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Genotyping &

CNV analysis

human610-

quad beadchip

http://www.illumina.com/pages.ilmn?ID=248



human610-quad beadchip

¸ 610,000 rationally selected tag SNPs and 

markers per sample 

¸ captures the majority of known variations 

(haplotypes) (based on HapMap1 release 23)

¸ detection of both known and novel CNV

regions

1http://www.hapmap.org/whatishapmap.html.en



Illumina GenomeStudio 
(replaces BeadStudio)

http://www.illumina.com/pages.ilmn?ID=309



GenomeStudio ï

Genotyping Module

see also: GenomeStudioTM Data Analysis Software.pdf page 3



ñExport genotype data to various third party applications; 

access multiple CNV algorithms and copy number variation 

analysis toolsò



From GenomeStudio:

Tomas Axelsson, ETJ1 data



CBS script on anaconda:

Usage: run_CBS OPTIONS

-f  S1.txt            : Illumina SNP-CGH file for one sample

-lcol 5                : Number of the column containing the log2 intensity ratios

-minsnp 10        : Minimum number of markers in an aberration

-minlength 50k  : Minimum length of an aberration

EXAMPLE: run_CBS -f  Sample1.txt   -lcol  5   -minsnp 10   -minlength 50k



run_CBS runs DNAcopy from the 

Bioconductor package (R)

CBS

http://www.bioconductor.org/packages/2.3/bioc/html/DNAcopy.html





Change-point method

¸ looks for changes 

in the distribution 

of data

¸ uses log-ratios of 

normalized 

intensities



Binary Segmentation 
(Sen & Srivastava, 1975)

H0: no change of the (normal-) distribution

Likelihood ratio statistics

H0 is rejected if Zigets too large Ÿ change point at i

(break point)

partial sums



Circular Binary Segmentation

i j

Tests if the arc from i to j has a mean which is different from 

the mean of the complement.



Practical example

¸ anaconda:/nfs/1d/menzel/RUN_CBS >

¸ run_CBS   -f Sample1.txt -lcol 5 -minsnp 10 -minlength 50k

¸ 620312 rows in Sample1.txt

¸ Ò 45 minutes

¸ Output:

¸ Sample1_CBS.pdf

¸ Sample1_CBS.txt

¸ Sample1_CBS.gff}next 3 slides



from Devins data:

chr22, Tumor 5

run_DNAcopy.R

21/10/08

anaconda

pdf



pdf: one page per chromosome



Textual output of DNAcopy txt



The gff-file can be loaded to 

SignalMap (NimbleGen) gff



CBS (DNAcopy)

¸... does not make òcallsò



CGHcall



CGHcall

run_CGHcall.R
òcallsò



anaconda:/nfs/1d/menzel/TEST_DNAcopy/Sample_550K_Paired_LogR_chr22_nos4.txt.sample4.pdf

a call is made if a bar extends beyond the 

middle axis (p=0.5)



Textual output of CGHcall

0,1,-1anaconda:/nfs/1d/menzel/TEST_DNAcopy/CGHcall_results.txt



Comparison Studies



Willenbrock, Fridlyand:

DNAcopy

HMM (Fridlyand)

GLAD (Hupe)

frequently cited by BioDiscovery ( Nexus)



k-means algorithm best (simulated data)





Lai et al., 2005

Three amplifications

around EGFR in GBM29



http://bioconductor.org/packages/2.3/DNACopyNumber.html



òSNP-CGHò

High-resolution genomic profiling of chromosomal aberrations.pdf



SNP-CGH

¸ simultaneous measurement of both signal 

intensity and allelic composition 

¸ (BAF = B-Allele Frequency)

¸ detect both copy number changes and copy-

neutral loss-of-heterozygosity (LOH)

¸ Infinium whole-genome genotyping (WGG) 

BeadChips



What B-

allele 

frequency 

SNP-CGH technologies for genomic profiling.pdf



Calculation of the BAF

chrX, 120 normal individuals, one particular SNP

raw intensities: males in yellow, the others females

normalization is done using a òproprietaryò algorithm (B)

conversion to òpolar coordinatesò (C)
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LRR and BAF illustrated



Both LRR1 and BAF2 can be 

used to determine copy number

1LRR = Log R ratio
2BAF = B-allele frequency

SNP-CGH

Wang K. et.al. Genome Res. 2007;17:1665-1674



Illumina academic partners

PennCNV

QuantiSNP

dChip



PennCNV script on anaconda:

Usage: run_PennCNV OPTIONS

-f  S1.txt              : Illumina SNP-CGH file for one sample

-minsnp 10         : Minimum number of markers in an aberration

-minlength 50k   : Minimum length of an aberration

-gcmodel            : Try reducing fluctuations caused by GC-content variation

EXAMPLE: run_PennCNV   -f Sample1.txt   -minsnp 10   -minlength 50k -gcmodel



PennCNV Input:

Tomas Axelsson, ETJ1 data



PennCNV Paper



PennCNV

¸ Detection of CNVs from Illumina (Infinium) high-

density SNP genotyping data using:

¸ total signal intensity 

¸ allelic intensity ratio at each SNP marker (BAF)

¸ pedigree information if available

¸ kilobase-resolution (~10 Kb)



Hidden Markov Model
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HMM for 

CNV 

detection

____ states

. . . .  emissions from that states



PennCNV ïstates of the HMM

Allele frequency information included in the states of the HMM



PennCNV implementation

run_PennCNV -f    Sample1.txt   -minsnp 10   -minlength 50k     -gcmodel

same inputfile as for run_CBS

Perl-script:  /usr/local/share/BIOSW/run_PennCNV.pl

runtime: a few minutes

output:  Sample1.txt.log   Sample1.txt.calls Sample1_PennCNV.gff


