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INTRODUCTION
The accident at Chernobyl Nuclear Power Plant
(ChNPP) on April, 1986 was accompanied by ra-
dioactive substances release that led to pollution
of wide territories of Ukraine, Belarus and the
Russian Federation. The main population con-
tingents exposed to ionizing radiation were peo-
ple resident in those contaminated territories
and clean-up workers (liquidators). The average
gonadal exposure dose in liquidators was not
exceeding 150 mSv according to calculations
(Neel J.V., 1996).

One of the most important questions for scientists,
physiñians and the public are the radiation expo-
sure genetic effects after the Chernobyl accident and
its consequences for future generations� health.
Obviously the most complete and exhaustive an-
swer here could be received via wide-scale long-
term epidemiological studies of congenital and he-
reditary malformations held within a system of pop-
ulation genetic monitoring. Such investigations

ÂÂÅÄÅÍÈÅ
Àâàðèÿ íà ×åðíîáûëüñêîé àòîìíîé ýëåêòðîñòàíöèè
(×ÀÝÑ) â àïðåëå 1986 ã. ñîïðîâîæäàëàñü âûáðîñîì
ðàäèîàêòèâíûõ âåùåñòâ, ÷òî ïðèâåëî ê çàãðÿçíåíèþ
çíà÷èòåëüíûõ ïî ïëîùàäè òåððèòîðèé Óêðàèíû, Áå-
ëàðóñè è Ðîññèéñêîé Ôåäåðàöèè. Îñíîâíûì êîíòèí-
ãåíòîì, ïîäâåðãøèìñÿ âîçäåéñòâèþ èîíèçèðóþùåãî
èçëó÷åíèÿ, ÿâëÿåòñÿ íàñåëåíèå, ïðîæèâàþùåå íà ýòèõ
òåððèòîðèÿõ è ðàáîòíèêè (ëèêâèäàòîðû), çàíèìàâ-
øèåñÿ ëèêâèäàöèåé ïîñëåäñòâèé àâàðèè. Ðàñ÷åòû ïî-
êàçàëè, ÷òî ñðåäíÿÿ ãîíàäàëüíàÿ äîçà îáëó÷åíèÿ äëÿ
ëèêâèäàòîðîâ íå ïðåâûøàåò 150 ìÇâ (Neel J.V., 1996).

Íàèáîëåå îñòðûìè âîïðîñàìè, âîëíóþùèìè ó÷åíûõ,
âðà÷åé è îáùåñòâåííîñòü, ÿâëÿþòñÿ ãåíåòè÷åñêèå ýô-
ôåêòû ðàäèîàêòèâíîãî îáëó÷åíèÿ âñëåäñòâèå àâàðèè íà
×ÀÝÑ è èõ ïîñëåäñòâèÿ äëÿ çäîðîâüÿ ïîñëåäóþùèõ ïî-
êîëåíèé. Ïî-âèäèìîìó, íàèáîëåå ïîëíûé è èñ÷åðïûâà-
þùèé îòâåò íà ýòè âîïðîñû ìîãëè áû äàòü øèðîêîìàñ-
øòàáíûå äîëãîñðî÷íûå ýïèäåìèîëîãè÷åñêèå èññëåäî-
âàíèÿ âðîæäåííûõ è íàñëåäñòâåííûõ ïîðîêîâ ðàçâèòèÿ,
ïðîâîäèìûå â ñèñòåìå ãåíåòè÷åñêîãî ìîíèòîðèíãà íà-
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Abstract
Here we report the results of a pilot study of hereditable mutations at 7 minisatellite loci in children of Cherno-
byl nuclear power plant (ChNPP) accident consequences liquidators, held with blot-hybridization and PCR tech-
nique application. The highest mutability was marked in locus CEB1. For this locus the mutation rate of 14% was
registered in the control group and 15% � in children of liquidators. The same trend was also observed for loci
B 6.7 and CEB 36. But the observed increase of mutation rate in loci CEB 1 and B6.7 in children of liquidators
compared with those from control group was not statistically reliable as for the remaining four loci. No depen-
dence of paternal origin mutations genesis on fatherly age was revealed. In a group of children of liquidators the
somatic and mental health indices analysis was held.
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could, for example, be studies performed on chil-
dren of A-bombing survivors in Hiroshima and Na-
gasaki (Neel J.V., 1958, 1995, 1998). But J.V. Neel
considers that a substantial shortcoming of these
studies was the absence of similar epidemiological
research before the A-bombing i.e. an adequate con-
trol group. Similar epidemiological studies were
held after the Chernobyl disaster in Belarus where
congenital malformations genetic monitoring was
carried out before the ChNPP accident too. Accord-
ing to 10-years research among the population res-
ident in zones contaminated with radioactive waste
products who received radiation exposure doses
from 8 to 52 mSv, authors note the congenital mal-
formations incidence increase compared to that
during the period before the ChNPP accident.
G.I. Lazjuk et al. (1998) connect such an increase not
only and not so much to population additional ra-
diation exposure as to a not yet revealed complex
of factors. Among those nutritional imbalance could
be the most significant.

Newly worked out methods of mutations regis-
tration in genome with nucleotide DNA se-
quences analysis, mutation identification in
genes leading to hereditary diseases launched a
new era in ionizing radiation impact on human
heredity genetic consequences studies. In 1985
a group of 600 families was formed in Japan
(mother/father/child trios) in which at least
one parent was an atomic bombing survivor in
Hiroshima or Nagasaki. The pilot study of mu-
tations was held in that group i.e. the nucleotide
bases substitution at human coagulation factor
IX gene using denaturing gradient-gel electro-
phoresis (DGGE) technique (Satoh C. et al.,
1993). A total of 6724 base pairs of DNA were
examined in each of 100 children but no spon-
taneous mutations were detected. All the same
one can say something concerning numerous
attempts of the two-dimensional DNA gel-elec-
trophoresis method appliaction by Japanese re-
searchers (Asakawa J. et al., 1994).

More recently (Dubrova Y.E. et al., 1993), hyper-
mutable minisatellites were proposed as a poten-
tial new tools to investigate the effect of ionizing
radiation at the DNA level. Minisatellites are regions
of the DNA characterized by a variable number of
tandem repeats of units varying from 6 to 100 bp
in length (Jeffreys A.S. et al., 1985) which mutate
predominantly in the germline probably as the re-
sult of DNA double strand breaks (Buard J., Verg-
naud G., 1994). The evaluation of mutation rate at
hypermutable minisatellite loci was used for the
first time as an indicator of genetic effect of irradi-
ation on human by two groups of researchers, with
apparently conflicting results (Kodaira M. et al.,
1995; Dubrova Y. et al., 1996).

Here the results of hereditable mutations pilot
study are presented for human genome 7 minisat-

ñåëåíèÿ. Íàïðèìåð èññëåäîâàíèÿ äåòåé, ðîäèòåëè êîòî-
ðûõ ïåðåæèëè àòîìíóþ áîìáàðäèðîâêó â Õèðîñèìå è
Íàãàñàêè (Neel J.V., 1958, 1995, 1998). Îäíàêî J.V. Neel ñ÷è-
òàåò, ÷òî ñóùåñòâåííûì íåäîñòàòêîì ýòèõ èññëåäîâàíèé
ÿâëÿåòñÿ îòñóòñòâèå ïîäîáíûõ ýïèäåìèîëîãè÷åñêèõ  èñ-
ñëåäîâàíèé äî ÿäåðíûõ âçðûâîâ, ò.å. îòñóòñòâèå àäåêâàò-
íîé êîíòðîëüíîé ãðóïïû. Ïîäîáíûå ýïèäåìèîëîãè÷åñ-
êèå èññëåäîâàíèÿ ïîñëå ×åðíîáûëüñêîé êàòàñòðîôû
áûëè ïðîâåäåíû â Áåëàðóñè, ãäå ãåíåòè÷åñêèé ìîíèòî-
ðèíã âðîæäåííûõ ïîðîêîâ ðàçâèòèÿ ïðîâîäèëè è äî
àâàðèè íà ×ÀÝÑ. Ïî äàííûì 10-ëåòíèõ èññëåäîâàíèé
ñðåäè íàñåëåíèÿ, ïðîæèâàþùåãî â çîíàõ, çàãðÿçíåííûõ
ðàäèîàêòèâíûìè îòõîäàìè, ïîëó÷èâøèõ äîçû îáëó÷å-
íèÿ îò 8 äî 52 ìÇâ, àâòîðû îòìå÷àþò óâåëè÷åíèå ÷àñòî-
òû âðîæäåííûõ ïîðîêîâ ðàçâèòèÿ ïî ñðàâíåíèþ ñ òà-
êîâîé â ïåðèîä äî àâàðèè íà ×ÀÝÑ. Ã.È. Ëàçþê è ñîàâòî-
ðû (1998) ñâÿçûâàþò òàêîå óâåëè÷åíèå íå òîëüêî è íå
ñòîëüêî ñ äîïîëíèòåëüíûì îáëó÷åíèåì íàñåëåíèÿ,
ñêîëüêî ñ êîìïëåêñîì åùå íå óñòàíîâëåííûõ ôàêòîðîâ,
íàèáîëåå ñóùåñòâåííûì èç êîòîðûõ ìîæåò áûòü íåñáà-
ëàíñèðîâàííîå ïèòàíèå.

Ðàçðàáîòàííûå çà ïîñëåäíåå âðåìÿ ìåòîäû ó÷åòà ìóòà-
öèé â ãåíîìå ñ èñïîëüçîâàíèåì àíàëèçà íóêëåîòèäíîé
ïîñëåäîâàòåëüíîñòè ÄÍÊ, èäåíòèôèêàöèÿ ìóòàöèé â ãå-
íàõ, ïðèâîäÿùèõ ê ðàçâèòèþ íàñëåäñòâåííûõ çàáîëå-
âàíèé, îòêðûëè íîâóþ ýðó â èçó÷åíèè ãåíåòè÷åñêèõ ïî-
ñëåäñòâèé âëèÿíèÿ èîíèçèðóþùèõ èçëó÷åíèé íà íà-
ñëåäñòâåííîñòü ÷åëîâåêà. Íà÷èíàÿ ñ 1985 ã. â ßïîíèè
áûëà ñôîðìèðîâàíà ãðóïïà èç 600 ñåìåé (òðèî � ìàòü�
îòåö�ðåáåíîê), â êîòîðûõ õîòÿ áû îäèí èç ðîäèòåëåé
ïåðåæèë ÿäåðíóþ áîìáàðäèðîâêó â Õèðîñèìå è Íàãà-
ñàêè. Â ýòîé ãðóïïå áûëè ïðîâåäåíû ïèëîòíûå èññëå-
äîâàíèÿ ìóòàöèé, ò.å. çàìåí íóêëåîòèäíûõ îñíîâàíèé
ãåíà ôàêòîðà êîàãóëÿöèè IX, ñ èñïîëüçîâàíèåì ìåòîäà
DGGE � ãðàäèåíòíîãî ãåëü-ýëåêòðîôîðåçà â äåíàòóðè-
ðóþùèõ óñëîâèÿõ (Satoh Ñ. et al., 1993). Ó êàæäîãî ðåáåí-
êà èç 100 äåòåé èç îáñëåäóåìûõ ãðóïï áûëî ïðîàíàëè-
çèðîâàíî 6724 ïàðû îñíîâàíèé ÄÍÊ. Îäíàêî íå áûëî
âûÿâëåíî íè îäíîé ñïîíòàííîé ìóòàöèè. Òî æå ìîæíî
ñêàçàòü è î ìíîãî÷èñëåííûõ ïîïûòêàõ èñïîëüçîâàíèÿ
ÿïîíñêèìè èññëåäîâàòåëÿìè (Asakawa J. et al., 1994) ìå-
òîäîì äâóìåðíîãî ýëåêòðîôîðåçà ÄÍÊ.

Íåäàâíî â êà÷åñòâå ïîòåíöèàëüíûõ ìàðêåðîâ äëÿ èñ-
ñëåäîâàíèÿ ãåíåòè÷åñêèõ ýôôåêòîâ èîíèçèðóþùèõ
èçëó÷åíèé íà óðîâíå ÄÍÊ áûëè ïðåäëîæåíû ãèïåðìó-
òàáåëüíûå ìèíèñàòåëëèòíûå ëîêóñû (Dubrova Y.E. et al.,
1993). Ìèíèñàòåëëèòû � ýòî ïîñëåäîâàòåëüíîñòè ÄÍÊ,
õàðàêòåðèçóþùèåñÿ âàðüèðóþùèì ÷èñëîì òàíäåìíûõ
ïîâòîðÿþùèõñÿ ïîñëåäîâàòåëüíîñòåé (èäåíòè÷íûõ
åäèíèö), äëèíà êîòîðûõ âàðüèðóåò îò 6 äî 100 ïàð îñ-
íîâàíèé (Jeffreys A.S. et al., 1985), ìóòàöèè â êîòîðûõ
âîçíèêàþò ãëàâíûì îáðàçîì â ïîëîâûõ êëåòêàõ è ïðåä-
ïîëîæèòåëüíî â ðåçóëüòàòå äâóíèòåâûõ ðàçðûâîâ ÄÍÊ
(Buard J., Vergnaud G., 1994). Âïåðâûå ìóòàöèè â ìèíè-
ñàòåëëèòíûõ ëîêóñàõ â êà÷åñòâå ìàðêåðà ãåíåòè÷åñêèõ
ýôôåêòîâ èîíèçèðóþùèõ èçëó÷åíèé ó ÷åëîâåêà áûëè
èñïîëüçîâàíû äâóìÿ ãðóïïàìè ó÷åíûõ (Kodaira M. et al.,
1995; Dubrova Y. et al., 1996).

Â äàííîé ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû ïèëîòíûõ èññëå-
äîâàíèé íàñëåäóåìûõ ìóòàöèé â ñåìè ìèíèñàòåëëèòíûõ ëî-
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ellite loci in children born after 1986 whose fathers
were liquidators of the ChNPP accident. Somatic
and mental health indices analysis was held in the
study group.

SUBJECTS, MATERIAL AND METHODS
OF RESEARCH

Families

In this study we analysed two groups of families
(mother, father, children) from Ukraine. In the first,
referred to as group of liquidators 183 children were
selected for examination. They were born after 1986
of fathers who were ChNPP accident liquidators
(1986�1987 period). 163 children were included in
the control group. Their parents were not resident
within the ChNPP accident zone and were not acci-
dent consequences clean-up participants. Health sta-
tus indices analysis was held in both these groups. All
the necessary information regarding liquidators� work
period and character, means of individual protection
used and received radiation doses was collected.

Material and Methods

DNA samples were isolated from peripheral blood
specimens using the phenol-chloroform extraction
method. Samples of DNA (5 µg) were hydrolysed
with Alu I restriction endonuclease. Hydrolysis
products separation was held via electrophoresis
through a 40�cm-long 0.8% agarose gel (SeaKem,
FMC) in 0.5x TBE buffer (44 ìÌ Tris-borate pH 8.3,
1 mM EDTA). Separated DNA fragments were trans-
ferred to a nylon membrane filter (Hybond-Nfp,
Amersham) and hybridised with 32P-labelled probes
(Feinberg A.P., Vogelstein B., 1984). 7 hypervariable
single-locus minisatellite probes CEB1 (D2S90),
CEB 15 (D1S172), CEB 72 (D17S888), CEB 42
(D8S358), CEB36 (D10S473), CEB 25 (D10S180)
(Amarger V. et al., 1998) and B6.7 ( located in chro-
mosome 20q13)  (Kimpton C.P. et al., 1992) were
used. DNA fragment sizes were scored by two inde-
pendent experts using a 1 kb DNA ladder (Gibco
BRL). Biological pàternity was confirmed in chil-
dren with registered mutations both in the control
and main study groups by DNA gene-typing with
PCR using in following VNTR- and STR-loci: PMÑT
118 (D1S80), pYNZ22 (D17S5), D21S11, DYS19,
DYS390, DYS391, DYS392, DYS393, DYS389A,
DYS389B, HUMvWF, HUMTHO1.

RESULTS AND DISCUSSION
Results of the investigation of health status and phys-
ical development indices in children from both
groups showed that the portion of practically healthy
children from families of liquidators constituted only
2% whereas in the control group � 26,7%. Dishar-
monious physical development was observed in 30%
of children from families of liquidators. Frequent in-
fectious diseases (76%) are characteristic for this
group of children. In 62,5% of children of liquidators

êóñàõ ãåíîìà ÷åëîâåêà ó äåòåé, ðîäèâøèõñÿ ïîñëå 1986 ã., îòöû
êîòîðûõ áûëè ó÷àñòíèêàìè ëèêâèäàöèè àâàðèè íà ×ÀÝÑ â
1986�1987 ãã. Â îáñëåäóåìîé ãðóïïå áûë ïðîâåäåí àíàëèç ñî-
ìàòè÷åñêèõ è ïñèõè÷åñêèõ ïîêàçàòåëåé çäîðîâüÿ äåòåé.

ÎÁÚÅÊÒÛ, ÌÀÒÅÐÈÀËÛ È ÌÅÒÎÄÛ
ÈÑÑËÅÄÎÂÀÍÈß

Ñåìüè

Â äàííîì èññëåäîâàíèè ìû ïðîàíàëèçèðîâàëè äâå
ãðóïïû ñåìåé (ìàòü, îòåö, äåòè) èç Óêðàèíû. Â ïåðâóþ
ãðóïïó, íàçâàííóþ íàìè ãðóïïîé ëèêâèäàòîðîâ, äëÿ
èññëåäîâàíèÿ áûëè îòîáðàíû 183 ðåáåíêà, ðîäèâøèõ-
ñÿ îò îòöîâ-ëèêâèäàòîðîâ àâàðèè íà ×ÀÝÑ (1986�
1987). Â êîíòðîëüíóþ ãðóïïó áûëè âêëþ÷åíû 163 ðå-
áåíêà, ðîäèòåëè êîòîðûõ íå ïðîæèâàëè â çîíå àâàðèè
íà ×ÀÝÑ è íå ÿâëÿëèñü ó÷àñòíèêàìè ëèêâèäàöèè åå ïî-
ñëåäñòâèé. Â ýòèõ ãðóïïàõ áûëà ïðîâåäåíà îöåíêà ïî-
êàçàòåëåé çäîðîâüÿ äåòåé. Â ãðóïïå ëèêâèäàòîðîâ ìû
ñîáðàëè íåîáõîäèìóþ èíôîðìàöèþ î ïåðèîäå è õà-
ðàêòåðå ðàáîòû, ñðåäñòâàõ èíäèâèäóàëüíîé çàùèòû è
ïîëó÷åííûõ îòöàìè-ëèêâèäàòîðàìè äîçàõ îáëó÷åíèÿ.

Ìàòåðèàëû è ìåòîäû

ÄÍÊ âûäåëÿëè èç îáðàçöîâ ñâåæåé êðîâè, èñïîëüçóÿ
ìåòîä ôåíîë-õëîðîôîðìíîé ýêñòðàêöèè. Îáðàçöû
ÄÍÊ (5 ìêã) ãèäðîëèçèðîâàëè ýíäîíóêëåàçîé ðåñò-
ðèêöèè Alu I. Ýëåêòðîôîðåòè÷åñêîå ðàçäåëåíèå ïðî-
äóêòîâ ãèäðîëèçà ïðîâîäèëè â 0,8% àãàðîçíîì ãåëå
(SeaKem, FMC) äëèíîé 40 ñì â áóôåðå 0,5õ ÒÂÅ (44 ìÌ
Tris-borate pH 8,3, 1 mM EDTA), ïîñëå ÷åãî èõ ïåðåíî-
ñèëè íà íåéëîíîâûé ôèëüòð (Hybond-Nfp, Amersham)
è ãèáðèäèçèðîâàëè ñ 32Ð-ìå÷åííûìè çîíäàìè
(Feinberg A.P., Vogelstein B., 1984).  Äëÿ àíàëèçà èñïîëü-
çîâàëè 7 ãèïåðâàðèàáåëüíûõ îäíîëîêóñíûõ ìèíèñà-
òåëëèòíûõ çîíäîâ: CEB1 (D2S90), CEB15 (D1S172),
CEB72 (D17S888), CEB42 (D8S358), CEB36 (D10S473),
CEB25 (D10S180) (Amarger V. et al., 1998)  è B6.7 (ëîêà-
ëèçîâàííûé íà õðîìîñîìå 20q13) (Kimpton C.P. et al.,
1992). Ðàçìåð ÄÍÊ ôðàãìåíòîâ îïðåäåëÿëè äâà íåçà-
âèñèìûõ ýêñïåðòà, ïðè ýòîì â êà÷åñòâå ìàðêåðà èñ-
ïîëüçîâàëè 1 ò.ï.í. ÄÍÊ ladder (Gibco BRL). Áèîëîãè-
÷åñêîå îòöîâñòâî áûëî ïîäòâåðæäåíî ó äåòåé ñ âûÿâ-
ëåííûìè ìóòàöèÿìè â êîíòðîëüíîé è îïûòíîé
ãðóïïàõ ïóòåì ãåíîòèïèðîâàíèÿ ÄÍÊ ñ èñïîëüçîâàíè-
åì ÏÖÐ â ñëåäóþùèõ VNTR- è STR-ëîêóñàõ: PMÑT118
(D1S80), pYNZ22  (D17S5), D21S11, DYS19, DYS390,
DYS391, DYS392, DYS393, DYS389A, DYS389B, HUMvWF,
HUMTHO1.

ÐÅÇÓËÜÒÀÒÛ È ÈÕ ÎÁÑÓÆÄÅÍÈÅ
Â ðåçóëüòàòå îáñëåäîâàíèÿ ïîêàçàòåëåé çäîðîâüÿ è
ôèçè÷åñêîãî ðàçâèòèÿ äåòåé èç äâóõ ãðóïï áûëî âû-
ÿâëåíî, ÷òî äîëÿ ïðàêòè÷åñêè çäîðîâûõ äåòåé èç ñå-
ìåé ëèêâèäàòîðîâ ñîñòàâëÿëà âñåãî 2%, òîãäà êàê â êîí-
òðîëüíîé ãðóïïå � 26,7%. Äèñãàðìîíè÷åñêîå ôèçè÷åñ-
êîå ðàçâèòèå íàáëþäàëè ó 30% äåòåé èç ñåìåé
ëèêâèäàòîðîâ. Äëÿ äåòåé ýòîé ãðóïïû õàðàêòåðíû ÷à-
ñòûå èíôåêöèîííûå çàáîëåâàíèÿ (76%). Ó 62,5% äåòåé
ëèêâèäàòîðîâ ÷àñòûå çàáîëåâàíèÿ ñî÷åòàëèñü ñ ñèñ-
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frequent diseases were combined with autonomous
nervous system systemic affection, pathology torpid
course and an early trend to chronic were observed.
No kind of hereditary pathology was revealed in chil-
dren from families of liquidators.

We created a collection of DNA samples (549 from
families of liquidators and 489 from the control
group) as well as a data bank with information
about period of time spent working and work de-
scription of father-liquidators, means of personal
protection used and radiation dose received. The
results of mutation analysis in 7 minisatellite loci
from children of liquidator families and control
group are shown in the table. Only mutations of
paternal origin were registered in this trial. The high-
est mutability was marked in locus CEB1. In the con-
trol group for this locus the mutation rate consti-
tuted 14%, corresponding to the data obtained for
the populations in Europe (Vernaud G. et al., 1991;
Dubrova Y. et al., 1997). In children of liquidators
mutation level was over 15%. The same trend was
observed for loci B 6.7 and CEB 36. However the ob-
served increase of mutation rate in loci CEB 1 and
B6.7 in children of liquidators compared to that in
control group was not statistically reliable. For the
remaining four loci no statistically reliable differenc-
es were fixed between the control group and the
group of families of liquidators.

We defined the mean paternal ages at the birth of
their children with and without registered muta-
tions in both groups. No statistically significant dif-
ferences were fixed between average paternal age
in control group (28.71±0.7, σ=6.92, p>0.05) and
children of the liquidator group (29.51±0.42, σ=4.5,
p>0.05). No statistically substantial differences
were revealed concerning the named parameter in
fathers of children in the control group with and
without mutations (28.6±1.37, σ=6.12; 28.74±0.81,
σ=7.15, p>0.05), as well as in families of liquidators
group (29.5±0.91, σ=4.25; 29.52±0.47, σ=4.58,
p>0.05). Thus no dependence between paternal
age and mutation rise of paternal origin was re-
vealed.

The received results do not lead to an exact solu-
tion to ionizing radiation impact problem con-
cerning hereditable mutations at minisatellite loci
in ChNPP accident liquidators exposed in 1986.
Probably, there is a selective sensibility to mutagene
impact of irradiation in some minisatellite loci.
However, one should not draw direct analogies of
our results neither with results of Japanese re-
searchers (Kodaira M. et al., 1995) nor with those
received by Y. Dubrova and other authors during
mutation studies among children of Belarus resi-
dent within territories with soil high contamina-
tion density after the ChNPP accident (Dubrova Y.
et al., 1997). Firstly, the studied person contingents
differ with radiation exposure doses. Secondly, not
only paternal but also maternal origin mutations

òåìíûì ïîðàæåíèåì âåãåòàòèâíîé íåðâíîé ñèñòåìû,
íàáëþäàëîñü òîðïèäíîå òå÷åíèå çàáîëåâàíèé è ðàí-
íÿÿ èõ õðîíèçàöèÿ. Êàêîé-ëèáî íàñëåäñòâåííîé ïà-
òîëîãèè ó äåòåé èç ñåìåé ëèêâèäàòîðîâ âûÿâëåíî íå
áûëî.

Ìû ñîçäàëè êîëëåêöèþ îáðàçöîâ ÄÍÊ (549 èç ñåìåé
ëèêâèäàòîðîâ è 489 � èç êîíòðîëüíîé ãðóïïû), à òàê-
æå áàíê äàííûõ, ñîäåðæàùèé èíôîðìàöèþ î ïåðèî-
äå è õàðàêòåðå ðàáîòû îòöîâ-ëèêâèäàòîðîâ, ñðåäñòâàõ
èõ èíäèâèäóàëüíîé çàùèòû è ïîëó÷åííîé äîçå. Â òàá-
ëèöå ïðåäñòàâëåíû ðåçóëüòàòû  àíàëèçà ìóòàöèé â 7
ìèíèñàòåëëèòíûõ ëîêóñàõ ó äåòåé èç ñåìåé ëèêâèäà-
òîðîâ è êîíòðîëüíîé ãðóïïû. Â äàííîì èññëåäîâàíèè
ó÷èòûâàëè ìóòàöèè òîëüêî îòöîâñêîãî ïðîèñõîæäå-
íèÿ. Íàèáîëåå âûñîêàÿ ìóòàáèëüíîñòü áûëà îòìå÷å-
íà â ëîêóñå ÑÅÂ1. Äëÿ ýòîãî ëîêóñà â êîíòðîëüíîé
ãðóïïå óðîâåíü ìóòàöèé ñîñòàâëÿë 14%, ÷òî ñîîòâåò-
ñòâóåò äàííûì, ïîëó÷åííûì äëÿ  ïîïóëÿöèé Åâðîïû
(Vernaud G. et al., 1991; Dubrova Y. et al., 1997). Ó äåòåé
ëèêâèäàòîðîâ óðîâåíü ìóòàöèé áûë áîëåå 15%. Òàêàÿ
æå òåíäåíöèÿ íàáëþäàëàñü è äëÿ ëîêóñîâ Â6.7 è ÑÅÂ36.
Îäíàêî íàáëþäàåìîå óâåëè÷åíèå óðîâíÿ ìóòàöèé â
ëîêóñàõ ÑÅÂ1 è Â6.7 ó äåòåé ëèêâèäàòîðîâ ïî ñðàâíå-
íèþ ñ òàêîâûì ó äåòåé èç êîíòðîëüíîé ãðóïïû íå
áûëî ñòàòèñòè÷åñêè äîñòîâåðíûì. Äëÿ îñòàëüíûõ ÷å-
òûðåõ ëîêóñîâ òàêæå íå áûëî óñòàíîâëåíî ñòàòèñòè-
÷åñêè äîñòîâåðíûõ ðàçëè÷èé ìåæäó êîíòðîëüíîé
ãðóïïîé è ãðóïïîé ñåìåé ëèêâèäàòîðîâ.

Ìû îïðåäåëèëè ñðåäíèé âîçðàñò îòöîâ â äâóõ ãðóïïàõ
íà ìîìåíò ðîæäåíèÿ èõ äåòåé ñ âûÿâëåííûìè ìóòàöè-
ÿìè è áåç íèõ. Ñòàòèñòè÷åñêè äîñòîâåðíûõ ðàçëè÷èé
ìåæäó ñðåäíèì âîçðàñòîì îòöîâ íà ìîìåíò ðîæäåíèÿ
äåòåé èç êîíòðîëüíîé ãðóïïû ñåìåé (28,71±0,7, σ=6,92,
ð>0,05) è ñåìåé ëèêâèäàòîðîâ (29,51±0,42, σ=4,5,
ð>0,05) óñòàíîâëåíî íå áûëî. Ñòàòèñòè÷åñêè äîñòîâåð-
íûõ ðàçëè÷èé ïî ýòîìó ïîêàçàòåëþ íå áûëî âûÿâëåíî
äëÿ îòöîâ äåòåé ñ çàðåãèñòðèðîâàííûìè ìóòàöèÿìè è
áåç ìóòàöèé êàê â êîíòðîëüíîé ãðóïïå (28,6±1,37,
σ=6,12; 28,74±0,81, σ=7,15, ð>0,05), òàê è â ãðóïïå ñåìåé
ëèêâèäàòîðîâ (29,5±0,91, σ=4,25; 29,52±0,47, σ=4,58,
ð>0,05). Òàêèì îáðàçîì, çàâèñèìîñòè ìåæäó âîçðàñòîì
îòöîâ è âîçíèêíîâåíèåì ìóòàöèé îòöîâñêîãî ïðîèñ-
õîæäåíèÿ â îáåèõ ãðóïïàõ íå îáíàðóæåíî.

Ïîëó÷åííûå ðåçóëüòàòû íå äàþò îäíîçíà÷íîãî îòâåòà
íà âîïðîñ î âëèÿíèè èîíèçèðóþùèõ èçëó÷åíèé, âîçäåé-
ñòâèþ êîòîðîé ïîäâåðãëèñü ëèêâèäàòîðû íà ×ÀÝÑ â
1986 ã., íà óðîâåíü íàñëåäóåìûõ ìóòàöèé â ìèíèñàòåë-
ëèòíûõ ëîêóñàõ. Âîçìîæíî, ñóùåñòâóåò èçáèðàòåëüíàÿ
÷óâñòâèòåëüíîñòü îòäåëüíûõ ëîêóñîâ ê ìóòàãåííîìó
âîçäåéñòâèþ èîíèçèðóþùèõ èçëó÷åíèé. Îäíàêî íå ñëå-
äóåò ïðîâîäèòü ïðÿìûå àíàëîãèè ìåæäó äàííûìè, ïî-
ëó÷åííûìè íàìè, ðåçóëüòàòàìè èññëåäîâàíèé ÿïîíñêèõ
ó÷åíûõ (Kodaira Ì. et al., 1995) è ïîëó÷åííûìè Þ. Äóá-
ðîâîé è äðóãèìè àâòîðàìè ïðè èññëåäîâàíèè ìóòàöèé
ó äåòåé èç Áåëàðóñè, ïðîæèâàþùèõ íà òåððèòîðèÿõ ñ âû-
ñîêèì óðîâíåì çàãðÿçíåíèÿ ðàäèîíóêëèäàìè âñëåä-
ñòâèå àâàðèè íà ×ÀÝÑ (Dubrova Y. et al., 1997). Âî-ïåð-
âûõ, èññëåäóåìûå êîíòèíãåíòû ëèö ðàçëè÷àþòñÿ ïî äî-
çàì îáëó÷åíèÿ. Âî-âòîðûõ, êàê â íåìíîãî÷èñëåííîé
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were registered both in the not numerous group
of studied families in Japan and in the group of
families from Belarus, as both parents were ex-
posed to radiation there. But in our study group of
families only fathers were exposed to ionizing ra-
diation � the ChNPP accident consequences liq-
uidators.

Little is known up-to-now about the germline mu-
tability at minisatellite loci taking place in humans.
Recently data were obtained pointing to gene con-
version and crossing-over processes in minisatel-
lites having a common mechanism, perhaps con-
sisting of alternative processing of a meiotic recom-
bination initiation complex (Buard J., Vergnaud G.,
1994; Jeffreys A. et al.,1994; Jeffreys A. et al.,1998).
In case of such a mutation genesis mechanism the
question arises concerning our ability to detect ge-
netic effects of irradiation in children whose par-
ents were exposed long before their conception. If
such an effect really exists it is very likely being de-
tected under mutation analysis in children who
were conceived during their fathers exposure to
considerable radiation dozes. We hope to obtain an
answer to this question of our research following
completion.

ãðóïïå îáñëåäîâàííûõ ñåìåé èç ßïîíèè, òàê è â ãðóïïå
ñåìåé èç Áåëàðóñè ó÷èòûâàëè ìóòàöèè íå òîëüêî îòöîâ-
ñêîãî, íî è ìàòåðèíñêîãî ïðîèñõîæäåíèÿ, ïîñêîëüêó
îáà ðîäèòåëÿ ïîäâåðãàëèñü îáëó÷åíèþ, òîãäà êàê â îá-
ñëåäîâàííîé íàìè ãðóïïå ñåìåé âîçäåéñòâèþ èîíèçè-
ðóþùèõ èçëó÷åíèé áûëè ïîäâåðãíóòû òîëüêî îòöû �
ëèêâèäàòîðû ïîñëåäñòâèé àâàðèè íà ×ÀÝÑ.

Íà ñåãîäíÿøíèé äåíü íåìíîãî èçâåñòíî î ìóòàáèëüíîñ-
òè ìèíèñàòåëëèòíûõ ëîêóñîâ, ïðîèñõîäÿùèõ â ïîëîâûõ
êëåòêàõ ÷åëîâåêà. Íåäàâíî áûëè ïîëó÷åíû äàííûå, óêà-
çûâàþùèå íà òî, ÷òî ïðîöåññû êðîñèíãîâåðà è ãåííîé
êîíâåðñèè, ïðîèñõîäÿùèå â ìèíèñàòåëëèòàõ, èìåþò îá-
ùèé ìåõàíèçì, çàêëþ÷àþùèéñÿ, âîçìîæíî, â àëüòåðíà-
òèâíîì âêëþ÷åíèè èíèöèèðóþùåãî êîìïëåêñà ðåêîì-
áèíàöèè (Buard J., Vergnaud G., 1994; Jeffreys A. et al., 1994;
Jeffreys A. et al., 1998). Â ñëó÷àå òàêîãî ìåõàíèçìà ïðîèñ-
õîæäåíèÿ ìóòàöèé âîçíèêàåò âîïðîñ: ñìîæåì ëè ìû çà-
ðåãèñòðèðîâàòü ãåíåòè÷åñêèé ýôôåêò èîíèçèðóþùèõ
èçëó÷åíèé ó äåòåé, ðîäèòåëè êîòîðûõ ïîäâåðãàëèñü îá-
ëó÷åíèþ çàäîëãî äî èõ çà÷àòèÿ? Åñëè òàêîé ýôôåêò è ñó-
ùåñòâóåò, òî íàèáîëåå ÷åòêî åãî ìîæíî áóäåò çàôèêñè-
ðîâàòü ïðè àíàëèçå ìóòàöèé ó äåòåé, êîòîðûå áûëè çà÷à-
òû âî âðåìÿ  ïîëó÷åíèÿ èõ îòöàìè ñóùåñòâåííûõ äîç
ðàäèàöèè. Ìû íàäååìñÿ ïîëó÷èòü îòâåò íà äàííûé âîï-
ðîñ ïî çàâåðøåíèþ íàøèõ èññëåäîâàíèé.
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