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Abstract

Radiation-induced mutations in minisatellite loci of mice and humans were studied. Substantial minisatellite
loci mutation incidence increase was shown in offspring of male mice exposed to acute irradiation within pre-
meiotic stages of spermatogenesis, whereas the post-meiotic irradiation did not lead to significant growth in
mutation frequency. A linear dose-response of mutations was registered among posterity of male mice irradiat-
ed in spermatogenesis pre-meiotic stages. That enabled us to estimate the doubling dose value for minisatellite
loci of 0.33 Gy, being close enough to those obtained in mice under other mutation detection systems applica-
tions. A similar study was conducted among Mogilev province rural areas population, resident within territories
heavily contaminated with radionuclides after the Chernobyl accident. The frequency of mutations in minisatel-
lite loci among the mentioned contingent of families in two times was over the respective values in a control
group of non-exposed families. Within the exposed families cohort positive correlation was registered between
mutation rate in offspring and parental chronic exposure doses, that testifies to the radiation-stipulated mini-
satellite loci mutations frequency growth. Findings suddest considering minisatellite loci as the most promising
system for radiation-induced mutations monitoring in human populations.

Keywords: radiation-induced mutations, minisatellite loci, Chernobyl accident, low doses, ionizing radiation.

INTRODUCTION

Highly-variable repeated DNA sequences —
minisatellite loci — have several substantial ad-
vantages for radiation-induced mutation mo-
nitoring in human populations. Firstly, the high
rate of spontaneous mutations incidence alter-
ing minisatellite loci length (repeated sequenc-
es number) (Jeffreys AJ. et al,, 1988; 1990) pre-
sume its potential suitability for monitoring,
since if ionising radiation increases mutation in-
cidence in minisatellite loci than the unique op-
portunity of induced mutations detection in rel-
atively small population samples is offered. Se-
condly, the majority of mutations in minisatellite
loci selective neutrality enables screening con-
duction in any non-selected posterity group
without mutations carriers substantial loss ow-
ing to selection impact being so typical for
many genetic systems (Dubrova Y.E., 1992).
Moreover, it is possible to extend mutation
screening over single individuals exposed to
mutagen effects using new approaches to mini-

BBEJIEHUE

BbICOKOBAPHAGETBHBIE MOBTOPSIONIMECH MOCICAOBATCIBHO-
¢ JIHK — MHUHM-CATEJUIMTHBIC JIOKVChI — OOIAJIAK0T PAJIOM
CYIIECTBEHHbIX MPEUMYIICCTB /U1 MOHUTOPMITA PaiHari-
OHHO MIHJIVIIMPOBAHHBIX MY TALHI B HOMYJISIIHAX YCTIOBEKA,
BO-NEPBBIX, BLICOKAS YACTOTA CIIOHTAHHBIX MYTALIHIL, H3ME-
HSTIOTIHX JUTHHY MMUHH-CATCUINTHBIX JIOKYCOB (YHCIIO TIOBTO-
pAIOIIMXCA TocIeoBaTesbHOCTe) (Jeffreys A et al, 1988;
1990) npenonaraeT ux NOTCHUHATEHYIO TTPHTO/IHOCTD /YIS
MOHHUTOPHHTE, ITOCKOIBKY €CJTH HOHHBHPYIOIIHC H3TYICHHA
VBEITMYHBAIOT YACTOTY MYTALIHE B MUHH-CATC/UTHTHBIX JIOKY-
Cax, TO NPE/ICTARICTCH VHUKUILHASI BO3SMOKHOCTE OOHAPY-
JKUTH COOTBETCTBYIONIME CIBHIM B MYTALIMOHHOM TEMIIE [TPH
HCC/IE/IOBAHWH MAUIOYUCICHHBIX HONY/BSIIMOHHBIX BRIDOPOK.
BO-BTOPBIX, CEACKTHBHAA HEHTPAILHOCTL OOBIITHHCTBA
MYTALME B MHHH-CATE/UTHTHBIX JIOKYCAX TO3BOJISET MPOBO-
JIUTh CKPUHHHT MYyTALHE B JIIOOOM HECEJIEKTUBHOM TPYIITIC
TOTOMKOB 6€3 CVIIECTBEHHBIX MOTEPh HOCHUTEICH MYTALIHIA
34 CYET ICACTBHS OTOOPA, CTOMb XAPAKTEPHOIO JUI MHOTHX
reHeTHyeckux cucreMm ([ybposa IOE, 1992). Mcnonbsosa-
HHE HOBBIX MOIXOA0B K AHUIH3Y MUHH-CATe/UTHTOB (SP-PCR)
MO3BOJAET MTPOBOUTH U3YYCHHE YACTOTBI My TALIMI Y OT/C/Tb-
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satellite analysis (SP- PCR) (Jeffreys AJ. et al.,
1994). Finally, the mutant structures can be eas-
ily analysed (Jeffreys AJ. et al., 1994; 1991). This
in its turn provides real possibilities for muta-
tion induction mechanisms study in minisatel-
lite loci.

In our initial study we obtained the first evidence
concerning acute y-radiation leading to a statistically
substantial increase of minisatellite mutation rate
in mice (Dubrova Y.E,, 1993). Further, we carried out
a more detailed study of mutation induction at mini-
satellite loci in mice after acute exposure of males
to X-rays and at different stages of spermatogene-
sis (Dubrova Y.E., 1998). Apart from the aforemen-
tioned we applied the minisatellite loci for Mogilev
region of Belarus rural population genetic peculiar-
ities assay. Those people live within territories con-
taminated with radionuclides after the Chernobyl
NPP (ChNPP) accident. Practically a two-fold in-
crease in minisatellite loci mutation rate was regis-
tered compared to that among a control group of
non-exposed families (Dubrova Y.E. et al,, 1996;
1997). Here we summarise results of the stated re-
search.

MUTATION INDUCTION
IN LABORATORY MICE

Parental couples irradiation and
interbreeding. Mutation registration

Male CBA/H mice (Harwell colony) were exposed
to acute X-ray irradiation in 0.5 Gy and 1 Gy dose
values (dose-rate 0.5 Gyemin') and coupled with
untreated CBA/H females 3, 6 and 10 weeks after
irradiation. The offspring conceived 3 weeks after
male irradiation carry mutations induced in post-
meiotic spermatids, whereas that from 6 and 10
weeks — in pre-meiotic A.-spermatogonia and stem
cells respectively (Searle A.G., 1974).

Minisatellite loci mutations were revealed by
means of multi-locus minisatellite probes 33.15
and MMS10 (Jeffreys AJ. et al., 1985; Bois P. et al,
1998) both with two single-locus probes — Ms6-hm
and Hm-2 (Kelly R. et al, 1989; Gibbs M. et al,,
1993). Table 1 shows data concerning total muta-
tion number registered with all four mentioned
probes. The total mutation rate among all study
groups determined as their number ratio to mini-
satellite bands quantity, constituted 30 per scion.
Besides that the single-locus probes Ms6-hm and
Hm-2 application enabled mutations effective dif-
ferentiation in posterity by origin, paternal and
maternal.

Mutation induction within
spermatogenesis at different stages

The maximum radiation dose of 1Gy was used for
mutation induction peculiarities analysis at various
spermatogenesis stages. The frequency of mutations
in offspring conceived 3 weeks after irradiation was

HBIX HH/IMBH/YYMOB, TIOJBEPITIHXCS BOJ/ICHCTBUIO MyTare-
Hos (Jeffreys AJ. et al, 1994). Hakoner, CTPyKTypa MyTAHTOB
MOZKET OBITh ICTAILHO MPoaHATHM3Hposana (Jeffrevs AJ. et al,
1991; 1994), 4TO NPEAOCTABNAECT PEUTHHBIE BOIMOKHOCTH
JUIS U3YHEHMS MEXAHU3MOB MHIYKLIMHM MYTALMIA B MAHH-CA-
TEJUTMTHBIX JIOKYCAX.

B namert niepso# padore 6bUI0 MOJIVIEHO NEPBOC CBUIC-
TEJILCTBO TOMY, YTO Y MBIIIEH OCTPOE Y-00/IVIEHHE TTPHBO-
AT K CTATUCTHYECKH 3HAYMMOMY YBEJIMYCHUIO YaCTOThI
MYTAIHMI B MUHH-CaTe/UITHLIX JIOKycax (Dubrova Y.E.etal,,
1993). B ganbrenem Mbl TPOBEIH JICTUILHOC M3VICHNE
WH/IVKIIMM MYTALAI B MUHU-CATE/UTMTHBLIX JIOKVCAX MBITICH
1ocJIe OCTPOro PEHTTEHOBCKOIO OBAYUCHHS CAMIIOB Hi
PAa3HBIX CTansX cnepmaTorenesa (Dubrova Y.E. et al,, 1998),
KpoMe Toro, Mbl HCTIOJIBL30BAITM MHHH-CATE/UTHTHDIC JIOKY-
ChbI JPIS1 M3YUYCHHUS FCHETHYCCKUX OCOOCHHOCTEHN CEIILCKOIO
HacesieHus MOrmaeBcKoi obnacti besrapycH, nmpoxusaio-
HICTO HA TEPPUTOPHAX, 3aTPASHEHHBIX PA/IMOHYKIINIAMH B
pesvisrare asapun Ha YepHodbuibekoit ADC (YADC), 1 06-
HAPVKHIN [PAKTHYECKH JIBVKPATHOE YBETHYECHHE YACTO-
ThI MYTALMI B MUHU-CATC/UIMTHBIX JIOKYCAX M0 CPABHEHHIO
C TAKOBOH B KOHTPOJILHOM IPYITIE HEOONVHCHHBIX CCMCH
(Dubrova YE.et al, 1996;,1997). B TaHHOIM MYOIHKAL M T10/1-
BE/ICHBI UTOTH YKA3AHILIX HCC/IEA0BAHIT,

WHIVKIIUA MYTAITUH
V JIABOPATOPHBIX MBIIIEN

O6ayuyeHHe H CKPEeHHBAHHE POAHTENBCKHX mmap.
VYuer myrauumn

Camiipt mbitneit imaun CBA/H (kononms Xapsesut) Oblid
MOABEPIHYTEI OCTPOMY PEHTIEHOBCKOMY OOJIIVUEHHIO B J10-
3ax 0,51 1 I'p (MOITHOCTBIO 10361 0,5 ['pemun') 1 uepes 3,
61 10 e  ckpenensl ¢ HeobnyaeHHBIMH camkami CBA /H.
TTOTOMKH CaAMIIOB, 3d44ThIC YEPE3 3 HEJL TTOCIIE OOIYVUCHMS,
HECYT MYTALMH, UHAVIIHPOBAHHKIE B MOCTMEAOTHYCCKUX
CHEPMATHIIAX, TOTJA KAK MTOTOMKH, 3a4aThic yepe3 6 1
10 HE — BIPEMEHOTHYECKNX A -CHIEPMATOIOHHSIX 1 CTBO-
JIOBBIX KIETKAX COOTBETCTBCHHO (Scarle AG., 1974).

MyTanue B MUHH-CATEJUIMTHBIX JIOKYCAX BBIABJISUTH [TIPH
TIOMOIIIH MOJTHJIOKYCHBIX TTPO6 33.15 1 MMS10 (Jeffreys A
et al, 1985; Bois P. et al., 1998), a Tarke ABYX MOHOJIO-
KyCHBIX P06 — Ms6-hm u Hm-2 (Kelly R. et al. 1989;
Gibbs M. et al,, 1993). B Tabaniie 1 npHUBEACHD! JAAHHbIE
06 ObIIEM YHCIe MYTAIUA, BbISBJICHHLIX ITPH TOMOIILH
UETBIPEX YKA3aHHBIX 1IPOG. Ipu 31OM O6111Y10 4aCTOTY MY-
TALMF BO BCEX HCCAEOBAHHBIX I'PYTTIAX ONMPE/ICIISIN KAK
OTHOMIEHWE UX YUC/IA K KOJIMYCCTBY MHHH-CATEJUIHTHBIX
(ppaxuun, cocrasupemy 30 dppakuuil v noromea. Kpo-
M€ TOTO, HCIOJIL30OBAHME MOHOJIOKYCHBIX ITPOG MsG-hm
1 Hm-2 no3sonnno Hage:xkno JupepeHiiuposaTs MyTa-
[HH Y TIOTOMKOB 110 UX IPOMCXOMKICHUIO HAd OTHOBCKHE
U MATEPHHCKHE.

HHAYKIHA MYTALHH HA PA3JIHYHBIX CTAHIX
CIIepMaToOreHe3a

MakcuManbHas 4033 obnydenust 1 I'p 6butd MCHonb30BaHD
JU1A QHATM3A 3AKOHOMEPHOCTEN MH/IVKLIMM MYTALIMI HA Pas-
JIMYHBIX CTA/IMAX CriepMaTorenesa, [pu 31om vacrora my-
TALHIT Y TOTOMKOB, 34aThiX Yepe3 3 Hel 1ocie 00/IvVaeH s,
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TABLE 1
MUTATION RATES IN OFFSPRING OF CONTROL AND EXPOSED MICE MALES (FROM Y.E. DUBROVA et al., 1998)
TABJINLIA 1
YACTOTA MYTALIAIA CPEQN NOTOMCTBA KOHTPOMbHBIX 11 OBNYHEHHbBIX CAMLIOB MbILLEW (N0 Y.E. DUBROVA et al., 1998)
Dose, Stage No. of No. of Mutation rate in offspring *
Gy weeks couples | offspring Total” P-value” | Paternal”™” | P-value” | Maternal™” | P-value”
0 - 8 54 0.0123 (20) - 0.0556 (6) - 0.0463 (5) -
0.5 |Spermatogonia (6) 8 45 0.0193 (26) 01711 0.1333 (12) 0.0995 0.0667 (6) 0.7510
0.5 |Stem cells (10) 8 55 0.0248 (41) 0.0129 0.1455 (16) 0.0457 0.0545 (6) 0.9999
0.5 [6+10 weeks 16 100 0.0223 (67) 0.0198 0.1400 (28) 0.0325 0.0600 (12) 0.8280
1 |Spermatids (3) 10 62 0.0113 (21) 0.8930 0.0806 (10) 0.6267 0.0323 (4) 0.8285
1 |Spermatogonia (6) 12 73 0.0274 (60) 0.0015 0.2192 (32) 0.0003 0.0548 (8) 0.9978
1 |Stem cells (10) 5 25 0.0280 (21) 0.0134 0.2400 (12) 0.0026 0.0600 (3) 0.9831
1 |6+10 weeks 17 98 0.0276 (81) 0.0008 0.2245 (44) 0.0001 0.0561 (11) 0.9404
Notes. — Number of mutations is given in brackets. ~~— Total independent mutation number registered by probes 33.15, MMS10, Ms6-hm and Hm-2.
— Probability of difference from control group (Fisher's exact test, two-sided; statistically significant values are in bold type). ~ — Number of
paternal and maternal mutations registered by two single-locus probes Ms6-hm, Hm-2.
Mpumeyanna. * — B ckobkax NpuBeAEHD Yueno myTayui, ** — OOLIEEe YUCNO HE3aBUCHMBIX MYTALWA, BLIABNEHHBIX NPK nomowyn npod 33.15, MMS10,

MsB-hm u Hm-2. “** — BeposTHOCTL pasnu4muin Mo CPABHEHMIO C KOHTPONLHON rPYNNON (TOYHLIA ABYCTOPOHHWA KpUTEPUI DULLEPA; CTATUCTUHECKH
3HAYNMBIE BENU4WHBI BLIAENEHE! NONYKMPHBIM WPWGTOM). *** " — YUCN0 OTUOBCKMX W MATEPUHCKMX MYTaUMi, BLIABNEHHBIX NPU NOMOLWM Npood

Ms6-hm n Hm-2.

similar to that in the control group of non-exposed
couples, whereas irradiation of both pre-meiotic
stages resulted in a statistically significant increase
of mutation rates (table 1, figure 1a). Furthermore,
the stated mutation rate increase was mostly ex-
pressed for paternal mutations, as was expected af-
ter paternal exposure within the exact experiments
session. At the same time parental irradiation did not
affect the maternal mutations rate.

HE OTJIMYAIACH OT TAKOBOM B KOHTPOILHOM IPYIINIE HeOOTy-
YEHIBIX CEMET, TOIA KAK OBIYHEHNE Ha OOCHX [PEMCHOTH-
YECKHX CTAIMAX CHEPMATOICHE3a MPHBEIO K CTATHCTHYEC-
KM 3HAYUMOMY VBEJIMYEHHIO YACTOTH MYTALIM (CM. Tadsm-
uy 1, pucyHok 1a). Bonee Toro, vKazanHoe BO3PaCcTaHue
YACTOTHI MY TALMI ObUIO HAMOOJIECE BHIPAKEHO JYIsI OTIOBC-
KMX MYTALMA, YTO M OKHAATH TTOCIC OOIYICHMS CAMITOB B
JAHHOM CEPUM 3KCTIEPHMEHTOR. B 10 Ke Bpemsa odyueHue
CAMIIOB HE CKA3WIOCH HA HACTOTE MATEPUHCKHX MYTALHIL

FIGURE 1. MUTATION RATE IN MICE MINISATELLITE LOCI:
a — FREQUENCIES OF MUTATION IN OFFSPRING CONCEIVED 3, 6 AND 10 WEEKS FOLLOWING MALE ACUTE X-RAY EXPOSURE IN DOSE 1 Gy;
b — PATERNAL MUTATION FREQUENCY DEPENDENCE UPON PRE-MEIOTIC IRRADIATION DOSE;
IN ALL GRAPHS THE 95% CONFIDENCE INTERVALS VALUES FOR MUTATION RATES ARE SHOWN (DEFINED FROM POISSON DISTRIBUTION)

PUCYHOK 1. YAGTOTA MYTALMI B MUHW-CATENIUTHBIX NIOKYCAX MbILLEN:
a— YACTOTA MYTALWI CPEAV NOTOMKOB, 3A4ATbIX HEPE3 3, 6 11 10 HEJ] NOCIE OCTPOrO PEHTTEHOBCKOTO OBMY4EHWSA CAMLIOB B [I03E 1 Ip;
b — 3ABKCMMOCTL MEXKIY HACTOTOW OTLIOBCKUX MYTALIMIA W1 0301 NMPEMEMOTUHECKOrD OBMYYEHNS:
HA BCEX MPAGMKAX MPUBE/IEHBI 3HAYEHIS 95% [JOBEPUTENbHbIX MHTEPBAMOB [N YACTOThI MYTALWI,
ONPEJENEHHBIX HA OCHOBAHWW PACTIPELIENEHIS MYACCOHA
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According to several research data, using tradi-
tional systems for mutation registration in struc-
tural genes, male irradiation effectiveness in mice
has been compared after pre- and post-meiotic
irradiation (Searle A.G., 1974; Ehling U.H., Favor ],
1984). The results of conducted studies suggest
that pre-meiotic A -spermatogonia (6 weeks af-
ter exposure) are less sensitive to ionising radia-
tion, whereas the mutations maximal induction
is observed in post-meiotic spermatids
(3 weeks afterirradiation). Protein-coding genes
mutations induction effectiveness differences
within stated spermatogenesis stages are con-
nected with intensive reparations processes of
radio-induced DNA damage taking place in sper-
matogenesis pre-meiotic stages, in their turn al-
most absent after meiosis (Ehling U.H., Favor ].,
1984). At the same time mutation induction in
human minisatellites stipulated by non-targeted
events most probably occurs in diploid germ cells
(Jeffreys AJ., Neumann R., 1977). Thus, accord-
ing to our findings, induction of minisatellite
mutation by ionising radiation may be greatly
suppressed in post-meiotic spermatogenesis
phases contrary to that of protein-coding genes.
However, two recent publications data testify
mice minisatellite Pc-1 (Ms6-hm) high sensitivi-
ty to irradiation in spermatogenesis post-meiot-
ic stages (Sadamoto S. et al,, 1994; Fan Y.E et al.,
1995). At the same time, the named minisatellite
probe application revealed no mutation rate in-
crease among offspring conceived 3 weeks after
the males irradiation within spermatogenesis
post-meiotic stages, whereas the pre-meiotic ir-
radiation resulted in statistically significant 3.7-
fold increase in the paternal mutation rate. The
same pattern was traced for minisatellite Hm-2
and mutations registered by multi-locus probe
MMS10. Apart from this, stated results corre-
spond with our previous research data on muta-
tions induction presence at mice minisatellite
loci after males irradiation in spermatogenesis
pre-meiotic stages (Dubrova Y.E. et al., 1993).

Mutation
rate dose-response

No statistically significant differences were revealed
in mutation rates in offspring conceived 6 and 10
weeks after X-ray irradiation at dose 0.5 Gv. The
same result was obtained for scions of males ex-
posed to dose 1 Gy. Data for pre-meiotic irradiation
in spermatogonia (6 weeks) and stem cells stages
(10 weeks) were combined.

Both irradiation dose values caused a statistically sig-
nificant increase in mutation rate among offspring
(table 1, figure 1b). For mutation induction in mini-
satellite loci main parameters evaluation, we fitted
with linear regression the relationship between
the number of paternal mutations registered in
each offspring and paternal radiation dose

B pajie pador ahheKTHBHOCTL MOCT- U MPEMEHOTHYCCKO-
ro obayYeHus Ui CamiioB ObLIa CONMOCTARIEH MTPH T10-
MOIIM U3BECTHBIX CHCTEM YYETA MYTALHI B CTPYKTYPHBIX
re’ax muineit (Searle AG., 1974; Ehling U.H., Favor. ]., 1984).
Pesynsrarel MPoBE/IEHHBIX PA0OT CBHACTCILCTBYIOT O TOM,
YTO NPEMEHOTHYECKHE A, - CIIEPMATOIOHKH (6 HEJL IoCIIe
obyaenust) 061a1A10T MOHHKEHHOM YYBCTBHTEILHOCTHIO
K HOHU3HUPYIOITUM H3JIVUEHUAM, TOT/1d KAK MAKCHMAIbHAS
HHJIVKLFS MYTALAI HAOTIOAAETCs B TOCTMEHOTHYCCKUX
criepmatTn/iax (3 nen nocne odnydeHus ). Paznuyaus B ag-
(peKTHBHOCTH MHVKLIMM MVTALMI B CTPYKTYPHBIX I'CHAX
HA VKA3AHHBIX CTA/IMAX CIIEPMATOTCHESA CBA3AHBI C HHTECH-
CHBHBIMH ITPOLECCAMH PENAPALIMH PAJIHALTHOHHO-HH/TY-
[MPOBAHHBLIX NOBpexenuit JJHK, mpoucxoagmmmi Ha
MPEMEHOTHYCCKMX CTAMAX CIEPMATOIeHES, KOTOPDICE, B
CBOIO OYEPE/Ib, NPAKTHYCCKH OTCYTCTBYIOT ITOCIIC MEH03a
(Ehling U.H., Favor. J., 1984). B 10 %€ BpEMS MVTAIIMH B
MHUHM-CATEIUITMTHBIX JIOKVCAX YCTIOBCKA, OOVCIOBIACHHBIE
PEKOMOHHAITHOHHOMOIOOHBIMM COBBITHAMH, CKOPCE BCC-
IO MPOMCXOAAT MUIIb B AMTIIOWHBIX MOJOBBLIX KIETKAX
(Jeffreys A, Neumann R., 1997). CieioBaTenbHo, COrac-
HO HAMIHM JJAHHBIM, HHAVKIMSE MYTATHE B MUHA-CATEUTAT-
HBIX JIOKYCAX, B OTIIHYHE OT TAKOBOM JJIA CTPYKTVPHBIX I'€-
HOB, B 3HAYHUTCJILHOM CTENEHH PENPECCHPOBAHA Hi TOCT-
MEFOTHYECKHMX CTA/IHAX CriepMaToreHesa, OJIHAKO pesvilb-
TATHI, TPHBC/ICHHBIC B JIBYX HEJABHUX IYOJIHKALLMAX,
CBHIETCJILCTBYIOT O BBICOKOM YYBCTBHUTC/IBHOCTH MHHM-
caresuiuta Pe-1 (Ms6-hm) k oGiyaenio Ha nocTMernoTi-
YECKUX CTA/IMAX CTHIEPMATOrCHEe3a v Mbluei (Sadamoto S,
etal, 1994; Fan Y.Eet al, 1995). B 1o e Bpemst 11PH HCTIONb-
30BAHMH 3TOM )K€ MUHH-CATCIUTMTHON POOLI Mbl HE CMOT-
JI4 OOHAPYAKUTD YBEIHHUEHHS YACTOTHI MYTALIHIT V TTOTOM-
KOB, 3a44TBIX 4€pe3 3 HEJL MOCE OOAVUEHHS CAMILOB Ha
NOCTMEHOTHUYECKHUX CTAAMAX CIICPMATOTCHESA, TOITId KAK
MPEMEAOTHYCCKOE OOYUEHHE NPUBEIO K CTATUCTHYCCKH
3HAYHUMOMY 3,7-KPATHOMY VBEJIMYCHHIO HYACTOTBI OTIIOBC-
KMX MYTALHIL AHAIOTHYHAA 3AKOHOMEPHOCTh MPOCTCHKE -
Ha JUTs MUHH-CATE/UTUTa HM-2 1 MyTaLHH, BLIABACHHBIX
MPH MOMOIIH TTOIHIOKYCHOM TPpodn MMS 10, Kpome Toro,
STH PE3YIBTATE COOTBETCTBYIOT HAITMM JAaHHBIM OTHOCH-
TEABHO MHAYKLIHHM MYTALMIA B MHHH-CATE/UTMTHBIX JIOKY-
CAX MBIITIEH 1TOC/IC OOIVHCHMS CAMIIOB HA IIPEMEHOTHYEC-
KHX CTa/inax criepmarorenesa (Dubrova YE et al, 1993),

3aBHCHMOCTH MEXK/TY 1030 00 TyUeHHA

H 9aCTOTOH MYTALIHH

B uacrore myratuit y OTOMKOB, 3a4aThIX 4epes 6 u 10 nejy
MOCIIE PEHTTCHOBCKOrO 0turyaeHms B103¢ 0,5 Ip, cratieTi-
YCCKH 3HAYUMBIX PAIHYHIA HE BBISIBJICHO, AHAIOIHYHBIT
PEVABTAT BB TOIYHCH /YIS TIOTOMKOB CaMLIOB, ITOJIVIHBITIX
Josy | I'p. TloaroMy yist AAUIBHERIETO AHTN3A JIAHHBIC [
MPEMEHOTHYECKOTO OOIVYECHHUS HA CTA/IMAX CHEPMATOTOHHIT
(6 HEe) M CTBONOBLIX KIETOK (10 Hejt) 66U OO BEIMHEHDI,

O6e 10361 O6YHEHHA BBI3BAIN CTATHCTHYECKH 3HAYHMOE
YBEJIHUCHUE YACTOTHI MYTALIMA Y HOTOMKOB (CM. TA0aMITY
1, pucyHOK 16). L5t OLEHKH OCHOBHBIX MAPAMCTPOB M-
JAYKLMH MYTAalHi B MUHH-CATC/UIMTHBIX JIOKYCAX 3dBHCH-
MOCTB MCHKIY YHCIOM OTHOBCKHX MYTALLHI Y KBK/I0I'O 110~
TOMKA H POJANTENLCKOM 10301 00JIy4eHHs ObUTa ATIITPOK-
CHMHPOBAHA TUHEHHOM perpeccuert (1=0,111+0,338D;,
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(y=0.11114+0.3379D; F(1/250)=15.2; P=0.0001,
where y — mutations number, D — paternal dose).
Further, using spontaneous parental mutations rate
(6/54=0.1111, table 1) and linear regression equa-
tion factor reflecting mutations induction effective-
ness after acute X-ray exposure (0.338+0.087 Gy—')
-the doubling dose value for minisatellite loci muta-
tion was revealed as0.111/0.338=0.33 Gy (95% con-
fidence interval 0.06—0.75 Gy). Named value is close
to that obtained using the Russel’s test (0.34 Gy, 95%
confidence interval 0.06-0.5 Gy), taking stock of
protein-coding genes mutations in mice (Sear-
le AG., 1974). However, statistically significant evi-
dence for mutation induction at minisatellite loci
was obtained here by analysis of 252 offspring of
exposed and control group animals, whereas other
mice mutations registration systems require thou-
sands or even hundreds of thousands of scion stud-
ies (Searle A.G., 1974). For comparison: research for
mutation induction study with the above — men-
tioned Russel’s test (those results are at present con-
sidered as mice radiation genetics’ “golden stan-
dard”) are required to involve more than a million
offspring of exposed and control animals (Sear-
le A.G., 1974).

In other words, our research results once more re-
vealed the unique advantage of minisatellite DNA
for monitoring — opportunity of mutations chang-
es adequate registration within extremely scanty
statistical samples (Dubrova Y.E. et al, 1993;1996;
1997). Furthermore, in all previous studies conduct-
ed with mice structural genes mutations screening
traditional approaches, the mutation induction was
estimated under high acute exposure doses (3—
6 Gy) (Searle A.G,, 1974).

In its turn, the high frequencies of spontancous and
induced mutations at minisatellite loci enable effec-
tive evaluation of mutation induction regularities
within low and medium doses range (0.5—-1 Gy) that
was not studied in mice radiation genetics carlier.

HUMAN MINISATELLITE LOCI
MUTATION RATE AFTER THE CHNPP
ACCIDENT

Population study groups and mutation
registration

Blood samples were collected from 127 complete
families (father, mother, child) inhabiting the heavi-
ly radionuclide contaminated rural areas of the Be-
larussian Mogilev province (Dubrova Y.E.etal, 1996;
1997). All the children involved in analysis were
born between February and September 1994 in
families continuously resident in contaminated re-
gions of Mogilev province. As a control sample the
120 specimens of non-irradiated Caucasian fami-
lies resident within the United Kingdom territory
were used, Mutations in families were registered
with multi-locus probes 33.15 and 33.6 (Jeffreys AJ.
et al, 1985) and 6 independent single-locus probes

F(1/250)=15,2; p=0,0001, rje y — uncno myrauui, D — po-
JIUTEIBCKAA J1034). B AanbHEAIIEM, MCTIONB3YA HACTOTY CIIOH-
TAHHBIX OTIIOBCKHUX MyTattnet (6/54=0,111, cm. Tadauity 1)
1 KOPPHUIMEHT YPABHEHUS JIMHEHHOM PErpPeccHu, OTPa-
HKAIOMIMI A(DPEKTUBHOCTD HHIYKLIMH MY TALHHI 1TOC/IE OCT-
poro peHTreHoBckoro obmydeHus (0,338+0,087 I'p '), Mul
ONPEICITAIIN 3HAYEHHE YBAUBAIONIEH [I03bI U MyTALIMI B
MUHU-CATEIUIATHBIX JTJOKycax Kak 0,111/0,338=0,33I'p (95%
JoBepuTenbibil urrepsat 0,06-0,75 Ip). Dra BemanHa
613K K TAKOBOF, MOJVHEHHOF 1TPH nomottu recra Pacce-
5108 (0,34 ['p, 95% aosepurestbil nratepewt 0,06-0,5 I'p),
VUHUTBIBAIOMIETO MYTALIUHM B CTPYKTYPHBIX IEHAX MbIIIEH
(Searle A.G., 1974). OjHaKO CTATUCTHYCCKH 3HAYHMMDIC CBH-
JIETEILCTBA MHAYKIIMH MYTALHA B MUHW-CATC/UIMTHBIX JIO-
KyCax ObUIM NOMYYCHBI ITPH aHUTH3E 252 NOTOMKOB 00Ty~
YEHHBIX U KOHTPOJIbHBIX AKMBOTHBIX, TOIVIA KAK MCIIOIL30-
BAHHE MHBIX CHCTEM YYETA MYTALIAI Y MBIIICH TTPEANIONAracT
H3YYECHHE THICAY M JIKE COTEH THICHY TOTOMKOB (Searle A G,
1974), inst cpasHeHust: padoThl [0 U3VICHHIO MHVKITHH
MYTALHMH [TPH MTOMOIIH YIIOMSHYTOr'o TecTa Paccenos, pe-
3VJIBTATHI KOTOPBIX B HACTOAIIIEE BPEMS PACCMATPHUBAIOT B
KAYeCTRE “30/10T0ro cranapra’” Jyis pajiHaliHoOHHOM I'eHe-
THKH MBIIICH, MOTPESOBLIM H3yueHMs H0JIee MHJUTHOHA
MOTOMKOB OONYHYCHHBIX M KOHTPOJbHBIX JKHBOTHBIX
(Searle AG., 1974).

MHBIMH CJIOBAMH, PE3YJIBTATHI HAICH pabOThI €1MIE Pas 1mo-
KA34JT1 VHUKUILHOE TTPEUMYIILECTBO MUHHU-CATC/UIHTHON
JHK [uist MOHMTOPHHIA — BO3MOKHOCTD d/IEKBATHO PETrU-
CTPHUPOBATL U3MEHCHUA YACTOTBI MVTALWI B Npe/Ieiax
KPafiHe MaJlourciIeHHbiX Bpibopok (Dubrova YE. et al,
1993; 1996; 1997). Bosee TOro, BO BCEX MPELIAVIINX Pa-
BOTAX, BBINOIHEHHBIX C MCIOIB30BAHUEM TPATAITHOHHBIX
HOJIXOA0B K CKPHUHUHIY MYTALIUH B CTPYKTYPHBIX I'CHAX V
MBIIIEH, MCCICAOBUIA MHAYKIIMIO MYTAIMI [IPH BHICOKHX
Jl03ax ocrporo obnydenus (3—6 I'p) (Searle A.G., 1974).

B CBOIO O4EPE/1h, BRICOKAS YACTOTA CIIOHTAHHBIX M HH/IVIIH-
POBAHHBIX MYTALIMI B MUHH-CATEILTHTHBLIX JIOKYCAX TO3BO-
JIET HAJICKHO ONPEACTATD 3AKOHOMEPHOCTH HH/IYKITHH
MYTALMI B UHTEPBAIC MAILIX U cpeHmx 103 (0,5—11Tp), pa-
HEE HE M3YYABHINXCH B PAAUALMOHHON FEHECTHKE MbIIIETT.

YACTOTA MYTAIIUH B
MHUHH-CATE/UTHTHBIX JIOKYCAX
YETOBEKA ITOC/IE ABAPHH HA YADC

Hccne0BAHHBIF KOHTHHI'CHT

M y4eT MYTALHA

O6pasipl KpoBr OT 127 MOAHBIX CEMEH (OTe—MaTh—
pebeHoK) 6bUTH COOPAHDI B CEJILCKUX pernoHax Moruies-
CKoi obnactu benapycu, CYyIECTBEHHO 3arPA3BHEHHDbIX
PAAMOHVKINAAMH B peayiavrare asapun na YADC
(Dubrova Y.E. et al, 1996; 1997). Bce BKIIOYEHHBIE B aHA-
JIM3 JIETH POJAMIACH HA MPOTSHKEHUH AHBAPA—CEHTAOPA
1994 1. B CEMBAX, NOCTOANHO [POMKUBABIITNX B 3arPsA3HCH-
HBIX PErHOHaX MOrHeBCKOM 00JIACTH. B KAUeCTBE KOHT-
POJNBLHON BHIDOPKH MBI MUCITOJIB30BAJIM 06PA3ILLl KPOBH,
nojydeHabie o1 120 HeoGay4eHHBIX EBPONCONIHBIX Ce-
MEI, IPOKUBAIOIMINX HA TEPPUTOPUH BETHKOOPHTAHHH.
MyTanmu B CEMbAX YYUTLIBAIN MTPH MOMOIIH HOJIMIOKYC-
HBIX TTPO6 33.15 1 33.6 (Jeffreys AJ. et al, 1985) u 6 Hesa-
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B6.7, CEB1, CEB15, CEB25, CEB36 and MS32, char-
acteristic with their relatively high spontaneous mu-
tation rate (Jeffreys AJ. et al,, 1988; Vergnaud G.
et al, 1991; Olaisen B. et al,, 1993, and J. Vanyet —
unpublished data).

Mutation rate

Here the three independent estimates of mutation
rate are presented received under minisatellite
probes application, revealing DNA minisatellite
fractions independent set (table 2). So, using multi-
locus probe 33.15, a statistically significant two-fold
increase in minisatellite mutation frequency was
revealed within the Mogilev province families sam-
ple. A similar result was obtained by means of an-
other multi-locus probe —33.6. Apart from that, the
average frequency of mutations revealed with 6 sin-
gle-locus probes in the exposed families sample,
also statistically significantly exceeded the respec-
tive index in the control group. As a result after com-
bination of all minisatellite probes received data the
integral rate of minisatellite mutations was estimat-
ed (table 2), that among Mogilev province sample
highly with statistical significance exceeding respec-
tive data from the control group.

The increased mutation rate found in the Mogi-
lev province sample can be stipulated both by ge-
netic and environmental factors. The data ob-
tained in present work enable rejection of the hy-
pothesis that stated mutation rate increase is
connected to the minisatellite loci with unusu-
ally high spontaneous mutation rates existente
in the Belorussian population. The wide number
of independent minisatellite probes application
results conclusively proved the increased muta-
tions rate inherent in minisatellites by an over-
whelming majority and therefore, integral mu-
tations rate growth cannot be stipulated by sin-
gle extremely unstable locus contribution. Thus,
the environmental mutagens impact on the Mo-

BHUCHMBIX MOHOJIOKYCHBIX npo6 B6.7, CEB1, CEBI15,
CEB25, CEB36 1 MS32, jy1s1 KOTOPBIX XapaKkTepHa Kpaii-
HE BBICOKAS YACTOTA CIIOHTAHHBIX MyTauuii (Jeffrevs A .
et al, 1988; Vergnaud G. et al,, 1991; Olaisen B. et al,, 1993
n JIk. Banbe — HEONYOIUKOBAHHBIC JIAHHBIC).

Yacrora MyTalui

B nacrosmen padoTe NpHBEIEHB! TPH HE31BHCHMBbIE
OLIEHKH YACTOTELI MYTALMI, [OJIYYEHHBIE [TPH UCTIONL30-
BAHHMH MHHH-CATEIUTUTHBIX MPOO, BHISBIAIONINX HE3ABH-
CHMBIF HAG0p MUHH-CATe/TMTHBIX (ppakiyit JIHK (1a6-
Jsnua 2). Tak, HCIIoab3yA MOJMHIIOKYCHYIO POy 33.15, B
npejaeaax BpiDOPKH ceMen n3 MornaeBcKon od1acTH
OBbL10 OOHAPYKEHO CTATHCTHYECKH 3HAYMMOE JIBYKPaT-
HOE YBEJIMYEHHE YACTOTBI MUHN-CATEC/UTMTHBIX MY TALLHIT.
CxoaHbii pesyasraT GbUl NOIYYeH TTPH TTOMOIIH JAPYTOF
MOJIMJIOKYCHOM [TPO6bE — 33.0. KpoMe Toro, cpe/isis Jac-
TOTA MYTALIMH, BBIABICHHBIX MPH NOMOIIN O MOHOJIOKYC-
HBIX [TPOG B OBIYHEHHO BBIOOPKE CEMEM, TAIDKE CTATHC-
THYECKH 3HAYUMO MPEBLIIAIL TAKOBYIO B KOHTPOJIBHOM
rpyrre. B urore, 06beIMHAB JAHHBIC 10 BCCM MHHH-CA-
TEUTUTHBIM ITPOHAM, MbI OLIEHHIH OBIIVIO YACTOTY MHUHH-
CATEJUTHTHBIX MYTALIHH (CM, TaB/IULLy 2), KOTOPAst B BLIOOP-
K€ 13 MOrmIeBCKon OGIACTH BBICOKO CTATHCTUYCCKH 3H-
YHMO MPEBBIIAIA TAKOBYIO B KOHTPOJILHOM IPYIIIIE.

[TOBBIIEHHIS YACTOTA MUHH-CATECIUIMTHBIX MYTALHI B Bbl-
BOpKE M3 MOIMICBCKOH OGJIACTH MOKET ObITh OOYC/IORIEHA
KAK FeHETHYECKHUMHE, TAK M CPEIOBLIMU (hakTopaMu. [Tomy-
YEHHbIE B HACTOANICH paboTe PEe3yABTATh MO3BOJAIOT
OTBEPTHYTH TUIOTE3Y O TOM, YTO YKAZAHHOE YBETHYEHNE Ha-
CTOTBI MYTALMH CBA3AHO ¢ HAUTMYMEM B TTPE/ICIIAX OEIOpYC-
CKOH MOIYJISILIUKA HECKOJIBKHX MUHH-CATEJUIMTHBIX JIOKYCOB
€ HEOOBMAMHO BBICOKOM YACTOTOM CIOHTAHHBIX MVTALMIL
HMcnons3osaHue SOALIIONO YU HE3ABUCHMBIX MHHH-Ca-
TEJUIHTHBIX NPOO YOEIMTETLHO MOKAZAI0, YTO MOBLILICHHAS
HACTOTA MYTALMI PHCYITA HOAARBIONIEMY OOBLITMHCTBY
MHHH-CATEIUIMTOR W, CIEJAOBATEILHO, YBEJIMUECHHE OOLIECH
YACTOTBI MYTALIMI HE MOMKET ObITh OOYCIOBICHO BKJIAIOM
EAMHHYHOIO YPE3BLIYAMHO HECTAOMILHOIO JIOKYCA. Takum
00PA3OM, HAMBOIEE BEPOSTHON HPHUYHMHOM 9TOIO ABIACTCS

TABLE 2
MUTATION RATES AMONG CONTROL AND EXPOSED PARENTS OFFSPRING (FROM Y.E.DUBROVA et al., 1997)
TABNNLA 2
YACTOTA MYTALIWI CPEAW NOTOMKOB KOHTPOSbHBIX W OBNYHEHHBIX POQWTENEN (MO Y.E. DUBROVA et al., 1997)
Probe Control group Exposed group Exposed to control ratio
No. of families Mutation rate’ No. of families Mutation rate’ P

33.15 105 0.0100 (19) 127 0.0198 (44) 1.98 0.0073
336 105 0.0060 (15) 127 0.0104 (31) 1.73 0.0499
B6.7 109 0.0229 (5) 125 0.0440 (11) 1.92 0.1917
CEB1 109 0.0734 (16) 125 0.1120 (28) 1.53 0.0927
CEB15 109 0.0184 (4) 125 0.0280 (7) 1.53 0.3880
CEB25 109 0.0138 (3) 125 0.0480 (12) 3.49 0.0470
CEB36 109 0.0092 (2) 125 0.0160 (4) 1.74 0.5319
MS32 109 0.0138 (3) 125 0.0080 (2) 0.58 0.5790
Total (6 loci) 109 0.0252 (33) 125 0.0427 (64) 1.69 0.0067
Total ™ 94 0.0110 (56) 125 0.0206 (136) 1.87 253+10°
Notes."— Number of mutations is given in brackets. " — Probability of difference from the control group (Fisher’s exact test, two-sided; statistically

significant values are in bold type).

— Total independent mutation number registered by probes 33.15, 33.6, B6.7, CEB1, 15, 25, 36 and MS32.

Mpumeyanun. * — B ckobkax npPeAcTAaBNEHO YMCNO MYTauwi; ** — BepoATHOCTL PasnUyuii N0 CPABHEHWIO C KOHTPONLHOW rpynnol (TOYHbIA

[BYCTOPOHHMA KpuTEpUiA DULIEPa; CTATUCTMHECKM 3HAYMMBIE BENMYMHLI BbILENEHb! NONYXKMAPHLIM LPWTHTOM). ***

MYTaLMiA, BbIABAEHHBIX NPW Nomowm npo6 33.15, 33.6, B6.7, CEB1, 15, 25, 36 n MS32.

— 06uiee 4MCNO HE3ABUCHMBIX
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gilev province families sample is the most prob-
able reason here.

Chronic radiation exposure doses
and mutation rate

The Chernobyl accident led to an unprecedented
release of a wide number of radioactive materials
throughout the whole Northern Hemisphere par-
ticularly within the European part of the former
Soviet Union (Anspaugh LR.etal., 1988;IAEA, 1991).
Within first two months after the accident, '*'l with
a half-life of 8 days was the main source of radiation
danger (IAEA, 1991; Kenigsberg Ya.l, Minenko VF,
1994). Following '*'I decay, the contaminated re-
gions population was exposed to low-dose chron-
ic internal and external irradiation from more long-
living isotopes '""Cs and *Sr (IAEA, 1991). Internal
irradiation from radioactive '*'I has already led to a
multi-fold increase in thyroid cancer incudence
among Belarus and Ukraine population (Kazakov
VS etal, 1992; Likhtarev LA. etal,, 1995). The chron-
ic radiation exposure has also affected the somatic
mutation frequency (chromosomal aberrationsand
gene mutations) among rural populations of some
most contaminated regions (Botchkov N.P, 1993;
Jensen RH. et al., 1995).

Our previous study revealed the minisatellite loci
mutation rate within families sample from Mogi-
lev province correlation with the '7Cs soil surface
contamination density (Dubrova Y.E. et al., 1996).
The revealed correlation provided important evi-
dence for increased mutation rate in the Belorus-
sian sample connected to ionising radiation im-
pact. Nevertheless further research is required fo-
cused on chronic doses reconstruction within
involved family groups. Therefore in the present
study we applied the published estimation values
of average yearly 'Cs internal and external irradi-
ation doses for the Belarus population (Drozdo-
vich V.V, et al,, 1989). Those are based upon named
radionuclide numerous measurements of concen-
tration in soil and milk of Mogilev province ma-
jority settlements. For every involved parent re-
spective residence places after ChNPP accident
were identified according to an individual ques-
tionnaire. The data received enabled us to estimate
the personal absorbed dose of chronic irradiation
from "Cs from the time of the accident up to the
conception of the child. The family dose value was
used in the present work as respective haternal and
maternal doses average value,

The mean dose for all the studied families consti-
tuted 27.6+3.3mSv. According to respective distri-
bution median value (19.7mSv) the involved fami-
lies were divided in two groups: the less severely
exposed (dose <20mSv) and exposed to more high
dose of chronic irradiation (>20mSv). The minisat-
ellite loci mutation rate (probes 33.15, 33.6, BG.7,
CEB1, CEB15, CEB25, CEB36 and MS32) was esti-

BOZ/ICHCTBUE HA BLIDOPKY ceMer M3 MOrHneBCKom Odiactm
MYTAreHHBIX (PAKTOPOB OKPY/KAIOIIEHN CPEIbL

J03b1 XPOHHYECKOTO O0IydeHHsA

H 9aCTOTAa MYyTALHH

Apapus Ha YADC npusesia K 6ecrperLc/icHTHOMY BbIOpoOCy
BOJIBLINOIo YHCIIa PAJIHOAKTUBHBIX JIEMEHTOB BO BeceM Ce-
BEPHOM TMOJIYIIAPHH, B OCOBEHHOCTH HA TEPPUTOPHUN EB-
ponefckoft yactu onBiero CCCP (Anspaugh LR. et al,
1988; IAEA, 1991). Ha npoOTsSKEHHH NEPBLIX JIBYX MECALICH
MOCE ABAPUH OCHOBHBIM HCTOYHUKOM PaHMAIIMOHHON
OMACHOCTH OB '] ¢ mepuoAOM noaypacnajia 8 JHEeH
(IAEA, 1991; Kenurcbepr .M., Munenko B.@., 1994). [1oc-
JIE pacna/ia pajimoaKTHBHOIO HO/1d HACE/ICHHE 3aIrPA3HEH-
HbIX PEIMOHOB IMOJBEPITIOCH HU3KO/030BOMY XpPOHHYEC-
KOMY BHYTPEHHEMY M BHCIITHEMY OOJIYYCHHIO, C(hOPMHPO-
BABIIEMYCH 34 CUET BOJEE JONTOKHBYIIMX U30TONOB 'Cs
1 ?'Sr (IAEA, 1991). Bayrpeniice obaydeHIC OT PaIHOdK-
THUBHOTO '*'] K€ MPUBEIO K MHOTOKPATHOMY BO3PACTAHMIO
3a00JIEBAEMOCTH HACEIEHHsA Bentapycn v YKpautbl pakom
muToBHaHON keesnl (Kazakov VS, et al, 1992; Likhta-
rev LA. et al,, 1995). XpoHHYECKOE PAJHMALIMOHHOE BO3/ICH-
CTBHE TAKKE CKAZAIOCH HA YACTOTE COMATHYCCKHUX MYTa-
LM (XPOMOCOMHBIC a0€PPAIHH U TEHHBIC MYTALIMH) CPe-
JIM CEJILCKOT'O HACEJIEHUS PA/ia HAMOOJIEE 3aAIPASHEHHBIX
pernoHos (boukos HIL, 1993; Jensen RH. et al,, 1995).

B Hamem npeibyyieM HCCIeI0BAHHN B IPEICIax BeIOop-
KM ceMel M3 MOTrWIeBCKOM 0B1aCTH ObUT BLIBJICHA KOP-
PENALIHS MEK/TY YACTOTOH MYTALMI B MUHH-CATE/UTMTHLIX
JIOKYCaX M YPOBHEM 3arpsstenus nousst 'Cs (Dubrova YE,
etal, 1996). OGHAPYKEHHAS 3aBUCHMOCTh MOCIVAKIITA BAK-
HBIM CBH/IETEILCTBOM TOMY, YTO MOBBIIIEHHAS YACTOTA MY-
TALME B 6ETOPYCCKON BLIOOPKE CBA3AHA C JICHCTBHCM HOHW-
SUPYIOMINX U3NTydeHHE. TeM He MeHee, HEOOXO/IUMBbI 1AJTb-
HEHIIME MCCIEOBAHMA, HATIPABJIEHHBIEC HA PEKOHCTPYK-
LHIO /103 XPOHHYECKOro OO6JaydeHHs B 1peaeiax
PACCMOTPEHHOM rPyIIbl ceMe. [ToaToMy B HACTOSIIECH Pa-
60TE MbI HCITOJIL30BAIN OITYOIIMKOBAHHBIC OLICHKH CPETHHAX
FO/IMYHBIX /103 BHYTPEHHETO M BHELIHETO OOIY4EHHA HACE-
nernns Benapycun 'Y'Cs (Iposnosiy B.B. 1 coasrt, 1989). Onun
OCHOBAHBI Hd MHOTOYHCIEHHBIX M3MEPEHHAX KOHIEHTPA-
LMK 3TOrO PAMOHYKIN/A B MOYBE U MOJIOKE B OOJIBINTHH-
CTBE HACEJICHHBIX NYHKTOB Mormiesckoi obaacti. Ha oc-
HOBAHHH MHIUBH/IYILHOI'O OTIPOCA /YIS KAK/IOrO POJIATE-
Jist B 06CHEIOBAHHON BBIGOPKE ObUIM YCTAHOBJICHBI MECTA
MPOXKUBAHKMS TIOCJIC aBapuH Ha YADC, DTH JaHHBIC TO3BO-
JIWUTH OLIEHHTH HHUBH/IYUIbHYIO HAKOIUICHHYIO JIO3Y XPO-
HHUYECKOro obIydeHms 1o ''Cs ¢ MOMEHTA aBApHH J10 3a4a-
THsI pebeHKa. B paboTte Mbl UCTIOJIL30BAIM BEJTMUMHY CEMET-
HO¥ J103bl, ONPEAENICHHYIO KAK CPETHCE 3HAYCHHE COOTBET-
CTBYIOITHX /103 /I8 OTIId ¥ MATEPH.

CpeaHsas 1034 U1 BCEX HCCIEIOBAHHBIX CEMCH COCTABHIA
27,6£3,3 m38. [10 3HAYEHHIO ME/IHAHBI COOTBETCTBYIOIIE-
ro pacnpejaeiacaus (19,7 M38) 006CEOBAHHBIE CEMbH
OBUIM PACIIPEEIEHDB! HA JIBE IPYIITLL: MEHEE OOJy4CHHBIC
(n03a <20 M3B) ¥ NOMYYHBIITHE OONBINYIO JO3Y XpOHHYec-
Koro odnyuenns (>20 m3B). B o6eux rpynmax 6suia onpe-
AECHA YACTOTA MYTALMA B MHUHH-CATEJUIHTHBIX JIOKYCaX
(npobsl 33.15, 33.6, B6.7, CEB1, CEB15, CEB25, CEB36 1
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mated in both groups. The mutation rate in fami-
lies exposed to higher chronic irradiation doses oc-
cur 1.35 times over than that among those less ex-
posed, and both values statistically significantly ex-
ceeded the respective figures for the control group
(p=3.03+10"° and 0.003, respectively according to
exact unilateral Fisher criterion; figure 2). The re-
vealed correlation indicates that minisatellite loci
increased mutation rate, registered within families
sample from Mogilev province most probably is
connected to ionising radiation impact.

[t should be noted that these data reflect one of the
components among human radiation impact on
population of regions affected after the ChNPP ac-
cident. The published estimates of individual radia-
tion doses for the Belarus population are strongly
correlated with the soil surface contamination val-
ue by 'Cs and to a lesser extent — with that of ra-
dionuclide concentration in milk (Dubrova Y.E.
et al, 1997). Therefore, in most cases the chronic
exposure doses for populations can be relatively
precisely reconstructed according to the level of soil
surface '""Cs contamination — the approach ap-
plied in our previous publication (Dubrova Y.E.
et al., 1990). The strong positive correlation is
present between the “Cs, 'l and "Sr concentra-
tions, i.e. radionuclides with main contribution in
population radiation exposure (Pitkevich VA. et al,
19906; Dubrova Y.E. et al., 1997).

Thus, the present study data provide the first ex-
perimental evidence of human germline mutation
rate increase under ionising radiation impact. Also

MS32). [Ipu 3T1OM 4aCTOTA MYTALIUA B CEMbBX, [TOJIVUHB-
X BOMBIIYIO 03y XPOHHYECKOTO OBIVUEHMS, OKA3WIACh
B 1,35 pasa Bble TAKOBOH Y MEHEE OOJIVICHHbIX, H 06€ Be-
JIUYUMHBL CTATHCTHYECKH 3HAYHMO MTPEBBITTTH AHLIOHY-
HOE 3HAYEHHE B KOHTPOJIBHOIT rpymme (p=303¢10 " n
0,003 COOTBETCTBEHHO 1O TOYHOMY OJHOCTOPOHHEMY
KpuTepHio Guinepa; pucyHoOK 2). BesiBiaeHHas KOppesis-
LIHA TTOKASBIBACT, YTO MOBBIICHHAN YaCTOTA MYTALMI B
MHHH-CATC/UITHTHBIX JIOKYCAX, VCTAHOBJICHHAA B HIPE/IC/IAX
BLIDOPKH ceME M3 MOIIEBCKOM OO/1ACTH, Hanbojee Be-
POSTHO CBA3AHA € ACHCTBHEM HOHH3HUPVIOIHX H3TVUCHHL

HeoOX0 MO OTMETHTD, YTO ITH JTAHHBIC OTPALKAIOT O/THH
M3 MHOTOYHCACHHBIX KOMIIOHCHTOB PAJAHAIIHOHHOIO
BO3JJICHCTBHSA HA HACEJIEHHUE PErMOHOB, TOCTPA/IABIINX B
peavisrare asapun Ha HADC, OnySiHKOBaHHBIE OLEHKH
JIO3 Jyist HacesaeHus benapycn CHIbHO KOPPCAHPVIOT ¢
VPOBHEM 3arpa3HeHms nousbl Cs 1, B MEHbBIICH CTEIe-
HHM — € KOHLCHTPALUEH 3TOIO PAAHMOHVKIIIIA B MOJIOKE
(Dubrova Y.E. et al,, 1997). Cieposarenbio, B 60bITHH-
CTBE CJIYYAEB JI03bl XPOHHYECKOTO OOJIyHEHHsA JUIs Hace-
JIEHHSI MOTVT ObITh OTHOCHTEJIBHO TOUHO PEKOHCTPYHPO-
BaHbl Hd OCHOBAHHM JIAHHBIX 00 YPOBHE 3arPs3HCHNA
MECTHOCTH 'Cs —1oAX0/1, UCTTOJIL30BAHHBIN B HAIIEH
npeasytyinest nybaumkamn (Dubrova Y.E. et al., 19906).
KpoMe Toro, CymecTByeT CHIIbHAS MOJOMKHUTEILHAA KOP-
pessitms MeKTy KoHuenTpauuamn Cs, P n Y'Sr — pa-
JHOHYKJIHJIOB, BHECIHITHX OCHOBHOM BKJIAJ| B PA/IHATIHOH-
HYIO Harpysky jJuis nacesenus (Pitkevich VA et al, 1996;
Dubrova Y.E. et al, 1997).

Takum 06[):1301\1,,1'].211 [HBIC HACTOHALICTO MCCACIOBAHISA ABJIA~
HOTCH NEPBRIMH IKCTICPHMCHTUIIBHBIMH CBIJICTCIILCTBAMM
TOMY, YTO HOHH3HPYIOIHAC H3JTYYCHHA TTPHBOIMT K VBCIIH-

FIGURE 2. PARENTAL CHRONIC IRRADIATION DOSES FROM '*'Cs AND MINISATELLITE MUTATION RATE IN HUMANS.
THE PROBABILITIES OF DIFFERENCES BETWEEN NEXT GROUPS (FISHER'S EXACT TEST, ONE-TAILED) AND THE 95% CONFIDENCE
INTERVALS VALUES FOR MUTATION RATES, ARE SHOWN

PUCYHOK 2. [103bl XPOHWHECKOr0 OBNYHEHWA PE}JJMTEHEI?I 137Cs 1 YACTOTA MYTALIAN B MIHW-CATENNUTHBIX NOKYCAX HEMOBEKA.
HA TPA®UKE NPUBEAEHBI BEPOATHOCTU PA3NNYAV MEXAY COCEAHUMI MPYNMNAMIA (OAHOCTOPOHHIN TO4HBIN KPUTEPWA GULLIEPA)
W 3HAHEHWA 95% OOBEPUTENBHLIX WHTEPBANIOB ANA YACTOT MYTALWI

0.035
0.03
0.025

0.02

Mutation rate (95% Cl)

0.015

0.01

0.005
Control

<20 mSv > 20 mSv

Parental dose (mSv)

97



Dubrova et al. / International Journal of Radiation Medicine 1999, 1 (1): 90-100

worth our attention is the fact that wide-scale re-
search carried out among Hiroshima and Nagasa-
ki atomic bombing survivors has not provided
evidence for any statistically significant differenc-
es in mutation rate between exposed and control
families Neel J.V. et al, 1990). Our data were ob-
-tained under a new monitoring approach based
upon hypervariable minisatellite loci use with a
extraordinarily high spontaneous mutation rate.
Since the minisatellite DNA mutations frequency
is a thousand times higher than that among pro-
tein-coding genes, the study of low family num-
ber enables wide mutations amount detection
and respectively relatively easy analysis of the mu-
tation race of occurring changes. Nevertheless it's
worth noting, that contrary to our data the mini-
satellite loci use failed to show evidence for dif-
ferences present in mutation events frequency
among offspring of parents irradiated after ato-
mic bombing in Hiroshima and Nagasaki (Kodia-
ra M. et al,, 1995). This can be related to several
factors. Firstly, the radiation impact character in
atomic bombing and the Chernobyl disaster is
fundamentally different. If the explosions in Hi-
roshima and Nagasaki led to short-time acute ra-
diation exposure of both cities’ residents, the po-
pulations of legions contaminated after the Cher-
nobyl accident were exposed to chronic irradia-
tion for many years. Secondly, the majority of
Japanese children examined for minisatellite loci
totality were born 10 years or more after the
atomic bombings (Kodiara M. et al., 1995). The
DNA structure radiation-induced alterations
could have been eliminated by reparation systems
over that period of time. On the other hand, po-
pulation resident within contaminated territories
after the Chernobyl accident are still permanent-
ly exposed to both external and internal irradia-
tion from various radionuclides.

CONCLUSION

The mutation induction regularities study in
minisatellite loci held within the present work
revealed the number of important aspects con-
nected with the stated system of possible appli-
cation for genetic monitoring. The ability of
minisatellites to increase the mutations frequen-
cy in response to genome damages induced by
ionising radiation within spermatogenesis pre-
meiotic stages, enables stated loci use for radia-
tion remote genetic consequences in human
populations similar to those after the Chernobyl
accident. Furthermore, we displayed that acute
radiation results in a linear increase of minisa-
tellite loci mutation rate, reliably detectable with-
in low and medium doses range, that was earlier
unavailable for analysis under traditional muta-
tion screening methods. The minisatellite loci
sensitivity to radiation impact (doubling dose)
is comparable to that for majority monitoring

YEHHIO YACTOTBI MYTAIIMI B MOJOBBIX KICTKAX YCJIOBEKA,
Cneayer OTMETUTD, YTO HIMPOKOMACIITAOHBIC MCCIICAOBA-
HHS, TPOBEJIEHHBIE CPE/IH MOTOMKOB POJIMTENIEH, OO/Iy4eH-
HbIX B PE3VIILTATE B3PbIBOB ATOMHbLIX 60MO B XHUPOCUME 1
Haracaxku, HE NO3BOMWIN BbISIBUTh 3HAYMMBbIC PA3JIMUMA
MEZKITY OOIYYEHHBIMH U KOHTPOILHBIMU ceMbaAMH (Neel ]V,
et al, 1990). Hamm aHnible ObUTH [NOAYYEHD IIPH NOMOIIL
HOBOTO IMOIX0/1d K MOHUTOPHUHIY, OCHOBAHHOTO HA MCTTOJIb-
30BAHIH THIEPBAPHAOEITBHBIX MHHH-CATE/UTHTHBIX JIOKYCOB
C HEOOBIYATHO BHICOKOM YaCTOTOM CHOHTAHHLIX MVTALIHL
[MTOCKOMBKY 4aCTOTA MYTALMIA B MHHH-caTe/unaTHon JIHK B
THICHYM PA3 HPEBLINACT TAKOBYIO JULH CTPYKTYPHLIX I'CHOB,
TO U3YUCHHUE HC3HAUMTC/ILHOIO UM CEMEN TO3BOJISCT Bbl-
SABIBITH BOMBLIIOE YUCIO MYTALMIA H, COOTBETCTBENHO, OTHO-
CHUTEILHO MPOCTO NPOAHUIMBHPOBATH NPONIOIIC/IIHNE M3-
MECHCHMS B MYTALIMOHHOM TeMmrie, Tem e menee caeyer
OTMETHTD, YTO B TTPOTUBONOJIOKHOCTD HAITHM JTAHHBIM HC-
MOJIB30BAHUE MHUHH-CATCIUTMTHBIX JIOKYCOB HE MO3BOINIIO
OBHAPYKHTH PASTHUMS B HACTOTE BCTPEYACMOCTH MY AL
CPE/In NOTOMKOB POJUTENICH, ODIVICHHBIX B PC3VIIBTATC
B3PBIBOB 4TOMHBIX 60MO B Xupocume n Haracaxn (Kodai-
ra M. et al., 1993). Dro MoKeT BbITh CBA3A110 € HECKOJILKMMH
pakropamu. Bo-nepseix, Xapakrep pajuaidoHHOIo BO3-
JICHCTBHS HA HACE/ICHWE NPH 6OMOAP/IMPOBKAX M 110CIE
YepHOOLUILCKOM KATACTPOMLI TPHHITHITHATLHO PDA3THYCH.
Ecmit B3ppiBbl 60MO B XMpOCHME H Haracakm npuseim K
OJIHOMOMEHTHOMY OCTPOMY OOIIVHCHHIO SKUTCICH 0DOMX
rOPOJIOB, TO MOCJIE aBapri Ha YADC HacesieHHe 3arpasHe-
HBIX PErMOHOB NOJIBEPITIOCH MHOTOJETHEMY XPOHHYCCKO-
MY OOIVHEHHIO. BO-BTOPbLIX. DOMBITMHCTBO ATIOHCKHX JICTCH,
MCCICOBAHHBIX 1O COBOKYNHOCTH MUHH-CATC/UI THBIX JIO-
KyCOB, pO/iHanch yepes 10 jer u fosee 1ociae B3pblBOB
(Kodaira M. et al, 1995). 314 310 BpeMs PIHAITHOHHO HHJIY-
LIMPOBAHHBIC MOBPEKAcHs B Crpykrype JIHK morjim 6prrb
JIMKBHJMPOBAHBI CUCTEMAMH pertapatui. CJIpyroi cropo-
Hbl, HACEJICHUE, TTPOKUBAIONICE MOCE aBapHM Ha YADC Ha
3ArPAZHEHHBIX TEPPHTOPUIX, JIO CHX 1TOP MOCTOSIHIO 110/1-
BEPIracTca BHCITHCMY W BHYTPCHHEMY OOJIYHCHHIO O Pa3-
JIMYHBIX PAAMOHYKIHJIOR,

SAKIIOYEHHE

M3yueHne 31KOHOMEPHOCTEH MHAYKIIMM MVTALMI B MHIH-
CATEJUIHTHBIX JIOKVCAX BHISIBIJIO PAJl BAKHBIX ACTIEKTOB, CBSI-
ZAHHBIX C BO3MOKHBLIM ITPHMEHEHIEM JIAHHOM CHCTEMBbI 15
IEHETUYECKOIO MOHUTOPHUHTA. TaK, CHOCOOHOCTH MUHH-
CATEIUIMTOB YBCIMUHBATH YACTOTY MYTAIMI B OTRET Ha 110-
BPCAJICHHA B T€HOME, HIJIYIIMPOBAHHbBIC HOHH3HPYIOIIH-
MM H3JIYHEHHAMH HA MPEMEHOTHYCCKHX CTAIHAX Criepma-
TOTCHE34, NO3BOSICT MCHOIBL30BATD JIAHHBIC JIOKYCHL JL151
M3YYEHMS OTAICHHbBIX TCHETHYCCKHX NOCICACTBII O0ITY-
HEHHSA HA MONMYALMAX YEJIOBEKA, CXO[AHBLIX C TAKOBLIMH
nocie aapun Ha YADC, bonee Toro, HaMH ObLIO MOKAZAHO,
YTO OCTPOE OBJIYHCHHE HPHBO/IMT K IMHEHHOMY BO3PACT-
HUIO YACTOTBI MYTALMIH B MHHW-CATCIUIMTHBIX JIOKYCAX, KO-
TOPOE HA/ICKHO BBSIBIICTCS B JIMANIA30HE MAILIX M CPEJI-
HUX /103, PAHEE HEJIOCTYITHBIX JYIA aHAIM32 TIPH UCTIONBL30-
BAHHH TPAAHITMOHHBIX METOIOB CKPUHMHTA MyTarmii. [Tpu
FTOM YYBCTBUTEIILHOCT MUHH-CATCIUIMTHBIX JIOKYCOB K Pa-
JHMALMOHHOMY BOBACHCTBHIO (Y/IBAMBAIOINIAA /1034) COTIOC-
TABUMA C TAKOBOM JYIs1 BOJBLITHHCTBA CHCTEM MOHHTOPWH-
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systems based on protein-coding genes mutation
registration. Therefore the radiation-stipulated
minisatellite loci mutation rate increase should
proportionately reflect the genome total damag-
es number, connected to environmental mu-
tagens impact, including ionising radiation. The
minisatellite loci mutations frequency respective
shifts are reliably registered within extremely
scanty samples of irradiated parents offspring.
That allows consideration of the highly-variable
minisatellite loci system as the most perspective
experimental approach to genetic monitoring in
human populations.
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