
Expanding CNV Detection into the 
unSNPable Genome
In collaboration with deCODE Genetics, Illumina has created a panel of markers not available 
on any other SNP array that target copy number polymorphisms. This technical note  
describes the design strategy and preliminary validation results using this new content.

Introduction

Current genotyping products have allowed researchers to 

begin discovering the extent of CNV impacts on phenotypes 

and disease states. To create improved tools geared toward 

CNV identification and analysis, Illumina has worked 

closely with deCODE Genetics to develop specific content 

for several new DNA Analysis BeadChips. This content was 

designed to target the least stable 6% of the genome, which 

is the most likely to contain medically relevant copy 

number variant (CNV) regions such as segmental duplica-

tions and unSNPable regions lacking SNPs, while providing 

uniform coverage of the genome. This document describes 

how this content was selected and shows results demon-

strating the large number of common CNVs that occur at 

greater than 5% frequency in the four HapMap populations 

and the Icelandic population. These important novel CNV 

regions are not targeted by other SNP genotyping arrays, 

but can be measured reliably using one of several new 

Illumina DNA Analysis BeadChips. 

A New Tool for Copy Number Analysis

It is now known that copy number variation is ubiquitous 

in the human genome. To improve the already fruitful 

results of whole-genome disease association studies, it 

is thought to be essential to incorporate the analysis of 

genomic structural variation1. 

	 Although the influences of CNVs on disease are not 

entirely understood, there are numerous ways they can 

affect the human genome and disease susceptibility. A 

dosage-sensitive gene may be encompassed by a struc-

tural variant altering RNA levels. A hemizygous deletion 

in a gene region can unmask a recessive mutation on a 

homologous chromosome. Genes overlapping structural 

variants can be disrupted by deletion or copy-number 

variant breakpoints. There may also be positional effects 

whereby regulatory elements located within a CNV region 

can be amplified or deleted1. 

	 Although several studies have already shown the rel-

evance of CNV regions to diseases such as breast cancer, 

SLE, and others2-5, it has been hypothesized that a major-

ity of the undiscovered CNVs lie within complex regions 

of the genome6. For that reason, we generated new con-

tent that expands current genotyping arrays to include 

coverage of the most unstable regions, comprising 6% of 

the genome. These new products are powerful tools for 

genome-wide SNP and CNV disease association studies. 

CNVs in the Database of Genomic Variants

The Toronto Database of Genomic Variants (DGV) is 

currently compiling CNV regions from various public 

studies. As of September 2007, there were several thou-

sand regions deposited into this database that were 
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Figure 1: Dense coverage of Illumina/deCODE CNV content in unSNPable region

A region from Chromosome 5 with no coverage by either CN probes or SNPs from the Affymetrix6.0 (grey rows), is densely covered 
with the new CNV content from Illumina (orange row). Each vertical tick mark represents a single SNP or probe. 



largely identified with pre-existing microarray technolo-

gies7. Although some entries in the DGV represent com-

monly occurring CNVs, many of the entries occur at a low 

frequency (variant allele frequency < 5%)8. Additionally, 

most of the described regions are large since the methods 

used to discover them are less sensitive for detecting 

regions smaller than 50kb. Therefore, this database 

contains only a small percentage of the overall number  

of both common and rare CNVs9. Further work with new 

unbiased tools is needed to quantify how widespread and 

diverse CNVs truly are in the human genome. 

The Human Genome Assembly disguises CNV regions

Both the Human Genome Assembly and the International 

HapMap Project have disguised regions of the genome 

most likely to represent copy number variants. For example, 

segmental duplications were collapsed as part of the 

Genome Project. However, such regions may be identi-

fied computationally. In addition, after completion of the 

HapMap project, we learned that there were regions of 

the genome that were unSNPable by existing methods. 

These regions either completely lacked SNPs or lacked 

SNPs that produced robust genotype results due to HWE 

and inheritance issues. Therefore, as we show here, these 

relatively complex and unstable regions yield a rich set of 

data for CNV studies. 

Generating new CNV content

We started with dense coverage of DGV regions. For 

example, the Human1M BeadChip provides 206,000 SNPs 

in DGV regions with an average of 63 markers per region. 

Then, working in collaboration with deCODE Genetics, we 

specifically targeted additional regions that we expected 

to contain CNVs. Where possible, attempts were made to 

use SNPs to target a specific region for more robust CNV 

detection and measurement of LOH. The Infinium® Assay 

used for Illumina Beadchips is optimal for CNV detection 

because it provides a more representative amplification 
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Table 1: Number and size of segments identified as likely to contain CNVs

Screening criteria Segments Total size (Mb) Unique size (Mb)

Megasatellites	 	 167 6.9 1.7

Non-exact duplicons of 1,000 bases or greater 6,900 186 96

Exact duplicons of 100 bases and greater within 500,000 bases 15,800 63 10.4

UnSNPable genome

15K gaps in HapMap SNPs 1,445 62.8 15.2
5–15K gaps and ≥ 2 SNPs with HW and inheritance problems 1,300 9.2 3.3

MHC region 1,500 3.4 2.5

Known rare and common CNVs (DGV) 1,769 77.5 60

Total 15,559 unique 263.3 Mb 	
non-redundant

189.1 Mb

We identified over 15,000 non-redundant segments covering ~190Mb of total sequence. Approximately 14,000 of these regions were 
targeted with three or more markers at an average inter-marker spacing of 5kb.

Figure 2: Uniform coverage of Illumina/deCODE CNV content in unSNPable MHC region

A region from within the MHC that has no coverage with either CN probes or SNPs from the Affymetrix6.0 (grey rows), but is densely 
covered with the new CNV content from Illumina on the HumanCNV370-Duo and Human1M BeadChips (orange row). Each vertical tick 
mark represents a single SNP or probe.



of the genome than methods based on PCR, which can in-

corporate an amplification bias into results. Importantly, 

the measurement at each locus is the average of up to 18 

redundant bead types scattered randomly over the sur-

face of a BeadChip, which increases the signal-to-noise 

ratio for precise CNV identification. Additionally, since 

SNPs and probes are developed using the same design 

strategy, both types of markers can be analyzed together.

	 This approach to identifying markers in unSNPable 

regions that are likely to interrogate CNVs has filled in 

areas left untouched by other SNP microarray design 

strategies (Figures 1 and 2). From the HumanCNV370-Duo 

to the Human1M BeadChips, Illumina has used a design 

strategy to ensure uniform distribution of markers across 

the genome, plus dense coverage of the DGV and other 

high-value regions likely to contain CNVs.

Preliminary Results

The Infinium Assay enables direct profiling of copy num-

ber changes by detecting changes in SNP genotypes and 

intensities of SNPs and probes. Figure 3 is a plot of inten-

sity data from the two alleles of a selected SNP within a 

CNV region on Chromosome 11 (rs4132104) across a large 

sample set. The data points are distinctly grouped into 

clusters representing different copy number levels. The 

distinct separation of data point clusters facilitates moni-

toring single copy changes in unstable genomic regions. 

	 After creating a panel of markers that were expected to 

be a powerful tool for analyzing CNVs, we verified its per-

formance with biological samples. A large set of samples 

(including HapMap and Icelandic samples) have been 

analyzed for the presence of CNVs using this new content 

on Illumina BeadChips. A group of CNV regions were ar-

bitrarily selected for in-depth analysis to confirm findings 

using alternative methods, such as Southern blotting and 

TaqMan RT-PCR assays.

	 In the example shown in Figure 4, a novel yet common 

deletion was detected in RTDR1 (rhabdoid tumor dele-

tion region gene 1). This CNV was validated using both 

Southern blotting (Figure 4A) and TaqMan RT-PCR assays 

(Figure 4B). TaqMan assays performed on several HapMap 

trios (parent-parent-child) show variable copy number 

levels in this region across a very large sample set. The 

Southern blot shows a fragment of DNA containing the 

SNP sequence from the original BeadChip. The expected 

fragment size is 4.4kb, but in some cases, a fragment of 

1.8kb is seen in one or both chromosomes, indicating a 

loss of copy from two to one. Many patients in this study 

exhibited this copy number change. 

New content finds common CNVs

Preliminary results indicate that over 4,800 markers from 

the new Illumina CNV content show evidence for CNV 

at a frequency greater than 5%. Randomly chosen CNVs 

detected with this content have been confirmed with high 

success using alternative methods. These 4,800 markers 

represent over 2,100 segments of the nearly 10,000 auto-

somal segments selected in our original bioinformatics 

screen. These results demonstrate that the content avail-
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Figure 4: Validation of CNV found with  
Illumina BeadChip
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A copy number variant detected in RTDR with the new CNV 
content that has been confirmed with both Southern blotting 
(A) and TaqMan assays in 95 samples (B). RT-PCR results of 
samples shown in Southern blot are indicated as orange bars.
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Figure 3: CNV detected by infinium genotyping

Genoplot of a representative SNP from Chromosome 11 
located within PPFIBP2 (PTPRF interacting protein, binding 
protein 2) showing distinctly identifiable varying copy number 
levels, indicated by the genotype in blue. 
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able on these Illumina BeadChips provides access  

to 10–20-fold more common CNVs than are defined in  

the SNPable genome or are available on other commercial 

SNP genotyping arrays. 

	 The goal of this project was to provide researchers  

the most comprehensive CNV coverage of the human 

genome. To achieve this goal, Illumina and deCODE 

Genetics designed a set of markers (SNPs and probes)  

to target the “unSNPable genome,” megasatellites, and 

segmental duplications. This new content has been added 

to several standard Illumina BeadChips which are all 

designed to minimize genome-wide gaps and provide 

dense coverage of DGV regions (see inset). 

	 Intelligent marker design is essential for all disease 

association studies. The new CNV content designed by 

Illumina and deCODE Genetics contains highly  

polymorphic CNV regions missed by other SNP genotyping 

platforms. Illumina DNA Analysis products incorporate 

this new content for the most comprehensive genome-

wide CNV detection and profiling. 

ADDITIONAL INFORMATION

Visit www.illumina.com or www.decode.com for more 

information. Contact us at the address below to learn 

more about CNV analysis using Illumina DNA Analysis 

BeadChips.
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Table 2: illumina beadChips target common polymorphic CNV regions

Category
regions showing 
frequency > 5%

Total autosomal 
regions

% polymorphic 
regions

Megasatellites 56 109 51%

unSNPable segments >15kb 282 699 40%

unSNPable segments 5kb to 15kb 271 1,016 27%

Segments flanked by duplicons (100bp to 500bp) 894 3,442 26%

Segmental Duplications 705 4,205 17%

MHC 22 93 24%

Preliminary Total 2,146 10,065 21%

Illumina CNV Analysis products

HumanCNV370-Duo DNA Analysis BeadChip: Popular 
genome-wide tag SNP content plus CNV content

HumanExon510S-Duo DNA Analysis BeadChip: 	
Gene-centric content plus dense coverage of MHC, 
ADME, and CNV regions

Human1M DNA Analysis BeadChip: Industry’s only 	
array with more than one million SNPs and CNV content. 
Uniformly spaced markers have the fewest large gaps 	
of any array

HumanCNV-12 DNA Analysis BeadChip: 12-sample 
BeadChip containing only the CNV content; can be 	
combined with the HumanHap550-Duo BeadChip
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