
AP2C3 (a protein phosphatase type 2C) interacts and inactivates MPK3, MPK4 and MPK6 during stomatal development

CHLH/ABAR

ABA

CPK4,
CPK11

MPK9
MPK12

?

SPHK

?

TZF4,
TZF5,
TZF6

?

?

LEA3-3,
LEA3-4

?

SKP1

PAT10

CBL2

?

RIC1

?

ALMT1

?

PPR96

?

?

PUB18,
PUB19

?

RAC7/
ROP9

VNI2

VNI2

EM1,
EM6 ABA

ACBP1

PLDα1

AREB1,
RD29A,
MYC2

    seed
germination

?

PP2CG1

MYB61,
MRP5

MYB60

SCAP1

?

bZIP63

ABF4

CPK12 CPK32

ACS6

ethylene

CPK4 and CPK11 both phosphorylate ABF1, ABF4 and ACS6.
AtTZF1 is a positive regulator of ABA/sugar responses

ABI2 is a negative ABA-signaling regulator.
ABF2, ABF4, ABI4, ABI5, MYB2, DREB1a, DREB2a and RAB18 are targets of WRKY TFs

PYR1/PYL1/PYL2/PYL4/RCAR
(receptors) (inhibit PP2C)

ROP11 GTPase is a negative regulator of ABA responses
by protecting ABI1 phosphatase activity from inhibition 
by RCAR1/PYL9

RPK1 receptor regulates ABA signaling

ABI3/
VP1

GTG1/GTG2
(receptors)

ATHB7 and ATHB12 act as positive transcriptional regulators of PP2C genes.

MPK3 and MPK6 may phosphorylate MYB44 and At1g80180.1

ERD15 is a negative regulator of ABA signaling in abiotic stress response

ACS7 is a negative regulator of ABA sensitivity and accumulation.

ABI1

MAPKKK18

ABI2

CBL9
GPA1

MED18 and MYB96 interact with ABI4

CBL8 ARF2

HB33

LPP2

HRS1 is a negative regulator of 
ABA signaling during seed germination

FRY1 is a negative regulator of ABA signaling

WRKY40

WRKY18, WRKY40 and WRKY60 are negative regulators
of ABA signalling and inhibit expression of ABI5 and/or ABI4. 
RIC1 positively regulates auxin responses but negatively
regulates ABA responses. 
WRKY40 represses LHCB expression in ABA signaling.

WRKY18

CPN20

WRKY60

MED25
PKS5

GEM
PIP5K9 

CIPK1

ABI5

ABI4/GIN6,
ABF4,
MYB2,
DREB1A,
DREB2A,
RAB18,
KAT2

CIPK3

ABF2/
AREB1

RD22,
RD29A,
COR4,
COR47

RAP2.6 and RAP2.6L are responsive to jasmonic acid, salicylic acid, ABA, ethylene, salt and drought.

RHA2a,
RHA2b

PP2C
(negative
pathway
regulator)

AIP1
(a PP2C
positive
regulator)

PIL5 COP1

?

AZF1 and AZF2 function as transcriptional repressors

ABF1

phosphatidic 
acid

AOS

CRK36 and ARCK1 form a complex and negatively
control ABA signal transduction
HB6 is a negative regulator of ABA responses

?

MKK1
MKK4

MPK3

gene
regulation

VIP1 MYB44

RCAR1/PYL9
PUB22,
PUB23

MPK1/2/7/14

AtHK1?

Abiotic stress

AtMEKK1

AtMKK1/2

AtMPK4

MYC3 and MYC4 form homo and hetero-dimers 
with MYC2 and among themselves
(see http://www.ncbi.nlm.nih.gov/pubmed/21335373)

MYC4 negatively regulates expression of PDF1.2

Disruption of SA-signaling components SID2 and 
PAD4 affects MAMP-triggered responses.

AOSMKP2

Ozone

?
?

MPK3/6

NUDT7

ERF1

MPK3/6
miRNAs involved
in ozone response

Arabidopsis signalling
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Chitosan

CERK1-independent
pathway

camalexin 
biosynthesis
genes

AtPeps

GTP

ERF1, ERF14, ORA59, CML9 and
RPN1a participate in innate immunity.
RPN1a interacts with ABI1 and 
negatively regulates ABA signaling

cGMP

AtPepR1 (a LRR-RLK receptor with
guanylyl cyclase activity)

PEPR1PEPR2

GDU2,
GDU3,
GDU5

Pep1

PROPEP
genes

WRKY33

PROPEP3

WRKY33

BIK1
Ethylene also induces BIK1
phosphorylation in a PEPR1
dependent manner.

PBL1

CNGC2 (cyclic nucleotide gated channel)

Ca2+ elevation

PROPEP2

PDF1.2, MPK3, WRKY33

MKS1 interacts with WRKY25 and WRKY33.
WRKY25 and WRKY33 are in vitro substrates for MPK4.
Overexpression of MKS1 activates SA-dependent resistance.

SUMOylation
WRKY3, WRKY4, WRKY6, WRKY33 and WRKY72 are
all SUMO1 substrates and can also be phosphorylated by 
MAPK kinases

Gary D. Lyon
Comments and additional information should be sent to:  GaryDavidLyon@gmail.com
Chart can be viewed on the internet at www.potatometabolicpathways.webs.com
Many more signaling genes listed at www.drastic.org.uk

salt

MKK2 MKK9

ADA2b controls H3 and H4
actylation in salt responses

MKK4

MPK3

NCED3AZI1

WRKY25
WRKY33

MPK4
MPK6

MPK6

CPK3

AHK5 regulates salt sensitivity

CPK3

ABA signaling
in guard cells

?

IP3

PLC1

ABCG22 is a putative ABA influx transporter ROPGEF1 and ROPGEF4
interact with ROP11 in guard cells

PIP5K

?

LYK3

?

SNF4

?

EXB1

?

MPK9,
MPK12

?

DES1

PHO1

Ca2+

RD29A

CPK23
CPK6

ABI1 (a protein phosphatase)
 down regulates SLAC1

SLAC1

QUAC1
KAT1 AtrbohD,

AtrbohF

OST1 (SnRK2.6)

CPK4
CPK11

DREB2 
(inactive)

DREB2
(active)

Synonyms:
CIPK1 = SnRK3.16
CIPK3 = SnRK3.17
CIPK7 = SnRK3.10
CIPK23 = SnRK3.23
CIPK24 = SnRK3.11

RD29B,
DREB2A,
KIN1

ethylene signaling seems to be involved in the salt response

MPK4 exists in nuclear complex with WRKY33

Myb73 is a negative regulator of SOS induction in response to salt.

PP2CG1
?

WNK8

?

ABF2/
AREB1

NPC4 is induced by salt and is upstream of ABI1, ABI2, RAB18, PP2CA and SOT12

RD20,
RD29B ABI2 NHX1

CAX1
ESE1

14-3-3

EIN3

CBL4/
SOS3

SCaBP8
CBL10

Ca signal

AKT1

CBL4-CIPK24
complex

CBL2-CIPK21

CIPK24/
SOS2

CBL1

CBL1 and CBL9 compete for
CIPK1 regulation

CIPK1

CBL9 EDR1 involved with non-host resistance in Arabidopsis
possibly via MYC2

EDR1 is a negative regulator of defence responsesCIPK23

DDF1

GA pathway

GA2-OX7

    SOS1 
phosphorylation

ABA responses

MEKK1
MAPK1/MAPK2

MKK2
CRLK1

CRLK1

ZAT10 is a Ca-responsive gene and is a substrate for 
MAP kinases (eg MPK3 and MPK6). STZ/ZAT10 is
induced by cold and drought.

MPK4,
MPK6

CPK1
(At5g04870)

cold

ICE1 
(inactive)

MYB15 interacts with ICE1  and negatively regulates the induction of cold responsive genes independently of ABA

ICE1 
(active)

CBF3/
DREB1A

RAP2.1
RAP2.6
COR47
KIN1

ZAT12 involved in repression of CBFs
MCA1 and MCA2 involved in cold induced elevation of  [Ca2+]cyt

SIZ1 is an E3 SUMO

LOS2 works against ZAT10.
LOS4 positively regulates CBFs
SFR6 involved in modification of CBFs
to activate COR genes

ZAT10 and FRY2
negatively regulate
CBF target genes

ADF5 also represses
CBFs

AtHHP1 may function in the cross talk between cold and osmotic signaling.
NTL6 is proteolytically activated in response to cold and induces expression of PR genes.

downregulates
MYB15 (an
upstream 
repressor
of CBFs)

WRKY22,
WRKY25
WRKY33,
WRKY53

?

CIPK7

MED16/SFR6 is required for cold inducible expression of COR genes

ABF1

HOS1

OST1
SIZ1

MPK3,
MPK6

HOS1 negatively regulates ICE1

JAZ1 and JAZ4 repress the transcriptional  function of ICE1

CBF1

DELLA

GA2-OX3,
GA2-OX6,
GA2-OX1

Cor15a
COR and RD 
genes

VNI2

CBF4 WRKY34

MYB14

CAMTA1,
CAMTA2,
CAMTA3

CBF1,
CBF2,
CBF3

VOZs negatively affect CBF4 expression

HY5

COP1

SIZ1

CBL1

VDAC1

CIR1 and SPFH are positive and PRR5 and SK12 are negative regulators of the cold response
phytosphingosine-1-phosphate is involved in the cold response

PR 
proteins

NTL6

RbohF

ROS

SRC2

HAP5A

XTH21

cold

ABA dependent
pathway

RCF1

RD29AKIN1

P5SC1

AZI1

MPK3

ERF4,
ERF5,
ERF6

?
LTI29

?
?

SOC1

?

EIN1

?

?

AHP1

?

GCR1,
GPA1 

?

BI-1,
SLD1

cold

DEAR1

?

CRF4

?
FBS1

?
ERF105

CBF1,
CBF2,
CBF3

NAC019

RCF2

ARR22

?
PXL1

?

cytokinin
signalling

?
HSFA6b

? ICS1

?

COR genes

MED2,
MED14,
MED16

LTI65

?
MIPS1

?

ABA1

?

ABA1

?

ACD5

?

APRR9

?

PRP31

?

MYB41

?

ADS2

?

RH7/PRH75

?
DREB2A

ERD7

?

CSP3
RPL26A,
RPL40,
RPL36aB

CONSTANS-
LIKE 15

?

RCI1A

?
AHK2,
AHK3

?

LTP3

MYB96

CONSTANS

flowering

HOS1

FTSUA41

AHP2,
AHP3,
AHP5

ARR1

WRKY11,
ARR5,
ARR15

KIN2

?

SUMOylation of ICE1 by SIZ1 is involved in ICE1 activation

RD20 is a member of caleosin family.

MYB2 mediates the ABA- dependent expression of salt  and dehydration-responsive genes.

MAPK2

MKKK20

MKK4

bZIP1

COR15A,
RD17,
RD29A

AZF1,
AZF2

SRK2E

KUP6

AZF1,
AZF2

?

ERF96

RD29A,
ABI5,
ABF3,
ABF4,
P5CS,
COR15A

SIZ1

MYB30

CPK10
CPK30DREB2 

(inactive)

DREB2 
(active)

AOSSFR6

Osmotic stress

WRKY48
a negative
regulator of
PR genes)

?

?

MPK3/4/6

?

ERF5

ABA responsesSnRK2

AREB/
ABF TFs

HHP1 is a negative regulator of ABA and osmotic signaling.

BAP1 and BAP2 are general inhibitors of PCD.
BON1 is a functional partner of BAp1

PAMP receptor or R protein activation

MPK4
MPK4

HR

SUMM2

HOPAI1

MKK1,
MKK2

MEKK1

receptor

phosphorylation phosphorylation

AtWRKY40

AtHDA19

HDA19 is involved with repression of SA-mediated defence responses 

AtMKS1

AtWRKY33

Other publications suggest WRKY33 expression is
governed by MPK3/MPK6.
(http://www.ncbi.nlm.nih.gov/pubmed/21498677)

SUMOylation of nuclear targets by SIZ1 occurs (see symbol     ).

MPK3 / MPK6

MKP1 is a negative regulator of MPK6-mediated PAMP
responses and is phosphorylated by MPK6.

AtEIN3,
AtEIL1

DND1,
DND2

AtERF104,
WRKY3/4,
WRKY6,
WRKY72

SWAP70TPR1,
HDA19

http://www.landesbioscience.com/journals/psb/van_den_BurgPSB5-12.pdf
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ATG18aPAD3

DREB1A
(CBF3)

DREB2A MYB41

?

SnRK1

SnRK2s
SnRK3.17
SnRK3.22

ABI4/GIN6, 
ABI5

ABI4 may play a general role in hexose signaling

ABI5

PP6

WRKY63

ROS

CIPK26

CBL1,
CBL9

26S 
proteasome

MPK1,
MPK2

ACBP2

HAB1

AtRbohF

ABFs

ABI1,
ABI2,
ABI3

ABA-activated kinases downstream of the PP2Cs include OST1/SnRK2.6/SRK2E, SnRK2.2 and SnRK2.3.

SLAC1,
KAT1,
SNS1

WRKY40
represses
ABI5 in 
absence
of ABA

WRKY2
WRKY25

?

NAC2

ABD1

ABI5
DDB1

?

KAN1

?

COL4

?

EM1

?

RGGA

?

RDR1

WRKY2

KEG

KEG
ABI1,
ABI2,
ABI5

PUB19, a U-box E3 ubiquitin ligase negatively regulates ABA and drought responses. 
PUB18 and PUB19 are agonistic.

Both ABA-dependent and ABA-independent 
pathways involved in drought responses

RD20
RD29B

ATAF1 induced by drought and ABA and negatively regulates the expression of stress responsive genes under drought conditions.

AIRP2

LEA14

?

MYB122

?
SRK2C

?

?

ERD1

ZFHD1

ABI2,
HAB1,
HAB2,
PP2CA

ABI1, HAI1, HAB1, HAB2 are PP2Cs

MYBR1 is a negative regulator of ABA signaling

HAI1
HONSU

HONSU is a seed-specific PP2C
which inhibits ABA signalling
and activates GA signalling

PYR1/RCAR11

ABI1

drought

SRK2D

PYL8

MYBR1

?

MPK6

ABF4,
ATAF1,
AIRP1,
ATHB17,
bHLH112,
BSK5,
bZIP37,
CDF3
CIPK6
CPK8,
CPL5,
CRK45
CSP3,
Di19-3
ERF1,
ERF4,
ERF53
GBF3,
HsfA6a
KIN2,
LCR
miR394
MYB2,
MYB37,
MYB74,
MYB102,
NCED3,
RACK1A,
RASD1 
RD26,
RDUF1,
RDUF2,
SINA2
USPL1,
WNK9

ABA & drought

ZAT10
DCP1

DCP5

DREB2B

MAPK1/
MAPK2

drought

CPK3
CPK4
CPK5
CPK6
CPK23

MKK1

MYB41

PYL2 gene expression down regulated by drought

MPK4RD29A

RPN6

CBF1,
CBF2

CAMTA1
ZAT6

ZFHD1

MAPKKK14,
MAPKKK17,
MAPKKK18,
MAPKKK19,
MAPKKK21

ANAC019
ANAC055
ANAC072/RD26

MYB4

COR15A

MYC2
TPS11,
TPS21

RGLG2

ERF53

SPY

?

MIPS1

?

AGL22

?

CBF4

COR 
genes YUC7

?

SnRK3.20

?

JAZ5,
JAZ7,
JAZ8

?

bZIP7

?

MAPKK3

MAPKKK18

ERF5,
ERF6

?

MPK7

?

NFYA5

?

Raf43

?

bHLH122

?

MYB96 LTP3

GH3

reduced
lateral
roots

RD22
KCS,
KCR,
ECR

PUB19

?

PUB22,
PUB23

AHK5

?

ZIFL1.3

?

CAT3

CPK8WRKY23,
WRKY28,
WRKY35,
WRKY46,
WRKY53
WRKY67

?
ERD5,
ERD11

?

EDL3

anthocyanins

RZF1 negatively regulates drought responses
CBL10 negatively affects drought tolerance

drought

MYB7,
MYB14,
MYB60,
MYB90
MYB113

?
AHP2,
AHP3

AHP2, AHP3 and AHP5 are negative controllers of drought responses

??

HB13

PR2,
PR4,
GLU

?

MAX2

? AHP5

ARR22

AHK2,
AHK3

ARR7

?

Di19

CPK11

NCED3

ATAF1

CML37,
ZWIPR1,

PR2,
PR5

ARR5,
ARR15

?
HSP70

?

ROS

NTL4

Info on JAZ:  http://jxb.oxfordjournals.org/content/early/2011/02/14/jxb.erq408.long

Jasmonic acid

PAP1,PAP2 and GL3 are Myb/bHLH TFs involved in anthocyanin biosynthesis

DDE2  ?

RGL3

EIN3

HLS1
PDF1.2A

ANAC032

ASK1 CULLIN

SCFCOI1

MYC3/MYC4 (TFs)

JAZ1/JAZ3/JAZ8
JAZ9/JAZ11

EIN3

EIN3 negatively regulates expression
 of ARR5, ARR7 and ARR15

EIN2

ENAP1

H3K14Ac,
H3K23AcEIN5

Ethylene

ETR1
ERS1

ETR2,
EIN4,
ERS2

RTE1

Cb5
ETP1,
ETP2

CTR1

ECR2

EDS1,
PAD4

BIK1

?

COI1

?

WRKY33,
ABI5

JR2
PUB10

?

JAMs negatively regulate JA responses
TIFY8 interacts with TOPLESS through NINJA
NINJA represses JA signalling in the root.

BBD1 and BBD2 act as negative regulators of JMT expression

JAZ1,
JAZ4

RGLG3,
RGLG4

?

ESR1

COI1 may act as a repressor of BIK1 function

MYB21
MYB24

JA also induces WRKY70, HY5, MYB102 and GH3.11/JAR1

SPINDLY gene SPY is a negative regulator of GA signaling

JAM1, JAM2, JAM3 and JAZ10 are negative regulators of JA signalling

JAZ10.4 binds to MYC2, MYC3, MYC4 and NINJA
Inositol polyphosphate and possibly InsP(5) contribute to COI1 function

MKK9

MPK3/
MPK6

MPK4
KAN1

EXPA5

ethylene receptor gene families
subfamily 1: ETR1 and ERS1
subfamily 2: ETR2, EIN4 and ERS2
subfamily 1 have histidine kinase activity
subfamily 2 do not

RGA
(a DELLA)

JAZ9LBD20

Thi2.1,
VSP2

ECIP1

HDA6

JAZ 
proteins

EREBPs (ERFs)

ERF11 is transcriptionally
modulated by bZIP transcription
factor HY5 and is a negative 
regulator for ABA-mediated
ethylene synthesis

Jasmonic acid responses all depend on the F-box protein COI1.
COI1 associates with SKP1 and CULLIN to form to form the SCFCOI1 complex
an E3 ubiquitin ligase. Substrates of SCFCOI1 are JAZ repressor proteins.

methyl jasmonate

AtCPK6 
(in guard cells)

FRK1

PR6

YUC8,
YUC9

SDE5

ERF1,
ERF2,
ERF4,
ERF15

WRKY6,
WRKY18,
WRKY26,
WRKY30,
WRKY33,
WRKY39,
WRKY40,
WRKY45,
WRKY69,
WRKY75,

Salicylic acid

NPR1

ELP2

NPR1 regulated by ubiquitin proteasome system
OZF1 positively influences NPR1-independent SA signalling

NRB4 is downstream of NPR1TGA2

NPR3,
NPR4
(regulate NPR1
 degradation via
CUL3)

SABP3
TOP1 TOP2

SABPs include GSTF2, GSTF8, 
GSTF10, GSTF11 and the E2 subunit
of alpha-ketoglutarate dehydrogenase

WRKY38,
WRKY46
(NPR1
dependent)

?

WRKY75

WRKY75 and ANAC102 activated by
NPR1 independent pathway

?

?

MYB4

?

NIMIN1,
NIMIN2

NIMIN1

?
MPK11

?
SDE5

?
OZF1

VDAC2,
NHL3

ROXY19

?ALD1

?
RPS2

?

ERF15

?

ANAC042,
ANAC102

ANAC032

?

PR4

WRKY20

PUB13

PI-4PRabA4B

?

CRT3

?ARR4

MYB96 mediates ABA-SA crosstalk. MYC2 acts as a negative regulator of SA signaling.

? bZIP28

?

PR1,
PR2,
PR5

WHY1

CML9

?

ROC4

?

MED14,15, 16
PBS3

WRKY46

NPR1

SNI1

RLK3

?

?

CRK4
CRK19
CRK20

ACD6

PRRs
HSP70

RPP8

CK2

p23

RPW8.2 interacts with PAPP2C which negatively regulates SA-
dependent defence against powdery mildew.

NPR1 is also known as NIM1. SA-dependent
PR-1 gene expression is regulated by NIM1-
INTERACTING (NIMIN) proteins.

SID2
(ICS1)

CBP60g and SARD1 bind to promoter of SID2
salicylic 
acid
synthesis

AtMPK6

EDS1 negatively regulates SA accumulation

jasmonic
acid

WRKY70

WRKY70

MYB44

CML43

Ca2+

CPR30 involved with SA-dependent and SA-independent
defense signaling possibly through ubiquitin-proteasome pathway.

WRKY70 thought to repress JA-responsive gene expression

BRCA2-RAD51 complex

SA responsive 
genes

SAI-LLP1

plant immune
responses

MPK4

PAD4,
EDS1

EIN3,
EIL1,
EIL2

EBF1,
EBF2
(SCF)

ACS2 ACS5

CK1.8 phosphorylates ACS5

ERF73/HRE1 has a negative regulatory role in ethylene responses.

RAP2.2

ERF11

ERF1

ERF110 regulated by
EIN2-dependent and
EIN2-independent pathways

HY5
ESE1

? EREBF5

AGL15

RDR1

?
CPK28

?

ARR2

?

GLIP1

EIN3
SID2

salicylic
acid

?

MYB44

GST1,
PR-1,
PR-3,
PR-4,
PDF1.2

ethylene

ABA

CML42 up-regulation negatively regulated by COI1

wounding

MAPK1/
MAPK2 ?

MKK1

MPK4

COI1

?

WRKY3

JA-ILe

WRKY8,
WRKY11,
WRKY15,
WRKY22,
WRKY30,
WRKY33,
WRKY40,
WRKY53,
WRKY48,
WRKY60

DAD1,
DGL

MPK8

Rboh D

MPK8 pathway negatively
regulates ROS accumulation

CaM MKK3 GLRs

EDS1

SFR6/MED16 controls SA- and JA-mediated defence gene expression

EDS1 dimerizes to interact with PAD4

WRKY18/
WRKY30

PAD4

JA signaling

CBP60g/SARD1
PAD4, EDS5 and SID3 are involved in SA biosynthesis.
SIZ1 interacts with PAD4 to regulate PR expression and
disease resistance.

CYP71A13

EDS1-PAD4
complex

SAG101

More SA-induced genes listed at www.drastic.org.uk

EDS1-SAG101
complex

HY1TIC
MED25

The adaptor protein NINJA and the co-repressor TOPLESS 
form a transcriptional repressor complex with COI1

AtWRKY33

ATG18a

PDF1.2

MYC2

MYC2 is required for Induced
Systemic Resistance (ISR)

LBD20
VSP1,
VSP2

TPS11,
TPS21

ERF1,
ORA59

http://www.ncbi.nlm.nih.gov/pubmed/20192752

PUB19

? HDA6

?

RCI2A

?

?

PUB18,
PUB19

?

MEKK1

MKK5

MPK6

FSD2,
FSD3

5PTase7

?

AGB1

?

WIN3

WRKY28

WRKY28 is a transcriptional activator of ICS1 and WRKY46 is a similar activator of PBS3

WIN3 acts additively
with NPR1, SID2 and
PAD4

?

XBAT35

?

PAD4 involved in RPS2 mediated signaling.
WIN3 involved in RPS2 mediated signaling

CBP60g (a calmodulin binding protein) contributes to MAMP-triggered SA accumulation

AvrB / AvrRpm1 are not kinases themselves

MIEL1 (an E3 ligase) ubiquitinates MYB30 (which is a positive regulator of HR)

AF2/NAC is a negative regulator of plant defence

Rapid pathogen-induced AtWRKY33 expression is dependent on PAD4
EDR2 is a negative regulator of cell death, thus loss of function of EDR2
results in enhanced resistance to powdery mildew

UBP12 and UBP13 are required for immunity to virulent Pseudomonas spp.
DAL1 and DAL2 may act as negative regulators of PCD WRKY58 is a negative regulator of SAR

ARF2 is a negative regulator of defence responses against Sclerotinia sclerotiorum

MEKK1-MKK1/MKK2-MPK4 kinase cascade negatively regulates MEKKs
and activation of MEKK2 triggers SUMM2-mediated immune responses.

BIR1 is a possible negative regulator of plant resistance

Ax21 peptides from X. oryzae pv oryzae is also recognised by fls2

http://www.ncbi.nlm.nih.gov/pubmed/21554539
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repressor of WRKY8

NPC4

ABI1

SnRK2.4

EHD1

?

KIN2

?

MIPS1

?

RAB18

?

ABA1,
AFP3

     Na+
homeostasis

?

GALK2

?

NEK6

?

GCR1,
GPA1

?

WRKY15,
WRKY28,
WRKY40

PLDα1

PLDrp1

PLDrp1

phospholipase

MAP65-1

phosphatidic 
acid

NAC2RCA,
PRPS1,
FtsZ2-2,
TOR2

MPK17

PMD1

?

HY1

?

HsfA6a

?

COL4

?

PP2-B11

?

ZFP1

RdDM

MYB74

?

bHLH112

?

bHLH122

PUB30

BKI1
?

CNGC10 

HXK1

RH57

?

ERF1 ?

BSK5

?

ANN1

?

ROF1

?

RABA1

?
CPK27

?

bZIP17,
bZIP60

BiP3

?

FOA1

?

BOI

?

S-RBP11 
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COR and
RD genes

AtMYB52 and AtMYB102 are induced by ABA
RHA2a and RHA2b are RING-H2 E3 ligases.

AREB1, AREB2 and ABF3 are master transcription factors.

ABA2/GIN1,ABA3/GIN5

WRKY18
WRKY40

RSL1

PYL4 PYR1

CIP1
MIEL1 interacts with MYB96 to
stimulate its ubiquitation and degradation.

ABI1 regulates both  ABA and ethylene biosynthesis.

PP2C5 is a MAPK phosphatase and interacts with MPK3, MPK4 and MPK6.
In Arabidopsis mutants lacking PP2C5, genes such as ABI1, ABI2, RD29A and Erd10 were reduced.

In germinating seeds AtMFT  is directly regulated by ABI3 and ABI5

ABI3-5 are putative TFs. During seed germination ABI3 protein binds to PIL5 protein.
ABI3 and ABI5 levels are controlled by the RING E3 ligases AIP2 and KEG respectively.
ABA promotes the ubiquitination of ABI3 and inhibits the ubiquitination of ABI5.
DWA3 is a negative regulator of ABA responses and may be involved in protein
degradation mediated by CRL4 (cullin-RING ubiquitin ligase 4 complex)

SUMO E3 ligase SIZ1 negatively controls ABA signaling through the SUMOylation of ABI5.
The conjugation of SUMO to ABI5  represses its activity and prevents degradation of ABI5.

DREB1A and DREB2A interact with ABF2. ABF3 and ABF4 interact with DREB2C

SW13B interacts with HAB1

AtAZF2 is a negative regulator of ABA signaling in seeds
AtHHP1 is a negative regulator of ABA and osmotic signaling.

FCA is an RNA-binding protein which regulates flowering time.

See Review by Rushton et al. (2011) for info on ABA signalling :- http://www.ncbi.nlm.nih.gov/pubmed/21696534

MKP1 is a negative regulator of MPK6-mediated responses
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SAG113 is a negative regulator of ABA signaling
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SFR6 is required for drought inducible expression of COR genes

MYC2, STZ/ZAT10 and AZF2 may also control JAZ1/TIFY10A expression
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RIN4 is a negative regulator of basal plant defence.
SRT2 negatively regulates basal defence against Ps.syringae pv tomato DC3000 

AvrB and AvrRpm1 are type III effectors and become myristoylated

RIN4 (phosphorylation 
activates RPM1) RPS2

TAO1

AvrB

AvrB suppresses PAMP-triggered immunity through RAR1, a co-chaperone of HSP90
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SRFR1 is a negative immune regulator
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LSD1 is a negative regulator of cell death.

WRKY38 and WRKY62 interact with histone deacetylase (HDA19) in defence.

PR Proteins

NTL6

RBOHD

CPK5

ATL6,
ATL31

?

?

?

?
TZF9

?

?

Chitin

ATL9 (an E3
ubiquitin ligase)

MPK3/MPK6 MKP2

ERF15

FRK1,
WRKY53

RRTF1

PBL27

MAPKKK5

CERK1 (LYK1)

CERK1
dimerization

IOS1

?

WRKY33
WRKY53

WRKY22 and WRKY29 also up-regulated by chitin

apoplastic calcium 
influx via iGluR-like
channels

chitin

ATL6,
ATL31

LYK4 CERK1 - LYK5 complex

SUA,
RSN2

LIK1

AGG1,
AGG2

MPK4 exists in nuclear complex with WRKY33

response genes (eg PAL, PR1)ATG18a

MKK1/MKK2

MPK4
PAT1

?

WRKY33/
MKS

MKS1

fls2/ BAK1

S-acylation of fls2 occurs

FLS2-ACA8
complex

FLS2 can interact
with CLV3p

ACA8 also interacts
with BRI1 and CLV1

BIR1

CRT1

RbohD

BIK1
CPK28

XLG2

AGB1,
AGG1/2

ethylene
regulated genes

BON1

BSK1

BAK1/SERK3 is also involved in brassinosteroid signaling. 
BAK1/SERK3 and BKK1/SERK4 are negative regulators of programmed
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For oligogalacturonide ref see: 
http://jxb.oxfordjournals.org/content/57/11/2847.full.pdf+html
http://mplant.oxfordjournals.org/content/early/2008/05/22/mp.ssn019.full.pdf+html  
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WRKY33 also involved in resistance to Alternaria brassicola

SIB1,
SIB2

PAD3,
CYP71A13

BOS1

BOS1 is a negative regulator of ABA induced cell death.

RGL3 positively regulates JA-mediated resistance to B. cinerea
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BOS1 is an R2R3MYB TF (MYB108)

BOI

BOI ubiquitinates BOS1

WIN3

?

USP

?

CRCK2

?

PLDβ1

?

RAP2.2

?

?

PDF1.2a
IGMT1
PRX37

DEWAX AHK5

?

MYC2

?

WRKY2,
WRKY6,
WRKY7,
WRKY8,
WRKY26,
WRKY28,
WRKY40,
WRKY46,
WRKY70

?

?
GRP7

?

CDK8

?
ERF15

?

ERF014

?

FAMA

MED8

HSF4

?
CDK8

?

MPK7,
MPK11

?

WAK2,
WAK3

?
WAK1

?

KAPP,
GRP-3

RD20

?

MKK1/MEK1

?
RHA1a 

?

BAG6 
BAGP1,
APCB1

?

autophagy and 
disease resistance

CML41 

?

RBPG1 AGO1

endopolygalacturonase

silence host
immunity genes

MYB46 may function as a disease susceptibility modulator to B. cinerea

MYB46 is involved in regulation of secondary wall cellulose synthesis.
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RACK1 and ROAR1 are negative regulators of ABA signaling.
Gene expression of RACK1A is downregulated by ABA.
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MKK4 and MKK5 are the upstream kinases activating MPK3 and MPK6 during abiotic and biotic stress-response 
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Mediator subunits potentially involved in plant immunity:
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WRKY52 involved in resistance to Ralstonia solanacearum WRKY70 involved in resistance to Erysiphe cichoracearum

WRKY18 and WRKY40 are positive regulators of effector triggered immunity in P. syringae AvrRPS4
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regulators of stomatal closure 
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UV-B

MPK3/MPK6

ARI12

HY5,HYH

BBX24

MPK3

GRF1,
GRF2,
GRF3

inhibition of 
cell division

miRNA396

HopAl1 suppresses MPK3 and MPK6 activation by bacterial �agellin
HopF2 is a potent suppressor of MAPK) signaling activated by multiple MAMPs, including bacterial flagellin, elongation factor Tu, peptidoglycan, lipopolysaccharide and HrpZ1 harpin, and fungal chitin

kiss of death (KOD) peptide

KOD-induced PCD is repressed by 
AtBax inhibitor 1 and p35.

caspase-like activity

PCD

WRKY70 may bind to promoter of WRKY30
cellulose
synthase genes
(CESAs)

phosphatidic acid regulates BZR1 activity

DWF4, myb28, myb34, and myb122  are involved in brassinosteroid biosynthesis

BIN2 is a negative regulator of BR pathway inhibiting BES1/BZR1

MDP40
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hypocotyl cell
elongation

CAPRICE
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RACK1
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KAN1

?

CBL10

TWD1 interacts with the kinase domains of BRI1 and BAK1

?

G proteins
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?

BAK1

BARK1

BRI1 receptor kinase SBI1 (a leucine 
carboxymethyltransferase
that methylates PP2A

brassinosteroid is also involved
with jasmonic acid signaling

phosphorylation of
BSK kinases

dephosphorylation and
inactivation of BIN2 kinase

accumulation of unphosphorylated
BZR transcription factors in nucleus

activation of 
BSU1 phosphatase

BEH2 BES1

HAT1

MYBL2 (a
transcription
repressor)

ASKtheta

BZR1

BZR1 represses Cup-shaped 
cotyledon (CUC) family

IAA19

ARF7
CUC

BSK5
BRL3BIR3

ASKtheta negatively 
regulated  by BRI1

Brassinosteroid

activation of BRI1/BAK1 kinase
complex by transphosphorylation

BIN2

EGL3

TTG1

ERECTA

YDA (YODA)

MKK4 MKK5

phosphorylates 
BZR1 in vitro

MPK3/6

MPK6
AGB1

BIN2 and BIL2 (GSK3-like kinases) are negative regulators of BR signaling.

BIN2

ABI5

BSK1,
14-3-3λ,
PP2A,
MAPK4,
RD21A,
RD21B,
CYP59,
USP2,
Syt1

ACA8 interacts
with BRI1

ZED1 directly interacts with both HopZ1a and ZAR1 

HopF2

BAK1

DELLAsABI3 ABI5

SOM

WRKY11 and WRKY17 are negative regulators of basal resistance to Pseudomonas

DDA1 may bind to PYL8, PYL4 and PYL9. ICE1 is a negative regulator of ABA-dependent responses.

Jasmonate induces WRKY7, WRKY20, WRKY26, WRKY45, WRKY48 and WRKY72.

IRE1
CPR5

bZIP60

BIP3

SnRK2.2, SnRK2.3 and SnRK2.6 phosphorylate RAV1. 
RAV1 directly down-regulates the expression of ABI3, ABI4, and ABI5
WRKY6 down-regulates RAV1

IOS1 negatively regulates ABA signaling 

CBL3

EDS1

PAD4SAG101

LTP1

PP2C38

PP2C38

MAP3K16
MAP3K17/18

MKK3

PR1

MED8, MED14, MED15, MED16, MED18, MED20a, MED25, MED31, and MED33A/B
are required for MeJA-induced expression of PDF1.2

MED33A/B

PIF3 negatively regulates genes in the CBF pathway

MYB30 binds to the
promoters of ANN1
and ANN4 and 
repressed their expression

WRKY54 and WRKY70 negatively affect the response to B. cinerea

RAE1 interacts with RCAR1/PYL9 and may be a substrate 
receptor for CUL4-DDB1 E3 ligase

PUB12 and PUB13 are involved in the negative
regulation  of the chitin receptor complex.

SIP1

BRI1 regulated by PUB12- and PUB13-mediated ubiquitination.

PUB25 and PUB26 mark BIK1 for degradation to negatively regulate immunity
CPK28 specifically phosphorylates PUB25/26 to enhance activity and promote BIK1 degradation.


