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Table S1. Name of the Database used to collate information for reconstructing the Hedgehog Pathway 
	Sr. No.
	Name of the Database
	Available at

	1.
	KEGG
	http://www.genome.jp/kegg/pathway.html

	2.
	WikiPathways
	http://www.wikipathways.org/index.php/WikiPathways

	3.
	Millipore
	http://www.millipore.com/pathways/pathviewer.do?pathwayId=163

	4.
	Invitrogen
	http://products.invitrogen.com

	5.
	Reactome
	http://www.reactome.org/ReactomeGWT/entrypoint.html

	6.
	HPRD
	http://www.hprd.org

	7.
	Netpath
	http://www.netpath.org/

	8.
	APID
	http://bioinfow.dep.usal.es/apid/index.htm

	9.
	Biocompare
	http://www.biocompare.com

	10.
	GeneGo
	http://www.genego.com

	11.
	Applied Biosystem
	http://www5.appliedbiosystems.com/tools/pathway

	12.
	Pathway Central
	http://www.sabiosciences.com/pathway.php?sn=Hedgehog

	13.
	CNPD
	http://cpdb.molgen.mpg.de/

	14.
	Cell Signaling Technology
	http://www.cellsignal.com/

	15.
	Pathway Studio
	http://www.ariadnegenomics.com/products/pathway-studio

	16.
	Biocarta
	http://www.biocarta.com/genes/index.asp

	17.
	Biomodels
	http://www.ebi.ac.uk/biomodels-main

	18.
	PID-NCI
	http://pid.nci.nih.gov

	19.
	CancerCellMap
	http://cancer.cellmap.org/cellmap/

	20.
	EBI-ARRAYEXPRESS
	http://www.ebi.ac.uk/arrayexpress/

	21.
	PathwayCommons
	http://www.pathwaycommons.org





Table S2. Comparative statistics of number of species and interactions for Hedgehog pathway in different database 
	Database
	Number of Species present 
	Number of Species taken in our model
	Number of Interactions

	KEGG 
	18
	18
	13 

	Protein Lounge 
	12 
	12
	14 

	Biocarta 
	10 
	10
	15 

	Netpath 
	31 
	14
	57 

	GenGo 
	33 
	8
	43 

	Pathway Central 
	14
	14
	14 

	
	
	
	

	Reconstructed Hedgehog Pathway in this study
	57
	96




Table S3. Abbreviations and Detail information about the Proteins and Cellular Responses involved in the newly reconstructed Hedgehog pathway 
	SHORT NAME USED IN MODEL
	FULL NAME
	DOCUMENTATION

	                                               I. Extracellular and Membrane Proteins

	BMP_RUNX3
	Bone Morphogenetic Protein and Runt related transcription Factor 3
	BMP-RUNX3 signaling induces expression of IHH in surface differentiated epithelial cells of stomach and intestine. 

	DISPATCHED
	Dispatched
	Dispatched regulates the release and extracellular accumulation of cholesterol-modified hedgehog proteins and is hence required for effective production of the Hedgehog signal. 

	HHAT
	Hedgehog Acyltransferase
	HHAT is a hedgehog modifier which induces lipid modification to generate mature peptides. Hedgehog proteins with lipid modification are then released from producing cells by Dispatched homologues. 

	DHH
	Desert Hedgehog
	Three Hedgehog ligands (homologues proteins) of Hedgehog pathway considered as Input Proteins in this model.

	IHH
	Indian Hedgehog
	

	SHH
	Sonic Hedgehog
	

	PTCH1
	Patched1
	Two homologue of receptor protein Patched. In the absence of hedgehog ligands these proteins inhibit another trans membrane protein Smoothened (SMO).   

	PTCH2
	Patched2
	

	SMO
	Smoothened
	G-protein coupled receptor that is normally suppressed by Patched receptors but is activated in the presence of Hedgehog ligands (SHH, DHH, IHH). 

	HHIP
	Hedgehog Interacting Protein1
	Regulates the amount of Hedgehog ligand that can bind to Patched receptors 

	CDO
	Belong to Immunoglobin super family.
	CDO and BOC represent a subfamily within the Ig super-family, consisting of an ectodomain comprised of four (BOC) or ﬁve (CDO) Ig repeats, followed by three ﬁbronectin type III (FNIII) repeats and a long, divergent intracellular domain.  

	BOC
	 Brother of CDO.
	

	GAS1
	Growth arrest specific gene
	Regulates the amount of Hedgehog ligand that can bind to Patched receptors along with HHIP.

	                                                            II. Cytoplasmic Proteins

	HFU
	Human Fused 
	Stimulates GLI1 and GLI2 transcription factors.

	SUFU
	Suppressor of fused homolog
	Sequesters GLI proteins in the cytoplasm and prevents tarnscription of target genes. 

	STK36
	Serine/threonine-protein kinase 36
	Up-regulation of GLI transcription activity.

	ERK12*
	Extracellular signal-regulated kinase
	Up-regulation of GLI transcription activity. 

	GLI1
	Transcriptional activator Gli1
	 Mediates target gene expression. 

	GLI2
	Transcriptional activator Gli2
	 Mediates target gene expression.

	GLI3_R
	Transcriptional repressor Gli3
	Antagonises target gene expression byother Gli factors.

	RAS*
	Ras protein (GTPase activity)
	RAS and TWIST activate GLI1 regulatory sequences.

	TWIST*
	Twist-related protein
	Is known to activate GLI1.

	PKA_A
	Protein Kinase alpha
	Phosphorylates and activates SMO.

	BTRCP
	Beta-transducin repeat-containing protein
	Involoved in ubiquitination of Gli1 resulting in the formation of a transcriptional repressor.

	CKI_A
	Casein Kinase I isoform alpha
	Known to elicit negative effects on GLI 

	GSK3
	Glycogen synthase Kinase 3
	Known to elicit negative effects on GLI

	NOTCH1*
	Notch1  protein
	Known to elicit negative effects on GLI 

	FAS*
	Apoptosis-mediating surface antigen FAS
	Mediates apoptosis

	ULK3
	Unc-51-like kinase 3
	Serine Threonine kinase present in addition to STK36 that functions in up-regulation of GLI transcriptional activity

	                                                             III. Nuclear Proteins

	NUC_GLI1
	Nuclear GLI1
	Represents the nuclear form of GLI1 protein.

	NUC_GLI2
	Nuclear GLI2
	Represents the nuclear form of GLI2 protein.

	NUC_SUFU
	Nuclear SUFU
	Represents the nuclear form of SUFU. 

	NUC_STK36
	Nuclear STK36
	Represents the nuclear form of STK36

	GLI3_A
	Activated GLI3 for Transcription
	Mediates target gene expression

	SKI
	Proto-oncogene C-Ski
	Functions as a transcriptional co-repressor

	NCOR
	Nuclear receptor corepressor 
	Functions as a transcriptional co-repressor

	HDAC
	Histone deacetylase
	Functions as a transcriptional co-repressor

	SNO
	Ski-like protein or Ski-related oncogene
	Functions as a transcriptional co-repressor

	SIN3A
	Paired amphipathic helix protein Sin3 alpha
	Functions as a transcriptional co-repressor

	DYRK1
	Dual Specificity Tyrosine phosphorylation Regulated Kinase 1A / Dual Specificity Yak1 related Kinase
	Known to substantially increase GLI mediated transcription

	NUMB
	Protein numb homolog
	Numb along with ubiquitin ligase such as Itch is able to polyubiquitinate GLI1 and target it for degradation and thus control HH signaling. 

	ITCH
	E3 ubiquitin-protein ligase Itchy homolog
	

	                                                                IV. Output Proteins

	CTNNB_TCF4
	Nuclear form of TCF4 
	Represents the nuclear form of TCF4

	CYCLIN_B
	G2/mitotic-specific cyclin-B1
	Mediates cell cycle regulation

	CYCLIN_D
	G1/S-specific cyclin-D
	Mediates cell cycle regulation

	CYCLIN_D2
	G1/S-specific cyclin-D2
	Mediates cell cycle regulation

	CYCLIN_E
	G1/S-specific cyclin-E
	Mediates cell cycle regulation

	FOXM1
	Forkhead box protein M1
	Implicated in cellular proliferation

	PDGFRA
	Platelet Derived Growth Factor receptorisoform alpha 
	Transmembrane receptor

	OPN
	Osteopontin
	Osteopontin is a secreted protein that influences multiple downstream signaling events that allow cancer cells to resist apoptosis, evade host immunity and influence growth of indolent tumors.

	CMYC
	Myc proto-oncogene protein
	Mediates cellular proliferation. 

	BMI
	Polycomb complex protein BMI-1
	BMI-1 is a transcriptional repressor belonging to the polycomb gene family and its suppressor functions are involved in maintaining neuronal, haematopoietic and mammary gland stem cells. 

	SNAI1
	Protein snai1 homolog 1
	Responsible for the degradation of E-cadherin and initiation of invasion

	JAGGED2
	Notch ligand Jagged
	Stimulates Notch  signaling 

	SFRP
	Secreted frizzled-related protein
	Wnt antagonist

	WNT
	Wnt family proteins or ligand 
	Representative of a WNT ligand

	BCL2
	Apoptosis regulator Bcl-2
	Anti-apoptotic 

	                                                         V. Cellular Responses 

	Anti_Apop
	Anti apoptosis
	These are the cellular responses or phenotypic expressions that have been shown as outcomes of this pathway.   

	Notch_Signal
	Nocth signaling
	

	Wnt_Signal
	Wnt signaling
	

	Cellcycle_Progression
	Cell cycle progression
	

	Emt
	Epithelial to Mesenchymal transition
	

	Cell_Proliferation
	Cellular proliferation
	


* These proteins do not belong to the core proteins of Hedgehog pathway. We have considered these proteins so as to include direct cross talks by other molecules of different pathway which may influence different cancer scenarios. 
In the above table, we have used the abbreviations of the proteins and cellular responses that are included in our reconstructed Hedgehog signaling pathway map. The entire table has been divided into five parts: I. Extracellular and Membrane Proteins. II. Cytoplasmic Proteins. III. Nuclear Proteins. IV. Output Proteins. V. Cellular Responses.  The names of the proteins and corresponding documentation are taken from the databases listed in Table S1 and from the literatures [1-32].

    







Table S4. Logical States of the Input and Output proteins of Hedgehog signaling in Normal, Glioma, Colon and Pancreatic Cancer Scenarios.  
	Normal 
	Glioma
	Colon 
	Pancreatic

	Input
	Output
	Input
	Output
	Input
	Output
	Input
	Output

	BMP_RUNX3
	0
	DHH
	0
	SHH
	1
	DHH
	1
	SHH
	1
	DHH
	0
	DHH
	1
	DHH
	1

	DISPATCHED
	1
	IHH
	0
	DHH
	1
	IHH
	1
	IHH
	1
	SHH
	1
	SHH
	1
	SHH
	1

	HHAT
	1
	SHH
	1
	IHH
	1
	SHH
	1
	BMP_RUNX3
	1
	IHH
	1
	IHH
	1
	IHH
	

	CDO
	1
	PTCH1
	1
	BMP_RUNX3
	1
	PTCH1
	0
	DISPATCHED
	1
	PTCH1
	1
	BMP_RUNX3
	1
	PTCH1
	1

	BOC
	1
	PTCH2
	0
	DISPATCHED
	1
	PTCH2
	0
	HHAT
	1
	PTCH2
	0
	DISPATCHED
	1
	PTCH2
	0

	GAS1
	0
	SMO
	1
	HHAT
	1
	SMO
	0
	CDO
	1
	SMO
	1
	HHAT
	1
	SMO
	1

	HFU
	0
	STK36
	1
	CDO
	1
	STK36
	0
	BOC
	1
	STK36
	1
	CDO
	1
	STK36
	1

	ULK3
	0
	GLI1
	1
	BOC
	1
	GLI1
	0
	GAS1
	0
	GLI1
	1
	BOC
	1
	GLI1
	1

	NOTCH1
	0
	GLI2
	1
	GAS1*
	0
	GLI2
	0
	HFU
	1
	GLI2
	1
	GAS1
	0
	GLI2
	1

	SUFU
	0
	NUC_GLI1
	1
	GLI1
	0
	NUC_GLI1
	0
	ULK3
	1
	NUC_GLI1
	1
	HFU
	1
	NUC_GLI1
	1

	TWIST
	0
	NUC_GLI2
	1
	GLI2
	0
	NUC_GLI2
	0
	NOTCH1
	0
	NUC_GLI2
	1
	ULK3
	1
	NUC_GLI2
	1

	RAS
	0
	GLI3_A
	1
	HFU
	1
	GLI3_A
	0
	SUFU*
	0
	GLI3_A
	1
	NOTCH1
	0
	GLLI3_A
	1

	ERK12
	0
	GLI3_R
	0
	ULK3
	1
	GLI3_R
	1
	TWIST
	0
	GLI3_R
	0
	SUFU*
	0
	GLI3_R
	0

	PKA_A
	0
	FAS 
	0
	NOTCH1
	0
	FAS 
	1
	RAS
	1
	FAS 
	0
	TWIST
	0
	FAS 
	0

	BTRCP
	0
	CYCLIN_B
	1
	SUFU*
	0
	CYCLIN_B
	0
	ERK12
	0
	CYCLIN_B
	1
	RAS
	1
	CYCLIN_B
	1

	CKI_A
	0
	CYCLIN_D
	1
	TWIST
	1
	CYCLIN_D
	0
	PKA_A*
	0
	CYCLIN_D
	1
	ERK12
	1
	CYCLIN_D
	1

	GSK3
	0
	CYCLIN_D2
	1
	RAS
	1
	CYCLIN_D2
	0
	BTRCP*
	0
	CYCLIN_D2
	1
	PKA_A*
	0
	CYCLIN_D2
	1

	DYRK1
	1
	CYCLIN_E
	1
	ERK12
	1
	CYCLIN_E
	0
	CKI_A*
	0
	CYCLIN_E
	1
	BTRCP*
	0
	CYCLIN_E
	1

	NUMB
	0
	FOXM1
	1
	PKA_A*
	0
	FOXM1
	0
	GSK3*
	0
	FOXM1
	1
	CKI_A*
	0
	FOXM1
	1

	ITCH
	0
	PDGFRA
	1
	BTRCP*
	0
	PDGFRA
	0
	DYRK1
	1
	PDGFRA
	1
	GSK3*
	0
	PDGFRA
	1

	Normal 
	Glioma
	Colon
	Pancreatic

	Input
	Output
	Input
	Output
	Input
	Output
	Input
	Output

	SKI
	0
	CTNNB_TCF4
	0
	CKI_A*
	0
	CTNNB_TCF4
	1
	NUMB*
	0
	CTNNB_TCF4
	0
	DYRK1
	1
	CTNNB_TCF4
	0

	NCOR
	0
	OPN
	1
	GSK3*
	0
	OPN
	0
	ITCH*
	0
	OPN
	1
	NUMB*
	0
	OPN
	1

	HDAC
	0
	CMYC
	1
	DYRK1
	1
	CMYC
	0
	SKI*
	0
	CMYC
	1
	ITCH*
	0
	CMYC
	1

	SNO
	0
	BMI
	1
	NUMB*
	0
	BMI
	0
	NCOR*
	0
	BMI
	1
	SKI*
	0
	BMI
	1

	SIN3A
	0
	SNAI1
	1
	ITCH*
	0
	SNAI1
	0
	HDAC*
	0
	SNAI1
	1
	NCOR*
	0
	SNAI1
	1

	NUC_STK36
	1
	JAGGED2
	1
	SKI*
	0
	JAGGED2
	0
	SNO*
	0
	JAGGED2
	1
	HDAC*
	0
	JAGGED2
	1

	NUC_SUFU
	0
	SFRP
	1
	NCOR*
	0
	SFRP
	0
	SIN3A*
	0
	SFRP
	1
	SNO*
	0
	SFRP
	1

	NA
	NA
	WNT
	1
	HDAC*
	0
	WNT
	0
	NUC_STK36
	1
	WNT
	1
	SIN3A*
	0
	WNT
	1

	NA
	NA
	BCL2
	1
	SNO*
	0
	BCL2
	0
	NUC_SUFU*
	0
	BCL2
	1
	NUC_STK36
	1
	BCL2
	1

	NA
	NA
	NA
	NA
	SIN3A*
	0
	HHIP
	1
	NA
	NA
	HHIP
	1
	NUC_SUFU*
	0
	NA
	NA

	NA
	NA
	NA
	NA
	NUC_STK36
	1
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	NA
	NA
	NA
	NA
	NUC_SUFU*
	0
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA


NA: Not Applicable
* Proteins having Loss of Function in cancer scenario. 	
This table shows the Logical states used in CellNetAnalyzer for simulating the Hedgehog Pathway model of Normal, Glioma, Colon and Pancreatic cancer scenarios. The logical states of the input proteins for each scenario and the respective simulated results of the output proteins are given in this table. The logical state ‘1’of a node represents its expression or as "ON" state where "0" represents the "OFF" state. The Logical states of the input proteins have considered from various database (See Table S1) and literature sources [1-3,9,10,18,22,26,32,33,35,36-62 ]. Here we have only shown the simulation results of "Time scale 2" for each scenario. 




Formulation of Logical equations:
In Table S5, we have shown all the logical or Boolean equations which were used to simulate the pathway in CellNetAnalyzer. In the second column, documentation of the equations with references has been given. As an example, in order to release the active hedgehog ligand ‘Sonic Hedgehog (SHH)’ from a transducer cell to effectors cell, both Dispatched as well as Hedgehog acyltransferase (HHAT) are required for its release and maturation. Thus, the matured and active state of SHH depends on the active states of both Dispatched and HHAT. Therefore in logical term the output of SHH is regulated by Dispathced and HHAT proteins. So this interaction can be represented as: 

DISPATCHED AND HHAT   SHH        (General Boolean notation)          
         or,
DISPATCHED + HHAT   SHH               (CNA notation) 

The ‘NOT’ logical operator can also be used with the ‘AND’ logical operator to depict that the state of a species depends on the active form of a species ‘A’ and inactive form of a species ‘B’, i.e. it is subject to the activating and inhibitory influence of both the species. For example, in the absence of a hedgehog signal, the Patched1/2 (Ptch1/2) receptor suppresses the activity of Smoothened (SMO) protein in the membrane. Upon binding of the hedgehog ligands to the Patched receptor, this inhibition is been removed and Smoothened (SMO) will be active. Thus the presence of the hedgehog ligands and the absence of the inhibitory effect of the Patched receptor enable the activation of SMO which can be represented as:

SHH AND NOT PTCH1_Free  SMO                (General Boolean notation)          
          or,
SHH +! PTCH1_Free = SMO                                (CNA notation)    

The ‘OR’ logical operator enables the representation of interactions which activate/inactivate a particular species independent of each other. Thus the two events are mutually exclusive of each other. For example, GLI1 (transcription factor) is activated by several modes such as via GLI2, TWIST [13], [14]. Thus the state of GLI1 (0 or 1) depends on either GLI2 or TWIST. These interactions can be represented as:

GLI2 OR TWIST Gli1                             (General Boolean notation)
or, 
GLI2 = GLI1                                                 (CNA notation)
TWIST = GLI1 

In our model, we have also incorporated early as well as late events which are responsible for the determination of the state of a species. This modeling is necessary to resolve issues in case of that interaction where a particular reaction becomes active significantly later than the other. In order to model such events, we have assigned different time scale value to those interactions. As an example, it is proved that after the activation of GLI1 protein in the cytoplasm, it come into the nucleus as NUC_GLI1and activates the transcription of various target genes of Hedgehog pathway. Now, to simulate these procedures in our Boolean model, we have divided these whole procedures in two different time scales. At time scale 1, we have considered the accumulation of active GLI proteins in the nucleus from cytoplasm and at time scale 2, the activation of the Hedgehog target gens or the output proteins by the nuclear GLI proteins and several other nuclear transcription factors have been considered. Therefore, in terms of Boolean interactions our model was:   

GLI1= NUC_GLI1 (Time Scale: 1)
NUC_GLI1+NUC_STK36+DYRK1+! NUC_SUFU+!NUMB+!ITCH = GLI1(Time Scale: 2)


Table S5. Boolean equations with the documentation for the Hedgehog pathway.

	Interactions
	Documentation

	DISPATCHED 
	Inputs to the model. Upstream regulators of these molecules have not been considered.  

	HHAT 
	

	 CDO 
	

	 BOC 
	

	 NUC_SUFU 
	

	 GAS1 
	

	BMP_RUNX3 
	

	 ULK3 
	

	  HFU 
	

	  SUFU 
	

	  ERK12 
	

	 RAS 
	

	  TWIST 
	

	  DYRK1 
	

	  NUMB 
	

	  ITCH 
	

	  PKA_ALPHA 
	

	  BTRCP 
	

	  CKI_A 
	

	  GSK3 
	

	  NUC_STK36
	Inputs to the model. Upstream regulators of these molecules have not been considered.  

	  NOTCH1 
	

	  SKI 
	

	  SNO 
	

	  NCOR 
	

	  SIN3 ALPHA 
	

	  HDAC 
	

	BMP_RUNX3IHH
	BMP-RUNX3 signaling induces expression of IHH in surface differentiated epithelial cells of stomach and intestine [1]. 

	CDO+BOCSHH
	CDO and BOC bind SHH through a high-affinity interaction with a speciﬁc ﬁbronectin repeat that is essential for activity. They demonstrate that CDO and BOC are necessary but not sufficient for activation [2]. However, there is no evidence for the exact mechanism and if both are required for the enhancement of signaling. 

	DISPATCHED+HHAT+!HHIPDHH
	Dispatched regulates the release and extracellular accumulation of cholesterol-modified hedgehog proteins and is hence required for effective production of the HH signal [3], [4]. HHAT (Hedgehog acyltransferase) is a hedgehog modifier which induces lipid modification to generate mature peptides. HH proteins with lipid modification are then released from producing cells by Dispatched homologues [1]. HHIP can antagonize all types of HH ligands [5]. 

	DISPATCHED+HHAT+!HHIPIHH
	Dispatched and HHAT system also operates in the same way as during DHH release [3], [4]. HHIP can antagonize all types of HH ligands [5]. 

	DISPATCHED+HHAT+!HHIP+!GAS1SHH
	Dispatched and HHAT also operate in the same way as during DHH release [3], [4]. HHIP is found to bind directly to SHH and attenuate SHH signaling like PTCH1/2 while its expression was induced by SHH signals [5], [6].  

	!DHH+!IHH+!SHHPTCH1_Free
	Negative influence of all the Hedgehog ligands was considered to denote the inactive state of Patched (PTCH1 and PTCH2) receptors. In the absence of Hedgehog ligands Patched receptors are active and suppress the activity of Smoothened [7]. 

	!DHH+!IHH+!SHHPTCH2_Free
	

	DHH+!PTCH1_FreeSMO
	In the absence of a stimulus by Hedgehog, Patched receptor inhibits Smoothened. Upon binding of Hedgehog ligands DHH, SHH or IHH to Patched , Smoothened is activated leading to the transcription of target genes. This is also reported that mutations affecting the transmembrane proteins Patched or Smoothened trigger the ligand independent activity of Hedgehog signaling pathway and are hence associated with human tumors such as basal cell carcinoma and medulloblastoma [7]. 

	IHH+!PTCH1_FreeSMO
	

	 SHH+!PTCH1_FreeSMO
	

	SHH+!PTCH2_FreeSMO
	

	SMOSTK36
	SMO binds to STK36 to stabilize GLI proteins [1].

	!SMOFAS
	SMO expression inhibits FAS thereby preventing apoptosis [8]. 

	HFU+!PKA_A+!GSK3+!CKI_A+!BTRCP+!SUFUGLI1
	HFU enhances GLI1 function in a manner that is independent of a functional kinase domain [9]. GSK3 phosphorylates GLI proteins post phosphorylation by PKA and it is known to elicit negative effects [10]. SMO inactivation leads to formation of the cytoplasmic GLI degradation complex, in which GLI family members (GLI1, GLI2 and GLI3) are phosphorylated by casein kinase alpha (CKI_α), glycogen synthase kinase-3ß (GSK3ß) and protein kinase A (PKA). Phosphorylated GLI is recognized by FBXW1/BTRCP1 and FBXW11/BTRCP2 for ubiquitination, and ubiquitinated GLI is partially degraded to release its intact N-terminal half thereby functioning as transcriptional repressor [1]. The inhibitory interactions have been included with activation interactions using an AND operator. Therefore GLI cannot be activated unless and until all the inhibitors are absent. However, this needs to be checked in in vivo conditions. But in the model it is necessary to introduce these interactions using an "AND" operation to assure signal flow.

	ERK12+!PKA_A+!GSK3+!CKI_A+!BTRCP+!SUFUGLI1
	EGFR signals via ERK potentiate target gene activation via GLI1 [11].  

	RAS+!PKA_A+!GSK3+!CKI_A+!BTRCP+!SUFUGLI1
	It is reported that oncogenic KRAS/ constitutively active RAS in Pancreatic Cancer cells, increases the transcription of GLI1 levels [12].

	TWIST+!PKA_A+!GSK3+!CKI_A+!BTRCP+!SUFUGLI1
	TWIST activates human GLI1 regulatory sequences via two E-boxes in GLI1's first intron. Demonstrated in a murine model and using human GLI sequences. Two critical cis elements in human GLI1 gene: a GC box that binds Sp1 at 195 and two E-boxes that operate at 157 and 482 have also identified. The 157 E-box binds USF1 and USF2, while E-box 482 binds TWIST. Sp1 and USf1/2 are ubiquitiously expressed TFs and can function either as activators or repressors depending upon cellular context. However their roles have not been clearly delineated and hence not incorporated in the model [13].

	ULK3+!PKA_A+!GSK3+!CKI_A+!BTRCP+!SUFUGLI1
	ULK3, a Ser/Threonine kinase present in addition to STK36 is essential for the up-regulation of GLI transcriptional activity. It phosphorylates GLI1 in both N (1-426) and C (754 -1126) terminus but the fragment of gli1 between residues 426 -754 is not phosphorylated by ULK3. Thus ULK3 is a positive activator [10].

	STK36+!PKA_A+!GSK3+!CKI_A+!BTRCP+!SUFUGLI1
	STK36 is a positive regulator of SHH pathway that acts independent on is functional kinase domain. STK36 enhances GLI2 activity but not GLI1 in C3H10T1/2 and HEK293 cells and Gli1 transcriptional activity in NIH3T3C2. Sn480 cells. Hence STK36 expression is cell type specific. As ours is a master model we have nevertheless included this interaction [10].

	GLI2+!PKA_A+!GSK3+!CKI_A+!BTRCP+!SUFUGLI1
	GLI1 is a direct target of GLI2. The study was conducted in normal human epidermis and Basal cell carcinoma cells [14].

	GLI3_A+!SKI+!SNO+!NCOR+!SIN3A+!HDACGLI1
	GLI3 exists in two forms — a full-length transcriptional activator (GLI3A) or an amino-terminal fragment that functions as a repressor. This particular activator isoform is GLI3A [15].  On the other hand SKI, SKI related protein SNO, NCOR, SIN3A, HDACs form a transcriptional repressor complex that interfere with GLI1 activation by full length GLI3 [16]. Hence they are included in the AND interaction.

	GLI1FOXM1
	FOXM1/FOXL1 is a direct target of GLI mediated activation [1]. 

	FOXM1CELL_PROLIFERATION
	FOXM1 is known to mediate cell proliferative functions [17]. 

	CELL_PROLIFERATION
	Cellular response in our model. 

	!GLI1GLI3_R
	Repressor form of GLI3 produced in the absence of GLI1 expression [18]. 

	! GLI3_R  GLI3_ACTIVE
	GLI3_ACTIVE form is produced in the absence of GLI3 repressor form [18] 

	GLI1PDGFRA
	PDGFRA is expressed at high levels in human and murine Basal Cell Carcinoma. It has been found that ectopic expression of GLI increases PDGFRA levels i.e. increases receptor protein levels whereas inhibition of the HH pathway reduces PDGFRA levels [19].

	PDGFRA
	

	GLI1NUC_GLI1
	Cellular location of GLI1 has been found in Cytoplasm as well as in Nucleus [3]. We considered this transportation in our model and named NUC_GLI1 of the nuclear counterpart of GLI1. 

	NUC_GLI1+NUC_STK36+DYRK1+!NUC_SUFU+!NUMB+!ITCHPTCH1
	PTCH 1 and HHIP receptors inhibit the pathway in the absence of a stimulus or Hedgehog ligands. This indicates the formation of a negative feedback loop [19]. DYRK1 (Dual Specificity Tyrosine phosphorylation Regulated Kinase 1A / Dual Specificity Yak1 related Kinase) can substantially enhance GLI1 dependent transcription. It has also been suggested that failure of SHH to stimulate DYRK1 kinase activity is indicative to the fact that DYRK1 may not be regulated by the SHH signaling pathway but functionally interacts with it [20]. SUFU inhibits the activator isoform of GLI proteins and activates the repressor forms [21]. A proper balance between both the forms regulates Wnt signaling. It is also reported that NUMB along with ubiquitin ligase such as ITCH is able to polyubiquitinate Gli1 and target it for degradation and thus control HH signaling. Thus all these components have been included in the AND equation as they affect the final outcome.

	NUC_GLI1+NUC_STK36+DYRK1+!NUC_SUFU+!NUMB+!ITCHHHIP
	

	NUC_GLI1+NUC_STK36+DYRK1+!NUC_SUFU+!NUMB+!ITCHGLI1
	It is reported GLI1 is also produced at the end of this pathway and thus create a positive feedback loop [22], [23]. 

	NUC_GLI1+NUC_STK36+DYRK1+!NUC_SUFU+!NUMB+!ITCHOPN
	Osteopontin (OPN) is a direct transcriptional target of GLI1demonstrated in MDA-MB 435 cell line. OPN is a secreted protein that influences multiple downstream signaling events that allow cancer cells to resist apoptosis, invade through ECM, evade host immunity and influence growth of indolent tumors. OPN is expressed by normal cells. However sustained expression in cancer cells promotes aberrant growth of cells and an invasive phenotype [24]. 

	OPN 
	

	NUC_GLI1+NUC_STK36+DYRK1+!NUC_SUFU+!NUMB+!ITCHCYCLIN_D
	Hedgehog signaling regulates the proliferation of distinct cell types via direct activation of genes that are involved in cell cycle progression and mediate G1 to S transition. 

	NUC_GLI1+NUC_STK36+DYRK1+!NUC_SUFU+!NUMB+!ITCHCYCLIN_E
	

	CYCLIN_DCELLCYCLE_PROGRESSION
	Cyclins such as CYCLIN D and CYCLIN E are involved in regulation of cell cycle.

	CYCLIN_ECELLCYCLE_PROGRESSION
	

	CELLCYCLE_PROGRESSION
	Cell cycle progression is one of the cellular responses that have been considered in our model. 

	NUC_GLI1+NUC_STK36+DYRK1+!NUC_SUFU+!NUMB+!ITCHCMYC
	Expression of GLI1 and C-MYC has also found in various experiments [25], [26]. 

	CMYC
	

	NUC_GLI1+NUC_STK36+DYRK1+!NUC_SUFU+!NUMB+!ITCHBMI
	Hedgehog signalling leads to an increased expression of BMI-1 in isolated mammary epithelial stem cells and CSCs. BMI-1 is a transcriptional repressor belonging to the polycomb gene family and its suppressor functions are involved in maintaining neuronal, haematopoietic and mammary gland stem cells. It leads to self renewal [11]. Activated STK36 also phosphorylates SUFU to promote the nuclear accumulation of full length GLI [1]. It is also reported that activation of hedgehog signaling increases mammosphere- initiating cell number and mammosphere size, whereas inhibition of the pathway results in a reduction of these effects. These effects are mediated by the polycomb gene bmi [27].

	BMI
	Output protein considered in our model. 

	NUC_GLI1+NUC_STK36+DYRK1+!NUC_SUFU+!NUMB+!ITCHSNAI1
	It is reported that activation of SNAI1 a protein responsible for degradation of cadherin and induction of invasion is directly activated by GLI1 [11]. SNAI1 protein is responsible for epithelial to mesenchymal transition. 

	SNAI1EMT
	

	EMT
	Cellular response Epithelial to Mesenchymal Transition. 

	NUC_GLI1+NUC_STK36+DYRK1+!NUC_SUFU+!NUMB+!ITCHJAGGED2
	Expression of JAGGED2 has been reported [22]. 

	JAGGED2NOTCH_SIGNAL
	JAGGED2 is a notch ligand, hence promotes notch signaling. 

	NOTCH_SIGNAL
	Cellular response. 

	NUC_GLI1+NUC_STK36+DYRK1+!NUC_SUFU+!NUMB+!ITCHSFRP
	Expression of SFRP by GLI1 has been found [22], [28].

	NUC_GLI1+NUC_STK36+DYRK1+!NUC_SUFU+!NUMB+!ITCHWNT
	GLI1 mediates the activation of wnt family proteins and enhances signaling via these pathways, exact wnt ligand is not known and thus not included in our model [18].

	WNT+!SFRPWNT_SIGNAL
	Activation of Wnt signaling depends on the presence of WNT ligand and absence of its antagonist SFRP [29]. 

	WNT_SIGNAL
	Cellular response.

	NUC_GLI1+NUC_STK36+DYRK1+!NUC_SUFU+!NUMB+!ITCHBCL2
	In epidermal cells GLI1 can induce the expression of antiapoptotic factor BCL2 [21]. 

	HFU+!PKA_A+!GSK3+!CKI_A+!BTRCP+!SUFUGLI2
	HFU enhances GLI2 function in a manner that is independent of a functional kinase domain [9]. 

	STK36+!PKA_A+!GSK3+!CKI_A+!BTRCP+!SUFUGLI2
	STK36 is a positive regulator of GLI2 activity [10]. STK36 enhances GLI2 activity but not GLI1 in C3H10T1/2 and HEK293 cells. GSK3 phosphorylates GLI proteins post phosphorylation by PKA and it is known to elicit negative effects. On the other hand SMO inactivation leads to formation of the cytoplasmic GLI degradation complex, in which GLI family members (GLI1, GLI2 and GLI3) are phosphorylated by casein kinase I (CKI), glycogen synthase kinase-3ß (GSK3ß) and protein kinase A (PKA) [1]. Phosphorylated GLI is recognized by FBXW1/BTRCP1 and FBXW11/BTRCP2 for ubiquitination, and ubiquitinated GLI is partially degraded to release its intact N-terminal half functioning as transcriptional repressor. Thus all the above factors are included in the AND equation as they influence the formation of GLI2

	HFU+!NOTCH1GLI2
	HFU enhances GLI2 function in a manner that is independent of a functional kinase domain [9]. Inactivation of notch1 gene in epidermis induces sustained expression of GLI2 and causes Basal Cell Carcinoma [19]. Thus, GLI2 is activated in the presence of HFU and absence of notch1. This interaction has been represented as an AND equation.

	STK36+!NOTCH1GLI2
	We have represented an alternative mode of GLI2 activation by STK36 without the presence of NOTCH1. 

	GLI2NUC_GLI2
	GLI2 when transported to the nucleus is represented as NUC_GLI2.

	NUC_GLI2+NUC_STK36+!NUC_SUFUCYCLIN_D2
	However, this interaction has been found in a murine model [21], [30], we included this interaction as CYCLIN_D2 is one of the important proteins for cellcycle progression. Activated STK36 also phosphorylates SUFU to promote the nuclear accumulation of full length GLI.

	CYCLIN_D2CELLCYCLE_PROGRESSION
	 CYCLIN D2 is implicated in cell cycle regulation. 

	NUC_GLI2+NUC_STK36+!NUC_SUFUBCL2
	Epidermal cells GLI2 can induce the expression of anti apoptotic factor BCL2 [21].

	BCL2ANTI_APOP
	 BCL2 is a known anti-apoptotic factor [31]. 

	ANTI_APOP
	Cellular responses.

	!GLI1  CTNNB_TCF4
	Coincident of high-to-low TCF and low-to-high HH-GLI1 transitions in patient Colon Carcinoma have been found. Therefore, we can write that higher level of expression of GLI1 inhibits the activity of TCF complex [62].  

	CTNNB_TCF4 
	

	GLI3_A+NUC_STK36+!NUC_SUFUCYCLIN_D2
	Similarly active form of GLI3 mediates the activation of CYCLIN_D2. 

	!PTCH1CYCLIN_B
	It is reported that PTCH regulates the activity of CYCLIN_B. Interaction with Patched in the cytoplasm blocks cell proliferation by preventing nuclear localization of the activated complex. Ligand induced activation of this complex leads to the nuclear localization of CYCLIN B by disruption of the physical interaction  between Patched 1 and CYCLIN B [19].

	CYCLIN_BCELLCYCLE_PROGRESSION
	 CYCLIN B is also implicated in cell cycle regulation. 





[bookmark: _GoBack]Table S6. Comparison of the percentage of accuracy between experimental and simulation results for each cancer scenario.

	Disease 
	Comparison
	Not Determined/ Not Available 
	Correct Predictions 
	Incorrect Predictions 
	*Accuracy (in %)

	Glioma 
	SIM1 with EXP
	24 
	22 
	11 
	66.66 

	
	SIM2 with SIM1
	0
	54
	3
	94.37

	
	SIM2 with EXP
	24
	25
	8
	75.75

	Colon Cancer
	SIM1 with EXP
	52
	5
	0
	100.00

	
	SIM2 with SIM1
	0
	57
	57
	100.00

	
	SIM2 with EXP
	52 
	5
	0
	100.00

	Pancreatic Cancer
	SIM1 with EXP
	13
	25
	19
	56.80

	
	SIM2 with SIM1
	0
	47
	10
	82.45

	
	SIM2 with EXP
	13
	32
	12
	72.72


*Accuracy (%) = ((Correct Predictions) / (Correct Predictions) + (Incorrect Predictions)) X 100 (%)
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