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Regeneration of Grape (Vitis labruscana cv. Kyoho) by Shoot-Tip Culture
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'Department of Biology, Dankook University, Cheonan 330-714, Korea
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We investigated the optimal levels of growth regulators, culture media, and pH on callus growth and organogenesis of
in-vitro cultured ‘Kyoho’ grapes. Calli were induced by culturing leaf blades on an MS basal medium supplemented
with 1 mg/L BA and 0.01 mg/L 2,4-D. In addition, calli originating from the exocarp and mesocarp of grape fruits devel-
oped on MS media supplemented with 0.1 mg/L 1AA, NAA, or 2,4-D, or with 0.2 mg/L BA. In testing the potential for
plant regeneration from shoot tips on various media, we found that the Nitsch medium, with 1 mg/L BA, was optimal for
caulogenesis. The type of shoot development depended on the pH of the medium, with vigorous multiple-shoot devel-
opment occurring at pH 6.0, and single shoots forming at pH 5.0. Finally, we were able to obtain rooted seedlings from
the regenerated shoots that had been cultured on 1/4-strength Nitsch medium supplemented with 0.03 mg/L NAA.
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Most grape cultivars are centuries old and are more plants. Among the many exogenous factors, growth
often the products of clonal selection than of breed- regulators are particularly important for plant differen-
ing. In the case of wine grapes, the subtle and com- tiation and development. In addition, normal growth
plex attributes of established cultivars are of utmost of the shoot depends on the composition of the
economic importance. Therefore, new cultivars are media, as supplied with inorganic salts and sucrose. It
not sought after in regions where environmental or is difficult to determine the optimal conditions because
biotic stresses do not mandate them. Molecular genetic growth patterns vary by grape cultivar, and all the
methods offer the possibility of making direct and above-mentioned exogenous and endogenous factors
specific changes in existing cultivars while otherwise tend to interact with each other.
preserving their integrity. Integral to most such Here, we report the effects of varying levels of
approaches is the requirement for adventitious plant growth regulators, inorganic salts, and pH on shoot-
regeneration from explant tissues (Stamp et al., 1990). tip culturing of ‘Kyoho’ grape, the dominant cultivar
Adventitious shoot organogenesis has been achieved in Cheonan City. In this study, we attempted to inte-
from fragmented shoot apices, internode segments, grate our regeneration system and transformation
and leaves (Stamp et al., 1990). technologies into breeding programs for the enhance-

Shoot-tip culture is used for rapid micropropaga- ment of grape germplasm quality.

tion, for overcoming some of the disadvantages of
conventional propagation methods, and for produc-
ing virus-free plants. Prospects and strategies for grape MATERIALS AND METHODS
micropropagation via this technique have been
reported by Sasahara et al. (1981), Choi et al. (1992),

and Kwon et al. (2000). The chemicals and parame- Plant Material

ters for in-vitro culture continue to be revised and We used 5-cm-long shoot tips harvested in June

optimized for several cultivars and species (Chee and from field-grown grapes (Vitis labruscana cv. Kyoho)

Pool, 1983; Choi et al., 1992). Growth patterns in the for this study.

explant greatly depend on the levels of essential nutri-

ents .an(_i phytghormopes in the culture media. Thfs Callus Induction and Culture

activity is modified by internal factors, e.g., the physi-

ological age and the nutrient condition of the mother Stems and leaves (<30 mm long) were sterilized
with 70% ethanol for 10 s, then with a 2% sodium

*Corresponding author; fax +82-41-550-3440 hypochlorite solution for 15 min. After being rinsed

e-mail hccha@anseo.dankook.ac. kr four times with sterile distilled water, they were cul-
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tured in 10-cm diameter plastic Petri dishes each con-
taining 20 mL MS basal medium (Murashige and
Skoog, 1962) supplemented with T mg/L of one auxin
type (2,4-D, 1AA, or NAA), 0.01 mg/L of a cytokinin
(2iP BA, or kinetin), and 30 g/L. sucrose. The medium
was solidified with 7 g/l agar, and the pH was adjusted
to 5.8 prior to autoclaving. The 30 explants were
sealed with Parafilm M in the Petri dishes, and were
incubated at 25 + 1°C, with a 16-h/8-h day/night pho-
toperiod. Percent callus induction was recorded after
six weeks of culture.

To examine their totipotency, we harvested fruits at
the mature stage and divided them to two parts, exo-
carp and mesocarp. Each exocarp and mesocarp was
also cultured on a B5 medium supplemented with
0.1 mg/L of an auxin (IAA, NAA, or 2,4-D) and 0.2
mg/L of a cytokinin (2iP, BA, or kinetin). Percent callus
induction was recorded for the 30 explants after five
weeks of culture.

Shoot-Tip Culture

Shoot tips were sterilized as described above. The
explants were <1.5 mm in diameter, each compris-
ing an apical meristem with 3 to 5 leaf primordia that
were dissected from axillary buds. These tissues were
cultured in 10-cm diameter plastic Petri dishes, each
of which contained 20 mL of a selected type of
medium supplemented with 1 mg/L 2,4-D, 0.01 mg/L
BA, and 30 g/L sucrose. The tested media included:
1) Murashige and Skoog (Murashige and Skoog,
1962); 2) Nitsch (Nitsch, 1969); 3) McCown Woody
plant (Lloyd and McCown, 1980); 4) Chee and Pool
Vitis (Chee and Pool, 1987); 5) Gamborg (Gamborg
et al., 1968); 6) Kao and Michayluk (Kao and Michay-
luk, 1975); 7} NLN 13 (Lichter, 1981); 8) Gresshoff
and Doy (Gresshoff and Doy, 1974); and 9} Chu (Chu
et al., 1975). Each medium was solidified with 3 g/l
gelrite, and the pH was adjusted to 5.8 prior to auto-
claving at 121°C for 15 min. Five shoot tips were cul-
tured per dish, and were incubated at 25 + 1°C with a
16 h/8 h photoperiod. Petri dishes were sealed with
Parafilm M. After four weeks, we recorded the per-
cent shooting from induced calli, noting whether the
shoot pattern was multiple, single, or a combination
of the two. In addition, we calculated the salt concen-
tration of each medium and compared that with its
respective ratio of shoot induction.

In separate experiments, we manipulated the pH
level (5.0, 6.0, 7.0, 8.0, or 9.0) in dishes containing
Nitsch media to determine its effect on patterns of
explant development. This medium had been supple-
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mented with T mg/L BA, 2% sucrose, and 10 mg/L
MgSO,-7H,0. To investigate the particular effects of
individual growth regulators, we also treated dishes of
Nitsch media with 0.1, 1, 3, or 10 mg/L of kinetin or
BA. The percentages of shooting resulting from our
pH and growth regulator treatments were recorded
after four weeks of culture. All experiments were
repeated for a total of three cycles.

Root Formation

To induce root formation, we excised and cultured
shoots from our regenerants on a 1/4-strength Nitsch
medium supplemented with 1 mg/L BA, 20 g/L sucrose,
and 0.03 mg/L NAA. The percentage of rooting that
occurred was recorded after four weeks of culture.
This cycle was repeated three times.

RESULTS

Induction of Callus

Callus Formation from Leaves and Stems

We used leaf and stem explants to examine the
effects of plant growth regulators in the initial callus-
induction medium on the induction of subsequent
adventitious embryogenesis. Each type of phytohor-
mone produced a different response during in-vitro
organ development (Table 1). For example, leaf
explants cultured with NAA in the MS media showed
direct root formation, whereas the same medium
supplemented with 2,4-D resulted in callus induction.
However, the medium with IAA gave a non-stimula-
tive effect. Likewise, for stem explant cultures, kinetin
treatments resulted in the formation of adventitious
roots, while BA led to calli induction. In contrast, tissues
treated with 2iP and IAA showed no initiation of calli.

Table 1. Effect of growth regulators on the percent callus
induced from stem and leaf after 42 d (c, callus; r, root).

Explant Cytokinin 2iP BA Kinetin
P Auxin (%) (%) (%}
2,4-D 75{) 100 {c) 70 (n
Stem 1AA 38 () 100 (©) 24 (r)
NAA 67 (<) 100 (©) 67 (1)
2,4-D 100 (¢) 100 (c) 100 (¢)
Leaf 1AA 24 (n 0 0
NAA 87 () 33(n 22 (n
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Table 2. Effect of growth regulators on percent callus induc-
tion from the mesocarp and exocarp of grape fruit after 35 d
{c, callus; r, root).

Exolant Cytokinin ~ 2iP BA Kinetin

PEnt Auxin (%) (%) (%)
2,4-D 0 0 0

Mesocarp IAA 0 0 0
NAA 0 22 (o) 0

2,4-D 100 (c) 33 (c) 0

Exocarp 1AA 0 33 {0 0
NAA 0 100 (c) 0

Callus Formation from Exocarp and Mesocarp Tissues

Because tissues from the grape fruits did not
respond well to any of our combinations of plant
growth regulators in the MS medium, we replaced it
with B5 media. Flesh tissues showed callus formation
when treated with either BA or NAA, whereas skin
tissue responded only to BA treatment (Table 2).

Shoot Induction

We attempted to induce shoot formation from the
calli originating from the various grape organs (i.e.,
leaves, stems and fruits), but were unsuccessful
regardless of the combination of growth regulators
used. Therefore, the focus shifted to optimizing our
shoot-tip culture technique.
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The Effect of Media Type

Shoot tips were cultured on several different media
supplemented with 1 mg/L. 2,4-D, 0.01 mg/L BA, and
30 g/L sucrose. Almost all types tended to promote
the formation of multiple shoots only, except for MS,
Chu (N6), and McCown Woody. Using those media
resulted in many multiple - shoots, but also some sin-
gle-shoot development. The ratio of multiple- to sin-
gle shoots, by media type, was: MS, 46:8; Chu (N6),
71:2; and McCown Woody, 80:7 (Fig. 1). By calculat-
ing the ion concentration for each medium, we could
compare the optimal concentration of some inorganic
ions for shoot formation, and identify those optimums
as: 1.5 mM Ca*, 0.5 mM PO,~, 0.5 mM Mg?*, 10
mM NH,;", 10 mM K, and 20 mM NO;™ (Fig. 2).

The Nitsch, NLN13, B5, and KM media favored
only multiple-shoot development and no single-shoot
formation. We also found that both the Nitsch and
the NLN13 media were best for inducing multiple
shoots, whereas the Nitsch medium recorded the
best shoot growth pattern. Intermediate patterns of
both multiple and single shoots were observed with
the MS and MW media.

The Effect of Cytokinins

We used the Nitsch medium to test the effect of dif-
ferent concentrations of kinetin and BA on shoot

N13 GD N6 B5 KM

O Single shoot

Figure 1. Percent shooting of calli from culture of Vitis labruscana var. ‘Kyoho’ in various media. Percentage was recorded after 4
weeks. MS, Murashige and Skoog; N, Nitsch; MW, McCown Woody plant; CP, Chee and Pool Vitis; N13, NLN 13; GD, Gress-

hoff and Doy; N6, Chu; B5, Gamborg; KW, Kao and Michayluk.
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Figure 2. Effect of inorganic ions on shoot regeneration.

micropropagation (Fig. 3). Here, the multiple shoots
produced on the kinetin-containing medium were
stunted compared with those from media containing
BA. Although the percentage of multiple shoots was
high in the presence of T mg/L BA, not a single shoot
was induced. In addition, kinetin at concentrations
>1 mg/L induced single shoots, but 0.1 mg/L kinetin
promoted only multiple shoots.

The Effect of pH

Explants that were grown on Nitsch media adjusted
to pH 5.0 formed a high percentage of single shoots;
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those whose media had been adjusted to a pH level
of 6.0, 7.0, 8.0, or 9.0 showed a high percentage of
multiple-shoot formation, with a pH of 6.0 being
optimal for promoting multiple shoots (Fig. 4).

Root Induction

We compared the in-vivo rooting response of shoots
originally grown on 1/2- and 1/4-strength Nitsch media
that contained either zero or 0.03 mg/L NAA. Excised
shoots from these regenerants had the highest root
initiation ratio and root number per shoot from the 1/
4-strength medium supplemented with 0.03 mg/L
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Figure 3. Effect of kinetin and BA on shooting patterns from culture of Vitis labruscana cv. Kyoho. Percent shooting of callus

induction was recorded after 4 weeks.
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Figure 4. Effect of pH on shooting patterns from culture of Vitis labruscana cv. Kyoho. Percent shooting of callus induction was

recorded after 4 weeks.
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Figure 5. Effects of strength of Nitsch medium and NAA on

root induction and root number. Percent shooting of callus
induction was recorded after 4 weeks.

NAA. Rooting and root growth resulted from more
than 70% of the adventitious shoots on this medium
(Fig. 5). Multiple shoots and plantlets also originated
from these cultures, as seen in Figure 6.

DISCUSSION

Because both auxins and cytokinins can affect
adventitious embryogenesis from cultured grape
explants (Reustle et al., 1994; Perl et al., 1995; Torre-
grosa et al., 1995; Nakano et al., 1997), we investi-
gated their effects on callus induction in MS media. In
our stem explant cultures, calli were induced and
developed regardless of the kind of auxin present in
the medium, whereas the potential for callus induc-
tion in our leaf cultures depended on a specific auxin
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Figure 6. Plantlet originating from culture of Vitis fabruscana cv. Kycho (left, multiple shoots; right, 3-month-old plantlet).

type (Table 1). The nutritional requirements for callus
initiation usually vary considerably for primary explants
of different origin {(Dodds et al.,, 1985). In fact, we
found high frequencies from stem explant culture in
response to 0.01 mg/L BA treatment, compared with
optimum callus formation from leaf explants occur-
ring with T mg/L 2,4-D. In addition, the two types of
fruit tissue responded differently to plant growth regu-
lators. For example, very little callus was induced
from the mesocarp, whereas the exocarp formed calli
in the medium treated with BA (Table 2). This sug-
gests that primary explants having different origins
also have different nutritional requirements for callus
induction.

Because we were unable to induce shoot regenera-
tion from ‘Kyoho’ calli, regardless of hormonal or pH
treatment, we tried to establish plantlets through a
regeneration system using shoot-tip culture. Several
media have been proven effective for shoot multipli-
cation in grape culture (Chee and Pool, 1985; Stamp
et al., 1990; Chot et al., 1992; Emershad and Ram-
ming, 1994; Zhu et al., 1997; Kwon et al., 2000).
Therefore, we first tested their effects on shoot forma-
tion (Fig. 1). Although most of the media types
tended to promote the formation of multiple- rather
than single shoots, use of the MS, Chu (N6), and
McCown Woody media did result in development of
multiple- as well as a few single - shoots. Tissues
grown on the Nitsch medium showed rapid growth
and abundant multiple - shoots. Therefore, we con-
sider the Nitsch medium to be most effective for
shoot multiplication.

lon concentrations in culture media may also affect
shoot muiltiplication (Chi and Francois, 1991; Kwon
et al., 2000; Perrin et al., 2001). For example, 9 mM
NH,* added to the media is more effective than 16.5
mM NH," during production of grape cultivar ‘Cab-
ernet Sauvignon’ (Perrin et al., 2001). We calculated
ion concentrations and determined the following
optimal levels of some inorganic ions for promoting
shoot formation: 1.5 mM Ca*; 0.5 mM PO,; 0.5
mM Mg?*; 10 mM NH,*; 10 mM K*; and 20 mM
NO;~ (Fig. 2). These results, showing that fow inor-
ganic concentrations are more effective than high
concentrations, are consistent with those of Chi and
Francois {1991}, Kwon et al. (2000), and Perrin et al.
{2001).

BA is effective for the induction of somatic embryos
in grape (Stamp et al., 1990; Gray, 1992; Hyung et
al.,, 1992; Isabelle et al., 1993). Although higher con-
centrations produce more shoots, the plantlets are
very short and compact, and may have abnormal
leaves. In contrast, lower concentrations have little
influence on shoot growth (Choi et al., 1992). In the
current study, we tested the effect of using different
levels of kinetin and BA when culturing on the Nitsch
medium (Fig. 3). The frequency for multiple-shoot
production was high when the medium was supple-
mented with BA, whereas kinetin at concentrations
>1 mg/L induced single-shoot formation. This sug-
gests that treatment with BA is more effective in pro-
ducing multiple shoots than is kinetin.

The particular pH of a nutrient medium can influ-
ence ion solubility, the ability of the agar to gel, as
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well as subsequent cell growth (Torres, 1989; Zatyko
and Molnar, 1990). Zatyko and Molnar (1990) found
that chokeberry root formation was facilitated at a pH
of 3.0. In the current study, we investigated the devel-
opmental patterns of explants as they related to pH
{5.0, 6.0, 7.0, 8.0, and 9.0). We used a Nitsch
medium supplemented with 1 mg/L. BA, 2% sucrose,
and 10 mg/L MgSO,-7H,0. At pH 5.0, a high per-
centage of single shoots were formed, while a pH of
6.0 coincided with the occurrence of multiple shoots
(Fig. 4). These results suggest that an acidic pH pro-
motes single-shoot formation, and that culturing on a
medium with a pH >6.0 tends to promote the devel-
opment of multiple shoots.

in several studies where salt concentrations were
decreased to half-strength, both the number of sec-
ondary roots and the rooting rate increased, with
NAA treatments resulting in rates of >80% (Gray and
Benton, 1991; Choi et al., 1992; Mozsar and Sule,
1994). In our experiments with NAA, optimal perfor-
mance, as indicated by the number of roots and the
rooting rate, was achieved using 1/4-strength Nitsch
medium supplemented with 0.03 mg/L NAA (Fig. 5).
This again demonstrates the positive effect of NAA
treatments on the rooting of plantlets.

In summary, we have identified a successful shoot-
tip culturing technique for improving shoot initiation
and development of V. labruscana cv. Kyoho. The
integration of our regeneration system and current
transformation technologies into grape breeding pro-
grams provides an additional strategy for the enhance-
ment of its germplasm quality.

ACKNOWLEDGEMENTS

This work was supported by a grant from the Minis-
try of Education, Korea.

Received September 11, 2001; accepted, October 25, 2001.

LITERATURE CITED

Chee R, Pool RM {1983) In vitro propagation of Vitis: Appli-
cation of previously defined culture condition to a
selection of genotypes. Vitis 22: 363-374

Chee R, Pool RM (1985) In vitro propagation of Vitis: The
effects of organic substances on shoot multiplication.
Vitis 24: 106-118

Chee R, Pool RM (1987) Improved inorganic media con-
stituents for in vitro shoot multiplication of Vitis. Scientia
Horticulturae 32: 85-95

Chi B, Francois C (1991) Effects of high ammonium con-
centrations on growth and anthocyanin formation in
grape (Vitis vinifera L.) cell suspension cultured in a pro-
duction medium. Plant Cell Tiss Org Cult27: 169-174

Choi IM, Hyung NI, Kim SB (1992) Effects of medium
compositions on shoot multiplication and rooting in
shoot tip cultures of “Kyoho’ and ‘Campbell Early’ grapes.
Kor J Plant Tiss Cult 19: 59-66

Chu CC, Wang CC, Sun CS, Hsu C, Yin KC, Chu CY, Bi EY
{1975) Establishment of an efficient medium for anther
culture of rice, through comparative experiments on
the nitrogen sources. Scientia Sinic 18: 659-668

Dodds JH, Roberts LW (1985} Initiation and maintenance
of callus, In JH Dodds, LW Roberts, eds, Experiments in
Plant Tissue Culture, Ed 2, Cambridge and New York,
pp 57

Emershad RL, Ramming DW (1994} Somatic embryogene-
sis and plant development from immature zygotic
embryos of seedless grapes (Vitis vinifera L.). Plant Cell
Rep 14: 6-12

Gamborg OL, Miller RA, Ojima K (1968} Nutrient require-
ments of suspension cultures of soybean root cells. Exp
Cell Res 50: 151-158

Gray DJ (1992) Somatic embryogenesis and plant regener-
ation from immature zygotic embryos of Muscadine
grape (Vitis rotundifofia) cultivars. Amer ] Bot 79: 542-
546

Gray DJ, Benton CM (1991} In vitro micropropagation and
plant establishment of muscadine grape cultivars (Vitis
rotundifolia). Plant Cell Tiss Org Cult27: 7-14

Gresshoff PM, Doy CH (1974) Derivation of a haploid cell
line from Vitis vinifera and the importance of the stage
of meiotic development of anthers for haploid culture
of this and other genera. Z Pflanzenphysiol 73: 132-
141

Hyung NI, Kang SK, Lee CH {1992) Protoplast isolation
and culture of Grapes cv 'Cabernet Sauvignon' {itis vin-
ifera L.} and 'Niagara' (Vitis labrusca L.). Kor ] Plant Tiss
Cult 19: 227-231

Isabelle GT, Mauro MC, Sossountzov L, Miginiac E,
Deloire A {1993) Arrest of somatic embryo develop-
ment in grapevine: histological characterization and the
effect of ABA, BAP and zeatin in stimulating plantlet
development. Plant Cell Tiss Org Cult 33: 91-103

Kao KN, Michayluk MR (1975) Nutritional requirements
for growth of Vicia hajastana cells and protoplasts at a
very low population density in liquid media. Planta
126: 105-110

Kwon Y], Lee CH, Hyung NI (2000) Effect of medium com-
position and culture condition on plant regeneration via
organogenesis of ‘Kyoho’ grape. } Kor Soc Hort Sci 41:
276-280

Lichter R (1981) Anther culture of Brassica napus in a liquid
culture medium. Z Pflanzenphysiol 103: 229-237

Lloyd G, McCown B (1980) Commercially feasible micro-
propagation of mountain laurel, Kalmia latifolia, by use
of shoot-tip culture. Int Plant Prop Soc Proc 30: 421-
427

Mozsar ], Sule S (1994) A rapid method for somatic



192 Park et al.

embryogenesis and plant regeneration from cultured
anthers of Vitis riparia. Vitis 33; 245-246

Murashige T, Skoog F (1962) A received medium for rapid
growth and bic-assays with tobacco tissue cultures.
Physiol Plant 15: 473-497

Nakano, Sakakibara MT, Watanabe Y (1997) Establishment
of embryogenic cultures in several cultivars of Vitis vin-
ifera and V. x labruscana. Vitis 36: 141-145

Nitsch JP (1969) Experimental androgenesis in Nicotiana.
Phytomorph 19: 389-404

Perl A, Saad S, Sahar N, Holland D (1995) Establishment of
long-term embryogenic cultures of seedless Vitis vin-
ifera cultivars - a synergistic effect of auxins and the role
of abscisic acid. Plant Sci 104: 193-200

Perrin M, Martin D, Joly D, Demangeat G, This F, Masson
JE (2001) Medium-dependent response of grapevine
somatic embryogenic cells. Plant Sci 161: 107-116

Reustle G, Harst M, Alleweldt G (1994) Regeneration of
grapevine (Vitis sp.) protoplasts. Vitis 33: 173-174

Sasahara H, Tada K, Iri M, Takezawa T, Tazaki M (1981)

J. Plant Biol. Vol. 44, No. 4, 2001

Regeneration of plantlet by meristem tip culture for
virus-free grapevine. J Jap Soc Hort Sci 80: 169-175
Stamp JA, Colby SM, Meredith CP (1990) Direct shoot
organogenesis and plant regeneration from leaves of
grape (Vitis spp.) Plant Cell Tiss Org Cult 22: 127-133

Torregrosa L, Montserrat TV, Bouquet A (1995) Somatic
embryogenesis from leaves of Vitis x Muscadinia
hybrids. Vitis 34: 239-240

Torres KC (1989) Overview of facilities and techniques, in
KC Torres, ed, Tissue Culture Techniques for Horticultural
Crops, van Nostrand Reinhold, New York, pp 22-23

Zatyko JM, Molnar [ (1990) Adventitious root formation of
chokeberry (Arofa melanocarpa Elliot) influenced by the
pH of medium. Fruit Sci Rep 17: 21-27

Zhu YM, Hoshino Y, Nakano M, Takahashi E, Nii M (1997}
Highly efficient system of plant regeneration from pro-
toplast of grapevine (Vitis vinifera L.) through somatic
embryogenesis by using embryogenic callus culture and
activated charcoal. Plant Sci 123: 151-157





