J. Korean Asso. Radiat. Prot. _
Vol. 26 No.2 © 101~111(2001) mR XMW

Relationship between the DNA content of human chromosome
and their contribution to radiation-induced chromosome

aberration analysed by fluorescence in situ
hybridization (FISH)

Hai Won Chung, Su Young Kim, Sung Whan Ha', Tae Hwan Kim™ and

‘ Chul Koo Cho™
School of Public Health, Seoul National University, *College of Medicine,
Seoul National University”™ Korea Cancer Center Hospital

FApdel g AMA 0133 DNA #33te) #7)

AN - A5G - AT - AT 2 AT
Aedzta BAqsY, ‘Medga oFget ThxE W

(20014 44 99 A+, 20014 69 49 A=)

Abstract - To study the relationship between the DNA content of human chromosomes and
their involvement in radiation-induced structural chromosome aberrations, the frequencies of
translocations and dicentrics induced in human lymphocytes after in vitro exposure to 2Gy of
x-ray were analysed by fluorescence in situ hybridization(FISH). Single whole chromosome
probes(WCP), specific for chromosomes 1, 2, 4, 7, 8, 9, and 21 and triple combination of probes
for chromosome 1, 2 & 4 were used separately. A significant deviation of the frequency of
symmetrical translocation and dicentrics from a DNA-proportional distribution was observed.
Chromosomes 2, 7, 8, 9 and 21 were less frequently involved in the formation of symmetrical
translocations and dicentrics than expected, whereas chromosomes 1 and 4 were more frequently
involved. Chromosome 2 and 4 showed a higher frequency of acentric fragments. When triple
combination probe for chromosome 1, 2 & 4 was used, no differences were found between the
observed and expected frequency of exchange type aberrations. The results showed that the
frequency of radiation-induced chromosome aberrations was not proportional to DNA contents,
suggesting the difference in the susceptibility to specific aberrations among individual
chromosomes. The results also indicated that the FISH technique with combination of probes for
chromosome 1, 2 & 4 was useful for radiation biodosimetry.

Key words : Fluorescence in situ hybridization(FISH), Chromosome aberration, DNA content,
chromosome susceptibility, radiation biodosimetry
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Table 1. Frequencies of translocations, insertions, dicentrics and acentric fragments induced by 2Gy

radiation exposure

No. of No. of No. of No. of acentric No. of
Chromosome Cells translocations dicentrics fragments insertions
Scored "yAb)  t(Ba) dic(BA)_dic(BB) ace(b) _ace(ba) ins(abA)
1 512 5. =2 32 15 6 3 7
2 491 25 46 19 6 3 19 2
4 481 58 27 15 17 29 19 19
| 1+2+4 498 - 85 89 61 5 33 5 28
7 450 7 8 3 4 3 1 0
8 350 8 14 9 1 4 0 0
9 713 5 9 10 2 2 0 0
21 413 3 2 0 1 1 0 9
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Table2. Classification of radiation-induced aberrations in chromosomes 1, 2, 4, 7, 8, 9 and 21

Chromosome 1 2 4 1+2+4 7 8 9 21

DNA contents 8.15(%) 7.90(%) 6.29(%) 2234(%) S5.27(%) 4.T7(%) 4.46(%) 1.54(%)

Cells scored 512 491 481 498 450 350 73 413

Z translocation(t) 79 49 68 127 14 14 10 5
te » 32 22 17 47 1 6 4 0
t(Ab) 27 3 41 38 6 2 1 3

t(Ba) 20 24 10 42 7 6 5 2

2 dicentric(dic) 47 25 32 66 7 10 12 1
dic(BA) 32 19 15 61 3 9 10 1
dic(BB) 15 6 17 5 4 1 2 0

Z ace 9 22 24 38 4 3 2 1

ace(b) 6 19 14 33 3 3 2 1
ace(ba) 3 3 10 5 1 0 0 0

2t/ 2 dic 1.68 1.96 2.13 1.92 2 1.4 0.83 5

t. : complete translocation involving both t(Ab) and t(Ba) in one cell.
t;: incomplete transtocation.

Table 3. Observed and expected frequencies of radiation-induced chromosomé aberrations

Translocations dicentrics
% DNA  Cells
Chromosome b
contents scored Observed Expected® Observed Expected
(per 100 cells) (per 100 cells) (per 100 cells) (per 100 cells)
1 8.15 512 15.43 9.94 9.18 5.57
2 7.90 491 9.98 9.66 5.10 542
4 6.29 481 14.10 7.82 6.65 4.83
1+2+4 22.34 498 25.50 25.40 13.25 13.2
7 5.27 450 31 7.05 1.56 3.95
8 4.77 350 4.0 6.02 2.86 3.38
9 4.46 713 2.0 5.84 1.54 3.27
21 1.54 413 1.2 1.92 0.24 1.12

a: expected value calculated by Lucas's formula(for 1, 2, 4, 7, 8, 9, and 21 F=64.7% and for 1+2+4,
Fg=71.7%).
b: expected value calculated by Lucas's formula(for 1, 2, 4, 7, 8, 9, and 21, F5=36.3% and for 1+2+4,
Fg=37.3%).
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Table 4. Nonrandomness of radiation-induced chromosome aberrations among painted chromosomes

Aberrant chromosome
Total

1 2 4 7 8 9 21

translocation
Observed 77.15 49.9 70.5 15.56 20 7.01 6.053 246.17

(per 500 cells)

Expected” 52.29 50.66 40.35 33.80 30.60 28.60 9.87 246.17

Deviation
from +24.86 -0.76 +30.15 -18.24 -10.6 -21.59 -3.817 0

expected

d*/E 11.82 0.011 22.53 9.84 3.67 16.30 1.478 65.649

Chi-square & P-value X 2=65.649 p<0.001

dicentrics
Observed 45.9 25.5 33.25 7.78 14.29 8.42 1.21 136.35
(per 500 cells)
Expected” 28.96 28.06 22.35 18.72 16.95 15.84 5.47 136.35
Deviation
from +16.94 -2.56 +10.9 -10.94 -2.66 -7.42 -4.26 0
expected
dz/E 9.91 0.23 5.32 6.39 0.42 3.48 3.32 29.07
Chi-square & P-value X 2=29.07 p<0.001

*Expected numbers of aberrations are calculated on the basis of the DNA content of the chromosomes.
1: 8.15%, 21.24%, 2: 7.90%, 20.58%, 4: 6.29%, 16.39%, 7: 5.27%, 13.73%, 8: 4.77%, 12.43%, 9: 4.46%,

11.62%, 21: 1.54%, 4.01%.
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