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ABSTRACT
Chromosome-specific probes have been widely used in molecular cytogenetics, being obtained with

different methods. In this study, a reproducible protocol for construction of chromosome-specific

probes is proposed which associates in situ amplification (PRINS), micromanipulation and degenerate
oligonucleotide-primed PCR (DOP-PCR). Human lymphocyte cultures were used to obtain metaphases
from male and female individuals. The chromosomes were amplified via PRINS, and subcentromeric

fragments of the X chromosome were microdissected using microneedles coupled to a phase contrast
microscope. The fragments were amplified by DOP-PCR and labeled with tetramethyl-rhodamine-
5-dUTP. The probes were used in fluorescent in situ hybridization (FISH) procedure to highlight these
specific regions in the metaphases. The results show one fluorescent red spot in male and two in female X

chromosomes and interphase nuclei.
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INTRODUCTION

Chromosome-specific probes have been widely
used to identify chromosomes and elucidate
complex ones (Gribble et al. 2004). These
probes have been constructed by flow sorting of
whole chromosomes or by microdissection, both
involving a subsequent amplification (Thalhammer
et al. 2004). However, in flow sorting several
hundreds of chromosomes must be selected
from suspensions to generate a painting probe
(Telenius et al. 1992). Owing to this limitation,
microdissection has become a popular method to
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construct whole-chromosome and region-specific
painting probes (Guan et al. 1994). Chromosome
microdissection is accomplished by conventional
or laser techniques. The conventional approach
uses fine extended glass needles for collection of
whole chromosomes or subchromosomal regions
(Meltzer et al. 1992). In turn, laser microdissection
employs a UV-laser microbeam in combination
with laser-pressure catapulting (LPC) to isolate
and eject the chromosome onto a collection device,
speeding up the process (Schermelleh et al. 1999).

After microdissection, different strategies
have been used to amplify the DNA sequence

of the micromanipulated chromosome, such as
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degenerate oligonucleotide-primed PCR (DOP-
PCR) (Telenius et al. 1992), primer extension
preamplification (PEP) (Zhang et al. 1992), linker
adaptor-mediated PCR (LA-PCR) (Albani et
al. 1993) or multiple displacement amplification
(MDA) (Dean et al. 2002). DOP-PCR is the most
commonly used technique, owing to its relative
rapidity and efficiency. Besides, it can be used
for amplification of any kind of chromosomes by
means of degenerate primers, which randomly
bind to the genome during the initial cycles of low
stringency (Zhou and Hu 2007).

However, a limiting factor of these techniques
is the need for a relatively large number of copies
of the target. In order to decrease this number,
Christian et al. (1999) performed a DOP-PCR in
situ to increase the amount of DNA associated with
the chromosome before the micromanipulation.
Although this approach was potentially promising
to capture a single chromosome, practically no other
studies have been described using this strategy.

Therefore, considering the wide applicability
of chromosome-specific probes, the present study
aims to describe a modified version of the latter
protocol that allows constructing a probe from a
tiny region of human X chromosome by means of
PRINS and DOP-PCR techniques.

MATERIALS AND METHODS

LYMPHOCYTE CULTURE AND SLIDE
PREPARATION

Chromosomes were obtained via human
lymphocyte culture initiated from blood of male and
female volunteers. Blood collection and procedures
for cytogenetic evaluation were performed in
accordance with the safety standards and criteria of
Ethics in Human Research, Resolution 196/96 of
the National Health Council. Under laminar flow,
12 drops of blood were added to 5.0 mL of complete
culture medium LymphoGrow™ (Cytogen®) with
the aid of a Pasteur pipette. The cultures were
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incubated at 37°C with 5% CO, (Sanyo” MCO-
18AC model) for 72 h. Next, 50 puL of Colcemid™
(Sigma-Aldrich”) were added and the cultures were
incubated for 15 min at 37°C. The cultures were
then centrifuged, the supernatant discarded and the
pellet resuspended in 0.075 M KCI solution (pH
6.8), preheated to 37°C for 30 min for hypotonic
treatment. Fixation of the material was achieved
in methanol: acetic acid (3:1) solution with five
changes at 10 min intervals. The fixed material
was stored in methanol. Slides were prepared by
dripping and air-drying as described by Barch et
al. (1997).

In situ AMPLIFICATION

For PRINS, slides containing male metaphases
were prepared without the air-drying step and
with subsequent washing with ultrapure water to
remove the excess of fixative compounds. A final
volume of 50 pL of reaction mixture, constituted by
1 U Platinum” Taqg DNA Polymerase High Fidelity
(Invitrogen®), 1X enzyme-specific reaction buffer
(Invitrogen®), 2 mM MgSO, (Invitrogen®), 200
mM dNTP (Promega®) and 4 mM DOP-primer
(5’CCGACTCGAGNNNNNNATGTGG3’ -
ITD®), was carefully pipetted onto the slide. The
slides were covered with plastic coverslip (22 x 60
mm), sealed with glue and placed in a Mastercycler”
Gradient (Eppendorf™) thermocycler containing
in situ adapter. The reaction conditions consisted
of an initial denaturation step at 95°C for 10 min,
followed by 8 cycles at 94°C for 1 min; 30°C for 5
min with a ramp rate of 0.3°C/s to 68°C for 5 min;
12 cycles at 94°C for 1 min; 50°C for 5 min with a
ramp rate of 0.3°C/s to 56°C for 5 min; 68°C for 5
min; and final extension at 68°C for 5 min.

MICRODISSECTION
After PRINS, the slides were rinsed in 2X SSC

0.1% Triton X-100 solution and in ultrapure water.
They were analyzed under microscope, and the
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metaphase images were digitized for identification
of the X chromosomes before micromanipulation,
since the banding procedure was not carried out in
this methodology to prevent contamination. After
careful identification of the X chromosomes, they
were micromanipulated with the aid of glass needles
(Femtotips“—Eppendorf™)and amicromanipulator
(TransferMan® NK 2 — Eppendorf™) coupled
to an inverted phase contrast microscope 1X70
(Olympus™) mounted with lens LUCPlanFL N
— UIS 2 60X / 0.70 Ph2. Ten fragments of the X
chromosomes were microdissected and placed into
0.2-mL microtube containing 2 uL of ultrapure
water. The chromosomal fragments were treated
with 0.5 mg.mL" proteinase K at 37°C for 24 h for
complete deproteinization of the chromatin, and the
DNA was used as template for probe construction.

TEMPLATE AMPLIFICATION AND LABELING

The micromanipulated fragments were amplified
by DOP-PCR with 15 pL of reaction mixture
containing 4 mM DOP primer (ITD®), 200 mM
dNTPs (Promega®), 2 mM MgSO A (Invitrogen®),
1 U Platinum® Taq DNA Polymerase High
Fidelity (Invitrogen®) and 1X enzyme-specific
buffer (Invitrogen®™) (adapted from Christian et
al. 1999 and Hobza et al. 2004). Amplification
was performed in a Mastercycler” Gradient
(Eppendorf™) thermocycler under the following
conditions: initial denaturation at 95°C for 10 min,
followed by 10 cycles at 94°C for 1 min; 30°C for 2
min with a ramp rate of 0.3°C/s to 68°C for 2 min;
30 cycles at 94°C for 1 min; 50°C for 2 min with
a ramp rate of 0.3°C/s to 56°C for 2 min; 68°C for
2 min; and final extension at 68°C for 5 min. The
reaction products were subjected to electrophoresis
in 1.5% agarose gel to verify the quality of the
amplified material, and quantitation was performed
by spectrophotometry in Nanodrop™ device
(Thermo Scientific™). The products obtained by
DOP-PCR, which amplified fragments of 200 to

600 bp in satisfactory quantity, were selected for
direct fluorescent labeling via another DOP-PCR
reaction. For this, the following reaction mixture
was used: 4 mM DOP-primer (IDT®), 200 mM
dNTP (Promega®), 2 mM MgSO A (Invitrogen®), 40
mM tetramethyl-rhodamine-5-dUTP (Roche®), 1X
enzyme-specific buffer (Invitrogen®), 1 U Platinum®
Taq DNA Polymerase High Fidelity (Invitrogen®),
and 200 ng of amplified DNA template to a final
volume of 50 uL for each reaction. The DOP-
PCR reaction was performed in a Mastercycler”
Gradient (Eppendorf™) thermocycler under the
following conditions: 95°C for 5 min; 25 cycles at
94°C for 1 min; 30°C for 1 min with ramp rate of
0.3°C/s to 68°C for 3 min; and final extension at
68°C for 5 min.

FLUORESCENT in situ HY BRIDIZATION (FISH)

For FISH, the slides containing metaphases
obtained from cultured lymphocytes of male and
female subjects were used, undergoing a series of
pre-hybridization treatments. First, the slides were
washed in phosphate buffered saline (PBS) for 5
min under agitation and subjected to ethanol series
(70%, 85% and 100% for 5 min each). Next, they
were treated with 0.4% RNAse 2 mg.mL-1 diluted
in 2X SSC at 37°C for 1 h and rinsed in 2X SSC
(three times of 5 min) and PBS (5 min). The slides
were incubated in 0.005% pepsin diluted in 10
mM HCI for 10 min at 37°C, washed twice in PBS
(2 min each time), post-fixed in fixative solution
(2% formaldehyde, PBS, 50 mM MgCl)) for 10
min, washed twice in PBS (2 min each time) and
subjected to cold ethanol series (70%, 85% and
100% for 5 min each). Meanwhile, the probes
were denatured for 10 min at 99°C in 35 puL of a
hybridization mixture containing 50% formamide,
2X SSC, 10% dextran sulfate, 1 pg DNA competitor
Human Cot-1 DNA (Invitrogen®) and 200 ng of
marked probe. The probes were immediately
placed at -20°C, where they remained until the
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hybridization step. Subsequently, the previously
denatured reaction mixture was applied to the slides,
which were covered with plastic coverslip (22 x 40
mm) and sealed with glue. The slides and the probe
underwent a new simultaneous denaturation step at
75°C for 8 min and hybridization at 37°C for 20 h
in a Thermobrite StatSpin” device (Abbott”™). The
coverslips were carefully removed and stringent
washes were performed at 45°C, consisting in
three 5-min washes in 50% formamide and 2X
SSC (pH 7.0) followed by one wash (5 min) in 2X
SSC and one wash (5 min) in 2X SSC 1% Triton
X-100. Subsequently, the slides were dehydrated
in cold ethanol series (70%, 85% and 100% for
5 min each), counterstained with 50 pL of 5 mM
DAPI (4’,6-diamidino-2-phenylindole) for 5 min
and sealed with coverslips (24 x 50 mm) in PBS
solution.

IMAGE CAPTURE

The slides were analyzed using a BX60
fluorescence microscope (Olympus™) with filters
WU (for DAPI) and WG (for rhodamine) and 100X
immersion objective. The images were captured
directly by a CCD video camera (Olympus DP71™)
coupled to a microscope and a computer containing
a digitizer board and image analysis software.

RESULTS

The human lymphocyte culture conditions provided
metaphases in sufficient number and exhibiting
chromosomes morphologically suitable for PRINS,
micromanipulation and FISH procedures. The
metaphases showed well-spread chromosomes
without overlaps, with preserved morphology
and different levels of chromatin compaction that
enabled distinguishing the homologous pairs. The
prepared slides were subjected to PRINS and,
after all treatments, the chromosome morphology
remained suitable for micromanipulation. At this
stage, a portion of the subcentromeric region of ten
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X chromosomes was microdissected (Figure 1a, b).
The fragments amplified by DOP-PCR generated
amplification products ranging from 200 to 600
bp. Quantification of the material in Nanodrop™
spectrophotometer (Thermo Scientific™) revealed
a DNA amount of 354.2 ng.uL™", with 260/280 ratio
of 1.72.

After hybridization, the subcentromeric
region of a single X chromosome was marked in
one chromosome of a male individual metaphase,
showing a single corresponding fluorescent signal
in interphase nuclei (Figure 1c, e, g). Hybridization
in metaphases from a female individual revealed a
pair of homologous X chromosomes marked in the
subcentromeric region, showing two corresponding
fluorescent red spots in interphase nuclei (Figure
1d, £, h). The chromosome labeling was effective in
about 95% of the analyzed metaphases.

DISCUSSION

As the chromosomes were not stained,
micromanipulation was carried out carefully to
collect the same fragment with the same size.
Staining was not performed to prevent loss of the
fragments amplified by PRINS and to decrease
the risk of contamination with exogenous DNA.
However, some authors prefer using stained
chromosomes to facilitate the identification process
(Engelen et al. 1998, Weimer et al. 2001). Another
positive aspect of the micromanipulation procedure
was that the target chromosome fragments could be
easily removed as a result of the rehydration step
included before micromanipulation, as described
by Engelen et al. (1998). This step was considered
important because the fixation and dehydration
procedures otherwise keep the chromosomes
strongly adhered to the slide, making the capture
more laborious (Bussey 1996).

The probe was constructed from only ten small
micromanipulated fragments of X chromosomes
after amplification by PRINS. Studies have reported
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Figure 1 - Microdissection procedure and FISH using chromosome-specific probe obtained via DOP-PCR. Microdissection
procedure (a) before and (b) after removal of the chromosome fragment. Probe hybridization in the X chromosome in metaphase
of (¢) male and (d) female individuals, counterstained with DAPI. Note the red fluorescent spots in the X chromosomes and nuclei.
(e) Male and (f) female karyotypes showing the marks on the X chromosomes. (g, h) 3-D plots of the nuclei and sexual pair
highlighting the positive signals. Bar = 10 pm.
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the need for large numbers of micromanipulated
chromosomes to construct a probe (approximately
20). However, some authors have pointed out that
the construction of probes with a lower number of
chromosomes is possible (Guan et al. 1994, Engelen
et al. 1998, Henning et al. 2008). Christian et al.
(1999) described a protocol to generate probes from
a single micromanipulated chromosome. As in the
present study, these authors used PRINS as strategy
to enhance the number of DNA sequence copies
and to reduce the required amount of chromosomes
to be micromanipulated. Nevertheless, their
methodology did not provide repeatability, since no
reports reproduced the procedure and not even the
authors themselves continued this line of research.
The exposure of the micromanipulated
chromosomal fragments to proteinase K is
recommended for deproteinization of the chromatin
(Weimer et al. 1999). In this study, adequate DNA
for amplification was only obtained using proteinase
K for 24 h. However, some authors indicate other
methods for digestion of proteins. Guan et al. (1994)
used the topoisomerase | enzyme for treatment of
the microdissected material. Differently, Engelen
et al. (1998) performed a procedure employing the
temperature as deproteinizing agent, subjecting the
material to cycles of 30°C and 50°C.
Amplification using DOP-PCR has been
widely employed for probe construction (Christian
et al. 1999, Zhou et al. 2001). Still, DOP-PCR
conditions must be optimized beforehand to
avoid preferential amplification and to generate
fragments of 200 to 600 bp, a size range considered
effective for probe construction (Hobza et al.
2004). In this sense, it is necessary to improve the
time and temperature of annealing and extension
for the enzymes. As the latter are highly processive
at high temperatures, it is recommended to use the
ramp rate between the annealing and extension
temperatures (Henning et al. 2008). Another
relevant factor in the amplification step is the
primer concentration, as limiting primer levels may
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decrease the amplification rate in the last cycles of
the PCR procedure (Czerny 1996). As suggested by
Engelen et al. (1998), here we chose to use a higher
primer concentration (4 uM) to maintain the high
amplification level.

We consider that the FISH procedure
was efficient, marking only the chromosome
corresponding to that which originated the probe
in 95% of the metaphases, without nonspecific
signals. Undesired hybridizations were suppressed
by the addition of Cot-1, which competes for the
repetitive regions of the probe (Craig et al. 1997).

In conclusion, a new methodology was
standardized for efficient construction of a
chromosome-specific probe using relatively small
fragments and low number of DNA copies as
template. The described protocol can be used to
generate probes for screening of other chromosome
regions and analyzing structural and numerical
abnormalities. This methodology can be widely
applied for many other organisms, not being
restricted to human chromosomes.
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