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TRWTA VIRV RUuMNG] EEbidEoIC, PERVA U 2EDITITT FUyD
anE A LI RER D, UA VI HEERMEEMOEERTH DD, VA LV EH D
FIZEBRT 282 e 7 R G TE 50087 RUREHCBIT 2 E L 5 2 5,

1 —< I Pinot VA  DENE K EN TV X 91T (Hocquigny et al. 2004) . 7R A >
IZBWTUA v - T = IHEFICEERBEREZF O, RUA LV OEAZREDT HEFZDOD
EDIET FURKAICEENDIARTH D, 7 RUIE—KMICAT RU LRI D EifkE
anfl & AR R T LIRS R A KORAMRTRICKTE 5, EYMOARITEOIED
DFEWVIZ LV ERA RERRNDLRDD, 7 RURKICEET 2R ROERITIT  FoT =

VHEZDOERMSET D (Glories 1978), 7 v b7 = UAIEMIC, SLAMRICH T D (R
TER7 U= PHNVEBREIC L 2MACEN. WEREICS T 2HEAENZ 67
(Chalker-Scott, 1999; Takahama, 2004), 7 > b7 =3 AMEDHEEEEIC & - T H AR
& &, FUBBERSC. BB - BLo A LV AER, DRESCIFEEO T, i RSN
FfFo L #E X T 5 (Bitsch et al., 2004; De Pascual-Teresa and Sanchez-Ballesta, 2008; Jing
et al., 2008; Koide et al., 1996; Tedesco et al., 2001) ,

TUNT=UET TR A REICEENEEM T, 77 arThiLIT VMY T
S UUVTHERREA LR LTV D (Mazza, 1995), 72 hy T =237 ==L 7 7
=V A L ERBL, TR A FERREERCERSND (K1), 7 T
SVET MY T =V MO Fr ¥k R MR VRO, FEHOMAIC Lo T
KOMOBIZ T OEND, 7T RURKTRNCERINDT » b T =03y 7 =
VURBIOTAT 4=V RmNBRY YTV URELTYT =V RN =TV
TNT 4=V RT UM T =2 ELTTAT 4=V, XFa=Ur B~ EY Y
WA S D (Mazza, 1995; Holton and Cornish, 1995), v 7 =V VR 7V hy T = b5
NT A=V RT Yy N T =0 OmEIE, F3’H & F35SH OB F3BLLLICEEZZ T 5
(Bogs et al., 2006; Castellarin et al., 2006) , & @ # . UDP-glucose: flavonoid 3-O-
glucosyltransferase (UFGT) 27 > hy 7T =V AT HZ LT by T =0 R
ARkEhng (K1),

FROBIOROHEEOT RUIZBWT, 7Y by 7= ORRIER LY — v LR %



REMABREINCIAE D, xF LT, HfkAMETIINL Y — 122> T UFGT Ei5FD
PR Z BT, 7 T = OFARE IR, UFGT Bin1 1% Myb FRER G A+
D VVMybA1 IZ K - THRELDMEE S LD, FkEMTED T X TOMEIZIBUNT VvmybAl
BT A< FBE L TWRV (Kobayashietal., 2005), Z D5+ A B =AhE LT, Hik
RN T D 2 KD VvmybAl SSEIETFOWTAD T mE— X —FEBRICL L b T
ARV Gret-1 WFAIILTWD Z LR 60 E 72572 (Kobayashi et al., 2004), 372
H, L ha T URARY CORFHAIZER T D Ywmybdl O 7 1€ —% — AKX VvmybAl O
G A ERICHEIT 22 LIk Y, UFGT BIEFOBRENEE T, RELTT v T
=UERPIRISNDDTH D, 7 UE (Vo7 ~HEK) ORKEEZF>, HAREAORE
FHELFEFN Tl VvmybAl S&@infDF 2 A > b o ~OfFANBLFIN VvmybAl 3EH %
B DHZ EMNRENTVSD (Shimazakietal., 2011), 552 A > b & > ~OiEfs1W T Off A
(2L D VvmybAl BRI OMB A B =X & LTIE, EIsFWH DS VwmybAdl 7L 71—
P —mRNA DA T T A T RAETDHZLIZEY Vomybdl mRNA O3 fEZEEL TV D
AREMEDRTRIB SN TWE R, TOWEREZILIEZH/LN TR, BlLEo#REIX, 7R
TIZBIT DTV VT = AR YwmybAl BAR T OFRBLEIZ X o TEBERISRE S LD
ZLEEBEWRT D,

—J. TRURRICBIT LT T =BT FUDAEFTREIC L > T RAREE
EITDH, LEZE, BRHETHD, BHTEERETHONEL, 7 RvoT7 o T=v
ERAEET 2, BRNENREICRL LT RURFEITHBETAEZ LT b T =00
HRENA LTLE S (Chortietal., 2010; Jeong etal., 2004) , 7 R 7 s 2 +3Ek 4y &
WRRETHE, TU T2 AldEESh, REOT v b7 = EFREMENT S
(Lovisolo et al., 2010), Z D X 5 ZefBsFrE 2 AT 57 RUIcB W THEMNR T KU
BB LG, HERBBRALR T RO REOT v o7 = USRI RIE T HBILET D A
N, RNV TORBEE Y S 2 b—a itk b b, 4% 50 4 TEHAIRDN 2°C
LT 2 EHERI STV S (Jones etal., 2005), HNRGE QM TH 1961 405 [LALER
TIHAE 0.042°C TR B LET TH Y (Saito etal., 2008) . FEiEH 7 Ko DA pE
123 Z 0 RS L AL E LGSO TW D DIFEAFDOFEETH S (Tagami 2009), 25°CITE~
35°COMML FTIET > b7 = ERIFMES L, FRIZT b7 =0 00fFsS 5] Sk
Z &5 (Morietal., 2005; Tarara et al., 2008; Yamane et al., 2006) . &R EF2 k57 R
U DOE A RITHERER(GICER T2 2R TOREFHLEX D, ZORNEZES, 7
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ROMEE LT RO REDOECERET D 5 5 VITHER T D BT OB IZREDR 720,
T RUDEBEUGET D7D, WL ODPOFIGHEPIRE I, TV O0TEH
&N Tn5, 72& 21E, BRY¥E (Matusetal.,2009) <°fiE (Guidonietal.,2002) . BRIk
(Brar et al., 2008) 17 RURKICERET 57 v b7 = BE A BT 58IEHIFCH 5,
LirL, ZHHOFET, 7 RUOAEBRIIC L LBRREHIWLPR L~ L % it 3 5 72
EL BOWEIRAF NV AAFERICER L, FMFECESTREANRREVWEVWI XA D D,
— AR R T 5 LIV T RUOEBRERET HRALRINT VDS,
ZIE, VX AEVBATNEERBAT D2 ETT RURKICERET LTV T =0 &
WY % (Portuetal., 2016), (LFWEOBAMITHEIC THMBIATA D HETH L, B
W78 SN2 2T D T2 DRI D BB IR W R Y | Z DN RIIARLEIZ>TLE D,
FRETR LS OL <I1E, 7 FUREIZT 7 VB (abscisicacid, ABA) %%
M5, ABA [THEM O BB A L ASEICEES T WA NLE L THY  (Bray,
1997), 7 RUREDORAL L HIZT FURBICBIT L7 > M7 = BRUT S HHEICHE
Ho>TW2 (Delucetal,2007), XLV — Mz minziz7 RURERDO ABA #IT2HIC
S L (Gagné etal., 2006) , 4L & [RIRFIZ RN DR & DB AN E D (Coombe and
Hale, 1973), 7 RU~® ABA BAilZ7 FURREAOKELRT Z LRGN TEY
(Peppi et al., 2008; Quiroga et al., 2009) . 7 R U3 MM % FV 72 in vitro FEBRIZEWTH
ABAVEE L7=7 RUMIIRFOT > o 7T =V BEAEK L8V #5285 (Hiratsuka et
al.,2001), ABA ZB U727 RYRFEORETIET v b T = Al E##ET 5 UFGT 1
KO wmybAl OFBLEPEMNT 52 L HFRD LTS (Jeong eta al., 2004), L7273~
T, 7 RU~® ABA BAIET FUREOEFASEICK L TRARTFIEIRY 55, L
L. ABA ZALAEPHELWZDIEFIZEMTH D, /2. ABA 1T£HZ b2 et
TOMPARNVE L THH DD, 7 RUBARICEAT 5 & RIEELFHET 2800 6
Do TOE DT, BAREHSCHAT LA BT 5 EOHINFRE S ABA BfIZIiZd 57

. BURTIT ABA 137 FURSEICIZ L A R STy

BT TIL, RN T RO REOT o b7 = U ERBICRIETTHEL 200 1D
R 24T > 7=, 85 8 CIX, JB THFZE (B, 2013) I X » CABEMET A 75 U — (Sigma-
Aldrich) "B A7 V—=v 7 STz, 7 RUOEEZA LT 2RI RSN/ =
ULTE R EHAL, N=UALTE NURT RUREORET v by T = EERICK
ETPHEBLIOEDOA N = XLCONTHRF LTc, # =8 Tk, BROFRASHE L 0 LR
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RIZED 20/DT X JEEOT NS ABA EFHAMEMZBI R Z L, ABA LFFEMICT
YR T = EEN ETOHAREEO &GN, YA v BROT 22T T 2w
AL HDHNIT 2=V T T =% ABA LT 5 2 L 1IC XD ABA Bifi & KIE
IZHITE T & 2 AlRetE 2 et L7z,



Phenylpropanoid Phenylalanine
biosynthesis
pathway
p-coumaroyl-CoA + 3 X maronyl-CoA
4’ CHs
Naringenin chalcone
CHI
Naringenin
Flavonoid F3'H 4’ F3'.5’H
biosynthesis Dihydroquercetin «— Dihydrokaempferol ———> Dihydromyricetin
pathway
| DFR DFR |
Leucocyanidin Leucodelphinidin
¢ LDOX LDOX ¢
Cyanidin (Anthocyanidin Delphinidin (Anthocyanidin
Anthocyanin v < CRPOAT o >
biosynthesis ,
pathway C3G D3G
(Cyanidin-based Anthocyanin) (Delphinidin-based Anthocyanin)

1 TRIICBETE7U T UAERKZER (BERE)



BB NoUATEIN BT RUVREORET VM T8

BEIZKETHE
E—

RKAREFIEME & 3B TR % 2 EPEME 2 R T AL A ORI TH 5, 20 Ak
0 B RN BEVEWE OFFRIZREIZHE U, Y2 13 C 0B mAEy, BiZg 8
OERLER R RIREBEMEME N RIE SN TE 7 (KA D, 2002), RIRAEFIGVEME X
BT L CHIEDN R, MBS E OABEIEA R 2 E A EE S TS (Ahmed
etal,2015) 723, JREEAPEMZ M LI 5 RABABEMME BIFAEL TN D, e 2T 7
B FFNTHEM D INE R FEE LD 2 LIk, EAY— FB IO EZ N X
O RRAEFTEEME TH Y | 2015 FITIIRAS T 2 DI L0 BERBC 7V 2 F 4
VELTTIA U AREESINTWD (http:/www.kaneka-gssg.com/) , fE#) 7 /v A KT
BORNT = BB 52 L2800 AR ETH L7 FUREHB LU F TR
RO SRS SN TS (Ishiai et al., 2016),

Fx 07 N—T1%, TROAEBEET 7 Z U — (Sigma-Aldrich) 67> b7 =
AR AT 2 RREFEMEYE E LT, N=U LTk b, L-IV=F VR, 18-8-
TVFNVF B IO vt F oKz L (HH,2013), WIo RIRAEBE
PEVVE S B BAmABRIC LD 7 RO R OEBZRET DRRBFEO BT, K~DE
FREEFS KON ZAVE TIZH BTV D AEBEMER (8 F~DAEFEMEENH D b DITFEH
EREE L\ =) R, KRETIEANA=U AT R ORITKS> T, R=U AT E kB
T RUREORKLT v F T = U ERBEICRIT TR L OZ D55 B O 2 377,

N=U LT ¥ k> [4- (4-hydroxy-3-methoxyphenyl) butan-2-one) ] 1L =2 7 H DAL
GrELTHDLID ., M HCRO REREFEEME CH D (M 2), AMEICH L TIEEER L s
NoH, =T, N=UATE N OEMITHT DRI E ARSI TR,

AREORPUMAT L7 Ry L LT, vAhy b+ X—=U—A (Vlabrusca x V. linsecumii

\\\

x V. vinifera cv. Muscat Baily A)  Zf3L7=, ~ AW > F « X—=U —A X 1927 FFIZHAAN
DI EEBEHRICEV R ENTZT U THD, REUIET AV IR T RyDR—1 —

(Bai-ley) &3 —1 v /87 RUD~ ATy kN7 07 (Muscat Hamburgh) 23V 5

_6_



7o 2013 FAZEEE T R - U A U8kE  (Office International de la vigne et du vin : OIV) (T
BEIEH 7 RO & L ORI BB ETIEHEMICHE 2 FHICEEENLZ VT R Th D,
~ Ay b _N—=U—A ORFEAFTRBRATHL0, I—a v/ SRR Y A AR~
RIS DT, v AH Y b e R —A REOFEOARRIIAT v b+ XR—=V—A T
A EVIZE S TEMP LY, FERROFIHATRIA VITET, mEU AL L
TEEET 27 AT U —bdlgn, ZnbORNAESR, RETIE, AAREZRET LR
TAVHERT RUThL~ ATy b« X—U—A OEGMRE - #iRra BIEIC, RRAER
T S = D LT & b OFNEE TG LT,



B MBRB IV

B HEY

WBLR T A R gE o 2 —flE S ICR R S TWb 7 Ny (V labrusca x V.
linsecumii % V. vinifera cv. Muscat Baily A) % B3 E BRI HE L 7=,

V. vinifea cv. Bailey Alicante A FHR D EWT > b v 7 = ZEFERE % Ff> VR #ifd (Yamakawa
etal. 1983. B N4 A4V V— & X —IZ2 LV 433E,. BRC No. rpc00003) % 7 NALELFEER
[CHERR L7z, VRIS FRLO LS deZeii i BT, 25°C, WEAT CRkREE R 21T o 7o,

LS i ZE 55 HfH Y

LTV 27— 7 MMIRGHEE (FOtM3E T 3) 1 4%
AT m— A 30g
WeF7 v 1 mg
AL b= 100 mg
A RF 0.2 mg
24-Y7vn 7 = ) XN 0.05 mg
ESPN 8¢g
7K 1L
(pH 6.1)

BTH RE~ON=YALTEAE

201548 A 10 HIZARUL Y — U HIC A -7 2 & 2R LT, 0.1%0D 7 7 v —F Bl (HLFI
NAFrIAN) ZFRMLIZ I mMONR=Y LT b2 L., RE~EE L, SR
X& LT, 01%7 7'r—F Bl 2B ATEEEKEEHE L, KERE~OLHEEIZSmL & L
7o WEHZ 1, 5SBXP MM BEICYH T T E2ITHoTe, HFHTE 1TREXHTZY 5 FED
TRUEFCTV T L, Tr T =B IO A2 E L,



B=ITH VRHIE~DONR=Y LT ¥ b AAHE

N=J 7t by (RFEERTEE) . ABA Rk L) @A "=V r7rk
ABA DIRBWR A REAZEZ T L, 20 uL % LS S8 (20 mL/plate) (Z¥Ai L 7=,
RTHRIX & LT 20 uL OFRF K & LS - SB AR L=, KR EIC8 0.1 g © VR fllfin %
PEFE L, 25°C, G FC 5 HREEGER Lo, B EBITEDORRFIZ VR Milaz v 70 7
L7y by r=vi, 7r b7 = AR BEREFORBLE, WIEM: ABA &2 1IE L
77

EINIE  FERRLL O HIE
REEH oW RELV L, R v MERREERT (PAL-BX|ACID2, ATAGO) % AU CHERE
A fE Lz,

BHIE RNA fif

RENLE By FTHWEZREH 50 0E VR Ml &2 @ AR Colti L, FEi=GE
g 2 SK 2L (SK-200, kw7 v) ZHWTHRERIZZR D & THELT-, D%, Fruit-
mate for RNA Purification (% %7 7 /34 4) & NucleoSpin RNAPlant (¥ % 7 /514 4) O
7 k2L ZHE> T RNA Zfhi L 7=,

WARE U TNEZA L RI-PCRIC & DEGTFRIEN

PrimeScript RT Reagent Kit with gDNA Eraser (¥ 5 7 /34 4) O7'v ka2 /LilfiE-> T,
RNA 775 ¢cDNA 4k L7z, £ D%, SYBR Premix Ex Taq Il (X W 734 4) o7 1 b
2 JVZHEVY, Thermal Cycler Dice® Real Time System I (¥ 1 /34 ) ZHWTY 7%
A I PCR %17 o7z, cDNA &3 L OVPCR FAFIFLL T O@EY Th D,

cDNA &% 37°C. 15min — 85°C. 5s

PCR K 95°C, 5s — 60°C, 30s (40 cycles)

U7 VA A L RT-PCR THEECEEZITo 2B FIZLLTO®EY THD



MybAl (VvMybAl, GenBank accession no. AB111101)

UDP glucose flavonoid 3-O-glucosyl transferase  (VvUFGT, GenBank accession no. AB047099)
chalcone synthase  (VvCHS, GenBank accession AB015872)

chalcone isomerase primers  (VvCHI, GenBank accession X75963)

flavonoid 3’-hydroxylase  (VvF3’H, GenBank accession no. AB213605)

flavonoid 3°,5-hydroxylase  (VvF3’5’H, GenBank accession no. ABAB213606)

dihydroflavonol 4-reductase  (VvDFR, GenBank accession NM_001281215)

leucoanthocyanidin dioxygenase  (VvLDOX, GenBank accession X75966)

WEEHRE ST ( ~— & LT B-actin 77 1 ¥ —  (GenBank accession no. AF369524) % {#
A L. Thermal Cycler Dice Real Time System Single Software ver. 5.10A (¥ #1734 %) %
MOTHBIEFOMMERBELRE ML L, U7 V4 A L RT-PCR ICHWTET T A ~—ES1
RN,

BwLE T hvT=CHIE

FRd DT VR MR A R SRR ColRE U, ek & St 2 VTR RIS /2 5 F TR
L7, L7258 1g 2 TmL O 1% 7R FUER (T Ry :k=2:1) ([ZRIEL, £
IR, BT C—MBeFfE L7z, 4,000rpm T 5 73z LaBE2 T, RiE% 0.1 M OHEEE CTHy
WL7z. 520nm BT DIREERORNELAZHE L, FRoFHHEA 4 Hv T, Malvidin-3-O-
glucoside chloride #45 T7 > by 7 = BE2HH L7~ (Bakkeretal., 1986),

Ty T =8 (g/g-sample weight) = (A520*MW * FHUHE) e* BHEIEE (g) ]
A520: 520 nm OWLFE
MW:  Malvidin-3-O-glucoside chloride ®7;{& (529)

€: Malvidin-3-O-glucoside chloride D771 Y:A%%  (28,000)

BI\EH WNTEM ABA EOHIE

Plant Hormone Abscisic Acid, ABAELISAKit (CUSABIO) ® 7w k2 /LiZfiE~->C. ABA
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AIBR{R, ABA Z3fREY). ABA HEKEZETe, WIENME ABA BZ2HE L7, 0.1 g @ VR Al
fd% 0.9 mL sample extraction buffer (_FC ELISA kit [Z¥Rf}) 12{RiE L7z, 4°C, BEE T T
—BRIRES ., A OOEEEZITV, BIE& 7., FRL ELISA kit (2 FiE &2 #E L, 450 nm O
NEE~A7a 7L — ) —=F—|ZTHEL, MERIEICE>TABABEZH T LT,
EIVE WESHT

Boniz7—XICBE LT, =7 BAHFY 7 b 2012 JEEEFE®RY—E2) 2 H0 T,
Student’s t-test & 5 % Tukey 1 CHREFHLEE A St L 7=,
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B KR

EB—IH N=UATEIMBIRUVEREOT7T N T7T=0BLO
REOHEBRL~RIT TR

NRE=YATE P ABERLIZ A D Y b s N—U—A REOFET M3 ITR LT, A
=UNT R PR LT P RETLEEZ 1 HE2S 14 HEETORM, HRXIZHT
NRRPIZBIF LT M T = UEEMEE SN, T, RRICBTLT T =0
BEHN=U AT R B L VEMICELS Role (KM4), "=V AT b el
7 Ry REORERIIL, LBE% 1 BENL S HEETHBX I S AEICEWVELZ R L,
AEAELNLOD 14 HE b SEmWEmZ R Lz (K5),

BT N=UATE UM VR AEBRONER ABA ~RIFTRE
N U7 E Rk VR FIICLER L 72 RECERD B LD NIEME ABA BEOE{L%IX 612
RLTz, N=UAT ' F AL 72 VR M T, ALPRE 3 BFICNTENE ABA #2320
L, SRR A~ BICE O EZ R Lz,

BEIE AN=UATERCOBVRAEROT V b7 = AR BEEE
EFORBICRITTEE

N=Y AT AL 7 VR MIZISIT D CHS 38 X OY CHI B in1-3 Bl T RIX &
EERTHERZETROONRhoTc (V7). 7o, F3’H B X F3'5’H BIo - HIUZ D0
THR=V AT OEBIRD bR -oTz, —J. 7 TR A REKRREO Tk
{&1-CTd 5 DFR, LDOX, MybAl, UFGT #f5 I8V TiX, =V A7 & b B Txf
FRIX L, AEICHE OB EZ R L,

WNIE N=UATE R VRABEOT Y 7= EBICRIT
R
Ty R UT S VBRI RIET A U LT b DR R AR B A A L (M8).,
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N U7 N OERREN ENRDHIC L7223 > T, VR MlaicERET57 > o7 =
BEHWMLTZ (M8), HEHENT ORGSR, N=V L7 & b OWMBERE LN T~ ho T
=B TEWIEOMEARLR (p=0.0131) 23H D Z &R T,

VR fifaz VT, "=V L7t by (1 mM) BLOABA (1 mM) OFEMGNHZ it
L7z, N=UNLTE M AKX, ABA LBEX, N=V L7 & kB L0 ABA Off F L
XTiE, A5 HRICBWT VRMIAICERT 57 > b7 = ERRRX L AR
WLz (K9), LrLenn, N=U7 k& FAEX, ABA LBX, N"=VU LT &
M B LY ABA OFFLEX OB THEERZTIRO bR o7 2 enb, RKRERAKRT
IIAN=Y AT ' N B XONABA OFANGIRIT 720 &Il L7z,
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FIUET B

KETIE, "=V AT MBI RUOT > b7 =0 ERFICRTTEEZREL, 7
RUDET VR THD VR A ANTEDSF A=A LEMRPA LI, XY — Bk
LEeBIIAR=I TR FRAF LT FURFEITLHE 1 ARG 5 B BHICHERRIL
L., AE 1 HANDS 14 HRIEHT TRREICERT LT 7 =rabinLiz,
TRUERUY = RBRITHEREPBIRICER L, RFFCT b 7= ERBGED
(Coombe, 1976; Hrazdina etal., 1984), ZAL5 DI &L ARZEDOFER T, N=VY LT+ kL
N7 R REORMAE RS, TOMELLTT U b T =Gl bRESND Z L 2R
et s,

NRE=U AT RATIEDLIIZT v h T =V BRI > TWD DA S b, HEWR
IWVELTHHTT Ll ABA ZRERBOHIEHME TH DM, 7 R 7 TR R
ERERLRWIEZ U~ 7Y v 7 RETHSD (Coombe anda Hale, 1973), 7 R 7 RET
FEARN LY — BN =T L OB HNRNW T N Y — RO RERRFAIC T
F LU NEHERED S TS 20MTH 522 T7220y (Weaver and Singh, 1978), —77. ABA (F~
LY — U BENC T R RERNTEIML, 21U TRAN TOREOEFES L O R
DO, R TCOT v b T =R ME D (Coombe and Hale, 1973; Kataoka et al., 1982;
Peppo et al., 2008; Wheeler et al., 2009) , ABA X MybAl 33 X OV UFGT Bia1- &£ \Wo7=7 > b
VT = A RBEEEE T OB EEZEINT L LIZED, Ty b T = AR RET S
(Jeong et al., 2004; Koyama et al., 2010; Peppi et al., 2008), AFETiX, "=V /LT ¥ F %
RETEE T 5 LI XV REOT  F o7 = EEER LR ORI NN 5 =
LER LT, AT, VRZ HWEETFVERICEY, 7o M7 = EREOBINE
WTEME ABA OB LT v kv 7 = G EEER 7 (DFR. LDOX, MybAl 35 XY
UFGT) OFEBEOHIMIERT L2 L2t Lz, bl enb N"=U ATk h
NT 2V M T = BRERET DA D=L E2X10DLIITHTELZ, T7hbb, =
ULT R AINTEYE ABA 238352 LI2E 0D TV h T = U A KBS T O R
KLY  Fo T =0 B ERIET LD THS.

—HF NR=I AT N OEBIT VYT = A RBEEE R 7O T Y DFR, LDOX,

MybAl 1 X OV UFGT B TIZIREMI TH -7z, 7 TR /A RAEMBKIZEBWT, DFR 127
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Y RUT =V UORIBMEATH I uAf a T b T =Y AL, fiV T LDOX 8T b
VTV EAKRT S (K1), Ty R T = U AREREE TlX, MybAl 12 X o THELDME
SN UFGT 37 » b7 =V U AZHERSMINL, 7 by T =0 %267 % (Fordetal,
1998; Kobayashi et al., 2005), /S=U /L7 & b L7 TR /A4 RERREO EiEE - TH
% CHS B XU CHI DRBUI B RIZ S oT-, THHORRENL, N=U LTk b
NET VR T = A O T CE < REA T ORBAZREET S5 LT, T RUDEE
i ETHZENRBENT, £2, N=UAT ¥ N ALF3IH & F3°5H a0

WBLRIFS o7, FRHBLOFYSHIIV T =V U RBLOT LT 1 =V V5%
TRV T = OREICE D DEEFE TH D (Bogs et al., 2006; Castellarin et al., 2006) ,
N0 ENG, N=Y AT FNAIT RUREFOT U M7 = m AT 508,
ZORERRIIIT L RIE S N2 E BRI ST,
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x®1 UFZILEALRI-PCRIZAVV:=TS 4 <v—DE

Accession No. Gene name Sequences

Fw GCAAGCCTCAGGACAGAAGAA
AB111101 VWMybAT

Rv  ATCCCAGAAGCCCACATCAA

Fw CTTCTTGAGCACCAGCCAATC
AB047099 WUFGT

Rv  AGGCACACCGTCGGAGATAT

Fw TCTGAGCGAGTATGGGAACATG
AB015872 WCHS

Rv  CTGTGCTGGCTTTCCCTTCT

Fw GACGGGTCGCCAGTATTCAG
X75963 WCHI

Rv  GCTTTGGCTTCTGCGTCA

Fw TATGGGCTGACCCTACAACGA
AB213605 WF3'H

Rv  CCTGGGCAAACAACCTCATT

Fw AGGGTCGGAGTCAAATGAGTTC
AB213606 WF3'5'H

Rv  CGTGGGCAAACAACCTCATT

Fw CCTCATAACTGCTCTTTCCCCGA
NM_001281215 WDFR

Rv  AACGTCCCTCTGCCTTAGGATTC

Fw GCGATATGACCATCTGGCCTAA
X75966 WLDOX

Rv  ATCCCAACCCAAGCGATAGC

. Fw CAAGAGCTGGAAACTGCAAAGA

AF369524 WACctin

Rv

AATGAGAGATGGCTGGAAGAGG
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H1C O
CH;

HO

K2 NZYJTFEroDBEE
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i

1 5 14
Time after treatment (d)

K3 NZYILZ7E 0EBLEIRAAY R - R—1J—ARZE

Cont. : XHEX (KALE), VA: 1 tMAAZJ)LT7 € F NERX
IN—[E 3 om ERT
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X 4

1400 7 A~ Cont.
1200 4 —@— VA

1000 -
800 -
600 -
400 - *
200 4 *

0 i 1 |
0 5 10 15

Time after treatment (d)

%k

Total anthocyanin content
(ug/g skin FW)

N7 MBLEZTRAY b - R—1J—-ARZE
NDEET7V N T7ZUE
Cont. : WEBR GKAE). VA: 1 mMAN= Y L7+ F L UEBR

T—AI1E F9fE+x SE (n=5) TrRLE
* P <0.05 (t-test) xx P < 0.01 (t-test)
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X 5

20.0 A

—&— Cont.
—0— VA
o 150 -
IS *
= 10.0 -
E% * 3k
& 5.0 -
7
0.0 . T .
0 5 10 15
Time after treatment (d)

NZYLTFEFREBLEIRAY k- A= —ARE
DHERLLE

Cont. : WEBR GKAE). VA: 1 mM/AN= Y L7+ F L UEBR
F—4A21% EH{E+ SSE (h=5) TmxLTE
* P <0.05 (t-test) ¥k P <0.01 (t-test)
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n
=
]

O Cont. * %

tﬁ§40_ BEVA
2

o) .
2 3 U
S =
§Z 20 -
%DE 20
==
(0 63 10 - I

0 .
0 3

Time after treatment (h)

6 NZY)JLF7E b+ NIELT-VRAABEANORNIENE ABAEE

Cont. : ®HERX (JKMLIE), VA:

TmM/A=) L7+t b LB

F—4A1F EF¥YfEL SSE (n=8) TxRLTF

xk P < 0.01 (t-test)
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_ 1 ocont. CHS %] ocont. CHI
g @EvVA g BVA
3 ‘% 0.6 1
[72] [72]
o o
>3 >3
% 2 A % 0.4 A
g ¥
£ 1 £ 02 1 r.
o o
m 0 T Fi T h T ﬁ T m 0 |*| T T T T
0 3 6 9 12 0 3 6 9 12
Time after treatment (h) Time after treatment (h)
1.2 1 OCont. F3'H 12 + OCont. F3'5°'H
= BVA = EVA
2 2
2 0.8 1 2 8-
g, =3
g 0.4 B
2 " z
i k=
o ¥
g 0 T T T T m 0 |*| T T |{i T T
0 3 6 9 12 0 3 6 9 12
Time after treatment (h) Time after treatment (h)
2?7 ocat pFR  _ %7 ocat LDOX
3) @EVA 3) BvA
‘@ 1.5 A * ‘w12 A
[72] [72]
0 0
=% =% %%
% 1 A % 0.8 - *
0 * o %k
A A adid
¥ ¥
Moo : : : : Moo A A
0 3 6 9 12 0 3 6 9 12
Time after treatment (h) Time after treatment (h)
167 geon Mybal 0089 o UFGT
S BVA S BVA %
‘@ 1.2 1 ‘'z 0.06
& &
=5 =5
% 0.8 1 % 0.04 4
¥ ¥
2 04 - 2 0.02 3
= =
¥ ¥
m 0 I*I T T T ﬂ T ﬂ_\ m 0 I*I T Ij T T T ’*_'
0 3 6 9 12 0 3 6 9 12
Time after treatment (h) Time after treatment (h)

B7 NZYLT7ErREBELEZVRERBICETSZTU T
EREEECFHOEERELL

Cont. : XX GKAE). VA: 1 mM A=Y L7+ F UER
F—ARIE FEyfEx+x SE (n=8 TxLT
* P <0.05 (t-test) *k P <0.01 (t-test)
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100 -
95

00 - R2=0.9730

85
80 - N

75 4

T[:I ’ !i-l"...-

65 - )

60 -

55 -

5[] I 1 I 1
-9 -7 -5 -3

Log VA concentration (M)

Total anthocyanin content
(ng/gEW)

K8 NZDYITErF U OREKRENT Y T UERE

VA: 1 x 10° ~ 1 x 10° M= LT+ kU 0E
T—A2E Fi9fE+ SSE (n=30) TrRLE
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... o0 .
® s ot at . Sl emawm

g 1207 b b b
8§ 100
2% 804 a
X I
@) ) A
£z o0 1
<
- 40 -
5
= 20 -
0 : : :

Cont. VA ABA VA+ABA

9 VRMREBOT7 U 7 UBRBICRIZTNAZYILTERY
B & U ABA MEBDOFEMTNE

Cont. : XEBX (KAMEE). VA: 1T mM A=) L7 U UER
ABA: 1 mM ABA JLIEX

VA+ABA: 1 mM /=1 )L 7+E k> + ImM ABA ffFHLEX
T—2X FHfEL SSE (n=30) TxrLTE:

a. b: BLUANFHEMTEEEZHY (P <0.05, Tukey s test)
557 EOEIE VR MBEOEFERT (Bar = 3 cm)
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VA

/lfaesll cell

ABA

l

Start of maturation
(sugar/acid ratio)

\S

—_—

ABA

\

Gene expression

Skin cell\\

\

(DFR, LDOX, MvbAl, UFGT)

10

//Q\mmlocyanin accumulation//

INZYILTFTEMIINZEKBTUO T UOERDREETIL

NZJIL7EL (VA) IZREHEMBAZEZET L LIZKY., BRT
X7 2 b7 ZUEBBEEEIETF DFR. LDOX. MybAl. UFGT DFIR%E
9., —A. REHRTIEREEMBAIZEYBANRESNS,
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WoE e[ rBION T 2o AT SV RN T Ry REDR
BTV N T = ERECRIETHR

FH—HE FFim

TI/BIHOPLEMOBMERTH Y, BB LOHDOAF L _IRAHHIEHE R
BRILEMTH D (Calvo et al, 2014), MIFINAFIZES LT 257 XV BBEARIICT R
VIR 52 LT, T RUMBROARREALEZ D Z LN THD, & 2IE 7R
DI e ) R TH 2 EICRY T NUMANOEEBRGKEN B L, B{bA R LR
ZEEET 5 2 L8 TE % (Ozden et al, 2008), 7 ==/L7 7 =2 OEEHEA/MIT, 7 K7L
ENOT = ) —VHEBLOT n~WEOEMIZEEEZ 525 (Portueal,2015), £7z, 7
T NT T2rET RYRFEILIET L2120, MIRNOT 2=V T T = VR
MU REOT v b7 =0 OFRMOBMELE E 415 (Garde-Cerdén et al., 2014; Portu etal., 2017) .
ZOEDIT, AT EZRTT I BIET Ry ORI ICEEL 5 R D,

FATHRA~T= X D1, ABA 137 R U O RFEMAZ ST DM AR LVE TH D, ABA 1T
7o T = ARBEERE OB EMREL, FRL LTT Y FUT = me i
SED, 7 U R G R - MEFFT 2 HUIM & LT ABA BTSN T D, 7oL 2
IX. Valent BioSciences f1i3 % ABA %% Tp ProTone &7 FUH&EM & L THGEL T D
(https://www.valentbiosciences.com/cropenhancement/products/protone/) , L/ L7205, D&
ik ABA IZFEHICEM TH D, @ABA IFEED L ZRET S, HOHBIZL Y, BHRT
VhUT = ARENRE A LN D, EERITIE ABA AlOT R U HEE~OE AT A TV
R, TNEZT, RE T, ABA BT EOKEEZ HNE LT, 7 b7 = At
RER L, RAED ABA LHAAEDEDL Z ENARERT X/ Ba SRk LT,

KEORBRIMHEAT 57 Ry & LT, ULk« Y — 4 =a > (Vviniferacv. Cabernet
Sauvignon) ZHEEA L7, HANAR V=T 4 =3 NI T T U RADARN R—HIGFFET, 7R
TAHERT Ry OREHLETH Y | FIFHAEITHAE 172555, "BETOIN
R V=T 4 =3 OINHERIT 500 FURIETHY . RERNSEKRAEEMTH L (EH
JT. PR 28 4EFAX) , HoUL R V=T ¢ = I IR EEIS I E O TH D L ST
T, TLETOPEAARRZEZ LTV TH 5720, IERTNZ T OfE 21T
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WT b T = OFERBERTR EORIEEIR P LETH D, MA T, HERERR L D%
WCERVIIRBRTEESND IR - V=T 4 =3 U TIIAEARRDRO LN D L DIk
ofce ZTNHORWMEZE A, AETIE, HANICERR SN TWLI LR - V=T 1 =5
VEBIEMEIE L, T b T =0 ERBICRIETIRIEE ABA L7 2 BOOHEA D
AR 2 R L7,

B, AREITROFBRAS L OLFEEORETH D,
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B MBRB IV

B—H AR

T Q0FE., M1 1) IXEoZHERSHNHIREE L THEVW,

B_IH HEED
INBLRF D A VRMRFGE » Z —RiES CHEE SN TWAD LR « V=T =3 %
B L7, 7 FoUBEMlE VR MR 135 =S —TEICEWVRMCE S L,

HB=1H VRMBE~D7T I /) B

BT WEH DT ABA ZIIN L7 LS ciZ8 i T VR Mila a8 & Lc, £7 X /@
(X02mM, ImMBEOSmMIZ, ABA X 100 uM I[ZFH%E L, 1 mL % LS &M (9 em
¥ —LlZ20mL) IZ®AfLTe, F£/2, 2 bo—d LTHE L7- Milli-Q /K284 L
72. 25°C. 59J6F (S0 uE) TS5 HIE VR MlazisE Lz,

HIIE VR fE~DA VL rhbd0NNET7 o= AT 5= LK
EBEE ABA OfFFHALE

BT HE 91, KREOMIEEAMIZEI TI /BBEL TS VYA BT 2= LT
Fo=ra@E L (M1 1), AETIE, RIRE ABA & A YA 2 U HHWET == 1T
T = EOPFRAES VR Hila0 T > b T = BRI 2R B R A AT T N E T L
77

TROICAR L 72 AR 2 % U 7o, LS S8 (9em o % — LT 20 mL) (S ALERIE 1 mL
AT L, VR ZHERE L7z, 25°C, 9961 (50 uE) T 5 HI# VR Mifnx 554 L7,

2R X D AL B s L OV PR S

1. H0 (> he—)L)
2. 100 pM ABA
3. 1I0mM A VA
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4. I0mM 7=V T 7=

5. 10mM A Y aA2 + 100 uM ABA
6. I0mM 7 ==/L7 7= + 100 uM ABA
7. I0mM AV + 10mM 7 ==V7 7=V

BHE T RURKR~DA YA, rHbAWNNEIT 2= VT T2

LK E ABA OOFFALE
2017 4= 8 H 10 BICRKLOEILDIEE o TeRAEBDOT R REN O R 2RI LTz, R
R KIEAK TR L, 1% REMEREREHR 70% =&/ — /L CRELHE 2T o7, A A%
WA & BB OB 2 I L, 03 M 27 m—RRERB L O TR0 2mL 2 LA Z
FETIEAUC OB 3 295 K O IR ZFRE L7z, TOREBOEE, 25°C, 996 F (50
pE) T8 HIAREE L7,

AR X D AL PR s ST OV B S

1. HO (> hr—)

2. 100 uM ABA

3. 10mM oV uaA

4, I0mM 7 z=)L 7T ="

5. 10mM A Y aA2 + 100 uM ABA

6. 10mM 7 ==)V7 7= + 100 uM ABA

BARE TRURB~OAYA L UHBENET 2= AT T2
LIKIBEE ABA O OFFALE
2015 A& 2017 4R 2 4RICIEY | [LUBLKRED A VBRI o X — RIS O B~V % -
VU4 =BT FREOLEZ N L7z, 7 W OES A CBHT R T2 37250,
BREALER DB A 998D 5 72T, 2016 FILERZATHOT 1 FOPKRLZID Z & & LT,
Ny —UBEEH (2015427 A 31 BB X O201748 A 10 A) 12, 7 RUREZ T
TR LTZALBRIRIZIRIR LT, EIANIC T RO SRR 30 R A7) 7L RiaT v b
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T = MEICHE L7,

BR[O JLER R 5 L OV R

1. H,0 (2> hu—n)

2. 380 uM ABA

3. 10mM VA

4. 10mM 7 ==)V7T 7=V

5. 10mM A YA + 380 uMABA

6. I0mM 7 ==)V7 7= + 380 uMABA

XEEFE L T01%7 72 —F Bl Z W T NOBRKRIZ S I LT

#HLIE RNA HH

VR Al 2 AR 2 382 Tt L. FEEURE R B SK X /b (SK-200, kv 7)) &M
WTHIRIZ D & CTRE L7z, = D%, Fruit-mate for RNA Purification (¥ % 7 /31 %) &
NucleoSpin RNA Plant (¥ 5 7 /34 4) OF v kha/uiZfit->TRNA Z#iH L7,

#wINIE U7 NLZA L RI-PCRIZ L 2 BIEFRESENT

PrimeScript RT Reagent Kit with gDNA Eraser (¥ 7 7/34 4) ©7'v ha/LiZiE-> 7T,
RNA 775 ¢cDNA Z 4k L7z, £ D%, SYBR Premix Ex Taq Il (X B 734 4) o7 1 b
2 VIZHEVY, Thermal Cycler Dice® Real Time System II (#7754 &) ZHWTU 74
A L PCR Z{T-72, cDNA £hH L UPCR RIFHILL T D@D ThH %,

cDNA A% 37°C. 15min — 85°C. 5s

PCR )i 95°C, 5s — 60°C, 30s (40 cycles)

U7 VA A LRT-PCR THEECEEZITo 2B FIZLLTOMEY THD

MybAl (VwMybAl, GenBank accession no. AB111101)

UDP glucose flavonoid 3-O-glucosyl transferase ~ (VwUFGT, GenBank accession no. AB047099)
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WEMEHE T 4 ~—& LT B-actin 77 A4 ¥ —  (GenBank accession no. AF369524) 7% fii
F L. Thermal Cycler Dice Real Time System Single Software ver. 5.10A (¥ 7 /314 4) %
AW THEBLF O ERELZH L Lz, U7 L% A L RT-PCRACHWZT T A ~—HEld]
R 21T LT,

BHLR T h o T7=VEE

RENLE U E Y FTRHWERESH AL VR Ml 2 AR ColAE L, ek & Ak
ERWTHERIZRD ETHM Lz, L7 1 ¢ 2 10 mL @ 1% HCl 28T A ¥ /) —
JVRIICIRIE L, iR, BFER T T BREHE L7, 4,000 rpm T 5 5[ Dy BEE 1T - 724
520 nm (231D EIEOWOLEZHE L. TrRoFHEX % AT, Malvidin-3-O-glucoside
chloride A5 T7 > b7 = &% H M L7 (Bakkeretal., 1986),

T hvT =8 (g/g-sample weight) = (A520*MW * FBER) e* BER (g) ]
A520: 520 nm DY
MW:  Malvidin-3-O-glucoside chloride ®4y 1 &  (529)

& Malvidin-3-O-glucoside chloride D7y YA%%  (28,000)

BHE HEHT

Bonl-7T—2 LT, =7 vuHd Y 7 b 2012 GREEE# Y — B R) & T, Tukey
1ETCHEHLER A2 F2 0 L 7=,
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B KR

®—H TIEBEVRHMEOT YV M T o ERA~RIETEE
20FfEDT X/ W% ENEI VR MIFICALEE L 725 IC VR Bl SR ES b 7 v by T =
VEEX 1R L, Ty AR O ARRBRICIIMR TE o, TR
TS ABA LA VR MIRICER SN T v Mo T =BT R o7, LinL,
ImMBIPSmM 7 X/ BEAEIZBWT, A YrAY Y, T==AT I7=20, AFF=
YRV BA Y UVBROTANRTF T, MOT I BICHETEWT U YT =
EHEESEO LN, ZUOLOREZ S L2, ImM B LS mM A TZ4E LT VR Hifld
T b T = ERERE LA Y uA LU BELR T 2= AT I =0 (M1 2) BiEK
L. DBEOBRERIZHEN L 72,

BTTIH AT rHANNEIT oV T T EIRBE ABA O
FERHAEEDS VRO T v b7 = BRI RIS TRE

KIEE ABA (100 pM), A YA > (10mM) HEWE 7 ==LT 7= (10 mM)

Z VR MAEIC B TR L 723 BR X Tld, RRRX &R VR fifanT & o7 = &
WCHERETRD NP -T (M1 3), A YuA T =0T 7= L iRE
(10 mM) THFRAEE L73RBRIXIZIB W T S, 70 b7 = AR OREITRRD & 1727
Sl LT, ALY rHDHNNET ==V T 7= LREE ABA Z0FH L CAOEL
ToRBRX TIE, RHRXICIN X TR EE ABA BEX L L CHARICE VT v by T =
VERMEE R LI,

AVBAVYBIRNT 2= VT 720 BT 0 U T = ARSI RIE T R R A
T 5720, FEEENE L7 VR fileE HOWCTT > b7 = Gl B R s O R BT
Zi1o72 (K1 4),

IR ABAA Y O AU HHWNET = =/T T = & BMALEE L 7= 38R X Tl MybAl
BT ORBEIIBO SN2 n-o72 (K1 4A), £l2, 72=LT 7= L{KIEE ABA
ZFFALER & FIERIC MybAl G T ORBBEICEEZ KES oo, MLT AV aAf Y
v EARIREE ABA Z R HALEE U 72 3ABR XTI, et RIX IS JLOMEIR EZ ABA LB IXIZ L~ TA
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B MybAl B EH R LT,

MybAl BAG T L [RARIZ, IRIBEE ABA, £ Y 0 A YU HDHWNET = =)L T 7 = % L
B L7=RBR X ClL UFGT B T ORBEEIZB O N -o7- (M1 4B), £ VA
YHLHWNIT 2= T T = LIRIRE ABA ZOF AL L 72 3BR X IZ VT, xHRRIX IS &
MR ABA JLERX|Z R C UFGT AR O BLEN @V ME A 23 A D23, #Eati7e
AEATRD NIRRT,

BT=H A A rHANEIT 2= T TV EIRBE ABA O

PERMENEROT v h T =V ERICRITTRE
RRLOWALD I E S TeREFCDOT R REN ORI L 2 RRL 245G L 72, KIRE ABA,
A AT HDHNNET = =VT T = FRU B TR L 7R BR XTI, R L b
NPRRBELDOT bV T = ERMBICAERZTRO b ol (M1 5), LT, A
YU HHNET 2= T T = LRRE ABA A0 U TP L2 RBRIX TR, Xt

MXIZE_RFEIZEWT v M T o EBEY R LT,

WINIE A rHANNI Tz T S22 LIEEEE ABA O

HRAERREDT v b T =V ERICRIETRE

T RUBHNIER SN RBIZA Y m A HDWNET ==V T 7 = LIRIRE ABA O
DEFALER L 7= O RIS ERE T 57 > b7 = OB L 21 LTz,

015 L —RN2A Y BA YV HDHNET 2=V T 7 =2 LIKEE ABA OO HLEE %
fi L7 REOHF K1 6107 LTz, RRE ABA KB EIRA Y uaf T rbHiHnE”
==V T T = KR ABA OF B KIZEWTC, AE% 10 B HORE CldstXEs
FOET I BEHEMLIE X O R FIT AR L ORI E G L Tz, REICERT LT
N7 = B&FE LIERR, 72207 7 =0 LIRIRE ABA % 0F LB L 73 BRIXIC
BT, AL 10 B BICKH XIS X OMKIR EE ABA QUFLX L B L TR EICE W T & h v
TErEzRL (K1 7), LALAans, REKR3I HRICRL L, 72217 7=
CARIRE ABA OOFFABIZ R RIX L 35| & AEENBBO DRTZb DD, (KIRE
ABA BX L ITAEEITRD bR o7, IR TH 508 % 66 H H TIiEd T
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DX CRBEDT v by 7T =V BNRLICEE L Tz, —FH, A YaAf v LREE
ABA L OOFHAEITE S L~V TIERE T v U T = BOERBC R RS e o T,
PLEDFERDN S 20174 — R TR T = =07 T =0 SARIEEE ABA O OB Y |
PR S REDT v b T = BRI RIS REE B LT,

2017 S = AN T = =0T T =0 LAKREE ABA OOFALEL A fi L 72 RE OB %2 X
1 8IZR L7z, (KB ABAVEER B L O Y = =7 7 = KR ABA O HLEEXIC
BWT, W% 3 FREB XU 10 HREORE TEIMARXE I OT = =17 7 = HALEE
KXORBIZEAREZ S OFRINHF G LT, RICERETHT7 v b7 =0 BEWE LR,
Tz VT T = LARIRE ABA ZOFFALER L7 BRIBRIKIC T, LR 3 H BICKHRX
LIV bLAREICEWT Vo7 =R LI (K1 9), Lo L, INHEREHI O LR 64
HEH TR TORBEX CRBEDT v M7 = U NREZICERE L T,

UEDRREIY, 72217 7 =0 LRRE ABA OO TAHEZE B TRE D
Ty RNT S UERBERET D I LRI,
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FIUET B

FATZEE LT, V=227 I =20 27 FURBNCEBAA T2 ZEICEV REDOT =/ —1
tEWE L7 v~ AbEW OB LT D LA RENTED (Garde-Cerdan et al.,
2014; Portu etal., 2015) , Z DA RITLEL THH T (Portuetal,2017), 7 RUHEET
FEREEN D ETITTE-> TR, RETIE, 7 IV BEAOAZEI B LT ABA #
MEOKEZ B L, 7 VBEREE ABA LT ZLICEV REOT T =
ERENR BT D02l L,

VR Mifaz W=7 X JBBOAZ ) —= 7128k Al BRI T 2=1T 5
=7 RUMlan T v b T = oAl efetET S LTS, L LG, Bkl
ERKBLOT RUBOREICA VoA v v BEORT 2= T 7 =0 ZHMAE L TH R
FIZBTH7 v M7 = EEREIRITRBO N hoTe, —FH, AV uA T rbHbHn
X7 ==A7T T =0 LIRIRE ABA OFLERIZ, REOT v T =0 EEEEZ AR
BMEE, LER-T, 4/ rBIORT7 =177 =1% ABA EHAEAL,
ABAICK 2T v Mo 7 = ERUREN R M 2B 2RO L HER ST, Al L7z &
I, T T = ARERET S ABA IZIEFICEMTH L7720, EBEDOT K ofkts

TIEE KR L TRV, ABA D24 YA, v BONET 2=V T T=VICBEEZ D
ZLTABADT v b7 = ARRERN R 2 HERF L7223 5 & ABA O] & & R 2 Hil
TEDARBMEZ R LT 2 & 1d, A% OREE AR LEFORBICEMRTE 2 b0 &b
ns,

AV BIRNT 2o T 723 EOLIIC LT ABA 0 LicT > by T =
AEBEICEHE L TWDEDESLI D, 7= T 7237 2= 7 ms8 ) A RO
g <cH5 (K1, Dixonetal, 2002), 7 ==/LT 7= %7 R REITMIT 5 &
JAND 7 = = VT 7 = PREMEEMT % (Garde-Cerdén et al., 2014; Portuetal., 2015), 7 =
=T T = EIRIEE ABA OOFHALEIE MybAl &5 & UFGT & a1 DRBEEIHE L
Bz oty ABAIXT7 ==V T 7=0T7 0E8=27 Y7 —% (PAL) BinfORIEEY
MEHES (Banetal, 2003), PALIZ7 ==L 71/ ) A4 NREREDO LTI 2= LT T =2
BN T ARERERIC AT D RS & filii LT\ % (MacDonald and D’Cunha, 2007), %41
Z, 7x=VT T =k ABA OUFRBLTT v kT = U AR E ERERICRE L0 T
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372, =T a4 BREO Bz wmREIICEE Lz b0 LB bid, 7 ==
NT T=2DT RUBAS~OBAMIIT A VEEEICEREEZ G220 rJAEL I T
%728 (Gonzalez-Arenzanaetal.,2017), BEIEM 7 N7 OFEEBS TEMMEN RIAEN DK
NEBIEMME L S 25,

A Va3 REREE ABA OO 7 B FRiD MybAl B+ DRI EZ L,
Ty RUT=rEbA ESEER, A Ve Y ABEBEHOT VU T =GRS D
STVDEEVIWEITEETH D, —F., W ODDA Y af VU REGHNT v b
T = UAROFEICEE T ENRBRINTND, Tt xIE, AV FA ALY aA
2 (Indanoyl isoleucine) (7" F 7 MIfICT o b o7 = EfE &2 EtEd 5 (Caietal., 2012),
AE I ANA Y aA AT OREFRTL 7T A0 EHSTH Y, WD _IRAHE
WDAEPEIZEH G LT % (Schuleretal,2004), £72, ¥ AFVERY 7 TV REREEEAN T
HEREEZ RISV AF ) A VA Y A 2 (Jasmonoyl-L-isoleucine) (344 DEREL)E
&L PR BB L OB RICED - T2 (Rudell et al.,, 2002; Shan et al., 2009; Turner et al.,
2002), ZNHDZENL, A VAT UNTT RURMBNTA Y a A > UIREE Y & G
SNHZ LKV T U P T =0 BHRICEE L TH D00 L,

FEA . HIERIRBE L ETL T CTOT RUFRB LU A VEBIEOITX 2R ET HHF NS
V» (DeOrdufia, 2010), @R FCTIX7 FRUYREORET » b T = ERENMET L, A
ARZEI LTS &0 ) S I 72y (Mori etal., 2007; Spayd et al., 2002; Tarara
etal, 2008), FH A BIZK L CTERARFIE I L OBRYEER & OBFEA R BT EAT A3 A S 4T
DA, D OVEEICIIRFMCH &2 E L, R+ Tl (Carrefioetal., 1997 ;
Koshita et al., 2011; Tardaguila et al., 2010), AFETEML7=A Vv A v HDHNET ==/
T 7= SRR ABA OOFFAEITT R UMIICT v YT = AR R S D A8,
AT L7 FUREORKZIZBI 2T v b7 = BB ENRIIALZETH D Z
LN 2EICELBGABRNOH BN ole, 7 2= T T = U NEGEATRER TZE L
o7 v b T = oA BRENRE RS RWER & LT, lx ORSGH S5 VITHIEEIC BT
57 RUBORERERER EOEMNRMEOMEN BT 2O TRV EHER I T
% (Portuetal,2017), THwpx, HRDLMLHAMIZLY, £ Yl T=2=20T T=
VE XN ABA OfcHE RS L OB 2 RE L, /Y el rbornid T o=
NT T = ARIEE ABA OFFFEEN T Vb7 = A RAEED R 2 MR < 349
DALERSM % BRSO D LB B D,
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¥, AEOERMGIRICLY LLTORFZBGEL T 5,

Agricultural and horticultural materials and plant cultivation method which promote coloring in fruit
[EBE HIE R 5 PCT/IP2016/0724990
[EIBRABH % 5 W02017/026313 Al
FEFHBE A PRk 28 45 8 3 11 H
[EIBRABA A PR 29 422 1 16 A
7 AU I ReEFE S US20180168153A1
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F2 UYUTFTILAALRI-PCRIZBWN:=-TS54 <7—0DE2F

Accession No. Gene nhame Sequences

Fw GAAGTCCTCTTCCAGCCATCTC

Rv  TTGACCCACCACTAAGCACAAT
Fw TCACTCTCCACCCATGTTTACACT
Rv  AATTGAGCAGCTCGTCTTCACG
Fw ATTAGGCTTCACAATTTGTTGGGG
Rv  TATCTCTCCCTTCTTCCTGGAACT

XM_002282480 VwMybAT

XM_0022769994 WUFGT

XM_010666609 VWWActin
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02mM 1TmM 5mM 02mM 1TmM 5mM
ProI VaII 12 7 6
lle Met 5 8 42
Asp Ala 9 8 7
GIuI TrpI 9 10| 4
Serl Phel 18 30. 40
Asn Cys 3 9 6
GIn Leu 11 12 30
GIyI Thrl 10 15. 17
Hisl Lysl 11 13' 12
Arg Tyr nd. nd. nd.
control
ABA

1 1

TI/EBAVRMBBOTZ Y FO T UOERARIZTEE

&7 2/ BRIF=XFRETRLE

Contol: *tBRIX (JKALZE), ABA: 0.2 mM ABA JLIEX
T—H2IEBAREBRTEEEINT U T7ZUEZE 100 &
L. TOM»HE (B TRLI:

n.d. : not detrmined
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0.8 A

0.6

04 A

0.2 A

Anthocyanin (ug/g callus)

ABA + lle ABA + Phe lle + Phe

e Q oo 9O O @
c 35 2 & 2 2 2
4-'< o 4+ O A
S < X4
o
| < o =
<

13 AYAALUHBIWNETT DTS E{EEE ABA D
FANEN VRO T7T Y F 7 UERBICRIZFTEHE

(A %5 HE O VR #HkE

B) WMEHRSHBEODT7U LT UEEE

Control: xtHERX (JKALEE). ABA: 100 pM ABA X

Ile: 10 mM 4 v BA L NEXK

Phe: 10 mM 2z =)L 7 5=V NERX

ABA + Ile: 100 pyM ABA + 10 mM /v OA L U HHAHNERX

ABA + Phe: 100 pM ABA + 10 mM 2 ==/ 7 S =V #tHMNERX

Ile + Phe: 10mM 1 vBOA4 2> +10mM 27 5= V4R
A FRX

T—A21E FHE+ SE (n=3) TirLE

a, b, c: ELAXFHTHEZHY (P <0.05, Tukey' s test)
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(A)

Relative expression

14

O = N W kA vy N
1 1 1 1 1 1 1 1 )

(B)

UFGT

Relative expression

Control
ABA

lle

Phe

lle + Phe
Control
ABA

lle

Phe
ABA+lle
ABA+Phe
lle+Phe

ABA + lle
ABA + Phe

AVAAUBHBNNEITIDIILTSZ U LIRERE ABA D
FHWNEMN VR il AO7V F o7 ARBEEERGETFORIRT
[CRIFTEE

ME% S BRICEGFRITZER L= (A) MybAl. B) UFGT

Control: xR (/KALIE), ABA: 100 uM ABA ALiEX

Ile: 10 mM 4 v BA L NEXK

Phe: 10 mM 2z =)L 7 5=V ERX

ABA + Ile: 100 uM ABA + 10 mM 4/ v O 4 ¥ U HRANERX

ABA + Phe: 100 uM ABA + 10 mM 2 = =)L 7 S =V HALER

Ile + Phe: 10mM 1 vBAC>Y +10mM 2 ZULT7 5= U6
AR X

T—421% FHEL SSE (n=3) TxrLTE:

a. b: BLGLSXFHITHEEEZSHY (P <0.05, Tukey's test)

_42_



~
Z
~

(9.9
N—r

> b
control .
£ b
= 4
o
S~
g 31
=
5 21
>
o a
£ 1
C
<C
S 0 4
—= ) ) ) )
ABA + lle ABA + Phe °c F 2 &2 =2 2
E < [a + [a
o < X
v <C [oa)
<C

K15 AVAALIUHBIWNITTZILT S EIREE ABA D
FMENBRRBOT Y C 7 UBRIZRIZFITEE

(A %8 HEDRM

(B) AWE®ZSHE®D RAURKICEFTET7U O T7ZUBRE
Control: xtHERX (JKALEE). ABA: 100 pM ABA UEX

Ile: 10 mM 4 v BA L NEXK

Phe: 10 mM 2z = )L7 5= ANERX

ABA + Ile: 100 pyM ABA + 10 mM /v OA L U HHNIER

ABA + Phe: 100 uM ABA + 10 mM 2 =z /I 7 S =V HRALER
T—ARIE F¥YfEL SE (n=4) TrKRLT:

a. b: ELGHSXFREITHEEZHY (P <0.05, Tukey's test)

_43_



control lle ABA ABA+lle Phe ABA+Phe

K16 AVvAASUHBWNNITIZILT S EKERE ABA D
FALEZEL-EF (2015 FE>—X V)

Control: xHEX (JKALIE), ABA: 380 uM ABA ALiERX

Ile: 10 mM 4 v BA L NEXK

Phe: 10 mM 2z =)L 7 5=V NERX

ABA + Ile: 380 uM ABA + 10 mM 1 v O 41 L U RAMER
ABA + Phe: 380 uM ABA + 10 mM 2 == )7 S =V #tHAMNER
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Anthocyanin (mg/g skin)

17

—_
o
J

[e=] PO =N (=21 (o]
1 1 1 1

aaaaaa
= R £ £
ERREEE : :
(o]
S =l < < <
<2 < <
Day0

AVAAUBHBBNNITIZIILTSZ U LIRERE ABA DGt
FUEBEARBRED 7Y F 7 UBRICRIFTEZE
(20015 F>—XV)

Day 0: MEF4EAR

Control: xtBREX (JKALIE), ABA: 380 uM ABA AR [X

Ile: 10 mM 4 v BA S NERX

Phe: 10 mM 2z = )L7 5= ANERX

ABA + Ile: 380 uM ABA + 10 mM 4 v O 4 > U GtHMNER

ABA + Phe: 380 uM ABA + 10 mM 2 =z =)L 7 S =V HRALER
T—ARI1F E¥fEL SSE (n=3) TxRLT:

a. b, ¢c: EQLAXFRTHEESHY (P <0.05, Tukey's test)
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control ABA Phe ABA+Phe control ABA Phe ABA+Phe

K18 JxZIIT7S5ZVEEEE ABA OFRNEZEL-RE
2017 &> —X V)
Control: xtHEX (JKALIE). ABA: 380 uM ABA LiE[X

Phe: 10 mM 2z =)L7 5=V 0ERX
ABA + Phe: 380 uM ABA + 10 mM 7z = /L7 S = U HALER
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=
% 10 A a e
2 g b a
2 a a
E 6 - a
c
E 4' b ¢ bC
%2_ aba abHa
g 0 aaaa /M |'I'|
S = ) B i A o B el A o e P S R el P
=<+ =l <[ =<+ =<+ =l <>+
o] o] (o] (o] (o]
) ) ) ) )
Day0O Day3 Day10 Day31 Day64

i

K19 T7IZIT7I5=Z2EEREEAADOHALENRREDT >k
VERBICRIFTEE 2017TF£—XY)

-

\\'1

Day 0: MEFHIER

Control: xfHERX (JKALIE). ABA: 380 uM ABA ALiE[X

Phe: 10 mM 2z =)L 75 =V NERX

ABA + Phe: 380 uM ABA + 10 mM 2 =z =)L 7 S =V HRALER
T—ARI1E F¥YfEL SE (n=3) TrRLT:

a. b, ¢c: EQLAXFRTHEEZSHY (P <0.05, Tukey s test)
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BUE REEE

UA OB ML) X, FO R, REBERELHITT A &I D HE R E A
DOEDTHY, Z2OTA L OF—MRIZHR BT 2, RUA L OEFIT R RELIC
BENDT VRV T =S IEERLND T, RIA L OMEILT Ry REEAICEE
NHET Y T =V ERMBEICLI > TRETH LS THHlE TIERY, LALAanL, &
HRANTTRO BN D TFEDOKELEE OB LY | FOEREBRE O SELIC E D REIZ
BRETAT U P T 2 EMNMETTAHENHNA L TWS (Downy, 2007), HBERED
RENOEEGE LT2U A ANFEHOBLENOIRSE LW S D7D, T A o Offikg LRk
L. RERBFELEZEAL TN D,

AR L72 & 912, BIEE Tk~ e HIETY R REDOEGRBICHT D MR e S
NT&E7z, BIfE, HPECTREOEC[RELMRT 72D FEHARIIT O TV D3GR
#52E (Chorti et al,, 2010) 35 X OBRIRFIFZ (Brar et al., 2008) Th A H, fEEIX T L—Y
—VDHEZRS ZLICK Y BICHEL ARELHESTHINTH 223, e RIGOAMER X
OIS & o TERIES 2 REHCRRIE S 2 O B2 E 2 AT 2 L ERHY . F91FL
(B2 BT TR W BRIRFI BT EICAEB M T R TEAL SN TV D HEE T TH 2,
BRI B CIIM R 2 TR A8 D5y F CERIC#IEH D 2 & CRIE ZBRET 225, B A H
TR E OB E a2 LI L T2, TR0, B ZES FWIZGEIIARE 50
BEZGOTTLEY, ROLOKRNPT FUBIATZEL R RY | KEORET Ut
RESES Do —J7 BB DOFE KW ERE ZFRETE T BRRFBZ ORI RIAD 2,
2O XD BHEDEAREZ R T 72O OFEFEINIZ T FUBIERE OAHNPIEFITRKE W,
FROTEREES, AWIETIET FUBBHEOELAHSICE L TR XA P TITRAL 7 R
U R EfEERTE LT, REMICE DT v Mo T = BRIRESI R AT L. E D501
AN = A LD—YiZ T2 2 L2 0, Bl e U ToRBIB 2T,

AIFFRIZEBNT, A=V 7' b ATEMLET, A Ve P v BIRT7 == 17 7 =
VNIIEIREED ABA EOFHREET 5 Z LICK W REICE T LT v b7 = oAk a RS
LT ENRENTE, TNHRRWINT O ZM TERELRMWE TH D, LEN->T, H
TINHDORKWE 7 FUBHITLEL L THRE~DOAEMB K OAR~OREEIIMmD T/ E
WEEBZ LD, L R OBGHANIIRERSMREICFGTLHOTH L &
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SR 5, RO HiEE LTI, AR TIT o e BBz, XL ) SALETE
M S DREDRFEIER EBBEICATRETH D, ZID DR GIEITBECHAETIA EH
fbsfvTns, fELDTR DG 2 HETH L, LEDOZ &b, RFEOLPIAIETH
ofc THELDESICZE L TR A N TITA 57 Ry RKERERT] LT, X"=UAT
TR UEAABLIOA VA v HDNET 2= T T =0 LREE ABA OB ITE
TH D ERaml T T,

L L7eR D, T R Z WG EA Liz%a . FIC L > TR O & EfedERh Rix
EE) LT, 72 20X, 2015 FOBGHAMRBR CIL 7 = =17 7 = L{KRE ABA ZfH
UL L7 7 R IR E ABA ISH 5 7 = =07 T = OB ENHER S0,
2017 4E TIEOFHALER X &ARIREE ABA BAMULPRIX CIIAERZITRO bR oTe, 20
i AR VRS it D SR ST K 0 R D3 EAARERN RN U 5 AlREtE 2 R 32,
T VT TV ERMTT RUBNCHA LA, 72T T =k s T b T
=V EBIRENRITLZET T, ZTORRIZT RUBOERERER EOFETIT Ve
g2 Sl (Portuetal,,2017), 7 RUB~OREFRIEIITRLICERET L7 o T =0 &
KT HO0, BRAREFEEIIIRELDO 7 TR ) — LV EBERELEDL LV IREL D
% (Kelleretal., 1998; Delgado etal., 2004) , AAFFEIL LA O—@BEGTO, —mfE%
A L2 R CTH Y . BEFRE R LN R R 256 AL TR IV KA
WZRDT v Fo T = ERIREDRITER D b WIEE b E SN D, LR > T, Kbf
JECBIK LI KRB 27 RO ORE AT 280 L CEMMET 2720121%,
G DEREESRM R KOV EEE S & R O R ERENR L OMBEBREE=21 735
ETRIMEIT BRI 5 SR\ Ficit 7 KR D R FE P 36 K OV et 180T [E0 405 2 3T
WAL, ML RESICFIT T8N~ =2 T VAT 2 LER D 5,

Fo. AR TIIRARIBAIC L DU A VEESORBITHE L TWH2RW, AHFJE T
WL R 7 == T aX ) A RREEZIEE L, 70 b T = AlaRiET 2,
T2 T aR ) A FREIZT bV T = BRI O 7203 5 LISMT b BB ORIy
Iz9~% (Kobayashietal.,2011), Mz T, 7> b7 = AR EE D S D43IEIZ X Y quercetin,
(2,3-trans) catechin, (2,3-cis) epicatechin, myricetin 72 ENEPES D (14, 2004) , AHFFE
2L, R=VU ATk AN ABA OGRETEHRESEL Z2ICLY, FZT b
DT =R TIROBEFREAEE L L. REICT  h T =B A RT 2 &N
DNEIROTN, T b= U BN OIS 507 F B IO v F DA
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=V T b ACE D BEREIIRF L O RN TR UEB IO e T UEE BT,
U A D RRICEET 5728 (Kobayashietal.,2011), SA=U L7 & b BT A »DIEIC
WETDWEEET2EA6ND, T, A Yl rHonET7==1T7 7= 8K
IREE ABA OOFAIEIZHER 52 & ThHDH, LEER->T, IO RBMEHM LT N
VREZHANTUA VEEZITV, 2O RIMINY A i BE~ADREE KIEFS 202
EERBIZHALNCT HHERD D,

HIBRIRIELIC E D 7 R REOEFERAITASHBRI OITEAT 52 EnTHEIN, 7 RS
FITREOFOE BIFICHER T 5200 LWEEZ B2 TW5, A0 BEgix, KA
W7 ROCHAMT 52 LICh Y T RUDFECELEETX 20ERNTHZLThoT,
KW % 7 ROBHCHAT 27 Ko Rt - ZEBIROBFIZIB T, ARBFFEAHf
HBOMEL 72D 2 L 2] 5,

S

I}
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SUMMARY OF DISSERTATION

TITLE Impact of natural products on the accumulation of anthocyanin in berry skin and the

elucidation of their molecular mechanisms

Berry skin color is a crucial determinant of red/black grape berry and red wine qualities and
mainly determined by anthocyanin contents. However, recently, grape berry coloration is influenced
by global warming. Global warming is accelerating in major wine-producing countries. A simulation
model has predicted an average temperature increase of 2 °C in viticulture regions in the next 50
years. That prediction has suggested that future warming may give rise to the shift of wine-producing
areas worldwide. Similarly, a meteorological observatory in Japan has announced that the average
temperature in Yamanashi Prefecture, the major producer of white and red wines in Japan, has been
rising by 0.042 °C every year from 1961 to date.

A number of practical techniques have been developed to maintain and improve grape berry
skin color. To maintain or improve berry coloration, girdling, leaf removal, and cluster thinning have
been examined. However, these techniques will involve a labor, time and cost.

This study determined whether natural products can improve berry skin color. Natural products
are chemical compounds found in nature and produced by living organisms. Use of natural products
as one of viticultural practices will contribute to environmentally friendly agriculture. This study
investigated the effects of vanillylacetone, isoleucine and phenylalanine on the anthocyanin
accumulation in berry skin and also elucidated the molecular mechanisms related to upregulation of

anthocyanin accumulation by these natural products.

1. Impact of vanillylacetone on the accumulation of anthocyanin in berry skin
Vanillylacetone [4-(4-hydroxy-3-methoxyphenyl) butan-2-one, VA] is a pungent component in
ginger and is widely known as a nontoxic and inexpensive bioactive natural product. This study
investigated the effect of VA on anthocyanin accumulation with aim of improving grape berry
coloration. Spraying the berries of Muscat Bailey A (Vitis labrusca x V. linsecumii X V. vinifera) with

VA at veraison increased sugar/acid ratio, an indicator of maturation, and total anthocyanin
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accumulation. To elucidate the molecular mechanism underlying the effect of VA on anthocyanin
accumulation, in vitro VA treatment of a grapevine cell culture was carried out. Endogenous abscisic
acid (ABA) content was higher in the VA-treated cell cultures than in control. Consistent with this,
the relative expression levels of anthocyanin-synthesis-related genes, including DFR, LDOX, MybAl
and UFGT, in VA-treated cell cultures were much higher than those in control, and higher total
anthocyanin accumulation was noted in the VA-treated cell cultures as well. These results suggest
that VA up-regulates the expression of genes leading to anthocyanin accumulation by inducing
endogenous ABA. Thus, our findings point to the possibility of adopting VA treatment as a new,

simple, and inexpensive technique for grape berry coloration.

2. Impact of isoleucine and phenylalanine on the accumulation of anthocyanin in berry skin

Amino acids are organic compounds and constituent elements of all organisms. Amino acids
play important roles in plant growth and secondary metabolite production in plants. The application
of amino acids to grapevine is generally accomplished through the use of fertilizers to increase
nitrogen-containing substances in grape berry. Foliar treatment with phenylalanine affected phenolic
content and aroma composition in grapevine. Based on these scientific findings, amino acids have
been used in viticulture as biostimulants for physiological state or supplements for nitrogen source.

This study investigated the effects of combination treatment with amino acid and a low
concentration of ABA on anthocyanin accumulation in grapes. Among the amino acids tested,
isoleucine and phenylalanine induced anthocyanin biosynthesis in grape cell cultures. The
combination treatment with isoleucine or phenylalanine and a low concentration of ABA enhanced
anthocyanin accumulation in grape cell cultures and detached grape berries. The combination
treatment with isoleucine, but not phenylalanine, and a low concentration of ABA upregulated
MybAl expression. Field-grown grapevines received combination treatment with isoleucine or
phenylalanine, and a low concentration of ABA in two growing seasons. The combination treatment
with isoleucine or phenylalanine, and a low concentration of ABA accelerated anthocyanin
accumulation in grape berry skins of field-grown grapevines. The effects on anthocyanin
accumulation became negligible out at harvest period. ABA is a plant hormone and regulates the
synthesis of anthocyanin in plants. Exogenous ABA application to grapevine stimulates berry

ripening and anthocyanin accumulation in grape berry. However, ABA has not been widely applied
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in viticulture, because synthetic ABA is expensive. This study demonstrated that exogenous
isoleucine or phenylalanine interacted with ABA-mediated anthocyanin accumulation in grape berry
skins of field-grown grapevines when the activity of ABA used to treat grapevines is inadequate. The
combination treatment of isoleucine or phenylalanine, and a low concentration of ABA would be a

new viticultural practice for maintaining or improving anthocyanin accumulation in grape berry skins.

3. Conclusions

Because global warming has resulted in loss of anthocyanin content in grape berry skin,
viticulturists face the tough challenge of maintaining grape berry skin color. The goal of this study
was to examine whether the application of natural products to grapevines can maintain and improve
grape berry skin color. Practical techniques to maintain and improve grape berry skin color are
required by viticulturists. This study proposes that the foliar treatment of inexpensive natural
products would be a new tool for maintaining and improving anthocyanin accumulation in grape

berry skins.
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