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Introduction
Fluorescence in situ hybridization (FISH) has been
introduced to improve fertility evaluation technique in
stallions. This technique makes it possible to obtain
cytogenetic information on chromosomes as well as
molecular information concerning DNA structure. The
simultaneous hybridization of two or more chromo-
some-specific probes to spermatozoa and subsequent
detection of the signal probes using different fluores-
cent detection systems enables two or more chromo-
somes to be localized simultaneously in the same
sperm cell and provides a technique providing reason-
able estimates of aneuploidy..FISH can be rapidly
applied to large numbers of spermatozoa.

Only a few successful studies using the latter tech-
nique have been reported in farm animals such as cat-
tle [2,5,8,16-17], pigs [1,14-15] and horses [3].

The small number of studies on stallion semen
may be due to methodological problems associated
with sperm decondensation in this species. Therefore,

the aim of the study was to optimize the conditions of
stallion sperm decondensation, which have a signifi-
cant effect on the results of fluorescence in situ
hybridization.

Materials and methods
Semen collected from four stallions was stored at -20 C, thawed at
room temperature, diluted 5 times with physiological saline (0.9%
NaCl) and delicately mixed for 3 minutes. Diluted semen was cen-
trifuged for 5 minutes at 3000 rev./min. The supernatant was
removed and 50 µl of 0.9% NaCl was added. The suspension
obtained was thoroughly mixed using a pipette. 

10 µl of ejaculate was then placed on a defatted glass slide and
spread over the whole surface using a second slide. These prepara-
tions were dried vertically at room temperature. Sperm concentra-
tion on the slide was examined using contrast-phase microscopy.
When sperm density was unsatisfactory, the ejaculate was diluted
or concentrated by centrifugation to an appropriate concentration.
Selected preparations were then dehydrated overnight in ethyl
alcohol (95-99.5%) at 4°C and left to dry at room temperature.

Type I decondensation. Semen preparations were incubated in
DTT papain solution (1.25 g papain + 0.16 g DTT + 0.5 ml
dimethyl sulfoxide + 0.2 M buffer TRIS to 100 ml) at 40°C for 1 h,
and rinsed twice for 2 min in 0.2 M buffer TRIS, pH = 8.6 at room
temperature. Dehydratation was carried out in an ascending alcohol
series (95%, 97%, 100%) at room temperature for 3 min and dried
vertically. Contrast-phase microscopy was then used to check the
degree of sperm decondensation over the whole slide surface. 
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Where the degree of sperm decondensation was insufficient,
the whole procedure was repeated. Several preparations were cho-
sen and the best area for hybridization was marked. 

Type II decondensation. Sperm preparations on which sperm
remained undecondensed after type I decondensation was used,
were subjected to an alternative decondensation method with our
own modifications.

After type I decondensation, stallion sperm preparations were
dehydrated in ethyl alcohol (95-99.5%) for 5 min. 10 µl of 0.25 M
DTT suspended in 0.01 M TRIS + 0.9% NaCl was placed on each
preparation and incubated for 1.5 min under a cover glass, after
which 10 µl of the 1% sodium dodecyl sulfate + 1.9% disodium
tetraborate mixture was dropped on distilled water and also incu-
bated for 5-10 s under a cover glass. Preparations were then
immersed in 100% ethyl alcohol for 5 min and dried at room tem-
perature. The degree of sperm decondensation was checked using
contrast-phase microscopy and the appropriate area for hybridiza-
tion was chosen.

Type III decondensation according to the Cambio protocol.
Thawed stallion sperm (50 µl) was placed in a 1.5 ml Eppendorf
tube and 100 µl of 0.01M TRIS in 0.9% NaCl was added. The sus-
pension was centrifuged (10 min/800 rpm), the supernatant was
removed and 50 µl of 0.01 M TRIS in 0.9% NaCl was again
added. Washed sperm (5 µl) was transferred to a 1.5 ml Eppen-
dorf tube and 5 µl of 0.25 M DTT (suspended in 0.01 M TRIS +
0.9% NaCl) was added and incubated for 1 min, after which 5 µl
of SDS solution (1% sodium dodecyl sulfate + 1.9% disodium
tetraborate in distilled water) was added and again incubated for
5 s. After this time 50 µl of 100% ethanol was added. 10 µl of
decondensed sperm were then transferred to a defatted slide and
spread over the whole surface using a second slide. These prepa-
rations were dried vertically at room temperature. Dry prepara-
tions were dehydrated in 100% ethanol for 5 min and dried again.
The degree of sperm decondensation was checked using contrast-
phase microscopy and the best area for hybridization on the
preparation was chosen.

Hybridization. Preparations with decondensed sperm were dehy-
drated in 100% ethyl alcohol for 5 min at room temperature, left to
dry and subjected to pepsin digestion at 37°C for 30 min. After this
time, preparations were washed three times for 1 min in 2xSSC
buffer at room temperature, and then again washed in distilled
water for 3 s. Preparations were then dehydrated in ethyl alcohol
series (70%, 80%, 95%), 2 min per each concentration. Dehydra-
tion was repeated in 100% ethanol for 4 min, after which prepara-
tions were heated at 65°C for 30 min in a thermocycler.

Probes were denatured during digestion of preparations with
pepsin. Sex chromosome probes: X – labelled with FITC and Y –
labelled with Cy3 were denatured at 70°C for 10 min, and BAC
probe of the EGFR gene labelled with digoxygenin was denatured
at 80°C for 8 min. Immediately after denaturation, the probes were
transferred to an incubator at 37°C for 30-60 min. Denaturations of
sperm preparations were performed in 70% formamide in 2xSSC
at 78°C for 10 min. Immediately after denaturation, preparations
were immersed in ice-cold 70% ethanol chilled to -20°C, and then
passed through an ice-cold alcohol series (80%, 90%, 100%) and
left to dry at room temperature. After preannealing, the probes
were combined and 5µl of each was placed on denatured prepara-
tions, which were then covered with a cover glass and edges of the
preparation were sealed with Fixogum. Hybrydization was carried
out in a moist chamber at 37°C for 3 days.

Posthybridization. After hybridization, preparations were soaked
in 2xSSC buffer, cover glass was removed and several washes
were performed, twice for 5 min in 50% formamide in 2xSSC and
in 2xSSC buffer alone at 43°C. Preparations were next placed in

Detergent Wash Solution (100 ml 20xSSC + 400 ml distilled water
+ 250 µl Tween20) at 43°C for 4 min. 

Cambio Detection Kit was used to detect fluorescent signal in
sperm. After the preparations were incubated in Detergent Wash
Solution, 50 µl of working solution D was placed on every prepa-
ration and covered with a cover glass, after which preparations
were incubated in a moist chamber for 20 min at 37°C. At the end
of incubation, preparations were washed three times in Detergent
Wash Solution for 4 min at room temperature. 200 µl of Anti
Digoxigenin Rhodamine (suspended in PBS + 0.5% BSA, pH =
7.4) was then placed on each preparation and incubated in a humid-
ified chamber for 30 at 37°C, followed by repeated washing in
Detergent Wash Solution three times. After washing, preparations
were drained and 10 µl of DAPI (4'-6-Diamidino-2-phenylindole)
was placed on each preparation, after which they were covered
with a cover glass.

Results
Appropriate type and time of decondensation was cho-
sen individually for each stallion. The first deconden-
sation method using DTT and papain solution, which
is successfully used on bull spermatozoa [2] proved
inadequate for horse spermatozoa. The second decon-
densation method, performed on a glass slide, with
incubation in DTT solution for 1.5 min and in SDS
solution for 10 s proved efficient for stallion no. 1 and
2. The third decondensation type, performed in an
Eppendorf tube, with incubation in DTT solution for 1
min and in SDS solution for 5 s was efficient for stal-
lion no. 3 and 4. Successive stages of sperm decon-
densation are shown in Fig. 1.

After using FISH technique on uncondensed sperm,
no fluorescent signals are observed due to the lack of
hybridization between molecular probe and sperm
chromatin, whereas fluorescent signals on overcon-
densed sperm are scattered and unclear (Fig. 2).

Where sperm chromatin decondensation is normal,
fluorescent signals of molecular probes are clear and
easy to analyse, regardless of the size of the probe used
(probes painting whole chromosomes or gene-specific
probes; Fig. 3).

Discussion
The first attempts to use FISH technique in spermato-
zoa showed that it is necessary to use preliminary
decondensation of sperm nucleus to enable hybridiza-
tion between DNA probe and appropriate site on sperm
chromatin [12]. In the present study, differences were
observed in the degree of decondensation between
individual stallions and appropriate type and duration
of decondensation was chosen for each animal
analysed. Sperm chromatin decondensation was
obtained due to:

• enzymatic properties of papain that digests the
peptide bond between lysine and arginine, 

• sodium dodecyl sulfate (SDS), which is an
anionic, lysing ionic detergent that causes pro-
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tein denaturation, dissociation of subunits (by
breaking non-covalent bonds) and SDS coating
while inhibiting ribonuclease activity (due to
protein denaturation),

• dithiothreitol (DTT), which is a strong agent
that reduces disulfide bridges and prevents the
formation of intra- and intermolecular bridges
between residues in proteins, thus destroying
their tertiary structure. The reducing capacity of
DTT is limited to pH values above 7. For this
reason TRIS, which is a buffer solution main-
taining stable (slightly alkaline) pH was used,

• the detergent disodium tetraborate, which dis-
solves lipids.

Differences within series and between animals or
species may result from the number of disulfide bonds
in the sperm nucleus [9,13]. Bull spermatozoa are con-
densed more easily than stallion spermatozoa because
bull sperm nuclei are characterized by a higher con-
centration of disulfide bonds compared to human or

mouse sperm nuclei and therefore they seem more
resistant to the action of chemical preparations [9]. 

For decondensation of sperm heads in pigs, to
detect chromosome Y carrying sperm using in situ
hybridization, 2mM DTT was used [11]. In humans,
sperm decondensation was successful using DTT and
lithium diiodosalicylate with salts [6-7,10,18]. In
humans and in pigs, sperm nuclei were also success-
fully decondensed using glutathione (GSH) [9,11], but
this reagent proved inefficient for bull spermatozoa
[12]. Glutathione is the major intercellular free thiol in
mammalian oocytes. It plays a major role in reducing
disulfide bonds between protamine, which contributes
to subsequent dispersion of sperm chromatin during
fertilization [13]. The use of GSH combined with
heparin produced the expected result of decondensa-
tion of bull sperm nucleus [12]. Heparin shows strong
affinity for protamine molecules [4]. Sperm nucleus
condensation results from the formation of protamine-
DNA complexes linked by disulfide bridges, which
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Fig. 1. Sample degrees of stallion
sperm decondensation, DAPI stain-
ing. (A) uncondensed sperm (bot-
tom) and condensed sperm (top),
(B) overcondensed sperm, (C) com-
pletely overcondensed sperm.

Fig. 2. Highly condensed sperm with fragmentary and unclear sig-
nal after using FISH technique.

Fig. 3. (A) Normal sperm containing X chromosome (green sig-
nal) and Y chromosome (red signal) as well as EGFR gene (small
red signal). (B) slightly overcondensed sperm, with a scattered but
still clear signal.



means that the increased sperm head was probably due
to heparin because it competes with DNA for binding
protamine molecules [12].
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