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CNV frequency map displayed in Affymetrix® Chromosome Analysis Suite (ChAS) 
Software Karyoview. Red: loss; Blue: gain. Darker colors are higher frequency, 
from 0.8 to 88%.

Work in progress has characterized the common CNVs detected by 
CytoScan Cytogenetics Suite in a population of 2,691 normal individuals. 

CNVs occur at higher frequencies at chromosomal termini and centromeres. 
They are also more frequent in the highly heterochromatic p-arm.

It is important to understand population composition when characterizing 
CNV polymorphisms. To this end, comparison to four HapMap populations 
resulted in assignment for nearly 1,800 individuals.

Future work will extend the population characterization and recalculate CNV 
frequencies stratified by subpopulations.

The CNV frequency map generated by this study is available upon request at 
the Affymetrix Booth #1231 on the exhibit floor.

©2014 Affymetrix, Inc. All rights reserved. Affymetrix® and CytoScan® are registered trademarks of Affymetrix, Inc. All other trademarks are the property of their respective owners.
Unless indicated otherwise, Affymetrix products are For Research Use Only. Not for use in diagnostic procedures.

ABSTRACT 3172T
A large cohort of 2,421 genomic DNA samples from phenotypically normal 
individuals was characterized for genomic copy number variations (CNVs) to 
understand the frequency and genomic distribution of non-pathogenic CNVs in the 
population. DNA samples were extracted from blood samples obtained at six sites 
in six countries, including Sweden, the Netherlands, Norway, Spain, Canada, and 
the United States. Samples were processed with CytoScan® Cytogenetics Suite 
and the data analyzed for copy number calls using Affymetrix® Power Tools. Copy 
number calls were extracted from the output files and compiled into a large 
dataset, including only CNVs that exceeded a minimal size threshold, 25 markers 
and 25 kb for copy number losses or 50 markers and 50 kb for copy number 
gains, using a composite profile from 100 blood and 280 cell line samples as a 
reference. The CNV dataset was evaluated for the frequency of finding a loss or 
gain at every genomic location. Frequencies of adjacent genomic locations were 
smoothed using an exponential decay window-smoothing algorithm, and the data 
were segmented to reconstruct common regions of CNVs. We found less than 5.5 
Mb of the human genome to be associated with CNV regions having population 
frequencies of 10% or more. These common CNV regions were analyzed for 
genomic structure, such as segmental duplications and chromosomal position, to 
help understand the genomic attributes associated with regions with frequent 
CNV polymorphisms. 

Study population
The 2,421 anonymized genomic DNA samples were collected in the United States, 
Canada, the Netherlands, Sweden, and Spain. These represent a sample of the 
populations serviced by the participating laboratories. An additional 380 samples 
from normal volunteers or HapMap populations increased the total to 2,801 
samples analyzed with CytoScan Cytogenetics Suite. The HapMap samples came 
from known population collections: 
� 96 from Yoruba in Ibadan, Nigeria (abbreviation: YRI) 
� 43 from Japanese in Tokyo, Japan (abbreviation: JPT) 
� 48 from Han Chinese in Beijing, China (abbreviation: CHB) 
� 89 from CEPH (Utah residents with ancestry from northern and western 

Europe) (abbreviation: CEU) 
One hundred ten (<4%) samples were removed due to indications of abnormal 
chromosomes or data quality criteria. The resulting population of 2,691 samples 
was used for the analysis. 

Additional methods
The CytoScan® HD raw data were analyzed with Affymetrix Power Tools using the 
apt-copynumber-cyto workflow with default parameters. A frequency map was 
constructed from all non-neutral copy number CNVs. Genotypes were extracted 
for population analysis. Principal component analysis of HapMap samples defined 
cluster centers for CEU, YRI, JPT, and CHB samples. Proximity to cluster centers 
was used to infer population for the 2,421 anonymized samples. 
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Genomic localization of CNVs

Conclusions

Genomic distribution of common CNVs

Chromosomal locations of the 
>2.6 million CytoScan® HD Array 
markers were normalized such 
that the centromeres map to 0, 
p-termini to –0.3, and q-termini 
to +0.7. The frequency of each 
marker was plotted relative the 
normalized location. There tend 
to be more frequent CNVs in 
telomeric and centromeric 
regions as well as more on the 
p-arm than q-arm. There is no 
statistically significant localization 
to regions of segmental 
duplications or non-gene regions 
(data not shown).

A sampling of 10% 
(72,707) of the 
autosomal genotypes 
was extracted for each 
of the 2,691 samples. 
The data were analyzed 
in R (www.R-project.org) 
using principal 
component analysis, 
and the first two 
principal components 
were visualized (see 
plot). The HapMap 
samples of known 
population origin were 
well separated in PC1 
and PC2. 

sigma circle was drawn around each population center. Samples within these 
circles were assigned their respective populations. Of the 2,421 anonymized 
samples, 1,748 were assigned as CEU, 10 were assigned as YRI, and 32 were 
assigned as JPT/CHB.

631 samples were not assigned a population. Clearly, there are other clusters of 
samples in the unknown group, so additional work will be done with 1000 
Genomes Project data to further refine the characterization of this population.

Centers and variance 
were calculated for the 
CEU, YRI, and 
combined JPT/CHB 
HapMap population  
clusters. The mean ±3

Population analysis and assignment


