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Rejuvenation of cv. Vugava grapevine (Vitis vinifera L.) in vitro
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Phenotypical characteristics of cv. Vugava grapevine (Vitis vinifera L.) in vitro regenerated plants, seedlings obtained from cultivated mature seeds, plants derived from nodal segments cultivated in vitro  and  after one year under in vivo conditions  were  studied. Microcuttings   produced   from   the   nodal segment cultures were grown on MS medium supplemented with  4.4 (M BA.  Growing shoots were transferred onto the same basal medium with 11.4 (M IAA addition to promote plant elongation and rooting. Shoots were divided into nodal segments which were subcultured at six week intervals. Tendril production was common  in the first subculture but  gradually declined in the second and ninth subcultures suggesting an effect of gradual rejuvenation. Distichous phyllotaxy in plants observed in the first subculture changed up to the spiral one in plants developed in the ninth subculture. Adventitious plants were regenerated on petiole explants from in vitro grown plants on the  medium containing MS macronutrients and vitamins, Heller’s  micronutrients, and the  addition of  2.5 (M BA and 5.0 (M IBA. Adventitious shoots showed juvenile morphology with spiral phyllotaxy and no tendril formation. Mature seeds  were germinated and grown on Nitsch and Nitsch (1969) medium enriched with 10.0 (M BA, 10.0 (M IAA and 1.0 (M GA3. The transformation of shoots to adult morphology after transfer to greenhouse was  the fastest in plants derived from  nodal segment cultures. In adventitiously regenerated plants the transition from the juvenile to the intermediate status after one year in the greenhouse has been observed (phyllotaxy was distichous with irregular tendril arrangement). The phyllotaxy of seedlings remained spiral after one year of in vivo cultivation. These results show that microcuttings of cv. Vugava grapevine, produced from the nodal segment cultures were partially rejuvenated, while adventitiously  regenerated plants showed characteristics of juvenile status during in vitro cultivation.  
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Abbreviations: BA 6-bezyladenine, IAA indole-3-acetic acid, IBA indole-3-butyric acid, GA3 gibberelic acid, NOA (-naphthoxyacetic acid, MS  Murashige & Skoog (1962) medium. 

Introduction

Cloning in vivo and in vitro of adult or mature woody plants is adversely affected by characteristics accompanying maturation such as reduced growth rate, reduced or total lack of rooting ability or sometimes the unpleasant phenomenon of plagiotropy. Maturation, a complex phenomenon, is the major problem preventing a wider application of tissue culture technology among woody species. Success with woody plants has been achieved mainly by the use of special starting material e.g. from the basal part of the tree, by special pre-treatment in vivo and/or by in vitro culture. All of these tricks, which improve propagation, are often described by the general term rejuvenation. It is clear that rejuvenation is a prerequisite for possible cloning of adult trees and that success in practice will mainly depend on the ability to rejuvenate them (PIERIK, 1990). The mechanisms involved in rejuvenation are probably the same as those that control the widely and often used principle of ‘dedifferentiation’ in cultures of isolated cells and tissues (MULLINS et al., 1979). In vitro culture has become an important tool for  plant propagation, which  may also have an  additional  ability to rejuvenate adult plants. It is difficult to separate partial from complete rejuvenation (PIERIK, 1990). 

Adult Vitis vinifera L. vines show distichous phyllotaxy and a tendril opposite the leaf in two out of three nodes in a repetitive manner, usually designated  as  N0-N1-N2  arrangement (MULLINS et al., 1979). In vivo,  tendril

and inflorescence are homologous organs, and the tendril is considered a slightly differentiated inflorescence (SRINIVASAN & MULLINS, 1978). The juvenile state of the grapevine is recognized by a spiral phyllotaxy (2/5), leaf shape, and by the lack of tendrils and flowers. Characteristics of grapevine rejuvenation include a decrease or even disappearance of tendrils and a shift to spiral phyllotaxy (FOURNIOUX & BESSIS, 1993).  
Vugava grapevine (Vitis vinifera L.) is an ancient inland cultivar, mostly cultivated on the island Vis (vinegrowing area of Dalmatia, Croatia). It produces high quality, selected and dessert wines among  some excellent  Dalmatian wines.

In our study, phenotypical modifications of plants produced from nodal segment cultures, adventitiously regenerated plants and seedlings obtained from mature seeds of cv. Vugava (Vitis vinifera L.) grapevine in vitro  and one year old plants adapted to greenhouse conditions  were examined.

Material and methods

Semihardwood shoots of grapevine cv. Vugava (Vitis vinifera L.) were collected from the vineyard on the island Vis in mid-September 1997. They were kept in water for two weeks at  constant  temperature of  22 0C,  under a 16-h photoperiod (cool  white  fluorescent  light, 40 ( mol m-2 s-1). Shoots produced from axillary buds were cut into nodal segments which were surface   sterilized in 10%  solution of Izosan-G (chlorine product, ‘Pliva’, Zagreb) on a shaker for 20 minutes and rinsed in sterile distilled water (3 x 3 min).  Nodal segments bearing one axillary bud  were inoculated into culture tubes containing MS medium, supplemented with 0.56 mM myoinositol, 3% sucrose, 0.6% agar, and  4.4 (M BA and cultured for two to four weeks. Axillary microcuttings produced in the initial culture were transferred onto the basal medium without BA, however with the addition of 11.4 (M IAA for elongation and rooting during the further two, four weeks. Plants obtained from  in vitro initial culture were divided into node segments with one leaf and cultivated for the subsequent  time on the basal media.  After four weeks of cultivation on MS basal medium, axillary shoots were separated and transferred to the medium supplemented with 11.4  (M IAA  for   two  weeks  to  promote plant elongation  and rooting. Micropropagation of cv. Vugava grapevine was achieved through the subculturing of excised  node segments from six weeks old nodal cultures  following the same procedure (HARTL & MALEŠ, 2000).  Phyllotaxy and  tendril formation per plant in the first, second and ninth subcultures were evaluated after six weeks of culture. The experiment was repeated twice with three replicates per each  subculture. Number of plants per replicate ranged from 11 to 22, depending on the incidence of contamination. Statistical analysis of tendril number per plant in the first, second and ninth subculture was performed using arc sin transformation and analysis of variance. The ninth subculture was used for establishment of long-term culture. Number of plants was expressed in  percentage. 
 Following the same procedure, another experiment was conducted in order to determine tendril arrangement with regard to number of tendrils per ordinal number of nodes in the first, second and ninth subculture. 
In the first, second and ninth subculture (6 weeks of culture each) the phyllotaxy, tendril number and their arrangement were examined on 54 plants per each subculture.
Petiole explants from in vitro long-term culture of cv. Vugava grapevine were used for regeneration experiments. The basal medium was composed of MS macronutrients and vitamins, HELLER’s (1953) micronutrients (FeCl3 ( 6H2O was omitted),  2% sucrose,  0.56 mM myoinositol,  0.8% agar,  2.5  (M BA  and 
5.0 (M IBA. Explants were cultivated in the dark for the first six weeks. Regenerated shoots  were  transferred  to MS medium enriched with 0.2 (M IBA to induce rooting.

Mature berries (46) were collected from the vineyard and stored in the dark at 5 0C in the presence of  potassium metabisulfite (K2S2O5). Seeds (46) were removed from the berries within 3 to 4 months of stratification at 4 0C, cleaned, sterilized for 10 min in 10% solution of Izosan-G (Pliva, Zagreb) and rinsed in sterile distilled water. One half of the seeds (23) was cultivated on Nitsch & Nitsch (1969) medium with 10.0 (M BA, 10.0 (M IAA and 1.0 (M GA3. The remaining seeds (23) were dissected and entire zygotic embryos  excised under the  stereomicroscope  and  placed  on   Nitsch & Nitsch (1969)  medium  with 
1.0 (M BA and 0.2 (M NOA for four weeks. Later on, embryos which survived  were transferred on MS medium with 1.0 (M  BA.

In all experiments cultures were cultivated at 25±2  0C under the cool-white fluorescent   lights   with   a   16-h   photoperiod  and  a  photon  flux  density  of 
40 (mol m-2 s-1.

Plants obtained from the nodal segment culture, adventitious plants, as well as plants germinated from mature seeds and zygotic embryos were planted into sterile soil in jiffy pots in greenhouse mist chamber. Subsequently  for  acclimatization, individual plants were transferred to a sterile peat-sand-soil (1:1:1) mixture and placed in 3-liter pots. After one year in greenhouse they were planted in the field.
Experiments were performed with 46-60 explants and repeated at least twice.

Morphological characteristics of cv. Vugava grapevine adventitiously regenerated plants, those produced from nodal segments, axillary buds, and seedlings obtained from mature seeds, were examined with respect to  phyllotaxy,  tendril  number  and   arrangement  in  relation  to  normal  pattern 
(N0-N1-N2) during  in vitro culture and after one year in ex vitro conditions.

Results

Shoots developed in the initial culture of grapevine cv. Vugava  had mostly retained features of the adult plant. Phyllotaxy was distichous (1/2) and leaves were of normal shape. Seventy-five plants developed in the initial culture, recorded  the length of 3.5 – 7.5 cm, 65% showed one set of small, often bifid tendrils corresponding to the N0 – N1 – N2 pattern  (according to MULLINS et al., 1979; N0 - tendril lacking node; N1 and N2 - tendril bearing nodes). Ten percent of initial plants showed two normal sets of tendrils, while 25% of plants showed  complete deviation from the normal pattern including two successive nodes without tendrils (N1 – N0 –N0 – N1 or N2 – N0 – N0 – N1), or a   single   tendril   bearing   node   between   two   others   without   a   tendrils (N0 – N1 – N0).
In the first subculture distichous phyllotaxy (1/2), tendril  and inflorescence formation were observed (Fig. 1). Tendril number and their distribution showed deviations from the normal pattern. In the second subculture, plants showed intermediate phyllotaxy and decline in number of tendrils, compared with the  first subculture (p ( 0.05; Fig. 2). In the ninth subculture the phyllotaxy was of spiral (2/5) type and  the tendrils  formation was very  poor  compared  with  the  first and second subcultures (p ( 0.05; Fig. 2). Subsequent subcultivation of the nodal segments stimulated axillary shoot development with the juvenile characters similar to those found on seedlings, i.e. spiral (2/5) phyllotaxy and the decrease and even dissapearance of tendrils in the long-term culture. The dependence  of  tendril  on  the  number of   subcultures  in cv. Vugava grapevine nodal segment culture is shown in Fig. 2. Difference  in  tendril  number  was  found   among  all  the   subcultures  tested 
(p ( 0.05, Fig. 2). These results confirm the adult status of the cv. Vugava grapevine shoots in the first, intermediate in the second, and rejuvenated in the ninth subculture. From the third up to eighth subculture tendril number gradually declined and phyllotaxy was spiral.
The average number of nodes bearing tendrils was higher in the middle part  of the shoot (8.3) compared with the basal (3.5) and upper (3.3) nodes in all the subcultures tested (Fig. 3).

Rooted plants from the ninth subculture were transferred to the greenhouse. The average plant height was 1.5 m and the first tendrils appeared  between the 8th and 10th nodes from the base. Plants showed distichous phyllotaxy (1/2) and production of tendrils according to a repetitive pattern, usually designated as N0-N1-N2 arrangement. However, after one year, some juvenile characters emerged: leaves were more jagged (Fig. 4), and the formation of inflorescences was not observed.

Petiole explants from cv. Vugava grapevine long-term culture were cultured for the first six weeks in the dark, and 40 days after their transfer to long day conditions, the regeneration of the adventitious buds has been observed. Out of 54 explants established,  7.4 % regenerated adventitious buds (3 – 7 mm long) directly on the petiole surface. After three weeks, the formation of callus was rather poor at the base of the shoots, though shoots themselves looked healthy and vigorous (Fig. 5). Root induction and development were induced after the transfer to MS medium enriched with 0.2  (M IBA. The growth of  rooted plants indicated juvenility of the regenerated shoots (spiral phyllotaxy, no tendril formation). After one year of growth in the greenhouse, plants showed distichous phyllotaxy. The average plant size was 55 cm  and the first tendrils appeared opposite the leaf at the eighth node from the base. However, the tendril number and distribution were not in accordance with usual repetitive pattern (N0-N1-N2). Phenotypical modifications of adventitious plants after one year in the greenhouse showed characteristics  of a transitive form between rejuvenated and adult  morphology.

Mature  seeds  germinated  two months after inoculation on growth regulators supplemented medium (Fig. 6). Shoots became elongated and  green with  well developed roots. Abortive seeds were without endosperm and caused  explant   browning  and  necrosis.  Isolated  embryos  in  torpedo  stage 
(Fig. 7) were white, 0.5 to 1.5 mm long, situated in the micropyle end of the ovule with cotyledons protruding inward. Root axis, hypocotyl, and two cotyledons up to 0.5 mm long were visible.  Nitsch & Nitsch (1969) medium with 1.0 (M BA and 0.2 (M NOA proved not to be  suitable for embryo germination. After four weeks  survived embryos  were transferred to MS medium with 1.0 (M BA. Greening, enlargement and root growth of isolated embryos occurred, and on 25% of embryos shoots development within 4 weeks of cultivation has been observed. Seedlings produced from mature seeds and from isolated embryos showed spiral phyllotaxy without any tendril formation. After one year growth in the greenhouse the first tendrils appeared at the ninth and tenth nodes from the base, and phyllotaxy remained  spiral (2/5; Fig. 8).

Plants derived from the nodal segment culture reached the adult stage faster than adventitious plants and seedlings cultured in vitro after their transfer into the greenhouse. After a year in the greenhouse, juvenile phenotypical modifications    were   most   pronounced   in  cv. Vugava   grapevine  seedlings 
(Fig. 8) germinated and cultivated in vitro.
Discussion

Phenotypical modifications of adult, rejuvenated and juvenile plants derived from the nodal segment culture, adventitiously regenerated plants,  and seedlings obtained from mature seeds from in vitro culture  and one year after the growth in the greenhouse were studied in cv. Vugava (Vitis vinifera L.) grapevine. 

Long-term single node culture and quite a satisfactory multiplication rate of cv. Vugava grapevine were obtained following the procedure by HARTL & MALEŠ  (2000).

The average number of nodes bearing tendrils was higher in the middle part of the plants, compared with the basal and upper  nodes in all subcultures tested. These results coincide with those of FOURNIOUX & BESSIS (1993) who observed an increase of tendril frequency from the base of the shoot (the highest being in mid-axes) followed by a clear decrease towards the apex.

The adult  morphology of cv. Vugava grapevine shoots in the first subculture changed in the course of further subcultivations through the intermediate in the second subculture up  to  the juvenile morphology in the long-term culture. After several subcultures grapevines growing in vitro show rejuvenation (MULLINS et al.,1979). In a number of plant species repeated subculturing of adult shoots results in partial or complete rejuvenation by which shoot multiplication and rooting ability are strongly improved (WALKER, 1986). 

After transfer to in vivo conditions cv. Vugava grapevine plants produced from the nodal segment culture reached the adult stage (with distichous phyllotaxy and usual tendril distribution) faster than adventitious plants and seedlings cultured in vitro. This fact indicate a partial plant rejuvenation under in vitro conditions. However, leaves were more jagged and the formation of inflorescences was delayed (data not shown) compared with the traditionally propagated cv. Vugava grapevine plants of the same age.

After adaptation, some juvenile characters may be retained: leaves were more jagged, and lower fertility in the most cultivars was observed (CANCELLIER & COSSIO, 1988; MARTINEZ & MANTILLA, 1995). These findings are in agreement with those of FOURNIOUX & BESSIS (1993) reporting that one of the limitations in grape micropropagation is the return of cultures to juvenile morphology  that even may be transmitted to the field. It was observed that after in vitro propagation of Chardonnay and Pinot noir vines, the production was about 50% lower than the production from control vines for the first four years, although developed berries were normal (shape, size, maturity). After seven years, all abnormal differences progressively disappeared  (DELOIRE et al., 1995). However, WETZSTEIN & MYERS (1994) have reported that in Vitis rotundifolia Michs. micropropagated plants the fertility was unchanged and even higher after two or/and three years in the vineyard, compared with the traditionally propagated plants.

Grapevine cv. Vugava plants obtained from adventitious shoots in vitro  indicated juvenility of in vitro regenerated shoots because after one year in the greenhouse the plants showed characteristics of a transitive form between rejuvenated and adult morphology (phyllotaxy was 1/2 and with irregular tendril distribution).

Compared with the plants derived from nodal segments culture and adventitiously obtained plants in vitro, the juvenile characteristics of cv. Vugava grapevine seedlings were marked  after one year of the cultivation in the greenhouse. 

In cv. Vugava grapevine the material origin (axillary and adventitious plants or seedlings), as well as  the number of subcultures were the main factors affecting partial or true rejuvenation.

It has been found that plants rejuvenated completely in vitro undergo the maturation more rapidly than seedlings (PIERIK, 1990), what is in agreement with our results. Claims of complete rejuvenation of grape after repeated subculture in vitro are incorrect since temporary modifications persist for a shorter time than the characteristics of normal seedlings. True rejuvenation includes the complete reversal of maturation as a result of sexual reproduction or vegetative propagation via adventitious shoot formation or somatic embryogenesis. Explanations given for rejuvenation are often vague and speculative since physiological and biochemical factors causing rejuvenation are still not fully understood. Adventitious shoots formation and somatic embryogenesis remain powerful tools to rejuvenate adult plants. However, the induction of adventitious shoots and somatic embryogenesis remain a problem in woody species (PIERIK, 1990). The rejuvenation of  plants propagated in vitro is of value to plant propagators. One hundred percent of ‘Norton’ winegrape cuttings rooted with no NAA treatment. This may be the result of plant rejuvenation in vitro (NORTON & SKIRVIN, 2001). Rooting ability of Eucalyptus globulus shoots increased through the induced rejuvenation of the explants cultured in vitro (TRINDADE & PAIS, 1997). Many authors have proposed that the modification in gene expression accompanying rejuvenation, as well as maturation has an epigenetic basis and is not based on a change in the genome itself (PIERIK, 1990). Considering the factors determining the appearance of juvenility in vitro, it is certain that it involves the differential expression of Vitis vinifera L. genome. Several gene products that are specific to juvenile plants have been isolated (MULLINS, 1988).

Sufficient testing of in vitro propagated material  is  of great value. The results obtained from these tests should also be interpreted with a knowledge of genotypic and  phenotypic capabilities, and the prevailing systems used.
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Fig. 1.  Axillary shoot of cv. Vugava grapevine obtained in the first subculture        
            on MS medium + 4.4 (M BA  (42 mm long).

Fig. 2.  Effect of the subculture on plants percentage forming tendrils (1 - 5)

            after 6 weeks of cultivation (four weeks on MS medium + 4.4 μM BA

            and further two weeks on the same basal medium with 11.4 μM IAA).

Fig. 3.  Tendril arrangement  (no. of tendrils per ordinal no. of nodes in the
            first, second and ninth subculture) after 6 weeks of cultivation

            (four weeks on MS medium + 4.4 μM BA  and further two weeks
            on the same basal medium  with  11.4 μM IAA).

Fig. 4.  Grapevine cv.Vugava plant derived from long-term nodal segment

            culture after one year of cultivation in greenhouse (1470 mm long).

Fig. 5.  Adventitious shoot of cv. Vugava grapevine regenerated on petiole

            explant  cultivated on medium enriched with MS macro- and Heller’s

            microelements + 2.5 (M BA + 5.0 (M IBA (15 mm long).

Fig. 6.  Grapevine cv.Vugava seedling after two months on Nitsch & Nitsch

            (1969)  medium + 10 (M BA + 10 (M IAA + 1.0 (M GA3 (5 mm long).
Fig. 7. Isolated cv.Vugava grapevine embryo in torpedo stage. 
           Scale bar = 0.15 mm 

Fig. 8. One year old cv.Vugava grapevine seedling grown in the greenhouse              

           (755 mm long).
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