
Technical Note
Associating Copy Number and SNP Variation with 
Human Disease
Abstract
The Genome-Wide Human SNP Array 6.0 is an 
affordable tool to examine the role of copy 
number variation in disease by combining high-
powered SNP genotyping with highly accurate 
and sensitive detection of copy number state 
across the human genome. The combined density 
of SNPs and non-polymorphic probes on the SNP 
Array 6.0 provides high coverage of copy number 
variants—in particular those containing few SNPs 
that can be genotyped—and enables you to detect 
up to 10 times more copy number changes than 
competing platforms.

This technical note describes the design of the 
SNP Array 6.0 and explains how it can be used 
to examine the role of copy number variation in 
association studies of human diseases and traits.

Introduction
Genome-wide association studies seek to identify variation in 
the human genome that underlies a particular disease, drug
response, diagnosis, or prognostic outcome. The cataloging 
of human variation and subsequent association analysis has
traditionally focused on single nucleotide polymorphisms (SNPs). 

This assessment of common SNP variation in human disease has 
proven fruitful; more than 50 common variants have been found 
to be associated with disease such as type 2 diabetes, cardiac, 
and immunological disease1,2.

However, recent work has demonstrated that other types 
of genomic variation —copy number polymorphisms (CNPs) 
and copy number variants (CNVs) — play a significant role in 
determining phenotype in common diseases, and are likely to be 
found at reasonably high frequencies in the population at large3.

Recent data suggests that copy number variation could 
account for up to 4 megabases (Mb) of normal genetic 
differences, compared to roughly 2.5 Mb for SNP variation4-8. 
Many examples of diseases are known to be associated with 
copy number changes, including psoriasis9, autism10, 
lupus glomerulonephritis11, as well as HIV infection and 
progression12 (Table 1, adapted from Cohen, 200713).

Until recently, however, cost-effective, genome-wide methods 
for analysis of CNVs in association analysis have been hampered 
by technical and practical limitations. In particular, SNPs in 
regions of copy number variation often fail Hardy-Weinberg and 
Mendelian inheritance checks, and are therefore not represented 
on most commercially available microarrays that principally 
interrogate SNPs14.
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Table 1: Examples of disease-associated CNVs (adapted from Cohen, 2007).

Disease Gene Phenotype

Psoriasis ß-defensin Red-scaling, elevated plaques 

Autism Segmental duplication Neurobehavioral, includes social disability 

HIV/AIDS CCL3L1 Increased susceptibility to infection and disease 

Lupus FCGR3B Increased susceptibility to kidney failure 

Charcot-Marie-Tooth
type 1A 

PMP22 Demyelination, peripheral neuropathy 

X-linked hypopituitarism SOX3 In males, short stature, mild mental retardation 

Autosomal dominant
leukodystrophy 

LMNB1 Demyelination, white brain matter abnormalities 

Parkinson's SNCA Neuron degeneration, rigidity, tremor 

Alzheimer's APP Amyloid beta precursor protein buildup 

Altered drug metabolism CYP2D6 Increased side effects, increased or decreased efficacy 

Smith-Magenis syndrome RAI1 Mental retardation 

Pelizaeus-Merzbacher
Smith-Magenis syndrome

PLP1 Demyelination, paralysis of legs, involuntary jerking of head 

Spinal muscular atrophy SMN1 Spinal deterioration, milder disease with later onset 

Rett-like syndrome MECP2 Mental retardation, spasticity, language/speech problems 
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Based on the need to expand the scope 
of association studies to include copy 
number variation, Affymetrix has devel-
oped microarrays designed specifically 
to interrogate CNVs alongside SNPs. In 
collaboration with the Broad Institute of 
Harvard and MIT, Affymetrix developed 
the Genome-Wide Human SNP Array 6.0, 
which allows you to analyze CNVs with 
906,600 SNPs and more than 900,000 
additional probes. This high-resolution 
array enables you to identify CNPs, CNVs, 
and/or SNPs that are statistically associ-
ated with a given phenotype. Large-scale 
whole-genome association studies can 
now be designed to assess true variation 
across the genome at an affordable cost.

Genotyping Console™ Software further 
enhanced the usefulness of the SNP Array 
6.0 for association studies by integrat-
ing the algorithms for SNP genotyping 
(Birdseed v2), common CNP genotyping 
(Canary), as well as de novo/rare detection.

Performance and accuracy
The SNP Array 6.0 contains more than 
900,000 nonpolymorphic probes and 
906,600 SNP probes for copy number 
analysis. All probes on the array are 
designed to test sequences present on 
Nsp I or Sty I restriction enzyme fragments 
of approximately 200 to 1,100 base 
pairs (bp) that are amplified using the 
Genome-Wide Human SNP Nsp/Sty 
Assay Kit 5.0/6.0. 

To obtain highly accurate and precise 
copy number intensity measurements, 
the linearity of response to copy
number dosage was used in conjunction 
with probe spacing considerations to 
select a set of high-performing copy 
number probes that evenly span the 
genome and specifically target regions 
of known copy number variation. 
Targeted regions were derived from the 
Toronto Database of Genomic Variants 
(S. McCarroll, personal communication).
 

Figure 1: Dose response to copy number was assessed in a chromosome X dosage experiment 
consisting of five replicates each, of five cell lines with one to five copies of chromosome X. The plot 
presents a random selection of copy number probes on chromosome X, with each sub-plot corre-
sponding to an individual copy number probe. For each sub-plot, the x axis is the log of the expected 
copy number ratio (using a copy number of 2 in the denominator) and the y axis is the scaled log 
ratio observed. The linearity and tightness of the relationship can be further improved (at the expense 
of genomic resolution) by averaging adjacent markers, but in this plot probes are assessed on an 
individual basis with no inter-probe averaging.

Figure 2: Sensitivity at 0.01 false positive rate for detection of 100 kb changes using 50 kb 
smoothing. One point was plotted for each chip; 205 total chips were analyzed. Of these, 130 were 
based on normal males with one copy of chromosome X. The rest consisted of 25 replicates of 
samples with three, four, and five copies of chromosome X. The replicates were processed at four 
different labs. The y axis presents sensitivity (proportion of the simulated variant correctly called) 
on a logit scale. The x axis presents MAPD, the copy number-specific QC metric used with the 
Genome-Wide SNP Array 6.0. Lower values of MAPD correspond to higher quality, and as the plot 
shows, the MAPD values are well corrected with actual copy number performance.



Table 2: A summary of CNVs detected using various platforms in the test 
sample NA15510. 

Platform Analysis tool CNVs detected

SNP Array 6.0 Genotyping Console™ 
Software

57

GEMCA 24

500K Array Set dCHIP 7

CNAG 7

Illumina 650Y QuantiSNP 9

BeadStudio 5
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Probes for assessing copy number were empirically selected 
using a screen on a 13 million-probe array set designed against 
the fraction of the genome present on Nsp I fragments of a 
particular size. An Nsp/Sty mixture experiment was used to 
identify probes displaying strong linear response to change in 
copy number dosage. Final probe content of the SNP Array 6.0 
was determined by the performance of the probes in these 
experiments, in addition to distribution in the genome. Efficacy 
of the copy number probes was explored in a chromosome 
X dosage experiment, using cell lines carrying from one to five 
copies (Figure 1).

In order to assess the sensitivity of detection for copy number 
changes with respect to the diploid state, single-sample
detection of de novo variation was characterized in samples 
(N = 205) with randomly spliced 100 kilobase (kb) copy number 
variant regions. This analysis method assesses the physical 
marker distribution of the platform; if the selected region 
has few or no markers, sensitivity of detection will be lower. 
Hundreds of replicates were performed to relate sample quality 
control to typical sensitivity.

The SNP Array 6.0 provides extremely high sensitivity for the 
detection of real copy number changes at very stringent false
positive rates. Figure 2 presents the sensitivity at a fixed false 
positive rate of 0.01. Sensitivity for the detection of a copy
number of three (the most challenging case) is typically around 
99 percent, and for the easier cases of one or greater than 
three copies, sensitivity is also around 99 percent. Moreover, 
the copy number-specific quality metric used on each chip is 
very predictive of functional performance.

To further assess single-sample detection of de novo variation, 
169 known verified regions in the commonly used standard 
fosmid (NA15510) and reference (NA10851) sample pairing4 
were analyzed. An HMM-CN algorithm was used to obtain a 
baseline across all 20 NA10851 replicates and then compared 
to the HMM-CN results from 20 replicates of NA15510. On 
average, 57 of the verified regions were detected.

An assessment of the number of copy number variants 
called on the same test sample (NA15510) using different 
experimental platforms and algorithms has been reported 
previously3. The SNP Array 6.0 detected the highest proportion 
of de novo variation than any microarray platform to date—
approximately 10 times more than non-Affymetrix platforms. 
Table 2 summarizes these results.

High-resolution coverage of CNV
Most reported CNV locations in databases, such as the 
Database of Genomic Variants and the deCode database, 

actually correspond to the locations of CNV-containing regions 
as they were identified using low-resolution BAC clones, lower-
resolution SNP microarray platforms or bioinformatic analysis. 
However, the SNP Array 6.0 has a median marker distance of 
680 bp for CNV detection (Figure 3) and possesses fewer large 
gaps than other commercially available products (Figure 4).

The Broad Institute screened 270 HapMap samples using 
the SNP Array 6.0 to complete an initial high-resolution, 
genome-wide map of CNPs. These maps define more accurate 
CNP boundaries as well as allelic states for polymorphic CNPs 
(bi-allelic deletion loci have a diploid copy number of 0, 1, or 
2, representing three possible genotypes; bi-allelic duplications 
have a diploid copy number of 2, 3, or 4).
 
Initial analysis of these maps indicates that the SNP Array 6.0 
has more than twice the coverage of these better-defined CNPs 
than other commercial platforms (Table 3). Additionally, these 
maps confirm that the better-defined CNPs tend to exclude 
SNPs for the reasons previously discussed (i.e., they fail Hardy-
Weinberg). For this reason, the high content of non-polymorphic 
copy number probes on the SNP Array 6.0 has proved to be of 
great importance to achieve extensive coverage of these refined 
common CNPs.

Figure 3: Distribution of SNP probes and CNV probes is relatively even 
across the genome, resulting in a median marker distance of 680 bp.



Figure 5a shows a polymorphic CNV on chromosome 1 that 
has been finely mapped by the SNP Array 6.0. The region is 
shown in Genotyping Console™ Software alongside a 
corresponding genomic variant loci from the Database of 
Genomic Variants.

Figure 5b shows this same region, as displayed in the Database 
of Genomic Variants browser. Unlike the SNP Array 6.0, lower-
resolution microarray platforms that interrogate SNPs alone 
have low coverage of this CNV. Green represents the number 
of probes in non-overlapping 10 kb segments; pink represents 
the number of probes in nonoverlapping 10 kb segments on 
the Illumina 550 and 1M arrays.

Analysis tools
Current Affymetrix analysis tools, including Genotyping 
Console Software, enable several levels of CNV analysis for 
association studies. After completing array hybridization and 
data acquisition using GeneChip® Command Console® 
Software, you can easily open sample data (CEL) files in 
Genotyping Console Software, where you can perform copy 
number and LOH analysis using a reference model file. Available 
methods include smoothed and unsmoothed log ratios relative 
to a pre-defined reference, HMM estimates of copy number 
relative to a pre-defined reference, visualization of allelic differ-
ences, and estimation of regions of loss of heterozygosity (LOH).

Using the Segment Reporting Tool, you can generate a 
comprehensive summary of copy number aberrations across
all samples. The segment summary table (Figure 6) details 
whether each copy number segment is a gain or loss, the copy 
number integer state, chromosomal location, cytoband location, 
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Figure 4: Intermarker distance (log10) across two commercially available platforms.

Table 3: SNP and non-polymorphic probe coverage of a high-resolution CNV 
map generated by the Broad Institute using the SNP Array 6.0 to screen 270 
HapMap samples. 

SNP Array 6.0 ILMN  1M ILMN 550K ILMN 650Y

SNP 16,678 19,662 8,998 10,292

CN 30,360 841 0 0

SNP + CN 47,038 20,503 8,998 10,292

Figure 5a: A view in Genotyping Console Software of a copy num-
ber variant present across 34 of 270 HapMap samples. Fine-mapping 
with the SNP Array 6.0 across these samples demonstrates that 
only a small region of the annotated Toronto genomic variant loci 
(Toronto DGV) is the actual copy number variant.
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Figure 5b: Genotyping Console Software allows users to easily link out to the Database of Genomic Variants and other databases. This screenshot from the 
Database of Genomic Variants shows the same CNV (outlined in the red box). Unlike the SNP Array 6.0, microarray platforms that interrogate SNPs alone have 
low coverage of this CNV. (Green: number of probes in non-overlapping 10K segments; pink: number of probes in non-overlapping 10K segments on Illumina 
550 and 1M).

size of the copy number segment, number of markers in the 
segment, as well as overlap with known CNVs. The Segment 
Reporting Tool allows you to ask:

Is the CNV a gain/loss?
What is the precise integer level of genomic gain/loss?
What are the breakpoints of the CNV?
What is the precise size of the CNV?
How reliable is the CNV call?
Is the CNV novel or a common variant?
How does the CNV compare across all of my samples?

CNVs of interest can be identified using the Segment Report-
ing Tool in combination with the Genotyping Console browser. 
The GTC browser includes a whole-genome karyoview, which 
provides a high-level view of copy number variation across the 
entire genome to correlate copy number changes with cytoband 
location. Select a chromosome to view CNVs of interest as they 
align with LOH results, as well as a number of annotation tracks 
including genes, CNVs in the Database of Genomic Variants, or 

any custom imported track (Figure 7). Multiple samples can be 
viewed simultaneously in the chromosome view to visually line 
up potential CNVs.

The CNV results computed in Genotyping Console™ Software 
can be used in subsequent association analysis using various 
statistical tools, including those incorporated into GeneChip-
compatible™ software. Command-line tools for analyzing very 
large numbers of samples are also being developed for geno-
type and copy number analysis algorithms. These open-source 
implementations (upon which Genotyping Console Software is 
based) give you full visibility into the analysis details, enabling 
you to modify analysis settings and develop new applications 
for your unique studies.

In order to fully incorporate CNVs into whole-genome associa-
tion analysis, a refined map of common copy number varia-
tion was developed15. This detailed map also has been used to 
better understand the LD structure between CNPs and SNPs as 
described by McCarroll, et al. The refined CNP map that has 



Figure 7: Log2 ratios, copy number states, and copy number segment results can be viewed simultaneously with multiple annotation tracks in the chromosome 
view of the Genotyping Console browser. Tracks can be removed, added, and rearranged, and custom tracks can also be added into the browser for aligning 
sample data with known annotation data. An example of a custom view displaying results in chromosome 7 from one sample without and one sample with a 
hemizygous deletion within the ELN gene, which is associated with Williams Syndrome. This view has been customized into three sections: results from the two 
samples (1), annotations (2), and the cytoband and linear genomic coordinates (3). The first section shows the log2 ratios (tracks 1a, 1d), copy number states 
(tracks 1b, 1e), and copy number segment (tracks 1c, 1f) results from each of the two samples. Within the annotation section, tracks 2a and 2b are two 
custom regions, with one specifying the full region of interest (2a) and the other being the OMIM list (2b); track 2c indicates the annotated copy number 
variants published in the Toronto Database of Genomic Variants; and track 2d represents RefSeq genes.
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Figure 6: Example of a segment report for a single sample in Genotyping Console™ Software. The segment report details whether a copy number change is 
a gain or loss, the copy number integer state, location, size, number of markers in the region, as well as overlap with known CNVs. The segment report and 
copy number predictions can be exported in CSV format. This data can be used to compute the frequency of the identified CNV across all samples, enabling 
subsequent association analysis using various statistical tools, including those incorporated into GeneChip-compatible™ software.



been generated using the SNP Array 6.0 has already led to the 
discovery of two novel associations with CNPs16,17. These find-
ings highlight the importance of CNPs in understanding the full 
picture of genetic contribution to disease risk and variability.

The Broad Institute and Affymetrix also developed an algorithm 
that enables direct genotyping of CNPs. The Canary algorithm 
is based on a pre-defined set of more than 1,000 CNPs and 
provides discrete copy number states or genotypes to each CNP 
region. The Canary algorithm is fully integrated into Genotyp-
ing Console Software, thereby enabling the SNP Array 6.0 to 
genotype a set of common CNPs. The results of a genome-wide 
association study for myocardial infarction using the SNP Array 
6.0 to look at SNPs, CNPs, and rare CNVs has been published in 
Nature Genetics18. This publication provides additional informa-
tion on data handling and quality control metrics for CNPs and 
rare CNVs using the SNP Array 6.0.

Conclusion
The Genome-Wide Human SNP Array 6.0 is a powerful new tool 
for studying variation—both copy number and SNPs—associated 
with human genetic disease. You can now combine genotypes 
for more than 906,000 SNPs with accurate intensity measure-
ments across more than 1.8 million markers on more samples 
than ever before, providing the most genetic power to detect 
CNV breakpoints and disease associated variation.
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