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Outline

• Overview of big omics data
• Approaches in big data analytics
• Approaches in big data integration
• Web-based tools for common omics data 

analysis & integration
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The Promises of Big Omics Data

Comprehensive molecular profiles
– Global systems overview
– Less biased
– Robust to noise?

What we can obtain from this type of data? 
– Patterns & trends

• Group behaviors
• Collective functions
• Hypothesis generation

– Mechanisms & knowledge 
• Mechanistic understanding
• Pathways
• Networks
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Reality: the “Happy” Middle

Big Data Analytics Systems BiologyIndividual Molecule

Reductionism Knowledge of everything

• Optimal simplicity
• Empowering
• Achievable

Patterns & 
TrendsMechanism Knowledge
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High-throughput
Technologies

Omics  Data

Insights & 
Knowledge

The Big Omics Data
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Workflow of Omics Data Analytics 

6

Raw Data 
processing

Platform-specific
• RNAseq
• ChIP-seq
• Mass spectrometry

Statistics & 
visualization

Functional 
interpretation

Omics-specific
• Enrichment analysis
• Pathway analysis
• Network analysis

Comparison Clustering Classification
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Two distinct big data challenges

• Size challenge (raw data)
– Raw reads, spectra, images
– Large (100s MB ~ GB) 
– Large storage and computing resources

• Complexity challenge (feature table)
– Feature table (abundance, intensities)
– Small (100s KB ~ MB)
– High-dimensional, missing values
– Data integration usually starts here

 Divide and conquer
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Dealing with big omics data

• Bringing analysis to (raw) data 
– Too big to transfer around
– Done locally at the same place generating 

the data (i.e. omics centers)
– Following standardized operation protocols 

(SOP) 

• Bringing (processed) data to analysis 
– Usually done by individual researchers
– Can be easily uploaded to tools deployed 

on cloud
– Highly domain-specific and individualized
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R Engine

Java Engine

Public Cloud User Browser

JavaScript

HTML5 Canvas

Sequencing Center

Mapping

Read counts

Local + Cloud + Browser

Raw data 
processing

Statistical 
analysis

Interactive 
visualization
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Processed 
data

Distilled 
data



Big Data Analytics
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Big Data Analytics

Three Keys Factors
1. Data distillation

• Not all data are useful

2. Coupling statistics with visualization
• Support for user exploration

3. Connecting with prior knowledge
• Validation previous findings & identification of 

novelties
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Data distillation

• Only a small portion of 
molecules will respond to 
perturbations. 

• The majority will still 
maintain their “normal” 
states  (homeostasis)

Raw data  processed data  informative data
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• Big omics data is complex and 
heterogeneous 

• Statistics often fail to capture the 
data characteristics

• Disruptive discovery are often driven 
by the hunches and leaps of faith of 
the researcher by interacting with 
the data

Statistics + Visualization

Bringing data closer to domain experts
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Statistics + Domain Knowledge

• Encode knowledge into 
computable forms
– Gene sets, pathways, networks

• Evaluating new data within 
the context of our knowledge
– Enrichment analysis
– Pathway analysis
– Network analysis

Connecting new data with prior knowledge 
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Big data analytics in a nutshell

Data Summary Prior 
Knowledge

The Big Data

W
hat w

e know
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Omics Data Integration
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This is our goal ….

Big Data Analytics

Patterns & TrendsMechanism Knowledge
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Current Status

• Done for simple organisms under well-controlled 
experiments
– E. coli, yeast …
– Time series to resolve false patterns

• For human studies, the limiting factor is more 
technological than computational
– Longitudinal omics data collections for a large cohorts
– Data sharing with public for algorithm benchmarking 
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The ‘ecosystem’ of big omics data
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Knowledge: 
pathways, networks

Published 
datasets

Meta-data

Omics data
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Data integration - three common 
scenarios
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One disease;

One omics level;

Multiple datasets;

One omics data;
Multiple clinical 
parameters:
• Diagnosis
• Age, Gender, 

Ethnicity, Smoking ….

One disease;

Multiple omics level;

Multiple datasets;
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Computational Approaches

Statistical integration Visual integration Network integration
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Omics Data

?

Data

Data

Data

Data
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Web-based Tools for Big Omics Data 
Analysis & Integration

• MetaboAnalyst (since 2009)
– www.metaboanalyst.ca
– Metabolomics data analysis & integration

• NetworkAnalyst (since 2012)
– www.networkanalyst.ca
– Transcriptomics data analysis & integration

• miRNet (since 2015)
– www.mirnet.ca
– miRNA data analysis & integration

• MicrobiomeAnalyst  (since 2017)
– www.microbiomeanalyst.ca
– Microbiome data analysis & integration
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Metabolomics & MetaboAnalyst 
http://www.metaboanalyst.ca

2009 - CURRENT

• Metabolomics (and integration with genomics)
• Real-time interactive data analysis
• 100,000 users, > 6,000 jobs submitted per day
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A Roadmap of MetaboAnalyst

MetaboAnalyst 
(2009, 2012, 2015)

MSEA (2010) MetPA (2010) MetATT (2011) ROCCET (2011)

MetaboMiner
(2008)
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The power of cloud

3,000 jobs/month (2014)
150,000 jobs/month (2017)
50 times increase in traffic 
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Moved to cloud (Oct. 2014)
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Metabolite
concentrations

MS / NMR
peak lists

GC/LC-MS
raw spectra

Peak detectionPeak alignment

Data normalization & transformation

Spectra bins/
peak table 

Statistical analysis Time-series analysis

Pathway analysis

Name mapping

Power analysis

Integrated pathway analysis

Enrichment analysis

Biomarker analysis

Other utility functions

Data Filtering

Integrity check

Module 
selection
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Comprehensive Options for Data Analysis
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Clustering
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Multivariate Statistics
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Pathway Analysis
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Biomarker Analysis

• Highly relevant for translational 
studies

• Performance evaluation
– Receiver operator 

characteristics (ROC) curve
– Modern machine learning 

approaches
• Cross validation
• Permutation
• Predicting new samples

AUC = 97%

AUC = 87%
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Gene-metabolite joint pathway analysis
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Comprehensive report generation
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2012 - CURRENT

Transcriptomics & NetworkAnalyst 
http://www.networkanalyst.ca

• Gene expression analysis (microarray & RNAseq)
• Statistical data integration (meta-analysis)
• Visual integration (heatmaps, Venn diagrams, 3D PCA/tSNE)
• Network integration (PPI, KEGG, miRanda)
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Implementation Roadmap 

NetworkAnalyst 
(2015)

INMEX (2012) INVEX (2013) NetworkAnalyst 
(2014)
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Normalization

Integrity Check 

Data Annotation

Diagnostic Plots

Data Upload

Extract Summary Statistics

Rank ProductsP Values Vote CountsEffect Sizes

Significant Genes

GO Analysis Pathway  AnalysisProfile Visualization

Differential Analysis

Statistical Integration
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Visual Integration

Drag-and-
select

What functions 
do these genes 

perform?

J. Xia. et al. (2013) Bioinformatics 29 (24), 3232-3234

Click-
and-sort
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Integrating with prior knowledge 
• Protein-protein 

interactions
 STRING
 InnateDB

• Metabolic pathways
 KEGG
 Reactome

• Chemicals
 DrugBank
 CTD

• Gene regulations
 Trans Factor
 miRNAs
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Network Visualization & Exploration



MicroRNA Data (www.mirnet.ca)

Fan, Y et al. (2016) (doi: 10.1093/nar/gkw288)
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Microbiome Data 
(www.microbiomeanalyst.ca)

Dhariwal, A et al. (2017) (under review)42ASCPT 2017



Microbiome profiling & integration
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In the near future …...
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