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HEREDITABLE MUTATIONS AT SOME MINISATELLITE LOCI
ANALYSIS IN CHILDREN OF LIQUIDATORS
OF CHERNOBYL ACCIDENT CONSEQUENCES

AHAJIU3 HACJIEAYEMbIX MYTALUA B HEKOTOPbIX
MWHUCATEJUJIUTHBIX JIOKYCAX Y OETEN JINKBUOATOPOB
NMOCNEACTBUA ABAPUMN HA YEPHOBbIJIbCKOWU A3C
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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.

Keywords: minisatellite loci, mutation, ionizing radiation, liquidator, Chernobyl accident.

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,
physicians 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

BBEJIEHUE

ABapust Ha YepHOOBUIBCKOI ATOMHOI 3JIEKTPOCTAHITUYN
(YADC) B amnpesie 1986 1. CONMPOBOKAAIACH BBIGPOCOM
PAAMOAKTUBHBIX BEIIECTB, YTO IIPUBEJIO K 3AIPSA3HECHUIO
3HAYUTEJIbHBIX 110 IVIOLAU TEPPUTOPUN YKPauHbl, be-
Jnapycu u Poccurickort Pegepariyit. OCHOBHBIM KOHTUH-
T€HTOM, I[IOJBEPIIINMCs BO3ACHUCTBUIO MOHU3UPYIOLIETO
U3JIy4EHM, ABIACTCSA HACCJIEHUE, IPOKUBAIOIIEE HA 3THUX
TEPPUTOPUAX U PAGOTHUKH (JIMKBUIATOPHL), 3AHUMAB-
MIHECA JTUKBUIALTMEN TTOCJIEACTBUI aBaprU. PacyeTsl Io-
KA34IM, YTO CPEIHASA TOHAAAIbHAA 1034 OOIydEeHUA I
JIUKBUZATOPOB He npesbiaet 150 m3s (Neel IV, 1996).

Haubomnee oCTpeIMU BOIPOCAMH, BOTHYIOIIUMH YUYEHBIX,
Bpa4e U OOIMECTBEHHOCTD, ABJIAIOTCA T€HETHUECKUE (P-
(PEKTHI PAIMOAKTHBHOI'O OOJIyYEHMS BOICICTBUC ABAPUI HA
YADC 1 UX TOCIEACTBHSA YIS 3/I0POBbS IOCIEIYIONINX 110-
KosieHUH. [To-BUAMMOMY, HANOOJIEE ITOJIHBIN M UCYEPIIbIBA-
IOIMIT OTBET HA 3T BOIIPOCHI MOIJIH OBI IATh ITHPOKOMAC-
IITA6HBIE JJOITOCPOYHBIC AMHAEMHUOIOTHYECKUE UCCIIEO-
BaHMS BPOXKICHHBIX M HACIE/ICTBEHHBIX ITIOPOKOB PA3BUTH,
MIPOBO/IUMBIE B CUCTEME FEHETHYECKOTO MOHUTOPUHI A Ha-
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could, for example, be studies performed on chil-
dren of A-bombing survivors in Hiroshima and Na-
gasaki (Neel .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-bombingi.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-
identin zones contaminated with radioactive waste
products who received radiation exposure doses
from 8 to 52 mSy, authors note the congenital mal-
formations incidence increase compared to that
during the period before the ChNPP accident.
Gl Lazjuketal. (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 AS. 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-

cenenus. Hanpumep McaieioBanys AETEN, POJIMTENI KOTO-
PBIX IIEPEXIIN ATOMHYIO OOMOAPAUPOBKY B XUPOCHUME U
Haracaxu (Neel ]V, 1958,1995,1998). Onnako J.V. Neel cuu-
TAET, YTO CYIIECTBEHHBIM HEIOCTATKOM 3THX UCCIIEJOBAHMIA
ABJIAETCA OTCYTCTBUE ITOJIOOHBIX SITMIEMHUOIOTMTYECKHX UC-
CJIEAOBAHME JIO SIIEPHBIX B3PBIBOB, T.€. OTCYTCTBUE 3/ICKBAT-
HOH KOHTPOJIbHOH I'PYIIIBL [ I0I06HBIE SMTUIEMUOIOTYEC-
KHE MCCIEIOBAHUS TTOCIE YepHOOBUILCKOM KATACTPOMbI
OBUIN IPOBE/IEHDI B Bemapycy, Iie FEHETUYECKHUI MOHUTO-
PHHI' BPOKACHHBIX OPOKOB Pa3BUTUA IIPOBOJIWIN U JIO
aBapuun Ha YADC. TTo gannabpv 10-1€THUX NCCIIEIOBAHNNA
CPpeAr HACEJIEHVA, TPOKUBAIOIIETO B 30HAX, 3AI PASHEHHbBIX
PaIMOAKTUBHBIMA OTXOIAMH, TTOJTyYHBIINX JJO3bI OOTyde-
HUA OT 8 71O 52 M3B, aBTOPbI OTMEYAIOT YBEJIMUYCHUE YACTO-
TbI BPOXKIEHHBIX IIOPOKOB PA3BUTHUA 110 CPABHEHMIO C Ta-
KOBOY B I1eproz, 10 aapyu Ha YADC. I'M. JIa310K U COABTO-
pbl (1998) CBA3BIBAIOT TAKOE YBEJIMYEHUE HE TOJIILKO U HE
CTOJIBKO C JOIIOJTHUTEIBHBIM OOY4EHHNEM HACEICHUH,
CKOJIBKO C KOMIUIEKCOM €EIIIE HE YCTAHOBJICHHBIX (PAKTOPOB,
HanOO0JIEE CYIIECTBEHHBIM M3 KOTOPBIX MOKET OBITh HECOA-
JIAHCHUPOBAHHOE MUTAHUE.

PazpabGoTaHHbBIE 32 ITOCIEAHEE BPEMS METO/IbL yUETa MyTd-
ITHI B TEHOME C UCIIOIb30BAHNEM aHAIN34 HYKICOTU/THOH
noaiegosarenbHOCTU JJHK naeHTrnpruKaiyusg My raii Bre-
HAaX, IPUBOJAIIMNX K PA3BUTUIO HACJIEICTBEHHBIX 32001€-
BAHH, OTKPBUIX HOBYIO 3Py B U3YYEHUH I'€HETUYECKHX I10-
CJICACTBUI BIMAHUA MOHU3UPYIOINX U3Iy4EeHU HA Ha-
CJIEICTBEHHOCTD YeoBeKka. Hauunasa ¢ 1985 1. B Anonuu
6bUTa ChopMHUpOBaHA rpytia 13 600 cemert (TPHO — MATh—
OTEL—PEOEHOK), B KOTOPBIX XOTs Obl OIMH U3 POJIUTEICH
NEPEKWI SACPHYIO OOMOAPAUPOBKY B Xupocume u Hara-
caky. B 31011 rpynie 6buii IIPOBEICHBI TWJIOTHBIE UCCIIE-
JIOBAHMA MYTAlHH, T€. 3aMEH HYKIECOTUIHBIX OCHOBAHUNA
reHa PaxTopa Koaryssiuu IX; ¢ uCroibs30BaHUEM METO/IA
DGGE — rpaiuEHTHOIO I'€JIb-3JIEKTPOOPE3A B ICHATYPU-
pyromux yotosusx (Satoh C.etal, 1993). Y kaxaoro pedben-
Ka u3 100 gerert u3 06CIIeAyeMbIX IPYII ObUIO ITPOAHAIN-
3UPOBAHO 6724 mapbl ocHoBaHMH JTHK. OfiHAKO HEe 6bLIO
BBISIBJIEHO HU OJHOI CLIOHTAHHOI MyTalMH. TO 5K€ MOXKHO
CKA34Tb U O MHOTOYHCJIEHHBIX HOMBITKAX UCITOIb30BAHU
SITOHCKUMM UCcieioBatessiMu (Asakawa J. et al,, 1994) me-
TOJIOM JIByMEPHOTO a1iekTpodopesa JHK.

HenasHO B Ka4eCTBE MOTEHITUAIBHBIX MAPKEPOB IS HC-
CJIEJOBAHUA T'€HETHYIECKUX 3(PPEKTOB MOHNUBUPYIOIUX
usiydeHu Ha yposHe JJHK 6b111 IpeyIOKEHBI THIIEPMY-
TAOEIbHbIC MUHUCATEIUINTHBIE JIOKYChI (Dubrova YE. etal,
1993). MUHHCATEIUTUTBI — 3TO NOCIeA0BaTENLHOCTH [THK,
XAPAKTEPUSYIONIUECH BAPbUPYIOLIIM YHCIIOM TAH/IEMHBIX
TOBTOPAIOIIMNXCSA IMOCJIEAOBATENBHOCTEN (MIEHTUYHBIX
€IMHUIT), JNTHHA KOTOPBIX BapbUpyeT OT 6 10 100 map oc-
nosanun (Jeffreys AS. et al, 1985), Myraniuu B KOTOPBIX
BO3HMKAIOT ITTABHBIM OOPA30M B IIOJIOBBIX KJICTKAX U IIPE/I-
HOJIOKHUTEJIBHO B PE3Y/IBIATE IBYHUTEBLIX Pa3pbIBOB JHK
(Buard J., Vergnaud G., 1994). Boepsbl€ MyTalli B MUHU-
CaTEJUTMTHBIX JIOKYCAX B KAYECTBE MAPKEPA T€EHETUUECKUX
3(p(pEeKTOB MIOHU3UPYIONTHX UTYICHUI y UeJIOBEKA ObIITH
UCIIONB30BAHDI ABYMA I'PyNnamMy ydeHbIX (Kodaira M. et al,
1995; Dubrova Y. et al,, 1996).

B 1aHHOI1 paGoTe NPE/ICTARICHBI PE3Y/IBIATHI IIOTHBIX MICCIIC-
JIOBAHII HACJIG/TYEMBIX My TAIHE B CEMH MUHHCATC/UTATHBIX JTO-
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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 pg) 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 mM 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 3*P-labelled probes
(Feinberg A.P, Vogelstein B., 1984). 7 hypervariable
single-locus minisatellite probes CEB1 (D2590),
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 CP et al,, 1992) were
used. DNA fragment sizes were scored by two inde-
pendent experts using a 1 kb DNA ladder (Gibco
BRL). Biological paternity 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: PMCT
118 (D1S80), pYNZ22 (D17S5), D21S11, DYS19,
DYS390, DYS391, DYS392, DYS393, DYS389A,
DYS389B, HUMvWE HUMTHO.

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

KyCaX TEHOMA YeJIOBEKAY/ICTEH, POIMBIXCATIONE 19861, OTI BT
KOTOPBIX ObUIN YIACTHHUKAMU JIMKBHIAIMU aBapry Ha YADC B
1986— 1987 11: B OBCyIe/ye MO rPyTIrie 6bUT IIPOBE/CH AHATH3 CO-
MATHYECKAX U TICMXUYECKIX TTOKA3ATEIEI 3I0POBbA ICTEN

OBBEKTDI, MATEPHUAJIbI 1 METO/IbI
HNCCIEJOBAHUA

CeMbH

B JaHHOM MCCIIETOBAHUN MBI IPOAHAIU3UPOBAIN JBE
I'PYIIBI CEMEN (MATh, OTELL, I€TH) U3 YKPAUHBL B nepsyro
I'PYIITY, HA3BAHHYIO HAMHU I'DYIIIIONA JTUKBUAATOPOB, JUIA
UCCIIEOBAHYS ObUIN OTOOPAHBI 183 peOeHKa, POIMBIINX-
Cs OT OTIIOB-TUKBUIATOPOB aBapuu HA YADC (1986—
1987). B KOHTPOJIBHYIO I'PYIIITY ObUIH BKJIIOYCHBI 163 pe-
OEHKA, POJIUTEIN KOTOPBIX HE TPO’KUBAJIN B 30HE ABApUHU
HaYADC U1 HE ABISUTMCH Y9ACTHUKAMU JIMKBU/IAITHU €€ [10-
CJIEJICTBUIL. B 3TUX rpynmnax Obula IpOBEICHA OIICHKA I10-
Ka3aTesied 300POBbs ICTEN. B IpyIle JIMKBUAATOPOB MbL
COBpaI HEOOXOANMYIO MH(POPMALIHIO O TIEPHOJIE U Xa-
pakrepe paboThL, CPEACTBAX MHINUBU/TYAJIbHOM 3AIIUTHL 1
HOJIyYEHHBIX OTLIAMU-JIMKBUIATOPAMU JJO3AX OOITyIEHUS.

MaTCpI/IaJIbI H METOAbBI

JHK BbLIEIAIN 13 OOPA3LOB CBEKEU KPOBU, UCIIOb3YS
MeTOoJ, (PEHON-XT0OPOPOPMHON HKCTPAKITUN. OOPA3IIbI
JHK (5 MKI') r'upOIu3upOBaId SHAOHYKIEA30M pecT-
puxinu Alu I. DIEKTPOPOPETHUIECKOE PA3IETEHHE TTPO-
JYKTOB I'MJPOIU3a IpoBoav B 0,8% arapo3HoM rejie
(SeaKem, FMC) mmmnoi1 40 cm B 6ydepe 0,5x TBE (44 MM
Tris-borate pH 8,3, 1 mM EDTA), nocie 4ero ux nepeHo-
CHJIU Ha HeroHOBbIN (priisrp (Hybond-Nfp, Amersham)
U TUOPUAUIUPOBANIN C *?P-MEUYEHHBIMU 30HJAMU
(Feinberg A.P, Vogelstein B., 1984). [ly11 aHa1M3a UCIIOJIb-
30BAJIN 7 THIIEPBAPHUAOETIBHBIX O/THOJIOKYCHBIX MUHHCA-
TEMATHBIX 30H10B: CEB1 (D2590), CEB15 (D1S172),
CEB72 (D17S888), CEB42 (D8S358), CEB36 (D10S473),
CEB25 (D10S180) (Amarger V. et al, 1998) u B6.7 (7ioka-
JIM30BaHHbBIN HA Xxpomocome 20q13) (Kimpton CP. et al,
1992). Pazmep JJHK (pparMeHTOB ONpEEIsIN ABa HE3A-
BHUCHUMBIX 3KCIEPTA, IPH ITOM B KAUECTBE MAPKEPA UC-
nonb3zoBau 1 T.aLh. IHK ladder (Gibco BRL). buosnoru-
YECKOE OTLOBCTBO ObUIO MOATBEPIKICHO Y IETEN C BbIAB-
JIEHHBIMU MYTALUAMU B KOHTPOJBHOM U OIBITHOM
IrpyHiax myreM reHoTunuposanya JHK ¢ MCrionb30BaHu-
em ITHP B cneayromux VNTR- u STR-nokycax: PMCT118
(D1S80), pYNZ22 (D17S5), D21S11, DYS19, DYS390,
DYS391,DYS392,DYS393, DYS389A, DYS389B, HUMVWE,
HUMTHOL.

PE3VJ/IBTATBI 1 UX OBCYKIEHHUE

B pesynbraTe 00C/IeIOBAHUS TTIOKA3ATENEHN 37J0POBbs U
(PUBNYECKOTO PA3BUTHUA IETEHN U3 IBYX I'PYHI OBLIO BBI-
SIBJIEHO, YTO JJOJISI IPAKTUYECKU 3[JOPOBBIX JIETEN U3 Ce-
MEN JIMKBUATOPOB COCTABIIAIA BCETO 2%, TOTTA KAK B KOH-
TPOJILHOM rpymric — 26,7%. IMCrapMOHUICCKOE (pru3ndec-
KO€ pa3BuTHE Habmoganu y 30% neren U3 ceMmen
JIMKBUZATOPOB. I IeTEN 3TOM I'PYIIIbI XaPAKTEPHbBI Yd-
cThie HH(MEKITHOHHBIC 3a6071eBanwst (76%).Y 62,5% nerei
JINKBUZATOPOB YACTBIE 3200JIEBAHUA COYETAIUCH C CUC-
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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 forloci 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, 6=6.92, p>0.05) and
children of the liquidator group (29.51+0.42,0=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£1.37,0=6.12; 28.74+0.81,
0=7.15,p>0.05),as well as in families of liquidators
group (29.5+0.91, 0=4.25; 29.52+0.47, 0=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.
etal, 1997). Firstly, the studied person contingents
differ with radiation exposure doses. Secondly, not
only paternal but also maternal origin mutations

TEMHBIM [TOPAKEHNEM BET€TATUBHON HEPBHOMW CUCTEMBI,
Ha6JIIO[ATIOCh TOPIHHOEC TEYECHHUE 3200JICBAHUI U paH-
HsIs1 UX XpoHU3aust. Kakoi-1mb60 HACIEJCTBEHHOM I1a-
TOJIOI'MU Y JIETEN U3 CEMEN JIMKBUIATOPOB BbIABJIECHO HE
ObLIO.

MBI cO3/1a7Ti KOJUTEKITHIO 00pa3nos JJHK (549 u3 cemert
JIMKBU/IATOPOB U 489 — 13 KOHTPOJIbHOM I'DYIIIbI), 4 TAK-
JK€ OAHK JJAHHBIX, CO/ICPKAIINI HTH(POPMALIHIO O IIEPUO-
JI€ U XapaKTepe padoThl OTLOB-JIMKBHATOPOB, CPEACTBAX
WX UHIVBU/TYJIbHOM 3A1UTHI U ITIOJIy4E€HHOH 103€. B T126-
JIMLIE TIPEICTABICHDBI PE3Y/IBIAThl AHAIN3a MyTAIlUi B 7
MUHUCATE/UINTHBIX JIOKYCAX Y I€TEU U3 CEMEM JIMKBUA-
TOPOB ¥ KOHTPOJIbHOM I'DYIIIBL B JAHHOM UCCIIEIOBAHUN
YUYHTBIBAJIA MyTALIMU TOJIBKO OTLIOBCKOT'O MPOUCXOXK/IE-
Hus. Hanbosee BbICOKAs MyTaOHMIBHOCTD ObLIA OTMEYE-
Ha B JIOKyce CEBI. i1 3TOro j10Kyca B KOHTPOJIbHOU
I'PYIIIIE YPOBEHb MyTALIUI COCTABIAN 14%, 4TO COOTBET-
CTBYET JAHHBIM, IOJIYYEHHBIM I TTOMYJIALUIH EBPOIIBI
(Vernaud G. et al, 1991; Dubrova Y. et al., 1997).V neren
JIMKBU/IATOPOB YPOBEHb MyTal1i ObUI O0Jiee 15%. Takas
JKE TEHICHT TN HAGJTIONATACH U 151 TOKYCOB BO.7 1 CEB30.
OJ1HaKO HAOIIOJAEMOE YBEINYCHUE YPOBHS MyTAIIUI B
sokycax CEB1 u B6.7 y ieTert IMKBH/IATOPOB 1O CPABHE-
HUIO C TAKOBBIM Y JIETEH U3 KOHTPOJbHOM I'PYNIIBI HE
OBUIO CTATUCTUYECKH JOCTOBEPHBIM. [IJIS OCTAIbHBIX Ye-
TBIPEX JIOKYCOB TAKXKE HE ObUIO YCTAHOBJIEHO CTATUCTHU-
4EeCKH JOCTOBEPHBIX PA3JIMYUNA MEXAY KOHTPOJIbHOU
I'PYILIOX U I'PYHIION CEMEN JIMKBUIATOPOB.

MBEl onpeie/ v CPEAHUM BO3PACT OTLIOB B IBYX I'DYIIIAX
HAa MOMEHT POX/ICHHUS UX JIETEH C BBIIBJIEHHBIMU My TAITH-
MU U 6€3 HUX. CTATUCTUYECKU JJOCTOBEPHBIX PA3IHYUI
MEXKIY CPEAHUM BO3PACTOM OTLIOB HA MOMEHT POXKIECHUS
JICTEH M3 KOHTPOJIBHOM IPyIITbI cemert (28,7 1£0,7,6=6,92,
p>0,05) u cemeit TUKBUAATOPOB (29,51+0,42, 0=4,5,
P>0,05) ycTaHOBJIEHO HE OBUIO. CTATUCTHYECKU JJOCTOBEP-
HBIX PA3JIMYUI [10 TOMY ITOKA3ATENIO HE ObIIO BBIABIEHO
JUIS OTLIOB JIETEN C 3APETUCTPUPOBAHHBIMUA MYTALIUSAMU U
6e3 MyTaInit KaKk B KOHTPOJIbHOI rpytre (28,6+1,37,
0=0,12;28,74+0,81,0=7,15,p>0,05), TAK 1 B TPYIITIC CEMEI
JIMKBUAATOPOB (29,5+0,91, 0=4,25; 29,52+047, 0=4,58,
p>0,05). Takum 06pa3oMm, 3aBUCUMOCTH MEX/TY BO3PACTOM
OTIIOB M BOBHUKHOBEHUEM MYTALIUI OTIIOBCKOI'O IPOUC-
XOMKACHUS B OOCHX I'PYIIITAX HE OOHAPYKEHO.

[TomydeHHble PE3YNBraThl HE AAIOT OJHO3HAYHOI'O OTBETA
Ha BOIIPOC O BJIMSIHUM HOHU3UPYIOTHX U3/TyICHHI, BO3/ICH-
CTBHMIO KOTOPOM ITOABEPIVIUCH JTUKBUJATOPLI HA YADC B
1986 1, Ha yPOBEHb HACJIETYEMBIX MYTAITHI B MUHUCATET-
JINTHBIX JIOKYCaX. BO3MOXXHO, CyIIECTBYET U30UPATETbHAS
JYBCTBUTEJILHOCTD OTAEIBHBIX JIOKYCOB K MyTAT€HHOMY
BO3AECHUCTBHIO MIOHU3UPYIOIIUX U3/Ty4eHHI. OIHAKO HE CJIC-
JyeT IIPOBOJUTD NPAMBIE AaHAIOTMH MEXKIY JAHHBIMH, I10-
JIy9EHHBIMH HAMU, DE3Y/IBTATAMH UCCIEAOBAHIA ATTOHCKHX
yuenbIx (Kodaira M. et al,, 1995) u nonyyeHHbIMU 1O. [Ty6-
POBOI M IPYTUMU ABTOPAMU IIPH UCCIIETOBAHNUU My TAITAN
yaerei 3 benapycy, MpoyKMBAIONINX HA TEPPHUTOPHAX C BbI-
COKUM YPOBHEM 3aTIPA3ZHEHUA PAJUOHYKIUIAMU BCJIE]I-
crBue aBapyuu Ha YADC (Dubrova Y. et al., 1997). Bo-niep-
BBIX, UCCJIElYEMbIE KOHTHHI€HTBI JIHLL PA3IMYAIOTCS 110 JIO-
3aM OOJIydeHUsl. BO-BTOPBIX, KAK B HEMHOT'OUHCJIEHHOH
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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.

I'PYIIIE OOCIEIOBAHHBIX CEMEN U3 SINOHNY, TAK U B I'PYIIIE
ceMer 13 benapycn yauTbIBAIM MyTALTUH HE TOJIBKO OTLIOB-
CKOTI'O, HO U MATEPUHCKOI'O TIPOUCXOKIEHUA, IIOCKOJIbKY
062 poUTEIIs HOABEPIAINCE OOJIYUYEHHIO, TOIZIA KAK B O0-
CJIEIOBAHHOM HAMU I'PYIIIE CEMEN BO3ACHUCTBHIO MOHU3H-
PYIOLINX U3JIyYEHHN ObLUIN ITIOABEPIHYTHI TOIBKO OTLbI —
JIMKBU/IATOPbI HOCJIEACTBHUH aBapun Ha YADC.

Ha cerogHsHmi IcHb HEMHOI'O U3BECTHO O MyTA0MIBHOC-
TU MUHHCATEIUTUTHBIX JIOKYCOB, TPOHCXO/ISIINX B TIOJIOBBIX
KJIETKAX YesIOBEKA. He/TaBHO 6bUIH NTOJTYYEHBI IAHHBIC, YKA-
3BIBAIOIINE HA TO, YTO MPOIECCHl KDOCHHIOBEPA U TEHHOM
KOHBEPCHH, IPOUCXOSIINE B MUHHUCATEIUIUTAX, UMEIOT 00-
WA MEXAHU3M, 3AKTIOYAONTANCS, BO3MOYKHO, B AJIGTEPHA-
TUBHOM BKJIIOUYEHUH MHUITUHIPYIOMIETO KOMIUIEKCA PEKOM-
ounanyu (Buard J., Vergnaud G., 1994; Jeffreys A. et al,, 1994;
Jeftreys A. et al, 1998). B cirygae TaKOro MEXaHU3Ma IIPOHC-
XOMKJIEHUA MyTALMEI BO3HUKAET BOIPOC: CMOYKEM JIM MBI 34~
PETUCTPHUPOBATE TEHETHYCCKUI 3(PPEKT NOHUBHUPYIOIIITX
UBJIYYCHUH Y JIETE, POJUTEIN KOTOPBIX O/IBEPrAJINCh 00~
JIY4EHUIO 34/I0/IT'0 JIO UX 3a4aTHs1? ECin Takor apeKT v cy-
LIECTBYET, TO HAMOOJIEE YETKO €I'0 MOKHO Oy/IEeT 3A(PHUKCH-
POBATH IPH AHAJI3E MyTALIIH Y IETEH, KOTOPbIE ObUIN 3a4a-
TbI BO BPEMS TOJYYCHUS UX OTILIAMM CYIICCTBEHHBIX /103
paguari. Mbl HaJIEEMCS ITOTy9UTh OTBET HA IAHHBIM BOII-
POC MO 3aBEPIIEHUIO HAINX UCCIIE/IOBAHNIL

TABLE
MUTATION RATE IN FAMILIES OF LIQUIDATORS AND CONTROL GROUP
TABJIMLA
MYTALIVOHHBIA YPOBEHb B KOHTPOJIbHOI TPYMME W B FPYNMNE CEMEN NIKBUOATOPOB
Control Group Liquidators Liquidators/
Loci Number of Number of Mutation Number of Number of Mutation Control Ratio p*
Patemnal Meioses| Mutations Level Patemal Meioses Mutations Level
CEB 1 163 23 0.1411 183 28 0.1530 1.08 0.76
CEB 15 153 5 0.0327 169 2 0.0118 0.36 0.27
CEB 72 161 4 0.0248 168 2 0.0119 0.48 0.44
CEB 42 150 1 0.0067 171 2 0.0117 1.75 1.0
CEB 36 160 0 0 181 4 0.0221 — 0.13
CEB 25 123 8 0.065 138 3 0.0217 0.33 0.12
B6.7 126 10 0.0794 144 12 0.0833 1.05 1.0

Note. * - Probability using Fisher’s exact test.
lMpumeyarne. * BeposaTHOCTb paccyuTaHa no Kputeputo Guiiepa.
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