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Advances in Flower Color Mechanism of Lilium

KONG Ying, DOU Xiao-ying, BAO Fang, LANG Li-xin, and BAI Jin—rong*
(Beijing Radiation Center, Beijing 100875, China)

Abstract: Lily flower colors are derived mainly from anthocyanins and carotenoids, and anthocyanins
are the major pigment in pink and chocolate brown cultivars, whilst carotenoids in yellow and orange
cultivars, and both anthocyanins and carotenoids contribute to red ones. The genetic mechanism and
biosynthetic pathway of pigments are complicated in lily. It is documented that several genetic linkage
maps of lily populations have been preliminarily constructed, and several quantitative trait locis related
with flower color were also mapped. Many structural genes involved in the biosynthesis of anthocyanin
and carotenoid have been isolated and identified. The transcription factor LhMYBI12 involved in
anthocyanin pathway regulates anthocyanin biosynthesis and determines the presence or absence of
anthocyanin pigmentation in tepals, its transcript level affects the intensity and pattern of anthocyanin color.
The better understanding on pigment biosynthetic pathway is helpful for breeding to change flower color
by engineering the pathways in lily cultivars.
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1999; Kelley et al., 2001; Burchi et al., 2010; Yamagishi et al., 2014a) . JSuifl]. JSHHE A
FSR o R AL B = K E B AWM (Grotewold, 2006; Tanaka et al., 2008; #JH>% 2%,
2013) o Ry Ml . A A AR S S TE R A, AR TR ALt RO (b
BHT 4%, 2008) o KiAE MREHEE. BEMIESE, RO RBRESE., Bafat, HH
FET I A TR B 516 T ANGEILAF (Nishihara & Nakatsuka, 2010) .

ot R EE YIRS, HAEE2fe BeAeyt i (el e ORHER, 1999) .
S ZTFEMEE TIRZAAHMM, A8 F 5 PR R. AR ERIFNAEA S LT T
X A A RIS S AT I O

I AERE R

HEE (Lilium) 2947 100 MR, et FeE, FZh4ae, mt, Bo, mafiamn, D
Je—Serhal R, IOH SRR, WIZREMSIEA & (L. fargesii) REMELA S (A
&, 2013). FAE A EEREAE TTIER A A8 0, B E A WARF A (L. brownii var. colchesteri)
THE— RGN A A (Haietal,, 2012).

T TR (AR A8 3RS T R ER A an . eE B2 5K 2474 (Royal Horticulture Society )
R B A AR RS B S R o 9 et R . P YN B S AR R ISR ORI AR
e, Fr . B B0, LR RO, RTTH G AR R ) 3 2GR (L0 % {5 (Yamagishi,
2013); B5A G RN FE o H .

HAEEleE O LA EHERZZS, HlanXit (bicolors) FIFBEA (spots) %% (Yamagishi,
201300 XU A AN AR S e (0 SZ AR e A AN R I AR 8 AEURYT & (L. regale)
F—Smp\ 5 A5, fEERMEERIEER WIS A e BB A—F; R85 rad
MR, R qEE R IX e s (O A, SRk HARR A IR B A — 3L

TERZ WA H S RE A AT, febl v WaRTH FAE AR L BRI BE a5 IR EEBE 25— m B o
3 MR, Pl S BT KU (raised spots): A7 T-AEME v TR, 3 1 40 1 R B 440 e 1 224
FRAEHE AR IR, At 30 3R B 40 SR B 20 b 3 A B, Al M7 240 2 T R R AR AR TR 3R Bk
ZHI (Yamagishi, 2013; Yamagishi & Akagi, 2013). —FEIRUCIRBEL (splatters): AL FAE#i A R
FSRAR Z /BT A, BRIRIECIR, WP A H ‘Tango” SRR, BEAXIARER, RINFE. £F
W AR R, SAOENANS A S AR RESKA %57 (Yamagishi & Akagi,
2013; Yamagishi et al., 2014b). & —FUZRPRBE AU (brushmarks): 7EAEHE v HE VB 4E 8 A
HHMAL, BRI, WP H AW ‘Centrefold” (Yamagishi, 2013).

2 HAEAENEOY)R

Fe 2 0 35 R SR B2 s e fe (8 i L R 28 (R 2%, 20055 #HRHT 4%, 2008
Yamagishi et al., 2012). A ISR (R D, BELLEAMTIE & (L. amabile) *2 N5 (L. davidii
var. willmottiae) FUKALESF} (L. leichtlinii var. maximowiczii) ", TetOl o EBMEL 2 BBE AL
. ROKTHR . R A L35 (Valadon & Mummery, 1977); M A8 A0 26
RNFMEL R, HEKHY NEM 80% (Partali etal., 1987; Jeknié etal., 2012); & FHEME T
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WA BT B L 40 = AL B (Marki-Fischer & Eugster, 1985; Delietal., 1998).

F1 HAUEBRTHERS MRAED

Table 1 Carotenoids contained in lily tepals

Bt EREEy i o TEEY) S 30k
Type Name Flower color Major component Reference
S A Fi W RELLOALE A AT W, RAFMELT R R, Valadon &
Species L. amabile Orange-red tepals  JCAEZ BT, UK T Mummery,
trans-Capsanthin, cis-antheraxanthin, trans-capsorubin, 1977
trans-cryptoxanthin, cis-antheraxanthin, trans-violaxanthin
ENEE FELLOAEE RAHMA R RS, A . B R A% Valadon &
L. davidii var. Orange-red tepals R\ FKHEFH Mummery,
willmottiae trans-Capsanthin, trans-violaxanthin, frans-antheraxanthin, 1977
trans-capsorubin, trans-zeaxanthin
KAEEST FELLOAE A SABRZLE . RAAE B, BIZL R - 5.6 - SR%UL. Valadon &
L. leichtlinii var. ~ Orange-red tepals WA AEZ5 35 0. RABHMEL R, RAETR Mummery,
maximowiczii trans-Capsanthin, trans-antheraxanthin, capsanthin-5,6-epoxide, 1977
cis-antheraxanthin, trans-capsorubin, trans-violaxanthin
PR, [XARGR IR 2 G A Partali et al., 1987;
L. pumilum Orange-red tepals ~ Capsorubin Jekni¢ et al., 2012
&t [XARGR IR 2 (92) - AR BT % Delietal., 1998
L. tigrinum Orange-red tepals  (9Z)-antheraxanthin, capsanthin
&I FELLEAE A BBZLER . BOELL R (92) - LT, RETEMT. i, Marki-Fischer &
L. tigrinum Orange-red tepals ~ (9°Z) - ML %, (132) - B %, - 13 E. (92) - B Eugster, 1985;
‘Red Night’ A%, (13°2) - Ha % Ohmiya, 2011;
Capsanthin, capsorubin, (9Z)-antheraxanthin, mutatoxanthin, Jekni¢ et al., 2012
neoxanthin, (9’Z)-capsanthin, (13Z)-capsanthin, p-citraurin,
(9Z)-capsanthin, (13’Z)-capsanthin
WM EA  Connecticut King BB AEHE A LT, (92) - SEHOT - 238, K, s, p- A% M#E Yamagishi et al.,
Asiatic Yellow tepals Antheraxanthin, (9Z)-violaxanthin, cis-lutein, violaxanthin, lutein, 2010a
hybrid f-carotene
Montreux BT BRI MR eGP, p- HE M FEL (92) - KRIET, Yamagishi et al.,
Pink tepals JIii - "3 Violaxanthin, lutein, antheraxanthin, p-carotene, 2010a
(92)-violaxanthin, cis-lutein
Sajia EANGR X P BLLE, TR Yamagishi et al.,
Red tepals Capsanthin, antheraxanthin 2010a

FE A SRS T, 32O A RUATT F A At AT TESE. Sl i & ok ks tage

FEACOR I AT T SOOI E 2 B8 ARAE b3, aeafeh 2fed e
N#EHSA (Yamagishi etal., 2010a, 2012). &R A LB FEEY U E T, HA—/NBo mf
MAER A A ERNE PR R, BaREME A BTG MEE A h AR 218 H 1
(Norbzk & Kondo, 1999; Yamagishi, 2011; Yamagishi et al., 2012), fESREAE M FE Gk 1D,
O PR T (92) - FE L. R, MR BOMZ AR TP A B AL R
(Yamagishi et al., 2010a; Haietal., 2012). {EEMsr b (£ 2), —LRTT G E K
LR AT RIS IR G R 3-0- - ZFHEH DTN RESRHZ3-0-p- ZH/HE-7-0-
B R A 2 (Nerbek & Kondo, 1999; Yamagishi et al., 2012). FE4 F B S 52 R 2y
WK 3-0-p- EHHH (Abeetal., 2002).

A A e ) = o2 i T TSm0 2 il ) (Yamagishi et al., 2012). {EJLAPA[FIAE
o, Wk Bl IR B A Ies  h AR A —FE T VR4 ER 3-0-p- ZHHETT,
HEBEAMELER, FTEENEREO < BOE < Baf < e, EHEHERIET TSR
EIEAMR (Yamagishi etal., 2012).



Kong Ying, Dou Xiao-ying, Bao Fang, Lang Li-xin, Bai Jin-rong.
Advances in flower color mechanism of Lilium.

1750 Acta Horticulturae Sinica, 2015, 42 (9): 1747 - 1759.
®2 HAEHRTHXEN GEFH 5D
Table 2 Flavonoids (anthocyanins) contained in lily tepals
it [EREEyiis 1ets TG 222 R
Type Name Flower color Major component Reference
W E A Blackout ARER XY RIERF 3-0-p - ZEHMET Yamagishi et al., 2012
Asiatic hybrid Dark red tepals Cyanidin 3-O-f-rutinoside
Landini T RRLEAE  REHE 3-0- - EFWET . IR Laietal., 2012;
Chocolate brown tepals  Cyanidin 3-O-f-rutinoside, Flavonol Yamagishi et al., 2012
Holean KA EACH REHFE 3-0-p - EFEWEL, KEHFE3-0-p- 2% Norbak & Kondo, 1999
Lavender red tepals FhE -7-0-p- W% Cyanidin 3-O-B-rutinoside,
Cyanidin 3-O-f-rutinoside-7-O-f-glucoside
Monte Negro RA B RIEHFE3-0-p - /M Nerbak & Kondo, 1999
Lavender red tepals Cyanidin 3-O-f-rutinoside
Red Carpet KA REHFE 3 -0 -p- EHW, KEXFE3-0-p- 2% Norbak & Kondo, 1999
Lavender red tepals FhE -7-0-p- W% Cyanidin 3-O-f-rutinoside,
Cyanidin 3-O-f-rutinoside-7-O-f-glucoside
Hollandicum ARGNIZ o RIHF 3-0-p - RN, RKLEHFE 3-0-p- 2% Norbek & Kondo, 1999
Red tepals FHE -7-0-p- H%HEEF  Cyanidin 3-O-B-rutinoside,
Cyanidin 3-O-f-rutinoside-7-O-f-glucoside
Cote d’Azur EAR NSNS S a REHFEI-0-B - =HWH Yamagishi et al., 2012
Pink-red tepals Cyanidin 3-O-f-rutinoside
Montreux K A LB s RIEHF 3 -0 - - EHMF Norbzk & Kondo,
Pinktepals with spots Cyanidin 3-O-f-rutinoside 1999; Abeetal., 2002;
Yamagishi et al., 2012
Montreux x B AL Pink tepals  RZEH 2 3-0- - EHMTF Abe et al., 2002
Connecticut King Cyanidin 3-O-f-rutinoside
Panorama Wk e RIEHFE3-0-p - /M Yamagishi et al., 2012
Light pink tepals Cyanidin 3-O-f-rutinoside
Vivaldi Wk A RUEHRE 3-0-f - EHWT Yamagishi et al., 2012
Light pink tepals Cyanidin 3-O-f-rutinoside
Renoir W AR T RKEZF 3-0-f - ZHHHT Yamagishi et al., 2012
Light pink tepals Cyanidin 3-O-f-rutinoside
Avignon [EARGNIR RIEHHE 3-0-p - EHHET Norbak & Kondo, 1999
Reddish orange tepals Cyanidin 3-O-f-rutinoside
Compas Po (LB pi et A REHZ 3-0-p - =HHTF Norbak & Kondo, 1999
Orange tepals with spots ~ Cyanidin 3-O-f-rutinoside
Las Vagas O HBE AR REHFE3-0-B - =W Norbzk & Kondo, 1999
Yellow tepals with spots  Cyanidin 3-O-f-rutinoside
Mirella P AL Orange tepals TG Z B i No anthocyanin or flavonol Laietal., 2012
Connecticut AN F Yellow tepals ToA6 75 178 3 i No anthocyanin or flavonol Abe etal., 2002; Lai et
King al., 2012
Nanova HEAeh i White tepals  JGA6T T 83 MiE¥ No anthocyanin or flavonol Yamagishi et al., 2012
Silver Stone H B AEh i White tepals A6 TS 18k 35 HIE¥ No anthocyanin or flavonol Yamagishi et al., 2012
RAEHE Star Gazer KB AEhE Fr Pink tepals  REHH 3-0-f - ZHMH, KEHZHE3-0-p-27 Nerbak & Kondo, 1999
Oriental hybrid B -7-0-B- HWIHHE  Cyanidin 3-O--rutinoside,
cyanidin 3-O-f-rutinoside-7-O-f-glucoside
Le Reve B (ALY B Pink tepals  REA# 3-0-4 - ZE&HHIT Cyanidin 3-O-B-rutinoside  Norbak & Kondo, 1999
BEES Lilium A A - White tepals  JE1E 7 F No anthocyanin Norbak & Kondo, 1999

Longiflorum hybrid longiflorum

CENNERE R AN bl L EEL

FACHIPEIR AT LB BB LR A, Wl i & 20k B B 4L i R ] 2% AL,
(L. leichtliniv)« N ES (L. davidii)~ BHS (L. dauricum) WEHS (L. maculatum) %5,

IR CTR N Y  SENEREy

X s

SRAAEtZ e tn, DR, FAAETGRER A, HENEM & e e m ok, SRR
RURFIES oK HIXLERA . BIRA TS (L. cernuum) AR ORAEH T, HENEM TS
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Ak IR 2 B HIELE H & (McRae, 1998). St o kI, Sl & k46 b Bl 3 2 E 4
IR MYBI2 5HEAL TG I MYBI2 JER— AL, BB EELE 1A 0 S9N 7 & ks s
A vk (Yamagishi et al., 2014a). ZRJ7 A SB ei M i) MYBI2 R SR A& (L.
speciosum) ML HE (L. rubellum) WAL, UtBIEEEAE BEAT: A WA MYBI2 5
REES (L. auratum) TH—BEAEL HHARE S (L. japonicum) W) MYBI2 JeRWA{EARTTH
Erin AR 2] (Yamagishi et al., 2014a).

MY AAE I AR 5L IR . AR RSEAR RS = A 1 e A e B8 12 A
TETA A LA A, v B AR R A E RA, AR AL ZE N H br R (Balode,
2007), EEA AR R, AT K EE T AR g B (Lim & van Tuyl,
2006); WEYHH K ‘Montreux” x ¥yff ‘Renoir’ [ Fy FEAAFR €0 (€604 27135 Ui A&
BRI . AL Bt S R o W s e 4 e (FE4E7K, 20005 @KEA 55, 2005).
BILn I SR () ‘Montreux” FIRFS (A1) Orange Aristo” 23 A FACE AR RY (1, At
LRI AT AN ‘Herold” FIEEEILHE A ‘Lime Iee” MIAAZJEAR Fy HEBEABE AL,
TEEHERR I N RCE I Rk, BRI A B TEE BT ‘Ekzotika’ FIBE (4 HLBE f 1)
L. henryi var. citrinum W 2438 58 Fy PESCE BT AL, A S QARBBREATL B —3 (Balode, 2007).

TERE SR BE s A TG BRSSO B A 2 E MR (Nakano et al., 2005; Shahin
etal, 2011). AR AEE T A White Fox” 5GBS WIS Connecticut King” 4%48
RGN LA BEART, feafh e, BEAr e, BB al B 2961, Ul B AR BBt fi 2
PEFEDIPEHI (Shahin et al., 2011). HARZEXJCHE £ Connecticut King” 15 H 58S A1k ik B
MU ‘Lativa’ BIZ%AC Fy BEAREAT UL 00T, KILF A DA SR DE A IRIRBE AL SR B A Sk
RBE IR BEIX 4 PPk, RILH 1:1:1:1 B2 Eef], U WIaX ppp By il B s5 ST 5t 4%
] (Yamagishi & Akagi, 2013).

4 AR E R R e (A e AL

B o FIEB S R TR L, (MR T H A RERNAE TR, HilCaRERH &
FEDR AL Bl AT 4 A4 . T 2 2 b A g FE s AR D, # -2 (Abe et al.,
2002; van Heusden et al., 2002; Nakano et al., 2005; Shahinetal., 2011),

HR M E A Fy A CAe BT A ‘Montreux” x BALLHES ‘Connecticut King” ) #E1T 4>
TG AT, RIRAER R PR A I B o 10 1, U2 3 s — AT 2 LAP 44,
FRICAE T ‘Montreux’ [EE—9KEBIENE [ BESEE 2 Hum Mk, WIS v eI BE O ¥ QTL
FRiCAE “Connecticut King” P81 0% b o wi B ARRE F FOBE s rh AR 5 1 oy —FF, 21223
Pl (Abe etal., 2002). % ‘Montreux” x ‘Connecticut King” #EAAIAT LM A A 3=
EEONT, RIVIEEHE bR & 8L HEMIR 7E ‘Montreux” WS H & A7 T—4> QTL 4 /5 gCARmon6,
REfRRE R TR SR 1K) 58.2%, %A mfE28iHE M RIRE BAE BYEHHI/EH (Nakano etal., 2005).

Shahin % (2011) JEILPHAZATHEAR AA R LA X460 FEAEBE S W B HEREEAT T 0007, 58
A7 T A AR AL 5. LFCe (Lilium flower colour carotene) AL 4B LA I 15 Ifs (Lilium flower spot ).
P BB R O RN B OB (1) QTL 8 A A1 P () [RIRE A B, 1 B AT g AN DR o) 73X i Ak
R, B A R RIE B LA
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5 HAMOERIEE KANRIEN

51 HFHEUSHEE

PR H AR5t B A AL S B A2 e A AR A O A AR T A BT R I — R,
OB I S AL g B (& 1, Nishihara & Nakatsuka, 2011; Tanaka & Brugliera, 2013),
PS50 1A A ORI 284 7> NI € (Nakatsuka et al., 2003; #HF %%, 2006; Liu et

.
&,

al., 2011; B&ys

SRR BN

Aureusidin 6-O-glucoside
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—EE R
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J pFRr
1 Ans
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2012; Laietal, 2012; THi %%, 2013),

L - ER
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J c4H
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5 . FICBEAIA
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J, DFR
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REFH
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R

Flavonols

SR
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BER
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| RERHaE
Cyanidin

REZEAR

Pelargonidin

kMR AR
Delphinidin ¢

\LGT, MT, AT

BEH
Anthocyanins

B1 EYREEEFELSRER

HEHOSE I ER. PAL: KNERMZN; C4H: WEER 4 - JR{Ll; 4CL: 4 FUTRME A EEN;
CHS: Pi/REHHE: AS: &miiEOl; CA'GT: 7H/RKER 4'-0 - ML HEE, CHI: A /R

GT: WEILEEFNEE; ANS:

it e

fit; FNR: B%EHA 4 - &5 8 FNS: EROME: F3H: MR 3 - FRAbm;

FLS: EREAHE; F3'H: 0 39340l F3'5'H: 2800/ 3'5 24k l; DFR: S IufAlE 4 - if 5

MT: HELERRE; AT: BRLFEREE.

Fig. 1 The biosynthesis pathway of anthocyanins and related compounds in plants
Biosynthesis enzymes isolated from lilies are written in bold. PAL: Phenylalanine ammonia-lyase; C4H: Cinnamate-4-hydroxylase;

4CL: 4-coumarate:CoA ligase 4; CHS: Chalcone synthase; AS: Aureusidin synthase; C4'GT: Chalcone 4’-O-glucosyltransferase;

CHI:

Chalcone isomerase; GT: Glycosyltransferase; ANS: Anthocyanidin synthase; FNR: Flavanone 4-reductase;

FNS: Flavone synthase; F3H: Flavanone 3-hydroxylase; FLS: Flavonol synthase; F3'H: Flavonoid 3'-hydroxylase;
F3'5'H: Flavonoid 3',5'-hydroxylase; DFR: Dihydroflavonol 4-reductase;
MT: Methyltransferase; AT: Acyltransferase.
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FEWME A (‘Montreux” Al “‘Landini’ ) fE45 NI W (0 IR B, AN 2 R AR = MESE K] LhPALT FN
LhPAL2 Wik ity ARAETE A UM DCIE DR e K SPARMIR,  UBH LhPALT R LhPAL2 TE35H128
TR R EERR AT A 0 4 IR I B AT A FEE ] (Lai et al., 2012) . 227K Eil 75 BME5E A (chalcone
synthase, CHS) 2t & agierh i) LR, ZAm— N2 REKE, SEieass Ly
7315 (Durbin et al., 2000); —ZBHIEE 4 - &5 (dihydroflavonol 4-reductase, DFR) JEfE75 1
G R a . EWIM TS (“Montreux” ) WL T 3 AN CHS FEKIFI 1 A4S DFR R:[A,
TEARTT FAG B A 45 DFR Ry 80T CHS I3RIA, BLHIXSSIERE 2 5 TR H 4 . DFR A
AT TR BN TR, 1 CHS fE—2el A e AR BB A2, Ui e & DFR L
CHS SEFAEOCENHEDIAAR. 34 CHS HRTEALd Bt FAEAR, LhCHSa #1 LhCHSb {r4k
Wb, feez, MESSTRIL; LhCHSe fE4e 2 s K15 (Nakatsuka et al., 2003; Laietal., 2012). i
IR ARG (T R B, CHS R DER BT ¥ HIAE 4% A FIBE 5 4 (4 (Nakatsuka et al., 2003).

52 EME MNREASHERRE

M TIRHE DR AR CA BTG (K 2), A LS 5EME M RENG &P
FHRF AW B A% E (Giuliano et al., 2008; Tanaka et al., 2008; Zhu etal., 2010; Ohmiya,

TP AL AL AL RE GGPP
| psy
AN LLFE Phytoene
| PDS
C-HHE | # Ccarotene
| 7180
| zps
_L CRTISO
FAh41 2 Lycopene

l,(,'\"l":,// \]l,(,‘\"B

S8 3 d-carotene y-#HE 3 y-carotene
[revs [revs
a-H% [# a-carotene P45 2§ f-carotene
LHYE L HYB
i 2 Lutein [: %% 3% Zeaxanthin

7,]'2[3’”/\"])]':
Hith 41 3% Capsanthin (& 28 W Antheraxanthir
ces Z]iPTl VDE

ZEP
b ELL# Capsorubin & U Violaxanthin

L,-“":'\’TCED \l'NS‘l
BB ABA <-------  Ff#f Neoxanthin
NCED
B2 #HYWPERT MRELEHER
W OEE N MHREINELER. PSY: NEAEMA RGN PDS: NEAFMLRBEM; Z-1S0: (- W% ba i,
ZDS: (- W% bRMENE; CRTISO: KWW MMl LCYE: Wilisls ¢ MUl LCYB: Ll f LN
HYB: - S J2L#E; HYE: - SRMA; ZEP: TOKBURIAME:; VDE: ZMFURIALEE: NSY: Brodfe i
CCS: BMILL % - B ELL R AR NCED: 9 - IS8 5 b 30U .
Fig. 2 The biosynthesis pathway of carotenoid in plants
Biosynthesis enzymes isolated from lilies are written in bold. PSY: Phytoene synthase; PDS: Phytoene desaturase; Z-ISO: (-carotene isomerase;
ZDS: {-carotene desaturase; CRTISO: Carotenoid isomerase; LCYE: Lycopene ¢-cyclase; LCYB: Lycopene f-cyclase; HYB: f-ring hydroxylase:
HYE: e-ring hydroxylase; ZEP: Zeaxanthin epoxidase; VDE: Violaxanthin deepoxidase; NSY: Neoxanthin synthase;
CCS: Capsanthin-capsorubin synthase; NCED: 9-cis-epoxycarotenoid dioxygenase.
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2011, 2013). —fskiit, 8% NS RAALRZ 21 EH 8 D 22 A 4b A BB IR e S A1 (1 1 42
(Ohmiya, 2013). WMl E & MBI EEGH PSY, B EZLWAE PDS, % b & EAEY
ZDS, K% N EF B CRTISO, A4 #=ALEE LCYB 1 LCYE, B M3 2Ll HYB, &/ (L.
lancifolium ‘Splendens’) HFIBRHILL 2/ B K 4L 2 A1 CCS MR O 445> (Yamagishi et al.,
2010a; Jekni¢ etal., 2012),

XEEIERIFEAC A KB P I S AN 58 48[, LhPSY LhPDS LhZDS~ LhCRTISO LhHYB
I LhCCS WA ALK G oKV, A IR LIS BN Tl s (HBEEehi K E , LhLCYB %5
KV REFLE W), LALCYE (WS R BB B A P APAE A AN ) 0 3% RGBS X 8 2 A B Ak
fiff (Yamagishi et al., 2010a). 7EmE /K FREAE MR R A G e e firh, KiHE b
B RS A NOE R S BE UG, B oK P X e SR 2 PR R, M
TERIAE b5 BAVKH RS0 AR A b, REAE N3G R I s 5 40 4E i
P, WHAR B TERER T HSEUNCE 2282 M E (Yamagishi etal., 2010a). il
K D RFR PIRIEIE RDE RIS N R RN (carotenoid cleavage dioxygenase) [
CCD4 (Ohmiya et al., 2006). £ &8 T 1A LbCCD4 £, AL G LbCCD4 % 5% /K- T+
w, TG 12 h ISR m K, AR Aes R s B R BN LAk a, FE
e N AR S A A (Haietal.,, 2012).

6 FAAEEHEE THIS

BB IIANIR N, RILETT — S S I AR g LR R IE, R oK 3 51
IR (Hichri et al., 2011). HHETE%1 R2R3-MYB. bHLH (basic helix-loop-helix, 42 iE -
- 120E) H WDR 4§ 3 MR 12 5 TS g iR 4% (Quattrocchio et al., 2006
A A, 2014). XEEESERIN TR NN E A, EAFERY) S 2 AR H bR sk
PRI 1) 3145 2 AR IR, ) rh s 2 ARSI ) TR R M ER
B G AEA IE B R IR SR R To AER T A I A e, 6T T A R 3 o 2 A B e o
AKF¥E, R2R3-MYB JEIA LhbHLH2 W4 A6 TG, TEHAe kAR FE B (3R 3),
(Nakatsuka et al., 2009; Yamagishi etal., 2010b; Yamagishi, 2011),

B M — A LA R2R3-MYB LB AL R TE G, M HANFE ) R2R3-MYB LKAl
RE S AEANF I XS A ZE AN A AT HEA T (0. IX 48 R2R3-MYB LK (1) I MR e s i A i 1 1
@, T RRRE ORI 2 £ (Yamagishi et al., 2014b). MYB #55% K1 43 0 PN E
A AN2 WAL AR B G R R C1 VR B 7 iR ) AR 5 1 & e Hi
FIRUEHE (Allan et al., 2008).

WA HE ‘Montreux” 35 TS 5GEHE NN XK T LhMYBI2 #4685 7
L FIRESK AL G (1 LhMYBG $5 158 BT fi (145 (4 (Yamagishi et al., 2010b). 75 H kKRBT
N ‘Latvia” 432 T LhMYB12 SR 5 LhMYBI12-Lat, €468 0% IR BE
R4 (Yamagishi et al., 2014b). {EZ47 F1 4 ‘Sorbonne” "', LhSorMYBI2 W¥E1e4l Fr RIBE i
WAEE A (. HTHEREFEVMEERMAR T BER A O LR, W T faat, 5
BRSSP AR A BOMARTHET—BAR A, MAEE ZR R0y A B
HAEBE L (Yamagishi, 2011),
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Table 3 Cloned and identified transcription factor genes involved in anthocyanin biosynthesis of lily tepals

e S R A

i) R AR o Difesiig 2730k
Cloned transcription . .
Type Name Function description Reference
factor gene
WHNE A ‘Montruex” LhMonMYB6 P SR BE i A T2 B R I Yamagishi et
Asiatic Regulates spots anthocyanin pigmentation in tepals and light-induced al., 2010b
hybrid pigmentation in leaves
LhMonMYBI2 WA« TE2FEE L MTETF 1745 (4. LhMYBI12/LhbHLH2 fE 3% Yamagishi et
LhCHSa A1 LhDFR ¥R 3) 1, ANREROE LhF3H 83T al., 2010b;
Regulates anthocyanin pigmentation in tepals, filaments and styles LhMYB12/  Lai et al.,
LhbHLH2 directly activate LiCHSa and LhDFR promoters, but not LhF3H 2012
promoter
LhbHLHI TEAERE s 25, MRk, 7EmM b IRIA 2 2D S Nakatsuka et
Expressesin tepals, stems and leaves. The expression is induced by light only in  al., 2009
leaves
LhbHLH2 TEAEH s 2. M TR FIESSh Ak, TEARM T M b RIA 2 FD6  Nakatsuka et
. BIEH ORI al., 2009
Expresses in tepals, stems, leaves, filaments and pistils. The expression is increased
by light in leaves and tepals, strongly correlated with anthocyanin biosynhesis
KRITHAE ‘Sorbonne’ LhSorMYBI2 WAL ZE M, TR E AR 7 5 Yamagishi,
Oriental Regulates anthocyanin biosynthesis and is responsible for the tepal color 2011
hybrid difference between oriental hybrid lily cultivars
‘Rialte’  LhRiaMYBI2 JFHAE ST MYB12 S H LT R IE G Yamagishi,
Mutantion of MYB12 causes no accumulation of anthocyanins in tepals 2011
‘Lativa’  LhMYBI2-Lat PETRSCRBE U TS, AREARH T B OSSR S 6 Yamagishi et

Determines the presence or absence of splatters, not contributes to anthocyanin  al., 2014

pigmentation of tepals and raised spots

Xf ‘Montreux” x ‘Connecticut King” F1 ‘Montreux’ x ‘Renoir’ A4S HEAA H A 0 5L K Fl & 7Y
Iy BRI G IR, LhMYBI2 ¥RE4ei v Ae s HE 4, U] LhMYBI2 1t LAP 47 sitp (Yamagishi
etal.,, 2010b, 2012). IHAEWIFURIN LAMYBI12 REE S LhCHSa R LhDFR )38, HANRERK
W LhF3H (WA S5 UiMRAE LAMYBI2 28 F Yt B s hvE—JE T AN2 W4 K
R2R3-MYB Ft K, {Hag HE W H A 1 L3R LhCHSa TRk K LhDFR, AN HE RS LhF3H
(Laietal., 2012),
ANFELEE R E A A, LhMYBI12 W skAKEAR . 70K, A& e s o85S LhMYBI2
FEBRI R s /K OB AR G, 67 13 sl s I W A b LhMYB12 WK -Fids (Yamagishi et al.,
2012), A SRR LhMYBI2 B (lil “Siberia’ ) 805 % 74138 F /) LhRiaMYB12, fi‘Rialto’
( Yamagishi, 2011). ‘Sorbonne’ MJ{L#f vkt R Ak, AUMLRALERFTHNHRE; H
LhSorMYB12 3% /KPABAR, W LhSorMYB12 [ 5y T80T kA K (Yamagishi, 2011).
XEEYLH] LhMYBI12 JERAMYXYECTE T I TG, o KoK IR YE 4675 11 IR e i B R (28 Y
(Yamagishi, 2013, ] MYB12 By#esplan s (35 C), A R LR EK,
AL R B> (Laietal., 2011),
FEW I & ‘Montreux” 64 708 T W5 bHLH 3£ [8 LhbHLHI 1 LhbHLH2, #%5 T 1%
MGG Ho LhbHLH2 I s HIEH A COCR T %Y), Uil LhbHLH2 & A6
AU 32 bHLH 3N (H)2, LhbHLH2 ey ARE B B Aude i h 3G 4%, U4 LhbHLH?2
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PLAMR A A 1k 58 T A A i P I it 22 5% o LhbHLHT AR 7 & WP IRE A A 153k — B T ot
(Nakatsuka et al., 2009).

7 JEH

FrAcmaIE 2R E A E M EZ bR — CEANER LM, 2013). (HIE—LYh,
G R LA TVERIFAED, FERBFFHFHELREICKAC, AR AL ORI & b sk
AT 5% (Nishihara & Nakatsuka, 2011), M B TR IRAEREAR AR i sl T e s (Meyer
et al., 1987), ILJm BRI (e JE PR B R F RN el R AT AE (0 s, 3RAG T IR & A 1T
(Dianthus caryophyllus)~ H7Z (Rosa hybrida) F1%i{t (Chrysanthemum x morifolium) %5 (Fukui et
al., 2003; Chandler & Tanaka, 2007; Katsumoto et al., 2007; Nishihara & Nakatsuka, 2010; Brugliera
et al., 2013). fHAEFFHAEY) HIEBA RIS ORI S, 7T R P Oh e FE B U7 R =i
(Nishihara & Nakatsuka, 20100, 7Eid 220 10 4Frp, HAEHHIRZ 0T T REHE M REME o
DRI 23 B9 8, APEMIM R G osfef T2 M, Hindd SRR rsus Gt IrE T
AHR (Qi et al, 2013). T AAMLOAOHIE, Mt LIFR TGO EAERELER
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