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[bookmark: _Toc403984501]Background
[bookmark: _GoBack]This document describes annotation issues in the Illumina HumanOmni2.5-4v1_D manifest, which affect genotype and imputation datasets for any study genotyped on this version of the array. Here we describe the issues and provide guidance on how to account for them in existing dbGaP datasets. 
[bookmark: _Toc403984502]Primary Issue: Reversed A/B alleles
For 18,763 strand ambiguous SNPs (i.e., with A/T or C/G alleles), the A/B allele designation is reversed in the Illumina manifest. According to Illumina technical support, this error was introduced when redesigning the manifest from version B to version D, but was corrected in subsequent versions (e.g., version H and later). This error was propagated into any dataset or annotation that relied on the mapping of A/B alleles to design, TOP, forward, or plus(+) strand alleles*. 
* For more on allele naming conventions and strand designations in Illumina genotyping, see: 
Nelson, S. C., Doheny, K. F., Laurie, C. C., & Mirel, D. B. (2012). Is “forward” the same as “plus”?...and other adventures in SNP allele nomenclature. Trends Genet, 28(8), 361–363. 
[bookmark: _Toc394996279][bookmark: _Toc403984503]Secondary Issue: Incorrect RefStrand designation
In identifying the A/B allele reversal issue noted above, the UWGCC further identified likely errors in Illumina’s RefStrand designations. RefStrand indicates the orientation of the probe sequences (“design strand”) with respect to the human genome reference sequence: either plus(+) or minus(-). The UWGCC preformed BLAT searches on the “TopGenomicSeq” entries in the Illumina manifest and identified 608 SNPs where the BLAT result was in conflict with RefStrand.
This error was propagated into any dataset or annotation that relied on the mapping of A/B alleles to plus(+) strand alleles – namely imputation.
[bookmark: _Toc403984504]Table of Issues
Users should refer to the accompanying file “HumanOmni2.5-4v1_D_flaggedSNPs.csv” to identify which SNPs are affected by which issues(s) above. In this table of issues, “probes.alleles.disc=TRUE” flags the SNPs with the primary issue, reversed A/B alleles.  The secondary issue, incorrect RefStrand designation, is flagged by “blat.strand.disc=TRUE.” See the data dictionary file for a full definition of all the fields in this table of issues (“HumanOmni2.5-4v1_D_flaggedSNPs_DD.txt”).
Actions to address issues in dbGaP dataset components
Below is a list of actions users can take to correct the annotation issues in existing dbGaP datasets.
1) PLINK dataset: 
Affected files
Subject and sample level PLINK files
How to identify affected SNPs
“probes.alleles.disc=TRUE”
Action needed
Use PLINK “--flip” command at all affected SNPs, i.e. for the binary PLINK file “myplink,” use the following syntax:
plink --bfile myplink --flip probe_alleles_disc.txt \
--make-bed myplink_fixed

2) Allele mapping file
Affected files
	SNP_allelemap.csv
How to identify affected SNPs
“probes.alleles.disc=TRUE” and/or “blat.strand.disc=TRUE”
Action needed
Where “probes.alleles.disc=TRUE” and “blat.strand.disc!=TRUE”, entries in the alle.design, alle.top, alle.fwd, and alle.plus fields should be swapped between alle.AB=A and alle.B=B. That is, for the alle.AB=A row, update alle.design, alle.top, alle.fwd, and alle.plus with values from alleAB=B row. Similarly for the alle.AB=B row, update alle.design, alle.top, alle.fwd, and alle.plus with values from alleAB=A row. Another way to think of this is as a flipping alle.design, alle.top, alle.fwd, and alle.plus, according to the following table:
	Old allele
	New allele

	A
	T

	C
	G

	G
	C

	T
	A



Where “probes.alleles.disc=TRUE” and “blat.strand.disc=TRUE”, entries in the alle.design, alle.top, and alle.fwd fields should be swapped between alle.AB=A and alle.AB=B. The alle.plus field does not need to be changed.
Where “probes.alleles.disc!=TRUE” and “blat.strand.disc=TRUE”, the alle.plus field should be swapped between alle.AB=A and alle.AB=B.
3) Imputation 
Affected files
All imputed genotype probabilities files (*gprobs)
How to identify affected SNPs
“strand.ambiguous=TRUE” AND
EITHER (“blat.strand.disc=TRUE” OR “probe.alleles.disc=TRUE”)
Note where probe.alleles.disc=TRUE AND blat.strand.disc=TRUE, no action is needed – ultimately the two annotation errors cancelled each other out, and plus alleles were correctly annotated in the imputation basis.
Action needed
Update the alleles at all affected SNPs, which can be implemented with the GTOOL program’s “--strand” command (http://www.well.ox.ac.uk/~cfreeman/software/gwas/gtool.html#Orient). Create a strand file with all the affected SNPs and indicate “-” as the strand. Then run GTOOL as follows:
gtool -O --g Study_chr#.gprobs --strand problem.type2.SNPs.strand --og Study_strandFix_chr#.gprobs --log strandFix_chr#.log  
Note that while this corrects the plus(+) strand alleles in the .gprobs files for affected SNPs, the imputation was nevertheless run with these SNP not aligned to the plus(+)  strand. For one of the affected studies, the UWGCC investigated what effect these SNPs had on the imputation accuracy at neighboring imputed variants. While no systematic or severe hit in accuracy was observed, the possibility of these SNPs introducing some error into the imputation cannot be ruled out.
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[image: http://www.ncbi.nlm.nih.gov/projects/genome/probe/IMG/infinium.png]All strand ambiguous SNPs are Inifinium I assays (two bead types) and thus have both an AlleleA_ProbeSeq and AlleleB_ProbeSeq as shown in Figure to the right. 
Note: strand unambiguous SNPs are all single bead type, Infinium II assay. 

Image: http://www.ncbi.nlm.nih.gov/genome/probe/doc/DistrIllumina.shtml

Table 2. ProbeSeq design for SNP kgp7085589 in different Omni2.5 array manifests
	array
	IlmnStrand
	SNP
	AlleleA_ProbeSeq
	AlleleB_ProbeSeq

	HumanOmni2.5-4v1_D
	TOP
	[C/G]
	TTGCATGCTGCGACCAGGGATCCTCTCTCCATGTCTGTCGCTGGCCTTGG
	TTGCATGCTGCGACCAGGGATCCTCTCTCCATGTCTGTCGCTGGCCTTGC

	HumanOmni2.5-4v1_H
	TOP
	[C/G]
	TTGCATGCTGCGACCAGGGATCCTCTCTCCATGTCTGTCGCTGGCCTTGC
	TTGCATGCTGCGACCAGGGATCCTCTCTCCATGTCTGTCGCTGGCCTTGG

	HumanOmni2.5-8v1_C
	TOP
	[C/G]
	TTGCATGCTGCGACCAGGGATCCTCTCTCCATGTCTGTCGCTGGCCTTGC
	TTGCATGCTGCGACCAGGGATCCTCTCTCCATGTCTGTCGCTGGCCTTGG



According to the design, we would expect the last nucleotide of the Allele A probe to be the design allele A, and the same is true for allele B. However, we found that there are a total of 18,763 strand ambiguous SNPs whose last nucleotides of the ProbeSeqs were inconsistent with A/B design alleles in the Illumina HumanOmni2.5-4v1_D  manifest. Table 2 lists an example SNP kgp7085589 (red highlighting). As shown in the table, the manifest 4v1_D does NOT follow the rule whereas the manifests 4v1_H and 8v1_C are correct. We communicated this with Illumina technical support team and they confirmed that it was a mistake in the manifest D and was corrected in the following manifest. Because all of those SNPs are strand ambiguous, the problem could not be identified as a strand flip by IMPUTE2 imputation software.
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