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PeHoTUnbl MyTaHToB No ABK

BUBMNapus He4yyBCTBUTENbLHOCTbL K BbICOKUM
KOHUeHTpauuam ABK
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NMHaktnBauma ABK:

1. 7-, 8- n 9-rmgpokcunnpoBaHmne

m/ﬁoo“ HO' COOH

7’ -Hydroxy ABA (-)-Dihydrophaseic acid (DPA)

9';‘
Y,
Y

¥ AN
”I
- ot
COOH COCH
8’ -Hydroxy ABA (-)-Phaseic acid (PA)

Hydroxy group targets of -
conjugation: ."’OH
: " —_—
OH (Active) cooH ¥ COOH

OH (Less active) 9 -Hydroxy ABA neo PA

2. [nnkosununposaHmne no rngpokcunobHoun rpynne C1

; \ 'COOH
GE.ABA

IM0K03a




Perynauua akcnpeccum reHoB bnocuHtesa AbK
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KoHTponb TpaHcnopTta ABK K ycTbuuam npu
aAedvunTe BoAbI

Upper
epidermis
Palisade
parenchyma

FULE During water stress, the

. == 0 slightly alkaline xylem sap
Acidic xylem sap favors - favors the dissociation of
uptake of the undis- :
sociated form of ABA 0
(ABAH) by the mesophyll “ . .. ‘

cells.
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Guard cell Because ABA-does not easily
pass through membranes, under
conditions of water stress, more
ABA reaches guard cells.



MeTtabonuam n tpaHcnopt ABK B knetke apabugoncuca

MeTtabonuam TpaHcnopT
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MyTaHTbl C HapyLLEHMEM MeTabonmama u
TpaHcnopTa ABK: He BbligepXuBaroT 3acyxu
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Peuenuua n nepepnava curHana AbK
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Peuenuusa n nepeaava curdHana AbK
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CHLH/ABAR/GUNS — xnoponnactHbin peuentop ABK

[Perynauusa akcnpeccum reHos |

TP
SnRKZ/ T® cemeicTea cemelicTea
_r ZIP WRKY
RCAR/ TeHbl xnoponnacTHbIX ﬁemcoa T (WRKYGQK-
PYR \ containing)
ABK-perynupyembie reHbi /

L CurHan CHLH+CHLD+CHLI : Mg-PP-IX -
onocpeAosaHHslA Mg-npoTonoppUpuH- erynato
Sl AN et ? I:)xenmaps?xD P rlF;'IaZTM‘D.Hg-
KaTtanutunyeckumn ABK-cBaA3biBaoLwmmn AAepHbIX

OOMEH OOMEH

N B T c
P CHLH 4

gun abar1
(genome (ABA-resistant Lot
uncoupled) 1) 14 xrioponnact
— CHLD CH\
TTpoTonopgupuH
- NpealwecTBeHHUK xnopodmnn
xnopogunna ="




GPCR (G-Protein Coupled Receptors) —

nnasmanemMHble peuentopbl ABK
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PeuenTtopsbl
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[To coBpemeHHbIM npeacTtaBneHnam GPCRs n CHLH asnstoTtca
«BcrnomorarenbHbiMny» peuentopamu ABK, oCHOBHYIO doyHKLINIO
BbINonHsAT peuentopbl RCAR/PYR

@ ﬁ GPCRs KAT1

Gene expression
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ABA Response

Abscisic acid @ Phosphorylation



RCAR/PYR/PYL — unto3onbHble peuentopbl ABK

(Regulatory Components of ABA Receptor/ Pyrobactin Resistant/ Pyrobactin Resistant-Like)
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Mopenb B3anmoaneucteusa RCAR/PYR/PYL ¢
ABK n PP2C: «kanutka v 3aaBuxkKa»

A Apo receptor C ABA induces
open gate gate closure
«KapMaH» asis PP2C
nuranga, gng CBA3bLIBAETCS C
CBA3blBaHWA «3aKpbITOW
BaXHbl KarnuTKom» u
KOHCEepBaTUTBHbIE ABK

ocTatkm Lys

2 BaXHble -
neTnu

A
Mg

Apo receptor, ABA enters and ABA-bound, ABA and PP2C-bound,
open gate induces gate closure gate closed gate partially opens,
locked by PP2C Trp



Mopaenb B3aumogencteust oenkos PYR, PP2C u
SnRK2 (HAB1 = PP2C)

ABA
box

Gate

ABA

: 3
Gate loop




B «gosnpoBaHnn» oteeta Ha AbK npuHnmaet yyactue
bonbLIOE KONMMYECTBO MOHOMEPHbIX YOUKBUTUH-ITNUra3
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Pre-globular Heart Cotyledon Mature embryo

Endosperm
nuclei
Integuments
Suspensor

Embryo

Seed coat

Central vacuole
Cellular endosperm
Peripheral endosperm
Chalazal endosperm

® 0O®d®00e

Micropilar endosperm
10 DAP Embryo

Pericarp

Central vacuole

Cellular endosperm

Aleurone

Starchy endosperm

Embryo surrounding region, ESR
Transfer cells, BETL
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MORPHOGENESIS MATURATION and DESSICATION
Endosperm development; cell | Cell expansion; protein accumulation; endosperm
divisions; embryo and absorption (Arabidopsis) or starch accumulation in n e p M ona

cotyledon(s) differentiation endosperm (maize). Decrease of RNA and protein
synthesis and water loss (dessication) n o KOH




Ctapun ambpuoreHesa CeMeHHbIX paCTeHUN

LECT BRNA
LEC2 BNA

FUS3 RNA :

125 HNA

25 RNA

OLEOSIN BRNA ]
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TRENDS in Plant Science

-cbopMMpOBal-me 'POCT 3apogbliwa
nraHa Tena *HakonneHue makpomonekyn
*Cneundukauusa *3aluTa OT BbICbIXaHUA

TKaHeu U opraHosB *HrnonpoBaHme npopacrtaHusA



morphogenesis | maturation dormancy ..

dPusmonornyeckue pyHKLUU

_mat___lea Ask: KOHTponb

co3peBaHuA
@ @ @ 3apopblilia u
nepunoga nokKos
ABK- HakonneHne HakonneHne Penpeccus -
3aBUCUMbIE s3anacHbix LEA GenkoB meTta6onu3 MexaHusm: AHTaroHmam T
npouecchbl: Genkos Ma LAFL (LEC1, LEC2, FUS3, ABI3) n VAL

(@)

//\ LEC1| VAL e b
Dormancy
\v Status
GA3ox1—— I
AlP2 GA3OX2"/?
R

PKL ABI3 < > FUS3- :I:

—

Seed maturation > D(%G1
N rogusators . HUB1/HUB2

\X v WV v
.




OCHOBHbIe perynsitopbl co3peBaHnUsi CeMSIH:

1. LEC1 (LEafy Cotyledones 1) «eHbl
2. LEC2 (LEafy Cotyledones 2), FUS3 (FUSCA 3), :> co3peBaHuA»
ABI3 (ABA-Insensitive 3) (HakonneHune

3adlfacCHbIX
Vv Vv 1 | seuecTs,

leHbI- FeHbI-perynsaTopsbl npepoTBpalleHne
penpeccopsl BCeX CTaawil «leHbl BbIChIXaHUS)
BeretaTuBHOro amb6puoreHesa npopac-
passutua (??7?) (227?) TaHUA»
XapakTepHble 4YepThbl

wit SAM MyTaHTOB lec:

o, Desiccation _

Tolerance *Busunapus

*HeycTtOM4YMBOCTb K
BbICbIXaHUIO

*CHMNXXeHune Konuyecrtsa
3anacHbIX BellecTB

*JKTONMYeCckKoe aeneHue

, KneTtok (nponudepauma

Trichome KneToK cycneH3opa,

aktuBauusa NMNAM, Tpuxombl
Ha ceMAnonAx)

Embryo Rescue

| Activated SAM



ML1:FUS3
(strong line)

!
wrT i
35S::LEC1

‘ PeHOoTUNbLI pacTeHUn co
cBepXxaKcnpeccmeun reHoB
LEC1, LEC2 v FUS3:
*HOBEHUNBLHOCTb
HakonneHune nutatesnbHbIX
BellecTB

JKcnpeccusa KOHCTPYKUUN
FUS3::GFP Ha pa3HbIX
« cTagusax pa3BUTUSA
3apoabliwa
(y LEC1wn LEC2 - cxoQHbIU
XapaKTep 3Kcrnpeccumu)




LEC2, ABI3 n FUS3 - To ¢ B3 gomeHom

*OTHOCSITCA K TOM e rpynne, 4To TpaHckpunuuoHHbiit paktop ABI3 (ABK-
3aBUCUMbIN)

[AHK-cBA3bIBaowunn B3 gomeH B3aumopencteyet ¢ RY-moTnBOM B npoMoTopax
HEeKOTOpPbIX reHOB

MuweHun — reHbl SSP (Seed Storage Proteins): oneo3uH, rnmobynuH 12S

(kpyumndhepuH), anbbymuH 2S), reHbl gernapuHoB LEA (Late Embryogenesis
Abundant)
B2 B3 A

FUS3 N_l:- C 312
ABI3 y | ] c 720

A B1 B2 B3

°LEC1 - HAP3-cy6BeanHnua CCAAT-box-cBsA3biBatowero Td (CBF)

*KoHcepBaTuBHbIN [JHK-cBA3bIBaowmmn B-goMeH nmeeT BbICOKYH FrOMOJIONUI0 C
6enkamu HAP3 Bcex aykapuot

e[lenctByeT paHblue LEC2, FUS3 n ABI3, nO3MTUBHO perynmpys 3KCnpeccuro ux
reHoB

A B C
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i ' e FUS3 nosutuBHO
< 100+ fs33 | 2 m0.14M DEX perynupyet omocuHte3 AbK
L
@ 7. @ 19] n HeraTMBHO — 6GuocuHTes MK
[#)]
§ N £ (4yepes perynsauuio
2 < 05 akcnpeccum reHa Ga3ox1)
25 -
04 . . . : 0.0
6 8 10 12 14 16 EXP1 EXP2
(DAf’h o 2 FUS3::GFP
ays
— + — + — + Dex MS ABA
AIGA30XT | s wivw -_—

ALGA200X1 | emun s S w— —
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CtabunbHocTb 6enka FUS3
no3nTuBHO perynupyetca AbK u
HeraTMBHO - rMb6bepennMHamu

Uniconazole GA



FOBEHUINbHbLIN
¢eHOTUN

HaKonrneHue
3anacHbIX 0enkoB B
KOpHe

NMpoAaykKT reHa — pakTop pemMoaenuHra
XpomaTtuHa u3 cemeunctea CHD3

human CHD3 —EHH TS {
Drosophila CHD3 —BE———————} ]
PKR1 =1 i
PKL e 1} {0
PKR2 —- .
yeast CHD1 —i1 {
mouse CHD1 — {1
B = PHD zinc finger
B = chromo domain
[ = SNF2-related helicase/ATPase domain
= DNA-binding domain

AHTtaroHucTt LEC reHoB - PICKLE (PKL)

11
LECT _
1

ABA GA

ftvy |
|LEcz Fuss, ass|

At2S, CRC,
efc.




» CBepxakcnpeccus reHa LECZ2 Bbi3blBAET CNOHTAHHbIN
COMaTUYECKNI IMOPUOreHes B KyIbType TKaHEN U Ha NINCTbSX
MHTAKTHbLIX pacTeHUA

35S::LEC2

BbiBoA:

reH LEC2 3anyckaeT nporpamMmmy
MopdoreHe3a 3apogblilua



TpaHcKkpununoHHble hakTopbl LAFL n VAL

LEC1 - Td c HAP3
L[OMEHOM, perynupyet

3KCnpeccuto reHoB
LEC2, FUS3, ABI3

ABI3, FUS3, LEC2 n VAL1-3 — T® ¢ B3 nomeHom
(MX reHbl-MULLEHN MMEIOT B MPOMOTOpE
nocrneposaTenibHOCTb RY)

ABI3 vmeert Takke nomeHbl COAR (coactivator)

ana ceasbiBaHua bZIP Td ABIS

0

— Atlg28300 LEC?2
At3g24650 FUS3

At3g26790 ABI3

—i—l———

A1l

MuweHu LAFLs:

.
- -E-—

1.l'eHbl SSP (Seed Storage
Proteins)
2.l'eHbl LEA (Late

B1 B2 B3 Embryogenesis Abundant)

CO'AR 3.['eHbl, KOHTpPONUpyoLLme

ABI5-related bZIPs  Sph/RY buocvHTes nunuaos
sese 4.T'eHbl ropMoHarbHOro
At4g21550 VALZ %L~ s e i — CUrHanmHra
= - 5.Muwenun FUS3 — Ttakxke
SiBgaaTor VA il reHbl T® mopdoreHesa
At4g32010 VAL2 .._-_ i — CUC1, BBM, WRI1 v reH-
PHD-L B3 CW-Zf EAR penpeccop useteHusi FLC
H3K4me3? Sph/RY H3K4me3 SNL1
/ HDA19

/
CeasbiBatowmeca ¢ VAL metunasbl u
AeaueTtunasbl FTMCTOHOB N KOPENpPEeCCcopbl

VAL1-3 nmeloT JOMEHbBI, XapaKTepHble A
pPenpeccopoB TPaHCKPUMNLUUK



®usnonoruueckue dyrkuun ABK: KOHTPONMb CO3peBaHuA
3apoabilla n nepunoaa noKos

BRM

Storage reserve ace

Hormone signaling
MYB115/118

o n

SNLA1

HDAC
PKR2 K== sismirs
PEI1, CUC1, BBM, J
WRI1, FLC, and etc.
PR > (LHP1/EMF1/ RBR PRC2
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AnureHeTn4eckue MexaHmM3mMbl KOHTPOJISA
CO3peBaHUSA 3apoabilla U NpopacTaHusA:

NoaaBneHue akcnpeccum reHos, koaupyrowmx T rpynnel LAFL

.\/ 1. Komnnekc PRC1 (polycomb repressive
complex 1)

2. Komnnekc PRC2 (polycomb repressive
complex 2)

3. ®aktopbl pemogenuHra CHD3
/.» B PICKLE (chromodomain, helicase/ATPase, DNA
\ j Y binding domain) n SWI/SNF
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Dormant seeds
(a) (c)
Cvi AR>D Untagged
1558 genes / Tagged _
Unknown function

Dormancy related
Germination related
ABA

Auxin
Brassinosteroid
Cytokinin

Ethylene
Gibberellin
Jasmonic acid

Late embryogenesis

(b) Protein degradation

Cvi D>AR
698 genes

Cell-wall modification
Cell cycle related
Cytoskeleton
Translation associated
DNA repair
Respiration

Electron transport
Pentose phos. pathway
Glyc & gluconeogen.
Krebs cycle

Beta oxidation

Stress

Photosynthesis

After-ripening seeds

Functional Groups of genes
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B3anmogencTtBue ropMOHOB B KOHTPOJIE CTapeHUst INCTbLEB
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dusnonornyeckme cpyHkummn ABK: KOHTpO.I'Ib 3dMbiKaHUA YCTbUL
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SV channel
: ' \ K* VK channel/ /
[ns 3aKkpblBaHUSA YCTbUL HEODXOANUMO ’1\,7 TPK1 —
CHMKEHME Typropa 3aMblKatoLLmnX KNEToK. U K*
MexaHunam cBsizaH ¢ AbK-3aBucmbIM
BXOAOM MOHOB Ca?* B KNeTKy 1 BbIGPOCOM & — KT—,channel
aHMoHoB 1 noHos K. Ko channel $7g
-ABK +ABK OoTMbIBKa oT ABK Stomatal closing Stomatal opening

600 nM ~

385 nM -

cBeyveHne Ca2+-penoptepa FURA2
B 3aMblKatoLLEN KNeTKe, LiBeToBas
LLKasia noKasblBaeT KOHLEHTpaLmio
noHos Caz2+

170 nM -~



dusmnonornyeckume yHkumm ABK: KOHTpOﬂb 3dMblIKaHU4A
yCTbUL

B otcytcTtBUM ABK —-ABA B npucytcTtBumn
docdartassl PP2C ABK:
aedochopunnmpytoT 1
UHMMBMPYIOT: Ca? 1.ROS
aktusupytot GHR
K chann/el l.a channel - GHR
/ docdopunupyet n

1. Hecneundunyeckue HOS aktnsupyet Ca 2+

: J <€ KaHallbl U

AdHWOHHbIE KaHarbl

Ca 2+ kaHanbl w

2. PeuenTtopHyto

KNHa3y, 2. Ca-3aBucnmMble
BOCMPUHUMAIOLLLYIO KMHa3bl
ROS £ docopunupyroT
F 1 aKTUBUPYIOT
Am SLAC1 aHWOHHbIE KaHasbl

3. «MepnneHHble»SYPe) (S-type)
aHWOHHbIE KaHanbl \3. KunHasbl ShRK2
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4. «BbICTpbIE» \
GORK GORK
dHNOHHbIE (K*out channel) (K*out channel)

4. lNpun penonspusauunm
mMembpaHbl 3anyckatoTca K+
KaHanbl

kaHanb! (R-Tvn)



