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ABSTRACT: Both dynamic Q-banding and cell syn-
chronization produced by bromodeoxyuridlne
(BrdU), were applied to equine chromosomes.
BrdU Incorporated during the first half of the S-
phase Is taken up Into the R-bands that are earty
replicating. These bands, which have Incorporat-
ed BrdU, cannot contract as usual and remain
elongated; only the other regions of the chromo-
some, I.e., the G-bands, contract normally and
are sharply defined. BrdU also can be used for
cell synchronization. The addition of BrdU In a
high concentration, 15 hours before harvest, and
Its removal 11 hours later, has two effects: Ini-
tially the BrdU Is incorporated during the first part
of the S-pnase and then It blocks the cells at mld-
S-phase. Within the cell cycle, mld-S-phase ap-
pears to be the most vulnerable time to various
blocking agents. To differentiate the regions of
BrdU incorporation from those that have not
been substituted, the fluorescence-photolysls-
Glemsa (FPG) technique was applied as modified
for horse chromosomes. This dynamic tech-
nique, which produces many prometaphase and
prophase chromosomes showing very sharp G-
bands, is certain to enhance the accuracy of
cytogenetlc analysis and aid In the standardiza-
tion of equine chromosomes.

BROMODEOXYURIDINE (BrdU) has proven to
be a useful tool for production of R-bands in
horse chromosomes5'6. Indeed, R-bands are ob-
tained when BrdU is added during the second
half of the synthesis phase (late-S-phase) in the
cell cycle. Furthermore, combined with a thy-
midine block, it can R-band prometaphasic
horse chromosomes7. Conversely, if BrdU is
added in the first half of the S-phase (early-S-
phase), it will not only produce G-banding, but
also, if present in a sufficient amount, will block
the dividing cells at mid-S-phase resulting in
cell synchronization1. Here we present our ad-
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Prometaphase GB-FPG karyotype of a male domestic horse

aptation to equine chromosomes of this dynam-
ic G-banding and cell-synchronization tech-
nique.

Materials and Methods

Peripheral blood was collected directly from
the jugular vein of 10 horses into green stop-
pered Vacutainer tubes containing 143 USP
units of sodium heparin (Becton Dickinson).
Cultures were set up with 0.2 ml of whole blood
in 5 ml of HB-103 medium (Hana Media) sup-
plemented with 1 mM glutamin (Flow), 2 per-
cent Pokeweed mitogen (Gibco), and 0.01
mg/ml of Garamycin (Schering). Following a
57-hour incubation period at 37°C, 200 Mg/ml
of BrdU were added and 11 hours later cultures
were rinsed twice with warm phosphate buff-
ered saline, suspended in fresh medium contain-
ing 3 >tg/ml of thymidine, and reincubated at
37°C for three to five hours.

At the end of this culture period the suspen-

sion was centifuged and the cell button was then
resuspended in 0.075 M K.C1 and reincubated
for 20 minutes. After this hypotonic treatment
the cells were fixed, first in methanolxhloro-
form:acetic acid (3:2:1) and then twice in meth-
anol:acetic acid (3:1). This suspension was
spread on cold (0°C) slides and air dried at
room temperature. The fluorescence-photoly-
sis-Giemsa (FPG) method2'4, as previously de-
scribed for horse chromosomes5-6 was used to
visualize the G-banding thus produced. Prepa-
rations were analyzed and photographed under
a light microscope.

G-bands produced by trypsin and stained
with Giemsa (GTG-bands) were prepared, on
other slides, according to the technique of Sea-
bright8.

Results and Discussion

Although the percentage of dividing cells is
slightly decreased as compared to the standard
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FIGURE 2 Early metaphase GTG karyotype of a female domestic horse.

whole blood technique, a sufficient number is
obtained. If only 3 to 5 hours elapse between
lifting the cell block and harvesting, the major-
ity of cells are observed in either prophase or
prometaphase with chromosomes having incor-
porated BrdU into the early replicating R-
bands. Once the FPG technique is applied to
these preparations, the chromosomes show very
sharp G-bands, as can be seen in Figure 1, and
karyotyping is made easy since these elongated
chromosomes contain a great number of very
well contrasted bands. A karyotype of GTG-
banded chromosomes obtained after standard
culture and trypsinization is depicted in Figure
2. The chromosomes are shorter and the usual
less contrasted and more linear banding pattern
is observed.

Cell synchronization can be obtained by add-
ing various substances to the culture medium in
well calculated amounts sufficient to block the

cell cycle, but moderate enough to keep the cells
alive. Substances, other than BrdU, that have
been used successfully to synchronize horse
lymphocytes are methotrexate3 and thymidine7.
It has been observed that these adequate
amounts usually block the cell cycle at mid-S-
phase where cell synthesis is arrested until rins-
ing and the addition of appropriate quantities of
a synthesis promoting substance. Consequently,
cells resume their synthesis in unison, they have
been synchronized. Without this procedure,
even though their cycle is of approximately the
same length, the cells go about their cycle at
different times; they do not replicate their
DNA, or reach the various mitotic stages all
together. Once synchronized, it is easy to
choose the appropriate time after mid-S-phase
to harvest the cells and fix them at prophase or
prometaphase.

The dynamic G-banding pattern is obtained

when BrdU is incorporated into the chromov
somal DNA during the early-S-phase. Here,
this thymidine analogue is taken up into the
early replicating R-bands, which will not con-
tract as usual, thus remaining elongated, while
other regions of the chromosome, the G-bands,
contract normally and are sharply defined.
Those regions of DNA that have incorporated
BrdU are more sensitive to ultraviolet light and
break when exposed to it (photolysis) during the
FPG-technique. The contrast is enhanced if the
chromosomes have been previously stained with *
a fluorescent dye, and Giemsa applied after-
wards stains less darkly the broken strands of
DNA, thus producing a well contrasted differ-
ential staining.

Very often this dynamic pattern manifests
itself as symmetrical dots along each chroma-
tid, differing somewhat from the usual linear
GTG-banding. Even though both these patterns r

are not identical, they show enough similarities
so that their bands can be compared, establish-
ing the identity of the GB-FPG bands on the
longer chromosomes. Finally since GB-FPG
and RB-FPG bands are perfectly complemen-
tary, the GB-FPG karyotype creates a useful
link between the accepted GTG standard and
the newer RB-FPG bands.

Thus, this dynamic G-banding technique that
produces many sharply banded prometaphase
and prophase chromosomes, can be applied to
horse lymphocytes. Indeed, the incorporation of
BrdU in chromatin during synthesis constitutes
a powerful tool for structural and functional
analysis of chromosomes. Furthermore, the G- •
bands produced by this technique will not only
be helpful for cytogenetic diagnosis, but also
should play a useful role in the standardization
of equine chromosomes.
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