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SUMMARY
(BEL%FE)

Brassica napus is one of main crops for oil sources, which is grown widely over the
world. Belong to flavonoids group in plant, flavonols are known as high antioxidants and
most important step of flavonols biosynthesis is catalvzed by FLAVONOL SYNTHASE
(FLS). Until now, there is no any research about this enzyme in Brassica nagpus. In
Arabidopsis thaliana, the flavonoids biosynthesis pathway was well characterized. From
phenylalanine, flavonoids are biosynthesized throughout some common key enzymes such as
AMMONIA-LYASE (PAL), CHALCONE SYNTHASE (CHS), CHALCONE ISOMERASE
(CHI), FLAVANONE 3-HYDROXYLASE (F3H), FLAVONOID 3’ -HYDROXYLASE
(F3 " H), FLAVONOL SYNTHASE (FLS), DIHYDROFLAVONOL REDUCTASE (DFR),
and LEUCOANTHOCYANIDIN DIOXYGENASE (LDOX). Flavonols, anthocyanin and
proanthocyanidin share a same pathway before separating at the point of dihydroflavonol.
From here, the dihydroflavonol is catalyzed by DFR or FLS to produce anthocyanin or
flavonols, respectively. In Arabidopsis, AtMYB11, AtMYBI12, and AtMYBI111 activate
expressions of CHS, CHI, F3H, and FLS! without having a bHLH partner. To obtain
transgenic Brassica napus with enhanced flavonoid contents, we identified several genes
including arabidopsis AfMybD, AtFLSI, AtDFR, and Brassica napus FLAVONOL
SYNTHASE (BnFLS). These genes were cloned and transformed into wild type Brassica
napus (Hanla cultivar) to generate overexpression transgenic plants. Among the transgenic
lines, here we describe the results of BrnFLSI-ox. In response to sucrose treatment, the
anthocyanin content of wild type were increased while the BnFLS-0OX in vitro shoots did
not show any difference between treatment and non-treatment samples. In addition, the
BnFLS-0X in vitro shoot extracts also reflected higher antioxidant activity than that of
non-transgenic shoots. The BnFLS amino acid sequence has high homology with
Arabidopsis thaliana FLS1 (AtFLS1) and this BnFLS can complement the lacking of
AtFLS1 in Arabidopsis thaliana flsI-3 mutant (afflsl-ko). Although the full-length genomic
DNA of BnFLS is still not be cloned as well as the bioactivity of BnFLS is unknown, our
results suggest a potential method to increase the flavonols content in this crop for further
applications.
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¢ fAe AFRZFAL A8 T ZF st ey 53 I FE ELLE EYHEE A A
ZZ%F 100 299 174574 mg RAEE Xd3xn g+ Aoz ¥udx Jr} (o} E3;
Batista et al,, 2011). ©] E2&8dAE FA= FuF 59 22 HAFAY AanRy I 343
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ol =/ YEhvte FoE BaFo gy, ol 7t &3 AFse 4949 AL H FAF
AA Fishgol F7ME FFo2 AFE BF €S 58 ARIMA HEL2E A
7hsetA 2 Aol fAfFhes-hel sl AFTEE 20 9d FEE AEf, EHEA, X
T BHrEel HE nu @ Sy, ARREA 71eH £EH FHAA dFHE S5
gASE AL AZ & A7 Tow Yo A, AEdF AFS CJ9 SYF&B

Ho

« AUt WA AT 0% SEH AA 199 s SEFon A AARez 7
selg 207 274 wE 2015974A A% 15008 B A4 Aol ol AL 7
F% 9 B 2/FH0] ohd AESS FF AF AAAANN FA Gl NEA I A2l
#AR7L 98 Ao marh 2 o NEEL SoivhrE FolN Fasol F
8 AZE AE4E ART A5 Ad Amahd UF Fa7 F39T Y A9 g
Aoz st &0 s 20 HE HAAAYE Fust A5 Aoz 44
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EdH o= g o #Hoste s DNAG7IAE & o}t 7] S
https://www.arabidopsis.org/e| 4] @7| A4 dfde A AHE ZASHTE Aoz FR
E ZAR st9 g4 FAAL s FHe Ao AFRES s primerE: Al FEE
primere] %% Tdo]E= o0 & cloningdl AFE3tZA &= vectord]l £ A E enzyme siteE
AH3Y, 29 E 7N EL HUMFgeEM digestion L ligationdl] £0]|3t=2 P 9]
o, FREHE enzyme site7t B FARE @714 E Wi &4 =R AR E so o
3t Ad 2o & HolA FHAT dEEHA FEE S oA IAH primers ©] &
8t PCR4AMA A 81351, o3 PCR AH=E agarose gel elutiondte] A# 9] entry vector
¢} ligationS F B8 4%, o/ne sIE T} ligation®] $EHH vectorE E-coli hitcelld] ¥+
hit shock transformation & A&t A AF F, A& T entry vectoro] EA3= &
AL £3E bacto agarH] Xl vector® spreadingdld] 37%, o/nd ot BAFEAANE EFHI
vectorE°] AAsle] colony’} BAEL, ZZ4 colonyd WEE Eo FAA LB WA A
Z3le 37 &, shakerd] €3I colonys FFA|ZHo/n). PCR FAFAA TAE F+ & 47
Agel E4ddol f/FE Hosty] 9l ‘mAEAD FAbd HYIAE ARAE 9 FH o
100% EHlE colony¥rs AW3le -80% Wazdd J7 HPo 753 ER 0% AEH
1:18] &2 4o cell stock® A3 £4.

o|8A #<9H entry vector colony$ destination vector§ z}7} &4 LBYA wiAe] 7]-&
F(37%, o/n), miniperb¥H-& o] &8 ZtZ}; celldl A vectorZ WVl o)A AT enzyme
site® A FAZE 47 HAAE T, geld loadingdla] electrophoresisE F 33t} digestion?
o &3 X EAs:= EAFAAS  vector® molecularporous membrane
tubing(SPECTAR/POR)o| &£ FAHEE& ©]-§3to geld A w3 WA

223l B4 F3AA9 destination vectorE T4-ligation(16%=,0/n) ¥t} ligation’d destination
vectorZ E-coli hitcelld] Eed 208 ice, 18 425, ThA] 208 icedl 832 AP A4
21 8- w&t}. destination vectore]l EAst= FAA| WA o) spreading ste] Aroldel A
colonyd]l Ztz #1355 Eola tha] A4 LB wjAd FEZAZtE o] &, ZZe] colonydl Al
vector® Aol PCR# digestionS £3] B4 871 AAZ vectord SuHlEA S 2y o]
HE=R FZ2How FHF} 39 destination vector cellS electroporation®3-& F&ld
agrobacterium tumefaciensW|= F&AAS 3t} o] agrod 500 ml LBH]A]d] 7|8 F- silwetS
o]-§3te] A Col-0¢] floral droppingS At GAgA 78 7| F 4 =AM F
AE BE g7 ZAZAZAY o)FA 3AAY FAE dod HEA Y3 homo BA #3A
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A7F EAsz FAE €& & AW o] 4 A3 selection@AE AAH AAE A FHAI
FAAE HAEA FAE

2. ¢ 4R 4& 494 dE AF

& 2dd FHR 3 A EE DNAYGZIAE ARE 97] 93te], ‘NCBI, TAIR'® DNA
o dlide] Mg FEF FARL oz dwlid FRe DNA G714 85 EWNE primers
A Zrgv}, primerdE 2ate] dow AP ARRIHEA e HE o] EA3E enzyme
sited] e FG7AMEE F7ET 9A4E primerE ©]83l9 PCRE AAStx, zhzhe] PCRAF
B vector® AFELE AGIr} o]Fd agarose gel elutiong F3le Y= {249}
vectorZ gel2RE EX & #Ach gA AEL T4 DNA ligaseZ ©] 83819 4%, o/ne AF
@t ligationttE® ¥ Y%E E-Coli hitcellol 637.4_%_1% 3 &, s HH Ao spreading 8}
AAE colonydl 47 W35S EQUth colonysS '6(}*32%] LBu| A ¢ 3F& A 718 FFHA1Z
F, PCRHAANA HAT 4 9le Edwe] 478 JF3] 7s7] Hﬁﬂ ‘FARZE Y AlH
AL o FH g}, 100%8 714 do] dX8tE colonyte Ad3le] vectorE miniperbdte] =3
T destination vectord] subcoloning3tth. €A ¥ vectorE agrobacterium tumefaciens 2 3
AHE v FFAAGA 7] T4 9T electroporation®}] S o] 8%t

3. 2dAE AAE PJ

AR E22YE 53 949D vector® TSl agrobacterium tumefaciensE 5ml 344 A
LBHlA o] HZFsle] 85 F¢F 30% shakerolA FEZA|7Ith L G 500ml LBW]X o] o] A
HZFs9d omle] HWiAE Ra, A FE e ZANA o 712t 500ml bottled] EF
<A w& 3, ‘HITACH CENTRIFUGE'E 5000rpm, 10%-¢]23}9 cell downAlZlth.
centrifuge’t €3 ¥ A5 9-S HaEH 2o celle] ¥ R RFH & AS ¢ &
Ak 970 silwete] EFE MSHIRE do} celld ZoFEd. gAY £9¢ 459 B4
1% 5¢ 9ot 488 ddd &% F¢t S w34 Eagd tdsd g Hexddd
A AEE 7Y FTAE 5L 53 TAE A 49 3AUAA] F8 selectiondAE A
Z homogl FA& HE o).

4. 73 =Hv]%F

FAE 42587 93] 70% EtOHl Y3 38 &9 EE¢] £ F 1 F9¢ sodium
hypochlorite -8 Wo] EEojEH. olgg &4E& AoJ7] I3 F/HFE YL 38 A6
W MojsEv), AE 20g/1., phytagel 4g/1., pHL.82] Murashige and Skoog(MS) s Z]o]| A wrol
E A, olu), AFZAL 23Teo|9 16h @ Z7 / 8h & A9 F7ldA Ao "
&2 459 AEqMRERE A detth oA AHA AEL A9 2%, 04%(w/v)
phytagel, pll5.8, BAP 4.0mg/L, NAA 0.05mg/L2] MS wnj=[e| =FugE sttt A=z ZeA
He AE25E 7-109 ¢l callus EA o] dojuhir 2-35 ¢toll £7]& & & 4o 4
¥ adventitous shootss= 304 Fo H2=2REH 2H2HA 2ei A" 0g/l, phytagel
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4g/1., pH5.8, 4.0mg/L, NAA 0.0omg/L.9] MS 82 &AM 7|8} agz A& Bylg o
7] §31A- NAA 0.1mg/L, sucrose 10g/L, pl5.82 33 MSH|A| | A J]& T}

5. it2€l 2EY H2E 9y
Basta strip testt W24 32 A3 2 E3} Basta AT FAHAAE g 5= &= ol
o8] green &S 712 Fd A A EG0mg)S AFAE e-tubed] ¥ HAE FoA Zo}

1. basta stripd]l F/F<9) 5-150 & B¢ A F Z2AE Y= JFHSA = 2 =7
Bl HFAAEAE 1 WE=rt Jelhdo

BnFLS-0X
WT #1 # #3 #4 #5 #6 #7 #8

1 2. Basta strip ¥4 23
6. RT-PCR &4 W4

HEAT BLOCKS 70%¢] %43 iced E£H ¥t RNA: 51, 10mM oligo dT:1nE DEPCA
3 BEHd Yt 70=9 4 108 %< heatingdt® RNAZ} denaturation® t}. 59) first strand
buffer: 4y, 1 0mM -$A|(RNA£): 21, Rnase inhibitor: 1n, Reverse transcriptase: 11, DW: 6
uE Mixture® THEo] 14uE HolFo}. o] 1 Housekeeping gene® & Actin®®] PCRE 4|
233}, 4259 A 1A 7S incubation$ o}, 200u8] DWE Y3 RT-PCRA] £&%F& "o A}
£38A "t RT-PCRA o+ SP-Buffer: 11, DW: 4.8u, ANTP: 1u, primer F: 1u, primer R: 1
1, SP tag: 0208 1, cDNA template: 1@t} 94%dlA 153, 57%9 A 30%, 72%¢ 4 30x
& 25cycledtE dbg At

7. qRT-PCR &4 uhy

oulz¥: 10n, DW: 3u, primer F: 1u, primer R 1n, ¢cDNA: 5u&‘BIO-RAD'?] qRTH# PCR
tubed] 2 &t} ©o] W Housekeeping gene® 2 Actin29] PCRE 37 &gt} ‘BIO-RAD ¢
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gRT71Alel  tubeZE T3 HFHAH =Zz2aPL AP Alzity, ‘QUIK PLATE-96
WELLS-SYBR ONLY PLTD'#U & A83t3 7145 ZAEA7lt). PCRe] ¢add A=3g
HolHE dAude o]f3te aFE3 AlzZich

8. Northern &4 44

P4 Agd AJEZHE AHHE RNAE &5 FE37] 9319 , 4 &S 50mg samplingst
o A Aid FF FZ AL F, FA9 HAAIEE o] g3l JIEHEE vidE
Trizol& 10001 3, Z3HA 102 &< voltexingAlZ1 F, AL&oA 208 F< BEso 944
222 st A5 99 60% e FE3Y gDNAY 9L FHAF 23 A9 5
g %9 isopropanolE F7Fste] RNAS] AAE AAetgdth. dojF 10ugé RNAE
denaturing formaldehyde gel AFellA] #e]8l i, nitrocellulose membrane 2.2 blottinge ¥
tt. UVE ZAM8Y] cross likingS AAI8tal, 2428 f-d o] Ho]#<Ql probeE A&8te] 65
T oA 16A17t &F9t hybridizationS $33t). 289 washing®AES AF F, membranes
X-ray°] x=23tt}. Blocking buffer& * 3t 3 alkaline phosphatase conjugated stretavidin
S membrane’2] probed] link¥¢] 91E biotind] AEA It} EoF CDP-Star Ready to
Use substrate®93 ¥tg Al7|2 38 Q1 v

9. HPLC 443

HiE S HPLCY A¥& A (AH8-sh= Coulomb : 46 x 150mm Ci 5Sum column)
Autochro Z2I19& AFPA|ZIcl Acetonitrile? water?] 64 & 3 o] TS
02mL/min¥ £8WA 1.8ml/mino 2 gHEe] Fo. o9 flow rateE ¥ ¥ ¢t
A3 He AE Felsd, 1.8mL/min A 0F AR o)F54E EHEY Fw] ¢td &
o3l I Sl E4E E bubbleg AAT}. E4stuA 3= A= (Benzene,
Toluene, p-Xylene)2] EEERL Holx 3717 o]A wrETHex. 200ppm, 400ppm,
600ppm). & A3t A} 3= sampled injectiondl”] Aol flow lined] Bubble2 Q1%
% injection$t}. (Dead time &% : Acetone® ©]%FAel 34dle A3 t}) DataZ 4
AHA 245 A=t} Flow rated AL 2 @A Z 74 ¥ o8 HPLCs
AFEY ALgE £

10. MS 449y

& 20mg2] arabidopsis thaliana wild type(col-0)¢} FLS1-OX #5 samplesE 22 FZto F
AE & 10ml H &2 g3l 30859 ultrasonic extractionS A3 Fu} F& Fo 1
AZ59 02 ume 39 membrane filterE2 A 3 =t AA B AZEL Acquity
ultra-performance liquid chromatography system (Waters, Millford, MA, USA) %
Micromass Q-Tof Micro mass spectrometer (Waters, Manchester, UK)E& Al83slo EA4 3%
t}. Acquity UPLC BEH C18 column (21 x 100 mm, 1.7 um)2 ZE=wEIdy 23& &
g AL&FT 3L £7A (01% formic acid in water) ¢ &vIB (0.1% formic acid in
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acetonitrile) 2 A H] vt €39 AFL 10%9 LvBE Ag Fv} &vf B H| &L 38
ot 02 H 13 %71A FAA o2 Z7A T 5, 128 T 13%2 fA5t5, 1287178 S o
A AXAAoR 100 %7HA F7HA 13, 198 302 B9 100%2 v &E FA ST b2 %7
H&(10 % B)E Eolrtal 28 50 5 FAAA ZHo] AWF L o|FRE .

FF £5T 03 m/min, AE FYL 2 u= v, FEH AF < 47 35°C and 15°CE
FAE. mass spectrometers £33 RrdA FAE Pz, HFe) MSERAL & #r).
A AY: 2800V, coneF ¢ 70V, source <Xx: 100 °C, €3] 2%: 300°C, cone 7]A &
£X: 20 V/h, &3 714 5F $X: 800 Vh. AEF AFSA A AAH S Q37| 98, w=:
500 pg/il, & £x: 3 n/ming FZE lock-massEHFE2 FA-AdAZFAL A8}
flavonol glycosides®] 21L& £& Atz AHF 449 22} JEE Besseau et al. (2007)22
o Az} Hlalste] A GEot flavonol glycosides®] ¥4 SA4HL2 F299 38E st £Y
33, 345 nmiA FFEE SATY. AHER A=ZHEPLE A7 kaempferol glycosides
quercetin glycosides?] ¥ EAZ A& Et},

11. ¢tEAbd & 2 F3 24

FA ZA 200 mgol 1 % 3 FH FFHFF 142 FM8 T AL (4T) G4 slolA 244
7t FE3Y FEEZ F59vh oy FEYYPLE FA #A FA 200 mgE 9A FAAE
H ZAA Esled HELDE F, (45 ml methanol/450 yM HCDS 300 ul Azt 4T g=A
o A overnightA]ZIt}. 2 & (200 pl water/ 500 pyl chloroform)& B3 YA E @5l Fx}2
LEAOLA S &8, FEEZFE UAEA oMY & d7] 98t 6cc C18 Sep Pak SPE
FIEB R (Waters Co. USA)E ALE3tt} Cl18 Sep-Pak SPE FIE® A 9] 30mie] FEE&9&
FHAANZ 3 ZFH55F 210 % MEE £ 2 10nE AF s, oA g 1I0ms & 23
to] fA F2 tEAold B2 43 Y H5dE dEAod RS #A¢ S5
ALZTH 3o -4Te] BAsn FHTE F43st9 RP-HPLC/DAD/MSE °| &5 £A43 A
2 &4 HAA ALEFt

AEXetd E A AEA St & #A%ir AAHPA HiE HAsA
RP-HPLC/DAD/MSE °| &%t LC/MS 7]7]+= Agilent 1200 HPLC % 6110 Quadrupole
LC/MS system (Agilent, Waldbronn, Germany)& AF&3%9, 31AA4L YMC -Pack pro C18
RS (150 x 2.0 mm LD., S-3 g, 8 nm, Japan), |52 1% formate-H20%} 1% formate-CAN
£ 80 : 20 (isocratic)®] H]| &= T Fsle ALt HE 5% 30T, 42 0.3 nl/min= ¢
AstA ZA ). DAD wavelengtht 530mE 3l AEdddoer ANgE =¢FLE 5w, o238
+ ESI positive-ion modeE A}4-3}32 mass ranges 50-1,000 m/z, gas temperature:= 3507,
Drying gast= &% 10 M2 %t}

12. 22249 ¥F 54 T
AE AEFZ 77 tubed] ¥ oHAHES 800 uE WuTh dACA o 24 ¢ EEEHA

_22_



L A% o)A &% E¢F Br#EFt} Spectrophotometer® 647 nm, 664 nmolA FHES
t}. www.csulb.edu/brussAle| Eo] E9]714 template® th# W} chlorophylld] &
t}. A#+= Chl/mg fresh weighteZ A4t H3, ZE gL 1 mE 7|F22 ¢HFo.

i
£ o
[on o

13. DPPH assay #4] %4

Test tube® 127 FH| ¥}, Test tubed] AES WEoh A4 10 1 HASL FFF
2 &2, 517 nmoll A &332 24T} Controle] F33x0 tisle A& &(%)L AAHg,
(A As&o] 60770 %7 HEF 34 e FFIA A SASL. IC504 dFdE AR
o] FEg A4rstt) §48HAIQl ascorbic acid ¥ BHTE ¢] 83t F23A &4 F ICK0
< v u g

* A& ALY

A& (%) =
[ {Abs(control) - Abs(sample)}/ Abs(control) ] x 100
( Abssample = Abstest - Abscolor )

14. GUS 94 14

01 M NaPO4 (pH7), 10 mM EDTA (pHS8), 0.5 mM K Ferricyanide (pH7), 05 mM K
Ferrocyanide (pH7), 1.0 mM X-Glucuronide, 0.1 % Triton X-1002 A% GUS Solutiong:
WED. GUS Solutiond]l G4 AEE @3 375A 30E™1IAAE BaAPo o 9 Yol
E7A A7 s S99 F @1} solutiondl A A E-E AWA 70% ethanold] ©7F 7259 1
A A X heatingdrth. o] o] 308wt FBE invertingd ot 4 &9 2FM0 wF WA Y
Zr W7}A] ethanolS &3] Fo}. GUS staining®] M7 W& 2 ES 2% afard]A]o] HA
Z F, 23 g2 GUS £92 -205¢ B@dss JA AFLT 5 .

15. ROS 94 ¥4y

SeedlingsS PBTeol & M=t} o] o plate®} rotary shakerE A3t} Seedlingsg 0.3mg
DAB/Iml PBTel 10#3%t incubation¥th color reaction® ZF HFEo| 144 ¥y <57
shaking@th. ¥+-3-& AXAA1717] 93] DAB7I €9 & PBTE §94& ZolEt}. PBTHA 5
E B¢ 2448 JUE-S washing¥ ol 100 % MeOHel 4EL o] ChlorophyllS wjA H3#3k
. 2 % Agar HIX]d AES F HA AL

16. Flavonol 995 w4

AFE- Aol 48A17F E<k & o] FHA FEn|dir}, 543} L9 seedlingdl] solution® A= 3
T AL A 58 F9 centrifuges A& E ). solutiond AAS I DWE do 28 < Er}.
3 HlE3le] &9 3] washingd £ FFdAvAF o= Hey Fd flavonold] 3 & #& &

t}. old, FITC Filter (excitation 4507490 nm, suppression LP 515 nm)& Al&39
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flourescent flavonoids, autofluorescent chlorophyll2 44 sinapate ester Igh-z 202
yelwtcl, DAPI Filter (excitation 3407380 nm, suppression LP 430 mm)& Al&39
flavonoid, sinapate ester autofluorescencex= I @ o2 #A3F ),
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A 23 EFixol= A £ A9 F4A9 2249 (cloning)d 24 2
=714 d) F4A8A 54 w4

1. 282 34 48 47 229

* 7AE dA A AAHeE FHAGA7 d FEER T e FAH fElE £
HAANA 715E 7HE GFE FHAE FA AEo] FFA@snA SA=d 2 ATES
FoiEstz] Aste ot 22 o MR FAA 4H HEE ALESIh ol vekd
HE ol pBlIZI HE §A AMEsSith pBlI21e] A5 hvvieldl A AP
< 712 HMHE fFAdA ALEsdE 4 FEAEA B L 2 AlRke] Ao wat
A, viEE AzA AJEE A= FHE ol &5t dAHAES AT 29 4 aeHe
E o]FoFAE @A HAU FF EE FAY FAAFAE utee AP JHE o &3ty
T¥stA HIA

CaMV 1358 pmanollm Reportes gena (s)

laczalphf et ts) / Hmlm Em’
Huliple Cloning Site A Y l /B8
B A P Nm poly-A
[ &

“'ft“_" - " "
CaMVISS promoter A" - THulayy

Plant s election Tl '
SRYIn e {Genera! structure of §VS1 sta

cavsspopid  PCANBIA vectors

T.Border (lefg)

Bacterial s election gene e oVS! rep

pBR3IZ2 oni |
pBR322 bom

a9 3. 27 §A 92348 AL AHe FH
o & FHAAI ALLE WEAHQA 249 §AAQYA KA Flavonol synthase (BnFLS1)2} o) 7)

A §AA Dihydroflavonol reductase (AtDFR)S] 249 WY Aot} X koA He]: Hf
¢ Zo| olE fAAe HAABAL v2EE o] &dd JFFoR HeFdh
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BnFLS-pFLAG and AtDFR-pHA construct for
Brassica trasformation

(A)

BnFLS-pFLAG for generation of BnFLS-0x transgenic plants

o HEH o H o i = HiiH =

(B)

AtDFR-pHA for generation of Brassica napus AtDFR-ox transgenic plants

o M o H = Hisa = i
: |

LB: left border; RB: right border sequences for Agrobacterium-mediated T-DNA transfer.

Bar: the Basta herbicide resistance gene for selection of transgenic plants.
358: the cauliflower mosaic virus 35S promoter.

HA; FLAG: sequence tags for target proteins.

attR1; attR2: gateway sites for LR reaction.

BoFLS: Brassica napus flavenol symthase cDNA sequence.

AtDFR: Arabidopsis thaliana dihydroflavonol reductase cDNA sequence.

OCS: the 3" sequences of the octopine synthase gene, inclhuding polyadenylation and presumptive transcription termination sequences.

a9 4. 44 4ZA%A AL FARe 22y WY Ax
.EERE A GAA A ZAA AtTTGI, AtPAPI 2 AtFLSI 713 d 324384

T4 AR #odste GFE 7

« 2 7oA E old(T™ D)ok 2L HEY ZTExoE
& 2933 2 7€ ARY du 7ACd FZAEE AR Y. wEA, ¢

Atss 2
Aoz a7 & AN A%e AAE FARS T WSS WA ol A&hd
ot
Phenylalanine
. D
' C4H
p-Coumarate
I ¢ 4CL
Dihydroflavonols s 4 {mm | p-Coumaroyl CoA I —) m— m—)
CHS HCT
l 1 CCR
|1
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29 5 489 Eguxos AHY 3=
(1) AtTTGE 47173 FAAJRAN 54 T3

« of I o] 7] Fd TTGL 2¥d2 WD =d¢E 71x= glam, 4% ¢ d
g £ Myb, bHLH 7 9943 39 complex® Y48 49 F4nke)= TG =3
e Aoz 44A ld +UE o complexd M TTGlolge F3dAd dRoez HEHo
4 HYd EFRdros FAME JE FHdatt 48 dEA IS $HLE gAY
E AE2F A58 2A HAUS (e} 7l@) f2s B A3 TTGIS J4HAd 3+ 4
Arvks @4 JE4E%E 9 24489 P Fig AAsA 4T

Developmental Developmental
Neaati control conirol
o bk (endathelium)
(stabilify?) l

Gene expressmn

’? |

Control of TTH
EXpression

29 6. 489 EGneols G4 48 3 AN YEA2 WY 2=

=4M TTG #AAE d47]Fdd A LA A Eelpwe|me] dalzde] a8 A& x4}
e o] d¥AN 871 5% AHUAE 10 A o] 4o= 2 FAM TTGL @3] #A
T W& 4, 5 ¥ S9& ddsie &% JEL JA9A9Y. o4 29 (A):= RT-ICR
(reverse transcription PCRY& ¢] 8518 TTG1S| trenscriptd-d 238 Aste)t ol 2§
(B} 100 TTG-0X (TTGL AAPA)AA FT(F4 ) dAzde] vissie g 2AY
Helrr. 9o T proanthocyanine] HBe] §AsE Aoz @483 gdeHd g =g
W E48 5 AY 94 &4 #80] A5 #A=E T8 Apg APt 2Int of
A 2F (B)IM e ve o] TTGL AddE FHe s ol & %9 nAA
g8 Fsigith ¥ olAtA, oWl Zeluro|ss] & R dF¢] dEAleld] g
2 £A87 A% dEAoPdE a8t B9 old %o T 5) M norflurazon
{chlorophyll inhibitor)& M8t Y84 4E& AP 43 BAdoz EHPHEE QEA
shds] QA& ¥Rt I Aa off (B)s} Fe] A=A ebdS] W 7 FAhsE
HAAY e
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coldl I (OAE tEACIYY F§FE AFFHozr ZAHAF Ax AA AMEG
TTGL-OX A Z0A ¢tEAolde Fgfo] 4" AL FAT 5 gUUTh o] AFPEL sl
Sz FA @o} T MS A A 4 L7t Ag o] HES ALLEAT. #el W RO
o AL #FF SHEA IS FASIE A2 Hol TTGL ¥4 shuet #9d ¥z 1o
A TT8, TT27! A4 doz AT Ao FEAIL FAdE oA FE5 2=
Aox AEAE & 9.
TTG1-0X
Col-0 #4 #5

(A)

FAN

TTGI-OX

ITG1-0X

©

T -

4.5 -

(A535— AG50)/ FW (g)

Anthocyanins

a

15 |
0 - =t ) ——

Col-0 trel TrTGI-0X TTGI-OX PAPI-D
w4 #35

329 7. AUTTGS) e A% duAoid 83 24

. THEoB $2%= TTGI-0X A€ JAtA Bd $A2ES Bddi= o| dsirl 3]
o FEAClAY FHol Foltk AE EAdLA AT o WL Fad $HE FA L

—_

o F MS WANA 7 Azt AP oA JEL AHEHAT o|F 9%l RT-PCRS F954
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I o ageAd RE ukel o] tEXeldY PP om AHHHE WY FHAES LEH
ZolE uy, EElREs 4 Beoa Jl= fHAY 2EE Frtele S BAEY 4 A%
o A, $EE ofg 2 (B)9F 22 A4S wEA Held. S, TTGlL TT2 TT8H &
% Fo2 EAY AF gdEAdY FAS FHAF F AT TIGIT €A4FT Fdl=
TTGIe] TT2, && TT83 @#ske] AA temary complexE JA4S e © EAE dod &
T 9L Aow YA,

A)
Col-0 TTIGI-ox
#HA #5
I 20 cyvcles
DFR
40 cwvcles
[ 20 crycles
FI.S7T
40 cxcles
[’TBczf 40 cyvcles

(B)

4-Coumarovl-CoA Malonvi-coA

xll x3
|

CHS
l CHI
.' F3H
l F3"H

Dihvdroflavonols

/__‘_“‘\ g
'r\}_?_lil,?) \‘ DFR <— /.ﬁl_r,c—'—ll
\ LDOX £« E\TI‘Z)E!E)

Y

Flavonols Arnthocyarnins

1

Anxin
response

a§ 8. TTGI +3A AGHA W& g & EFuxol= 4 FAZLES TS 24

FLS1

«fl9 7H8E AFI7] s = ojdd= dEAH i EFnEe] U4Fg
kaempferol® quercetin®] 42 FHFHEU AL ol &3ta ZABHZ|E B8t FHREES 43



= Aoz ¢392 DPBAE ¥ d&o] ¥BFAvF =2 kaempferol® querceting] 3 &<l
F& =Asgch old ¥l Rl ksl Feo| TTGI-0X JEL By =Hd 4338 F<
kaempferols} querceting A4 7/jA R o] FH3c 7oz AAFHZYY. ol fE9 HE
o] &t AMES dF e digtn 4 o] A8dMe EFHRXO =g el FAIE
Ao 2 4@ d PAPI-D 4 E& positive controlZ AlE-39 2 tigld 112 ¥ ol negative
control® AHEEIRTH Col-0 2 Lerd& WTelth

Col-0 ttgl ITGI-OX PAPI-D aba3 Ler 2

i

Control

B

= 2

Kaempferol

Quercetin

Bar: 100 pm

¥ 9. TTG1 LA P =449 EF0E 5 £4

» FEREL NEY BeEdi 9E4F AL 549 F4 4 (polar transport)e] WS
AANe Aog BuEel glo, mdgi, $E& TTGI-0X NEd ZdfHiEe] gol 3¢ 3
+ RUAEe g dgd JFS 7A o2 A Col-0% TTGI-0X A& B ¥
g #AsET. T2 FH2EH2C dig o)Eo g WEE HZ] $3d ABAY
mannitol (7HE 2E#2 28)& AstAr). of Z@AA BE wiel Zo] TTGI-0X 4E
g A4 FAR o)l ABA ¥ mannitol A AdE A4 AMEC ) o & g
95 e AL 2 ¢ U
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0O Cel-0
0B TITGI-OX #4
B TTGI-OX #5

40 -

30 -

20 -

10 -

Lateral root number

o —1 i I i L T |
Control ABA 1 pM ABA 10 pM  Mannitol 300 mM

2% 10. TTGL 3 @A 9 22 273dA9 e dd 24

« TTGI-0X H%9 B3 &9 F4o] FALEFHL Asddd] FHsts FHAS9 Hd
gl g RAJAE 2A37] At FFLEH: t ZAE 7A #24A4AU CORIBA %
KINI A& =288 & RT-PCRE %% 23 o 193} 4L AH(E Y. F,
CORI5A R KINI #AAx TTGI-0X AEAAE 79 TEHA 4= A= & ¥
TTGI-OX X &9 3¢ €€ 4L FF2EH2 Msdgde FaFL THdFE 242
R},

g &e R $EE TTGI-0X 459 By @48 T4 4902 A¥nrs] 989 &4 A%
@ ulA FA8A9 JAAT 2 JAAI7 §AAE Z2HE 3o RT-PCRE 33 A3} o1
U3 22 AAE A JAAZ B JAAI7 FAAS @/ TTGI-0X JEAAN F4aF A
Z uFo] E o o] gAY FHuE AFFHoE Q5 A 55 EA7 A7A H
I A3 &3 NF A #AoJs FHAe] @HE ol 4L ¥ ste] Bz dwde] F4H A
Z Belrh

o koo &

TTGI-0X

Col-0 #4 #5
B 30 cycles

14A43
= 40 cycles
[ 30 cycles
IAA17

- 40 cycles
UBC21 S e e | 40 cycles




IrGl-0x

Col-0 Hy He

| 30 eveles
CORISA

|| — a— a— 0 cveles

Ir 30 eveles
KINT

|| ——— | 10 cycles
UBC21 A — a— 40 cveles

29 11, TTG1 23 Ae] 832242 534 7 4 SA 943 4314 48 24

» TTG1-OXE |83 24¥L Tt ot ST xo=9 T FAAse AAEEAY
2HAG dd =22E& Bt AEY oANALE FHFBEE A st AS THERA
ot T Eo, A Eo] dol7tHA FA He dYF FALEG 2 O e ddo] & dojit
= AR Hot o T FAAEY AEIHAE 4= 12}ﬂ1’~}4§ FAd ZHRET oy} 4
29 FH2EA2 ARY FEAE A5 719 & Y& BoAF= AT HA0

. A $YE oldF T AHE HFoS VA TTGL FAAE #40 FAABIA) =
ARAGT, 9 HAAY A5e =olE AAee BRHN,

(2) EgtRxolE 1 FH HAA PAP1Y 2E#2 Y4 &9 AF

* PAPI fAAE EFRxoE FAd T q&E = ArzdRlnh o FARE
BHAZ] PAPlox ©eldl f#222E AAHTE A qEA o] §ako] of 8 vf o] F7t
e ZAFAE otefet o] AYTh o] BRE FAE2H o3 FHRRo| = FFo] 43I
®ol F71E & AS& vEhH, E£3 PAPL o]9dx b QIAE] o] W&o #ofd A
=2 Hfﬂ#t} o] EftR-olre] g Ry} FaRid i FHrjgez FY 4
&g RAFE dAFAdeld B AA7A LA A A= PAPL AR AR Tk
@ 5 o AIE}EWE}E FAZ 20 g% F7} F77 Jed vERst7]l PAP1e] £ 9] fA AL
olg]d A #HE Aoz wumy B A AAE olF QA9 dFo] teE FoR
AerF o)
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cal-0 P ARy o

Meck j¥W 8% 1Z% 1% an 1%

e A

) ' 3
— ' _‘IJ' ‘-J" -.ﬁ"r ! '

3% 12. PAPIox AMANAY Fazs AFYA] EEA o #F W8 84

« EBuwo|td d@ Y9 2Edx AFAe) FANE A PR A% FeAx
PAPIox 291¢ 1 ®ix|olx wish £ A3t o] Felo] ciAs mPWMANE ko]
=& el FYAMATE AL ofdst 2ol HAsA. R B9 g MANAY Az

&2 A A3 A AAd Hleted 2 Wiy Folkske A& TS HAUT o2 Ad=
EdHxolme] HEG TS FHE 3&"}3}—H TN A AF 2EdHE dF WA= F
N & 55 Uede T2 238 E 7 ok
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The PAPI-OX plants are tolerant to
salt stress

(A) B)
1000
1.6

= | —— col-0  —m— pap?-D ;,,E
A {91 = 801
=l >
w a—
E E 60 .

i 5
i 0.8 a
(=] at
2 PR =
S 04t 3 401
= —
<L @
2 / o
= P y | I =
= - control | Nacl NaCl NaCl 20 gy
E D 100 mM 150 mM 200 mM —m- papiD

Concentrations of NaCl 0 : :
in 4% Sucrose Media Control NaCl NaCl | Racd

100 mM 150 mi | 200 mM

Concentrations of NaCl
in 4% Sucrose Media

a9 13. PAPIox AAA] 19 W4d £4

3) EKE ¥ =3 +4A AtMybD 7130 F2AEA 54 1 H

+ S oldel Zo] EFHEoE FAd FAHRE AEE dq7FU H FAAE HIIA
Hadh o] FAAY] FHAHA AN ot#je} Fo] EFRwo|ES FAR HlF HA ¥ ol
T EE st} oldo] Reole AtMybD #3AE A4 B fdA d7H= d& § #
Axe} HEAE3E Fo® WA o fadA e YFE 2ASA F e o FHF
7t EgR o= §A 9 positive regulator$] S €A HUG E=F, o]E HEIAAE EFA
71 ALdx EA24 v 5 B2 ¢tEAleldo] FARE {goE HAFFHH.

* AtMybD #AAE= Myb =Hlo] gtk EA8Y FAALxEHAY E2AFE A5 @A FAA
g-@ 2] negative regulator® £A 3l EAR motifF 7143 & A2 yehgd, ot %
9 A3 HAdE vEltRo] AtMybD7l EFelRxols FAd oA Fad &L = A
o7 =#Eytth off 2d BAE AtMybDE| AX W &4 7|#-& ZAFSL7] #35o o] /A
Ao BZH FARQ GFPE §¥3ty TE construct® FAATH A& Ry AEE
RS gith A4 2549 FFo| o EA 5= ALz vFo AtMybDE= #o EA4
st @ Aoln FAI=ARE ZF37|d FEITE 282 AA HUT.
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(B)
2x 355
= O e B 77
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=
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L]
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S
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o

¥ 14. AtMybD §AdA ¢ 2293 2 dAad e ] =4 949

« ol Z@L AtMybD FAAe] FAHL xHoz FHAF Aojr}t. 1¥ld} 49 geldq 2
dHe] A3 TS o] F g o] &3td fEE 0YE AL AR
AtMybD HE@AAA = AYH S deol7t ozt A4S AFE



Col-0 MYBD-OX

Col-0 MYBD-OX
#1 =2 Hi L

wome [l

i

4‘3’9

4.5
4
5
3

B § fad
= A ki LA

Hypocotyl length (mm)

o
-
(=T

o
-..x“ﬁ'

¢ 15. MybD F 23 A ¢ dural 24

* AtMybD FEHAE AZ WAdA 7] 3 FHE selxREY FFFAAA o 29
oA HiE Hiek f@o] GEAolHEY FEHo] 2 AL ISR wd o] FHAV dod
atmybd @XM tEAolAS FHHe] LAY, o ARE IR I =
AtMybD7} 7| Z oA Hee] FHRX0|E FAd FAF Ao)de ololriols A HS
i #d Ve Ax A FHEA HA ofF 2¥2 AtMybD FHEEAQ] 193 49
AollA AL GEAoHL FHA o] Frleltfl=AE AAE At 2 d3 §d= 144
49 2Zlo] ZA AA e Hlste] tEACIAS 2 ¥ o] FAHTE FstHH.
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#1
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29 16. AtMybD U A R atmybd £l SolXaddA g AEA o} F3

* o] HE FEJdA 71& A+ A EAE dorlAE & A =AY 23 Ao
ol %zt Ad AE A&stns d e A7t fas FA5RT. 2 AEAc Y &



Ho g 4 A ¥ 5o AtMybD HZHEAT REEE 47 g AoE FAHFG

MYBD-0X#1 MYBD-0X #4

29 17. MybD g d A 9] StEAobd §F7 MG 4

* L2 $g= MybD H2EA FAEAN EE=0lE FA FARE] L= o
¥ W37 e AF AR FEE AL 488 s CHS, DFR, LDOXE &
HRxO|E FAd o] W43 FHR s $AHRALE AR FHAER 059 99
Z7le BT BfHkolE A4 F7IE <AATs Ao T Ea=oe] i, of I¢e &
dolA -8l CHSAA9 @@ Wa:e #udAst DFR, LDOX$ #& {f3HxAE4 3L
dAF Aol de AR et ol MybD f4A7F o|E4 ¥€¥H F7le] positive
regulator= 7|58t AL e

" MYBD
35.00 27 SO020
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Relative expression

5.00

| COL‘DC 0.28393
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Wl Mybl2E EelEleels
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Relative expression

Col-0 'HIBD ox HIB.D o0xX mybd-ke
GABT
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O _l_
Faar et — e ]
FPAFPT (MYB) | T | DFR —
Dol g w e el LR s
B Lag DU 43
Flercae 3 e e =
— 4 roox
== s T T e

T

2% 18. AtMybD A LU M Y Fefdrol= {Y #AA A4 @d £4

c hgem SdE MybDZ 4ot FAAES o ¥ 89 EPuwos FHaA
o AA=AAZ Y53 PAPIS Mybl2el €2 o}ds o] FLE WAL $HL o g
#o ANYY. FWEA FABCA PAPL $3A49 SWAE AW QT Al HolH
& W, MytLe] Sade ARA0] i Fdst vkt 2, BEIAIAE MybL2el
gele] 4 ¢ TW, ko SAWINE Mybl2el Bde] 2oldE Ros offY Bo] et
49 negative regulator= o]v] BuHel = FAA=S
CHS, DFR, LDOX WH4& A8 7% 9k ofd 298] At $2E AmvybDA
MybL29] negative regulator? 7|5 @028 Eduwels

T8t AHde A2 FEuA S5l
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a9 19. AtMybD A QA QA8 EFR o= F4 Fd HAAUA Y £4

« 2oz 38 MybD7l A9=E Mybl2d ZEREHd ARsE AE FAE] § st
Chromatin immunoprecipitations JA8Ath oF# 2HolA Role npg o] Mybl2 #4
Ae] ZEXEH 2,3 W 499 A¥Ee ALE Yyt ol MybDrt EFHEx0lE FA L
negative regiulator] Mybl29] ZZREd AN Z§se AAH o R tEA|eld 4 F
3 534E 298 A= F T Uk

B MBs oyb bindingsites) 1 | MBs¢2 ~ Wmm——— s UIR
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575 476 .255 -151 4 +160 =770 930
S b S— >
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_41_



0.10

] HmAb ONo Ab
0.08 ®

0.06

0.04
0.00
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#3 #2 #1
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I9¥ 20. AtMybD B9 A9 Mybl2 promoter A 24 o Ae| (CHIP assay)

* o E $2e MybDZF Mybl2¢d] Z2zRndd AF3e AE & PPz ¥ ¥ =4
371 #13te] o|¥lel& transient gene expression assay® AA AT o] ¥H-E FHA £
E MybD7l €88 =o]l= §A 9 negative regiulatoryl Mybl29] ZEREd yh§ite o] 9
a2 ZAaAFE AL FAdg

AIY B Py

a— M
255
Effector MIED nos T

3
==
I
2
) I I
0..

Reporter -

Relative LUC activi
(MYBL2pro:fLUC /UBQ:rLUC )

FEffector = =

29 21. AtMybD 994 9] MybLZ promoter ¥4 A of M o] (protoplast assay)



 A71M A& AFAE AR OE SEE AtMybD FARAL 74 dgtd g&d e 2d
£ ZAAdsA dd. Edd o= AoE BMWERR AALAe] #F BEAs Had
WD protein, bHLH protein, Myb protein®] 2R o|th o] &9 4AFEAHL FF MybL2d o3
A== d, ol bHLH7} #4523 25X &2 oA MybL29t 2357 W&ol uf
A, 8= 589 MybD7t Mybl29] 28 & JAAIE 7|58 §o24 SR o= &
Ao = positive regulator® 7|53t EdE ot#g ol FEA IUT. AAAA
MybL28] &8 244 J|dste Aoz WEHA FAA7 fi7]d $-99 dAL 53571
7Hs et =3 &R 0| = 9] positive regulatorE A 20] WA CHE He £ 297t dga
ok

MYBD working model

Light | . Dark |
Gibberellins

R oo

TITGL

A7 S8
= I*H:
- i

Promoter ¢

Ed
-

a9 22. AtiMybD 99 A9 A& SR xo= A £3FE 7] 24

(4) E4RE 4 +4A 713 d AFLSI FAAGA (A7) 54 8

* 28 oA SR o= FA A #Hosts AAREAY @dEH I 7T deto
dolr gkt o|fdE $-Ev A5 FeHmolxgl ¢tEA UM EFRB FASE FolF
oz zAs}r] st 2 MY FAAE FRFV = sgt). b= Quercetin, kaempferol}
2L EdHEY XL =Ry 3e] o] Hk§d #AF = HAQ flavonol synthase
(FLS)# T2 3 StEAlold ] 48 ZZ3h+= Dihydroflavnol reductase (DFR)?]TE. ]
T fAAY 5984 FIdE B3ty e EHEE 52 AEANoidTE Zzt FAAE 4
FE Ad A 7§ 42 4¥S APsA)

o $-4 EFREY F3E& F7AT7] At 7]Fd 9] flavonol synthaseE F2@AIZ of
7144 BHAFAE A} o] FAAE T FREA dFd A7 AP YA &> A
He71d $-Ee vadez o FAHAT AoH fistko EAHolE 4 Frste A& #
F3Lgth 4 ALFLS] §3x7F S8 x|t YL A5 E Aoz ddAd i v A
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24 @A2Ed2d od $E8E N8 By 989 ol o] A AEA~A F=EY
ABAE AT Fo| =0 ENE HASsY 2242 oA $AK KINI, CORIGAZ A
dZ A5: AQA Holt ANY FLSLE ABA] & - ¥¥e] I8 A= w
Wit ol Baluwd ¥4 270 B FA2EA2 FAYoE F4PL HojE £Y
o] AstetE YAsE Aew RAT, oEe ohd tE Swunom %A FAAU CHS,
DFRE ABA T2g¢ Wg3e 302 eyt

ABA (uM)
0 01 05 1 10

CHS

rRNA

ABA (uM)

FILS1

DFR

KINT

CORISA

rRNA

a¥ 23 Ed8xol= §A A4, FLSI, DFR, CHSS ABA W84 15

« 9 FgAAIA ol® <lo] FLSLE T} WAEE AT ®Ala7] A5t $AE dA o
9 A9 FUe BuP UL 2 YU gRT PCRE $319) 2AlsiQd. ofd] Holx wls}
2ol 5 6 § #elo| FLSIE T Tdste o= 93 soz §450 25 o] FUF
& A9o) AHeaith o HASe] MY Arvp Be Euno FAHE A8 B 9
she) quercetin, kaempferol& FME A% F A Gy AARLG 7 e Huo
2H9E RS2 vehg
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a9 24 FLSI 314 d AA Jus Rejore Edns 53 #4

» FLSI AEEA A 4 dEA oY §3Fo] oFA RAfsts AE HASAY o o
ol M B vigl Zo], FEA oA YFa] FLSI FLPA M WA 3] 2d=s Aoz
Bt ol ST ErxolE §A HEdA B ulst o] FISIO| o3 EfEE &4 g
o= QY] Bo] Ho] VEASI] FIE ALE AZEART

o o] F9357] Hild, BelREe] FE AWHeZ UYoln7] sl HPLCE o) &3}
quercetin® kaempferol®] ¥H& St HPLCE |- §¢ Ado|A $9 oAdds dhdg
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2 FLSI 3@ A A E&tnEe] 87, £3] kaempferole] A3 W& Aoz velyr}. o
HPLCA A= EatREd €& B¢ AF B AAT &l quercetin® kaempferold) FF&
3% Aor,

300.00

| Col-0
OFLSI-OX #5

a
T
: l
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ER R
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Anthocyanin level (units per
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19 25. FLSI Svjed AMANAY X g3 Sens % 24

* 3 2= $E87F dSE vpet FAodlE Ul $E= oA Fol & ¥ AHdA F
TR ES AFE FFAVE SR o E #1319 UPLC-Q Tof MS 3 o834t of
2989 peake A4 col¥s} L& EFE uYeEdY. (1) Kaempfero 3-0-a
-L-rhamnopyranosyl-(1->2)-B-D-glucopyranoside-7-0O-a-L-rhamnopyranoside; (2)
Quercetin  3-O0-B-D-glucopyranosyl 7-0O-c-L-thamnopyranoside; (3) Kaempferol 3-0-B
-D-glucopyranoside 7-0-a-L-rhamnopyranoside; (4) Quercetin 3 7-di-0-a
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-L-thamnopyranoside; (5) Kaempferol 37-di-O-o-L-rhamnopyranoside; (6) Quercetin
7-0-o-L-rhamnopyranoside and Quercetin 3—O-o-L-rharmmopyranoside. 222w ol R34
Al Be btk ge] 2 JEL YUY ALE el &, FLS1Y AEHL <]7]|FHA A &
¥ kaempferol®] ¥4 & A= A o= velygtl

Wid-type

‘ 1

i 6 |
i . I i, . A

NS o

| nm a0 o e

FLSI-0X #5

o fa ney 120 1300 T T ol 10 fa

¥ 26. FLS1 3vidd AAY 38 #edn e @F ¥4 9=
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Wild-type FLSI-OX #5

=3
Average (%) SD RSD (%)  Average (%) SD RSD (%)
1 (K) 0.117 0.000 0.215 0.057 0.001 1.181
2(Q) 0.044 0.001 1.348 0.035 0.001 1.672
3K 0.156 0.002 1.425 0.093 0.001 1.419
4(Q) 0.020 0.000 0.707 0.017 0.000 1.049
5 (K) 0.204 0.001 0.527 0.085 0.001 1.600
6 (Q) 0.003 0.000 0.000 0.000 0.000 0.000

K = Kaempferol Q = Quercetin

ag 27. FLS1 A3 AAe] 33 E0s §F 848 ad=9 HF3

* FLSI @A A $2= & U TVNEL d7E FUstAT. F, ol THA Rol=
Hie} o] FLSI &g 23 FAe 93 o] FF AR vld s3x& ALz e
Wk ol SEAeld] o] FLS1 FAdAA A A3 Eoj=s ALE Yeirld 2
o 7HaE ZRAEANUTY FPE FolE Fer AAHE 5 3tk

* FLSI #J3AANAE S8R xo= $4 BAEY negative regulatord) Mybl29] @& o)
Z7td Ao E yelgrh ol FLSI F4dAA A ¢ ZErE9 FFe] SR g v
2 #AFPE 71E AEE F e ¢ MR 998 AFdd Hdn. F EqREs 99
ARG F4A v @] dEHE AE AAE7] #8 Flavonol synthaset 22 F3H =9
o] FI1E AS olE vy A FFERE AL odAEE JALE Mybl29 &g
S F7PA171E Aotk o9+ EAR FARENAU 7dS ol &3t 5 fHEAe] udd
BEIE YAlstE 7AE 7Hs® Aor AZdd, & HAAdeR F719 mRNAZE EAE
A5 ol9 EHAES o] 8319 RNAi-dependent translation inhibition®] 7}s3tAl & Ao°]
}.
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¥ 28. FLS1 A4 d AAE FTA 93 A7 A3 EetExolx= §4 dd /dA
43 34 2y

A3d FALH =8 FJus 54 54

« 27 BEFo= 3 Y H4EFY 24L& FA FAI d2bA, £ FAA THHE
EE o2 #FFE FA Fo|HLZ 247 f3t fEv A71ENY B FHAY =
EEEHE b dFSHET O 5 Myb7w3AAe ZERE = FAC SolHoez dHEE of
Zet Zol FlstATt. 4 Myb7 FHAY Z2EE B9 (ATGHA 1 kb upstream)E £
298t GUS B EE FAA A4AAA AL dA4E ofFfe =R HAFUG o] TR
BEEE 49 HolHaoz dde] Hed WolE A3 A&AZ A 24 A7 ojFdE= 1
ddo]l AH Fol=x= & dFAT. 2 ol #HdeA EE nig Zo] ABAV ndE
A A FR TR 2 o] FAFFE ASH= A2E UEEY 84 o #dAd
71%& B4 39 sl +4 f2e o] ZERHE ALY AT FA9 TR BojFHe=
YHEHE EAY N2dE 72U F & A0E AlSsHo] A o] Z2EHY QAL
3 A3 Fol U



AtMyb7 pro::GUS

Hours after imbibition

29 29. 4 9@ AtMyb7 Z2¥H9 8

A44d G4 228 348 P 39

L 4 t8 FI4E 3y 94

« A HAAE Y HEE Gt AF: FAE 47 ANSG LR HARA AEZ @A%
A BE FHARAE] A EuFo fvh ES HA AAA AAEHZ e FFER
437t GMOS Ao Bu¥u gth T 459 dF4Y dAd TRIEE T3y
B} o Hgsta &3 44 dAA8HS g3

o 4 YARBAE DE7) A5 S o uso) $38 B Aow ek B
SIE Dr. Prem AL 4942 9597 448 s, kg 298 5564 $7} w9
& 7148d 9 2Ee nARY,

o f3 FAAFEL UE AEEAE 2 2 FIAAEHE TEAgY P, & 3L
AP 22 1A 945 gart gl od Hedg Ao 2 ERES olE g ele] Id
£ A|7]149 btE YAAF] o7 ¢ vk o] W ghoA FAE TolAlAH FHUY g F
e g o I B ofF 4% ofaE vt E]olE YA AAM co-cultivation mediad]
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A o] F NEE @k

Infection and co-cultivation

Agrobacterium
infection

a9 30. Jzzude % AFoH7] AT §4 oA 48 28 A
+ kot eolE BYAT F co-cultivation mediadl M o1& vIFE & the AL

0] e AR &AM X HEE FINAE B8 o 29H o] o1 Fo A=
7l 94dHe A& #EL 5 AU
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Callus induction

a9 31 la=vEE S JF F A4 FA "9 o ¥ 432 34 33

» of22ete|Eolrt Ad2 o] € FAfede AL =AM JFA 43 shoot?l S
At a#{A &3 FHdE YA R A 2 A5 A 8A F= AL 42
o Ut o] @A F shoot initiation R selection stepelzhal 39 <] # qHE9 Hale] Fo
179 ol dREA shoot?l &8eA Eoh FAAEM FE& Fldrield] B o] nEs}
ol & o} AMg3te] BEgtou JAFAFEA HA¥e] 4A @&S ¢A HAD I vtAEE 9
23 FAAEA AEL 2 A7} ofF WEI{R ZHIE ¥ RE KHA] /5 WJA
2 Hl2ELE o] &3t FAYHYUL
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Shoot initiation and selection

a4 32. 54 7#3dA oA 4248449 A7d 492 A

» Shoot7t F AARE AflE el 442 A9 A $AN o TUH Fol Rele
NPA ;23 F Folt HEoz $AN FAS 4% & Q= @A delndh f49
Aol 3sh Fuz bl $2E TUEH $24 F OB BHoE s Il @
% 9 9% EFH 39 westar EF0] FAARE A=A Ark

Rooting and glowmg in _greel_l,—ho'us_e

a9 33. 53 34 4 J248A9 24949 45 44

¢ 99 ZzEes Apse $UE 54802 44 YRR ANSAD A A9 HA
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A7 2UE 4AFAABASE FusPch PAM AT nks} Bo] SEE FYLEH +2 4
08 240 g F3e 97 2 G4 F2H 2399 westar EF0] YAARE A £
o, AL # ExdA AL 9F FAARL ASS AL ddA o FAe ¥
B Auolth ofe] WS HARN HE v o] $uE FAAT] AR ot
A ke AS Ao H¥A T Jt FE AL FAE & A

39 34 53 #4A #A 24349 244 AFA &9 42 FY A

* FEE A FLAFAEL s AUE FEEY] Y3ty 2HedA Avisigch 2 A
H Z]zte] =F AAAE AT A2 T1 AdelA AAHA[S, €4 T8 7] A A4 T2
AAA = dA ol

4T
5

15:9-
u“. , ‘A 5

a9 35 A FAAFA ] LA AHA



A54d A FLd484 A3 € 54 14
LS5 4 F3F EF¥xo= 4 54 4

- 2EE #A BF 3 999 93 FAE TISY AE FA 200 mpl A Thest e
A3}g Atk BRI E FARxo| =7k AT 1 G okF wusd B ATN T
W)= Jo YYHE 4AE BLE A FANAE 7 o] Hr|Hom FAE Ao
#edrt @4 FRF FASS WYL FUReE FANAY FPFrxwo=e FF FA
2 9% 477 594 Aotk

0.0025
W Hanla O Yongsan

0.002

0.0015 +

0.001

| IH |
0

Dried SUC 0% SUC 2% SUC4% SUC 8%

Anthocyanins (Asys — Aggg) mg

900

798.1381831 Hanla
800 - |

700 -
600 -
500 -
400 -
300 4 281.1342106

Fold changes of AC in S day-old
tissues and dried seeds

22.17534344
_

5 day-old Root/ Dried S day-old Hypocotyl/ S day-old Cotyledons/
seeds Dried seeds Dried seeds

a9 36. 4 FF (3, 99 ABAod §F =4 (o]A 4E 2 FTA)

0 -
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« $olE £ {4 FF5 2 @5 AN 222 pEF @ ATy Efixe=
2 wE AHE 2l 55 T8 2 Aol BelR g8t o) F TR EF T W
2 d4lelA HHEAR] M FUSA AYHHRAA = E 44404 @9 FFe= 44
APg AYSyct ol oA R gl Po] 4d Ad P BL FRx = B&
Heew, 2ada2y sds 713 wWo] YElett ol8d @42 ZEHEY 4734
AT FUHA dEgER ok q3Ey AFd TEHE 3= @ddd. o5 o A
7ol IR o= 7 FARNE olf-= 2Edsd @ AFD <8 449 @A 0y
o= o SRy =g dF 243 ez dAH Ut

= 045

E mS-day old ¢

— O6-daveld ¢ € &
g 0 7-day old

= 0.3

o

]

S b

= -

= 025 i

>

o5

o

é 0 (A =

Root Hypocotyl Cotyviedon

29 7. f 4 @F F5)8 AF M7 dENotd #§F =4
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o £ EF4A old JEAA AF A ctEAchd FFE EHFHAANA oz E
B =y e EAFEd, ol 2o B vl o] 7dN HEdM Zdrze 3
o] A =& Fe= YEgdd Y o At e 2 EduEe 3N 24 A
7] die] A HEAME FAolE BY F% fUrh o] AL AME7] fHay f== ol
A Grd FHAEAANA FREd PA"w 454 = HPLC #Y T2 AFH wEE 85
St Beel JiddA 2 Aol APHA] Hdm ANAL §& FFL o] d8a o Fo
A7 @28 T8 ETFeoE ¥ 2Fe BE B 4%le] A9Hgh o8 HHelABA,
GA3s} #F& ZEZE XL NaCl, mannitol 8]4EH AEH2AE AT F 5 A0 &2
BEa] o] o|HA W A FAEaA £4& g, saz2% §A A g
Aot 2 olfe FREAI 45 Fdldxel= {4 234 A B84 A% B F
9 Sjpjo]s] dEo|t) o AN A uist go] A=Y FF Aladd F EFRE)
433 @el F3FE BUT + g HeldsAx ABA: SHREE €A #
ZAANFAE & Az e ABAY #E A5 2EHY dEAAS g 535
T 22Eem HEFY 74 ] A= EFuEE Aoz fadr) o= AR EHR
o] 4B9 FEF ©§ 8 AEFGA ARAHdE Fad A= 4T & Y58 vedd
2% 5 A8 2 #FE AHE FE Lt 8 9= ohde] BEFH vl o= 25
"} &, Seny 58 A g4 A9d Ao A48 A gdEEs g &89
2E#A AW Az A= o§AAL

4-dav old 5S-dav old 6-dayv old T7-dav old

Control Quercetin Kaempferol
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Sucrose ABA GA; Mannitol NaCl
Control  (6%) (10 pM) (20 uM) (200 mM) (200mM)

Quercetin Kaempferol

Control

29 38 #A (3 FF)Y APAEH 2=d2 A F quercetin $ kaempferol $F
B4

= o]de]E ABA, GA3S Z& ZEE Z& NaCl, mamitold} ¥]|AEF AEHAE A
A Aol QEXelde ghio] ojgA Wsdl: AE AL AA BHE AA AT &
AZAE §4 AASHETH 2 olfe FIEL AEY EFRHXE, B3 AEA}A F
4 7 714 EH3FQ 43 B4 FY dtel|7] d&Eo|tt o] YA K nhe; ol
HE® 4F Add 98 gEA 4FE Bol £AHES HAF & AT Y &=
Higd A9-9E 28 o|dd e ABAY YA gAEA el #ife] S7151AR, ¥HH GA &
2R HNE L2 AE GAFAT ol QEANI F4F SR E FA MR
o2 32 2 34 7174 98t I §4o] 2EFH R e FAH AFAEH.

Relative anthocyanin level

Confrol Sucrose ABA GA3 NaCl Mannitol
(6%) A0pM) @QROpM) (200 mM) (200 mM)

9 39 A (B FF)2] AF N7 ERxol= W HAER 2EQA A

_58_



Exobd #F 24

Sucrose (2o0)

2

@ @ QO ©Q

Eggr .
-S0
-z

Q
-
-

[2A9] UIURAOYJUE JALRY

10
20

s
A (uVI)
10

=
GA3 (uM\ID)

1
A

=)

0.4
1.2
0.8

™
o

0.3
0.2

[49] MIMRAOIGUE QAR Y [2A9] UrueLd0tue ANLRY



=
2 0.6
Z- 0.4
S
S o=z
i
=
= 0.0

O 100 200 300
NaCl (MWL)

Relative anthocyanin level

0 100 250 400
Mannitol (mM)

a9 4. A (35 F5)9 AAEY 2EAL 54 A F AEANA FF &4

« o]He|= ABA, GA3%} & I EE F-2 Nall, mannitold H| Q&3 ZEdf2 ¥ 3=
28 AT B AAAH A AHo g HIs= AE FAMEUA EHE AAES
o oot RN Hi upe} Zeo] AE A4F Azdd A3 FAdA FAReE A=
=49 F3 o] Frtste Aoz R $AH AAdA AEAcd R &8t Ee 3 F4
I A7 TE LS BIed 53], 299 dF WselN #47 7P B2 @aks £
= F48te A2z HeEuT. ol ¢EAMY FAF EFtEE R R 98 TR
FAts 4o g sty FAAHAGS AART otmlE X Eo] A= A do4F 2
EdL 873 39 shirl 39 2Ed LY AoE A9H = #n



m Control O Sucrose OABA
GA3 NaCl Mannitol

40 o

20

T

a
2

Radical scavenging
activity (%)

I

N\

25 50 75

Concentration (mg sample equivalent ml 1)

IH 4. FA (8= FF)Y vAE4 2Ed2 § A F FAss 4

ol

* T34 oA AME 24L& 13t ol ¢ o] EHE =AMSIRTH2013 @ JEB, May 22
by Qu C et al,). AT 7180 22 HAZIAg HEo|F 1 <[AWAAF =T |7 Fd=
olF ALY ez B FHdLIddeS AZ ATAE st UdAd Fol §45H2 o
7194 ZRAEA oI Ho] FAEM EY kaemferolT e Fetrizo]l FAE &
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7O BEtE0|E BT Pitots

Organ DPPH inhibition Total flavonolds
ICso (mg/mL) pg/mg dry wt
Inflorescences 13.7+02 48709
Leaves 53+10 250115
Roots 30116 09+09
Stems 13905 64+02
Seeds 10204 119+05

offo Bale 0l HEEA

Peak Metabolites Stem Leaf Inflorescence
8 Quercetin trihexoside 0.11£001 075£013° 112:+041°
12 Isorhamnetin dihexoside . - 1554028
13 Kampferol hydroxyferuloyl dihexoside - 0.06 £0.00 -

17 Quercetin sinapoy| trihexoside ~ 1.24 £1.42° 0.27 +0.10°
20 Kaempferol sinapoyl dibexoside 0.05+001° 282+0.12° -

21 Kaempferol feruloyl dihexoside - 38027 -

22 Isorhamnetin 3,7-0-p-D-diglucoside 1.08 £0.16" 0.83+0.18° 88+170°
24 Kaempferol-3-0-sophoroside 0.10+£001° 731 £051" 1.03+£037°
26 Quercetin dihexoside 0.14 £002° 0.58 £0.10° 3.98+ 008"
29 Rutin - 5.37 £001° 5.00+0.29°
34 Isoquercetrin - - 057000
40 Isorhamnetin-3-0-f-0-glucoside 099£0.11* 113 £044° 2649+ 035
- indicates absence of flavonoid. Letters depict the significance (P < 0.05) of differences in mean values when analysed by one-way
analysis of variance (anova). In each row different letters mean significant differences (P < 0.05).

29 42 #49 E3R o= AA B4

2. 29 5i% §4 #4A4 #A BrFLS]I 4 2428 54 4

« FAeN EFEgs FILE ST e fde dAFdedA @33R Flavonol
synthose #FAAL] 97] AL ol &3 KAMelA Fis! £ #4488 F293st2 BnFLS!
o]} wedaldcl opul 4t AEE A4 B fA2 FLS1S A7) 4dde] FLSiH o)l
Hxshd oFY] Welrl sle ez fA59AG
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BnFLS
BrFLS1
AtFLS1

BnFLS
BrFLS1
AtFLS1

BnFLS
BrFLS1
AtFLS1

BnFL5
BrFLS1
AtFLS1

BnFLS
BrFL51
AtFLS1

BEnFLS
BrFLS1
AtFLS1

MEIERVQDISSS SLHTEVIPLEFIRSEREQFATITTFRGEVPAIFVVDL SDPDEE SVARRV
MEIERVQDISSS SLHTEAIPLEFIRSEREQFATTTFRGE TFAIFVVDLSDPDEE SVARAV
MEVERVQDISSS SLLTEATPLEFIRSERKEQFAT TTFRGF TPATFVVDL SDPDEE SVRRAV
hdahkk Ak kddddk Ak Ahkhd Ak h Ak Ak A dd Ak hd ok kA

VREASEEWGIFQVVNHGIPTEL IKRLOEVGRTFFELP SSEFESVAKPADAKD IEGYGTKLQ
VEASEEWGI PFQVVNHGIPTEL IKRLOQEVGRTFFELP SAEKESVARKPVD AKD IEGYGTKLQ

VEASEEWGLFQVVNHGIPTEL IRRLODVGRKFFELE SSERESVAKPED SKDIEGYGTKLQ
R o e e e e

KEVEGKKAWVDH LFHRIWFPS CVNY SFWEKNPPEYREVNEEYALHVKKLSETLLGILSEG
KEVEGKFAWVDH LFHRIWFES CVNY SFWEKNPPEYREVNEEYALHVKK LSETLLGILSEG

KDPEGKKAWVDH LFHRIWFES CVNYRFWEKNPFEYREVNEEY AVHVRK LSETLLGILSDG
R R T e e T e

LGLRREALREGLGGD LVEYMMKINYYPPCPRED LALGVEAHTDLSGIT LLVENEVEGLOV
LGLRREALREGLGGD LAEYMMEINYYPPCPRED LALGVEAHTDLS GIT LLVENEVEG LOV

LGLFRDALKEGLGGEMAE YMMRINYYPPCPRFD LALGVPAHTDLSGIT LLVENEVEG LOV
R R P e R e R e e iR

FFDDHWFDAEYT PSAVIVHIGDQI LRL SNGRYKNVLHRT TVDKDRTRMSWFVFLEFHREM
FFDDHWFDAEYT PSAVIVHIGDQI LRL SNGRYKNVLHRT TVDKDRTRM SWFVFLEPHREM

FFDDHWEDAEYIPSAVIVHIGDOI LRL SNGRYKNVLHRT TVDRKEKTRMSWEVFLEFPREK
R R P T R e e It

IVGPLPELISDGNEPPKYKPFAFKDYSYRKLNKLPLD 336
IVGPLPELISDDNEPPKYKPFAFKDYSYRKLNKLPLD 336
IVGPLPELTGDDNPPKFKPFAFKDYSYRKLNKLEPLD 336
I B ey

60
60
60

120
120
120

180
180
180

240
240
240

300
300
300

Name |Name |Score
BnFLS |AtFLS1 (91.07
BnFLS BrFLS1 |98.21

o SAA FEF BaFLSI §AAE o7 Ade] AFFLS1IH olu]xal Ado] Ae HLE
Aoz Elo1}, flavonol synthaseZ 7|58 Ao o§ AZo] "Hadggrle] $i=

a9 43. A #AA BnFLS19 2493 ot =4 4 £4

complementation £4& AASA) o AUg A 7AYol AFLSI FAx} Aol

H flslko €Q¥o|E HHEGT. o] EAE BaFLSI #+4AE THAZ 27 flslho €

Avicle] EEE §4 ¥ HEHT Ad2S ofHe 2o EAHRH.
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(A) BnFLS/Col-0 BnFLS/atflsI-ko

Col-0 #1 #2 #1  #2 atflsl-ko (+)

BnFLS
AtACTIN2
(B)
BnFLS/Col-0 BnFLS/atflsI-ko
Col-0 #1 #2 #1 #2 atfls1-ko

= )

2

£

=
L

=)

)

<

=

5]

]

o

S

:

@)

39 4. 4 BaFLS1® 71'F 344 E ¥ complementation ¥4

« o]¥lel= ABA, GA3%} Z2 32§ E& NaCl, mamnitol# H| €3 2EH2E AE 7
§ FAANA BnFLSI %772 TdHo) o|FA B3 AE FAFIA FLEH AL 24
€ A8 sA22E §A AYHJ[EY 1 ofiE ALY HEY EExeE, §
3] tEAlobd F4 FAo] A AAEHA A3 EF F9 ditelr] sjEeo|t). o] delA
By uhet Zo] AP ABA% T E) o3 BnFLSI2 THo) F716E AL FAY & 3
. °] A= BaFLS! §2AA7L 488 AEHA: ARYAE 9 FE 7198 71e4dol
AthE AMS AN dsfdta AFErt

_64_



— 4
&
> BnFLS
—
=
= 3
-
7
W
= 2
—
(=5
o
%]
&
= |
-
R
=~
=
o 0
Control Sucrose ABA GA3 NacCl Mannitol

(6%) (@A0pM) (20 uM) (200 mM) (200mM)

¥ 45. #4 BoFLS19] 9@ §% ¢zt ¥4

o ft319] BnFLSE ofdfsl o] nixel A3A W] F2YE L, 35S CaMV Z21E
E AHEEn. 4 A9 §A (3 FF) FLAFAE dyoy 1 FA H2E 2EY
HAEE o838t FAARANE AR =&, $E7 =9F BaFLS F3A7 & ¢ds
= AE ¢olr] S5 4 32AFANE FHAI E0UA #2 A4 €3 71T F
Aste] J& FAEL FHEY total RNAE FZ39th o] RNAGA cDNAE AL =
HAFAA constructo]l T+ EA 3= A7) A EQE °]435te] ZEte| & AFstn JALE TH5}
Bk of el Bol:= uiel Zo] BnFLSI FAAZ & d@HA &S FAsH



(4)

BuFLS-pFLAG for generation of BnFLS-ox transgenic plants

(B) BuFLS-0X
WI #1 #2 #3 #4 #5 #6 #7 #8
M- NE NG

i

: BnFLS-0X
(() BnFLS-0X (D) WT #1 # #

WT #1 #2 #3 #4 #5 #6 #7 (1)

(+)

28 cycles

335-F + BuFLS-R [OOSR BuFLS

25 cycles

e == —a=_—|
BrACTIN [pseSp NS - - BnACTIN

28 cycles

1% 46. 4 3 A BoFLS19 §1s} BoFLS1 34 4@ 29 £4

o -3 € BnFLS! HAARA Y A&-T =AY A oifg Feo] A dAedA FE o] §
o] & A & FAdGH. §4 2EdE A §HH Agde FF HARAANM F
=9 A AAF GAdE F47t e o8t L ARE AAHET. TEAS SANA &
2 A AN FH4F FA4 2AE o83 AEMNoIU Y BFE AT o] d¥&
§ o]f= BnFLS! #7AA9] ILES €GB E €§F F71# 7|vEA 37 dEold. #H4
AR TFAZ Q) EfRE WHeE $Ado) FE dojd AF dEANMCY FFE g0l
T vt $E€71 &3 v} Ze) ZAEAAME BnFLS! FAAZAAAM SEA eI
ko] tha AL ALE gETh oE U9 ARde dEANoIEY FFo] A= EH
wroh 2z, E5Rs @49 g AEE A8 Bde] shidd Fa22E AFEE 45
© A4 MM dEA Y FAe] diF 718t e, BnFLS] FAAEA M A4
77 fle A22 YERET. o< Flavonol synthase®] Her@ez @v|ghol FEAIH S §F
o2 Fte YAl HEe] #2FA olFo)AA FULL e A2 Hw,
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(

I-week old

3 -week old

p
S

Wild type

BnFILS-OX#1

In vitro shoots in amplification medium

(B)

0.45

0.30

0.15

Relative anthocyanin level

0.00

mWT

OBnFLY-X #1
= BnFLY-6x #2
EH BnFLS-OX #3
& BnFLS-0OX #4

2
Sucrose concentration (%)

29 47, §rA BoFLS]1 32AWAY 4% & AEA D §F &9

« 7 9 BnFISI FAAFANA AEA AL Fad= AAE A7 dE2d €= O
o2 97 S5 EqiiEY §FE %A dARN=AE Uy, FAA S04 &
2 AN ARNAN FHE A =A4L ol f3d FHEE WFE He =48 FL& 43
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€ BHE T =AY o] 48E & olf= BaFLSI A7 AUdEe E9EE B
F F7HE Z1dEA 37 "otk A3 A s, BnFLSI J2ARANAN EHRES
FFel 433 /M AL2 YRR} o= Flavonol synthases] Ay o= @v|ghol E2fn
=9 FALE 71 AL e ©EFA 1 FAREE Y= ALz B

Wild type BnFLS-0OX
#1 #2 #3 #4

Kaempferol

Quercetin

&
T

Control

v

219 48. #rA BoFLS1 FJ4FA49 E32E #F 24 (944 ¢ 8)

¢ #o] P HE EFEE A4S AT AAE SEE Ufes HAFHA FYL o &
gt ESEEY S thA] ZASIZIZ S 2447 SR @8 A dANAM F
A8 fA =3AE dxAA HPLC FEE o &89 oldole dAA =4 Eetnzs
& =AEgY o] 48E 3 olfre B =3 FA =FHo A FSlnEy o) UIE F
E 7] gEolt AL A wiste, BnFLS! YAARA A Fnze ko] AF5] F
7He Aoz ey}, o] Flavonol synthased] Il @ ez @dgtel Ednze] gaoz 5
= YAF 9] £2FA clFolASE UEE Aoz mly o] ¥y s
€ A A3 HPLCE ©]-&3ty A EnEe §FL 24§ o).
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Concentration (ug/g) Concentration (ug/g)

Conecentration (ug/g)

30.0

20.0

10.0

0.0

300

10.0

0.0

60.0

40.0

20.0

0.0

Quercetin

d

mWT

OB8nFILS-OX #2
c

2%

6%

Sucrose concentration (wW/v)

Kaempferol
d mW T
— O BnFLS-OX #2

C

2%

6%

Sucrose concentration {w/v)

Quercetin + Kaempferol

C mWT

OBnFLS-OX #2
b

2%

6%

Sucrose concentration (w/'v)



a3 49. %A BoFLS]1 33A @A E9rE &F &4 (944 o 8)

* BnFISI JAARAANA F71d EFrEe] PAEE 1A= AE Yoln7] Hehe DAB
dAaL AXstHTh o] 434 & sE AE =3 e] HAF AL @] I Hd A§
HMkZ ZMo = WEAANFA doh. §, B4 JAETH HE AT AHEL] Bl &
A SEelnh. F4A7E EolA $& A HlAAA FA® G4 224 DABS A= @
21 AFAAAN v 5] BaFLST YEA[AA AHe] o= AE FaHE JFE #EEHA
. ole ESHEwY F/E "ol AY AAg nlmsie] HAAGAAA Fs £Eo
A= AL F/SEES THEY. ] EFE AFHEI| ASt DPFHE ¢ &8 ¥idss =
Al 4¥E QAT 23 BnFLS] FAASRA YR IA Fidg 5ol ol Ax F718 R2= 1
Bach Z8u o o] 234 @A+ ¥L AL Ugygen ¥ W AAE JRE F
ot o 2 AL AYPE dar) na Bd.

BnFLS-OX

20
HWT
OBnFLS-OX #1
BErFIS OX#2
&80 EEBnFILS OX#3
BErFIS OX #4 ES

0

S
=
S

Radical scavenging
activity (%)
2

%
%
%
_

.

o

25 S0 s
Concentration (mg sample equivalent mi?1)
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719 50. #4 BoFLS] 9448 FA5% =4

o #A2] BnFISI RAARANL AL EdE=E $AR F/NE ALz Yehgr] ojEd
$eE deor UE Fuxds 4 F845 $AoE oY 9] Y A =X
2} dgu. o7 A3 FARA '00A F AY A GN FAHE F4 2F8& o) E3E
o o}F AT HA F& AHos EdExo= §Ad FAsE C4H, CHS, DFR UFGT
Y #A FdAE ddsie] Zete|niE A|@stn oE FNEL FYsHULh o 2HAA
EE dhg} Zo] BaFLS] 371y AdEe ol FAAY dd¥de 2vx & 4TE v A A
£ #e Aoz Yyt

BnFLS-OX

WI #1 #2 #3 #4

28 cycle
BnC4H
25 cycle

28 cycle
BnCHS

28 cycle

28 cycle
BnDFR
25 cycle

28 cycle

BnUFGT

25 cycle

BnACTIN

28 cycle

¥ 51. #d BaFLSI A APANA L] Suxo]= §4 #d fAx9] 499 £4

3. AtEXold T4 {HRX AtDFR A Y2A8A 54 74

» A8 BaFLSS AUUAA REHREFY F7E H3Q74 Fule olddes ¢HEA Y
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L F13lo total RNAS F25ET) o] RNAYIA cDNAE §48 92 =YUH#3 A constructel
o EAEE 9] MES olfdly Zdlo|nE AFE s AL =F5Qr) ol Hel=
v} 7o) AtDFR §AA7T 2 G393 g2 #4159

DFR-OX
WT #3-7 #3-2 #3-3 #8-71 #8-2 #8-3 #9-7 #9-2 #9-3

DFR

ACTIN

a9 52. Ad713d HA ADFR 333 4 22 ¥4

* fAle] ADFRe] B¢t T2 AAE 87 fist TL AdlelA 22 FAE HEA oA
it Ze] A 7 AdE £ Ad FAE PR vEEE EAES deopdE AA
£ A3 @e] FHEPY. o] AT AN dAoidE AMEE BE 2 FEd &H ©s Adl
FAE 7] 5t T4 Fol Tk
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Before spraying
with basta

2 day after
spraying with basta

349 53 47130 {AA AtDFR Si2q #4 99 (T2) vi2e %4 §9

» A{DFRe] @ FHAdA o8 QA2 G2 o] FgFe] Fr7lsisie AE =AM
S FAEAR ¥ AU 2 ofe FREAT AR FEHRE, FE ¢EA]
obd ¥4 A 71 AAEHY AE EZ F9 #FHite]r] wFEojnt. off] @A HE H
¢ Zo] tEA|elde] FA WAABA NN Fad Re] SAPH UYL ¢ AT o) o
71t ¢] DFR®] #Adx= A2 & L& FH= daga & 5 AA.



1.2

Hwild type ODFR-OX#1 ODFR-OX #3 ODFR-0OX #4
BEDFR-OX #5 BDFR-OX #6 BDFR-OX #7

Anthocyanin level

2 4 ] Sucrose (%0)

¢ 4. AtDFR A Sd4RAY FI3EL Mg mg =N FF E4

> Fa9 AtDFR 4ZAEAA 271 B4 A=A E S5 AdAE 47 H
Ed tEosE EFREESY §FE o8 EAFAS Bk TAAS Bl YA ¥ AN
W= oM FA% 4 £FHE o] 85t Fred §HFS W) 239 F§ J48c TEE
280 ZASAY. o] A¥ME ¢ ol ADFR 53AL] AL AEAopd {F FAE
X387 fiEd FFLZ ATAE MBS FEREY ¥FL Fise EHE 2 +
271 dEelct. AG AA =S, ADFR Q4AFANA FqEEe] P &% FiL e
e eyt o= ADFRY FAYNE ETSE EdnEe] §HSE 7= A 18
£ I0A & %E fAAE §& A2 448 & g
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Quercetin Control

Kaempferol

Control

Quercetin

Kaempferol

Kaempferol Quercetin Control

DPBA staining of nontransgenic seedlings.

DPBA staining of DFR #6 T2 transgenic seedlings.

DPBA staining of DFR #8 T2 transgenic seedlings.

1§ 55. AIDFR 4 343849 €385 #§3F 4 (949 <18)
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prag. AtMyb7, a subgroup 4 RZR3 Myb, negatively regulates ABA-induced inhibition of
seed germination by blocking the expression of the bZIP transcription factor ABIS
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