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A white-wine grape, Pinot Blanc, is thought to be a
white-skinned mutant of a red-wine grape, Pinot Noir.
Pinot Noir was heterozygous for VvmybAl. One allele
was the non-functional VvmmybA Ia, and the other was the
functional VvmybAlc. In Pinot Blanc, however, only
VvmybAla was observed, and the amount of VvmybAl
DNA in Pinot Blanc was half that in Pinot Noir. These
findings suggest that deletion of VvmybAlc from Pinot
Noir resulted in Pinot Blanc.
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In grapes (Vitis vinifera L.), black and red cultivars
accumulate anthocyanin in their skins, but white
cultivars do not synthesize them.! Expression of the
gene for UFGT is critical for anthocyanin biosynthesis
in grapes.'”» Kobayashi et al*® indicated that Myb-
related genes such as VvmybAl (DDBJ accession
no. AB097923) regulate anthocyanin biosynthesis in
grapes via Ufgt gene expression. In addition, Jeong et
al.” reported that expression of VvmybAl coincided with
that of the genes for anthocyanin biosynthetic enzymes,
including Ufgt, and the accumulation of anthocyanin in
grape skins. We also found that bud mutation from
white-skinned Italia to red-skinned Ruby Okuyama is
caused by the deletion of a retrotransposon inserted in
VvmybA1.>® There are also many other skin-color
mutations in grapes. For example, white-skinned Pinot
Blanc is thought to have arisen by bud mutation from
black-skinned Pinot Noir.® In this study, we investigated
the mechanism of that skin color mutation. Regner et
al.” reported that Pinot Noir and Pinot Blanc did not
show any SSR polymorphism at any of the 34 SSR loci

tested. We have confirmed that our Pinot Noir and Pinot
Blanc samples showed identical SSR profiles using 8
loci: VVSI1, VVS2, VVS3, VVS4, VVMDS5, VVMDG6,
VVMD7, and VVMDS8'%!D (data not shown).

Southern blot analysis. Total DNA was extracted
from the leaves of both cultivars by the CTAB method
(Rogers and Bendich'?), with slight modifications. One
g of young leaves was ground into a fine powder with
liquid nitrogen and a pestle in a mortar. Tenml of
washing buffer (100 mm HEPES [pH 8.0], 0.1% poly-
vinylpyrrolidone [soluble], and 10 mM 2-mercaptoetha-
nol) was added, and mixed, then the homogenate was
centrifuged 3—4 times at 15,000 x g for Smin at 4 °C to
remove polysaccharides. DNA was extracted from the
pellet, and the extracted DNA was purified by the PEG
precipitation method (1/4 volume of 4M NaCl and 1
volume of 13% PEG were added to the DNA solution,
and DNA was precipitated by centrifugation at 20,000 x
g for 15 min at 4 °C after keeping the mixture for 1 h on
ice, then the DNA pellet was washed with 70% ethanol
and finally resolved in TE buffer). Southern blot analysis
was carried out according to Kobayashi et al.®) using the
DNAs and a DIG-labeled probe prepared from the
coding region of VvmybAl. DNAs (2.0ug each) were
digested with endonucleases (Apal, EcoRV, HindIll,
Dral, Rsal, Mspl, Pstl, and Pvull), separated by electro-
phoresis in 1% agarose gel in buffer (40 mm Tris-acetate
[pH 8.0], 1mm EDTA), and transferred to a nylon
membrane. Southern blot analysis showed different
banding patterns between cultivars (Fig. 1). Some
DNA fragments (asterisks) that appeared in Pinot Noir
were missing from Pinot Blanc. This finding suggests
that Pinot Blanc might have lost a DNA region,
including VvmybAl, from that of Pinot Noir.
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Fig. 1.

Southern Blot Analysis of Genomic DNA from Pinot Noir (N) and Pinot Blanc (B).

DNAs (2.0 ug each) were digested with Apal, EcoRV, HindIll, Dral, Rsal, Mspl, Pstl, and Pvull, and separated by electrophoresis. A DIG-
labeled probe was prepared from the coding region of VvmybAI (the position of the probe is indicated in Fig. 2). Asterisks show DNA fragments
that appeared in Pinot Noir but were missing in Pinot Blanc. Numerals on the right side indicate the sizes (bp) of the DNA size markers

(AEcoT141).

Quantitative real-time PCR. The relative amount of
DNA sequences of VvmybAl in the genome of each
cultivar was determined by quantitative real-time PCR
using their genomic DNAs as templates. Similarly,
we determined those of Chs3 (AB066274) and Ufgt
(AF000372), genes that play important roles in antho-
cyanin biosynthesis, as controls. For real-time PCR, we
used a GeneAmp 5700 sequence detection system
(Applied Biosystems, Foster City, CA) and the Quanti-
Tect SYBR Green PCR Kit (Qiagen, Hilden, Germany),
as described in the manufacturers’ manuals. The
sequences and positions of the three primer sets are
described in Jeong et al.” The final primer concentra-
tions were 0.25 um for Ufgt and VvmybAl and 0.5 um for
Chs3. The final concentration of the template DNA was
0.5ng/ul. A standard DNA for a calibration curve was
prepared as a five-times dilution series of the genomic
DNA of Pinot Noir to cover the template concentration.
Real-time PCR was performed under the following
conditions: 95 °C for 15 min, followed by 35-40 cycles
of denaturing at 95°C for 15s, annealing for 20s at
52°C for VvmybAlI and at 56 °C for Ufgt and Chs3, and
extension at 72 °C for 20s. Real-time PCR was carried
out with at least three replicates per sample, and the
average data were expressed as amounts of Pinot Blanc
DNA relative to those of Pinot Noir. As shown in
Table 1, the amount of VvmybAl in the Pinot Blanc
genome was half that in the Pinot Noir genome. In
contrast, there were no statistical differences in the
amounts of Chs3 and Ufgt sequences between genomes.

Genomic clones of VvimybAl. DNA samples extracted

Table 1. Relative Amounts of DNA Sequences of Chs3, Ufgt, and
VvmybA1I in Pinot Noir and Pinot Blanc Genomes

Relative amount of DNA

Cultivar
Chs3 Ufgt VvimybAl
Pinot Noir 1.00+0.03 a 1.00+0.12 a 1.00 £ 0.06 b
Pinot Blanc 0.98 £0.05 a 0.924+0.07 a 0.51+£0.05 a

Values are means & SD. Different letters indicate significant differences
(P < 0.01) between means (¢ test).

from Pinot Noir and Pinot Blanc were partly digested
with Sau3Al and cloned into the 4 DASH II vector
(Stratagene, La Jolla, CA), and genomic clones of
VvmybAl were isolated as previously reported.® Five
clones (PB32, PB41, PB53, PB81, and PB82) from
Pinot Blanc were identical within the sequences deter-
mined, and had the same sequences as VvmybAla
(AB111100) from Italia. We named PB81 VvmybAla-
PB (AB242300). In VwvmybAla, a retrotransposon,
Gretl, is inserted in the 5-flanking region near the
coding sequences of VvmybAl, and the insertion very
likely blocks the expression of VvmybAl.> In a previous
study of white cultivars, we found only the VvmybAla
allele of VvmybA I (as shown in Fig. S1 of Kobayashi et
al®), and did not detect VvmybAl transcripts in any
cultivars, including Pinot Blanc (as shown in Fig. 1B,
lane 1, of Kobayashi et al®), while the VvmybAl
transcript was detected in all the colored cultivars
examined (a perfect correlation was observed between
the expression of VvmybAl and skin color.”).
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Fig. 2. Structures of Genomic Clones from Pinot Noir and Pinot Blanc.

VvmybAla contained Gretl, but VvmybAlc did not. The probe used for Southern blot analysis is indicated below the map of VvmybAla. TS
and LTR represent a duplicated target site and a long terminal repeat respectively.

On the other hand, we observed two kinds of clone in
Pinot Noir. One clone (PN45) had the same sequences as
VvmybAla; we named it VvmybAla-PN (AB242301).
But three others (PN21, PN57, and PN64) were different
from VvmybAla; we named PN64 VvmybAlc-PN
(AB242302). VvmybAla-PN and VvmybAIc-PN differed
in their 5-flanking region of VvmybAl, but were
identical in their coding sequences (Fig. 2). The 5'-
flanking region of VvmybAlc-PN was also different
from that of VvmybAlb (AB111101) from Ruby
Okuyama. VvmybAIb has a solo LTR of Gretl Y but
VvmybAlc-PN does not. This finding indicates that
VvmybAlc is most likely the original sequence of
VvmybAl before the insertion of Gretl. Pinot Noir is
heterozygous for the VvmybAl gene, which does not
show any contradiction to the previous result obtained
by PCR (Fig. S1, lane 13 of Kobayashi et al”). As
previously reported, the VvmybAI transcript was detect-
ed in Pinot Noir (Fig. 1B, lane 9 of Kobayashi et al.”).
Thus VvmybAIc must be functional and must have the
potential to induce anthocyanin biosynthesis in berry
skins. Pinot Blanc had half the dosage of the VvmybAl
gene as Pinot Noir (Table 1), suggesting that a genomic
DNA region including the functional VvmybAlc allele
was deleted from Pinot Noir, resulting in Pinot Blanc,
which has a non-functional VvmybAla and a null allele
(Fig. 2). The null allele was tentatively named Vvmyb-
Ald, and isolation of it is in progress.

In conclusion, the skin-color mutation from black-
skinned Pinot Noir to white-skinned Pinot Blanc was
caused by deletion of the functional VvmybAlc allele
of Pinot Noir, and thus anthocyanin biosynthesis in
Pinot Blanc is inhibited by its inability to express
VvmybAl.
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