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Abstract Kadainou R-1, an interspecific hybrid grape

derived from red (Vitis ficifolia var. ganebu) and white

(V. vinifera cv. Muscat of Alexandria) grapes, accumulates

high concentrations of anthocyanin in the berry skin.

Hence, the expression of uridine 50-diphosphate (UDP)-

glucose:flavonoid 3-O-glucosyltransferase (UFGT), the

key enzyme of the anthocyanin pathway, was examined in

the berry skin of Kadainou R-1. As information on gene

sequences of V. ficifolia var. ganebu and other wild grape

species was unavailable, we performed GeneChip hybri-

dization using biotin-labeled genomic deoxyribonucleic

acid (DNA) to investigate how the genomic sequences of

V. vinifera varieties and that of V. ficifolia var. ganebu

differ. The study showed a lower correlation coefficient

between V. vinifera cultivars and V. ficifolia var. ganebu

than that among V. vinifera cultivars. The sequences of the

UFGT gene derived from both parents of the red and white

cultivars were sequenced in Kadainou R1 and revealed that

both were expressed irrespective of the fact that it was not

expressed in the white grape (male parent).
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Introduction

Anthocyanin is a major flavonoid of grapes and is

responsible for the development of red to black color in

grape berry skin. Many table- and wine-grape cultivars

have been reported to develop poor coloration under high

temperature, particularly under high night temperature

conditions (Kataoka et al. 1984; Mori et al. 2005; Naito

et al. 1986; Yamane et al. 2006). Recently, global warming

has been considered to be responsible for increasing the

inhibition of the accumulation of anthocyanin and flavor

substances. To improve anthocyanin accumulation in

grapes, chemical treatments, e.g., ethylene (Chervin et al.

2004) and abscisic acid (Hiratsuka et al. 2001; Jeong et al.

2004), have been studied. Genetic improvement by

crossing with species/varieties that accumulate high con-

centrations of anthocyanin is another possible way of

improving anthocyanin accumulation.

Vitis ficifolia var. ganebu, a wild grape, is a native of

subtropical regions of Japan and is found in the Ryuukyuu

Islands (Nakagawa et al. 1991) of the Okinawa region. Here,

the average annual temperature is 22.7�C, and even during

winter, temperature averages 16�C and never falls below

10�C (National Astronomical Observatory 2006). This

genotype develops good coloration even in its natural habitat

where a considerably higher night temperature has been

reported during the berry growth and ripening stages

(Nakagawa et al. 1991). In addition to the high accumulation
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of anthocyanin in its berry skins, no chilling requirement has

been reported for this species (Poudel et al. 2007). Fur-

thermore, these characteristics were inherited in its hybrid.

Kadainou R-1 (KR1), an interspecific hybrid between

V. ficifolia var. ganebu (red grape) and V. vinifera cv.

Muscat of Alexandria (white grape), accumulates a high

concentration of anthocyanin in its berry skin.

Anthocyanin is biosynthesized through the phenylpro-

panoid and flavonoid pathways (Holton and Cornish 1995).

The final and specific step for the anthocyanin biosynthesis

pathway is 3-glucoside formation by uridine 50-diphos-

phate (UDP)-glucose:flavonoid 3-O-glucosyltransferase

(UFGT), because steps earlier than UFGT are common to

the biosynthetic pathway of epicatechin, another flavonoid

of grapevine. Thus, expression of the UFGT gene coincides

with anthocyanin accumulation. Boss et al. (1996a), who

analyzed several kinds of tissue of V. vinifera L. cv. Shiraz,

reported that UFGT was expressed only in the berry skin

during ripening. White grapes do not express UFGT,

although these grapes have UFGT in their genome (Boss

et al. 1996b; Kobayashi et al. 2001).

Kadainou R-1 has two UFGT sequences: one from

V. ficifolia var. ganebu and the other from V. vinifera cv.

Muscat of Alexandria. Thus, it is of interest to determine

which UFGT is expressed in Kadainou R-1. Although the

UFGT sequence of Muscat of Alexandria has been reported

(Kobayashi et al. 2001), we have no information on the gene

sequences of V. ficifolia var. ganebu or of other wild grape

species. Therefore, GeneChip hybridization analysis was

carried out using biotin-labeled genomic deoxyribonucleic

acid (DNA) instead of biotin-labeled complementary ribo-

nucleic acid (cRNA) for expression analysis to investigate

how the genomic sequences of V. vinifera varieties and that

of V. ficifolia var. ganebu differ. UFGT sequences were

then obtained from Kadainou R-1, and specific primers

were designed for two UFGT sequences of Kadainou R-1 to

detect messenger RNA (mRNA) of each UFGT.

Materials and methods

Plant materials

Berries of V. ficifolia var. ganebu and Kadainou R-1 grapes

were collected from the University Farm vineyard of

Kagawa University located in Sanuki City, Japan. A total

of 50 berries were collected randomly from five clusters

(ten from each) on 45 days of veraison. Veraison was

defined as the berry-softening stage when some of the

berries had developed color (Coombe 1992). The collected

berries were peeled and the skins immediately frozen in

liquid nitrogen and stored at -80�C until analysis. For

DNA extraction, fully expanded young leaves of V. ficifolia

var. ganebu, Kadainou R-1, V. vinifera cvs. Cabernet

Sauvignon and Muscat of Alexandria were collected. The

leaf samples were frozen in liquid nitrogen immediately

after collection and stored at -80�C until analysis.

DNA extraction, labeling, and GeneChips hybridization

Genomic DNA was extracted from 2 g of young leaf based

on the method of Couch and Fritz (1990) modified by

Yamamoto et al. (1991). After RNase treatment, DNA was

purified using a DNeasy Plant Mini Kit (Qiagen, USA), as

described in the manufacturer’s manual. The quantity and

integrity of the genomic DNA were determined using

spectrophotometeric analysis and gel electrophoresis in

0.8% agarose gel in Tris-acetate ethylenediaminetetraace-

tate (TAE) buffer. Purified DNA was labeled with biotin

using a BioPrime DNA labeling system (Invitrogen, USA)

and a reduced amount (50 ng per reaction) of DNA. A total

of 10 lg biotin-labeled DNA was hybridized on a

V. vinifera GeneChips� genome array (Affymetrix, USA)

for 16 h at 45�C using the manufacturer’s standard proto-

col. The washed arrays were then stained in a Fluidics

Station 450. Scanning was carried out with the GeneChip�

Scanner 3000, and image analysis was performed using

GeneChip� Operating Software (GCOS), with the scaling

using all probe sets at 500 and without normalization.

RNA extraction and cDNA synthesis

Total RNA was extracted from the berry skins according to

the procedure described by Geuna et al. (1998). The total

RNA was purified using a RNeasy Plant Mini Kit (Qiagen,

USA). Quantity and quality of RNA were determined by

spectrophotometric analysis and gel electrophoresis in

1.5% agarose gel. Complementary DNA (cDNA) was

synthesized by reverse transcription using AMV reverse

transcriptase (Life Science) and 50 ng/ll of total RNA in

the reaction mixture.

PCR and DNA sequencing

The polymerase chain reaction (PCR) mixture contained

0.2 mM of deoxynucleotide triphosphate (dNTPs),

0.025 U/ll of ExTaq (TaKaRa, Japan), 0.5 lM of each

primer, and 0.5 ng of genomic DNA in ExTaq buffer

supplied by the manufacturer. When cDNA was used as the

template, 0.02 ll/ll of cDNA solution (mentioned above)

was used. DNA sequencing was carried out using an ABI

PRISM 3100-Avant Genetic Analyzer and a BigDye Ter-

minator Cycle Sequencing Kit (Applied Biosystems, Foster

City, CA, USA). The obtained DNA sequences were ana-

lyzed using the GENETYX software (GENETYX, Tokyo,

Japan).
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Partial sequencing of UFGT of V. ficifolia var. ganebu

and Kadainou R-1

A genomic fragment of UFGT of V. ficifolia var. ganebu was

amplified using the Shiraz-forward (50-AATCTGAGAGC

CCTAAGAGA-30) and Shiraz-reverse (50-GGTGGTA

CAAGCAACAGTTC-30) primers designed on the UFGT

sequence of V. vinifera cv. Shiraz (AF000372). This PCR

resulted in a minor fragment in addition to the major frag-

ments. These fragments were cloned into a plasmid pCR2.1

TOPO (Topo TA cloning kit, Invitrogen). A partial sequence

of 764 bp, which showed 98.4% homology with the UFGT

sequence of Shiraz, was obtained from two clones. Based

on the obtained putative UFGT sequence of V. ficifolia

var. ganebu, a primer pair was designed: Vf-forward

(50-TCCAACGCCTCCATCTTCCA-30) and Vf-reverse

(50-CTTTTCTCTGATTTCATCAG-30). This primer set

was used to amplify the cDNA of V. ficifolia var. ganebu, and

the obtained fragment was sequenced directly from both the

sides.

Similarly, the UFGT sequence from Muscat of Alex-

andria in Kadainou R-1 (KR1-AlUFGT) was obtained by

amplification of genomic DNA of Kadainou R-1 with

Shiraz-forward and Shiraz-reverse primers. The amplified

fragments were cloned and sequenced.

The UFGT sequence from V. ficifolia var. ganebu in

Kadainou R-1 (KR1-VfUFGT) was amplified from Kadai-

nou R-1 cDNA using Vf-forward and Vf-reverse primers.

The obtained fragment was directly sequenced from both

sides.

PCR detection of mRNA of UFGT

For the detection of UFGT mRNA by PCR, 1 ll of cDNA

(mentioned above) was used per 50 ll of reaction mixture.

Temperature conditions were as follows: 95�C for 1 min;

40 cycles of 95�C for 15 s, 53�C for 20 s, and 72�C for

30 s, and kept at 72�C for 6 min. The obtained amplicons

were separated in 1.5% gel of agarose type I (Sigma Co.,

USA) in TAE buffer and stained with ethidium bromide.

The sequences of PCR primers are shown in Table 1.

Results and discussion

GeneChips hybridization of genomic DNA

Comparison of genomic sequences between V. ficifolia var.

ganebu and V. vinifera cultivars

To evaluate the difference in genomic sequences between

V. ficifolia var. ganebu and V. vinifera cultivars, Gene-

Chips analysis was performed using biotin-labeled

genomic DNA of V. vinifera cvs. Muscat of Alexandria and

Cabernet Sauvignon and V. ficifolia var. ganebu with two

replications. An average of 79.45% probe sets (including

control) were hybridized with the genomic DNA of

V. ficifolia var. ganebu and judged as ‘‘present’’ by GCOS,

whereas 83.15% and 84.90% of probe sets were present in

Muscat of Alexandria and Cabernet Sauvignon, respec-

tively. The scatter plots of hybridization intensities were

distributed more widely between Muscat of Alexandria and

V. ficifolia var. ganebu than those of Muscat of Alexandria

and Cabernet Sauvignon (Fig. 1a, b). Correlation

Table 1 Polymerase chain reaction (PCR) primers for detecting

UFGT messenger ribonucleic acid (mRNA)

Primer name Sequence of forward (F) and reverse (R) primer

VfUFGT-F GTAATATCAAGTCCTATGATGTG

VfUFGT-R TCTCTSCTGCCATATCTGCA

KR1-VfUFGT-R ATCTGCGGCAAACCAAATGA

AlUFGT-F GTAATATCAAGTCCTATGATAGC

AlUFGT-R CACAGCCATTACCATCCCCT
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Fig. 1 Comparison of GeneChip hybridization signal intensities

between Muscat of Alexandria and Vitis ficifolia var. ganebu (a)

and Cabernet Sauvignon and Muscat of Alexandria (b). Arrowhead in

a indicates the position of 1608280_at probe
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coefficient (r) value of hybridization intensities between

Muscat of Alexandria and V. ficifolia var. ganebu was 0.93

(average of two hybridizations), whereas that between

Muscat of Alexandria and Cabernet Sauvignon was 0.96.

These results indicate that differences in genomic sequen-

ces between V. ficifolia var. ganebu and V. vinifera

cultivars were larger than those among V. vinifera culti-

vars. An average of 396 probe sets showed less than 0.1

intensities with V. ficifolia var. ganebu compared with that

of Muscat of Alexandria. These probe sets showed a

completely different hybridization pattern of each cell;

many cells hybridized intensely with Muscat of Alexan-

dria, whereas almost no cells hybridized significantly with

V. ficifolia var. ganebu (Fig. 2). Thus, it is likely that the

sequences corresponding to these probe sets might be

absent in V. ficifolia var. ganebu or different from those of

V. vinifera cultivars. However, hybridization intensities of

UFGT probe sets (1617171_S_at and 1619788_at) of

V. ficifolia var. ganebu and Muscat of Alexandria showed

similar values (data not shown), which indicates that UFGT

sequences of these two grape samples are similar. Thus,

PCR cloning was applied to obtain UFGT sequences of

V. ficifolia var. ganebu and Kadainou R-1.

Fig. 2 Cell images of 1608280_at probe (RG Vitis ficifolia var.

ganebu, MoA Muscat of Alexandria, PM perfect match, MM
mismatch)

Vf-UFGT.gnu 1 TCTTCCACGACTCCATGCATACCATGCAATGTAATATCAAGTCCTATGATGTGTCCGACG 60
KR1-VfUFGT.gnu 1 ----CCACGACTCCATGCATACCATGCAATGTAATATCAAGTCCTATGATGTGTCCGACG 56
KR1-AlUFGT.gnu 1 ----------------------------ATGTAATATCAAGTCCTATGATATCTCCGACG 32

Vf-UFGT-F 

AlUFGT-F
Vf-UFGT.gnu 61 GTGTGSCTGAGGGGTATGTGTTCGCCGGGCGGCCCCAGGAGGATATTGAGCTGTTCATGA 120
KR1-VfUFGT.gnu 57 GTGTGCCTGAGGGGTATGTGTTCGCCGGGCGGCCCCAGGAGGATATTGAGCTGTTCATGA 116
KR1-AlUFGT.gnu 33 GTGTGCCTGAGGGGTATGTGTTCGCCGGGCGGCCCCAGGAGGATATTGAGCTGTTCACGA 92

Vf-UFGT.gnu 121 GGGCTGCGCCGGAGAGCTTTAGGCAKGGGATGGTGATGGCTGTGGCCGAGACAGGGCRGC 180
KR1-VfUFGT.gnu 117 GGGCTGCGCCGGAGAGCTTTAGGCGGGGGATGGTGATGGCTGTGGCCGAGACAGGGCGGC 176
KR1-AlUFGT.gnu 93 GGGCTGCGCCGGAGAGCTTTAGGCAGGGGATGGTAATGGCTGTGGCCGAGACAGGGCGGC 152

*

Vf-UFGT.gnu 181 CAGTGAGCTGCCTGGTGGCTGACGCATTCATTTGGTTTGCTGCAGATATGGCAGSAGAGA 240
KR1-VfUFGT.gnu 177 CAGTGAGCTGCCTGGTGGCTGACGCATTCATTTGGTTTGCCGCAGATATGGCAGCAGAGA 236
KR1-AlUFGT.gnu 153 CAGTGAGCTGCCTGGTGGCTGACGCATCCATTTGGTTTGCCGCAGATATGGCAGCAGAGA 212

Vf-UFGT.gnu 241 TGGGGGTGGCTTGGCTGCCGTTTTGGACTGCAGGGCCTAACTCACTCTCCACCCATGTTT 300
KR1-VfUFGT.gnu 237 TGGGGGTGGCTTGGCTGCCGTTTTGGACTGCAGGGCCTAACTCACTCTCCACCCATGTTT 296
KR1-AlUFGT.gnu 213 TGGGGGTGGCTTGGCTGCCGTTTTGGACTGCAGGGCCTAACTCACTCTCCACCCATGTTT 272

Vf-UFGT.gnu 301 ACACTGATG--------------------------------------------------- 309
KR1-VfUFGT.gnu 297 ACACTGA----------------------------------------------------- 303
KR1-AlUFGT.gnu 273 ACATTGATGAAATCAGAGAAAAGATTGGAGTTTCAGGTGGTTTTACCTGCTAATTTGTTT 332

AlUFGT-R
Vf-UFGT-RKR1-VfUFGT-R

Fig. 3 Alignment of UFGT
sequence of Vitis ficifolia var.

ganebu (Vf-UFGT) and two

UFGT sequences of KR1 (KR-1
VfUFGT and KR1-AlUFGT) and

their specific primer positions.

Asterisk indicates nucleotide

position in the amplicon, which

is different between KR1-
VfUFGT and KR1-AlUFGT

 1               2                 3               4                5 

50bp 
100bp

200bp

300bp

Fig. 4 Messenger ribonucleic acid (mRNA) detection of uridine 50-
diphosphate (UDP)-glucose:flavonoid 3-O-glucosyltransferase

(UFGT) (1 DNA ladder, 2 cDNA of Vitis ficifolia var. ganebu with

Vf-UFGT primers, 3 cDNA of Kadainou R-1 with Vf-UFGT primers,

4 cDNA of Kadainou R-1 with Al-UFGT primers, 5 Al-UFGT

primers without cDNA)
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Partial sequencing and detection of UFGT of V. ficifolia

var. ganebu and Kadainou R-1

UFGT sequences of V. ficifolia var. ganebu (Vf-UFGT)

Vf-forward and Vf-reverse primers successfully amplified

a cDNA fragment from V. ficifolia var. ganebu. Direct

sequencing of the amplicon resulted in a 309-bp sequence

(Accession no. AB445016). Vf-UFGT had duplicate bases

at four nucleotide positions, which means the genome of

V. ficifolia var. ganebu has at least two slightly different

UFGT sequences, and both of these were transcribed. It has

been reported that the grape genome has one copy of

UFGT per haploid (Sparvoli et al. 1994, Kobayashi et al.

2001), and the two sequences are probably two alleles of

the same locus.

UFGT sequences of Kadainou R-1

Kadainou R-1 had two UFGT sequences: KR1-AlUFGT

(817 bp), which is identical to one of the reported UFGT

sequences of Muscat of Alexandria, AlUFGT1 (AB047096),

except for one base; and KR1-VfUFGT (303 bp, Accession

no. AB445017), which showed 98.0% homology with

Vf-UFGT. Though we used the same botanical variety/

species of the female parent of Kadainou R-1 grape, the vine

used for DNA sequencing and mRNA detection was dif-

ferent from that of the actual parent of Kadainou R-1.

Hence, it is likely that the variation exists among individual

V. ficifolia var. ganebu. This is probably the reason for the

difference between Vf-UFGT and KR1-VfUFGT.

Detection of UFGT gene expression

A primer pair for cDNA amplification of VfUFGT,

VfUFGT-F, and VfUFGT-R was designed so that both

sequences were amplified (Table 1; Fig. 3), which was

confirmed by sequencing of the amplicon. Though the

sequences of KR1-AlUFGT and KR1-VfUFGT showed high

homology (97.5%), PCR primers for these two sequences

were designed to amplify the target sequence specifically

utilizing the different nucleotides at the 30 end of the pri-

mer. VfUFGT-F and KR1-VfUFGT-R were used for

amplifying KR1-VfUFGT, and AlUFGT-F and AlUFGT-R

for KR1-AlUFGT. For VfUFGT and KR1-VfUFGT, the

same forward primer, VfUFGT-F, was used. Because each

predicted amplicon of Kadainou R-1 had a nucleotide

different from each of the other predicted amplicons of

Kadainou R-1, the specificity was confirmed by sequencing

(Fig. 3).

The PCR analysis (Fig. 4) showed that KR1-AlUFGT, as

well as KR1-VfUFGT, was transcribed in the berry skin of

Kadainou R-1 despite the fact that KR1-AlUFGT is not

expressed in the white grape parent, Muscat of Alexandria

(Kobayashi et al. 2001). Each amplified fragment was

confirmed by resequencing. It has been reported that R2R3-

type Myb transcription factors VvMybA1 (Kobayashi et al.

2004, 2005) and VvMybA2 (Walker et al. 2007) proteins

induce UFGT expression and anthocyanin biosynthesis in

V. vinifera. In white cultivars, VvMybA1 has the insertion

of a retrotransposon Gret1 in the promoter region

(Kobayashi et al. 2004), and VvMybA2 has a point mutation

that causes a flame shift (Walker et al. 2007). Because of

the two mutations, two VvMybAs of Muscat of Alexandria

lost their function. Thus, in the berry skin of Kadainou R-1,

MybA proteins of V. ficifolia var. ganebu most likely

induce transcription of KR1-VfUFGT and KR1-AlUFGT.
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