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Bm® REHF KEFE B B R I KIRC
CEMAZEAEMEIEZEE, 2 730000)

mE

K ILd —3t H A AL AR T et Ak, RAM 5 SRR RAT CO, = H,O Kieey £

Z2BE., EMBRT, LG KF ALK T T @08 R AR E A @mieariE 4L E4, M BiX
— R LA THF R, RIEFH RGNS LAEGALRL TR NETF “—A @i
& KR )” . R ILATIR Sk 69 EPFL 7T 86 2 98 4R:E a0 0T 4 69 45455 4 F; TMM-ER K44
FeMAPK1E 5 BHEAE A f 32 B F, AR AL T 2 T Rattha H e 26, R4 A3l 44L; bHLH
HEZEFAMYBROEHEAT FHEARILZ @O FEHE,

KHEia

SRS SRR AT ARSI T,
HH R T B EE MR DR R
T 40 P R L AR 25— N e O 40 LR LU R B
R 2=, X — WL — R AR REF 4
Az R 2. T o T3 R 4 5 7 A BT AL B )
Hulalf5 5% FREEMET LK AL, BRESL
BB “ Z>—NHIEERE” MmEA. Fil,
MBI RAUR B T O 40 e B UK B i aniahs
R HBEARL. B, CO, WE. HBLEE
S HE SRR KE,

1 BEYEETHSILAEER
WIS RS R =Mark: Bla4d
£ 5 41 ffd (meristemoid mother cell, MMC). 434
02340 ffl (meristemoid ) Al £ 1 41 i B 40 ffd (guard
mother cell, GMC). URFIF B T40 i v ) =
REMMpZ L — RINARME, K E M MMC; MMC
BT 469 34 (entry asymmetric division), J¥ 4™
KANA—HIF AL /N =F T T A B g Ak b il 4 A4
LRGN, 55— BERR A ik 40 B X L8397 T R
Ao A 4 230 M BT 8T T4 s 4, BN B
KB H, 4T 0~3 KT 14> % (amplifying asymmetric
division) & BT B0 50 A5 41 2R 40 o R 4k ok 40 g, R mT
B RRZ I 40 o BE F) 3 JE RN P BB R R 3L R AR
KB R GMC; GMC FEAT — KO0 #R 73 3 (symmetric
division)F=AEFH MR K/AN—ZUH 4R 40 il (guard
cell, GC), BZ& LRSI (B 1) . Geisler 3K
XSk HF MMC (. @iz RAE— RN
MMC 2| GMC, BBISIL) MRz AR

T, IR, R 5HS; 2 THLE

(stomatal lineage).

—EAT, RIS ALA R S R A =48k
g D, BB M EAR A LT =R
b3 5y BT A, Shpak R 2 AL REAL 40
(stomatal lineage ground cell, SLGC). SLGCs MY
B R B LR B 4 il (pavement cell), tHAEAEIZ & 47
7E B SFLE L AT A I 7 18 AT 1R] BB 4> R (spacing
asymmetric division), J& k22 #L4r A4 41 R (satellite
meristemoid, SM), SMs 1 AEZ ¥ & B AL, HE
L, #lEFF R 2 B FLER R th SMs R B &, T E
H_EAF 65%~82% 3R B A MR S FLIH R = AR ™.

2 AEMETSRILLAER S FHLEH
2.1 ZFk-EAKEEIESHES

TOO MANY MOUTH (TMM)# & 5% & Il 8
ALK B RERERE 2 —, EEME N E NS 51
AT A TR, RIS . tmm-1 R
M FLIEE T Bk, ZESFLERK10, Bhave M
BRI mm 2B GEF= A A R, R Hadt—
FREZHE, N GMC. TMM E#L5
HEHLEHM . GMC A SLGCs HRIL, Brgnidm
AEEkEZE—EREAREIAXZARRER
(leucine-rich repeat receptor-like protein, LRR-RLP), /&
FEREARER X ZAEME (LRR-RLKs) K, H

WokE H #8: 2009-04-16 #2352 H #: 2009-09-11

EHx BRI ZES(N0.30670124), HHtE ARK S (No.
3ZS061-A25-062) % By 5

* BWRASEE . Tel: 0931-8915399, Fax: 0931-8915399, E-mail:
housw @1zu.edu.cn



818

TMM & M SRR X 12, JF5 2F o3 A gl U )
CLAVATAI (CLV1)H1 CLAVATA2 (CLV2)IIHFA,
RIMLRR-RLP FE 45 HLRR-RLKUAZ 5 fulalf5 54
S, ARFEXAME U, #ET TMM FE 5 FEA LRR-
RLKME & UL FEAESIAKRE, X —M ARt
figide # 5k /& 1 ER (ERECTA). ERL1 (ERECTA-LIKEI)
1 ERL2 #JFH ER FKKU4, Hh4h, Wang 505 & I1
TMM BT RS2 5 ABA R 5 H .

ER w5 E AR EH X Z 43 Ser/Thr
(LRR-RLP), & H[FJ54) ERL1 A1 ERL2, =& IhRETT
R E T AR AR RESEREHK
BUS ER G EABREN FERENW, X=
AR ERAEM REM R R LB RE, A2 ERRR
R, ERLI 1 ERL2 7ESFLHH R 41 fa i Rk 4550
5 MM 201, ER EEMEELG S, HFHEH
Ao A A 20 B ) 434k ERLI FNHIHL 43 A 41 4R 40 e
H4r4k; ERL2 WIVAATY 8 4rRM, BIEBK erll
erl2 FIXURAZAK erll erl2 A HER REREL, R
K er erll erl2 =RBE%E /N, AF, MBJLFEFRE
SEBRERBBERT RAHSAE. WREHA
tmm er Fl tmm erl2 22 L BHS L, FWHER KK
TMM 7E[F— &5 5@ FFEMEH, 52 TMM FI
ER ZKW&EZ A AE FAVLHIEANTE .

Hara 2$U97ERBRIE T 153 ANGabid/ i ik
(DT 150 MEERR)E R, &I EPIDERMAL PAT-
TERNING FACTOR 1 (EPFD)BIRiEHH| TRFLH K
B, SHRIEHERMK. T EPFI hEERKFIRS
LEEAE, ALK, EHERHMSSILKEL
KHERM, EPFIZERI A A2 4 U f1 GMC HRIE,
YE4 TMM BCIARIAH gk, KN mEH —BRKY
20~21 MEEMIRENE T, B TR H EPFI
J857F STOMATAL DENSITY AND DISTRUBUTION
1 (SDDI), 3:7€ YDA. TMM % ER ik Lyt /ER .
AT IR $ T R IR Y S ILR B 2 R - BC A
(615 S ¥ SHIRL: EPF1 &S fLAT6 5 2 M shr e
PR 55 F, FHHABE 40 ML i) TMM-ER KRS IE %2
PATEAN, DAV 4R340 B AR AN FR 73 24538 i e e 1% 4
MR ariE (& 2) .

[E] i, Hara Z509544F B SDD1 4 FLKR B #5118
BERAAKHE T TMM-ER K&/ 2). SDDI1 I
RER R SBRIEEA T 2~4 153F HER,
SDD1 EFIEH 5| RS FLE FE K2, SDDI fE4l 5
AL MR GMC hRIL, FERT RS RAY

1y BB, A TR BE 702117519 . Von Groll
L5002 SDD1 & Bl 53 A4 2R 40 U 5 GMC P~ 1
WBFIRIME ST

2.2 MAPK 5S4 Bk

Bergmann F22f Wang EHFHH YDA/
MAPKKK. MKK4/MKKS5 F1 MPK3/MPK6 4 /%]
MAPK {552 H:(MAPK signalling cascade)fEH T
TMM-ER K &2 Flif. MAPK 155 REKAE BA%
Ay B w R ORF M, JFal i B () E LE 1) Ser/
Thr BRI AL B 55029, fURTTH, wmIDfE 73
JiR A4 B 5 O T U BB (mitogen-activated protein
kinase kinase kinase, MAPKKK)f] YODA (YDA) %[l
REHSILRM Mz AR 5 THF K. YDA Thfe
BR5EE 2 AR E RS, B yda BADA
. THATRMEHEZRILFREIAR, X—FK
W5 er erl] erl2 #4LL. YDA B4 A3 (constitutive
activation), Bl 235 YDA ) N i 5 4% X 35 AN-YDA)
3R T 5 YDA DyRelh K 58 240 = (1 R R 229, 58]
A0 YDA WIFEYEA Re R B RN TILR B g
2. WAL HTRY YDA /EHT TMM T, Bt
HED TMM-ER 5% 32 (A 1 g B & ala) L 55 YDA AR
BAERMMNm ARSI R AR driz i, HHE
ENLEEH 5 Tt — PR (E 2).

{2 5r R A0 B 2 A 3 (mitogen-activated pro-
tein kinase 3, MPK3)FIMPKG6 & S LR R B 1 fds
RIFeI, TR mpk3~ F mpk6~~ B HE
(1) B REE, T XUSEARAK mpk3~- mpk6~~ X ZEMERREL
BEHI(embryo-lethal). [Flt, Wang %235z ] RNAI
R¥JE T MPK3 RNAI, 3N mpk6~-, 18 mpk6~"-
MPK3RNAi FaFE 24 H B[ (seedling-lethal), I H.
HFMREILVE2 B AL sbAh, Wang 3§58
#1822 1% 51K R (steroid-inducible system)——GVG-
MPK6 —%5 N\ mpk3~"~ mpk6~-, FFiHh 2RI
(dexamethasone) {b B L KM K, 5 S GVG-MPK6
TEMR R A AL T8 LR R URAZ AR mpk3~- mpk67-
MER . ER, FrakE K mpk3~- mpk6~- Fatk KL iE
KRB, 3 B M5 A R AL .
mpk6~-MPK3RNAi F11% 53 If) mpk3~~ mpk6~- HEEER &
L H AR RS AL R B F o A Ui b, 28 MPK3
MPK6 fE M iH#E ALK B T EATRETLRYE. 5
SAAERE TR REELED BB EE 4
(mitogen-activated protein kinase kinase 4, MKK4)#!
MKKS5 £ MPK3 F1 MPK6 i) Liff. MKK4-
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Fig.1 Schematic diagram of Arabidopsis stomatal development !

a: DIC image of the abaxial epidermis of a Columbia leaf. Cell types are labeled as b. b: stages of divisions during stomatal development. A

protodermal cell is converted into a MMC through an unknown mechanism. The MMC undergoes an entry division to create a meristemoid

(green). Meristemoids can reiterate one to three rounds of amplifying divisions before differentiating into a GMC (pink). The SLGCs

produced from amplifying divisions can initiate spacing division and produce SMs (orange) which is always oriented away from an existing

GMC or stomata. GMCs divide symmetrically to produce two GC, which eventually form the mature stomata (red).

ER
ERL2 TMM
RLI

Plasma membrane

Cytoplasm

Fig.2 The proposed model for molecular regulation of
stomatal development in Arabidopsis

TMM is likely to associate with the ER-family at the plasma membrane,
which constitute a TMM-ER-family receptor complex. Cell divisions
during stomatal development are regulated in response to positional
information, which may be EPF1 secreted by existing stomatal lineage.
EPF1, served as a ligand for TMM, activates the TMM-ER-family
receptor. TMM-ER-family receptor may stimulate a MAPK signalling
cascade, which start with the YDA/MAPKKK that in turn activates
MKK4/MKKS5 and then MPK3/MPK6. This MAPK cascade nega-
tively regulates stomatal development, but targets SPCH through the
Ser/Thr phosphorylation between MPK3/MPK6 and SPCH. The bHLH
transcription factors SPCH, MUTE and FAMA, heterodimerize with
SCRM2/ ICE], respectively. These heterodimers mainly regulate three
key steps during stomatal differentiation: (1) the transition from MMC
to meristemoid by SPCH and SCRM2/ICEI, (2) meristemoid to GMC
by MUTE and SCRM2/ICE], (3) GMC to guard cell by FAMA and
SCRM2/ICEL. FLP and MYB88 also act independently to direct GMC

division and differentiation. SDD1 is a negative regulator of stomatal
development but act independently of this signal pathway. Question
mark indicates unknown interactions. P indicates phosphorylation.

l i |
=l *®g®@
MYB8S

Meristemoid GMC GC

Fig.3 Models of stomatal cell-fate transition by sequential
actions of bHLH transcriptional factor

The bHLH transcriptional factor work in a three-step transcriptional
cascade starting at the transition from MMC to meristemoid by
SPCH and SCRM2/ICEI, meristemoid to GMC by MUTE and SCRM2/
ICE1, and GMC to guard cell by FAMA and SCRM2/ICE1. In addition,
FLP and MYB88 also affect the GMC to guard cell transition.

MKKSRNAi fapkEth L BER B 240 HH, 8411 L
FERAERE AN, RS, R MKK4 Al MKKS (7]
HAERESIAKENEBIERILANY:. Wang Fi&
iF 5 MKK4/MKKS5-MPK3/MPK6 £ F YDA/
MAPKKK # F#(E 2).
2.3 bHLH #REFRESILLEN “=5%
KR

PRI, =AW bHLH ¥ % B+
SPCH. MUTE HI FAMA, 4 3{A#ESAKERN
“ =3P 5 5 2 K (three-step transcriptional cascade)”:
(1) SPCH # i MMC [H$#0l9r AE 4L 2R 40 BRI 55 225 (2)
MUTE ##il3l 4y £ 4R 41 M 1] GMC 14548; (3)
FAMA # %] GMC 7] {f .48 i i) 5% & 161

SPCH =% & FRIENIFEE. spch-1IFE
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B A RBERINR AN, SILsE a8k, RHSPCH
AL RS FRERE. SPCH #iil#F MMC [
POy AR MM EEAR; T BAE RS ALR B R AT RE
BAER R, B HARSS B AR R IR AG S A FR 43
FIFAZ SPCH D Rek A/ 70221, Lampard S5
W9t X L SPCH £ MPK3 #1 MPK6 [ 1 FH &4 -
SPCH B 7F bHLH %5143 & C %l MUTE. FAMA R
BRERRTEI, BH—RE 93 M EEREEN
MAPK H 7~ (MAPK target domain, MAPKTD). 7
FH i 23 HTEAE B MAPKTD £ 4% SPCH V&M &
E RN s, B MAPK 155 2 B4 TMM-ER K& %
AR FIHLENSE 5, YDA/MAPKKK . MKKA4/5 1
MPK3/6 2 [a]3f i & 2% b Ser/Thr B ALK E M5 S
NS EMN, HiET MPK3/MPK6 5 SPCH /)
MAPKTD 2 [8] ()RR 1L AF F, #0& bHLH ¥4 5% [F+F
SPCH, 1 SPCH X & MUTE 1 FAMA RikFr b FH i
(B2,

MUTE {2373 4 A0 2340 ffd [7] GMIC FFEAR100,
BIR mute WERASI, 185 spch-1 7N[F], mute K&
AL R — IR FR 5% (entry division), I
FEAERL S AR 2R A L, XL o A A R A B RE A e AR
ZUCESEY M, HIAHERE B GMC, Mk
T mute W) “H BRI 4E B E(rosette pattern)”, HI
SLGCsln] 2 lE, H A GEE — N ZMElr sl A4
41 IR, MUTE #3R& FEULFFTA R K4 i
# R EH B, XRHMUTES TS LA B IE # A
PRt A A EHEENER. FAMA #5143 GMC
] { D40 M % 22, AL T BE A% GMC AT XFR 73
HIREL . fama-1 FIHREFETHE “FER”
REGMC. BRIESHTIEH FAMA 2 USSR T
il R s e E

Zk Pk, bHLH $# % EF SPCH. MUTE
FAMA ZiA#EPEIF SR E AT as ) EEREF,

ERENTHIEA X Z A 26 H? Kanaoka 63 -

Y E KP4 [FYE 28 3——SCREAM1 1 SCRM2 ——
it 5 SPCH. MUTE # FAMA HH /& Bk
=HWESLMEH . scrm-D7- R L2 HSILIAL,
iXFf “stomatal only” R E MUTE @BRIEFRAT
E—%. ANRESEREHODHLH RE B #
(bHLH-LZ)$4 3% A - SCREAM1 (SCRM 1)t £ 457
S PP bHLH % 3% K -F INDUCER of CBF
EXPRESSION 1 (ICE1) %1, SCRMI (bHLHI16)
fIR AR A7 T bHLH-LZ S84 “KRAAM”

EFHREAZ HHE A . FR¥EY SCRM2 (bHLH33)
5 SCRM1 B HIFK “KRAAM” #E&, i H SCRM2
F—AL R HIRESR TS SCRM1 HRIKERE., B
SCRM2 A1E BB IR B4 fah RiA 4, SCRM2/ICE]
A RAR P IERECY . FABEEEXFAS AR
S FRIGCEAMEARFFEI, SCRM2/ICE] #id 5=
ANbHLH %K F B —RAK, st SR E
=B R B4 (1) SPCH A1 SCRM2/ICEL /B3
A RIE—IRAXNSFRE; (2) MUTERISCRM2/
ICE1 i il 73 A= 41 2340 B 1] GMC %638 (3) FAMA
A1 SCRM2/ICE1 ¥4 GMC 1433 50 6(B 3) ©,
Ak, B34 R2R3MYB ¥ 5% K ¥ FLP A1 MYB88
AR BT b o R LR I S ALK B 5 3 GMC )
5% .40 B %525 (&1 3) . FOUR LIPS (FLP)FEF 5
AR EFET R IR S LR, (HIX RS LR S
ARt AR P4l g It XS ARk, 5 TMM.
SDDI 1 YDA SERRZ 5B SALERAER
B ER BT AR, FLP R EE GMC FR AR
HER DA RIE, ESE BoR FLP #i2%wiY
R2R3MYB ¥ 3% K -F i) MYBI124 (Atlg14350), H.[FE
JF MYB88 (At2g02820)5 FLP HE ThRETU &M .
&R B FAMA F1 FLP. MYB88 2 [8] 3 R Ak
4K, FLP FIMYBS88 I B[R #l GMC #H T3 #R 4>
FMREL, 1M FAMA 1 3= 22 4R T4 M i o0 3, {2
BEOR T 40 B AR AL
2.4 miRNA £HSALZERIARTIRG R
MicroRNAs (miRNAs) & H K4 21~24 MEFH R
MR EARmISHERNA, ENESEY R B d R+ R
BUAE /DRI /ER .. Kutter 467% 3 MADS box
kR F——AGAMOUS-likel6 (AGLI16)—3 51
BERAKES P PIAX RS SE. miRNA AGLI6 &
MicroRNA824 (miR824)ME— H BTV I#E . 7
miR824- Hitk (B AR AGLIG) R LMtk T, L
T % HSMs K B RS, o BLiX e fLH 4 A
FERE NG “— AN BRIRIRE R 7. AR, TEagll6-1
KA miR824 R kS JL A H I i SMs
RS FL. WESE I, AGLI6 W] figf2 i3t SLGCs i#
TR M R SMs; R2Z, A figdlfl SLGCs AR
MRS, CRERPARPRE, 1 miR824 725
JEBLHI SLGCs #l7 A 4HR Al GMC H#HRIA .
AGLI6H AR B SFLA M P=E, ] fE 2 ik i ) i
“BENBNES. B, AGLI6 REARHRIH
FIFLEI AR AR S0, T R AR H e SR B NG
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SHIBRRP.
3 RE

SELFEV AR A K S BUR R SRR
mEAEWEEENEM. EEKX MSARAKRE
FIRFR A ERTS T EEMERE, HREF 2S5
B A ) TR B DRIE R A R B ; TMM FHER X
2 I Z A EAVERE . TMM-ER FKiRZ 48 &1k
5 MAPK 15 5 ZEKIE LA 75 Z ik — 2.

o, SRR mSAMERNRE. &
LI T, SERGRE T RSB A,
1 &1 CO, W BRI fE AR F BU LI B MR .
WX 7] GESZT R B S 5 e LI UR4E, B R
TERAN BB SG, Fe A —Fp R A E e S 5,
T % [ SRR BT LR BIX PR S 5 300 1 B B35
RAEMBZN, BB R R A 4o R R BT A
JRER B2 A AR A N SILR B A rvE g, Hit, Co,
WPE SO R E IR AE S 0] G LB R 2 56
SR, Casson FFCSUR DGR A TSP HR
B R ALK, T BEBH X — R N2 A F—
— 4 & B (phytochrome B, phyB) ARG & T
K ¥4 (PHYTOCHROME-INTERACTING FACTOR
4, PIF4)— 4= . AbATIHEN phyB 7] BE 2 B
R TERANI (S S B Fr b 1, MFE %R F PIF4 0]
RE7C phyB M TUfie/ER . B2, HBRE S mE
BRI E RIEM 2 FHLELE A A, B, xF
X — Ji] A 7T 5 AR o R R R S A .
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Molecular Genetic Mechanism of Stomatal Development of Arabidopsis

Rui-Ling Jia, Qian-Qian Qin, Yan-Ping Zhang, Xi Cheng, Kai Liang, Sui-Wen Hou*
(School of Life Sciences, Lanzhou University, Lanzhou 730000, China)

Abstract Stomata are composed of two highly specialized guard cells, and serve as the major conduits for
CO, and H,0 exchange between plants and the atmosphere. In Arabidopsis, stomatal development is not only
initiated in some dispersed stem cells which undergo asymmetric divisions, but also a series of cell fate specialization
events, and this process is regulated by cell-cell signals so that the newly formed stomata can maintain “One-cell
spacing pattern” with the existing stomata or precursors. EPF1 may be a positional signal produced by stomatal
precursors to regulate behavior of nearby cells. TMM-ER-family receptor complex and a MAPK signaling cascade,
served as the negative regulators, orient the proper plane of asymmetric division during stomatal development and
restrict stomatal differentiation. But positive regulators, bHLH transcription factor and MYB proteins, mainly control
cell fate transitions in stomatal lineage.
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