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Roles of WOX Transcription Factors in Plant Development

ZENG Dangi'?, HE Chunmei', YU Zhenming', SI Can'2, CHEN Jing!, HUANG Lei'?, Li Dongmei’,
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South China Botanical Garden, Chinese Academy of Sciences, Guangzhou 510650, China; 2. University of Chinese Academy of Sciences, Beijing 100049,

China; 3. Shunde Polytechnic, Foshan 528300, Guangdong, China)

Abstract: WOX (WUSCHEL-related homeobox) transcription factors (TFs) are closely associated with plant
development, including embryogenesis, somatic embryogenesis, flower and root development, the initiation and
maintenance of callus, and stem cell maintenance in plants. Increasing studies demonstrated that WOX TFs play a
crucial role in plant development. Studied on the regulatory mechanisms of WOX in plant development provide a
breakthrough in promoting plant development and constructing excellent plant phenotypes. The regulation of
WOX TFs in plant development was reviewed, and the developmental processes by integrating WOX and
epigenetic regulation were discussed, which aimed at providing inspiration for the mechanism of WOX TFs in
regulating plant development.
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WOX ¥ 55 R FE ) R B i 18 b 9y B 1 # £
2, BHEEERAEEEE. D AEY
WEETF N, B AT RN T A 154> WOX i,
DNREVE T2 M i 4 15 B IR IR X R,
k. W dRHSAEN . WIBREEKKEE
FRUASE M F R G T 12 0EH s KFE(Oryza
sativa) P HEE 13 A~ WOX 1, fn wox13 §0
IKFEIE R B LR S, wox1l WisAERAEK K
U, WOX3 g 229 AR RN vk B B4 .
TEER 2 A il (Dendrobium officinale), AN [F] WOX &
HEEERZE K B RE B Z RN, AR
] DowOX8 KK ] G5 Tidim 70 A HEUK B A, 3L
TET G 7> A2 S AR A B s T oA, DowOXs!Y),
XN ZRPEAEYIN WOX KRR s b 7 &
B—2%, fEXRFIEJasminum samba)F , AW FTIE
W wox4 M wOX1 73 5 @A RR AT
KM,y wOoX BRHEARAE & B R AR TR 7t
oAt 17— 2R I SR ZR R o FEREA(Petunia hybrida)
4 5 (Antirrhinum majus)'F, BRI WUS H
RIFNFVIRAR ST MDA R BRI 1)) TR
T WOX BERELERF 220 73 HE 2H 24 (shoot apical meri-
stem, SAM)#LHE A AT BB MEH . £ Z FEY
WOoX R Z 5= Y 16K 8 FAE 45 1) T
R A PR WOX Dhe (I AH St SR BAS T H
R, MR WOX s IR F MY R & M
TR BB 31 LA o

YR B SY, MIGRE R IRIEHEY) IER
KRB RRIEAZ.OU, WOX 3K FEMY)
WEIG & B B8 3 X 380k S 1 e i e i R R oA R
B MERM, WUSCHEL MR B FFRIEI 4
AR, RERBEEEX —d R E
B, AR HAH AL AN, PRk, xR ia
KRB I E A s DR A 9 33 T A R LA S L
FEALBFIPE . A WOX KIEAF R A A
[P WOXs f A B R IK IR BEAT 25818, R AE )
TR K B BRI A WOX Z% % i
XY B sk Rk, B s HAHRHL
PR, JEOME S ST TR L R

1 WOX F % il o2 iR

HOMEOBOX f . R T G b 17, Hook
FARFAE R — /N B FE R (60~66 ANk IE), 1% 24

E

FEWR AT B B D FR O RIS 57 B 45 K S5 ) DNA 45 &
5, %453 HB DNA 751 4m 518, 24 HOX
W2 SV HB TR, HOX 78 J e S e v i
W] 1 [R5 S A R AR 3 B B Ak v B e AR
SE RN, T2 T AR B, HB st N e
W R IZAE . 1996 4F, Laux S ARG I+
TR E B N E T S 4y AR 2H 2 AE RR R B OB A
) WUSCHEL (WUS). WOX 55 K1 5 e (E /i
Ik BRI EREE, Z5EMNEZMEE
AR, Wi EHRNYER . P RE RKE
MK E %

KT WOX ZIR 02 43 FE It 5t 32 BEAR v AE i
AZYR o WOX ZXJ A 1 HEA 1% 150 T AR 4 HB
[F 5 S T 25 K B PP A1 ) R 8K B R i kAT 4
W, A # 5K DNA-binding motif 7] 8L IF T &
A b2 w2, DL HB & AR LR B 150
JFEER, Y WOX KRG BRI AT LA 3 AN
2, 3 & WUS clade. Intermediate clade 1 Ancient
clade' 22, 7EMRIFH, WUS Rl WOX1~WOX7 K&
HAEF T Y T E R FYEE AR T WUS clade,
WOX8. WOX9. WOX11 1 WOX12 F HAE4EE
Wb R B A& AR HJE T Intermediate clade, WOX10-
WOXI13 fl WOX14 JHAEYEE MARLEE Y
HARFEJEE )BT Ancient clade™® 21 W75 K I 1
Ancient clade 8K B St i A AR 4L & &% /N ST i
(Physcomitrella patens)f) WOX J¥ 41|24, Intermediate
clade BrHATEMEYNIME I E Y G (Selaginella
moellendorffii)**; WUS clade {4 & FF RPN
A 4R, X PR 5] 2 Intermediate clade 5% &R
() Y 2 DR 0 200 2 8 A7 AE T 4R LY 1 B s L R AH
e

WOX B PR E 1 235 1) ) ML BRI A7 A [ U
F 45 ¥y 38 (homeodomain, HD)(F 1), %45 #4380 ik
T IR Jie - 5% #f1 - 18 E (helix-turn-helix, HTH)45#45
DNA &5, 48 T2k R 5. Y WOX [F]JE
S T 45 W 8008 5 A o 5 R ST (R G548 TR A 2 A S A 1)
W, SIMEAERE T RAAEZEE YT, HAEHB H
fib ZX 50 TALE KGRI, jehh, BT
WUS box #& WUS clade i 3 F#A [ 25 HIRM, 75 WUS
FNHA 3 A 51 (R WOX 1. WOX4 1 WOXS5)1 WUS-
box bV RZ 10 MRIEAE | MRRYESEHIR, FIAE
ATF#E SR WIS E A -« 1 ERF-associated amphiphilic
repression (EAR)ZS 1438 n] G B A sk Dhag, 1
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W RAE WUS. WOX5 fl WOX7 8 ek &
X IR IR I EAR motif24, A 4112, 72 WOX2

(i [V T 48 A3 R IR A 1AM I TR 45
A 1), XAt WOX2 A FEE 1

WUS 5] Ho | - WOXS | [ "D ]
WOX1 | [ ho ] = WOX9 | [ ho |
WOX2 [ w0 I T WOXI11 [ o | |
WOX3 [ mp | 48] WOX12 [] +o | \
WOX4 | [ W] I e Mermediate clade
WOXS5 [ w0 [T 1 WOXI10 | [ W |
WOX6 | | HD | i WOX13 | )
wox7 [L2] Ho ] i — | WOX14 | [ ho ]
WUS clade Ancient clade

K1 UEETF AWOX SR E 45 M R B [RIUR(HD) G t) R 1% FOR IR R AT IR I BRIHREE; WUS box motif (4L E4)7E ™ 1% & L4 E SCh T-L-
[DEQP]-L-F-P-[GITVL]-[GSKNTCV]; B 45 HIg (85 () 7 T WUS-box _EiiF K40 10 ANk FEAl; EAR Z5H3Is(& () THRIE R i, H A5 ML 2 [LVI]-
X-[LVI]-X-[LVI]; | AMEGE KBRS HIRCE )L T HD TF, & WOX2 #5710

Fig. 1 Schematic domain structures of WOX family proteins in Arabidopsis thaliana. The homeodomain (HD) (yellow) is the most prominent and defining
feature of the family. The WUS box motif (red) was defined in a strict sense, as T-L-[DEQP]-L-F-P-[GITVL]-[GSKNTCV]. An acidic domain (blue) was

identified with approximately ten residues upstream of the WUS box. The EAR domain (green) is located at the carboxyl terminus and is characterized by

[LVI]-X-[LVI]-X-[LVI]. A putative zinc finger domain (purple) is downstream of HD and is specific to WOX2.

2 WOX s Rl I Rk B =

WOX #sg FF R BE A HA R . A
PRR I N WOXs i 51 v] fE 78 FE AR 8% B
Ik, (HAE HAh S B EAR A2, 1 woXs fE
UL I AR 22 23 A= 2H 23 ) b w08 R ) AR R
e RIA G202 (HAE H AR AL R I R AR ECH K
DA BNRT, B TR R IA AN, WOX S i 7t A7
FE—E BIAHICE, ] LAIRIN 7E 2 /> 38 B RIS 2E
WEMEDHAEKKE, 1 WUS AMUIERLEE TR0 25
HRIABY, 1T B AR RS IR A B 4 (1 IR Bk 01
2y RIAPY, R WOX % R A (R 7E 454 A7 7E
RKMZES, WFEEF SRR RFRE, H2
MHHL R, IXEE WOX Z [AMF- 24776 MAH S
MR LRI ThRERY, 1K T WOX S pR i () 4t
PEIRAEE R . RRTHEFLR B, WOX 2 [K PRESSED
FLOWER (PRS)F1 WOX1 13215852 5 2 s AH L
F2, HIEE woxlprs XGRS R )R BUIERH T i
EThEE ERTUARM: PRS/WOX3 {E 1K (Zea mays)
IR R R IE K 2 NARROW SHEATH 1 1 NARROW
SHEATH 2, M4k E BEAHEREERPY, i3
T 158 B B I RO T AR 1) e K B i FE H PRS/
WOX3 3R BA Dy ae R s e,

WOX [ [ fEE S M RAB T HA RETIR
Gb, WAFAE R IR A [FH T 5 B A T AR 1 1
. WUS clade BA AR WUS box, AR
WUS 0] LyRAMEANF BT RIS N prs Al wox3 R
AR B, HILRIFH I KER 2 WUS clade i)
A] [B] #MNH B (Nicotiana tabacum) wox1 [F)J5 58 A8 4
lam1 WIERFEB, (HE WUS clade WA REEI b am !
RALMHIZLIINA, SZAUEW] T AR WUS clade /& 52 72
ANFARBHEA T hRe BRA =S, HullH 7 WUS
clade 54 ] WUS box B A —ERPPR PRI B Z 1 1
4b, HUPFEE, 5 WUS box B SRDX FHi& )i
AlA A WOX7.WOX9 fl WOX13 2 (A WUS
clade) A] LA[EI%R lam 1 IR AL, 1Kk —HIESE | WUS
box HIDEEE ZMEPY, KR T WUS clade /57 )
e S T R R AT AL, a3 & F Disekr
TR WUS box, AH T 5 1t 1) Ancient clade Fl Inter-
mediate clade, WUS clade fZ7E1] 1 B NG A0
IR T2 R, BRI A R KR E R B
PHEE O

Zx BTk, WOX #% 5% [K 1 R IE R A B AN [F] 58
ALV EC T EATE DR B 2 A EU R M. [
i, DhReR) 2 FEYEAE A R AS B B A2 Frie i
TERWAR S T kB, #—2 8 WOX fEMY K
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BIEZ LA B BEE T 2R eAh, ThReMITUiR
PEEIN T WOX By e M, Bl ndtA WOX % 3[H
FRAR T B b VR AT DA F A 5 A A R A
BADIRER WOX 9Ab, fREE TR EEAKKE .

3WOX Z 5K E

V2 [FUSHESL RITER Y A B T O 1 BB
WOX F A NS 52 e sk R 500k AEREI
ERKEDHE T2 EENME, WEYRREE
AMRIRA A TERE R E . BOHS T A
YERE DS T 20 M 4 R 55

3.1 S 5EMERKEMEERE

BRI K E &N ERidE. Bilf
R WIRRG R AW 7 T LB ORI Fe ik Fe 221, B4
JA G /S BB 4 P G BB 5 B0 DAER R 21330, 4
VR 6 5 A (RTRR AR IR R AR ) R 4R AE I8 2K 11
LR ARG A IR, BET AR B BN AMA R
AR, FEARORARFE F iR 1B SRR K B 1R
PRYE. sbsh, HIRELT& T, WEELJLFAH
[F R B B BB, ARG T R4 L I 4 Rk
ik o EHERZTT W UK R IGHE . AR,
WRIR R AR RV S K B e e (U5 - AR 2 R TV R4
RE VR G 326 1 72 D e B AR 5 — R YR B A S
RSN 4y T B VAR SRR, Hoh s R A
G R B R IR R A S S 2R ) AR D R R A 2
KREERTTTIRE

KEFFRY, WOX 5N 1Y G
RE PG KRB R 0L wox 2 R
RILFEWA NG B A0 R 2 fe fivig . FERLEE T,
ARl WOX ZER A IR IE BN AT 1 R iR & &
Xy e e e %, R R R I IR IR R B A A
R PRLER RS 2 AR &F B BhHEAE T, tn wox2 A
WOXS 1E SR 52 K G DAL TE FI AR R 73 AR
373 ) Ry R T 52 K O B4 Tl 48 i R 5k 556 1 48 i
WOX9 fEME NG & & B H O IR X S 3l K #5 HEAE
WOXS5 1E R 2 U R BRI IA R A rhoRe S 38 45,
WUS TEM R R AR B 0 F TR IE 4, FE 3R A (Lyco-
persicon esculentum)™, WOX9 WG G K&
S 18] 2 15 200 B 4 05 PR 0 5 R R 2L, FE KA
WOX T2 R B I DXCIERs 5 Ve 5 e e =
LREWL AN, BERRY, wUS REE, IR

Tt 73 AR AL ZRATEIVE IR TG A, B AR R I b 22 Ty
SHEHGUERZ R, MYIEREE R E
(17, WEREARE AN 52 2B AR K 3 B i s ma 4], i HL
M 2 7] 1) 4 F 22 S AE R B PR A R0 .t
1‘~L[4546]O

WOX 35 PR TEAE YA R e A 4y 5 A B B2 11
fath. BHTREY, WUS [F¥EF R HEE A1
Fehr IR AT MR R A B B T4 wus
AHBVEMIGAIE, 102 R EYEREAR LR
A, DA R AS[R] AR, AT SO A 4 Py L4
RE Az, 5B FLAT AR AR AR R AR R A IR
ARG HERBEEER . AR, IR E
i AN EL SR F-4n WUSCHEL (WUS)I Az 2k
Sk, AW TEERH, WOX2 fl WOX3 2 FE
TR R A AT D B R B s R 0% EER K
(Picea asperata)®', PaWOX2 51K kIS FEAF1E
AHINE, 11 PawOX2 TE - BAMREH ML ARG & B I 2
W B ERIE, (HBE S R HA I R AT R B2 7R KR
FA(Pinus taeda), STIMPY/WOX9 Bl if~5 WUS
(I T SR 45 T 20 B A D 2, IR HAE MR iG  A it
Ry E A . HisL R, WUS/
CLAVATA (CLV) H 177 [=] i X T 24 35 - 41 i 1)
KPR H EES), Rk, WUS-CLV J&— Ml
AN LS, KT R A LR Rk — 25 ) B
kK

IbAh, BTG R EMHLEE, Fi R s
WA 232 B A0 J= 0 AR K 3 ROBE T DA RS T R i
Ao B, RGP R E AR K R R A NS 55
T AT DURIERR R B IR, (H A IR A 5
XATE AL H BT ARG E, KR ENIRIa RS
f e I 5 3 I ——WOX R 2 B 5K &R
WG K B — 8RR, B LUy R IR
RE WM HLE SRR . KR, Bl
R R B AT FE Bk T LA g g, A EA
(2 MBAE 2 M7 T siRNA 78 R ML 2 1 b
YEFE IR IG R A I E DT, X R —ANERRE
. SR, H ATk B A WRE L
DL 7R WOX TFEIRIG & B ALEL [ AH SRS, PRtk
WOX Xf G & & IR A 72— B4R

32 ZH5HEMERE
AN EEIhREAS B, FEREN A
B RE A R AOVE R BEFER ] WOX fEHE
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YIRS B KRB IH RS T K E B A EBERUSS,
TEFURE I+, WUS J& 18 1020 o 24 5 By 20 75 19,
WOX13 Fl WOX 14 52m{ef & &P, PRS/WOX3 W]
DA #2400 B A6 0l e B ARSI A IR A S0 7R
BAEdd, WOX1 A LL4ERFIE R & I 1E R AL,
WOXS & AE/7 K B AR R L5 BT 75 1101, AR50
1 (Medicago sativa) NHE 1, TEIRAZ 3] T WOX1
gAY, 7 Tk, NARROW SHEATHI (NS1)#l
NS2 (WOX3 I [ YEM) AR i FIAE S B 1 1E W &
T2, X B WOX ¥R A B T4 Refe 45 f fl
A, YR E A ] BEk i .

JUE AN WOX S il R TESE # 1 22 R AR K,
HB 5 B R AE D BE EAFAETUAR . DR, WOXI1
ERBAFEEYERES . RIeEmE. WEmsE
EHIHER G PR IIEETUAR ) EVERG REEN (EVG,
WOX9 WHKEREK 2 —)&— N E I BIEE, E1E
e R B SRR IR TR R Th R, 78 KM i)
M LEFIBR G, 72 B I B R DR ] DABRAT fHL S fR
SERITUAR DR, b Ah, TEHSE R & B
WOX TESZIAE K B 1 [E I 252 s 722K, il
R IFH WOX 5K PRSI I TGRSR AN 22 S 30 Fr
ERFER SR, B BN AR
B, B, SR AR K B AT DUE R ME
R = ROk s e S KB S

3.3 25RKE

MRR A HAURAR A KR B FI AR, 18
VIRARKRE B RN, AOCEFEIR G ] 55 4
MR, i HAE I & G 7 A AR FAS E MR, R T
i A G 7 PR AR 2. HATA X WOX %
KR T HEEYREEIMARZ . fEKES,
WOXI1 &P ERA KK B PRI, RCHRRE
R R R BV T, IR E
MY 23 WOX13 Fl WOX14 (IFZMILL K2 WOX11
A WOX12 (3[R0, H WOXS wJ LAIFERR 4
AL R AFEFZEVE P, WOX4 78T RUZARFIZE
— PR L) R T B AR A ROOT, FESRF AR
B, WOXT SR R 520 32 B4 AR AR i BT 45 A 43
M RN (Triticum aestivum)H, WOXS TEAR
KERIAO, Xyt WOX FG B TEA [FIFE AR
REFHHENAEEEH 2.

YRR B R B 2 A E T TR,
o, MYHER. HIEESEZMESIHE. EHY

BERAR A EEEZNEM, Hdh WOX KX
JE R 53 KB R A0 RE R AR 2 K B RO A 5%
BRI T Z . IER IR B T BRI
Frg A RER RN, EEKIESIE-. Pk
01, WOXI11 ATRERAE KRNI HREMES T,
B A DU R A A R AN 2 R AR T U R SR Y
Wi K AEAR AR 20 21, 3Ky WOX11 Z 5 AR
e FAREFHLRIEIT T He, BEmAhE T WOX #
KA IR YRR B A SR T

3.4 2 5EMAGHRRTE RAYERF

WY EA BRI K E T8, @SR S
VIR AR . WOX S A XY 845 4H 2
TE SRR RR i B AR . Wik, B &Y
ARR-HD-ZIPINE &A1 LA T WUS TEME ) & 45
HAFREW, HALRE L NROEESRO)E, &
B ImAE A AN DUE A B 2F . AR, 2
FHAHRRI T A5 B 7 2355 T WUS RIS,
TEFE T, RIS IER 7 LBD16 # WOX11 i
TEJETE CIM (B GH R 73k ks R 3R 1A, WOX11-
LBD16 &4/ @ 4 23R A3 2 Be itk i AR UET . i
2 21 i s e A (R 2B 8 70 4 PR A A D R 40 i ) 1Y)
B EA KRR WOXI11 M WOX12, 5=
WOX11/WOX12 #i% WOX5/WOX7 il LBDI16 [1]
Faaklool; IRIBEHHLAFEH WOX11 Fsg A&, I
7x WOX11 1] G K Ag i A 20 2 A K 7ESR A
e, WOX4. WOXI13 Fl— /M2 K A VE 7 K &
FE DRI A 4 2R s SR B R s R, B
KT WOX KR ATEBMGALNFEFHHEEL T
A AL A EAE Y, Rk, T WOX S i
ERGALSEGS, AR EY R E i
YA LI .

JUE K40 I 4 REPE IR 72 I SRR A& A, {H
A FHUHBIEIR KA BRI . HareT
WOX F M @B LAt AL,
BRI R S HF R AR T, EPE WOX 3%
EAL -1 DTN s dE AT 43 A 38 T < JHORS E  A3r (1) 25
SRR, BV AT UM WOX 18 @5 L LR IR S 0
1T 48 7 Y 7 A AL AR AL

35SWOX S5HEYTHHRAE
TP — R AR AT S A 2L A B,
YT 40 92 NI A HBUSAM) R/ 21
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(RAM)SE &Ry AR 021, AT DAy R R FH A9
NEZSAE IR, R (R FERIZE). B (DR
PEAT ) LS AR AL AT M B T ) B S i 55074

KEHFF I WOX Fk R A TEREPIA 732
JL P AR R R A BB AR . WUS 42 WOX &K
R BB GE 51, AT DA 3T 41 B PR 1) R 4 e
TEMFETT T, WUS 22270 A H Z(SAM) H 1) T4
JHO 2 R 3 v o B R R T ) A ), R
N 25 R T 4 A 2H A0 2 R AN BB AT T 4%
A8, DRI AT BAAY WUS 2 40 i 4 35 14 e
WA, PR B RS — AN AT 5 1A
o, BbAk, AR FUR WA A o> 24 2 S N T IR
WUS BT, MifEsl o A2 AR D gel0,
fI 52, WUS $54 454 WUS box motif i #% % Y &
BHFHASENTMRASMLAE, BR
WUS box motif 81T &40 R & T4 M 4511
AR, AT FE i — 2P B SRR I .

Y TR B REF RSN, Wk
THEEREIEMS ., WUS & A2 Y 26 T
MLz OB T, LD WOX B 7 ThBE Ao 1)
T4 6 A 257 (1 5 A AL ) A o — ELHE AR, H
HIAA R T4 AR A RS 1) WOX ThRER) 7 Bk
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dotted lines show indirect regulation, and its mechanism is not clear.
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