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Abstract

Vitis vinifera ‘Koshu’ is an indigenous Japanese grape often praised as the best white wine grape suited for
Washoku, traditional Japanese cuisine. Koshu is known to have a very low sugar content, however, perhaps
partially due to its viral infection. Thus, to obtain Koshu with a higher sugar content, we aimed to establish a
microshoot tip culture method for Koshu, as it is most commonly used for elimination of viruses from various
wine grape varieties. We found that the highest frequency for shoot regeneration was reached when Koshu
microshoot tips were cultured in the range of 0.1 to 0.2 mg/L (0.44 to 0.88 uM) 6-benzylaminopurine, which
was lower than those for other Vitis vinifera cultivars. We also obtained a Koshu plant, fully regenerated from

a microshoot tip, that was tested to be free from the economically most devastating virus GLRaV-3.

1. Introduction

Vitis vinifera ‘Koshu’, possibly the earliest among
grapevines brought to Japan in the early 8" century
from China, has been the most important cultivar for
winemaking in Japan since the late 19" century, and
has lately been re-evaluated as a wine grape best suited
for pairing with Washoku. A recent genetic analysis
revealed that 71.5% of Koshu was derived from V.
vinifera, whilst the remaining 28.5% was most likely
derived from wild East Asian Vitis species, such as V.
davidii (Gotoh-Yamamoto et al. 2015). The Koshu
grape has pink skin and contains higher amounts of

phenolics (phenylpropanoids and flavanols) than do

popular European grapes such as ‘Chardonnay’,
‘Sauvignon Blanc’, and ‘Merlot’ (Kobayashi et al.
2011). These metabolic components provide Koshu
with its unique color and flavor. All of these
characteristics, together with its historical background,
render Koshu uniquely important for winemaking in
Japan. Thus, great wines produced from Koshu are
highly coveted. Koshu’s very low sugar content,
however, is a bottleneck for making great wines.
Kobayashi et al. (2009) reported that the Brix value for
ripened Koshu grapes could be raised at most up to 17,
whereas those for typical V. vinifera cultivars such as

Sauvignon Blanc and Chardonnay reach 21 and 25.8,
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respectively (Peyrot des Gachons 2005; Walker and
Blackmore 2012).

We have an abundance of reports that virus infection
of grapevines may not only threaten sustainable
production of wine grapes (Vitis vinifera L.) but reduce
their sugar level as well (Harmon and Weinberger
1956; Namba et al. 1979; Saito et al. 2007; Lee and
Martin  2009; Alabi et al. 2016). Among virus
associated symptoms, grapevine leafroll reflects the
most important and economically damaging vine
disease (Atallah et al. 2011; Naidu et al. 2015). Of all
leafroll-associated viruses, GLRaV-3 is known to cause
the most serious leafroll symptoms, substantially
affecting grapevine vigor and grape quality (Adiptra et
al. 2018). Grapevines infected with GLRaV-3 show
reduced levels of anthocyanin, organic acid, and sugar
(Lee and Martin 2009; Lee et al. 2009; Vega et al.
2011), as well as delayed grape ripening (Montero et al.
2016). In contrast, vines from which GLRaV-3 was
eliminated showed increased vigor and higher yield
compared with virus-infected vines (Komar et al. 2007;
Mannini et al. 2012).

The microshoot tip culture method has been most
frequently and successfully used to obtain virus-free
vines for many Vitis vinifera cultivars and other Vitis
spp (Golino et al. 2017). By this method, dissected
sterile microshoot tips are incubated with cytokinin-
and/or auxin-including medium for multiple shoot
formation, and then incubated with auxin for rooting.
For example, the optimum cytokinin concentration for
shoot regeneration of Cabernet Sauvignon was 2 mg/L
(8.8 uM) 6-benzylaminopurine (BAP) (Barlass and
Skene 1978), and that for axillary bud formation of
Pinot Noir was 1-2 mg/L (4.4-8.8 uM) BAP (Heloir et
al. 1991). The optimized BAP concentrations for shoot
regeneration of other V. vinifera cultivars were also in
the range over 1 mg/L (>4.4 uM) (Lee and Wetzstein
1990; Gray and Benton 1991; Gribaudo et al. 2006).

Although several papers described for Koshu have been

published (Sasahara et al. 1981; Ueno et al. 1983;
Yamakawa et al. 1985), the optimal cytokinin
concentration range for Koshu is not yet well known.
In this study, we attempted to find the optimal
cytokinin concentration for shoot regeneration from
Koshu microshoot tips. And, also here, we obtained a
fully-regenerated Koshu plant named Fuji No.1, which
was free from one of the most economically damaging

viruses for grapevines, GLRaV-3.

2. Materials and Methods
2-1. Microshoot tip culture

Microshoot tips were obtained from Vitis vinifera
Koshu grown in an enclosed greenhouse. Microshoot
tip culture was conducted according to Sim et al. (2006).
Microshoot tips were harvested from fresh canes of
shoot-regenerated clones that we called simply
“parents”, which we purchased from Tenko-en
(Yamagata, Japan). The harvested canes were washed
with a solution containing 0.5% hypochlorite and

0.02%

Corporation, Tokyo). The microshoot tips were

detergent (Charmy V Compact, Lion
removed from leaves and stems aseptically by using
tweezers and scissors under a stereomicroscope (Stemi
DV4, Carl Zeiss). The 0.4 - 0.5 mm microshoot tips
from several leaf primordia were incubated on 1/2
Murashige and Skoog medium (pHS5.8) (MS medium,
Murashige and Skoog 1962) containing vitamins, 3%
sucrose, 0.6% agar, and different concentrations of
BAP (Fujifilm Wako, Co. LTD, Osaka, Japan) at 22°C,
under 16-hour light, 8-hour dark conditions. Media
were refreshed every 2 weeks. Explants cultured from
microshoot tips, as above, were incubated on 1/2 MS
medium (pH5.8) containing vitamins, 3% sucrose,
0.6% agar, and 0 or 0.5 mg/L (0 or 2.6 uM) 1-
Naphthylacetic acid (NAA) (Fujifilm Wako).

2-2. RT-PCR
Canes of Koshu Makioka3 (hereinafter designated as
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Makioka3) harvested from a vineyard in Makioka town
(Yamanashi, Japan) and those of Fuji No. 1 and its
parent were used for RNA extraction. Frozen canes
crushed with a frozen hammer were powdered at 26 Hz
x 30 sec., twice on a Tissue lyser (Qiagen, Hilden,
Germany). RNA was extracted with a modified
procedure of McKenzie et al. 1997. cDNA was
synthesized with random d(N)6 primers and ReverTra
Ace (TOYOBO CO., LTD., Osaka, Japan) according to
the manufacturer’s instructions. GLRaV-3 was detected
by RT-PCR with KOD FX Neo (TOYOBO CO., LTD.,
Osaka, Japan) and a set of the three primers GLRaV-3
CP (coat protein gene)-F (5'- TACGTTAAGGACGGG
ACACAGG-3") and GLRaV-3 CP-R (5- TGCGGCAT
TAATCTTCATTG-3") (Gambino and Gribaudo 2006),
GLRaV3 HSP70h (heat shock protein 70 homologue
gene)-F (5'- AAGTGCTCTAGTTAAGGTCAGGAGT
GA-3") and GLRaV3 HSP70h-R (5'- GTATTGGACTA
CCTTTCGGGAAAAT-3") (Osman and Rowhani
2006), and GLRaV3 RdRP (RNA-dependent RNA
polymerase gene)-F (5'- AAATGGGAATTTCAACGC
CG-3") and GLRaV3 RdRP-R (5'-GCCCTTTTGTCCA
ACCAATC-3") (Walsh and Pietersen 2013).

2-3. Sequencing and alignment of RT-PCR
products from the Coat Protein gene

The RT-PCR products from the CP gene were cloned
into pGEM-T easy plasmids (Promega, Madison, WS,

USA) and amplified according to the provider’s manual.

The amplicons were sequenced by using M13 forward
(5’-GTAAAACGACGGCCAGT-3") or SP6 reverse
(5’-ATTTAGGTGACACTATAG-3’) primers. The
DNA sequences of amplicons primed for the GLRaV-3
CP gene from Makioka3 were aligned and compared
with the NY-1 GLRaV-3 isolate (GenBank database
accession number AF037268) (Ling et al. 2004).

3. Results and Discussion
We cultured parental microshoot tips with 1/2 MS

medium containing 7 different BAP concentrations.
Shoots were grown from most of the microshoot tips
regardless of the BAP concentrations used, except for
no BAP (0 mg/L BAP) in MS medium in which shoots
did not grow but turned brown (Type I, Figure 1a).
When microshoot tips were cultured on BAP-
containing MS media in concentrations of 0.05 to 1
mg/L, 27 to 86% of the microshoot tips grew to become
green shoots, but then these shoots stopped growing
(Type 11, Figures la and 1b). Among the microshoot
tips cultured with 0.05 to 0.5 mg/L BAP, 6% to 24% of
shoots appeared (Type III, Figures la and 1b). Our
present result shows that the optimal cytokinin
concentration for shoot regeneration of Koshu was in
the range of 0.1 to 0.2 mg/L (0.44 to 0.88 uM) (Figure
1b), which was lower than those for most other Vitis

vinifera cultivars. In several plant species, different in
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Figure 1
Lower concentrations of cytokinin induce new shoots
from parental Koshu microshoot tips.
(a) Representative photos of microshoot tips cultured
after incubation with BAP and NAA. Type I, shoot
appears but growth stops; Type II, shoot appears and
remains green; Type III, shoot and new meristem
appear. Bar indicates 10 mm.
(b) Frequencies of explants observed in microshoot tip
cultures incubated with different concentrations of BAP.
(c) Growth of the regenerated explant of Koshu (Fuji
No.1).
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AA (NY-1) 39 Y V X D GT QA ELTGI AUV VP EI K Y V F A T A 63
AA (Makioka3) 39 ¥ VvV X D G T Q A E L T G I A V V P E K Y V F A T A 63
NY-1 115 TACGTTAAGGACGGGACACAGGCGGAATTAACGGGAATCGCCGTAGTGCCCGAAAARATACGTATTCGCCACAGCA 189
Makioka3 115 TACGTTAAGGACGGGACACAGGCGGAATTAACGGGAATCGCCGTAGTGCCCGAAAAATACGTATTCGCCACAGCA 189
AA (NY-1) 64 A L A T A A Q E P P R Q P P A Q V A E P Q E T D I 88
AA (Makioka3) 64 A L A T A A Q E P P R Q P P A Q V V E P Q E T D I 88
NY-1 190 GCTTTGGCTACAGCGGCGCAGGAGCCACCTAGGCAGCCACCAGCGCAAGTGGCGGAACCACAGGAAACCGATATA 264
Makioka3 190 GCTTTGGCTACAGCGGCGCAGGAGCCACCTAGGCAGCCACCAGCGCAAGTGGTGGAACCACAGGAAACCGATATA 264
AA (NY-1) 89 G Vv vV P E S E T UL T PN K L V F E K D P D K F L K 113
AA (Makioka3) 89 G v v P E S E T L T P N K L VvV F E K D P D K F L K 113
NY-1 265 GGGGTAGTGCCGGAATCTGAGACTCTCACACCAAATAAGTTGGTTTTCGAGAAAGATCCAGACAAGTTCTTGAAG 339
Makioka3 265 GGGGTAGTGCCGGAATCTGAGACTCTCACACCAAATAAGTTGGTTTTCGAGAAAGATCCAGACAAGTTCTTGAAG 339
AA (NY-1) 114 T M 6 K G I A L D L A G V T H K P K V I NE P G K 138
AA (Makioka3)114 T M G K 6 I A L D L T G V T H K P K V I N E P G K 138
NY-1 340 ACTATGGGCAAGGGAATAGCTTTGGACTTGGCGGGAGTTACCCACAAACCGAAAGTTATTAACGAGCCAGGGAAA 414
Makioka3 340 ACTATGGGCAAGGGAATAGCTTTGGACTTGACGGGAGTTACCCACAAACCGAAAGTTATTAACGAACCAGGGARAA 414
AA (NY-1) 139 v s v E VvV A M K I N A A 150

AA (Makioka3)139 v s VvV E V A M K I N A A 150

NY-1 415 GTATCAGTAGAGGTGGCAATGAAGATTAATGCCGCA 450

Makioka3 415 GTATCAGTAGAGGTGGCAATGAAGATTAATGCCGCA 450

Figure 2

Detection of GLRaV-3 from the canes of Makioka3.
(a) Genetic map of GLRaV-3 genome (Martelli et al. 2012). Arrows indicate positions of primers in genes for coat
protein (CP), heat shock protein 70 homologue (HSP70h), and RNA-dependent RNA polymerase (RARP).
(b-d) Polyacrylamide gel electrophoresis of the DNA products by RT-PCR using GLRaV-3 CP F+R primers as shown
in (b), GLRaV-3 HSP70h F+R primers in (c), and GLRaV-3 RdRP F+R primers in (d). Asterisks indicate the expected
sizes (336 bp for CP, 230 bp for HSP70h, and 177 bp for RARP).
(e) Multiple alignment of the CP fragment amplified with GLRaV-3 CP F+R. DNA sequences and deduced amino acid
(AA) sequences for the CP gene of the NY-1 isolate and Makioka3 are shown. Red letters indicate changed AA or DNA
residues in Makioka3, whereas a blue letter indicates an unchanged AA residue. Shadowed are sequences of the CP
gene from Makioka3 that match those of the NY-1 isolate. Numbers flanking the AA or DNA sequences indicate
positions from the translational start site of the CP gene.
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vitro responses to hormones have been suggested to

reflect genotypic differences in the endogenous content

of hormones (Alvarez et al. 1989; Grénroos et al. 1989).

The present result that the optimal cytokinin
concentration for shoot regeneration from Koshu
microshoot tips was lower than those of other Vitis
cultivars suggests that the endogenous cytokinin
concentration in Koshu might be higher than those of
other cultivars. In the present study, roots were also
regenerated from several shoots grown when the shoots
were cultured on MS medium with 0.05 - 0.5 mg/L
(0.22 - 2.2 uM) of BAP. Among those shoots with
regenerated roots, however, only one survived to
become an explant, as we describe below. After we
incubated the explant on 0.5 mg/L BAP-containing MS
medium for 107 days and transferred it onto the MS
medium containing no NAA, that is, 0 mg/L (0 uM)
NAA, followed by a 21-day incubation, new roots
appeared from the plantlet. At 107 + 71 days after
incubation (DAI), the plantlet was acclimatized onto
soil under ambient air conditions (Figure 1c). We
obtained one complete plant with regenerated shoots
and roots, and named it Fuji No.1. Leaves from Fuji
No.1 had no leafroll symptoms.

Although we do not know reasons why we obtained
such a low frequency for rooting explants, it is possible
that high endogenous cytokinin concentrations in
Koshu might have inhibited rooting; there is a report
that high concentrations of cytokinin inhibited the
initiation of root formation (Laplaze et al. 2007).

We obtained Fuji No.1 from one of parents. To test
that Fuji No.l was not infected with GLRaV-3, we
conducted RT-PCR. Amplicons were detected with all
of the primer sets for the GLRaV-3 Coat Protein (CP)
gene, its Heat Shock Protein 70 homologue (HSP70h)
gene, and its RNA-dependent RNA Polymerase
(RdRP) gene when Makioka3 was used as a template,
whereas no amplicons were detected when either the

Fuji No.1 or its parent was used as the template (Figure

2b, 2c, 2d). The result indicates that Fuji No.1 was not
infected with GLRaV-3.

We also read sequences of 9 clones, all of which
were amplicons primed for the GLRaV-3 CP gene from
Makioka3, ligated into pGEM-T easy vectors. Shown
in Figure 2e is the DNA sequence of the GLRaV-3 CP
gene from Makioka3 that was aligned and compared
with that of the NY-1 GLRaV-3 isolate (Ling et al.
2004). The CP gene sequence of GLRaV-3 from
Makioka3 showed 99.4% identity with that for
GLRaV-3 CP of the NY-1 isolate.

As also shown in Figure 2e, the amino acid sequence
deduced from the CP gene sequence indicates that A81
is changed to V (nonpolar to nonpolar), A129 is
changed to T (nonpolar to polar), and E140 is silently
changed.

In the present study, we did produce the new Koshu
clone Fuji No 1 by microshoot tip culturing method. To
obtain regenerated explants more constantly and
efficiently, however, we need to further investigate
hormonal conditions necessary for Koshu root
regeneration. Establishment of an efficient and stable
microshoot tip culture method that we aimed to achieve
here in this study should be one most important step to

produce virus-free good quality Koshu grapes, which is

a prerequisite to the making of great Koshu wine.

4. Acknowledgements

The authors thank Mr. Ernest Singer (Millesimes,
Inc.) and Ms. Mari Inose (Millesimes, Inc.) for valuable
comments and constant encouragement, Dr. Adib
Rowhani and his colleagues (University of California,
Davis) for technical advice, Mr. Hiroyuki Kubota
(Asagiri Agriculture, Inc.) for providing virus-infected
Koshu canes, and Ms. Yuka Atsumi for technical
assistance. This work was supported by Shizuoka
Industrial Foundation, Tokai Industrial Foundation, A-
STEP JST, Ogaki Kyoritsu Bank Agribusiness Grant,
and Chubu University Grant (28IM01CP).



Establishment of the optimal condition for shoot regeneration in Vitis vinifera ‘Koshu’—53

References

Adiputra J, Kesoju SR, Naidu RA (2018) The relative
occurrence of Grapevine leafroll-associated virus
3 and Grapevine red blotch virus in Washington
state vineyards. Plant Dis 102: 2129 2135.

Alabi OJ, Casassa LF, Gutha LR, Larsen RC, Henick-
Kling T, Harbertson JF, Naidu RA (2016) Impacts
of grapevine leafroll disease on fruit yield and
grape and wine chemistry in a wine grape (Vitis
vinifera L.) cultivar. PLoS One e0149666.

Alvarez R, Nissen SJ, Sutter EG (1989) Relationship
between indole-3-acetic acid levels in apple
(Malus pumila Mill) rootstocks cultured in vitro
and adventitious root formation in the presence of
Indole-3-butyric acid. Plant Physiol 89: 439- 443.

Atallah S, Gomez M, Fuchs M, Martinson T (2011)
Economic impact of grapevine leafroll disease on
Vitis vinifera cv. Cabernet franc in finger lakes
vineyards of New York. Am J Enol Vitic 63: 73—
79.

Barlass M, Skene KGM (1978) In vitro propagation of
grapevine (Vitis vinifera L.) from fragmented
shoot apices. Vitis 17: 335- 340.

Gambino G, Gribaudo I (2006) Simultaneous Detection
of nine grapevine viruses by multiplex reverse
transcription-polymerase chain reaction with
coamplification of a plant rna as internal control.

Phytopathology 96: 1223—1229.

Golino DA, Fuchs M, Sim S, Farrar K, Martelli GP
Improvement of grapevine planting stock through
sanitary selection and pathogen elimination. In B.
Meng et al. (eds.), Grapevine viruses: molecular

biology, diagnostics and management, DOI

10.1007/978-3-319-57706-7_27.

Goto-Yamamoto N, Sawler J, Myles S (2015) Genetic
analysis of East Asian grape cultivars suggests
hybridization with wild Vitis. PLoS ONE
e0140841.

Gray DJ, Benton CM (1991) In vitro micropropagation
and plant establishment of muscadine grape
cultivars (Vitis rotundifolia). Plant Cell Tissue

Organ Cult 27: 7— 14.

Gronroos L, Kubét B, Arnold SV, Euasson L (1989)
Cytokinin contents in shoot cultures of four Salix
clones. J Plant Physiol 135: 150- 154.

Gribaudo 1, Gambino G, Cuozzo D, Mannini F (2006)
Attempts to eliminate grapevine Rupestris stem
pitting-associated virus from grapevine clones. J
Plant Pathol 88: 293 29.

Harmon FN, Weinberger JH (1956) Foliage burn of
vinifera grapes as a symptom of white Emperor
disease. Plant Dis Rep 40: 300- 303.

Heloir M, Fournioux JC, Oziol L, Bessis R (1997) An
improved procedure for the propagation in vitro of
grapevine (Vitis vinifera cv. Pinot noir) using
axillary-bud microcuttings. Plant Cell Tiss Org
49: 223-225.

Kobayashi H, Fujita K, Suzuki S, Takayanagi T (2009)

Molecular  characterization  of  Japanese
indigenous grape cultivar ‘Koshu’ (Vitis vinifera)
leaf and berry skin during grape development.

Plant Biotechnol Rep 3: 225-241.

Kobayashi H, Suzuki Y, Ajimura K, Konno T, Suzuki S,
Saito H (2011) Characterization of phenolic



54— Ayami Nakagawa et al.

compounds biosynthesized in pink-colored skin of

Japanese indigenous Vitis vinifera cv. Koshu grape.

Plant Biotechnol Rep 5: 79-88.

Komar V, Vigne E, Demangeat G, Fuchs M (2007)

Beneficial effect of selective virus elimination on
the performance of Vitis vinifera cv. Chardonnay.
Am J Enol Vitic 58: 202— 210.

Laplaze L, Benkova E, Casimiro I, Maes L, Vanneste

S, Swarup R, Weijers D, Calvo V, Parizot B,
Herrera-Rodriguez MB, Offringa R, Graham N,
Doumas P, Friml J, Bogusz D, Beeckman T,
Bennett M. (2007) Cytokinins act directly on
lateral root founder cells to inhibit root initiation.
Plant Cell 19: 3889-3900.

Lee J, Martin RR (2009) Influence of grapevine leafroll

Lee

associated viruses (GLRaV-2 and -3) on the fruit
composition of Oregon Vitis vinifera L. cv. Pinot

noir: Phenolics. Food Chem 112: 889-896.

J, Keller KE, Rennaker C, Martin RR (2009)
Influence of grapevine leafroll associated viruses
(GLRaV-2 and -3) on the fruit composition of
Oregon Vitis vinifera L. cv. Pinot noir: Free amino
acids, sugars, and organic acids. Food Chem 117:

99-105.

Lee N, Wetzstein HY (1990) In vitro propagation of

muscadine grape by axillary shoot proliferation. J
Amer Soc Hort Sci 115: 324— 329.

Ling KS, Zhu HY, Gonsalves D (2004) Complete

nucleotide sequence and genome organization of

Grapevine leafroll-associated  virus3, type
member of the genus Ampelovirus. J GenVirol 85:

2099-2102.

MacKenzie DJ, McLean MA, Mukerji S, Green M

(1997) Improved RNA extraction from woody
plants for the detection of viral pathogens by

reverse transcription-polymerase chain reaction.

Plant Dis 81: 222— 226.

Mannini F, Mollo A, Credi R (2012) Field performance

and wine quality modification in a clone of Vitis
vinifera cv. Dolcetto after GLRaV-3 elimination.
Am J Enol Vitic 63: 144— 147.

Martelli GP, Ghanem-Sabanadzovic NA, Agranovsky

AA, Rwahnih MA, Dolja VV, Dovas ClI, Fuchs M,
Gugerli P, Hu JS, Jelkmann W, Katis NI,
Maliogka VI, Melzer MJ, Menzel W, Minafra A,
Rott ME, Rowhani A, Sabanadzovic S, Saldarelli
P (2012) Taxonomic revision of the family
Closteroviridae with special reference to the
grapevine leafroll-associated members of the
genus Ampelovirus and the putative species
unassigned to the family. J Plant Pathol 94: 7— 19.

Montero R, Mundy D, Albright A, Grose C, Trought

MCT, Cohen D, Chooi KM, MacDiarmid R,
Flexas J, Bota J (2016) Effects of Grapevine
Leafroll associated Virus 3 (GLRaV-3) and
duration of infection on fruit composition and
wine chemical profile of Vitis vinifera L. cv.

Sauvignon blanc. Food Chem 197: 1177-1183.

Murashige T, Skoog F (1962) A revised medium for

rapid growth and bio-assays with tobacco tissue

cultures. Physiol Plant 15: 473—497.

Naidu RA, Maree HJ, Burger JT (2015) Grapevine

leafroll disease and associated viruses: a unique

pathosystem. Annu Rev Phytopathol 53: 613-34.

Namba S, Yamashita S, Doi Y, Yora K (1979) Small



Establishment of the optimal condition for shoot regeneration in Vitis vinifera ‘Koshu’—55

Spherical Virus Associated with the Ajinashika
Disease of Koshu Grapevine. Ann Phytopathol
Soc Jpn 45: 70— 73.

Osman F, Rowhani A (2006) Application of a spotting
sample preparation technique for the detection of
pathogens in woody plants by RT-PCR and real-
time PCR (TagMan). J Virol Methods 133: 130-
136.

Peyrot des Gachons C, Leeuwen CV, Tominaga T,
Soyer JP, Gaudillére JP, Dubourdieu, D (2005)
Influence of water and nitrogen deficit on fruit
ripening and aroma potential of Vitis vinifera L cv
Sauvignon blanc in field conditions. J Sci Food
Agric 85: 73-85.

Saito, T, Suzuki, S, Moriya, Okuda, T, Hisamoto, M,
Takayanagi, T RT-PCR for diagnosis of grapevine
viruses in Koshu. J ASEV Jpn 17:2 5- 26. (In

Japanese)

Sasahara H, Tada K, Iri M, Takezawa T, Tazaki M
(1981) Regeneration of Plantlets by Meristem Tip
Culture for Virus-free grapevine. J Jpn Soc Hort
Sci 50: 169 175. (in Japanese)

Sim ST (2006) Virus elimination from grape selections
using tissue culture.

Newsletter, November 2006, pp. 30— 31.

FPS Grape Program

Ueno K, Kinoshita K, Togawa H, Iri M (1985)
Improvement of the Wine Quality by Elimination
of Grapevine Leafroll Virus. J Brew Soc Jpn 80:
490- 495. (in Japanese)

Vega A, Gutiérrez RA, Pefia-Neira A, Cramer GR,
Arce-Johnson P (2011). Compatible GLRaV-3
viral infections affect berry ripening decreasing

sugar accumulation and anthocyanin biosynthesis

in Vitis vinifera. Plant Mol Biol 77: 261-74.

Walker RR, Blackmore DH (2012) Potassium
concentration and pH inter-relationships in grape
juice and wine of Chardonnay and Shiraz from a
range of rootstocks in different environments.
Aust J Grape Wine Res 18: 183-193.

Walsh HA, Pietersen G (2013) Rapid detection of
Grapevine leafroll-associated virus type 3 using a
reverse transcription loop-mediated amplification

method. J Virol Methods 194: 308— 316.

Yamakawa Y, Koike H, Kamino Y (1986) Meristem Tip
Culture of Grapevines. J Inst Enol Vitic Yamanashi
Univ 21: 7— 15. (in Japanese)

Title : Establishment of the optimal condition for shoot
regeneration in Vitis vinifera ‘Koshu’.

Authors :
Ando,

Ayami Nakagawa, Kazuaki Kawasaki,

Sayuri Haruka  Funahashi, @ Kaname
Tsutsumiuchi, Shoko Kojima, Satsuki Miwa, Johji
Miwa, Chiyoko Machida

Keywords : microshoot tip culture, 6-benzylamino

purine, Koshu, Vitis vinifera, GLRaV



6—Ayami Nakagawa et al.

g B
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Vitis vinifera ‘M XA ARKBEAOTRUMETHY, (£ A AR TR RO EI B TA AT
Ry ELTHIRSIL TS, L LZ3n NI, BEEEAIEF RN ZERN B TRY, UA VARG AR
ROOEDTHAIEEZEZLILTND., T, Hxl, BEOEWVEMN TR E25857012, thov A H
TR EFED T AN AR STIETHHEER R EEZ VT, HMNFEICBITDZ O8RSO % R
FRL7z. ZOER, HINOZXTAEHZ 0.1~0.2 mg/L (0.44~0.88 uM) D 6-_NVT 7V 8 ek
THERLIZGAC, Y a—bDORAENRB RS @MW EN DT, ZOWREENL, oD Vitis vinifera FEIZ36
D EE B XL LMW e b oz, SBIZ, T ik, ZOXTEEEFEEE AWV, BINOFAEME
KE—RGLZENTEZ. ZOMERIE, TRUDEFEICROF A=V 52550V TWA 7 R EER) R
itk A /L2 3 (GLRaV-3) OF ) A3 SN2 SRR L.




