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Agenda 
 

• Copy number analysis overview 

• Downstream analysis 

• Visual inspection for changes of interest (chromothripsis) and ploidy 

• Identifying frequent and significant peaks (STAC, GISTIC) 

• Identifying significant co-occurring alterations 

• Comparing groups to find significant differences 

• Nexus DB 

• Querying and downloading TCGA data 

• Project set-up and processing 

• Create Project 

• Process samples 

• Add annotation 
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Copy number analysis overview 
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Mapping of probes to genome 

Array 

Chromosome 
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Plotting the Log Ratios 

• Experiment results in a table (Two-color array like Agilent): 

0 

+0.57 

-1 

Probe 

Location 

Expr. Control Ratio Log Ratio 

Chr1:10-20 150 100 3/2 +0.57 

Chr1:50-60 300 200 3/2 +0.57 

Chr1:70-90 500 500 2/2 0 

Chr1:100-120 60 60 2/2 0 

Chr1:250-300 500 1000 1/2 -1 
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SNP Array Data 

• SNP arrays use short oligos to interrogate a single SNP. 

However, the signal strength from the probe can be used 

for Copy Number estimation 

 

• SNP Arrays are single color but a pool of arrays can be 

used to form a “reference” intensity value for a probe 

 

• These platforms can also determine the zygosity of the 

probe as AA, AB, or BB 

 

• Provided by Affymetrix and Illumina 
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Nexus Copy Number Workflow 

Segmentation 

Regions 

Genes 

Function 

Log-ratio 

OncoScan 

GenomeStudio 

Feature 

Extraction 

Agilent 

Pre-Processing 
ImaGene 

GenePix 

BlueFuse 

NGS 

CEL 

Text file 
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HMM based algorithm - SNP-FASST2 

www.biodiscovery.com/educational-videos 
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Segmenting the Probes 
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B-Allele Freq. Bands 

AA AB BB AA BB AB B A B A B B AB AB AAA AAB BBB AAA ABB ABB 

0% 

100% 

Normal LOH Allelic Imbalance 

                 AABABB 

            AABABBBABABBBAAAABABB 

            ABBABA      ABBABBAAA 

Loss Gain 
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TCGA Premier and Nexus DB 



Nexus DB – Web-based Repository of  

Nexus Projects 

• Secure and redundant back-up and archive projects 

 

• Allow for queries across multiple project 

– Based on sample phenotype or genotype 

 

• Download datasets that are ready to be analyzed 

immediately (e.g. TCGA, etc.) 

 

• Share projects with collaborators 



The Cancer Genome Atlas (TCGA) 
26 Tumor Types (+6) 
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TCGA Data in Nexus DB 
• Nexus project has been created for each cancer type  

• Level 3 (data processed by TCGA pipeline) 

• Level 1 (reprocessed and curated for ploidy and QC) 

 

• Nexus Copy Number users can: 

• Query this data to identify samples and frequency of 
events meeting query criteria 

• Download any of the samples to a local Nexus Copy 
Number project to integrate with other data or by 
themselves and perform aggregate analysis 
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Nexus DB Access 

User name: tcga_training 

Password: TCGAtraining14! http://chilp.it/0209fe 

http://chilp.it/0209fe


Nexus DB Data Download 



Nexus DB Data Download 



KICH in The Cancer Genome Atlas (TCGA) 

Part of “Rare Tumor” characterization effort. 

5% of kidney cancers; Only current therapy is surgery. 

TCGA Samples are sporadic (not associated with Birt-Hogg-Dubé syndrome) 

 

What types of discoveries about chromophobe kidney cancer do TCGA 

researchers hope to make? 

 
• Identify unique patterns of genomic changes that distinguish this subtype of kidney 

cancer. 

• Examine genetic markers that may be predictive of metastasis. 

• Determine if a specific genomic signature is connected to tumor recurrence after 

surgery. 

• Genomically differentiate chromophobe kidney cancer and clear cell kidney cancer. 

• Gain understanding of the genomic basis of chromophobe kidney cancer to provide the 

foundation for the development of an effective form of therapy for patients. 



KICH Characteristic Whole Chromosome Losses 

Speicher, M. R., Schoell, B., du Manoir, S., Schröck, E., Ried, T., Cremer, T., ... & Kovacs, 

G. (1994). Specific loss of chromosomes 1, 2, 6, 10, 13, 17, and 21 in chromophobe 

renal cell carcinomas revealed by comparative genomic hybridization. The American 

journal of pathology, 145(2), 356. 

Yellow = balanced between tumor and germline. Red = 

less DNA in tumor sample. 



Downstream Analysis 
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Results – Genome View 
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Single Sample Drill Down – Sample Info 
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Single Sample Drill Down – Overview 
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Single Sample Drill Down – Whole Genome 
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Single Sample Drill Down – Chromosome 

Center View 

Locate Region 

Query Database 

Mark Location 

Region Query Settings 

Filter 

Add/Join Region 

Modify Tracks 

Horizontal Zoom 

Rectangular Zoom 
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Single Sample Drill Down – Modify View 
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Single Sample Drill Down – Summary 
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Identifying Frequent and 

Significant Peaks 

• What are “common” aberrations in this set 

• What are “significant” common abberrations 
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Aggregate Table Approach 

• Find regions that have an aberration in at least x% of the 

samples 

35% 

Peak 
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Aggregate Table 
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Significance Testing (STAC) 

4/6 = 67% 

Prob. Dist. Function 

0% 100% 70% 

P-value 
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Significant Peaks (STAC) 
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STAC 

• Makes all calculations based on current calls  

• Excludes any calls you have removed 

• Includes manually added/adjusted calls 

• Includes gender correction (if applied) 
 

• Will only indicate Peaks 

• Does not include longer extended regions 
 

• Does not take into consideration amplitude 

• High copy gain and single copy gain / homozygous 
deletion and single copy loss weighted equally 
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Significant Peaks (STAC) 
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GISTIC 

• Specify G-score (combination score of frequency and 
amplitude) and Q-bound (significance) 

• Only multiple testing correction value calculated, may need 
to reduce threshold to best capture results (0.25) 
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GISTIC 



• Indicates Peaks and extended regions 

• Extended regions may include full chromosome 

 

• Makes all calculations based on raw probe values 

• Excludes manual adjustments and gender correction, so sex 
chromosome calls may be incorrect 

 

• Considers both amplitude and frequency 

• Added weight for high copy gains and homozygous deletions 

 

GISTIC 
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GISTIC Results 

BioDiscovery © 2013 



GISTIC – Genome View 
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Which algorithm should I use? 

GISTIC results may be more sensitive at capturing lower 
frequency significant regions 

 

STAC will give more correct results for sex 
chromosomes and manually altered regions, if 
applicable 

 

Overall, the two methods will often yield 
similar/overlapping results; a combined approach 
may be most thorough. 
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Identifying significant co-occurring 

alterations 

Which changes significantly occur with a 

known change of interest 
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Concordance – Data Set Tab 

• Search for one or more genes, regions, etc. within the 
project 

 

• Returns the status of each sample for each query term 
as well as aggregate summary 

 

• Select samples of interest for result export and data 
analysis 

 

• Provides Frequency of each event for each of the 
queried terms 
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Concordance – Chr9p Loss 
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Chr9p Concordance - Regions 
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Chr9p Concordance - Genome 
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Chr9p Concordance – Circular Plot 



Comparing groups to find 

significant differences 

What changes are significant and unique 

to each group? 
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Comparison –  

Metastasis (Clinical_M) 
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Comparison – M0 v MX 



BioDiscovery © 2013 

Comparison – M0 v MX - Regions 
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Comparison – M0 v MX - Genome 



Enrichment Analysis 

Gene enrichment analysis on the whole 

genome or selected regions of interest 
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Which pathways or processes are enriched 
in my data set? 

Enrichment on the whole genome 

• For germline studies or samples with few changes 

 

Enrichment on selected regions of interest 

• Aggregate (Frequency) 

• Significant Peaks (STAC) 

• GISTIC 

• Comparisons 

• Concordance 
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Enrichment on Selected Regions 

Identifies Gene Ontology (GO) terms enriched with copy 
number change in the user defined regions 

• Predefined highlighted area(s) of interest 

 

• Displays significantly overrepresented GO terms 

• P-Value displays standard p-value: probability of each 
particular gene being present in the set treated 
independently of others 

• MP P-Value displays Markov process p-value: probability 
of each gene being present in the set takes into account 
genomic location  
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Querying Results in Nexus DB 

Has this change been observed before in 

another data set? 
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What if I have my own data? 

 

Project Set-up and Processing 
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Launch Nexus Copy Number 
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• Specify project name 

 

• Select location to save the 
project 

 

• Specify organism (Human) 
and build (NCBI Build 36.1) 

 

• Click ‘Create’ 

 

Creating A New Project 
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Load Data 
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• Adjusts call thresholds 

(e.g. if have mix of cancer 

and normal samples, 

thresholds are lowered 

from what one would 

expect theoretically) 

• Stringency adjusts the 

significance threshold  

• Select array type for 

loading appropriate 

correction file for 

systematic correction 

 

Parameters Affected by the Load Data Guide 

BioDiscovery © 2013 



Import Data File 

BioDiscovery © 2013 



Pre-processing of Data in Nexus 

• Systematic correction 
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Process Samples 
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Import Sequence Variants Data 
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Import Sequence Variants Data 
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Data Set Tab – Factors 

• Any clinical data or phenotypic data associated with 

a sample, e.g. gender, age, tumor type, tumor grade 

 

• Each sample can have an unlimited number of 

Factors 

 

• Optional but important 

 

• Can be entered manually or loaded from a tab-

delimited text file in the Data Set tab 
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Load Factors – Example Factors File 
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Additional Information 

Webinars Library:  

http://www.biodiscovery.com/video-library/webinars/ 

 

Educational Video Library:  

http://www.biodiscovery.com/video-library/educational-videos/ 

 

Blog Postings:  

http://www.blog.biodiscovery.com/ 

 

White Papers:  

http://www.biodiscovery.com/white-papers/ 
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Additional Information 

Nexus Copy Number (TCGA Copy Number and Mutation): 

http://www.biodiscovery.com/copy_number_cf.php  

 

Nexus Expression (TCGA RNA-Seq and Expression Arrays):  

   http://www.biodiscovery.com/expression_cf.php  

 

Please put in a ticket with the help desk to 
complete installation and gain access to the 
license server 
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