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Cytogenetic analvsis wiing the fTuorescence i situ fybridi -
sation (FISH) technigue was performed late time afier the
Chernobyl accident in groups of liguidarors, evacuees from 30
km exclusive gone, residents of radioactively confaminared
areas and contral donors age-marched fo exposed persons.
Stahle and unsiable chromosome type exchanges were record -
ed wsing a hybrid comventional-PAINT nomenclature. The
mean yield of stable chromaosome exchanges in liguidators did
nor correfate with registered radiation doses bt had a clear
negative dependence on the duretion of liguidators” staying in
Chernnbyl zore, that was in a pood agreement with early data
based on conventional dicentrics plus rings analvsis. The
averspantfaneots excess for stable chromosome exchange level
appeared to be higher in evacuees To—40 vears old than that
of senior persons, whereas no ape-dependent difference
oceurred for infiielly induced dicentrics plus rings yields in
this cohart, The stable chramosome exchange vield, as well as
combined yield of dicentrics plus rings and porentially unsta-
ble incomplete ranslpeations in residents of radivactively
contaminated areas showed a reasorable positive correlation
with levels of ""Cy contamination. The observed yields of sta-
ble chromosome exchanges in all three exposed groups
appeared fo be somewhat lower than those of expecied from
unstable exchange-hased doses which were referred o an in
vitro dwse response of stable exchanges owtcome in human
Ivmphaocytes. Thus, FISH analysis can be suecessfully applied
Jor guatitative cytogenetic indication of pasi and chronic radi-
afion exposire fo fow doses bud further refinement of FISH-
based system for guantitative dose assessment is siill reguired.
Some practical approaches of solving this task are discussed.
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Introduction. The main application of cytoge-
netics research in human radiobiology compris-
es direct evaluation of chromosomal damage
caused by ionising radiation in human cells and
reversal task of accumulated radiation dose
reconstruction using the chromosome aberra-
tion vield as the end-point. The Chernobyl acci-
dent caused the necessity of large-scale cytoge-
netic surveys of human cohorts exposed to
low-dose radiation, i.e in participants of clean-
up operations, evacuees from the exclusive zone
and persons who continued to live in areas con-
taminated with radionuclides. Chromosomal
biodosimetry in post-Chernobyl critical groups
became especially challenging in late terms after
the accident, when the conventional cytogenet-
ic technique turned to be unreliable due to elim-
ination of lymphocytes carrying unstable aber-
rations, meanwhile the methods based on stable
chromosome rearrangements quantification still
reguired methodological development.

Fluorescence in situ hybridization (FISH)
technigue broueht a significant advantage of
rapid scoring of stable aberrations, but also some
limitations in FISH biodosimetry were recog-
nised. The problems were related to difficulties
of proper dose-response calibration of the sys-
tem and its limited sensitivity within low dose
range, positive age-effect relationship for spon-
taneous level and rather questionable stability of
translocation yield after irradiation in vive. In
general, it became obvious that both measuring
of stable aberration level and biodosimetrical
interpreting of FISH data have to be based on
logical approaches somewhat different from that
of routine dicentric analysis.

The aims of our work were to compare the
results of early and late cytogenetic investiga-
tions in Chernobyl groups and to demonstrate
the approaches which may strengthen the possi-
bilities of FISH assay in detection of past or
chronic low dose radiation exposure.

Materials and methods. Groups of persons
surveyed by FISH technigue consisted of 16 lig-
uidators who took part in clean-up operations at
Chernobyl zone in 1986—1987, 18 former citi-
zens of t. Pripiat’ and nearby villages who were
evacuated spon after the accident, 21 Belorus-
sian residents of radioactively contaminated
areas and 12 unexposed control donors, Blood
samples for cytogenetic analysis were collected
12.8—14.8 vears after the Chernobyl accident in
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evacuees and inhabitants and 9.5—14.8 vyears
after the end of duty at Chernobyl in liguidators.
Age of investigated persons varied within 35—48
years (mean 41 years) in liquidators, 16—355
vears (mean 40 years) in evacuees, 15—26 years
{mean 21 vears) in inhabitants and 19—358 vears
(mean 39 vears) in controls. All the liquidators,
evacuees and control donors were surveyed at
the Institute of Medical Radiology (Kharkiy,
Ukraine). Samples from Belarus and correspon-
ding information concerning radionuclide con-
tamination levels at living places were provided
by our colleagues from the Institute of Genetics
and Cytology { Minsk, Belarus).

For cytogenetic assay the standard PHA-
stimulated lvmphocvie cultures were set up for
48 hrs, metaphases were harvested afier 4 h
colchicin treatment and fixed in methanol/

acetic acid mixture [1]. Coded slides from each
sample were processed by FISH technigue [2].
Slides were FITC painted, highlighting chromao-
some combinations |, 2and 4 or 6, 9, 15 and 21
{Cambio), the other chromosomes were coun-
terstained with DAPI and all centromeres were
marked with probes, which fluoresced red
(Oncor). Aberrations involving FITC-highlight-
ed chromosomes were recorded using our mod-
ification of the hybrid conventional/PAINT
descriptive nomenclature; scoring criteria were
published earlier |3, 4]. The spectrum of chro-
mosome rearrangements included in present
analvsis consisted of painted dicentrics and cen-
tric rings accompanied by fragments, insertions
and translocations. The latter were recogniscd as
complete tewe or incomplete tAb (painted frag-
ment attached to the non-painted chromo-

Aberration levels measured by FISH technigue in lquidators, evacuees and inhabitants of radioactively
contaminated areas late time after the Chernobyl accident

[ Aberration vields +5E per 100 genome equivalents
Ciroup 1 | GE
| Dic + CR [ A Lase” Bincis taMP Ins
Liguidators
Doses in documents, my
45—200 5 338 (0.0 0.30 £0.30 0.89 £ 0.51 [IXEN 0.39 + .51 0.00
250 i} 980 031 £0.08 082029 0.0 0.00 1.22 20,35 0,202 0.14
300978 5 95 022+£0.06 0.77120.29 0.2210.16 (.00 IO X 035 010 £0.1]
Staying in Chernobyl zone, davs
Y—d4 9 Bol  0.23+0.016 093 +£0.33 0.35+0.20 .00 093+£033 0.231+0.16
60— [22 7 1362 0.22+£0.13 0.59+£0.21 0.15£0.10 .06 1.25 £ 0,30 007 +0.07
Total liguidators & 2223 0.22%0.10 072+ 0,18 022 £ 0.10 (.00 LIZ2022 0131+ 0.08
Evacuees
Age, years
|6—40 B 19 0212009 045014 0.2920.11 .00 087 £ 0.19 017 £ 0.08
44—55 10 2863 0144007 0662015 0242009 0072005094+ 018 011 £ 0.06
Total evacuees 18 5282 0172006 057+0.00 0274007 004 2003091013 0131005
Rezidents of radioactively contaminated areas
Level of '*'Cs deposition, kBg/m*
Rl: 1.5—44 B 359 013006 0.22+008 0.06+0.04 006+ 0.04 047 +£0.12 0.06 £0.04
R2: 110—860 13 4757 Q0B+ 004 034008 0062004 D25 £007 055+ 0,01 011 £0.05
Total residents 21 T 010+0.04 0292007 0064£0.03 0,12+ 0050524008 0.00+0.03
Controls
Age. vears
19=26" 4 1oz 008009 027 £0.16 0.00 0.00 0.45 £ 0.20 0,00
936" 7 2180 0091006 0.2820.11 0.09 0.06 (.00 Q.50+ 0.15 005005
43— 34" 5 1908 Q102007 047 £0.09 010 £0.07 0010 £ 007 0.79 £0.20 0.10 £ 0.07
Total controls 2 4088 0.00£0.05 037+0.09 010+ 0.05 005 £003 0.64 £0.12 0.07 £ 0.04

GE — genome equivalems; n — number of persons; SE — standard ¢rrors for the mean: Dic + CR — dicentrics and centric rings;
tome — complete translocations; tu®, Le s, LM P — incomplete translocations; Ins — insertions; controls * — for comparing with
residents; controls " — for comparing with corresponding age groups of evacuees.
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Fig. 1. Comparison of stable chromosome exchange vields
{51 Exch) measured 9.5—14.8 years afler exposure with
dicentrics plus centric rings levels (Dic + CR) observed
during 1 vear post-irradiation in Chernoby] liguidators: 1 —
total hiquidators; 2 — reference control; 3, 4 and 5 — lig-
uidators with documented doses <250, 250 and > 250 mGy,
respectively; & and 7 — liquidators with duration of staying
in the Chernobyl zone <2 months and >2 months, respec-
tively: ordinate axis — aberration vield per 100 cells

some), tBa*® (involving a visibly unshortened
painted chromosome), tBa + ac (accompanied
by a fragment from the painted chromosome)
and tBaMP (involving a markedly shortened
painted chromosome with no missing fragment
present somewhere in the cell — «missing parts).

Numbers of actually scored cells were con-
verted into genome equivalents using Lucas' for-
mula [3]. Individual scoring data were pooled
within groups; weighted mean aberration yields
were expressed per 100 genome equivalents.
Standard errors for the means were calculated
from the dispersion of aberration per cell distri-
butions. In final data analysis the vields of
incomplete translocations of different types
(tinc*, tinciac and ti,.MP) were estimated within
the sum of tAb and tBa, as described previously
[4]. Intergroup data comparison was performed
with Student's r-test applving numbers of
genome equivalents as weighting factor.

Results and discussion. Mean vields of chro-
mosome aberrations detected by FISH analyses
in surveyed groups are shown in Table. Liqui-
dators were divided into subgroups according to
documented irradiation doses and duration of
staying at the Chernobyl zone. Residents of
radioactively contaminated areas were divided
in subgroups K1 and R2 according to ''Cs con-
tamination levels at their living places. Evacuees
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and control donors were divided in subgroups
depending on age.

In the control group a clear tendency of aber-
ration vields increasing with persons' age was
observed for all types of chromosome exchanges
specifically detected by FISH technique. There-
fore, cytogenetic indices in liquidators and total
evacuees groups were compared directly to those
of in total controls due to similarity of mean age.
Additionally, age subgroups of evacuees were mat-
ched to correspondent age subgroups of control
donors. Spontaneous aberration levels for resi-
dents of contaminated areas were derived from the
separate subgroup of young controls only.

In our recent work we constructed a practical-
ly applicable FISH-biodosimetry system based
on setting up a calibration curve in vitro for those
types of chromosome rearrangements, which
were undoubtedly specific to radiation, showed
a strong positive dose dependence in human Gy
lymphocytes and might have a potential stability
with time after irradiation [4]. According to such
requirements, the end-point of choice for FISH
detection of past exposure was a combined yield
of insertions, twmy and ti,.*; the latter probably
represented reciprocal exchanges involving a
small telomeric region beyond the limits of visu-
al resolution by FISH. The levels of stable chro-
mosome exchanges with full presence of chro-
mosomal material in astables cells (St Exch) in
liguidators and evacuees comparing with control
values are presented on Figs 1 and 2. The yields
of dicentrics plus centric rings (Dic + CR) meas-
ured during the first yvear after irradiation in
accordingly formed groups of exposed persons
are also shown.

The level of St Exch statistically exceeded the
spontaneous yield in total liquidators and total
evacuees groups (1 = 2.45 and 2.30, respectively;
p < 0.05). This parameter didn't correlate with
irradiation dose recorded in liquidators' docu-
ments but appeared to be nearly twice higher in
persons who spent less than 2 months in
Chernobyl zone comparing with liquidators
who's duration of duty exceeded 2 months. Such
results strongly corresponded to our early data,
when the similar decrease of Dic + CR yield in
liguidators with recorded doses 250 mGy com-
paring with other dose subgroups was observed,
and a significant negative relationship between
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Fig. 2. Late stable chromosome exchanges vields (5t Exch)
and early dicentrics plus centric rings levels (Dic + CR) in
evacuees from 30 km Chemobyl exclusive zone depending
on their age. in compare with reference control: ordinate
axis — aberration yield per 100 cells
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Fig. 3. FISH-based estimations of stable chromosome
exchange (51 Exch) and unstable chromosome exchange
{Unst Exch) vields in residents of radioactively contami-
nated areas, who were sampled 12.8=14.8 years after the
Chernobyl accident: | — total residents; 2 — reference
control; 3 and 4 — subgroups of residents living on termto-
ries with levels of “'Cs contamination 1.5—44 and 110—
a6l kBag/m?, respectively; ordinate axis — aberration yield
per 100 cells

unstable aberration level and exposure duration
was also detected,

The age dependence of St Exch level in evac-
uees was much less pronounced than that of in
control donors, thus the overspontancous excess
of the parameter was statistically significant in
yvounger subgroups of evacuees (t = 2.08; p < 0.05),
but not in persons 44—55 vears old (p > 0.05).
That contrasted with early observation when the
magnitude of difference between evacuees and
controls for Dic + CR yield during 1 year after
exposure nearly coincided in yvounger and senior
subgroups.

28

In total group of residents of radioactively
contaminated arecas the mean yield of St Exch
was 1.6 times higher than in age-matched con-
trols, and the overspontaneous values in R1 and
R2 subgroups had a 3-fold difference (Fig. 3). A
comparison of «stables and «unstables cytoge-
netic damage levels in residents became a really
challenging task. The mean yield of Dic + CR
alone did not show a positive correlation with
levels of *'Cs contamination. But in addition to
Dic + CR, a significant number of tica. Was
detected in residents of radioactively contami-
nated areas, that obviously reflected the radia-
tion induction of these exchanges directly in
mature lvmphocytes, as it took place in condi-
tions of in vitro exposure [4]. S0, tigcac WETe
considered as analogues of dicentrics and cen-
tric rings, and the combined yield of Dic + CR
and tinc+se (Unst Exch) in total residents group
appeared to be 3 times higher than that of in
young controls. Moreover, the difference for
this parameter between R1 and R2 subgroups
occurred in manner analogous to that observed
for St Exch.

Thus, the results of stable and unstable chro-
mosome exchange analyses provided a reason-
able mutual correspondence of cytogenetic
characteristics in different groups of exposed
persons. However, for strengthening a conclu-
sion about the radiobiological conformity of
these inm vive data, the difference between dose
responses for stable and unstable chromosome
exchanges outcome in human lymphocytes
needs to be taken into account. Recently we
demonstrated that average Dic + CR vields in
randomised groups of liquidators and evacuees
sampled soon after exposure could be converted
into respective doses about 460 and 360 mGy of
protracted irradiation through a linear coeffi-
cient of the dose response curve 2.98 « 1072 Gy!
per cell [6, 7]. Applving these doses to the linear
term 1.40 - 102+ Gy per cell of St Exch out-
come in vitro |4], the overspontaneous St Exch
vields were expected to be about 0.64 per 100
cells in total liquidators and 0,50 per 100 cells in
total evacuees, but 15 % lower values were really
observed in each group.

Unlike liguidators and evacuees, who were
irradiated protractedly, residents of radioactive-
ly contaminated areas underwent long term
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chronic exposure. Studied subgroups R1 and
R.2 had respective average duration of exposure
13.8 and 14.6 years. In such case utilising unsta-
ble chromosome exchanges for biological
dosimetry implies simultaneous considering an
elimination of «old» aberrant cells and aberra-
tion formation de nove in circulating lvmpho-
cytes that can be done using the formula sug-
gested by Sasaki [8]. Applyving to this formula an
aberrant lymphocyte mean half-life 2.24 vears
{which was empirically established in persons
exposed to low dose radiation [9]) and the lin-
gar term 4.79 - 102+ Gy' per cell for dose
response of combined yield of Dic + CR and
Linc+ac (thai was estimated from previously pub-
lished data of in virro experiment |4]) corre-
sponding chronic doses about 90 and 220 mGy
were calculated for R1 and R2 subgroups. At
these doses the radiation-induced vields of St
Exch were expected to be about 0.13 and (.31
per 100 cells, that were higher than really
observed (.08 and (1.23 per 100 cells in R1 and
R2 subgroups, respectively.

So, even with a significantly lower production
of St Exch per unit dose comparing with Dic +
CR or Unst Exch the observed levels of stable
chromosome exchanges in all three groups of
exposed persons appeared to be systematically
lower than those of expected from unstable
exchange-bascd dose assessments. This finding
is well in ling with the results of other surveys in
which late translocations versus early dicentrics
plus rings levels comparison was carried out in
persons irradiated to high doses [10, 11]. In our
opinion, such inconsistency can be explained by
the following reasons.

|. Difterent contents of groups sampled early
and late time after exposure. That explanation is
applicable in liquidators and evacuees, but not
in residents of contaminated areas, because in
latter case both data sets were obtained within
the same individuals.

2. Partial elimination of cells with stable
exchanges during proliteration of lymphatic
stem cells, in which these rearrangements were
initially induced. An inherent lethality of bal-
anced chromosome exchanges for actively
dividing cells were recognised in studies of aber-
ration transmission through sequential mitoses
in virro after irradiation even to low doses [12,

TSSN 1364—3783. Humaosoaur u 2enemuxa. 205, Mo 4

13], and some declining of radiation-induced
translocation yield with time was also shown in
vive by individual follow-up FISH surveys in
radiation accident victims |10, 14].

3. Non-identical translocations outcome per
unit dose in lymphocyte precursors and mature
lymphocytes whereas latter are usually used for
setting up calibration curves. The issue is related
to varving of chromosomal radiosensitivity
through mitotic cycle and changing of aberra-
tion types, which are mainly induced by irradia-
tion at Gy, S and G: stages in proliferating cells.

Taking into account two latter reasons the
constructing in vitro calibration curves for
translocations in Gy lymphocytes even with
aberration scoring concentrated on «stables
cells only, that had been suggested as the most
advanced approach of improving FISH-bio-
dosimetry, seems to be not sufficient enough. In
trying to overcome the problem of refining the
FISH-biodosimetry system, different approach-
es can be suggested. One is related to direct
engaging of in vivo data and includes either eval-
uating translocation elimination intensity by
individual follow-up FISH analyses [14], or
deriving a dose response for truly stable aberra-
tions from the results obtained late time after
exposure in irradiated persons with precisely
known accumulated doses [15]. Another way
comprises constructing a radiobiological model
in vitro, which may reasonably approximate the
real conditions of in vivo exposure and subse-
quent survival of aberrations in lvmphocyte pre-
cursors. Our current activity involves extensive
research in both directions in hope to develop an
optimized FISH-based system for retrospective
biological dosimetry.

Conclusions. The results of our investigations
clearly indicate that a FISH assay may serve as
powerful tool for measuring the cytogenetic
damage resulted from past irradiation when
conventional analvsis became insufficient due to
elimination of lymphocytes with unstable aber-
rations as it took place in liquidators and evac-
uees. The combined quantification of FISH-
detectable dicentrics plus rings and expectedly
unstable proportion of incomplete transloca-
tions allowed to enhance the sensitivity of bio-
logical indication of low dose rate chronic expo-
sure in residents of radioactively contaminated
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areas. Generally, stable and unstable chromo-
some exchange analyses provided a reasonable
mutual correspondence of cytogenetic charac-
teristics in different groups of exposed persons.
The problem remained was the natural age-
dependent increase of spontaneous transloca-
tion level that limited the accuracy of radia-
tion-related stable exchange yield evaluation in
persons of senior age, e.g. in some evacuees in
our study.

The observed levels of stable chromosome
exchanges in all three groups of exposed per-
sons appeared to be somewhat lower than
those of expected from unstable exchange-
based doses, referred to an in virro dose res-
ponse outcome of stable exchanges in human
lymphocytes. Thus, a further development of
practically applicable FISH-biodosimetry sys-
tem is required, and for solving this task a sig-
nificant body of data still need to be accumu-
lated from both in vitre experiments and in vive
studies.

PEIOME. Tpopeneno wccleloBadie UMTOrEHETH-
YECKHX Nowazareneil MeToaoM quUiopeclieHTHOW i sifu
rubpransaumy (FISH) g otaanennsie cpokn nocine Yep-
HOGETECKON ABAPHI B TPYNINAX JHERHIATOPOR, 3BAKYH-
POBaHHBX KHTeneH 30 ks 301 YADC, wuTenel panvo-
AKTHRHD JATPAIHEHHBIN TEPPHTOPHA W AZICKBATHRIX MO
BOAPACTY KOHTPOILHBY A0HOpOS. CTabuibHLIE W HecTa-
BHABHEIE OBMEHE XPOMOCOMHOID THIA PECHCTPHPORANH
¢ WeNoib3oBaHHEM THOpHIHON KiaccHyeckoil PAINT-
HOMEHKITYPR. ¥YpoRcHb cTabHABHEX XPOMOCOMHLIN
ofiMEHOR ¥ JHKBHIATOPOR HEe NPOABHI KOPPeIsilHu ©
NoaMK ODAYIEHHE N0 A0KYMEHTAM, OAHAKO HMET YeT-
KYH 0OpaTHYH 3ABHCUMOCTE OT IWIMTEARHOCTH Npehbi-
gaHuA B 3ome YADC, uto xopoluo cooTReTCTROBANG N0-
AVHEHHOH MYyTEM  KNACCHMECKOrs aHanMsa padHHel
UHTOMEHETHHEC KO KAPTHHE N0 YacToTe QHUSHTPHEKOR |
konel. Hancnontadueil akelece 4acToThl cTabHIBHBIX
XPOMOCOMHEIY OOMEHOB ¥ JBAKYWPOBAHHLIX OKAMLICH
BhilE B BO3pacTHON rpynne 16—40 ner no cpasHeyo ¢
JHIAMK CTAPLUIETD BOIPACTA HA DOHE OTCYTCTANA BOIPA-
CTHOMN 3ABHCHMOCTH 178 HAYATLHOTO YPORHS JHUISHTRH-
KOB 0 KoNel B IaHHOW KoropTe. ¥ MUTeneH paiioakTHe-
HO JIPAIHEHHBIX TEPPUTOPHA YpoleHh cTabWIbHbBIX
APOMOCOMHLIX O0OMEHOR, PABHO KAK M CYMMapHan yac-
TOTA AMUEHTPHKOR, KOAEU M NOTEHUHATEHD HEeCTabu/ k-
HbBIX HEMOIHBIY TRAHCIOKALKA, NMPOSBIN SHATHMY IO 10-
MEHTENBHYID KOPPETALHKID © YPOBRHEM KOHTAMMHALHW

30

UCs g MecTax npoupaHua. PeanbHulil ypoBeHbL CTa-
BHABHBIX XPOMOCOMHBIX ODMEHOR BO BCCX TREX TPYIax
JHU 4epHODBINBCKOID KOHTHHISHT ORAZANCH HECKOIL-
KO HHKE 3HAYEHMA, OMMIAEMBIX MCXODA K3 OUEHOK 003
no yactore HecTaduaeHEX obMenon. TakuM ofpaiowm,
MeToaHKa FISH moker yenemHo npuMeHaTae Ui Ka-
YECTREHHOH LUHTOreHeTHYCCKONH WHAMKAIHE OTAaneH-
HOIO HAH XPOHHYECKOrD ODNVHeHHH B HMIKMX 103aX,
OIHAKD CHCTEMA KOMMYECTEEHHON OLeHKM o3 obnyae-
HHa Ha ocHosadun FISH-woccaepopavna TpebyeT najib-
HeAWero yeopepuweHeTrosanus. Obcyxoawrea Boi-
MOMHBLIE NMPAKTHYECKHE NOAXOAB K pPelleHHIo 2Tol
SEIAYUM,

PEIKOME. MNpopenedo NOCHITKEHHA HHTOTEHESTHYHHY
NOKAIHHKIR MeToaoM UIvOpeCcUeHTHOT i sif DiDpuaisani
(FISH) ¥ pinnaneni ctpoky nicas Mopruobunscsxoi apapii
B IPYNax NIKELNATOPIE, eRakyioBanny Melkanmin 30 Kk
30HH YAEC, Memikanuis panioak THRHO 3a0pyaHeHMX Te-
PHTORIH Td ACKBATHMX 30 BIKOM KOHTPOIBHUN 10HOPIE.
Cradinesi Ta HecTabinbHi 0DMIHM XPOMOCOMHOIO THIY
PEECTPYBAAM 3 BHKODHCTAHHAM FODHIHOT KIACHYHOI
PAINT-HosMenknaTypH. PibeHb CTABINLHUX XpOMOCOM-
HHMX OOMIHIE ¥ NIKBLIATORIE HE NPOARME KOPEAsILI 3 1033-
M OMPOMIHEHHA 33 TOKYMeHTIMH, MPOTE MAB HiTKY I00-
POTHED 3ATEMHICTE BLL TPHBAIOCTI NepedyBaHHA B 30H]
YAEC, wo sinnosioate oTpRMaiii WIAK0M K1acHYHOTD
AHAMIAY PAHHIA UMTOrCHETHYHIA KAPTHHI 33 MacTOToN
AHUEHTPHKIR | Kineus, HaTcnoHTaHHKil eKClec Y4acToT
CTADIBHHE XPOMOCOMHMY ODMIHIBE ¥V eRAKYROBAHAX BH-
SEMBHBCA BUILHM vV BiKoBIA rpyii 16-—40 pokis nopisHa -
HO 3 0CODAMW CTAPIIOND BIKY HA TN BUICYTHOCTI BIKOBOT
FANCHRHOCTE UIH NOYATKOBOID PIEHA AMUEHTPHKIR | KUIE UL
B JaHiil Koropti. ¥ sMelikadiis panioakTisHo sabpyate-
HHX TePHTOPIA  piBeHs CcTADIILHUX  XPOMOCOMHMX
OOMIHIE, HK | CYMAPHA YACTOTA IWUEHTPUKIR, KiNels T4
NOTEHUI NG HecTabinbHUX HeNOBHHY TpaHcaoKaLi,
NPOABHE IHAYVILY NOTHTHEHY KOPETALI 3 piBHEM KOH-
TamiHauil '""'Cs B micusx mewxkardHa. Peansuil pisni
CTADIALHAY XPOMOCOMHHY ODMIHIB B YCIX TPBROX Ipynax
0cid YopHOOMIBCEKOMD KOHTHHIENTY BHABMAWCH €110
HHAMHMW, HEE JHAMCHHS, WO OUIKYBANHCH, BUXOIAYN 3
OWIHOK 03 32 4acTOTOK HecTaBinbHUX obMidis, Takum
unHoM, Metoguka FISH smoxke yenilino BHkopHCTORY B -
THCA ITA AKICHOT LMTOMEHETHYHOT | HIHKALLT BLLLAIEHOTO
ab0 XPOHIMHOTD ONPOMIHEHHA B HHIBKAX 103X, aNe CHe-
TEMa KINBKICHO OUIHKH 103 ONpoMidednd va niacrani
FISH-aochimgkeHus norpedve noganslorn yoocKona-
NeHua. OGropopiooTECH MOFTHE] NPAKTHYHL NLLX0AK 10
BHpieHHa Wich sanasi.
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