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Abstract EAR-motif, which is of amphiphilic, is rich with leucine and endows the transcrption factors with repression function, is a
conservative sequence in transcrption factors. EAR-type transcription repressors which are unique to plants, contain the EAR-motif,
and exist rifely in various types of protein families of plant, taking part in the controlling processes of bio- and abiotic stress responses,
programmed and hypersensitive cell death, embryogenesis, organ development and aging. EAR-type transcription respressors belong
to the class of active transcription repressors and exert repression effect on downstream genes by means of the pathway of chromatin
modification and/or activator-regulation, and then, implement the positive or negative control on biological function. These inhibition
effects not only happen intramolecularly but also intermolecularly, and could be removed through the pathway of ubiquitin-nuclear
proteasome. Phosphorylation may play a important role in removal of the suppressive effects. CREST (Chimeric Repressor Gene-
Silencing Technology) has been established on the basis of studies about the structure and function of EAR-type transcription repressors.
Constructing Chimeric proteins by linking the EAR-motifs to the C-end of transcription activators genetically may make them change
into high efficient negative regulons, which can be used to repress the expression of interest genes specifically and efficiently. This
technology possesses huge potential application value in many aspects, such as determination of transcription activators function,
investigation of interaction between proteins, changing the treats of plants, and so on. The knowledge about the structure and function of
EAR-type transcription repressors remain to be unilateral, superficial and non-systematic. The CREST itself needs to be developped

W1 L9

~ Y


http://creativecommons.org/licenses/by/2.0

mz p N THYBE(NLR), 201045, 8%, F 1255 ; ;D ®
= ) Fenzi Zhiwu Yuzhong (Online), 2010, Vol.8, No.12 \‘

http://mpb. 5th.sophiapublisher.com

N Y 0 W E b e

and improved further.

Keywords Plant; Transcription factor; Transcriptional repressor; EAR-motif; Chimeric Repressor Gene-Silencing Technology

MRE=

4 5% [N -¥~(Transcription Factor) 1] 73k % 5300
~F(Transcription Activator)Fl#% 4l (Transcription
Repressor) I K (FLUA%E, 2008), #4712
SR E I S ERIR 7, B B B0 71 B
WO, DRUEEEDR RS AR BOd (1) /K R, S
JEE 22T 0 R A B 3 AT T BRE TR B ) D) g
(Hanna-Rose et al., 1996). EAR & 5 # 1 (EAR-
type Transcriptional Repressor) =i EAR &7
(ERF-associated amphiphilic repression motif EAR-
motif) (Ohta et al., 2001)5¢Js EAR &7 [f— A1)
R U SAN 7o WP BLEATI e A7AE T A
AR ZAEARBE T, AR KT i
PO S5 AL B R Je 22 M A B R 2 TR S AR )
P (Hiratsu et al., 2002; Kazan et al., 2006; Ciftci-
Yilmaz et al., 2007)55 7 I A A AT LA

2003 4, Hiratsu S5ia 2R TRET BAERGE
+ C Kb n—B EAR JEy, Rlb&TE ka5 H,
W JLHEAR Ny e B AR 1, AT T kS 4l
FFERYTER B A (Chimeric Repressor Silencing Tech-
nology, CREST). JaKFFUERM, ZHE AL I
DRI R E - WS HE A (A HAE AN
PRATEYIPEIR ) 2 R AT U AT A T e RN FH ¢ o
h T AEHEXS EAR RUI 4R FHLER AR,
fitik CREST BORMIAESEH, AN A K EAR
S ANH) RS . ThEE A ENLE], LM CREST
AR SR H BT 2RIA o

1 EAR BUAE SRS F B9 2R PR BER

Fujimoto %5(2000) 7 P&t T 5 AN gmtd 4ol rg I
(Arabidopsis thaliana At)ERF(Ethylene responesive
factor) & (11 ¢cDNA J341, s3ilfn4 A AtERF1.
AtERF2. AtERF3. AtERFA K AtERFS . AR¥EXTEA]
e G 1 B 1 2 SRR P A1 B L o i 5 S, el
4y M=K Class 1 (AtERF1. AtERF2), Class II
(AtERF3. AtERF4), Class Il (AtERFS). . AtERF1.
AtERF2 FI AtERF5 N B0s ¥, M AtERF3
AtERFA J& % 34+ . [A4F, Ohta 55£(2000)H 5T &

WK (Nicotiana tabacum Nt)F1 ] NtERF3 /& —
It SR A

Ohta %5(2001)%} Class 11 2% ERF 1 TFIII 7 ZFP
(Zinc Finger Protein) il 12 LR 741 LL T 7>
FRIAEEATP IR C Rim#S oA — MR
(L/FDLN L/F(X)P), Ht— 05 741 24
TER P b5, JEHE SEm R, RAXCEME, W
REFRZ ) EAR 37, Hiratsu %5(2002)7E ZFP X
&) SUPERMAN A RIS ERF BEFP AL O)
~FJ7AI(DLDLEL), 1E# #7248 EAR JEF(EAR-like
motif). J5K, Tiwari 55(2004). Tsukagoshi 55(2005)
N4 A7E Aux/TAA(auxin/indoleacetic acid) & B3 X
(B3 DNA-binding domain protein)f] HIS (High-Sugar
Induced) &5 [ "R ERF JEJ7 AHRL 08 55 7 471
(LXxLxL, /LDLNS/FXP). AICH] EAR AU 4]
Fli RN KRG EAR FE7 802K EAR 357 ()4
AN

2 EAR B3 HNH FB94FE
2.1 EAR BUEERANGIF 89 2 FHFE

EAR R sl 7 — 288 0l A7 A7 TR ) 3t
R R TR AT 0 ()2 i Al 7 o 76 2 P WL
A5 5% K7 ERF. ZFP 26K iE 48R BT EAR
FRURE AN T IAEAE(E 1) h# 1 W)L, EAR Y
S AN FANAEAE T, 3B AEE T
THHED T . HET, E3iPFieEA KLY EAR
L R ] 5 41

2.2 EAR BUEE RN G F 89 FF HIHFE

EAR JE7 & EAR PG sgAlatil -1 () 3 [ RFAE o
kR BEAR SEFPIN, sl 1k 4 T e
KW EAR JEJ7 21 B 040 H A FH B 75 1
(Ohta et al., 2001); EAR J&/7 P& IEFRIE L MU
S EFNE D R 1) PR B /> (Ohta et al., 2001; Tiwari
et al., 2001,2004), 4l AtERF3 /] EAR 3£/5(LDLNLA
P)" I D SRR I A B, R Al A s i) - 2k
ZHNHI T HE(ORta et al., 2001); EAR KE¥5 Grana
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1R, HA @t Rsrr, MOeRERZER BLIAALT AR, i AR B Jesiss, RIS
SEIRFRS e AT R, AR AR, o RN S BN D RE IS Bk, A
P AR R AR T FIEEE, 2008), L3 AN L IR R,

XKW, RARAAIEFHELENIER, Tiwari 5£(2004)

2K 1 EAR BUEE AN 7 HSR IS
Table 1 The origins and types of EAR-type transcription repressors

KR e TN 7 eSS
origins Transcription repressors Categories
ST ZAT1. ZAT5. ZAT11 (Ohta et al., 2001); ZAT7(Ciftci-Yilmaz et al., 2007); ZFP
Arabidopsis ZAT10(Onta et al., 2001, Mittler et al., 2006); AZF1-3. STZ(Sakamoto et al., 2000,

2004); SUPERMAN(Hiratsu et al., 2002)
AtERF3. AtERFA. AtERF10. AtERF11. AtERF12(Ohta et al., 2001); AtERF7(Songet ERF
al., 2005); DEAR1(Tsutsui et al., 2009)

HSI2. HSI2-L1. HSI2-L2(Tsukagoshi et al., 2005,2007) B3
IAA12/BDL(Szemenyei et al., 2008); IAA17 AUX/IAA
NIMIN1. NIMIN2, NIMIN3 (Chern et al., 2005) NDBDP
ZPT2-2, ZPT2-5, ZPT2-7, ZPT2-9, ZPT2-13. ZPT3-3. ZPT4—4 (Ohta et al., 2001); ZFP

T ZPT2-3(Sugano et al., 2003)

Petunia

AL ZFT1(Uehara et al., 2005) ZFP

Tobacco NtERF3(Ohta et al., 2001); NbCD1(Nasir et al., 2005) ERF
G8-1(Chern et al., 2005) NDBDP

K#FiE ZCT1-3(Pauw et al., 2003) ZFP

Periwinkle

N WZF1(Ohta et al., 2001); TaZFPs(Kam et al., 2008) ZFP

Wheat WNRR(Chern et al., 2005) NDBDP

XE GmERF4(Zhang et al., 2010) ERF

Soybean

K bR GhERF4(Jin et al., 2008) ERF

Upland cotton

K& OsERF3(Ohta et al., 2001) ERF

Rice OsHSI2(Du et al., 2008) B3
NRR(Chern et al., 2005) NDBDP

1 ZFP, ¥R A; ERF, LM RMNIKT; B3, B3 SIS 8 H; AUX/MAA, K ZFE/MIBEZ R85 H; NDBDP, J& DNA 45418 & A
Note: ZFP, Zinc finger protein; ERF, Ethylene responsive factor; B3, B3 domain protein; AUX/IAA, Auxin/indoleacetic acid proteins;
NDBD: Non DNA Binding Domain protein

k& EAR JE/746, AFESKER EAR B %40 ghfld(Hao et al., 1998; Takatsuji, 1998; Tsukagoshi
TIEHAARIA ) DNA 45438, i ERF 2584 AP2/  etal., 2005; Suzuki et al., 2007; Lewis et al., 2007)%% .
ERF . ZFP REHEHESMWE. B3 35 &4 B3 H4b, A4 EAR BIHE 40| 71 DNA 456l

3, KoM
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(Weigel et al., 2005; Chern et al., 2005), {H/EE AT
MAMBEAT DNA 8558R EMEB R 78554
HATHWHRER o 4Pl 7 ) NIMIN2 R H )
NRR(Chern et al., 2005).

3 EAR B RHGH| FRIEHIF Th B
EAR UL S 2RI 22 5 1 i AE W2 DR

3.1 S 534 YBhE N R 3 12 A RE
1A A A, R A R TRV 22 R AR
5% e, EAR 2 i) 1 25 AR A Py e .
MR . N, ZAT7 FEREBRIE R
ST HEAR, X ERRPUIER T, T ZAT7 H EAR JE)7
R B G AR A SIS TR, A R DRI RE T R ) T
K, (Ciftci-Yilmaz et al., 2007). Song Z5(2005)#}1H ,
AtERFT B BFRIE AR DA ABA RS,
IR AR I I0, FEARPUT 5 58 ) PG Kam 55:(2008)
K I TaZFPs Z it ) —4E EAR UG sl F i 5
P2 A0 . K5 GmERF4 HL P8 1k 8 R AL A
B, FEILDIRE UL RIS ) K K458 Zhang
etal., 2010). ¥4k, DEARI AEMSHHTIR S W 5L A

FIGHR 5 3R, BRI R UIIR A8 /) (Tsutsui et al.,

2009).

3.2 & 545 Vi8N N3 5 AR
Nasir 55(2005) H 9 75 75 ‘7 B DR U BRI 0 T,

NbCD1 FEP AN (N, benthamiana) % J5HE .
MU (Pseudomonas  cichorii)r=44E 25 £ P (non-host
resistance) T 0 75 (1), 18 1 H & B IR 3%
i, NbCD1 fefftadik A 4E%F 15tk . DEARI
T 2 12kt 5 DRTRE A G d i BT BV 38 ) (Tsuitsu et all,
2009). GmERF4 @B FRIEMEILRMRE S, Tk
[A(PR1, PR2, PR4, Osmotin F1 SARS.2)3ik 7KW
SEIEAR, AR R 0 IR 40 B BT PE(Zhang et al.,
2010). SEHRW, EAR RUFLSEANH] 7542
3E N I R DA G

3.3 S5 RE SR TR AIEE

I H g FE AN B AT R AR R P T R AR
PIHE, BHERH EAR AU ANH 12 5 kit i
B4 . HA% (singlet oxygen) FHE %A H 1 FE(super-
oxide radicals) N P& %6 (reactive oxygen species)

Re S B FETEAET I RE o XIAS [RIZE 2R 4 A g A2 12 4T
TP B B, — R AT S DR R e i 3R
%, HAds Zatll, R ZAT1 PR AR
R4 R RE Y B W) e s R T EOR ZAT1 3X
Bl CoH, BVBER R BRI PN T g R kAT i
FErb k545 T HAE H (Gechev et al., 2005). 11 8
WO 5 995 11 43 1) 32 B2 F- INF 1 (the major secreted
elicitin of Phytophthora infestans)FAE 77 99 I & P
cichorii ] LA 740 ML BHEAE TS, NbCDI1 401l
YER X AN FE BT A2 ) (Nasir et al., 2005). DEARI
(RIS W] 5 R SE A AR iy 2SS T b Al
240 L ) HE T (Tsutsui et al., 2009).

34 S 5FBRAE. BEABMELIENIRE

WG R L B85 R B AR E A R AR 2
AAEATIERE, BAR HY A Sk ] A2 1K 28 AR AN n] B
BRI T, B EAR UL AN T Dh AR 1E 5
RAF, IR FRIGANRE IE W AT - 49141, SUPERMAN
e R S IER T R GRS R T, % R 1
) C K & A EAR &7, & EAR A%
7. B> BAR 71 SUPERMAN [ ) 57
{7 15 G BHAALT spuerman & K RAF 1 1R A, K
i) SUPERMAN JE Bl (R4S Pl 46 2 B 1) 1B 5 K
H b A ] /b ¥ (Hiratsu et al., 2002). Szemenyei 55
(2008)F5T &L EAR #5540 T IAA12/BDL
TR IR IR R & ARG REMAH, Kam
25£(2008)4K 1 TaZFPs 25 EAR ML s3] 1 5 ik
REMENH K,

4 EAR BUAERANE] BRI ML
4.1 EAR 2N F 2 £ shiE RINFIF

SLRZ A TP e ST AN 5~ 0 ok T2 B e sl 1
(Active Transcription Repressor)flI# 51 4% 5 411 +
(Passive Transcription Repressor) P K. #5540
AT A AR S e, e i S HATH
7] DNA 557 1 IRV RG0S 15640 T S e AT T4
| fHE(Cowell et al., 1994; Hanna-Rose et al., 1996).
M, T xANHIF B DNA g56858, e s
— AN PALE T A BRI T BE I (Cowell et al., 1994;
Hanna-Rose et al., 1996), 1l it G AR LE FME (4L 2
H 2 S 8 55 30 1 HARSEHLHIAT A4 61 )
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fiE(Thiel et al., 2004; Kazan et al., 2006), EAR HUfE5¢
)& T E B4l 1(Ohta et al., 2001).

4.2 EAR BRI F BB X =) B 15T #¢

ZAT10 5 R 9l ZAT10 55 4 /& ZFP SR 1 —F
EAR HE A1, Mittler 25(2006) K% F ZAT10
FIEWS, AR % 5 A (reactive oxygen-defense
transcripts)FX BN, A0 EE L FNBIE W ia i)
PuvkSe . W RIS ZATI0 JED sz i K
RNAi T 5ARM, ot EhAEE Phia HAT 8w 1)
Ptk o W7 ZAT10 XAEAST 1 N 2 A 1E AW A) i
FEYIE

4.3 EAR ZUE NG FRIMFHUERBE AT LU R £ E 2
FARAXAALEES Fd]

EAR LR 3 Al 10 T UeE DR R 4l
PE, R B s Bos T I A S Uk S R E
IR R A AR s, RIS T A
FHIVE ] ERRIN LM, A S AR T
TR S I Ak G TR AT LA A,
FRAE T A RIS 7KV HE &5 A 0 13k G ) T .
MEFAEAR 2 o SRS R U], EAR BUEE S
FIAIIE IR E n) LUK AEAE 43 F (8] (Fujimoto et al.,
2000; Ohta et al., 2001).

4.4 EAR BUEERANGH FHIHITE AT LUB S A E AT iR
ZRIM

EAR AU M7 ] OB S 1 Y (T 1 4584,
BE 1 s oty 1 L EEAR A e R 4, F0 I
SRR F(Pazin et al., 1997). U1 AtERFT 513571
JaslFIuff GCCbox 456 )G, fiE5+ AtSin3 #1 HDA19
AR A2 5 2 s A, o AtSin g
NI T, 1 HDA19 JE4H 5 (i £ Wk .
AtERFT W] fig 21 ik H 2 R I LA B i R Gt
JOSIE BN R DR 3R PR A H

EAR R i)t m DU Ik R S s 7 .
Pl g &, N EH DI RERAE, KBNS
IRERIINHEIVE T . Weigel et al i (2005), FLRGFT
H NIMINT A S ARSI DNA 456407, il
NIMI/NPR1 FIl TGA e siiffoti 1 IR 4 6 Sy
RUFEEEI(PRAIE]. NIM1 B0RR A NPR1 & Fiont

PRI Z&5 HAT IEWRFAE RS o /KRS NRR i
FHURG T NIMIN AHABLEA L SEER PR1 JE PRI 1 11
H#5(McGrath et al., 2005; Chern M et al., 2005).

4.5 EAR B SRANH FiE R AR

LN EAR 4G Al 1% PEan 4] 2 Br i 2
WG R, BRIz % - A R 1
ST L 2R M 2 B 70 T B L. xR
B {£ (nuclear proteasome) & & [ MR 134 5T, 1
A= AN A I R E R PRI IR R AR
A%, W LU B2 %1% LIRS AR e B EAR
RV SANTI T, BRI ER . 55
AR ZE A IR Y P AR AR BB NI, R RO
KN AUX/TAA B AR 2 AR AT, &
2 AUX/TAAs B R0, S BUAR A 32m B RE D8 e 5%
iG1(Tao et al., 2005). T4, 4 OMIRIER K,
AtERFA JR N VEREMR, BB O 7~ (40 ERF1 8%
AtERF2), £BRAHBOE - 6], AT 5 R
WG ThEe, fE4F PDF1.2(Plant defensin)Ji K] ) ik
(McGrath et al., 2005), X 7EA% S 1R A A 2
AtERFA {4£(Yang Z et al., 2005). 74k, Koyama
45(2003)4R 1, MHE A ERF3 A LLFIZ 2GR A
A EAER . Song Z5(2005) k18, 76 HAF & I PKS3
YERN, AtERFT AR AAE I B A, 55 17]) DNA
5B R IR, FIEIE R B . Ul B BERR A AR FH ]
REJE 2Bk EAR JY A% il 74l 4 S22 ) P 5

5 #RE 1D F I BRI K BB & R b

XPT EAR BV AN 45 /I D 8 55 J7 T 1)
T L8 R A —FloBr (A AR, B Rk G4+
J R YT ER B K (Chimeric Repressor Gene-Silencing
Technology CREST). {E¥E+ C AR b in— Bk
H T EAR Uil EAR JE)7, FlG B Rk
HHEE, WA —ANE A AT, B
EATIE L R R T B AR, T H BRI
HEAT R S 0 ey ) kA, AR A ik S a1 0l
BRER . BRI T 58 e s o - g BEoT
EETAH AR SRAEYIEIR, 24k S RNA Hl
RNAI HiRZ J5, HEATIERIPUERR) S —T0HHEoR, H
HHE e S ) FE KRS Y (Hiratsu et al., 2003; Mitsuda
et al., 2005, 2006; Kam et al., 2008).
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51 S EHRREFERERINEE

CREST 15 KA s T LA v Il 3 BRI A 2 1)
sy, oS R TR, FIEERNZA
e R O 2 )RR PR AR &, R R
PE, T B TUAR TR (R e RAT R, A
BAEE] ERF SR (AT Ty R e 584 1)
fiiE (Yang et al., 2005). FTLL, 4R FEF R X
NHARRNA FI5H AN 1 LI (1) 2 42 Th g
AT B AT, 8 23 DRk )RR DR () D R A M A
FH T 9% . Hiratsu 25(2003) 1] EAR 27 R 2 Rl [A]
(R S IR 2 SE R PP ARl RIATHE S IR A7 42T
RUEMTET, W iRBLR TR, KRS
ST U 42 3ok AR A 1E R AR R R B A EE
(), BELWTHL R o AR A 3 10 A O R K 3 0™
JE . SHORT-INTERNODES/STYLISH(SHI/STY) %
% STY1 BRI T, U4l b A K= 5 Al
SRR, (R EKRE, HH SHUSTY Kk
MR Shae RATUR M. A5 STYI+SRDX(1E A
T BEAR 27 Bl B HAL IR I, RSy i
ANBE M T 2 A2, A ESE T STY1 4%
SHI/STY S5 i b H AT T 73 A 4 2R R T ORI 4
() 5 24 A (Eklund, et al., 2010).

52 MREERZEIMEEER

EAR 557 0] DU i 8 1 s A 8 5O B
P FIRAEER, NG 50
T AN A4, RS BEAR 534S 10
S I sAMHE PR A T, A SR TR 8 15
Z R RAEMBEAE, X FWF5TE A ORI R
Z ) ARG 2 e s RV A AR A Loy J2 193
HHM. MWETHHEAYS EAR 37l & A8,
G S 7 FE D B AR LAk, T T O 0 SR
T IO 1 R 2 1 Bl s A A BRI s 7 R TR 2
)15 R AEAH HAEH  WD40 42— 2554 WD40
ST ER 11, WD40 872 45 DA H 20 R - 21 2R
T, A IR(W)- KA IRD)4 R 40 DR
IR 51, WD40 8 (2 B 2R Th
R4 M 1 (Yang et al., 2008), 1875 1 F i i 25
Ji-FR 5 H AR 7 U T . Matsui 25(2010)H it Ry
AR T FUR T WD40 25 1 AtPWP2 (periodic tryp-

tophan protein2) %45 A1 AtTBP1 (TATA binding
protein 1) LR AAHHAEH

5.3 U HEMIEAR

FIF CREST ] LAFIH4a A RAEAR (0 N 3%
AR BRI R P BRI BR s AT mT DA e
R PEIR - PRI AR AE IR 0 o B A RO
WEAEE . s & SRS I A7 A0 A2 R A AR B 100
B FEMEEIRS, FUE, AR A TR R
MR EE AR T A& B H. Kia ik inm & =
s R R AR B AR (R« — & —1%)
PIRRALHT iR 2 AL B R R AT Hbr 2 — (R
S, 2004). MR AR RE FP AR AT AAE R 3EAL
JEHk 8 —FRIHE—FLAA M & —Fh P450 B . 1% AT P450
B AEAT AR o s ERIA Y, e R AR
AFIE AR T-Fik, Hi% P450 BIRIAZ 5%
AR, BRIk, nrRLAEAI CREST #Eii4
% p450 B IR (1) 7 S WO+ A EAR 877 /il & ik
HEAE, IR RAERM iR RRE, XA
SR B E AR

6 RE

£r LR BAR RUBLSAM] 12— SRy Ak
TR A I PR A sl 2251
WY Z M AEMESINELENT, X EAR R
AN W T BAT A A A S B
FOURL R T AR s S U K B AR . (EE,
XA M RERIAIE NS TR, RILAE
FIHLHI B AT AT IR 22 125825 11, CREST BORAR
RE AT TR e ANEE, kS
RARF AR R T

N TR, RABEZ RS EAR FEFAH
LUIHE S EAR FEFRIVEEZ N, JH7E
UEIEAE BATA BAR ZUEL AN FiX — . ixuk
EAR B&7 B8 ELATAH R A Re s (B0 D) B P 75
BRIk HAEXCEN), BATH LR E 24
k. Y4 Matsui £5(2008)#3E, R3-MYB H K
W AMYBL2 W sl 1, Fe o) i IR
E C AR A AL B e R T
HI(TLLLFR), 1Ak X — 56 2 5 AN F EAR

e, Lot
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SLFP I FOBT AOAM IR 81, A 2P SN AT i
RFIXCEYE . I AR I A Z IR ] e ok
A SR E ] A0 D BE R AS R AL 2 A
AT RGUMERIEE P A SRy il A A Tk — 2 Rl
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