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Role of intercellular movement of transcription
factors in plant growth and development
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Abstract. The growth and development of multicellular organisms relies on substance
exchange and signal transmission between cells. Cell fate specification is tightly controlled by
signals from adjacent cells. Intracellular protein transport is widely involved in various
developmental processes in plants. In this review, we summarize recent advances in the
intercellular movement of key transcription factors controlling plant development. We also
review the cellular basis and molecular regulatory models of movement. Finally, we discuss
challenges and new techniques for studying intercellular protein movement.
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(SHR) ™ D Jx 25 /MR 42 F 41 i ¢ ik P 5 14 7
WUSCHEL (WUS) "*' #it WUSCHEL RELATED HO-
MOBOX 5(WOX5) 17 &%, A SC Il 1 35 4% o i 4
RS Bl S R F I ST i JE , BGA T A S
TRl iz o A 2 R Ay AL fedE, FRATTHLE
S5 T 1A R R i R ) [ AU X AR R BT T
AT TR,

1 ReEE L Rz

1 DA A 7 S PRS2 3 ok i ) 3% 22 3964 7 7%
BhiY . M) % 22 ( plasmodesma, PD)JEAEY N T
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SHR moves from stele cells to cortex cells through PD and activates expression of downstream gene SCR.
SCR forms a complex with SHR, which restricts SHR in the nucleus and prevents SHR from moving.

1
Fig. 1

—/ HEAT 5493819 85 H SHORT-ROOT INTER-
ACTING EMBRYONIC LETHAL (SIEL) . SIEL &
LT AZ AN R s fE iF SHR A L ] &%
i85 G, — MR A B3R 3 & KINESIN
G(KinG) #iilk i it 5 SIEL H 44, BT
SIEL-SHR & & Wi7e i Al i Re 5l 200, axsbii
5 SHR #3140 F AL 5 H T H B & H i
18 I T L — L SRR SE

5 LFY 5 MADS-box EHFEHEHNAE

LFY R EENASTEHLURBEN, B
SR FAST AN S eI R i k0 7R Iy IR
AnfRrp, ERAAE IR RS R R B AL SR, R LFY
AR s e g PR T EEERY,
LFY ) mRNA 7E&h i ) 46 JRFE v ¥4 2k ) |
FIFEJRIE L 25 108 sh Ok sh Lk ak e, RetE
BAAE R R I 2 2R (AR, X R LFY fE
UETEAE RS 31 %0 B SE I R RE & B LFY A7 AE
FHERBEE S, Wi LFY (8 3ol AE 2 JE 40 i)
(), EIHEIF WL GFP 5 LFY g aEH, &M
AlA AR S BE Ty A, LT i 1) T T 0 - 3 34
B, BEELE S FME, flA R A GRS e A
RAGKRAL, W LFY 2 8 3ha T 48 5 2 1
AR, (HRHERR & T GFP B i 5%
PERE TS 3% Winter 1% R Iy 8 AR 1K
HH PRI B 7 8 R0 SRR B B HE n. h T LFY
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SHR #EhREE
Schematic of SHR movement

1A SAM W2 g sh B 3, LFY i/ kIR 5t 1Y
RESIATREA B T H A B8,

IR T, AGAMOUS (AG) J& T MADS-
box C ZEEEI, Fiill 5 HESSFLL K B REAL L K AE 53
A0 AG T LLGE i PD MRS A 4141
L1 J24iM%] L2/L3 2, £ L1 JZ2%KiE AG A, g
g 5E N ag AR R, TR T ETEAGE
BRI e pe e P A AR 0 H EThRE ), 4
fa B ( Antirrhinum majus L.) ", DEFICIENS
(DEF) 5 GLOBOSA (GLO) /& F MADS-box B
RIBLER, P TE R TR SRR [R) R A 5
ks, MEYMRIMZAET MBI, H
' DEF Byiz sl @ 0, TR P )2 21 3R B2 4 i
ER TR

6 CPCIEEEREHMAMMNEE

MRERMRE B A ERTGE, A AR A X
A BT Rk MRERR B, AR BN
ETBAMASE S, AR AL firiz R S A
7 B S OG5 WIS 5 A M 42 Aok #1) 2 B2 A4 M
(HAL), #ka R B 05— B T4 i
AR B AR (N L), W0 F o AR B A
FERBANML iz e f i, BN T CPC
KA T HEANEH,

CPC #fi—A~/N MYB & 11, J&—MME B
T, CPC F ¥/~ CPC i K 3k [N TRIPTYCHON
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( TRY) 1 ENHANCER OF TRY AND CPC 1(ETC?)
DL AT T A 7 S48 E BANR v is , 7 cpe %
ARIIRE K2 b, 122 H L4044k S 3E B 4n i
MAEELI, TRY 8¢ ETCT1 5848 J5 3 T cpc
FIRA, H CPC MG % RATE N (L4l g, [Hh
MYB %% 53 K 1) WARE-WOLF(WER) 7E N {7387
CPC ¥l GLABRA2( GL2) Wik | GL2 BAEE
AN Az YL sE BT 7 CPC 2 43 LA HE BE 4K
w5 2 i PD ) H i 8z AR H AL
il WER5 GL2 Wik, tRE HALEF HRE,
WER. CPC Hl GL2 H:H 2 [ f) £ 5t 18 45 3 1%
HE TREAMESIERBMEMzR2ZER, 8
it CPC 11 ot #4250, & B N-3K I X 38 I
Myb Z5F9 30 HAZ B RE )+ E %, Myb 45 #4345
HHY W76 F1 M78 X #l ] % iz = G E %, JFH
W76 i THE AN ALE® | CPC Wiz shsz
3|37 (A KL 8 W SCRAMBLED ( SCM) Fl % i 25 1
QUIRKY (QKY) ¥, QKY 5 SCM #RAf e e H
R, QKY it FeE B /Y SCM & R IH Y
CPC fER 4 ilal iz sh' ", 1eébh, CPC HEHTE
T R IE B I AR 1, 7E H A0
Ik CPC EHAEM H RIS sh 3] N (740, w5
A CPC MR 3 J5 n] 32 B2t Rk K Pk
EREO ) JEEARIT | CPC iR AL HE7E N

NiAnp, WA B PRI, Kurata 255 & PR,
kR R IR CPC B AR RE A RS 3h 2] 4 2
2, #£H CPC MR sl RA UL AL . 1Ak,
CPC & 138 f7 #F — A A% 4l A ML, ENHANCER
OF GLABRAB(EGL3) g% H 13 i iy i) CPC-
GFP R SGiCEfE gl o 3 1 512 T AR 5T
RS REY) & E A rh A B ShFE SRR T

7 BEMERE

e U D) W L LG E S W s/ kR Bl P Ve B
RN TRt iiRk A . Boe, KEMuEds
P W % A1 M 1) 3% Sl 7 2 i az ke AR B R
HM AR FEEOEM, Hk, XMz
R S BER A s 5 IR R G0 A
LA SR A AR R O A, M]3 22 2 M ] e
B AETE, HARR/ MR LRt E T & H itz
FRE PRk ST R 1 R R] e R S s
FALH AR TR, SRIMTE A — LB A
DI RER S T B oy (I & 2o [0 S S WD Ry e
AR IE T B E Hoz shRE 17 SR H RAER N AY
iz i Ae BRI RAT 27 nIRE 3N 131k
FHEais, et apUl iR 1T it — P ieim
I B Bl 3 1) B 1A I A1 30 285 ey phe s DX 3 P 24
M ariz FIMESE . BEAh, DHFEE BB Shis A 1
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Table 1 Important mobile transcription factors in plant development
AT FEIRIX I, FEIIRE E =B TN
Transcription factor Expression pattern Description References
KNOTTED1(KN1) PRI IX F— AR T AR SR R H 7 B ETE SAM N L2 3 3 L1 (1]
SHOOT MERISTEMLESS . ) YEFS 2R EXRRAS 2R MR, HE AT U (ARSI iE s
ZERAM X e [2]
(STM) GRiEM
WUSCEL(WUS) ZERAHEX WUS M OC B33 CZ, A+ T iiFiE CLV3 M3k difr T4 iufa s [6, 23]
WUSCHEL RELATED . . - . -
HOMOBOX 5( WOX5) R X WOX5 ZE M QC #%31%] CSC, 5k CSC #ilffiriz (7]
. SHR & A H R g B J )2 4 i, 5 SCR B LA G 4R J8 75 T i 5L A
SHORT ROOT(SHR) R A R4 ML B LR 2 [29]
LEAFY (LFY) A6 HEAYAE S AR SRR A T A 2l 2 A8 I R ST I AL Y [36, 37]
- PG HERR L B AR LA AR 43 AR AU e, HEE HRERE N L1 )2
AGAMOUS(AG) LA E B Lo/L3 [42]
DEFICIENS(DEF) 5 o P B U5 R RS W TR S RS R 7 A S B R Blife )l , (447
GLOBOSA(GLO) Horh DEF B g A et , 1 N )2 3138 B2 )2 i Oy e B2 )
CAPRICE(CPC) S 4 CPC &M N %2h#| H 7, 76 H il WER 5 GL2 33k, e H 7 [46]

R AR E
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