Using GAP method for COPY number and GENOTYPE attribution in Affymetrix SNP6  arrays
Especially useful for analysis of complex cancer genomes

Introduction

Here we describe an R realization of the GAP method for Affymetrix SNP6 arrays. The GAP method itself was presented in Popova et al, Genome Biology, 2009.
GAP method allows precise copy number and genotype attribution based on SNP array profiles: CN (signal from CN probes), LRR (log ratio signal from SNP probes) and AD (allelic difference). 

Maximal Copy Number which is still recognized is 8. Amplicons are attributed to have CN=8, even if their values are higher.
NB. Example exports are NOT supposed to be executed!!! They are just examples to show the file structure. Annotation files SNP_annot_Version_cut.csv and CN_annot_Version_cut.csv are also shown just as examples. 
Workflow

Practically, workflow consists of 6 R scripts starting from Genome Studio Exports and ending up with summarized Copy number profiles. Each script contains comments which allow you follow the computation. Comments with “!!!!!” shows the place where some correction is needed (file names, columns, etc). Annotation and samplePlans are saved in .csv comma delimited format.
script_0_prepare_Annotations_Affy6.R 

script_1_prepare_data_Affy6.R

script_2_GAP_construction_CBS_Affy6.R

script_3_GAP_recognition_Affy6.R

script_4_CopyNumber_recognition_Affy6.R

script_5_CNResults_Update_Affy6.R

script_6_FrGL_construction_Affy6.R

script_0 takes the first Export file (from Genotyping Console) and produce two Annotation files: SNP_annot and CN_annot, containing SNP and CN probes correspondingly. Exports should contain at least probe ids, chromosome, position, logRatio (LRR or CN) and Allelic Difference (AD).
script_1 produce vectors V_CN_Sample.txt,V_LRR_Sample.txt and V_AD_Sample.txt from Export files

script_2 produce segm_Sample.txt files by circular binary segmentation of CN and AD profiles

script_3 produce GAP plots for manual estimation of sample quality and quality of recognition.

script_4 produce copy number recognition, based on the GAP_pattern parameters obtained by previous script
script_5 update graphical results after some manual correction of recognition (if necessary, for example, X chromosome always have more variation and is recognized with some false breakpoints)

script_6 produce CN and B Allele file, containing all samples
Additional files are cytoBand_adapted_fr_hg18.csv (or _hg19 !!! use dependent on annotations used) and Samples_plan_Example.csv
Samples_plan_Example.csv contains the sample names coming from exports in 2nd column and new sample names, which we want to work with, in 3d column. In the script_1 you can rename your samples while processing them to vectors.

Input 

As an input for the whole workflow of the current version of GAP R script one need:

1) Export from Genotyping Console, with SNPID, chromosome, position, LR and AD columns minimum
2) cytoBand_adapted.csv cytoband information
3) Optional Samples plan file

Output 

1) Output of segmented and recognized profiles together with graphical reports and profiles:
proc_Sample: 


summary table 
Chr_Plots_Sample:

folder with graphical per chromosome profiles

GAP_plot_Sample:

GAP plot and recognition pattern
Summary_plot_Sample.jpg
summary Graphic/Table report
2) Summary for all profiles is written in GAPrecognitionInfo.txt
Output summary table
Processed segmented summary file of SNP profile: proc_ Sample
 Columns description:
	Index
	index of the segment

	IndxSnpStart
	segment starting SNP number in ordered by Chromosome and Position Affy 6.0 chip SNP annotation

	IndxSnpEnd
	segment ending SNP number in ordered by Chromosome and Position Affy 6.0 chip SNP annotation

	PosSnpStart
	segment starting SNP position in chromosome

	PosSnpEnd
	segment ending SNP position in chromosome

	IndxCnStart 
	segment starting CN number in ordered by Chromosome and Position Affy 6.0 chip SNP annotation

	IndxCnEnd
	segment ending CN number in ordered by Chromosome and Position Affy 6.0 chip SNP annotation

	Chr
	Chromosome number, integer for p arm, integer+0.5 for q arm, 
X: 23, Y: 24, XY: 25

	LenSNP
	Length of a segment in SNP counts

	CN_BP
	Break point in CN profile

	AD_BP
	Break point in AD profile

	CN
	Median of CN profile in the segment

	AllDiff_L
	Left (or any) of two AD modes in the segment 

	AllDiff_sm
	Updated Allelic difference for FINAL PREDICTION

	nCN,nBA,nScn 
	Subsidiary columns, used for recognition 

	
	nScn contains smoothed cn value according to FINAL PREDICTION

	Copy,Mallele *
	FINAL PREDICTION OF COPY NUMBER and MAJOR ALLELE

	Segment_N 
	Segment number according to FINAL PREDICTION

	Subclone
	subclone information

	CN1,BA1,Rank1 
	First choice prediction

	CN2,BA2,Rank2 
	Second choice prediction (no second choice, if -1)

	CN3,BA3,Rank3 
	Third choice prediction (no third choice, if -1)


*Copy/MAllele pair characterizing genotype of each segment: AABB: 4/2, AAB: 3/2, AB: 2/1, AA: 2/2, A: 1/1, etc. Germline homozygosity is denoted: 2/0 (meaning 2 copy and unknown acquired genotype)
More detailed description and annotation you can find in the main script as well as in the source files. 
Some supplementary details
1) Model schema used for recognition:
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Figure.1 Model GAPs for Illumina (A) and Affymetrix SNP 6.0 (B) arrays. Grey boxes represent SNP measurements with corresponding copy number/major allele counts. p (normal contamination) and q (experimental variation) are fitting parameters. Right hand side boxes represent germline homozygous SNPs.
Thus, to cut away homozygous profile, we superimposed LR and AD profiles and we defined Homozygous SNPs as those which are in the intersection zone (see Figure 2). Segments of at least 200 SNP with less than 10% of dispersed exceptions we considered to be Germline Homozygous segment. 
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Figure.2 Absolute Allelic difference is represented by two mode profile. One of these modes (homozygous one) is identical to LRR profile. Filtering away SNPs which follows LRR profile results in one mode profile consisting in heterozygous SNPs. This profile could be further segmented by CBS.
The profile of ONLY heterozygous SNPs is further segmented with CBS. Break points from CBS were united with boundaries of Germline Homozygosity segments and saved in segm_XXX.txt files.

2) Some problems.

1) In general, the method works quite well. Whatever complicated profiles with clear pattern are processed with high quality of recognition. Noisy patterns could have some recognition artifacts, which are not perfectly polished and corrected in this version of algorithm. However, misinterpretations are usually not very heavy in terms of copy number state of a region. In terms of breakpoints, their number could be quite overestimated. Misinterpretations could be easily seen on per chromosome profiles, and, if necessary, could be corrected manually. 

2) For example, in the case of noisy sample (“waves” in CN profile) or not perfect correspondence of the GAP model and real data algorithm can produce false breaks. It cannot smooth correctly the segment which is located between designed clusters on the GAP pattern and the profile looks more or less inconsistent like on the figure below. Such samples could be corrected manually and updated with script_5.
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Figure.2 Chromosome 3 with probably false breaks. Low intensity waves in LRR profile could result in breaks which look a little bit like false ones (not supported by BAF change).
