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W0 L X AL 85 R (P BB 0, B 311300

RE SRR IUVORECE B TR s ARG K, BRGSO E R B B 12 SCRE SRR A AR BR
TEMESRALAS B A H I 2 10RF A, R0 7 B AN S A v EORAE T i) 70 LB, B35 2 50 A 1 42 10 B B o
K7, BLAmiRNAs. DNAF AL, 2H 85 A2 1A gt 57 o 0 S5 R st A% i 7207 3, JRAE L FEA T & B2 ARR A BIT 7T 7 170

XA EIN, RS, L4 E K E, MADS-box, AT
WX, A&, F¥, #K— (2024). Y Em s TRyl MYk 89, 257-277.

LB B A B AR = O E A A, R
NACE AL A 2 B HCH G, AEHRE 4 A T AR
K, PLRAELEH P AEBAME/NESE . H TS s N E
SR B IR AR I T AR R, RIR REIR. &
Rl MERESS VR SRR IE. R ERIFEETE
PR GEAEN SR AN R, 2009) . 5T F AL TE 1K 7 F-HL
Hil, AR FEEED TS E K EABCDERK A K
% 5 % 1 7 ) MADS-box % [X] 5% % (Theilken and
Saedler, 2001; Krizek and Fletcher, 2005; Thomson
and Wellmer, 2019). JT 45K, Bl % i@ & 0 5 A5
DR e SR &, ANIXAER B 14+ A5 Ll ik
AT TR Z RN BRI, W50 BRI 77 (Arabi-
dopsis thaliana) (Thomson and Wellmer, 2019). 4=
3% (Antirrhinum majus) (Cartolano et al., 2007; %=
BMARIFIL, 2014). 72’ (Petunia hybrida) (Noor
et al., 2014)M1/KF5(Oryza sativa) (Sun and Zhou,
2008) %5 15 :U M Y 9 J£ ) H 2= (Rosa chinensis/R.
hybrida) (Li et al., 2022). %ij{t(Dendranthema mo-
rifolium) (Wen et al., 2019). 1145 (Camellia japonica)
(Li et al., 2017). “%##%(Lagerstroemia indica) (Hu et
al., 2019). % (Malus spectabilis) (Gul et al.,
2019). 3#(Nelumbo nucifera) (A% 51, 2019)F12%
%l (Orchidaceae) (Pan et al., 2011)2: & 35E 4 M
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FEK%E. b4, miRNAs. DNAFIEEAL . 418 [A1B i
o Gty i o IR A5 R WAL R B GE T2 3 51
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TSR TR R e s BTSRRI,
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1 BERESULKFER

1.1 ABCDERBRHE{TAER

6% & ABCHE R F 199144 tH LR i2 K H IR
HEA, Wik TA. B. CERARFTHEER FVE T
BRIl R T 4 G 2 50 R AU AT 0 (Coen
and Meyerowitz, 1991) (K1A). ABCHER! 3= 2 DL
A TP RN 4 0 RE AR U R R, Rl E B 2 H
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Z ROk B RO FE S FE A (Dubois et al., 2010). B 2% EAIFRIE; 0PI ThAEHE DR AE — 2SR DR 0 2 3% U
E T AR BIER N, ABCHELIRLZ D K fE 55 56 3 1) SHO - RER M EMRL, Wi HIAER B RO
ABCDEM I (E1C), HAEABCH AR EXEIN D KMBL%. ks A, B. C. DIYRIIAERENTF ESE
FKRMERY R, LFERWELBENREER R EREE AR FAHEETAERTE RN REE S
(TheiBen and Saedler, 2001; Krizek and Fletcher, Yy, AR 2 54T G viE, Bz 1
2005; Thomson and Wellmer, 2019). FR 9 PU B 4R KA (B 1C) (Bowman et al., 1991;
7 ABCDE #& 4 H | A 2K 1)) e 2% A £ 4% AP1 TheiRen, 2001; TheiRen and Saedler, 2001; Sala-
(APETALAL). AP2FIFUL (FRUITFULL), B2 fE%: mah et al., 2018). KM F LI, ZEEW IR
K #EAP3. Pl (PISTILLATA)FIDEF/GLO (GLO- IS G2 CArGIIR A Jofl, TERDNARE, @i
BOSA), CH IR AFEAG (AGAMOUS), D) W R AR IE A %95 (Thomson et al., 2017; 57
RE Jk [A] £ #5 STK (SEEDSTICK) . SHP1 (SHAT- k%%, 2018). A SH W NZE GV RS fE 2k
TERPROOF1). SHP2. FBP7 (FLORAL BINDING R Je e, Hah & Gutt 5 Ja T 0 S R s A& 2 1 8 1
PROTEIN 7)f1FBP11, E & 3)jfE 3 A 4 4% SEP1 X G5 (R AT R, DR BE S ) L 11 [
(SEPALLATAL). SEP2. SEP3MISEPASE(FMMIELE, T 5 DNARISE &, AT S 300k B e [T ) e 3¢ 1 42
2013; Salamah et al., 2018). WIKE1CHi/R, £z (Pajoro et al, 2014; Zaret and Mango, 2016;
Rieh, AZSTHREIEDN AT g5 % H R E, AZSfiB2k Thomson et al., 2017).
DhhE LR I R0 R B, BARAICK I gL 3t ABCHLRIFE i LA, fE— LA R 1 1EK
FlRE SR E, CRIVGEMEFE B EMmAEOER B IREREEK R 5ABCHE A~ E L. LA
H, DRI FHZE R R AL E, ERThRgdE BT M SO E (Tulipa) ML 86, HEE1. 2
K g sE e A H AT R UL SR T 45t s mr i k. RAES BRSSP EY I ATEMEIR, FRBAN A DAL X
H. [FE, ARRMCHRINGEIL AN EH BT, BIAZIhAE WS E h BTkl B AR BRI I ) ik, R
SRR P CRThRERL N AE1 . 2R IERS B IRIE, EN#HEGHER “4E9” Z4r(van Tunen et al.,
2 CHRINF R REMBIAZS IR /S, 45876 1993; Kanno et al., 2003). Ak, van Tunen%:(1993)
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R ERHR

B1 ¥ HEE & B 5T (2% Soltis et al., 2007; Thomson and Wellmer, 2019)

(A) S ABCHIEY (LI R IF . G BRI A =5 AMREK); (B) SUAMABCEEN(UIEIEEE . HAE. BEEMEEEHEY
NEE); (C) ABCDERERY(LASLI RS 7 At 5 S5 U M 9 103KR); (D) (A)BCDRERY(LLARNA A/K AR SR MR, (A)RIRARIIE
PRSI BRI AN [F] 28 501 T R 5 DD 4R e 638 B (R R 1R L TRUARERIHIERT . Se: ¥, Pt 163 St HER;
Ca: 0 J; Ov: JikEk

Figure 1 Flower development models of Angiosperm (refer to Soltis et al., 2007; Thomson and Wellmer, 2019)

(A) Classic ABC model (represented by plants such as Arabidopsis thaliana, snapdragon and rose); (B) Modified ABC model
(represented by plants of Tulipa, Lilium, Ranunculus and Aquilegia); (C) ABCDE model (represented by model plants such as
Arabidopsis thaliana and snapdragon); (D) (A)BCD model (represented by plants such as gerbera and rice, the defined (A)
combines A and E function genes). Arrows represent the regulation of functional genes on specific floral organs; T-shaped lines
represent repression. Se: Sepals; Pt: Petals; St: Stamens; Ca: Carpels; Ov: Ovules



P T ek ) ABCH: 7 (modified ABC model) (&
1B). MM, BIS Tl fe 5L PR ) ik [X I AE fif 22 2
18128 B AL E . B )5, Bowman (1997)#2 H £ 5
121 5 (shifting border)## %! flKramer % (2003) #2 H (1)
W3 F(sliding boundary) i1 1 5 24, EIBE
D fie HE R 320 1 B 8 1) PN 55 [ P s X SR8 5y o I LB As
R ] 7 — Lo ) T R S SR H TR 1 9 2 B
HMEAEAE & BT B T RE AR N i) ik X AR ki
B HAT, CRIEER TR &R BB PEY A
& LT 5y 32 A JE (Lilium) DA K I 35 B0 0T I 4y 32
£ ® J& (Ranunculus) #1 #% 2} 5 J& (Aquilegia) (Soltis
et al., 2007).

[Fi), ABCHEAL AR D Re R A AE R 2 5
W AL 40 5 & (Antirrhinum) 72E P4 () K 2 50k 11
W R R IR S AR D RE L R ) R A ik, H
BELERL R T, tHAE A LA Dy R Ak [A] ) B LA ok
TEH 28 A E B LS 5160 EH LUK B I
#HIhHE(Wellmer et al., 2014; Theilen et al., 2016).
[Alt, Causierss(2010)#2E H AR FIER e H &
FHAA)EThRE R, A (A)BCDELRL(E1D). (A)FK
Dhifie DR 1 A 48 o A6 4y AR AT 1, 05 B
FKMC Ty ek PR - 72 FLAEAE 70 A 2 AU S X3
I3 ik . AZBH CAE SRR U Y AR I 446 (Gerbera
hybrida) L f2 7K 4% 85 K A< BHE Y b 15 FHE 52 (Wu- et
al., 2017; Zhang et al., 2017).

ABCDE A I ABCH AL ATAE SR IL B K E
RIS 8 1 1 2 B A6 T FGATL o) ) e b LA B
e BRI AR 2248 8 B 1R E R R FEAE 2 B AL
PR FE B SR o bl o S B IRl 1) S o 3R B
ANERIEII AT SEEE1. 3. 4R ea T B L IS
MR, LEA [FRE A rhod sl b Bl 360k — &6
R B L A A T W %% 21 L fE % Y (Huang and Irish,
2016; Thomson et al., 2017). Y2 {cas e A
DINGILEINR R E I ST A ERSE 3 A Ry =il
WAHNKEI R, T SFEAEECE S (Ma et al., 2015;
Chen et al., 2021). 1h4h, CAWLEY], ABCDER
U] o3 AR — e AR R A U 3, o e
JE AR EIEAE RS, ST e B
KB ANRIE X 38 % ) # 5 (Fambrini et al., 2014; Ma
et al., 2015; Hu et al., 2019; Xia et al., 2020).
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1.2 ZTEHOTHERI ML KD

A8 H HE 2SI J 4k D7 52,
ABCDE 5 B 71 4 8.4 7 1438 FH % — B DA SR AT A2
A (Wu et al., 2017; Martinez-Gémez et al.,
2021). 2%\ NABCDER R 538 FH T 4% 0 EL AL
T MR A B R A R R
BRI, AR bR G Jik PR ) s a8 U A A
K 2 5 (Zahn et al., 2005; Hileman and Irish,
2009). DA s WS A 22 A6 1, B D) Re ik
K AP3-like 7E 2= BHE kb i B & 17 T 21k FE R &
&2, P4 50, RIAP3AL. AP3A2. AP3B1Al
AP3B2 (Pan et al., 2011). iXSLIER7ELE 38 B 1R e Fl
fe5e R B R BA AN F M FRE A, HAE =R
ANFEY R WA R B R e . BRI, Pan%§(2011)
P TEAF2EMHOT (Homeotic Orchid Tepal)
6K B (E2A). e HOTHR B T 18Kk B B
B (B E4ANAP3-like L K AIPIKEA), CH. DEI)
REFE A DA J2 & MADS-box 3 [K 7F % /N 16 % B 1 (1)
B2 RIARE M . 7RI B T, 167 K& M1, PRI
AP3BsI: Al 1k E % fr () E R, PIFIAP3AL. AP3Bsit
[ R AR TR 1, FEAE 2 R BB EL, PIFIAP3AsHE
B, LAKAGL6-like f1ISQUA-likeZMADS-box 3k K 3
] Y s B IR AT K B S, HsuZ5(2015)WF 7L T 2188
AN Fr 52 A AL I 7 F RIS, 2 H
— Pt ik A A T A RHE S R B R, AR
# X% (perianth code) (K12B). 7Ei% A H1, BXI)EE
F N AP35 EZThfig 3 [N AGL6 I [F Y5 & 1 43 il 5 Pl
B A 2R AN [ 1 S R DO S A, i A LS TR R
AFEMAEE T, DAbdE 2 e gm. BRms,
M2l h L fE#ESP (sepal/petal) & & 14 (OAP3-
1/OAGL6-1/0OGL6-1/OPI) i T B i FAE i, H
HAEAEL (lip) & & 14 (OAP3-2/0AGL6-2/0AGR6-2/
OP)I ML RS Mo 4 AEH h 2F0 5 & 4 5] I A7 42 5L
BRI, T2 7 AR A TS5 =5y A i 18] 1)
REPERIAEISE M . HOTELASRIAE AL /s 17 2248 1E
FE R B IR SR, A BT R 226
AR T 7= A LR B 22 A AL Ak 7 e

2 S5ERUAENXEERET
202 4RI SR I, % Fhie e I T (R 6 3
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12 v Ab K EHOTHLE AL 15 (2% Hsu et al., 2015; Zhang et al., 2022)

(A) =R EHOTHBN(TEALT K B W BARIAE2E K B I, BRI e R PIFIAPIIUAN 73 3L 3L Al v = AE 2 BB R LT KB
M H, PIFIAP3BsL[F] Y E = (K R, Pl. AP3ALFIAP3BsL Al Y E MM IE AL, TEHF R EMEL, Pl. AP3AsE:[F LI K H &
MADS-boxJ [F 3 [F] v 2 JE IR IITE AR ); (B) 2AEAERARRLG(TEE 1« FRIFLE e, PIo 51 54 [F 1 AP3-like SRAGL-like & F1AH HAE F
TERL (OAP3-2/0AGL6-2/0AGR6-2/OPNESP (OAP3-1/0OAGL6-1/0GL6-1/0PI)E & . 24 LA &k B = A i) T B S 3E, 24SP
AR BB A I U T S R, P 3 BRI, WP A TSN T IR E R B8 ). 01, 2, 34k
pIZER iy

Figure 2 HOT model and perianth code for flower development of orchids (refer to Hsu et al., 2015; Zhang et al., 2022)

(A) HOT model for flower development of orchids (Pl and four clades of AP3 of B-class genes specify the orchid perianth forma-
tion at the late inflorescence and floral bud stages. At the late inflorescence stage, Pl and AP3Bs determine the formation of
sepals. Pl and both AP3A1 and AP3Bs control the lateral petal formation; at the floral bud stage, PI, AP3As and other MADS-box
genes control the lip morphogenesis); (B) Perianth code of orchids (in the sepal, petal and lip, Pl interacts with different AP3-like
and AGL-like proteins to form L complex (OAP3-2/0OAGL6-2/OAGR6-2/OPI) or SP complex (OAP3-1/OAGL6-1/0GL6-1/OPI).
The presence of L complex results in lip formation, and the presence of SP complex results in sepal/petal formation; the coexis-
tence or co-absence of the SP and L complexes produces sepal/petal and lip intermediate structures). Numbers 1, 2, 3/4
represent flower whorls.

B R B AR B R T kiR EEAE A, GFEMADS-
boxJE K, i 7 FPTL (PETAL LOSS). HAN (HAN-
ABA TARANU). CUC (CUP-SHAPED COTYLED-
ON). SUP (SUPERMAN)FIRBE (RABBIT EARS),
T2 i Pk A4 FE WUS (WUSCHEL), PLR SRR
R CYC (CYCLOIDEA)Z (1),

2.1 MADS-boxE[#
MADS-boxZE# 35%k [K 7 Z A T s, WEE

BEPR BN 7 51 2L A 1 BE R 57 () MAD S-box 45 44 435 1Tl
B4, WIERNLS WM ARG R, HYMADS-
box#% 3 [K ¥ 1] 4 AN Type-174 (SRF-like & ) f Type-I|
R(MIKCHY) 2425, Type-l1454 1] 4045 AMIKCC
FIMIKC (Henschel et al., 2002; Kaufmann et al.,
2005). fFABCDEfEK BRI, FRAZKI)REHEH
IAP24b, Fe 3 K #4515 MIKC 7 MADS-box #% 5%
HF o

H A, MADS-boxZt[H &L 7F A %, #(Prunus



mume). Bk(P. persica). 1%, 4L (Paeonia suf-
fruticosa). BR#/KAli(Narcissus tazetta)f1 4 1E
(Rhododendron ovatum)&s Wi # 14 (1146 K & i 78
B8 T EEYEE(Liu et al., 2018; BEFHEHAI T4,
2019; Cai et al., 2021; PMEMESF, 2023). T4 UEH
A. B. CHIENYZET)fe =8 1) I 7 R I8 e v 5 B v
IR A 2% (Nakatsuka et al., 2015; Gul et al., 2019;
Peng et al., 2023). Cai%5(2021)7E B A 2 00 55 Bk
H XA By CRIEZRJE R ) R RE 24T 047, K
WUAETE I JEL B 7 AL B B, B Bl A6 2F T PPAPL
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PPAP3. PpPIFIPpSEPLK: A [k & .3 = T il
i, TIPPAG. PpSEP2M1PpSEP3I)#ik 34 U 41
S o GUIE(2019) 5% i S EA R = J0 it A gk AT e s 41
Wy, HLA5331461 % 7 R IAFIMADS-boxB: K, FUE
FE K 3t R 1k W 4% (weighted gene co-expression
network analysis, WGCNA)7:#1 & 3, AGL24 1] fig 5
FEEE IR 25 PR 9% o HUZE(2019) 5 48 78 26 e 5 ol A 1
0 I A 1) B AR b A8 ZF 3E AT B s ZH 0 MTW G CNA
SHT, RKIIMADS16. SOCIAIAGE:FE [ 75 1 5 i 5
WAL R AT BE R PE EEAEH . PengZ:(2023)%2714N)

Fz1 S 5EICHRE R SRR S R T2 KA sk
Table 1 Key transcription factor genes and their functions involved in petal doubling of flower
Byt R e ki EEg 5 eait) EE DU N
AR AP2 HZERCAP2R A /K ZARIR S T 1M sl 0], I+ 78 MEERSHSYR  Hanetal, 2018
I FRIZRCAP2 T ifs S IS 1k
BRIige &K PI PRI RIS SRR PpPIRT 5 T ARSI, AR U8 SR IHEL Xia et al., 2020; Cai et
(MADS-box) i RIEMATEPIT] 23 F L & YR al., 2021
AP3 B LRI TIDEF (AP3)FMITIGLO (PRS2 F i fk; %5 iR Sasaki et al., 2014
LA 3 T BAE I 1k
CHIREIL K AG Bz, =R LA A ZE R PUERAG RN E L 5 30U RS 4L MEMERSAZYR  Noor et al., 2014; Naka-
(MADS-box) IR 755 10 H 22 H 1L v] i 5 RhAG SR Ik X 38 AR iR A 1 5 tSIUkzaojga'w 2015; Ma et
% al.,
EXTiaefKl SEP3  ENnSEP3id Rk FEACEMICMAE kD, RAboEat MMESERE AR, 2019
(MADS-box) BN
SEP4  Jj%%§TeSEPAI K& REAC A SHE WD, ZE O MEEERIE  Zhang etal., 2021
52 MMADS-boxE [ E.{E
TFdifE  WUS  WUSHCLVAJER SR R E AR R R FEE W% R, HE Ito et al., 2007; FKA}4%,
FH WUSFRIEZAGHISEPHIH . WUSTHRES I T E 41 g fife 2018
B EHEWD
G EE PTL PTL R 4 RF A8 KR P (R AR B R F - BIEEIFPTL He Lampugnani et al., 2013;
R T R EAE D> . PTLIIHICR IR L RIAE 1. 2584k Quon et al., 2017
#EMRIA
HAN  HANFT @ 4 FR R e an i o M= Pl mii e as 5 He Zhao et al., 2004; Ding
RE. HIE S FL I A SAC RS HOR b etal, 2015
CUC  CUCSfEfE# B ARIEIFMHAMEEE. CUCIFMCUC2E: HeE Aida et al., 1997; Baker
K Z miRNA164a-c 735, CUCSW 5848 S E % 1 Gl & etal., 2005; Lampugnani
TR TR/ etal., 2012
SUP  SUPZ:ZHi| 3% S54RI T ML S, rlaeswmE HeE Prunet et al., 2008; Pru-
KZEA. suplag-1 W FEARARAE O 7 A7 B rag-1 LA E £ 5 netetal., 2017; Xuetal,,
VRAE T ) B PR 2018
RBE  RBEMEIMHIAGRIEMIEMHH25 S AREFLR I HeE Krizek et al., 2006; Th-
SR S BACI WY e S b S A B B AR omson et al., 2017
WIRRMEEE CYC Al HEERIFEM 2 CY CIRIEE B ) R4 R IA FBUE IR MR JE P iR Fambrini et al., 2014; Jun-
ACHEAR e Ik R 8 200 i 49 B 5 T R AR A R R TS PR R/ theikki-Palovaara et al.,
2014; Zhao et al., 2020
HE MYB  AZEFPIERRhMYB123 S8 E ik, RhAG. RhAGL1GA! MEkfEsEJH  Lietal., 2022
RhSHPL K A K RESH SRERZNEEMIRIEE
PAN  #)mIFpan B IR a7 =5e e ds B EE S m. Hargkdd He Running and Meyero-
iR =g S Gling | Al = e I VA=A ‘;\’Iitza ;336; Chuang et
ULT PEFHULTIR B S S e B L . Harmd e Fletcher, 2001; Carles et

WHTWUS-AGR B Z 5 T4l 4k

al., 2004




262 AR 59(2) 2024

VARG AL P 5 b 24 A R AR AT VR I A, 0
AR A SRR R BUE B EE E I 119MRER
i AR AT B S AN, O a4 BR DR 4H SR B BIE AT
(genome-wide association studies, GWAS)F1& A%
RO A (eQTL)E L4 Hr, K IN861 GWASHH K
ficis-eQTLsHI3 188/ trans-eQTLs 516 . kAl
O REFEAMIE. Hd, AP3. AGL6FISEP3/AGLIY)
Cis-eQTLs FHAE M H 2 7 B & . W5 fidT 1 1k
a BRI AL AR L], R T AP
B AR A P AR

Aok, MADS-boxJik P 7E [ 256 7 (1) Ty et
FLiE— DU S T HAE G2 B IR AT i 0 S AR
Py 1 e A A S YEURN  F dES VR B AL 1R TR L
Sasaki%s (2014)7E & & (Torenia fournieri) 4 [A] i it
FIABI T RE I N TIDEFAITIGLO, 7 i 3 [N M ik
RIOWL 5 ) S () AR AR 2% A A8 T TR A TR ) R
B[R AL AR GRS Rz, fER E L
I TEDEFFI TFGLO M) 1A U nl WL 52 1) 25 240 {38
HrrE AR B FOR AR . XiaZ (2020) & B AE (Eriobo-
trya japonica) BT R 5L K EjPI A /K 5 HE k4
HE AL AR BE AR OC, FERLR I b Sl Rk
HEACEPIUE =y [m) AL =5 Fr 5 A2, AT N 1 46 0 =
Hr. Cai%5(2021) 7L 7T e FRIA W H BB T REFE
K PpPI, 7] % 31 b £ 0 40 LA S T80 e 008 2 1 3R
A, R R R, BRI RN )R IA 5]
R A ERHESS AL, FL AR B B R T IR

Noor#%(2014)fE4N B IE A= 4F i Fpd, K24C
2K T fik 3 K pMADS3 A1 FBP6 [] i 1T BR 5 HH L 8 52
AR AL, o B 5 Mambo  Purple 125 4
B0 B A8 R AR T RO B iy 1L 1 - Nakatsuka
4(2015)7E =1¢ JuJlH(Gentiana triflora) ) 5 i 1£ 548
R, RILCIThRE I K GSAGLI R IA =K T X L,
AR Z RN S FrHasMEN T — B R ¥
JiE ¥ A AH O T AE I R I8 0L /e I AR T I 578 =1k
TR T BRGSAGL, 7 H I 88 5 A% R A6 I 1) 28 9
MG . Yans§(2018)7E H Z=15 4%t th T BRRhAG 3k
15 7 R RA, e B b I B m. Lk
WK, CHE Tl Re K A A Ak T U e 1 2k 5 | ke e e
SRIRAL, FOP AR B E A R T e S R

A 51 (2019)7E 0L g 77 b R RIS E W EZR Th g

FPFINNSEP3, KL FRIE MR K AN IEZFIANTE
W, W2 TINELO LT, RHENNSEP3E L
R EA K. Zhang®:(2021) Kk B 1E #H 5 (Nicotiana
tabacum)id %7k 15 4% (Tagetes erecta) TeSEP4
SEE AN S B Jak b TR AN B — 2 S5
HE—PIE#, TeSEPsE HREH 5 £ FiMADS-box £
HEART LR 2 5 5 73 4 & e A IRTE 1 K B i
o LB AR B, ESR T AR A ) RaA AR e 5 it
2. AL T MEESE, XS5 ER T
AE T MR SRR R AL

2.2 AP2E[H

EABCDEfL K B A, JULT AR & 5 H Y8
T MADS-box%: [F 5 &, XA A REE: B+ [ AP2
FEF AN, HETAP2/EREBPH £ ¥ 5 k. ©F
WFRR, AP2TE Y EILES B & S FEIRACTE il K&
%8 4E F (Bowman et al., 1991). 7EfLEF T AL &
W, %3, 4R T AP2H T ZmiRNAL72 7 i %
BRI FRR, MRk eSS RIS R B (R R,
2018). Hibrand Saint-Oyant%5:(2018)%  [E 15 & H
Z=fihFh A H¥r(Rosa chinensis cv. ‘Old Blush’)f*{
BAGARHEAT I T, RIS — A = B 1 258 B R 7
B, FELE ML LA b5 3 8 B AR Al AT T
AL ZREME AT R B, AP2[RIJRIE D2 % H B
R MO T . 7B %R A & 7817 41 v T kil
BN BT, oo AN S H FE R
REM I, AT REIE I R AP 2[R R 5 K 1 R IA H
FIRhAGIIRIAK, FE4: HEIIE . Han%5:(2018)
RILAZ=5F B A ¥ AR R 5 AR AR 2 U
%, BUA AMAEMRIRIAEE T 5 K AERESE A+ S 80
TWHEM 2, WEiRAE T AR . ok, &R
RCAP 2 [Fl ) 31K 52 AR IR 75 5 M0 e s il 4 ] o g —25
TR, RCAP2TER FE T i Rk vl T eSS 1 4
I A AT B 0 A A S K, W AE A A M R U ER
RCAP2/I 5 25 16 I i %5 b ol 8 58 2508 /0 . bl e I,
RCAP2 3 K 1] i A 5 24 5 0 52 %o ) 2 o A0 1 A 4%
TER . 2 L3R, APEL A IE e liE, 351
FAL R T MM ST PR

23 FHRREER
Homeobox# 5 Al F K i IWUS  (WUSCHEL) 2 [A]



F2 BEAE Tty 73 A5 L SURIAE 7 o0 AR ZH 2 AR 0 X R A,
H 504 1T 20 (stem cell) i & 28 Fl 4 F5 25 U1
o, PR B AR A T 40 i ok e B[R] (Fletcher et al.,
1999; Yadav et al., 2011; Daum et al., 2014; Ro-
driguez et al., 2016). WUSE F fig 5 5 CLV (CLAVA-
TA)E B S A5 7 B, e () 24 R 400 R I 43 A2 4L 20
R T4 B R DA 43 A2 2H 41K /IN(Brand et al., 2000;
Schoof et al., 2000). WUS#H K8 CLV3HEE L T
oy FEH SUE ML R A0 M Th BE A 2k, T R A
2m KB E R D> (Laux et al., 1996; Brand et al.,
2000). Jxz, CLVEEPK T4 5 EWUSHHI I B fif B,
T A8 48 43 A 21 23 Hh 1) 240 i 386 B O 7= AR A ) e
WH. PRI CIv3-2RAR AR TEE . HESS IO B 4L
% T X (Fletcher et al., 1999; Brand et al.,
2000; Schoof et al., 2000).

MR RACS BRI R G, YA E 2
T P 4% 07 ORI WUS I 05, #1418 2 E
HEAUETE(GREE, 2018). CABFF R, CHIhRe R
K AG ] 38 i B4 HIWUS Rk & B8 75 A 4 405
(Lenhard et al., 2001; Lohmann et al., 2001; K%}
&, 2018). {EAGIHEHR K R fRag-14, WUSH K
BT A 28 11 RK T 7= AR T AL o A L AU, TRk
A R -1 (1) H K 2 (Lenhard et al.,
2001; lto et al., 2007; 5KFI4%, 2018). AGK T'WUS
F IR NI T E i e s 0 O RSB 7R
XA E LT, AGH] % C2H2 7 4% 15 # 5% A -7 KNU
(KNUCKLES), iMiKNU#® 5MIF2 (MINI ZINC FIN-
GER2).TPL (TOPLESS)f1HDA19 (HISTONE DEA-
CETYLASE19)5HE HE M E A1), HiL4i GWUSH
BRI A5 7 S ECHTER(Sun et al., 2009; Bollier et al.,
2018). M4k, HEIEREHF M 5XWUSHRTE,
WIAP2 1] i it #5 HLAG KT TWUS I E 2 516 2
T4HME T A 447 (Huang et al., 2017). SEPFE [ 1]
THIWUSIHITETE, fEsepl/2/3 =K h 1L 8w
Yiwi e 2L (Pelaz et al., 2000).

24 BRERA

TEAES R R R R B, AR RIS T
JEEE 2 (A1 DA K Rl — 50 M & e 38 B IR AL 2 ), ¥R
BB R AT 5 . 155K (boundaries ge-
ne) ] 42 il 12 S M 1 T AR S, AT R E 5 AE A
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B BRI 1) By DL AN R 4% B 120 (Lampug-nani et
al., 2012). HHl, fE4eK B MW CARE il 7
K 4L 5 PTL (PETAL LOSS). HAN (HANABA
TARANU). CUC (CUP-SHAPED COTYLEDON).
SUP (SUPERMAN)LLZRBE (RABBIT EARS)%: %
SRR

PR FTPTLEE N = AR R B P = o 6 A
SN SGERAFRIL, HonT @ 4R AR KR T IR A
M IEH R B (Li et al., 2008; Lampugnani et al.,
2013). PTLYjRESR K T BAC I 2 > FTE I A K
J7 AL, IR RS A AL B ROXY 1%
PTLH80% /E FH A< (Brewer et al., 2004; Lampug-
nani et al., 2012; Quon et al., 2017). *#—J5H, PTL
HROXY 1L [A) 4| CE Dy RE L I FE 551, 251648 B 1
#3%(Quon et al., 2017). GATA-3%#E 3¢ K 1L A
HANFEZAE A A e B IR BN A LR E T
HIMEES SR8 B R RIS . HANTRTBES 40 2 5 T4 (1
WUS-CLVi& A%, HRA ] T84 I+ 6 2 i =
e, DAAAEIEANiE S 20 & 98/ (Zhao et al., 2004).
HANZE F I8 v] DL R 2R 57 1% 5 1 JAG  (JAGGED)
KAHAE, BERIEIAGUL S 7 —A G SR e e R A
BLADE-ON-PETIOLE 23R i%; AR, HAN A
##CYTOKININ OXIDASE 32 [l (1) 32 14 MM 4E £ i
TN A0 4y SRR P, RS SR TR E
(Ding et al., 2015). NACH; 5% [A - Z R FICUCH, & H
10 S M (Aida et al., 1997), HAETESs B A1
&3k Ay DA 1) 1% [X 455 44 i 1) 3 5 (Breuil-Broyer et
al., 2004), CUC1MICUC2E K] 1) X} 54 G g
A A TEIEEL H 982> (Aida et al., 1997; Lampugnani
etal., 2012), C2H2M &4 8 i sk IR T BE I SUP £
BB 3% 5 AR AL B L AIMA F, HoAT Rel
i1l B Iy e = R AP3FIPIE AL 73 AR 4H 4L 0 1 R,
X HE RS K B H A 2 5 F A (Sakai et al.,
1995). SUPRAZ UL RIAMESEHIE 2, WUSIT)
LA AIIE K, T H.sup/wus-1 5 wus-1 12 B AH [,
Ui B SUP AT 8 ik #1fi) F J WU S35 [l (1) Rk Af 46 43 A=
WA R B % 1L (Prunet et al., 2008, 2017). Ftt
ag-1 1k, sup/ag-1IWRBIRTE LN EHAEL
B RACTER B IR VER, RWISUPHAGXT £ A 4H 21
[1E AL T P 2 P47 113842 E(Prunet et al., 2008).
IeAk, IR BT IR I, AR I SUPEE BRI X A K
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RO MEAIMHIEN, supRAREIS A LEE
BIRAEEA KRG R E, Hr RIS
Fe, T A AR K R A 7 PCIP ] #43 Tk B sup 28 A8 44
LM (Xuetal., 2018). I TAKEANLKRE
TG e B IE U MTe s E R s gk R rh i R
HHEZEH, SUPX TIE8 B 1R TR A W] feil i 52
M A= K 3R ) A R SE B (Chen et al., 2021). 458 H
s KT RBEZ 516 (1 TE fl,  [R] s ] i ok 4101
1l AG ik [PR] 3 1 T 428 ) 28 246 71 28 3% AL 348 1 1A
(Takeda et al., 2004; Krizek et al., 2006; Huang and
Irish, 2015). RBEZEAL Ji5 4 Hi I AE e e 5 sl e 5 2K
AR E B, FL RIS G SR T
R BILIX e R R G5l B 1T R HH AL A AG 2 (R A 25 2
A2 B (1) A 1A 5] 2 (Krizek et al., 2006). [FIHT,
RBE /2 AP3FIPIF) T i #EIL K], 22 50 A AE SR 1)
K & i+ (Thomson et al., 2017).

25 ¥FRMEERE
T2 B0 FR 1 32 A0 F5 4 S % FR (radial flower sym-
metry)F1 5 %} #R (bilateral flower symmetry), Mz
A 20X R P 25 IR DU R PR R R R e R o %o R ke
CYC (CYCLOIDEA) % 5 i) ¥ 5% X ¥ J& T TCP
(TEOSINTE BRANCHED1/CYCLOIDEA/PROLIFE-
RATING CELL FACTOR)Z F K% (Hileman, 2014;
Spencer and Kim, 2018). X344 FHE % HF7t % W,
CYCZEE: K {1 CY C2-like MY e i 4% 26 R 47 Sk otk
)7 R E IR e BT FR 1, 185 5 5 IRAE R 5
IRIERT G 34k € (Chapman et al., 2008; Tahtiharju et
al., 2012; Chen et al., 2018; iH/N¥, 2019). & T 58
LA (1) B ot At o A8 A — 840 B B IR AR e
BT RIS, RIH T 250 NESE LI B 3 1k
SE X T ARAT A6 7 DR B E A R B S

7 9k 1 %5 (Gerbera hybrida) (Broholm et al.,
2010; Tahtiharju et al., 2012; Juntheikki-Palovaara
etal., 2014). |7 HZ%(Helianthus annuus) (Tahtiharju
et al., 2012). KkJHT H. )¢ (Senecio vulgaris) (Kim et
al., 2008; Garcés et al., 2016). H2§(Chrysanthemum
lavandulifolium) A1 3% %5 1€ (Chrysanthemum x mo-
rifolium) (Liu et al., 2016; Wen et al., 2019)%5 % Rl #H
Yih, CYC2-like [ Y53 R 7E FRAE TP R B B &
TERAE . DR, 1) H2EEIRIEAERIE T S 4

PoE HHaCYC2e R IA %I . fE 1A H Z¥chry2 5
A, HaCYC2e iR in % /% FaTid N T e1,
AR BRI S h Rk BT, 1E R AR 1
AR AE 1] 5 00 X6 Bk 1 IR 48 % A2 (Fambrini et al.,
2014); ez, ) HZEturfRA ks, HaCYC2c [ #4 HE
T A N T A 2 1k RS SR AR, SR )RR
g, AEEARAE B AN B T84 A R [ B B A SR RTS8 11
AR E B (Fambrini et al., 2011; Mizzotti et
al., 2015). Juntheikki-PalovaaraZt(2014)7t 3E 9%
IR R BL T CYC2-like [A] 8 FE K ) 25 1Ll o R S
GhCYC3HGhCYC4 1] 5o e 1k A8 45 IR A 7] 5 R A8
FANF I FEAT | I3 A VR 42 40 184 B 5 i IR AR A
FITEARA KN EAh, Zhao%%(2020)i8 i % B 8 2% 7
i, RILGhCYC3H: K ) 3R 15 %2 i E S Ty R 2k (4]
GRCD5FICK I fit 3 [N GAGAL H #1145, i TCP
FIMADS-box % 5% K v RJ i ik A5 B A Fl B 1 42
%, LS5 AN LT /NMES 0 R E .

26 HE#RETF

R2R3 MYBZAY S H 7 rl il il 2 5 S R & #E 72
S A% H (Mandaokar and Browse, 2009; Song
et al., 2011). Li%%(2022)%k I H 2= % 5 it il B
RhMY B 123 75 1k S8 A7 (14 [5]5 S T A v O 47 B L
YEF . 78 H ZEhiT Bk RhMYB123 5 S0k 1 5 % H
BEMI. FR, FBEAFTRIAG (AGAMOUS).
RhAGL15 (AGAMOUS LIKE 15) # RhSHP1
(SHATTERPROOF 1)LLK AEKRESHSF@E T2
ANFE R ) 2Rk i Lot R R 35 R R, RIIRhMYB123 7]
RE I8 L 1 45 MADS-box 5 1 i it Fl AR K R A5 5 17 &
Z 5 EIHAL R . bZIP AL #E S [K 7 PAN (PE-
RIANTHIA)TE i 28 RIAE 28 o0 A H S 8 30k o S IF
panRALKE MR HIT 34616 2% B B B HAZE 5. SR,
FRARAE o A2 S KN Rl R B E o ok R AR AR,
D] 1 PAN R G e gk 4% 1) 78 25 B J5E 6 62 46 11 I 1] [ B
M2 B 8 A7 B (Running and Meyerowitz,
1996; Chuang et al., 1999)., ULT1 (ULTRAPETA-
LAL)ZmE 1/~ 4 SANDEE [ HI #5557 fERLE I
Hult-1i e BA6N . 6N el 7N EEE A3
A0 B, Tult-2/ R M 2G5 5ANEHE. 6
ANHEES N2/ 0 7 (Fletcher, 2001). Carles%(2004)
WRULTLEE R T 18 248 B HE s v R 5180 4F



M T 2B IR OC . Rk R, ULTYE
HNTrxG (Trithorax Group)#s f, )i B % A - i i 15
WUS-AG [k i 2 5+ 40l 1) 2 1B 30 RE, JF i 5
Wi 1% 2% B (1305 (Carles et al., 2004).

3 S5ERUHERENRILEGRIENG

T A B W AR ER MR RS 5D
KRB IR IE R, R YR T 0 A R A
B — . R AL L5 S DNA T2 4 (DNA
methylation). %5 [11&/fii(histone modification). %%
{f )5 ¥ ¥ (chromatin remodeling) UL & 4k 4% i RNAs
(noncoding RNAs)&% (3K F14%, 2018). T4k, ok
2 T ST R B, RO AL RS E A R A S 1) =
A R v R 2 G EE AR FH (3R 2)

3.1 DNAERE{LEE

HEY) T DNAH EAL K A 72 % % CG. CHGHMICHH (H
BHEA. TEC)fumsnEC b, AT B A8 YL o i i 45 1)«
DNAFI R G Je R 78 45 2k IR 3 s AR b 1)
BRI NI L K 145 (Ebhrlich et al., 1982; Wade,
2001). DNAHREALKF- ) iy BB R MR ] . 407
T VR RS BEMET 1 R ik 2k 5 30 D 2 DNA G 4 R 26
AR R, Sl M ITEKE BRES, GRS
T, RINAER T KA R AL DL S AR S B 8
&= {k(Finnegan et al., 1996; Choi et al., 2002; Gan
etal., 2013). fEmetL ik H, —LLfEds B 1 Y6 5 3
AL R UE S22 BT AG BL R AP3 1) S A R IA 77 AR
(Finnegan et al., 1996). 7EfLEE I LRI T AL
T 5 R R supA LR 74 AN [ R A2 1k R clark kent
1-7 (supf R WLE A& S A L DR R ARAE), ¥ B IS
R B O RN B4 A TS RN, X RARAR IE &
BT SUPEE R A7 i DNAK AL T s JE W AL, FEBEE
SUP#4 56K 7 F BT #(Bowman et al., 1992; Sakai
et al., 1995; FZRMELE 2003). ENHEY) HH, £
— UG MR R B R, AN 2 Rk A AL
LA o PREBR 51 (2019)%) B IRE it Pl 2102 75 FE .
A eSS AN AE SS AT T 4 5 [ 2L DNAF A6 73 AT, R
PUAS [ 4% B 5 (R 1 CHH A A R 384k /K T A7 1E B
ZE 5o T AN[R] 2% 1] 22 e A X ERH oG BE R AT
GO (gene ontology)& 5/, 45 K3 B IX Le L (A 1)
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heEenT fe SR &AM IR SR BHLY
Wi B DL K e Fe g 52 G 5 A O . Ma% (2015) ) Fi K
I, KR5S H 20 E L T A S RhAG IR IA XI5,
BAGIR AN B O, WARBRE R 45 K, (KR4
] i 42 = RhAG JE 3l 1 CHH A 2 1) F L K
S 2R N B RIA, dE R MRS AL . SungE
(2022)% HI DNA 2 H1 3 A¢ 1k 771 0 Ml 1 (5-azaC) ik 2
HM, AR ILIRATITAE; RNy, 5-azaCAb#HitH
T A H B AT AR, R W DNAZ F AL AT RE 2
R FHE R ME SRR

3.2 AEREMS

FEGL 05 (AL 8 1 B AFAE SR 2 Bh Oy sk 7 1 R 5
&4, & A . CBHE . Z BRI R, X
B AB UM e 68 Y42 G 0 0T V) iy RS AT Dy e, 328 170 5 )
HHRIA(Ng et al., 2002; Zhang et al., 2003; Xu
etal., 2005). HF 7KW, HE A HFERAMMAED LB
WAEACES B Sty e h R E R

321 HAERPEKL
IR R 2 A DB R, AR
SRR N S e €8 5 W RS A ) 4 B AR (Liu
etal., 2010). H EAb 19 5% G PE AR T T EAL AL B
AR . BT, HEAH3MEIR 27 M
1% 5k Bk (H3KOFTH3K27 ) i A: FY J: At B A 410 i) s [ %
SE AR ;T R 40 55 36 AN Mt IR Bk FE (H3K4 Al
H3K36) 1 4k | L A7 33 A H (Pien and Grossnik-
laus, 2007),

RZ TR, HIKOFF B TEEd B R B A
AEEEM. BRI HIKOM H & B BEKYP R 2
HITE 2 rp e S AL R 5 A2 110 L (Sakai et al., 1995;
Jacobsen and Meyerowitz, 1997). 7Kg, 2:H
ELHFIBM1 7] R 2IMJI706 11 Th g ¥ 2 5 3 H3KO /) —
FROEACAN = b3, AT s/ MERE, SR
MRS B E, &7 — SR/ NS FE A
BUN TR o /NG H BA I 10) PA R DA e 6 o
ZERM, SIS RAD, IMI7T0654E Al fli DH1
(DEGENERATED HELL1)HfIMADSA47¥ )5 3T F15'
X 3 (T H3KOme2/33 i, M1 #1 i) DH1 F1MADS47
K ()22 1% (Sun and Zhou, 2008). flF§FFAGHE ([ 41
FFGIK (GIANT KILLER) ] il it H3K9me2 F 3 1k,
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#IH|ETT (ETTIN). CRC (CRABS CLAW). JAG
(JAGGED) LA K KNUSF I A ()18, s e 8 Kk
H AT 6 (Ng et al., 2009). B4h, W7 RKIIAG
O REN B LSS BN Ui I WU S I 3% SR iR A7
AR AERIBE X, AR X 2 X 45 DA B 42 BRI 4% 1 7
FAF S FANH 2 5 9PcG (Polycomb Group)E [
Sk 45 4 B FTHBK27 1 FH R AOIR S, &2 WUS
1) 2 5 R I 28 1k 46 4 AE A 2L R & (Liu et al.,
2011) . [A B, AGH o] i@ i 2 3 KNU 2 [ A7 55
H3K27me3 1 2 F 34k B BUE KNU I K&, @it
KNUZE H [ 4 HWUS ) ik

TEHE SHOE J7 T, VR IT P R WE AU R B, R
T T TG E A F R AT A FH3KAH 4L . TrxG
FR A ATXABRAE T e ae i RIEER AL, 1825

TRIRE . ATXLYREB R 2 (1028 B R AR [F) U5 R
Ak, WSS B RS B Sk AL 5. 55— TrxG
1 SDG8 1 1] REAE AL 24 B & 4y YsE h R HEAE T
SDG85H3K36 i 34t #: % filf ASHH2 1) sdg8/ashh2
WUFEAS R 22 L 55 240 RN 58 3R 48 B R AE O AL I &R
B, BB R AL O B, TR A RESS, R
AP1. AP3HIPIZE [ )3 ik fEsdg8/ashh24E v i &
~1A(Grini et al., 2009).

322 HERAZHEK

HEH LB Z 24 B A 4B % B (histone ace-
tyltransferases, HATs)Ff141 5 (A i Z Bt (histone
deacetylases, HDAs)PAG % 4. HLAUH WHEAY
SRR Ak, AT i S A R I LM DA R

®2 5 EMCBEIR IRV A 1% 05 R L
Table 2 Epigenetic regulations and mechanisms involved in petal doubling of flower

et A& FHAL HH DI (K] B FLAE H A R R Y T B EE BTN
DNAF3EAL  HKRAEECG. CHGHICHH LEIF I EEMET15UL SR HDNAS A F & Finnegan et al., 1996;
(HELFEA, TEC)WMmEEC /KT, JIRSIEas B AR B A0 R S Ay Choi et al., 2002; Gan et
b, WG g K. DNA . ) al., 2013
K% TSR {EG 6L 7 3 i 5  H FERNAG i 2 7 CHH 21 L. Ma et al., 2015
AT HIHIRhAGRIE, FEH EES L
HEAFEL EHEFGATMRREFIZR KR L P EEIMIT06T)EE % K S EHIKOF ELFEE Sun and Zhou, 2008
R E SRR . W E K B0, RS S E AR
H3KQAMIHIK27 L AL 1EN 11 7 3+ AG 25 4 A % 3 i 1 ¥ WUS BRKNUJE R 7 5 ) Liu et al., 2011
0] b5 Ad, i H3KA BL K H3K27 H AL A R A5 S I WUS F ik, 338 11 8 2 96 45
H3K36 FH EAL E AR Rk
ic TrxG & A S5 AT A #EH3KA 24k, HE A IAE  Grini et al., 2009
3 AU B T S AR A D ) [ S Y A AR
HEALHAM ZHEALHERIGMN L AP2REWHE 5 HE Al LW LE S A TPL-HDA191  Krogan et al., 2012
Wl A7 . DAL kG THIAGIRIA
BRI, JUBE FATRIEIE F 2 K% P T RhARF 18 A% 1 5541 2 11t Z Bt Chen et al., 2021
HEDH )1 RhHDAG6#|RhAG i 3 T I, P& IKH3KO/K14 2 ¥ 1k 7K
SPRET A A s, Sl RS TRL
o iR B ESCE. AN R B SWIISNFE &9 5k i SYDAIBRMZE Hurtado et al., 2006; Wu

miRNA 4%

£ H A L H R BB MAE,
5 EEATP AR G 5 5 28
Ramzs5

i )R AL I mRNA,
i 8 % UL S S S DNA
FeAL 7 SRR R R 3R IA

RI9SAR 1) SN2, S Abat B 0 FE - 244k . SYDAI
BRMYJRE S T AP3FIAGH (K R I& MM J3 ZhiL 8 & &
g

Rk HAEM. BEd. ASMBBEED PRI
MIRNAL7 268 % 31 il AP 224 3 [ (1) 32 38 3L 1 f i A6 2% B
TEA R ZRIENHIE X A ) PR 57

175 IF miR 164 f % 1 b i 45 121 7 55 [ CUCs ) K IE 54
W16 3% B B0 . 4 T miRNAL164-CUCH 2 5 TR %

4 0 B R A A4 miR 16938 o X NF-Y A IR 4% 5% Jig 4 i) [
R CREE K 135 1 - mIR169%8 48 G CHIE A 7 A7 KI5,
TP A S A A

LI ZEMIRNA156 7] f1 15 CjSPL1/23% %, 1 HAXE#ERS
LM ALER A RIS, S 5] AT S IAL

et al., 2012

Gattolin et al., 2018, 2020

Laufs et al., 2004; Baker
et al., 2005; Zheng et al.,
2019

Cartolano et al., 2007; 2=
ARG, 2014

Lietal., 2017




G0 R 5 K PO #E 5 [K ) % 75 (Davie and Chadee,
1998; Dyson et al., 2001). 7&H ZE, A=K EKma v Al
TRhARF18iH L I HIRhAGH K R iL S 5AEK R
PR HEE AL . RAARF18KEMS 5 40 55 (1 i 2. ik i
RhHDAG % “E H.AE, RhNHDAGE KT ER 5 316 M 4 i
W, R RhAGHH JH 3 7 H RhARF1845 &
X 35 B 3T (1) H3KO/K14 2, Bk Ak K ~F & 3% T, 3R
RhARF18 T f&if it 7 ZERhHDAGT Il 58 RhARF 185+
TRhAGH: 3% 1401 /£ H (Chen et al., 2021) . Kagale
FRozwadowski (2011) & 3L 5 EAREE T (1) & R
(I AP2HIRBE) ] i@ it 44 % tHTPL (TOPLESS) A4l
A 2B AL BEHDA19TE 1 I B & & Y1k i1 R
TR A% . DIAP2 A, HREE A% TPL-HDA19
SEEMINHIAGHIRIE, [FH %58 & i id R
AP3FIPI%E B Ty fig 5 K 7 55 1 5048 28 B 1 3R 1A Sk 4%
2 B AE I [A]— P (Krogan et al., 2012; Gan et al.,
2013). Xu%5(2018)1Ht 7t K W, SUPT] 5 4l &2
EMPRC2 (polycomb repressive complex 2)fJ4H.45>
CLF (CURLY LEAF)HEAEH, @ik KR AED
H FE R RIE R A LA

33 FEREE

Getes Ji IR RS A% AL B A L MR 2 2 DL R
HE AR, HnmdE A5 DNAZ |
R, BE A DNA S # s K 1 45 & B AE 2 #21E (Gan
etal., 2013; FKARI%E, 2018), Yuto i AT BHATPIK
R EBRE NS, KR HATP/KME SR
DNA S5 20 85 [ 2 [ A AR BLAE ), 08 1) 8 00 Yy £ 45
¥yt H ) (Varga-Weisz, 2001).

SWI/SNF 5 & 1) 2 U B I v fie B 21— RATP
MR G 8 0 B AT A A, R0 R 5L AL 5 BRM
(BRAHMA) #1 SYD (SPLAYED) % (Reyes et al.,
2002; Jarillo et al., 2009). 5K, I IFSYDH:
i 540 5 BIWUSJH 3l 1 X IS WUS I R IA, 5200
ZER G A T4 L () 75 1 (Kwon et al., 2005).
SYDMIBRMZ [ 5 AR 15 5 $ ™ B 48 8 o, A0
H2. 3l E 1A I 5 AL 4k (Hurtado et al.,
2006; Wu et al., 2012). SYDFBRMZELE R 45 5 1
YRR LAY . WEFLR W, LFY (LEAFY)FISEP3%: 4
SR T SYD RIBRM 55 £ 3 AP3FIAG 5 [A] (1 1 4%
X, [EII, ULTARIH & e )it (gl de S5t ok, 3t
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) B B e A 2 & 9PRC1 . PRC2DA K H3K27me3
I FNHIVE L, i S H3K4Ame3 R 2, M i _E i AP3 A
AG 3 K 1 3R 1K I JA AL 28 B & 4y ¥ € (Bezhani et
al., 2007; Wu et al., 2012).

3.4 miRNAE#E

MicroRNAs (miRNAs)&—J5K FF h20-24 ntif)dES
/5y FRNA, ol B B A RS 851 iR mT R %)
F=AE . miRNAsE i D) F LR KImRNA. - 0] H 50 3
DA 2 A5 DNA A 45 T 20 2 5 R (1 3Rk (B R 41
%, 2014). miRNAs] " ZZ 5HEMEK KB ENTT
I, 7EVRERYIER B ATEZ IR o R 4 B
)R 5 A 4% miRNAL72 . miRNA164 Al
mMiRNA169% .

78 & B, miIRNAL7238 i3 #1# AP2 f1 TOE1 %5
AL TR 1) 2R 0K T R M 22 PR AL 2 B R A B E
IR, 2020). [H: A 2 (2019) R F il B P R,
X E 2 H ZEa R ] R AR T miIRNAZE AT
WAL G4, RIS H 2= Bl b 22 5 21X T miRNA
H314 . Hi, miRNAL727E A 50 MEES A
MERS B ZRAK KT LG T T R 3 T R, RO B R A
RCAP2I{EiX 2L 38 B i R 3 . Gattolin%(2018)
SIHT TSR LB S R B R (R DR 4 EE RO, K
A4 iGeuAP25 i TOE (TARGET OF EAT)%r %
B3 T Prupe.6G242400%: A, H:DNA L2 T
— B A S mMIRL7245 &40 s 1P A1), B DR R A A 3R
BZ AL N ] BE 2 S ERAE IR BCE 1R A% . [RIR, 75 Fl
H ZEPrupe.6G242400 [7] 5 2 [A 7 0 & I 7 miR172
SEEALRIRIIRA . )5, Gattolin%:(2020)7E B
M AL RHAIE 1) A 41 77 (Dianthus caryophyllus). %%
#= - FEC M (Rosa rugosa) i, K IMTOE D %
PET (PETALOSA)Z K JMIRNAL7 245 &7 i thA7-4E
A5, FHPETLIEMMIRNAL72E 1% I t % il &
EAE. DL S SRIIEN, miR172%F AP R i 2
TEAE 2 B A B OCBEE F, HAZ AL 78 B0 i
A ORSF o

MIR164:3 i 45 i1 57 i K CUCs 1) 2 3k T 4 57
TLA8 BRI 2 IR e d8 Bl 7, T S 4 J5 25 K/
L% & ¥ (Luo et al., 2013). $lF 7 il A HE A
CUC1M1CUC2 & miRNAl164a—c i #E 3 [K . it Rk
miRNA164azi miRNA164b¥) & # CUC1LAICUC2 %
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KRG, IS oucl/2 XS AR AR I e A, B uE
B & FAE % H 9k (Laufs et al., 2004); ),
7E miR164c %X 45 R eepl (extra early petals-1),
CUCK RN RIL, FHEMITY AL 1A AL
H Z 3N (Baker et al., 2005; Lampugnani et al.,
2012). Huang%%(2012) %k Mk 5 5 R RBEFE A6 A i
2 R I 1E B AT BEAK BT miRNAL64-CUCIE 12 . #LES
IFRBEBEMS i i 45 & miRNALGAC ] 5 5 740 i H %
ik, WAEIAIRE T mIRNAL64a/b It I 25 ik ki, JF
A FCUCL21)3RIE K. i — DI AR, 1EfLRS
TRACIE K B F WIRBE AT i i miRNA164-CUCH: B 1ff
P4 G 1) 28 B K “E (Huang et al., 2012).
Zheng % (2019) 7 % %% (Fragaria vesca) 1 75 & #il
MiRNA164-CUCIE 2 2 5 # B IR & KA, U H 1%
BAAREA R A EA — & IR

UbAh, —2edRaE 45 A e miRNAW GE i o 1 45
HERMRESSRMEE. 4 aEFS (FIS-
TULATA) % [A f19% 2= 2 BL (BLIND)ZE [Rl 35 7 4 i
MIRNA169 . miR169 /g% H1il] NF-Y Ak 5% A - & K 1)
ik, MNF-YARE 5 K7 WA 5 3 CR I 1) K ik,
DAL S HE W iR 16938 1t % 5% 5 7K P H HINF-Y AT
0 C S TR (35 1, I L 1 PR ) 7 PN 258
e8eE, DL M S AL B2 1 % B (Jones-Rhoad-
es and Bartel, 2004). FISFIBLJH K FECHIEA
M SFALRIE, R 250 A48 B P H UM R Ak 1 AR
(Cartolano et al., 2007; Z#MR/EIT, 2014). Li%
(2017 )% 1L 2% L JEAL AL B B 5T 2 B, miRNA1561#
i 711 SPL (SQUAMOSA PROMOTER BINDING
PROTEIN LIKE)Z % i 2 CjSPLA/2 IR IA, AL
TEMESEAE 22 h RIS AEIC LKL, TRk
eSS IS, AT T B A

4 RE

WA AL 2 0 B PR LA S 2 S E A 2
R, —ERBIENII MRS EER. B
s R BN 2%, FEA IR S i 8] 7T RE R A
AFE RS R BRI S, BN AR
SEAL LR P AR A IR L R ) .
B DR )« A R 3 A% A 4 D8R A 48 (GRR ETLR MK 55
P, 2009). HIRF LA EAEY I R DUy i %

SRR R A E MR, WoKEi{E(Dahlia pinnata) il
Ji 7556 (R EN IR RIXITE AR, 2009). £ 55 — LW H )
o, BRRANE O RO B E MR, HEREREERNZ
NAHENER, ] R IE(ZE A, 2021), X F
22 ok DR 7 1 P EE AR 8 2 AR 1R BE L DG R K IR 4%
IREE R ) S A AE B AR, o 2 AN
A8 R SR BT M R A T B AR R (22 T A
2021). fEfEPEDTH, HAT# T ERER 25
AAX—B LR M LS — 2. Flw, Kermanis
(2003) A1 I HE P sk & 40 il 771 Oryzalin b P — %44 F 2=
Thérése Bugnetff 222, MG/ IUf51AH 2=, R
SRV 5K H ZE I TE I B 29 08 — 51k H =12
%o Ning%5(2009)K¢ 26 VU £ 44 1) B g A 4= 5 — A%
PRI SRR A A H A RRAL, PR AR AR R IR 73
BF R . SHZBEAR TG i KR, BB
OARREIE SR 2 A JC BRI, AT, ~FER
PRI = A AT e SAER RS PEAR G . X UER R R W],
W 5 Gt A 1 22 T) B A 5% 14 AT B AE AN [R) 4 A 1) £
EER. 51— I, ERWELS T EEZF M H R,
RS WM H I R N SR TINALG 5 N ik %
4R . EIRVEIRLELES T & P sk 45 B WA SR AN
58, HHER s R e R, JRiEsk s
TER B REER KRR L RG], P E
At rb g v R A A S 22 E AR R X
1. DuboisZ(2010)%F 2/ X BLAR H 78 J R i 5
AR R B B R AT RIE S, R AR WG
HRATRE Y R, CRIIEER FIRhAGTE A 2
) 2R IE X RN 35 5 A6 B R A AR A DG, BIAE
P By BB 22 AR AR IR P RhAGH) R IL X
R A T RAE R, AR FENENE
ot S25E ) 20 T AE K B AR R Ak, AT e 2E E
R KA.

KT EAEY  FE AR TE B 23 HLEE, A5
W T Z 5 YLK GRS, JUHE
Z: 550 HEURNFITEYER 281k e B B M E &
1628 B R B R 1) 5B 3L X (Thomson and Wellmer,
2019), ¥ EAFEMIKCHEIMADS-box# 3% K 13k |
T4 e B DR L 32 L DR A R BE R 4% (Huang
and lIrish, 2016; Thomson et al., 2017; Thomson
and Wellmer, 2019). A. B. CFIEZSIhRERKIfEL
Toft el 254 400 ) B R R At A ST H I A Y



% Z 5 (Li et al., 2017; Liu et al., 2018; Hu et al.,
2019). ThEeWt 7P R HIR ALK B UK Z 51
HE A R 0 AR A B T R E R B AR B AR,
HA DS MMESS L = 2 . e A = Ae e,
HEMMWEREZ FEY T, KA. B. CERIjREHE
DAL PR 26 T8 AR A 1) ] 3 AR T 3 B R AR IR AG I R (Noor
et al., 2014; Nakatsuka et al., 2015; Yan et al.,
2018; Cai et al., 2021), AyHE AL IR 7 A 1 MERE
SERCURAR AL | E IR S . R R E AR A D3
TP AES R I T BTl e gk Al 1) 58 28 A T 175
T AEIPR S T A, N IR E R T
UEHE o SRHE AL 7 A B IRAE Im) IR AL I e AR 2 AL P
A Y A 0 S TR S A, L 3 A BT AR R
TCPIIER - 1r) H ZEAIHE M 5 & P Hh A e 1,
TCPILK 2 55 12 i) 5 J A6 1 A 20 9 0 % AR 4 DA R 3
MEAEAERTER Sy g, AEARHE T EIR 7T & M
BasE T HR LAt (Fambrini et al., 2014; Juntheikki-
Palovaara et al., 2014). b4, T4 Y E R FWUS
AL S F (WPTL. SUPHIRBE) 4 iF SE7E 4 2
MACERE rh Py B A (0, XSRS N AR 10 42
w454 H 2 50 5 MADS-box B [RAH 9, T A4)
T2 A1) R 4% (Prunet et al., 2008; Quon et al.,
2017; Thomson et al., 2017; 3KFf}&5, 2018). H—7
[, MADS-box == S i i 44 il 2 A7 4 5 Ty e i 2 (4]
FIBKCPHEAE FH (Kaufmann et al., 2010; Wuest et
al., 2012; O’Maoiléidigh et al., 2013; Pajoro et al.,
2014). MK AES, H—%F E MADS-box
PA] - 1) 3 J5 PR AE BT 5 W) A ) )y 28 AN [R] oozt 4B ) [R)
M2 5, W] DA AR B A b () 7 22 25728, T O 2
WP ) S R A O B R DR T O B SN R SR B TR AR
KB BRIy T HLE R AL 106 2 A A5 2 (Muifio
etal., 2016). #A1f, HHIZ<TMADS-boxi FH7E 7T
Kb ap RS A Py e R R T ANTE A

L8 A 27 A Dl 48 R e s R I FE i 2
—, KBV HEE T 2R, BEE. K
IFa) 08 A 2 R DR 2 2 S AU O BIE TR 3R 1, Rt A% [
T Y G O AR S FETE K B AH SR I 40 i 2 A
SR ANYERE P R EEAER (Gan et al, 2013). HEH
FIDNAFEAL B, Gett i 5 M AImIRNAsY) 2 51
AR B R A LA T EE R I R A R e, O
A RAE 2 BA IEF R e B . R, H AT E
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VIR WAL - R 7 32 SR A T U I B A&
0 B Y, AR B K B R B F 0T
XIR, IR FE AR TR AT BONIRA IR 7T . IBAh,
R0 T AR 28 B A o A RS PR e R R
MIBAL I DIRELE, T 2 AR E R B 5 R XA
A S R BEAT FWEAL 2 0 i, AHH FT O T2 U
WEFLELD, JUH IR XS T Oy 5 g i R 2 b RO
VA5 R S R AU FE ST A D o R 2R AT )
e B H 4l i 34T GFPE AE W K bwid, A 40
R £ B % S A A 2 R X I 2 i g AT IR N E A
(Birnbaum et al., 2005; Yadav et al., 2009; Deal and
Henikoff, 2010; Gan et al., 2013). Itt4t, A% H T
R PRRGL AR Gk (circular chromosome con-
formation capture, 4C). 3CHi#% Il (3C-carbon copy,
5C)- fy 1 & Y k7 G4l 3K (high-throughput/resolu-
tion chromosome conformation capture, Hi-C)PL k&
Jehy e #2542 B 7 (chromatin interaction analysis
by paired-end tag sequencing, ChlA-PET)&5 T 1
REVRFE(IKFLEE, 2018), K 3 Wt 4L s f et
BB R AEAR B 70 B8 8 HoRJE A, 5 BB 78 1 i
T A E S B e R, IR
FW 154 7 [ 2R A A 2 B R R AR R AL
PSR o

Zx BTk, SIS E R RO Rk, HIF
I B o R B R R L. BRI 24K
ATk B SR R A A, R E AR S I
PEARAFBS, AB 5 52 BB (R REMe,  RL T SR A X b
77 G B EIEH AR B AR K. AT DAL,
Wi T B MHE AR MR IOZ S A ATFB, oA E R
FWTH LA AL TR RE. BEEAEMEA. &
HEWFEARFAEYE BT EARKAR KR, ¥+
UERZ/E RN P R EE IREL TR S E S L DN
FRORBA, ATy ER I 20 A 5 R R it B p AR S
[, (EWL SR RS S R B AR AR R, 456
BRI B A T AR, B RO bR i3 2
PRIRFIR B IS, FE5EE o 2 88 3 1) IR
A A

{F& STHk = A

BEK — MRS A AR S A HE 28 & 08 A0
Se: MR RPDFHES YR, BREMP P BXw)



270 AR 59(2) 2024

el R RE A o

SE

Aida M, Ishida T, Fukaki H, Fujisawa H, Tasaka M (1997).
Genes involved in organ separation in Arabidopsis: an
analysis of the cup-shaped cotyledon mutant. Plant Cell 9,
841-857.

Baker CC, Sieber P, Wellmer F, Meyerowitz EM (2005).
The early extra petalsl mutant uncovers a role for mi-
croRNA miR164c in regulating petal number in Arabidop-
sis. Curr Biol 15, 303-315.

Bezhani S, Winter C, Hershman S, Wagner JD, Kennedy
JF, Kwon CS, Pfluger J, Su YH, Wagner D (2007).
Unique, shared, and redundant roles for the Arabidopsis
SWI/SNF chromatin remodeling ATPases BRAHMA and
SPLAYED. Plant Cell 19, 403—416.

Birnbaum K, Jung JW, Wang JY, Lambert GM, Hirst JA,
Galbraith DW, Benfey PN (2005). Cell type-specific ex-
pression profiling in plants via cell sorting of protoplasts
from fluorescent reporter lines. Nat Methods 2, 615-619.

Bollier N, Sicard A, Leblond J, Latrasse D, Gonzalez N,
Gévaudant F, Benhamed M, Raynaud C, Lenhard M,
Chevalier C, Hernould M, Delmas F (2018). At-MINI
ZINC FINGER2 and SI-INHIBITOR OF MERISTEM AC-
TIVITY, a conserved missing link in the regulation of floral
meristem termination in Arabidopsis and tomato. Plant
Cell 30, 83—100.

Bowman JL (1997). Evolutionary conservation of angios-
perm flower development at the molecular and genetic
levels. J Biosci 22, 515-527.

Bowman JL, Sakai H, Jack T, Weigel D, Mayer U, Meye-
rowitz EM (1992). SUPERMAN, a regulator of floral ho-
meotic genes in Arabidopsis. Development 114, 599-615.

Bowman JL, Smyth DR, Meyerowitz EM (1991). Genetic
interactions among floral homeotic genes of Arabidopsis.
Development 112, 1-20.

Brand U, Fletcher JC, Hobe M, Meyerowitz EM, Simon R
(2000). Dependence of stem cell fate in Arabidopsis on a
feedback loop regulated by CLV3 activity. Science 289,
617-619.

Breuil-Broyer S, Morel P, De Almeida-Engler J, Cous-
tham V, Negrutiu |, Trehin C (2004). High-resolution bo-
undary analysis during Arabidopsis thaliana flower deve-
lopment. Plant J 38, 182—-192.

Brewer PB, Howles PA, Dorian K, Griffith ME, Ishida T,
Kaplan-Levy RN, Kilinc A, Smyth DR (2004). PETAL

LOSS, a trihelix transcription factor gene, regulates perianth
architecture in the Arabidopsis flower. Development 131,
4035-4045.

Broholm SK, Pélldanen E, Ruokolainen S, Tahtiharju S,
Kotilainen M, Albert VA, Elomaa P, Teeri TH (2010).
Functional characterization of B class MADS-box trans-
cription factors in Gerbera hybrida. J Exp Bot 61, 75-85.

Cai YM, Wang L, Ogutu CO, Yang QR, Luo BW, Liao L,
Zheng BB, Zhang RX, Han YP (2021). The MADS-box
gene PpPIl is a key regulator of the double-flower trait in
peach. Physiol Plantarum 173, 2119-2129.

Carles CC, Lertpiriyapong K, Reville K, Fletcher JC
(2004). The ULTRAPETALAL gene functions early in Ara-
bidopsis development to restrict shoot apical meristem
activity and acts through WUSCHEL to regulate floral
meristem determinacy. Genetics 167, 1893—1903.

Cartolano M, Castillo R, Efremova N, Kuckenberg M, Ze-
thof J, Gerats T, Schwarz-Sommer Z, Vandenbussche
M (2007). A conserved microRNA module exerts homeo-
tic control over Petunia hybrida and Antirrhinum majus
floral organ identity. Nat Genet 39, 901-905.

Causier B, Schwarz-Sommer Z, Davies B (2010). Floral
organ identity: 20 years of ABCs. Semin Cell Dev Biol 21,
73-79.

Chapman MA, Leebens-Mack JH, Burke JM (2008). Posi-
tive selection and expression divergence following gene
duplication in the sunflower CYCLOIDEA gene family. Mol
Biol Evol 25, 1260-1273.

Chen J, Shen CZ, Guo YP, Rao GY (2018). Patterning the
Asteraceae capitulum: duplications and differential exp-
ression of the flower symmetry CYC2-like genes. Front
Plant Sci 9, 551.

Chen JW, LiY, Li YH, Li YQ, Wang Y, Jiang CY, Choisy P,
Xu T, Cai YM, Pei D, Jiang CZ, Gan SS, Gao JP, Ma N
(2021). AUXIN RESPONSE FACTOR 18-HISTONE DEA-
CETYLASE 6 module regulates floral organ identity in
rose (Rosa hybrida). Plant Physiol 186, 1074—1087.

Choi Y, Gehring M, Johnson L, Hannon M, Harada JJ,
Goldberg RB, Jacobsen SE, Fischer RL (2002). DE-
METER, a DNA glycosylase domain protein, is required
for endosperm gene imprinting and seed viability in Arabi-
dopsis. Cell 110, 33-42.

Chuang CF, Running MP, Williams RW, Meyerowitz EM
(1999). The PERIANTHIA gene encodes a bZIP protein
involved in the determination of floral organ number in
Arabidopsis thaliana. Genes Dev 13, 334-344.

Coen ES, Meyerowitz EM (1991). The war of the whorls:



genetic interactions controlling flower development. Na-
ture 353, 31-37.

Daum G, Medzihradszky A, Suzaki T, Lohmann JU (2014).
A mechanistic framework for noncell autonomous stem
cell induction in Arabidopsis. Proc Natl Acad Sci USA 111,
14619-14624.

Davie JR, Chadee DN (1998). Regulation and regulatory
parameters of histone modifications. J Cell Biochem 72,
203-213.

Deal RB, Henikoff S (2010). A simple method for gene exp-
ression and chromatin profiling of individual cell types wi-
thin a tissue. Dev Cell 18, 1030—1040.

Ding L, Yan SS, Jiang L, Zhao WS, Ning K, Zhao JY, Liu
XF, Zhang J, Wang Q, Zhang XL (2015). HANABA TAR-
ANU (HAN) bridges meristem and organ primordia boun-
daries through PINHEAD, JAGGED, BLADE-ONPETI-
OLE2 and CYTOKININ OXIDASE 3 during flower deve-
lopment in Arabidopsis. PLoS Genet 11, e1005479.

Dubois A, Raymond O, Maene M, Baudino S, Langlade
NB, Boltz V, Vergne P, Bendahmane M (2010). Tinke-
ring with the C-function: a molecular frame for the selection
of double flowers in cultivated roses. PLoS One 5, €9288.

Dyson MH, Rose S, Mahadevan LC (2001). Acetyllysine-
binding and function of bromodomain-containing proteins
in chromatin. Front Biosci 6, 853—-865.

Ehrlich M, Gama-Sosa MA, Huang LH, Midgett RM, Kuo
KC, Mccune RA, Gehrke C (1982). Amount and distribu-
tion of 5-methylcytosine in human DNA from different ty-
pes of tissues or cells. Nucleic Acids Res 10, 2709-2721.

Fambrini M, Salvini M, Basile A, Pugliesi C (2014).
Transposon-dependent induction of Vincent van Gogh'’s
sunflowers: exceptions revealed. Genesis 52, 315-327.

Fambrini M, Salvini M, Pugliesi C (2011). A transposon-
mediate inactivation of a CYCLOIDEA-like gene origina-
tes polysymmetric and androgynous ray flowers in Helian-
thus annuus. Genetica 139, 1521-1529.

Finnegan EJ, Peacock WJ, Dennis ES (1996). Reduced
DNA methylation in Arabidopsis thaliana results in ab-
normal plant development. Proc Natl Acad Sci USA 93,
8449-8454.

Fletcher JC (2001). The ULTRAPETALA gene controls
shoot and floral meristem size in Arabidopsis. Develop-
ment 128, 1323-1333.

Fletcher JC, Brand U, Running MP, Simon R, Meyerowitz
EM (1999). Signaling of cell fate decisions by CLAVATA3
in Arabidopsis shoot meristems. Science 283, 1911—
1914.

WRSe&s: #er e e E o iR 271

Gan ES, Huang JB, Ito T (2013). Functional roles of histone
modification, chromatin remodeling and microRNAs in
Arabidopsis flower development. Int Rev Cell Mol Biol
305, 115-161.

Garcés HMP, Spencer VMR, Kim M (2016). Control of floret
symmetry by RAY3, SvDIV1B, and SvRAD in the capitu-
lum of Senecio vulgaris. Plant Physiol 171, 2055-2068.

Gattolin S, Cirilli M, Chessa S, Stella A, Bassi D, Rossini
L (2020). Mutations in orthologous PETALOSA TOE-type
genes cause a dominant double-flower phenotype in phy-
logenetically distant eudicots. J Exp Bot 71, 2585-2595.

Gattolin S, Cirilli M, Pacheco |, Ciacciulli A, Da Silva
Linge C, Mauroux JB, Lambert P, Cammarata E, Bassi
D, Pascal T, Rossini L (2018). Deletion of the miR172
target site in a TOE-type gene is a strong candidate va-
riant for dominant double-flower trait in Rosaceae. Plant J
96, 358-371.

Grini PE, Thorstensen T, Alm V, Vizcay-Barrena G,
Windju SS, Jerstad TS, Wilson ZA, Aalen RB (2009).
The ASH1 HOMOLOG 2 (ASHHZ2) histone H3 methyl-
transferase is required for ovule and anther development
in Arabidopsis. PLoS One 4, e7817.

Gul H, Tong ZG, Han XL, Nawaz I, Wahocho SA, Khan S,
Zhang CX, Tian Y, Cong PH, Zhang LY (2019). Com-
parative transcriptome analysis between ornamental ap-
ple species provides insights into mechanism of double
flowering. Agronomy 9, 112.

Han Y, Tang AY, Wan HH, Zhang TX, Cheng TR, Wang J,
Yang WR, Pan HT, Zhang QX (2018). An APETALA2
homolog, RcAP2, regulates the number of rose petals
derived from stamens and response to temperature fluc-
tuations. Front Plant Sci 9, 481.

Henschel K, Kofuji R, Hasebe M, Saedler H, Miinster T,
TheiBen G (2002). Two ancient classes of MIKC-type
MADS-box genes are present in the moss Physcomitrella
patens. Mol Biol Evol 19, 801-814.

Hibrand Saint-Oyant L, Ruttink T, Hamama L, Kirov I,
Lakhwani D, Zhou NN, Bourke PM, Daccord N, Leus L,
Schulz D, Van de Geest H, Hesselink T, Van Laere K,
Debray K, Balzergue S, Thouroude T, Chastellier A,
Jeauffre J, Voisine L, Gaillard S, Borm TJA, Arens P,
Voorrips RE, Maliepaard C, Neu E, Linde M, Le Paslier
MC, Bérard A, Bounon R, Clotault J, Choisne N,
Quesneville H, Kawamura K, Aubourg S, Sakr S,
Smulders MJM, Schijlen E, Bucher E, Debener T, De
Riek J, Foucher F (2018). A high-quality genome se-
quence of Rosa chinensis to elucidate ornamental traits.



272 MR 59(2) 2024

Nat Plants 4, 473-484.

Hileman LC (2014). Bilateral flower symmetry—how, when
and why? Curr Opin Plant Biol 17, 146—-152.

Hileman LC, Irish VF (2009). More is better: the uses of
developmental genetic data to reconstruct perianth evolu-
tion. Am J Bot 96, 83—-95.

Hsu HF, Hsu WH, Lee YI, Mao WT, Yang JY, Li JY, Yang
CH (2015). Model for perianth formation in orchids. Nat
Plants 1, 15046.

Hu L, Zheng TC, Cai M, Pan HT, Wang J, Zhang QX
(2019). Transcriptome analysis during floral organ de-
velopment provides insights into stamen petaloidy in La-
gerstroemia speciosa. Plant Physiol Biochem 142, 510-
518.

Huang TB, Irish VF (2015). Temporal control of plant organ
growth by TCP transcription factors. Curr Biol 25, 1765-
1770.

Huang TB, Irish VF (2016). Gene networks controlling petal
organogenesis. J Exp Bot 67, 61-68.

Huang TB, Loépez-Giraldez F, Townsend JP, Irish VF
(2012). RBE controls microRNA164 expression to effect
floral organogenesis. Development 139, 2161-2169.

Huang ZG, Shi T, Zheng BL, Yumul RE, Liu XG, You CJ,
Gao ZH, Xiao LT, Chen XM (2017). APETALA2 antago-
nizes the transcriptional activity of AGAMOUS in regula-
ting floral stem cells in Arabidopsis thaliana. New Phytol
215, 1197-1209.

Hurtado L, Farrona S, Reyes JC (2006). The putative SWI/
SNF complex subunit BRAHMA activates flower homeotic
genes in Arabidopsis thaliana. Plant Mol Biol 62, 291-
304.

Ito T, Ng KH, Lim TS, Yu H, Meyerowitz EM (2007). The
homeotic protein AGAMOUS controls late stamen deve-
lopment by regulating a jasmonate biosynthetic gene in
Arabidopsis. Plant Cell 19, 3516—-3529.

Jacobsen SE, Meyerowitz EM (1997). Hypermethylated
SUPERMAN epigenetic alleles in Arabidopsis. Science
277, 1100-1103.

Jarillo JA, Pineiro M, Cubas P, Martinez-Zapater JM
(2009). Chromatin remodeling in plant development. Int J
Dev Biol 53, 1581-1596.

Jiang S, Yi XW, Xu TL, Yang Y, Yu C, Luo L, Cheng TR,
Wang J, Zhang QX, Pan HT (2021). Genetic analysis of
petal number in Rosa. Plant Sci J 39, 142-151. (in Chi-
nese)
=, BEE, RER, B2, T#, F%, BEL, 4,
KB, Ba (2021). AFMECEEEL ST, MR

e 39, 142-151.

Jing DL, Guo QG, Chen WW, Xia Y, Wu D, Dang JB, He Q,
Liang GL (2018). Model evolution and molecular me-
chanism of angiosperm flower development. Plant Physiol
J 54, 355-362. (in Chinese)

R, AR, Bk, 2k R, ST, T8, ZE
& (2018). B TFHAMIAL R B OR E MR B AR F0 4 TR .
T 4R 54, 355-362.

Jones-Rhoades MW, Bartel DP (2004). Computational
identification of plant microRNAs and their targets, in-
cluding a stress-induced miRNA. Mol Cell 14, 787-799.

Juntheikki-Palovaara |, Tahtiharju S, Lan TY, Broholm
SK, Rijpkema AS, Ruonala R, Kale L, Albert VA, Teeri
TH, Elomaa P (2014). Functional diversification of dupli-
cated CYC2 clade genes in regulation of inflorescence
development in Gerbera hybrida (Asteraceae). Plant J 79,
783-796.

Kagale S, Rozwadowski K (2011). EAR motif-mediated
transcriptional repression in plants: an underlying mecha-
nism for epigenetic regulation of gene expression. Epige-
netics 6, 141-146.

Kanno A, Saeki H, Kameya T, Saedler H, Theissen G
(2003). Heterotopic expression of class B floral homeotic
genes supports a modified ABC model for tulip (Tulipa
gesneriana). Plant Mol Biol 52, 831-841.

Kaufmann K, Melzer R, TheiBen G (2005). MIKC-type
MADS-domain proteins: structural modularity, protein in-
teractions and network evolution in land plants. Gene 347,
183-198.

Kaufmann K, Wellmer F, Muifno JM, Ferrier T, Wuest SE,
Kumar V, Serrano-Mislata A, Madueiio F, Krajewski P,
Meyerowitz EM, Angenent GC, Riechmann JL (2010).
Orchestration of floral initiation by APETALA1. Science
328, 85-89.

Kermani MJ, Sarasan V, Roberts AV, Yokoya K, Went-
worth J, Sieber VK (2003). Oryzalin-induced chromo-
some doubling in Rosa and its effect on plant morphology
and pollen viability. Theor Appl Genet 107, 1195-1200.

Kim M, Cui ML, Cubas P, Gillies A, Lee K, Chapman MA,
Abbott RJ, Coen E (2008). Regulatory genes control a
key morphological and ecological trait transferred bet-
ween species. Science 322, 1116-1119.

Kramer EM, Di Stilio VS, Schluter PM (2003). Complex
patterns of gene duplication in the APETALA3 and PIS-
TILLATA lineages of the Ranunculaceae. Int J Plant Sci
164, 1-11.

Krizek BA, Fletcher JC (2005). Molecular mechanisms of



flower development: an armchair guide. Nat Rev Genet 6,
688-698.

Krizek BA, Lewis MW, Fletcher JC (2006). RABBIT EARS
is a second-whorl repressor of AGAMOUS that maintains
spatial boundaries in Arabidopsis flowers. Plant J 45,
369-383.

Krogan NT, Hogan K, Long JA (2012). APETALA2 nega-
tively regulates multiple floral organ identity genes in Ara-
bidopsis by recruiting the co-repressor TOPLESS and the
histone deacetylase HDA19. Development 139, 4180—
4190.

Kwon CS, Chen CB, Wagner D (2005). WUSCHEL is a
primary target for transcriptional regulation by SPLAYED
in dynamic control of stem cell fate in Arabidopsis. Genes
Dev 19, 992-1003.

Lampugnani ER, Kilinc A, Smyth DR (2012). PETAL
LOSS is a boundary gene that inhibits growth between
developing sepals in Arabidopsis thaliana. Plant J 71,
724-735.

Lampugnani ER, Kilinc A, Smyth DR (2013). Auxin con-
trols petal initiation in Arabidopsis. Development 140,
185—-194.

Laufs P, Peaucelle A, Morin H, Traas J (2004). MicroRNA
regulation of the CUC genes is required for boundary size
control in Arabidopsis meristems. Development 131, 4311—
4322.

Laux T, Mayer KF, Berger J, Jiirgens G (1996). The WU-
SCHEL gene is required for shoot and floral meristem in-
tegrity in Arabidopsis. Development 122, 87-96.

Lenhard M, Bohnert A, Jiirgens G, Laux T (2001). Ter-
mination of stem cell maintenance in Arabidopsis floral
meristems by interactions between WUSCHEL and AGA-
MOUS. Cell 105, 805-814.

Li K, Li YQ, Wang Y, Li YH, He JN, Li YJ, Du LS, Gao YR,
Ma N, Gao JP, Zhou XF (2022). Disruption of transcrip-
tion factor RhMYB123 causes the transformation of sta-
men to malformed petal in rose (Rosa hybrida). Plant Cell
Rep 41, 2293-2303.

Li W, Xu QJ (2014). Epigenetic research progress on flo-
wering time and flower organ development in angiosperms.
Acta Hortic Sin 41, 1245-1256. (in Chinese)

Z, WIBTL (2014). B FF LR HRIE S B K & 1
KB ER ABERE. [W 225 41, 1245-1256.

Li X, Qin GJ, Chen ZL, Gu HY, Qu LJ (2008). A gain-of-
function mutation of transcriptional factor PTL results in
curly leaves, dwarfism and male sterility by affecting auxin
homeostasis. Plant Mol Biol 66, 315-327.

WRSE4s: #er e e B > TR pLE] 273

Li XL, Li JY, Fan ZQ, Liu ZC, Tanaka T, Yin HF (2017).
Global gene expression defines faded whorl specification
of double flower domestication in Camellia. Sci Rep 7,
3197.

Lin ZY (2019). Studies on the regulatory mechanism of floral
organ petaloid in lotus (Nelumbo nucifera). Doctoral dis-
sertation. Beijing: University of Chinese Academy of
Sciences (Wuhan Botanical Garden, Chinese Academy of
Sciences). pp. 13-86. (in Chinese)

MEHR (2019). ML TR S TIRENLE . 10
s, dbnts A E R A B KA (b R 2 B aC DU ) ).
pp. 13-86.

Liu CY, Lu FL, Cui X, Cao XF (2010). Histone methylation
in higher plants. Annu Rev Plant Biol 61, 395—-420.

Liu H, Sun M, Du DL, Pan HT, Cheng TR, Wang J, Zhang
QX, Gao YK (2016). Whole-transcriptome analysis of
differentially expressed genes in the ray florets and disc
florets of Chrysanthemum morifolium. BMC Penomics 17,
398.

Liu JY, Fu XD, Dong YW, Lu J, Ren M, Zhou NN, Wang
CQ (2018). MIKCC-type MADS-box genes in Rosa chine-
nsis: the remarkable expansion of ABCDE model genes
and their roles in floral organogenesis. Hortic Res 5, 25.

Liu XG, Kim YJ, Miiller R, Yumul RE, Liu CY, Pan YY, Cao
XF, Goodrich J, Chen XM (2011). AGAMOUS terminates
floral stem cell maintenance in Arabidopsis by directly re-
pressing WUSCHEL through recruitment of Polycomb
group proteins. Plant Cell 23, 3654-3670.

Lohmann JU, Hong RL, Hobe M, Busch MA, Parcy F,
Simon R, Weigel D (2001). A molecular link between
stem cell regulation and floral patterning in Arabidopsis.
Cell 105, 793-803.

Luo Y, Guo ZH, Li L (2013). Evolutionary conservation of
microRNA regulatory programs in plant flower develop-
ment. Dev Biol 380, 133—-144.

Ma N, Chen W, Fan TG, Tian YR, Zhang S, Zeng DX, Li YH
(2015). Low temperature-induced DNA hypermethylation
attenuates expression of RhAG, an AGAMOUS homolog,
and increases petal number in rose (Rosa hybrida). BMC
Plant Biol 15, 237.

Mandaokar A, Browse J (2009). MYB108 acts together with
MYB24 to regulate jasmonate-mediated stamen matura-
tion in Arabidopsis. Plant Physiol 149, 851-862.

Martinez-Gémez J, Galimba KD, Coté EY, Sullivan AM, Di
Stilio VS (2021). Spontaneous homeotic mutants and
genetic control of floral organ identity in a ranunculid. Evol
Dev 23, 197-214.



274 AR 59(2) 2024

Mizzotti C, Fambrini M, Caporali E, Masiero S, Pugliesi C
(2015). A CYCLOIDEA-like gene mutation in sunflower
determines an unusual floret type able to produce filled
achenes at the periphery of the pseudanthium. Botany 93,
171-181.

Muiiio JM, de Bruijn S, Pajoro A, Geuten K, Vingron M,
Angenent GC, Kaufmann K (2016). Evolution of DNA-
binding sites of a floral master regulatory transcription
factor. Mol Biol Evol 33, 185-200.

Nakatsuka T, Saito M, Yamada E, Fujita K, Yamagishi N,
Yoshikawa N, Nishihara M (2015). Isolation and cha-
racterization of the C-class MADS-box gene involved in
the formation of double flowers in Japanese gentian. BMC
Plant Biol 15, 182.

Ng HH, Feng Q, Wang HB, Erdjument-Bromage H,
Tempst P, Zhang Y, Struhl K (2002). Lysine methylation
within the globular domain of histone H3 by Dot1 is im-
portant for telomeric silencing and Sir protein association.
Genes Dev 16, 1518—-1527.

Ng K, Yu H, Ito T (2009). AGAMOUS controls GIANT
KILLER, a multifunctional chromatin modifier in reproduc-
tive organ patterning and differentiation. PLoS Biol 7,
e1000251.

Ning GG, Shi XP, Hu HR, Yan Y, Bao MZ (2009). Deve-
lopment of a range of polyploid lines in Petunia hybrida
and the relationship of ploidy with the single-/double-flo-
wer trait. HortScience 44, 250-255.

Noor SH, Ushijima K, Murata A, Yoshida K, Tanabe M,
Tanigawa T, Kubo Y, Nakano R (2014). Double flower
formation induced by silencing of C-class MADS-box ge-
nes and its variation among petunia cultivars. Sci Hortic
178, 1-7.

O’Maoiléidigh DS, Wuest SE, Rae L, Raganelli A, Ryan
PT, Kwasniewska K, Das P, Lohan AJ, Loftus B, Gra-
ciet E, Wellmer F (2013). Control of reproductive floral
organ identity specification in Arabidopsis by the C func-
tion regulator AGAMOUS. Plant Cell 25, 2482—-2503.

Pajoro A, Madrigal P, Muifio JM, Matus JT, Jin J, Mec-
chia MA, Debernardi JM, Palatnik JF, Balazadeh S,
Arif M, O’Maoiléidigh DS, Wellmer F, Krajewski P,
Riechmann JL, Angenent GC, Kaufmann K (2014).
Dynamics of chromatin accessibility and gene regulation
by MADS-domain transcription factors in flower deve-
lopment. Genome Biol 15, 1-19.

Pan ZJ, Cheng CC, Tsai WC, Chung MC, Chen WH, Hu
JM, Chen HH (2011). The duplicated B-class MADS-box
genes display dualistic characters in orchid floral organ

identity and growth. Plant Cell Physiol 52, 1515-1531.

Pelaz S, Ditta GS, Baumann E, Wisman E, Yanofsky MF
(2000). B and C floral organ identity functions require
SEPALLATA MADS-box genes. Nature 405, 200-203.

Peng LP, Li Y, Tan WQ, Wu SW, Hao Q, Tong NN, Wang
ZY, Liu Z, Shu QY (2023). Combined genome-wide as-
sociation studies and expression quantitative trait locus
analysis uncovers a genetic regulatory network of floral
organ number in a tree peony (Paeonia suffruticosa An-
drews) breeding population. Hortic Res 10, uhad110.

Pien S, Grossniklaus U (2007). Polycomb group and tri-
thorax group proteins in Arabidopsis. Biochim Biophys
Acta 1769, 375-382.

Prunet N, Morel P, Thierry AM, Eshed Y, Bowman JL,
Negrutiu I, Trehin C (2008). REBELOTE, SQUINT, and
ULTRAPETALAL function redundantly in the temporal
regulation of floral meristem termination in Arabidopsis
thaliana. Plant Cell 20, 901-919.

Prunet N, Yang WB, Das P, Meyerowitz EM, Jack TP
(2017). SUPERMAN prevents class B gene expression
and promotes stem cell termination in the fourth whorl of
Arabidopsis thaliana flowers. Proc Natl Acad Sci USA
114, 7166-7171.

Quon TL, Lampugnani ER, Smyth DR (2017). PETAL
LOSS and ROXY1 interact to limit growth within and be-
tween sepals but to promote petal initiation in Arabidopsis
thaliana. Front Plant Sci 8, 152.

Reyes JC, Hennig L, Gruissem W (2002). Chromatin-re-
modeling and memory factors. New regulators of plant
development. Plant Physiol 130, 1090-1101.

Rodriguez K, Perales M, Snipes S, Yadav RK, Diaz-Men-
doza M, Reddy GV (2016). DNA-dependent homodime-
rization, sub-cellular partitioning, and protein destabiliza-
tion control WUSCHEL levels and spatial patterning. Proc
Natl Acad Sci USA 113, E6307-E6315.

Running MP, Meyerowitz EM (1996). Mutations in the PE-
RIANTHIA gene of Arabidopsis specifically alter floral
organ number and initiation pattern. Development 122,
1261-1269.

Sakai H, Medrano LJ, Meyerowitz EM (1995). Role of SU-
PERMAN in maintaining Arabidopsis floral whorl bounda-
ries. Nature 378, 199-203.

Salamah A, Prihatiningsih R, Rostina |, Dwiranti A (2018).
Comparative morphology of single and double flowers in
Hibiscus rosa-sinensis L. (Malvaceae): a homeosis study.
AIP Conf Proc 2023, 020136.

Sasaki K, Yamaguchi H, Nakayama M, Aida R, Ohtsubo



N (2014). Co-modification of class B genes TfDEF and
TfGLO in Torenia fournieri Lind. alters both flower mor-
phology and inflorescence architecture. Plant Mol Biol 86,
319-334.

Schoof H, Lenhard M, Haecker A, Mayer KFX, Jiirgens G,
Laux T (2000). The stem cell population of Arabidopsis
shoot meristems is maintained by a regulatory loop be-
tween the CLAVATA and WUSCHEL genes. Cell 100,
635-644.

Soltis DE, Chanderbali AS, Kim S, Buzgo M, Soltis PS
(2007). The ABC model and its applicability to basal an-
giosperms. Ann Bot 100, 155-163.

Song SS, Qi TC, Huang H, Ren QC, Wu DW, Chang CQ,
Peng W, Liu YL, Peng JR, Xie DL (2011). The jasmo-
nate-ZIM domain proteins interact with the R2R3-MYB
transcription factors MYB21 and MYB24 to affect jasmo-
nate-regulated stamen development in Arabidopsis. Plant
Cell 23, 1000-1013.

Spencer V, Kim M (2018). Re“CYC”ling molecular regula-
tors in the evolution and development of flower symmetry.
Semin Cell Dev Biol 79, 16-26.

Sui MJ, Yan HJ, Wang ZZ, Qiu XQ, Jian HY, Wang QG,
Chen M, Zhang H, Tang KX (2019). Identification of mi-
croRNA associated with flower organ development in
Rosa chinensis ‘Viridiflora’. Plant Sci J 37, 37—46. (in
Chinese)

BEW, 2878, 22, BMEBK, BYK, EHA, FRE,
TRA, FEFH (2019). ARG ILRE K E A KmicroRNA
(%5 o i. PR 37, 37—46.

Sun B, Xu YF, Ng KH, Ito T (2009). A timing mechanism for
stem cell maintenance and differentiation in the Arabi-
dopsis floral meristem. Genes Dev 23, 1791-1804.

Sun FH, Fang HY, Wen XH, Zhang LS (2023). Phylogenetic
and expression analysis of MADS-box gene family in
Rhododendron ovatum. Chin Bull Bot 58, 404—416. (in
Chinese)

IMERE, B, BE, TR (2023). DHR{EMADS-box
EREFRARGHMN SRIEIHT. HYFR 58, 404-416.
Sun KR, Xue YQ, Prijic Z, Wang SL, Markovic T, Tian CH,
Wang YY, Xue JQ, Zhang XX (2022). DNA demethyla-
tion induces tree peony flowering with a low deformity rate
compared to gibberellin by inducing PsSFT expression

under forcing culture conditions. Int J Mol Sci 23, 6632.

Sun QW, Zhou DX (2008). Rice jmjC domain-containing
gene JMJ706 encodes H3K9 demethylase required for
floral organ development. Proc Natl Acad Sci USA 105,
13679-13684.

WRSE4E: #er e e B > TR HLE] 275

Sun YK, Li JY, Yin HF, Fan ZQ, Zhou XW (2013). Cloning
and expression analysis of C function CJAGL6 gene cDNA
from Camellia japonica ‘Jinpanlizhi’. Bull Bot Res 33,
330-338. (in Chinese)

Fhidsy, Zgln, BRIEAR, IR, AX3C (2013). HEL
AL S HHAL CIhAEHE I CJAGLG 1 4 K 5 b 15 %1k 43 4T
HEY 5 33, 330-338.

Tahtiharju S, Rijpkema AS, Vetterli A, Albert VA, Teeri
TH, Elomaa P (2012). Evolution and diversification of the
CYC/TB1 gene family in Asteraceae—a comparative study
in Gerbera (Mutisieae) and sunflower (Heliantheae). Mol
Biol Evol 29, 1155-1166.

Takeda S, Matsumoto N, Okada K (2004). RABBIT EARS,
encoding a SUPERMAN-like zinc finger protein, regulates
petal development in Arabidopsis thaliana. Development
131, 425-434.

Tang RH, Zhang JC, Zhuang WJ, Wu WR (2003). Progress
of the SUPERMAN epigenetic mutation in Arabidopsis. He-
reditas 25, 620-622. (in Chinese)

BRE, KB, EFRE, AN (2003). #17IFSUPER-
MANZE R R AL B Je it Jig. i f% 25, 620-622.

TheiBen G (2001). Development of floral organ identity: sto-
ries from the MADS house. Curr Opin Plant Biol 4, 75-85.

TheiBen G, Melzer R, Rumpler F (2016). MADS-domain
transcription factors and the floral quartet model of flower
development: linking plant development and evolution.
Development 143, 3259-3271.

TheiBen G, Saedler H (2001). Floral quartets. Nature 409,
469-471.

Thomson B, Wellmer F (2019). Molecular regulation of
flower development. Curr Top Dev Biol 131, 185-210.
Thomson B, Zheng BB, Wellmer F (2017). Floral organo-
genesis: when knowing your ABCs is not enough. Plant

Physiol 173, 56-64.

van Tunen AJ, Eikelboom W, Angenent GC (1993). Floral
organogenesis in Tulipa. Flowering Newsl (16), 33-35,
37-38.

Varga-Weisz P (2001). ATP-dependent chromatin remode-
ling factors: nucleosome shufflers with many missions.
Oncogene 20, 3076-3085.

Wade PA (2001). Methyl CpG binding proteins: coupling
chromatin architecture to gene regulation. Oncogene 20,
3166-3173.

Wang JD, Zhou Y, Yu JW, Fan XL, Zhang CQ, Li QF, Liu
QQ (2020). Advances in the regulation of plant growth
and development and stress response by miR172-AP2
module. Chin Bull Bot 55, 205-215. (in Chinese)



276 AR 59(2) 2024

EHR, AR, KEX, WRE, KER, FTHRIE, XITR
(2020). MiR172-AP2BL R AE M AL AR B S b s5 min |3 1)
Wik, P4k 55, 205-215.

Wellmer F, Graciet E, Riechmann JL (2014). Specification
of floral organs in Arabidopsis. J Exp Bot 65, 1-9.

Wen XH (2019). The construction of genetic network under-
lying ray and disc florets on capitulum in Chrysanthemum
lavandulifolium. Doctoral dissertation. Beijing: Beijing Fore-
stry University. pp. 69-92. (in Chinese)

B/AE (2019). HH LRIEF EEREFEIRIE R & 5
Mg g, s et bl K%, pp. 69-92.
Wen XH, Qi S, Huang H, Wu XY, Zhang BH, Fan GX, Yang
LW, Hong Y, Dai SL (2019). The expression and interac-
tions of ABCE-class and CYC2-like genes in the capitu-
lum development of Chrysanthemum lavandulifolium and

C. x morifolium. Plant Growth Regul 88, 205-214.

Wu F, Shi XW, Lin XL, Liu Y, Chong K, TheiRen G, Meng
Z (2017). The ABCs of flower development: mutational
analysis of AP1/FUL-like genes in rice provides evidence
for a homeotic (A)-function in grasses. Plant J 89, 310—
324.

Wu MF, Sang Y, Bezhani S, Yamaguchi N, Han SK, Li ZT,
Su YH, Slewinski TL, Wagner D (2012). SWI2/SNF2
chromatin remodeling ATPases overcome polycomb re-
pression and control floral organ identity with the LEAFY
and SEPALLATAS transcription factors. Proc Natl Acad
Sci USA 109, 3576-3581.

Wuest SE, O’ Maoileidigh DS, Rae L, Kwasniewska K,
Raganelli A, Hanczaryk K, Lohan AJ, Loftus B, Graciet
E, Wellmer F (2012). Molecular basis for the specification
of floral organs by APETALA3 and PISTILLATA. Proc Natl
Acad Sci USA 109, 13452—-13457.

Xia Y, Shi M, Chen WW, Hu RQ, Jing DL, Wu D, Wang
SM, Li QF, Deng HH, Guo QG, Liang GL (2020). Ex-
pression pattern and functional characterization of PIS-
TILLATA ortholog associated with the formation of petaloid
sepals in double-flower Eriobotrya japonica (Rosaceae).
Front Plant Sci 10, 1685.

Xiong YY, Wang J (2019). Review of the research
progress and prospect of double petals. Nor Hortic (9),
153- 158. (in Chinese)

FEFHPH, E4 (2019). HE iR S RE. L EZ
(9), 153-158.

Xu F, Zhang KL, Grunstein M (2005). Acetylation in histone
H3 globular domain regulates gene expression in yeast.
Cell 121, 375-385.

Xu YF, Prunet N, Gan ES, Wang YB, Stewart D, Wellmer

F, Huang JB, Yamaguchi N, Tatsumi Y, Kojima M, Kiba
T, Sakakibara H, Jack TP, Meyerowitz EM, Ito T (2018).
SUPERMAN regulates floral whorl boundaries through
control of auxin biosynthesis. EMBO J 37, €97499.

Yadav RK, Girke T, Pasala S, Xie MT, Reddy GV (2009).
Gene expression map of the Arabidopsis shoot apical
meristem stem cell niche. Proc Natl Acad Sci USA 106,
4941-4946.

Yadav RK, Perales M, Gruel J, Girke T, Jonsson H,
Reddy GV (2011). WUSCHEL protein movement media-
tes stem cell homeostasis in the Arabidopsis shoot apex.
Genes Dev 25, 2025-2030.

Yan HJ, Shi SC, Ma N, Cao XQ, Zhang H, Qiu XQ, Wang
QG, Jian HY, Zhou NN, Zhang Z, Tang KX (2018).
Graft-accelerated virus-induced gene silencing facilitates
functional genomics in rose flowers. J Integr Plant Biol 60,
34-44.

Zahn LM, Kong HZ, Leebens-Mack JH, Kim S, Soltis PS,
Landherr LL, Soltis DE, Depamphilis CW, Ma H (2005).
The evolution of the SEPALLATA subfamily of MADS-box
genes: a preangiosperm origin with multiple duplications
throughout angiosperm history. Genetics 169, 2209-2223.

Zaret KS, Mango SE (2016). Pioneer transcription factors,
chromatin dynamics, and cell fate control. Curr Opin Ge-
net Dev 37, 76-81.

Zhang CL, Wei LD, Yu XM, Li H, Wang WJ, Wu SZ, Duan
F, Bao MZ, Chan Z, He YH (2021). Functional conserva-
tion and divergence of SEPALLATA-like genes in the deve-
lopment of two-type florets in marigold. Plant Sci 309,
110938.

Zhang DY, Zhao XW, Li YY, Ke SJ, Yin WL, Lan SR, Liu
ZJ (2022). Advances and prospects of orchid research
and industrialization. Hortic Res 9, uhac220.

Zhang JH, Zhang SG, Qi LW, Tong ZK (2014). Research
advances in post-transcriptional modification and degra-
dation of mature microRNAs in plants. Chin Bull Bot 49,
483-489. (in Chinese)

R, KT, FAME, EFEE (2014). Y micro-
RNA¥: FJ5 21 5 B R RO BT Fo B e . M2 4k 49, 483—
489.

Zhang K, Guo XX, Liu XG, Guo L (2018). Advances in
research on floral meristem determinacy mechanisms in
plants. Chin J Eco-Agricul 26, 1573—1584. (in Chinese)
AL, B, XK, FWHE (2018). WAL A L%
IR BN KTt . E AR R 26, 1573
1584.

Zhang LW, Eugeni EE, Parthun MR, Freitas MA (2003).



WRSe4s: #er e e B > TR EhLE] 277

Identification of novel histone post-translational modifica- tion mechanism and genetic characters of double flowers.
tions by peptide mass fingerprinting. Chromosoma 112, Acta Bot Boreal Occident Sin 29, 832—-841. (in Chinese)
77-86. RXENSR, XUFH (2009). AL 1T BB K38 4L K5 ML

Zhang T, Zhao YF, Juntheikki I, Mouhu K, Broholm SK, FHEE. PR H 29, 832-841.

Rijpkema AS, Kins L, Lan TY, Albert VA, Teeri TH,  zhao YX, Medrano L, Ohashi K, Fletcher JC, Yu H, Sakai
Elomaa P (2017). Dissecting functions of SEPALLATA- H, Meyerowitz EM (2004). HANABA TARANU is a GATA
like MADS box genes in patterning of the pseudanthial in- transcription factor that regulates shoot apical meristem
florescence of Gerbera hybrida. New Phytol 216, 939- and flower development in Arabidopsis. Plant Cell 16,
954. 2586-2600.

Zhao YF, Broholm SK, Wang F, Rijpkema AS, Lan TY, Zheng GH, Wei W, Li YP, Kan LJ, Wang FX, Zhang X, Li
Albert VA, Teeri TH, Elomaa P (2020). TCP and MADS- F, Liu ZC, Kang CY (2019). Conserved and novel roles of
box transcription factor networks regulate heteromorphic miR164-CUC2 regulatory module in specifying leaf and
flower type identity in Gerbera hybrida. Plant Physiol 184, floral organ morphology in strawberry. New Phytol 224,
1455-1468. 480-492.

Zhao YQ, Liu QL (2009). Research advances in the forma-

Molecular Mechanism of Petal Doubling of Flower in Angiosperm
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Abstract Double flower is characterized by the increase in the number of petals, the folding of petal or the increase in
area of petal, which usually has higher ornamental and economic value. Focusing on the increased number of petal and
petal-like organ in double flower, we summarized and discussed the molecular mechanism of the formation of double
flower in some model plants and ornamental plants, including the key transcription factors and the epigenetic modifica-
tions such as miRNAs, DNA methylation, histone modification and chromatin remodeling involved in the regulation of petal
number. And based on this, we discussed the developing trend of the future research.
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