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Molecular mechanisms underlying cytokinin-induced ornamental flower
morphology and its application in breeding

- Using torenia as a model floricultural plant -

Tomoya NIKI

Summary

For floricultural plants, flower morphology is one of the most important traits determining attractiveness and
commercial value. Improvement of flower morphology toward more ornamental flowers is a major objective of breeding
programs, but conventional breeding programs can be time-consuming, and the development of efficient breeding
methods is desired. In recent studies, treatment with forchlorfenuron (CPPU), an inhibitor of the cytokinin degradation
enzyme cytokinin oxidase/dehydrogenase (CKX), induces morphological changes in flowers of torenia (Torenia
Sournieri L.) depending on the floral stage of CPPU treatment.

In this study, we aimed to elucidate the molecular mechanism responsible for CPPU-induced morphological changes
in torenia flowers. Furthermore, we employed floral organ-specific promotion of cytokinin biosynthesis using transgenic
technologies to produce torenia with ornamental flower morphologies.

In the work described in Chapter 2, we investigated the temporal and spatial distributions of cytokinin signals in
CPPU-treated flower buds as indicated by type-A response regulator (RR) and CKX gene expression. Quantitative real-
time PCR analysis showed that the expression of both TfRR1 and TfCKX5 was induced from 1 day after CPPU treatment
in sepals, petals, stamens, and pistils and maintained at a high level until 5 days after treatment when the earliest
morphological changes due to CPPU treatment were observed. I situ hybridization analysis showed weak expression of
both genes in stamens and pistils through all floral stages of untreated flower buds. However, when CPPU was applied at
the sepal development stage, expression of both genes was strongly induced at the abaxial side of the stamen primordia,
which are sites of initiation of the wide paracorolla. When CPPU was applied during the early stage of corolla
development, high expression of these genes was observed in the stamen and in the basal and middle parts of the petal,

which are the sites of initiation of the narrow paracorolla. When CPPU was applied during the middle corolla
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development stage, strong expression of these genes was detected in the middle to apical parts of the petal, which is the
site of changes in the distribution pattern of vascular bundles and the resulting serrated margins.

In the work described in Chapter 3, we investigated the morphological properties and the role of floral homeotic genes
in the formation of two CPPU-induced types of paracorolla, wide and narrow paracorolla. The morphology of epidermal
cells and distribution pattern of vascular bundles were the same in wide paracorolla as in petals; however, in the narrow
paracorolla, the morphology of epidermal cells was either petal-like or stamen-like, and the distribution pattern of
vascular bundles was stamen-like. Iz situ hybridization analysis of floral homeotic genes showed that a class A gene, 7.
Sfournieri SQUAMOSA (TfSQUA), and the class B genes, TfDEFICIENS (TfDEF) and TfGLOBOSA (TfGLO), were
expressed in the broad region of the primordia of the wide paracorolla, as in petals. Class C genes, TfPLENA1 (TfPLE1I)
and TfFARINELLI (TfFAR), were only expressed at margins of the paracorolla primordia. However, in primordia of the
narrow paracorolla, TfSQUA and one of the class C genes (TfPLEI) was expressed only at the margin of the primordia,
whereas the class B genes were expressed in a broad region of the primordia, similar to the case of the primordia of the
wide paracorolla. Thus, this expression pattern in the narrow paracorolla was intermediate between that of petals and
stamens. Furthermore, these expression patterns were similar to those at the paracorolla initiation sites.

In the work described in Chapter 4, we introduced Arabidopsis isopentenyltransferase 4 (AtIPT4) into torenia under the
control of the APETALA1 (API) or APETALA3 (AP3) promoter to characterize the relationship between organ-specific
promotion of cytokinin biosynthesis within flower buds and flower morphology. API::AtIPT4 plants had an increased
number of petals, whereas AP3::AtIPT4 plants had expanded corolla, paracorolla, and serrated petal margins along with
an increased number of petals. In AP3::AtIPT4 plants, marked receptacle enlargement was observed when flower buds
were in the early corolla development stage in which the paracorolla primordia differentiate. As expected, AtIPT4 was
expressed in the sepals and petals of API::AtIPT4 plants and in the petals and stamens of AP3::AtIPT4 plants. Cytokinin
signals as revealed by TfRR1 and TfCKX5 expression were elevated in the floral organs in which the transgene was
expressed.

The results described above suggest that the paracorolla and serrated petal margins are induced by high localized
levels of cytokinin signals at the site of those morphological changes (Chapter 2). The expression patterns of floral
homeotic genes at the early stage of paracorolla development determine paracorolla morphology, and the expression
pattern is determined by the site within flower buds where the paracorolla is formed (Chapter 3). Localized cytokinin
signals in sepals and petals increase in the petal number, whereas those signals in petals and stamens are necessary to
induce corolla expansion, paracorollas and serrated petal margins (Chapters 4 and 5). Furthermore, both receptacle
enlargement and localization of elevated cytokinin signals to the paracorolla initiation site are necessary for stable
induction of the paracorollas (Chapter 5). These findings may aid in the development of efficient breeding methods for

improvement of flower morphology.

Key Words: cytokinin, flower morphology, genetic modification, MADS-box genes, paracorolla, spatial distribution,

torenia
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DL, EaLEY Lk, EE OBIE ML /A4
THEELRPED1OTH5. BAEMTHIZTSDIE—
HT/NGDOIETH 2HEDNL DI L, HRDEEY)
DL THLF7, h—F—Tary, NIEERLE N

H 7 EORAN AU & o R a3 23l L Tw
b BIzIE == aroOlREN1DEEZLNT
W% EFE (Dianthus caryophyllus L.) O EF1-2cm O —
HEOL, EmEOEESm 126 %5 NEOME I
~iUE, AUMBETHZOHSRSECEZELZIIE, D
WidA o7 V252 ETHLEERD (TR,
2007; Nishijima, 2012). T 7z, HE&HDL LRI K
DALEAICH Y, NE, Kig, EfEERE, FREICLo
TEMEDOEH RS 3T2281I25), RLmET
b REFMMEDS A L3 58 05% v, Flz1E, BAEb 25 E
TOY Y FEAEEES SN ERoTWD PrafFay
(&, BOEFNZIZIE & A LEEFED Do 72h%, IS
—ECTHEROMED S, NE, [EREGOEHR, Kk
& A BRIEENEREEINS L L DI, TEarSRLL
o2l XY), FELRAEZICRELE UUL, 1994).
WoT, EOWOUBITEELEHEAETH 5.

NS DL OERE, IF TRREREM
76 NI AR L TITh LT E 7205, T HE
2 MR IR 72 2 AER I EBRIC A L6035
{, F72, TNOOEREGBEST, & 5WVIEANEE
THLONWEBBTHS. S5, BEIFHTEIKLZ
DL BERNS, BELLEMN AT L5 10EE
WIEAZ BT 00— THL (B, 2007). Flz
& == a T, NET—EOBEFDIEE ) 5
K CNEORBELEMET 2012, D7 < & 10004 %
BELTw5 (FHM, 1996; Nishijima, 2012). F7:, AT
1 7 Z2R R RE SRR TR 2 i e ORI 2 B
AN SNBSS G S Nz Py aFEay
ZBWTERY, EHREROMEL BT 2 DIZ404F
BECFEAZEL, HAETLIEREPLERFTH S R,
1994). fEo T, fEEHETZ72ODOFMICET LI
MAEMET A2 Lld, EERRETH L. EHN AT
I TR IC S A 2 e AL, RISV AR
LSS, BEMEIEE S TRy E?»S
DR EEY L, FeaTmELRBT LI L0
WREIC R D EZEZLND. ZDOIZIE, DNAY—7 —
& 2 HFHILEORERSC, MR 2 ED5 T4
FHRTFEOFHLENLRTFERD1O2THLEEZ LN
5. AETIE, EEFENTERSREMICESRL, Th
FTT ) ARNIPENTHZEE T, 3700 — 4 —
TarhEDT  AENHEITL, 7/ AERICHED |
BHEFHEOBBELTEEICR A ) & LT\w5h (Tanase et
al,, 2012; Wang et al., 2013). F 7z, L& I2BIT A8z
HOVERH 2 VITEIZTRBAO 70 € — % — D5 %
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Ed A LT\ b (Chandler and Sanchez, 2012; Potenza
et al., 2004; Shibata, 2008). L2 L %25, T b D
M & AEOYLZNIS T 5 720120F, B R B35
B9 AT Z XL DIEPIATTRE 3 5.
EMi2AETED ) B, HEEZR S CIZHET VW OfEmhic
LB NEALIZOWTIE, LA E ORI D 5 & 2
FTT 4y 7BETOERIIL > THET L2 EMbN
TWwb, ERNLIERECHLER, B, HEBLD
HFWOEREERIZ OV TIE, Y EA X FATFBLOF
YFa vy el LTEIZT LIV TOMRT I HER,
BENTEI—-FLTW5A 32027 5 ADIELERE R AL
TA v 7 BIEFIZE S ABCETVMIZL DAEREDT A
TYTATA—OREFHP ST D (Fig. 1;
Bowman et al., 1991; Coen and Meyerowitz, 1991;
Rijpkema et al.,, 2007). fE#E % 4 DD fL#; (whorl) &
R84, —FIMIlo whorl 1T class A Bz 128 HAk
THEHTLZIEIZLDERD, whorl 2Tld class A & B
BT VEEL CHEBET L2 212X ) IERDS, whorl 3
Tliclass B & CHIZFAEHLTHEIATLHILICLD
HEEEAS, I b Al whorl 4Tl class C #Efn T2 HAC
BT HILIZE VT VTR S NS, $72, classA
ECHIEFREVICEHZMMTLZ LIk, EH
DEEL VI ICHIBEINTWS (Drews et al., 1991;
Gustafson-Brown et al., 1994). > T f X+ X+ ® class
C#fnT (AGAMOUS; AG) DZERAEFARTIZMEE 1L
T2, FMEST A2 R ABIZEL S A 2 EAVRENT
W3S (Yanofsky et al., 1990), Z ®FEFZ{Li, whorl
338 & U whorl 4128\ T class C BIZTORES LD
7oZ &2 &Y, class A #{nTF 2% whorl 38 & UF whorl 4
THFHEHEAL, TIN5 Dwhorl TBITBIERE R A A
TA v 7 BIEFOMEEN, [EREZFHLET S class A &

BEETOMAGHOEIIEILTHZ LICEDFIERI S
nTwb (Drewsetal,1991). ¥ Fa vy Tld2f
¥ @ class C i# {z f (PLENA; PLE, FARINELLI; FAR)
PHEEI N TV D, ple HIRERETIIHE B L OHE
T VDAL B B VIR RO E ICZ L L (Bradley
etal, 1993), & 512, ple/far —EEBRKTIE, MW
MWEEIAEFILT H 2 AR EN TV 5 (Davies et al.,
1999). F7z, BEFMBZICLYD, IhEDHEETO
BHAGIHT A Z LI L > THROIEEEILSEE LD
WEETH Y, Y0 XFXF D ag FHIREFEKIZBNT,
4 X C ® whorl T2 ? class B i& {5 F (APETALAS3;
AP3, PISTILLATA; PI) #5345 2 &12LkDh, &C
DIEFBEPEITAL LA BED I E N TS (Krizek
and Meyerowitz, 1996). BfETid, MET W EHM51LL,
bWl % whorl 5& L C, whorl 5128\ T3E LTI
HOHAZE D % class D #IZF, & 521 whorl 272
5 whorl 5122 CTHEHB L, class A, B, C & fxF & HHE
EHT 22 ET, IS DBEMETFDHEET S DIZLER
class E#BmT25BIMENZ-ET VB EINTV S
(Fig. 1; Ferrario et al., 2004) .

—F, HAE, FEOBOHIEIE, PR LVE YDA
A ZVDEGTEIERHLNIIENTNE, v
4 X FXFTiE, 1£3 (2 Benzylaminopurine (BA) ##%
H92Z 812Xy, fi5, #E MTVoRIERERD
BINASER® 5T\ % (Lindsay et al., 2006; Venglat and
Sawhney, 1996). Z1 6D EILIE, 1 b A=
12 &) ZETES MO G b 5 #EE T OB LA
TAHILICLDFIERIENTWEEEZLNTVD
(Lindsay et al., 2006; Rupp et al., 1999). ~XF = =7 TliZ,
FA A A = BN X ) fEEOMBEAEE L, fEE
WK T 5 T L /R &N T\ % (Nishijima, 2012;

Fig. 1. The ABCDE model determining floral organ identity.

Class B gene
Class A gene
Class D gene
Class E gene
Whorl 1 | Whorl 2 | Whorl 3 | Whorl 4 | Whorl 5
+B+ +C+ C+ CH++
¢ ¢ ' '
Sepal Petal Stamen | Carpel Ovule

Former model, i. e., ABC model, did not include class D and E genes, and both of carpel and ovule belong to whorl

4.
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Nishijima et al., 2006). & 512, K {LOJEKEET T
& 5 Grandiflora BIn T OBETEAKELICEETH
5T EFMHNTWEA (Ewart, 1984), A b A =
Y DAL B X OGBS ERE R 2B D % 85T
DFEBDL, TOBMLTFENCL)PEEZIT LI LEHRS
T3 (Nishijima, 2012; Nishijima et al., 2011a, b).

P A NI A = VRIS OV T TSI A HE
F, A MIAZVEERICHEDZBIETHHLNICE
L T v 5% (Fig. 2; Frébort et al., 2011; Werner and
Schmiilling, 2009). HEWIZBIF D94 b A4 = DEE
B, /AN L S R
dimethylallyl diphosphate % #£& & | 72 ATP B & (" ADP
DA VR TS SIEF D (Kakimoto, 2001; Takei
etal, 2001), X7 L #F FEIOFERAZ T, cytokinin
nucleoside 5-monophosphate phosphoribohydrolase
(LOG) 1221 ATy 7ORIGIZ & Y HERM O 1 b
B4 = ~ T & % N-(A%sopentenyl) adenine (iP) %
transzeatin (tZ) 7&K &5 (Kurakawa et al., 2007).
—7, T A2 BEOBEFIIHEEINL TV RVH D

isopentenyltransferase (IPT)

@, nucleotidation & nucleosidation ® 2 A 7 v 7D
SIS X D EMERI A N A U END ETHRD
& 4 (Auer, 2002; Chen and Kristpeit, 1981). Z i 5 D
R A N4 =2, YA b A =205 EF S
4 A A = v AL B % (Cytokinin oxidase/
dehydrogenase; CKX) 12L&V, 4V 7L/ A Fll$HoD
Bg 1t 4> f% (Schmiillung et al.,, 2003), & 5% \ (X
glycosyltransferase (2 & % FREfbIC £ o TRIGEHAL S L
% (Hou et al., 2004) .

F7, A ML =D TP IVEEREICOWTIE,
OA RFAFIZK BT S, SR E A LT
fREENDL Z EDHS % > T 5 (Fig. 2; Mizuno,
2005; Miiller, 2011). 4 b h A = BZEETH %
Histidine kinase |24 &35 2 &1L D, SHEEKIHH
O Histidine kinase |2 & ) HC Y Y Bk s itk v~
By Y BRIERE N T2 T S, BNICRATIRICIES
[K-¥Td 5% type-B response regulator (RR) % V) ~ AL
T4, NI L - T typeB RRSEHAL S N, EAYHEE
FOEENTE INASLZ ETYHA M4 =T TS U

Cytokinin biosynthesis

ATP DMAPP ADP AMP
CPPU
IPT Y IPT LOG 1
CKX
iPRTP — iPRDP — iPRMP— iPR —*>iP 7 — — *> Adenine

| ! |

aww—»amw—»amm%»aR—;a’

bopb =7

7

!

HK — HPt

Cytokinin early
signal transduction

1 Cytokinin
LOG DZ glucoside
/
Type-A RR
X
Type-B RR

!

Regulation of target
gene expression

Fig. 2. Cytokinin biosynthesis and early signal transduction pathways.

Bold letters indicate catalytic enzymes. Biologically active cytokinins are boxed by red line. Broken lines indicate
inactivation of biologically active cytokinins by CKX (blue line) or GT (green line). CPPU inhibits CKX activity. ADP,
adenosine 5 -diphosphate; AMP, adenosine 5 -monophosphate; ATP, adenosine 5 -triphosphate; DMAPP,
dimethylallyl diphosphate; CKX, cytokinin oxidase/dehydrogenase; CPPU, forchlorfenuron; DZ, dihydrozeatin; GT,
glycosyltransferase; HK, receptor histidine protein kinase; HPt, histidine phosphotransfer protein; iP, N%-(A*
isopentenyl)adenine; iPR, iP riboside; iPRDP, iPR 5 -diphosphate; iPRMP, iPR 5 -monophosphate; iPRTP, iPR 5 -
triphosphate; IPT, isopentenyltransferase; phosphoribohydrolase; RR, response regulator; tZ, trans-zeatin; tZR, tZ
riboside; tZRDP, tZR 5’ -diphosphate; tZRMP, tZR 5 -monophosphate; tZRTP, tZR 5 -triphosphate.
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&N 5. —J, type-A RR (=T & type-B RR D4Z
HEETFD 12 LTHA P A =12 X ) SEHAFHE
N, FORREWII, typeBRROY VEAL L HAT
HZEIZEY, YA ML=V TFVOEDT 4 —F
Ny 7 EICES L TwA EFEZ SN TS (Miiller,
2011; Rashotte et al., 2003).

b L =7 (Torenia fournieri L.) TiE, fE3F1Z CKX @
HEATHLANVZ7O0NV 7 220 (CPPU) % HLH
522X (Bilyeuetal, 2001), fEFEroBdmm, 1&
FREBOFER, BEILEORAELR L, Ba REMNRIEE
AFE S5 (Nishijima and Shima, 2006). = D354,
CPPU MLEL 2 AT ) AEF DIEEA T — VIR L TRED
MRPFEEINL. 2D, BFEPRPIEDOZAT =20
"o, AFOREFENTHLIAT -V 1BLUERE
W THAH AT =T 2128\ T CPPU MLHL L 7235512
IAEFE OB, ERMENTH L AT -V 3564k
I, HEBLIOCMTWERTHE AT —T 4 OMET
SRR VEIFEED, LR THL AT -2 5 DML
HTIIMEVEILED, fERMEPHTHHLAT—T6
BLUOERMERNTH L AT — Y 7 OLIETIIAES
BIZER DY, ZNZFNFE S N5 (Nishijima and
Shima, 2006). CPPU i3 CKX DHEHITH A Z & Hh 5
(Bilyeu et al., 2001), TEZFWNOEBLLFFRAGICH A A A
ZUNERL, TOLOIHA RIEE DTSRI &
NTwseEZHN% . CPPULE ATz L =TT
FEEINLERO) B, FIZETDEIL2W T, 4
EERTb ALy, by Ty, FrFavy, brA
vkl TCRLNIHEIERNARERET Ihb
DEDBEMEDOTIKIZKE CEHEBML TW5 (Troll,
1957).

ML= THE, TENYAT T VRO VEERERRY T
(Huxley et al., 1992; Rahmanzadeh et al., 2005), i &%
B, B E LCAERE - IS T, 7/ A
A Z13#J171 Mbp #& & (Kikuchi et al., 2006), > 1 A
X+ XF (157 Mbp) & FAEIZ/NE { (Bennett et al.,
2003), BAEET/ MEHAEST LOoDH 2 (Il
). FL=TIIREERRYFEIE < (Aida, 2008), F
72, BRI L B HAROPURIZT T% <, LIFETHER: -
BIETE 52 enn, BEFHIRRIZIZMEMAEE L
LTHHR v, ZHETIE, [EoZLEE (Aidaet
al., 1998; Tanase et al., 2010), fEf O Z (Aida et al.,
2000; Ono et al., 2006), W k7 EDOIE DA G- H3HE
SMTw% (Nikiet al, 2006a). b L =713, 2 5
FAEE CTOMMAS3 » ARELFWT 25, A

TEREACOFEELHRTE, $72, [LEDI2-3ecm
EREWD, BEOZAH TR Th2) R, &
B2, fEBDONT T 4 =D HhnZ e, 4 M
= VAT 2R L 72 fs TR 2 1 X 0]
WEOETNELTHHELTWDEEZOLNS.
ZZTAMZETIE, ETHE2EIZBWT, CPPULHE
I2& 5T ML= TICEMNRICEAFHE SN b EBRRT
VT, FHECREZ»FILINLED, [EHFNIZH
FBFA M HA = 7 F VD2, R %563
Y — VRIS A LKLY, EENRETEAHFE S
LOTHHEEHL2IZL L) & L RIC, B3 ETIE
CPPU MLELIZ & 0 538 S N2 BIfERE DO TEHE & L2 E A
F T4 I BIEFORAEBNT LI 128D, RIS
OIEDOTIERIEZ AT L 7. F4ZETIE, NS5O
RIZEDOWT, 1 M A = VEGRELRFEHWZ b
L7 OBETHEZICEY, 1 M4 = v oFEREY
TEFEOMMEFRMICHBE T2 2 10k 5, B B
DFAFED W REMEIZ DOV TR 217 o 72 L IR IRIZH 5 FIZ
BT, BEOME AW L, ZEMR 2B E
BICBS %, X DB Z25FHRIBICOWTERT S L
&b, SROIEEIER S NIIERLE BIFL 20
FFEDIRBH TR DWW T EZ L /2.

CPPURLIBIC K V) EEE I h 2 EMWETER &
YA MAHAZ2 2 TFILOBIEMOBEFRZROENR

B
il

CPPU X, Y722V L TRV A M4 =I5
ENBEERTA NI A= THY (Mok and Mok,
2001), A B roO#FE - BAMEE GhEHS, 1990 ; FH
5, 1990), AA K OHLAFRFE (FHS, 1991), b
~ b OZMEIGE (FHES, 1994), Y~ T KT OH%
RFLE UNEIDS, 2012) % EOREAHE SN, il
WARREHE LTHHESA TS, FL=7TiE, 1B
FAD CPPULIIZ LY, fEFFEAT — DKL
THE DT A FHE X L5 (Nishijima and Shima,
2006). ZERMEM (A7—Y3) »oief, HEB L
UMEFWIRE (27— 4) DL CPPUMLE L
AL, AT =T ARG, FEEMH OIET DI
M OIRIE VRGO R 5 AE L, BRI (A
7= 5) OFE3FEIZ CPPU MLEL L 72854121, TEFpfi
Bl (A7 —26) BI00R55E L7 Ef o iis
POMECEIEEDEIEN AT D, 72, AT—V6
BILOIEAMERY (A7—-Y7) ORETIE, AT—
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U T RENAEF R SR A5 A S, CPPU IR R
YA MIA = 23T 5 CKKOHERTH L Z LD
5 (Bilyeu et al., 2001), CPPUMLELL 72 + L =7 TlZ,
WPR A AT ) AEHIGEA T — DN L o TRRFEWIZ BT 54
A MIAZVIREOE TN OGAMAPRLRY, T020
LB DOAEIEFE R T — DIKAE L CTHFE DL
BINBETFHENE., L2Lads, BUNAEFEND
YA M A = VRO & TS 5 2 &I IR
Thb. ZIT, 4 I A= VDB RS T TS
HIEIZEY, A NIA =T T F VDS E S B
L&) &Lz

TA MIAZVIREEEET L LT, type-A RR EIE
T Z0F 5 1L b (Rashotte et al.,, 2003; Miiller, 2011).
type-A RR Bn T OB, 4 b A = WIIZ LD
FEREIS, 2o A M AL =Y Y T F VOB SIZIEET
FHEINDIEND, T MIAZ T TFVORED
TR b &% 2 51 % (Brandstatter and Kieber, 1998;
D’Agostino et al., 2000; Nishijima et al., 2011b; Taniguchi
etal, 1998). 7z, fbofEdlis LT, CKXEEF %
oD . CKXBIZTF %A P AA =X DFHL 3
BAFHFEIND L LB, EERY A M A = 2R
HALTHZ LX), FA MHA=ZViREDT 4 — F
Ny 7RIS $ 5 EE 2 51T 5 (Brugiere et
al., 2003; Kiba et al., 2005; Nishijima et al., 2011a). fit o
T, CKX BZFDHBL, YA A= 7FLD
MSDIRRIC RN HLEERZOND.

—7, ML =TIZBA R L 723541218, CPPU AL
B L) RIAEREIETFHE S v (Nishijima and
Shima, 2006) . CPPU & BA &b % e L 72354, ¥
INTDH N AOBFEIZK LT, BAIZHE~T, CPPU
(31/10D B TR R 2 /R $ (Takahashi et al., 1978). /X
Fa =T DEIERIEHIZBWTY, BAIZKNRT
CPPU 121/30D K\ i T #: % 7R 9 (Nishijima et al.,
2006). N L =7 OHAICIE, 1000 uM O BA LT L
BT FE S 225, CPPU T, 0.3 uM DAL
BT HAATEIL D FHE S5 (Nishijima and Shima,
2006). it T, fEBZALIZxS % CPPU AL & BA AL
B, BICEHEOECZT TR, BN RIEHO®E:
WhbEEZEZONL. ZTOENIIE, EHFNIIBIT LY
A MIA =TT FIVOEFHPEGT L ETHEINS.

FIZT, FTPL=T05, typeARR EIZTFB LY
CKX#frT % 7ua—=1"27 L7 . type-A RR & 1% T,
CKX#frted, A M4 = ICXDFEEND S
EPHONTVWED, WINLHHMOBELEFIZLLT 7

#
n
JE

IV TAELEDI, BEFIEITHAbAM=
N T DINEUNE LR L ZELREINTVDLZ EDDS
(D’Agostino et al., 2000; Kiba et al., 2005), %A1 b1 4 =
VINBEEDE L, YA ML= T FVOREEL LT
WL —rEEEL Fo LT, CPPUMLHEIC
Lo THEIEAL, FRORRBORL 2RIEE B L OfEHH
BOFEEDPFEINLER, NS DBEETORBEITES
Tz, BREHIIZED X )BT 225,
5 EIZKY, BB R b AL R O 8k O 7
B A NI A= TP VDRI — &G
ML &9 L7

2. MRBLUHE
1) tE%ist

Torenia fournieri Dwarf White' (3715 D% ) %= fit
AL T2 EEE T MetroMix 350; Sun Gro
Horticulture Canada) HCHEXE7/-%, Pz 75 A
F v Ry FOREZERET (Z L) IZERL, 25T /20C
(B ) \ZHAE L 723058XTF (180 umolm™*s™' PPFD (12
R BAHA, 120 IRE ) ) O A v F 2 _R—F N THE L
7z
2) CPPU & & U BA 02

CPPU (Sigma-Aldrich) 3 X U8 BA (f1Y6#l 3 T.3)
BE20% (v/v) T b B E L CHR%E L (Nishijima
and Shima, 2006), 8 uL ®3 yM CPPU & % \» 12100
UM BA G E, ¥4 70~y MZXYIEEDLEE
W L7z REFFECTH W72 CPPU O, ML=
TOWREEAEFTET LT REETHD
(Nishijima and Shima, 2006), BA ®EEIZDOW T,
F 2 =7 OAEREILKVEH I BT CPPU & [A%E 0% %
#RTIEELE L7: (Nishijima et al.,, 2006). %8, 1t
TEEALDSFHE S N\ 10 mm L EODIZAEEIRR L 7-.
3) type-A RR LU CKX BIzFD/O—=>T &R

i

HWEF ZMABERTHL R, Iva=TE—-X%H
W B L, RNeasy Plant Mini Kit (Qiagen Sciences)
B & 1" RNase-Free DNase Set (Qiagen Sciences) % H
W T total RNA % i i L 7z #%, CapFishing Full-length
c¢DNA Premix Kit (Seegene) % ffi\>C cDNA &% 17>
72. type-ARR B L Uf CKX BIZFIZOWT, TNENT
I BREF OREED R CEBIZBN T Vo A L —
NI —%FE LA (Table ). INHDOT 1Y x
AL =T IAT—FHVIZPCRICE D IES T
cDNA Wi % pGEM-T Easy vector (Promega) |23 A L,
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BigDye Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems) % M \» T, ABIPRISM 3100 Genetic
Analyzer (Applied Biosystems) (2 X V) 5 3EEL%) % AT
L7z, IO oERERA %I, £ e oBEFHE
W 774~ — %%t L, 5 BLXUIRACEHLIZLD
LB L TR OEERY] % 4T L 72, KOD Plus
DNA polymerase (BE#Rl) & AV TEEE D cDNA %
G L 72 (Table 2). 215 D5E4E R cDNA OIEFFS
% f##H1 L, DDBJ (http://www.ddbj.nig.acjp) 2%k L
2. 727ty a rFEHidFig 3& Fig. 40 BEICEE#
L7z,

& {x T O R M B BT 12 1 CLUSTAL W (http://
clustalw.ddbj.nig.ac.jp/top4.html) %\, 7 o—=>7
L7: type-A RR B & U CKX Bz T OECHI 2> b HEE S 1L
HEEOT I JBENE U4 XFAFOBETLEEL
L7 F 72, SR MHE neighborjoining #12 £ 1),
NJplot (http://pbil.univ-lyonl.fr/software/njplot.html)
TR L 72

4) EE PCR R

fEALEE B X O CPPU Z 7213 BAMLHEL L 727E3E = H v,
R B, HE MPTVOZREROMEEELNS, B
TH & [k )71 C total RNA % flifth L 727%, Transcriptor
First Strand cDNA Synthesis Kit (@ > 2 - ¥4 77 J &
T4 v 7 A) ®HWTDNAGKA T/, PL=7
D% TRR 3 £ U TICKX A7 b IR ER#E L LT
Actin #1577 (TfACT3; AB330989) |ZDWT, *+—7
V—=T4 Y77 L—503 Kinihd & O 3- JERNERAE
ICEBIETHRENR T I 4~ — %35 L7 (Table 3).
ZBfaT O3 E X, SYBR Premix Ex Taq (¥ 77 98
4 %) %M\, LightCycler 350S (@ = - ¥4 7
AT 4y 7 A) KB PCRICKDER L7 PCRIX
Jeid, 95C /10 omiE 0, 95T /58, 60T /108,
72C /5-TR OIS %504 4 7 Vi & L, JERERI 7
HWIRED ORA % 72002, &9 4 7 VomEHORK
%2, TFCKX1B & U TfCKX21373C, TfCKX31374TC,
TARR21375C, TfRR11376C, TfACT3\377C, TfCKX4

Table 1. Degenerate primers used for isolation of cDNAs of TfRR and TfCKX genes.

Target gene Direction Primer sequence

TRRs forward 5-CAYGTIYTIGCIGTIGAYGA-3'
reverse 5-YTSIGCICCYTCYTCIARRCA-3'

TfCKXs forward 5-GTIKCIGCIMGIGGICAIGGICA-3’
forward 5-TGGACIGAYTAYYTIYAYYTIACIGTIGG-3'
forward 5-GGIGGIYTIGGICARTTYGGIRTIATHAC-3’
forward 5-TGGGAIGTICCICAYCCITGGYTIAA-3
forward 5-CCIGTITCITGGACIGAYTAYTTRTA-3’
reverse 5-TGICCIGGIGMIARIAKIGYYHKIGGRTC-3'
reverse 5-TTIARCCAIGGRTGIGGIACITCCCA-3’
reverse 5-GTDATIAYICCRAAYTGICCIARICCICC-3’
reverse 5-TGICCIGGIGAYAAIAGIITYTTIGGRTCRAA-3’

Table 2. Primers used for isolation of full-length cDNAs of TfRR and TfCKX genes.

Target gene Direction Primer sequence

TRR1 forward 5-TTACCTCTCATCACTGTAACGCA-3
reverse 5-AATGAAACAACTGACTTGGAAATTC-3

TRR2 forward 5 TACTATGATTCTGTAGGTTGGCGT-3’
reverse 5-GCAGCGCACCTCAATTATAAG-3

TfCKX1 forward 5-TTCCCCTCCTCATCTTACACC-3
reverse 5 TTGCCATAAAGCGTCGAAAT-3

TfCKX2 forward 5-CACAAAATCACGCACTGACACA-3
reverse 5-CAGAATAATTAACAATTACCATTGCG-3'

TfCKX3 forward 5-CTTTCCTTCCTACGGTCAAATC-3
reverse 5 TGAAGCAAAGGCAGGACTAAC-3

TfCKX4 forward 5-ACTTTCAAGAATCTCGACAGCA-3
reverse 5-AATTCGATAGTAAAAGCGCATA-3'

TfCKX5 forward 5-ACCACACTAAAATCATACTCTCCTC-3

reverse

5-CCACTAATATTAAAAATGTAAACTCCAC-3'
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B L O TFCKX51378TC 12 B W T, #bEmE HE L 7.
7 — % 14 LightCycler software version 3.5 (I3 = - %
AT7 7 AT4v 7 R) \ZED@T L7z TIRRRB IV
TfCKX BInT D4 cDNA & %\ d TAACT3BEIET D
SCDNAZ RO T T AI Fe AW THERZIERL,
HBIET OB EL, TACTIZXT 2 X1 7% 58 &
TRL72. SO OBHTIE, M7 L7z 3 MO FEERRE R
#o <L
5) insitu N1 TVEAE— 3 ViR

MEALEE B & O CPPU L2 3 H HB L O CPPU 12 &
LIREZAL NS 7 H HOAFE LTI H W2 fE3F
X, k% L 72 FAA (50% (v/v) ethanol, 10% (v/v)
formaldehyde, 5% (v/v) acetic acid) " CTEMLEE L,
E 5 124C T4 Ll L [E 52 %, 2-methyl-2-propanol
(eM2P) # &8 /=L =X (0:30%, O:
50%, 10 : 50%, 20 :50%, 35:50%, 50 :40%, 75:
25% (v/v)) THiKL, 2M2PZ{@#fs, /574 »C
W L7, 3270 b —2 (RM2145, Leica biosystems)
MO T8um EDY R ZERL, 2COAFA AT
AL C—MEIE ST insitu N TV ITAE=2 3~
(¥ Hirai 5 (2007) Ol FEICESWTITo 720 Y IE
xylene # T/ X5 74 L, =¥ /=) =X
(100%, 90%, 80%, 70%, 50% (v/v)) H TR,
PBS /N v 7 7 — (0.1 M NaCl, 10 mM NaH,PO,, 10 mM
Na,HPO,, pH 7.4) " T#HiF L, PBS/Ny 7 7 —H T
37C, 30471, 1 ugmL !proteinase K (T = - ¥4
TTIAT4 v 7 A) W EITo72. 02% glycine % &
i PBS /¥ v 7 7 — 1 T proteinase K ® 5t % 1511 L,

PBS /Ny 7 7 —HCHEE%, 0.1 M triethanolamine HCI
(pH 8.0) B X 1M0.25% acetic anhydride H1 T20%3/ 7+
F At L7, 1% Triton X-100% & ¢ PBS /Ny 7 7 —H
TT7 2 F MO sz I L, PBS/Ny 7 7 —HI T
Bk, ATAFHTTAK720150 uL DA T 54
Y- a3 Ny 77— (50% formamide, 4 x saline-
sodium citrate (SSC), 1 x Denhardt’s solution, 1 mg-mL™!
Escherichia coli tRNA, 0.5 mg-mL ! salmon sperm DNA)
AR, BET2HM TSNS TY S A ¥ -V a vk
1To7z. 0tk digoxigenin (DIG) T~V L7 TRRI
¥ 7213 TfCKX558 (= T-F5 #2072 antisense #8 F 72 (3% T/
X & L Tsense $i® RNA 70— 7% F\WT/A 7)) ¥
f¥—varzEiTo/. RNAZ7u—713, Zu—=~
7 L7:-cDNAZ#RI & L, T7TE7:1LSP67 0 E— % —
eyl %L, 3-IEREREEE POk LS EEFIFE
W7 77 4 ~— (Tabled) % H 72 PCRETH 25,
DIG RNA Labeling Kit (@3 o - ¥4 77 ) A7 4 v 7
) HHAWVWTHERLZ, 2o PCRITHA 5, T7
(sense 70— 7H) %7212 SP6 (anti-sense 71— 7 f)
RNA polymerase (2 & ) DIG )L L 72 RNA #/E# L,
Ty VLB X AR TR, H#RNA O —7L LT
iz, A4 K77 AH720) 0 70— 7R %800
ngmL ' IZFHEE L 72150 uL oA T F A= a v
Ny 77 —HT, 2CT—M, NA7V ¥4 ¥—ar
Effotz. N TN FALX =T a3 %, 02x SSCH,
65C T 2 R i L, Fiv T NT 23y 7 7 — (0.15
M NaCl, 0.1 M TrisHCl, pH 7.5) 1 CkifL7z. & 512
1 % blocking reagent (B3 2 - ¥4 77 ) AT 4 v 7

Table 3. Primers used for ¢PCR analysis of TfRR and TfCKX genes.

Target gene Product length Direction Primer sequence
TRR1 155 bp forward 5-AGATTATTAGTTGTTCTCCTCTGT-3
reverse 5-CTTGGAAATTCAACCACATCA-3
TRR2 155 bp forward 5-GCTGCAATGTTGAAGAACATG-3
reverse 5-CAGCGCACCTCAATTATAAG-3
TfCKX1 124 bp forward 5-CCCATATCAGTTTTGTGACACA-3
reverse 5-CATACTTACAGTTGTTGAGGAGGA-3
TfCKX2 158 bp forward 5-CCGTTGATTAATCCTAGTG-3
reverse 5-AGAGAGACAATCACGATACATC-3
TfCKX3 169 bp forward 5" TCAAGAAATTGGAAGAAGGCC-3
reverse 5-CCAATATATAATTCATTTCCCCACT-3
TfCKX4 146 bp forward 5-CCAAAGACTTGGAACAACAGTG-3
reverse 5-GATTGCTCTACATCTGAGAGACC-3’
TfCKX5 117 bp forward 5-AGAAAGTTGAAGTTCGATCCCG-3
reverse 5-TTACATTCCACAGACCACAACTG-3
TACT3 145 bp forward 5" TGCAGTAAAGTGTATTGTGGAAG-3

reverse

5-GGAACTATCTGGGTAGGATC-3'
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A) HCEET 1IRE O, 1:50012 A F L 72 anti-
DIGAP#iUfE (U a - ¥4 77 ) A7 4 v 27 A) Tl
B R0 &, NBT/BCIP %W (B> - 477 )
AT A w7 A) LR BIZLY, KBIET OB
AL SRS O, #AZIC CPPU LEE L 72
B3 % 72 3 [ O EBRAS R o <

3. & R

1) PLZ7® type-A RR LU CKX EIzFND Y O—
Z 2T E RGN

ML =705, 21D type-A RR EnT, BLU5

D CKX BinTO2E cDNADS 7 O—= v 7 3hi:.
NS DEETF OWIERAN P HHESINDL T I/ BRELS
% BLAST MR IC L DHREMRE L2 25, wihd
a4 XF XF O type-A RR EIET B L O CKX &15T
RS E T s, Ju—=v Lz =
T OiifnT %, FNEN TRRI, 28 L O TfCKX1, 2, 3, 4,
58 ZAF1F 7. RREIZFICOWTHEE SN T I/ ik
MHNZIE, YA M B A=Y 7 FIEZEDORKO His-Asp
VUMY L= Asp & Lys BEMRGFE SN L &
b2 (Fig.3), C R typeBRRIZH 515 DNA
WA RNXAL Y (GARP F A A ) #fllahorzZ &b
5 (D’Agostino et al., 2000; Mizuno, 2005),
FLIzEETIEWTND type-A RR BIZTTHDH EEZ
itz F72, TIRRIO C Kumflizix, oA X+ X+
® type-A RR &= ® ARR7, ARR15IZ R 515 Asp, Ser,
Thr BEICE RS & 5 N7z (D'Agostino et al.,
2000). F72, CKX BEZTIC20VWTh, WIhoHfEES
N7 3 VBREFIZBWT, FADBLUY A b A=
VREE R AL VPRSI TWAZ A5 (Schmiilling
etal, 2003), W CKXZI2— FLTWAEEEFT
HbLEZLNT
INSDBETOT I /BRI 2Tyl X+ X
F @ type-A RR 3 X UF CKX & [ TR&M % 1E1K L 72

ra—=y

EZAh, TRRIZY A M A = THREANFES N, X
THEBIZ B\ C WUSCHEL (WUS) E1E T2 & 0 Z8354)
FlENEZEARENTVE 7V —TL (ARRS5, ARRG,
ARR7, ARR15; D’Agostino et al., 2000; Leibfried et al.,
2005), % 7: TfRR2\X ARRI63 L U° ARR17 & MIFIMEA S
W EDShbh o7z (Fig. 4A). —75, TCKX11Z> 14 X
+ X+ @ AtCKX6L , TfCKX2\% AtCKX5% , TfCKX3\%
AtCKX7% | TfCKX41% AtCKX1% , TfCKX51% AtCKX3&
zhneEnEHENEE R L7: (Fig. 4B).
2) TIRRH LV TICKX BIEFDH A b HA =V nE&

i3

)7V A L5ER PCRIZ X BIENTOMHE, TRRI1IZ,
WHOWE R, ZFh, B, BEE ETvwowndho
TERBEIIBWCHFEBEEICHEB L Tw/zas, CPPU ALHL
LD HEEB LT WTIE 455 R, ERHTYH 8K
12, fEFTIRL0MELL RIS, K& CEBAFHE S 1 (Fig
5A). ZhIxt LT, TRRR2OD38HIE, TRRIZ LT
fEALEE CPPU MLEE R DALERE & b IFH 12k <, CPPU
WFIZ & 2 5 BLEAL D AHBE CTdHh o 72 (Fig. 5A).
TfCKX &z 122V TlE, TfCKXI, 2, 3, 4121b-~C, 4
WMELDOWFNOIBREICB VT H TICKX5D5H AL 5
PIE P22 Eb, PLZTORBEICBVTIE
TICKX5D L B x Rz L Twb eEZ LN
(Fig. 5B). & 512, TfCKX5\22\»Ti%, CPPU MLH(C
£0, WTNoOMERETD 3B LICEIANFE SN
», TFCKXI, 2, 4TiE, W hoftsE b CPPU LE
WCEABBOFEIR NG o7, T2, TICKX3IZ
DVWTH, EHBIOERIZBWTDA, CPPUMLEC
LD BEBOFENS R SN0, TICKX5IZ IR T, 20
FEHEIIIEF LN L D TH - 72 (Fig. 5B).
DiEokE2 S, TRRIB & O TFCKX5D 38 #1%,
CPPU LI L ) XN TOEHFE BV THFES N
52 ENPLNLERY, WERT % CPPU RLE D%
TEEEILBITBEIA A=YV I FVOEB Z R

Table 4. Primers used to synthesize probes for iz situ hybridization analysis of TfRRI and TfCKX5 genes.

Target gene Product length Direction Primer sequence
TRR1 180 bp forward 5-GAATAATACGACTCACTATAGGGTCAGAG
ATTTCGTTATCAAAGGC-3
reverse 5-TGCATTTAGGTGACACTATAGAAATGAAA
CAACTGACTTGGAAATTC-3
TfCKX5 154 bp forward 5-GAATAATACGACTCACTATAGGGCTGCTG

TTGTACCAGATGAAGAC-3

reverse

5-TGCATTTAGGTGACACTATAGAACCACTA

ATATTAAAAATGTAAACTCCAC-3

T7 and SP6 promoter sequences were underlined.
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T£RR1 K FK A SRALQVLGL===== G'L

T£RR2 NI ID-TIVEK KN NCRRATLEYV LG =—mmmmmm G

ARR3 I T ADSCW FLGL========m

ARR4 I T ADSW FLGL========m

ARRS M F v VDA QVLGL=mmmmmmmm

ARRG H F v VDA QVLGL=mmmmmmmm

ARR7 I QYLGL-——-————=

ARRS F QK- =Q DoCSKALIFLC1—-RV P

ARR9 FORKL QK- =Q D-CSK" “F.C RQST S P

ARRLS F K “A QVLGL==mmm—mmm

ARR16 NILIDCHLY KisC AFCNALRALE Y Clm—mmmmmm G

ARR17 NLIDEKLVERILK AENCLRALEY L ClLmmm—mmmmmm
%

T£RR1 NDAN' “VGSY GV LIV 'S Frl QU THGERALREI VUV

TfRR2 QNIS DDIAAAS/ M VMKD

ARR3 DD/AA-/E/DR! "D TS'K

ARR4 ONi“A--AE'DR.“/D N

ARRS N G INLIMIDYS I

ARRG6 IVIEK-V-G MIDVS

ARR7 G'GA" -1 LK VIDVSMPCLSCYD

ARRS NALST PQIHQEVEI D ViR CAN TSI

ARR9 NAFSKAP/ 'HQVVE D v DI

ARR15 1CDNG-:-GLK VTDYSMPGL LRRI

ARR16 QNQHIDALTCNVM' S F v NL

ARR17 GDPQQTDSLTNVM F v NLK L

*

T£RR1 VA v s R

TERR2 VP INK MM PLIHS M K .C

ARR3 M D RS

ARR4 \' oD RS

ARRS P D R

ARRG P D s R

ARR7 PrIQEC K 1°Q

ARRS VPA" 1S F LTK “P

ARR9 VPA" 1S F R DLNK! P

ARR15 QP IEQ MI E

ARR16 P INK  ASC QM MQ" "L EK "C

ARR17 P NKC ASC QMiMQ" "L* 1S VEKIC

Fig. 3. Amino acid sequence of receiver domain of torenia type-A response regulator (RR) and the sequence homology
with Arabidopsis type-A RR.
Asterisks represent conserved amino acid sequences in RRs for phosphorelay. Accession numbers were as follows:
torenia type-A RR genes, TfRR1, AB740033; TfRR2, AB740034; Arabidopsis type-A RR genes, ARR3, At1g59940;
ARR4, At1g10470; ARR5, At3g48100; ARR6, At5g62920; ARR7, Atlg19050; ARRS, At2g41310; ARR9, At3g57040;
ARR15, At1g74890; ARR16, At2g40670; ARR17, At3g56380. Identical and homologous amino acid was indicated by
light blue and blue letters, respectively.

(A) (B)
Branch length Branch length
0.05 0.05
—A —A
738 TfCKX5
AtCKX3
AtCKX4
1000 43 AtCKX2
—————— TfCKX4
826 TfRR1 1000 [ 1000 [ AtCKX1
8911000 ARRIS TfCKX1
ARR7 529 595 AtCKX6
630 ARR6 TfCKX2
1000 ARRS5 AtCK)';Sf CKX3
ARR4
1000 ARR3 1000 AtCKX7

Fig. 4. Phylogenetic tree of type-A RR and CKX in torenia and Arabidopsis.

Bootstrap values from 1000 replicates are indicated near the branching points. Accession numbers of CKX genes
were as follows: torenia CKX genes, TfCKX1, AB740035; TfCKX2, AB740036; TfCKX3, AB740037; TfCKX4,
AB740038; TfCKX5, AB740039; Arabidopsis CKX genes, AtCKX1, At2g41510; AtCKX2, At2g19500; AtCKX3,
At5g56970; AtCKX4, At4g29740; AtCKX5, At1g75450; AtCKX6, At3g63440; AtCKX7, At5g21482. Accession numbers
of type-A RR genes were the same as described in legend of Fig. 3.
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BELTHwasZEE LT
3) CPPU 5 & U BARLIBIC & BTER D EAL & TRRI
B LU TICKXSEIEF DIEF AN TORIBEE D RET
CPPU & % \» 13 BA LB L /- K ALZRE 12 BT 5 TRRI
B LU TICKX5D 3B % it L72 & &5, TRRIZ,
B ER, HEE T WOWTNOEBREICIBWTY,
CPPULEZIHH 2L EHFKE L LA L (Fig
6A). ZOEWEEBIEIX, fE4EIC CPPU LEIZ X 2 %)
MOBEZEH RO HNE 5 HE T CHEFF S, Lk
7HHIZIXET L7z (Fig. 6A). %7z, TCKX512oW\ T
bFEBEOM@ER T, EH T2 AH, EFTIZI128RH,
MELMTVCTIZ I HE2LBHPIKRECEHL, By
HBEPMERF SN LWEETHHIEET LA
(Fig. 6B). T2 LT, BAZ WLHE L 72341214,
TRRIB LU TICKX5& b, ) TIRMLBEF&1-3KE R 12 2
T BRI B L 72, ALELE 6 IR 1412 1

AT, HEE, MTwIcBWTiE, mW#EET & b BA WL
WL AHEBERIIR SN0 -7 (Fig. 6A,B).

4) TfRR1® LU TICKXSEIEF D in situ N1 TV H 41

-3 @R

CPPU MLELIZ X ) RISV EIFER (Fig. 7A-k), i
At (Fig. 7B-k) 8 X ML EFE 0N (Fig. 7C-k)
WHFEENDLEOFENON A S HA =V v 7 F DSy
HERBESPICT 572012, RIEVEEEA LS S5 %
FEN (A7—=3), MiEVREEEIFHE S 54k
MR (R7—5) B X OTEREFICHRER T E
TAHARMEDY (X 7—Y6) DL CPPU MLE
AT, dmsitu NA TN T A ¥ = a v IZL ) TRRIB
& U TFCKX5 D 3 BUEAL & KT L 7z

MO AT 3BL4DOEFTIE, TRRIB &
O TCKX5L b, MEEB L OMET VORI TV EEH
RAon7: (Fig.7A-a,b,d,f, g i). AR LT, A5 —

WL X AR OSSHEIET L (Fig. 6A, B). 72, Y 3 OAEHFIZ CPPU LHE % 1T - 72354, %3 HH
(A) T/RR
10 TfRRI 0.06 T/RR2
0.8
0.6 0.04
0.4 0.02
0.2 !
0.0 0.00
(B) TFCKX
0.4  CKXI 04 TCKX2
- 0.3 03
3 02 02
Exm 0.1
= oole=m s [ 0.0 e I
= )
>
TfCKX3
iom S 008 [ KX
2 015 0.06
wn
© o010 f{W 0.04
=)
5 0.05 0.02 I
0.00 0.00 —
TfCKX5 E E g Z
15 2 8 & &
10
|:| Non-treated
5 ﬂ [ 1 CPPU-treated
0 =
E 3 £ =

Fig. 5. Quantitative real-time PCR analyses of TfRR and TfCKX in floral organs 2 days after CPPU treatment.
The expression levels of TfRRs (A) and TfCKXs (B) are shown as values relative to that of TfACT3, which was used
as an internal standard. Open and gray columns indicate non-treated and CPPU-treated floral organs, respectively.

Vertical bars indicate SE (n = 3).
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TlX, TRRIB LU TFCKX5L b, WL AT — Y OMmEAL
HOTEFIZT, BHEB I OMTVOFEILTORHE )
MELZTRL, ER oM F TRBEEDA
Ao Tz (Fig. 7A-c, h). HFIZ, TFCKX512 oW\ TiE,
TRV EAEE O S AN E T 5 HEE O FIEO S < IE
FWICHRWEEAR SN (Fig. 7A-h). & 512, TRIEW
RIAEREOEEEA AT 2 MK THHETY, WBfsf &
b, BAFEOMFICHAT, EEB I THETVoREIC
B2 5EBHE 27207 T <, BEEOFEELT D
FHEPR S5 N7 (Fig. 7TA-e,j).

MWD X 7T—T5DFTH, TRRIB & O
TICKX5& b, HEEB X UHET VORIETIFWZEI AR
LNDH, AT =T 7FTOMRFEOFEOB/ET, Ih
5OFEHITH B L CIEERIZBE S5 Tv - 72 (Fig. 7B-a, b,
dfgi). ZHICKHLT A7—5DFE3FEIC CPPU L
Haftoz¥a, WHEHBESHH T, TRRIB LV
TICKX5& b, R AT — Y OHMBOIEIF LT,
WEBLOMTWEERTOREIRE 2720 TR L,
TRRIFAEF AL THEBPS A SN, $7- TACKX513, M
EVEIEEDSENME TH T IRz T, 1k
FORET TN R SNz (Fig. 7B, h). F7-u
Hi%7 HHTE, M#faTed, BUEOEFIZHRT
HEB L OMT W TITEWERAPA SN 0D, 20
FEHLRAL IS ML & FBRICRT B L OIRERICIE S Twvio

7z (Fig. 7B-d, e,1,j). F7AELMICBIT 2 5IL, HIfE
TEDFELENTE T D L AT OH IR T, LT D5
HTHRWEBBPR SN2, EFOEHTIRIZLALRE
RSN %0 -7 (Fig. 7B-e,j).

—Ji, A7 =37 6 DFEIFIT CPPU LB % 4T - 72354,
WPt 3 H BTl M#{aTFE b, BUBEOLFETIEH
B LV TE VRIS N5 DIZ A (Fig. 7C-a, b,
df,g i), ¥ MITVEIOEHFOFIED S EmEHIC
MU THROIEHAR SN2, HEEOITT B X e ol
Tz L AL SN2 -7 (Fig 7Cc,h). &
HIZ, W7 HE T, MAEOIEFIHRT, EI2E
FEONEE THBATRE > T7275, FEFOhRilr Sk
HTHZE A ERERR SN0 -7 (Fig. 7C-e,j).

4. £

AWFEOR R 5, LW LEAHPFHE SN D CPPU L
HIZBWT, WINOEZRTE T TfRRRIB & ¥ TFCKX5
DOFBPRELFEENZ L0, WEET O
YA MIAZ VT FVOREL LTRIETE A2 L8
RENTz., WELTFOFHEIL, CPPU ML, FEFNT
W OTCREZAL A BN 2 LE 2 5 0 H £ TEWIHD
BN TW2Z &5 (Nishijima and Shima, 2006), 1t
FHNTHA M =0 T F VPRI LA T5 2 &
PRI LETH B L E 2 bz, —T, Kz

(A) T/RRI
Sepal Petal Stamen Pistil
1.2 1.6 0.8 2.5
1.2 0.6 20
0.8 15
0.8 0.4
Lﬁ04 Ho
% ' 0.4 0.2 0.5
b r ¢ [
~ 0.0 .~ F0d | g0 0.0 .
= 0 1 3 612244872120168 01 3 612 244872120168 0 1 3 612244872120168 0 1 3 612 244872120168
>
()
2 (B) TfCKX5
) Sepal Petal Stamen Pistil
‘B 40 50 60 80
3 —O— Non-treated
é 30 40 60 | “@— CPPU-treated
[8a} 30 40 — BA-treated
20 40
20
20 20
10 10
q «

01 3 612244872120168

06
01 3 612244872120168

06
0 1 3 612244872120 168 01 3 612244872120168

Hours after CPPU or BA treatment

Fig. 6. Quantitative real-time PCR analyses of TfRRI and TfCKX5 in CPPU or BA-treated floral organs.
The expression levels of T/RR1 (A) and TfCKX5 (B) are shown as values relative to that of 7fACT3, which was used
as an internal standard. Open circles, closed circles, and gray squares indicate non-treated control, CPPU or BA-
treated flower buds, respectively. Vertical bars indicate SE (n = 3).
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Fig. 7. In situ hybridization of TfRR1 and TfCKX5 in flower buds treated with CPPU.

CPPU treatment induces formation of a wide paracorolla in (A), a narrow paracorolla in (B), and a serrated petal
margin in (C). CPPU-treated flower buds were collected at 3 (c, h) or 7 days (e, j) after the treatment, whereas non-
treated flower buds were collected at the corresponding stage (a, b, d, f, g, i). The representative data at each floral
stage inducing each flower morphology are shown. Panel k shows flower morphology induced by CPPU treatment
at each floral stage. Panel b, d, g, and i in (B) are the same as a, b, f, and g in (C), respectively, because each shows
the same stage of non-treated flower buds. Floral stages were defined as described in Nishijima and Shima (2006):
Stage 3, development of sepals; Stage 4, initiation of sex organs and petals; Stage 5, early corolla development; Stage
6, middle corolla development; Stage 7, late corolla development. Triangles represent the initiation site of
paracorollas. Scale bars = 200 um.
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BWT, ERUATIEIBALIIZE 2 P A=
FFEVOERPR SN D o722 &% (Fig. 6A, B),
BAMEEL 72 b L =7 TIIIEEREFTE SN2\ & w

I ity & b —3+ 5 (Nishijima and Shima, 2006). » L
ZT7OEFE, AT =TV 4 DRBEIIERICEEICEDLNT

WDLIREEIZ R D, F72, AT =7 3LBEOEFEVDITAIL,
FHELZBLICIMY B EN TV A, BRI 12
1 L72F T, FEFMICIZEE LIS VIREICH B &
EZObNAL. ZO7®, BAMHGIIAE L2 ER 72T
W E D, MOMBREIEBITES, T v A=
TFNVRLER L dro2b D% 2 517 (Fig. 6A, B).
—7, CPPU DWW TIE, ZERH»LEMEHEIIBRITL
TR, FERIZY A MM = TPV e ERH &S
E#z 57z (Fig. 6A, B). BA & CPPU Tld b/ 7%
ReEA®E % ) (Mok and Mok, 2001), 1V 7L/ A F
flgH % 55> BA O G, MW OMMMNIZIZEL TS, b
AL7ZCKXICEDgMEhTLE > &ExOLND.

LT, V7=V L7ALEWTHY, CRXIC
& o TH &7 v CPPU IZ D W Clid (Bilyeu et al.,

Cytokinin signal
Se Pi
v

2001), BT OFEBADE T > TLEMEE S
T,%ﬁ%:%f%ﬁ%:yy7+wﬁiﬂttﬂmﬁ
VB 5.

& 512, CPPURLHIC & V) FIAEELFET 25612
X, ZOREMBETHA MIA=ZV T F VB ERLT
WHLZELHONI o7, DFY, AT —V 3D

2 CPPU LB % 47 o 7235613, AEFOEEE 2 SIRIE
BIfEEBOFAEDFEIND D, To%s, BlitEs L

FEFF D ‘Eﬁﬁf%é%ﬁ®ﬁﬁwbﬁﬁfﬁ4bﬁ4
=V T F BN ER LTz (Fig. 7A<, e, h, i, Fig. 8).
F72, AT — Y5O CPPU LB % 1T 5 72354013
SO HIES D SR VEER O FEIFHE I N D A,
CoaE, FIHEEB X CRIEEOIEME L GO
REERTHA ML=V 7 FUHRERL, 0k,
FA MU A =22 7 FVOECERAIIAES O RER IS
fEft L7: (Fig. 7B-c, e, h, i, Fig. 8). CPPU /L L 7z b
L7 THBESNLEEED ) B, MRILVEITEEIE, HE
BoOREMOTEMOM G2 HFET L 2 EFBESNT
\» % (Nishijima and Shima, 2006). —75, flEWVEITER

Induced flower morphology

Wide paracorollas

Fig. 8. Hypothetical model accounting for the effect of CPPU-induced localization of enhanced cytokinin signal in flower

buds to flower morphology in torenia.

Floral organ with enhanced cytokinin signal is colored with blue in the petal and orange in the stamen. Triangles
and red circles indicate the site of paracorolla initiation and serrated petal margin. Pe, Petal; Pi, Pistil; Se, Sepal; St,

Stamen.
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1&, AEEDRD & REOFFIZBNT, HEOMG 5

FEES DA, PL =T ONE, MEEORER LR O
BEELTWALLD, BIEEDEERSIEF O L &4

LTWw3EEZLNL, fEoT, MEVEIEEDS, HEE
DEILOBM I SHETLODEEZ NG, RifFED
R, S, CPPULHMAICEIAEREAFE SN L, A

MA =2 T PR ERT BEMIE, TREVRTERESS
FEAT LGEE, EEETOTMMT, 72, MEVE
TEREAFAE T 2121, B DI & HESE O
2T CTho7/-Z 25 (Fig. 7A, B, Fig. 8), CPPU
WEHZDIEFNIIBNTH A b IA =T T FVoEn
WAL, BIERASET L EEZONLMBEBL AL T
W5,

DEARED S DRESLIZI, WESMLOTIZB W
T ‘auxin maxima &MEENLA—FT LT TFNVORF
Fi7s EAPEETHL I ENMS5N TS (Benkova
et al., 2003; Reinhardt et al., 2000). —JF, %A v A =
W, A—F v ofitiofzEL <t —FT v T
TNDGAIING — NGB ERIZL, BTN A 7
A=V DGR F—F 2 v 7 F VORI G LRI
ETHDHIELRENTWD (Pernisova et al., 2009).
ARWFZEIZ BT, CPPUMILIZ LD, L =T OEHFN
WCBWTHA M A =2 7P VORELSR SN
&Eh 5 (Fig. 7), CPPUMLELIC X o C, EATMIZA —F
UV FVORENR EANED, FOZ 2L
T, 722 E Th HREEDFHE S N et %
Z b,

—77, AEREFICTERSFE SN LG EOT A M A
VYT IO LR, BIEESEES N LA L
&5 ) (Fig. 7A-c, h, 7B-c, h, Fig. 8), {0 H I
7 5 g ER 2 R 5 T w72 (Fig. 7Cc, h, Fig. 8).
CPPU LELIZ & 0 AT 2 8hk L, fEFoBEHIcBIT2
HEEWRDBHNI Y = OZALIZE VELTWEZ e D
(Nishijima and Shima, 2006), $EiDIEEL 726 LT
WA LIFIHERTREI > Tnib0LEZS
N5, Thoo0EE, CPPUMBIZL DA M4 =
YU TFIVNLERTLEAE —% L TWwA (Fig. 7C,
Fig. 8).

RIFFEOFER 2 S, CPPU LI X 2 ETEDZALIC
X, BRI GTHA ML= T VO LRABLETH
HZEMPRENT. 512, CPPUMLE %179 TE3F5E
AT = VIRAE L 72 AL, £ OB & o
T, HFENCBOTHA VI = V7 F AP ERT S
AR, RO FEINDMETH A M

A2V TFVNEELZENEETHLZLATREN
720 BT, AEFFFERHMIIIGLC, YA M4 =%
FEDHTICERIEL I ENTEIL, WEDEEE
FETELWURENH L. 2F), FA P4 =0 %
ZRAFRANCHEE O I O Eh 2 FAR S EAULIRIE
RIfERE 2, AEFPM A HEE D FEL 2> 5 AEF O L HR
W CER S TR CETEE 2, fEARmRPHIC
EFOTmICER S TR Z, TN TNFETES
EEZBND.

3% CPPUREICLYWFELhZEITEROHEH
IS BERERX AT T 1 v 7 EEFORE
DE

1. % 8

RIERE, KRS NI RERIY B ERE TH
B0, ENENOMYFEIZ L > T, ZOREIIMHL TH
5. ALLYDEHTZTvRKRODbD, FrF¥Favro
EH)IERRDOD D, M AV TO L) ICHEVW 0%
EWd Y, FOREEOE DTN N ORY)TE % ST
JAEEHIC, BHEEDTYL, IsORIER,
TERERIZIZAEF E ML TV B A, ZFDIRESAN 2 H3k
BHEICL->TRZY, 241y, vYU¥, Fo¥Fav
7 CIRBESEOFEEDERIRICENL L 2d D, MrA vy
TIRABFESEFRICEAL L b DL EZ LN TWS
(Troll, 1957; Yamaguchi et al., 2010). F > F 3 v 7 OFE|
L, COHERPHEEDOILETH S Z L 25 whorl 3
BT 2%, MR B X OSRER AT T4 v 7
BIZTDREBSY — VIR TH o 72 1o T, RlIE
ORI, MoOfERE L FEE, RERALT v 2
BIRTFOFRB NS — VIZX D HESINE Z EATRSINT
W5 (Yamaguchi et al., 2010).

CPPU ML L7z N L =7 O, FHEINLRIERIE
HESEOREILOM S HH-ELTL LI e, ¥ Fa
VL FARRICHESEORBEICHR T 2 L E 2 6N560, £
DIEHEIZIZ CPPU 2 LB B fEFEFEA T — P IC & o
TREVDDEMEVWD OO 2BENFEALET S
(Nishijima and Shima, 2006). Z® 9 %, MELWEIAEE
(&, fEfr L FRRICTRIL WIREET, HabBoHoNns. —
i, MERVEIER L, e L AfIcEarlBosnsd b
DHBENHOD, HEOHENLODFEEL, FOHILM
£, HEEORRBIZEWRELMA T2 2 L Blgs
N5, fE-T, Thoo 2 BHAORAEDOILEDE NI
i, fEBRERAF T4 v 7 BET PG L TWE 2 LN
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T

nk

R (W
ZZC, CPPUMBIZE DFFESINS L =T D21
HOWEORIEEICEH L, IhoORITEEATERE &
LCIEED L) B ERH>OPEMEET 572012, &
MRS 772, 512, TS ORIEEDTERE
DEVORKNZHSL 2T L7202, NL=Thb%7
TADIIE R AT T 4 v 7 BIZFEZHEEL T, CPPU
WL 7= BACER BB BBy — Rl L, B4
BARAYT A v 7 BEFURAEE ORI K723 1%
FZOWTHE 21T 72,

2. MEBLUVHE
1) iEmerst

52 ®2-1) LIEEROMEL, B HEE .
2) CPPU {1

5282-2) LD, WHAEITo7
FEICEEE 2 B8 572012,
B 7.
3) MEOHE

AL OFEDOFEOIF A ML, REOHEL B
BT L7200, AORE 2 ERIETHEMEE (SEM;
VE-7800, ¥—T> &) TEIZEL7.

MEBIZIcOWwWTIE, 2825 LABONET,

nB, W
8 mm DL EDDITAEY)

1E7e, RIAERE, HESOKAERE ¢ EE, BKERIZ/NST
74 @ L, 2270 b—2 (Leica biosystems) % H
WC10um EOYIF ZFRL, 2COAF A F AT AL
T—ME S 7. Y% 2 %2-5) LRk LT
Wiss 74, 28— — XTI, KT
THE L, 05% (w/v) toluidine blue THef L 724 ~
TV x EREMEE CEIZE L7z,

MEEROBIZICOWTIE, HMRREIZE L RO FETRE
Ef%, T0% (v/v) ethanol -C 1, 2MHLHEL, fa
K2 1aF — Vi (chloral hydrate, 8 g; glycerol, 1 ml;
distilled water, 4 ml) HC 1 BB 2 = &2 L 0 Ak
BEPL L7 Y TV A B RS TElgE L 72,
4) PLZT7DREBRERAAT T4 v 7BEFOI/O—Z=

> U LRGSR

HWAEE DS, 552 FE2-3) LABEDJ7T total RNA
L L, cDNABKEITo72. K7 7 ADIEERE K A
T4y ZBETIIOWT, FNENT I BREHI O
FHOBVEBICBW T, VAL = T I4 v —%
WFF L7 (Table5). PCRIZ X V15572 cDNA WiH @
WA, 52%F2-3) LFBONETHN L. 2
NoOWMBARY %I, ZNZTNOBETRRENZ T T
A ~—%Ft L, $H2%2-3) LFAEOFET, 5B
"3 RACE 2 & ) B ds & O F i o35 FLBLH % f#AT

Table 5. Degenerate primers used for isolation of cDNAs of floral homeotic genes.

Target gene Direction Primer sequence

Class A genes forward 5-ATGGGIAGRGGIARRGTISARYTRA-3'
reverse 5-CATIAGRTTYTTYCTIGWICGDAT-3

Class B genes forward 5-ATGGCIMGWGGIAARATYCARATYAA-3'
reverse 5-TCITCICCYTTYARRTGYCTIAG-3
reverse 5-TTYTTYYTRDWIGTITCRRTYTGRKT-3'

Class C genes forward 5-ATGGGIMGIGGIAARATYGARATHAA-3'

reverse
reverse

5-ARBAIYTCRTTYTTYTTIGMYCKDA-3'
5-TCYCTYYTYTGCATRWRITCDAYYTC-3’

Table 6. Primers used for isolation of full-length cDNAs of floral homeotic genes.

Target gene Direction Primer sequence

TfSQUA forward 5-CCATTTTTAGGGATAACATCT-3
reverse 5-CATAGGCATCTCATGTTCGAT-3

TDEF forward 5-TCTCTATACCTCACCTCGAGAGT-3
reverse 5-AACAAAGCAACATTGCACC-3

TfGLO forward 5 TTCCTTGGAGGGGTTTCTAGT-3’
reverse 5-GAAAACATGGGAACAAACTCGT-3

T/PLE1 forward 5-CTGCAACTCTCCTGTCCACAA-3
reverse 5-GAACAAAAGCCATGCAATGA-3

T/FAR forward 5-CTTTCTGCATCAACCATCCC-3
reverse 5-GTAAATAATTGTCCCTTGACTTC-3
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L7:f%, 52K D cDNA #3lF L7 (Table 6). 2 b
D54 cDNA OIF LY % f#f7T L, DDBJ & #k L 72
T oYy v a yFEIL Fig LOMFEICREHE L 7.

82 #2-3) LMD L TERETF OB RN B &
ORI OB 2 4TV, 70— =2 7 LI BAERE & A
FT Ay I BIEF OB OHESNLZEREDT I /R
BLy| & BEMY OMIZT & 2 B L 72,

5) insitu N1 TVEAE—> 3 iR

MEALEL B & O° CPPU 2 & % IEREZAL2SBlIL 5 CPPU
WERTE 7 H H O 2 BATICH W2, 2 %2-5) L[H
BOFHET, BFELEERIZST 70 AL, 370
k— 2 (Leica biosystems) % fi\> T8 um [EDYH % 1
L, DIG 7NV L7cKAAGHERALT T 4 v 7 BIEF
FRNZRNA 70 =72 HW N, 7Y ¥, ¥ =T 3
VEATo RNATu—7% rsu—=rr7 L7
DNAZEHEHEL, AT )=TH 7 TL—2D3F
KimFh s & O 3- IERIERGIEIC AT L 7o & BB TR
%794 ~— (Table7) %\ 72 PCR Wik % pGEM-T
Easy vector (Promega) 23§ A L, DIG RNA Labeling
Kit (WY a2 - A4T77A74 v 2 R) % C/E#
L7z, X% —% Nael BL U Spel £721X Neol B &

UF Pou 11 CUIWFT%, Wi 1E T7 RNA polymerase (2 & ),
# % (X SP6 RNA polymerase (2 & V) DIG 5 N\ )V L 7z
RNA Z/E8 L, =% /7 —)VikBIZ & 288, 4 RNA
Tu—7L L THW AFANTITAL-) 70—
TIRE %800 ngmL ! IZFREL, 66CT—HE, AT
FTAX =2 ar&i7ol. "MTYVFTAX—2a v B0
e O, 55 282-5) L RBEOFETIT o .
NS OFFNTIZ, M7 IZ CPPU ALEE L 72783E & v 7z

3 [ D FEERAE RN D <
6) & PCR &

HEALFE B L OV CPPULHL L 7-4E3F 2 F\Vy, R, fE97,
M, MTVOZNZNOREENS, F2H24) &
FRED J51: T total RNA Z 3l L, cDNA & & 1T 7z
FLZT7OEMEBER AT T4 v 7 BETIZOVWT,
F—=F ) =F 1 T — 203 KiEB L U3k
ARSI REE TR 794 v —%%eI L1z
(Table 8). F7-, PIEbiEHEE L CH2E2-4) & FHERIC
Actin B1n¥ (TYACT3) %M \»7z. & PCRIZS 2 &
2-4) LRBOFFETI -7z #hEofZIRE L,
TSQUA B & U TfFAR \375C, TDEF 1376C, TfGLO
B LU TACT3Z77C, TPLELZ7T9C L L, 7 — 7 @M

Table 7. Primers used to synthesize probes for in situ hybridization analysis of floral homeotic genes.

Target gene Product length Direction Primer sequence
TISQUA 481 bp forward 5-AACCAGCTCATACAGGATTCA-3
reverse 5-GCGTTGTTTTGTTGCATCT-3'
T/DEF 499 bp forward 5-ACAGGAATCTGAAGAGGGA-3
reverse 5-GCCCTACGAAATTAGTAGTACC-3
TfGLO 479 bp forward 5-GCAGATTGAGCTCAGGCA-3
reverse 5-AAGGTTTTGGCTTAACGAGAG-3’
TfPLE1 498 bp forward 5-GGAACTCAAGAACATGGAGTCA-3
reverse 5-ACAAGTACGAGGAGAAATTGAGG-3
T/FAR 481 bp forward 5-CATAACAAGAACATGCTCGGTG-3
reverse 5-GAACAAACATAATCAGCAGAGGATC-3
Table 8. Primers used for gPCR analysis of floral homeotic genes.
Target gene Product length Direction Primer sequence
TfSQUA 151 bp forward 5-GCTTTGCTGCATGATGATATA-3’
reverse 5-GCGTTGTTTTGTTGCATCT-3
TDEF 103 bp forward 5-GGTACTACTAATTTCGTAGGG-3
reverse 5-TAATATGGATCGAAATCATC-3’
TfGLO 111 bp forward 5-CGAATCTTCAGGAACGTTTC-3
reverse 5-AAGGTTTTGGCTTAACGAGAG-3
T/PLE1 172 bp forward 5-CCTTTGGCTGTTAGGATG-3’
reverse 5-GACACAGCCCGAGTCGATGAG-3
T/FAR 129 bp forward 5-ATGGGATCCTCTGCTGATTAT-3

reverse

5-TTCAAATTGAACAACACATGG-3'
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255 2 ®2-4) LD ST TITo 72, HALSBE AR AL
T4 v 7 BETDO4&E cDNA H 5 Wi TACTSEIE T O
#8455 cDNA %5275 2 3 Fa v CHER ZER L,
HEIET ORI, TACTIX§ 2 MR8 7 ZH &
TRz, SNH DM, Sr L7z 3 [0 F2ERE F A
#o <,

3. B R

1) BIfERDORER, HEBFAFBOMBENR

MEIA WEIERIZAE S L M L 2EETH Y, T by
Tk aEmLED SN (Fig. 9a,b). —J7, #

Petal Wide paracorolla

Narrow paracorolla

FEVEIEEIZOWTIE, 7Y by 722k 5B
OENLHDERDENTVLOPFEL, T2, F0
TEREIZOWTUIEEHURD b 0, LA IR TIiERAT
CHIRICHR S D0, Limihl kT2 o0 % EL S
L OHIRIEL T2 (Fig. 9a, c-e). TN HDEIERFIZ,
ML, MRMEVWETH- 72 T2, Lmibo 2
DO, HEICBW TR OEMRICTER S NS 2
DO L IREN % @SR S 7z (Fig. 9e, ). -
T, INH ORI, HEEOBRBICEWIFR S i 2 T
W3 EEZ LN

INL ORI, B & CHEEOREMIIZ DWW T

Stamen

Fig. 9. Morphology of a CPPU-induced paracorolla compared with a petal and stamen.
The wide and colored paracorollas resembling the petal were grouped as ‘wide paracorollas’, while the narrow
paracorollas resembling the filament were grouped as ‘narrow paracorollas’. Samples are as follows: Petal (a); wide
paracorolla (b); narrow paracorolla (c, d, e); stamen (f). Petals and stamens were collected from flowers not treated

with CPPU. Scale bars = 1 mm.

Fig. 10. Microscopic analyses of CPPU-induced paracorollas.

(upper row) Scanning electron micrographs of the adaxial face; (middle row) Photomicrographs of transverse
sections; (lower row) Photo of vascular bundles. Samples are as follows: Petal (a, f, j); the wide paracorolla (b, g, k);
the narrow paracorolla (c, d, h, 1, m, n); stamen (e, i, 0). Photo of ¢ and g represents the narrow paracorolla of Fig.
9c, and photo of d and h represents the narrow paracorolla of Fig. 9d and e. Petals and stamens were collected from
flowers not treated with CPPU. Scale bars = 100 ym (a-i) and 1 mm (j-o).
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SEM |2 X A8 %217 o 72 25, IEFOERE TIZMHE
ROMIAATE A TW7zo1xt L (Fig. 10a), HEFEOLEHR
TITMEWHIEASNE D, RENZMY D 37D S H 4 h
xRS LTz (Fig. 10e). ZAUIA LT, CPPU L
WL REETDREEED D b, RILVEIEE T, B
& FRR IS AR O M A A T 7z (Fig. 10b). —75,
MEVREIEE T, efr & I MR oMsIEA <
W5 b 00 HERRRICHEVH#IlESEA TR S b0 F
TRHNM/: (Fig. 10c,d). 72, fiRVEEEOHFTH,
Fig. 9c ® & 9 ZIEH L O D b O TIE PSR O/ R
511, Fig. 9d %9 @ L 9 il o TIIMEWHfELs
WATVWBEMIIH 72, TNOHOERIE, MEVEIE
HOFRIE, EFREOLOPSIEREO L DFE TRIEL
TWHZEERLTNS,

NS DOIEEE ORI A Blg L2 L 25, LT
TR A 2 IREE T, Z O A EH 07 AT
TEL Tz (Fig. 10f). —7, HEEOADEG TIEHE
FRR MR WA AT IR L C v 7z (Fig. 10i). o
R L, WRIAVREIAEE C IR MRk I LA % 55 O - A A
MCHEEL, AL FABKOE#HERL T/ (Fig.
10g). —77, MIEVEIEE T AR M A 75
LTS, ZOMBOTITIEAR TR SN/ X 9 1M
Ewdbobdo7 (Fig. 10h). F72, MEVEIEEOH
T, Fig. 9c O & 9 BIEDIE SO D b O TIEMRIE OFEIAL
& OS5, Fig. 9d %9 © X 9 &l D
b D TIHALR & FARDRFEA R S N AHIICSH - 7z

S50, MfEEEIL L CREEROR AR~ L 2
2, AEFTIEHIVHEE T ASHE B R30I L Tz oot
L (Fig. 10j)), HEEOIEARTIIHLERIZK S 4D /5
N WHEERAEIZ S 7z (Fig. 100). ZHUICK LT,
WA\ BIAETEE C LI AMEE LA R AR IS/ B RIS 43I L C
W7zs (Fig. 10k), MIEWEIEE TIE, BRIV ALA
070 THHKIES T ) Ao NT, FUOLEICKRD
OHEERHR S N7z (Fig. 101). S 5 IZHEE ORI
WHETED B\ IZEmE IS KA O A B BIFERE T, ik
E BRI IEHOE OMEE RO A BI%E & 7z (Fig
10m, n).

PEofERs»S, CPPUMILIC X Y FEENDL ML=
T OEIEED 9 6, BTN TERE % FEORIL W EIAEE
i, ML IERISE W Fo 2 LR E Rz (Fig.
9, Fig. 10b, g, k). —77, HEEICHWERELZFOMEY
RIfERE OMARIE, ERITE VB ED b o b iEEIC
TENWHDFETHEHELTVAE I LA RENT (Fig. 9ce,
Fig. 10c, d, h, I-n).

2) FLZTORBERAF T4 v VEEFO/O—=
> U E RGN

B R AT T 4 v 7 BIET OIS, CPPU MLLELIC
LN FEINDREAEEOTEDOE IR THEEZHS
M H72DIL, PL=T»b A B C&Z T ADILR
EARAT T4y 7RIZFEHREEL7.. TofR, 1
O class At fnT, 2MFD class Btz T, 2D
class CHIZTAHEE S Nz, FNENOHEESNLT
BRSO E R AL T 4 vV BIEFOT I/
BEH L2825, Wb MADSbox &5
THRAE D F v MADS-domain 3 £ U K-domain % ¥ -
Tz (Fig. 11) . 215 OB(EF DOIFIERL] A & HEE
ENDT I ERINCED T S5 OFEEE &
AT A4y 7 BaT L OB TREBEZIERLZE A,
FNENFHEN D class 12471 5 N7z (Fig. 12).
class ABIZFIZFE LY VHIZES 2% Fa v oo
SQUAMOSA &, classBEMm Tl ¥ > Fa v o
DEFICIENS B & U GLOBOSA &, class C i#fx 13 ¥
v & a V@ PLENA B £ UF FARINELLI & #H [F 14533k
WILEP o722 s, N TOEBTEENENR
TfSQUA, TfDEF, TfGLO, TfPLE1B & U T/FAR & & ir
72 (Fig. 11, Fig. 12). class A #1zT ® TfSQUA |22 \»
Tix, C Kl euAP1% 1 7D class A #1nT THRAF S
LT\ % euAP1 motif 3 & U farnesylation motif 28 & 5
7> (Fig. 11A; Litt and Irish, 2003). class C & fx F @
TPLE1S & OF TIFAR 122\ Tlx, C K2 class C &(E
FTHREFEENTWSAG motif 1 B X LT AR & 7> (Fig
11C; Kramer et al., 2004). ¥ 7z, class B &z Fl2Do>W
Tlx, TfGLO @ C E ¥ 12 Pl motif %, TDEF ® C H i
12 1% PI motif-derived sequence & euAP3 motif 23 {#4F &
NTWDLIEMNRENTWS (Fig. 11B; Sasaki et al.,
2010).

DEORRENS, PLZTROHEELZINS O#EE
Fi&, ThEho 7 5 A0 MADSbox ¥ ¥ /37 B & 21—
FLTWAIERE R AL T4 v 7 BIEFTHLLEEZD
nr.

3) CPPUREICLFEEEhBRITERICH (T 2R
BRXTT 1 v VEEFOREBN

RITEEER M OB IS BT 2 £ E R ALY T4 v 7
EIETFORBNY — V%, nsitu\ATI)FAE—2 3
LT L 2 A, BT L 22T OMBES T, IE
JRVEIRERE O FREESTER S LB 48T, HEEB X UM v
T (A7—24) OBREITIE, BRI
T FVHEEO BT, MIRVEIETE O R DT S



R A P A= X BRI R IETED

TR O L BN OB 5 15T 29

NAERMER (AF—Y6) OBMTIX, Y7+
WL RN, FOREELRLRHVF W7 (Fig.
13). WEIEVEIFER T, class A EIET D TSQUA 1LEl

HREOFEEXOET T WFEIH A 5 1 (Fig. 13A),
class B &z T ® TfDEF B X " T/GLO 3 BIALTE O 5 3
EIRTHRWEEZ R SN (Fig. 13B). 2 b 0 %H

XY — VITMILOLES L FETH 572 (Fig. 13A, B).
X512, IBEVEITEE DR EE TR ER T class C EE
F o TPLE1 & OF TfFAR D55\ 5EBIH & 72 (Fig.
13C). — 4, MiEWEIAERE T, class B fz T o
TDEF & " TfGLO \ZRIAEE O i B2 TR S
N7:-7%% (Fig. 13B), class A 1% T O TSQUA |3 FIFETE
i B DR B DA THEHVWEISE S L (Fig. 134),
class C #&fn+ b TPLEID AENIETE R L 0 FiFE THw»

FEEPR SN (Fig. 13C). % B, insitu N1 7)) ¥4
(A) Class A genes
MADS domain
TE£SQUA R
AmSQUA L
AP1 R A
TE£SQUA
AmSQUA N
AP1 v
euAP1 farnesylation
motif motif
TE£SQUA [IS SLYSCHLG
AmSQUA SLYSCHLG
AP1 D E 1 EPVYNCNLG
(C) Class C genes
MADS domain
TfPLEl ---DFPND" ESS
TfFAR EI REISHQ
AMPLE ---EFPNQD“ES I
AmFAR SL TEVoPERNT K'1Q
AG YO -ELGGD s
T£PLE1
TEFAR
AMPLE
AmFAR
AG
AG AG
motif T motif IT
TfPLEl [Y FMAM! . DPTDQH---  C P R
TEFAR  |ARSG NI QPTSTNNYPA H (7S’ H
AmMPLE  [YOV:UFLPMIMEPNQQQ--—' "H
AmFAR G QPNND----"P 1P
AG SiVFOVAAL|PNNHHYSSAG

Y= 3 Y OYRIZ BT b KBIEF OB & FAES
BB UEM!: EDFEEMEPHEPIC—HLT0DE I L
z, MUFZEAT -V O % SEMBIEHT 52 L1

DIEE L Cw5 (Fig. 13D).
51T, BELLOIRADELRE BT DR E R
AFTA v I BIETFORERE Y TNV A AR PCRIZ
L OEHTL72L 2 A, CPPULIRIC X V) 5843 2 BIfEE
DH L, MBIEWVEIEE Tl class A BI5T O TSQUA B
& O class B i# 5T ® TDEF B X O° T/GLO \ZAEF 30 A
WKEWRHEDS RS 7-h (Fig. 14A, B), HEB LW
MW CTHRBEE D E W class C #EmzF O TPLEIB L O°
ﬂMRu%ﬁEﬁﬁ< BRBIIEFEATH o 72
(Fig. 14C). , MIEVEIERE TIX, class B iEETO
HMWbiUHMOi B A WREIFERE & AR I TE A3
HICEWREBENR S /29 (Fig. 14B), class A #E1(%
(B) Class B genes

MADS domain
TfDEF
AmDEF S
AP3
T£GLO G E Ss IM KIS
AmGLO G E SS IM KIS
PI G E AN V. ' F v KiT
T£DEF I°°TQ
AmMDEF I°°TQ
AP3 R N
T£GLO RVEVIIFA MQ
AmGLO HVSVIIFA M F
PI AL I AN ' MID
PI motif-derived euAP3
sequence motif
TfDEF YVP HH' SL [GGGGCGGS
AmDEF LPTIHH=—=—==—~ PTLHSGGGS|
AP3 24 FHQ YY -N GLHAPSAS| ITI 'H
TfGLO -----------
AmGLO -—=====———--4
PI ———m————— DGQ'GY I

PI motif

Fig. 11. Alignment of amino acid sequences of floral homeotic genes in torenia, A. majus, and Arabidopsis.
(A) Class A, (B) class B, (C) class C genes. Accession numbers were as follows: Class A genes; AmSQUA
(Antirrhinum majus), X63701; AP1 (Arabidopsis thaliana), 716421; TISQUA (Torenia fournieri), AB359949: Class B
genes; AmMDEF (Antirrhinum majus), X52023; AmGLO (Antirrhinum majus), X68831; AP3 (Arabidopsis thaliana),
M86357; PI (Arabidopsis thaliana), D30807; TIDEF (Torenia fournieri), AB359951; TfGLO (Torenia fournieri),
AB359952: Class C genes; AG (Arabidopsis thaliana), NM_118013; AmFAR (Antirrhinum majus), AJ239057; AmPLE
(Antirrhinum majus), S53900; TIFAR (Torenia fournieri), AB359953; TIPLE1 (Torenia fournieri), AB359954. Motifs
conserved in each class of floral homeotic genes were boxed. Identical and homologous amino acid was indicated

by light blue and blue letters, respectively.



30 e S WEHTIIGEHS  H514%
T O TSQUA DFEBLE I <, SIS WIREBEZ/R  HEELFMKIZ, 72 class CEIET O FEBUIAEF & Ak

L7- (Fig. 14A). F 7z, class C &fzF® TPLEIB L O}
TFAR O 5EH & b IRIL WEIAEE & Rk, ERhB X
eIt ATH - 72 (Fig. 14C).

4. £

AWFFEDORER, CPPUMBLIZ X D FEETH L =T D
At DY 6, BIGEOERAE T, Z OB T E
BAIRILZ 2 AR L e 502D 59, class A, B,
CHEETLARBMARONL OO, WREVEIIEE Tl
class A & BEZTORBAHF.LTH - 72 (Fig. 13A-
0. #-57C, class A & B#EETFAFHLOFEHI Y —
o TWA I EN, IRECEITEREAS, TEREMIZ A
BN HIEFITEVIRBIZEEL TV A BHTH D L E 2
b7z (Fig. 15). ZHUSH L, MRVETEREDHEIC
X, BIEE ORI T, class B #m T OB H
e o TW LA R SN (Fig. 13A-C). X512,
LD IEEDOEALEIEEIZB VT, ZOFEBIYY — >
ALY, class B BIZTF OFBUIALR CIRIL
WEITEE & FREICE WL DD, class A BEIE T OB

12, EBIELS o T/ (Fig. 14). 20, fEHE
RAFT A v 7 BIEFORBINY — 295, L8y —>
THOHEE Y —rThhwiw, BIEEOT A7V 74
T A = DAEFN T B D HESS IS 70 B AR E IR IRFE I
HhoTwbeEzoNb (Fig. 15). Z07:20H12, fME
WEITERE T, TEREMIC &AM QBT ITRE Vb O
LIEEICEVWLDFETHALRDOPFETLEEZ LN
7= (Fig. 9c-e, Fig. 13A-C). 1t-> T, BIEEDTEED I
ENIL, FEEREP S RRFEE LA T —VII»IiFTo
R ERALT T4 v 7 BIETFORBNY — VP EELE
EEREZL WL EEZ BN (Fig 15).

CPPU IZNAEY A M = v BRI EL T 05,
CPPUMEE L /- b L =7 Tld, WEYA MO A =0HE
T AZELICLVRIEENFESINLEEZLND
(Nishijima and Shima, 2006). fEZRE R X+ T 14 v 7 &
BT OB, A M4 =X Y EER#EE 2T
WA T REMEASH B (Estruch et al,, 1993; Li et al., 2002).
LoL, 0HEO N = 7ICERITEESFAESEY, iR
FEERPTE WD, BIGEICB AL M4 =0

Branch length 100

ZmMADS29

1
2

GLO/PI

AmGLO

ZmSILKY1 Class B

100 31

100 100

100

73

100

PhTM6
AP3
PhDEF
TIDEF
AmDEF

DEF / AP3

PLE /SHP

Class C
FAR/AG

soua/ 4pi | Class A

Fig. 12. Phylogenetic tree of homeotic genes in torenia and other plant species.

The neighbor-joining tree was generated based on amino acid sequences using CLUSTAL W, and was drawn with
NJplot. Bootstrap values from 100 replicates are indicated near the branching points. Accession numbers were the
same as described in legend of Fig. 11 and follows: Class A genes; CAL (Arabidopsis thaliana), 1.36925; FUL
(Arabidopsis thaliana), U33473; NtAP1-1 (Nicotiana tabacum), AF009126; ZmAP1 (Zea mays), 1.46400: Class B
genes; PhDEF (Petunia hybrida), DQ539416; PhGLO1 (Petunia hybrida), M91190; Ph'TM6 (Petunia hybrida),
DQ539417; pMADS2 (Petunia hybrida), X69947; ZmMADS29 (Zea mays), AJ292961; ZmSILKY1 (Zea mays),
AF181479: Class C genes; PhFBP6 (Petunia hybrida), X68675; pMADS3 (Petunia hybrida), X72912; SHP1
(Arabidopsis thaliana), NM_001084842; ZAG1 (Zea mays), 1.18924; ZMM2 (Zea mays), AF112149.
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TFND AN, FEERERALT T4 v 7 BIETFORB%Y
BEEHEL T 2280230 HTHL. LrLed D,
AT TRIAERE DA D KAERREIZ BT L8R E H X 4
T4 v 7 BT OB % CPPULE O A Tl L 72
B, WINOBLETIIBWTHEB/ Y — V2R
SNZah o7 (Fig. 13, Fig. 14). - T, BEORL L
BIfEEIC BT AIEBRE R AL T4 v 7 BIET OB
=W, A MIAZ VB L > THIIS LTV S
EFFE 2T

CPPUMLEL L 72 b L =7 CHFE SN A EIMERE L, HESE
DHEEOMIABHELTL BT 00, HEOIE,
T7bb whorl 3ICHKT 5 LF 2 51 % (Nishijima

and Shima, 2006; Yamaguchi et al., 2010). ¥ > Fa v 7
DA, F T class BB LU CH#EIET S, B4R Tl
BLIEFOFRIT % class A, B B & O C&EIEZFHY, 1B+
ROBEIFETE TIIAEFFIRE class A B & OB #1058
LTwaZern, WL whorl N TOIEETE & 2 4
T4 7 MIET ORI — » OHEY, EOBEEDZL
RCEELEEHZF R L TWDL I EDRREERTHS
(Yamaguchi et al., 2010). F 7z, CPPUME L /- L =
TIZBWTH, fEF O L il TRARE K A+
TA v 7 BIETOFBSY — L L Tw5 (Niki et
al., 2006b). TNHDOZ EH5H, RLEVEIEE & MEW
BIMETEI BT 2L E R AL T 14 v 7 BIETF OB

Class B

Class C

Cl N1
y

T/GLO
Cl ;
@€?!£ "rg; Eg ‘ﬁ

Golids . N . N
\;{ Y i A = ) Q{’A

TfFAR

N1 Cl
N ye
%‘? Qﬁé Pe = A

—

130x 76-972m WD:15.5mm, IKV.2004/11/04 17:27:17:81
! AT

/R

-
60x 166pm WD:14.7mm  1kV 2006/04/21 09:52:35 |

Fig. 13. In situ hybridization of homeotic genes in flower buds at paracorolla initiation.
Gene-specific antisense RNA probes of a class A gene (A), class B genes (B), and class C genes (C) were used.
Spatial distributions of floral organs at the paracorolla initiation stage are shown by scanning electron micrographs
(D). CPPU-treated flower buds were collected at paracorolla initiation, while untreated buds were collected at the
corresponding stage. N1, untreated flower buds at the same stage as C1; C1, CPPU-treated flower buds at wide
paracorolla initiation; N2, untreated flower buds at the same stage as C2; C2, CPPU-treated flower buds at narrow
paracorolla initiation. Triangles represent wide paracorollas ( & ) and narrow paracorollas ( & ). Scale bars = 100

um. Pe, Petal; St, Stamen.
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57— DEWVE, T LARIEEDSE

DFEVICEDHEB Y - OBENERBLTWELDE
EZOND. IRECEITER O S E LS EDH OFET
DOEHTHY (Fig. 13D), BIEROFEIESER S N5
B, COEMCBITLIERE R AL T4 v 7 BIZT D5
HliZ class A B L OB @z 250 & %> T3 (Fig.
13A-C). —77, MEVEIEEDFEAEMBE XL RLHEL
Ao ECTH Y (Fig. 13D), EITER O FE L

EA4 T B ALST L OfLE

(A) Class A
2.50 TSQUA
200 (B) Class B
| TfDEF
150} /D
100}
2 50t
< o
s
= 201 mGro
= 15t
3 10}
g 3
2 0
g, (C) Class C
>
K 20 7/pLE]
15|
10}
AP Nil
0
20
TfFAR
15} TE
10}

O D
Pistil____}

Sepal
Petal
Stamen

Wide paracorolla
Narrow paracorolla

Fig. 14. Quantitative real-time PCR analyses of homeotic
genes in CPPU-treated floral organs.
The relative expression levels of class A (A),
class B (B), and class C (C) genes are shown as
values relative to that of T7fACT3, which was used
as an internal standard. Vertical bars indicate SE
(n=3).

BENDE, ZOFMIZBIBMERERALT T4 v 75
T O3B class B BInFA5H.L & 2 Y, class A &fz
T OFHITHER L FAEEEIZ, class C EIET DBLTAE
FEmMBEL, LHITEKB o T3 (Fig. 13A-C).
INHDOFEBNY — VL, TOBROIEFOFERETD
HEFF X T A (Fig. 14; Niki and Nishijima, 2008). it >
T, BIAERICBIT 2B R AT T4 v 7 BIZTF O
R =L, EOREMBORBEICBIT 2R Ny —
L, BIAGEOFEMIHIZ BT 2 5B — 2 H3E|
EOREZPEL T0DH EEZ SN
RIFFEOMERIL, RIEREICB T AR ER AT 1 v
7 BIZT ORI, TORBIIERE G R -TL L
b2, BIEREICBU AIEHRE R AL T 4 v 7 #BIZF D5
By — %, ZOREMEBICLIYDIESN TS L
ERL TS, ERFILHD 5\ I3 BRI
L), FNENOREMBIZBOTHRER AL T 1 >
7 BIATOBBNZAL L 72ERAEDE L UE, IhE
TLIZHE % o ZILREDEIETE & 5 o 72460 H L 5 W HE
YN DH 5.

FAE FICBTBYA MDA VERRERTFOR
FREY B RIS & 2 LM R EFOFE
1. % 5

B 2E|2BWVWC, CPPUMBIZ X Y FHHENL PL =
T O DE N L, WIEEOLFREA T — DI Lo
T, fBFENCBT DA A= T FADERT S
WO NRR L7200 THLI LW LML, &
HIZ, HI3EIIBWT, BIBEOEREIX, ZOJAME
DIEFE R AT T 4 v 7 RIZF ORI — 12Xk
ERHTONTVWREZEZHL2IIL. EoT, I

Wide Narrow
paracorolla paracorolla

Stamen Pistil

Sepal Petal

ik
Class B genes
TfDEF, TfGLO
Class A genes Class C genes
TSQUA TPLEL, TfEAR

Fig. 15. Hypothetical role of floral homeotic genes in the
identification of floral organs and the regulation
of paracorolla morphology.

The darkness of the belts indicates the extent of
expression.
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ORERZIGHL, ¥4 b A =0 %, EHHELN (X
T—3) oIEFR, HEB L OMTWERE (57—
T4) AR B X OHEEE I o LIS E R S T,
class A B L U BH#HIZFOREIOMAE LI L BIRIEL
VEITEEE, ERMEME (A7 —25) »hoiRME
i (A7 =2 6) 1AL OIS P RITICERE S
i3, class BT ORI H L L 4o ZMEVEIE
HEFECTE, TV A M A=V 2REFOFRELS
Tl ER S EIUL, FErFETELLEEILN
5.

L2L%hs, SROOHADIMEHHDS L UHEEN
DG E BIe 6, RNERZ Pl L L7 4 OElz

FOLEROERIIL L INFETOFMEETIE, EFEHND
BEDWREIITA M4V 2 BT A2 EL L
R CTH L. F7o, CPPUMHEIC L » THIEDIEIE %
BEO LT 58, HEOMFBEAT— VLT S
CEVRETHY, BHEREHICHT 5 Z LIIHEETDH
b, £IT, fUIRERENZTOE—Y -2 HWTHA

M A =V EABICE D BT % 5 S DM 2 1K
OB 2 FERLELTEZLND,

MBI B4 M A = OAEEIE, TPT 23l
T5ATP BXUADP DA VRV T Z)IUER B E D58
(Fig. 2), TDOAT v FTIZEEREROHEEER & & 2
5N T35 (Kakimoto, 2001; Takei et al., 2001). > & A
XF XS TEHIDDIPTHIZFHR 70 —= 7ENT
WLYS, NS ERBEALHMBZAATIINETS A MAA
SUBERERT A EAUREN TS (Sakakibara et
al, 2005). F7z, INHOBIATHIFEDOIEE THIL
BRDLDIE, BBWRERATT A4 v 7EaTFOT B
T —OFHPEZ ONL. P uA XF AT OMNEHE
RAF T4 v 7 #Inf Td b APETALAI (API)
whorl 18 £ UF whorl 2C, APETALA3 (AP3) % whorl 2
B LV whorl 3THREMIZEIT L2#ETTHLI L0
5 (Jack et al., 1992; Mandel et al., 1992), Z 15 D&E(z
T O7TuE—%—TIPT#ET O % B L7 M0
AR T2 L1280, BRBIUIERD L \VITAE
B LOHESHENIIH A M/ =B A b A
SV NVEEREEL NI LEEZ LN
% (Fig. 16).

2T, YuAXFRXFDAPIB L VN APSEET O
TOE—F—FHWT U  XFXFOIPTEET
(AtIPT4) % L =7 OfERETHEBSEL 2 L2
TN OREFRN LY A M4 =0 O ERD, Lo
BICED L) B e RIZThEHo2ICL, #RTH

ez 2 M L 72AETS BB B FE D W RETE LS D W TGS
zfro7e.

2. MRBKUHE
1) &t t

Torenia fournieri ‘Crown Violet (¥ ¥ 1) ZMH L 7.
M 2 AOEIICE, 3% A7 80— X% & E1/2
Murashige and Skoog ¥5#ix ANL727F » MRy 7 AW
T, MERAICHER L 2R =Y 2 w7z (Alda et al,
2000).

BT O 70 —= > 721% Arabidopsis thaliana % fit
AL 22D OML=7 ERKOFETHEN,
ERL, 20C—EIZHE L28STT (70 yumolm %s™!
PPFD (16MEfHBAE] /8FERIREHA)) DA v F 2= A
THEE L7,

2) T7AIFNDBEE LT OREER

a4 X XSO APT4EET (AB061402) O 27 11—
Z UL, BHWAEHE F v (Miyawaki et al., 2004),
%2 #2-3) LA T T total RNA 4l L, ¢DNA
G EAT o Y4 X F X F OAPIE R T
(At1g69120) 5 & UF AP3#E{rL T (At3g54340) O 711 & —
F—prua—=r72i #HWEH) S ISOPLANT I
(ZvRyY—=v) HWCTHE L7274 DNA % H
W7o R TFACHRR 2B Eco RUY A b &2 A0
L7774 ~—%35 L (Table 9), KOD Plus DNA

A)
RB LB
API1 promoter
or AtIPT4 |-[va 1
AP3 promoter
(B) AP1 promoter AP3 promoter
«Se
Pe St
/Pe ¢C v

Fig. 16. Transgene construct for floral organ-specific
expression of cytokinin biosynthesis gene.
(A) T-DNA region of introduced vector (pGWB1).
Hygromycin phosphotransferase (HPT) and
neomycin phosphotransferase (NPT) II were
used for transformant selection. (B) Predicted
effect of the transgene. Floral organs expected to
have elevated cytokinin production were colored
with green in sepal, blue in petal, and orange in
stamen. AP1, APETALAI; AP3, APETALAS3;
AtIPT4, Arabidopsis thaliana isopentenyltransferased,;
LB, Left border; Pe, Petal; RB, Right border; Se,
Sepal; St, Stamen.
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14

polymerase (BPE#5) % H\WC AtIPT4EIEZF O F — 7
Y =T AT 7= A BLUAPIB L U AP3EIET
D5 LR R R L7z, iR L 72 PCR Wi % Eco RI
TEIWr L, AHPT4W T % AP1d %\ & AP3 Wik & i
L7z, 2612, ko APIH %7213 APSH O forward 7
FA~—&, AtIPTAH O reverse 75 1 ~— O AED
12X 1) (Table 9), KOD Plus DNA polymerase (H i
#) VT HKER LKW &2 BIE L7z, HIEL
72 PCR Wi i~ % pENTR/D-TOPO vector (Invitrogen) 1
i A%, Gateway LR clonase (Invitrogen) O SUSIZ & 1,
T DI EdEiR H X 7 % — pBI1011Z H 2K 5 destination
vector pGWB1 (Fig. 16, Nakagawa et al., 2007) (Z3fi A L
7z,

ML =7 oY #x i 1X, Aida and Shibata (1995,
2001) DFEIZHEDNTIT o 72, 25C —EIZFHET L 723
FIT T (85 umolm 2s™! PPFD (1685 [ AF 1 /8 [ iz
W) oA yFax—FNT, HLFTHIHL, HEE
FIRRE % MERR L 25 MY OB i, B> &9 12HE
LTy —%BA LT 7any 7)) 7 b g s
H, WA BIUON TR T L L ERE
T, BEERAK LG, REERMENE, 772570
Ry POREZEET (7 L) [ZEML, 25T /20C (&
/) \ZHRET L7 BT OmENTHE: Lz ERE
LD LS N7EEIZ OV L BIEE T 2 BRICL, Ty
B, NSO TIE, F2H2-1) EHRDKFET
BH, ML, FRIRENTHRE L.

3) TEFREFHOIEHE

AF—=V3, 4, 5BLT6DEAT—T T LD
%, % 2®2-5) LFEROFETREE, BAKE 2M2P
T, T T TR L, SEM TEBIg L 72,

4) T2 PCR f#if

AT =3 6 DI EEBA B L OB IRIREOE
efe, WL MFTvoZhEnoftiREs»s, H2®
2-4) & D )5 T total RNA Z i L, cDNA &%
#iTo 72, AHPT4EZTIZOWTC, =7 ) =71
Y77 L= A03 KB & O 3- JERIIR A ST
¥R 7% 774 ~—%ikEt L7z (Table 10). F 7z,
A M A4y F Ve LTE2E24) LRI
TRRIB & U TfCKX5%, & 7- Nl IZ#E & | T Actin i
=1 (TAACT3) % M\ 7z, E# PCRIX 4 232-4) &
RO ETIT o7z BhEOWNEIRE X, TRRIX
76C, TFACT3\377C, TfCKX5\378C, AtIPT41380C &
L, 57— ¥ A3 5E 2 82-4) LFEBRDHETI - 7
HBIET D4 DNA H 5\ IE TACT3@EAE T D ER 45
cDNA #F2 7 I A I FEHOWTHRER TR L, &
ETO%BEX, TACTZ - 2 M 2 F 8 TR
L7z, TNOOMEHTI, A7 L7z 3 MO RI2HED
<.

5) REY A MHAZ O

LT ORNESF A M4 =L, ERMER (2
T—Y7) OER, b, BEE SO EREICS
VFCHRH L 72, Hhi & Dobrev and Kaminek (2002) @

Table 9. Primers used for transgene construction.

Target gene Product length Direction Primer sequence

AtIPT4 970 bp forward 5-CTCAGAATTCGACATGAAGTGT-3
reverse 5-CTAGTTAAGACTTAAAAATCT-3

API 1729 bp forward 5-TGTATCGTTTCAAAACTCAGG-3
reverse 5-TACTGAATTCGAACCAAACAAAAC-3

AP3 1197 bp forward 5-GACCAGATCAAGAGTGCGTG-3’
reverse 5-GTTTGAATTCTTTGTTGAAG-3

API::AtIPT4 2689 bp forward 5-CACCTGTATCGTTTCAAAACTC-3
reverse 5-CTAGTTAAGACTTAAAAATCT-3 *

AP3::AtIPT4 2157 bp forward 5-CACCGACCAGATCAAGAGTGC-3

reverse

5-CTAGTTAAGACTTAAAAATCT-3 *

Sequences of Eco Rl site were underlined.
* Same primer used for isolation of AtIPT4 gene.

Table 10. Primers used for qPCR analysis of AtIPT4 gene.

Target gene Product length Direction

Primer sequence

AtIPT4 120 bp forward

reverse

5-ACAGCATCGTTTCGAGAGG-3'
5-GTGGCTCCTGACAATCTTCAC-3'
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771, &1 Nishijima & (2011a) O FEIZEED W TIT -
720 ARSI THE L - & AEEE (0.2-0.6 gFW) % 318k,
AT THAERRTHEL, £1lng DEKRT N
VL7 NI & 0 2 72 ok e il iR (MeOH/
water/formic acid (15/4/1, v/v/v)) W 12 & % 1%,
—20C T—HEhhH L7z, iR 72 NEREREE B X, [PH,
N°- (A%isopentenyl) adenine (iP), [*H;] trans-zeatin (tZ),
[?H,] iP riboside (iPR), [*H;] tZ riboside (tZR) T & 5
(OIChemim). /(M2 & 0 ik % 15721, Sep-Pak tCig
cartridge (Waters) (Z X DAL, W7 HE%x
1M formic acid T L, Oasis MCX column (Waters)
(2 L TR S &, MeOH, 0.35 M NH,0H, 0.35 M
NH,OH % & 60% (v/v) MeOH O JHIZEH L 72, 4%
w W i © 9 b, cytokinin nucleobases, cytokinin
nucleosides, cytokinin glucosides @ ¥ i i 43 T & 50.35
M NH,OH % & ¢60% (v/v) MeOH % T/N KL — % —
THE L 72 #iv T, 0.05% acetic acid = & $£210%
MeOH THE L, &FENAH 4 MH A =¥ % liquid
chromatography-tandem mass spectrometry system (LC/
MS/MS, model 2695/TSQ7000, Waters/Thermo Fisher
Scientific) (2 X DT L7z, &% 4 M A =213, 35C
IZ P& ¥ L 72 ODS column (MD, 5 um, 2.5 mm X 250
mm, &4 E) % H\Vv, it #0.2 mL-min 'O solvent A
(0.05% acetic acid % & ¥+ MeOH) & solvent B (0.05%
acetic acid Z & &/K) OREABRIZE D HHEL . WG
o ) BE 1X, 0 min, 10% A + 90% B; 45 min, 80% A +
20% B; 55 min, 100% T & 4. % = & selected ion
recording mode (ionization voltage; 4.7kV, ¥ ¥ £ 5 1) —
IR ; 200C , collision energy; %1 b7 A = U FHIZ LY
—2275 =34 V) TiT-o7:. 7 — % id Xcaliber software
(Thermo Fisher Scientific) 2 & ) f###7 L, WA 1 b
A= UElE, NEEEEoRILICEYVERLZ. IR
5 OFFNTIE, a7 L7z 3 MoOFEERRICED

API::AtIPT4 Sp
v 5

NT

3. # B
1) TEROZEAL L /- 1818k 2 A O EIFBOBT

APIB X NAP37 0 E— ¥ —DWIFhE @A LT
AtIPT4% %5 B & & 72 f#l # 2 {1k (API:AtIPT4,
AP3:AtIPT4) 2B\ T, IEFAE L TR ICEL
BRONLEEIELN, NSO HEERRIZOWT,
HBin Lo E xR Lz, IEEEICIRAIEREA 5
MCTdH DI L (Fig. 17a), API:AHPT4% & A L 72
ML Z AR TIZAE R FAG- TR~ L I L 72 (Fig. 17b).
Fo, BRIBEENTIEISHTH 20120 LT L
BIMEIRNC S > 7225, HEESB L OMET VoI Z LR
SN hodz. It LTC, AP3:AHPT4% 8 A L7z
ML Z AR T, AEFEATS6H & B IE I B > 72 A
(Fig. 17¢, d), APL:AHPT4% A L 72413 2 fRiC <%
LMo R EE NS o (Fig. 17b). & 512,
AP3:AtIPT4% 38 A L 744 2 (R ClE, fER o872
JCR <, TBFRORBULIZ L Y B LA L, TEFfa%
SR DSEN R SNz (Fig. 17¢,d). £ 512, fEFIC
MEWNEROREAED Aoh7 (Fig 17d). 72, H#E
BIEFMTIZARTH 20128 L TI4-5KTH > 7275,
BHB X OMETVOBICELER S N ho 7.

CNE DM ZAKIZOWT, [EFOFEBELBIZL
eI A AF—VI3IBWVWT, EFEBIV
AP3:AHPT4% BA L 72/ 2 K TIXER PS5 TH 5
Dizxt L (Fig. 18a, 0), API:AtIPT4% 38 A L 7-fl¥ 2
RCIEER o%h 6 UL ic#mL  (Fig. 18h), A7 —
T A4IBVTIE, WINOMBLZARIZBWTHIEFER L
TR L Tz (Fig. 18b,i,p). & 512,
AP3:AHPT4 % A L7 2K TIE, A7 - 5128
W, IEER (Fig. 18c), & 5121k APL:AHPT4% B A
L 74 2 fk & T (Fig. 18), EICLOILAATL Y
PHFE 72 > CWw7z (Fig. 18q). API:AtHIPT4% 3 A L 72
HILZARTIE, AT V5B AT—Y 612, ek
OB EML T/ (Fig. 18¢,d, g,j, k,n). F 7=,
AP3:AHPT4Z BN L 722 A TIE, A7 -2 6D

AP3::AtIPT4

Fig. 17. Morphological changes in the flowers of torenia.
a, Normal type (NT); b, AP1::AtIPT4; c and d, AP3::AtIPT4. Pc, Paracorolla; Sp, Serrated petal.
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HZBWTC, EEHB L O APL:AHPT4% E A L 72413
AARICHARTHEEROBEPRE CHEL TV /22T T
%< (Fig. 18d, k1), 27—V 60z, 1
IFLEAIRT B L LIS, FEFOEEL L OTERE
ISR OFEEDR SN (Fig. 18s). T OfHEF I,
HESS DI OT MM OM S A 5 584 L (Fig. 18t), BIfE
K ZAE T O gL A7 L Cva7z (Fig. 18u).

2) A AEOYA P HIZ0BELCYL bHIZ2D

TFIOER

NS ORI Z R BT BAETBOZAL L AEFNIC BT
BHA MNIA =0T T FNVOGATOBRE T 5720
12, F9EE PCRIZ & ) SAELHE I BT 5 E AT
OFEBREMBH L7 FHINALLHIZ EALL
AtIPT43# (5113, APIL:AtIPT4% 3 A L 7= 2 K Tl
ERBLOERIZBNT, T/ AP:AHPT4% E AL 7-
M 2 A TIEAET B L OHEE TERICHER L T (Fig
19).
ZIBREICBTANET A M4 = VIBEIZOWT
&, EFERTIE, ESICBOTEERO P % EH
LTwizd, ZR, B8, HFwicBnTid, iPB&
OiP ORIBRIATH 5 iPR & b ERE I D% L, B,
ERBXORTIE, iPBICIPRIIME S h -
7z (Fig. 20A, B). Z4Uxt LT, API:AHPT4%E AL
SRR Z AT, IPBXOIPR &b, EH B X ORER
WCERPRO SN, HEB L SO TIZIEFR & [
FETd o 72 (Fig. 20A, B). —7Ji, AP3:AtIPT4%EA L
CHE AR TIE, IPB X UIPRE B, fEF TR
APIL:AHPT4% 38 A L 72403 2 fhk & RIS AR
LN7b 00, ZFRTIHIEFER & FERICHRE ST, i

NT

API:: :
AtIPT4

AP3::

Fig. 18. Floral development of transgenic torenia.

Stage 6
(early)

& [

EBLUOMTVCTIZIEFER L FRETH -7 (Fig. 204,
B). ) —HOH A "I A= OG5 THTHILZBE
U ZORIBMETH 5 tZR IOV T, EHRETIE, Fi
HEEICER L Cwizdy, ZH, B/ BFuicsuntd
LR RSN (Fig. 20C, D). F7z, E#HBIZIEART
API:AHPT4% 38 A L 7ol 2 AR D5 T3 tZR O ¥4
BHRONZZHOD, FNLUNOZLERBEIIBITLEZB
L UtZR DER/ S Y — 1%, EHE & W 2 K TRkR
T& -7 (Fig.20C, D).

AP3:AtIPT4% 38 A L =Ml 2 (R Cl, HEEICBIT S
A MPIAZVREPEFREFABEETH 22 L

0.20

0.15}

0.10 -

0.05 +

Expression level / TfACT3

Sepal
Petal
Stamen
Pistil
Stamen
Pistil

—_—
<
o
Q

wnn

Petal

API::AtIPT4 AP3::AtIPT4

Fig. 19. AtIPT4 expression in the floral organs of
transgenic torenia.
The expression levels are shown as a value
relative to that of T7fACT3, which was used as an
internal standard. Vertical bars represent = SE
(n=3).

Stage 6
(late)

a—g, Normal type (NT); h-n, API::AtIPT4; o—u, AP3::AtIPT4. Floral stages were defined as described by Nishijima
and Shima (2006). Closed and open triangles represent lobes from a petal primordium and the site of paracorolla
initiation, respectively. Pe, Petal; Pi, Pistil; Sn, Staminoid; Sp, Serrated petal; St, Stamen. Scale bars = 100 um.
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5 A MNIAZ VT FIVEBEOIRIEL 4 5 type-A
RR @ TfRR1B & U TICKX5# AT DI % gt L 72 &
A, IEHETIE, WIhoftiE ThRvritish
o7z (Fig. 21). API:AtIPT4% 8 A L 7-fH¥ 2 4K C
X, T/RRI1B & O TACKX5itfn T & b, EHRIZHART
ERBIOIERICTBWTI0RED EANE, RECEALT
Wz (Fig. 21). ShUZxt LC, AP3:AHPT4%E A L7z
Mz ATIE, WEETED, EFBICHNTERB X
UHESEICBWTI0REU EE, BEPIKE LA LT
7z (Fig. 21). Wz AROLILBEICBITLZINED
BBy — 0, EA LT AHPT4O SR & —F L
Tz,

4. £ =

AWFFEIC LY, {EEMYA I A= THEIPOE
FRICE D, APL:AHPT4A% B A L2z A Cl3ZER B
L OIERIZB T, AP3:AtIPT4% 8 A L 724 2 (R C
BEARB L OCHESICBWTTHA ML= V7 FunE
ATHIEIIEY, BEPEILLZbDEZEZ N
(Fig. 19, Fig. 20A, B, Fig. 21). 72, & 9 — oM
YA M=V GFHETHY), MR EOFHEEICL
FBERNNY — VIO RS N o722 1L, B
DEALIZES L Twiwv e 2 57z (Fig. 20C, D).
AP3:AHPT4% 3 A L 72413 2 AR I BV T A7 48

SNIHEEOWESF 4 M A = Vi, FREICK LT
8" .
(A) 1P
6,
4,
2,
Z
on
~— 9,
1)) .
= | (B)1PR
6,
3,
0 e
=} fom =)
TS 8= ST TEET
5ESE 5ESE 2885
N AN Ay N AN Ay N A N Ay

NT AP1::AtIPT4 AP3::AtIPT4

IEFEREEEETH -7 (Fig. 20A,B). 14 +H A=
YIHB LU ORZICLETH Y, EELEOES
DY bk o Twnsb EE 2 515 (Huang et al., 2003;
Sawhney and Shukla, 1994). + L =7 OIEERHOIEIZE
WG, HEEDHA M= VBEPELLEPo/22 L
i, COZEERMLTWE EEZ 515 (Fig. 20A,
C). Zo—hT, FEERWIZT 7unNs 7)Y L0 IPT
HETARBXE7- 7 NaTlk, HoBiERE, EHo
BOWABLOBREOKRTIRE SN TwE I Eh5
(Geng et al,, 2002), #IZBTHMEE YA b H A=
DIV, MEOEFLEEYHETLIEEZON
. HEo T, AP3AHPT4%EA L7 ML = TI2BWT
b, HEICBIFLZTA N AL F VD EREDS,
EOWEEHZE S L CHEWICEHE, 2y 1 b
A =V OAEEBAIIHIRNAER L 72 et id 5 .
AP3:AHPT4% 3 A L 72403 2 AR TIEAHE 77 D FE A A3
Boh, ToOREIZCPPURE LA ML =7 THES
N2 MR VEIEE & FE L CTw/e (Fig. 17d, Fig. 18u;
Niki et al., 2012; Nishijima and Shima, 2006). = ®1})&
FOFAEMNBEIIHFESEEBOTMMOM T TH Y, 512
FORERPIEIAT -6 THY, »wIiLd CPPU L
HIZL ) FEINLMEVEILREE —3 L Tz (Fig.
18s,t). it > T, AP3:AHPT4% 3 A L 7241 2 K T%
A L7 E L, HEEOHEICHR T 2RIEE TH B &
# 2 51172 (Nishijima and Shima, 2006).

3,

(C) tZ

2,

0

8,

s/ (D) tZR

41

2L

0
__5 5 5
ESEZ ETET ETED
AEFE FJEZL FREE

NT AP1::AtIPT4 AP3::AtIPT4

Fig. 20. Concentration of endogenous cytokinins in the floral organs of normal type (NT) and transgenic torenia.
iP, isopentenyladenine; iPR, isopentenyladenine riboside; tZ, trans-zeatin; tZR, trans-zeatin riboside. Vertical bars

represent £ SE (n = 3).
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YOAf XFAFTIE, API7OE—% —DHIHI T T
AtIPT4% 3B &5 2 L2k 0, ZR Jif, HED
BAssms 22 EhvRanTns (Lietal, 2010).
7o, BEERMICT sanNg 7)Y Ao IPT 8T % 5%
DI LICLD, fBRokmoieiit, fERIcB
LRADFE, ER EAAFOMICIERD B ViR
ERBEBEDERENDE Z EDTRENT WS (Geng et
al,, 2002). 512, XF2=7TlE, AP37UE—¥ —
ORI TTT Z7anNs 79T AQ IPTEZT 5B S
LI LWLy, FEEFERTLEIEIRINTNS
(Verdonk et al., 2008). LA L %45, ZiLE CTIIiEds
BIZBIBETA M AL =V 7 F Vo EAEMOEN
7S, ICOWHICG 2 258 %, [F UAEYIAE C W
L7z0Fgeid 72 v REFZE Tl AHPT4% 1698 X Ol
ETHBREBSEL LX), BR8N, 7D
JER7ZTT% L, BIEED & UTEFHE B O HATHE X
N, APT4% SR/ B LR TEREZEHIEL 2 LI
L), ERBOMMPEZIrFESNLZ LH» (Fig
17, Fig. 18), AL OILK, RIFETE I & Ok D FEIZ 1T,
WEICBTEIA M IAZ VY T FVOLEADPEETDH

03
(A) TfRR1
0.2}
o
S o1}
=
L; 60 ¢
2 (B) TfCKX5
5 0l
=)
=8|
20+
0 =
=1 o =1
—_— o — Q —_— 15}
EEET LTET LTET
RErnAE BERAE RadA

NT  API:AHPT4 AP3::AtIPT4

Fig. 21. Expression of TfRR1 and TfCKX5 in the floral

organs of normal type (NT) and transgenic
torenia.
The expression levels of TfRR1 (A) and TfCKX5
(B) are shown as values relative to that of
TfACT3, which was used as an internal standard.
Vertical bars represent = SE (n = 3).

5 &%z bz (Fig. 22).
JUARXFAFTIE, A4 ML= L BIERER
OEIME, TEESZHRE O TUIEFEDIERT L 2 &1
INELLZEPRENTWS (Bartrina et al,, 2011;
Lindsay et al., 2006). & 512, API:AHPT4% 3 A L 72
a4 x> AF (Lietal, 2010), & 521k CPPU LH
L7z M L =T I2BWTHERRE RSN 5 B2 b AEFED
WRTHZEHIRENTWS (Nishijima et al., 2007).
UL, #REEIEE—EOMIETHLT 2N H 5 7z
O, EIEHIERTIUL, Z05, 5L TE BREH)
ZH72OTHLH. AEIZBITAL M L=ZTIZBWTD,
APIL:AHPT4E X O AP3:AHPT4AD N3 % 5 A L 7l
ARIZBNTEH, AT =T 4ICBWTIILDOI RIS
n7zZ k25 (Fig. 181, p), whorl 21281359 1 b1 A
VYT IO EADIERROIRET I ERI L, LR
AL Zb0rEZ 5N (Fig. 22). —7, fMIEW
RITEE D FHE SN D AP3:AIPT4% A L 72414 2 kT
&, fEHOIANAT -V 5 FThiv 7228 (Fig. 18q),
whorl 3D ILKATEE TH - 7. whorl 312 BT HIEHD
JERDBAT =T 5 FTHOVIGE, HERLOMBAL

Normal type

API::AtIPT4

AP3::AtIPT4

Fig. 22. Model accounting for the effect of localized

elevation of cytokinin signal in flower buds on
flower morphology.
AP1::AtIPT4 and AP3::AtIPT4 indicate the
transgenic plants promoted floral organ specific
cytokinin biosynthesis described in Fig. 16.
Whorls with elevated cytokinin levels are colored
with green in whorl 1, blue in whorl 2, and orange
in whorl 3. Pc, Paracorolla; Pe, Petal; Pi, Pistil; Se,
Sepal; Sn, Staminoid; Sp, Serrated petal; St,
Stamen.
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% (Fig. 22). BTEMY 72 HEE OFEZETHERE DM 1247
BL, whorl3IC&EN L L EZ6NLZ 05, M
FAEOMBAIED S 2 LIc L), HEEOMERICEE 5L
WCRERZ2M G L, BIAEE OFEE 2R L 720 5 IEAs
H5. FAEOHESIE, CPPUMHEIZ X » THIEWRITEE
WHFEEINLELEIZLAD SN TWAD (Nishijima and
Shima, 2006). 2% h, 27— 5 DFEF|Z CPPU AL
AT o 72%G, TR IR 5 L 2 b1, MRVEILE
WEEST D, YO XFAFTIE, A MIA =X
LD AKIE, SEMEOEE I CE DL WUS B L O
CLAVATA (CLV) #zTFOBHAFH BTl &R S
n5&#Ez 51 Twh (Bartrina et al., 2011; Clark et al.,
1993; Lindsay et al., 2006). & (s T2 X % 0S4k o
B A 71 = X 22DV TIE, ZETEA 2RI BV CREM
I fREHT & LT v b (Schoof et al., 2000). T 7% b b,
WUS (3RS RO RO TEILL, 752Gk
FRZEWWT WD A, WUS 38, #ESLIZEDL D
CLVIZ& Y, ZEESZHMBOPLIIZRE SN TS,
FA ML =%, CLVOFEBRZHIHTLILI2LD,
WUS OEBEM AR L, 20 I L2 &b 525 i#ko
B A XA K9 5 (Bartrina et al., 2011; Lindsay et al.,
2006). [AkED A5 = X LH, fLFEOKRE SIZED DAL
PR COMREL Cb & E X 515 (Bartrina et
al., 2011; Lindsay et al., 2006). ARWfzeofizz L =7
WZBWTY, YA MIA =T T F U LR LT
CLVOEHPIHI SN TR EEZONL. TOHEA,
whorl 313, whorl 2& }LE LT, WUS O3B TH %
B 2L O LR IZ TN S & 405, whorl 31251)
LHAMNIA=Z T FVOLER, W TiE CLV O%
KDY, whorl 212812 & B L ¢, RO
KICEYHRYTH B EFHIN. LarL, FA4 8D
A=Y 7F Vo biE, OB 2EE D5
1t - EEEEET 22 EFSZ &5 5 (Dewitte et al.,
1999; Mok and Mok, 2001; Pernisova et al., 2009),
AP3:AtIPT4% B A L 72448 2 fA @ whorl 3123513 % 4 A

FaA =T 7 FNOERD, FEHEOIRE#ELE TTIE
L, OX = AL THESORFEOFEZREL, Bl
AETE 2 354 S 72T REME S HEBR T & 22\,

EF B OFERIZOVTIE, [EROBLIBIZBVTH
A MIAZT VT FUDBERL, HEROEY/SY — >
ZELE B I EICEDFRINLE ZEAREIN TS
7% (Niki et al., 2013; Nishijima and Shima, 2006), 7 #f
FEDFERTIE, HEIZBT YA M= 7 F D
LAPEEOFAINCEEZTHL BRI, v

4 X F X F @ whorl 38 £ U whorl 4T - HAET 5
AG BIEFICEERTFHFEI F AL V2o Flza v Ak
727 & (AG-SRDX) % ML =72 AL, class C 7k X
T A v 7 BT O Z FIH L 723612 A6 IS8Rk
DOFEEPWE SN TS Z A5 (Narumi et al., 2008),
whorl 38 &£ Uf whorl 4128V T T 5 #EHE T ORERED
ZALHS, whorl 20 fEF DHEE HDOBLHN /¥ — V2 H
2L ZTWALIREMESEZ 5D, fit> T, whorl 312
BIFLHA ML= 7 FIVD EAS, whorl 31285
1 % BRFRBRHIZ T HREDO L L% 8 U TR DS
WORH S Y — B2 TS etEr» S 5 (Fig.
22).

—75, BRI DAL VEARIZEY, YA A
A = 7% whorl 32° & whorl 2~z i L 720 REE S Z 2 5
No. LLAads, FELLAT -V 7TOHHEE Y
WTATS ZZARBIGEC BT 25 A M A = ViBEOWIET
X, BALZAHPT4BETICE 204 b A = Vg
D LR, B LALERE, b b APL:AIPT4% 8
A L7430 2 RO HESE & 5\ 1 AP3:AHPT4% B A L 7-
M2 EOERBLOMTVOY A M4 = ViBEE b
ASELHRIRO LN h o7 (Fig. 204, B). L
L, L2 B0 BT B8N IEFIZB VT,
whorl 3C LA L7244 M A4 =028, TREBEL
whorl 2IZH27E 2 2 &2 & ), B OHEE RO/
¥ — NIREBE G2, PEEAEEA LR S BT &
v,

BO5E HMEEE

RIFEORER? S, [EHFPNBIT 21 b=
7V OZERN, BERISALS, N L= TIZEIER, 1k
RGOSR 7 & O R AL E L FHET L LS
ok kol ZREFROMEEOLEILIZOVT, HiE
% T3 CPPU MLEE 72 & NI EIE TR 2 O F 2B L
THEAIZERZ L7205, £5ETIE, SEOMRE BN
I, &0 SRR TR OWTERET L L L
b2, SO R S OICERLE BIE L 2
ZED B F I DOWVTHELE L7\,

T, HA MM I DFEESND PL =T O
il RO D B, BEREOFEEIZOVTIE, H2 #EIC
BWTC, CPPURE L 72AEHFHNDT A M A= 7T
VDA & RN L7 R o, RIEREOSAME, T4
HHIRIEVRETEEOE A IS RoOTHME <, Mk
WEIEE OB AT ORI T A "L =0T
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FUVBEATLEIENEETHL PRI NT —
F. O 4AEEIZBIT B AP3:AHPT4% 35 A L 7244 2 R0
fEMTRE R 5%, MEEORED AL L 72RO EDZE L
WIERAS, FESFNICRIAERE O R &AL T 2 DI 0%
ZEMAMHET A2 2 L1280, BfEEORESRS N L
ERLI, TNENOMREMINIERZT L)Y T,
CPPURLE T oL RN IIREZ ST, T2
AP3:AtIPT4% 38 A L 7241 2 R Tld, BIAERE O FE A AL
BIZBUTBETA M A =0 7 FVORIZ ERIE
IHRVEHICHEEND, LA LA S, CPPUMLE
L7z P L =T I2BWTREEREATEE S D BIE, fEiE
AYERT B 2 EAURENT WA (Nishijima et al., 2007).
—7Jj, AP3:AtPT4% 38 A L /-4 2 K Tld, fEFEAD
YA MHA =2 T FNOFEM L O T T
HWH, EIFIIBWT, APSOA =V U7 Thb
TDEF DAL ANIC BT 2 FBEM A 5 (Fig. 13B), &
A L7z AHPT4#EAR 113, AP37 0 E—% — |2 X W IEFH
B L OME MK TIHI L (Krizek and Meyerowitz,
1996), ®IAETE O 38 A A 12 R AEAb L 72 3 BUIRER 121
HoTVnhWnweEZ 515,

DiEoiERrs, RIfEEOSAIZE, (1) HEOK
AL L 72 B OfEFEDIER, 25N, (2) RIfER
DFEMBEIZBII BT NI =0V 7T VORI

. CPPU Se

St

Cytokinin signal
precisely concentrated
to the paracorolla
initiation site

Receptacle
enlargement

LA, D2 O00ERDHEEEICES L TWw5 & v ) IRFHA
BEHINL. ZoRFIE, CPPUMHEIZ X - CRIfERE
PEEMIZEEL, ZORBERELZEL VO LT
(Nishijima and Shima, 2006), AP3:AtIPT4% & A L7-4
Wz ATk, BIMEREDSEEIIARLET, TORERED
BrofzZ b BT 5. 2F ), CPPURIEITIX (1)
& (2) OMBEAREFISES 2720, REEIZEEL T
B HE SN DR L, AP3:AtIPT4% A L 724k
ZETIE (1) FRETVWELD, (2) PAT5THo
72729, RIEEOFENIARLETHE, o072 EZ LT L
PTx% (Fig. 23).

O EMGES A 720121, 4, B ORI,
%O WICRIEEDSEENEBICBIT 21 A=V 7
FNOLHIZT, FLTCEOWEZEIRMIHETEX S
EERE BT HLENDH L. EFROILKIZOWTI,
BATETHBRRI LI, EFFEHEOILKIZE o C
FlEfRZ &N, ZOBEIZIZSEMBOEIEICE D S &
BT CTHHWUSBLOCLV G LTWwa EEZLR
% Z & 75 (Bartrina et al., 2011; Lindsay et al., 2006),
TEIFE AR BT WUS OB 2 BRI EH S 5,
B B\ T CLV O 5B % Wl 2 MR AR 2 E T 5 2
LIZKDFETELMREENH L. —TF, BIEEOFRAE
RMBIZBITEZHA M IA =037 F VO ERIZOWT

AP3::AtIPT4

Cytokinin signal
broadly distributed
around the paracorolla

initiation site 1

Receptacle
enlargement

Fig. 23. Dual-factor hypothesis on paracorolla induction in torenia.
In this hypothesis, both cytokinin signal precisely localized to the site of paracorolla initiation and receptacle
enlargement are necessary for stable and strong paracorolla induction. The floral organs and whorls with high level
of cytokinin signal are indicated by gray. The darkness of shade gray area represents extent of cytokinin signal.
Paracorolla initiation sites are indicated by red circle. Pc, Paracorolla; Pe, Petal; Pi, Pistil; Se, Sepal; St, Stamen.
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FEDFEET 5 R & FE L 2 WRKICBIT 5, HEESML
BOMRFLOMAKBEEOEZRIAWAK TH - /-
(Yamaguchi et al., 2010). 4%, #PE & L CEIFER
AT HMOMEWFEICBNTH, 20L& BLE»HD
WIS 5.

BIZEHE & L CORIEEDREIZOWTIE, H3ED
S TRz L 912, WIS & o T4 %0 b ODFETE
T5, INOSOBEDEVIZONT, PLoTTHRDOS
N2 L) BRICWE R AT T 4 v 7 BIET ORBIRIE)
HGLTWERENPIIOWTYH, SHROFETHL. 7272
L, #3EIIBITLMMEERLS, BIERICBIT 5705
BEARAYT A v 7 BT ORBUL, BIEEEEDFAN
BORBME R AT T 4 v VRIZF ORI — 12k o
THIE I NG ZEDPHS DR o722 e s, fEYFEIC
Lo TRL ZAEEDO AN B, BILEOEEIZEE
ERIFLTWBZ LR THICEZLND. RIEREOZA
L, ¥ FavrTid b =7 LRSI O
Wahl oM )7 TaH 5 (Yamaguchi et al., 2010). Z1LLL
HLOREWIAEIC BT B BIAETE O 5 AL O 35 20 AT 12D
Wk, SHROMETH L.

CPPU LRI & 2 B REOSER DAL, TEF D%
WENZ BT BHEEROBININY — 2 OB L VAT T
WA Z kDR EN T A H (Nishijima and Shima,
2006), Z DOFBALIE, £F 2 EIZB VTR SNz CPPU AL
HIZE DY A ML=V T FVOERBME —FL T
w5 (Fig. 7C). Z07:®, H 28 TIX, ERDFLEB
BT AT A ML Y T FIVOERI RS Z FHEL

@
=
[y

BRI —7F, BARIBIFLZTOE—F DK
7 BRI Z AR DIEOE N 5 1%, HEEIZBIT B3 1 b
NAZY T TTNO EADPFEROFEEIIEETHL L
RSNtz TNE—RFETEHERTHL. Larlh
A5, 852 % TlE, CPPU I & - T izl &
EHIZ, HETITA ML=V YT FNE T DR
MESNTWD (Fig. 6). 72, H4ETHESFES
N7 AP3:AtIPT4% 38 A L 72/ 2 (R, HEds & & b
12, fERTETFA ALY T FUHRLER LTV
(Fig. 21). #£oC, SREROFEICIE, B & HEOMmHE
THAMIAZ VI TFINVRLEARTEIENLETH S
EVIHIREAEE B EN S (Fig. 24). ZORFHIZDOW
TiE, FAREIBWT, SABLOIERTHAS MM =
YT FIVE LR S D APL:AHPT4% 3 A L 741 2.
RCHEEOFEIRON L o722 800, [EFDAHD
YA M IAZ VT F VO ERTIREHROIEIIFET

Se Pe
\

St St
Pi

Cytokinin signal localized
to both petal and stamen

Fig. 24. Hypothesis on induction of serrated petal margin
in torenia.
In this hypothesis, cytokinin signal localized to
both petal and stamen is necessary for the
induction of serrated petal margin. The floral
organs with high level of cytokinin signal are
indicated by gray. Pe, Petal; Pi, Pistil; Se, Sepal;
St, Stamen.
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Z U DHEERORE) XY — AR TR O W T,
YU XF XS OEREREEHCRICEY, EB
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ol EDILKIZOWTIE, RO AT b
REBALLRF 227 TIRDLNTE I ENS
(Verdonk et al., 2008), fi%##B 2 CE B LEHRTH 5
LEZ N, Mosh B~ RE 20 & L CHEAML
WHRETHDEEZOLND. —T, FHROFEIZONWT
&, A8, Er Bz CHENRBIR TH D HEH % HGEE
T HUEDND 5.

RIfER IS EME~OBEBESEWb 0D, ZhE T
AR T 212 &) BB SR S 513 7% <
AWFZEI2 BT, AP3:AHPT4% B A L 7= b L =7 7,
BIZFAHIEZ L VEIEEZFE L 2O TORITH
b, &6, RF2=ZT7IBVWTYH, PL=T7ERL
AP3:AHPT4% 38 L7403 2 (KT, HESEE oML,
WEOFIENFGE L 2L E 2 DN L R EDOFRE
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MIA=ZY YT FAOERIC K DRI OFES,
B2 TEBHRHRTHLIEERL TS, HEoT,
TERABLOHESICBNTHAS IS =02 7PV E 1R
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LD FE XN LA (NiKi et al., 2012; Nishijima and
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Motz BEETHIEZ X AR OFE % EALT 5
72ol2iE, TS ORIEE & LI 5 A S L LEH
o, FIRoE Y, BIALE % ZEMICHFET 5720121,
TEFEDILR EACHF N OIALIF R Y A b =22 T
FUVDLEAEAZRBIGEZ TLENSHLLEEZOND.
AP3:AtIPT4% 38 A L 741 2 R TUE, AEFEDILRIE R
S5N7-bDn, AP37 10— 4% —|% whorl 28 X OF whorl
3T, IR ERB LB CEIAIT LD
(Krizek and Meyerowitz, 1996), # 2 (2817 A WFseHks
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(Terakawa et al., 2010). ft-> T, RWFFEOELOFEE
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FIZ, POKIBIZHEKT 2 RAAD R WIRY, EETH IS OEE CME 2 FHE T 2 FEFHE ST
M2 OETICHERLE R T A MIRE) ZT0 % (Koltunow et al., 1990; Mariani et al., 1990; Xu et al.,
FigxEonzv, 5%, BETHBRZAEDOLERZH  1995). 20 X9 ZARRILOFFEH 4 2 i ¢ F H
ATVDG, EWEHEANOBEFHHIC 22 3 A FOHl TE2 L) 1I2%E, BIEFHARZEDOERLDD
W, %5 IR OHFEHOBMIBILAEENE. S0 OIXMOEIRKICORBEEELLND. —F, HHFD
A b, EMSRRMERERMII OV TIE, EREEME D FFEEORMIE LI, MR AOE R - mEIC X HH

Floral stage

4 5 6 7
Se Pe
Se . v ¥
t
Se Stn: X Pe
SePi oy W 4
LA Pi

Wide
paracorolla
Narrow
paracorolla
Enhanced
receptacle Serrated
enlargement petal

Fig. 25. Mechanism responsible for floral stage-dependent induction of paracorollas and serrated petal margins by elevated
cytokinin signal.
Illustrations shown in the top row indicate normal type flower buds at the corresponding floral stage. The floral
organ with high level of cytokinin signal is indicated by dotted pattern. Expression pattern of floral homeotic genes
is indicated by coloring; class A alone (green), class A and B (blue), class B alone (light blue), class B and C (pink),
and class C alone (orange). Pc, Paracorolla; Pe, Petal; Pi, Pistil; Se, Sepal; St, Stamen.
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