WoE T T o AESRERLRTOHBR X CRBENT

BB EET O, 7TV 7 = VARG T O BRI 0 Tl
FORBRECET 2MREERTHZ LIMBOTEETH D, METENZLIIC, £
 DEMBEICBWT, 7T b7 =V AERRICES T 2BEREFOREMIACT ORE
PRGTAHAREFOREICETIHERED BN TS (Heller and Forkmann
1994, Davies and Schwinn 1997, Forkmann and Heller 1999, Springob et al. 2003,
Tanaka and Brugliera 2006), L2>L7%2235, MFERMMICBIIDT M T = AR
BEICET 2 FREFEMRIIR O TR Y | FICZOBEAEHREIZET 5 b OiiR
DT, T (Bromheadia finlaysonianas) (Liew et al 1998a, b) =Y
(Nakatsuka et al 2003) Ti% DFR & CHS.> > ¥ ¥ i (Cymbidium hybrida) © DFR
(Johnson et al 1999) % LC Phalaenopsis D7 5K /) A4 F¥3°,5-t Fuaxv 77—+
(F3’5’H) (Su and Hsu 2003) & CHS (Han et al 2006) 2@ I TW5, £, FvTF
74 Y AT, ZHETIC CHI cDNA #i/i (van Doorn et al 2003), & X T 5GT
(Imayama et al. 2004) & 3AT (Yoshihara et al 2006) % =— K% cDNA @S h T
WABLOD, KFEIZBITET Vb T =V AEARBEBTOEIIRIEEBEENTE LT,
ELIEFORBFITNICHAL T2 BEINTVRVORERRTH D,

FrTC, RECRHF Y FTAVADT VM T = ALGRBEREZ 2 — F35 cDNA DB
BE-fRATHATS L L BT, TOBREBLOEORERYPIBENRBILMT T LX),
BERBBI VTV b T2V ERAROS TREFNMROERZHE LI



BIE Tv N7 oV AESRICEET SRERER T O BBE - fi#T

1. ¥
Yabuya et al. (2001a. 2002) . TE&EH Ll L7z 5GT X° 3AT OHEERBEZAWTE

il

DEEBRMZRBTIILICEY, ~NTFYa v T REBITHT Y T = EGHRORY
BREPRRLE, LALERL, Z2hETDEZS, AETIRT v M7 = AGHER
FOHEE - BATIIEL RERTVARY, —F, BB LI I, FyTFT74 ) ATREK
BO7 Y P TV ASRBETF LOEBINTE 5T (van Doorn ef al 2003,
Imayama et al. 2004, Yoshihara et al 2006). X HIZ7 v b7 = AGEERTORSE
EATICEIT A ME L RU O RVORBRTH D, £DOH, FKEICBWTT Vb7 =
VEASBRBE T OMBHRREBMT 21T O )ik, £, KEIn—=2 T IR TR
WEL DT v b T = U ERRBET L B - AT T OBERD D,

LT AHTRT v YT = EARBETICBT % RT-PCR (reverse transcription-
polymerase chain reaction) D75 A v—%ER L, ZORBAMTET DT, ¥y
FTALYAEELVEE -5 (75 Y —H»5 CHS, CHI, F3H, DFR, ANS 3 X T 3GT

% a— 9% cDNA OHRf - T2 17 o7,

2. MEHB X UHE
1) (DNAFATFY—DAI Y ==V

¥oFT A4 Y AEERRKD cDNA 5475 Y —iX, Imayama et al (2004) {2 X > THE
RENELDEHRR L, DNA SATFV—DRI V==, TT—=INA4T VT
A¥—va VEZEVITV, 7a—T LT O cDNA # v, CHS. F3H, 3GTcDNA
DRI Y —= 7% ¥ a YU CHS. F3H, UFGTcDNA (Martin et al. 1991) D%
E#%.—7% DFRCDNA DAY V—=27Zi%, ¥ v F 7 A YA DFRcDNA Wi/~ (Tanaka

etal REX) /-7t LT,

10



H9FTAVADDNATAT T Y —%NZY 7L—F (1.56x12ecm AR v — 1 NZY
FERIEH : 1% NZ amine. 0.5 % Yeast Extract., 0.5 % NaCl, 1.5 % Agar) 184729 #7
2,500 pfu (plage forming unit) PEETTT—7 2RIV . RKOT A T F¥—TV AT
L' (Hybond-N*, GE Healthcare UK Ltd) ~7 a2y FLiz, AT VLY E~DT 7 —
DNA OREZIL. BT HRMA &Nz 7 ha—iifoic, A TV FA4B—Ta Uid,
30 % KA TATE RALTY XA P — a8y 77— [6 X standard saline citrate
(SSC). 0.1 % (w/v) Nlauroylsarcosine. 2 % (w/v) Blocking Reagent (Roche Diagnostics
K.K.). 0,02 % (w/v) sodium dodecyl sulfate (SDS). 30 % (v/v) Formamide] #°C 42 C,
LR, ~NA 7Y ¥4 B— 3 i3 DIG TEE# L 7= 3GTcDNA (Martin et 2. 1991) %8
80 % FAVATATFE RANA TV EFAL¥—var Ny T7y7—HhT42 C, —BITo7,
NNATYVEA P a i THRORA LT L OB%EIL, 1 KEEHFK (2 x SSC, 0.01 %
SDS) H1C 50 C.20 43 (10 4 X2 [, & bz 2 kP (0.1x SSC.0.01 % SDS)
T 50 °C. 30 2y (15 4yX2[|E) f7o7z, 728, v —7 OF#E L UBHIL, DIG-DNA
labeling and detection kit (Roche Diagnostics K.K.) Zf#H L7z,

TDARI Y= T TCRLNERSTF 477 u—r%2500 fl D SM Ay 77— (0.1 M
NaCl. 0.2 % MgSO4-7H20. 0.05 M Tris-HCl, 0.01 % Bacto-gelatin)  THEL. 4 C
—BEE L%, 2O EEZAVT NZY 71— b (2r=90 AR Y v — L NZY ZXEH)
1427 0 # 10~50 pfu DEIAETTF T —7 2RIz, THERIT A TF ¥ —V A
Trr~Fuy hL, ZRAZV—=v Tk —RAI V—=V 7 OFIELFAKIAT T,
BoNERSTF 4T FF—2% SM RNy 77 —HTHRE. 4 C. —KFHER. Rapid
Excision Kit (Stratagene Japan K.K.) #H\ T, Uni-ZAP XR insertion vector 7>5
pBluescript® SK-~§19 H L 7=,

# o F7 A Y AD CHIDNA %, van Doorn et al (2003) = & » T /- EST &L
55— (CF226948) %% L2 CHIRREKN T T A ~— (Fw, 5-CCA GTC CAAGTATCT

CAAG-5. Ry, 5-GAAAAT TCT CAT GGT GCT AC-3) %#&drL.thzZ Mz RT'PCR
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Lo T 2 8B L, WEERNIX, 10l ORISERTIZY vy F 74 ) ZAHEND
i L7= 2 pg total RNA, 50 uM oligo(dT)z0 777 A < —. 10 units Thermo-X™ Reverse
Transcriptase (Invitrogen Japan K.K) #BA L. 50 CT 1 Bl > FaX—T 3 ¢
BT LICE > TITo T, KWT, 2 pl @ 10 fEHR LI F &5 RS, 5 units KOD-Plus-
DNA polymerase GRISGIER ) &M L7 PCR KIS % RAID 2 3 ORE R,
PN 94 C. 30, 7=—VU 27 43 C, 30 B, R 68 C. 30 BDTu /7 A,
Z30VAINMTHIZLICEo T, FvFT7A YA CHICDNA Wi % %1% L7-. PCR E®
iZ. Zero Blunt® TOPO® PCR cloning Kit (Invitrogen Japan KK.) # W\ TH¥# 7/ n—=
»7 Ll

CHS. CHI. F3H, DFR. ANS BXU3GT #hEh% a— K75 cDNABEA I
75 A3 Nix. K& (Escherichia col) ?>% FrexiPrep Kit (GE Healthcare UK Litd.)

ZRAWTHHB UER L,

2) HEEFB X UHEET I 2 BECS| DT

DNA E%ix. BigDye Terminator vl.1 Cycle Sequencing Kit & % \ /X BigDye
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems Japan Ltd.) 35X Ut ABI
PRISM® 310 Genetic Analyzer (Applied Biosystems Japan Ltd.) % BV CRE L7z,

GENETIX WIN version 3.2 program (GENETYX Co.) 1335 #E 513 L O7 X BREZS
DV Wz, HET I ) BESIO~VNVFINT T4+ bik DNA Data Bank of
Japan (DDBJ, http://'www.ddbj.nig.ac.jp/) ® CLUSTAL W (Thompson et al. 1994) T1T
V), Swiss EMBnet node server (http://www.ch.embnet.org/) ® BOXSHADE 3.21 % Hv»
THRRE L, £, DTREBENT X MEGA 3.1 (http://www.megasoftware.net/, Kumar
et al. 2004) 3 B\ X Treeview (http:/taxonomy.zoology.gla.ac.uk/rod/treeview.html,

Page 1996) I X V1To 7=,
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3. BRBIUEE

FoFTAYRADT v b7 o ASRBERRETFORBEFTT 5720, & [TV
—HAYEL K| E#ED DNA 5175V —Mhi CHS. CHI. F3H. DFR, ANSB LU
3GTcDNA % 7 u—=27 L, ENENDBREEFN OB 21T o7, LF. Zh 6D cDNA
% IhCHS. IhCHI, IhF3H, IhDFR. ThANS B X} Ih3GT L %3 5, % cDNA Ok
KRFER L OHET I ) MRS ORAIL,. Table 2-1 (TR L7z, Hilf L7z cDNA 23a— R
LEERZ 0 BESIDORRITIX, HEET I/  BERSNEZEREE LIev VT TIAT FA4 AV b
BIX OO FREMRITIC L W To7z (Fig. 2-1A~2-6B),

¥4, CHS oW THB L, ZOBEFIIIOFD~1a=)LCoA & 153FD pr ~ILE
CoA DFFE RIS EMBEL., TV v F=v a2 HERT 5, TVZ7 V7 7 (Medicago
sativa) CHS #E@EERITIC X o TRIE XN T 5, CHS OEHEHFLE T Sl 3 7
I ) EBE (catalytic triad. Cys-164., His-303 3 L T¥ Asn-336. Ferrer et al. 1999), CoA
WEEYA b, FOMIEMICEE R (Critical active site, Thr-197, Gly-256 L
Ser-338) X % — k¥ —/,%— (gatekeeper. Phe215 ¥ X U} Phe 265) (Abe et al. 2006)
L LTHRETABREIX, 7Vv7 777 CHS & 76.6 %DR—M#:%7~r7 ThCHS 1233\ T
bRFEIN Tz (Fig. 2-1A), ¥/, 7 FREMIC K ST TIE, ThCHS (X PKS 7 7 X
Y—WNoD CHS 7 L— FiIZB L., S LI DR CHFEMY CHS ORI T/ NV—7 2L
72o ThCHS L BbBEWE—HZRLEZDIX FUEr 2y (Zea mays) CHS Tho7=is,
S F R E TR O L TW2DIX Lillium O CHS Thoto, UEDZ hb,
IhCHS DNA iZnarvv ¥ —8iea— K35 L RaEh3 (Fig 2-1B), &HiZ. K
B ICB VT RERE S 7= % ThCHS # > 7 BOMMTIZ L Y . ThCHS cDNA 28 p-
7<=/ CoA L 3453 F D~ =L CoA DREISEMES DBEZ T VI HE
a—RFLTWBIZ EBRH LM &N (E 2007),

CHILIZAN A Nb T T3 ) Y ORRIEEMEE T 2BEETH D, RTI'PCRICEVERL
72 CHICDNA B frid, CRKIBMB L F 60 BEA2— FLTRY . NEBRERIIROTH
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g7 Sisymbrium irio CHS (AAG43359)(82.7)

52| Sinapis alba CHS (1609233A)(82.8)

37} Rorippa amphibia CHS (AAG43348)(82.5)
100 Cardamine penzesii CHS (AAG43356)(82.3)
99 ! Cardamine amara CHS (Q9SEP2)(82.0)

Matthiola incana CHS (P17818)(82.0)

Bl Allium cepa CHS (AAO63021)(80.9)*
Medicago sativa CHS (AAA02823)(74.8)

2y 3L Gerbera hybrida PYS(CAA86219)(65.0)

Perilla frutescens CHS (004111)(82.5)
]ERuta graveolens CHS1 (Q9FSB9)(82.5)
Citrus sinensis CHS (Q9XJ57)(81.6)
51 Vitis vinifera CHS (P51090)80.6)
7i:[Petroselinum crispum CHS (P16107)(82.5)
100 - Daucus carota CHS (Q9Z540)(81.7)
IhCHS
, Litium hybrida CHS (BAB40787)(83.3)
66{_*{Lilium hybrida CHS (AAD49353)(83.3)
31 99 L Lilium speciosum CHS (BAE79201)(83.0)*
Zea mays CHS (P24825)(83.8)
I: Sorghum bicolorCHS (Q9XGX2)(81.7)
Oryza sativa CHS (P48405)(83.0)"
Triticum aestivum CHS (AAQ19321)(81.2)"
69 L Hordeum wilgare CHS (P26018)(81.2)
Medicago sativa CHR (AAB41556)(20.2)

20

(4]

40

0.2

Fig. 2-1B. A molecular phylogenetic tree of the deduced amino sequences of ThCHS and
other plant CHS. Medicago sativa CHR was added as outgroup. The tree was
constructed by the neighbor-joining method. The numbers at the branches are the
bootstrap values that indicate confidence level each branch based on 1000 repetitions of
the analysis. The values in parentheses indicate percent identity of deduced amino acid
sequences between ThCHS and each CHS(CHR).



Zea mays M v A o
Lilium hybrida ASHTVEEYREAQRABGPATVLA| GTATPEMUEYQADYPDYYFR | TKSEHL TILKEKFKRMCEKSM IR
SIEERAAQRA LAIGTATPE VY(EEYPDYYFRITISEHLT )LKEKFKRMCDKSM IR

IhCHS
Ruta graveolens
Medicago sativa

Zea mays

Lilium hybrida
[hCHS

Ruta graveolens
Medicago sativa

Zea mays 141 v

Lilium hybrida 139 PGADYOLTKLLGLRPCVN ENMYQQGCFAGGTVLRLAKDLAENNRGARVLVVCSE | TAVTFRGPSE@HL
IhCHS 137 PGADYOLTKLLGLRPSVNH!MMYOOGLFAGGTVLR\IAKDLAENNRGARVLVVCSEVTAVTFRGPSETHL
Ruta graveolens 139 PGQDYOLTKLLGLRPSWRFMMYOOGCFAGGTVLRLAKDLAENNRGARVLVVCSEITAVTFRG B THL
T e A AR EY P GADY OL TKLL GLRPIVRYMMYGQGCFAGGTVLRLAKDLAEN {GARVLVVCSEMTAVTFRGPSHETHL

*164 0197 *
Zea mays MVG]
Lilium hybrida \ SABQT ILPDSEGA | DGHLREVGLTFHLLKDVPGL IS
IhCHS | 40T |VPD§GA IDGHLREVGLTFHLLKDVPGL IS

Ruta graveolens :ERPLEQLVSAAOTILPD
Medicago sativa ' | :

GAIDGHLREVGLTFHLLKDVPGL IS

Zea mays

Lilium hybrida
IhCHS

Ruta graveolens
Medicago sativa

Zea mays

Lilium hybrida
1hCHS

Ruta graveolens
Medicago sativa 347 N

Fig. 2-1A. Multiple alignment of deduced amino acid sequences of ThnCHS and other
plant CHSs. Black shading and gray boxes show identical and similar amino acids,
respectively. The asterisks are CoA-binding site. The ¢, 0, and A marks are catalytic
triad, critical active site, and gatekeeper. Genbank accession numbers are as follows:
Zea mays (P24825), Lillium hybrida (BAB40787), Ruta graveolens (Q9FSB9), Medicago
sativa (AAB41556).
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Medicago sativa
Glycine max
Petunia hybrida
plhCHI

Oryza sativa

—MANS A =uf€ (P TRAEKS rtE Ul (EGUF IKFTAIGVYLERIAVIEL ARKWKG
— A A olfzr PA: LEGAGE 4FIKFT[§IGVYLE SLALKWKG
A4 K ofENY Ae‘f':ru LAGAG GUFRKFTA 16V YLEESAlEEL AGKWKG

o Lk Dl ¥
=
(2]
3
<

—werefJar! efEellPRoel B——vsTpL s NG TofleflF L of & NITSTEK ONiL AHL E STIE
NG

KoKk sk %

Medicago sativa S 3 Y
Glycine max n
Petunia hybrida 7| m h

plhCHI

Oryza sativa 66 ﬁx@uonn(ﬁ;m\m’;ﬂvﬁ:{!‘iﬁlvvﬂmﬂn@scﬂevdisSSVRDR”HVNDKuEEMEEmU

* ok X

NNGAE

Medicago sativa 139 E;«PVIE

Glycine max 138 /

Petunia hybrida 141 ¥PGAS| ] AKILD::
pIhCHI 1 YLKEDSV1(3! g TPLAAERIaV T E

Oryza sativa 136 FOSKYEKENSVIT LFPITPB]A

Medicago sativa 207 EGAFK | GN
Glycine max 206 HGI IV
Petunia hybrida 209 ‘O‘J KSYAEEASVFGKPETEKST IPVIGY

plhCHI
Oryza sativa 204 DQFAMSH

Fig. 2-2A. Multiple alignment of deduced amino acid sequences of plhCHI and other
plant CHIs. Black shading and gray boxes show identical and similar amino acids,
respectively. The * and ¢ markes are (2S)-naringenin binding creft and active site
hydrogen bond network. Genbank accession numbers are as follows: Medicago sativa
(P28012), Glycine max (AAK69432), Petunia hybrida (P11650), Oryza sativa
(NP_ABA91231).

17



Camellia sinensis CHI (AAZ17563)
Zea mays CHI (Q08704)
Citrus sinensis CHI (BAA36552)
Dianthus caryophyllus CHI (Q43754)
34 Verbena hybrida CHI(BAE72880)
Petunia hybrida CHI (P 11650)
Ipomoea batatas CHI (BAB85838)
Medicago sativa CHI(P28012)
09 Phaseolus wilgaris CHI (P14298)
4 I E Glycine max CHI (AAK69432)
57 Pueraria montana CHI (Q43056)

| plhCHI
100 L—— Oryza sativa CHI (NP ABA91231)

56

0.1

Fig. 2-2B. A molecular phylogenetic tree of the partial deduced amino sequences of
pIhCHI and other plant CHIs. The tree was constructed by the neighbor-joining
method. The numbers at the branches are the bootstrap values that indicate confidence
level each branch based on 1000 repetitions of the analysis.
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BH00, WA IIEM® D CHI & 58 - TA% DR —tEE R L, &biZ, TAVT77
)7 7 CHI DR EEMATIC L > THLMICENE 29)-F) V= REREDOD LD
T3 % Thr-162 Jez et al. 2000) IZxtind 37 I/ MBEEL LT, FUERayONFa
=7 (Petunia hybrida) THFEFEN TV S Phe-13 #H LTzl &b, 2D cDNA
Wik CHIREn 7 ThsdZ L MR Lz (Fig. 2-2A, B),

hETORENS . FSH 1L 2-4% Y I V&2 AVBKFtEA ¥ v 45 —¥ (2-ODD) O~
IV =BT B LBHALITRoTWS (Heller and Forkmann 1994), £ZT. 3
¢ ThF3H, o F3HICMz, AL 2-0DD »7 7 I Y —IZRE L., fdBENH L
MCERTVEAL YR=V Y v N Z—F (IPNS) ZRHWC. SAVFINT T4 A2 b
RN 24T -7 (Fig. 2-3A), ZO#E%R, Zi b IhF3H BT, ARETEMEICRE RERER
E 84 A [FeD] AV A FLfEREND, 20D AF VY (His) FE L 1 2DT
25X (Asp) BELSHER SN (His-224, Asp-226 3 LUt His-282) (Lukatin and
Britsch 1997), “hHD7 I/ Bid. Fe(ID-IPNS HAKORKAEERITICL > TH, &
BRESEMTHD EREINTVWS (Roach et al 1995), X HIZZKEETIX, D77
Y —RBVWTREESRTVWS 7TODRXMTF Y Fh b7 5 double-stranded B-helix
(DSBH) #is2r&h, IPNS L[k, 5BBL6FEHDR 7 FOMICENANY v 7
AHEFA LTV Z LASRENT (Aravind et al 2001), 7z, ~F=2=7 F3H IZ&B\»
T, 2- XV ININBREESY A P efEESh5EF — 78S (Argx-Ser) (IhF3H,
Arg-231 B L% Ser-235) b RHE N7z (Lukacin et al. 2000a),

758K )4 RESROMEICLY, 7Ry F—FI(ENSD, 77K/ =Ny vd
—¥ (FLS) BXU7 v 7=V & —¥ (ANS) b F3H L[F#k, 2-0DD 77 IV
—WZBTAZ ERBELNCEN TS (Heller and Forkmann 1994, Forkmann and
Heller 1999. Springob et al. 2003), % Z T, 3 -2 IhF3H, flifiiifi# FSH, FNSI, FLS,
BEANS & & by TRHEM2ER L. R 51T - 7= (Fig. 2-3B), T ORI,
ThF3H i3 FSH LRIL 27 L— FIZBR L. ZOH CHTEEDEDO 7/ V—TICR
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hhh hh .hhhhhhhhhhhhhhh eeee

IhF3H1
IhF3H2
IhF3H3
PtF3H
IPNS

e hhhhhhhhhhhhhhh  hhhhhhh
IhF3H1 AL A
|hF3H2
|hF3H3
PtF3H
IPNS

HHHHHHHHHHHHHHHHHHHHHHHHHH -~ HHHHHHHH

hh

IhF3H1
IhF3H2
IhF3H3
PtF3H
IPNS

IhF3H1
IhF3H2
[hF3H3
PtF3H
IPNS

PA[B0PDL TLGLKRHTDPGT | TLLLODQVGGLQATKDGGK TWF TVAP 1 0GSIVVNLGDHAHFLSNGRFKNADHQAVVNSNSSRLS
214 OPDLTLGLKRHTDPGTITLLLODOVGGLOATKDGGKTWITVOPIOGSFVVNLGDHAHFLSNGRFKNADHOAVVNSN§TRLS

IhF3H1
IhF3H2
IhF3H3
PtF3H
IPNS

”SS
q

AKE
EOﬁOAEV NERA

Fig. 2-3A. Multiple alignment of the deduced amino acid sequences of IhF3Hs, Petunia
F3H (PtF3H) and IPNS (Isopenicilline N-synthase). Black and gray shading boxes
show identical and similar amino acids, respectively. The asterisks indicate the
predicted catalytic residues, and black diamonds indicate the predicted 2-oxoglutarate
binding site. The consensus secondary structure (DSBH) is shown above the alignment
in uppercase letters; H indicates a-helices and E indicates B-strands. The lowercase
letters represent consensus secondary structure between IThF3Hs and PtF3H.
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50 [ thF3H1
100 thF3H2

— |hF3H3
Zea mays F3H (AAA91227)Y(74.7,68.4, 73.6%)
Hordetnn vulgare F3H (P28038)(76.8, 69.5, 76 .5%)
Bromheadia finfaysoniana F3H (CAA61486)(79.8, 76.7, 78.9%)
Petunia hybrida F3H (AAC49929)76 .0, 70.5, 74 9%)
Ipomoea nil F3H (BAA21897)(74 6, 69.2, 74.0%)
Pyrus communis F3H (AAX89399)(76.7, 70.2, 76 7%)
100 - Malus domestica F3H (AAX89397)(75.1, 69.0, 75.7%)
Eustoma grandiflorum F3H (BAD34459)(77 .2, 71.0, 76 4%)
Gentiana trifiora F3H (BAD91806)(76.5, 71.5, 75.7%)
Glycine max F3H (AAT94365)(77.0, 70.5, 76.2%)
Daucus carota F3H (AAD56577)(80.1, 69.2, 75.0%)
Medicago sativa F3H (CAAS5628)(75.7, 69.2, 75.4%)
T Dauicus carota FNSI (AAX21536)(70.5, 64.2, 69.3%)
————— — Conium maculatum FNS| (AAX21538)(70.2, 64.2, 69.0%)
74 r Petroselinum crispum FNSI (AAP57393)(70.2, 64.0, 69.6%)
59 - Aptum graveolens FNSI (AAX21537)(69.3, 61.8, 69.0%)
9y r—— Petunia hybrida FLS (CAAB80264)28.2, 30.0, 30.1%)
Solunum tubsrosum FLS (Q41452)(28.9, 30.0, 29.7%)
- Eystoma grandifiortm FLS (BAD34463)(30.1, 301, 30.1%)
£ Antirrthinum majus FLS (ABB53382)(28.5, 30.4, 29.6%)
: Malus domestica FLS (AAX89401)33.0, 31.9, 30.7%)
100 Citrus cinensts FLS (Q9ZWQQ)(33.5, 31.7, 33.3%)
L—————————— Arabidpsis thariana FLS (AAC69362)(31.6, 34.5, 31.6%)
100 Allim cepa ANS (AAS99854)(29.0, 29.7, 28.1%)
o Torenia fournieri ANS (BAB21477)(30.8, 28.8, 30.0%)
gi;—— Gentiana trifltora ANS (BAD91805)(31.8, 30.8, 31.5%)
Malus domestica ANS (BAB92998)(32.8, 28.3, 30.8%)
Penlla fritescens ANS (BAA20143)(32 4, 29.6, 32.2%)
Petunia hybrida ANS (P51092)(31.7, 28.7, 30.5%)
Forsythva intermedia ANS (CAAT3094)(30.5, 28.0, 29.6%)
Verbena hybricia ANS (BAE72879)(30.8, 29.3, 30.6%)
24 Arabidpsis thariana ANS (Q96323)(33.0, 28.4, 32.3%)
26 EPhy!olacca amencana ANS (BAES4521)(29.6, 29.0, 29.4%)
98 Spinacia oleracea ANS (BAE54520)(31.5, 29.3, 30.9%)
Populus riemula G200x(CAH59123)(31.9, 32.2, 30.9%)

97

0.1

Fig. 2-3B. A molecular phylogenetic tree of the deduced amino sequences of F3Hs and
other plant 2-oxoglutarate-dependent dioxygenase family members. The tree was
constructed by the neighbor-joining method. The numbers at the branches are the
bootstrap values that indicate confidence level each branch based on 1000 repetitions of
the analysis. The lengths of the lines indicate the relative distances between nodes.
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LWz b, Zhd ThF3H cDNA 7 u— 3753 v 3-E Ruxy5—¥ %=
— FLTWA AREHABD TEWI EARENE, ZOZ&id, KE - F 1 #HioXBEIC
LB RERBMINCL VRSN,

DFR |3 NADPH &kfFtE L ¥ 7 ¥ —EThHY, 77 UhoPE FuT7 IR —n~

DR E M 5, 8. Petit et al. (200DiZ X - C7 K (Vitis vinifera) ® DFR D5
SAEERAT T, NADPHEA YA b [glycine-rich motif (Gly-12. Ser-14, Gly-15.
Phe-16.1le-17 3 X (X Gly-18) #¥>a1-81 /L —7F, a2-B2 /L —7D Arg-37,Asp-38,
Lys-44. «3-B3 L—7® Asp-64, Lue-65. a4-B4 //—7 7 Ala-85, Thr-86, Pro-87
OT I )BBRE. a6~V v 7 XD Tyr-163.Lys-167. 6 BLX B2 A + T FD Pro-190,
Val-193 O7 I VBB, o7 ~Y v 7 A0 Ser-205 7 I/ MRl B X OEEFRMEIC
KELEBTE7 I /BERE (Asn HDHVIT Asp-133) 22 LEERSY A (131-156
aa) BRELMZENTVD, ZhbDYA ME. FvF T4 U ADDFR FErZ (ThDFR)
KRV THRHENZ (Fig. 2-44), iz, 5 FR#EMHZIBW T, ThDFR I DFR O L—
FIZBLTEY, 20FTH2Y O DFR LHEHIHEL . RWNTH XX (Allium cepa). 7
%t (Orchidaceae),  *# (Gramineae) 3 L UK T#EHEWE DFR tEE S TWE
(Fig. 2-4B), L EDZ &6, IhDFRcDNA XY Fuo7 IR ) —n4- vy 7 4 —Exa
—FIFBbDERREEIND,

F3H L[, ANS (2 2-0DD 77 IV —IZBL., F3H LAKD A I =X A TrA 2T
YRV T =V T v MU T =V ~ORIGEMEET D, 2002 4F, Wilmouth ef all T
ko Ttz uA XF XF (Arabidopsis thaliana) ANS OB EMITIZE Y .
2-0DD 7 7 3 Y —TCREEN T\ 5 Fe(l) #&&7RE (His-232, Asp-234 35 L U His-288),
2-F% Y SN NERESTEI (Tyr-217, Arg-298 3L U Ser-300). Pt FurvtF i
BRE (le-122, Tyr-142, Phe-144, Thr-233, Val-235, Phe-304, Glu-306. Phe-334,
Ile-338. Lys-341 B LU Leu-345) BX U7 R an b U BEAHRE (Lys-128, Asn-131 15

XU Glu-230) BRIZEENTWS, ¥ F 74 U A ANS ThANS) OHET I/ BESIIZ
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IhDFR 1 ————— J :
Lilium hybrida —:EENV PVVVTGASGYVGSHLVMKL LS GYL)
Triticum aestivum 1 DGS 46PVWTGASGFVGSWLVMKL 0L

Petunia hybrida 1 MPLHLRCS' VTGAEGFIGSWLWRL G
Vitis vinifera ‘

1hDFR

Lilium hybrida
Triticum aestivum
Petunia hybrida
Vitis vinifera

_ GYLCIMKSCKKAGTVKRWFTSSAGTVNVO i
CKEAGTVKRIVFTSSAGEVNIGER
NESCOKAT TVKRLVFTSSAGTIRVD

IhDFR

Lilium hybrida
Triticum aestivum 138
Petunia hybrida 141
Vitis vinifera 138 OLE

WSDIDFCRRVKMTGWMYFVSK LAEmEVAEE r'D IS 1 IPTLVVGPFES tMPPSLV
‘ (kT GHMYFLSKILAE EEAK IDFISIIPELVVGPF! -TF PPSL

IhDFR 205
Lilium hybrida 208
Triticum aestivum 208
Petunia hybrida 211
Vitis vinifera 208

. 1K HLITRPEACGRY | CSSHEAT I DLARMY
TALSLITGNEAHYSIlKWOLVHLDDV AHIFLFE PE%GRYICSSHDATI DLARTIKER!
TALL I TGNEAHYS | EKOJOLVHLDDL AImFLFEuPE GRYICSSHDATI&LARMLWRFPE
TALSL | TGNEAHYE! | K%@uwwm ZAH FL\'E!J TALGRR 1 CSSHIA IHDVAKMVREKNPE
3 TGNEAHYS | 10 VHLDDLG AH I FLFEIPIAZGRY | CSSHOR 1

IhDFR \ AIRE 2L PENG——NVEALAR AKDQ
Lilium hybrida YEYT"EEMF : ZHQTOERYYVHD{ZLDLECSK
Triticun aestivum EEFRY WEDHFDAA RTCRE 'LGDAP———-—PPQ EGKLG
Petunia hybrida

FKYTLEDMWQA_I 'TC aF STRS——AHINtHNREAL}
Vitis vinifera ‘ ¢

[hDFR 341 vn————-GAEElﬂRmMELEPKK@(
Lilium hybrida 347 TNDKLDLGGSKLNSLDEMVRGHNEQ‘SVALQ
Triticum aestivum 341 ———————AL QA | GAET
Petunia hybrida 346 AISAONYASGKE NHTEMLSMEV—-
Vitis vinifera 329 ———— DR ——————

Fig. 2-4A. Multiple alignment of deduced amino acid sequences of IhDFR and other
plant DFRs. Black shading and gray boxes show identical and similar amino acids,
respectively. The NADP* binding site is marked with asterisks. The underline is the
substrate recognition site, and black diamond is the remarkable residure as a substrate
recognition residue. Genbank accession numbers are as follows: Lillium hybrida
(AAQ83576), Triticum aestivum (BAD11019), Vitis vinifera (CAA72420), Petunia
hybrida (CAA33544).
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100 { Malus domestica DFR (AAO39816)(64.0)
79__-[ Pyrus communis DFR (AAO39818)(65.8)

411 L Fragaria ananassa DFR (AAU12363)63.6)
STd  vitis vinifera DFR (P51110)(66.0)

Populus tremuloides DFR (AAN63056)(61.5)
Medicago truncatula DFR (AAR27015)(63.0)
Petunia hybrida DFR (CAA33544)(70.3)
Rhododendron simsii DFR {CAC88859)(65.2)
9£L|:_Scrghum bicolor DFR (AAB94014)(69.6)

Zea mays DFR (CAA75996)(67.3)
99 [—— Oryza sativa DFR (CAA69253)(63.2)

38 -EHordeum wilgare DFR (P51108)66.3)

57

4(:00 Triticum aestivum DFR (BAD11019)(67.7)
64— Triticum monococcum DFR (AAL35830)62.6)
————— Allium cepa DFR (AAOB3025)(70.3)
10080- IhDFR
27__[ Lilium hybrida DFR (AAQ83576)(75.3)

100 ! Lilium speciosum DFR (BAE79202)(75.5)
Bromheadia finlaysoniana DFR (AAB62873)(67.8)
Dendrobium hybrid DFR (AAUS3766)(66.7)

95 Oncidium Gower Ramseygi DFR(AAY32602)(68.2)
95 Cymbidium hybrid DFR (AAC17843)(66.2)

Citrus paradisi IFR (CAA73220)(17.8)

Zea mays IFR (P52580)(31.3)

Forsythia intermedia IFR (AAC49608)(16.2)

Cicer arietinum IFR (Q00016)(21.5)

Nicotiana tabacum IFR (P52579)(22.9)

70 Solanum tuberosum IFR (P52578)(16.2)

43

0.2

Fig. 2-4B. A molecular phylogenetic tree of the deduced amino sequences of ThDFR and
other mammalian 3-B-hydroxysteroid dehydrogenase/DFR superfamily members. The
tree was constructed by the neighbor-joining method. The numbers at the branches are
the bootstrap values that indicate confidence level each branch based on 1000

repetitions of the analysis.
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Perilla frutescens 1
Petunia hybrida 1
Arabidpsis thariana 1
1hANS 1
Allium cepa 1

Perilla frutescens
Petunia hybrida
Arabidpsis thariana
IhANS

Allium cepa

¥ KKAAMEWGVMHL VNHG | SVEL 1 TRV AGRYF INEN

:LKKAEmWGVMHuNHmFﬂDLuERv:gA Flid LEVEEKEKYANDO GKIQGYGSK
EIKEAAYENGVMHYVNHG | PEEL | ERVRRAAG tFFDLPVE"KERYAND 36K 10GYGSK
CIKAAZENGVMHE VNHG | BSELMERVRAAGKLFF L PREL KEG Y ANDGRLIGK 1 06Y6SK

Perilla frutescens
Petunia hybrida
Arabidpsis thariana
|hANS

Allium cepa

Y | GATSEYAKQLRGLATKILSYLSHGLGLEGS
TRERL ANSARGQLEWEDYF ~FPED"DLSIWP PTDYﬂ!ATSEYAKOI'LATKILNLSIGLGL
DLS | WPK PSDYIEATSEYAKC RL

(TlzV EFAKOLRWmmLsILsLGLq,
o L Aer L oS R

Perilla frutescens

Petunia hybrida EDLLL MK I NYYPKCPQPELALGVEAHTDVSALTF | LHNMVPGLOLFYEGR

Arabidpsis thariana
|hANS
Allium cepa

EELLL QMK INYYPKCPQPEL AL GVEAHTDVSAL TF | LHNNVPGLOLF YEGK
L Xl GGMEEL LHoMK INYYPRCPOPELAL GVEAHTDVSELEF 1 LN VPGLYF YEGRWVI AR
EDLLL K INYYPKCPQP

Perilla frutescens
Petunia hybrida
Arabidpsis thariana
I hANS

Allium cepa

273 [ VHVGDTLE ILSNGRYKS ILHRGLVNKEKVR | SWAVFCEPPKEK | VL,_PL‘E‘,,
iII-MGD;‘LEILSNYl‘(S\lLHRGLVNKEKVRISWAVFCEPP VLKPL) EVVIE
344
342
338
343
0

Perilla frutescens
Petunia hybrida
Arabidpsis thariana
1hANS

Allium cepa

339 (4

Perilla frutescens
Petunia hybrida
Arabidpsis thariana
1hANS

Allium cepa

412 AENKVFKENNQDVAAEESK

Fig. 2-5A. Multiple alignment of deduced amino acid sequences of ThANS and other plant
ANSs. Black shading and gray boxes show identical and similar amino acids, respectively.
The iron binding residues are indicated with asterisks, and those involved in binding
2-oxoglutalate, dihydroquercetin and ascorbate are shown with black diamonds, empty
diamonds and empty circles, respectively. Genbank accession numbers are as follows:
Perilla frutescens (BAA20143), Petunia hybrida (AAS99854), Malus domestica (BAB92998),
Allium cepa (P51092).
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46 Petunia hybrida ANS (P51092)(63.7)

E Forsythia intermedia ANS (CAA73094)(64.9)
" _EPh)ftolaf:ca americana ANS (BAE54521)(66.2)
2 Spinacia oleracea ANS (BAE54520)(67.3)

41 L verbena hybrida ANS (BAE72879)(64.9)
sl —l Perilla fritescens ANS (BAA20143)(64.4)
100 ¥ Perilla frutescens ANS {(004274)64.4) ANS
81 Malus domestica ANS (BAB92998)(66.3)
o4 L-L Arabidpsis thariana ANS (Q96323)(67.3)
Gentiana trifiora ANS (BADS1805)(62.9)
99 Torenia fournieri ANS (BAB21477)(62.4)

84 99 Allium cepa ANS (AASS9854)(68.1)

Arabidpsis thaliana FLS (AAC69362)(49.0)

Citrus cinensis FLS (Q9ZWQ9)(43.1)

— Antirthinum majus FLS (ABB53382)(43.6)

Malus domestica FLS (AAXB9401)(42.2) FLS

Eustoma grandiflorum FLS (BAD34463)(45.8)
Petunia hybrida FLS (CAA80264)43.9)

99 Solunum tuberosum FLS (Q41452)(40.3)

—— Medicago sativa F3H (CAA55628) 7]

69 -[:Eustoma grandifiorum F3H (BAD34459)33.9)
Gentiana triflora F3H (BAD91806)33.9)

52 Glycine max F3H (AAT94365)31.5)

_FI—-—Daucus carota F3H (AAD56577)(30.9)
100 oo [ Pyrus communis F3H (AAXB9399)(31.9)

54

99

1
?d|| [Malus domestica F3H (AAX89397)(31.9) F3H
Petunia hybrida F3H (AAC49929)(34.6)
1l— !pomoea nil F3H (BAA21897)(32.6)

5 Z—Las Bromheadia finlaysoniana F3H (CAA61486)(30.8)
aﬁ‘l—_I:Zea mays F3H (AAA91227)(29.6)
99 Hordeum wulgare F3H (P28038)(29.1)
70  Petroselinum crispum FNSI (AAP57393)(33.3)
73| Apium graveolens FNS! (AAX21537)(31.6)
Conium maculatum FNS! (AAX21538)(33.7)
100 Daucus carota FNSI (AAX21536)(32.4)
Arabidpsis thariana alkB (Q9SA98)(12.9)

NS1

P
0.2

Fig. 2-5B. A molecular phylogenetic tree of the deduced amino sequences of ThANS and
other 2-oxoglutalate-dependent dioxygenase superfamily members. The tree was
constructed by the neighbor-joining method. The numbers at the branches are the
bootstrap values that indicate confidence level each branch based on 1000 repetitions of the

analysis.
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BOThH, ZhHRMET 27 I BERERMREFESh QO (Fig. 2-56A), 7z, ThANS
LR D ANS & DR —iL 49 - 70 %, 2-ODD 7 7 IV —NTO5FRBAATIC
BNTH ANS D7 L—FRIZBL., 0P THE XX ANS &EbIEHEL T\ (Fig.
2-5B), ZhbHDZ b, TRANS cDNA X7V b TPy d—E2a—F15H
DLEZLND,

3GTIXT v b 7= D 3~ UDP-Z NV a—ZAnb SN a— RGBT 2BRTH
%, Fig. 2-6BIoR Lk 512, Th3GT DHEET I / BEEFIIZ Y (Gong et al 1997). 7
4 ) av¥a vy (Forsythia intermedia, AF127218) B X7 F (Kobayashi et al
2001) & 44.6 %. 434 %K XV 43.4 %OR—HEER LI, #ET I BESIOwNTT
AT T4 Ay MTEWT, Th3GT 1t C RIEBIC o 3GT LEFIRFHEORVET —7
BREOZL . X DHICHTER LUORTFEMYED 36T TN TR I ) BEES
GETHZ b RHENE (Fig. 2-6A), ZhbDZ &h b, Ih3GT cDNA 7 o — 37
VRYT=Ur3-IAav S AT 2T —¥Ea— LTSI ENERSh, &6
IO LY. RE - E2MHOKRBEIC L 5 RERBMITC XL VR L, 3GT M THRE
AR IE SN TCWEETF— 71X, fliM O ZIRAHEEYD O L8 RRITBIE-§ 2 BiiELBER I /i
#972E05) (plant secondary product glycosyltransfease signature sequence, PSPG box)
©d % (Hughes and Hughes 1994), Z @ PSPG box i¥, 3GT 721} TixR<, 7 b7
=v5-07nvay VI A7 x5 —¥ (5GT, Imayama et al 2004) R°3-0-7 vy
N EF AT 25 —F (3GT) (Fukuchi-Mizutani et al. 2003) Zgte, 7 b7 =%
75 R )4 KR UDP-7 ) ay Rhb 7Y av VEXEBRTHX 7 LT MR
ZYavn bR 725 —BIRELBEHEERTWLZ LAmbhTnb, £Z T, PSPG
Y7773 — BT ORRBRG TR CHTFREMIC L 2T &£1T -7 (Fig. 2-6B), £ 0
iR, Th3GT MRS D 36T & & b Lie 7 T AZ—%M L. 5GT. 3GT B &
BFGL) VNI AT 25— BRT) REDMD Y IV FURT =T —EBDT

SR F— L DHERALMNCe o, Fio, 3GT 7 FAF I Y NVT A% (Vigna
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. hollandica
. vulgare
mays

. frutescens
. Intermedia
. vinifera

xMaNnNxT~

hollandica
. vulgare
mays

. frutescens
. Intermedia
. vinifera

ey W g e

. hollandica
. wulgare
mays
rutescens
. intermedia
vinifera

R DR s

hollandica
vulgare
mays

. frutescens
intermedia
. vinifera

XM ThiN

. hollandica
vulgare
mays

. frutescens
. Intermedia
. vinifera

Ty by ey

. hollandica
. vulgare
mays

. frutescens
. Intermedia
. vinifera

i L T I e~

. hollandica 459 AR-—
. vulgare 454 EV——-
mays 470 [BA

. frutescens 443 AAESS
. Iintermedia 450 SPRGI
" vinifera 452 [IPKDV

<SMdOXN~

Fig. 2-6A. Multiple alignment of deduced amino acid sequences of 3GTs. Black shading and
gray boxes show identical and similar amino acids, respectively. The underline indicates
the common motif found glycosyltransferases. Identical and/or similar amino acid
residueds for monocot species indicated with white whaded arrowheads, those for dicot
species are black arrow heads. GenBank accession numbers of 3GTs: Hordeum vulgare
(X15694), Zea mays (AY167672), Perilla frutescens (AB002818), Forsythia intermedia
(AF127218), and Vitis vinifera (AB047092).
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Forsythia 3GT
(43.4%) Petunia3GaT

Perilla 3GT (44.6%) {42.9%)

Gentiana 3GT

Malus 3GT {41.5%)

{41.2%) Vitls 3GT (42.9%)
Petunia 36T
{41.1%) Vigna 3GaT
{40.2%)
Zea 3GT
(41.7%) ~—
Hordeum 3GT — \
(41.8%) Petunia RT
(24.1%)
Iris 3GT
Is 56T
{31.0%)
Petunia 5GT
{28.5%)
Scutellaria 7GT
(27.4%) Torenla 5GT
Gentiana 3'GT V‘":;';ﬂf/? PerlllaseT  (259%!
(27.0%) . (26.9%)

0.1

Fig. 2-6B. A molecular phylogenetic tree of the deduced amino acid sequences of 3GTs,
5GTs and related glycosyltransferases. GenBank accession numbers of the 3GTs, 5GTs
and related glycosyltransferases: Iris 3GT (AB161175) Perilla 3GT (AB002818),
Forsythia 3GT (AF127218), Vitis 3GT (AF000372), Hordeum 3GT (X15694), Zea 3GT
(AY167672), Malus 3GT (AF117267), Gentiana 3GT (D85186), Petunia 3GT
(AB027454), Iris 5GT (AB113664), Perilla 5GT (AB013596), Verbena 5GT (AB013598),
Petunia 5GT (AB027455), Tbrenia 5GT (AB076698), Petunia 3GaT (UDP-galactose:
flavonol 3-O-garactosyltransferase, AF165148), Vigna 3GaT (flavonoid
3- O-galactosyltransferase, AB009370), Petunia RT (UDP-rhamnose: anthocyanidin
3-glucoside  rhamnosyltransferase, X71059), Gentiana 3'GT (anthocyanin
3-glucosyltransferase, AB076697), Scutellaria 7GT (UDP-glucose: flavonoid
7- O-glucosyltransferase, AB031274). The values in parentheses indicate percent
identity of deduced amino acid sequences between Iris 3GT and each
glycosyltransferase.
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mungo) P7FKRI)A R3-OHF7 b N bTF A7 xF—F (3GaT) (Mato et al
1998) BLURF 2=7 D7 TR/ —)L 3GaT Miller et al. 1999) bEL TN Z &0 b,
PSPG N TOMLITEE 5AERME L 0 13T LA, SRAEKD D WIEI N 2 VALALER
RUELERLTWE LEZDND, £z, FEBROLHTREMIHT ORERIT, HFEELN
T OEHLATIC 56T BV 3GT 28, ThEh R L TWEZ L 2HE#HLE
Imayama et al. (2004) OBELZITFFTHHDTH D,

PlED X d i, RENCBWTHEELE 6 50 cDNA 7 v—riX, £h2h CHS, CHI,
DFR. F3H, ANS BXU*3GT 22— K95 & Rig&h, E7z 6GTE LT 3AT cDNA 7
o — PRI B STV 3 (Imayama et al. 2004, Yoshihara et al. 2006), Z D Z &1,
T T=v3-FK )NV TR T2T—¥ @RD, 75/8/7 3k FufxiJ—
¥ (FSH). 7527 23’5>t Fexy5—¥ (FF5H) BLXOT7 IR ¥ —F
(FNSID) #a— K435 cDNADZ u—=v T L WHBEIIRLI DD ¥y FT74 Y R
BIFBT7TY b T =V AARBRBEETORBOPER SN L EZHRRLTND, Ih
Lorza— i, FvFTAVRIBITBTY by T =V AESKRBIETORB NS — 1
. FHIEAKEDOORGTEAREWCHERARY —LE LTHIRFENS,

4. HE

¥ ¥a YD CHS. F3H, UFGTcDNA O£E, BX ¥ vF7 A U 20D DFRcDNA
Wihx 77— LTRAWEFSYFTALAIVADNAFAT IV —DRAZ V) —=TI2XY,
CHS. F3H, DFR BX 1 3GT #=2— K35 cDNA 2857, £z, FyFT7A IR
EST {§@A&EBL L= PCR BIXVBTFA T TV —DF U X LRI ) —= 712Xy, CHI
cDNA BB L ANS cDNA D v —=> 7R Lz, TNEhD cDNA 3z — 9
BEUNRIEIL, RNFTINNT TA A MEFIZ X o TEBERICERN 2T — 7SI L
72 BRESRH S, SFREBHTICEO CUMLEED ORI T oBREFAL Y L
—FiCEBIN, U EDZ b RETHB LY v F7 A ) A0 CHS. CHI F3H,
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DFR. ANSE LU 3GT REu JIXTNENBRIET DT b7 =V ASHBERZ 2 —
FLTWB L RREShT,
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ol TV N7 = U AARBRBE T ORBEMEN

1. %
Ty RN T o ASREGFORBNRT UV R TR FOFHERNTHD 7 7R B

il

X7 IR —NOERCRIETHEERET D2 ik, TV M7 =V AERRBREEF
B33 FLCTEETCHD, FoFT7A IV RIBNT, FET h7T =% LT delphinidin
3pCRG5G #3, £7=7 7 KL LT swertisin, O-xylosylswertisin, vitexin, iso-orientin
$ L % swertiajaponin 234 STV 5 (Asen et al, 1970), Ins BDOIEDREFE LT b
T = DERMBOBERNEICET 2RI, ~Tvav7 BTt Tn»s b0
O (BrgF 1995). 7 T R OEMBICET 20056 L UOH AR OEHBE ORI
THEBREI RIS TOWARY, Fiz, Iris BEWTIXT V M7 =V EGRRETOR
BT ICB T AN 2T TV RVDORERRTH 5,

FITAHTIE, TV M T =V ARGRBEBTNRT U T =V BRI TR ALEY
DEBMBIZRIZTHRBILOVWTRARDI LD, £T. FyFTAVAROT U hyT =07
IR ERBOEOREROBRHELCHEETRZREZRE L, KWV TRTPCREZ AW
T, B CHBEL=T v b7 =V ABRBIST. CHL F3H, DFRE. ANS BXU 3GT
Iz, MBS CHE Shiz 5GT (Imayama et al. 2004) 35 & Uf 3AT (Yoshihara et al.
2006) DEFE - BEKFEMORBZMIT L, S5, AEOFLAL. AR LUOHEA
HORGBERTINS TV b7 =V AERRBETORBL BB T L1280, RE
ERER I OEALERECRT 2EREOABLRRZHAL NI LT,

2. MEB XU

1) HEYE

HEWHEE LT, ¥y FTA Y ZAOFRCESE, [TA—FAYELF] (N, SFETE
BRI OME L bHFE., HELSME [Surprise] GMERKI LCHERIZA. WNIEGITER
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B L OB 75 55 [White Wedgewood | (P9 - S fE#EIS L OMERE & b H) 2t L7 (Fig.
2-TA~C), 72¥5. FEMAICFR LSO ERIL, 1 RN Y) SEOILEZRARL LT,
BETEY A OMERE. WIERS L UM PRI 2 BB AR (A AEG IR NF333)
CEDHIEL, SMELELDOTHSD (Table 2-2), ZhHEFEORMRIT, [T —F A ¥
VR BRF A REESHN S, [White Wedgewood! ASBERSHRFERE AL
72b D, ¥z Surprise] FHREO LD Z AV, BFKFEEFLIORKRES TG LT,
i, [FA—FL¥Ey F] 8L [White Wedgewood| X, & bl TWedgewood ]
DHEERIZLVERENTZHDOTH S (Fig. 2-8), [Surprise] OFRMEMEICOVTIE
THATH D,
EORBEBRBICBTZT Vo T=rBERT7 IRV OERARI -V BT Y
7 =V ASREET ORI RORBEERET 520K, [TV—F A YT F] OEE
5 ODREEES T TRRL, £hEhoBBoMEE LR LTHVE (Fig. 2-9).
T RUTorBLOT IR OBRERRANERORMEICL. 1 MEYLY 3EOTLEZR
BE LCRATEY B 0N - S F{EgE L OB OAHE 2 Vi,

TV R UT = VARG T OWAGROREBMITICIL, FAEOE, N - SAETER,
BB UM 2 A e, Eio. BRI O OTEOREERPEIL, Fig. 229 N L
ST LT, ZThHDOBEIIFEAT2ET-80CTHRIFLI,

2) Ty b T7T=rBLOT IR O

HERAEY 1 T4 DA 1 %IERRME A & / —/V T 24 BEWR L. 1657 2 B B 7o fih
HIE & AR & LT, -20C TRF Lz, MlHKIEER L, v—F ) - "R L—5F—
(40°C) TEE %, BMA CHAME LT, Z OAEREIK% Millipore Express Membrane Filter
(0.22 x m. 13mm. Nihon Millipore K.K.) TH@ L. R x Y r/-%. HPLC ®

REHE LTERBEMB LUSBRE Y 3TEZORBZRA W,
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Fig. 2-7. Flowers of Iris hollandica. (A) cv. Blue Diamond, (B) cv. White Wedgewood and
(C) cv. Surprise.
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I tingitana (2n = 28) x I xiphium var praecox (2n = 34)

l

— I hollandica (2n = 31)

‘Wedgewood’ ---» ‘White Wedgewood’
Tdeal’
H

‘Blue Diamond’

..... » : Bud mutation

Fig. 2-8. The breeding of Iris hollandica cv. Blue Diamond and cv. White Wedgewood.
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Table 2-2 The CIELAB? parameters values for flo

'r1s hollandica

wer organs of /i
*

. Flower L* a b*
Cultivar organ 100.00 0.00 0.00 Color
Blue Diamond Op 22.49+2.42 27.41%+1.73 -44.65+1.93 Bluish purple
Ip 28.02+2.36 24.42+0.88 -37.28+2.45 Bluish purple
P 44.73+4.41 13.39+5.48 -32.71+4.36  Bluish purple
White Wedgewood Op 87.24+0.99 -6.86+0.19 14.08+0.96 White
Ip 86.48+1.40 -4.10%+4.72 8.11+4.72 White
P 86.02+1.40 -3.82+0.71 8.92+1.37 White
Surprise Op 85.74%+0.67 -5.561+£0.55 10.82+1.02 White
Ip 69.09+1.56 5.30+1.21 -15.564+2.11 Pale purple
P 85.224+1.42 -3.45+0.95 5.79+1.99 White

aCIELAB (CIE L* a* b*, CIE Lab). A mathematical derivative of CIE XYZ (1931) that
describes colors using three synthetic primaries: L* (which indicates Lightness), a* (which
indicates red-greenness), and b* (which indicates yellow-blueness).
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Stage 1 2 3 4 5
(A) (B) (C.D,EF) (G} (H)

Fig. 2-9. Flower development in the Iris hollandica cv. Blue Diamond. Flower buds were
classified into 4 stages by their bud sizes (lengths): stage 1 (A), 20 - 29 mm; stage 2 (B),
30 - 39 mm; stage 3 (C, D, E, F), 40 - 59 mm; stage 4 (G), 60 - 75 mm, and fully opened
flower was stage 5 (H). Stage 3 were classified into 4 stages as follows: C, 40-44 mm; D,
45-49 mm; E, 50-54 mm; F, 55-59 mm (Scale bar = 10 mm).
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Table 2-3 Primers used in the expression of anthocyanin biosynthetic genes in Jris

hollandica
Annearing
Gene Primer Sequence temp.(°C)
plhCHI ThCHI.Fw 5'-CCA GTC CAA GTA TCT CAA G-3 43
ThCHI.Rv 5-GAA AAT TCT CAT GGT GCT AC-3'
IhF3H1 ThF3Hsp.Fw 5-GAA GCT GAG GTT CGA CAT GAC-3' 49
ThF3Hsp.Rv 5-GTG TGG CGC TTG AGA CCG A-3'
IhDFR ThDFRsp.Fw 5'-CAT AAT CAA GCA CGC GCA GC-3' 49
IhDFR.P2-2 5'-CAA TTC GGG CAT GTT CCT CTG-3'
IhANS ThANSsp.Fw 5'-CAA CTA CTA CCC CAG GTG C-3' 48
ThANS.P2-2 5-CTG ATC CTG AAC CTG AGC CT-3'
Ih3GT Th3GT.f2 5-CGA CCT TGC CAC CAA GT-3' 49
Th3GT.P2-2 5-CAA GTT TCT GAC TGA GCT CCC-3'
Ih5GT Th6GTsp.Fw 5-GTT TGG GGG TGA AGG TGG A-3' 48
Ih5GT.P2-2 5'-GAC GAA CGC CGC GAG ATT T-3'
Ih3AT2 Th3ATsp.Fw 5'-GGA TGA GCT TCT TCC TAA AG-3' 45
Th3ATsp.Rv 5'-CAC CGT CGA AGA TCG CAT-3'
IhAQP ThMIP.Fw 5-GAG ATC GTC GGC ACC TTT GCT C-3 53
ThMIP.Rv 5-GGC AGC AAG TGC AGC TCC AAT G-3
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3) ¥l HPLC Z#r

HPLC ST L LT, BEEEkAs o< 75 7A%#=2=y b (LC-10AD VP),
Fr 54 FH ¥ (DGU-14A), v A7 hay bu—F (SCL-10AVP), A— A V=
2 % (SIL-10AD VP), ¥4 A (STRODS-ID, # J L4 —7 > (CTO-10A) BLTT
F FFA A — F7 LA RN TTHERIHEE (SPD-M10AVP) AW, BHY R T A, BE)
FICAME [k:Bife: Vo = 89.9:10:0.1(w™»] BEXUBHK G0%7 & h=1In
AWK Z AV, 35 CTTHiE 1 mUmin ® AKIZ 2 %/min DERAEZ 1T T Bz
FL. 20 3D Ty MEHEITo /%, BIK%E 40 %D %% 20 SyHRFF LT, T
FoT v oRHIE. T4 REA— R VA A TERBERIC LY 540 nm TEHHE L,
BTV R TZUBRID A max. HRFEFERB LCEBEOREHIX LC V—7 AT —¥a v

CLASS-VP ver. 6.12 SP5 (2 ko 7z,

4) RT-PCR &#fr

¥ F7 A Y ZD total RNA tX, Tanaka et al (1995) OFH KLV ERENOHBML
7z, total RNA b OWEERIGNE, FE - F 1 HiCRAREHKIZL VT2, T Y
TV ASRIKEST 3K BEFORBEORMIL, 0.25 uM BEFRENT 7~ —
(Table 2-3). 3 X (% 5 units TaKaRa Ex Taq® (¥ 77 7 /31 A A4 2 AV 72 PCR K
itk V7o, PCR 70T A, IHIEH 2 oE0tk, £H94°C. 30 PR, 7=—)
v 27 30 B, R 72 C. 30 W% 30 F A I vE Lz, T=—) V7 ORERX. §77
£ <=—® Tm {EIZ X WEE L7 (Table 2-3), PCR E®IL 1.5% DT Hwu—R 7)1, 100V

TESKH L. TREL,

3. BERBIU®ELE
1) EOERBEATF—JRBIFAT Y R TV BLOT7 IR VERET T =04
BB G FRBEOBRRNZE
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BoFTAYR [TA—FLYEYR] OHEFIZBNT, TV o T=0BLTT7 7
By DERMIERRE /NI VAT—T 1 hoEERENTL, AT -V 1BV TOTNTH
ST v b T =i, IEORER I o TREN LR L, BTERT (X7 —V4) 28
WCTERBHREER Y 12 » OERBENBRKRICR o1 (Fig. 2-10A), —F. 7 7 R EHEITA
FeT 1PN TRLE L . EOREISELITHE > THA LT (Fig. 2-10B),

HOREBHICBT2ET Y b7 =V AQRBERBETORBT. ATV 1000
@ 2 ThRCHIE AT — P 1 b 3T TRWEREZRLE (Fig. 2-11), Lo L7
B, - OBREFORBIIBIEEN (X7 —T4) BLURIEY (R7—Y5) &BWVT,
AW LT, Kic. ThF3H 8 X O IhRANS O%8ix. EOFZHMP, 27— 1%
B2 < T _T OB CR LAMCRE L Tz, 7. JhDFRB X U ThSATDFBIL. [hF3H
BLO TRANS L HET B LIEVWLDD, XT—TV 1 ZR TR TORBETEORETRE
BRoTWE, X5z, Th3GTH L IBSGTORBIIAT—V 1 b AT—Y 3(E) IZ
M TER L, 0%, B Lk, B, %5 ORETRIUIFLRE (X7 -V 5) BV
TEbIZAMIIEY Lz, B ED X 5 i, KECAWe ThCHI, ThF3H, IhDFR, ThANS.,
Th3GT. Th5GT B X Ih3AT BEF1E. VTR b AT — V200 3T TRWRESBDR
WREENTWE, 2022k, RICBRRET Y T2V OERBRAT V20541
PFTEMULIEZ L LSS LTV, ZhbDZEnb, ¥y FT 4 ) AEEDOHSR
EEICBVT, TY M TV 0EHBLBRETORBRL-ARLIHEL TSI L
BRENT, ZOZERF v FTAYADT » b T=VERERRB, ENEhOESHKE
il AR BETOBEE LUV THE SR TS Z L 2EHLTND, THICX LT,
7SRV OERBRITT v T = VEREBSEMT S L L bITED LTV

2) HBEBOBREICBITLT Y M TV BIBRT7 IR OER, 7V M7=V EGK
BEFB I CEORE
HRLEFFTAYVRAD I RHE, [FL—FA¥EL K], [Surprise] 3L [White
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© o o 9 o
o ©o o o © =~
N £ (-] [==] - N

Stage 1 Stage 2 Stage3 Stage4  Stage 5

- —
c N
T T

—'

Fiavone cont. (mg/gFw)

-
T
l:j I}

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

o N » (-] @
T

Fig. 2-10. Temporal accumulation of (A) anthocyanin and (B) flavone in developmental
stages of the outer perianth in Iris hollandica cv. Blue Diamond. The division of
developmental stages is similar with that of Fig. 2-9.
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IhCHI

ThF3H

IhDFR

IhANS

Ih3GT

Ih5GT

1h3AT

IhAQP

Fig. 2-11. Expression of anthocyanin biosynthetic genes in developmental stages of
outer perianths in Iris hollandica cv. Blue Diamond. The values in parentheses indicate
cycle numbers of PCR reaction. The division of developmental stages is similar with
that of Fig. 2-9. Iris hollandicaA@QP was used as a positive control.
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Wedgewood] D9 B, [TN—5F A YEL F) OBFHHFEICRBT DTV b7 =8I0
75 RUEMEIX, o 2 BREICHSTEVEZ R L, ERAEEIELE L, AR
BLIENoT, . [TA—FALYEY R KBWTabE s AT —a VHIROMHZ
EAETBTY P T =V 7Ry ORK, AMER (1 27.8). FIEE 1: 9.6) B
ViR (1: 117 THY. SHEETRLEL. HLRVWELERBL TV (Table2-2,
Fig. 2-12), BETORBMTCIX, [TA—F A ¥ EV F] OEIZBNT, IWCHIB LT
IhFSH %% 7 v o7 = AGBRBGEFORBIIERINR P o7, —T5, EHBETO
Ty T 2 ESRRETORBIL, #EETIHEL | SERK. WTEgE SR OTER
ROBEICBWCE» o, ThF3H, ThANS. Ih3GT B X Ih3AT B L TITRRE L
ELUNDOBETH LV OREBER SN, TOPTH TAFIH B LV IhANS 3HEREIC R
WTHHMLFEE LTV (Fig. 2-13), 2D &b, [TA—FA ¥EL F] TIIIMER,
NIER R L UMD 3 BE LHEE L TRT ¥ b T =V ASRBGFRBEOHHSIES R
RBELODEZEZDND,

[Surprise| i¥. SMENR A, NIEEIRVWER, BEXACOBRAIERETHD, &
BEOEICHE LT AMEREMETT v M T = OERENEL . NEFKTEI o T,
—F. 77 RV OBEBMEBECBV TR bENok, Ty T =T IRV ORHE
s EsE (1: 225.4), MFESE (1:26.7) BLTHESR (1:101.9) THY, [Surprise] DA
L [T —FAYEy F) OB L AREORILER LD (Fig. 2-12). HHOR
E3%EFEDH R’ED o7 (Table 2-2), £7o, KGHEDOT ¥ + 7 = AGKBET ORBL
TSI LT3 500, ThF3H, ThANS B X ) IhWCHI B33 X TDIE T, JTh3AT
B L O Ih3GT i35 ERE. WIEHE. METHERL W5 Z LB Sh (Fig. 2-13), L
DUERD, [FA—F A eV F] LHB LT, ThDFRB X Ih6GT DREBIINIEHE T
MRV BD L, AERER L UM © L 0 HE RO NER S (Fig.2-18), ZhbonZ
L, [Surprise] AAE#EE L OMEESIZI1) 5 IWDFREBLOBRE BB ABE, £
WIE#kIZ381) 5 TADFRBEHDO N2 ) OROHBREEE BT LTWD LimS LD,
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(A)

Flavone cont. (mg/Fw)
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BD-IP
BD-P
S-OP

S-IP
S-P

WW-OP
WW-1P
WW-pP

Fig. 2-12. Spatial accumulation of (A) flavone and (B) anthocyanin in Iris hollandica cv.
Blue Diamond (BD), cv. Surprise (S) and cv. White Wedgewood (WW) open flowers. OP,
outer perianths; IP, inner perianths; P, pistils.
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[White Wedgewood] IZFDADEEY ., T XTOEBERARDOKETHD, TNk
BIZRBWC, 7Y ho7r=vidgiianhyd, 7R ERBEHMO 2 L ik L TEWY
EEFR LI (Fig. 212), ThCHI® LU IhFSHIX T~ CORECERCHRLTVE, &
7=. ThANS. Th6GT 1 LU Th3AT OFB L~ L T hiMER. PIEgds L UM
BWCIIN—F A ¥ EY R ERBETH Y [WSGTODFEBRLHF Ve b sh - (Fig.
2-13), L LR S, SE#B L ORI\ C IhDFR OFBUIBRH bR, EHNTE
TRV TEORBIIFF I L, WEgE %D RNA £ vz RT'PCR % 30 %1 7
MTHZ T, bPFhickEhsBETH-7- (Fig. 2-18), TDIZ &2 5. [White
Wedgewood] 1281737 M7 =VARSROKRE (ARAL) X, MEHS I UHEE TO
IhDFR3EOKRE, WIEHE T IWDFREBOBEELRBY CRETH b0 LimIh D,

FBREN T L2, [White Wedgewood| TiXRiT, BRADHANIEHKS X CRIERIZHRED
Z2Hy MRELD, ZOXEy M baFEiH L, HPLC 2 2fTolct 25, 74—
FAXYEVF] LRABOT VIO ToVREETH I LBABRB SN, [White
Wedgewood] 1X (A —F A ¥Er K| LIGEOFAODGEDHFFRERERIZI - TH
BInkEREThD, 2O LD, [White Wedgewood | IZ331F 5 ThADFR I DWW 1T
KT ARY vHBWIES ) ADNAD AT LI I VB SR Shiz Z LR END,

PED T Ehs ., BEIERHE [Surprise] DAERR X UMD AGLIE DFREETH
oW, Fi-ABiERfE [White Wedgewood| DOWNTER. S E#IS L UMD ARk
X DFRBEGEFRAOHEELRBOICER TS Z LR LTS, BITORIIL, #BE
BETO S ERERICE IR 7ot —F —FRB LORERMFR L FL AT LA
VR VAL LAY MNEHASTA NI AT LAY b EERHETF) Lo THIEIN T
W53, D7, 'White Wedgewood] & [Surprise] @ DFRBIZFREBED KL IL,
BERGETIOLDOOER, HAWVEIVATLV AV FE FTFUVARAZ VALY POWTIRHD
FRIZBRTHbDOLEZ I, ZORIAELE 4 ETRAARI,
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4. HRE

Ty R T =V EABRETRT V T =BT IR ALEHOEREIIRIET
BBz SN TRET DD, FvFTAYRDT U b T=r - 77RERBBEDIEDFHE
EICBIT AR PR ERERESIT D L EbIC, TV M T =V ASHRERET.
CHI. F3H, DFR. ANS. 3GT. 5GT ¥ X} 3AT OV - FERRIOFIE M LI,
Eoic, FBOFREILGE [TL—F A vEL K], BELHE [Surprise] BITHE
JE 5% 'White Wedgewood] DRI TI DT ¥ k7 = AR HBIEF DI & LLEAFT
F5zLick V. Surprise] 3L [White Wedgewood {Z351F 2E#E @ HE(LDIR
HERERD T, TORKE, EOBRPBLITREICBNW TV M TV 0EERLAS
BEEFORBRL VLR LTEY, 7Y b7 =V EGRBEN TR ORIG % fi
W AMBRREFOEEL A THBESh TS Z L3RR ENTZ, LT, 77
RUBEBRIIT Y M7= UEREEREMT 3 L L bICE Lz, &6IT, Surprise] O
AR L M 0 A f ki DFREETRBEOBE 2B, iz [White Wedgewood |
DN S ETERR X O D B G ks DFRBETREOKREE LIIBAERBDITER T S
ZEBHALNITENT,
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