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UV-A breakage sensitivity of human chromosomes as measured by
COMET-FISH depends on gene density and not on the chromosome size
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Abstract

COMET-FISH, a single cell-based combination of COMET-assay (also known as single cell gel electrophoresis (SCGE)) with
fluorescence in situ hybridization (FISH) allows region specific studies on DNA stability and damage. COMET-FISH can be used to
investigate UV-A-induced DNA damage of selected whole chromosomes. In the present work, a modified COMET-FISH protocol with
whole chromosome painting probes was used to study whether UV-A-induced DNA damage is distributed randomly over the whole
genome or occurs at preferred sites. The study was performed with 12 different chromosome painting probes (for chromosomes 1, 2, 3, 8,

29, 11, 14, 18, 19, 21, X and Y). The results on human lymphocytes irradiated with 500 kJ /m at a wavelength of 365 nm indicate that the
induced number of chromatin strand breaks does not correlate with the chromosome size. They therefore are distributed in a non-random
manner. For example, fragments of the gene-rich chromosome chromosome 1 were found in the comet tail in only 3% of the examined
cells, and thus chromosome 1 is rather stable, whereas fragmentation of the gene-poor chromosome 8 was observed in 25% of all comets.
On the basis of all 12 chromosomes analyzed, an inverse correlation between the density of active genes and the sensitivity toward UV-A
radiation is found.  2000 Elsevier Science S.A. All rights reserved.
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1. Introduction breaks can be monitored [3–6]. For the present studies, we
applied the alkaline version [2] of the COMET-assay

Research on DNA damage induced by agents such as which detects both, single- and double-strand breaks
radiation, environmental toxins, DNA binding substances simultaneously. Comparison of the intensities of tail DNA
or therapeutics has been performed during the last years and head DNA under a conventional fluorescence micro-
with the COMET-assay. This technique, first described by scope allows quantification of the DNA damage, which
Östling and Johanson [1] in 1984 and in a modified version can today be performed with automated software systems
by Singh et al. [2] in 1988, allows easy and fast visualiza- such as, e.g., Komet 4 (Kinetic Imaging, Liverpool) or
tion and measurement of overall DNA damage on the level VisComet (TILL-Photonics, Munich).
of the whole genome of single cells. The assay uses an With the combination [7,8] of the COMET-assay and
electric field to separate damaged from undamaged DNA. fluorescence in situ hybridization (for a review see Ref.
Undamaged DNA is too large to move in the electric field [9]), termed COMET-FISH [10], specific genomic regions
and therefore remains in the place of the former nucleus. can be examined in the COMET-assay. For that, digox-
This part of the comet is termed the comet’s head. On the igenin (DIG)-labelled probe DNA is added to the dena-
other hand, damaged (fragmented) DNA is separated tured comets. After hybridization, these probes are de-
electrophoretically and generates the comet tail. Through tected with fluorescence labelled anti-DIG-antibodies and
the variation of lysis, electrophoresis buffers and electro- therefore paint their corresponding sequence. Thus, spe-
phoresis conditions (variation of pH and ionic strength) cific sequences can be located in the head or the tail of the
different DNA damage such as single- or double-strand comet. By counting the ratio of cells with signals in the

head and those with signals in the tail, the sensitivity of the
specific genomic regions towards damaging agents can be*Corresponding author. Tel.: 149-3641-656-405; fax: 149-3641-656-
calculated. In this way, this technique allows rapid and410.
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to various kinds of damaging agents on the level of filter has been placed between the lamp and the probe
individual cells, and is a good tool to perform studies on cuvette.
region/ locus specific DNA damage distribution in the
human genome [11]. 2.3. COMET-assay and COMET-FISH

In the present work, we used COMET-FISH with 12
different whole chromosome painting probes to study The variation of COMET-assay, as it was used in our
whether UV-A (365 nm)-induced DNA damage is distrib- experiments, was based on the alkaline COMET-assay
uted randomly all over the genome or occurs at preferable described by Singh et al. [2]. This assay can detect single-
sites. Similar studies for other kinds of radiation (e.g., and double-strand breaks by performing electrophoresis at
UV-B and UV-C, and ionizing radiation [12–14]) have high salt conditions and at pH over 13.
shown a non-random distribution of the DNA lesions. As Frosted microscope-slides (Labcraft, UK) were pre-
the damaging mechanism of UV-A irradiation is known in coated with 50 ml of 1% normal melting agarose (Sigma,
molecular detail [15], these results could help to learn Germany) diluted in 0.01 M PBS followed by a second
about the nuclear architecture [16] of chromosomes or layer of 400 ml normal melting agarose (1% diluted in 0.01
chromosomal regions and how, for example DNA protein M PBS). Each layer was flattened with a coverslip until the
interaction or DNA conformation does influence the agarose had turned solid. The irradiated cell suspension

5induced damage [17]. (7.5310 cells /ml) was mixed with four volumes of low
melting agarose (Sigma) (1% agarose diluted in distilled
H O), to obtain a final agarose concentration of 0.8%. A2

volume of 60 ml of the suspension was added to the
2. Experimental details

previously prepared slides (see above) and again flattened
using a coverslip. After the agarose was cooled down, the

2.1. Cell preparation
coverslip was removed and the slides were immersed in
cold lysis buffer containing 2.5 M NaCl, 100 mM

Human lymphocytes, prepared from peripheral blood of
Na EDTA, 1% sodium sarcosinate, 1% Triton X-100, 10%2three female and two male healthy donors with unsuspi-
DMSO and 10 mM Tris, pH 10, for at least 1 h at 48C. The

cious karyotypes were used in the experiments. Five ml
slides were drained and the cells were then treated in

blood were collected into tubes with 0.1% heparin solu-
alkaline buffer (333 mM NaOH, 1 mM Na EDTA, pH 13)2tion. Lymphocytes used for COMET-FISH were isolated
for 1 h at 48C in order to denature the DNA. Electro-

without previous incubation or cultivation. Three ml of
phoresis was performed in fresh alkaline buffer for 35 min

lymphocyte separation medium (Gibco, Germany) were
at 48C and 1 V/cm. After neutralization in 0.5 M Tris, pH

overlaid with 5 ml whole blood diluted 1:2 in 10 mM PBS
7.5, for 5 min at room temperature, the slides have been

(phosphate-buffered saline), pH 7.4, and then centrifuged
stored in 98% ethanol at 48C for up to 1 week.

at 2003g for 30 min. The opaque layer with the mono-
Hybridization on cells embedded in agarose is me-

cytes was separated and diluted 1:2 in PBS and centrifuged
chanically critical, and should be handled carefully to

as mentioned above, for 15 min. The supernatant was
avoid loosing the agarose layers. Additionally, all solutions

again centrifuged and the cells were resuspended in 400 ml
used for hybridization must be filtered through a 0.22-mm5PBS. A cell concentration of 7.5310 cells /ml was
membrane (Millipore, Germany) to avoid high background

adjusted after counting in a Neubauer chamber.
during fluorescence microscopy. The cellular DNA was
first denatured in 0.5 M NaOH for 25 min at room

2.2. Irradiation temperature, drained and dehydrated by an increasing
ethanol series (70%, 80% and 95%; 5 min each, at room

The cells were irradiated with a 100-W high-pressure temperature) and finally air dried. The digoxigenin-labelled
mercury lamp (HBO100; Zeiss, Germany). The 365-nm probes were predenatured according to the protocol of the
UV-A line was filtered by a bandpass of Dl510 nm supplier (Oncor, Appligene) after concentrating the hybrid-
(Zeiss, Germany) and focused into the cuvette with a focus ization mixture with a spin column (Microcom 100;
diameter of 4 mm. The cells were irradiated in an ice- Millipore, Germany) the probe DNA was prehybridized at
cooled cuvette under permanent stirring for 30 min. 378C in the hybridization mixture (Hybrisol VI, Oncor,
Stirring was performed in a 500-ml self-made cuvette, Appligene) for 15 min. Five to 60 ml (optimized for each
placed directly on a magnetic stirrer, with 40 rpm. The probe) of the predenatured DNA probe solution were

2radiation fluence of 500 kJ /m on the sample was con- added to the slides diluted with Hybrisol VI (Oncor,
trolled with a power-meter (Scientech, Vektor 200, Appligene) making a final volume of 60 ml. Afterwards,
Laser2000, Germany). On the basis of dose–response the slides were covered with plastic coverslips and incu-
curves determined in an early work [6,18], this fluence was bated in a humidified chamber at 378C for 12–72 h without
chosen because of the clear biological effect with a sealing the slides. After hybridization the coverslips were
considerable cell survival. To avoid heat damage, a heat carefully removed and the slides were washed in SSC (13
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to 23, according to the probes protocol) at 708C for 5 min whereas six comets were class 2, resulting in an overall
and finally immersed in phosphate-buffered detergent percentage of damaged cells of 3%. The corresponding
(PBD). An enzyme coupled antibody (Boehringer Mann- values for chromosome 8 are 150 and 50 with a resulting
heim, Germany) [19] was used to enhance the fluorescence percentage of 25%.
signal with HNPP/Fast Red as described by the supplier,
except that the Fast Red solution was applied for just 10 2.5. Estimation of fragment length
min. The slides were washed for 10 min in H O and2

counterstained with diluted (1:100 in H O) SYBR Green An estimate of fragment length as function of the2

solution (Molecular Probes) for 10 min in the dark. position in the comet (Fig. 2, bottom) was obtained as
After 30 min incubation at 48C in the dark, image follows: COMET-assay was performed as described above,

acquisition was performed using a fluorescence microscope except that the agarose concentration was varied from 0.5
(Axioskop; Zeiss, Germany) with a 403 /NA 1.33 oil to 5% and electrophoresis was carried out for 60 min.
immersion objective, appropriate filter sets (Zeiss), and a Parallel to this, normal agarose gels (also low melting
black and white CCD camera (Photometrix, USA). For point agarose) were loaded with a molecular size standard
image analysis the IPLab software was used running on a (Eurogentec) ranging from 200 to 10 000 basepairs. The
Macintosh computer. The fluorescence images of the electrophoresis was carried out in the same buffer and
comets, and the FISH-labelled sites are recorded separately under the same electrophoretic conditions as described for
as individual black and white images. Then the corre- the microgels.
sponding images were merged and presented in false The estimate of the fragments in the comet’s tail was
colours. Quantitative analysis of the comet images was made from the comparison of the known DNA fragments
performed using Komet 3.0 (Kinetic Imaging) running on and the comet’s appearance. It is known, that DNA larger
an IBM PC. than 100 kb cannot enter even low concentrated agarose

gels [20]. These fragments must remain in the head. The
2.4. Variations in the appearance of comets and data fragments from 10 to 100 kb can migrate in low concen-
analysis trated, but not in higher concentrated agarose, that results

in normal comets in low concentration agarose microgels.
Fig. 1 shows comets of different cells hybridized with a However fragments smaller than 10 kb migrate also in

whole chromosome painting probe for chromosome 1 high concentrated gel matrix. This results in a normal
(upper row) and for chromosome 8 (lower row). For separated standard in the macroscopic gel and comet’s
chromosome 1 the majority of the hybridization spots were with a ‘broken tail’, that means the smallest fragments of
localized in the comet’s head. In contrast, for chromosome the comets tail are completely separated from the head, so
8 a considerable number of hybridization signals was that the middle part of the tail is missing. These medium
found in the tail. Since the irradiation dose and the sized fragments are missing in the comets in 2.5% agarose
electrophoretic conditions were equal for all nuclei, obvi- for example. The smallest fragments in the comets are
ously chromosome 1 was more stable than chromosome 8. small enough to migrate in agarose up to 4%, whereas in
In order to quantify this, we have introduced a classifica- the macroscopic gels at 4–5% fragments over 8000–
tion of the hybridization patterns according to Fig. 2: this 10 000 bp do not migrate. So the estimation is build on the
figure also gives an estimate of fragment size versus observation of the missing fragments in the comets and the
position in the comet (see below). Grades 0 and 1 have no corresponding standard fragments, that could not migrate
fragments smaller than |100 kb and were defined as into the macroscopic gels.
‘undamaged’, although rare DNA breaks resulting in
megabasepair sized fragments were still possible. 2.6. Controls using metaphase chromosome spreads and

In a typical experiment, approximately 30–100 cells are laser scanning microscopy (LSM) analysis
evaluated per microscope slide. The number of cells
counted depended on the quality of the gel matrix and the For all tested probes, hybridization on metaphase
location of the comets. Sometimes comets were located to spreads was performed before the probes were used in
close to each other, so that an evaluation was not possible. COMET-FISH to check their quality, stringency and the
Also partly damaged gels (air bubbles included or scrat- optimal hybridization conditions. The hybridization on
ched gels) reduce the numbers of comets that could be metaphase chromosomes was performed according to
evaluated. The number of comets counted was not depen- standard cytogenetic protocols on methanol acetic acid
dent on the probe, but differs from slide to slide. A typical fixed chromosomes and nuclei [21].
COMET-assay or COMET-FISH experiment should con- Control experiments for COMET-assay were performed
sist of 50 or more cells per slide with three independently with undamaged cells, that were passed through lysis and
processed slides to get an overall minimum number of 150 electrophoresis without previous damaging. Also cells
cells to achieve statistical security. For chromosome 1, 194 were stirred in the micro-cuvette for 30 min without
comets (on four slides) were judged as class 0 and 1, irradiation on ice and without any detectable DNA dam-
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Fig. 1.

Fig. 3.

Fig. 5.

Fig. 4.
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version 2.04. The sections in z-direction were captured at a
distance of 0.6 mm as suggested by the software. Hybridi-
zation patterns of multiple probes as ‘all-human-centro-
mere’ or telomere probes were compared between
COMET-FISH and metaphase chromosome hybridization
(see Fig. 4).

2.7. Expressed sequence tags (EST) and EST-density

An EST is an arbitrary piece of DNA sequence in the
(human) genome which is a result as well as a working
tool for large genome sequencing projects such as HUGO.
Typically, one obtains ESTs by isolating messenger RNA

Fig. 2. Schematic overview of possible breakage patterns and the
of a given cell (type), reverse-translating it into cDNA andresulting hybridization signal distribution after COMET-FISH. Case (a)
determining a part of its sequence, up to a few hundredrepresents a completely undamaged chromosome, which results in only

one signal in the head. This case would be correctly judged as ‘undam- basepairs long. The EST information is gathered in data
aged’. Case (b) shows a low level fragmentation, which results in large bases (for an overview, see Ref. [22]). EST-specific data
unmovable fragments that form a fragmented cluster in the head. This are available in these data bases, for example the position
case will be judged as undamaged, whereas it is slightly damaged. Case

of each EST on a chromosome or disease related data.(c) shows a damaged chromosome with signals clustered in the tail. This
Over the past years, sufficient information on ESTs haspattern would be correctly interpreted as ‘damaged’. An estimate of the

fragment size is given at the bottom of the illustration. accumulated to generate a map of ESTs for each chromo-
some. Since ESTs have been generated from mRNA, i.e.,
expressed RNA, the density of ESTs on a given chromo-

age. The comets of these nuclei kept their round shape, i.e., some is related to the density of active (expressed) genes.
no DNA fragments migrated out of the nucleus. An image To correlate the measured breakage sensitivity to the gene
of a control (male) nuclei is presented in Fig. 3, hybridized density, the density of active genes for each chromosome
with a whole chromosome painting probe for chromosome is given as the EST density. These densities are calculated
X. No damaged DNA was found, that migrates out of the by chromosome mapping researchers after allocation of
head. The hybridization reveals one distinct chromosomal thousands of cDNA clones. The EST density is calculated
domain known from interphase FISH. as given in Eq. (1):

Hybridization on comets and unirradiated control nuclei
Nembedded in agarose was controlled by three-dimensional counted

]]]]]]]EST 5 (1)densityLSM to ensure that hybridization signals were located in DNAchromosome
]]]]N 3totalthe comet volume and have the expected spatial dimen- DNAgenome

sions. For these experiments a Zeiss LSM 510, equipped
with a helium–neon and an argon ion laser, was used. with N is the number of clones allocated to a specificcounted

Images were acquired with a pinhole diameter of 1.04 Airy chromosome, and N is the overall number of tested ortotal

units and an adequate amplification gain to get the localized clones. DNA means the DNA contentchromosome

optimum signal-to-noise ratio. The comets were visualized of the specific chromosome, while DNA means thegenome

at 102431024 pixels using the Zeiss LSM software total DNA content of all chromosomes of the specific

2Fig. 1. Typical results of two hybridization probes used in COMET-FISH after 500 kJ /m UV-A irradiation. These images show the variation among
individual cells of the resulting hybridization patterns, as discussed in previous sections. Upper row (a–d): typical results of the ‘stable’ chromosome 1.
Lower row (e–h): chromosome 8, that is less stable. The white triangles indicate the head dimensions as calculated by the computer software Komet 3.0.
The white scale bar represents a distance of 10 mm. The arrows show the location of the small hybridization signals in the comets.

Fig. 3. Control nucleus of a male donor: the cell was passed through the complete preparation procedure, except that it was not irradiated. There was no
detectable DNA damage. The hybridization pattern of a whole chromosome painting probe of chromosome X reveals a distinct chromosomal domain. The
white scale bar represents a distance of 10 mm.

Fig. 4. All human telomere probe hybridized on (a) spread human metaphase chromosomes, (b) hybridization on a comet observed with an epifluorescence
microscope (c), and gel embedded comet, displayed as a z-stack acquired with a LSM. Similar numbers of signals and signal intensities were observed with
all three methods.

Fig. 5. In contrast to Fig. 1, the pattern of the X chromosome specific probe of a male (a) and female (b) donor. In the latter case, one signal cluster can be
found in the tail, indicating comparably high radiation sensitivity, whereas the second signal can be found in the head area in nearly all cases. (A) The same
probe as (b) except that in this case the cells of a male donor are taken, showing significant differences in the stability of the X chromosome in male and
female donors, with one major signal cluster in the head and rarely signals in the tail. The white scale bar is 10 mm. The arrows locate the small
hybridization signals in the comets.
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Table 1
aAn overview of the FISH probes used in COMET-FISH

Probe Metaphase COMET-FISH

No. No. % No. No. No. %
b bexperiments spreads Hybridization experiments nuclei signals Hybridization

1 1 100 98 4 200 2 92
2 1 100 97 1 80 2 94
3 1 100 98 1 75 2 90
8 1 100 99 4 200 2 91
9 1 100 97 2 80 2 94
11 1 100 100 2 90 2 90
14 1 100 100 2 70 2 93
18 1 100 98 1 65 2 95
19 1 100 99 2 130 2 95
21 1 100 98 4 100 2 89
X male 1 100 97 4 180 1 signal 90
X female 1 100 98 5 200 2 signals 85
Y 1 100 97 4 180 1 92
All centromeres 2 200 91 4 160 60–70 82

(.70 sign.)
All telomeres 2 200 82 4 160 36–46 81

(.42 sign.)
a The first three columns show the results of control experiments on metaphase chromosome spreads.
b % Hybridization means the number of objects (metaphases or interphase nuclei) with the expected results.The expected results are given in the column

‘No. signals’. The last four columns represent the results of the COMET-FISH experiments. The percent of signals in the tail means one or two signals in
the tail (see text for explanation), whereas the No. signals indicates the expected number of signals to be found.

genome. The EST density is calculated by dividing the metaphase chromosomes and on comets. Fig. 4a gives the
counted clone probes mapped on a specific chromosome result of an ‘all human telomere’ probe hybridized on a
by the product of the total number of tested cDNA clones metaphase spread. Comparable results are obtained when
and the percentual chromosome size. A value smaller than the probe is hybridized on comets, with similar number of
1 indicates a chromosome with a gene density below the signals and similar signal size. To ensure complete de-
average, whereas values above 1 indicate gene-rich chro- tection, Fig. 4b gives the z-stack obtained by LSM
mosomes. observation of an acquired comet in comparison to Fig. 4c,

which shows a comet with the same hybridization probe
2.8. Error calculations observed in a conventional epifluorescence microscope. So

COMET-FISH gives comparable results with respect to
Error bars shown in Fig. 6, and also listed in Table 2, hybridization sensitivity and reproducibility as convention-

were calculated as follows: the percentage of nuclei with al metaphase hybridization. Conventional microscopy can
signals in the tail was calculated for each slide. The be used for routine measurements, while LSM may be
numbers of experiments per probe are given in Table 1. applied to obtain high resolution comets for hybridization
The total percentage of comets with signals in the tail was control. With the described protocol, especially chromo-
calculated as percentage averaged from the single experi- some painting probes can be hybridized successfully and
ments per probe. The errors were determined by the analyzed.
standard deviations (for some probes only one experiment
was performed, so no error was calculated). The EST 3.2. UV-A sensitivity of whole chromosomes
density for each chromosome was the averaged value
obtained from the two publications of Hudson and co- From the distribution of the whole chromosome painting
workers [23] and Deloukas and co-workers [24]. The error FISH signals in the comet tail or head, a correlation of
bars were also calculated as the standard deviation. damaged versus undamaged DNA in the respective chro-

mosome can be evaluated. COMET-FISH can detect all
DNA breaks (single or double strand) that exceed a given

3. Results detection limit, defined by the minimum size of the
fragments that can be separated from the unfragmented

3.1. Comparison of hybridization on COMETS versus DNA within the electric field. As this limit is similar for all
hybridization on metaphase chromosomes DNA fragments from all chromosomes, the counted cases

can be correlated to an induced number of breaks. As an
Fig. 4 shows the result of in situ hybridization on example, the image of COMET-FISH for a chromosome 1
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Table 2
Overview of the tested chromosomes together with the DNA content in

amegabasepairs

Chromosome % Cases with Standard Mean EST DNA content
signals in tail error density in Mb

1 3 2.62 1.32 250
b2 8.1 0 0.865 240
b3 8.9 0 0.945 190

8 25 4.42 0.76 135
9 7 1.5 1 130
11 2 1 1.39 130
14 2 1.75 1.19 105

b18 10.9 0 0.675 75
19 2 1 2.17 70
21 6 3.53 0.81 55
X 18 3.80 0.58 140
Y 30 7.59 n.a. 60
X 93 4.39 0.58 140female

Fig. 6. DNA breakage sensitivity, expressed as the percentage of comets
a A random distribution of induced UV-A breaks should result in more with signals in the comet tail as function of the gene density, depicted as

cases with signals in the tail for large chromosomes than for small ones. expressed sequence tags (ETSs) for the chromosomes (n). The data are
The ratio of observed breaks for each chromosome and the chromosomes fitted by an exponential function (—). Error bars for the EST values are
corresponding mean EST density as known from literature (see text). Also calculated as the standard deviation from the different EST values given
the standard deviation for the observed cases with breaks is given, as in the cited articles. Error bars for the percentage of cases with signals in
calculated from the results of the single experiments. the tail are calculated as the standard deviation from the results of the

b For these data no standard deviations could be calculated, as these single experiments for the breakage sensitivity. An inverse correlation
experiments were only performed once. n.a. (not assigned): The EST between the gene density and the breakage sensitivity is displayed.
value is not given in the literature.

painting probe is shown in Fig. 1 upper row. The labelled and 3) should have a higher number of DNA breaks than
sites are nearly always located in the head, showing the the smaller ones (chromosomes 19 and 21). We did not find
typical shape of chromosome territories known from such a correlation between DNA content and the number
interphase FISH [25,26] on standard microscope slides. On of UV-A induced breaks. This means that DNA damage
the contrary, Fig. 1 lower row shows the result of seems not to be induced in a random or size depended
hybridization of chromosome 8, that reveals significantly way, but at some preferred sites or ‘hotspots’.
more comets with signals in the tail. Similar results as for The behaviour of the female sex chromosomes, com-
chromosome 1 are obtained with the DNA painting probes pared to that in male nuclei implicates another correlation.
for chromosomes 11, 14 and 19 (see Table 2). A second The breakage sensitivity seems to be correlated to the
class of chromosomes consists of a group with inter- density of active genes. A good measurement for the
mediate chromosome fragility where a few chromosome density of active genes is the density of mapped expressed
signals are found in the tail in 6–10% of the comets (these sequence tags (ESTs, see http: / /www.ncbi.nlm.nih.gov/
are chromosomes 2, 3, 9, 18 and 21). In contrast to these genemap/ ). The breakage sensitivities for all tested chro-
chromosomes, chromosomes 8, X and Y (18–30%) show mosomes have been correlated to the corresponding mean
more signals in the tail (Table 2). EST densities published by Hudson and co-workers [23]

The X chromosome reveals a sex-specific behaviour for and Deloukas and co-workers [24]. The correlation is
all tested individuals: 93% of the comets show FISH given in Fig. 6. An empirical fit function is shown based
signals in the tail for female nuclei (Fig. 5b), but only 18% on an exponential function. Any biological meaning,
of male nuclei do so (Fig. 5a), suggesting that it may be however, is presently not obvious, so that this exponential
the inactive X chromosome (X ), which is heavily dam- decrease should only be used as an empirical fact.i

aged.

3.3. Chromosome fragility versus DNA content and EST 4. Discussion
density

So far the published protocols of FISH on comets
The sensitivities for all tested chromosomes are listed in [10,11] have only used ‘small’ hybridization probes,

Table 2, together with the DNA content in megabasepairs. whereas the modified protocol for COMET-FISH [9,10]
If the UV-A induced damage would be distributed random- described in this paper is appropriate to perform hybridiza-
ly, there should be a linear correlation between DNA tion with whole chromosome painting probes as well. This
content of the chromosomes and their sensitivity towards makes COMET-FISH a fast and easy method to study
UV-A irradiation. Therefore, the larger chromosomes (1, 2 stabilities of specific chromosomes towards DNA damag-
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