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A rapid FISH (fluorescence in situ hybridization) technique (Fast-FISH) for quantitative
microscopy has been recently introduced. For highly repetitive D N A probes the hybridization
(renaturation) time and the number of necessary washing steps were reduced considerably
by omitting formamide or equivalent denaturing chemical agents. Due to low stringency
conditions major and minor binding sites of the probes used showed visible FISH signals
well suited for quantitative image-microscopy. The discrimination of minor and major binding
sites was possible by automated image-processing. Here, a further, quantitative optimization
of the Fast-FISH technique is described that allows to clearly discriminate major and minor
binding sites of a-satellite probes by an easy image classification parameter. With respect to
the optimization it was necessary to verify two sensitive parameters (hybridization time and
temperature) of the given rapid FISH protocol. A s examples the systematic optimization for
the two probes D 1 2 Z 2 (major binding site on the centromere of chromosome 12) and D 8 Z 2
(major binding site on the centromere of chrom osom e 8) are shown. The optimal hybridiza
tion conditions concerning rapidness and quality o f chromosome morphology were obtained
using a hybridization temperature of 70 °C and a hybridization time of 60 min. For these
conditions major and minor binding sites were clearly discriminated by the intensity maxi
mum Smax of the corresponding FISH-spots.

Introduction
Fluorescence in situ hybridization (FISH) allows
the individual delineation of chromosomes and
chromosomal subregions (for review see C rem er
and Cremer, 1992; Gray et al., 1994; Lichter et al.,
1991; Trask, 1991). Repetitive centrom ere probes
as for instance a-satellite probes are routinely
used in chromosome research, clinical diagnostics,
or radiation biology. Meanwhile, a broad spectrum
of those probes in com bination with hybridization
reaction kits is commercially available. These reac
tion kits as well as most of the established FISH
protocols (Lichter and Cremer, 1992) are based
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on developments from earlier in situ hybridization
procedures (Langer-Safer et al., 1982; Pinkel et al.,
1986; Schardin et al., 1985). In these protocols usu
ally denaturing organic chemical agents are ap
plied on both, the DNA probe and the chrom o
somal target. Especially formamide in high
concentration with m oderate heat denaturation
has been established as a standard essential
(“formamide protocol”). This treatm ent is re
ferred to allow high stringency conditions, i. e. mi
nor binding sites of DNA probes can be sup
pressed so that ideally only one (= the specific)
binding site remains labeled. However, conse
quences of these advantages using formamide are
a long hybridization time (typically overnight up
to several days (e.g. Tucker et al., 1993)) and a
complex, workloaded washing procedure after
wards. In the following, hybridization time and hy-
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bridization tem perature mean the time and tem 
perature required for probe-target DNA renaturation only.
In the case of clinical routine diagnostics (C ar
ter, 1994) or biological dosimetry (Cremer et al.,
1995; Crem er et al., 1990; Gray et al., 1994) it is
highly desirable to accelerate the entire hybridiza
tion procedure and to develop easy to handle, well
reproducible protocols. It has been observed (Celeda et al., 1992) that FISH of repetitive DNA
probes is feasible also in the absence of formamide
or equivalent denaturing agents. Starting from
these findings, a modified FISH technique (“nonformamide protocol”) with a high tem perature denaturation treatm ent has been described (Celeda
et al., 1994; H aar et al., 1994). For the two highly
repetitive probes pUC 1.77 (specific for the region
l q l 2 ) and D 15Z 1 (specific for centrom ere of
chromosome 15), it was possible to shorten the hy
bridization time considerably down to a minimum
of 30 sec (Fast-FISH). Incorporation of fluorescein
labeled nucleotides into the DNA probes reduced
the num ber of subsequent washing steps to one so
that the complete FISH procedure was finished in
less than half an hour. Due to the lower stringency
conditions, minor binding sites became also visible.
However, for pUC 1.77 and D 15Z 1, major and
minor binding sites were discriminated by com
puter image analysis. For this purpose a classifica
tion algorithm on the basis of spot intensity and
spot area evaluation was written (Aldinger et al.,
manuscript in preparation). Although this ap
proach lead to reasonable results in many cases, it
was desirable to further study the Fast-FISH pro
cedure and to optimize the hybridization param e
ters. In the “non-formamide protocol”, formamide
and other organic chemical denaturing agents
have been eliminated. Therefore, hybridization
time and hybridization tem perature acquire a still
more prom inent role as two highly sensitive basic
param eters for the hybridization process. A ddi
tional influence of still unknown significance
might be for example, the state of condensation
and “aging” of the chromosomal targets, the consistance and the pH of the buffer, and the type
of chemical modifications used to label the DNA
probes. Here, we will show by quantitative image
microscopy, how the two major parameters, hy
bridization time and tem perature influence the hy
bridization behaviour of «-satellite probes, and
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how this effect can be used to easily discriminate
major and minor binding sites.
Materials and Methods
Slide preparation
M etaphase chromosomes were obtained from
human lymphocytes isolated from peripheral
blood by standard techniques (Boeyum, 1964).
The lymphocytes were stimulated by phytohem ag
glutinin M (2.5 |ig/ml lymphocyte medium) and
cultivated for 72 hours followed by a Colcemid
block (Boehringer Mannheim, M annheim, FRG )
for the last two hours. The treatm ent of the cells
was according to a modified hexandiol method
(Dudin et al., 1987), and the m etaphase spreads
and interphase nuclei were fixed on slides by
means of methanol/acetic acid (3:1, v/v). The
slides were used for FISH without further treat
ment (such as dehydration, different kinds of di
gestion etc.).
Preparation o f D N A probes
For the chromosome 12 a-satellite probe
D 1 2 Z 2 , the entire plasmid with the human insert
(kindly provided by Prof. Dr. T. Cremer, Institute
of Hum an Genetics and Anthropology, University
of H eidelberg) was labeled with digoxigenin-11dUTP by nick translation (Nick Translation Kit,
Boehringer M annheim, FRG ) according to prod
uct information. The chromosome 8 a-satellite
probe D 8 Z 2 was a digoxigenin labeled com m er
cial probe from ON C O R , Inc. (O N CO R, 209
Perry Parkway, Gaithersburg, MD 20877).
In situ hybridization
In situ hybridization without formamide or
equivalent chemical denaturing agents (referred to
as “without form am ide” or “non-formamide pro
tocol”) was perform ed as described in detail else
where (Celeda et al., 1994).
Briefly: Approx. 50 ng of the labeled DNA
probe, 3 |_il hybridization buffer (lOx: Tris[2-amino2-(hydroxym ethyl)-1,3-propanediol]-HCl
100 mmol/1; MgCl2 30 mmol/1; KC1 500 mmol/1;
gelatine 10 mg/1; pH 8.3 (20 °C)), and 3 |il 20xSSC
(final pH around 8 ) were diluted in deionized H20
to make up a final volume of 30 |xl. This hybridiza
tion m ixture was pipetted on the microscope slides
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with the fixed m etaphase spreads. The slides were
covered with a cover glass, sealed with rubber
cement (Fixogum, M arabu, Tamm, FRG ), and
placed in a specially designed, closed stainless
steel chamber for denaturation and hybridization.
Simultaneous therm al denaturation of probes
and chromosomal targets was perform ed at 95 °C
for 5 min. This denaturation tem perature was esti
m ated from hyperchromicity curves registered at
a wavelength of about 260 nm for isolated human
lymphocyte m etaphase chromosomes and dif
ferent probes in the hybridization buffer used (D.
Adam, J. Rauch, D. Wolf, M. Hausmann, C.
Cremer, unpublished results). For hybridization
the steel cham ber with the slides was placed into
a waterbath of a: 40 °C for (15, 30, 60, and
120 min); b: 60 °C for (15, 30, 60, and 120 min);
c; 70 °C for (15, 30, 60, and 120 min); d: 75 °C for
(15, 30, 60, and 120 min).
For detection the slides were washed once for
5 min at RT in a solution of 0.9% NaCl/0.2%
Tween 20. For fluorescence labeling with antidigoxigeninfluorescein Fab fragments (Boehringer/
M annheim Gm bH, M annheim, FRG ) the slides
were incubated for 2 h at 37 °C and washed af
terwards again in 0.9% NaCl/0.2% Tween 20. For
counterstaining of the chromosomes, propidium
iodide (PI) (0.2 (ig/ml) and diamidinophenylindole
(DAPI) (5 [imol/1) were used.
Digital image analysis
For visualization, an image analysis system de
scribed in detail elsewhere (Aldinger et al., m anu
script in preparation; Bornfleth et al., 1996) was
supplied. It is based on a fluorescence microscope
(Leitz O rthoplan, Leica, Wetzlar, FR G ) equipped
with a Plan A PO 63x/NA 1.40 objective and a
50 W mercury arc lamp. Excitation took place via
a 450-490 nm band pass filter and emission via a
515 nm long pass filter. On the slides, metaphase
spreads were chosen by random access. For each
hybridization tem perature and each hybridization
time, 30 m etaphase spreads were recorded using
a cooled color CCD-camera (CF 15 MC, Kappa,
Gleichen, FRG). A constant acquisition time for
cach slide was chosen. The images were transfer
red to a color frame grabber (ITI Vision Plus
Color CFG 512; Kappa). For registration and eval
uation the commercially available software pack
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age OPTIM AS (BioScan, Edmonds, WA, USA)
was running on a PC (80486) under WINDOW S
3.1 with the MS-DOS operating system. In this
software package a program subroutine was im
plemented, which was designed for autom ated
spot finding and evaluation. From the green image
plane of the RGB (Red, Green, Blue)-image all
quantitative data of the FISH spots were obtained.
The program automatically analyzed all regions of
high intensity. The spot areas were segmented by
calculating the intensity distribution around the
maximum intensity. A t the points comparable to
local maxima in the second derivative around the
intensity maximum, the borderline of the spot was
fixed. For every FISH-spot in a m etaphase spread,
Smax (maximum intensity) and A (area) were com
puted. In addition the normalized intensity values
(normalized to the intensity of the brightest FISH
spot in each metaphase spread) were calculated.
For each experiment 30 randomly chosen m eta
phases were averaged and the mean values and
standard deviations were com puted for the other
spots. All these data were further processed by a
standard spreadsheet program and visualized.
Results
The influence of four different hybridization
times (t - 15, 30, 60, 120 min) and tem peratures
(T = 40, 60, 70, 75 °C) on the fluorescence signals
of major and minor binding sites of two a-satellite
DNA-probes (D 1 2 Z 2 , D 8 Z 2 ) was examined (TaTable I. This table shows the average numbers of minor
binding sites (± standard deviation) for different hybrid
ization times and temperatures of the two repetitive
a-satellite D N A probes D 8 Z 2 and D 1 2 Z 2 . The values
were calculated on the basis of 30 metaphase spreads
each, selected by random access.
Incubation time
30 min
15 min

60 min

120 min

3.2
4.4
4.5
1.6

38.6
29.5
2.1
5.4

± 5 .7
± 5.0
± 2 .1
± 3 .9

42.1 ± 3.0
17.5 ± 6.0
2.9 ± 2.5
1.5 ± 2 .0

± 4.9
± 3 .0
± 2 .6
± 1 .0

26.6
16.3
9.8
0.3

± 9.0
± 3 .4
± 3.8
± 0 .5

38.5
15.1
14.7
0.1

D 8Z 2
40
60
70
75

°C
°C
°C
°C

D 12Z 2
40 °C
60 °C
70 °C
75 °C

23.9
28.4
18.8
4.8

± 7.2
± 6.3
± 7 .2
± 5.1

17.6 ± 6 .9
13.3 ± 1.2
12.7 ± 1.4
-

40.4 ±
29.9 ±
9.0 ±
1.2 ±
20.8
19.6
11.6
0.3

± 4.3
± 1.9
± 1.2
± 0 .3
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Fig. 1. Smax vs. spot no. with decreasing values (D 8 Z 2 ). Each point represents the average of 30 m etaphase spreads.
Each graph a) T = 40 °C, b) T = 60 °C, c) T = 70 °C, and d) T = 75 °C contains four curves (t = 15 min, t = 30 min,
t = 60 min, t = 120 min).

ble I, Figs. 1, 2). For T - 40 °C the num ber of fluo
rescent spots on the chromosomes increased with
t so that for t = 120 min on average about 42 chro
mosomes per metaphase spread (= major + minor
binding sites) were labeled in their centromeres.
Those hybridization conditions were found to be
useful for all centrom ere labeling with these
probes.
For T - 60 °C the average num ber of minor
binding sites was approximately constant (within
statistical errors) for all t but in most cases it was

lower than for T = 40 °C. For T = 70 °C the
number of minor binding sites was further reduced
with a minimum at t = 60 min. Although the lowest
numbers of minor binding sites were found at T 75 °C, this turned out not to be the optimum con
dition because the signal intensity decreased con
siderably and the morphological appearance of the
chromosomes became poor for this high hybrid
ization tem perature. Especially the D 1 2 Z 2 probe
became problematic under these conditions. In
Table I the average numbers of m inor binding sites
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Fig. 2. Smax vs. spot no. with decreasing values (D 12 Z 2). Each point represents the average of 30 metaphase spreads.
Each graph a) T = 40 °C, b) T = 60 °C, c) T - 70 °C, and d) T = 75 °C contains four curves (t = 15 min,
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under the given hybridization conditions are
summarized.
For all different hybridization conditions, Smax
(maximum intensity), A (spot area) and Sint (inte
grated intensity S x A ) of all registered FISH spots
of a m etaphase spread were calculated and ar
ranged according to decreasing values. This means
that spot num ber 1 and 2 correspond to the pre
sumptive major binding sites. For each case the
Sr„^-values for spot 1, 2, 3 . . . etc. were averaged
using 30 m etaphase spreads of one (T, t) condition.

In all cases Smax and Sint showed well comparable
results, i. e. a high Smax corresponded to a high Sint
and a low Smax to a low Sint. Fig. 1 shows the results
for the D 8 Z 2 probe and Fig. 2 for the D 1 2 Z 2
probe. In Fig. 3, histograms of the mean values
(see Figs. 1 and 2) for optimal hybridization condi
tions are given. For T = 70 °C the intensities of
spot 1 and 2 were considerably higher than for all
other spots (except 120 min for D 1 2 Z 2 - see
Fig. 2 c). The same result was obtained for T =
75 °C. For the D 8 Z 2 probe the optimal hybridiza-
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tion conditions (= best discrimination of major and
minor binding sites by Smax) were obtained for T =
70 °C and t = 60 min and t = 120 min, respectively.

For D 12 Z 2, similar results were obtained for T =
70 °C and t = 60 min. In contrast to D 12 Z 2, the
D 8 Z 2 probe also showed a reasonable discrimi-
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75 °C with t = 60 and 120 min.
The absolute intensity values varied from ex
perim ent to experiment. In addition, intercellular
intensity variations in m etaphase spreads on the
same microscope slide were found. To account for
that, normalized intensity values S^ax™ were calcu
lated (normalization to the brightest spot in each
m etaphase spread) for the corresponding spots of
30 randomly chosen metaphase spreads. Accord
ingly, the brightest spot in each metaphase spread
obtained the value S£°"n = 100%. All other spots
obtained smaller values according to their norm al
ized spot intensities. For each of these smaller val
ues, the mean of S™r™ and its standard deviation
o was determ ined. From the mean S™xm and its
standard deviation o an estimate of the signifi
cance of discrimination of major and minor bind
ing sites for the “optimized” hybridization condi
tions was obtained (Fig. 4). The low renaturation
tem perature resulted in a staining of all centro
meres. In this case, in the individual cells, no signif
icant discrimination of the two major binding sites
from other binding sites was possible. In contrast
to this result, high tem perature hybridization con
ditions discriminated the two brightest spots (m a
jor binding sites) from all other spots (minor bind
ing sites) within a range of more than one standard
deviation o.
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Fig. 4. S™rxm (normalized Smax values) vs. spot no. with
decreasing values. Each point represents the mean value
from 30 metaphase spreads. The bars indicate the stand
ard deviation o a) D 8 Z 2 for T = 40 °C and t - 60 min;
b) D 8 Z 2 for T = 70 °C and t = 120 min; c) D 12Z 2 for
T = 70 °C and / = 60 min.

“Non formamide protocols” (omitting form 
amide and other denaturing organic chemical
agents) have been introduced to accelerate the
FISH procedure. This greatly improves the possi
bility to study systematically the effect of different
hybridization conditions. Here we investigated the
influence of hybridization tem perature ( T) and
time (t) on the stringency. The problem of minor
binding sites due to low stringency conditions was
overcome by appropriate hybridization conditions
of Fast-FISH. Hybridization time and tem perature
revealed to be sensitive param eters to influence
the result for the two highly repetitive a-satellite
probes used.
Low hybridization tem peratures and increased
hybridization times resulted in fluorescence labels
on nearly all centrom eres (low stringency). This
“low stringency” condition does not allow the
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identification of specific chromosomes. However,
an optimization of such conditions in order to
completely label all centrom eres may be useful for
the application of the Fast-FISH procedure in bio
logical dosimetry. Labeling of centrom eres of a
specific chromosome type allows the rapid detec
tion of dicentric chromosomes (Crem er et al.,
1990). Labeling of all centrom eres in principle is
expected to allow the detection of all dicentric
chromosomes in a m etaphase spread (Durm et al.,
manuscript in preparation).
In this report, the opposite aim was persued.
The hybridization conditions were modified in
such a way, that with one image param eter Smax
of the labeling spots a clear identification of the
major binding sites was possible. The hybridization
tem peratures used were around 70 °C. In spite of
that, the signal intensities were sufficient to allow
useful hybridization times between 1 and 2 hours.
Additionally, the high stringency option for FastFISH reported here has been extended to a
variety of other repetitive probes (H aar et al.,
1996; Durm et al., manuscript subm itted). The
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combination of Fast-FISH and automated digital
image analysis offers an attractive method for a
quantitative chromosome analysis in all cases
where routine measurem ents in a short time have
to be performed. For general screening purposes
a standard set of probes may be used. Optimized
values for T and t can be found so that the com
puter analysis can be completely automatized. The
results suggest that a special non-formamide pro
tocol may be used for specific labeling and to sup
press considerably chromosomal binding of highly
repetitive probes to m inor binding sites. However,
it is anticipated that especially in tumor diagnos
tics, single copy probes have to be included de
pending on the problem to be studied. Thus to
study the influence of time and tem perature quan
titatively in detail may offer further aspects of
Fast-FISH to the application of other than repeti
tive probes (Durm et al., manuscript submitted).
Acknowledgement
The financial support of the Deutsche For
schungsgemeinschaft is gratefully acknowledged.

Dudin G., Cremer T., Schardin M.. Hausmann M., Bier
F. and Cremer C. (1987), A method for nucleic acid
hybridization to isolated chromosomes in suspension.
Hum. Genet. 76, 2 9 0 -2 9 2 .
Gray J. W., Pinkel D. and Brown J. M. (1994), Fluores
cence in situ hybridization in cancer and radiation
biology. Radiat. Res. 137, 275-289.
Haar F.-M., Durm M., Aldinger K., Celeda D., Haus
mann M., Ludwig H. and Cremer C. (1994), A rapid
FISH technique for quantitative microscopy. BioTechniques 17, 34 6 -3 5 3 .
Haar F.-M.. Durm M., Hausmann M., Ludwig H. and
Cremer C. (1996), Optimization of fast-FISH for asatellite D N A probes. J. Biochem. Biophys. Meth.
(in press).
Langer-Safer P. R., Levine M. and Ward D. C. (1982),
Immunological method for mapping genes on D ro
sophila polytene chromosomes. Proc. Natl. Acad. Sei.
U.S.A. 79, 4381-4385.
Lichter P., Boyle A. L., Cremer T. and Ward D. C.
(1991), Analysis of genes and chromosomes by non
isotopic in situ hybridization. Genet. Anal. Techn.
Appl. 8, 2 4 -3 5 .
Lichter P. and Cremer T. (1992), Chromosome analysis
by non-isotopic in situ hybridization. In: Human Cyto
genetics - a Practical Approach, D. E. Rooney, B. H.
Czepulkowski (Ed.). Vol. F. IRL Press, Oxford,
pp. 157-192.

M. Durm et al. • O ptim ization o f Fast-FISH

Pinkel D., Straume T., Gray J. W. (1986), Cytogenetic
analysis using quantitative, high sensitive, fluores
cence hybridization. Proc. Natl. Acad. Sei. U.S.A. 83,
2934-2938.
Schardin M., Cremer T., Hager H. D. and Lang M.
(1985), Specific staining of human chromosomes in
Chinese hamster x man hybrid cell lines demonstrates
interphase chromosome territories. Hum. G enet. 71,
281-287.

261

Trask B. (1991), Fluorescence in situ hybridization. A p 
plications in cytogenetics and gene mapping. Trends
G enet. 7, 149-154.
Tucker J., Ramsey M. J., Lee D. A. and Minkler J. L.
(1993), Validation of chromosome painting as a bio
dosim eter in human peripheral lymphocytes following
acute exposure to ionizing radiation in vitro. Int.
Radiat. Biol. 64, 2 7 -3 7 .

Nachdruck - auch auszugsweise - nur mit schriftlicher G enehm igung des Verlages gestattet
Satz und Druck: Allgäuer Zeitungsverlag Gm bH, Kempten

