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Identification of grapevine rootstock cv. Borner and differentiation of 125 AA
from 5 BB and SO 4

by
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Summary: Grapevine rootstock cultivars were investigated for polymorphic RAPD-PCR amplification products. Variety-
specific RAPD markers were cloned and partially sequenced. Based on this information longer, sequence-specific primer pairs for
PCR under highly stringent conditions were designed and tested. The primer pair Borner-1 yielded a reproducible and specific
product of 589 bp from cv. Borner DNA. The second primer pair, 5C-1, derived from an originally cv. 5 C-épecific RAPD band,
yielded a more complex, but still polymorphic amplification pattern within the five rootstock varieties studied.
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Introduction

Modern wine marketing and trade of planting mate-
rial require clear criteria for varietal identification in grape-
vine. Concerning rootstock varieties, ampelographic crite-
ria are hard to apply as only the basal part (root and basal
cane) of the plant remains, once they have been used for
grafting. For these reasons, development of molecular mark-
ers easily scorable and independent of the physiological
state and environment are highly desirable.

In recent years, the development of molecular markers
as a supplementing or alternative method to ampelography
has entered viticulture and will help to clarify identity and
parentage of estimated 9,000 different grapevine cultivars
world-wide (E. DETTWEILER, pers. comm.). Different strate-
gies to obtain molecular markers have already been ap-
plied to rootstock varieties, too. However they still require
large amounts of genomic DNA and rather laborious hy-
bridization techniques such as RFLP (BourQuin et al. 1991;
Guerra and MEereDITH 1995), or highly specialized equip-
ment like semi-automated sequencing machinery for the
analysis of polymorphic microsatellite length variants
(Tuomas and Scorr 1993). The RAPD-PCR method has
also been applied to rootstocks due to its simplicity of analy-

sis (REGNER and MEessnErR 1993). However, this technique
suffers from problems in reproducibility due to the sensi-
tivity of the basal biochemical reactions to various experi-
mental parameters (BUSCHER et al. 1993). Usually, RAPD-
PCR patterns can not securely be reproduced from one labo-
ratory to another. For this reason we started to develop ex-
perimentally stable markers based on sequences obtained
from polymorphic RAPD bands for rootstock cultivars fre-
quently used in Germany. Cultivar-characteristic markers
produced by longer, sequence-specific primer pairs are
easier to obtain than the combination of specific PCR with
RFLP (BoUrRQUIN et al. 1995) and bear the potential to be
developed into easily manageable diagnosis systems.

Materials and methods

Plant material: The grapevine rootstock
cultivars investigated represent 5 frequently used varieties
in Germany and are listed in Tab. 1. For DNA preparation
field-grown plants from the grapevine collection of the
Federal Institute for Grapevine Breeding Geilweilerhof,
greenhouse-grown plants or plants propagated in vitro un-
der conditions described by ALLEWELDT (1991) were used.

Table 1

Rootstock varieties investigated

Rootstock (Abbr.) Species origin

Geisenheim 5 C 50 V. Berlandieri x V. riparia
Kober 125 AA (125 AA) V. Berlandieri x V. riparia
Kober 5 BB (5 BB) V. Berlandieri x V. riparia
Selection Oppenheim No. 4 (80 4) V. Berlandieri x V. riparia
Borner V. riparia 183 G x V. cinerea
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DNA extraction: Regular DNA extraction was
carried out on leaves of field- or greenhouse-grown plants.
In the case of in vitro plants, complete shoots were used.
DNA extraction from scrapings of cambial layers of woody
shoots and washed root apices from field-grown plants were
also usable. The extraction procedure started with shock-
freezing the plant material in liquid nitrogen and grinding
the frozen material to powder with mortar and pestle. Fur-
ther processing followed THowMmas et al. (1993). The DNA
was analyzed for its quality and quantity by agarose gel
electrophoresis in comparison to DNA standards derived
from Escherichia coli phage lambda.

Cloning of RAPD-PCR products: RAPD-
PCR followed our standard procedure (BUSCHER et al. 1993).
Polymorphic bands produced by dekamer primers from
Operon Kit F (Operon, Alameda, USA) were cloned by
ligating the mixture of amplification products after purifi-
cation through QIAquick-spin PCR purification columns
(Diagen, Hilden, Germany) to pCR Script™ SK(+) vector
DNA (Stratagene, Heidelberg, Germany) in the presence
of Srfl following the suppliers instructions. The ligation
mixture was used to transform competent cells of E. coli
XL1-blue (BurrLock et al. 1987) according to HANAHAN
(1983). Recombinant plasmids were selected on LB me-
dium (SamBroOK et al. 1989) supplemented with 100 pg
ampicillin ° ml"" (Biomol, Hamburg, Germany) and 20 pl
of 0.2 M 5-bromo-4-chloro-3-indolyl-B-D-galactoside
(Biomol) as well as 20 pl of 10 % isopropyl-B-D-thiogalacto-
pyranosid (Serva, Heidelberg, Germany) in dimethyl-
formamide spread per 9 cm diameter agar plate. White
colonies were patched onto fresh selective plates and used
for plasmid mini screens following essentially the proce-
dure of BirnBoiM and Doy (1979). The structure of the
recombinant plasmids was analyzed by restriction analy-
sis. Plasmid DNA to be used for sequencing was purified
through the QIA prep-spin plasmid preparation kit
(Diagen).

Labeling of cloned amplification
products for use as hybridization
probes: Cloned amplification products were excised
from the respective recombinant plasmid DNA by restric-
tion with Sacl and Smal or Smal only. The released frag-
ments were purified by gelelectrophoretic resolutionon 1 %
agarose in TAE buffer (40 mM Tris-acetate, | mM EDTA,
pH 7.8) and recovered by electroelution into dialysis bags
(Medicell, London, UK) containing TE buffer (10 mM Tris-
Cl, 1 mM EDTA, pH 8.0). The fragments were subjected
to a phenol/chloroform extraction and concentrated by pre-
cipitation in 70 % ethanol in the presence of 0.3 M sodium
acetate (pH 6.0). The DNA pellets were dissolved in 20 pl
of TE buffer.

Non-radioactive labeling used the DIG DNA labeling
kit (Boehringer Mannheim, Mannheim, Germany) with
random priming by hexanucleotides according to the sup-
plier's instructions.

Southern blot and hybridization:
Amplification products were resolved on standard agarose
gels (1-2 %), stained with ethidium bromide (1 pg °© ml*!
for 10 min) and photographed. The DNA was prepared for

capillary blot by soaking the gel for 20 min in 0.25 N HCI,
followed by 30 min in 1.5 M NaCl, 0.5 N NaOH and neu-
tralizing two times 15 min in 1.5 M NaCl, 0.5 M Tris-Cl,
1 mM EDTA, pH 7.2. Transfer onto nylon membranes
(Hybond N, Amersham-Buchler, Braunschweig, Germany)
was in 20x SSC as described by SaMBROOK et al. (1989).
The DNA was fixed to the membrane by baking at 80 °C
for 2 h. Hybridizations were carried out in DIG Easy Hyb
solution (Boehringer Mannheim) as described by the sup-
plier. Detection of hybridizing signals employed anti-
digoxigenin-fab fragments coupled with alkaline phos-
phatase and CDP-Star™ (Boehringer Mannheim). Finally,
chemiluminescence was recorded by exposing the mem-
branes to X-ray film (AGFA CurixRP 1000G, AGFA-
Gevaert, Leverkusen, Germany) for several seconds up to
1 min.

DNA sequencing: Sequence analysis of the
inserted fragments was done extending the standard
sequencing and reverse sequencing M13 primers in cycle
sequencing reactions (Dig Tag DNA sequencing kit for
standard and cycle sequencing, Boehringer Mannheim).
Reaction products were analyzed on a GATC 1500 device
for direct blotting from sequencing gels onto appropriate
membranes (MWG Biotech, Ebersberg, Germany) accord-
ing to the manual of this apparatus. Bands were detected
basically as described in the hybridizations, but final visu-
alization was with a colorimetric substrate for alkaline
phosphatase (nitro blue tetrazolium chloride and 5-bromo-
4-chloro-3-indolyl-phosphate, 4-toluidine salt; Boehringer
Mannheim). Sequence records were analyzed with
DNASIS™ (Hitachi, Olivet, France).

Sequence-specific primers and PCR
conditions: PCR reactions with the specific primers
outlined in Tab. 3 were carried out in 50 pl assay volumes
containing 100 ng of genomic DNA, 100 pM of each
oligonucleotide primer, 100 p{M of each desoxynucleoside-
triphosphate and 1 unit 7ag DNA polymerase (Boehringer
Mannheim) in PCR buffer (10 mM Tris-Cl, 1.5 mM MgCl,,
50 mM KCl, pH 8.3). The mixture was overlaid with 30 pl
of mineral oil and denatured initially for 5 min at 94 °C.
The following reaction cycles were repeated 30 times: 1 min
denaturation at 94 °C, | min primer annealing at the tem-
perature indicated in Tab. 3, 1.5 min. DNA synthesis at
72 °C with the ramping of the thermocycler (Hybaid Omni
Gene TR3 CM, MWG Biotech) setat 2 s ° °C-!. PCR prod-
ucts were analyzed on 1.5 % agarose (FMC SeaKem LE,
Biozym, Oldendorf, Germany) gels.

Results

Cloning of RAPD products: Preliminary
experiments testing the 20 dekamer primers of Operon Kit F
had produced a total of 143 bands in the size range of 200-
2000 bp, 33 % of which had revealed polymorphic RAPD
PCR amplification products within the 5 rootstock varie-
ties tested (ZypriAN, unpublished data and BUSCHER et al.
1994). From this first screening we chose primers OP-F17
and OP-F18 for the amplification of variety-specific bands.
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Table 3

Specific oligonucleotide primers designed

Oligo designation

Rootstock GC content Melting Annealing Product

cultivar % temperature, °C  size, bp
Borner-1U: 55CCCGGGAACATAGGAAGGAAC3'  Borner 57 66 70 589
Borner-10: 4TCTCCACACCGGGGAAATCAG3' 57 66 70
from cv. Borner OP OP-F17 611 bp product
5C-1U: 5'CCCGGGTTCATAGGAAGCATCAGG3' 5C 54 74 67 584
5C-10: 5'CCCGGGTTATGCAGGGGAGGTG3' 68 74 67

from cv. 5 C OP-F18 584 bp product
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Fig. 3: PCR product of the specific primer pair Borner-1 derived
from sequence analysis of the OP-F17 RAPD product of 611 bp
from the cv. Borner (1.5 % agarose gels, sm1 and sm2 as in Fig. 1).
PCR was carried out. (a): Specific amplification product; (b)
shows the blot and hybridization of the cloned OP-F17 Bérner
product (X-ray exposition in the final detection step was 30 s).
Note that the product of PCR with the longer, sequence-specific
primer pair Borner-1 is only 589 bp in size due to the position of
the binding sites of these primers within the sequence analysed.

However, the primer pair 5C-1 produced unexpected
results. A monomorphic product of 580 bp was not only
obtained from 5 C, but also from the other 4 varieties. The
rootstock cvs 125 AA and Borner exhibited both a smaller,
and 125 AA an even slightly larger additional band
(Fig. 4 a). This pattern could not be improved by raising
the annealing temperature in the cycling reactions. The
5C-1 product is thus not cultivar-specific but still can pro-
vide some informative polymorphism between the root-
stocks. Hybridizations with the cloned original product
showed homology between all the bands around 580 bp,
while the smaller one did not light up (Fig. 4 b).

Discussion

Within the 5 different rootstock varieties analysed, a
sequence-specific molecular marker indicative of the cv.
Borner has been identified. Amplification with primer pair
Borner-1 under stringent conditions led to a unique and
reproducible band of 589 bp.
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Fig 4: PCR products of the sequence-specific primer pair 5C-1 at
two different annealing temperatures (a) as indicated on the bot-
tom. The PCR products were resolved on 1.5 % agarose; sm1] and
sm2 correspond to the size markers in Fig. 1. (b) shows the re-
sults of hybridization analysis using the originally cloned OP-
F18 product from cv. 5 C as probe (detection as in Fig.1 b, X-ray
exposition was for 30 s). The major PCR product appears as dou-
ble band of 584 bp at 67 °C annealing; cvs 125 AA and Borner
exhibit additional bands. At elevated annealing temperatures
basically the same pattern is obtained with the exccption of cv. 5 C,
where any product is missing.

Borner differs from the other rootstock cultivars
analyzed here by its descendance (cf. Tab. 2). This may
explain the ease by which a specific marker could be ob-
tained for this cultivar. In preliminary studies to differenti-
ate the rootstocks by RAPD-PCR as mentioned above,
Borner exhibited a rather high level of polymorphism. 15 %
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of the polymorphic bands were exclusively polymorphic
for Borner, and all of the polymorphic bands observed
yielded polymorphisms with Borner in addition to one or
two of the other varieties. The other varieties (all derived
from V. berlandieri x V. riparia) showed a rather low level
of polymorphisms, despite of their long selection (own
unpubl. data).

" As V. riparia is a parent shared by all the 5 rootstocks
and Bomer differs only by its ancestor V. cinerea, it is tempt-
ing to speculate, that the Borer-specific marker represents
genetic material from V. cinerea. Future studies on the dis-
tribution of this marker and possible polymorphisms be-
tween Vitis wild species are needed to confirm this assump-
tion.

The hybridization assays with the cloned cv. Borner
OP-F17 611 bp and the cloned cv. 5 C OP-F18 584 bp
markers to total RAPD gels of the corresponding dekamers
indicated cultivar specificity. PARAN and MICHELMORE (1993)
described a very similar strategy as used here the first time
for lettuce. They performed hybridizations of cloned RAPD
bands to original RAPD products in a segregating popula-
tion claiming that multiple DNA species may be “hidden”
within one RAPD band. This way a “minor species” not
necessarily corresponding to the major visible product, may
be cloned. In our case, we had no appropriate segregating
populations for this purpose available yet.

The originally cv. 5 C-specific amplification product
of 584 bp synthesized from OP-F18 at reduced annealing
temperature (30 °C) caused other problems, when longer
primers based on its sequence (5C-1) were tested. Under
regular stringency of PCR (5-10 °C under TM)), it produced
a monomorphic double band with homology to the origi-
nally cloned marker. In addition, smaller, non-homologous
products were obtained for cvs 125 AA and Borner. When
stringency was raised by increasing the annealing tempera-
ture, this pattern remained basically unchanged with one
exception: The cv. 5 C, where the marker had been derived
from, did no longer show a visible product nor a hybridiza-
tion signal. This fact may be explained by only partial
genomic complementarity of cv. 5 C to 5C-1, possibly pro-
voked by the reduced annealing originally used in this case.
Loss of polymorphism has also been described in a similar
approach on American rootstock varieties by Xu et al.
(1995).

In conclusion, two sequence-specific markers useful
for the identification and differentiation of grapevine root-
stock varieties have been developed. Their discriminative
potential is presented as follows:

Bormer SO4 5C 5BB 125AA

Borner-1 70 °C 589 bp + - - - -
5C-1 67 °C500bp + - - - +
5C-1 72°C584bp + + - + +
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