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Study of Phenolic Compound in Domestic Red Wine Grape
—Diversity of Proanthocyanidin Compositions and Their Regulation
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National Research Institute of Brewing, Hiroshima, Japan

Black and red grapes produce highly diverse phenolic compounds in berries, which are important contributors to the
organoleptic qualities of wine. Proanthocyanidins, also called condensed tannins, contribute to the astringency and body
of wine. Because of the complexity of their polymeric structures, the compositional differences among varieties as well
as their regulation by environmental factors in the berries have not been fully investigated. In this study, first, the effect of
light condition around bunches of Vitis vinifera L. cv. Cabernet Sauvignon on proanthocyanidin synthesis was examined
and the positive influence of light exposure during early development on proanthocyanidin composition at harvest was
elucidated. Different light regulations of the biosynthesis of phenolic compounds in young berry skins were found: visible
light primarily induces the biosynthesis of proanthocyanidins and affects their composition, whereas UV light specifically
induces the biosynthesis of flavonols. In addition, comprehensive gene expression analysis (SuperSAGE) was performed
in berry samples cultured under different light conditions to screen for genes that are coordinately expressed with
proanthocyanidin accumulation. From this analysis, a new transcription factor, VVMYBPAR, which specifically regulates
proanthocyanidin biosynthesis, was found. Its transcript levels were relatively high in skins of young berries, whereas the
levels were higher in the seeds and at a maximum around veraison. Among the proanthocyanidin-specific branch genes,
the transcript profile of VvMYBPAR was not related to that of VvANR or VVLARI but closely related to that of VWLAR2,
suggesting different regulation of proanthocyanidin-specific branch genes from that of a known proanthocyanidin
regulator, VvMYBPA2. Multiple regulations by these regulators were considered to be related to the compositional
difference between skins and seeds. Furthermore, we examined the polyphenolic profiles of 16 domestic red wine grapes,
including V. vinifera, V. x labruscana, and wild grapes, such as V. coignetiae and V. ficifolia as well as their hybrids. Both
skin and seed proanthocyanidin concentrations in V. vinifera were higher than those in V. x labruscana as well as the wild
grapes and their hybrids. In addition, the percentage of epigallocatechin units was also significantly higher in V. vinifera

than the other varieties, suggesting the preferable characteristics of V. vinifera as wine grape. On the other hand, some
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of the hybrids domestically bred with wild grapes had markedly high concentrations of functional compounds, such as

resveratrol and myricetin, a trihydroxylated flavonol.
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Fig. 1 Analytical method to determine proanthocyanidin
composition (Phloroglucinolysis)

Jayy N T 2Yroe OB, oo
TN ) = VARTE N CEREA R L. SR = v
N (7R CTREELRLOL L CAMEGET S)
mERHETAHIELINHEETHI LDTE S (Fig.
L7aarZivy ) —VaRE) Y R EHETOT
07y b7 =Y E BRI GE W DSEERIYIC
HMHENTWAY, 7un s )V J — )Vofdcil
ESNAMBIITKRERE DS A SN, R 70
Ty N7 =T, L=y McnE s a g
TXURBEFEIIEATEY), FHEAEIENE
WO b o, ¥ O TR =y MIE
%%&&m%ﬁék%Lﬁ@%&%ibﬂ974

DB L O TIEOHED AL NS & DD
%é“

KifgE T, 7 Ny RFEHFOTO7 v b T =

Ty OEE R CHEANOREZER (RE RO

Be) OB OWTIHES T 5 & & b2, £ Dl
&%h WTHL2ETHLHMT, 7 P RFEIC
BULHIEIRETF 2 FE L. BRI 2 A7z S
Sl EERTA 7 Ky mfEoRFEFO 7a 7
YRYT U EREL T ) — LS O
WIZDWTHET R 4T - 720

FIALTRIRERDT /7 —IV{t&4HE
BRICKRIEFTREABDKIREDOIZE
BEBEFMY (XL — VHLED RO Xk
WA DO RE~NDOZHES I NV A =T 1 =T
VRBEICBITA T ) — VAW
BUZOWTHES L7zo REOFEMHITIELE
HimcE )y 7ar7 >y b7 =Y v oEEIEEnL
Joo TRT VN7V VEERRAMIIEA L
7203, FORWPEIFHEDNRERE~OZ =S
ol RBEICBWTCLVWHEETH 720 ZORKE
R BEOHOCEMININER O 77 >~ b



J. ASEV Jpn., Vol. 29, No. 1, 37-41 (2018)

DTV VIREICIIE R KT S ol —H.
BEOMOCEEME 707 b T2V 00
MO FE L2 Thbb, RE 70T v

N T2V OERBRIE S TH LT TS T
XU OEEOWMAEA SN, o T, EHFMM
DREBE~NOZHEIIEET, 707y V7=
Y OMBEANFER R IEOREEZ L 26T 2 LA%D
Moz,

W2, FLL, ARV AY =T 1 =3 e v
T, REXFOWOREDOZ BT LY (UV
Y. BHE) AN BRETIR AR (a7 s
STV, TIRI =) EEARITTREIC
DWTHRE 21T 5 720 BAEH 22 & IR £ T
BEAOEGUHIZ L 5T, BEoTa7 s M
T oY VBRI ER R LS, 7T R —
VBB XS IR &z, $72, a7
YU TV VRSO T T F D
RO EEEREOTOT VN T =Y U
Bk LBEE g A bz, LAL, UV Yy
MLELIZX ) 7a7 v b7 =D VRO
WIEESASNT, AL 2R8I KE N
ZENbrote =N T IR —IVIEFEIZUVE
o THRICHEEINTWDLZ EDbhorz, &
NHOFR LY. RERMONLCEIZNT 277K
J A FEOIREEDENE ARSI, 7=/ — )WL
B 2 AL &5 2 LT X B RENEDRIE
SNz,

7a7 > b T 2T AR O EEE QR
TN T2 R TN YT 2D
HEANERD T TR A NS 5 L 72fkE
BEDERT LI EPHAONTNE, 7 RYT
&, O AT TR EESHRT S
Leucoanthocyanin Reductase (LAR)1, LAR2 Ve
TEZVU TNIA =T e ENENIE ST
Fr, SO T X EAEH T 5 Anthocyanin
Reductase (ANR) ¥ %3 ) | #iME e Mp & 72 B & %

20174E 5 &5 CH

ZAHENTW5SH, L L, TNHDOREERIZE - TAE
URL=y b LEDEHIIZLTRY < —T
HHLTOAT Y N T =Y UL HDOh R LR
M 72 0 FHERE I C DO W TR 22 A% 0

INE TOMF CREREFTWORE MO H
BEMoRLIRETCE IO T 72V UM
DZEE) & & S ICBE O A AR n T DOSEHA
BB SNz, e T BIERHORFE,
7on B D NRBESMETCOERE L-REELHV
T MEFEN 72 BT 5 BUHENT (SuperSAGE) % 4T
W, TaT Y YT =Y OB L MG L 72388
T 7 7 ANERTERTDOAT ) —= 0 T %
1To7ze IS N/-BIZFHFOFRIZIETO 7 v b
DT Y EARE OBEDE  REE NGBS
THAEHETEIN TV, IHDhIZ, 7 a
Ty b T =Yy oRERATEEZ SN D HH S
MYB % 1 7 O#E R T (VWMYBPAR) 23& £ C
W7z,

COVWMYBPARZ 7O 7 v N 7= v
BHCHIBEI L TWB Z &R MERT A0, ETFL
KT b a4 XF X TVVMYBPAR % i il
BRI ZAH, 7uT7 Y N T TV VERK
REEFREPFERYIIHEESN, T b7 =
FELMETTTOT7 U T2V OEREEAS
N7ze 612, 7Ny oEEMEE L K-
& —7 vt A O, VWMYBPARIZ 707 » kv
T =T VSRR R L o#ER O T e E—
F—F AL A5 T by T = RO
BRI ER AL NN Db o572,
VVMYBPAR O 5 BLIZ S R Bz TS, flfC
FOVEWERLZRL, XL = Y HIffiE THK
RS ENDbholzN, ZO#EETEB T 0
7 7 ANV, #EEE T TH S WLAR2 LT
2o —H. 7TUT7 N T =TV ORIEIKAT &
LCHEY O 2 VwMYBPA2IZ B, FETI2BW
THR ORI R b ZEBAE . o EE R
F WANR, WLARI O3B E RIS L TW/zZ &b



J. ASEV Jpn., Vol. 29, No. 1, 37-41 (2018)

VVMYBPAR [ZEEHI OB HIK 1 & 1358725 7T
YAV TZU rOEERAEE T EHIEL T3
ARV E bz, TSRO ER
OHERTF2EGS LB, 7ar7r by 7=
YOEEBIZE BHEOENSE L TS I EAUR
X7z,

EEFRTATRIREDOT £/ -V LEY
HHR D4FE

wBIC, BERTA VI BITARY) 7 o
J = VAL O STER OENEIH S LT 5720
12 HARERBEAET Ry CTHDLH, T4 T4 AT A
YIAVT. TATAA AT =T 4 (Y TK
7). RN TS & BRI AR OSSR AR, RR
FandE K VT A1) A RIS O 16 i o) R 5K
HORY) 7z = VHBIZOWTHERITW, 7
077 A IVOIEEEIT> 720 BES L 72N R AR
OFEFRPRZIZBIT L2707 Mo T2V Vi
JEET A ) A RACHAE, B AAE N O AL andE & D)

1N
W

(O Wild grapes and their hybrids
V. vinifera
L1 V. x labruscana

Merlot

A

\]
1

T ;"Ebizuru
® |
_Ryukyuganebu

—

Cabernet Sauvignon

o
W

7 Yamasachi )

Shoukgmi

~
principal component 2 (21.3 %) >
A

&

0 1 Yama-Sauvignon
-0.5 A Hokujun O . .BlackQueen
uscat Bailey A
N, Kadainou-Rl -
-1 1 N Rpsaic
_Asahi-2{ @Gassiyi-1
—1 5 T ‘\\_l 7 T T
-2 -1 0 1 2

principal component 1 (33.2 %)

/LA

LEHE I E ol T2, 700V Y ) — )ik
Lo THEBNMETIE, ¥ asrFra
= v b OEEDRRMNEEIZ BV THEE (E W EI A
AbN, BEER7 Y LTFE LVWHETH A
CEDHEREI NI, —H T, BAET Y R OKE
mE CTIERE IS EPOEHR AT Y VT =0 %
EHELTWDHEIIMA, —HOmiE T, Helk
DENVLANRT PO— VHEICEET->TWD D
DOPFHEL CTWize T2, 79K — VDR TR
iRt B E wbhb I ) F v (75K
14 FBEROKBIEOEKAN3I D) OEEVEEIE
W EDFEVDA LI, INSDOWHEIZESBOF
HIZBWTHHHZEEEEZONZ, K 7 x
J = VIATS & B FRGT AT OAE R B AAE Je OY
RHCAnAE, R RARE K V7 A 1) 7 RS A 1
Aar77ay b EIZBWTHEIZGHEL 72 (Fg
2)o U—T4 77y hTiE, FE—FRTDIE
oOFEcTaT b T =Y VEERS. B2E
WA DIEDFINZNE T TR 7 — VEHHEET DA S

.

Flavonol (mg/g berry)
A

e Flavgnol (mg/g skin) skinProanthocyanidin
PO Qe e 126 (mg/g skin)
0 Cy-G-Co A 0 5
Dp(%) & 2 O Mv-G-Ac
L]
GG °
G-GGO O Myricetin(%) N Mv-G-Co
0.5 A PGGO, o 4 °
P o R o o
Dp-G-G o . . seedECG_EX
® G

<dECG ’
A seedProanthocyanidin
SKINEGC EX @ (1 )
o
o ° o % @seedProanthocyanidin
0 0 i Mv-G-G O ° (mg/berry)
B O O edEC T
o

Anthocyanin (mg/g bery) 0 O pp-G-G-Co &
Anthocyanin (mg/g skin)

e}
Acylated anthocyanin (%)

Anthocyanin diglucoside (%) .
05 o © Mv-G-G-Co

principal component 2 (21.3 %)

@) Anthocyanin

@ Proanthocyanidin My-gG-C Nv(6)
ﬁ Flavonol
1.0 Resveiratrol i i i i
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

principal component 1 (33.2%)

Fig. 2 Principal component analysis of polyphenolic constituents in berries of 15 grape accessions. (A) The first two
component scores for V. vinifera (filled triangles), V. X labruscana (filled squares), V. ficifolia (filled circles), V.
coignetiae (open circles) and hybrids with wild grape accessions (other circles) (B) Loading plot of the variables,
showing the positions of the components related to anthocyanin, proanthocyanidin, flavonol, and resveratrol as
open circles, filled circles, filled triangles, open triangles, respectively.
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