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N

B E: NEERSLTSEIHRG LA TIFY WENE R EFER, @44 MaTIFY]. SREFEH—A
681 bp ) ORF, #ifil—4 K% 0 227 aa, 43 T4 24.97 kD, 255k 7.85 MR FEMR L Ikt . MaTIFY1
SENL TR, IF A Semim . 9968 i PCR MR W], MaTIFYI KE35 7 A5 RS s G FERIA
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Characterization and Expression Analysis of Banana MaTIFY1
Transcription Factor During Fruit Ripening
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Abstract: TIFY transcription factors ( TFs) play an essential role in plant growth and development as
well as environmental adaptation. However, the involvement of TIFY TFs in fruit ripening remains largely
unknown. In this work, a gene encoding TIFY subgroup member, which was designated as MaTIFY1,
was isolated from banana fruit. MaTIFY1 contains an Open Reading Frame (ORF) of 681 bp, encoding a
peptide of 227 aa, with molecular weight of 24.97 kD and pl of 7.85. Subcellular localization and
transactivation activity assays indicated that MaTIFY1 was targeted to nucleus and owned transcriptional
activation activity. qRT-PCR analysis revealed that expression of MaTIFYI was gradually increased along
with the progression of fruit ripening, and was induced by propylene. Moreover, the promoter activity of
MaTIFY] was also activated by ethylene treatment, further supporting the role of MaTIFYI in fruit
ripening. In addition, the recombinant MaTIFY1 protein was available, which provided the basis for
further investigation of MaTIFY1’s functions.
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TR (Musa acuminata) 72NV CUEHT RO BB AV I SO =L AR, 1994; A
ok 4%, 2003; PURAL 4%, 2012). (HEF R T I8 P BRAR R LS, AR NI 10 d At
BT H B 2075 T T v U R R VR e, g SR S s 2 b, SRS AR A, 45 RE IR S TR A
YR AR A XE (Bapatetal., 2009; Shanetal., 2012; Xiaoetal., 2013).

H AR 1) 5 S A 2 R 1) e 3 747 MADS-box. NAC FI ERF (Ethylene response
factor) %% (Linetal., 2009; Gapper etal., 2013; Seymour et al., 2013). TIFY JEAY e 11—
Kk, HHFH&H—A TIF[F/YIXG 453034 (Bai et al., 2011). ##fs TIFY KGR
SFEE AR ADE TIFY 5053 A TIFY. PPD. JAZ Fl ZML %5 4 K2K (Zhang et al., 2012). C.fF
MHRERY], TIFY #1254 KOk G IS Pria m V5 2 38 (Ye etal.,, 2009; Zhu et
al., 2013) . #U I I+ ZIM (AT4G24470) 7 d5r F 45 28 € 1K) TIFY KB DL, 5487 K B AT 464 9% (Nishii
etal., 2000). White (2006) Rl 1 s I+ AtTIFY4a (PPDI) K AtTIFY4b (PPD2) %5 (kK
B, JAZ EEAE T TIFY K&, & RFRAE 5 @AM — Ao tE, ot i m N R R RS 5
(Chini etal., 2007). M4b, EFIL KT GsTIFY10 7] LA B RRE ST BRI 2h A9PT e (Zhu et al.,
2011, {HZA K TIFY #5%H15 R LMK R TAZ .

AHIE T PR FH A R R 2 7 e R R TR TR IR kAT T 1 N5 G2 AR TIFY A1
ifidFE R (GSMUA_Achr3G10270 001), fiv4 4 MaTIFY1, FEAT T VA0 e A7« e st Al 3k
IR IAREE s 20 R RO S i I 2k B B0 F3E e, DUER T TIFY #sg R -1
P E R IR LI T ReNL, PR B B IR S N S I e SR M S AR R

[ VL SRS DARE

1.1 R R 50

CRICGHAT A (Musa acuminata AAA group ‘Cavendish’ ) SRIW T M T 7 B X & £ Fh AR
bl o SEH-L )\ i B B AR, SEZESE S, RN RIS, BRIk NI A —
SCHBAT T HUE UM R H S, 28 0.05% “ TR Th 7 (3 R0yl 46% K EF & B 48 540D ¥l 3 min
Jrl T .

TR 3 4l 55 1 4UBON 22 CHEIRAEE B 5 2 AU MR (RS IR O 06
[X43) 4bFE (Burg & Burg, 1967), JH 1000 pL - L™ {54575 25 S48 o BLSEAE 3 16 b, 2 Ji5 MO
WEAY, BT 22 CAEIEG 553 4108 1-MCP 3 EAEEE, 0.5 uL - L7 K 1-MCP % P b #
16 h JFHCEBN 22 CHA IR 43 5052 BIMURE, AR 3 ANA A RLSE i R AE ) 1 AMFESL, A
3 o FERRLZI R S kA7 T - 80 CHH
1.2 EESEFFINSH

KU R VAR I A 25 B A0 5 RNA (Wan & Wilkins, 1994),

AR A TR A R A 1 75 B SR S R S 2 L IR R TR, b ki — A3k M TIFY 5t
RIFHER, 4K MaTIFY1. DAFRERSE cDNA IR, Bih5 4T RT-PCR ¥ 14, 3R155 T
HEBCKEE (681 bp) —HUMHIWA M . 4 PCR YN, &8s, ik DHSa J5, K% A BHER 7
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B3k ) M e L AE R R IR A R, 2R 2Ky, TS GR D flE A
YR CR B RAE A .

FIH ExPASy 74k T2 (http: //www.expasy.ch/tools/pi_tool.html) Xf MaTIFY1 4wht (1 25 [ 2k
TR IEFRFEAR /4. 75 NCBI [ Blast Chttp: //www.ncbi.nlm.nih.gov/blast) #E47 MaTIFY1 [f][A]
PEPER ZFIAAE XS . A Clustal X1.83 Fi1 Gendoc EA K DNAMAN # A HEAT AN [\ 4 8] [7] 95 =
RSP HILEST, 454 MEGAS.0 S R Ge ik ms .

F1 5l9F3
Table 1 Primer sequences
STENEES SATR SR (530 RIS
Primer usage Primer name Primer sequence estriction
enzyme
A KA 1Y Full length amplification MaTIFY1-full F: ATGGGGAAGAGATGGGAGA
R: CTATCTGAAACTCCCGGAGC
SN ¢ PCR Real-time quantitative PCR. MaACTI-RT ~ F: GAGGCACCAGTCCGTAGATAGC
R: CCGCCAGATGAAGGTACAACAT
MaTIFY1-RT F: GGCTCGCAGTTCTCAGTCA
R: GCACCTTTCCGCCGTAG
B SEGE/3HT Transcriptional activity analysis  MaTIFY1-pBD F: TCGCCGACCGGTAGGCCT ATGGGGAAGAGATGGGAGA  Stu |
R: AACCAGAGTTAAAGGCCTTCTGAAACTCCCGGAGC
W40 5 4. Subcellular localization MaTIFY1-GFP F: CAAATTCGCGACCGGT ATGGGGAAGAGATGGGAGA  Agel
R: TGCTAGTCATACCGGTTCTGAAACTCCCGGAGC
JA ¥ Promoter amplification MaTIFY1-pro F: ATTGAAAGAGATTATTCTGGTG
R: CTTCTCCCATCTCTTCCCCAT
J5#%:435 Prokaryotic expression GST-MaTIFY1 F: GGTTCCGCGTGGATCC ATGGGGAAGAGATGGGAGA  BamH 1
R: AGTCACGATGCGGCCGC CTATCTGAAACTCCCGGAGC Not |

1.3 LK EE PCR (qRT-PCR) 7347

FRYEIRAF I MaTIFY1 B 2K P81 Bt 2O E & PCR 514 (R 1), 1EH MaACTI NS5
(Chenetal., 2011), FEHCAFEM L RNA, A cDNA % —f4f. % SYBR Premix Ex7aq I Bt il
PCR A%, KM% i PCR AT qRT-PCR £ill . 1247FE/F My: 94 ‘CHUZME 5 min, 94 CALME
30's, 60 ‘CiE-K 30's, 72 ‘CIEH 1 min, 40 NMEIF. MEH CtH, ] F =2 T 58 FER 1 MaTIFY1
AN R IA

1.4 FHRaEN

BT AR R a9 e (GFP) 1) pEAQ (3[E George P. Lomonossoff i+ 2 ), R4
MaTIFYI [¥] ORF Fl pEAQ-GFP A& i e v e Ar 514 (R 1o RIFIERI PN bS48 Nru 1 5
VI Uyt 5 H 0 2 BR i s A [R] B0 &G 1 K i, H T4 DNA 4% % % ) pEAQ-GFP AR 15 3
pEAQ-MaTIFY 1-GFP fili & &k #i4k, # N\ DHS50, PCR. B0 BH M v 5 I E 004 T 00 7 5630 .

27 Sainsbury 55 (2009) (17775, CaCl vl RATH GV3101 25400, 4% 1 uL pEAQ-GFP

T (EXD 5 pEAQ-MaTIFY 1-GFP 45 2 MUSTRE & I 30 pL RATRIRZ A FWH, gL
HUFRIA TR BRBOR AT S5 2 0 E T35 BN % (S0mg - L) RKK#HZR (40mg- LD
YEB WitAR; 75, FHEARF 28 °C 200 r - min”' $% 24 ~ 36 h, PCR %@ PHYETERE . H5BH M To ek
FFBE B3 95 42 ODgoo 0.8 ~ 1.0nm, 10 000 r - min™ B§0» 1 min, WEERE, HRREZEME (10
mmol - L MES-KOH, 10 mmol - L™ MgCl,, 0.1 mmol - L™ ZF: T #Fli) FEE A S ODg 0.5 ~ 0.6
nm, FIRFE 2 ~3h o E R R S B U (Nicotiana benthamiana) W 5T, B = h;
FE2dJE, WA 1 em® [ MRS BB RS GFP {55 3 0 2.
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1.5 FFIEMSH

LEFVE 22 MY 5 £ W F ST BT T R B8 X 9¢ Y6 Z Y pGreenll 0800-LUC #i44 (Hellens et al.,
2005) MFERY I, BrESE 5 D GAL4 JEHIRT TATA FF40HH A 392 K et %M (Firefly luciferase,
LUC) HiffE At R o, e Al — N gofk Bigm CaMV35sS BR3) 1)i3 15 96 %1 (Renilla
luciferase, REN) 54 NS G (reporter). MaTIFY1 F1 VP16 ff] ORF FE412: PCR 4 1443 7)) &
HF)5H GALABD ) pEAQ #4& (Sainsbury et al., 2009) 1 h%kN 3 H#4A& (pBD-MaTIFY1 F1
pBD-VP16), LA pBD-VP16 FI# ik (pBD-Empty) 3 HIVE N IE. S M. AAKES Y WE 1.

FHARNT BRAR G2t 5 N I Ceffector) R P LR (reporter) AT B LA Je AR [AH 5075
i, ¥igR2~3d G, KRG BEAT IR & (Promega) 52 MH &I A7 2 NS FER LUC R
REN Fik 5 RAEMZOGEE (LUC/REN) K MaTIFY 1 [ 50EME (Ba et al., 2016). W&
X384 Thermo 9G4 6 ETE, SR MG UM+ (Promega) 1T, FEXAGEL 6 K.
1.6 BIFHBESIEERN

A DNeasy Plant Mini Kit A7 &M A 4N HE AL DNA. MRS A LN AL 757 51

(http: //banana-genome-hub.southgreen.fr/), FRILEH MaTIFYI ()3 3) 1 FA0F k514 (& D),

LA DNA SBHGEAT PCR 9731,  H I BRI 7 5 SRA 2 (5 2 7741 @it PlantCARE (http: //
bioinformatics.psb.ugent.be/webtools/plantcare/html/) 7EZ A AT I 817 X 3 (1) T0AF 53 #T

7% Ba %5 (2014) [WEZNFHISTERNTTE, ¥l MaTIFYI (WIE3) %83 Hind [T
BamH 1 XTI pGreenll 0800-LUC 44 b, RJ5KH PEG /- SEL AL 5 BY2 &7 41 R ) A4
FURrh CREENT 5%, 2015),

KPR ZBHR S IE R RS, (B BY2 BVF 41 %) MaTIFYIpro-pGreenll 0800-LUC [¥]
SR BN TIETEHEAT 0T . BRI R I MaTIFYIpro-pGreenll 0800-LUC i i) BY2 J5iE A&t (&
A, 0mmol - L) FIALE! (24, 0.8mmol L") Zid 14 h ¢4k, Wil LUC A1 REN f1E
KIAF MaTIFYD J3 80§ FEATAHEEE 6 Ko
1.7 FEixFESEESK

Z: ¥ Shan %5 (2014) (K595, BREIE A VIEE Not 1 Al BamH T XUEE)I 7 IE#6 K MaTIFY1 SOk,
B H R B, ¥ MaTIFYI R 2|20k ARG D) I 5 GST A28 1) pGEX-4T-1 KBk I, 4%
WLZE K FF# BL21 (DE3) 41, SKIZWIE N 1.0 mmol - L IPTG 53 H R IR, F9410F
25 ‘C'F 6 he K] Glutathione Sepharose 4B (GE) GST 3 Ml /2 rFE4lifb ik 1) GST-MaTIFY1 @
SEA. A5 HE AT 10% SDS - 58 A 475 Bz e 12 F vkl

2 HiIR50

2.1 MaTIFYI %555 b3t

MaTIFY1 9atS )@ FE RS Ky 227 aa, 7 Fimh 24.97 kD, 5NN 7.85. AIEMR ¥4 LLXT R
By, MaTIFY1 &4 1 4 TIF[F/Y]IXG fR5F45M38 (K 1). FIF MEGAS.0 %} MaTIFY1 ML FF i
TIFY KGk i RZG3W, KIAEY) TIFY K& L4 4 TIFY. PPD. JAZ Al ZML Wik, S5HjA
(FIBF 9T 45 8 (Zhang et al., 2012) #H{l; MaTIFY1 SHLE§IFK) AT1G74950.1. AT1G19180.1 Al



P, DRA, Bl BrES, B, Bk
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AT1G72450.1 2KBL, 54 1 TIFIF/YIXG LR5F 4505, R A& T TIFY #KFFK ik i TIFY
Wi R (K 2).

AT1G74950.1 : [ISSFSAECWDFS[ERZPSIEEOITe:IIRSRNERIS (e IFeD ®-CEA : 65
EgTIFY10B : ;mxgg *FSVTCSRLSOYLKEﬁGSFGﬁI o). LR ch 8. PTIMS LMPGV; 68
PATIFY10B : |UADMREGANTEE & FSVTCSRLSEYLKEKGSFGII EQA-- O-PTTMSLMPGVH 68
MaTIFY1 e ! GKR" EK(c I S's ' SY TN S[e YLKERGEFGE T 63
AT1G74950.1  : ) IKPKTMFPRQSSFSSSSESGTKEDVEMIKEL TKS V] : 135
EgTIFY10B : N DLFPQHAGEIELVABAKK >SSV : 136
PATIFY10B : op ELFPQHAG AVSAKK>SSVIEHN- A ;135
MaTIFY1 : SDDAT-DHOT. E-—=—m==m WELKTPDP -~ === ===~ : 113
AT1G74950.1 (G- - SN LSFlICFlIAEVNNNHSAYSQ SPNEVCSPAKTAARE 203
EgTIFY10B SIVP TyUESTITAATVDLSHOH ASTEDSE °N 206
PATIFY10B S! >SS TAARLEFSHeHSENI. CNEGSle! 0 205
MaTIFY1 A ERS PARPR——===—====—= BILAS o --EPPPA: 169
AT1G74950.1  : . ASSKPTNPAWSSR---—--—-~--===--— T 249

EgTIFY10B : R & ENLEGKR : 272

PATIFY10B < ESKG-- : 269

MaTIFY1 R GSFR-- : 226

1 &% MaTIFY1 5#IE7F TIFY EHSER LR
Fig. 1 Alignment of the predicted TIFY proteins between banana and Arabidopsis thaliana

97 AT4G14720.1
AL SCAFFOLD 0007 2842.1 PPD
AT4G14713.1
SCAFFOLD 501132.1.1
AT3G43440.1
AT5G209900.1
AT5G13220.1

99 AT3G17860.1
498,—: AT1G48500.1
AT1G70700.1 JAZ
100 FGENESHI PM.C SCAFFOLD 2700000011
100 AT2G34600.1
AT1G30135.1
100 AL SCAFFOLD 0001 3081.1
100 AT1G74950.1
AT1G19180.1
55 MaTIFY1
AT1G72450.1 TIFY
100 FGENESHI PM.C SCAFFOLD 1001486.1
96 AT1G17380.1
AT4G32570.1
AT4G24470.1
98‘ AL SCAFFOLD 0008 1306.1
- AT3G21175.1 ZML
100 AT1G51600.1
991 SCAFFOLD 104929.1.1

035 030 025 020 015 0.10 0.05 0

2 BE MaTIFY1 53T TIFY EARKRZHLXER
BAHR TR KL
Fig.2 The phylogenetic tree of banana MaTIFY1 protein and Arabidopsis thaliana TIFY proteins

The values represent branch length.
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2.2 MaTIFY1 B9 40 7 15T

) FE L T I kAR R, 20T T MaTIFY 1 SR A WAl Efr . e 3 Fros, 5840491
WA R G BH XS B pEAQ-GFP M EL, pEAQ-MaTIFY 1-GFP (¥l & 45 1 FUAE 00 5 A 2 5 40 i 1)
AL PSRN A5, R MaTIFY 1 @4 TAAZ, e fiir, X551 2%
JE AT I RFAEAH — 20

i3 Bright field 5% GFP 2 Merge

pEAQ-GFP |

PEAQ-Ma TIFY1-GFP

B3 &HE MaTIFY1 EHEREM 3% B 205 o A TF 20 B 2 s

Fig. 3 Subcelluar localization of MaTIFY1 in tobacco leaf epidermal cells

2.3 MaTIFY1 EB4&FR¥ER ML

R XU e B BRI R G (B 4), Rk M 35 T I 26 55 K AF 9T MaTIFY 1 ()54
IEPE. 458, 5% pBD-MaTIFY1 (1) effector # AL 5, LUC/REN {8 W] 5 T 40
(pBD-Empty), 245 A 5.11 4% (& 5), XUt MaTIFY1 B EREmE T, & — s
¥

16
REHEA Reporter 1l ok
-
CaMV term CaMV term
Zz 10
BN A Effector gj gl
pBD-Empty -{GaNN3s8H CPMV5UTR }{GAL4BDY CPMV3UTR J{il}— S 6b *
CaMV term =
pBD-MaTIFY 1 -{GaNV8s8H CPMVS'UTR {GAL4BDH MaTIFY1H{CPMV3UTR i}~ ar
CaMV term 2+
pBD-VP16 {GaNNass{ CPMVSUTR }(GAL4BDH vpis HcPMVaUTR i} 0 .
CaMV term pBD-VP16 pBD-MaTIFY1 pBD-Empty
B4 BRERASHEHE Bs5 BHEMaTIFY1 FREESH

Fig. 4 Constructs used in the transient expression assays Fig.5 Transcriptional ability of MaTIFY1
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24 BFERIHBATZLRETR MaTIFYI WFRIEH

Han %5 (2016) W70 7522 CH&AMATN, ARBEAFELRSAE 15 d BTG/ LM, RS
JEEE, 18 d I HUEE 205 s N AR FEAE 1| d I JTFIER L0, 3 d I B 20 e 0 i s 1-MCP
ACERAE 30 d B FFURRE I &M, 33 d BB &7 b o

FIH QRT-PCR FR34T T MaTIFY1 75 3 PRI HGAERE (46 AR G I i 2R 1-MCP
AR PESELZZ ) Bz R EE, 450 (B 6) IR, MaTIFYI B F S Ak R iy 1 i 55
I HAMERAME BT RIS A AR 18 d N2 3 d AT 1-MCP &b B 2% i 74 33 d I, MaTIFY1
MRIE RSB0 0d IS 28 fi%5. 11 f5R1 14 %, R MaTIFYl 5HFERLEBA —E KR,

Y R 1-MCPEEE M
50 [ Natural ripening 50 - Propylenc-induced 50 © 1-McP delayed ripening
3 ripening
.E’ 40 L 40 |
1 £
X 7 30 30 1
&2
'8
m o 20 - 20
=z
=
2 10 | 10 L
() Lo Ll | 0
01 3 5 7121518 21 0o 1 3 5 7 0 1 3 5 7 12 15 18 21 27 30 33 36

AT E)/d Time after treatment

B 6 MaTIFYI 3 MFRRBABRNERRLPHRIE
Fig. 6 Expression level of MaTIFY1 in banana fruit with 3 different ripening behaviors

2.5 MaTIFYI BIBEhFiE S

N T PR MaTIFY T 357 86 3 S A S, 43 85 T e R A 8h - 3K 2 8o MaTIFY1
(A B 75 A 3w AR oo tE, SR Ia N et (0P 518 AAAAAATTTC) . Wi B[
IR ABRE JUft (20741008 ACGTG). WiV /R85 Z ¥ P-box Jufl (R0 P41 CCTTTTG). Wil
NI FTHE Y CGTCA-motif (#% 0y FE41 ) CGTCA) MYB 145 & 7ot « WRKY 1454 7o W-box 25,
HAHERME, MaTIFYD B8 TF&E 1 ANCHRNIGPE ERE (0744 ATTTCACAA), KW
MaTIFY1 J3 8)F4 vl Bem Y. L8515 5

£2 BFE MaTIFYI BRHFTHEST
Table 2 Main regulatory motifs found within the MaTIFY1 promoter

JuF4 K Element J7%1] Core sequence 7' Site £ H Function

ERE ATTTCACAA 365(+) L% W Ethylene response

W-box TGAC 313(+) WRKY 547 25 WRKY binding site
ABRE ACGTG 574(+); 715(+) JIit 74 B2 W ). Abscisic acid response
CGTCA-motif CGTCA 466(+) SR FI MR . Jasmonic acid response
MYBRS AACCA 795(+); 824(+); 897(+) MYB 547 25 MYB binding site
HSE AAAAAATTTC 325(-) U8 % Heat stress response

P-box CCTTTTG 833(-) 7R BF Z WM. Gibberellin response
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FIH DI MR S FE K i 248 (BT,
TS AEMHEE BY2 Wi R IA MaTIFY1pro-pGreen
Il 0800-LUC KHF5T MaTIFYI J35) T35 - 45
R(E 8 KW, LKA LUC/REN &
SIRE) 2.94 £5, KB MaTIFYI H1)8 81l fg
OIS o G54 MaTIFY] 75 7585 B s gl st
B rRiE, W—B U MaTIFY] % W5
T, i Re S 5E AR IR .

2.6 MaTIFY1 BIEHRZRIE

¥y E A Tk GST-MaTIFYI, {5 KA
FARANE S MaTIFY1 HH. %Okt
SRR, KRE IPTG 3 SR KA R A
R RA HEA A, 4 IPTG 3
(R T B ) I P 1 K4 50
kD (& 9) WMEE4w, XaHEMAEH GST-
MaTIFY1, 5S#EMF MaTIFY1 & A/ KN —
0 (HH2) 26 kD [1) GST A28 1R 24 kD 1)
MaTIFY1 & 410 . EJElid GST 4iftiki
& GST-MaTIFY1 fHEE4ifh, FHAaalii s
M, RILALE 1 5 22w b —2
(K19, DL RS, i 5% RIA v LA
RANES MaTIFY1 EAE A, HNaslse
4% MaTIFY 1 §UA % 355 JLAit

TIFY PP A N1, 8 2
ZHMY) e TIFY ¥ H7, X
ZHEP TR T #A . KR FOK SR U
%) (Vanholme et al., 2007; Baietal., 2011;

( j MalIFY ] prol

CaMV term CaMV term

7 BRRRIASE M

Fig. 7 Constructs used in the transient expression assay

357
3.0F
25F
2.0+
1.5+

1.0
0.5+
0

Vv P IR
Ethrel treatment Control

LUC/REN

B8 FE MaTIFYI BETFEES
Fig. 8 Promoter activity of MaTIFY]I in response to ethrel

-— 50 kD

37kD

9 &R MaTIFY1 RiZRIEFEALALE SDS-PAGE S
M: A marker; 1: KFET; 2: T 6h; 3: 4ifb)E.
i KkFTHR N GST-MaTIFY 1 4 (147l o
Fig. 9 SDS-PAGE analysis of prokaryotic expressed- and
purified-GST-MaTIFY1 protein

M: Protein marker; 1: Un-induced; 2: Induced for 6 h; 3: Purified.

The arrow indicated the GST-MaTIFY1 protein band.

Zhang et al., 2012), 1A R HERTE EAH K TIFY 3K+ 10 7 89 S HAE LI dRiE i b . 78
AW, MFEFRERSHRwfE T — TIFY #% KT, 48 MaTIFY 1. JPF150 3R, MaTIFY1
A TIFY #s K TIFY WG AR 55, RIS 1A TIFIF/YIXG 8588, Rt iR,
MaTIFY1 58I 7F TIFY W% AT1G74950.1. AT1G19180.1 Fil AT1G72450.1 Z541 ik — 0, ik
—UFSE MaTIFY 1 J& T TIFY W% 5

TIFY ¥ 7 F LS 5MAEKKE . SRR, 1S540 sl EA PP a i) m s (Bai et
al., 2011; Hakata et al., 2012). qRT-PCR 73#7& W], MaTIFYI ZANENGTES, T HAE 3 FiAR
BCARERE I R R S, YR b SRRSO RS gk B, HLERA R, I MaTIFYI Ve 25
T EER SR A, Ba ISRV, MaTIFY] JH8) 1% O 5HS, S8 mRNA &
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A3, XTRE S IR 3T O RN TOHEE G IXEEEE U, TIFY Hsk K+ A 51
BERREAK, BESREMRAEZH K, T TIFY #XF 7 IAEY 6.

e S5 TR 7 T8 00 N 40 A S5 A R R T A LA I DR R T A . I Al B s 4 BT R
MaTIFY 1 @ fE N, Sk A% E MRIE— 3. TIFY Hesg A1 3 2hl il 45 & Ml s
D518 20 3 F1 A os 5 S R R g Rk o S54RI TIFY 8 HAT i s fifiliiE o4 (Perez et al., 2014)
AN, MaTIFY1 A0 E, W7 MaTIFY 1 1] A8 30 ik 6 S5 B0 7 25 5L Sz i SRl G JE IRl 2
BRSPS AT WL, R SR WA 2 MaTIFY 1 45 551 Rl 2 SC IR SR 2 (R
BB E . Hurli R RIE 72 DAEAARSNE S MaTIFY 1 E4UE ARIE, NGS5 Wikt
JEBHAT A 52 (EMSA) LA I 45 HidA % %8 MaTIFY 1 #EEER BE 8 T — 2 Hhhll. Y 4h, TS pl il
WA R —NE AR, WEAZ R 2R EER Gebdr 55, 2015, &k
WG R I, B 7 MaDof23 55 5% 7 MaERFO A LA, IF ELASPUEE 10 4Nl et
RN 2 5 75 B R 92l (Fengetal., 2016). [KlH, MaTIFY1 #2755 75 A8 R 90l AT M %
() Ho A 5% X141 ERFs. MADS-box Fl NACs S AF/E HAF KRR, FFUh IR 45 R 58 st 2 1255,
ARET IR — P
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