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Introduction 

 

 

• Metabolite Profiling 

• Pathway Analysis 

• Group-based 

association tests  

(GWAS,MWAS)  

• Pathway analysis  

• Proteome mining  

• Protein expression profiling  

• Post-translational 

modifications  

• Structural proteomics  

• Functional proteomics  

• Protein-protein 

interactions, PPIs  

• DEG analysis  

• Pathway 

analysis  

• Network 

(Gene-Gene-

Disease  

Each omics layer provides a partial view of biology, but only together do they reveal the complete functional state of a system 
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Biological Complexity 
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Biology is not linear ,  it is dynamic, multi-layered, and interconnected 

Hasin et al., 2017, Genome Biology 



Omics Layers : Multi-omics integration connects molecular data to real-world disease outcomes and 
clinical decisions. 
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Single-omics fails to capture biological complexity 

Karczewski & Snyder, 2018, Nature Reviews Genetics 



 
Data Integration in Multi-Omics: Horizontal Data Integration 
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Gene expression (RNA-seq)  

 TCGA 

 GEO 

 Clinical cohorts 

Benifits 

 Increase sample size 

 Improve statistical power 

 Reduce bias 

Challenges 

 Batch effects  

 Different platforms  

 Data normalization 

Batch effects can completely mask biological signals, and proper correction reveals the true structure of the data. 



Vertical Data Integration 
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Combining different omics layers for the same samples 

Benefits 
 Understand biological systems 
 Capture interactions across 

layers 
 Reveal mechanisms 

Challenges 
 Data heterogeneity  
 Missing data  
 Integration complexity 

Horizontal integration strengthens evidence; vertical integration reveals biology. 



Horizontal Integration  - Tools for Integration 
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Batch Correction / Harmonization 

ComBat  

• Most widely used  

• Empirical Bayes method  

Limma  

• Strong for differential expression + correction  

Harmony  

• Excellent for single-cell datasets  

MNN Correct  

• Aligns datasets using nearest neighbors  

 

 

Meta-analysis Tools 

 MetaDE  

 RankProd 



Vertical Integration  - Tools for Integration 
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Integrate different omics layers 
 MOFA  
 iCluster  
 mixOmics  
 SNFtool  

Analysis & Visualization:  
 Extract biological meaning 
 Seurat  
 Scanpy  
 Cytoscape  
 Heatmaps  
 PCA / UMAP  
 Networks 

Biological Insights 
 Biomarkers  
 Disease subtypes  
 Drug targets  
 Pathway insights 



Case Study 1: Serum-MiR-CanPred: deep learning framework for pan-cancer classification and 
miRNA-targeted drug discovery [RNA Biology] 
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Serum-MiR-CanPred 
 Non-invasive pan-cancer detection  

 Uses circulating miRNA (liquid biopsy)  

 Combines:  

 Deep Learning  

 Explainable AI  

 Drug discovery  

 From diagnosis → mechanism → therapy 

Datasets Used 

GEO datasets:  

 GSE113740  

 GSE164174  

 GSE211692  

 GSE212211 

Scale 
 20,271 samples  

 12 cancer types + healthy controls  

Data Type 

Serum miRNA expression (microarray)  

Data Integration Strategy 

Horizontal integration  

  Preprocessing  

 Batch effect correction → 

PyComBat  

 Class imbalance → SMOTE  

 Started: 1630 miRNAs  

 Selected: 88 miRNAs (Consensus 

Feature Set) 
Machine Learning & Deep Learning 

Models 

ML: kNN ,SVM & Random Forest  

DL: MLP & CNN 



Model Performance 

• Accuracy: 96%  

• AUC: 96.87%  

• External validation AUC: ~99%  

Cross-validation 

• Stable across folds (~95%)  

 Interpretation: 

• Model generalizes across datasets → clinically promising 

 

22-04-2026 
Dr. Sajitha Lulu S, Integrative Multi-omics Laboratory, SBST, VIT, 

Vellore 
10 

Explainable AI (SHAP) 

 Makes DL interpretable  

 Identifies top miRNA biomarkers  

 Cancer-specific feature importance  

 hsa-miR-5100 → top biomarker  

 Moves from “black box” → “biological insight 

Drug Discovery Integration 

Target: miR-5100  

Methods: 

•Molecular docking → rDock  

•Molecular dynamics → GROMACS  

Key Result: 

Drug candidate: AC1MMYR2  

• Strong binding  

• Stable interaction  

AI → biomarker → drug → full pipeline 

Biological Outputs 

  Functional Analysis 

 Key Pathways: 

  Visualization: 

 Heatmaps → expression patterns  

 PCA / t-SNE → cancer vs healthy separation  

 Cancer types share signatures → explains overlap in clustering 



Case Study 2 
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 Input dataset: GEO-GSE208668  

 Parallel analysis branches: DEGs, WGCNA, GSEA  

 Functional interpretation: GO and KEGG  

 PPI network for hub gene identification  

 ML block with LASSO, SVM-RFE, and Random Forest  

 Final molecular signature  

 Validation using immune infiltration, GO/KEGG, 

regulatory pathways, and ageing database comparison  



Case Study 3:  
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Cell type GEO ID Samples 

Neutrophils GSE153781 6 SLE + 6 controls 

Dendritic cells GSE136731 17 SLE + 11 controls 

T cells GSE97263 13 SLE + 14 controls 

B cells GSE118254 48 SLE + 37 controls 

Bulk RNA-seq from GEO [Cell Specific Datasets] 

The study integrates multiple cell-type-specific datasets 

Validation dataset 

 Single-cell RNA-seq (scRNA-seq) from GEO  

Multi-layer biological integration [Vertical] 

• DEG + ncRNA identification  

• Functional enrichment (GO + KEGG)  

• PPI network construction (STRING + Cytoscape)  

• Hub gene detection (CytoHubba – MCC algorithm)  

• TF + miRNA regulatory network (TRRUST + NetworkAnalyst)  

Outcome 

Therapeutic targets  

•Explained cell-type-specific disease mechanisms  

•Linked gene expression → immune pathways → disease phenotype  



Multi-omics data and Biological Complexity 

Biology is multi-layered, dynamic, and interconnected  

• Single-omics methods oversimplify biology  

• Disease is driven by networks of interactions  

Single-omics gives an incomplete picture of the biological system  
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Data Integration – The Turning Point 

• Horizontal Integration 

• Combines datasets  

• Larger sample size  

• Robustness  

• Vertical Integration 

• Combines omics layers  

• Pathways  

• Mechanisms  

Integration strengthens deeper biological insights 
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AI + Multi-Omics = Transformational Power 

Deep learning models deliver high accuracy 

• SHAP turns AI into a discovery engine, not just a black box  

Pipeline: 

AI → Biomarkers → Mechanisms → Drug Discovery  

To truly understand disease, we must move from isolated data → integrated biological systems 

 

22-04-2026 
Dr. Sajitha Lulu S, Integrative Multi-omics Laboratory, SBST, VIT, 

Vellore 
15 



Systems Biology Reveals True Disease Mechanisms 

• Integration of omics + networks identifies key regulators 

• Reveals cell-type-specific pathways driving disease  

• Explains immune regulation and therapeutic targets  

Diseases are network-driven  and only systems-level integration can decode them 
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