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From 2012 to 2015 32 woodland grape genotypes were collected from the Szigetköz and the Fertő-Hanság National 
Park, Hungary, and ex-situ preserved in the gene bank of the NARIC Research Institute for Viticulture and Enology 
in Badacsony, Hungary. Phenological development stages based on the BBCH scale and ampelographic data accor-
ding to 30 OIV descriptors were recorded. Isozyme and SSR analyses were carried out in the preserved genotypes, 18 
Vitis vinifera varieties and 20 rootstocks were also analysed for comparison. Summarizing the results it can be estab-
lished, that the ex-situ preserved genotypes are true-to-type woodland grapes, belonging to Vitis sylvestris Gmel. var. 
typica. Further quest, ex-situ and in-situ preservation and analyses of the Vitis sylvestris Gmel. germplasm in Hungary 
are needed.
Keywords: woodland grape, phenology, morphology, ampelography, SSR, isozyme

Morphologische, phänologische und molekulare Diversität von Genotypen der Waldrebe (Vitis sylvestris 
Gmel.) der Szigetköz, Ungarn. In den Jahren 2012 bis 2015 wurden 32 Waldreben-Genotypen auf der Szigetköz 
und im Fertő-Hanság Nationalpark, Ungarn, gesammelt und ex-situ in der Genbank des NARIC Forschungsinstitut 
für Weinbau und Önologie in Badacsony, Ungarn, konserviert. Es wurden phänologische Entwicklungsstadien auf 
der Grundlage der BBCH-Skala und ampelographische Daten von 30 OIV-Deskriptoren erfasst. In den Genotypen 
wurden Isozym- und SSR-Analysen durchgeführt, 18 Vitis vinifera und 20 Unterlagsrebsorten wurden zum Vergleich 
ebenfalls analysiert. Zusammenfassend lässt sich feststellen, dass es sich bei den ex-situ konservierten Genotypen um 
typgetreue Waldreben handelt, die zu Vitis sylvestris Gmel. var. typica gehören. Weitere Untersuchungen, ex-situ- 
und in-situ-Konservierung und Analysen der genetischen Ressourcen von Vitis sylvestris Gmel. var. typica in Ungarn 
sind erforderlich.
Schlagwörter: Waldrebe, Phänologie, Morphologie, Ampelographie, SSR, Isozyme
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Many theories exist about the evolution of the European 
grapevine (Vitis vinifera L.). According to De Candol-
le (1894) the grapes originate from the Trans-Cauca-
sus. Based on the geographical principle in evolution 
by Darwin (1883), the regions of the primary origin 
of cultivated plants were created by Vavilov (1932) 
based on the diversity of the wild relatives of the given 
species. In this system, the European grapevine (Vitis 
vinifera L.) was classified (together with pistachio and 
almond) to the Central Asiatic Center.
In after-glacial Eurasia, the woodland grape (Vitis sylves-
tris Gmel.) spread throughout Europe and existed even 
in the southern part of Scandinavia. In its natural terri-
tory humans liked its fruit, they collected and consumed 
them. The first Vitis vinifera type seeds (long seeds with 
well-developed "beak") were found among the excava-
tion findings originating from the 2nd millennium BC. 
Towards the west and south, the Vitis vinifera-like seed 
findings appeared gradually from later and later ages. 
This proves that some time in the past the Vitis sylvestris 
coming from the Trans-Caucasus was taken into cul-
tivation by the people of ancient Asia. Later the seeds 
considered to be already Vitis vinifera were received by 
the people of antique West-Asia and the people living in 
the islands of the Aegean Sea, who spread them on the 
northern and southern banks of the Mediterranean Sea 
(Kozma, 1991).
According to Terpó (1986), Vitis vinifera L. is not uni-
form, but the progeny of several original grape species. 
The main fundaments among the Vitis sylvestris Gmel. 
could be the hermaphrodite flowered V. hissarica and 
the V. nuristanica. In 1988 he developed a new intraspe-
cific taxonomic system of Vitis sylvestris Gmel. The basis 
of his taxonomy was to sort the woodland grapes into 
"subspecies" based on the hairs of the leaves and into 
"varietas" based on the shape of the leaves. He deduced 
the eco-geographical groups ("convarietas") of Vitis vini-
fera directly or indirectly from these varieties.
The ancient cultivars of Vitis vinifera L. were classified 
in three convarieties: pontica, orientalis and occidentalis 
by Negrul (1969). In his work he pointed out, that the 
crosses between cultivars of different convarieties lead 
to valuable types: those between pontica and orientalis 
give some promising wine types; and those of orientalis 

× occidentalis give early-ripening types; those of occi-
dentalis × pontica segregate and give some high-quality 
wine types.
Accordingly, these geographical cultivar groups (conva-
rieties) of Vitis vinifera L. were not likely to have simulta-
neously developed, but they evolved from the different 
woodland grape types side by side, or crossing one ano-
ther, respectively (Kozma, 1991).
The Vitis sylvestris Gmel. in Hungary is a protected spe-
cies (Farkas et al., 1999). The quest and preservation 
of its populations are significant in terms of nature con-
servation and reserve of biodiversity as well. As pointed 
out before, it is supposed, that this species itself or its 
crossing with other species could be the progenitor of 
the European grapevine (Vitis vinifera ssp. sativa). The 
ex-situ conservation of the quested individuals has a gre-
at importance from a practical point of view as well, as 
they can serve as a resistance source in future breeding 
programs.
The aim of the current study was to assess the morpholo-
gical, phenological and molecular diversity of woodland 
grape (Vitis sylvestris Gmel.) genotypes preserved in the 
gene bank of the NARIC Research Institute for Viticul-
ture and Enology in Badacsony, Hungary.

MATERIALS AND METHODS

PLANT MATERIAL

The phenology and ampelography of 32 Vitis sylvestris 
Gmel. genotypes and Vitis vinifera L. 'Pinot noir' were 
recorded (at least 5 plants of each). All the stocks si-
tuated in the same location were grafted on Teleki 5C 
rootstocks (The origins of the accessions are described 
below.)
For isozyme analyses 18 Vitis vinifera L. cultivars and for 
SSR analyses additional 20 rootstock accessions were 
added for comparison.

PHENOLOGY AND AMPELOGRAPHY

Phenology of the different 32 woodland grape genoty-
pes and 'Pinot noir' was recorded based on the BBCH 
scale (Lorenz et al., 1995) from 2014 to 2016.



---   92   ---

MITTEILUNGEN KLOSTERNEUBURG 71 (2021): 90-98 JAHNKE et al.  

Morphology of the same accessions was characterized 
by 30 OIV descriptors (001, 004, 007, 008, 016, 051, 
053, 067, 068, 069, 070, 074, 075, 076, 078, 079, 081-
2, 082, 084, 085, 087, 088, 089, 151, 354-Alercia et al., 
2015).

ORIGIN OF THE WOODLAND GRAPE  
ACCESSIONS

The woodland grape stocks were labelled with plastic 
stripes in-situ in the Szigetköz in 2013. All the stocks 
were marked on a map, were located and the GPS coor-
dinates were saved. Photos were taken in spring and au-
tumn of 2013 and 2014 from all the individuals. In June 
2013, young shoots from the individuals were collected 
and grafted to rootstocks in Badacsony.
Seeds were collected from 5 (genetically identical) fe-
male flowered stocks in the Szigetköz in autumn 2013. 
The seedlings were pricked out in early spring 2014 and 
young shoots of 23 seedlings were successfully grafted.
All of the 32 accessions are maintained as grafts in the 
gene bank of the NARIC Research Institute for Viticul-
ture and Enology in Badacsony.

ISOZYME ANALYSES

Dormant canes of woodland grapes from the gene bank 
were collected in three repetitions in January 2016; sub-
sequently they were stored in plastic bags at 4 °C until 
processing at the longest for two days. Active enzymes 
were extracted from the dormant canes as described by 
Arulsekar et al. (1986). Vertical polyacrylamide gel 
electrophoreses were carried out in three repetitions of 
all the three samples/accessions and gels were stained 
for acid phosphatase (AcP), catechol oxidase (CO), 
peroxidase (PER) and glutamate-oxaloacetate transa-
minase (GOT) as described by Royo et al. (1997). Re-
sults were evaluated visually. Isozyme bands were digi-
tally scored (1-present, 0-absent).

SSR ANALYSES

DNA extraction and SSR analyses procedures for 11 
loci (VVS2, VrZag79, VrZag62, VMC6F1, VVMD27, 

VVMD5, VMC6E1, VMC6G1, VVMD7, VMCNG4b9, 
VVMD28) are described in Jahnke et al. (2016).

DATA ANALYSES

Statistical analyses for phenology and ampelography 
were carried out and figures were created in R (R Core 
Team, 2013).
Dendrogram creation of isozyme and SSR data was car-
ried out by MolMarker (Jahnke and Smidla, 2019) 
using Jaccard similarity (Jaccard, 1908) and UPGMA 
method (Sokal, 1958).

RESULTS AND DISCUSSION

PHENOLOGY

Based on our results it can be established, that there are 
differences in the time of flowering and fruit set between 
the different woodland grape (Vitis sylvestris Gmel.) 
genotypes. An average Vitis sylvestris stock flowers and 
ripens later compared to 'Pinot noir' (Vitis vinifera L.), 
but the difference depends on the weather as well. Dif-
ferences were found only in the dynamics of flowering 
between female and male woodland grape (Vitis sylvest-
ris Gmel.) individuals, but the difference was significant 
only in 2014 (Fig. 1).

AMPELOGRAPHY

Differences were found between Vitis sylvestris Gmel. 
functional female flowered, functional male flowered ac-
cessions and Vitis vinifera L. cv. 'Pinot noir'.
Based on the OIV descriptors the following conclusions 
can be drawn:
• All the woodland grapes were either functional   
female or functional male flowered, none of them were 
hermaphrodite (OIV 151: 2 or 4).
• The petiole sinus of the mature leaves is charac-
teristically widely opened for the woodland grape acces-
sions (OIV 079: 1-2).
• The prostrate hairs between main veins on the 
lower side of the blade of the mature leaves are absent 
from female flowered woodland grapes and sparse for 
male flowered ones. (OIV 084: 1 or 3).
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DNA extraction and SSR analyses procedures for 11 loci (VVS2, VrZag79, VrZag62, 
VMC6F1, VVMD27, VVMD5, VMC6E1, VMC6G1, VVMD7, VMCNG4b9, VVMD28) are 
described in Jahnke et al. (2016). 
 

(T2) Data analyses 
 
Statistical analyses for phenology and ampelography were carried out and figures were created 
in R (R Core Team, 2013). 
Dendrogram creation of isozyme and SSR data was carried out by MolMarker (Jahnke and 
Smidla, 2019) using Jaccard similarity (Jaccard, 1908) and UPGMA method (Sokal, 1958). 
 
(T1) Results and Discussion 

 

(T2) Phenology 
 
Based on our results it can be established, that there are differences in the time of flowering and 
fruit set between the different woodland grape (Vitis sylvestris Gmel.) genotypes. An average 
Vitis sylvestris stock flowers and ripens later compared to 'Pinot noir' (Vitis vinifera L.), but the 
difference depends on the weather as well. Differences were found only in the dynamics of 
flowering between female and male woodland grape (Vitis sylvestris Gmel.) individuals, but 
the difference was significant only in 2014 (Fig. 1). 

 
Fig. 1: Average phenology of male (blue), female (red) flowered woodland grape (Vitis 
sylvestris Gmel.) genotypes and hermaphrodite flowered Vitis vinifera L. cv. 'Pinot noir' 
(green) based on the BBCH scale (Badacsony, 2014; standard deviation shown in dark grey) 
 

Fig. 1: Average phenology of male (blue), female (red) flowered woodland grape (Vitis sylvestris 
Gmel.) genotypes and hermaphrodite flowered Vitis vinifera L. cv. 'Pinot noir' (green) based on the 
BBCH scale (Badacsony, 2014; standard deviation shown in dark grey)

• The density of erect hairs on the main veins on 
the lower side of the blade is low for female flowered and 
medium for male flowered woodland grape individuals 
(OIV087: 3 or 5).
• The bunches of the female flowered woodland 
grapes are very short (OIV 202:1) and very loose (OIV 
204:1), the berries are very short (OIV 220: 1), globose 
shaped (OIV 223: 2) with blue-black colored skin (OIV 
225: 6).
• Based on the results it can be established, that 
all the woodland grape accessions belong to Vitis sylvest-
ris Gmel. var. typica.
 
ISOZYME ANALYSES

Results of the isozyme analyses of the 32 V. sylvestris 
accessions and 18 V. vinifera cultivars are presented in 
Table 1. Based on these results an UPGMA dendro-
gram was constructed (Fig. 2). The European grape-

vine cultivars and the woodland grapes separate well 
in the dendrogram, supporting the different genetic  
background. Only the ancient cultivar 'Pinot gris' (Szür-
kebarát) of Vitis vinifera L. convar. occidentalis falls to 
the "sylvestris” cluster, supporting the morphological 
data, that the woodland grapes analysed in this study 
belong to the typica varietas. Woodland grape genoty-
pes B.2., B.12. and B.13. fall into the Vitis vinifera group, 
even though they are clearly Vitis sylvestris based on OIV 
descriptors. This fact shows the limitations of the isozy-
me method (Buth et al., 1999).
AcP isoenzyme patterns consist of 2 zones. The presence 
of a maximum of 4 bands in the faster migrating region 
represents a distinct locus. This region consists of 3 or 4 
bands in the case of Vitis vinifera ssp. sativa cultivars, and 
3 bands for most of the woodland grapes, but is totally 
absent in some Vitis sylvestris accessions. This phenome-
non was indicated earlier (Jahnke et al., 2017) and is 
confirmed in this study.
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Fig. 2: UPGMA dendrogram of the accessions based on isozyme results 
 

(T2) SSR analyses 
 
Based on the SSR results in 11 loci a dendrogram was constructed (Fig. 3.). 
The main groups (V. sylvestris, V. vinifera and rootstocks) form distinct groups. 
The Vitis sylvestris genotypes form distinct groups and show similarity with Vitis vinifera 
genotypes, which shows their true-to-typeness. 

Fig. 2: UPGMA dendrogram of the accessions based on isozyme results

SSR ANALYSES

Based on the SSR results in 11 loci a dendrogram was 
constructed (Fig. 3.).
The main groups (V. sylvestris, V. vinifera and rootstocks) 

form distinct groups.
The Vitis sylvestris genotypes form distinct groups and 
show similarity with Vitis vinifera genotypes, which 
shows their true-to-typeness.
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Fig. 3. UPGMA dendrogram of the accessions based on SSR results
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Table 1: Isozyme analysis results for AcP, CO, GOT and PER for V. sylvestris accessions and 
V. vinifera cultivars 

Accession ID  Origin  AcP  CO  GOT  PER 
1  2  3  4  5  6  7  8  1  2  3  4  5  6  1  2  3  4  1  2  3  4  5  6 

Sziren 

Vitis vinifera L. 

1  1  1  1  1  1  1  0  0  1  0  0  1  1  1  1  0  1  1  1  1  1  1  1 
Trilla  1  1  1  1  1  1  1  1  0  1  0  0  1  1  1  1  0  0  1  1  1  1  1  1 
Gesztus  1  0  1  1  1  1  1  1  0  1  0  0  1  1  0  1  1  1  1  1  1  1  1  1 
Heuréka  1  0  1  1  1  1  1  0  0  1  1  0  1  1  1  1  0  0  0  0  1  1  1  1 
Generosa  1  1  1  1  1  1  1  0  1  0  1  0  0  0  1  1  0  1  0  1  1  1  1  1 
Kecskemét 7  1  0  1  0  1  1  1  1  1  0  1  0  1  0  1  1  0  1  0  1  1  1  1  1 
Cserszegi fűszeres  1  1  1  1  1  1  1  0  1  0  1  0  1  1  1  1  0  0  1  1  1  1  1  1 
Irsai_oliver  1  1  1  1  1  1  1  1  0  0  0  0  1  1  0  0  1  1  0  1  1  1  1  1 
Kovidinka  0  1  1  1  1  1  1  1  0  1  1  0  0  0  1  1  1  1  0  1  1  1  1  1 
Szurkebarat  1  1  0  1  1  1  1  0  1  1  0  0  1  1  1  1  1  0  0  0  0  1  1  1 
Ezerjo  1  1  1  1  1  1  1  0  1  1  0  0  1  0  1  1  1  1  0  1  1  1  1  1 
Pozsonyi fehér  1  1  1  1  1  1  1  0  1  0  0  0  1  1  1  1  0  0  0  1  1  0  1  1 
Kadarka  0  1  1  1  1  1  1  0  1  0  1  0  1  1  1  1  1  1  0  1  1  0  1  1 
Muscat Lunel  1  0  1  1  1  1  1  0  1  0  1  0  1  1  1  1  1  1  0  0  1  1  1  1 
Muscat Ottonel  1  1  1  1  1  1  1  0  1  1  0  0  1  1  1  1  0  0  0  1  1  1  1  1 
Piros Tramini  1  0  1  1  1  1  1  1  1  0  1  0  1  1  1  1  0  0  0  1  1  1  1  1 
Cabernet sauvignon  1  1  1  1  1  1  1  0  1  1  0  0  1  1  1  1  0  0  0  1  1  0  1  1 
Chardonnay  1  1  1  0  1  1  1  0  0  1  0  0  1  1  1  1  1  1  0  1  1  1  1  1 
B1 

Vitis sylvestris GMEL. 

1  0  1  1  1  1  1  0  1  0  0  1  0  0  0  0  1  1  0  1  1  1  1  1 
B2  1  0  1  1  1  1  1  0  1  1  0  0  0  0  1  1  1  1  0  1  1  1  1  1 
B5  1  1  1  1  0  0  0  0  1  0  1  0  0  0  1  1  0  0  0  1  1  0  1  1 
B10  1  1  1  0  0  0  0  0  1  0  1  0  0  1  1  1  0  0  0  0  1  0  1  1 
B12  0  1  1  1  1  1  1  0  1  0  1  0  0  0  1  1  1  1  0  1  0  0  1  1 
B13  0  1  1  1  1  1  1  0  1  0  1  0  0  0  1  1  1  1  0  1  1  1  1  1 
B16  0  1  1  0  0  0  0  0  1  0  0  1  0  0  1  1  0  0  0  1  1  1  1  1 
B19  0  1  1  0  0  0  0  0  0  1  0  0  1  0  1  1  0  0  0  1  0  0  1  1 
B21  1  0  1  1  1  1  1  0  0  1  1  0  1  0  0  1  1  0  0  1  1  0  1  1 
B24  0  1  0  1  1  1  1  0  0  1  0  0  1  0  1  1  0  0  0  1  1  0  1  1 
B26  0  1  1  0  0  0  0  0  0  1  0  1  0  0  1  1  0  0  1  0  1  0  1  1 
B27  1  1  1  0  0  0  0  0  0  1  0  1  0  0  1  1  0  0  1  1  0  1  1  1 
B30  1  0  1  0  0  0  0  0  0  1  0  1  0  0  1  1  0  0  0  0  1  1  1  1 
B31  1  0  1  0  0  0  0  0  0  1  0  1  0  0  1  1  0  0  0  0  1  0  1  1 
B33  1  0  1  0  1  1  1  0  0  1  1  1  0  0  1  1  1  1  0  0  1  0  1  1 
B34  0  1  1  0  0  0  0  0  0  1  1  1  0  0  1  1  1  1  1  1  1  0  1  1 
B36  1  1  1  0  0  0  0  0  0  1  0  0  1  0  1  1  0  0  0  0  0  0  1  1 
B37  1  1  1  0  1  1  1  0  0  1  0  0  1  0  1  1  0  0  0  0  1  0  1  0 
B41  1  1  1  0  1  1  1  0  0  1  0  0  1  0  1  1  1  1  0  0  0  0  1  0 
B47  1  1  1  1  1  1  1  0  0  1  0  0  1  0  1  1  1  0  0  1  0  0  1  1 
B48  1  1  1  1  1  1  1  0  0  1  0  0  1  0  1  1  0  0  0  1  0  0  1  0 
B49  1  1  1  0  1  1  1  0  0  1  0  0  1  0  1  1  1  0  0  0  0  0  1  1 
B50  1  1  0  1  1  1  1  0  0  1  0  0  1  0  1  1  1  1  0  0  0  0  1  1 
B51  1  1  1  0  1  1  1  0  0  1  0  0  1  0  1  1  1  1  0  0  0  0  1  1 
S 4/1  1  1  1  0  1  1  1  0  1  0  0  1  0  0  1  1  0  0  1  1  0  0  1  1 
S 4/2  1  1  1  0  1  1  1  0  1  0  0  1  0  0  1  1  0  0  1  1  1  0  1  1 
S 4/3  1  1  1  1  1  1  1  0  1  0  0  1  0  0  1  1  0  0  1  1  1  0  1  1 
S 6/1  1  1  1  1  1  1  1  0  1  0  0  1  0  0  1  1  0  0  1  1  0  0  1  1 
S 6/2  1  1  1  1  1  1  1  0  1  0  0  1  0  0  1  1  0  0  1  1  0  0  1  1 
S 6/4  1  1  0  0  1  1  1  0  1  0  0  1  0  0  1  1  0  0  1  1  0  0  1  1 
S7  1  1  1  1  1  1  1  0  1  0  0  1  1  0  1  1  0  0  1  0  1  1  1  1 
S1  1  1  1  0  1  1  1  0  1  0  0  1  0  0  0  0  1  1  0  1  1  0  1  1 

CONCLUSIONS

Summarising the results, it can be concluded, that the 
ex-situ preserved genotypes are true-to-type woodland 
grapes, belonging to Vitis sylvestris Gmel. var. typica.
The results support – as suggested by Bodor et al. (2010) 
– the further quest, ex-situ and in-situ preservation and 
analyses of the Vitis sylvestris Gmel. germplasm in Hun-
gary.
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