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Abstract Epigenetic mechanisms lead to the stable regulation of gene expression 
without alteration of DNA and trigger initiation and/or maintenance of cell-type-
 specifi c transcriptional profi les. Indeed, modulation of chromatin structure and the 
global 3D organization of the genome and nuclear architecture participate in the 
precise control of transcription. Thus, dissection of these epigenetic mechanisms 
is essential for our understanding of gene regulation. In this chapter, we describe 
challenging combinations of immunofl uorescence, and RNA and DNA fl uorescent 
in situ hybridization and their application to our studies of a remarkable example 
of epigenetic control of gene expression in female mammals, the process of X 
 chromosome inactivation.

1 Introduction

The extraordinary diversity of cell lineages that form a multicellular organism 
requires the establishment and the maintenance of complex gene expression 
pathways and epigenetic mechanisms (heritable modification of gene expression 
without alteration of DNA sequence) are clearly at the heart of these processes 
(1, 2). First, chromatin modulation itself can define active or repressive functional 
genomic regions. On a larger scale, global 3D organization of the genome and 
nuclear architecture also participate in the precise control of transcription. In this 
context, cell biology techniques such as immunofluorescence (IF), and RNA and 
DNA fluorescent in situ hybridization (FISH) represent powerful tools for dissection
of epigenetic mechanisms and, thus, for our understanding of the creation of spe-
cific transcription patterns. Immunofluorescence allows the visualization of nuclear 
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proteins (histone variants or modified histones, specific nuclear compartments, 
etc.); DNA FISH enables the labeling of gene loci and chromosome territories; 
nuclear RNA FISH permits the detection of noncoding RNAs and primary 
transcripts at gene loci (to assay for the transcriptional status of a gene (3)). Such 
techniques have been used to investigate: 1) the specific 3D organization of chro-
mosomes in the nucleus, with respect to chromosome size, gene density, tissue-
specificity (2, 4), 2) the role of the gene location with respect to a chromosome 
territory and/or specific nuclear compartments in their transcriptional regulation 
(2, 5, 6), 3) the impact of chromatin modulation (post-translational histone modifi-
cations, incorporation of histone variants, chromatin remodelling complexes, 
non-coding RNAs and DNA methylation) on gene expression (1, 7, 8).

Our laboratory works on X-chromosome inactivation, a developmental process 
that involves the silencing of one of the two X chromosomes in female mammals, 
and enables dosage compensation between XY males and XX females for X-linked 
gene products. X inactivation represents a powerful model system for the investiga-
tion of the formation of facultative heterochromatin. Over the past decades, many 
lines of evidence have shown that non-coding RNAs, chromatin modifications, and 
nuclear organization are involved in X inactivation (9). The initiation of this process 
is dependent on the non-coding Xist RNA, which coats the future inactive X chro-
mosome in cis (see Fig. 18.1) and induces its silencing. Xist RNA also leads to the 
recruitment of a number of epigenetic features involved in the maintenance of this 
inactive state (see Figs. 18.2 and 18.3). We have used extensively IF, RNA FISH, 
and DNA FISH as tools for defining the kinetics of these events and their potential 
causal relationships. Female embryonic stem (ES) cells provide a useful tissue cul-
ture system for studying X inactivation, because X inactivation can be recapitulated 
during their in vitro differentiation. In undifferentiated female ES cells, both 
X chromosomes are active and the two Xist alleles are expressed at low levels. This 
is detectable by RNA FISH as two punctate signals (or “pinpoints”) at their sites of 
transcription (Fig. 18.1). At the onset of X inactivation, the Xist allele on the 
chromosome that will be inactivated is up-regulated, and the RNA accumulates in 
cis over the territory of the X chromosome in interphase nuclei. This “coating” can 
be detected by RNA FISH as a domain covering ~70% of the X chromosome terri-
tory, whereas the Xist allele on the other X chromosome is progressively silenced 
(Fig. 18.1) (10). Xist RNA coating is followed (1–2 days later) by transcriptional 
silencing of X-linked genes, based on the disappearance of primary transcript 
signals detected by RNA FISH at the Xist RNA domain (see Fig. 18.4).

In this chapter, we outline protocols for combinations of IF, RNA FISH, and 
DNA FISH that we have applied and developed for our studies of the changes asso-
ciated with the X-inactivation process and the epigenetic and nuclear changes at the 
same time as transcriptional status, at the single-cell level, during ES cell differen-
tiation. The main challenge of a combined IF and FISH analysis is, on the one hand, 
to preserve nuclear organization and the epitope detected by the antibody (IF) as far 
as possible but, on the other hand, to allow the penetration of the FISH probe for 
detection of nuclear primary transcripts (RNA FISH), gene loci, or chromosome 
territories (DNA FISH). As the optimal conditions for each technique are often 
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Fig. 18.1 Xist RNA FISH in mouse female ES cells. In undifferentiated cells, Xist primary tran-
scripts are detectable as two pinpoints at their sites of transcription on the two active X chromo-
somes (left panel). During differentiation, Xist RNA coating of the X chromosome undergoing 
inactivation is detected as a domain covering the majority of the X chromosome territory, whereas 
the other Xist allele is progressively silenced (right panel). DAPI is shown in gray. Xa, active X 
chromosome; Xi, inactive X chromosome. Bar, 5 µm

Fig. 18.2 Dual immunofluorescence combined with RNA FISH in differentiated mouse female ES 
cells. RNA FISH detects Xist RNA coating of the X chromosome undergoing inactivation (green),
combined with dual IF showing the specific enrichment in histone H3 tri-methylated on lysine 27 
(H3K27me3) (red) and the exclusion of RNA polymerase II (Pol II; blue) on the inactive X chromo-
some. DAPI is shown in gray. Bar, 5 µm. To view this figure in color, see COLOR PLATE 15

poorly compatible with each other, we have tested various methods. Here we 
describe protocols that we find optimal for the detection of nuclear proteins combined
with RNA or DNA FISH, as well as combined RNA and DNA FISH on mouse 
fibroblasts or embryonic stem cells. The reader is also referred to refs. (10–12).
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Part of this protocol was first published by the European Network of Excellence 
“The Epigenome” in open access format (http://www.epigenome-noe.net) (13).

2 Materials

2.1 Cell Culture on Slides or Coverslips

Culture cells for at least 24–48 h on SuperFrost slides (Menzel Gläser; Bioblock, 
Illkirch, France) or coverslips (18×18 mm, ESCO; VWR, Fontenay, France) coated 
with gelatin (Merck, Fontenay-sous-Bois, France).

Fig. 18.4 Examples of combined RNA and DNA FISH in differentiated female mouse ES cells. 
a Simultaneous RNA–DNA FISH. Xist RNA FISH (red) is combined with X chromosome DNA 
FISH (green). DAPI is shown in blue. b Sequential RNA–DNA FISH. The dual RNA FISH 
detects Xist RNA (green) and G6pdx primary transcript (red) (left panel). The absence of G6pdx 
RNA signal on the Xist RNA-coated X chromosome confirms its silencing on the inactive X 
chromosome. The subsequent DNA FISH detects X chromosomes (green) and G6pdx alleles 
(right panel). DAPI is shown in blue. Xa, active X chromosome; Xi, inactive X chromosome. 
Bars, 5 µm. To view this figure in color, see COLOR PLATE 17

Fig. 18.3 Immunofluorescence combined with dual DNA FISH in differentiated female mouse ES 
cells. Dual DNA FISH detecting both X chromosomes (blue) and the two alleles of the X-linked 
G6pdx gene (red), combined with an IF showing the specific enrichment in H3K27me3 on the 
inactive X chromosome (green). DAPI is shown in grey Xa, active X chromosome; Xi, inactive X 
chromosome. Bar, 5 µm. To view this figure in color, see COLOR PLATE 16
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2.2 Fixation and Permeabilization

1. Fresh PBS: We use 10× PBS diluted in water for cell culture (both Sigma-
Aldrich, Saint-Quentin Fallavier, France or St. Louis, USA).

2. Fixation solution: filter-sterilised 3% paraformaldehyde (PFA) in PBS, freshly 
made or store aliquots at −20°C.

3. Fresh permeabilization solution: PBS or CSK buffer, 0.5% v/v Triton X-100 
(ICN, Orsay, France). Add an RNase inhibitor, 2 mM Ribonucleoside Vanadyl 
Complex (RVC) (New England Biolabs; OZYME, Saint Quentin Yvelines, 
France) in case of subsequent RNA FISH.

4. Cytoskeletal buffer (CSK): 100 mM NaCl, 300 mM sucrose, 3 mM MgCl
2
,

10 mM PIPES, pH 6.8. Filter, sterilise, and store in aliquots at −20°C.

2.3 Immunofluorescence

1. Fresh blocking solution: 1% w/v BSA (Gibco; Invitrogen, Cergy Pontoise, 
France) in PBS. Store aliquots at −20°C.

2. Fresh antibody dilution buffer: use blocking solution, with an RNase inhibitor 
(0.4 U/mL RNAguard, Amersham; GE Healthcare, Orsay, France) in case of a 
subsequent RNA FISH.

3. Secondary antibodies: Alexa-conjugated fluorescent secondary antibodies 
(green (488), red (568), and infra-red (680) (Molecular Probes; Invitrogen).

2.4 FISH Probes

1. We label DNA probes by nick translation using fluorescent nucleotides 
(SpectrumGreen- and SpectrumRed-dUTP (Vysis; Abbott, Rungis, France) or 
Cy5-dUTP (Amersham)).

2. Formamide for probes: Once opened, store sterile formamide (Sigma-Aldrich) 
in 1-mL aliquots at −20°C.

3. 2× hybridization buffer: 4× SSC prepared from a stock solution of 20× SSC 
(Sigma-Aldrich), 40% w/v dextran sulfate (Sigma-Aldrich), 2 mg/mL BSA 
(Biolabs), and 400 mM RVC.

2.5 RNA and DNA FISH

1. Fresh 2× SSC diluted from 20× SSC (Sigma-Aldrich), water for cell culture 
(Sigma-Aldrich).

2. Formamide for washes: once opened, store sterile formamide (Sigma-Aldrich) 
in 50-mL aliquots at −20°C.
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2.6 DNA Counterstaining and Mounting

1. Fresh DNA staining solution: 4′,6-diamidino-2-phenylindole dihydrochloride 
(DAPI) (Sigma-Aldrich), 0.2 mg/mL in PBS.

2. Mounting medium (see step 14): 90% v/v glycerol (Sigma-Aldrich), PBS, 
0.1% w/v p-phenylenediamine (Sigma-Aldrich), pH 9. Should be “straw” 
colored; if it veers to purple or yellow, discard. Store at −20°C; always keep in 
the dark and on ice when aliquoting.

3 Methods

3.1 Immunofluorescence

Numerous methods involving a variety of fixation and permeabilization tech-
niques can be used for IF applications, and the choice depends on cell type, 
epitope, and antibody being used (14). The following protocol is optimized for 
the detection of nuclear proteins in ES cells and mouse embryonic fibroblasts 
(MEFs).

 1. Briefly rinse cells cultured on coverslips in freshly prepared PBS.
 2. Fix in freshly made, filter-sterilised 3% PFA for 10 min at RT or 4°C.
 3. Wash three times in PBS for 5 min each.
 4. Permeabilize with freshly made PBS, 0.5% v/v Triton X-100 (in the case of 

subsequent RNA-FISH, add an RNase inhibitor, 2 mM RVC) on ice for 3–
5 min. The exact time of permeabilization depends on the cell type and anti-
body, but a shorter time usually results in less efficient FISH.

 5. Wash three times in PBS for 5 min each.
 6. Block in 1% w/v BSA for 15 min at RT.
 7. Incubate with primary antibody diluted in 1% BSA (containing 0.4 U/mL 

RNAGuard in the case of a subsequent RNA-FISH) for 45 min at RT in a dark 
and humid chamber. The temperature and length of incubation can vary 
between antibodies, as can the blocking agent (see Note 1).

 8. Wash at least three times in PBS for 5 min each.
 9. Incubate with secondary antibody (diluted in the same solution as in step 7) for 

40 min at room temperature in a dark and humid chamber (see Note 2).
10. Wash at least three times in PBS for 5 min each.
11. Counterstain DNA with DAPI for 10 min.
12. Wash twice in PBS.
13. Mount the coverslip on a slide and fix it in place with a minimal amount of nail 

varnish.
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3.2 Preparation of Probes for RNA FISH

To detect the primary transcripts of genes, genomic probes several kilobases long 
should be used. Probes spanning introns and exons will detect both the processed 
messenger RNA (mRNA) and the primary transcript. Oligonucleotides within 
intronic sequences will be specific for the primary transcript (see Robert Singer’s web 
site for more details on the use of oligos as probes: http://singerlab.aecom.yu.edu/). 
For the detection of Xist RNA coating of the X chromosome in cis, or of primary 
transcripts of X-linked genes, we have used several genomic DNA probes spanning a 
minimum of 3 kb, labelled by nick translation or random priming, with success.

1. Genomic probes (plasmids, lambda clones, or BACs) to be used for RNA or 
DNA FISH are labeled by nick translation using 1–2 µg DNA per 50 µL reaction 
and following the manufacturer’s instructions.

2. Approximately 0.1 µg of probe (usually 5 µL of a standard nick translation 
reaction of 50 µL) is ethanol precipitated together with 10 µg of salmon sperm 
DNA (molecular biology grade; Boehringer, Meylan, France) (sufficient for 
hybridization on an 18×18-mm coverslip).

3. The precipitated DNA is washed twice in 70% v/v ethanol and then air-dried.
4. The pellet is resuspended thoroughly in formamide (5 µL per coverslip), by 

pipetting and incubating at 37°C if necessary.
5. The probe is denatured for 7 min at 75°C.
6. 5 µL of 2× hybridization buffer are added to the denatured probe (for one cover-

slip). The probe solution is mixed well, and can be kept on ice for up to 30 min 
while coverslips are being prepared for the hybridization step.

3.3 RNA FISH

For a general description and discussion of RNA FISH protocols, the reader is 
referred to ref. (14). Conditions for detection of cytoplasmic versus nuclear RNAs 
are different, and here we focus only on the detection of nuclear transcripts.

1. Briefly rinse cells cultured on slides or coverslips in freshly prepared, RNase-free 
PBS: we use sterile cell culture 10× PBS and water, or stocks must be autoclaved.

2. Permeabilize in freshly made CSK buffer, 0.5% v/v Triton X-100 containing 
2 mM RVC on ice for 5–7 min. Permeabilization in PBS, 0.5% v/v Triton X-100 
can also be used, especially for IF combined with FISH, but CSK buffer is best 
suited for optimal nuclear RNA detection.

3. Fix in freshly made, filter-sterilised 3% PFA for 10 min at room temperature. 
The fixation step can also be done before permeabilization, especially for IF 
combined with FISH, but it may affect the quality of the detection of transcripts 
and increase the background.
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 4. Wash twice in 70% v/v ethanol for 5 min each. Slides or coverslips can be 
stored in 70% ethanol at −20°C for several months prior to use.

 5. Prior to FISH, dehydrate the cells in 80%, 95%, and 100% v/v ethanol for 
3 min each.

 6. Air dry.
 7. Deposit the denatured probe onto an RNase-free glass slide (fresh SuperFrost 

slides are RNase-free, and we keep boxes only for this purpose) and then place 
the coverslip onto the drop cell-side down, avoiding the formation of air bub-
bles. Once the coverslip has made contact with the probe solution, it should not 
be moved, to avoid damaging the cells.

 8. Hybridize overnight at 37°C in a dark and humid chamber (made using paper 
tissues soaked in 50% v/v formamide in 2× SSC).

 9. Remove the coverslips carefully with forceps and wash them three times in 
freshly made 50% formamide, 2× SSC (adjusted to pH 7.2) for 5 min each at 
42°C.

10. Wash three times in 2× SSC for 5 min each at 42°C.
11. Counterstain DNA with DAPI.
12. Wash twice in 2× SSC for 5 min each.
13. Mount the coverslips on a slide and fix in place with a minimal amount of nail 

varnish.

3.4 Preparation of Probes for DNA FISH

 1. Prepare the nick translation probe (see Section 3.2).
 2. Precipitate 0.1 µg of probe with 10 µg of salmon sperm DNA, and 1–5 µg of 

Cot-1 DNA (Gibco; Invitrogen) if competition of repetitive sequences is 
required, per 18×18-mm coverslip.

 3. Wash the pellet twice in 70% ethanol and air dry.
 4. Resuspend the pellet in 5 µL of formamide per coverslip at 37°C.
 5. Denature for 7 min at 75°C.
 6. Add 5 µL of hybridisation buffer per coverslip (see stock solutions in Section 2).
 7. Incubate to compete for 30 min to 1 h at 37°C.
 8. For chromosome paint probes (Cambio, Cambridge, UK), we follow the sup-

plier’s recommendations for conditions of denaturation and competition.

3.5 DNA FISH on Coverslips

For a general description and discussion of DNA FISH protocols, the reader is 
referred to ref. (14).

 1. Briefly rinse the cells cultured on coverslips in freshly made PBS.
 2. Fix in filter-sterilised, freshly made 3% PFA for 10 min at RT.
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 3. Wash twice in PBS for 5 min each.
 4. Permeabilize in freshly made PBS, 0.5% Triton X-100 on ice for 5–7 min.
 5. Wash twice in 70% ethanol for 5 min each. Coverslips can be stored in 70% 

ethanol at −20°C for several months prior to use.
 6. Dehydrate the slides in 80%, 95%, and 100% v/v ethanol for 3 min each.
 7. Air dry.
 8. Note that you can perform an RNase treatment at this stage in order to remove 

primary transcripts at the locus of the gene of interest (10 U/mL RNase A in 2× 
SSC, 1 h at 37°C).

 9. Denature in 50% formamide, 2× SSC (adjusted to pH 7.2) for 30–45 min at 
80°C. The exact time of denaturation is highly variable depending on cell type 
and differentiation status.

10. Wash three times in ice-cold 2× SSC or dehydrate the slides in cold ethanol.
11. Place the coverslip cell-side down onto the drop of probe (see Section 3.3, step 

7).
12. Hybridize with the probe overnight at 42°C in a dark and humid chamber 

(paper tissues soaked in 50% formamide, 2× SSC).
13. Remove the coverslips carefully with forceps and wash them three times in 

50% formamide, 2× SSC (adjusted to pH 7.2) for 5 min each at 42°C.
14. Wash three times in 2× SSC for 5 min each at 42°C.
15. If a biotin-labelled probe (e.g. a chromosome paint) is used, a detection step has to 

be included: block in 4× SSC, 0.1% v/v Tween 20, 5% w/v BSA (Gibco; Invitrogen) 
for 15 min at room temperature and incubate in fluorescently labelled streptavidin 
or avidin diluted in blocking buffer for 40 min at RT in humid chamber.

16. Wash three times in 2× SSC.
17. Counterstain DNA with DAPI.
18. Wash twice in 2× SSC for 5 min each.
19. Mount the coverslip and fix in place with a minimal amount of nail varnish.

3.6 DNA FISH on Slides

 1. Follow the first seven steps described in Section 3.5.
 2. Denature in 70% formamide, 2× SSC (adjusted to pH 7.2) for 2–4 min at 75°C. 

The time of denaturation can vary between cell types; we usually use 3 min.
 3. Follow steps 10 to 19 in Section 3.5.

3.7  Combination of Immunofluorescence and RNA FISH (Fig. 18.2)

When IF and FISH are to be combined, we prefer to perform IF (under RNAse-free 
conditions) prior to FISH, because the formamide treatment during the FISH pro-
cedure is sometimes incompatible with preservation of the epitopes detected by 
some antibodies.
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1. For the preparation of the RNA FISH probe, follow Section 3.2.
2. Follow Section 3.1 up to step 10.
3. Post-fix in freshly made 3% PFA for 10 min at room temperature.
4. Wash twice in 2× SSC (freshly made from a sterile 20× stock) for 5 min.
5. Follow steps 7 to 13 of Section 3.3.

3.8 Combination of Immunofluorescence and DNA FISH (Fig. 18.3)

The detection of DNA requires a DNA denaturation step, which can destroy the 
immunofluorescence signal in some cases. Therefore, if a microscope enabling 
the tracking of the coordinates of nuclei is available, IF images should ideally be 
recorded prior to performing DNA FISH using slides instead of coverslips, and 
without post-fixation between the two steps.

1. For preparation of the DNA FISH probe, follow Section 3.4.
2. Follow Section 3.1 up to step 10.
3. Post-fix in freshly made 3% PFA for 10 min at room temperature.
4. Wash twice in 2× SSC (freshly made from a sterile 20× stock) for 5 min.
5. Permeabilize in freshly made 0.1 M HCl, 0.7% Triton X-100 for 10 min 

on ice.
6. Wash twice in 2× SSC for 5 min each.
7. Denature in 50% formamide, 2× SSC (adjusted to pH 7.2) for 30 min at 80°C. 

The exact time of this denaturation step is highly variable depending on cell 
type and differentiation status, as well as on the degree of fixation and the IF 
step that preceded denaturation. Different conditions should therefore be 
tested to ensure that the best compromise is made between denaturation and 
detectability of DNA on the one hand, and conservation of nuclear structure 
on the other.

8. Wash several times in ice-cold 2× SSC.
9. Follow steps 10 to 19 of Section 3.5.

3.9 Combination of RNA FISH and DNA FISH (Fig. 18.4)

3.9.1 Simultaneous RNA–DNA FISH on Coverslips (Fig. 18.4a)

1. For preparation of the FISH probes, follow Sects. 3.2 and 3.4 (see Note 4).
2. Follow Section 3.5. The time of denaturation is highly variable (also see

Section 3.5), and different conditions should be tested in order to determine 
the best compromise between the detectability of DNA and preservation 
of the RNA signal. Note that the temperature of the overnight hybridization 
depends on the samples and probes: 42°C or higher is usually best for 
DNA FISH, but can lead to loss of the RNA FISH signal; in this case, use 
37°C.
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3.9.2 Sequential RNA–DNA FISH on Slides (Fig. 18.4b)

The detection of DNA requires a DNA denaturation step, which can destroy the 
RNA FISH signal in some cases. Furthermore, simultaneous RNA–DNA FISH to 
detect both the primary transcript of a gene and the locus itself is not feasible. In 
these cases, post-fixation (3% PFA in PBS for 10 min at room temperature) of the 
RNA signal prior to the DNA FISH should be used, although this dramatically 
affects the efficiency of DNA denaturation. Therefore, if a microscope enabling 
tracking of the coordinates of nuclei is available, RNA FISH images should be 
recorded prior to the DNA FISH.

1. For the preparation of the FISH probes, follow Sects. 3.2 and 3.4.
2. For RNA FISH, follow Section 3.3.
3. Record images and coordinates of nuclei on an appropriate microscope.
4. Scratch off the nail varnish.
5. Wash off the mounting medium in 4× SSC, 0.2% Tween-20, three times at 

42°C.
6. Samples are incubated with 1 U/mL RNase A (Fermentas; EUROMEDEX, 

Mundolsheim, France) and 10 U/mL RNase X (New England Biolabs) in 2× 
SSC for 1 h at 37°C.

7. Follow Section 3.6.

4 Notes

1. The coverslips are placed cell-side down, avoiding the formation of air bubbles, 
onto a drop of antibody solution on a sterile glass slide. The volume depends on 
the size of coverslip used (we routinely use 18×18-mm coverslips and 40 µL of 
antibody solution). Following incubation, the coverslips are carefully removed 
with forceps and put back into PBS for washing. If resistance is encountered 
when removing the coverslip, it should be flooded with PBS so that it floats, in 
order to avoid damaging the cells.

2. For combined IF and RNA or DNA FISH, the choice of fluorochrome to 
which the secondary antibody is conjugated will depend on the fluorochrome 
with which the FISH probe is labelled, and on the filter sets available on the 
microscope. In the case of a double IF experiment, high-affinity purified sec-
ondary antibodies should be used (e.g. Molecular Probes, highly cross-
absorbed antibodies) to minimise cross-species reactivity. Even then, 
appropriate controls (e.g. each primary with both secondary antibodies) 
should be performed systematically to confirm specificity.

3. We also sometimes label probes by random priming, particularly if the quantity 
of template DNA is limiting, or with fluorescently tagged oligonucleotides. The 
latter avoid the labelling step and also enable discrimination between sense or 
antisense transcripts (double-stranded DNA probes will of course detect both), 
but is costly. When nick translation is used for labelling, the size-range of the 
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labelled DNA must be checked by electrophoresis on a 1% agarose gel. The 
optimal size range for a FISH probe is between 50 and 200 bp, short enough to 
enter the nucleus but long enough to be specific. Fluorescently labelled probes 
of this kind can be stored at −20°C for a few weeks.

4. Note that RNA FISH and DNA FISH probes are precipitated separately and 
each is resuspended in half the volume used for a simple RNA or DNA FISH 
(e.g. 2.5 µL per coverslip). A competition is performed for the DNA FISH 
probe, and the two probes are mixed just prior to the overnight hybridization.
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