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Characterization of LLIMYBI12 regulating anthocyanin
biosynthesis in lily flowers
(L) DIEBEIIBWTT ¥ MU 7= VEEEZHIE L TV 5 LhMYBI2Of#HT)
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Anthocyanin is one of the major pigments in Asiatic and Oriental hybrid lilies
(Lilium spp.). Anthocyanin biosynthesis is usually regulated by R2ZR3-MYB transcription
factors, which are classified into AN2 and C1 subgroups due to their sequence homology. In
the anthocyanin biosynthesis pathway, the AN2 subgroup MYBs isolated in eudicot species
usually regulate the late biosynthesis genes (LBGs), but the C1 subgroup MYBs obtained in
monocot species control both the early biosynthesis genes (EBGs) and LBGs. In Asiatic and
Oriental hybrid lilies, LhlMYB12 has been identified to control the anthocyanin biosynthesis
in their tepals. As LhIMYB12 belongs to AN2 subgroup, the first question arises: does
LhMYBI12 regulate only LBGs like AN2 subgroup MYBs in eudicots or the whole pathway
like C1 subgroup MYBs in monocots. High temperatures often reduce the quality of
anthocyanin color in flowers, which is a problem in the commercial production of ornamental
plants. The transcriptions of MYBs that control anthocyanin biosynthesis in fruits are
suppressed under high temperature. The second question is whether high temperatures also
suppress LhIMYB12 transcription in lily flowers.

In the first part, the accumulation profiles of pigments and cinnamic acid derivatives,
and the transcription profiles of LhMYB12, phenylalanine ammonia-lyase (PAL) and
anthocyanin biosynthesis genes during flower bud development were evaluated in Asiatic
hybrid lilies to determine the target genes of LhWMYB12. LAMYBI2 and anthocyanin
biosynthesis genes showed the same transcription profiles, and LhiMYB12 directly activated
the promoters of chalcone synthase (CHS) and dihydroflavonol 4-reductase (DFR), indicating
that LhMYBI2 regulates both the EBGs and LBGs although LhMYB12 belongs to AN2

subgroup. Cultivar Montreux accumulated anthocyanin, and cultivar Landini accumulated
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anthocyanin and flavonol. The contents of these pigments increased at late stages of flower
bud development, which coincided with the change of transcription levels of LhMYBI2 and
anthocyanin biosynthesis genes. At early developmental stages, tepals contained neither
anthocyanins nor flavonols, but accumulated high amounts of cinnamic acid derivatives.
These results indicate that the profiles of pigment accumulation and gene transcription in the
lily tepals are different from those in flowers of other species.

In the second part, I investigated the effects of elevated temperature on anthocyanin
accumulation in the tepals of an Oriental hybrid lily cultivar Marrero (pink-flowered). To
clarify the flower stage most susceptible to elevated temperature, the flowers were divided
into seven developmental étages. Potted plants with flowers at these stages .were incubated at
35°C or 20°C for 2 days. The elevated temperature at 35°C caused poor coloration in the
tepals at stage (St) 3-1 and St 3-2. At 20°C, anthocyanin accumulation began at St 3-1 and
anthocyanin content inéreased at St 3-2. The elevated temperature did not affect anthocyanin
coloration at other stages. To clarify the mechanism fof the poor coloration at St 3-1 and 3-2
at 35°C, the transcription of LhMYB12, CHS, flavanone 3-hydroxylase (F3H), and DFR as
well as endogenous sugar content was evaluated in tepals. The transcription of LAMYB12,
CHS, F3H, and DFR was suppressed at St 3-1 and 3-2 under the elevated temperature. The
changé in sugar content in the tepals at 35°C was not correlated with the reduced anthocyanin
accumulation. Thus, I conclude that elevated temperatures inhibit anthocyanin biosynthesis at
St 3-1 and 3-2 via the suppression of LAMYBI2 transcription.

Lily LhMYB12 regulated all the anthocyanin biosynthesis genes resulting in that
both anthocyanin and flavonol accumulated at later tepal developmental stages; this profile of
pigment accumulation is unique. Because such a precise examination has not been done in
flowers of other monocots, the most intriguing question is whether such profiles of gene
transcription and pigment accumulation are common in monocot flowers or observed only in
lily flowers. The elevated temperature caused poor coloration in tepals via the suppression of
LhMYBI2 transcription. This is the first report demonstrating that high temperatures suppress
the transcription of R2R3-MYB gene that controls anthocyanin biosynthesis in an ornamental
plant species. Such knowledge will be valuable for improving the cultivation conditions of
lilies and screening for genetic resources that are not strongly influenced by elevated

temperatures in Lilium species and cultivars.
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Characterization of LhMYBI12 regulating anthocyanin
biosynthesis in lily flowers
(LY OEBEICBVWTT ¥ M7= VEEKRZHIE L T 5 LhMYBI2D#HT)

AR TIEE 17. £3 280~ UK 18 bR BETRITTHY . IcBER
LEARZ B TW5, ZONERUTICERH SN,

Y (Lilium spp.) 1 ZEEBOSVEELIEETHD, HAIIHEZIZBVTELE
FERED—DOTHHN, 2V IIRBEHEMETHOT ) LY A XARKREWR EOER
e, BEHENEDLIICHBENTHWEONEIEALRAINTI RN o7,
010 EIZR>T Ty by T2 BROEESREHERTHE L TWHEFRFTHDH
MYBI12 Az U LV HEESN, LK T U R T = BRRBEOHIEI A I =X LH
BEFOLVNVTHEITTED L IR o7, AFRIXZ D MYB12 OREL FEMICRE
HLIEHLDTHD,

1 RAAT2YDEDREIIHED MYBI2 £ 7V h TV EARBETFOEE LA
HEROE

TR T2V ESREHBELTHNS MYBIZKEL 200 7T IV —FI25730 6
N5, AN2 V7 7 NV—FIIEENFETHEL TWDOMYB T, 8bLIZT ¥ b7 =
VHEAKRRDEEDBIEF (late biosynthesis genes: LBGs) DIz HT 225, Cl1 H
TIN—FIIBRFENOHEBEINTEY, T T =V AGRRDORTEDOREGTF
(early biosynthesis genes: EBGs) & LBGs DG &ML T\ 5, =V LHEMch
7~ MYB12 iZ AN2 %7 7V —TFIZ BT 5 MYB T, BTEED O BB S - KA1 D AN2
YT IN—TDOREBEFTHD, ZOETIEHY O MYBI2 3D AN2 37 I NV—TD
MYB [El#. LBGs DA ZHIEI L T2 D05, £ s EBGs & LEBs Offi 5 & fll{# L
TVWADPRI LI, AW ) X0 Ty b TV ASKREBET % BB L TEERR
RERELZEZ A, MYBI2 bAESHKEBERT L., EROREZEORFICEERN LR
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L. MYBI2/ZEBGs & LEBs D@ F&HHI L T3 EEEx bhiz, #Z TMYBI2 8
W52 EEHIE L T\ DZ L EIEHT 5729012, EBGs D—2>T$H % CHS & LBGs ©
—DOTHDHDFRPLTRE—F —fFREFEEL, MYBR XA bDFae—%—%
EREMILT 5 Z & % dual luciferase assay CRE L7, FO#EE. MYBI12 iZ bHLH
U EREFTLHERETCINSDO T 0 — 7 —H EEESEL L. MYBI12 IZfho
AN2 77 NV—7D MYB L3874V, EBGs & LEBs DEF &2 &IE L TW\B 2 &
MO O, —RICEENTETIE, EROBEOHHICTIZI EBGs DAMNREBE LT
TIRS—NBERI, BEOHRICIZEBGs & LBGs DEFNREBELTT L by
ToUBEEREINDZZENRMOLNTNS, AW DRET, 7o hvT=d
IR —NDOBEFEEERTHEBEEZAVVTCINOOEROEHIFAE L= L -
A, WTNOBRELREEZORLICERTH I LB D o7, ZOEREHMOERIT.
MYBI12 7% EBGs & LBGs D@ F&#HI#HIL TWBZ LIZEKD L EZ N, 2D LD
W2 VERICBITIBEFRAL AEEROKRRIEERFEOENRE TVWSAR
RoTWDZERBALNICR ST, BB Cl T Z/A—F BB TV B ETFEDER
T, BREROEBEFHEMICRET LT,

2 BBTRETDHAVZUENANALT Y vy Fa ) EROEHEHEII MYBI2 #/5
FORBEMENZ L - TR S

TR T=VBEROERTI LI LIEHRICL > THES ., MR&ZcBiT 349
DIEAEETRHIEIC /> T3, 2V ICBWTHLEIBETELENRE I A - EBHLNT
WABR, FDAHZARMIONTRABESINTI Al o, ZOETHBRICEST
YEUT=UBAROEEBELFELITRETS L L bIT, Fs MYBI2 ORE ]
CEETDHZEEZELNILE, EFAHV ANt T v R U OERENSD
DIRAT =PI T2 AM3SCOBBIZE LT L  BEDRAT — P TOREROE
BRI TELERRIDZ B0, ZOBBROEELZSITRTVWART—
X, HX I EMYBL2 LEGRBETOREAN LR THEICY LS, #2Cohbo
B TFOBELRELZL A, BIETMYBI2 L ASKBEFOEENSME ST
W, £z, ZOBEDRAT -V EERTRE, BEOEEBISZHRNI LY
HoNnE o, ZNODORRIIVIVIEEEICBITARIEFEDKAS, BEOYE
XTI S WBEBETFEROBERIHELD,

UEDXSIZEHRL, 2V ORICBIT 2E8EFRAL AEEHOBEXNETEX
FEDOIERLESNTRELRRSTEY, ZOEWTEIZ MYBI2 OREMICIES = &
LT DL EBIC, BRICEZ2AHEHRBIZMYBR BEELTWVWAZ EA5RL
oo TNODOMAITABREFHICOREFMICLESTMTE 5, Lo THEEE—FIL.
B tElE (BY) OFLE2ZT 20+ EREETAILOLADTE,
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