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Supplementary Fig. 1 Nuclear protein levels of Fosl1, Hmga2, Klf6, JunB, Otx1, 

Gfi1, RelA after silencing in KRAS-transformed RAS-ROSE cells. 

Western Blot analysis of nuclear protein levels of Fosl1, Hmga2, Klf6, JunB, Otx1, 

Gfi1 and RelA in RAS-ROSE cells 48 h after transfections with scrambled 

siRNAduplex (Sc), transfection reagents only (Mock) and two independent 

transcription factor specific siRNAs (1, 2). ß-tubulin control (*). One example of two 

biological replica is shown.   



!
"
#
$ $
%

&
'
()
*

+
,
-
.
/

!
)01

23
4
5

6
78
*

9
0:*

"
;
)#

<
*<
/<
=<
><
?<
1<
@<
A<
B<
*<<
**<

!

"#$%&"'()*

+,
-(.
/(
"#
$%
&"
'

!
"
#
$

$
%

&
'
()
*

+
,
-
.
/

!
)01

23
4
5

6
78
*

9
0:*

"
;
)#

<
*<
/<
=<
><
?<
1<
@<
A<
B<
*<<
**<

0

"#$%&"'()*

+,
-(1
23
("#
$%
&"
'

!
"
#
$ $
%

&
'
(
)*

+
,
-
.
/

!
)01

23
4
5

6
78
*

9
0:*

"
;
)#

<
*<
/<
=<
><
?<
1<
@<
A<
B<
*<<
**<4

"#$%&"'()*

+,
-(.
5(
"#
$%
&"
'

(
(

(

67889&:&;"#$<( =>%?( @( !"#$%&' ()' &*$+,%*-#&-(+' )$%&(*' .+(%./0(1+' (+' &23' 4567'

#$&21$8/"30-$&30'"596'3:#*3,,-(+'#*()-;3<(

"C#D ;8EF;((:'4D EF'0:);(D '0D !"#$D 7F.4(0'F,;GD "#$H"6$ID %;))(D F;).7:J;D 7'D 4'4HD

7F.4(0'F,;GD "6$ID %;))(D .4GD '0D "#$H"6$ID %;))(D 7F;.7;GD K:7LD (%F.,M);GD (:"C#H

G3E);8DN$%ODF;).7:J;D7'D"#$H"6$ID%;))(D7F;.7;GDK:7LD7K'D:4G;E;4G;47D(:"C#(D.-.:4(7D

&'()*PD +,-./PD !)01PD 2345PD 678*PD 90:*PD ";)#D EF;E.F;GD :4D ,:%F'.FF.QD .4.)Q(:(RD

S;F%;47.-;D'0DG'K4DF;-3).7;GDN#OPD4'4;DF;-3).7;GDN5OD.4GD3EDF;-3).7;GDNTOD7.F-;7(D:4D

"#$H"6$ID %;))(D .07;FD 7F;.7,;47D K:7LD (%F.,M);GD (:"C#HG3E);8D N$%OPD 7F.4(0;%7:'4D

F;.-;47(D'4)QDNU'%VOD.4GD7K'D:4G;E;4G;47D7F.4(%F:E7:'4D0.%7'FD(E;%:0:%D(:"C#(DN*PD/OD

:4D %',E.F:('4D 7'D"#$HG;E;4G;47D F;-3).7;GD 7.F-;7D -;4;(D N"#$H"6$ID %;))(D J;F(3(D

"6$ID%;))(ORDD

D

!



!

!
!

"#$$%&'&()*+,! -./0! 1!!"#!$%&'())*+,- +.- /+)012- 345672- 80.92- :;,<2- =>%12- ?.*12-

!(0#-6.>('-)*0(,@*,5-*,-8!#AB>'6,).+'4(C-!#AB!=A$-@(00)D--

!"#$%!&'(')*+,+& -.&!/0&12341++,-(& -.& 5-+)67&89:';7&<).=7& >?(@7&AB267&C.,6& '(D&
!1)0&,(&!0E#!AEF&G1))+&HI&J&'.B14&B4'(+.1GB,-(+&K,BJ&+G4'9L)1D&+,!/0#D?3)12&MEGN7&
B4'(+.1GB,-(& 41':1(B+& -()*& MO-GPN& '(D& BK-& ,(D131(D1(B& B4'(+G4,3B,-(& .'GB-4& +31G,.,G&
+,!/0+& M67& ;NQ& %-(B4-)R& C'3DJ7& /PR& (1:'B,S1& G-(B4-)7& 8;AQ& A(1& 12'93)1& -.& BK-&
,(D131(D1(B&12314,91(B+&,+&+J-K(Q&
&
&
!



 

 
Supplementary Fig. 4  Effects of Fosl1, Hmga2, Klf6, JunB, Otx1, Gfi1, RelA knock-

down in RAS-ROSE cells on the activity of cytoplasmatic signaling downstream of 

RAS. 

Western Blot analysis of phosphorylation of Mek, Erk and Akt 48 h after transfections 

of Fosl1, Hmga2, Klf6, JunB, Otx1,Gfi1 and RelA in RAS-ROSE cells with two 

independent transcription factor specific siRNAs (1, 2). Scrambled siRNAduplex (Sc), 

transfection reagents only (Mock). Loading control for pMek, pErk, pAkt (total Mek, 

Erk, Akt), control for panRAS (Gapdh). One example of two biological replica is 

shown. 
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Supplementary Fig. 5 Effect of Fosl1 overepxression and Otx1 knockdown on Fosl1 

mRNA and phospho-Erk. 

mRNA levels of ectopically expressed Fosl1 are not influenced by Mek inhibition with 

U0126, or knockdown of Otx1. Phoshpho-Erk levels tend to rise upon Fosl 

overexpression and Otx knockdown,  
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Supplementary Fig. 9: Effect of perturbation strength and noise on algorithm performance.  

Precision (green diamonds), sensitivity (blue open circles) and Matthew’s correlation 
coefficient (red filled circles) for simulated networks of 10 nodes. One hundred randomly 
generated networks were simulated, each having a connectivity of 40% of possible 
interactions between genes (the kinetic parameters were sampled from log-normal 
distributions). Each data point represents the median of simulations with 1st  and 3rd quartile 
indicated as whiskers. (A) Variation of perturbation strength effects predictability. Median 
precision was typically above 80%, and slightly lower for very strong knockouts. Note that 
only non-trivial predictions were counted (i.e. translation was not counted), and that the 
algorithm typically did not find weak links. Noise level was kept at 20%. Conditions for the 
experimental data presented are indicated with a black bar.  (B) Effect of noise level on 
algorithm performance. Median precision was generally above 80%, and precision dropped 
slightly for low noise levels. The sensitivity decreases strongly with increased noise level, 
whereas the precision even increases slightly. Initial perturbation was set to -50%. See 
supplementary text for details. 
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Supplementary Table S1: Rules for finding transcription factor-related patterns in genome-
wide expression data (related to Fig. 3B and C).  
A probe set was defined as ‘matching the transcription factor pattern’ if the above constraints 
are fulfilled over all knockdown conditions. Different constraints were used for transcription 
factor mRNA and protein patterns, since fold changes at the protein level are typically much 
higher: Constraints 1-5 were used to relate transcription factor protein patterns, while 6-10 
apply for mRNA patterns. Fixed constraints for the probe sets were used for large or absent 
changes in transcription factor levels (#1, #3, #5, #6, #8, #10). Flexible constraints depending 
on the fold-change in the transcription factor levels (X) were employed for intermediate 
responses (#2, #4, #7 and #9). A probe set needs to match the criteria in column 3 or 4 for all 
seven knockdown conditions to appear in Fig. 3B and C.     
 

# TF  
pattern 

Transcription 
factor (log-

fold-change) 

Constraints for log-fold 
changes in probe sets 

(correlated) 

Constraints for log-fold 
changes in probe sets 

(anti-correlated) 
1  

 
protein 

> 0.9 > 0.5 < -0.5 
2 0.2 to 0.9 > X – 1 ∧ < X + 1 > -X - 1 ∧ < -X + 1 
3 -0.2 to 0.2 < 0.7 ∧ > -0.7 <0.7 ∧ >-0.7 
4 -0.9 to -0.2 > X – 1 ∧ < X + 1 > -X – 1 ∧ < -X + 1 
5 < -0.9 < -0.5 > 0.5 
6  

 
mRNA 

>0.5  
 

Same as protein 

 
 

Same as protein 
7 0.2to 0.5 
8 -0.2 to 0.2 
9 -0.5 to -0.2 

10 <-0.5 
 



Supplementary Table S2: Known interaction (related to Fig. 4) 

Section Interaction Reference Comment 
5 Gfi1 mRNA ->  Gfi1 protein - mRNA translation 
5 Otx1 mRNA ->  Otx1 protein - mRNA translation 
5 RelA mRNA ->  RelA protein - mRNA translation 

5 
FosL1 mRNA -> FosL1 

protein - mRNA translation 
5 KLF6 mRNA ->  KLF6 protein - mRNA translation 
5 JunB mRNA ->  JunB protein - mRNA translation 

5 
HMGA2 mRNA ->  HMGA2 

protein - mRNA translation 
7 Ras ->  pAkt - signalling 
7 Ras ->  pErk - signalling 

1 pErk -> HMGA2 mRNA 

(Lee & Dutta, 
2007; Merchant 

et al, 1999; Paroo 
et al, 2009; 

Rustighi et al, 
1999) 

via Erk-mediated activation of 
Sp1/NF-1 transcription factors; 

Erk inhibits let-7 miRNA 
processing 

1 pErk -> Fosl1 mRNA 

(Adiseshaiah et 
al, 2008; 

Adiseshaiah et al, 
2005; Vial & 

Marshall, 2003) via TCF proteins 

1 pErk -> Gfi-1 mRNA 
(Shinnakasu et al, 

2008) Gfi-1 mRNA is induced by Erk 

1 pErk -> Otx-1 mRNA 
(Bertrand et al, 

2003) 

Ascidian otx (most closely 
related to Otx-2) is induced by 

Erk-dependent Ets factors 

4 Akt -> RelA protein 
(Madrid et al, 

2000) 
Akt phosphorylates and 

activates RelA 

4 pErk -| HMGA2 protein 
(Di Agostino et al, 

2004) 

Erk activates Nek2 kinase 
which deactivates HMGA2 

binding to DNA 

9 RelA protein -| pErk 
(Ahmed et al, 

2006)  

9 Fosl1 protein -| pAkt 
(Ramos-Nino et 

al, 2008) 
Overexpression of Fosl1 
decreases Akt activation 

9 KLF6 protein -| pErk 
(Amit et al, 2007; 

Liu et al) 

KLF6 binds Src and thereby 
inhibits Erk activation; KLF6 
knockdown increases Erk-

induced transcription 

3 Fosl1 protein -> JunB mRNA 
(Casalino et al, 

2007) 

Fra1 overexpression 
decreases and Fra1 

knockdown increases JunB 
expression 

3 
RelA protein -> HMGA2 

mRNA 
(Iliopoulos et al, 

2009) 

NF-kB reduces let-7 leves, and 
let-7 is an inhibitor of HMGA2 

expression 

3 RelA protein -> Otx1 mRNA (Lake et al, 2001) 
NF-kB induces Otx-2 

expression in Xenopus 

3 KLF6 protein -> Fra-1 mRNA 

(Huntley et al, 
2004; Narla et al, 

2003) 

KLF6 modulates TGFbeta 
signalling, a known modulator 

of Fra-1 expression 



Supplementary Table S3: Quantification of the network.  
For each edge in the network , the response coefficient is provided. The increase in Chi2-
Value when a model without that edge was fitted to the data was used to calculate a p-value 
(likelihood ration test).  
 
Source Target Response 

coefficient 
Increase in Chi2 p-value 

(log 10) 

Fosl1 RNA Fosl1 Prot  2.18 205.53 -45.89 

Otx1 RNA Otx1 Prot  1.36 171.05 -38.36 

JunB RNA JunB Prot  1.83 131.26 -29.66 

Klf6 RNA Klf6 Prot  1.59 124.23 -28.13 

Hmga2 RNA Hmga2 Prot  2.29 116.66 -26.47 

Fosl1 Prot JunB RNA 0.42 114.34 -25.96 

Gfi1 RNA Gfi1 Prot 1.88 105.12 -23.94 

RAS pERK  1.56 103.08 -23.49 

Rela RNA RelA Prot 3.76 75.53 -17.44 

pERK Hmga2 RNA 0.99 50.16 -11.85 

pERK Hmga2 Prot  -2.20 44.26 -10.54 

pAKT RelA Prot  0.47 32.47 -7.92 

Klf6 Prot Fosl1 RNA 0.24 31.71 -7.75 

Otx1 Prot Fosl1 RNA 0.29 31.04 -7.60 

RelA Prot Otx1 RNA 0.37 24.25 -6.07 

Klf6 Prot pERK  -0.60 23.96 -6.01 

Gfi1 Prot Otx1 RNA 0.34 23.21 -5.84 

pERK Fosl1 Prot -1.51 22.96 -5.78 

pERK Fosl1 RNA 0.68 22.94 -5.78 

JunB Prot Klf6 RNA 0.40 22.14 -5.60 

Otx1 Prot pAKT  -0.83 21.93 -5.55 

Rela Prot Hmga2 RNA 0.30 18.76 -4.83 

pERK Gfi1 RNA 0.30 17.50 -4.54 

JunB Prot pAKT  3.22 16.92 -4.41 

Gfi1 Prot Klf6 RNA 0.33 16.48 -4.31 

Otx1 Prot Gfi1 RNA 0.26 14.58 -3.87 

 



Supplementary Text: Generation of artificial data sets 
 

To assess the prediction quality of the method, we used simulated data sets for randomly 
generated networks that consisted of 10 genes which regulate each other by transcriptional 
induction or repression. The network was simulated using an ODE-model following the 
approach described in (Mendes et al, 2003). Briefly, evolution of the mRNA levels were 
calculated using the following differential equation:  

![!"#!]
!" = !!"#! (1 + [!!]!!

[!!]!! + !!!!!
) ( !!!!

[!!]!! + !!!!!
) − !!"#,![!!"!] 

and protein levels (Pi) were modelled using the differential equation:  

![!!]
!" = !! !"#! − !!,![!!] 

Network structures were generated by randomly setting Vmax = 0 for 60% of the mRNAs in 
the network (i.e., the networks had a connectivity of 40% of possible interactions). 

The remaining kinetic parameters were sampled from log-normal distributions: The 
degradation rates (d’s), and Vmax’s where drawn from a log normal distribution (ln N(0,1)). 
The K’s were also drawn from ln N(0,1), but divided by two so that they are on average half 
of the mean of Vmax. Hill coefficients (n’s) where drawn from a log normal distribution ln 
N(0,0.27) and multiplied by 2.5. 

We simulated perturbation experiments by first determining the unperturbed steady state of 
the system and, second, by determining the new steady states after changing each mRNA 
production rate. After calculating the state of the network near the steady state, noise is 
applied to the unperturbed as well as to the perturbed network. From these values, we 
calculated the matrix R as in the main manuscript. The Gaussian noise added was 
composed of multiplicative noise and additive noise. Whereas multiplicative noise depending 
only on the value it is added to, the additive noise was scaled to the average signal. Noise  
was assumed to consist of ¼ additive noise and ¾ multiplicative noise. For example, at 20% 
noise level, additive noise had a magnitude of 5% of the average signal, and 15% 
multiplicative noise (Supplementary Fig. S9 A). For investigating the effect of variations of the 
total noise level, we changed the total noise level, but left the additive to multiplicative ratio 
the same (1:3) (Supplementary Fig. S9 B). All simulations where implemented and carried 
out in MATLAB. 
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