Oncoarray QC Guidelines – March 2015

(All lists referred to should be available on the Oncoarray wiki:

http://consortia.ccge.medschl.cam.ac.uk/oncoarray ) 
1. Genotype Calling

Call all genotypes with the v2c cluster file. (Download from http://consortia.ccge.medschl.cam.ac.uk/oncoarray/onco_v2c.zip). 

Export Illumina TOP alleles from Genome Studio.

2. Sample QC

2.1 Initial call rate filtering (by consortium)

Exclude samples with call rate <80% 

Exclude SNPs with call rate <80%

Exclude samples with call rate <95%

Exclude SNPs with call rate <95% 
2.2 Ancestry

Define set of uncorrelated markers (~3,000) including all AIMS. 

Use to define individuals of European/East Asian/African American ancestry, or other, using Structure, MDS or LAMP.  The Dartmouth group has defined principal components for identifying Continental ancestry and will send a procedure out using R. The Dartmouth group will is also deriving principal components using a panel of about 20,000 markers for deriving intraEuropean ancestry. 

Consortium specific: for some groups, most studies will be (almost) single ethnicity (European or Asian) and best to exclude minority ancestry from these studies.

2.3 Heterozygosity

Exclude samples with heterozygosity<5% or > 40%  and heterozygosity if p<10-6, (|Z|>4.892) (GenABEL perid.summary). Test Asian and Europeans separately.
2.4 Sex checks

Exclude unexpected genotypic males/females/males (using X and Y markers). Also exclude XO, XXY, low X heterozygosity (<5%). Use list of  300 Y markers confirmed to work in males and to have non-autosomal cluster patterns (chr_Y_SNPs_for_sex_checking.csv). Exclude from the test chromosome X SNPs that show a high level of  heterozygous calls in males and/or autosomal cluster patterns. (chr_X_SNPs_with_autosomal_clusters.csv.)  
2.5 Duplicate concordance

Identify duplicates within study. 

Check expected duplicates – if consistent exclude the sample with lower call rate.

Identify unexpected duplicates within studies. Liaise with study data-managers to attempt to resolve any discrepancies, remove both if not resolved. 

Check with previous iCOGS or pre-iCOGS/GWAS genotyping

Use Kyriaki’s EM algorithm if there are only a few SNPs from previous genotyping. Exclude individuals discordant with previous consortium genotyping (if study co-ordinator cannot resolve).

2.6 Relatives

Relatives: Identify relatives. (IBD cutoffs ?) 

These may be excluded by some of the consortia. For case-control pairs of relatives, exclude the control. Otherwise exclude the lower call rate sample.

2.7 Cross study/consortium duplicates

Check for duplicates across studies within the consortium - mark for exclusion from one study for main analyses except for study specific files.

Between Oncoarray and iCOGS/previous GWAS
Consortium specific – for BCAC/PRACTICAL, mark Oncoarray samples for exclusion in main analysis, but need 2nd version keeping all Oncoarray samples and excluding from iCOGS (for fine-mapping/rare variants)

Across consortia
Generally only exclude for meta-analysis.

Will need to decide what to do with shared controls
3. SNP QC by Consortia

3.1 Call rate

Exclude SNPs zeroed by the cluster file with no genotypes.

Exclude samples with call rate <80% 

Exclude SNPs with call rate <80%

Exclude samples with call rate <95%
Exclude SNPs with call rate <95% 
3.2 Hardy-Weinberg 
Check Hardy-Weinberg: exclude SNP if P<10-7 in controls or P<10-12 in cases. 
(In CIMBA,  all subjects treated as controls.) Need to adjust for study (or country), and do stratified score test. Test separately for Europeans/Asians/Africans. BCAC, OCAC and Practical excluded any SNP that failed in Europeans OR Asians. 
4. SNP QC Exclusions Combined Across Consortia

4.1 Combine list of failures

All consortia to exclude SNPS that fail for call rate or HWE  in any other consortium. (As at 1st April breast, ovarian, Cimba, prostate (Cambridge) exclusions have been combined, plus call rate exclusions for Lung.) 
Chromosome Y exclusions were taken only from Practical. Practical used chromosome X HWE exclusions from BCAC.

4.2 Duplicate calling concordance

If  the genotypes for pairs of duplicates differ >2% for any SNP, then exclude that SNP as unreliable. (Do not include differences between a no-call and called genotype.) 

Duplicates concordance figures were combined from up to 5,250 duplicates from BCAC, OCAC, Practical, Cimba.

4.3 Duplicate probes

There are a number of variants on the chip with the same probe in the same position (or a few with the same alleles but the sequence from the opposite strand.) 
A list (onco_duplicate_variants_excluded.csv) of 765 was compiled of duplicate probes that should be excluded. The probe with the worse QC scores and call rate was chosen for exclusion. 

4.4 Cluster Plot Checking

Exclude SNPs where the cluster plot has been confirmed as “Failed” by two independent checks.

5. Additional Steps Before Imputation 

5.1 Rare SNPs with poor call rate
Exclude SNPs with call rate below 98% and MAF <0.01 (Europeans) in any consortium from the imputation input files. (The genotyped calls for these SNPs can still be analysed.)

5.2 Non-ideal cluster plots
SNPs with cluster plots that were scored as Possible (P) or Subset interference (S) in the second round of checking should be excluded. These are either rare SNPs where there is no clear heterozygote cluster or SNPs with more than three clouds because of interference from other SNPs or possible copy number variation.
5.3 Variants unmatched to a 1000 Genomes variant

Strand information was obtained by blasting the Illumina TOP sequences against the 1000 genomes sequences. Some manifest positions identified by “rs” numbers were updated from dbSNP and the new positions confirmed by sequence matching.

The variants on the chip were then  matched to the variants from Phase 3 variant set provided for the Impute software. (https://mathgen.stats.ox.ac.uk/impute/1000GP%20Phase%203%20haplotypes%206%20October%202014.html)
Variants were matched by position and alleles. Genotypes for variants not matched to a 1000G variant will be included in the imputation input  files but marked so as not to be used by Impute.
5.4 Frequency Comparison to 1000 Genomes variants

Allele frequencies for controls from BCAC, OCAC and Practical were combined into a single frequency for Europeans (from 108,000 samples) and Asians (11,000 samples). These were tested against the expected frequency from 1000G using a test provided by Jon Tyrer.

A difference statistic is calculated by the formula:
(|p1-p2|-0.01)+^2/((p1+p2)(2-p1-p2)) 

where p1 and p2 are the frequencies our dataset and in the 1000 genomes respectively.

A cutoff of 0.008 in Europeans and 0.012 in Asians is needed to pass. Very rare SNPs are less likely to be rejected.

SNPs where the frequency would match if the alleles were flipped were excluded.
A list of strands and matched 1000G variants is provided. 
A list of SNP where the Illumina TOP alleles need flipping in order to match the 1000 Genomes alleles is provided. 
6. Principal Components

Define Oncoarray consortium PCs and validate against some consortium specific PC definitions. Define a set of PCs for the European and Asian subsets, which could serve as covariates for them plus a global set to use for those of mixed ethnicity. It may also be important where possible to look at inflation in individual studies where specific PCs might be required (e.g. Finland, HMBCS).

The figure below describes either i) using PCA to classify according to ancestry (shown by most likely descent ellipses) or ii) assign continental origin to individuals according to the closest location on the continental ancestry triangle. We prefer the latter approach as the ancestry can then be used as a covariate in analyses or for subsequent selection. 
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