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INTRODUCTION 
"Chromosome painting" was developed in our laboratory to facilitate 

rapid and accurate detection of chromosome translocations in human cells 
(1-3). Chromosome painting is the selective staining of'one or more 
chromosomes by fluorescence in situ hybridization (FISH) using whole-
chromosome probes. This method permits essentially uniform hybridization 
and staining along the entire lengths of targeted chromosomes. Staining all 
other chromosomes a different color makes interchromosomal exchange 
aberrations readily apparent as bicolored chromosomes. Here we present a 
brief discussion of this methodology and recent results from studies in our 
laboratory. 

TRANSLOCATION DETECTION USING CHROMOSOME PAINTING 
The chromosome painting method to detect translocations has been 

described (e.g., 3). Briefly, metaphase spreads are prepared from human cells 
(e.g., lymphocytes) on glass slides by conventional methods. DNA-DNA 
hybridization is then performed using a cocktail of biotinylated probes that 
span the entire lengths of one or more chromosomes. Bound probes are 
detected by treating sequentially with avidin conjugated to fluorescein, a 
monoclonal antibody against avidin labeled with biotin, and finally a second 
layer of avidin conjugated to fluorescein. This results in essentially uniform 
painting along the entire lengths of the targeted chromosomes with a bright 
fluorescent green-yellow color. With subsequent propidium iodide staining, 
all other chromosomes not specifically labelled are made to fluoresce red. 
The final result is metaphase spreads having selected chromosomes 
fluorescing bright yellow and the other chromosomes fluorescing red. 

« Translocation of material between red and yellow chromosomes is very easy 
to detect using fluorescence microscopy. Metaphase spreads can be scored for 
translocations and dicentrics almost as rapidly as the spreads can be located. 
An analysis rate of -5 spreads per minute can be achieved so that studies of 
several thousand metaphase spreads can be carried out in only a few days (3). 
However, only exchanges between stained and unstained chromosomes can 
be detected so that the detection efficiency on a per cell basis is reduced 
compared to that for banding analysis. For example, the frequency of 
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reciprocal translocations detected by painting (Fp) is related to the genomic 
translocation frequency (Fg) by the equation, F p = 2.05fp(l-fp)Fg (3,4). About 
40% of all translocations are detected if chromosomes 1 through 4 are painted. 
Discrimination between translocations and dicentrics can be achieved by 
using an additional probe to stain centromeric regions (3,5). 

THE STABILITY OF TRANSLOCATIONS IN AN INDIVIDUAL 
In 1985, a worker accidentally incorporated about 35 GBq of tritiated water. 

Cytogenetic measurements by Lloyd et al. (6) made 39 days after the accident 
detected 34 dicentrics out of 1000 cells scored. With a background frequency of 
1.3 dicentrics per 1000 cells (7), the radiation-induced dicentric frequency 39 
days after exposure was 33±6 (SE) per 1000 cells. Six years later, we measured 
an almost identical net frequency of 36±7 reciprocal translocations per 1000 
cells with chromosome painting. Since reciprocal translocations and 
dicentrics are induced with equal frequency (3), these results indicate that the 
translocation frequency has remained unchanged in this individual during 
the six years since the exposure. Additional studies using chromosome 
painting to evaluate the stability of translocations in other exposed 
individuals are now being explored. 

CHROMOSOME PAINTING STUDIES IN A-BOMB SURVIVORS 
Evidence for remarkable stability of translocations in individuals is also 

obtained from a recent A-bomb survivor study (3,8). The first part of a joint 
study with the Radiation Effects Research Foundation in Hiroshima, Japan, 
was recently completed where we compared the translocation frequencies in 
20 A-bomb survivors measured using chromosome painting and G-banding 
(3). The measurements were made using slides prepared from the same 
blood samples. It was found that the two methods provide essentially 
identical translocation frequencies when the painting results are scaled to full 
genome equivalents, using the above equation. This, together with our 
previous work (2), shows that the painting of only a small fraction (4 to 35%) 
of the genome results in an accurate measure of the full genomic 
translocation frequency when scaled. Interestingly, implications are that 
radiation-induced chromosome break points are essentially random within 
the genome and that so called "hot spots" on certain chromosomes may not 
be important contributors to the overall translocation frequency. 
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