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Agenda 

Introduction to MetaCore 

Use case: Common nonmutational NOTCH1 

activation in chronic lymphocytic leukemia 

• I want to know what interactions and pathways 

involve NOTCH1. 

• What pathways are enriched by ICN1 from 

RNA-seq and bound to NOTCH1 in ChIP-seq 

experiments? 

• What transcription factors could these up 

regulated genes regulated by? 

• How does the NOTCH1 expression profile 

compare with RNA-seq data from chronic 

lymphocytic leukemia? 

• What other publicly available datasets have a 

similar to the NOTCH1 expression profile? 

Summary 



Pathway Analysis 

Platform ? 
‘Omics’ Data 

Analysis 

Knowledge 

Mining 

MetaCore: Your GPS in pathway analysis  

• Gain molecular understanding of disease  

• Analyze and understand experimental findings (Omics data) in the context of validated 

biological pathways. 

• Generate and confirm hypotheses for novel biomarkers, targets, mechanisms of action 

 

http://en.wikipedia.org/wiki/File:Heatmap.png


MetaBase/MetaCore content overview 
  
 

• Human genes    60,119  

• Human SwissProt proteins   20,115  

• Mouse genes    68,595  

• Mouse SwissProt proteins   16,829  

• Rat genes    47,989  

• Rat SwissProt proteins   7,968  

• Compounds     815,453  

• Compounds with structure   796,538  

• Endogenous compounds   5,405  

• Nutritional compounds   119  

• Metabolites of xenobiotic   26,761  

• Drugs    9,186  

 

- Biologics   1,457  

- Small Molecules   7,729  

 

- Approved drugs   2.293  

- Withdrawn drugs   261  

- Clinical trial drugs  5,055 

- Discontinued drugs  1,189 

- Preclinical drugs  251 

- Unknown                                                   137 

 

- Drug combination regimens  8,446  

 

 

 

 

   

 

• Human genes in network   23,665  

• Mouse genes in network   20,673  

• Rat genes in network   17,534  

• Chemical compounds   351,887  

• Drugs    4,297  

• Endogenous compounds   3,469  

• Metabolic reactions   33,338  

• Transport reactions   4,570  

• Processing Reactions   1,262  

• Pubmed journals   3,668  

• Pubmed records  1,919,055  

• Pubmed articles (unique)   254,828  

• Total amount of interactions  1,743,596  

 

- Protein – Protein    764,667  

- Compound – Protein    701,499  

- Compound – Compound    9,816  

- Metabolic enzyme -
Reaction   43,064  

- Transporter – Reaction   4,570  

- Substrate, Product – Reaction   85,980  

- RNA – Protein   134,000  

 

• Pathway maps    1,632  

 

- Human genes in maps   7,370  

- Mouse genes in maps   6,723  

- Rat genes  in maps   6,470  

- Interactions in maps   30,494  

 

 

 



From peer reviewed articles to signaling 

pathways 

PUBLICATIONS  
(209 for EGF-EGFR  

interaction) 

MOLECULAR 

INTERACTION 
GLOBAL NETWORK: 

~ 1,700,000  

molecular interactions 

 

~ 1,600 canonical and 

disease signaling pathways 

• Manual annotation from publications 

• Team of PhDs, MDs 

• More than 10 years 

 



Flexibility in data analysis tools 

10 Different Network Building Algorithms, 

all with written and visual descriptions 

Multiple automated Workflows 

to save, share and export  

Pathway Map Creator 

customize and build maps 

Data Annotation & Processing Tool 

calculate differential expression and upload  



Getting support 

Technical Support & questions: 

sbsupport@thomsonreuters.com 

Training webinar recordings available at: 

lsresearch.thomsonreuters.com 

(in the Knowledge section) 

mailto:sbsupport@thomsonreuters.com
http://lsresearch.thomsonreuters.com/


Login to MetaCore 

Go to   portal.genego.com 



Use EZ search to look up NOTCH1 
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I want to know what interactions and pathways 

involve NOTCH1 

• NOTCH1 (NICD) represents cleaved 

intracellular portion of NOTCH1 after 

ligand binding. 

• This region is important in the 

regulation of a number of genes. 

• Aberrations in NOTCH1 have been 

associated with many diseases 

including chronic lymphocytic leukemia 



Live Demo 

GSE92626 – Identification of genes induced by NOTCH1 in a chronic 

lymphocytic leukemia (CLL) cell line and tracking of these genes in primary CLL 

patients 
• Illumina HiSeq 2000 – RNA-seq expression analysis 

 

GSE92701 – Identification of NOTCH1 bound genes in chronic lymphocytic 

leukaemia (CLL) cells 
• Illumina HiSeq 2000 – ChIP-seq expression analysis 

 



RNA-seq data 

• CLL cell line (MO1043) was used for NOTCH1 

signaling induction 

• MO1043 was either induced with a lentiviral system 

expressing either: 

• NOTCH1 intracellular region (ICN1) 

• Control eGFP 

• Over 700 up-regulated transcripts were identified 

• Median fold change 1.7 

• False Discover Rate < 0.001 

 

Hierarchical clustering of RNA-Seq 

profiles of MO1043 cells induced 

with NOTCH1 (ICN1) or eGFP 

Scatter plot of log2-transformed RNA-Seq FPKM values of 

differentially expressed genes between MO1043 cells induced 

with ICN1 and -eGFP control CLL cells (FDR < 0.001). 



ChIP-seq data and intersection with RNA-seq data 

• ChIP-seq identified 4,737 NOTCH1 binding sites. 

• Intersection of RNA-seq and ChIP-seq data was used to create ICN1 induced 

signature 

• Genes bound by NOTCH1 in ChIP-seq data 

• Genes upregulated via ICN1 induction with a FDR < 0.001 

Intersection between RNA-Seq 

and ChIP-Seq data obtained in ICN1 

induced MO1043 CLL cells 



Upload data and run a pathway enrichment 

Question: 

o What pathways are enriched by ICN1 from RNA-seq and bound to 

NOTCH1 in ChIP-seq experiments? 

Upload 
dataset into 
MetaCore 

Set 
Threshold/ 

Background 

Analyse 
Pathway 

Maps 



Upload RNA-seq expression data into MetaCore 
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Note: use OFFICIAL gene symbols 



Create background list for RNA-seq 
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Set background list and run pathway map 

enrichment 

 1 

 2 

 3 
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What pathways are enriched by NOTCH1 induced 

up-regulation signature? 

• Notch related signaling pathways are disrupted by this signature 

• Could impact many processes related to immune cell processes 

in diseases ranging from multiple sclerosis to cancer.  

Map name 

Graphical representation of –log(pValue) 

Ratio of differentially expressed 

genes from dataset (GREEN) 

over all network objects in 

folder (RED) 

Significance of overlap of differentially 

expressed genes in the folder 



How could this signature be impacting cellular 

processes?  

Regulation of immune cell differentiation by Notch signaling Development_Notch Signaling Pathway 



How to find transcription factors potentially 

regulating expression data 

Question: 

o What transcription factors could these up regulated 

genes regulated by? 

Set Threshold/ 
Background 

Interactome Analysis 
(Transcription Factors) 



Set threshold/background and run interactome 

analysis (Transcription Factors) 
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How does interactome analysis work? 

N – Total number of genes in the database (or in array background list) 

R – Total number of genes being regulated by the TRANSCRIPTION FACTOR 

n – Total number of genes in the dataset 

ACTUAL – genes in dataset being regulated by this transcription factor 

EXPECTED – (R / N) * n 

RATIO – ACTUAL / EXPECTED 



More then just RBP-J are affect by NOTCH1 

Highlights of top 3 Transcription Factors the authors found 

via Transfac enrichment 



Upload data and run enrichment analysis 

Question: 

o How does the NOTCH1 expression profile compare with RNA-seq 

data from chronic lymphocytic leukemia? 

Upload 
dataset into 
MetaCore 

Set 
Threshold/ 

Background 

Enrichment 
Analysis 



RNA-seq expression from peripheral 

blood of chronic lymphocytic 

leukemia patients 

• RNA-seq expression data from 49 samples characterized with 

NOTCH1 mutational status and ICN1 expression 

• 10 cases mutated NOTCH1 with ICN1 expression 

• 13 cases wildtype NOTCH1 with ICN1 expression 

• 26 cases wildtype NOTCH1 without ICN1 expression 

• GSEA analysis found significant enrichment of NOTCH1 CLL 

signature in both NOTCH1 mutated and NOTCH1 wildtype 

expression ICN1 as compared to NOTCH1 wildtype not 

expressing ICN1. 

• Data uploaded into MetaCore are the 90 leading edge genes for 

each group with mean FMPK values 



Upload RNA-seq expression data into MetaCore 
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 2 

 3 

 4 
Note: use OFFICIAL gene symbols 



Set threshold/background and run ‘Compare 

Experiments’ workflow 
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What pathways are affected by genes unique to 

patients with a low count of infiltrating T-cells? 

The leading edge genes pull a number of maps and processes 

related to B cell signaling and apoptotic processes 



Use similarity search by genes to find datasets 

with similar gene signatures 

Question: 

o What other publicly available datasets have a similar to the 

NOTCH1 expression profile? 

 

Similarity Search by 
Genes 

Export Similar 
Comparisons 



Run similarity search by gene analysis and 

choose filtering thresholds 
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Other public data with a similar signature to the 

NOTCH1 induced gene signature 

B cell related dataset come up, as well as other interesting 

datasets related to Asthma, colorectal cancer and interferon 

stimulated cells.  

(interferon signaling came up in the leading edge analysis) 



Summary 

The NOTCH1 induced gene signature can 

impact many different pathways. 

 

NOTCH1 signaling could potentially regulate a 

wide range of transcription factors including 

STATs and IRFs. 

 

The 90 leading edge genes from CLL patients 

that overlap with the NOTCH1 signature point 

towards disruptions in apoptosis and IFN 

signaling processes. 

 

Comparing the NOTCH1 induced signature with 

against other public datasets, pulled up similar 

signature in other B-lymphocyte comparisons as 

well as similarities with IFN induced signatures, 

colorectal cancer, asthma, and other diseases. 



Tips on exporting visuals and citing MetaCore 

Cite that you used MetaCore and the 

version number when you ran the analysis 

Export to image will 

create a png file of your 

enrichment results 

Can also export images 

of pathway maps 

overlaid with data 


