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B, BORJEH CNWI196™ Wty Mo W s T OREEERT s SR CNW196” 14 AL Bz LA
B 23 FPAR T, SRS OB T O L RO, b S R s R AR R - 3 - O - HIARET
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Analysis of Anthocyanin Composition and Genes Expression Patterns of
Vitis quinquangularis x V. vinifera ‘NW196’

CHENG Guo', ZHOU Sihong?, ZHANG Jin', ZHANG Ying', GUAN Jingxi', YANG Ying', XIE Linjun',
and WEN Rende'""

('Grape and Wine Reaserch Institute, Guangxi Academy of Agricultural Sciences, Nanning 530007, China; *Guangxi Crop
Genetic Improvement and Biotechnology Laboratory, Nanning 530007, China)

Abstract: The composition and content of anthocyanins were surveyed by HPLC - MS in berry skin
of ‘NW196° (Vitis quinquangularis x V. vinifera), transcript levels of both structural and regulatory genes
involved in anthocyanin synthesis confirmed by Real-time PCR, which were compared with V. vinifera L.

‘Cabernet Sauvignon’ . The results indicated that the ‘NW196’ berry skin had significantly higher total
anthocyanin content than ‘Cabernet Sauvignon’ berry skin during late-ripening. At harvest, 23
anthocyanins were detected in “NW196’ berry skins, and the berry skins of ‘NW196” contained higher
proportions of monoglucoside anthocyanins than diglucoside anthocyanins during late-ripening. Delphinidin-
3-O-diglucoside was the most abundant anthocyanins in berry skin of ‘NW196’, and 3°5’-substituted

showed higher proportion than 3’-substituted anthocyanins. When compared with ‘Cabernet Sauvignon’ ,
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lower proportions of acylated and methylated anthocyanins detected in ‘NW 196’ berry skins. These results
suggested that the composition and content of anthocyanins in berry skins of ‘NW196’ and ‘Cabernet
Sauvignon’ showed great differences, which related to the variety’s own characteristics and regulated by
genes in flavonoid metabolic pathways. In addition, diglucoside anthocyanins were synthesized at the
beginning of veraison.

Keywords: grape; berry skins; anthocyanin; gene expression; HPLC - MS

A 00 2 W T 203 26 AN ZL A A I 0 1) E M R o, AT 28 e R WA B A2 B 1, 5 I
TR L - 3 - B — AR %42 (Ribéreau-Gayon & Glories, 1986; %, 2010). FZi{L
T A UG T RS NG B (TE)5 8 ~ 10 JHD, Bl Ja &g n, R & Eik 25 = (Boss
etal.,, 1996; BB 45, 20100 A7 ERIPG A4 b Aofe (00 20 BN 35 B — B BRI o BT A 5 4 ) 4
M inetal., 2009; BRL 55, 2010; 7 55, 2015).

FE O & AL R AR B AR e QAL OB O BE R S S 2B 1, TRl IC R R S A F
AR FIA R HAGAFEM T (Mazza, 1995). fEARmkLEH, WEERG, HA M
1) C6 - C3 - C6 KIa Ml He. R—RACCTH P B LLGIRI & S THE D Y, IF 2 PR Ak s 4 1
M5 Al K, T G AP R B SR T 2 A A T 0 R BRI AR e M. T R R O
(Malvidin-3-O-monoglucoside) &RV A4 45 o dp = £ —RAL 1T (Mattivi et al., 2006), FI
T 2 R A -2 ) PR o A2 B DX O AE T ToAE (AU T (Janvary et al., 2009). JLSEMHEFIR
P ATRE IR A CE AR (0 ZR AR SRR RSB 1 (Zhu et al., 2012).

‘NW196” Fi%j (Vitis quinquangularis x V. vinifera) X% ‘W, RUIEAEBREE NBEA, B
WANEZ LB AR AT R (% 45, 20100, HORRFPERAERE R U0 T 5 AR B
A, MRFE, PURtER, W A ERIRCT RS EORAE AR G TR AT T A
L, REEEYR, BT, )TV R ) IR A (B AR, 2007 B 4E,
2014), HuiAAK ‘NWI196™ Rk F R P AE O s> & 82 DL SGHE DR T8 I R B 9T
PR H e ABFTHEL ‘NW196™ Hi%5 K R A4, H HPLC - MS BRI E R A H LR R K
T S B4k, KA Real-time PCR RGMIAHOCHE R ZRIL, FHHMWAEZ IRERER HEHAT
XPLG, i — ISR (0 5 PR 4 ) 5 DR A I 2 L ) B Al

1R

1.1 RIS S

I HAT T PEALR F VA X AR R # BRI R L (2295059 N, 108°14'35" E) o {385 23 i
2005 AFER CNW196™ 1 2007 FFE I ARERER o PIAS M ETE T7 5000k Y FIE AR
TXETE, AR 2.5 m > 1.5 m, mAefrm, #7000, T 2015429 H 28 H, Rife)s
4 FIIFUG, B2 FIREE 1R (LA 9: 00—10: 00 ) SRR B 28 RS R . B A A=K
ARBUAHXS—ET) 9 BRAE A RAERR, B 3 MO — AN EY) 2 TS A SR 5 7 UK G DR A7 1 R S50 =5

12 RERE. AAEMERAMAEERS RNE
WA P F TSI 3 AR S A EAIBT T 100 KRR CREAS KR EIIRA AL 300 K. JL



ESZ % JEEL, sk Fh, Tk BL EECE, B &, WWE, ool
ZRBIAZ NW196™ fu a4 jli 5 AH G HE R 3k 434t
l_lizéﬂ?i, 2017, 44 (6): 1073 - 1084. 1075

o 150 b3 AR T 55t SR R AR 5t T [ T A R R R S IR R I E o AP PAL-1
RIFFPT T (Atago, Tokyo, Japan) e Ik [ FE M & R o TR A FH IR B s vl s« G
SR EGT - 80 CUKMRAL .

1.3 #HERKPLBERYEAEN

150 Frf R RACA T-AVRIRER, WO R 5 R R 8. R EGER, Bk Ka
16 - 40 CHAFAHTR. RIFC RS R R A TR, DR & Rg ik
6 HF AR BURTR I 2 AT 45 (20100 738 RFANRE L B AL HERE 3 1K,

A Y RS R G o 0 4R L K 27 3 2 PG A 5 v o A N PR < AT 2 5 T 2 T AR LT HPLC - UV -
MS 840 (MTEE%E, 2010) 58H. HSL5~500mg - L™ 28 9 ANKE 3 AEE K FfERE -
3-0 - WP (Malvidin-3-O-glucoside) ArifE ik, AHCREAE 0.999 P L, HAbAL A LAY
F Malvidin-3-O-glucoside ({5 it B H IO &R pg - berry” Fors

1.4 ERFRIESH

AR B RNA HEEGR £ (Sigma, db5T, ED HEEUR B2 RNA, FI ] PrimeScript' ' RT reagent
Kit with gDNA Eraser(RR047A, TaKaRa) 2 #3575 i ¢cDNA. %] SYBR® Premix Ex Tag ™ (RR420A,
TaKaRa) 7GR AL O G CEAAR DG 10 N RIS, Sl s PCR RV RH]
LightCycler” 480 S22t 5E £ PCR %#4¢ (Roche Diagnostics Ltd., Forrentrasse CH-6343 Rotkreuz,
Switzerland) . T 3K 5 H)7 512 AR (2015) F1 Hausmann 55 (2006) F3CHR (58 1), JFlid
S BB I HL VR AR i 28 20 ARG D 5 |0 Sk o BB Ubiquitind RN Actin AF 3 WS FER, R 229
A FRIA & (Bogs etal., 2005). BN E RN R FRRIE TN 3 AMEY) = H S 1 FIIME.

%1 MT RI-PCRHE|¥

Table 1 Primer used for quantification of transcripts by means of real time quantitative PCR

HE LR 44 ERGITE] (5'—3" KI5 (5'—3") 2230k
Gene name Forward primer Reverse sequence primer Reference
VF3'5'H AAACCGCTCAGACCAAAACC ACTAAGCCACAGGAAACTAA A, 2015
VWF3'H ACTCATGGTGCACCCACG CACAAAACTACTAAACTCGCTC M, 2015
VvDFR GAAACCTGTAGATGGCAAGA GGCCAAATCAAACTACCAGA B, 2015
VvLARI CTCCAACGGATTTCTTCC CGTCCACTGTTTTCATCGT A, 2015
VVLAR2 TAAACGAGCTGGCATCAC GCAGCGGCTAGTAGGTCA AR, 2015
VvANR CTTGATGGGACAGGTCTGGT TGTCTTGGAGGCAGGATAGC B, 2015
VwLDOX AGGGAAGGGAAAACAAGTAG ACTCTTTGGGGATTGACTGG A, 2015
WUFGT GGGATGGTAATGGCTGTGG ACATGGGTGGAGAGTGAGTT M, 2015
W5GT ATAGTCTTCACATCCCCTC CCAACTCCAATCGACTTAAAC Hausmann et al., 2006
VvUbiquitinl GTGGTATTATTGAGCCATCCTT AACCTCCAATCCAGTCATCTAC A, 2015
VvActin GCATCCCTCAGCACCTTCCAGCAG CCACCTCAACACATCTCCATGTCAA A, 2015

2 HiIR 5

21 FEAXEHARELREMAFEERY. AIBERS S

‘NWI196™ Fl “JREEER’ RS TAe)5 8 MEANFE I, WAL 4 FFFUE T i b SR B 5T &t bl
Rk B NER B, BAEEE 14 ) CREUGED I 225542 . PIAS SRS R bl & B 1%
BN, 2 CNWI196” R e LG 10 RS T RIHE IRERER, RN BT IREER .
‘NW196™ Fil FREEER” FsLml v P T RmT i e e & bl & B ARt h—8. )5 14 ) CR
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WD I, NW196” RSEFEVEMEY SRR E T REEER, HA SRR TR E R S R

BEER

22 FRIABEHRKIEBEHK

FERWH] (AeJa 14 J8D PIAS G IR R Bz rp SR N 21 29 AR IAE TR, IS d A AT 1Y
PO 1R, HAE NWI196™ HRR I BIRAT 12 B, e OREZR PRIl EIAT 6 (& 2),

R2 NW196’ 5§ ‘FEHK BEREPESHE HPLC-UV-MS WS FETEBRRABETRER

Table 2 Molecular and fragmentation ions of anthocyanins in grapes of ‘NW196’ and ‘Cabernet Sauvignon’

» VEL Peaknumber )y e g
oy AR Molecular ion  Fragment ion
Component NW196 Cabernet &

. M+ (m/z) M (m/z)
Sauvignon
e % - 3 - O - H %P 1T Delphinidin-3-O-monoglucoside 4 4 465 303
FILAERR K - 3 - O - HIHFET Petunidin-3-O-monoglucoside 8 8 479 317
FIREAE T 3% - 3 - O - Hi 4§ Bl 1T Peonidin-3-O-monoglucoside 10 10 463 301

CFAERR R - 3 - O - WA VE T Malvidin-3-O-monoglucoside 11 11 493 331
FIAEHEZ -3-0- (6-0- ZWitk) - HHpETT 17 17 521 317
Petunidin-3-O-(6-O-acetyl)-glucoside
WHRE-3-0- (RX-6-0-FUBM - WAL 20 20 611 303
Delphinidin-3-O-(trans-6-O-coumaroyl)-glucoside
ZHWRE -3-0- (6-0- LBk - R 21 21 535 331
Malvidin-3-O-(6-O-acetyl)-glucoside
WHE-3-0- (6-0-FGMA) - HAHF 24 24 595 287
Cyanidin-3-0-(6-O-coumaroyl)-glucoside
HIERE -3-0- (6-0- ZWkib) - HZENIT 25 25 625 317
Petunidin-3-O0-(6-O-coumaroyl)-glucoside
THRERFE -3-0- Nl 6-0- HEMML) - WAL 27 27 639 331
Malvidin-3-O-(cis-6-O-coumaroyl)-glucoside
CHAERE -3-0- KA 6-0- FUBM - AR 29 29 639 331

Malvidin-3-O-(trans-6-O-coumaroyl)-glucoside

163 2 - 3,5 - BRI AP Delphinidin-3,5-O-diglucoside 1 627 465, 303
175 % - 3,5 - WHIZBETE Cyanidin-3,5-O-diglucoside 2 611 449, 287
FILAERR 3 - 3,5 - AU A BT Petunidin-3,5-O-diglucoside 3 641 479, 317
FEEAET 2 - 3,5 - XA T Peonidin-3,5-O-diglucoside 5 625 463, 301
ZHERRER - 3,5 - A E L Malvidin-3,5-O-diglucoside 6 655 493, 331
FIAERFE -3-0- (6-0- LBtk -5 - RUHE BT 9 683 641, 479, 317
Petunidin-3-0-(6-0-acetyl)-glucoside-5-glucoside

WHRF-3-0- (6-0-FGMMN) -5 - AHEFEIT 14 773 611, 465, 303
Delphinidin-3-0-(6-O-coumaroyl)-glucoside-5-glucoside

FRAERFE -3-0- (6-0-FEBHL) -5 - XUHA R 15 787 625, 479, 317
Petunidin-3-O0-(6-O-coumaroyl)-glucoside-5-glucoside

WHRFE-3-0- U -6-0-FEMAL) - AR 18 611 303
Delphinidin-3-O-(cis-6-O-coumaroyl)-glucoside

THERE -3-0- AR -6-0- FEHA) -5 - XUHA B 19 801 639, 493, 331
Malvidin-3-O-(cis-6-O-coumaroyl)-glucoside-5-glucoside

FRAAEEH-3-0- (6-0-FEBHL) -5 - XUHH R 22 771 609, 463, 331
Peonidin-3-0-(-6-O-coumaroyl)-glucoside-5-glucoside

CHHRFE-3-0- (RA-6-0-FEHA) -5 - BAHARET 23 801 639, 493, 331
Malvidin-3-O-(trans-6-O-coumaroyl)-glucoside-5-glucoside

1675 % - 3 - O - HW%IFETF Cyanidin-3-O- glucoside 7 449 287
WHFE-3-0- (6-0- LB - %R 12 507 303
Delphinidin-3-O-(6-O-acetyl)-glucoside

FIAETHFE -3-0- (6-0- Bk - WizphEts 13 505 301
Peonidin-3-0-(6-0-acetyl)-glucoside

WHEH-3-0- (6-0- LBtfb) - Hi% Wi Cyanidin-3-0-(6-O-acetyl)-glucoside 16 491 287
FETERZE -3-0- UK -6-0- FEM) - wApEEr 26 609 301
Petunidin-3-O-(cis-6-O-coumaroyl)-glucoside

RIS E -3-0- (R 6-0-FIBHL) AT 28 609 301

Petunidin-3-0- (#rans-6-O-coumaroyl) glucoside
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23 ARI%XBH ‘NW196' HEBEESESLAHTK

AAAFRKEY NWI196™ L5 “JREEER" 45 R B R N 2L L 34T 182 70 Mt (Principal
component analysis, PCA), AJLAEH, FHr 1 (PCL) R T BTN 62.37%, EHsr2 (PC2)
fRE T R 24.61%. {6)5 8 M) ‘NW196™ H “JREER A&, MGl (fE)5 10 ~ 14
F) NW196” A, W JREER MR (B 1, a). 5 10~ 12 Al ‘NW196’
LT X e, BEIHAE T S B . BT (B 1, b)) AT B AR O Y R 1 (P
L, a) R AT E .
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b: AT (EHR P RECF AR 1A A Rl R B Fos I B R A E (e 5 )
Fig. 1 PCA of anthocyanin compounds in the berry skin of ‘NW196’ and ‘Cabernet Sauvignon’ grapes
during different developmental stages
a: Score plot[8, 10, 12 and 14 weeks (W) represent the berry development; A, B, C mean three biological repeats] ;
b: Loading plot (P + number correspond the anthocyanin peak detected in Table 1) .
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RUBEEE S B ATAEY) P1. P2, P3. P6. P9, P19 J& ‘NW196° %% 5 iz s iE sy i, HR
W NW196™ #i % 5 p e (O 1 M (ug - berry™) W TR AREER . ZEPASSRFIA I 11
FhiEa iy, ‘NWI196™ B ERRE -3 - 0 - B4k (P8). HHENHFR -3 -0 - W4
B (P10, HIEAERE -3-0- (6-0- LBtk - %P (P17, —HERFE -3-0- (6-
O - 2tk - HZtE (P21) MEHE-3-0- (6-0-FEML) - Wi (P24) SEET
OREER (K1, b,

15 NW196” FBz il 2] 23 Fiib a2 pitr. B 2 B RF et el s
H—AI g R WLAEH, 1635 -3 - O - AT (P4) 2 A 2 3 je vh & B d s e
UG & -3 - 0 - WAHE (P10) A HIERE -3-0- (6-0- LHitb) - HizHF
(P21). A 4b, FISEAE AR - 3,5 - XU AR (P3O FHIEAETT 2 - 3,5 - XU AR (PS)7E ‘NW196”
BT I SR B P A I B R, B E -3-0- (6-0- HEBL) -5 - XA (P14).
THRERE -3-0- Ul -6-0-FEEAL) -5 - XCHERET (P19) MIFRAEER-3-0- (6
-0 -FOWk) -5 - REARET (P22) KIS R R E WA T HARKT

TBER%E
Weeks after flowering

& Peak 8 10 12 14
P _—
P2 i | 0%~ 20%
P3 20% ~ 40%
g;‘ 40% ~ 60%
60% ~ 80%

P6
B 80%~100%

P8

PO

P10
P11
P14
P15
P17
P18
P19
P20
P21
P22
P23
P24
P25
P27
P29

2 FEAZEH NW196' BERETEXREHIEIN
B Bt I AR AT 1 — A AL L
Fig. 2 Analysis of concent of each anthocyanins in grape skins of ‘NW196’ during different developmental stages

Data homogenization processing before plotting.

gt (k5 8 ) HAERWAN (Bf5 14 D, ‘NW196™ Ml IREZER” % R b (1 R
B A B AAE T S R LU 3 Fros. B 7 AE)a 10 FLAE, ‘NW196™ R Rz ety
BTN CREER . REEERT AR BT AR I BRSO B, NW196”
B P XUORE L B R B S R, BB LM T . CNW1967 3757 - SR LA AL
LU A & M T, T RERER T HIELE ) 12 FANE BB OE, BEE XK. BRT
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KPYILLSE, NW196™ wf 3°5” - BREEUARAE G IF L 5K T REEER, AT 3 - BRI
AT s TR ORERER . 'NWI196" R LMk 7 S B AL (51T b il 7 01 T
s (RIS T R ORERT (e)a 12 BN Bl LBEAE G BRAN D . 38h, ‘NW196”
FIEARE O LU B2 T R “oRERER .

3 NWI96’ 5 ‘FEWR FAREKPTERBHEBEEHRALH (%) SHEHESEZE (ng-berry’) T
Table 3 Total anthocyanin concent (pg - berry”) and the proportion (%) of different modified anthocyanins in berry skins of

‘NW196’ and ‘Cabernet Sauvignon’ during different developmental stages

ERR SR, % PSR P -BAtY%  REE%

flowering Cultivar Diglucoside Monoglucoside 3°5’-substituent 3’-substituent ~ Non-acylated

8 NW196 5732+0.19a 42,68 £0.19b 2791+0.18b 72.09+0.18a 96.37+351a
RSBk Cabernet Sauvignon 0b 100.00 +0.00 a 45.11+0.83 a 54.89+0.83b 4511+0.83b

10 NW196 25.89 +0.68a 74.11£0.68b 73.67+0.82a 2633+0.82a 8634+091a
722k Cabernet Sauvignon  0b 100.00+0.00a  75.90+0.11a 24.10+0.11b  52.28+0.86b

12 NW196 2593+3.27a 74.07+3.27b 79.47+2.83b 20.53+283a 7781+285a
FREE Tk Cabernet Sauvignon  0b 100.00 £ 0.00 a 83.02+0.18a 16.94+0.18b 49.20+0.24b

14 NW196 24.08 +2.46a 75.92+246b 80.00+0.96 a 20.00+096a 7627+133a
JRESER Cabernet Sauvignon  0b 100.00 + 0.00 a 80.58 +0.47 a 1942+047a 48.17+0.20b

ERHE LBl mEEHLY% O RTIERY FIEL% R G bemyd

flowering Cultivar Acetylated Coumaroylated Non-methylated Methylated Total content

8 NW196 3.63+0.51b Oa 1423 £0.38a 85.77+0.38b 9.63+0.27 a
FREZ%K Cabernet Sauvignon  54.89+0.83 a Oa 0b 100.00 + 0.00 a 2.194+0.07b

10 NW196 444+£046b  9.22+045b 64.70+0.32 a 3530+0.32b  584.01+17.15b
FREZEE Cabernet Sauvignon 1533 +£0.36a 32.39+0.59a 43.78+091b 5622+091a 81147+43.22a

12 NW196 981+146a 1238+£1.43D 62.34+0.21 a 37.66 £0.21b 1644.30+86.29 a
FREZ%k Cabernet Sauvignon  9.61+0.15a 41.15+0.09a 40.59+0.20 b 59.41+0.20a 791.56+6.84b

14 NW196 10.71+£098b 13.02+0.48b 61.67+153a 38.33+1.53b 1761.25+40.68 a
JREZ%K Cabernet Sauvignon  12.54+0.20a  39.29+0.02a 42.35+£0.14b 57.65+0.14a 1124.71+29.97b

T ANFNG FREOR A WIPIAS bR (8] 22 570k 2 EKF (P<0.05)

Note: Different small letter between cultivars indicate significant differences at 5% level.

24 FRLZBEHERHARMAXERBAMNREEEN

Kl - 3> - F24LE¥ (Flavonoid 3’-hydroxylase, F3°H) FIZEwiHi - 3°5° - }24Ll§ (Flavonoid
3°5’-hydroxylase, F3°5'H) FRAGHlE 21 B FE M e WA W 4% 70 SO A, SBT3 - Ak
WA (EH RIS M 35 - AP EAT (AR EL) . L EE PCR 74 R (& 3)
EW, NWI196™ R i, f6)5 8 FIZ 14 A, WF3'S'H MREREEZT FEER s RTS8
JE4, WF3'H IR R B E m TR REE s WF3SH M VF3 H [FFRE KPR it F
ST S BRI S, fEqE S 10 JIA 25 R E « 5 i B8 B (Dihydroflavonol 4-reductase, DFR)
WAL S SRR A A N e fe 5. fe)a 8+ 10 A 12 F, PANGRIER 2 b wDFR Rk 8%
A& 2R, (ARG 14 B, ‘NW196™ WEIKT IJREER . TLEAOERR THKE ML G,
gl TC AL (0 ZIE B (Leucoanthocyanidinreductase, LAR) L& % (2R, 38) - el - ¥k
-3 -, BASH5EEORNES (Bogsetal., 2005). {6)5 12 JHK, ‘NW196" B¢ VwLARI
MU VVLAR2 ik W T ORERER, MHAR R &IPS A e 22 e A B2 Bt m AN
ENACEATEY), W] et Z LR M (Anthocyanidinreductase, ANR) 4L &% (2R,35) - &
A - Bhe -3 -0, ERAREILERNELNIT (Fujitaetal, 2005). {6578~ 14, ‘NW196’
FOIREEER B VWANR RIS LB EEE R
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Tt Z L h L O et ZAN%EE (Leucoanthocyanidindioxygenase, LDOX) LA lift i

Fo VWLDOX W335 5 bR B AR PIAN# 2 it M 52 50 T s J5 BRAIR R 34 fE)5 10 JEF 12 4,
‘NW196” R Ezr WLDOX Fis B EHm T AREEK .

A PR FE B (UDP glucose-flavonoid 3-O-glucosyl transferase, UFGT) , i {b4e (5 5 bk
HIEH: . BRIEFP ) UFGT WA fiFR A 3-O-glucosyltransferase (3-GT) . {65 8 Jil, ‘NW196”
et WUFGT RIE BB EILT REBR , MALE 10 FJE WA skl oG 22 2% 5.

16 2 H5 AR WO o A 25 5 AT B 28 A A b, BE R S R B C3 R G5 i (5-0-
glucosyltransferase, 5-GT) JESALEEXBE T . {Lf5 8 i,  ‘NW196™ J e misGT ik i #
mT ORERER , (AR E I A 2 MR B R, HI TR

WEFSNG AT AP H I S - ##BE¥ (Glutathione S-transferase, GST) #iz s 1)

(Alfenito etal., 1998) . f&fi7 10 AR 12 A, ‘NW196" R WGST Rz =B EmT IRE
B, Muife)s 8 A 14 FEPAN AL B E R

3 e
R[5 R SR 2 P48 L R AL R B i AR, e T k. AR (P 4 ) %
2 T oK S SIS ) R (R0 1% RI45 (Liang et al., 20085 BRL %%, 20105 ShMEHE 25, 2014; 7

& A, 2015). BOWAHIZN S AL R FBT (Garcia-Beneytez et al., 2003; Liang etal., 2008;
Ohetal., 2008), 3% P[5 - 387 2 A5 AT 5B 5 A7 XUHE# (Liang et al., 2008; Huang et
al., 2009). ‘NW196" & B A5 T 44 FH KK WV PR PG 1 28 W P 4030 e as et (%8 4%,
20100, DRIt 75 Bz BRI IN 21 1 A6 €0 3 (R OUORE R R o AT 45 SRR, S i “NW 196’
J Rz PR O O Ll de v, LA R & IR G X UEHT, & (30 2 DU i & i IR o B
K= 875 WSGT A K EWNRIEMEAAY & . ‘NWI196™ R h & i m e e
#-3-0- WA, HILEEMAFHEEIM. XMARERT NWI196™ HImFREE, XHTIAEY
PRR IR B A R X

K -3 - FAEE (F3'HD RIS - 3°5° - J84bl (F3°SH) AR NI KA L5
FRRAE SR Z A A A RS2 JeA I (Castellarin et al., 2007). 3°5° - BRI AL B
BRI R WA R, R RULEMITAEY: 3 - RENREA TR E R, P
WHZLLENIATAEY (Matsuyama et al., 2014), F% R P ER 2K (3°5 - BILHUL) 1&
S RN, BRI RA AR, MEHERER (3 - BERO (FmE 5K 2R 6
(He & Giusti, 2010; Matsuyama et al., 2014). A5, BEAME ‘NW196™ 5 JREEE Hi%
R 305 - FRIEHURAE AT BRI, I H A RO AN SRl i e (1 LU G 2 3 2 7 o
SRIM LR RIA 5 RN, ‘NW196” F % KL WF3'5 ' H Kk /K& T VWF3°H. F3’H #1 F3°5°H
AR 210 B FRE 1 S AR P 4 4 S B4R, ANGE [ A AN B Ui 7 R e (a1, it
FLS. LAR F1 ANS BfAL A s R 2R B () s W R AN s be - 3 - g PR, BRI RE e i S
VF3’5'H Ml VvF3°H SEPRIRIE I 45 A3, ZWIAEARE - 3 - O — HI%0E 11 2 WO i 45 2R b
B —RE 01 (Jinetal., 2009; Dimitrovska etal., 2011), 1fj ‘NW196’ %% 5 i b & & i
AR LT 3 - 3,5 - O - XM, HILE sk E AR #Em. 5ok, ‘NW196™ i
ER P 305 - RERAR AT ILEI K2R TR IREER . ‘NWI196™ MiZ R L VWF3' H Kik
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KT WF3'5°H, HAEBANRKEW WF3'H RIEKFEERT RER . XE5EHFER
(3 - BREERAR) ALK (305 - BRI TEEFE NWI196™ il 45 J 7 i r B SR AH X

IR L S b A R e ] Ry Ve S S YL R AN o L Y A L) L A PR AN E R 2L e = P P ) e
B AR R A P e S R IR E M (T EEZE, 20100, ‘NW196”™ SRz h Ak 48 (6 15 1 LL B T < o
BER . NWI196” HL Rz v fd i IR T P AT AR LT 380 D R B AE G (0 B, h AR 3% - 3 -
O - FIEPEFF M IEAL T R - 3 - O - AT . RIS 28 B & FIL U & PR
SEM AT, fEgii B ne e, WA TR E R PR EN R R
AR (Kimetal.,, 2006). fEREANEEM B, NWI196™ i 25 W Bz v H FLA AL (61 1 Lo g de =
KT OREZR . XU OB A B M A B R0, ‘NW196™ It Fe sy T Ok
FEER o R Y R SR S (R IR FEE 8 L A 2 L B T AL R TR A AR B P ) LAY (Tarara et
al., 2008; J&A, 2015), IXXFT4 o ez FEBR = 1) A BERE S T 52 7 “NW 1967 S B v ik
AT AR T L], dbimde malEEtee B A i 28 .

XLt A R, Je R S BOATE R PR R, A e SR LR A R S A R
(Burns etal., 2002). feB =& MAEFIRE ARG K, ZFESRAER DR, B
FESEAL S T o A28 S s My, PN 0 I sl i 2 A 5 B3 BT, 2 )5 s B 22 s
o 2 H (Chenetal., 2006). 7EAMIFH, ‘NWI196™ #iZjHSz AL )G 8 TG, br&HHE AR
BB, BRI NW196” R LT AR ER, (R RO S B W T 5% . WUFGT
M WSGT A ‘NW196” Hl “JREZER’ % R QL P A RIS, H W5GT {1 )a# h R IS YERF AR
AV fefE 10 R 12 J, ‘NWI196” Fi% B 7 o 'wLDOX Fl WGST MRk E B &t IREER,
KEBGAEI NW196” e iSam T SREE g R —3.

AW R HPLC - UV - MS R T AR I ‘NW196™ 4 R e ta ik, JF
HROEA SREEZR WATXEL, FENTEE AR S SRR B DL R L DR R A A AR T
AT TEE V. I NW196” A4 R h LA 2 23 Ry, BotJs s B by L
B TR0, Heh S AR ARG R - 3 - O - M AR, JERR e e Ll i AT 2.
WA REEER AHEL, NW196” SRRz B AL G (T LU RAIR . BRRFD NW196”
TEEATA R SRR AREER 2R, ORI B MU AR AT O R ) R 1 45 3L 1t
Ab, Tet ZZAUBE T AR W AT & e

MYB & HZ SHWE N2 AR B B 57 SAPURR SR (Allan etal., 2008).
Y K2 H MYB SR S5 DR 68 288 B8 T 40 JO 1) 5 SR DR P 48 ) 6 DR 31 L E VP A i SR s i i
O G 2 3 VwMYBAL R VoMYBA2 W15 (Jaakola, 2013). ANFEFFZEN MYB S5 I8 1
SEAEETE B AR S 1 ] 32 BPABE IR 2 52 (Azuma et al., 2012). AXCHFHTT ‘NWI196™ 1&
P s i, IR B T A OGS MR IR DG R, SR A 53 IR - ) &85 g 55 AT 1) i 42 1 e g 1 —
T o IR ST S FPAE LA P4 A AR 1 v el v v = DX RGO P VP A LA 2 S
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