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Abstract - Fluorescence in situ hybridization with chromosome-specific probe has been shown to
be a valid and rapid method for detection of chromosome rearrangements induced by radiation.
This method is useful for quantifying structural aberrations, expecially for stable ones, such as
translocation and insertion, which are difficult to detect with conventional method in human
lymphocyte. In order to apply FISH method for high dose biological dosimetry, chromosomal
abberations by radiation at doses of 1, 3, 5, and 7Gy were analysed with whole
chromosome-specific probes by human chromosome 1, 2 and 4 according to PAINT system.
The frequencies of stable translocation per cell equivalent were 0.04, 0.33, 1.22, 2.62, and 5.58
for the lymphocyte exposed to 0, 1, 3, 5, and 7Gy, respectively, and those of dicentric were
0.00, 0.06, 0.52, 1.19 and 2.44, respectively. Significantly more translocation of t(Ab), a
translocated chromosome with a piece of painted acentric matrial 'b'" attached to unpainted piece
containing centromere 'A’, than reciprocal chromosome t(Ba) was observed. The frequencies of
all type of chromosome rearrangements increased with dose. From above result, FISH seemed to
be useful for radiation biodosimetry by which the frequencies of various types of stable
aberrations in human lymphocyte can be observed more easily than by conventional method and
so will improve our ability to perform meaningful biodosimetry.

Key words : Fluorescence in situ hybridization(FISH), chromosome rearrangement,
PAINT(Protocol for Aberration Identification and Nomenclature Terminology)system
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Table 1. Radiation-induced chromosome rearrangement identified by FASH with the DNA probe for
chromosome 1, 2 and 4; numbers and frequencies of color junctions, translocations and dicentric

chromosomes.

oo N N DTN gy el g NS
) scored equivalents cells junctions translocation translocation dicentrics dicentrics
0w IR T oo 00 0 oo O

1 i 162,024 62 (0.1344) (0.33228) 4 (0.3(?1 7 10 >4
3 100 344 %2 {1 .2?1686) ( gj ) 3 (0.;333) 8 233
o 10 3 LI % aaoy N2
o B 00D G0 B8 oay @2

* The Number in parenthesis indicate No. per cell equivalent.
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Table 2. Radiation-induced chromosome rearrangement identified by FISH with the DNA probe for
chromosome 1, 2 and 4; numbers and frequencies of insertions, acentirc fragments and ring
chromosomes.

No. of No. of No. of
Dose ce.lls No. of cell ace|'1tric cells with No. of No. of cells  No. of No. of cells
(Gy) equivalents acentric  insertions with insertion  rings with rings
scored fragments
fragments
0 500 172 0 0 1 1 ; 0
(0.0000) (0.0058) (0.0000)
9 7 0
1 471 162.024 8 . 7 0
(0.0556) (0.0432) (0.0000)
3 100 34.4 18 17 ° 4 0 5
' (0.5233) (0.1454) (0.1744)
42 12 9
5 100 344 32 12 8
(1.2209) (0.3488) (0.2616)
132 12 10
7 100 344 68 12 8
(3.8372) (0.3488) (0.2907)

* The Number in parenthesis indicate No. per cell equivalent.

Table 3. Numbers and frequencies of translocations induced by Radiation using FISH with the DNA
probe for chromosome 1, 2 and 4.

No. of translocations

Dose
Gy - - ic- ic-t  t-dic-t  tri
y total  t(Ab) t(Ba) t-t(bAb) t-t(aBa) t(bAA) ( /;bf\) (bt A/t\) g/ibt) (dB;at) t(agga)t (BAB)
0 7 3 4 0 0 0 0 0 0 0 0 0
(0.0407) (0.0174) (0.0233) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
1 54 34 18 0 2 0 0 0 0 0 0 0
(0.3333) (0.2099) (0.1111) (0.000) (0.0123) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
5 42 18 17 0 3 1 0 0 0 0 0 0
(1.2210) (0.5233) (0.4942) (0.000) (0.0872) (0.0291) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
3 90 36 38 0 2 4 4 0 0 0 0 0
(2.6463) (1.1047) (0.8333) (0.000) (0.0581) (0.1163) (0.1163) (0.000) (0.0000) (0.0000) (0.0000) (0.0000)
5 192 98 54 2 10 4 0 2 2 2 2 2

(5.5814) (2.8488) (1.5698) (0.0581) (0.2907) (0.1163) (0.0000) (0.0581) (0.0581) (0.0581) (0.0581) (0.0581)

* The Number in parenthesis indicate No. per cell equivalent.

of wa o] Z7lstE AL & 4 don color  0.0102X + 0.0476X3 R*=0.998, P=0.0018)E 1}
junction®] F£X M wel FrEle AL € gUlFn YA vdicd 1GydAE 5.4, 3Gyl A
T Atk ofF HAMHC g FdEAF ojFd & 233, 5GydlAE 2.20, 11 TGydAE 2.29
AMA ) YA linear-quadratic BAFEAF: =2A F3AA WES} o]FY FAAY MER
Y = 0.1416 - 0.0228X + 0.1125X% R*=0.995, o Adjdez =7 ueldt E 294 2E b
P=0.0047, o]FHFMA: Y = 00089 + o o] AU(ins), FELAG N A (ace) L FAAA



3% DNA probeE °]& 3% FISH(fluourescence in situ hybridiaztion) 49
7o g WAPAde] A% FAA o)At B

Table 4. Numbers and frequencies of dicentrics induced by Radiation using FISH with the DNA probe
for chromosome 1, 2 and 4.

No. of dicentrics

Dose
(Gy) . ‘ ‘ . . . ‘
total dic(BA) dic(BB)  dic-t(BBa) dic-t(BAb)  r-dic(BA) tri(BAB)  t-dic-t(aBBa)
0 0 0 0 0 0 0 0 0
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
. 10 2 8 0 0 0 0 0
(0.0617) (0.0123) {0.0494) (0.000) (0.000) (0.000) (0.000) (0.000)
3 19 " 8 0 0 0 0 0
(0.5233) (0.3198) (0.2326) (0.0000) (0.0000) (0.0000) {0.0000) (0.0000)
5 41 22 18 0 0 1 0 0
(1.1919) (0.6395) (0.5233) (0.0000) {0.0000) (0.0291) (0.000) (0.000)
84 44 30 2 2 1 1 2

(2.4419) (1.2791) (0.872) (0.0581) {0.081) (0.0291) (0.0291) (0.0291)
* The Number in parenthesis indicate No. per cell equivalent.

Table 5. Radiation-induced chromosome rearrangement identified by FISH with the DNA probe for |
chromosome 1, 2 and 4.

‘ k No. of

l()g;? Noéé)cfre?||5 Sqot‘li\(l)zfle%etls‘ abceglrlznt Nt?/.\bo)f r\i?éa(;f t(A’\tl)());t(()ga) No. of Dic  T/Dic
0 500 172 ! (0‘0%16) (0.0?74) (0.01058) <o.o(<))oo>
1 an 162024 2 oy own  oomy o
3 100 344 52 (031588) (0.31,7379) <0.1§154> (0.;223) 158
5 100 344 » (o.§3295> (0.3§84) (0.16'3744) (1.149119) 151
7 100 344 98 o 1 " o 121

(1.4830)  (0.2907) (1.1919) (2.4419)

* The Number in parenthesis indicate No. per cell equivalent.
T @ t(Ab)+t(Ba)+[t(Ab)+t(Ba)]
Dic : grand total number of dicentrics

A F= AF F7td me o] Frkste A # F UAMen ERHAN FEAHG ojFdgL

1=

2 9 % Qe AF (Ab)SH (Ba), dic(BA)S} dic(BB)7} F2 #3
deh AT 9 SFUGANE PANT B9 AU 4304 F AN (et of wol @
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Fig. 1. Dose-response curves of different types of translocations, total
translocations, dicentric chromosomes and color junctions induced by

radiation.
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Event per cell equivalents
N

Radiation dose(Gy)

Fig. 2. Dose-response curves of different types of dicentric
chromosomes, rings, and acentric fragments induced by radiation.
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