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Known modules  

1. Msn2/4-Module  

Regulatory unit - Msn2 and Msn4 together are essential for stress induced expression of STRE-

induced genes. The stimulation of expression by hyper osmotic shock depends on Msn2/4 as well 

as on he HOG pathway (Schüller et al. 1994). 

Known targets - Blue circles mark known Msn2/4 targets identified in Rep et al. (2000) and the 

additional well known targets Yap4 and Hsp12. Out of 46 targets discovered in Rep et al. (2000), 

18 were assigned to the Msn2/4 module, among them nine obtained improvement score > 10 

(hyper geometric p-value < 10
-10

) and thus included in this module. Seven genes were assigned to 

Hog1A-module (module 5), and six genes were assigned to various other modules. The remaining 

15 genes were identified as model-independent responding genes. 

• Known targets: 46 (Rep et al. 2000) + 2 (well known) 

• Correctly assigned:  9 + 2  

• Assigned to small modules or incorrectly assigned: 6 
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2. Ste12-Module 

Known targets Green circles mark known Ste12 targets related to mating and psaudohyphal 

growth pathway identified in Zeitlinger et al. (2003), and the additional well known target Kss1. 

Out of 66 known targets discovered in Zeitlinger et al. (2003), 20 were assigned to the model and 

predicted to be regulated by Ste12. Among them 15 were assigned specifically to the Ste12-

module, and five were assigned to small modules. Four genes were assigned to other modules, not 

predicted to be regulated by Ste12. The remaining 42 genes were identified as model-independent 

responding genes. 

• Known targets: 66 (Zeitlinger et al. 2003) + 1 (well known) 

• Correctly assigned:  15 + 1(Kss1)  

• Assigned to small modules or incorrectly assigned: 4  

t

WT

t

hog1

t

pbs2

t t

Ssk1 

sho1

t

ste11

t

ssk1

t

sho1

t

WT

t

ssk1

t

WT

t t

WT

t t

ssk1

t

ste11

t

hog1

t

WT

t t t t

WT

t

CaFK

t

Crz1
Ssk1 

ste11 ssk1 ste11
ssk1

ste11

ssk1

ste11

ssk1

ste11

0.5M KCL 0.125M KCL1M KCL 0.25M KCL 0.0625M KCL Ca

Ste12

Reg. logic

AXL1
OPY2
SVS1
RSB1
NDJ1
PRM1
MSG5
TAF9
FUS2
SST2
MID2
PRY2
YKR012C
STE6
BAR1
YHR049C-A
ARG4
GPA1
KSS1
GSC2
MSB2
AGA2
GYP8
STE2
GIC2
PCL2
YDL089W
YCL056C
FUS1
TEC1
FUS3
YAR068W

t

WT

t

hog1

t

pbs2

t t

Ssk1 

sho1

t

ste11

t

ssk1

t

sho1

t

WT

t

ssk1

t

WT

t t

WT

t t

ssk1

t

ste11

t

hog1

t

WT

t t t t

WT

t

CaFK

t

Crz1
Ssk1 

ste11 ssk1 ste11
ssk1

ste11

ssk1

ste11

ssk1

ste11

0.5M KCL 0.125M KCL1M KCL 0.25M KCL 0.0625M KCL Ca

Ste12

Reg. logic

AXL1
OPY2
SVS1
RSB1
NDJ1
PRM1
MSG5
TAF9
FUS2
SST2
MID2
PRY2
YKR012C
STE6
BAR1
YHR049C-A
ARG4
GPA1
KSS1
GSC2
MSB2
AGA2
GYP8
STE2
GIC2
PCL2
YDL089W
YCL056C
FUS1
TEC1
FUS3
YAR068W

 
 

     3. Hot1/Msn1-Module 

Known targets (red circles) - According to Rep et al. (1999), deletion of Msn1 diminishes 

expression of Gpd1, Hor2, Ctt1 and Stl1, and the effect on Ctt1 and Stl1 is the strongest. The best 

score of Stl1 and Gpd1 was to this module, but only Stl1 obtained significant improvement score, 

and thus was assigned to the module. Ctt1 is usually known as Msn2/4 target, and was assigned to 

the Msn2/4 module. Hor2 was assigned incorrectly to the Stl1-module. 

• Known targets: 3 (Rep et al. 1999), not including Ctt1. 

• Correctly assigned:  1  

• Assigned to small modules or incorrectly assigned: 1 
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4. Crz1-Module 

Pmc1, Pmr1 and Fks2 are the known target according to Stathopoulos and Cyert, 1997. All these 

targets did not obtain significant improvement score. 

• Known targets: 3  

• Correctly assigned:  0  

• Assigned to small modules or incorrectly assigned: 0  
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5. Sko1-Module 

Known targets (yellow circles) - The known targets are Gre2, Glr1, Ahp1 Sfa1 and YML131W 

(Rep et al. 2001). Among them, two are included in this module, and two are included in small 

modules incorrectly. Two additional targets of Sko1 are jointly regulated by Sko1 and another 

regulator and thus should be included in other modules: Ena1 (regulated by Sko1+Crz1) and Hal1 

(regulated by Sko1+Gcn4). Hor2 is included in this module incorrectly (marked in pink), and 

should be included in the Hot1/Msn1 module. 

• Known targets: 5  

• Correctly assigned:  2  

• Assigned to small modules or incorrectly assigned: 2 
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Crz1+Sko1: 

The only known target of this unit, Ena1 (Hohmann 2002), was assigned correctly to it. According 

to our results, this is the only gene regulated by this unit. 

• Known targets: 1  

• Correctly assigned:  1  

• Assigned to small modules or incorrectly assigned: 0 
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Putative modules 
 

 

Module 5  – Hog1A - regulated by Hog1
(2)

 [26.16] 

All the known targets in this module are Msn2/4 targets identified by Rep et al. 2000 (marked in 

blue circles). Out of 46 Msn2/4 targets, seven were assigned to this module (hyper geometric p-

value < 10
-10

). Interestingly, the module is regulated by Hog1 (Msn2/4 is not included in the 

putative regulators we tested) and thus its predicted activity in the Msn2/4 overexpression 

experiments is low (green). Yet, the observed levels in the two corresponding columns are high 

(red). The discrepancy between observed and predicted levels shows that the module should have 

been located downstream to Msn2/4. 
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Module 6– Hog1B -regulated by Hog1
(2)  

[26.5] 
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Module 7– Hog1C - regulated by Hog1
(2)

  [26.7] 
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0.5M KCL 0.125M KCL1M KCL 0.25M KCL 0.0625M KCL Ca

Turgor pressure

Reg.  logic

YHL049C
YFL064C
YER189W
YEL076C
YPR203W
CLB5
GAL4
REV3
FRE3
YOR342C
PDR5
ELG1
WHI2
YOR012W
TAT2
DBP6
SPC98
CYB5
YNL024C
RRN9
YMR187C
RIM13
YMR122C
GIS4
YLR402W
EST1
YLR140W
CDC45
YLR063W
YKL224C
YKL131W
YIL167W
FAA3
ARP1
MSR1
YHR083W
DIE2
YGR107W
BOI2
SPC25
YDR520C
TRS31
SUR2
YDR279W
EBS1
LRG1
CDC2
YCL026C
YBR028C
YBL073W
RRN6
YAR062W

Hog1(2)

 
 

Module 8  – Hog1/Ca - regulated by Hog1
(2) 

+ Calmodulin [61.0] 
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0.5M KCL 0.125M KCL1M KCL 0.25M KCL 0.0625M KCL Ca

Hog1

Reg.  logic

BSP1
TIP41
PRP46
TBF1
RIB2
DIS3
ABZ1
YNR029C
YNL335W
STB1
MGS1
YNL116W
YNL063W
TUB3
GIS3
PSR2
ABF1
ZAP1
YHR151C
RPF1
STE12
SSF1
YHL046C
YHL026C
YHL008C
YGR294W
BIO2
YGL261C
MF(ALPHA)2
YDL203C
MSH5
SPP381
FLR1
HEK2
PRP45
SWC1

Calmodulin
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0.5M KCL 0.125M KCL1M KCL 0.25M KCL 0.0625M KCL Ca

Hog1

Reg.  logic

BSP1
TIP41
PRP46
TBF1
RIB2
DIS3
ABZ1
YNR029C
YNL335W
STB1
MGS1
YNL116W
YNL063W
TUB3
GIS3
PSR2
ABF1
ZAP1
YHR151C
RPF1
STE12
SSF1
YHL046C
YHL026C
YHL008C
YGR294W
BIO2
YGL261C
MF(ALPHA)2
YDL203C
MSH5
SPP381
FLR1
HEK2
PRP45
SWC1

Calmodulin

 



Module 9  – regulated by Ssk2/22 [66.120] 
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0.5M KCL 0.125M KCL1M KCL 0.25M KCL 0.0625M KCL Ca

Turgor pressure

Reg.  logic

RPC82
YPR126C
YPR059C
BMS1
CPA1
RRS1
YOR004W
ARG8
YNL227C
AAH1
KRE33
NOP15
ECM16
YML014W
YLR401C
ILV5
BUD20
RLP24
YLL037W
TRM2
DPH2
YKL030W
YJR071W
YJR070C
YJL122W
MTR4
YGR176W
PRP43
FRS2
PPH3
YIH1
YBR267W

Ssk2/22
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0.5M KCL 0.125M KCL1M KCL 0.25M KCL 0.0625M KCL Ca

Turgor pressure

Reg.  logic

RPC82
YPR126C
YPR059C
BMS1
CPA1
RRS1
YOR004W
ARG8
YNL227C
AAH1
KRE33
NOP15
ECM16
YML014W
YLR401C
ILV5
BUD20
RLP24
YLL037W
TRM2
DPH2
YKL030W
YJR071W
YJR070C
YJL122W
MTR4
YGR176W
PRP43
FRS2
PPH3
YIH1
YBR267W

Ssk2/22


