/m3, 7.76 kBq/m?3,
91.99 kBg/m?3, 70.08 kBg/m3, 52.99 kBqg/m?,
respectively. Water samples from tentatively
clean Holosiivske Lake in Kyiv were taken as
the control, specific activity of 137Cs and °Sr
in it was 0.02 kBg/m3. Water samples were
taken in 2015 according to the standard tech-
niques [14, 15]. Specific activity of 137Cs and
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%0Sr in water was measured in state-run spe-
cialized company “Chornobyl specialized
complex” using y-spectrometric complex and
low-background B-radiometer.

50 seeds per variant of the trial were kept
in the above-mentioned samples for 18 h, then
they were sown in Petri dishes on filtered pa-
per, wetted with the water of the mentioned
samples at temperature 24—-26 °C. Primary
rootlets, 0.8—1.0 cm long, were fixed during
4 h in Clark device which contained 96 %
solution of ethanol and acetic acid in propor-
tion 3:1. Chemical maceration of rootlets was
done during 1 min in IN solution of hydro-
chloric acid. After maceration, the rootlets
were placed in aceto-orcein solution for 24 h
at 23-25 °C to analyze chromosome aberra-
tions and disorders of cell mitosis.

For microscopic analysis, the temporary
crushed cytological preparations were made in
accordance with generally accepted tech-
niques [16]. Meristemic zone of rootlets was
studied with the use of microscope “JENAVAL”
(Carl Zeiss Jena) at magnification 900 x. When
determining frequency of chromosome aber-
rations and mitosis disorders, the cells at an
anaphase and an early telophase were taken
into consideration. Sampling for each variant
was at least 1000 cells which were studied in
20 and more primary rootlets. Frequency of
aberrant cells was considered as the percentage
of cells at an anaphase and an early telophase
which had chromosome disorders. When aver-
age number of aberrations per an aberrant cell
(NAperAC) was calculated, the cells from 0,
1, 2 and those with multiple chromosome ab-
errations (“> 2” aberrations) were taken into
account. Statistic processing of experimental
data was carried out according to generally

accepted techniques [17], the variation valid-
ity was estimated by Student’s #-criterion.
Percent shares of chromosome aberrations and
errors are given in the tables.

Results and Discussions

An increase in frequency of chromosome aber-
rations and mitosis disorders by 1.6-4.2 times
was recorded in meristemic cells of primary
rootlets of wheat affected by radiation in water
reservoirs and watercourses in the alienation
zone of ChNPP. The highest level of cytoge-
netic activity is typical for water samples taken
from a reservoir-cooler of ChNPP and
Semyhodskyi backwater. The frequency of chro-
mosome aberrations exceeds the control by
2.8-4.2 times and it is 1.77 £ 0.32 % and
1.90 £ 0.36 % in rootlet meristemic cells of
variety Al’batros odes’kyi and 2.21 £+ 0.40 %
and 2.28 + 0.43 % in variety Zymoiarka
(Table 1). The contamination effect with the
highest specific activity of 137Cs and ?°Sr in
drainage-way N 3, Lake Hlyboke and Lake
Azbuchyn on root meristem of wheat rootlets
did not lead to a rapid increase in aberrant cell
frequency. Under the effect of radionuclide con-
tamination of water in drainage-way N 3 and
Lake Hlyboke, the frequency of cells with chro-
mosome aberrations of variety Zymoiarka was
1.96 £0.41 % and 1.53 £ 0.38 %, which exceeds
considerably a spontaneous level by 2.8 and 3.6
times, respectively. Statistically reliable fre-
quency increase of cells with chromosome aber-
rations of variety Al’batros odes’kyi, under the
effect of radionuclide contamination of the men-
tioned water reservoirs, was not observed, how-
ever, their level exceeded the control by 1.9 and
2.0 times. An increase in the aberrant cell fre-
quency of varieties Al’batros odes’kyi and
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Zymoiarka by 1.6 and 2.2 times was recorded
in the conditions of the effect of radionuclide
water contamination of Lake Azbuchyn, when
the statistically reliable variation with spontane-
ous indicators was not observed.

Other researchers recorded a complicated
non-linear dependence of dose-effect in a low-
rate area under chronic radiation in the alien-
ation zones of ChNPP and Easter-Ural radia-
tion areas; and it concerned covering crepis
(Crepis tectorum L.) [18], barley (Hordeum
vulgare L.) of waxy line, brown frogs (Rana
temporaria L.), red voles (Clethrionomys
glareolus L.) [19], Chinese hamster (Cricetulus
griseus L.), human cells [20]. The lack of cor-
relation between the genetic disorders and
radiation doses is associated, under some con-
ditions of cell damage, with the onset of func-
tioning of inducible reparation and cyto-pro-
tector processes which increase the radio-re-
sistance of cell population [1].

The correlation between the frequency of
chromosome disorders and the scope of spe-
cific activity of 137Cs contamination of water and
soil was found out in other studies. This con-
cerned reed (Phragmites australis L.), lymnaea
(Lymnaea stagnalis L.) [6], pine (Pinus sylves-
tris L.) [13, 21], thin bluegrass (Koeleria graci-
lis L.) [22], biennial goat’s-rue (Oenothe rabien-
nis L.), and they all were affected by chronic
high-dose external and internal ionizing radia-
tion. Accordingly, the real dose load on meristem
cells can exceed by an order the doses calcu-
lated for steady irradiation of plant cells [6, 19].

The levels of cytogenetic disorders under
the effect of radio nuclides in water of the
Prypiat River (Chornobyl city) are
1.06 = 0.29 % for meristem cells of variety
Al’batros odes’kyi and for variety Zymoiarka —
1.18 = 0.33 %, exceeding the indicators of
spontaneous chromosome disorders by 1.7 and
2.2 times, respectively. An increase in the

Table 1. The frequency of chromosome aberrations in winter wheat under the effect of radionuclide
contamination of water reservoirs in the alienation zone of ChNPP

. Mitogis with . Mitosis with disorders
Studied velydisorders Studied and chromosome
ana-telophases and chromosome ana-telophases aberrations
Place where samples were taken of mitosis, pcs aberrations of mitosis, pes
pcs % pes %
Al’batros odes’kyi Zymoiarka

Lake Holosiivske (the control) 1277 8 0.63 £0.22 1088 6 0.55+£0.22
the Prypiat River, Chornoby] city 1230 13 1.06 +0.29 1103 13 1.18 £0.33
the Brahinka River, dike N 39 1067 13 1.22+0.34 1317 15 1.14+0.29
a reservoir-cooler of ChNPP 1693 30 1.77 £ 0.32* 1358 30 | 2.21 +£0.40%*
Semyhodskyi backwater 1473 28 1.90 +0.36* 1187 27 | 2.28+0.43*
drainage-way N 3 ChNPP 1490 19 1.28 £0.29 1173 23 1.96 + 0.41*
Lake Hlyboke 1424 17 1.19+0.29 1049 16 1.53 £0.38*
Lake Azbuchyn 1599 16 1.00 +0.25 1070 13 1.22+0.34

Note: * variation with the control is statistically reliable at P < 0.05
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frequency of aberrant cells by 1.9 and 2.1 times
(1.22 + 0.34 % in variety Al’batros odes’kyi
and 1.14 £ 0.29 % in variety Zymoiarka) was
also found in meristem of primary rootlets
which were affected by radionuclide contami-
nation of water in the Brahinka River. The lack
of statistically reliable variation between the
aberrant cell frequency of wheat root meri-
stem, affected by prolonged ionizing radiation
of radionuclide contamination of water reser-
voirs in the alienation zone of ChNPP (Lake
Azbuchyh, the Prypiat River and the Brahinka
River), and the control confirm the fact that
the indicators of cytogenetic activity of some
watercourses and water reservoirs of the alien-
ation zone of ChNPP are closer to a spontane-
ous level. However, an increase in chromo-
some aberration frequency by two times com-
pared with the level of spontaneous cytoge-
netic disorders proves the after-effects of
double-dose irradiation of meristem cells and
mutagenic danger of existing low-rate radio-
nuclide contamination of the mentioned water
reservoirs and watercourses in the near alien-
ation zone of ChNPP.

The control of the correlation of chromo-
some disorders of various types is very impor-
tant when radio ecological studies are carried
out. Under a relatively low stress effect, the
change of mitosis disorder spectrum occurs,

4 W . 4
29 M

B

only after which the pathology cases increa-
ses [9]. A spectrum of the chromosome aber-
ration types and mitosis disorders in the condi-
tions of radionuclide contamination of water
reservoirs in the alienation zone of ChNPP is
mostly presented by acentric fragments, bridges
and lagging chromosomes (Fig. 14-D). There
is an opinion that the increased level of acentric
fragments is the indicator of prolonged low-rate
radiation. It has been shown that the radiation-
induced in G,-period chromatide breaks de-
velop at the moment of chromatin condensation
and chromatine fiber formation [23]. Bridges
appear as the result of both breach and con-
solidation of broken chromosome ends and
agglutination (chromosome conglutina-
tion) [24]. The level of acentric fragments and
bridges in meristemic cells of variety Al’batros
odes’kyi, caused by radionuclide contamination
of water reservoirs in the alienation zone of
ChNPP, exceeds the control by 1.4-4.4 and
1.2-2.5 times, respectively (Table 2). The larg-
est number of acentric fragments which ex-
ceeded their spontaneous induction by 2.9 and
4.4 times was recorded in the conditions of
radioactive contamination of a reservoir-cool-
er of ChNPP and Semyhodskyi backwater
(Fig. 2). The number of acentric fragments and
bridges in meristemic cells of variety
Zymoiarka, induced by radiation of radionu-

Fig. 1. Types of aberrations and mitosis disorders, induced by radionuclide contamination of water reservoirs of the
near alienation zone of ChNNP: 4 — singular acentric fragment, B — double acentric fragments, C — bridge, D — ring

chromosome, E — lagging chromosome.
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Table 2. Spectrum of chromosome aberration types in winter wheat under the effect of radionuclide
contamination of water reservoirs in the alienation zone of ChNPP

) Spectrum of mitosis disorders and chromosome aberrations, %
Sampling places NAperAC
F | B | B | mMc | Lcn | Ren
Al’batros odes kyi
Lake Holosiivske (the control) 50.0 37.5 0.00 0.0 12.5 0.0 1.00
the Prypiat River, Chornoby] city 53.8 23.1 0.00 0.0 23.1 0.0 1.23
the Brahinka River, dike N 39 53.8 23.1 7.7 0.0 15.4 0.0 1.15
a reservoir-cooler of ChNPP 50.0 30.0 0.0 33 13.4 33 1.20%*
Semyhodskyi backwater 71.4* 14.3 3.6 3.6 7.1 0.0 1.32%
drainage-way N 3 ChNPP 42.1 473 53 53 0.0 0.0 1.21*
Lake Hlyboke 353 23.5 0.0 11.8 29.4 0.0 1.12
Lake Azbuchyn 50.0 31.2 0.0 0.0 18.8 0.0 1.19
Zymoiarka
Lake Holosiivske (the control) 83.3 16.7 0.0 0.0 0.0 0.0 1.17
the Prypiat River, Chornobyl city 53.8 385 0.0 0.0 7.7 0.0 1.31
the Brahinka River, dike N 39 60.0 13.3 0.0 0.0 26.7* 0.0 1.13
a reservoir-cooler of ChNPP 433 46.7* 0.0 33 6.7 0.0 1.13
Semyhodskyi backwater 333 66.7* 0.0 0.0 0.0 0.0 1.11
drainage-way N 3 ChNPP 435 34.8% | 43 0.0 13.1 43 1.09
Lake Hlyboke 62.5 12.5 0.0 0.0 25.0* 0.0 1.31
Lake Azbuchyn 38.5 53.8% 0.0 0.0 7.7 0.0 1.15

Note: F'— acentric fragments, B— bridges, F+B — acentric fragments and bridges, MC — micronuclei, LCh — lagging

chromosomes, RCh — ring chromosomes;

* variation with the control is statistically reliable at P < 0.05

clide contamination of water reservoirs in the
alienation zone of ChNPP, increases by 1.4-2.1
and 1.7-16.9 times, respectively. Based on the
level of bridge induction, including double
ones, in the cells of variety Zymoiarka, the
highest mutagenic activity was characteristic
of radioactive contamination of a reservoir-
cooler of ChNPP, drainage-way N 3 of ChNNP,
Lake Azbuchyn and Semyhodskyi backwater.

The connection between the areas with ra-
dioactive contamination and the formation of
double and multiple dicentrics is underlined in
the works of other researchers [25].
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Spectrum of chromosome aberration types in
root meristem of wheat under the effect of radio-
nuclide contamination of a reservoir-cooler of
ChNPP and drainage-way N 3 of ChNPP extends
due to the induction of ring chromosomes, which,
together with paired fragments and bridges, are
markers of a radioactive effect (Fig. 1F) [25, 26].
The formation of ring chromosomes is consid-
ered to be connected with the place exchange of
two arms of the same chromosome with conglu-
tination of its proximal ends [26].

Single micronuclei, which develop mostly
from acentric fragments and are sensitive
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B fragments
- bridges

Frequency of chromosome aberrations, %

1 2 3 4 5 6 7 8 1
Al'batros odes'kyi

markers of the environment mutagenicity, oc-
cur in spectrum of cytogenetic disorders, in-
duced by radioactive contamination of a res-
ervoir-cooler of ChNPP, drainage-way N 3 of
ChNPP and Semyhodskyi backwater [27].
The chromosome non-disjunction is of spe-
cial interest, as the process consists of initial
damages of spindle protein of cell division
rather than DNA. The highest share of aneu-
ploid cells — 29.4 % — was recorded in variety
Al’batros odes’kyi under the effect of radio-
nuclide contamination of water in Lake
Hlyboke, and 25.0 % and 26.7 % — in variety
Zymoiarka under the effect of radionuclide
contamination of water in Lake Hlyboke and
the Brahinka River, respectively. A consider-
able share of cytogenetic disorders —23.1 % —
belongs to lagging chromosomes in meristem
cells of variety Al’batros odes’kyi which were
affected by water mutagens of the Prypiat
River. According to the data of some au-
thors [28], the revealed type of chromosome
apparatus disorder occurs rarely in the popula-

2 3 4 5 6 78
Zymoiarka

Fig. 2. Induction of acentric frag-
ments and bridges with radionuclide
contamination of water reservoirs in
the near alienation zone of ChNPP:
1 — Lake Holosiivske (the control);
2 — the Prypiat River, Chornobyl
city; 3 — the Brahinka River, dike
N 39; 4 — a reservoir-cooler of
ChNPP; 5 — Semyhodskyi backwa-
ter; 6 — drainage-way N 3 of ChNPP;
7 — Lake Hlyboke; 8 — Lake Azbu-
chyn.

tions, not affected by mutagen factors, which
confirms that the disorders of cell division
processes resulted from chromosome non-
disjunction when the spindle division is
blocked. Minor frequency of cells with lagging
chromosomes, induced by the contamination
of other water reservoirs in the alienation zone
of ChNPP, allows assuming a low content of
aneugenes in them — substances, which influ-
ence the cell division apparatus, and increase
a content of clastogenes — substances, which
affect chromosomes directly.

The indicator NAperAC is not in direct
correlation with the aberrant cell frequency
and it is a different quantitative feature of
cytogenetic activity of radioactive environ-
mental contamination [29]. It has been estab-
lished that NAperAC is the highest for variety
Al’batros odes’kyi under the effect of water
contamination of Semyhodskyi backwater
(1.32), the Prypiat River (1.23), reservoir-
cooler of ChNPP (1.20) and drainage-way N 3
of ChNPP (1.21), and for variety Zymoiarka —
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under the effect of water contamination of the
Prypiat River and Lake Hlyboke (1.31). Hence,
natural water reservoirs of the alienation zone
of ChNNP, the radionuclide contamination
level of which is characterized by high cyto-
genetic activity, induce, with high frequency,
the cells with complex chromosome recon-
structions, which is considered to be a spe-
cific biological effect of ionizing radiation.
Despite low frequency of the cells with chro-
mosome aberrations, the activity of radionuc-
lides in water of the Prypiat River causes an
increase of the cells with multiple aberrations
in meristem of wheat rootlets.

Conclusions

A prolonged effect of ionizing radiation of
radionuclide contamination of water reservoirs
of the near alienation zone of ChNPP is char-
acterized by a high cytogenetic activity, which
exceeds a spontaneous level by 1.6—4.2 times.
Based on the indicators of aberrant cell fre-
quency, spectrum of chromosome aberration
types and the number of aberrations per an
aberrant cell, it is the highest for radionuclide
contamination of the reservoir-cooler of
ChNPP, Semyhodskyi backwater, drainage-
way N 3 of ChNPP and Lake Hlyboke. The
correlation between the level of chromosome
aberrations and the scope of specific activity
of radionuclides in water reservoirs was not
observed, which can prove the induction of
cytogenetic disorders in root meristem cells of
wheat affected by low-rate radiation. Despite
slight variation between spontaneous frequen-
cy of aberrant cells, induced by radionuclide
contamination, the increased level of aneuploid
cells and those with multiple chromosome
aberrations confirms genetic danger for the
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organisms in the Prypiat River near Chornobyl
city and Brahinka River. Taking into account
high mutagenic efficiency of chronic low-rate
radiation, the current radionuclide contamina-
tion of water reservoirs in the near alienation
zone of ChNPP presents a serious genetic
threat for the organisms.
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[uTtoreneTnyHi NopyueHHst B KJiitTuHax Triticum
aestivum L. 3a il pagioHyKJIiTHUX 3a0pyTHEeHb
BO/10iiM 30HM Biguy:keHHs YopHoOmabcskoi AEC

P. A. Sxumuyx

Merta. BuBunti 9acTOTy Ta CIIEKTp XPOMOCOMHHX a0epartiif
B KJIITHHAX KOpeHeBoi mepucremu Triticum aestivum L. 3a

OmpKHBOT 30HM BimuyxkeHHs YopHoOmiscebkoi AEC.
Metomu. BrumB BomHIME po3YMHAMH MyTarcHIiB Ha Ha-
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CIHHS ¥ IPOPOCTKH pOCTHH. AHa-Teno(a3HUi METOI aHa-
JIi3y XPOMOCOMHHUX a0eparlif Ha JaBIeHUX IIUTOIOTIIHIX
Tpernaparax amikajabHOI MepPUCTEMH TTePBUHHMX KOPIHIIIB.
Pe3ynbraru. Pagionykiigae 3a0pyTHeHHST BOIOHM OITHK-
HbO1 30HU BimuyxkeHHss YAEC BHKIIMKae 3pOCTaHHS B
1,6-4,2 pazu gactory abepaHTHUX KJIITHH Ta TOPYIICHb
miTo3y. HaiiBuimii piBeHb IMTOT€HETUYHOI aKTUBHOCTI
XapakTepHUH [Tt pajliOHyKITiTHOTO 3a0py/JHEHHS BOIOMMH-
oxonomkyBada YAEC, CeMIX0ICEKOTO 3aTOHY, Bi/IBITHOTO
kaHay Ne 3 YAEC ta o3epa [mnboke. CrieKTp THTIIB Mpe-
CTaBJICHUI TEPEeBAKHO OJVHUYHMMHY Ta MapHUMH allcH-
TPUYHUMH (PparMeHTaMH, MOCTaMU W BIICTAIOYNMH XPO-
Mocomamu. BucHoBkm. [IponoHroBana Jist 10HI3yI04OTO
BUIIPOMIHIOBaHHS PaiOHYKIITHUX 3a0pyaHEHb BOJOHM
OmoxHbOT 300K BimuyxeHHs YAEC xapakrepH3yeThest BU-
COKOO ITUTOTCHETUYHOK) aKTHBHICTIO. 3aJICKHOCTI MK
piBHEM XPOMOCOMHHUX aOeparliif Ta BETMIUHOIO ITUTOMOI
AKTUBHOCTI PaIiOHYKIIi/IiB BOZOWM HE BUSBICHO, III0 MOXKE
CBITYMTH TIPO IHIYKYBAaHHSI IUTOTEHETHYHUX TOPYIIECHb
OMPOMIHCHHSIM B Jiala30Hi HU3bKUX 1103. [1iABHIICHI
piBEHb aHEYIUIOIMHHUX KJITHH Ta KIITHH 3 MHO)KUHHUMH
XPOMOCOMHHMMH a0epariissMi CBITYUTH PO FEHETHYHY He-
0Oe3IieKy [UIsl OpraHi3MiB BOJOHM HABITH 3 HU3BKOKO TTHTO-
MO0 aKTHBHICTIO paJIiOHYKJIiTHOTO 3a0pyIHCHHS.

KnwuoBi cuioBa: abeparlii, IUTOreHETHYHI OPYILICH-
Hs1, PaIlIOHYKJTi/IH, HU3bKOI030BE OMPOMIHCHHS.

LuToreHeTn4yecKye HApyIIeHHsST B KJIETKAX
Triticumaestivum L. npu neicTBUN
PAIMOHYKJINIHBIX 3arpsi3HeHHiT BO/I0EMOB 30HBI
oruyxaeHns YepHooObLibekoii ADC

P. A. SIxkumuyk

Heap. M3yunts 4acTtoTy U CHEKTP XPOMOCOMHBIX abep-
pamuii B KJIETKaX KOPHEBOW MepHUCTeMbl Triticum
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aestivum L. TIpy TIPOJIOHTUPOBAHHOM JICHCTBUH Pa/IHOHY-
KJIMHOTO 3arPsi3HEHUsI BOZOEMOB OJMKHEH 30HBI OTHY K-
nennst YepHoObutbckoit ADC. MeTtoabl. BivsiHue BoIHBI-
MH PacTBOpaMH MyTareHOB Ha CEMEHaA U IPOPOCTKH pac-
TeHUH. AHa-Tes0(a3Hblli METO/] aHAJIN3a XPOMOCOMHBIX
abepparyii Ha JTaBJICHHBIX [TUTOJIOTHUECKHX TIperaparax
anyKaJIbHOH MEPUCTEMBbl IEPBHYHBIX KOPEIIKOB.
Pesynbrarel. PagnoHykiaMaHOe 3arpsi3HEHHE BOJOEMOB
OmkHeH 30HBI oTuyxkaeHnss YADC BBI3BIBACT BO3pacTa-
Hue B 1,6-4,2 paza yactory abeppaHTHBIX KJIETOK U Hapy-
meHuit Muro3a. CaMmblil BBICOKMH YPOBEHb ITUTOI'€HETH-
YECKOM aKTUBHOCTH XapaKTEPHBIH I paAHOHYKIUIHOIO
3arpsisHeHus BojoeMa-oxianutesnss YADC, Cemuxoackoii
3aBomy, otBOsIero kaHama Ne 3 HADC u ozepa [imyGoxkoe.
CriexTp THUIOB MPEUMYIIECTBEHHO TPE/ICTABIICH SUHNY-
HBIMHU ¥ IIAPHBIMU AIIEHTPHUUYECKUMU (hparMeHTaMu, MO-
CTaMHU U OTCTAIOLUMU XpoMocoMamu. BeiBoasl. [Iposion-
THPOBaHHOE JAEHCTBHE HOHNU3UPYIONINX U3ITyYeHHUH paau-
OHYKJIMIHBIX 3arpsS3HEHNH BOIOEMOB ONFKHEH 30HBI
otuyxaeHns YADC xapakTepu3yeTcs BBICOKOH LUTOTe-
HETUYECKOH aKTUBHOCTBIO. 3aBUCUMOCTHU MEXKY YPOBHEM
XPOMOCOMHBIX abeppaliii M 3Ha4CHNUEM YIeTbHOI aKTHB-
HOCTH PaJMOHYKJINIOB BOJIOEMOB HE BBISBICHO, YTO MO-
JKET CBHETEIILCTBOBATh O MHYLIMPOBAHUH IUTOTCHETH-
YECKHUX HapYIICHWHA OOIydeHHEM B THAIa30HE HU3KHUX
J103. T1OBBIIIEHHBIN YPOBEHb aHEYIUIOUAHBIX KIETOK U
KJIETOK C MHO>)KECTBEHHBIMH XPOMOCOMHBIMH a0eppanu-
SIMM CBHUJICTEIILCTBYET O T€HETHUYCCKON OMACHOCTH JUIS
OPraHW3MOB BOJJOEMOB J@)X€ C HU3KOW yAEIbHON aKTHB-
HOCTBIO PAJMOHYKIIMIHOTO 3arPSI3HEHHUSI.

KnmoueBble ci0Ba: abeppannyl, TMTOTCHETHIECKUE
HapyLICHNS, PaJAUOHYKINIBI, HU3KOI030BOE OOIyUeHNE.
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