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Introduction: Cytological studies of metaphase chro-
mosomes in Vitis vinifera L. were restricted to the de-
termination of the chromosome number for a long time.
Analyses at the chromosome level both in meiotic (HipErT
1958, 1959) and somatic metaphase plates of grapevine
were limited by the size of the chromosomes. Only few
approaches to establish a karyotype by measuring homoge-
neously stained metaphase chromosomes have been made
because of their small size (0.8-2.0 um) and similar length
(e.g. PariL and Parie 1992). For the differentiation chro-
mosome-specific markers have to be developed. Apart from
cytogenetic methods as C-, N-banding or silver staining
in situ hybridization could be a useful tool for the charac-
terization of chromosomes.

In 1969, a method for radioactive in situ hybridization
was described. Since, it has been developed and in the 1980s
it was more and more replaced by fluorescent in situ
hybridization (FISH) which is widely used for the detec-
tion of DNA sequences now (Joos ef al. 1994). As shown
by Lerrcn and Hesr.op-Harrison (1992) FISH is extremly
valuable in studying karyotypes with small and similarly
sized chromosomes in plants. Nevertheless, no studies in
grapevine have been reported yet. For establishing this
method in grapevine we intended to detect the satellite
chromosomes by in situ hybridization. In the chromosomes
the rRNA genes are located in the region proximal to the
secondary constriction in form of several hundreds
tandemly repeated units (MaLuszynska and HesLop-
HarrisoN 1993). As an rDNA probe we used pTA 71 from
common wheat (GERLACH and BEDBROOK 1979).

In the present paper we demonstrate that fluorescent
in situ hybridization can be used as a new, additional
method for characterizing the chromosomes and for physi-
cal mapping of interesting DNA sequences (genes) on chro-
mosomes of grapevine.

Materials and methods: Root tips from young in vitro
plants of Vitis vinifera cvs Bacchus and Riesling were
treated with icewater for 8-10 h, fixed in ethanol:glacial
acetic acid (3:1) and stored in 70 % ethanol at -20 °C.

For metaphase preparations, a variation of the drop
technique according to MARTIN et al. (1994) was used. Root
tips were macerated for 90 min and the drops were used
without filtration through a nylon mesh. Before hybridiza-
tion, the slides were air-dried for 4 h.
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The probe (pTA 71), containing the 5.8S-, 185- and
26S-r1RNA genes and the intergeneric spacer, was labelled
with DIG-11-dUTP by random primed labelling after
linearization (Boehringer, Mannheim, FRG). After ethanol
precipitation, the labelled DNA was resuspended in the
hybridization mixture containing 50 % (v/v) deionized
formamide, 5 % (w/v) dextransulfate, 0.1 % (w/v) sodium
dodecyl sulfate (SDS) and 2 ng/jll sheared salmon sperm
DNA in 2x SSC (0.3 M sodium chloride, 0.03 M sodium
citrate). The probe was denatured at 75 °C for 6 min fol-
lowed by a chilling step at -20°C.

The slides were pretreated with 100 pg/ml RNase in
2x SSC (37 °C, 40 min), washed four times in 2x SSC,
fixed in 4 % (w/v) paraformaldehyde in 2x SSC (37 °C,
15 min) and washed again four times in 2x SSC. After
denaturation for 6 min at 75 °C and chilling in 70 % ethanol
(-20 °C), 10 pl of hybridization buffer containing 100 ng
denatured probe DNA were dropped on each chromosome
preparation which was subsequently covered with a
coverslip and sealed with Fixogum (Marabu, Tamm, FRG).
The specimens were denatured for 10 min at 75 °C and
following hybridization was carried out in a humid cham-
ber at 37 °C for at least 12 h.

After removal of the coverslips, slides were washed
twice in 50 % (v/v) formamide + 2x SSC (37 °C) and three
times in 0.5x SSC (50 °C). Afterwards blocking solution
(0.1 % (v/v) Tween 20 and 3 % (w/v) bovine serum al-
bumin (BSA)in 4x SSC) was dropped onto the slides (30 1
each). Incubation lasted 30 min at 37 °C. 30 pl antibody
solution containing 40 |1g/ml anti-digoxigenin-fluorescein
fab-fragments (Boehringer, Mannheim, FRG), 1 % (w/v)
BSA and 0.1 % (v/v) Tween 20 in 4x SSC was added and
the slides were incubated at 37 °C for 30 min. For increas-
ing the hybridization signal 30 pl of 0.4 pg/ml anti-
fluorescein mouse IgG1 (Boehringer, Mannheim, FRG) in
4x SSC were incubated on each slide for 30 min (37 °C).

- Anti-mouse-Ig-fluorescein (Boehringer, Mannheim, FRG)

was applied (30 min, 37 °C). After each step samples were
washed twice in 0.1 % Tween 20 + 4x SSC (37 °C). The
slides were counterstained within a propidium iodide (PI)
solution (200 ng/ml PI in 2x SSC) for 15 min and washed
in 0.05 % Tween 20 in 1x SSC (1 min). Then, embedding
in 2.3 % (w/v) DAPCO dissolved in 1 ml 0.2 M Tris-HCl
(pH 8,0) and 9 ml Glycerol finished the procedure
(BOEHRINGER 1992).

Metaphase spreads were examined with a Zeiss
Axiovert 135 TV microscope with filter set 09 (long pass
filter for PI- and FITC-fluorescence, 450-490/510/>520 nm)
and filter set 15 (for PI-fluorescence, 546/580/>590 nm).
Photographs were taken with different types of 400 ASA
films and 8-30 sec exposure time.

Results and discussion: Following the evaluation of
different FISH-methods (e.g. BOEHRINGER 1992, LicHTER and
CreMER 1992, Fucss et al. 1994, SceMIDT et al. 1994) we
started to develop a method for physical mapping of DNA
sequences on chromosomes of grapevine.

After in situ hybridization two satellite chromosomes
per metaphase could be observed in cells of Bacchus and
Riesling. The rDNA-labelled chromosomes displayed yel-
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