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Comparison of Stilbene Synthase Gene Promoter Sequences in Grape Varieties
Producing Different Amounts of Resveratrol

Tsutomu TAKAYANAGI, Tohru OKUDA, Toshihide MATSUDO and Koki YOKOTSUKA
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1-13-1 Kitashin, Kofu, Yamanashi 400-0005, Japan

Stilbene synthase gene promoter regions (390 bp) were cloned from grape genomes using cassette-ligation
mediated polymerase chain reaction (PCR). The homology of the promoter was over 96% among 6 grape varieties
(Chardonnay, Cabernet Sauvignon, Semillon, Pinot noir, Koshu, and St. George), and one deletion and several point
mutations were detected in their promoter sequences. Differences in the promoter sequences in 13 grape varieties were
analyzed by a PCR procedure. Specific primers for the detection of a single nucleotide mutation were designed at 5
positions (I—V) of the promoter region. Gel electrophoresis analysis of PCR products amplified with the specific primers
showed that nucleotides at positions I, III, and IV were the same among 10 varieties of Vitis vinifera, whereas nucleotides
at positions I, IIl, and IV in St. George (V. rupestris) differed from those of the V. vinifera varieties. St. George produced
over 2-fold more resveratrol than the other grape varieties by elicitor treatment using chitin-oligosaccharides. These results
suggest that mutations at positions I, III, and IV in the promoter of the stilbene synthase gene are related to the resveratrol-

producing ability of grapevines.
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1. #HEAH

IWRKFET A D RFERFEL Y —THRIEREI N
TW3 13 DT RIS, T7bb, V. vinifera D 10
i (Ao—, €/« JT—), YNLF) b -
L=, £232, IR} R-v—¥Y¥Z23a>, ¥
—, U=RY2¥, y—¥zZ3ar- -7, vl
Rx, BMN) BRIy b - XY —A [Muscat
Hamburg (V. vinifera) x Bailey (V. lincecumii x
Triumph) ], SO4 (V. berlandieri x V. riparia), 2>k -
2a— (V. rupestris) Z=ERL=,

2. FFFVIROBHEYARS bO—IVRIE
ETRURED 5 TABOFHOE 1 E (HbHE
BOEWE) IT25%TY /= )IVEED 8% (W/V)
FF AU THEKEBEK (NA-COS-Y, EEE n = 1~
6, BER/KELZ) Z2BML, TOEE 48 BREIHIC
CERELZ (12, 3 bO—)VDEIR 25% Ty ) —)
KBBEDAZBRML, FRICERLUZ, RERLULE
X, EBITHREZRTHEEL, AskTHRILLE,
ZOMAK 02 g2 5 mL OEFBETFINZMA, AT
REDPFA ALz, ZORBWEE TS AF v 7&EL
B (5 mL) KBL, BEELT 1 FMEIRESHHL
72112, 20,000xg T 5 #AMELSBELZ. ZOLEE
Z045um DAT VT4 VY —TEBLZEIZ
HPLC IZK D447 L7 (7, 8)s HPLC IX, ODS 71 A
(LiChrospher 100RP18, 4 x 250 mm, Merck) %y,
SEELZUART hO—=)VDE—Z % 300 nm DN
ETHRHL, EELE. BEE 7= MU —-K
-V BOBEESR (B A:03%Y) CB/KBK, &
B B:03%UEBEESD 80% 7N M UIIKE
) ZAV, A%0%—A80% (0-104)), A80%—AT0%
(10-3043), (A70%30-354}), A20%(35-6043) , A90%
(60-80 ) DV S5F 4 LT h&M (FfE 07 mL/4)
THEEL -,

3. RAFMRV IV —EREFIOE—9 -l
no/n—=>4

7T R DEM S, DNeasy Plant Mini Kit (Qiagen)
ZH T genomic DNA Z73#L 7z, AFIR >
y—EREFIOE—F—FEBEIEYy FEhEY
N4 —RAWEY— 2T —F 2 J¥ (Takara

AFNRD 2 4 —CRIETF 70T~ —EH OGRS

LA PCR in vitro cloning kit) (4) 2k o—=27%
L. $hbs, TRUEMNSHBEL/ DNA 2%
HIFRBE#R (Sau3A L, EcoR 1, Hind I, Xbal) THYIHF
#®, AFINR T —EBETFIRENT S 1<
—S1 (5’-CAGTCATGTGCTTAGTGACCC-3’) (6)& 7
575 —7 54 <—Cl (5-GTACATATTGTCGTTAGA
ACGCGTATACGACTCA-3’) #HWT PCR 21727z,
KRIZ, TD PCR EEMEAFINR Y 27—Vl
TR RMTL nested 751 ¥ —82 (5’-CGCGAATTCGG
GTAGCTGTGCCAATGG-3’) & nested 75 74—
J 4 X —C2 (5'-CGTTAGAACGCGTAATACGACTCA
CTATAGGAGA-3’) %W T nested PCR #1727z,
PCR £#NE 1.5% 7 HO—A5 )NV ERW-BRIK
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YUk, 7O0—=>2%7 L7 DNA DHEEEHZ
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(0.5 unit, —wR>T—2), WHEK 189uL N573
0, RISSEMHIE, 94C 545 (94C 143, 64C 1457,
72C 1 43, 35 14 27)V) 72C 10 532w/, PCR
HEEME 12% 7 HO— A7 VEZKENZ LD SBEL,
IFPILTOIRICKOREBLT, NROFE
ZHER LT,

HRLER
1. YARS bO—-I/FHEEDSERILLR
FFoAVIEERHLETRUEBLVICH
O—JLEDY AT bO—)VBEE2 7 RYRERITH
L~ (Fig. 1)e FFoAUIHEERMLEZEDY

- 18 -



J. ASEV Jpn., Vol. 14, No. 1 (2003)

=

il A AR R AR AR R R AR RO ARRARRRRIBUS IS 50
=R ”

) e

Muscat BaleyA 4

Syrah 4,

O Cohtrolleaves
Leavesin duced bychitin-oligosaccl

0 10 20 30 40
Resveretrol (ngtg FW)

Fig. 1. Resveratrol production in leaves of S5-month-old
shoots of 13 grape varieties induced by a chitin-
oligosaccharide mix. An 8% chitin-oligosaccharide
mix dissolved in 25% ethanol was applied to
primary leaves (the most mature leaves) of 5-month-
old shoots of 13 grape varieties (). The control
leaves of those varieties ((J) were treated with a
25% ethanol solution. The leaves were removed 48 h
after treatment and the resveratrol content was
analyzed by HPLC. Data points represent the means
(n = 3). No SE vertical bar is shown when the SE is
less than the size of the symbol.
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HbEFENTNDMN, V. rupestris BT D -2
a—VOFERMFICKENT LERTIE, BOE
WEUYZANT bO—)VEHROEICRE DBEMITA
5NN o7z, Sbaghi HiF (9), &7 RUMBEDIK
B ERE (Botrytis cinerea) WX 2EFELT
RYBIZBTDIART hO— )V EREEDORICHE
WHBBRAHD 2 Z LE2REL TV, 51, 7
R D B. cinerea 23T HTHHREL NIV E 1~4 D 4
BP0 4 DERbEVEHRELXILELTNS,
SEIOERBR T, MHREL )V 4 O k- Pa—
¥ (V. rupestris) DY AT bO—)LERED 33.6
wglg fresh weight (gFW). —F, MHHEEL NIV 2 @
Y IVRREUART hO—)LEREMN 3.0 pg/gFW
Dbk Pa—JIHEANTEL 2> THD, Sbaghi
SOWEEIFHFITHIMREB L, FF4) I
EBRMALTVWRNWIMO—LVOENS HDLEDOY

B M- BE B RERE - IR

ART ha—)I g Enk (Fig. 1). 2ER T,
BiRE L TWa e T R EER L, *
FoA) THEUNOASHDA NV A, Thbb,
RIEE, AR, BRELERER, TRIUYBICER
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2. RAFIWARY L8 —EREFT/OE—S —
DEF

VY )VRRXDY )L DNA N6V —T 4 —F
JRk0ro—o Y LEAFVR Y 7 —Eil

Primer |

Koshu 1:CACACATGGGAAAGTCAAATGAACAATGQATTAATTTCCAGGAGGCTGGAARAGTCTTTA
1:CACACATGGGAAAGT: CAMTGMCAAT&TTMTIT(GAGW GGAAMAGTCTTTA
‘ |
Chardonnay TCTCTATATATAACAAATGTGACCGGATTGAATGCTTTCTCCTTCCTATGGGTAGGTGAA 120
Cabernet Sauvignon TCTCTATATATAACAAATGTGACCGGATTGAATGCTTTCTCCTTCCTATGGGTAGGTGAA 120
Semilion TCTCTATATATAACAAATGTGACCGGATTGAATGCTTTCTCCTTCCTATGGGTAGGTGAA 120
Pinot noir TCTCTATATATAACAAATGTGACCGGATTGAATGCTTTCTCCTTCCTATGGGTAGGTGAA 120
Koshu TCTCTATATATAACAAATGTGACCGGATTGAATGCTTTCTCCTTCCTATGGGTAGGTGAA 120

Chardonnay 1 :CACACATGGGAAAGT! CAMTGM(MT%TTMTTI’C(MGAGG(TWT CTTTA 6
Cabernet Sauvignon 1 :CACACATGGGARAGTCAAATGAACAATGCATTAATTTCCAGGAGGCTGGAAAMGTCCTTA 60
Semillon 1:CACACATGGGAAAGTCAAATGAACAATGCATTAATTTCCAGGAGGCTGGAAAAGTCTTTA 60
Pinot noir 1:CACACATGGGAAAGTCAAATGAACAATGOATTAATTTCCAGGAGGCTGGAAMAGTCTTTA 60
]
60

St. George

St. George TCTCTATATATAACAAACGTGACCGGATTGAATGCTTTCTCCTTCCTATGGGTAGGTGAA 120
Primer li -
Chardonnay GAACAGAAAACAA ACATTAACACATGCATACATGTCTGAAAATCAACCCCACC 179
Cabernet Sauvignon GMCAGAMA(MCA(mmﬂumCATG(ATA(ATGTCTGMMTCAACCCCA(C 180
Semillon GAACAGAAAACAACACAA-TACATTAACACATGCATACATGTCTGAAAATCAACCCCACC 179
Pinot noir GAACAGAAAACAACACANATACATTAACACATGCATACATGTCTGAARATCAACCCCACC 189
Koshu GAACAGAAAACAACACA, #‘(AWMCACATGCATA(ATGTCTGAMATCWC((A(C 189
St. George GAACAGARAACAACACARATACATTAACACATGCATACATGTCTGAARATCAACCCCACC 189
Primer Iil I Primer IV
Chardonnay AGGAAAAAAAACTCALLCACACAAACTTTGACGC! TAATTCAAAGACTACCAAT 239
Cabernet Sauvig! AGGAARAAAAA TCALGCACACAARCT TTGACGCCAAS \TAATTCAAAGACTACCAAT 240
Semillon AGGAAAAAAAACTCACKCACACAAACTTTGACGCCAACTIGATAATTCARAGACTACCAAT 239
Pinot noir AGGAAAAAAAACTCACKCACACAAACTTTGACGCCAACTIGRTAATTCARAGACTACCAAT 240
Koshu AGGAAAAAAAACTCACICACACAAACTTTGACGCC \TAATTCAAAGACTACCAAT 240
St. George AGGAAAAAAAACTCAGH CACACARACTTTGACGCCAA WTMTTCMMA(‘I’ACCMT 240
1]
Chardonnay GGATGAGAGTTGGTGAAACACAG ARJGCCAACACTCACACCAAGCTTTCTCAA 299
Cabernet Sauvignon GGATGAGAGTTGGTGAAACACAGG CAACACTCACACCGAGCTTTCTCAA 380
Semiflon GGATGAGAGTTGGTGAAACACAGG AAGGCCAACACTCACACCAAGCTTTCTCAA 299
Pinot noir GGATGAGAGTTGGTGAAACACAGH AAGGCCAACACTCACACCAAGCTTTCTCAA 302
Koshu GGATGAGAGTTGGTGAAACACA AAGGCCAACACTCACACCAAGCTTTCTCAA 320
St. George GGATGAGAGTTGGTGAAACACAGGTITATAAAAGGCCAACACTCACACCAAGCTTTCTCAA 309
TATA box Primer V
Chardonnay GCCAACTCCAAGCACTTGTGCACACTGAGTTCTCTTTCCTTCCTCAACTTAATCTTAGGC 359

Cabernet Sauvignon  GCCAACTCCAAGCACTTGTGCACACTGAGTTCTCTTTCCTTCCTCAACTTAATCTTAGGC 360

Semiflon GCCAACTCCAAGCACTTGTGCACACTGAGTTCTCTTTCCTTCCTCAACTTAATCTTAGGC 359
Pinot noir GCCAACTCCAAGCACTTGTGCACACTGAGTTCTCTTTCCTTCCTCAACTTAATCTTAGGE 360
Koshu GCCAACTCCAAGCACTTGTGCACACTGAGTTCTCTTTCCTTCCTCAACTTAATCTTAGGC 369
St. George GCCAACTCCAAGCACTTGTGCACACTGAGTTCTCTTTCCTTCCTCAACTTAATCTTAGGC 360
Chardonnay AATTTGAGTACGTAGCTGGGATCAATG 389
Cabernet Sauvignon AATTTGAGTACGTAGCTGGGATCAATG 399
Semillon AATTTGAGTACGTAGCTGGGATCAATG 389
Pinot noir AATTTGAGTACGTAGCTGGGATCAATG 399
Koshu AATTTGAGTACGTAGCTGGGATCAATG 399
St. George AATTTGAGTACGTAGCTGGGATCAATG 390

v

Fig. 2. Comparison of promoter nucleotide sequences of 6 grape

varieties.
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Fig. 3.

Schematic representation of PCR strategy for detecting a
single nucleotide mutation. A, design of specific primers
for detecting a single nucleotide mutation. B, agarose gel
analysis showing the expected PCR outcome using
specific primers containing A, C, G, T nucleotides at the 3
1 end, respectively.
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Table 1. Comparison of base in positions (I-V) in the promoter region of the stilbene synthase gene
among 13 grape varieties.
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