NFL aTIRBITAT VI TZUD
7 2 VALEERE D iR

(%S :11660007)

SR L4 B ~ R 1 36 MR BT 2B &2
(SHFC) (2)
W W S

SE ok 14 4 3 R

mEREL: B O )|
(IR KF B HRHER)




NFLagTIEBITAT Y P T =T MR ORB

B SRR R
MEREKE . &7 B (BEEXFRENER)
WroesyaE - 2L

R RER (B %)

(&FEN: TH)

EHERR | HEER | & &
ERE 11 EEE 1,900 0 1,900
FRE 12 £ E 600 0 600
Wk 13 5 600 0 600
S 3,100 0 3,100
K
(1) EH%

D

3)

1)

6)

Hida, A., K. Shimizu, R. Nagata, T. Yabuya and T. Adachi 1999. Plant
regeneration from protoplasts of Iris hollandica. Euphytica 105: 99-
102.

Shimizu, K., Y. Miyabe, H. Nagaike, T. Yabuya and T. Adachi 1999.
Production of somatic hybrid plants between Iris ensata Thunb. and I
germanica. Euphytica 107: 105-113.

Yabuya, T., M. Saito, T. Iwashina and M. Yamaguchi 2000. Stability of
flower colors due to anthocyanin-flavone copigmentation in Japanese
garden iris, /ris ensata Thunb. Euphytica 115: 1-5.

Yabuya, T., M. Yamaguchi, Y. Fukui, K. Katoh, Y. Imayama and I. Ino
2001(February 5). Characterization of anthocyanin p-coumaroyl-
transferase in flowers of Iris ensata. Plant Science 160: 499-503.
Yabuya, T., T. Imayama, T. Shimomura, R. Urushihara and M.
Yamaguchi 2001. New types of major anthocyanins detected in
Japanese garden iris and its wild forms. Euphytica 118: 253-256.
Yabuya, T., M. Yamaguchi, K. Katoh, Y. Imayama and I. Ino 2002.
Anthocyanin 5-O-glucocyltransferase in flowers of /ris ensata. Plant
Science (in press).

(2) DEEFER



1)

BE 8- SWLEY - THBR ABFEAIF - UNEE 1999, T
DI7BIR I/ NFTLavTIBIILERT L M7 =0 HPLC 4#7(3).
AABFTREFLE IS HHKS, 44408,

BAER - FHHEE KR - E8mE - HAKE— - &S - B 1999.
YR Y —2A DNA O ITS HIRIZ & B/ F 2 a3 77 (Iris ensata Thunb.) & ¥
¥ —~v 74 YR germanica LYDHRMERE. BABRFSLE 96 [
#HES,9H 25 1.

A ® 2000, NFLavTIBIFBET T =UDT UALEE.
HYEEFESE 12H4£E4,11 A 18 A.

B OB OS5 LE2 - NEERPRE - HEFAE 2001, ~NFva v
TDIEZBTDIT T2V 5-T0ai )V hT R T 25—V OR AR
B. AABTE¥LE 100 E#KS, 105 8H.

SUEZ -BE B 2001, NFLavTiIBIARTL R LT OTY
Mee 7N a Vb DlER. HEHEREFASE 13EEL,12 5 1 8.



L = A - OO 1
EoOE T U N TV OERAEROBER 3
r= 3
7 S T O .S 3
R B L U B e 4
B3E TR T=rOT7 VIVBICET 2B e 10
B e e e eneeeeeeee e 10
P S I R O 5 .o O 10
R R LU B e 10
WAE T T2VORERIZRIEIT T UV EB I
AT AT a OB 14
=S 14
BB LR e 14
R LB e 15
BTHEE TN T=UTIUNEGBERORKEMAER 25
B e ha LR LE Lo e 25
P S > I O 5 OO 26
R LU B B e 27
-1 OO 36







BW1E &R

BXREOAKXRMLBERE TH D/ ¥ 3 v 7 Uris ensata Thunb. var.
ensata (Makino) Nakai)ix, //~} 3 3 U7l ensata Thunb. var. spontanea
(Makino) Nakai) b B E7= b DT, ER. 2B LYY FEIZ LRI <
EEINTW5, £oHAI., REEAXLLTE. B, RREDOFRIZELR
RARY, Y., WAHE, B, BREIUCEMLEVSTHELERTHD, =
DX REBFEIC LD LT, AEOERIIIR, F., B AL ovklr
RE, —BOEEEDNEENTWVDE, ~"FLavTDEAOEELERL(EE
THEDIZIE, HER, BTV N T2V OFREROBRENLETH D,
¥, TOXI RERVMORRIIEEDOT » M7 = EEROBEEIHT &
HLHETHEERIETH D,

NFa T BT LEREOMERI. EORGEERT b T =20ThHD
ensatin (malvidin 3-(p- coumaroyl)-rutinosido-5-glucoside)(malvidin 3RGac
5G)D Bip - [FEIZBIT 24k(1940a, b, 1941)DHFRIC L VK INTZ, ED
%, AK5(1978)i% 200 LLELORBEEAWT, 7Y b T =V OBANEREZHL
Mz L. F7= Ishikura and Yamamoto(1978) b B (REAR) R/ a v 7ICE
FA37 T oBEERBREL TS, BEICEAHLQ983)E, T b T
ZVDORRERZBRETIEDILEERK I n~ 7T 7 4 —MHPLCOIZ L D
SHEBRBL. CRETIINT Y a v 7TORBEROEDOHAERE(/ ~NFavY)
AEBET U MT=ORICE Y, (1) malvidin 3RGac5G - petunidin 3-(p-
coumaroyl)-rutinosido-5-glucoside (petunidin 3RGac5G) . (2) petunidin
3RGacbG - malvidin 3RGacbG . (3) malvidin 3-rutinosido-5-glucoside
(malvidin 3RG5G) - petunidin 3-rutinosido-5-glucoside(petunidin 3RG5G).
(4) malvidin 3RGac5G. (5) petunidin 3RGac5G. (6) delphinidin 3-(p-
coumaroyl)-rutinosido-5-glucoside (delphinidin 3RGac5G). (7) peonidin 3-
(p-coumaroyl)-rutinosido-5-glucoside(peonidin 3RGac5G)3¥ X T}(8) cyanidin
3-(p-coumaroyl)-rutinosido-5-glucoside (cyanidin 3RGac5G)? 8 FEIF DAz 4y
ML TWA (@A 1988, Yabuya 1991, Yabuya et al. 1994a),



INODOFEBET T =D 5%, delphinidin 3RGac5G 13 H AIE %
(Yabuya 1991). — 5 cyanidin 3RGac5G % 7= peonidin 3RGac5G (XK &It
RvEB A EERTDHIOICEERAFRE L THEHEEH IN TV 5 (Yabuya et al.
1994a), 7=, £z S5 5 malvidin 3RGac5G - petunidin 3RGac5G
FENF T a v TIEBTREET Y M TV OERBBEVR LA EINTEY
(Yabuya 1991), L2 bE 7 by 7T =0 L b EFEEHEBED p- 7/ ~— LB TT
vfbEhTWb, ZOROERBGEET )k LT, malvidin 3RG5G —
petunidin 3RG5G B MR L R R S v(Yabuya 1991), ZHh 6 ORBEITT v
#l(malvidin 3BRGac5G — petunidin 3RGac5G)fmfE & LB L T, B LT W4
MEELTW:, BIZ, 7o T2Vl pr~v— N8 W7 BREDEE
BEBBROT7 I K> TEEMENE L., LOABbEDOHRIIRNT 7 (ki
FOVBEEZECRDENY TR, BARAKFALZL-LT I EARESINATVD
(KA 1994), ZhicH LT, N"Fvavd o7 b7y v 7 =it p s~
—LVBICLDBEMOT N BTHEIOT, ThE2BEFEAICLVRY TN
LRICKBRTHIE, BAIESEOEFRRST v F T =V REMOE LVHEAH
B TE D,

XIT, 7o by T7T=ORYTUMECKY BEDOFRILBLURELE
ZRLTANTva v 7O0BEMER2®ED DO, AFETIEANFTYa v
BIAERT VM T2 OBREBEBIORT Y T =0T UNEGRBEBEROR
A ZITO & & b2, In vivoBE W in vitro TOT U NWALB X RIET Tk
T MNT = ORENE LLBRE LT,

AR EZITTDICHY | EIMREREBERFAHAEERAR(L, FIC
SILEZEKBICEBEATIRICELL OB HEZ W\, -, W
FIEEEHRO LB KRB LVCAALEHEBSOEK LENML, 7T R
YBIOT Y M T 2o ORLEELHFEEYE - AREREYR OSSR T
BB L OEANKERZEREFILOEEHE LA ORHBL TV E 0T,
BT, TV T2 T UNEEBERDT v A4 TIIERKERE ULFE
BERAFABELICERRIHHEZW 0, ZIERIIHLTLE DR
HOBEEERT D,
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FATBRART=L DI, " avT Tk 8 MEDEET VT = ORINTF
£+ %55 (Yabuya 1991, Yabuya et al. 1994a), ALV UKROEEZFRT D DI
HER MK TH D peralgonidin B 7 > 7= iZonTiExe<EIh T
2\, ¥ 7-. delphinidin 3RGac5G. cyanidin 3RGac5G ¥ L U} peonidin
3RGacSG IXFET V F 7= e LTHEREINTWDIZHLOLT, 2hb
DIFETINMET o o T=0bINETDE A, BRENTVRL,

T AETEAF Y2 U BLOEOBHAER() ~NF s U AN BTAE
A7y b T =V OBRREITo T,

RSSO RS

MRELE LT a 77 130 G, 13 RSB L EOHAR 3 R %2 it
RLE 1 XBW), AEHEEHET b7 =0 HPLC & UL TOHEIC &

DiT- 7,

(1) 7 b7 = OHHH: Yabuya(1991)D FEIZHE » THREIEF DT
T =R LT,

(2) A7 A BE HPLC st EK ==y MLC-9A), 4T A ¥
=7 #—(9L). ¥t F ASTRODS-1I). # T L4—7 2 (CTO-10A)(35C),
A TR EH R EZRSPD-10A) B L7 n~ by 7 (C-R6A) & 47
#EEBELTHW:, BHI AT AX, BBIHHGEERE 1ml/min)®D A #KIiZ/K:BEEE:
BE82=89.9:10:0.1(V/V)IEA#. B #KIZ 50%7 & b= F U ALK&k % AV, A
5 2%/min OERAE T A0%BEE T 20 2HO T 7 V= FEHEITV,
£ D®%IL 40%B & 20 SRR FF L7z, 7 b T = DRI, BAFRSY
FSEHEHRHIBFICLD 540nm THIEL., 7> b7 = RO DERFRRR



IUOEHOEHIZIZ o~ Ry 2tk ot

Q) FE: AERTRHEEIN-T Y 7= DRIERX Yabuya et al(1994a)
DHFEIZRE, BBFDOT v b7 = LD imax DB L= o~ b
F74 =L DITo7-, BEEI® malvidin 3RG5G. malvidin 3RGac5G,
petunidin 3RG5G, petunidin 3RGac5G. delphinidin 3RGac5G. cyanidin
3RGac5G E L W peonidin 3RGac5G % Yabuya(1991)=X° Yabuya et a/.(1994a)
DODFEICEIVELNT, £7-. BB D cyanidin 3RG. delphinidin 3RG.
delphinidin 3RGac ¥ X (® peonidin 3RG i keracyanin(”7 7 2 VX&),
tulipanin(E & FEWEE, AREREYEOSF FELIVoBEINT, ).
/X ¥ —(0Ootani 1973)F &L "~ A F F(Ishikura and Sugawara 1979)H &
#fH X 7=, cyanidin 3RGac5G I XX peonidin 3RGac5G D7 kit
Yabuya(1987)D FiEiZHE - 7=,

MRBLUVEE

NP a v TBIUEOHEMONEEEZHT > b7 =D HPLC 534 &
TToTR. 20%U LOXMEBZETLHLEET b7 =2 B30ThofHfEGR
B 1 E10T2 O TR SN, TORBREZB 1 RITTLIL, 16 DEET

o7 =O®D 55, petunidin 3RGac5G — delphinidin 3RGac5G
delphinidin 3RGac5G — petunidin 3RGac5G. cyanidin 3RGac5G — peonidin
3RGac5G. delphinidin 3RG - delphinidin 3RGac(% 1 [X] A). petunidin 3RG5G
— malvidin BRG5G. malvidin 3RG5G — peonidin BRG5G(% 1 X B). peonidin
3RG5G — cyanidin 3RG5G(3E 1 X C)35 L U peonidin 3RG — cyanidin 3RG(&
1XD)D 8 EENAERIZLVFTICRRAINZRTHH(E 1K),

INHLDOHLWED S L | peonidin BRG5G — cyanidin 3BRG5G(GE 1 X C)F
X W peonidin 3RG — cyanidin BRG(EE 1 X D) R IR L2ERT 5 LTk
WICHER &N, [ 6. XF 2 =T ORETE cyanidin 3G I X W] 3RG
IZRBRINTE Y (Wiering and de Vlaming 1984). cyanidin 3RG5G B L8
cyanidin 3RG I3RGBIELZRETAIDICHEERT LV M T =0 THHENLTH
%, BiZ cyanidin 3RG5G (X cyanidin 7 > F 7 = O P TH H KV A max



Table 1. Classification based on major anthocyanins in Japanese garden

iris and its forms(*)

1. Malvidin 3RGacbG -~ petunidin 3RGac5G: Geishoui, Benitsubaki, Maisennyo,
Dewanoakebono, Kosennyo, Ageha, Kyomai, Beninoito, Benirenge, Kaguragishi,
Goshozakura, Enkaishu, Beniwashi, Shojyo, Hagoromo, Isonoasakaze, Mizuhonokuni,
Gosannotakara, H12-21a, Dwarf 2*, H5A-60, Ginnokoto, Soho*, Ooyodo, Kamogawa, Meiji 5,
Matsubagasane, Chitose, Yoroimusha, Venetian Velvet, Yamataikoku, Hanakago,
Shiinohomare, Ryoka, Toyoashihara, Hanakonjyo, Fujiyakko, Oshokun, Enrai,
Miyamamurasaki, Kokuryunotsume, Shin-uchu, Tsukinotamagawa, Gun-en, Maikonohama,
Minokotobuki, Atsumori, Miyakonotatsumi, Hanakotobuki, Asatobiraki, Nue, Sennenno-
tomo, Aoshibagaki, Hekiho, Uchu, Hekigyoku, Koromonokasumi, Fujibakama, Shin-ariake,
Ge-kkyuden, Aogadakejyo, Kongojyo, Suido, Mikawayatsuhashi, Gunjyou, Meiji 3,
Kokuryujishi, Shorai, Kasumigaura, Shoryu, Gokonoasobi, Isemonogatari, Shiunnomine,
Goshoasobi, Saigyozakura

2. Petunidin 3RGac5G — malvidin 3RGac5G: Meiji 2, Benigata, Jyunihitoe, Orihime,
Aoinoue, Tennyonokanmuri, Hananoame, Kakkoudori, Yoakemae, Naminoribune,
Nemurijishi, Zamanobi, Hoshizora, Kamiyonomukashi, Senrinokasumi, Tamanokasumi,
Ryofu, Hoonokanmuri, Ryunohige, Usuzuki, Hamahagi, Ishikarigawa

3. Petunidin 3RGacbG - delphinidin 3RGac5G: Asahizora, Hanamonogatari,
Chikubushima, Isobe

4. Delphinidin 3RGac5G — petunidin 3RGacbG: H12-11a, H12-17a

5. Cyanidin 3RGac5G — peonidin 3RGac5G: Yayoikagami

6. Delphinidin 3RG — delphinidin 3RGac: Shibukake

7. Malvidin 3RG5G - petunidin 3RG5G: Shoyosei, Yamatohime, Renjyonotama,
Mitsuzakura, Yuhi

8. Petunidin 3RG5G — malvidin 3RG5G: Jyanomegasa, Kokonoenosakura

9. Malvidin 3RG5G — peonidin 3RG5G: Momojido

10. Peonidin 3RG5G — cyanidin 3RG5G: Miyakei 2

11. Peonidin 3RG — cyanidin 3RG: Giondaiko

12. Malvidin 3RGac5G: Nijinotomoe, H9A-18,Yumenokuni, Miyoshino, Shuzenji, Yoshino-
yama

13. Petunidin 3RGac5G: Kyomaiko, Dewabanri, Murasame

14. Delphinidin 3RGac5G: H5A-53, H5A-62, H12-2¢, H12-6b, H12-7a

15. Peonidin 3RGac5G: Otomekagami, Komatsunagi, Kitanotenshi*, Usugesho, Fujinogaki,
Hino-mai, Saganoharu, Hinosei, Hiwatari, H91-15, Sakurajishi, Senbonzakura,
Momomatsuri, Anono-otome, Benizakura, H92-107

16. Cyanidin 3RGac5G: Midareito
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Fig. 1. The representative HPLC chromatograms of delphinidin 3RG (peak
No. 2) — delphinidin 3Rgac (peak No. 7) (A: Shibukake), malvidin 3RG5G
(peak No. 4) — peonidin 3RG5G (peak No. 3) (B: Momojido), peonidin 3RG5G
— cyanidin 3RG5G (peak No. 1) (C: Miyakei 2) and peonidin 3RG (peak No. 6)
— cyanidin 3RG (peak No. 5) (D: Giondaiko) types in [ris ensata.



Table 2. A _,, of cyanidin and peonidin type

anthocyanins in /ris ensata

Anthocyanins A oy (M)
Cyanidin 3RG 519.7
Cyanidin 3BRG5G 516.7
Cyanidin 3RGacbG 523.8
Peonidin 3RG 519.7
Peonidin 3RG5G 517.8

Peonidin 3Rgac5G 523.6

|



ERLIEZENSE2R). ZOT b T =B a v ICREIEEER
THLETCHELBELI-EBETHD, - T, peonidin 3RG5G - cyanidin 3RG5G
BMOZRE B8R 2] B2RARE L 70IEEEZZE LTV, REIELZERT
LI-ODOHEELBELERETH D,

malvidin 3RG5G — peonidin 3RG5G (¥ 1 K B)DHER LIECFRE L KM
5 ETHRKENZETHD, ZDLE 57 delphinidin & & cyanidin D7 > |k
VT = OREEIIAERDPEIIORE TH D, ZORICET D BEIRE) (B
2 X By, 7 DA TH>7-H. malvidin 3RG5G (Z X 5% & peonidin
3RG5G L LD~ BV FDRELF - REAOFTRICREERLE L TERT
5HDTHD,

Yabuya(1991)ix. " F T a v 7B REFOHFARICBITAIFET T =
v OEXREA)R L malvidin 3RGac5G — petunidin 3RGacsG TH D = & ##
Bz, TOXDREEIX. K5(1978)F L U Ishikura and Yamamoto(1978)
DHREL—HL, LALAERERENOOIFEIN, #-oT, B 1 RITFR
L7= & 912, malvidin 3RGac5G — petunidin 3RGac5G %R\ 7= 15 DFET
YR T=0ORITWTR A ERA L B 5, #l21E, malvidin 3RG5G -
petunidin 3BRG5G ¥ L U petunidin 3RG5G — malvidin 3RG5G D@ AT T
N7 =0DOF7 Nt (Ao). %7 delphinidin 3RG — delphinidin 3RGac %%
Ty U7 = OEEN(6GE LT methylation(M) DEMREARERETH D
EEZOLND, FI T, REZBWWINTYav7ZBTHT R T7=00
7o MBICBT Bt 21T o7,



Fig. 2. Flowers of peonidin 3RG5G - cyanidin 3RGSG type cultivar
‘Miyakei 2'(A) and malvidin 3RG5G — peonidin 3RG5G type cultivar

‘ Momojido’(B) of Iris ensata.



CHB3E T N T =T MBI ET 58T
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FAZIRARIZ LD NF v a VT OEET P T =BT EAEHA)E
i< malvidin 3RGac5G - petunidin 3RGacbG THYV ., ZOFHFTINVETHS
malvidin 3RG5G — petunidin 3RGFG 1IT > b 7T = DT U NMICET 54
MRRERBLERZENTWS, LELRB’L, ABRTHET Y b 7T=vD7T
VBIZET 2 BEFIMREIEER N TV RVORTRTH S, €I T,
AETE/NF ¥ 3 77 ? malvidin 3RGachG - petunidin 3RGachG B LfE [{E
&) & malvidin 3RGHG - petunidin BRGHG B [ KITF | LD F, BIUF,
WHERNT, 7Y b T =r 07 MMUICBET 2 BESTEITo 72,

e L Ok

NFva T OSBRI, TKICF) x (ER] @ F Y 5 BB LU F,
FE 47 BEE MR E L TR L., mBlafED S b, [KITF ) 1337~
NMET o o T =2 (FDEET > b7 = O E malvidin 3BRGHG -
petunidin 3RG5G TH B, Y&, —FH [TER] BFT7 b7 T = (D
FET L T = DA T malvidin 3RGacsG - petunidin 3RGacbG TH 5, )
4 LTw3 (Yabuya 1991),

FROF BIOFEDZBTOIAIEEEET - b7 =20 HPLC 75341
BIEDFEIZE > THTW., TR O DEER T I bB K THT ik nTh
DT b T = 2B H500EHE L,

fis KB L OB

NP a T ORERIZHE,. TKCF] x TEE] O F,EcBiT 57 vk
TR T=vBICHETIVMET U b T =0 OSBECET S x 2 BREDR
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BREEIRIZ, THEZORKRT L M T=VOHPLC 7 < v 8% 8
HNIR LT, TNHDRRNLHALREIIZ, TIVMET o T = L3
TIMET o b T = OBl E 1 BRI FHEREICET 5 F, 05y (3:1) &R
ELTx*RELEIT-oILEZ A, ZOREEFIBODTHEEG LTV, £z, F Y
D 5 BEIITRTT LT v b 7 = (FDOFEEMRSY L malvidin 3RGacs5G
- petunidin 3RGac5G TH D, )ZHE LW, Utz b, ~NFiaur
CRBFDT b7 =0T UNEOEBIE—RBEFOEEIZLIZHLDOTHD
T IMEIEFET MBIt L TEETH 7, £Z T, 7o b T7=0T o0
EEBBELTE Ac LRI RLIE WMESEO [KILF] BLT L] BT
57 VIALOBEGFEINT acac B LN AcAc L HEE SN D,

NP a YT TRT R T=VDAFUEBEFLOT SR, A F UL
(MOIZFEA FAL(mOIZKT L TEETH 7T (E 1998), ZDLH5R T by
TV OABRRICET IRBEEMMALPERT S Lk, FEOTERDOEZL
FREPEDD LTHROTHERZ L THD,
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Table 3. Segregation for acylation of anthocyanins in F, plants

No. of F, plants Expected
Acylated Non-acylated ratio x 2 P
anthocyanins” anthocyanins?
35 12 3:1 0.007 0.90<P

1) Petunidin 3RGac5G and malvidin 3RGacbG were detected as major

anthocyanins.
2) Delphinidin 3RG5G, petunidin 3RG5G and malvidin 3RG5G were

detected as a major anthocyanin.

12
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Fig. 3. The representative HPLC chromatograms of acylated anthocyanin

type(A) and non-acylated one(B) in F, plants. Peak No. 1: petunidin

3RG5G; No. 2: malvidin 3RG5G; No. 3: petunidin 3RGac5G; No. 4: malvidin

3RGachG.
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HAE TN ToVORERHIZRIET T UMVEBIRaE s A
Tr—/4 ‘/@%’@

&

il

/~F 3 a 7 @ malvidin 3RGac5G — petunidin 3RGacs5G BUZ I 5 FH &b
BT, M7V T =0 T7THR 0 isovitexin E DA T AT —a v
R vIRAaDOFEAEINY TR, BEBRET S Z EXHLMIIN T
% (Yabuya et al. 1994b, 1997, 2000), Z#iZxt LT, ABEITITEDIF T v
# 3 % malvidin 3RG5G — petunidin SRG5G RO HmBEHFEL TV AHITH M
PhLT, BERT UV N T=VOREHRICRIZT T Y EOEEBICEAL T
FEAEBRFEN TR,

FIT, KETEHT7T LT v F7 = (malvidin 3RGac5G, petunidin
3RGachQG) L #T vk T > b7 = (malvidin 3BRG5G, petunidin 3RG5G)
Z BT, Mcllvaine & TTO7 v T =V ORENICKIETT pH, 7T
LR LN 1sovitexin E DA T AT —2 a3 VORBIZHOWTHLMZL
7o £72. /"F 3 77 ® malvidin 3RGacsG — petunidin 3RGacbG H! +
malvidin 3RG5G — petunidin 3RG5G B D S fEIZ BT HIEADOEENE D LB
L,

MEtE LUk

(1) in vivo TOLEEERER
N3 0T OREBICBT BEEOEEHRROL DI, BB E LT
malvidin 3RGac5G — petunidin 3RGac5G ® D 2 ffE., [1EEE). (HRESE)
BLREOI T VAT TH D malvidin 3BRG5G — petunidin 3RG5G B 2 5,
[KITF ). TAD¥) 2R L7, 2N HORBEOIEEZBAIEY BICERER L TK
DASTZREZITELT 20CTRIFL. 3 KOATEHE TN THEAENA, 1 H
BLU 2 BERORE L LTHVW ., &3UHE, BB~ A F - "2 ERoEH

14



EEFMPS-2000)iZ L Y FDOHRNEEZRE L=,

(2) in vitro TOREMHARR

Mcllvaine BZEEPIZBIT DTV P T = OREHRBRDIZDIZ. 7 by
7 =& L T malvidin 3RGac5G. 3RG5G. petunidin 3RGac5G. 3RG5HG,
7 7R & LT isovitexin ODFEGE#HRA L, ~"FPavT70or 7=y afE
NHLERXN=T > b7 = DML, Yamaguchi et al (1990, 1996)D %
BICEVHB L, 7Y b7 =20 OFRICRL T, ILNRBEEEE LK
BEFENCERKOTHNHEZ LTV eEWs, F£72, isovitexin ida8F &# - (EH
MEFEYEREEREYR) LV 0B HDOTH D, ZOHTHEIZES
BILERL LT,

T TV MU T = OBMX T E O % 88D EGME(Ethylene glycol
monomethyl ether) CI&fE% . & pH(B.2. 4.2, 5.2, 6.2)® Mcllvaine & &k %
MZ01mM 2725 L DI LT, KIZ, 7 b7 =+ isovitexin X Tid,
KRR FEZLWET > b7 =% Mcllvaine £ ## (pH5.2) T 0.1mM
225 & 91T, F7- isovitexin i ED 0.02mMNaOH THE#E%. Mcllvaine
BER(pH5.2) % i 2 . malvidin 3RGac5G. 3RG5G Tif 1.0mM (Z. petunidin
3RGac5G, 3RG5G Tit 1.4mM (2725 & 5 IZFHEE L7z, FRBHI O W THERE
%, 247, 44y, 645, 843, 1043, 30 4. 1 FFfE]. 3 KFfH], 6 REfE], 1 A, 2
BR L3 HRIZBE AL F /IR BROAHERFHMPS-2000)iZ & b £ D%
HEZRIE LT,

RBRBIUEE

% 7. malvidin 3RGac5G. petunidin 3RGac5G & £ DIk T T WALBID
malvidin 3RG5G. petunidin 3RG5G # A\ T, Mcllvaine $E#EPIZHBITH T
VAU T =2 OREHIZERIET pH BELUT UL R B L2 R L1-(F 4
~7TX), #D#ER., pH3.2 OKBEF Tix7 it & IET 2 4LD malvidin
BEU petunidin 7 b T = UBOREHICHELREZRTIRD bR L,
LObEEE PRV DOREMERLEZ B4X), Zhid, 7o by T7=0n

15



pH3.2 OBMKBEF TCIEI 7 IV VAL TV OEERBEETROINLTH D,
ikt LT, pH4.2~6.2 OFEEKBEHRF TIX7T ik, FET kD
malvidin 35 X W petunidin B 7> o7 = R ORELEHZ R LT
2. BIFIIBRFLVLEEENEIENSTZ(ES5~TX), ZDOLIRT I
TYRNT=VOREHRIT, Ty b T=U0D CREFERT VNLVEDORY
PUBEDHFRNRAY XL TIZEBbOLHRISRD,

#KIZ Mcllvaine &R FICB T DT b T =0 OREMIZRIET T VL
BXWisovitexin ¢ DAL T AT —2a vV OEBZHARN, TORKRLESE
O 9 KiZ/RLT, malvidin B 7V b7 =0 (8 8 R)IiZHOWTHD L,
malvidin 3RGac5G X TII¥E#E 30 B & £ TH22 Y OIBANEATZDIZH LT,
malvidin 3RGac5G + isovitexin X TIIEMEE H T V BAXRD LENT, 72D
DEEMER LT, —FH. 7 VLB D malvidin 3BRG5G X TIitAMRE%IZ
EFLWRARA LI, 2 HFICITIFTTRIZBA L, ZHiZx L T, malvidin
3RG5G + isovitexin X TIIEME 30 7 E TH2 ) OIBABEATIZLN, EDOK
DIBEITIZIEFEIE Lz, £z, EOERER LR, malvidin 3RGac5G i
malvidin 3RG5G XV H L EHL R LT,

IOEHZ, malvidin BT > o T =20 DRERIE p 7 ~v— VB L BTV
MEB L Wisovitexin E DT RA T — a3 L V{EEINDID, TOHE
EATE LD L EEOFZEDINITEN TV, FiZ, FEEDZ & A petunidin
7 b T =00 invitro CTOREHOERERNLHR D b (E 9 X)),
TDEIRA T AT — 3 IZ X% malvidin B X W petunidin B 7 > b
T = OREMIL, isovitexin & DHEFIZ L D5 TR F v X 7 (Hoshino
et al 1980, ¥ - 4T 1989. Goto and Kondo 1991)iCH¥THHDEEZX L
N5, Yabuya et al (2000)i%. pH4.2~6.2 DMK T TO malvidin
3RGac5G ¥ L F petunidin 3RGac5G DAL EMEIL, isovitexin & D 3 7 A
YT a I VBREBFIRREND L EBRICHLMNITL TV DD, 0¥k
TINALT v b7 =@ malvidin 3RG5G ¥ X ¥ petunidin 3RG5G 2= °
TAT = a il E D REMPREEND Z &2 ME LIZOIXERFRLEP)
Th b,

%5 10 Xi¥. malvidin 3RGac5G — petunidin 3RGac5G R LufE, [TEREI. (I
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Optical density for Amax (nm) (Relative value, %)

T T 1 | I l 1
0 2 46 8 10 30 (min) 1 3 6 (tr) 1 2 3 (days)
Time
Fig. 4. Effect of acylaton on stability of petunidin and malvidin type anthocyanins in Mcllvaine’s citrate phosphate

buffer (pH 3.2).
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Fig. 5. Effect of acylaton on stability of petunidin and malvidin type anthocyanins in Mcllvaine’s citrate phosphate
buffer (pH 4.2).
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Fig. 6. Effect of acylaton on stability of petunidin and malvidin type anthocyanins in Mcllvaine’s citrate phosphate

buffer (pH 5.2).
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50 H
0 T T 71 1 i T 'l'l T \w) A~ il S Q (,JL
0 2 4 6 8 10 30 (min) 1 3 6 (hr) 1 2 3 (days)

Time

Fig. 7. Effect of acylaton on stability of petunidin and malvidin type anthocyanins in Mcllvaine’s citrate phosphate
buffer (pH 6.2).
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Fig. 8. Effect of copigmentation and acylaton on stability of malvidin type anthocyanins in Mcllvaine’s citrate

phosphate buffer (pH 5.2).
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Fig. 9. Effect of copigmentation and acylaton on stability of petunidin type anthocyanins in Mcllvaine’s citrate
phosphate buffer (pH 5.2).



EHEH] X0 malvidin 3RG5G — petunidin 3RGHG B AfE, [KITF). XK
D) BT IRIEBZROTEROENERLIZLDOTHD, ZOXNLHLNAR
IO, BTN BGRMIT ONVBEEEL Y bIEADBANREA TV, LI
AT R T =D in vitro TOEEMWICET2ERER LY, 20X
RTIUNBGRICBITHHAOREHRIZIE. a T A T—2a T by
T=rDT UAEBEE L TNE D LB INHN, RIEICERSTEHEDIE
BEEH~OERII/N NIV bDEEbhD, £7-. #FT UV BEREICEITLHIE
BOREITT TR (sovitexin) b DA T AT — a V2FIFAT A2 LT
FARETH D,



4 Yamataikoku {F Ohedo

@ Hanamagaki <O- Mizunohikari
100

Optical density for A max (nm) (Relative value, %)

0 T
0 1

Do —

Days after anthesis

Fig. 10. Comparison of optical density for visible A max (nm) of outer
perianths at anthesis, one and two days after anthesis between malvidin
3RGac5G — petunidin 3RGachG type cultivars ‘Yamataikoku’, ‘Hanamagaky’
and malvidin 3RG5G — petunidin 3RG5G type ones ‘Ohedo’, ‘Mizunohikary’

of Iris ensata.



WHEE T M T =T UNEEGEBEEROEMERA

%

J{

RLEEREARTHDHT VMO ToViX, TV MU T2V UVITERES L
EHEERDOZ L THY . RITILZ OBCHEERN S FER E TTISARRO A BRBRIC X
DT IUNMEINTHBEE LD LD, FEEAERRBIZIDZ T T =
DT I MEIZEBWT, pZ7~vaA ) CoA £ 7 x4 A1V CoA b p7~—b
BMEIT7cBET b7 =V 0 3RGBLR3RGEG ~EE T 5 BEFK ) Silene
dioica TRONZHE S hi-(Kamsteeg et al. 1980), F D%, fOWEHMETH
CoA-Z AT NEEM L THERARBRE T L M7=V 3G KEBT I8BH
DDA &I T & 7= (Teusch et al. 1987, Callebaut et al. 1996).

B, a7 B LOEBKEREBBICLD T F 7T =Y 3G5G(3, 5-
diglucoside) D 7 L WAL T > b T =V 2B T HERPLHHB L2 7 vV Big
BEEROSNTIE. T b 7=V 3GOT UMEIE, 7V by T = 04%E
R CO 5-Ee¥E L ORI & 725 = & A Zinnia elegans (Ino and Yamaguchi 1993).,
Centaurea cyanus (Yamaguchi et al 1995) ¥ X 8 Dahlia variabilis
(Yamaguchi et al 1999) THEIN TS, THIZXH LT, HEFEAERIC L
27 bl 5-EERLOIEFITHEMBICLIV ERDZ 2N ERIN TS, T
bbb, T T =00 3G OT bk, Silene dioica (Kamsteeg et al.
1980) Cidm#& AT v/ Th V. —7F Petunia hybrida(Jonsson et al. 1984).
Matthiola incana (Teusch et al. 1987)3 & W} Ajuga reptans (Callebaut et al.
1996) TiX 3G O T T AL 5-BEHE{LIZ AT L TV 5, BT, Perilla frutescens
(Yamazaki et al1999) T 7 > k7 =3 3-(p-coumaroyl)-glucosido-5-
glucoside ZAFET H7-DIZ. 3G-7 I {b—5-EE LB L 5-Ei8E{t—3G-T
VLD RET & bBEEL TV 5,

/NF a7 7 (Iris ensata Thunb)DIE Tk, 7 b 7= 3RG ®
3RG5G 13 p-7 =— /VEETT I /v{k &1 7= delphinidin 3RGac. malvidin 3RGac,
delphinidin 3RGac5G. petunidin 3RGac5G & T} malvidin 3RGac5G 23 % K,



I TV 5 (Ishikura and Yamamoto 1978, Yabuya 1991, Yabuya et al 1997,
2001a), = Z CTAMETIX, ~"FTa v 7 ofEE NGB L p-7 ~— VB
BEZROFESCU T = /78I RT V7T =y 7 IR 5 RIBEZEDOIEE A H
LNMITDHELEBIT, T T2VERRIZBITILT Y b7 =V 3RG D
Tkl 5-EELDIEFIC OV T HRET LT,

MR KOk

(1) HEFE
NFagTorT =y sRkE LT, TEEEI. TKXR—&], TEXE], M6

INET), TRRER) . TERDE] © 6 afEx, $273 7=y 7%E LT IF#E

1. TS, (8T8, BOEK] O 4 hMEEMMEE L THRA L,

(2 T by T=vB8LUE pr~vaA L CoA DRER

NP avTOrT =y kBB I UCMOMBENSEBINETV Py
7 = OiEmi¥. Yamaguchi et al. (1990, 1996)D FEIZ LD HER L. £/~ p
27 <1 A )L CoA X Stockigt and Zenk(1975)D FEC LV RAR L=, kB, 7
YEUT =R TIILREREEEUVNKEREER), —F p 7 vaAfL
CoA DR TIIMETEREF RN ZH N 2 W WD T HRIZEL
BILHB L BT B,

B) 7 ho 7= KRB ER
NP a7 ORENZY 3~5 TEEMRA L, fiIETRR-FEICLY T b
7 =>® HPLC T HORE ZER L 1=,

(4) BERRAR

BERmEmIX. 2~4 BOIEEN S Yamaguchi et al. (1999)D Kz L 0 FHRL
Lice ¥72. 7TIUNEEBEEHRIX, -20CT 2. 3 BHZOEMZIZLEALET
SETIHRGET DI ENTE L,



B) FURNVERBEOREL IUVEERT vEA

&7 EBEL. Bradford(1976)D FiEIC LW RE L, BERT vEAIZ
W EZRERSIRIE. 100 11 2720 20 o | BERBHM (K0 16~20n g & > 737 H).
500 x M malvidin 3RG5G % 7213 delphinidin 3RG., 300y M p-7 ¥ 121 )L CoA
¥ L 10mM L-cysteine # & ¥e 70 u 1KPi E &K (pH6.5) DA THhH - 7=, BEFR
BsHs 35°C. 20 R TiThi7-#%. Folch et al (1957)D FEIZ L Y £ DRt
EIELE, BEREHOT b7 =ik HPLC TR LT,

(6) BEFR DR

NFPvav Tk TTEE OfEE»OCHE LAEBEROSFMHIE. Ino and
Yamaguchi(1993)3 X U Ino et al. (1993)D HFHEIZ L VAL LTz, T VE
254 L LT malvidin 3RG5G F 7213 delphinidin 3RG %, 7 IV Eft 54k L
LTpZ~vuaA/LCoAZHAWVT, £ pH. —flif 4> (1ImM)E L VEEFRIBE
H(ImM)DOBEBRARLNT-, BEHOaAT R M, FEEHORELSNIERE
DEERT v EA LIS T, BEHOEAMT A M E2BRWT, REFEMZE0LT
NTOREIT. FEEOLRTRES OIS TIT o1,

() S3HTiE

HPLC(&# LC-10)i¥. Inertsil ODS-1I % T A (6x100mm) & B8 & (Fi &
1mV/min)® A #iZ 1.5% H,PO,(k¥%#K)%* . B #&iZ 1.5% H,PO,. 20%HOAc,
25%MeCN(KIE#R) % V>, 35°CT 25%B #kn>H 85%B i E COEBRAED 7
S5z v MEHIZ L V1To 72, £72, FAB-MS X7 tid JOEL-SX102A {2
L0554 LTz, FAB-MS 27 MO CIIEHEFERG > U — - KR
BIFNTHHEWNE W0 T, BESBILBE L LT3,

MRBLUELR

TN T2 T IONEEBBEREOT v A DEDIZ, BADT LV M7=
VEARLETHST-, THODT Y N T oI BEOREEN S BB -
Bl HPLC THHr&an., ¥/-—iix FAB-MS THHIEIN., FOEEYE 4
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RIZR LT,

malvidin 8RG5G., p-Z7~vu A/l CoA B LFE [TEEE) DIEEN L DHEE
FMHEYORIGIE. & (malvidin 3BRG5G., 9.8 47) &L W H &V HPLC {#FFEFH]
(23.1 Z)DORISEWEZFK L, #E DEIL malvidin 3RGacsG IZHIET 5 H D
ThoTlo(B4K), p7 v A)L CoA BEIGENOLRAINT-F, ZDEMIT
BREENo7-, £7-,. malvidin 3RG B 7 NV ESA/EK L LTHWO LB
by, [EHROFEIZ LY KISE®IE malvidin 3RGac & RE & h iz,

p7 <A VEBEROESRMIL. malvidin 3RG5G F7-i1 delphinidin
3RG BIW p7 <A/ CoA #HWVWTH LI XN/, malvidin 3RG5G
(delphinidin 3RG)IZ %14~ % 3-AT D&M iX pH6.5(6.5) TE@E & 72V, 1/2 max &
#HiX pH5.4(5.0) & 7.7(7.6) T o7, £7=. T I NALITRE~ D 2 fliA A > Mg*,
Mn*, Co**, Ca*. Cu*, Fe*, Zn*, Hg®)B LU EDTA O Wiz H B X
n7enrot-, F£7-. diethylpyrocarbonate. diethyldithiocarbamate 3 X O}
N-ethylmaleimide (Z X > T, 7 /LD EIIRD b1 ->7-,300u M p-
7 <A )L CoA DA T T, petunidin 3RG5G 1L 700 u M. F7- delphinidin
3RG. delphinidin 3RG5G & L ¥ malvidin 3RG5G 1L 500 u M T7 S /LLRM
EEIZE LT,

FBERIZ. "TFTLavTom@EroME LT T =% HPLC TH#r
LICREREZRLTWD, 7T =y 7R8Il BIT 7 MET v o T = OF
xR, EEIZEFRRSFET IMMET U b T L0 bk v Ehol, =
NoDOT R T=IMAT, $NTOGRBIIBETREAEDT & by T =
VAT BE LTV,

Ty b T=vBESHLICO LR CSED ORI L HEBERMEDIL,
WCHFREE 1g 4720 3.1-42mg ¥ VI BEEA TV, ZOHEH, 7
VESZRAE L LT malvidin 3RG5G % 721% malvidin 3RG I L X7 /L At
EExEELTpI7~vaA L CoAxHWT, TUNVEAEGBEBEEOBRMENFALN
72(3 b RK), IEAFRE@ LY DR p7 v VEBBEROHIZ, FROIE
HOEE LSHAIL TV, 7=y 7 mBERMOREROFESITH 1.7x10°~
1.9x10'pkat u g' DLWV P TERBREON. ZThE2EET VTR E
BRSO LIIRETH -7, —H, T T =y 7 5 MDD L. [FER]



Table 4. HPLC and FAB-MS analyses of anthocyanins used in this study

Anthocyanin Rt [M]* Plant source[Reference]
(min)

Malvidin 3G 15.5 NT® Lagerstroemia indica [26]
Malvidin 3RG 16.6 639 Iris ensata [14]

Malvidin 3RGac 276 1785 I ensata [14]

Malvidin 3RG5G 9.8 NT I ensata [30]

Malvidin 3RGac5G 23.1 947 I ensata [35]

Petunidin 3G 11.3 NT L. indica [26]

Petunidin 3RG5G 7.2 NT I ensata [30]

Petunidin 3RGac5G 20.5 933 I ensata [35]

Delphinidin 3G 7.9 NT L. indica [26]
Delphinidin 3RG 8.6 611 I ensata [14]
Delphinidin 3RGac 21.1 757 I ensata [37]
Delphinidin 3RG5G 4.8 NT Solanum melongena [20]

Delphinidin 3BRGac5G  18.2 919 I ensata [30]

2 Not tested.



Table 5. Content of major anthocyanins and specific activity of p-coumaroyltransferase in flowers of Iris
ensata cultivars

Specific activity

0€

Flower color Cultivars Content of major anthocyanin (%) (102 x pkat pg')
(Substrate)
Malvidin Petunidin Malvidin Petunidin Malvidin Malvidin
3RGachG 3RGachsG 3RG5HG 3RGHG 3RG5G 3RG
Purple Hanamagaki 47.6 24 4 13.1 4.6 18.97 4.02
Bluish purple Suiten-isshoku 53.7 30.9 6.5 3.6 13.31 3.03
Reddish purple Murasakishikibu 50.5 31.5 7.6 2.6 12.30 2.45
Tsuyakomachi 46.6 39.1 4.0 24 5.97 1.22
Shishinden 442 31.0 9.8 5.6 4.77 1.08
Purple with white vein Zamanobi 23.4 399 1.2 3.1 1.74 0.30
White Ukinedori ND* ND ND ND 0.79 0.19
Yukitsubame ND ND ND ND 0.59 >0.01
Isoutsunami ND ND ND ND 0 0
Asahinomine
Tsurunokegoromo

2Not detected.



BIW [E#) 0 2 mMETIE, %FH malvidin 3BRG ZEBEIZAW-RIZED
TIEVESZ R LS @& & R0 OFRMIEEZA L T (8 5 R).
o T, FEEABBROT INVEGBERL - FLTWHRIEFIX. 7 b
VT = DEERBETFEMUICBBE LTS LD EEZLND, ZOLOR
Ex3, BUVEREBBROT UV EEBERICETLIRE» L XFS LD (Ino
and Yamaguchi 1993, Ino ef al. 1993, Yamaguchi et al 1996 . Yamaguchi et
al. 1999),

W7 F 7=V 3G, 8RG BLUBRGEG DT U NVEZEKL LT
DREN %l (08 OBFEHMHBETAVWIEBRT v EASICXIVRELZEE 6
), REINZTRTOT L by 7=Vr 3RG5G I ENLEAEKE L TEL
SHREEL.—F 7 7= 3RG O (delphinidin 3RG. malvidin 3RG)
(X BRGHG DFFEH L LB L TH 16 OFHZA L T e, THhIZH LT, $T
DT hT=T 3G RTUNEZFEL LTEREL TWed oo, £ 7
Y by T =P 3RGIEINT V3 VT OIEE DO OBERMHE E AV 5-ElkEL
BISICEE E LTRHAINTD, 7o b7 =20 3G 8L 3RGac i3 HH &
L CHRIHTE 22 o 7= (Yabuya et al. 2002), ZH HLDFERIL, T b T =V
~ 3RG £721L 3RGEG DT /U LIINT L a v T DT v T =V ERRICE
WTERERAT v 7 THHI EE2BERLTWVWAGE 11 X),

TYNT =V OEBRICET D 3-T Uk e 5-EBHLOIEFIZ., ZhET
DOWMEIZLY 4 EOBIIHSEEINEZE 7T K), N av7ik. S dioica
(Kamsteeg et al. 1980) & i3V LR B2, F 4 OBIIB L=, &7 b,
Silene ® 5-EC¥ELBERIZIT by 7=V 3G ZHEEL LTHATE B8
(Kamsteeg et al. 1978, 1980), N a U7 DL DEFFBTERD2T=2MnDT
&% 5 (Yabuya et al. 2002), EZHEOMBMBY TiX, ~"F T av7iZB8iFT5 37
Mee 5-ERHEDIRFE LT VNV EEBEER ORI 55 RIS B 738
M TERADHDTH 2,

&iE. Y ¥ NY(Gentiana triflora)X°< Y (Perilla frutescens) Tit, 7 k<
T =T UNEGBRBEROREENY TR, ZOBFEE T — K35 cDNA H
HEtXh, T8 E TP I >oH 5 (Fujiwara et al. 1998, Yonekura-
Sakakibara et al 2000), —F. Iris BHEM TiI N+ a v 70 EXT o
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Table 6. Substrate specificity of p-coumaroyltransferase

for various anthocyanins

Relative
Anthocyanin Reaction product activity®
(%)

Malvidin 3RG5G Malvidin 3RGac5G 100
Petunidin BRG5G ~ Petunidin 3RGac5G 107
Delphinidin BRG5G Delphinidin 3RGac5G 105
Malvidin 3RG Malvidin 3RGac 18

Delphinidin 3RG Delphinidin 3RGac 26

Malvidin 3G Not detected 0
Petunidin 3G Not detected 0
Delphinidin 3G Not detected 0

*The acyltransferase activity obtained with Mv 3RG5G

was expressed as 100%.



Anthocyanidin 3RG

3AT 5GT

R,
OH
HO
R,
0O-Glc-O-Rha-p-Cou
OH O-Glc
Anthocyanidin 3RGac Anthocyanidin 3RG5G

3AT

0-Glc-0O-Rha-p-Cou

O-Gle
Anthocyanidin 3RGac5G

Fig. 11. The proposed pathway of the last part in anthocyanin biosynthesis

in flowers of Iris ensata.
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Table 7. The sequence types of 3-acylation and 5-glucosylation in

anthocyanin biosynthesis of plants

Type Description and proposed main Plant source

sequence [Reference]
1 3-acylation prior to 5-glucosylation
3RG — 3RGac — 3RGac5G Petunia hybrida [16]
3XGY — 3XGac — 3XGachG Matthiola incana [25]
3S?® — 3Sac — 3Sac5G Ajugg reptans (2]
3¢ — 3Gac — 3Gac5G Zinnia elegans [13]
Centaurea cyanus [41]
2 3-acylation prior to 5-glucosylation
or only 5-glucosylation
3G — 3Gac — 3GachG Dahlia variabilis [21,
or 43]
3G — 3G5G
3 Simultaneously 3-acylation and 5-

glucosylation, following vice versa

3G — 3Gac — 3GachG Perilla frutescens [44]
and
3G — 3G5G — 3GachG

4 3-acylation after 5-glucosylation or
only 3-acylation of 3-sugars

3G — 3G5G — 3GacbG Silene dioica [18]
3RG — 3RG5G — 3RGac5G

or

3G — 3Gac

3RG — 3RGac

3RG — 3RG5G — 3RGachbG Iris ensata [38, 39]
or

3RG — 3RGac

1) Anthocyanidin 3-xylosylglucoside.
2) Anthocyanidin 3-sophoroside.
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ENbR/ LN cDNA #88L LT, AT 7714 ~v—, AT2 774 <v—B LWV
4V 3 dT 77 A4 ~—% A\ T PCR(polymerase chain reaction) % f7\v>, £®
EMhoTa—T2ER LI, BIE. ZOoa—T7 2Ry yFT7A4) R4t
FDDNAFAT TV —NEDRI V== WL, T T=0T N
KRR 2 2 — N9 5 cDNA OHBERZRL TV 5,
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WE

Ty hoT7T=03 pI~v—NEB, W7 B EOEERE#BOT Vi
FOoTHREMENREL, L2LEOHRIIRY T INMLIC KV BREIIRDIENY
Th, BRIEEFERLEZLELTIERMONT NS, N a T ONERK
EBETINMMET U b T =it p Ve VBILEDEMOT AV THB DT,
INEBEBEFEACLORY T UNMMEBICKRTE, BRIELREOERRT
YRV T U REMOEKBH/TED, £ T T b T =00ORI T
MEICE O NF v a U7 DIREBRBAOREEREEL., TOBEMELED D
O, AFRTIET V "N T2V OFREROBERE, 7o T =0T ¥
MEICBET 2 BED. 7Y b TV OREHIZRIET T UMby
TAT—2arDEBBLOTY b T =0T UNEEBEROREREA Y
EmLTET,

TP N FravT 130 GfE. 13 ZREBLOEOHFLER (/) NP a v T7)3
FRICBIAIAREHEERT L b T =B HPLC 2 LY &, ZhbDf
EERH)IT 16 BEOXET V b T=voRIIISEINE, ZThonRH B
EA(F4)% T 5 malvidin 3RGacsG — petunidin 3RGac5G # B\ 7= 15 R
RERBELRINT, TNOOERIISHR, KEOT VMo T =480
DEEBHTEED D L TEERMEIE R VDO THD, £/, 16 BEOED
. petunidin 3RGac5G — delphinidin 3RGac5G. delphinidin 3RGac5G —
petunidin 3RGac 5G. cyanidin 3RGac5G - peonidin 3RGac5G. delphinidin
3RG — delphinidin 3RGac. petunidin 3RG5G — malvidin 3RG5G., malvidin
3RG5G — peonidin 3RG5G. peonidin 3RG5G — cyanidin 3RG5G B L T}
peonidin 3RG - cyanidin 3RG @ 8 DR IIAKME TRINIER I NIZHD
THH. Lab peonidin 3RG5G — cyanidin 3RG5G BB T5%% 5% 2)
IRAIEEERET 5 L CTEERBGERLE LTHER I,

Kiz, TV b7 =V ORERIZRITT pH BLOT Y ALOEEIZHOWT
K% & pH3.2 OAERK S Tid malvidin 5 X Of petunidin B D 7 214k & 3
TINMET o b7 = HOREERICHERERITIZ, LrVbAEL LNR
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DWOREMER L, Zhicx LT, pH4.2~6.2 DM KBRS TIIT7T L
{b. 3T 2 NALD malvidin BB L R petunidin B 7 > b 7= (072 D
REEMHEEZR LD, AIEIREE LD OEEENE &> 72, £/, Mcllvaine
SEBEPICBTDT VP T2 OREMICKIET 7 LB LT isovitexin
tavr s AT —va L OEBIZOWTHS L malvidin B L Kpetunidin
BT b T = EbEFOREERIE p 7/ v VBICEXDT I NMEB LW
isovitexin ¥ DAL T AT — g VIZEV{EEININ, FORITAIELD
LEEDFBREIDINICEN TV, ZOXHIablArT—va il bl
BT v T = DOREEML., isovitexin & DIFIZL DD FRAZ vF 7
HETHLDOEEEL,

¥, BBEOEEHIZHOWNT AT a U7 DT b (malvidin 3RGacs5G —
petunidin 3RGachG)H 5L fE & 3£ 7 /L (malvidin 3RG5G — petunidin 3RG5G)
RSELEET L, FTUNVBBEITUAVRGEI Y bTEADBENEA
T, 6o T, KR AT- in vitro DFER LY. TIUNVRBREIZE T 3EE
DREEMIIE, a7 RAT =2 a T M T =007 VLB EE LT
WHbDEHRZRINDID, AIEICBITHEEDOEAREE~ORMRIT/NI VD
DLBEbh5,

NPT agTOYT =y I RTIUAVEGE [TERE] OEECEENST b
VT T UNEGBERIIp /v A NV CoAEN LT p- s ~v—8ET b
7 =Y 3RG BL3RGHG DFEF~EEB L., £ DLLRFEE %E)IIH1: 4
Thol-e THIZHLT, TV b T2 TUNEGEBERII p/~v—/IL 8%
Ty b 7=y 3G BB LAEhoTz, 1=, [TLEE) LSNADT T = 7 RT
NS REIC BT ABEEM D malvidin 3RG X Y § malvidin 3RG5G @ 5 A3
Emhol, TOEEERXHBIZLVER-TW, —FH, TV T=v7%D
T, (BT B X TBOEK] OBREHEIRBD RN o7oh, [#
BE] BIOV E#) TIHEHVERESELZRLEL, TOXOIZ, 7¥T7=y7
RTHET b T =V DEEGRRPEEL TWRWIH21bbLT ., T by
T =T UNEEBERTENEH T 5 REOFEIIED TRKEV,

BB, N av B ART Y AT =0T UM EGRBER I E—#x
FICKBENTEY, TIUNMEIIFET IMbicxt L TESETH 7=, BE,
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Characterization of acylated anthocyanins and anthocyanin p-

coumaroyltransferase in Japanese garedn iris, Iris ensata Thunb.
Tsutomu Yabuya

Summary

Anthocyanins produce a wide range of flower colors such as pink, red,
orange, scarlet, purple, blue and so on. They consist of an aglycon (an
anthocyanidin) linked with one or more sugar moieties and occasionally with
one or more acid moieties. The main anthocyanidins consist of pelargonidin,
cyanidin, peonidin, delphinidin, petunidin and malvidin, and they differ on
in the degree of hydroxylation and methylation of the B-ring. All the
anthocyanidins except pelargonidin have been detected in the flowers of
Japanese garden iris, /ris ensata Thunb.(Table 1).

Modification of the anthocyanidins with glycosylation and acylation
produces a wide variety of anthocyanins. The glycosylation of the
anthocyanidins is important in stabilizing the molecule and increasing its
water solubility. On the other hand, anthocyanins were acylated with
aromatic acids and /or alyphatic acids, and the aromatic acylation stabilizes
anthocyanins and makes their color bluer. Also, the effects of bluing and
stabilization enhance by increasing number of aromatic moieties. As shown
in Table 1, all the acylated anthocyanins detected in /. ensata were acylated
with one aromatic acid, p-coumaric acid. Therefore, genetic engineering for
highly acylated anthocyanins in this species can promote to make blue
flowers and to stabilize the anthocyanins. The main objective of the
present study was to characterize acylated anthocyanins and anthocyanin

p-coumaroyltransferase of /. ensata.
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The anthocyanins of 130 cultivars, 13 lines and 3 wild forms of /. ensata
were analyzed by HPLC, and these plants were classified into 16 types of
major anthocyanins (Table 1). Fifteen types except the basic (wild) type,
malvidin 3RGac5G — petunidin 3RGachG type, were regarded as variants for
this type and these are useful materials for genetic analysis of anthocyanin
biosynthesis in this species. @ Among 16 types, 8 types such as petunidin
3RGac5G — delphinidin 3RGac5QG, delphinidin 3RGac5G — petunidin 3RGac
5G, cyanidin 3RGac5G — peonidin 3RGac5G, delphinidin 3RG — delphinidin
3RGac, petunidin 3RG5G — malvidin 3RG5G, malvidin 3BRG5G — peonidin
3RG5G, peonidin 3BRG5G — cyanidin 3BRG5G and peonidin 3RG — cyanidin
3RG were obtained as new types. In these new types, peonidin 3RG -
cyanidin 3RG and peonidin 3RG5G - cyanidin 3RG5G were noteworthy
because cyanidin 3RG and 3RG5G are useful for the breeding of red flowers
in I ensata.

The fading of flower color in acylated anthocyanin (malvidin 3RGac5G —
petunidin 3RGac5QG) type cultivars and non-acylated anthocyanin (malvidin
3RG5G — petunidin 3RG5G) ones of 1. ensata and the in vitro stability of
malvidin 3RGac5G, 3RG5G, petunidin 3RGac5G and 3RG5G due to different
pH conditions and copigmentation with isovitexin were examined. The
acylated anthocyanin cultivars exhibited higher flower color stability than
the non-acylated anthocyanin ones 2 days after anthesis. Malvidin
3RGach@G, 3RG5G, petunidin 3RGac5G and 3RG5G were not stable except at
the lowest pH 3.2, although the acylated anthocyanins showed slightly more
stable than the non-acylated ones. On the contrary, the stability of these
anthocyanins was increased by copigmentation with isovitexin. Therefore,
it may be concluded that the stability of flower color in the cultivars with the
acylated anthocyanins is caused by the copigmentation and acylation of
anthocyanins.

Enzyme extracts from flower buds of acylated anthocyanin (malvidin

3RGac5G — petunidin 3RGacbG) type cultivars of I. ensata catalyzed in
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transfer of the p-coumaroyl moiety from p-coumaroyl-CoA to both the
anthocyanidins 3RG and 3RG5G, at a ratio ca. 1 to 4, respectively. Specific
activities of p-coumaroyltransferase among the cyanic cultivars were found
in the wide range of ca.1.7 x 10°—~ 1.9 x 10" pkat u g'. On the other hand,
two among 5 acyanic cultivars showed considerable specific activities,
though that in cv. Yukitsubame with malvidin 3RG as a substrate was
extremely low. It is much interest that the gene encoding an aromatic
acyltransferase is expressed independently of genes for anthocyanin
biosynthesis. Moreover, typical anthocyanidin 3G, 3RG and 3RG5G were
examined for their ability to serve as acyl acceptors by the standard enzyme
assay method using enzyme extracts from cv. Hanamagaki of 1. ensata. All
the 3RG5G of anthocyanidins tested functioned equally well as acceptors,
while anthocyanidin 3RG was roughly one fifth as effective as the 3RG5G.
In contrast, anthocyanidin 3G did not serve as acyl acceptors at all. The
sequence of 3-acylation and 5-glucosylation in the anthocyanin biosynthesis
of this plant was discussed.

Finally, genetic analysis was carried out for acylation of malvidin 3RG5G
— petunidin 3RG5G in [ ensata. The F, plants derived from non-
acylated(malvidin 3RG5G - petunidin 3RG5G) cv. Ohedo x acylated
(malvidin 3RGac5G — petunidin 3RGacbG) cv. Kacho segregated into
acylated anthocyanin type and non-acylated one, giving a good fit toa 3 : 1
ratio(Table 3). This result shows that anthocyanin p-coumaroyltransferase
is controlled by a dominant gene, which is symbolized as Ac. Further
studies on the molecular characterization of this gene in /. ensata are now

underway.
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