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T'0OpMOHBI PAaCTeHUH — IH/IOTeHHbIEe
PeryJasiTopbl NPOrpamMM pa3BUTHUS

Kpurepuy ropMoOHOB:

BeliecTBO BbI3bIBaeT crielidpruuecKui (prU3noa0rndeCcKu OTBeT Y
orpezeeHHbIX K/IeTOK.

Pa300111eHO MeCcTO CMHTe3a U MeCTO JieliCTBUs, T.e. HEOOXOUM TPAHCIIOPT
CHUTHA/ILHOTO BellleCTBa I10 pacTeHUIO (/1 paCTeHUU - He CTPOTUU
KPUTEpUH)

BerijecTBo NpakTHYeCcKy He UIPAeT POJIM B OCHOBHOM MeTabo/IM3Me KIIeTKH,
HCIOJIb3yeTCsl TOIBKO /11 CUTHA/IbHBIX Lie/1eH.

BelliecTBO 10/DKHO J1IeMCTBOBAaTh B HU3KOM KOHILIeHTpaluy (HaurHas ¢ 10°
MOJIb/T).

Oco6eHHOCTH ()MTOTOPMOHOB:

HwuskomoekynsipHbie

PerymmpyroT 1ieJibie IporpaMMbl pa3BUTUSA

B rnpuHILMIe MOTYyT CUHTe3UPOBaThCs TH000i K/IeTKON pacTeHus
B3aumMHoe fenctBre — «IleperoBopbl TOPMOHOBY.
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KakoBa npupoga curHana?
[ MNoTe3bl:
1. XMn4YeCcKkuin curHan (aykcuH)
2. DNEKTPUYECKNN CUTHAIT
3. MexaHu4eckum curHas
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‘\Anvu(anbl-loe AOMUHNpPOBaHne
(KoHKypeHUUAa mexay rnaBHbIM No6erom
U GOKOBbLIMM)

> [lenneHne KJ1IETOK Kamousa u
andpchepeHyMpoBKa KCunembl

(ATTparnpyrowmin acpdrekr)

PusoreHes — oo6pasoBaHue 60KOBbIX
> 1| NPUAATOUHBIX KOPHE

(ATTparnpyrowmin acpdrekr)
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| TpunrodaH — npe,qme(:TBenﬂnK NYK -
'oﬁpa3ye'rca B xnopounacrax :

NHomminykKcycHas
kucaora YK
Haur/1aBHeHIInU
ayKCUH

Indale-3-butyric acid 4-Chloroindole-3-acetic acid

NuponunmacisHas kuciaora (MMK) — y ropurnbl ¥ nieHuIbl,

XJIOPO-UH/0/IWIYKCyCHas (ropox), ¢enunykcycHas (PYK)
KHC/IOTBI — IPUPOJHBbIE COeJUHEHHs, 00 1a/ialoLIHe
ayKCHUHOBOU aKTUBHOCTBIO. IIpUCYTCTBYHOT He y Bcex
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BuocuHTes n gerpagauuna
aKyCUHOB

TpuntodaH HeTpuntodaHOoBbLIV NYTb

N 4

NHaonnnykcycHasa Kucnorta
® ) .

AenoHnpoBaHue: OkucneHue:
NYK-rnukosupgbl NYK-okcnpasa
Komnnekcol ¢ 6enkamu [lepokcnaasa

N amnHoOKucnotamu
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BricokoMmo/ieKy/IsipHbIe
C riirokaHaMu
(7-50 r1oKo3HBIX
0CTaTKOB)
C nenTupaMu
C riimKonporeMHaMu

Hu3zkomosiekyissipHbIe
| KOHBIOraThI — C I/II0K030H,
| MHO3¥TO00M, KHC/IOTAMH, -CH,

Lycopersicon esculentum

WCODH
N

H
/ Indole 3 acetic acid \

) \[ H
H COOH

N-(Inelole-S-avenyl)-L-asparie acid

1-0-(Indole-3.acetyl) f

H _ Ea
H CooH Reversible deactivation
H © o Indole-3-acetic acic
N-{Oxindole-3-acetyl)-L-aspartic acid @U/\
l - %I‘I;E

H
N COOH b, A o o 6-0-(indlole-3-acetyl
. . yl)-B-glucose
i — (8-0-1AA-glucose)
| H o hHo
[e] o
N o COOH DR S
HO OH:
!
HO OH Th OH
0 (o)
H -0 {indole 3-acetyl) |3 glucose W
HO 1-O-1AA puu--m- | | (] OH
N

OH N

3HauuTe/IbHAsA YacTh
ayKCHHOB o0pa3yer
HeaKTHBHbIe KOHBIOTAThl,
KOTOpbIe XpPAHATCA B
3amacarwiyux opraHax u
ceMeHax

N-(1-f-Glucosyloxinclole-3-acetyl)-L-aspartic acid N 4-0-(inclole-3-acetyl)-B-glucose
[ “ ‘ {4-0-1AA-glucase)
S s

o=

N-[1-6-0.p-Glucosyl g1 Saceryl-L aspartc acid r‘f\\ﬁ“ R r// '\;ﬁ/ ~c-o
|
Irreversible deactivation pathway R S o
1O ' H

i e HQ) o . o] OH

‘- CIhS ClID ) [
N—K N—/ AT HO

OoH OH el
o HO



Ka_Taonmsm -
AEeKapOoOKCUNNPYIOLLUIA
3a

cyeT padoThl
nepokcunaasboil,

NYK-okcupasbl

/

N 0
H

Oxindole-3-methanol

l

N O
H

J-Methyleneoxindole

'

MHK%D

3-Methyloxindole

Decarboxylated
oxindoles

OH

Indole-3-acetic acid

H
Indole-3-methanal

'

N
H

Indole-3-aldehyde

=

X N
H

Inelole-3-carboxylic acid

Decarboxylated
indoles




PeuUuenTtopbl ayKCUHOB — 3KCTpa-
WU BHYTPUK/IETOYHbIE?

1. ABP1 Oxoso 22 kDa. Y KyKypy3bl — 5 reHOB. Ha N-KOHIIe -curHasi

8 11 TpaHcriopta B P (38 a-k), Ha C-koHIije — KDEL, Ha N- KOHIIe — cauT
cBsi3biBaHus ¢ UYK: His-Arg-His-Ser-Cys-Glu. Caur
rivko3unupoBaHus (Asp®-Thr-Thr), o 90% 6enka - B OP.

2. Tpancnoprepst UYK Tpaucroprepsl YK B KieTky (4 rena - AUX1
u 1p.) u3 Kinetku (8 renos — PIN1, PIN2 wu np).

3. ABP 60 kDa [I'/imko3upaas3a IUTOKMHUHOBBLIX KOHBIOTATOB.
B3anmoencteue (pUTOrOPMOHOB?

4. ABP 24-25 kDa I'nyratroH-5-TpaHcgepasa (GST).

GST koHTpO/IMpYeT YpOBeHb ITyTaTUOHA, BJIUAeT Ha YPOBEHb
»KaCMOHAaTOB, MePeKUCHU BOA0POA.

MHO0XeCTBeHHOCTh peLelnTopoB

YK — 0co0bIi TOPMOH: CIlelfiu(PUUHBIHN TO/ISIPHBIA TPAHCIIOPT (OT K/IeTKU
K KJIeTKe), 9HA0Te€HHbI pUTM 00pa30BaHuUs U TPAHCIIOPTA.
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(A) The auxin TIR1 receptor protein
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Auxin-induced degradation
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26S Proteasome
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- Figure 2. Protein Structures of Aux/aAs and ARFs.
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(B) Activation

A. Mpwn HU3KNX
KOHLEHTpaLusX ayKCuHa,
o hiniars ' * | TPAHCKPMNLMA ayCuH-

its receptor AXAR 1 perynupyemMbiX reHOB,

Activation of the is degraded

SCFTRT ubiquitin aktusupyouwmuxca ARF-

ligase by auxin & \l\
SCFTR1 ubiquitin E3 ligase | | C2uses AUXIAA v 6enkaMmu 6noKMpoBaHa

’ become
auxin receptor complex e

ubiquinated Proteasome penepeccopamMmu
TpaHcKkpunuun Aux/IAA .

Nucleus

B. Mpu BbiCOKMX

— Polyubiquitin
e KOHLEHTpauuAaX ayKCUH

o g cBsi3biBaeTca c¢ 6enkom TIR1,
uwnu c gpyrumn AFB 6enkamu,
Transcription Transcription | | KOTOpbIe BXOAAT B SCF™R!
is inhibited is activated R

> komnnekc (RBX1-Cullin-

FIGURE 19.41 A model for auxin binding to TIR1/ABF auxin ASK1-TI Rl)

receptors and subsequent transcriptional activation of auxin =

response genes. (A) In the absence of auxin, AUX/IAA repres- " yGM KBUTU pOBaH UA.

sors inhibit the transcription of auxin-induced genes by bind- CBA3bliBaHue ayKCM Ha

ing to ARF transcriptional activators, locking them into an

inactive state. Auxin binding to SCF"™®/ABF complexes pro- cTtuMmynupyert

motes their association with AUX/IAA proteins. (B) Auxin- o

activated SCFTIR/ABF complexes attach ubiquitin molecules to - B3anmogeuncrtsue Aux/IAAs c
i In the majority of cases, the AUX/IAA proteins, which promotes their destruction by the

" Auxin receptor / proteins, which pro ¥ SCFTIRl yTo BEAET K

| dissociates ?‘OSt a.cti;{e fofrmt of the ARF 26S proteasome. The removal and degradation of AUX/TIAA
ranscription factor is a " o 1 .
7 dimer, causing a higher rate A i U s e i y6|/| KBUTUPOBaHUIO Aux/IAAs

transcriptional activators bound to auxin response elements

(AuxRE) stimulate the transcription of auxin-induced genes. Ge JIKOB, U UX pa3py|_ue|.w| IO B

) (C) In most auxin-induced genes, two ARF proteins dimerize
AUIXIN response gene on the AuxRE, causing a further stimulation (“potentiation”) of 26S n pOTeaCOMe_ 310

gene transcription.
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F'mapodunbHbI rMMKONpoTens € MOMEKYNAPHON
Maccoin 22 kla, chopmupyrowmin romogumep.
ABP-1 (Auxin-Binding Protein 1).

Ha C-koHue ABP-1 umeetcsa cneuundunueckas
nocneaoBares/ibHOCTb, COCTOALLAS

n3 4-x aMmmHokncnoT: nu3—acn-rny—nei (KDEL),
XapaKkTtepHas o1 6enKoB aHAON/1Ia3MaTNYeCcKoro
peTukynyma.




1. Gene activation:
Auxin binds to a receptor
complex with a
transcriptional repressor
of H*-ATPase gene
transcription, triggering
the proteolytic
degradation of the
repressor (see Auxin
Signal Transduction
section). Increased
transcription, translation,
and secretion increases
H*-ATPase abundance on
the plasma membrane.

DEGRADATION

2. Protein trafficking: An
auxin-binding protein,
ABP1, may increase
trafficking of H*-ATPase
to the plasma membrane.

3. H*-ATPase stabilization:

Treatment with auxin
results in retention of the
plasma membrane
H*-ATPase on the plasma
membrane and may be
regulated by IAA binding
to ABP1.

CELL WALL
IAA
IAA-induced
i H*-ATPase
IAA-induced \TPase
gene expression stabilization
Rough ER

Golgi body

Nucleus
APB1

Auxin receptor H*-ATPase |

repressor complex

H*-ATPase

IAA-induced
membrane

trafficking >

Plasma
membrane

@
IAA : Activation
- Expansin «——




TpexmepHasi MO/je/ib ABYX TUIIOB K/IETOUHOHW CTeHKH:
Tun I (gByAo/ibHBbIE) U TUI II (KoOMMeTMHOUBI)
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Arabinosides —
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Arabinose-rich runs
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PEIIEIITOPHI - ABP-1, TIR-1 |

YBE/IMUEHUE |[Ca?% B IIMTO30/JIE

AKTUBAIIMA [Ca?']- 3aBucuMoOH TIPOTEMHKWHA3BI

- i ! ——HJ o

®OCOPOPWINPOBAHUE H*™ AT® a3b1 HA
IVIASMAJIEMME 110 OCTATKY CEPUHA

CBSI3BIBAHUE PEI'YJ/ISTOPHOI'O BEJIKA 14-3-3 U
AKTUBAIINA H* AT® a3bl

IMOJAKNUCJ/IEHUE KJIETOUYHOMW CTEHKM -
POCT PACTA)XXEHUEM



Bo3moxxHoe ydactie XET (kcu/tor/iioKaH-3H/0TPaHCI/IMKO031/Ia3bl) U
JKCIMAHCUHA B POCTE K/IETOK PacTsHKeHHeM

Expansins

Cross-linking glycan Wall-loosening

XET
(e.g. xyloglucan) enzyme \ /4
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TpaHCcNopT ayKCUHOB
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3. YOUKBUTUH- 3. 3K30U4nNTO3 U

reHoB PIN TpaHCNALUOHHbIE 3aBNCUMbIIA aHgouunto3 PIN
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TpaHCNOopPT ayKCUHOB

[TaccuBHbIN BXOL,

AKTUBHbIN BbIXO/, From D.Reinhardt et.al.,.2003




Plasma
membrane

Yex/imK u
cTeJid..

— Cell wall

- Cytosol

3. In the cytosol, which has a
neutral pH, the anionic form
(IAA") predominates.

acuole —

L (L 3
'H ' o l_l'l R R G H OB 4. The anions exit the cell via
- BX0/l ayKCHHOB K/IETKY — auxin anion efflux carriers
OMOMHALHST IBYX . T that are concentrated at the
aHU3MOB basal ends of each cell in the

,ﬁ:H:aﬂ_.llHd)beBHH 4 . longitudinal pathway.

* NIPOTOHMPOBAHHOI (hopme

(IAAH) yepes mo6yto ITepeHocuuK ayKcuHa B KieTky — AUX1

¢dochommnuaHy0 MeMOpaHy.

- BTopruHO aKTHBHBIN TPaHCIOPT B

- AMCCOLMMPOBAHHOM (popme —
[IAA- - 2H+ -cumnioprep.

[MToxox Ha 6aKTepranbHbBIN TePeHOCUHK
aMUHOKUCIOT. O6HapyKeH B TIPOBO/SIINX
TKaHSX JINCTa U KOPHEBOM arlekce.




(a) IAAH Apoplast

?AUX1 Symplast

(b)  Vacuole

PINT  TMD1 TMD2 |
max -BE3 AtMRP5

(c) AtMDR1

TMD1 TMD2
AtMDR1 &_ o

nnn nnn o /»&(
- | K PIN1
NBF1[ | NBF2 [ |

(Luschnig, 2002)
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Puc. 9.18. MyTaHT no TpaHCNOPTY aykcuHa pint.




AyKCHH UTrpaeT K/II0UeByI0 Po/ib U B (h)opMHpOBaHKe Mo0eroBoi anukaJIbHOU
MepUCTeMbI

CUP-SHAPED COTYLEDON

Cotyledon [ («HALIEBHAHLIE CEMAROTH»)
(CUC) 1,2,3 — renbl, KOAUpYIOLMe TPU
OnmzKMX TpaHCchaKTOpa.

CUC BiuaioT (TOPMO3ZAT) TPAHCIOPT
TEpitiem Stedk Early heart stage AyKCHUHa.

Adaxial

Late heart

Induction of
expression of CLV3

. 2
Abaxial f6-cell Early globular Q Seedling shoot meristem

Itercotyledonary Shoot apical
Wus gene

0ne meristem eipression

T
Adaxial side Adaxial - @ - 7YY ‘6 Az e i P NS =g b Central Peripheral

Abaxial side / \
, ( Abaxial

Wild type cuct,/cuc2 Zg:gheral _ @, I | . \
< > A\ P ) avaxia

CUC2IisTM Adaxial

e




CoMaTumyecknm sMmbpmoreHes - Mmoaesb O/ N3yYeHuns
MEexXaHN3MOoB aMbpuoreHesa in vivo




9MOpuoreHes y apabuagoncuca

[ vascular bundie and pericycle
- cortex inioal

E. cortex and endodermis

H | epidermis

- tnchoblast

3 arichoblast

.| lateral rool cap

D columella

E guiescent centre

apical region
central region
basal region

hypophyseal cell

: shoot apical meristem
. cotyledons

hypacatyl

. embryonic root
. rooLmeristem
| roof meristem initials

YcraHoB/1eHHue 0oCH
«KOpeHb — mooer».

3Urora e/ IMTCcAa
ACCUMETPHUYHO,
00pa3yroTcsa CycreH30p H
3apo/blileBasi KieTKa.
Jle/ieHue 3apojbIllIeBOV
KJ/IETKU MPUBOAUT K
(hopmMupoOBaHNI0 MepHUCTEM
(psiEoM C CycrieH30poM —
KOpHeBas).

dopmupyeTcsi COCYAUCTHIN
KaM0uii — CBA3b MEPHCTEM.

/3 anka/IbHOH MepUCTeMbI
cTed1sa popmMupyrOTCS
3apo/ibIIeBbIe JINCThS
(cemaposn).

HakoHely, Bce 310
«yIIaKOBbIBAETCA» B CeMHl.




[7IaBHY0 pOJib B pery/isiliii 3MOproreHe3a UrpaeT ayKCHMH

Schematic of mutant types

Wild type Mutant Wild type Mutant

Apical :
I

Terminal

"4".'3‘ ﬁ-‘g;
PIN4 DR5:GFP T O &
.-
- OJ

wos TpaHcKpuniys pa3HbIX TeHOB
B Mmpoijecce SMOpHoOreHe3a IToToKM ayKCHHA B X0/le SMOpHOreHe3a,

perympyemsbie pacnpeaeneauem PIN

MyTaHTbI o 3M0pHorenesy y Arabidopsis

GURK — oTCYyTCTBYHT anukKa/ibHasg MepucremMa u
cemson. Koaupyer anerun-CoA kap0okcuiasy

FAKEL — orcyTCcTBYyeT I'THOKOTHU/Ib. Kogupyet
crepuH C14 peaykra3sy

MONOPTEROS (MP) — oTCYyTCTBYIOT r'HIIOKOTI/Ib
u KopHU. KogupyeT TpancdakTop ayKTCMHOBOrO
orBera ARF

GNOM (GN) — peayuyipoBaHbl anuKa/IbHbIe
noberoBasi u KopHeBasi Mepuctembl. Kogupyer GEF
— (hakTOp 00MeHa ryaHUHOBBIX HYK/1eoTHAOB. GEF
Ba)keH /I pacripeje/ieHus1 TPaHCIIOPTepoB
aykcuHa PIN.

Maximum

2-cell stage Globular embryo Early heart stage




Table 1

Transcriptional patterns in Arabidopsis embryos. (Wei] ers, Jurgens, 2004)

Gene mRNA expression Reference(s) Gene MRNA expression Reference(s)
AtML1 : } P e [6] WOX5 17
PINT ) - A A A _ [30] WOX8 7]
B T S N
. P s
g o g =
] _i
MP; BDL 4 H - . [16,18] Wox9 74|
[ l‘-'-‘ iv L‘ L.' >
PIN7; ASKn ptrak276S [8°%,10%,31] ANT 2 R [33]
[ .-
Ve ] (il
PIN4 [32] REV N [34]
u‘_{ -. ?L y J,“ ‘J"
A - AF
st =
Wwus . [5] PHV N [34]
WOox2 | [7*°] DR5::GFP - p [10°°]
" G “‘"i - hf‘i

Schematic drawings represent a simplified interpretation of the reported mRNA expression of each gene in the zygote, the one-cell, octant,
early globular, and triangular stages. The images depicted here may not exactly represent stages for which mRNA expression has been
reported. Note that for most genes, early expression has not been studied, and the stages for which expression has not been reported have
been left blank. Different shades of blue represent different transcription levels. Abbreviations: ANT, AINTEGUMENTA; ASK, Arabidopsis
SHAGGY-related protein kinase; AtML1, Arabidopsis thaliana MERISTEM LAYER1; PHV, PHAVOLUTA; REV, REVOLUTA.

NarTepH
TpaHCKpUnNuumn
MPHK B
3apogblllax
apaéuagoncuca

Abbreviations

ARF5  AUXIN RESPONSE FACTORS
AXR1  AUXIN RESISTANT1

BDL BODENLOS

CLV3 CLAVATA3

DR5 DIRECT REPEATS

GFP green fluorescent protein

GN GNOM

HD Homeodomain

MAPK mitogen-activated protein kinase
MP MONOPTEROS

PIN PIN-FORMED

WOX  WUS-RELATED HOMEOBOX
WUs  WUSCHEL



OCobEeHHOCTU N MeXaHN3Mbl SMOPNOHAJILHOIrO Pa3BUTUS
pacTeHNN

(A) Wild type vs. gnom mutant (B) Wild type vs. monopteros mutant
MyTaHThbI :
1o
3MOPHO-
reHesy

MONOPTEROS genes control formation
of the primary root

GNOM genes control apical-
basal polarity

Schematic of mutant types

Wild type Mutant Wild type Mutant

I
Central |
I

Terminal

monopteris

dopMuUpoBaHNe 3apoAbIlIA Y PaCTeHUU
MPOUCXO/MT 3a CUeT U3MEeHeHMs
CKOPOCTHU M HanpaB/ieHUs Ae/IeHui
KJ/I€TOK.
IlepemMelnieHMs1 K/IETOK He MPOUCXO/MT.
OcHoBHbIe ()aKTOPBI:
- CKOPOCTH /ie/IeHUs K/IeTOK
- aCUMMEeTPUYHOCTD Jie/IeHUsI
- MOJISIPHOCTH KJ/IeTOK

HuddepenupoBKa TKaHen
MPOUCXOJUT PaHbIlle U He3aBMCHUMO OT
Mopdorene3a. /lo Hauaia
aud epeHIUPOBKH CyAb0a K/IETKH He
omnpe/e/ieHa.

JKcnpeccusi «3MOPHOHA/TLHBIX» T€HOB
IPOCTPaHCTBeHHO cneruduuHa. Kierkw,
(hopMupyroiMe onpeae/ieHHbIE 30HbI
3apoAbIIIa aBTOHOMHBI — MYTaI[HH,
3aTparuBaoIyue oJHy YacTh 3apoAbIilia
He MPOABJISITCA B [PYroi ero 4acTH.
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AHaToMn4yecKum nogxon

NMpocTpaHCTBEeHHaA opraHusauus
anuKasibHOV MepucTeMbl BereTaTUBHOrIo rnooéera

LleHTpasibHasA 30HA
(anukanbHble KNeTKn
MepUcTembl)

LvLﬂr«,./
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ST

Mepucrtema
oXuaaHus

Rib-30Ha e
(MeaynnapHas 30Ha) Mpumopawii
nucra

No: loToBa, 2007; Kwiatkowska, 2008



FeHeTUYeCKUM

noaxopn

AKTUBHOCTDb
reHoB
CLAVATA 1,
CLAVATA 2 u
WUSHEL

KOoHTpoO/b
nponncgepaTtuBHON aKTUBHOCTHU
KNeTOK LeHTPa/IbHOMN 30HbI

AKTUBHOCTb
reHa CLAVATA 3

VLT

CLV3

H

wus L LICLV 1+CLV2

No: Schoof et al., 2002



Fig. 3. Coordination of cell proliferation and cell fate decisions across the shoot
apical meristem (SAM). (a) Stem cell regulation in the SAM via the CLAVATA-
WUSCHEL feedback loop. CLAVATA3 (CLV3) expression is restricted mainly to the
L1 and L2 of the central zone [13], whereas CLVT mRNA can only be detected in the
L3 of the central zone and rib zone [11]. WUSCHEL (WUS) is expressed in few cen-
tral cells of the rib zone [21]. The CLV-WUS feedback loop consists of a WUS-
mediated signal from the organizing center (OC) that specifies stem cell identity in
the outermost layers, which signal back via the CLV pathway to limit the size of the
WUS-expressing OC. (b) CLV transduction pathway at the cellular level. The CLV1
and CLV2 leucine-rich repeat (LRR) receptor proteins might homo- or heterodimer-
ize through the formation of disulfide bridges between the conserved cysteines
pairs (SS) flanking the LRR domain. The binding of CLV3 to CLV1 and/or CLV2
could promote the assembly of the 450 kDa complex, which also contains a protein
phosphatase (KAPP) and a Rho-like GTPase (Rop). KAPP is a negative regulator of
CLV signaling, capable of dephosphorylating CLV1. Rop transduces the signal
from the CLV complex to downstream targets. By analogy with animal systems
[66], the binding of Rop to CLV1 might be mediated by a linker protein, the nature
of which remains to be determined. The signaling cascade from the plasma-mem-
brane-bound CLV complex leads to the downregulation of WUS transcription in
the nucleus. This intracellular signaling cascade might involve mitogen-activated
protein kinases (MAPKs), based on the example of other LRR receptor-like kinase

(b) CLV3 akcnpeccupyeTcsi B
cnoax /1, nn,

CLV3 LileHTPa/IbHOI 30HbI.
O MPHK CLV1 o6HapyxeHa
TONbKO B cnoe /1,
LLeHTPa/IbHO 30Hbl.

Fen WUS
aKcnpeccupyetcs B
CLV3 LleHTPa/IbHbIX KNneTKax
Mocne cBA3bLIBaHUA % O CTepPXXHEeBOIi MepucTeMbl.
CLV3 ¢ CLV1 u (unn)
¢ CLV2 npoucxogut
o6pasoBaHus 450 kDg, /4 -
KoMnnekca, B
KOTOPbIA TaKkke
Bxogat KAPP n Rop.
KAPP
KAPP:

kinase-associated
protein phosphatase -
HeraTuBHbI

perynstop
E(I:p:f ; I Kommnsiekca CLV:
Rho-tamily :

GTPase-related : *7 Acf_(\*;: crbopunmpyer
protein — MAFKs? @) *\ .
ocywecTensaet : *

TpaHcAYKUUIo o e

curHana u Y

KOHTponupyet i
3KCnpeccuio

reHa WUS.

(Carles, Fletcher, 2003) TRENDS in Piant Science
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[[eH CLV3 3KCcnpeccnpyeTca B CTBOJIOBbIX
kKneTtkax, a CLV1 B 6osiee rnybokunx cioax

(—ana \rn o A1 ICYN



ObHapy>XeHo, 4To B MyTaHTaXx clvl n clv3 reH
WUS skcnpeccupyeTca He B JIOKaJIbHOM
y4acCcTKe, a BO BCEN Mepucteme rebera.
CnenoBaTtesibHO, CLV wus

AHanuns skcnpeccum reda WUS (MPHK - In situ
rnbpugusaumns (/13) .4 p——

Py
4 B — = —_—
ONKUIA TNM MYTaHT clv3
35S::CLV3

PacTteHuna 35S::CLV3 no peHOTUNY NOX0oXXN Ha
MYyTaHTbl wus, 1 MPHK reHa WUS He



http://www.sciencemag.org/cgi/content/full/289/5479/617/F4

e B pacTeHusax
S, 3KTOMNYECKOU

f : 3KCnpeccuen reHa WUS
,EI,OMeHbI dKCNpeccunun

Z )| TeHOBCLVI v CLY3

;f l:ggﬂ,BVIHyTble

Ha OCHOBQI:-IVII/I dHaJIN3a
B3aMMOOEN-CTBUHA
reHos, I'IpVI‘-IEM [€HbI

eH WUS kopunpyeT romesGURILESHE b RIGAT e
reH, KOANPYIOLWNA TpaH Ntk Top
(6eI0K, peryvmpytoLmi Thade B%HHW&)

'eH CLV1 KoonpyeT pPeLenTOpPHYO TPaHC-
MeMBbpaHHYIO NPOTENHKUHA3Y C JIENLUNH-
boratbiMm LRR-4OMEHOM (KOMMNOHEeHT CUrHaJ1bHbIX

nyTen).
eH CLV3 KooupyeT MaJieHbKun 96a/K 6eok,
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Stem cell autofeedback loop

An increase in the number As stem cell number decreases the

of stem cglls promotes level of CLV3 is reduced, allowing

transcription of CLV3. the expression of WUS, which causes
an increase in stem cell number.

CLV3, a small peptide, binds to CLV1
and suppresses the expression of
WUS. WUS is required for the
maintenance of stem cell number.

Plasma
membrane

WUSCHEL (WUS) — kogupyeT TpaHnc$akTop
roMeoi0MeHOM. AKTUBHU3HPYeT Jie/ieHre KiieTok SAM
CLAVATA (CLV) 1,2,3, - pyHKI|UOHA/IBHO CBA3aHHbIE
reasl. CLV1 — LRR kuna3a, CLV2 — LRR-0e/10K.

CLV3 - nebosbmioii (11 kDa) BogopacTBopuMbIii 0e/10K.

KAPP - ¢ocdarasa.

2. The binding of the CLV3

- multimer to the extracellular
domain of the CLV1/CLV2
heterodimer induces

- autophosphorylation of the
cytoplasmic domain of CLV1.

1. WUS gene expression

promotes the expression
- of the CLV3 gene.

3. Phosphorylated CLV1 binds to
the downstream effector
molecules: kinase-associated
protein phosphatase (KAPP) and
rho-GTPase (ROP).

4. KAPP is a

negative
regulator
CLV1.

5. ROP may act through a ‘
mitogen-activated protein kinase
- (MAPK) cascade to repress WUS
~ gene expression, forming a
- negative feedback loop.
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Ethylene

(Vondenbussche, Van Der Straeten, 2004) TRENDS in Plant Science

TI'opmonaibHas pery/isinus AaNNKAJIbHOIl MEpHCTEMbI
nooera (AMII).

1. B nentpe mepucremsi ren S TM nojpas.sier ren AS u akTuBHpyer,
TaKuM 0opa3om, reust KNAT.
2. I'ennt STM u KNAT nopasasiior cuchres 'K B mepucreme.
3. B iMcTOBBIX NpUMOpP/IMsIX akTUBHOCTH rena STM nojasiena
u AS oexn noaaeisor sxcnpeccrio KNAT, uro npuBoaur K
aktuanun cunresza I'K.
4. BzaumopeiicTBHe MeKIY UHTOKHHUHAMM U reHavMn KNOX
CTUMYJ/IHPYET AKTHBHOCTH MEPUCTEMBL.
5. AMP1 noaas./isieT CHHTE3 IMTOKHHUHOB M, 103TOMY, [0aBJIsieT
aktuBHocTh AMIL. DTuien takike nonasisier akTuBHocTh AMIT.
6. AxruBHOCTb reHa KNAT?2, BeposiTHO, KOHTOJIMPYETCH CBETOM.
7. Pacnpenesienne YK B AMII kourpompyercs PINI.
HNYK koHTpo/IMpyeT 3a/10:KeHHEe JTaTepaIbHbIX OPraHoB.
8. PIN1 Ji0kam30BaH B KJIETKAX 3MHIEPMAJILHOTO CJIOSL.
B mucroBbix npumopausix PIN1 npucyTeTBYeT B TRaHSIX,
U3 KOTOPbIX ()OPMHPYIOTCH COCYAbI.

3esteHbIM LBeTOM Noka3ana akkymy.isuust PIN1 B 3one
3ApPOAKAAIUXCH IIPUMOPAMEB, 1€ ITPUCXOANUT HAKOIUICHHE
ayKCHHA, Tepe/l TeM, KaK NMPUMOPANI HAYMHAET PacTH.




Pa3BuTtue robera v paboTa anvkaabHOW MEPUCTEMBI

ITo6eroBass anukanbHas
MepHCcTeMa

JIucroBble
MPHUMOPIOHH

JIucroBoit
NMPHUMOPIOHHA
BereraTtuBHas
MepHucTeMa

PHB 30na Puc. IL.11. Crpoenue moGerossix amukansheix Meprctem (IIAM).

A — nuKuii THIT, B — MyTaHT clv; /, 2 — NHCTOBBIE 324aTKH; 3 — seaudpepeHumpo-
BAHHBIE CTBONOBbIE KIETKH; 4 — paiioH opMHPOBaHHS OPraHOB NPOPOCTKA.

6

Puc.I1.8. CTpyxTypa anekca 4 no6eroBoi almHKalIbHOH MEPHUCTEMBI.

a — amnekc, BKJIIOYALIHH MOGEroByi0 MEPHCTEMY H JIMCTOBBIE IPHMOPIAHH; 6 — 30HBI H
C/1oH No6eroBoi anUKalbHOH MepHCTeMbl; []3 — LieHTpalbHas 30Ha; 173 — nepudepuyec-
Kad 30Ha; PHb 30Ha; J11, JI2 — TyHuka; JI3 — KOpIyC; 6 — OpraHH3auMs BereTaTHBHOH

MEPHCTEMBI.
STM - noapaepxaHue CTBOJIOBBIX K/IeTOK SAM B
Hegu¢ depeHITUPOBAHHOM CCOCTOSHUM

WUS - noajep)kaHue K/1eTOUHbIX Je/leHuld B SAM
CLV-1 - ¢popmupoBaHue OPraHoB U TOPMO3 [ie/IeHNH;

uMeeT LRR y4acTokK U3 NOBTOPSIOLIMXCS JICULMH-
oborameHHbIX ()parMeHTOB U3 24 a-K. Ha N-KOHIIe

ZLL (ZWILLE, «porarka») — opranmsanusa SAM.

STM wu CLV-1 — anTaroHucrtsl. bananc Mmexxay HUMHU
pery/jMpyeT cOOTHOIeHue AuddepeHIMPOBAHHBIX U
Hegu(epeHIUPOBAHHBIX K/I€TOK B OTBET Ha H/I0- U
3K30reHHbIe ()aKTopHbI.

WUS perymupyerca Kak STM, tak u CLV-1

NI

LI




Pa3Butie SAM peryiupyercsi o TUIly OTPUI|aTe/IbHOM 00paTHOM CBSI3U

Stem cell autofeedback loop

An increase in the number As stem cell number decreases the

WUSCHEL (WUS) — KogupyeT TpaHc}aKToOp C roMeoi0MeH-
00KCcoM. AKTHUBHU3HUPYeT Je/ieHHe KjeTok SAM. Moxker
HANMpPAMYI0 HHT'HOUPOBaTh 3Kcnpeccuio reHoB ARR

(Arabidopsis Response Regulator), MHOTrHe 13 KOTOPbIX

of stem cells promotes level of CLV3 is reduced, allowing (ARR5, ARR6, ARR7, ARR15) yuacTBYHT B netJie

transcription of CLV3. the expression of WUS, which causes

an increase in stem cell number. OTpI/II.IaTEJIbHOi”I peryjadauqum QUTOKUHHHOBOI'0 CUI'HA/IMHI'A

CLV3, a small peptide, binds to CLV7
and suppresses the expression of
WUS. WUS is required for the
maintenance of stem cell number.

1. TpancdaxTop, KojupyemMbii reHOM
WUS, akTuBHpYeT Ae/ieHHe K/I1eTOK
anekca cred/is. YBe/JInueHUue YUCIa
KJ/IETOK afeKca cTed/is yBe/IMUuBaeT
Tpanckpunumi CLV3.

2. CLV3, ma/ieHbKH# MenTHj, MOXKeT
JIErKO TPAaHCIIOPTUPOBAThHCS,
cBsi3biBaercsa ¢ CLV1, uro nmojaB/ser
skcnpeccuro rena WUS, KoTopbiv
Heo0X0/ UM /1A Mo/iAep>KaHMs
KJ/IETOK amneKca cred/isa

3. B pe3y/ibTaTe YU C/I0 K/I€TOK
amekca cred/is YMeHbIIIAeTCs, UTO
NPUBO/JUT K CHH)KEHUI0 YPOBHA
CLV3, uaro BBI3bIBaeT yBe/IMUeHHE
skcnpeccu WUS, 4T0 aKkTUBH3UpYeT
Ae/IeHHe K/IeTOK amneKca cTedsis.

CLAVATA (CLV) 1,2,3, - pyHKIjMOHA/IbHO CBSI3aHHbIE TeHbI.
CLV1 - LRR kuHa3a, CLV2 — LRR-0e/10K.

CLV3 — Hebonbimoi (11 kDa) BogopacTBopuMbIii 0€/10K.
KAPP - ¢ocarasa.

Z T OTTATTY OT U CEv D STTTTUSPITUTY TaTEUCEV T T TaS TO
multimer to the extracellular the downstream effector
domain of the CLV1/CLV2 molecules: kinase-associated
heterodimer induces protein phosphatase (KAPP) and
autophosphorylation of the rho-GTPase (ROP).

cytoplasmic domain of CLV1.

Plasma
membrane

= 4. KAPP is a
CLV1/CLV2 : negative

heterodimer u regulator of
‘ : CLV1.

CLV3 < ‘ MAPKs? 4———/

5. ROP may act through a
1. WUS gene expression mitogen-activated protein kinase
promotgs the e)t)pression (MAPK) cascade to repress WUS

' gene expression, forming a
gf the L1V JeLiEs : negative feedback loop.

CYTOPLASM
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From D.Reinhardt et al., 2003




Ponb ayKCMHOB B 3aK/afike INCTa

Y MyTaHTOB Mo reHy pinl
NUCTbS pa3BUBAIOTCH TO/IbLKO B MEcTe
npuKnaabIiBaHUA G/IOKOB C ayKCUHOM

From D.Reinhardt et al., 2003




MexaHunuyeckue cBoiicTBa MEPUCTEM

Pbluar Jlyy na3sepa
Jlyuy nasepa MUKpOMaHunynaTopa OTKNOHSIeTCH
/ C 3epKasiom

YacTuua-30HA Aasnenue
MoBepXHOCTHBbIE lNoBepxHOCTHbIE
CJ/IOU KIeTOK C/IOU KNEeToK

aecdopmupoBaHbl

N3: Peaucelle et al., 2008



MexaHunuyeckme cBoOiCTBa MEpPUCTEM

HacTtuya-3oHpA,
HacTuya-3oHp,
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N3: Peaucelle et al., 2008



MexaHunuyeckme cBoOiCTBa MEpPUCTEM
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MexaHunuyeckue cBoiicTBa MEPUCTEM

UHruoupoBaHue JKTOoNUyeckas
NeKTUHMEeTUNacTepasbl aKTUBHOCTb
(PME) WT NeKTUHMeTun3cTepasbl
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From T.Vernoux,
et al., (2000)

Development
127: 5157-5165




FeHeTUUYEeCKU KOHTPONb

FeHeTUUeCKU noaxon MHMLMALMN ncTa

Ny
......
. ~
.

STM, KNAT 1 — nporpamMmma pasButnusa mepucrtemMbl

LFY - mapkep pa3Butua nucrta
CUC 1; CUC 2; UFO - otrpaHnyeHue npumopaunsa
. AS 1 - unHAYKUMA MapruHasibHoO MepucTembl

...... PNH WV ap. reHbl - nporpamMMa afiakcuasibHoro pasBuTus
:...... FIL v pp. reHbl — nporpaMmma abakcua/ibHOro pasBuUTUS U U, 2002




KNOX (Knotted-like homeobox) reHbl, akTUBUPYIOLLIMECS ITIPU Pa3BUTHUU JIMCTA U
(bopMa IMCThEeB TMPU UX SKTOMUUECKOM (CMeIl[eHHOM) SKCIpeCCUur
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ConoAuMHeHne opraHoTakcuca noGeros

MpeAnncTbA Kak HauasibHbl€ TOUKM
npv co3gaHMu NO3MLMUOHHOW nHopmalumu oast IMCTOBOW cepumn

E==) [1OTOKV ayKCHHOB, HAYMHALLMECS B (OUIOMAx [MTaBHOMN Ocy

=) T[lOTOKM ayKCVHOB, HAUMHAIOLLMECS B NPeAIMCTbAX GOKOBOIA ocu
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NMoHATUE O NO3MLUOHHOI MHhopMaL K

Mopgenb TpexuBeTHOro hnara
(no Bonbnept, 1971; 1982)

A

KoHueHTpauusa BeLlecTBea,
perynupyoLllero MmopgoreHes:
AyKCuHa

Mopor ans cHATUA
anukanbHoOro
AOMUHNpOBaHUA




NMoHATUE O NO3ULMNOHHOI MH(hopMaLK
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Mopgenb TpexuBeTHOro hnara
(no Bonbnept, 1971; 1982)

A
KOHUeHTpauus BellecTsa,

perynnpyroLero MopgoreHes:
AyKCuHa
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[epOvUMaHOE AeCTBUE aYKCUHOB
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Hoe EI/ICTBI/Ie ayKCUHOB

M\ BKonorndeckas soliHa CLLA

npoTne BbeTHama: 06paboTKa

noneu u necos aedonMaHTOM
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____Ylepsruyrif
KOpenoK

BynaBka

InotHO i
MORKOIHAHHAA
KpymHoe Kphlmixa u3 |
cemA TUIEKCHUTNIace =
(nanpumep,
xoHckux 60608)
Cmouennan Bara
wm b TpoBANIbHAR
Oymara

Puc. 15.12. Knunocmam ¢ npopocwiumu KOHCKUMU
6006amu nocne HecCKObKUX OHeld ux pocma npu epawieHuy,




CnpaBeJ/IMBOCTL 3aKOHA PaBHOJAEHCTBYIOUIEH
IIPH TreoTPONUYECKOH peaKUMUU KOPHeH MpPOpPOCTKa
Vicia sativa.

Z — UeHTpHDYNHOEe YCKOpeHnHue, g — yCKopemie CHJABbI THKe-
CTH, I' — paBHOJeHCTBYOUlAA (=HanpaBJeHHe pPOoCTa).
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B OTBET Ha reounHAYKUUIo
B KOPHE npoucxoasat

creytoLLne npoLecchbi:

peuenuua cusbl TSXXECTH
(KOPHEBOW YEX/INK)
TpaHCAYKUUA
MeXaHWU4YecKoro curHana
B (PM3NOMOTNYECKUA U
pacnpocTpaHeHne ero K
30He oTBeTa (k EZ)

OTBEeT Ha CurHar,
BK/IKOYAKOLLNIA 13rndaHmne
KOPHS 3a cyeT
HepaBHOMEPHOI0
pacTsHKeHNSA KNeTokK Ha
BEPXHEN W HKHEN
cTtopoHe DEZ

s



KOHYMK KOPHA KaK MecTo
BOCNpUATNA
reoTponnyeckoro

pasapaxxeHus

KopeHsb Vicia faba
YKPENAT Ha LueHTpudyre
Tak, YUTOObI LLEHTPUJIY)KHOE
yCKOpeHue
BO3/1EICTBOBA/I0 HA KOHYUK
N OCHOBaHWe KOPHS B
MPOTMBOMNOOXHbIX
HanpasneHnax. Pe3ynbrar:
KOpeHb n3rnbaercs B
Hanpas/ieHNN, NoKa3aHHOM
CTPEesikou, T.e.
COOTBETCTBEHHO,
reoHayKumm, Noay4eHHOM
KOHUNKOM.
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(A) Vertical orientation 1. IAA is synthesized

S . 3 in the shoot and
- transported to the
’ root in the stele.

ol Elongation
zone
(flavonoid

synthesis) ; :
2. When the root is vertical, the

4 statoliths in the cap settle to the
1= ... basal ends of the cells. Auxin
: Root cap \ transported acropetally in the
root via the stele is distributed
equally on all sides of the root
Y , Root cap cell 1an cap. The IAA is then transported
B = (enlarged) 09 basipetally within the cortex to
} £ the elongation zone, where it
¥ Statoliths regulates cell elongation.

(B) Horizontal orientation

oncentration on the

. The decreased auxin @ \
upper side stimulates .

/q\:\.AA

5. The high concentration 4, The majority of the 3. In a horizontal root

of auxin on the lower auxin in the cap is

side of the root inhibits then transported

growth. basipetally in the
cortex on the lower
side of the root.

the statoliths settle to
the side of the cap
cells, triggering polar
transport of IAA to the
lower side of the cap.
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