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Supplementary Figures
Figure S1. Hypothetical example of variability count distributions for a pathway and a reference. A. The reference distribution corresponds to a hypothetical data set with 10,000 genes where 2,500 genes are in the low variability category, 5000 in the medium and 2500 in the high variability category. B. The count distribution of Pathway 1 contains a total of 100 genes from the dataset. From these 100 genes, 10 are in the low variability category, 55 in the medium, and 25 in the high variability category. The pathVar method assesses how different these two distributions are from each other using either an exact test or a Chi-squared test.
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Figure S2. Summarizing the main functional themes in significant REACTOME terms obtained for the one-group pathVar analysis of the human embryonic stem cell lines. Classification of the statistically significant terms from REACTOME (adjusted P-value < 0.01) for A. the 125 terms for the Yan data set (passage 0), B. the 106 significant terms for the Yan data set (passage 10). C. the 69 significant terms for the Bock data set. 






Supplementary Tables
Table S1. Number of significant pathways obtained for the three stem cell data sets in the one-group case (adjusted P-value < 0.01). Number of significant pathways obtained for A. KEGG and B. REACTOME in the one-group case when using pathVar based on either the variability statistic, or average gene expression. We also report the number of significant pathway terms that were identified in both the mean-based and variability-based analysis. 
	Pathway Database
	Datasets
	Type
	Genes
	Samples
	Significant for variability (SD)
	Significant for mean
	Intersection mean/variability

	KEGG
	Bock hESC
	Microarray
	7632
	20
	25
	24
	9

	
	Bock iPSC
	Microarray
	7646
	12
	19
	21
	9

	
	Yan hESC
	Single cell RNA-seq
	6667
	34
	11
	14
	8

	REACTOME
	Bock hESC
	Microarray
	7632
	20
	65
	138
	43

	
	Bock iPSC
	Microarray
	7646
	12
	66
	149
	42

	
	Yan hESC
	Single cell RNA-seq
	6667
	34
	95
	131
	94





Table S2. Statistically significant pathway terms from one-group pathVar analysis using the SD for the Bock human embryonic stem cell lines (adjusted P-value < 0.01). A. KEGG pathways and B. REACTOME terms.
A. KEGG.
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B. REACTOME.
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Table S3. Statistically significant pathway terms from one-group pathVar analysis using the SD for the Yan single human embryonic stem cells profiled at passage 0 (adjusted P-value < 0.01). A. KEGG pathways and B. REACTOME terms.
A. KEGG
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B. REACTOME.
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Table S4. Statistically significant pathway terms from one-group pathVar analysis using the SD for the Yan single human embryonic stem cells profiled at passage 10 (adjusted P-value < 0.01). A. KEGG pathways and B. REACTOME terms.
A. KEGG.
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B. REACTOME.
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Table S5. Number of significant pathways obtained for the ESC versus iPSC two-group case (adjusted P-value < 0.01). Number of significant pathways obtained for A. KEGG and B. REACTOME in the two-group case when using pathVar based on either the variability statistic, or average gene expression. We also report the number of significant pathway terms that were identified in both the mean-based and variability-based analysis. 
	Pathway Database
	Comparison
	Samples
	Genes
	Significant for variability (SD)
	Significant for mean
	Intersection mean/variability

	KEGG
	ESC vs iPSC
	20 ESCs, 12 iPSCs
	7564
	6
	1
	0

	REACTOME
	ESC vs iPSC
	20 ESCs, 12 iPSCs
	7564
	30
	3
	1





Table S6. Statistically significant pathways with a change in gene expression variability using pathVar based on the SD between human ESCs and iPSCs from the Bock data set (adjusted P-value < 0.01).
A. KEGG.
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B. REACTOME.
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Table S7. Statistically significant pathways with a change in average gene expression using pathVar based on average expression between human ESCs versus iPSCs from the Bock data set (adjusted P-value < 0.01).
A. KEGG.
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B. REACTOME.
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Table S8. Number of significant pathways obtained for all gene expression datasets for the one-group case (adjusted P-value < 0.01). Number of significant pathways obtained for A. KEGG and B. REACTOME in the one-group case when using pathVar based on either the variability statistic, or average gene expression. We also report the number of significant pathway terms that were identified in both the mean-based and variability-based analysis. 

A. KEGG

	Data Sets
	Type
	Genes
	Samples
	Variability
	Significant for Variability
	Significant for Mean
	Intersection Mean ∩ Variability

	TCGA AML
	RNA-seq
	14681
	173
	MAD
	80
	130
	48

	TCGA GBM
	RNA-seq
	16216
	169
	SD
	93
	141
	60

	TCGA OVC
	RNA-seq
	16187
	309
	MAD
	96
	117
	58

	Yan hESC
	Single cell RNA-seq
	6667
	34
	SD
	11
	14
	8

	Bock hESC
	Microarray
	7632
	20
	SD
	25
	24
	9

	Bock iPSC
	Microarray
	7646
	12
	SD
	19
	21
	9

	1000 Genomes
	RNA-seq
	10206
	660
	SD
	19
	68
	8

	Host Malaria
	Microarray
	24891
	98
	CV
	34
	145
	30

	Parasite Malaria
	Microarray
	5199
	56
	CV
	16
	60
	14

	Mouse Hippocampus
	Microarray
	18138
	100
	CV
	4
	99
	4

	Mouse Striatum
	Microarray
	18138
	98
	CV
	2
	92
	2

	Down syndrome iPSC
	Microarray
	21040
	12
	SD
	9
	102
	4

	Wild-type iPSC
	Microarray
	21040
	15
	SD
	11
	115
	6



B. REACTOME

	Datasets
	Type
	Genes
	Samples
	Variability
	Significant for variability
	Significant for mean
	Intersection mean/variability

	AML
	RNA-seq
	14681
	173
	MAD
	347
	396
	248

	GBM
	RNA-seq
	16216
	169
	SD
	424
	439
	291

	OVC
	RNA-seq
	16187
	309
	MAD
	351
	447
	287

	Yan hESC
	Single cell RNA-seq
	6667
	34
	SD
	95
	131
	94

	Bock hESC
	Microarray
	7632
	20
	SD
	65
	138
	43

	Bock iPSC
	Microarray
	7646
	12
	SD
	66
	149
	42

	1000 Genomes
	RNA-seq
	10206
	660
	SD
	18
	217
	7

	Host Malaria
	Microarray
	24891
	98
	CV
	22
	387
	22

	Down syndrome iPSC
	Microarray
	21040
	12
	SD
	31
	437
	20

	Wild-type iPSC
	Microarray
	21040
	15
	SD
	38
	478
	27







Table S9. Number The overlap in of significant pathways obtained for all gene expression datasets for the two-group case (adjusted P-value < 0.01) between different statistics. The tables report the Number number of significant pathways obtained for A. KEGG and B. REACTOME in the two-group case when using pathVar based on either the variability statistic, average gene expression, and contrasted against or two implementations of GSEA, GSEAlm (Oron et al.) and based on the Kolmogorov-Smirnov test using limma P-values (see Results).. We also report the number of significant pathway terms that were commonly identified between mean-based and the variability-based approach using pathVar, and the other methods using average expression, and the two GSEA-based and variability based analysesimplementations. 
A. KEGG
	Comparison
	AML vs 1000 Genomes
	GBM vs 1000 Genomes
	OVC vs 1000 Genomes
	Bock hESC vs iPSC
	Down Syndrome vs Wild-type iPSCs
	Mouse Hippocampus vs Striatum

	Number of Genes
	8944
	8970
	8986
	7554
	7000
	18138

	Variability Statistic
	MAD
	MAD
	MAD
	MAD
	SD
	CV

	Significant Variability Pathways
	182
	126
	169
	8
	1
	117

	Significant Mean Pathways
	248
	243
	246
	1
	1
	0

	Intersection of Mean ∩ Variability
	182
	121
	167
	0
	0
	0

	Significant for GSEAlm
	296
	296
	296
	0
	37
	197

	Intersection of GSEAlm ∩ Variability
	181
	125
	168
	0
	0
	72

	Significant for GSEA (limma P-value)
	26
	25
	26
	2
	2
	14

	Intersection of GSEA (limma P-value) ∩ Variability
	25
	22
	24
	1
	0
	8



B. REACTOME
	Comparison
	AML vs 1000 Genomes
	GBM vs 1000 Genomes
	OVC vs 1000 Genomes
	Bock hESC vs iPSC
	Down Syndrome vs Wild-type iPSCs

	Number of Genes
	8944
	8970
	8986
	7554
	7000

	Variability Statistic
	MAD
	MAD
	MAD
	MAD
	SD

	Significant Variability Pathways
	447
	296
	344
	39
	57

	Significant Mean Pathways
	714
	711
	713
	3
	12

	Intersection of Mean ∩ Variability
	446
	292
	342
	1
	1

	Significant for GSEAlm
	1186
	1188
	1189
	0
	187

	Intersection of GSEAlm ∩ Variability
	263
	179
	204
	0
	5

	Significant for GSEA (limma P-value)
	169
	32
	24
	3
	4

	Intersection of GSEA (limma P-value) ∩ Variability
	24
	8
	8
	0
	0





Table S10. Top ten statistically significant KEGG pathways (adjusted P-value < 0.01) in the two-group cancer versus normal comparisons. We report the top ten pathways or all the significant pathways if there were less than ten for A. AML vs 1000 Genomes, B. GBM vs 1000 Genomes, C. OVC vs 1000 Genomes. Blue cells denote terms that were observed for both the variability-based and average expression-based pathVar analyses. Yellow cells denote terms that were unique to either the variability-based or average expression-based pathVar analysis.
A. AML vs 1000 Genomes.
MAD
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B. GBM vs 1000 Genomes
MAD
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C. OVC vs 1000 Genomes
MAD
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Mean
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Table S11. Top ten statistically significant REACTOME terms (adjusted P-value < 0.01) in the two-group cancer versus normal comparisons. We report the top ten pathway terms or all the significant pathways if there were less than ten for A. AML vs 1000 Genomes, B. GBM vs 1000 Genomes, C. OVC vs 1000 Genomes. Blue cells denote terms that were observed for both the variability-based and average expression-based pathVar analyses. Yellow cells denote terms that were unique to either the variability-based or average expression-based pathVar analysis.

A. AML vs 1000 Genomes.

MAD
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Mean
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B. GBM vs 1000 Genomes.

MAD
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Mean
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C. OVC vs 1000 Genomes.

MAD
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Table S12. Assessing the overlap in significant pathways detected by different approaches in the presence of varying degrees of dependency between the average expression and expression variability in the data. 

	Comparison
	AML vs 1000 Genomes
	GBM vs 1000 Genomes
	OVC vs 1000 Genomes
	Bock hESC vs iPSC
	Down Syndrome vs Wild-type iPSCs
	Mouse Hippocampus vs Striatum

	Correlation Coefficient between Variability and Average
	0.064
	0.039
	0.22
	-0.182
	-0.405
	0.239

	KEGG
Intersection of GSEAlm ∩ Variability
	181
	125
	168
	0
	0
	72

	KEGG
Intersection of GSEA (limma P-value) ∩ Variability
	25
	22
	24
	1
	0
	8

	REACTOME
Intersection of GSEAlm ∩ Variability
	263
	179
	204
	0
	5
	-

	REACTOME
Intersection of GSEA (limma P-value) ∩ Variability
	24
	8
	8
	0
	0
	-
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Supplementary Texts
Text S1: Simulations and Power Calculations to Test Parameters of the pathVar Method

Text S2: Pre-processing Steps Applied to the Stem Cell Gene Expression Data Sets

Text S3: Application of pathVar versus GSEA using the Variability Statistic versus Average Expression on Ten Different Gene Expression Datasets

Text S4. Comparison of Trends in Variability between bulk versus single cell data. 
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SnRNP Assembly 191859 0.007616 0.916666667 22 24|Gene Expression
Metabolism of non-coding RNA 194441 0.007616 0.916666667 22 24|Gene Expression
Transport of Mature Transcript to Cytoplasm 72202 0.009714286 0.931034483 27 29|Gene Expression
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Pathway Name Pathway ID P-value [% Of Genes In Pathway |[# Of Genes From Dataset |Pathway Size |Category

Ribosome path:hsa03010 0 0.926470588 126 136 |Translation

Proteasome path:hsa03050 0 0.909090909 40 44|Other

Spliceosome path:hsa03040 0 0.892307692 116 130 |Other

Oxidative phosphorylation path:hsa00190 0 0.751879699 100 133 |Energy metabolism

Huntington's disease path:hsa05016 0 0.694300518 134 193 |Neurodegenerative diseases
Parkinson's disease path:hsa05012 0 0.685314685 98 143 |Neurodegenerative diseases
Alzheimer's disease path:hsa05010 0 0.625 105 168 |Neurodegenerative diseases
Non-alcoholic fatty liver disease (NAFLD) | path:hsa04932 0 0.543046358 82 151 |Endocrine and metabolic diseases





image10.png
Pathway Name Pathway ID |P-value % Of Genes In Pathway |# Of Genes From Dataset |Pathway Size | Category

mRNA Splicing - Minor Pathway 72165 0 0.953488372 41 43|Gene Expression
Autodegradation of the E3 ubiquitin ligase COP1 350562 0 0.9375 45 48| Cell cycle
Processing of Capped Intron-Containing Pre-mRNA 72203 0 0.931034483 108 116 |Gene Expression
mRNA Splicing - Major Pathway 72163 0 0.928571429 104 112 |Gene Expression
mRNA Splicing 72172 0 0.928571429 104 112 |Gene Expression
Interleukin-1 signaling 450408 0 0.921568627 47 51|Immune system
CDK-mediated phosphorylation and removal of Cdc6 69017 0 0.914893617 43 47|Cell cycle
Ubiquitin-dependent degradation of Cyclin D1 69229 0 0.914893617 43 47|Cell cycle
Ubiquitin-dependent degradation of Cyclin D 75815 0 0.914893617 43 47|Cell cycle
Ubiquitin Mediated Degradation of Phosphorylated Cdc25 69601 0 0.897959184 44 49|Cell cycle
p53-Independent DNA Damage Response 69610 0 0.897959184 44 49|Cell cycle
p53-Independent G1/S DNA damage checkpoint 69613 0 0.897959184 44 49|Cell cycle
SCF(Skp2)-mediated degradation of p27/p21 187577 0 0.888888889 48 54|Cell cycle

Cyclin E associated events during G1/S transition 69202 0 0.885245902 54 61| Cell cycle
SCF-beta-TrCP mediated degradation of Emil 174113 0 0.882352941 45 51|Cell cycle
Trafficking of dietary sterols 349425 0 0.87755102 43 49| Metabolism
Vpu mediated degradation of CD4 180534 0 0.875 42 48| Other disease
Activation of APC/C and APC/C:Cdc20 mediated degradati 176814 0 0.871428571 61 70| Cell cycle
APC/C:Cdc20 mediated degradation of mitotic proteins 176409 0 0.869565217 60 69| Cell cycle
Vif-mediated degradation of APOBEC3G 180585 0 0.865384615 45 52|Infectious disease
Signaling by FGFR in disease 1236974 0 0.86440678 51 59|Other disease
Diseases of glycosylation 4641257 0 0.862745098 44 51|Other disease
Stabilization of p53 69541 0 0.86 43 50| Cell cycle
APC/C:Cdc20 mediated degradation of Securin 174154 0 0.859375 55 64|Cell cycle
APC/C:Cdh1 mediated degradation of Cdc20 and other AP 174178 0 0.855072464 59 69|Cell cycle
Cdc20:Phospho-APC/C mediated degradation of Cyclin A 174184 0 0.855072464 59 69| Cell cycle

Cyclin A:Cdk2-associated events at S phase entry 69656 0 0.85483871 53 62|Cell cycle
Autodegradation of Cdh1 by Cdh1:APC/C 174084 0 0.852459016 52 61|Cell cycle
negative regulation of TCF-dependent signaling by WNT lig 4608870 0 0.849056604 45 53 Signal transduction
Myoclonic epilepsy of Lafora 4641258 0 0.849056604 45 53|Other disease
G1/S DNA Damage Checkpoints 69615 0 0.844827586 49 58| Cell cycle
Regulation of APC/C activators between G1/S and early an| 176408 0 0.844155844 65 77|Cell cycle
p53-Dependent G1 DNA Damage Response 69563 0 0.836363636 46 55|Cell cycle
p53-Dependent G1/S DNA damage checkpoint 69580 0 0.836363636 46 55| Cell cycle
Assembly of the pre-replicative complex 68867 0 0.836065574 51 61|Cell cycle
NrCAM interactions 450531 0 0.835294118 71 85|Other

G1/S Transition 69206 0 0.831775701 89 107 | Cell cycle

M/G1 Transition 68874 0 0.831168831 64 77|Cell cycle

DNA Replication Pre-Initiation 69002 0 0.831168831 64 77|Cell cycle
Regulation of Apoptosis 169911 0 0.824561404 47 57|Other
Interleukin-3, 5 and GM-CSF signaling 611105 0 0.820512821 64 78|immune system
CDT1 association with the CDC6:0RC:origin complex 68827 0 0.818181818 45 55| Cell cycle
Respiratory electron transport, ATP synthesis by chemiosn] 163200 0 0.818181818 81 99| Metabolism
Synthesis of DNA 69239 0 0.817204301 76 93| Cell cycle

DNA Replication 69306 0 0.808080808 80 99(Other

Host Interactions of HIV factors 162909 0 0.801526718 105 131 |Infectious disease
Removal of licensing factors from origins 69300 0 0.797101449 55 69|Cell cycle
Regulation of DNA replication 69304 0 0.797101449 55 69| Cell cycle

Orcl removal from chromatin 68949 0 0.791044776 53 67| Cell cycle
Switching of origins to a post-replicative state 69052 0 0.791044776 53 67|Cell cycle

HIV Infection 162906 0 0.76146789 166 218 |Infectious disease
Acrosome Reaction 1428517 0 0.760869565 105 138 |Other

Growth hormone receptor signaling 1169091 0 0.734375 47 64|Immune system
Activation of the mRNA upon binding of the cap-binding c: 72662 0 0.708860759 56 79| Metabolism
Regulation of mitotic cell cycle 532600 0 0.708474576 209 295 | Cell cycle
Translation initiation complex formation 72649 0 0.705128205 55 78| Metabolism
Ribosomal scanning and start codon recognition 72702 0 0.705128205 55 78| Metabolism
HDMs demethylate histones 3299685 0 0.703703704 19 27|Other
Aquaporin-mediated transport 447010 0 0.692307692 189 273 |Other
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TGFBR1 KD Mutants in Cancer 4086400 0 0.689655172 60 87| Other disease
Formation of the ternary complex, and subsequently, the 72695 0 0.676056338 48 71|Metabolism
Serotonin receptors 391251 0 0.666666667 36 54|signal transduction
Eukaryotic Translation Initiation 72613 0 0.656804734 111 169 | Translation
Cap-dependent Translation Initiation 72737 0 0.656804734 111 169 | Translation

PIPs transport between late endosome and Golgi membral 1799339 0 0.642424242 106 165 | Metabolism

GTP hydrolysis and joining of the 60S ribosomal subunit 72706 0 0.641975309 104 162 | Metabolism
L13a-mediated translational silencing of Ceruloplasmin exj 156827 0 0.639751553 103 161 |Metabolism
3'-UTR-mediated translational regulation 157279 0 0.639751553 103 161 |Other
Calnexin/calreticulin cycle 927802 0 0.619631902 101 163 | Metabolism
Vitamins B6 activation to pyridoxal phosphate 975957 0 0.619631902 101 163 | Metabolism
Formation of a pool of free 40S subunits 72689 0 0.61589404 93 151 | Translation
Influenza Infection 168254 0 0.605442177 89 147 | Infectious disease
Influenza Life Cycle 168255 0 0.598591549 85 142 |Infectious disease
Eukaryotic Translation Termination 72764 0 0.592857143 83 140 | Translation
Peptide chain elongation 156902 0 0.592857143 83 140 | Translation
Eukaryotic Translation Elongation 156842 0 0.589041096 86 146 | Translation
Influenza Viral RNA Transcription and Replication 168273 0 0.586956522 81 138 |Infectious disease
Viral mRNA Translation 192823 0 0.586956522 81 138 |Infectious disease
Loss of Function of TGFBR2 in Cancer 3858494 0 0.58041958 83 143 | Other disease
Formation of ATP by chemiosmotic coupling 163210| 0.000694318 0.888888889 16 18| Metabolism
APC/C-mediated degradation of cell cycle proteins 174143 | 0.000694318 0.841463415 69 82|Cell cycle
Activation of Ca-permeable Kainate Receptor 453276 | 0.000694318 0.841463415 69 82|Other

S Phase 69242 | 0.000694318 0.830508475 98 118 | Cell cycle

PD-1 signaling 389958 | 0.000694318 0.793103448 23 29{Immune system
Cell Cycle Checkpoints 69620| 0.000694318 0.783333333 94 120 | Cell cycle
Prefoldin mediated transfer of substrate to CCT/TriC 389960 | 0.000694318 0.727272727 16 22|Metabolism
Signaling by Wnt 195721| 0.000694318 0.467532468 144 308 [Signal transduction
Beta-oxidation of pristanoyl-CoA 389957 0.001342857 0.785714286 22 28| Metabolism

TCF dependent signaling in response to WNT 201681 | 0.001342857 0.488262911 104 213 [Signal transduction
Regulation of Complement cascade 1168372 | 0.001342857 0.481927711 80 166 |Immune system
Apoptosis 109581 0.001992391 0.626582278 99 158 |Other

Phosphate bond hydrolysis by NUDT proteins 2467813 0.00325 0.762711864 135 177 | Metabolism
Glycolysis 70171 0.00325 0.551724138 16 29[Metabolism
Enzymatic degradation of Dopamine by monoamine oxida: 379716 0.003858947 1 24 24|Other

Mitotic Anaphase 68882 | 0.004409278 0.760638298 143 188 [ Cell cycle

Nephrin interactions 373760 0.004409278 0.385321101 42 109 | Other

Fc epsilon receptor (FCERI) signaling 2555396 | 0.004987755 0.761904762 144 189 |Immune system
Condensation of Prometaphase Chromosomes 2565942 | 0.005554545 0.5375 43 80|Cell cycle

Gap junction trafficking 190828 0.007332 0.418604651 18 43|Other

RNA Polymerase |l Transcription Termination 73856 | 0.008304854 0.909090909 40 44|Gene Expression
Post-Elongation Processing of the Transcript 76044 | 0.008304854 0.909090909 40 44 |Other

Cleavage of Growing Transcript in the Termination Region 109688 | 0.008304854 0.909090909 40 44|Gene Expression
Chemokine receptors bind chemokines 380270 0.008728571 0.542168675 45 83|Signal transduction
Recruitment of mitotic centrosome proteins and complexd 380287 | 0.008728571 0.542168675 45 83|Cell cycle

Retinoid metabolism and transport 983168 0.009222642 0.65258216 139 213 |Signal transduction
Glucose metabolism 70326| 0.009707477 0.493150685 36 73| Metabolism
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PwayName PwaylD APval  PercOfGenesinPway NumOfGenesFromDataSetinPway PathwaySize
African trypanosomiasis path:hsa0. 0 32.35294118 1 34
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PwayName PwaylD APval  PercOfGenesinPway NumOfGenesFromDataSetinPway PathwaySize
Heme biosynthesis 189451 0 90.90909091 10 1

Sphingolipid metabolism 429947 0 63.63636364 1 2
Metabolism of porphyrins 189445

0 58.33333333. 14 24
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DNA replication path:hsa03030 0 97.22222222 35 36
Base excision repair path:hsa03410 0 96.96969697 32 33
B cell receptor signaling pathway path:hsa04662 0 91.66666667 66 72
Epstein-Barr virus infection path:hsa05169 0 88.11881188 178 202
Cell cycle path:hsa04110 0 85.48387097 106 124
Fanconi anemia pathway path:hsa03460 0 84.90566038 45 53
Lysosome path:hsa04142 0 82.78688525 101 122
Apoptosis path:hsa04210 0 82.55813953 71 86
Pyrimidine metabolism path:hsa00240 0 81.9047619 86 105
Amino sugar and nucleotide sugar metabolism |path:hsa00520 0 80.43478261 37 46
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Pathway Name Pathway ID P-value % Of Genes In Pathway |# Of Genes From Dataset |Pathway Size
Protein export path:hsa03060 0 100 23 23
DNA replication path:hsa03030 0 97.22222222 35 36
Base excision repair path:hsa03410 0 96.96969697 32 33
Mismatch repair path:hsa03430 0 95.65217391 22 23
Terpenoid backbone biosynthesis path:hsa00900 0 95.23809524 20 21
Non-homologous end-joining path:hsa03450 0 92.30769231 12 13
Glycosylphosphatidylinositol(GPl)-anchor biosynthesis |path:hsa00563 0 92 23 25
B cell receptor signaling pathway path:hsa04662 0 91.66666667 66 72
Valine, leucine and isoleucine degradation path:hsa00280 0 91.30434783 42 46
RNA polymerase path:hsa03020 0 90.625 29 32
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Other glycan degradation path:hsa00511 0 88.88888889 16 18
B cell receptor signaling pathway path:hsa04662 0 88.88888889 64 72
Epstein-Barr virus infection path:hsa05169 0 86.63366337 175 202
Fanconi anemia pathway path:hsa03460 0 84.90566038 45 53
Cell cycle path:hsa04110 0 84.67741935 105 124
Lysosome path:hsa04142 0 82.78688525 101 122
Apoptosis path:hsa04210 0 82.55813953 71 86
p53 signaling pathway path:hsa04115 0 79.41176471 54 68
Non-alcoholic fatty liver disease (NAFLD) path:hsa04932 0 78.80794702 119 151
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Protein export path:hsa03060 0 100 23 23
Base excision repair path:hsa03410 0 96.96969697 32 33
Mismatch repair path:hsa03430 0 95.65217391 22 23
Terpenoid backbone biosynthesis path:hsa00900 0 95.23809524 20 21
Non-homologous end-joining path:hsa03450 0 92.30769231 12 13
Glycosylphosphatidylinositol(GPl)-anchor biosynthesis |path:hsa00563 0 92 23 25
Valine, leucine and isoleucine degradation path:hsa00280 0 91.30434783 42 46
RNA polymerase path:hsa03020 0 90.625 29 32
Citrate cycle (TCA cycle) path:hsa00020 0 90 27 30
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DNA replication path:hsa03030 0 97.22222222 35 36
Non-homologous end-joining path:hsa03450 0 92.30769231 12 13
B cell receptor signaling pathway path:hsa04662 0 91.66666667 66 72
Nucleotide excision repair path:hsa03420 0 89.36170213 42 47
Other glycan degradation path:hsa00511 0 88.88888889 16 18
Epstein-Barr virus infection path:hsa05169 0 87.62376238 177 202
Pancreatic cancer path:hsa05212 0 86.36363636 57 66
Fanconi anemia pathway path:hsa03460 0 84.90566038 45 53
Cell cycle path:hsa04110 0 84.67741935 105 124
Lysosome path:hsa04142 0 82.78688525 101 122
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Pathway Name Pathway ID P-value % Of Genes In Pathway |# Of Genes From Dataset |Pathway Size
Protein export path:hsa03060 0 100 23 23
DNA replication path:hsa03030 0 97.22222222 35 36
Base excision repair path:hsa03410 0 96.96969697 32 33
Mismatch repair path:hsa03430 0 95.65217391 22 23
Terpenoid backbone biosynthesis path:hsa00900 0 95.23809524 20 21
Non-homologous end-joining path:hsa03450 0 92.30769231 12 13
Glycosylphosphatidylinositol(GPl)-anchor biosynthesis |path:hsa00563 0 92 23 25
B cell receptor signaling pathway path:hsa04662 0 91.66666667 66 72
Valine, leucine and isoleucine degradation path:hsa00280 0 91.30434783 42 46
RNA polymerase path:hsa03020 0 90.625 29 32
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SLBP Dependent Processing of Replication-Dependent Histone Pre-mRNAs 77588 0 100 11 11
SLBP independent Processing of Histone Pre-mRNAs 111367 0 100 10 10
Processive synthesis on the C-strand of the telomere 174414 0 100 11 11
Unwinding of DNA 176974 0 100 11 11
Electron transport from NADPH to Ferredoxin 2468052 0 100 11 11
G alpha (i) signalling events 419524 0 95.83333333 23 24
Processing of Capped Intronless Pre-mRNA 75067 0 95.65217391 22 23
Post-Elongation Processing of Intronless pre-mRNA 112297 0 95.65217391 22 23
DNA Repair 73894 0 95.45454545 105 110
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Polymerase switching 69091 0 100 14 14
Leading Strand Synthesis 69109 0 100 14 14
Removal of the Flap Intermediate 69166 0 100 14 14
Processive synthesis on the lagging strand 69183 0 100 15 15
Lagging Strand Synthesis 69186 0 100 20 20
Branched-chain amino acid catabolism 70895 0 100 18 18
Homologous Recombination Repair 73888 0 100 15 15
Homologous recombination repair of replication-independent double-strand breaks 73951 0 100 15 15
Repair synthesis of patch ~27-30 bases long by DNA polymerase 74967 0 100 15 15
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Pathway Name Pathway ID |P-value % Of Genes In Pathway |# Of Genes From Dataset |Pathway Size
Polymerase switching 69091 0 100 14 14
Leading Strand Synthesis 69109 0 100 14 14
Removal of the Flap Intermediate 69166 0 100 14 14
Processive synthesis on the lagging strand 69183 0 100 15 15
Lagging Strand Synthesis 69186 0 100 20 20
DNA strand elongation 69190 0 100 31 31
Repair synthesis of patch ~27-30 bases long by DNA polymerase 74967 0 100 15 15
Gap-filling DNA repair synthesis and ligation in GG-NER 74969 0 100 16 16
SLBP Dependent Processing of Replication-Dependent Histone Pre-mRNAs 77588 0 100 11 11
Repair synthesis for gap-filling by DNA polymerase in TC-NER 109977 0 100 15 15
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Polymerase switching 69091 0 100 14 14
Leading Strand Synthesis 69109 0 100 14 14
Removal of the Flap Intermediate 69166 0 100 14 14
Processive synthesis on the lagging strand 69183 0 100 15 15
Lagging Strand Synthesis 69186 0 100 20 20
DNA strand elongation 69190 0 100 31 31
Branched-chain amino acid catabolism 70895 0 100 18 18
Homologous Recombination Repair 73888 0 100 15 15
Homologous recombination repair of replication-independent double-strand breaks 73951 0 100 15 15
Repair synthesis of patch ~27-30 bases long by DNA polymerase 74967 0 100 15 15
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Unwinding of DNA 176974 0 100 11 11
IRS-related events triggered by IGF1IR 2514853 0 100 12 12
G alpha (i) signalling events 419524 0 95.83333333 23 24
Transcription-coupled NER (TC-NER) 73937 0 95.65217391 44 46
DNA Repair 73894 0 95.45454545 105 110
Cyclin A/B1 associated events during G2/M transition 69273 0 95.23809524 20 21
Cyclin D associated events in G1 69231 0 92.10526316 35 38
G1 Phase 69236 0 92.10526316 35 38
Cyclin A:Cdk2-associated events at S phase entry 69656 0 91.93548387 57 62
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Pathway Name Pathway ID P-value % Of Genes In Pathway [# Of Genes From Dataset |Pathway Size [Category

Spliceosome path:hsa03040 0 72.30769231 94 130 [Other

Oxidative phosphorylation path:hsa00190 0 71.42857143 95 133 |Energy metabolism

Parkinson's disease path:hsa05012 0 69.23076923 99 143 [Neurodegenerative diseases
Alzheimer's disease path:hsa05010 0 69.04761905 116 168 [Neurodegenerative diseases
Huntington's disease path:hsa05016 0 68.39378238 132 193 |Neurodegenerative diseases
Non-alcoholic fatty liver disease (NAFLD) |path:hsa04932 0 65.56291391 99 151 |Endocrine and metabolic diseases
Focal adhesion path:hsa04510 0 60.38647343 125 207 |Other

Mineral absorption path:hsa04978 0 49.01960784 25 51|Other

ECM-receptor interaction path:hsa04512 0 48.27586207 42 87|Signaling molecules and interaction
Amoebiasis path:hsa05146 0 45.87155963 50 109 |Infectious diseases: Parasitic
Protein digestion and absorption path:hsa04974 0 40.4494382 36 89|Other

Cell adhesion molecules (CAMs) path:hsa04514 0 33.79310345 49 145 |Signaling molecules and interaction
Complement and coagulation cascades |path:hsa04610 0 20.28985507 14 69|Immune system

Cytokine-cytokine receptor interaction  |path:hsa04060 0 16.98113208 45 265 [Signaling molecules and interaction
PI3K-Akt signaling pathway path:hsa04151 | 0.001344444 48.41498559 168 347 | Signal transduction

Neuroactive ligand-receptor interaction |[path:hsa04080 | 0.001344444 7.636363636 21 275 |Signaling molecules and interaction
Systemic lupus erythematosus path:hsa05322 0.00242 26.47058824 36 136 |Immune diseases

Hematopoietic cell lineage path:hsa04640 0.00242 16.09195402 14 87|Immune system

Hypertrophic cardiomyopathy (HCM) path:hsa05410 0.0066 34.93975904 29 83| Cardiovascular diseases

Salivary secretion path:hsa04970 0.0066 34.44444444 31 90|Other

Proximal tubule bicarbonate reclamation |path:hsa04964 | 0.008066667 52.17391304 12 23|Other

Rheumatoid arthritis path:hsa05323 | 0.008066667 37.36263736 34 91|Immune diseases

Malaria path:hsa05144 0.008712 20.40816327 10 49| Infectious diseases: Parasitic
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Pathway Name Pathway ID |P-value % Of Genes In Pathway |# Of Genes From Dataset |Pathway Size |Category

mRNA Splicing - Minor Pathway 72165 0 0.813953488 35 43|Gene Expression
Late Phase of HIV Life Cycle 162599 0 0.806451613 100 124 |Infectious disease
HIV Infection 162906 0 0.793577982 173 218 |Infectious disease
Processing of Capped Intron-Containing Pre-mRNA 72203 0 0.793103448 92 116 |Gene Expression
HIV Life Cycle 162587 0 0.792592593 107 135 | Infectious disease
mRNA Splicing - Major Pathway 72163 0 0.785714286 88 112 |Gene Expression
mRNA Splicing 72172 0 0.785714286 88 112 |Gene Expression
POUSF1 (OCT4), SOX2, NANOG repress genes related

to differentiation 3000170 0 0.777777778 21 27|Developmental Biology
Respiratory electron transport, ATP synthesis by

chemiosmotic coupling, and heat production by

uncoupling proteins. 163200 0 0.757575758 75 99| Metabolism
Interleukin-3, 5 and GM-CSF signaling 611105 0 0.743589744 58 78|immune system
Acrosome Reaction 1428517 0 0.731884058 101 138 [Other

Retinoid metabolism and transport 983168 0 0.704225352 150 213 [signal transduction
Regulation of mitotic cell cycle 532600 0 0.647457627 191 295 | Cell cycle

POUSF1 (OCT4), SOX2, NANOG activate genes related

to proliferation 3000171 0 0.644067797 38 59|Developmental Biology
EGFR interacts with phospholipase C-gamma 216083 0 0.506024096 42 83|signal transduction
Mitochondrial biogenesis 1650814 0 0.5 31 62|Other

Signaling by NOTCH1 HD+PEST Domain Mutants in

Cancer 3000178 0 0.493150685 36 73 |Other disease
Downregulation of ERBB2:ERBB3 signaling 1442490 0 0.483333333 29 60|signal transduction
IP6 and IP7 transport between cytosol and nucleus 2022090 0 0.471698113 25 53[Metabolism
Metabolism 1474290 0 0.464285714 39 84|Metabolism

The citric acid (TCA) cycle and respiratory electron

transport 1474244 0 0.458646617 122 266 | Metabolism

ABCA transporters in lipid homeostasis 1474228 0 0.431034483 50 116 |Other

G beta:gamma signalling through PLC beta 419037 0 0.384615385 15 39|signal transduction
TRAF6 mediated induction of NFkB and MAP kinases

upon TLR7/8 or 9 activation 977225 0 0.320987654 26 81|immune system
NCAM signaling for neurite out-growth 375276 0 0.123655914 23 186 | Developmental Biology
Signaling by GPCR 373076 0 0.09771987 30 307 [signal transduction
Host Interactions of HIV factors 162909 0.001645238 0.801526718 105 131 |Infectious disease
MyD88 cascade initiated on plasma membrane 983169| 0.001645238 0.698039216 178 255 [Immune system





