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[bookmark: _GoBack]Supplementary Figure 1: Volcano plot for showing differentially expressed genes in gene expression profiling (microarray) found in the colorectal cancer affected groups to that of the normal group of patients. 
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Supplementary Figure 2: Volcano plot for showing differentially expressed genes in gene expression profiling (transcriptomics) found in the colorectal cancer affected groups to that of the normal group of patients. 
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Supplementary Figure 3. Volcano plot showing the differentially methylated sites (DMSs) found in the colorectal cancer affected groups to that of the normal group of patients. 
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Supplementary Figure 4A: Distribution of CRC samples for transcriptomics profiling from TCGA database. Figure 4B: Distribution of CRC samples for methylation array from TCGA database. 
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Supplementary Figure 5: The learning plots for the ANN classifier developed for (A) transcriptomics CRC data (B) DNA methylation CRC data (450k), and (C) DNA methylation CRC data (27k).
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Supplementary Figure 6: ROC (Receiver Operating Characteristic) curve graph obtained for evaluating the performance of all developed models including Random Forest and K-Nearest Neighbors (KNN) with k value = 1 and k value = 0.




	S.no. 
	GEO Accession no. 
	Number of samples (case / control)
	Country 
	Year of submission
	Reference

	DNA Methylation datasets

	1.
	GSE33545
	6 samples (3 diseased /3 normal)

	China

	2011
	[1]


	2.
	GSE25062

	154 samples (125 diseased /29 normal)

	USA

	2011

	[2]


	3.
	GSE29490

	48 samples (24 diseased /24 normal)

	Chicago (USA)

	2012
	[3]


	4.
	GSE33181

	48 samples (24 diseased /24 normal)
	Chicago (USA)

	2014
	[4]

	5.
	GSE101764

	261 Samples (112 diseased /149 normal)

	USA

	2017
	[5]

	6.
	GSE119526

	96 samples (48 diseased /48 normal)

	China

	2023
	[6]


	7.
	GSE139404

	60 samples (normal, high grade and low grade)

	China

	2019
	[7]


	8.
	GSE184494

	48 samples (24 diseased /24 normal)

	Germany

	2021
	[8]



	9.
	GSE17648

	44 samples (22 diseased /22 normal)
	South Korea

	2009
	[9]


	10.
	GSE21181

	26 samples (18 diseased /8 normal)

	Netherlands

	2011
	[10]


	11
	GSE27130

	248 samples (130 diseased /118 normal)
	South Korea

	2011
	[11]


	12
	GSE40055

	42 samples (36 diseased /6 normal)

	Denmark

	2013
	[12]


	13
	GSE47071

	89 samples (51 diseased /38 normal)

	Cambridge, UK 

	2015
	[13]


	14
	GSE68060

	118 samples (82 diseased /36 normal)

	Spain

	2015
	[14]

	15
	GSE77954
	48 samples (34 diseased /14 normal)

	California, USA

	2016
	[15]

	16
	GSE79740
	54 samples (44 diseased /10 normal)

	UK 

	2017
	[16]


	17
	GSE98531
	16 samples (8 diseased /8 normal)

	Switzerland

	2019
	[17]


	18
	GSE129364
	72 samples (69 diseased /3 normal)

	USA

	2019
	[18]


	19
	GSE149282
	24 samples (12 diseased /12 normal)

	Malaysia

	2020
	[19]


	20
	GSE39446
	118 samples (91 diseased /28 normal)

	Singapore

	2012
	[20]


	21
	GSE64112
	58 samples

	Spain

	2015
	[21]


	Microarray datasets

	1
	GSE4107
	22 samples (12 diseased /10 normal)
	Singapore
	2007
	[22] 

	2
	GSE9348

	82 samples (70 diseased /12 normal)
	Singapore
	2010
	[23]

	3
	GSE10950
	48 samples (24 diseased /24 normal)
	Japan
	2019
	[24]

	4
	GSE15960
	18 samples (12 diseased /6 normal)
	Hungary
	2010
	[25]

	5
	GSE23878
	59 samples (35 diseased /24 normal)
	Saudi Arabia
	2010
	[26]

	6
	GSE25070
	52 samples (26 diseased /26 normal)
	USA
	2011
	[2]

	7
	GSE74602 
	30 samples (15 diseased /15 normal)
	Singapore
	2016
	[2]

	8
	GSE89076
	80 samples (41 diseased /39 normal)
	Japan
	2017
	[27]

	9
	GSE110224
	34 samples (17 diseased /17 normal)
	Greece
	2018
	[28]

	10
	GSE110225
	60 samples (30 diseased /30 normal)
	Greece
	2018
	[28]

	11
	GSE136735
	12 samples (6 diseased /6 normal)
	China 
	2020
	[29]

	12
	GSE141174
	16 samples (8 diseased /8 normal)
	Sweden
	2020
	[30]

	13
	GSE156355
	12 samples (6 diseased /6 normal)
	China 
	2020
	[31]

	Transcriptomics datasets

	1
	GSE200427
	4 samples (2 diseased /2 normal)
	China
	2022
	[32]

	2
	GSE196006
	42 samples (21 diseased /21 normal)
	USA
	2022
	[33]

	3
	GSE164541
	15 samples (10 diseased /5 normal)
	China
	2021
	[34] 

	4
	GSE144259
	9 samples (6 diseased /3 normal)
	China
	2020
	[35]

	5
	GSE142279 
	40 samples (20 diseased /20 normal)
	China
	2022
	[36] 

	6
	GSE137327

	18 samples (9 diseased /9 normal)
	USA
	2019
	[37] 

	7
	GSE136630
	12 samples (7 diseased /5 normal)
	USA
	2021
	[38]

	8
	GSE100243
	23 samples (16 diseased /7 normal)
	Poland 
	2019
	[39]

	9
	GSE95132
	31 samples (16 diseased /15 normal)
	USA
	2018
	[40]

	10
	GSE89393
	17 samples (11 diseased /6 normal)
	Poland
	2018
	[41]

	11
	GSE72820 
	14 samples (7 diseased /7 normal)
	USA
	2016
	[39]

	12
	GSE50760
	54 samples (36 diseased /18 normal)
	South Korea
	2014
	[42]


Supplementary Table 1. Overview of DNA methylation, microarray and Transcriptomics datasets used for the Multiomics data analysis with their respective normal and diseased samples counts.



	S.no
	Gene Symbol
	Gene name
	Description
	Reference

	1.
	AKT1
	AKT Serine/Threonine Kinase 1

	AKT/PI3K is a crucial component in various signaling pathways, controlling biological processes like angiogenesis, metabolism, cell survival, and proliferation in both normal and malignant cells. 

	[43,44]

	2.
	MYC
	MYC Proto-Oncogene

	This gene is a proto-oncogene and encodes a nuclear phosphoprotein that plays a role in cell cycle progression, apoptosis and cellular transformation.

	[43,44]

	3.
	CTNNB1
	Catenin Beta 1
	The protein encoded by this gene is part of a complex of proteins that constitute adherens junctions (AJs). Essential for the regulating cell growth and adhesion between cells.

	[45,46][47]

	4.
	STAT3
	Signal Transducer and Activator Of Transcription 3
	This protein mediates the expression of a variety of genes in response to cell stimuli, and thus plays a key role in many cellular processes such as cell growth and apoptosis.

	[48,49][50,51]

	5.
	IL6
	Interleukin 6
	The interaction of IL-6 and its receptor-activated JAKs with following induction/activation of STAT3 through tyrosine phosphorylation and subsequent transcription of target genes is vital in cancer formation.

	[52].

	6.
	SRC
	SRC Proto-Oncogene
	This proto-oncogene may play a role in the regulation of embryonic development and cell growth.

	[45,46][47]

	7.
	TP53
	Tumor Protein P53
	This proto-oncogene may play a role in the regulation of embryonic development and cell growth.

	[53]

	8.
	CSF2
	Colony Stimulating Factor 2
	Overexpression of CSF2 in CRC patients may be caused by DNA demethylation.

	[54,55][56,57].

	9.
	TNF
	Tumor Necrosis Factor
	This protein is involved in proliferation, differentiation, apoptosis, lipid metabolism, and coagulation.

	[58].

	10.
	EGFR
	Epidermal Growth Factor Receptor
	This protein is involved in proliferation, differentiation, apoptosis, lipid metabolism, and coagulation.

	[48,49][50,51]

	11.
	APP
	Amyloid Beta Precursor Protein
	This gene encodes a cell surface receptor and transmembrane precursor protein that is cleaved by secretases to form a number of peptides.

	[54,55][56,57].

	12.
	GSK3B
	Glycogen Synthase Kinase 3 Beta
	GSK-3 Beta is a key kinase involved in cancer cell growth, particularly through the Wnt/β-catenin pathway, and its inhibition could potentially treat pancreatic, colon, and rectal cancers, 
	[59]

	13.
	ACTB
	Actin Beta
	Actions are highly conserved proteins that are involved in cell motility, structure, integrity, and intercellular signaling.

	[60,61]

	14.
	HIF1A
	Hypoxia Inducible Factor 1 Subunit Alpha
	HIF-1 functions as a master regulator of cellular and systemic homeostatic response to hypoxia by activating transcription of many genes, including those involved in energy metabolism, angiogenesis, apoptosis.

	[62,63]

	15.
	TGFB1
	Transforming Growth Factor Beta 1
	TGF-β attains its tumour suppressive role by regulating cell proliferation, apoptosis and immune cell modulation.

	[48,49][50,51]

	16.
	IL10
	Interleukin 10
	The amount of IL10 in the peritoneal fluid is linked to the extent of tumor spread, and the presence of IL10 in ascitic fluid serves as an indicator for predicting recurrence after surgery aimed at curing stage T4 CRC. It enhances B cell survival, proliferation, and antibody production.
	[64]

	17.
	IL1B
	IL1B interleukin 1 beta 
	IL1B promotes the nuclear translocation of S100A4 protein in gastric cancer cells and the cell's stem-like properties through PI3K pathway.

	[62,63]

	18.
	IFNG
	interferon gamma
	IFN-γ is a cytokine that protects against diseases by acting directly on target cells or through activation of the host immune system.

	[65].

	19.
	H3-3B
	H3.3 Histone B
	Replication-independent histone belonging to the histone H3 family is the protein encoded by H3-3B gene. It has been identified as a key prognostic biomarker for patients with colorectal cancer as it is significantly overexpressed in tumoral tissues.

	[66]

	20.
	PTEN
	Phosphatase And Tensin Homolog
	It acts as a tumor suppressor by reducing the intracellular concentration of phosphatidylinositol-3,4,5-trisphosphate and inhibiting the PI3K-AKT signaling pathway.
	[67]

	21.
	ALB
	Albumin
	Reduced serum albumin levels were substantially linked to higher mortality rates from lung, colorectal, prostate, and breast cancer. This is a carrier protein, which act as prognostic factor for several cancers.

	[68]

	22.
	CD8A
	CD8 Subunit Alpha
	The CD8 antigen, a protein on the surface of many cytotoxic T lymphocytes, facilitates crucial interactions within the immune system, and its presence in inflammatory cells is linked to improved survival outcomes in colorectal cancer patients.
	[69]

	23.
	H6PD
	Hexose-6-Phosphate Dehydrogenase/Glucose 1-Dehydrogenase
	This gene is upregulated and its high expression is associated with the poor prognosis of colorectal cancer.  The enzyme encoded by the H6PD gene is found to be overexpressed in various cancers, and is evidenced to play important role in the proliferation of cancer cells.
	[70]

	24.
	RPS27A
	Ribosomal Protein S27a
	RPS27a gene exhibits elevated expression levels in conditions such as breast fibroadenomas, as well as colorectal and renal malignancies. It plays a role in enhancing cell growth, managing cell cycle, and suppressing the programmed cell death of leukemia cells.
	[71]

	25.
	COL1A1
	Collagen Type I Alpha 1 Chain
	The gene COL1A1 is known to facilitate metastasis of colorectal cancer through its influence on the WNT/PCP signaling pathway. Furthermore, elevated expression is associated with poor prognosis of CRC patients.   
	[72]

	26.
	NOTCH1
	Notch Receptor 1
	Notch-1 functions as an oncogene, where its overexpression is associated with CRC diagnosis. The knock down Notch-1 or Notch signaling pathway inhibitor can promote cell apoptosis and suppress the proliferation of cancer cells.
 
	[73]

	27.
	PXDN
	Peroxidasin
	PXDN methylation levels as an independent prognostic factor for colorectal tumors.
	[74]


Supplementary Table 2: The hub genes with their roles, regulatory mechanisms, and expression patterns in colorectal cancer (CRC). 


	S.no.
	MicroRNA
	Function
	Ref
	TFs
	Function
	Ref.

	1.
	hsa-miR-548ac
	miR-548ac acts as a significant suppressor of laryngeal cancer by promoting cell death through the inhibition of TMEM158, and is referred as potential therapeutic target. 
It is downregulated in laryngeal squamous cell carcinoma and pancreatic cancer, suggests its potential role in inhibiting cellular proliferation, inducing apoptotic processes, and metastasis
	[75]
	BPTF
	BPTF is regulated by c-Myc that enhances colorectal cancer (CRC) advancement by focusing on Cdc25A. High levels of BPTF expression in CRC were linked to increased cell growth and spread, which could be influenced by using specific siRNAs, shRNAs, or inhibitors targeting BPTF
	[76]

	2.
	hsa-miR-5692a
	MiR-5692a acts as a cancer-promoting gene in liver cancer progression by modulating HOXD8 expression levels.
	[77]
	SRF
	SRSF3 enhances the process of angiogenesis formation in colorectal cancer by modulating SRF, supporting its potential as a therapeutic target. Moreover, one study 
suggest that the SRF/miR-214/PTK6/JAK2/STAT3 axis may have utility as a diagnostic and therapeutic target for colon cancer.
	[78]


	3.
	hsa-miR-548d-3p
	The microRNA miR-548d-3p downregulates RSK4, leading to reduced cell death and increased growth (tumour development), invasion and migration of gastric cancer cells. Furthermore, higher miR-548d-3p levels upregulate the mRNA of CDK2, cyclin A1, cyclin D1, Bax, Bcl-2, N-cadherin, and Vimentin, while reducing E-cadherin mRNA, all through its interaction with RSK4.
	[79,80].
	STAT5A
	STAT5A/B (Signal transducer and activator of transcription 5) is crucial for prostate cancer cell viability and growth, affecting its progression to metastatic disease and also targeting the prolactin receptor-Jak2-Stat5a/b signaling pathway is being used as prostate cancer therapy
	
[81,82]

	4.
	hsa-miR-548bb-3p
	While hsa-miR-548bb-3p and hsa-miR-548h-3p’s direct roles in disease are not documented, their family targets genes like PTEN and LIFR, crucial for ovarian follicle growth
	[77]
	ZBTB7A
	ZBTB7A is linked to worse survival in colorectal cancer, suggesting its potential as a prognostic marker and a target for therapy.
ZBTB7A(Zinc Finger And BTB Domain Containing 7A), a tumor suppressor in gastric cancer cells, promotes apoptosis, cell migration, and cell cycle arrest, improving patient survival and acting as a transcriptional repressor of glycolytic genes
	[83]


	5.
	hsa-miR-548z
	hsa-miR-548z is linked to CIP2A overexpression in human cancers, affecting cancer progression and survival rates. Also, the Wnt/β-catenin pathway is enriched within the CIP2A regulatory gene network
	[84]
	NFKB1
	The report suggests that activin promotes cancer growth in colorectal cancer primarily through NFkB, which is a key player in cell proliferation in the context of SMAD4-independent signaling.
Also, this transcriptional factor suggests its central role in various biological processes like cell growth and differentiation; tumour development; inflammation, immunity, and apoptosis and also shows high association with dysregulated expression of genes and miRNA, related to colorectal cancer progression 
	[85,86]

	6.
	hsa-miR-548h-3p
	Studies show miR-548-3p acts as a tumor suppressor in lung cancer, suggesting a similar role for hsa-miR-548h-3p, with hsa-miR-548bb-3p also implicated in breast cancer via the PTEN/PI3K/AKT pathway
	[87]
	
	
	


Supplementary Table 3: The regulatory molecules (miRNA and TFs) with their functional and regulatory mechanisms in different human diseases.
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