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Cardiomyopathy: A heart starved of energy and choked with fibrosis

Shawn Prince, Senior Field Application Scientist, QIAGEN Bioinformatics 

Analyzing heart development and heart disease datasets with OmicSoft and IPA bioinformatics solution.
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Legal disclaimer

QIAGEN products shown here are intended for molecular biology 
applications. These products are not intended for the diagnosis, 
prevention or treatment of a disease.

For up-to-date licensing information and product-specific disclaimers, 
see the respective QIAGEN kit handbook or user manual. QIAGEN kit 
handbooks and user manuals are available at www.qiagen.com or can 
be requested from QIAGEN Technical Services or your local distributor.

Transcriptomics, Proteomics and Metabolic Changes in Postnatal Mouse Heart analyzed with IPA and 
OmicSoft
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Position Available: Field Application Scientist, Boston Area
NGS Software Data Analysis 

3

o Exciting role interacting with, and enabling, a wide range of researchers, across different 
scientific disciplines, using QIAGEN’s bioinformatics analysis software.

o Become an expert on QIAGEN’S bioinformatics analysis and interpretation software

o Deliver scientific software demonstrations and product trainings

o Focused on gene expression analysis, sequence variant analysis, pathway analysis, 
microbial metagenomics analysis

o Field-based (home office with travel) role

n Stop by at a break or see QIAGEN Careers (will be posted Wednesday)
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Cardiomyopathy Case Study

• Why did I choose this topic 
• What is Hypertrophic Cardiomyopathy
• How data was processed
• Insights and findings
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Why did I choose this project

Why did I choose this project
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What is Hypertrophic Cardiomyopathy
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Hershberger, R. E. et al. Nat. Rev. Cardiol. 10, 531–547 (2013); published online 30 July 2013; doi:10.1038/nrcardio.2013.105 

What is Hypertrophic Cardiomyopathy
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Treatments and Lifestyle Changes

Medications
n beta-blockers and calcium channel blockers relax the heart muscle
Implantable Cardioverter Defibrillators (ICD)
Procedures
n Septal Myectomy, Ethanol Ablation, Heart Transplant
Lifestyle changes
n Fluid and sodium restrictions
n Exercise limitations
n Regular Follow-Up Visits
n Reducing the Risk of Infection
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Survival statistics

Clinical course of hypertrophiccardiomyopathy with survival to advanced age
Barry J Maron, Susan A Casey, Robert G Hauser and Dorothee M Aeppli
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Searching for data
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Diseaseland search
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Study information

12
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Study overview

Samples derived from septal myectomy surgery patients with HCM (n =5)
Normal heart donor left ventricles (n =4)

During the septal myectomy procedure, the surgeon removes a small amount of the thickened septal wall to 
widen the outflow tract from the left ventricle to the aorta.



Sample to Insight

Next steps

Process data in Omicsoft ArrayStudio
n Downloaded Sra data to run my own analysis 
n Run RNA-seq Pipeline, calculated differential expression and called variants
n Exported variants in VCF for analysis in IVA
n Push differential expression results to IPA

Filtered variants in IVA and exported to IPA 
Analyzed differential expression and variant function in IPA 
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Integration Array Studio – IPA (FASTQ to insight)

Analyzing heart development and heart disease datasets with OmicSoft and IPA bioinformatics solution.

OmicSoft Lands
Expression data

Your expression data
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Secondary Analysis review 

Quick QC of the mapping 
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PCA Plots help determine differentiation of data
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Volcano plot to determine if there is any significant genes
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Secondary Analysis Conclusion

• Mapped reads were high and consistent 
• PCA plot of HCM and NF hearts show that most samples within each group have similar 

expression patterns
• Volcano plot shows significant genes are differentially expressed

• Variants for each sample were called Annotation and filtering will be done in Ingenuity 
Variant analysis
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Analyzing heart development and heart disease datasets with OmicSoft and IPA bioinformatics solution.

Helping you uncover new insights in heart disease with OS and IPA

Determining the impact of mutation on Cardiomyopathy
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Variants in the data
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Hershberger, R. E. et al. Nat. Rev. Cardiol. 10, 531–547 (2013); published online 30 July 2013; doi:10.1038/nrcardio.2013.105 

Variant Interpretation
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Hershberger, R. E. et al. Nat. Rev. Cardiol. 10, 531–547 (2013); published online 30 July 2013; doi:10.1038/nrcardio.2013.105 
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How The Variants Were Processed

Variants were called in Arraystudio exported in VCF and uploaded to IVA

Analysis was setup as Case vs Control (as a way to control for experimental artifacts) 

Variants were filtered for:
n Quality
n Population (remember its pretty common, use a 3% filter)
n removed Control variants
n predicted to be deleterious
n and is associated with HCM
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Variants in the data
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Exploring the Variant data in IPA



Sample to Insight

Core Analysis of Variant data 

Variants from the Genetic filter were uploaded and Core analysis run in IPA
n 100 or so variants 

Two themes emerge 
n Canonical Pathways
n Disease and function
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Core Analysis Results



Sample to Insight

Oxidative Phosphorylation Pathway
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Sirtuin Pathway
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Disease and Function
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Summary of Variant Analysis

• Predicted decrease of Oxidative Phosphorylation
• Predicted activation of Sirtuin Pathway
• MT dysfunction
• Variants show enrichment of cardiovascular disease and hereditary disorder 
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Analyzing heart development and heart disease datasets with OmicSoft and IPA bioinformatics solution.

Helping you uncover new insights in heart disease with OS and IPA

Exploring the results of expression data in IPA
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Interpretation With IPA 
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Interpretation With IPA 
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Canonical Pathway Overlap
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Oxidative phosphorylation (expression) 
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Sirtuin Pathway (expression)
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The Heart Is Lacking Energy!
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Fibrosis 
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Fibrosis 
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Analyzing heart development and heart disease datasets with OmicSoft and IPA bioinformatics solution.

Helping you uncover new insights in heart disease with OS and IPA

Explore the underlying 
transcriptional programs

Upstream Analysis
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Network types in IPA

Upstream regulator

Dataset molecules

Upstream regulator

Dataset molecules

Other upstream regulators

Mechanistic network of upstream regulators

E, T, PD

E, T, PD

Regulator to regulator:
A, I, CP, LO, RB, P, M, 
RB, TR, UB

Causal network

E, T

A, I, MBE, T, PD

Regulator effect network

C, CO

Any edge typesAny

Diseases or functions

Interaction network

Other 
molecule

Dataset molecules

Analyzing heart development and heart disease datasets with OmicSoft and IPA bioinformatics solution.
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Upstream Regulators Associated with Fibrosis
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TGF-B Regulates Fibrosis
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Cardiac fibrosis in mice with hypertrophic cardiomyopathy is mediated by non-myocyte 
proliferation and requires Tgf-β

J Clin Invest DOI: 10.1172/JCI42028



Sample to Insight

Mir-133 Role in HCM



Sample to Insight

Mir-133 Role in HCM
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Mir-133 Role in HCM

Role of microRNAs in cardiac hypertrophy, myocardial fibrosis and heart failure☆
Author links open overlay panelDe-liDongBao-fengYang

https://www.sciencedirect.com/science/article/pii/S2211383511000116
https://www.sciencedirect.com/science/article/pii/S2211383511000116
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Analyzing heart development and heart disease datasets with OmicSoft and IPA bioinformatics solution.

Helping you uncover new insights in heart disease with OS and IPA

Generate hypotheses to validate 
in the lab

Causal Network
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Network types in IPA

Upstream regulator

Dataset molecules

Upstream regulator

Dataset molecules

Other upstream regulators

Mechanistic network of upstream regulators

E, T, PD

E, T, PD

Regulator to regulator:
A, I, CP, LO, RB, P, M, 
RB, TR, UB

Causal network

E, T

A, I, MBE, T, PD

Regulator effect network

C, CO

Any edge typesAny

Diseases or functions

Interaction network

Other 
molecule

Dataset molecules

Analyzing heart development and heart disease datasets with OmicSoft and IPA bioinformatics solution.
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Causal network analysis in IPA

Depth 1 Depth 2 Depth 3

Dataset molecules

Dataset molecules

E, T

E, T

A, I, MB

Intermedi
ate 
regulators

Dataset molecules

E, T

A, I, MB

Intermediat
e 
regulators

A, I, MB

Master regulatorMaster regulator Master regulator

Dataset molecules

Annotation or 
“scoring”

E, T

A, I, MB

Intermediat
e regulators

Master regulator

Molecule or 
function of interest

Analyzing heart development and heart disease datasets with OmicSoft and IPA bioinformatics solution.
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Specific Regulators For HCM
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MTORC1 and HCM
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MTORC1 and HCM



Sample to Insight
Analyzing heart development and heart disease datasets with OmicSoft and IPA bioinformatics solution.

Helping you uncover new insights in heart disease with OS and IPA

Compare your analysis to 
pre-computed datasets

Analysis Match – OmicSoft Lands
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Introducing Analysis Match

Transcriptomics, Proteomics and Metabolic Changes in Postnatal Mouse Heart analyzed with IPA and 
OmicSoft

How can you discover which analyses look like yours, to uncover insights from mechanistic 
similarities and differences?

Match against

>52,000 analyses

Which analyses have similar Upstream Regulators, Canonical Pathways, Diseases and 
Functions, etc.?
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Applications of Analysis Match

Analyzing heart development and heart disease datasets with OmicSoft and IPA bioinformatics solution.

• Compare your analysis with your other analyses as well as analyses of datasets from public domain (TCGA, SRA, GEO, 
LINCS, etc.)

Mechanism of action
• Is there a shared biology across your samples?

Target discovery/validation
• What key regulators/pathways are similarly activated or inhibited across the 

groups?

Biomarker discovery through comparison analysis
• Generate gene expression heatmap specific to cellular/molecular processes
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Analysis Match
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Analysis Match
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Intersection of Variants and Expression

68

Molecule Name Molecule Name
ADSSL1 LRP1
AHNAK MPC2
ARL6IP5 MYH7

CALCOCO2 MYOZ2
CHCHD10 NDRG1

CHPT1 NDRG4
DCTN1 NDUFB4
ECH1 NDUFB5
ETFB NEBL

FAM129A OCIAD1
FLNA PGAM2
FN1 PRELP

GOT2 RPL3L
HSD17B4 RTN4
IGFBP7 TNNT2
KTN1 TRDN

LAMA2 VCAN
LARP7 WEE1
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Secondary analysis  
n Data quality and samples were mostly consistent

Variant annotation and analysis in IVA 
n Variants found in typical HCM Genes and many in the MT 
n IPA analysis of Variants Supports a decrease in Oxidative Phosphorylation and and 

increase of Surtuin Pathway suggesting a lack of energy for cardiomyocytes

IPA analysis of the expression data 
n Echoes the decrease in Oxidative Phosphorylation and and increase of Surtuin

Pathway suggesting a lack of energy for cardiomyocytes
n Suggests an increase of Fibrosis
n Upstream Regulators support this with an increase in TGF-B 
n Specific HCM regulators support increase in hypertrophy MTOR and Mir-133
n Disease and function show and increase in fibrosis and cellular movement
n Analysis Match helps support the same finding in other Cardiomyopathy studies 

Summary


