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High-Resolution Chromosome Copy
Number Analysis Using GeneChip®

Mapping Arrays

Chromosome copy number analysis
using whole-genome expression and
genotyping microarray technology is
fundamentally improving our under-
standing of human disease. The
GeneChip® Human Mapping 100K Set
in combination with the GeneChip®

Chromosome Copy Number Analysis
Tool enables researchers to detect copy
number alterations, loss of heterozy-
gosity (LOH), and genotypes in a single
experiment. High-resolution, whole-
genome SNP analysis is changing the
paradigm by whichresearchers are
detecting chromosomal imbalances.
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Technical Note

GeneChip® Chromosome Copy Number Analysis Tool

Introduction

Identification of DNA copy number

changes is a major focus in current disease

research. Detection of DNA regions with

an abnormal gain or loss enables the iden-

tification of critical genes and pathways

responsible for the development and pro-

gression of a particular disease. Many

recent publications show the advantages of

using the GeneChip® Mapping arrays to

determine regions of chromosomal dele-

tion, amplification, or LOH. In comparison

to existing technologies, GeneChip

Mapping arrays provide higher resolution,

increased throughput, and higher repro-

ducibility. This technical note reviews the

key features of the GeneChip Mapping

System used for copy number analysis and

highlights publications demonstrating the

value of the whole-genome approach to

copy number analysis. 

GeneChip® Mapping System 

The combination of high-density SNP

arrays and the Whole-Genome Sampling

Analysis (WGSA) assay provides a high-

throughput, high-resolution approach to

genotyping analysis. The GeneChip®

Mapping 100K Set delivers the highest

genomic coverage for copy number analysis

with a mean inter-marker distance of 26kb.

The easy-to-use WGSA assay (Figure1)

starts with nanogram quantities of genom-

ic DNA that are digested using a restric-

tion enzyme. Following digestion, adaptors

are ligated to the ends of the digested

DNA. The sequence of the adaptors is rec-

ognized by a single primer which is used in

the PCR amplification. The amplified

DNA is fragmented, labeled, and

hybridized to the corresponding array.

After the array has been washed and

scanned, GeneChip® DNA Analysis
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Figure 1: The Whole-Genome Sampling Analysis assay. 



Software (GDAS) generates genotype calls

using the dynamic model (DM) algorithm

for the 50K arrays and the Mapping 100K

Set. The WGSA assay and GDAS geno-

type-calling algorithm have been described

previously (Kennedy et al. 2003, Di et al.

2005).

One major advantage to the WGSA assay

is the small amount (250ng) of starting

DNA. This is especially important in clinical

studies where the patient DNA is precious.

For experiments where DNA is extremely

limited, such as laser capture micro-dissec-

tion techniques, Phi29 (ø29) polymerase

may be used to amplify DNA prior to the

WGSA assay for copy number detection.

Similar results have been obtained from

both amplified and unamplified DNA

based on SNP calls, LOH, and copy num-

ber changes (Wong et al. 2004). 

Chromosome Copy Number
Analysis Tool (CNAT) version 2.0

Chromosome Copy Number Analysis Tool

(CNAT) version 2.0 provides a graphical

interface to facilitate identification of amplifi-

cations, deletions, and LOH regions by chro-

mosome for many sample types. Copy number

changes and p-values are calculated based on

SNP hybridization signal intensity data from

the experimental sample relative to intensity

distributions derived from a reference set con-

taining over 100 ethnically diverse individuals

(Huang et al. 2004). The CNAT display con-

tains a dual-paned window which shows both

a graphical and tabular representation of the

data. Several key features of CNAT are illus-

trated using the established human breast can-

cer cell line SKBR3 on the Mapping 100K Set

as an example (Figure 2). In the upper panel,

three graphs are displayed, from top to bot-

tom: copy number estimation, p-value (or sig-

nificance), and LOH probability. The visible

range of the y-axis for each graph is independ-

ently user adjustable. The physical coordinates

on the chromosome are displayed along the

bottom of the graphs. The slider and scroll bar

at the bottom of the graph window moves the

horizontal position of the graph while refresh-

ing the physical coordinates. This allows for

identification of physical position along the
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Figure 2 : CNAT display of output from SKBR3 breast cancer cell line on the GeneChip® Mapping

100K Set.
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Figure 3 : Results of changing the default smoothing window 5 Mb in the SKBR3 cell line exam-
ple, an overall smoothing of the data results, as well as a reduction in noise.  Changing the default
smoothing window will result in more prominent identification of other types of aberrations such
as trisomies and microdeletions.  



Some of the highlights from these publica-

tions are discussed below. 

Chromosomal imbalances have histori-

cally been evaluated using such techniques

as chromosome banding, comparative

genomic hybridization (CGH), and spec-

tral karyotyping. These methods typically

provide a resolution of 1-20 Mb. Classical

cytogenetic methods, such as karyotyping,

used in clinical settings require highly

skilled labor for analysis and suffer from

limited resolution. The ability of the

GeneChip Mapping arrays to detect stan-

dard cytogenetic referral cases represents a

major advancement over standard kary-

otyping. Rauch et al. investigated 20

patients with well-characterized germline

aberrations and the corresponding parents

(Rauch et al. 2004). They found this

method to be more sensitive, accurate, and

advantageous for routine karyotyping.

Furthermore, Zhou et al. readily detected a

chromosome 9 trisomy using the GeneChip

Mapping 10K Array (Zhou et al. 2004b)

proving the ability to detect single copy

changes using this method. 

IGB (Figure 4). IGB can align multiple

graphs at once either from the same sample

(different graph types, p-value and copy

number, for example) or from different

samples. The user can directly link to

GenBank® for the identification of genes

within duplicated/deleted regions or search

for a particular gene directly and visualize

the corresponding data in that region. For

example, the arrow in Figure 4 corresponds

to the c-Myc proto-oncogene identified

within an amplified region which can be

seen easily in IGB. Both CNAT and IGB are

publicly available analysis tools available

for download at: www.affymetrix.com/sup-

port/developer/tools/affytools.affx. 

Experimental Results from
Selected Publications

The GeneChip® DNA Mapping arrays have

changed the paradigm by which leading

researchers are detecting chromosomal

imbalances. The growing number of publi-

cations (>10) illustrates the advantages of

this system over existing technologies.

chromosome. The graphical data can be

exported into a genomic browser (Integrated

Genome Browser (IGB); see below) or screen-

shots can be made. In the lower panel, a tab-

ular view of the data along with the genotype

calls and SNP ID, chromosome, and physical

position of each SNP are displayed. This table

can be searched, sorted various ways, and

exported in a tab-delimited text file. Two

drop-down menus between the graphical and

tabular displays allow for easy movement

between chromosomes and samples.

Several different metrics are computed

for the 50K array and Mapping 100K Set:

single-point analysis of the copy number

and p-value (SPA_CN and SPA_pVal),

genome-smoothed analysis of the copy

number and p-value (GSA_CN and

GSA_pVal), and LOH probability. In the

single-point analysis, the copy number

estimation and p-value are determined for

each individual SNP location. In the

genome-smoothed analysis, a Gaussian

kernel smoothing is applied for a user-

defined genomic interval to group togeth-

er neighboring SNPs for calculating the

copy number and p-value. The smoothing

averages out the random noise across

neighboring SNPs and minimizes the false

positive rate, while keeping the true posi-

tive rate high. This allows the user to take

advantage of the SNP density and can tai-

lor the analysis based on the type of exper-

imental data. For example, if the researcher

has preliminary data suggesting a sample

has a large deletion of 10 Mb, a window

size larger than the default (0.5 Mb) could

be used. The user can easily toggle between

sample types and chromosomes using the

drop-down menus. Figure 3 shows the

result of changing the default window size

from 0.5 Mb to 5 Mb (compare Figures 2

and 3). This produces overall smoothing of

the data and reduces noise.

Another enhancement in CNATv2 is the

ability to export data to Affymetrix’

Integrated Genome Browser (IGB). IGB

enables the visualization of chromosomal

changes in the context of genes and tran-

scripts, and facilitates the identification of

biomarkers. Any of the metrics computed

in CNAT can be exported for viewing in
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Figure 4 : The Integrated Genome Browser (IGB) allows for visualization of the duplicated and
deleted regions from the SKBR3 sample on chromosome 8 in the context of genes.  The verti-
cal line indicates the c-Myc gene in one of the amplified regions.  



arrays was performed on the BT474 breast

cancer cell line (Zhao et al. 2004). They

concluded that while the three array types

gave generally comparable results, the 10K

arrays provided highest resolution, with

even greater resolution expected from the

arrays in the current Mapping 100K Set.  

A major advantage of the GeneChip

DNA Mapping arrays over all other tech-

nologies is the use of SNPs allowing analy-

Figure 5: Comparison of single nucleotide
polymorphism (SNP) array, cDNA array, and
bacterial artificial chromosome (BAC) array
log 2 copy number ratios.
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CGH technologies such as BAC, cDNA,

and spotted oligonucleotide arrays provide

increased resolution over karyotyping,

however, they have other drawbacks such

as variation between labs, variation

between clone sets, requirement of experi-

ence for design and setup, limitations in

throughput, requirement of large amounts

of DNA, labor intensive assays, and signif-

icant setup costs. As shown in Figure 5,

direct comparison between the GeneChip

Mapping 10K Array, cDNA, and BAC
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sis of copy number alterations and geno-

types simultaneously on the same array.

While microsatellite markers have been

used traditionally, this approach requires

large amounts of DNA and is labor inten-

sive, and the number of microsatellite

markers is low relative to the density on

the GeneChip DNA Mapping arrays. 

A comparison between allelotyping by

microsatellite markers and the GeneChip

Figure 6 : Single nucleotide polymorphism array analysis and different genetic mechanisms that
lead to loss of heterozygosity (LOH).
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Mapping 10K Array in OST197 showed

14/18 loci had associated SNPs also show-

ing LOH (Wong et al. 2004). Complex

patterns of chromosomal gains and losses

are difficult to decipher using either CGH

or microsatellite analysis alone. Collecting

the genotype information in addition to

the copy number leads to the distinction

between different LOH mechanisms (see

Figure 6) such as LOH without copy num-

ber reduction and duplication with LOH

(Bignell et al. 2004; Herr et al. 2005; Zhao

et al. 2004). Figures 6b and 6e show how

LOH regions that do not show copy num-

ber changes could be the result of mitotic

non-disjunction followed by duplication of

one parental chromosome, as observed in

two breast cancer cell lines (HCC1599 and

HCC1187), on chromosomes 13 and 9,

respectively (Zhao et al. 2004). 

Herr et al. observed duplication with

LOH in the A431 cell line (vulval epider-

moid carcinoma) as a result of selective

amplification of one allele and loss of the

second allele (Herr et al. 2005). Raghavan

et al. identified a large percentage (20 per-

cent) of acute myeloid leukemias that con-

tain regions of homozygosity without a

reduction in signal intensity, suggesting a

normal copy number. The LOH event was

identified by comparing the LOH scores

between the leukemic DNA and remission

DNA from the same patient  (see Figure 7)

and was concluded to result from somati-

cally acquired LOH due to partial uni-

parental disomy (Raghavan et al. 2005). 

Furthermore, recent studies have used

the LOH information from the GeneChip

DNA Mapping arrays to perform genome-

wide LOH clustering. Just as hierarchical

clustering approaches have been used to

classify cancers using gene expression pro-

files, several researchers have shown that

hierarchical clustering of LOH regions can

also be informative (Janne et al. 2004). In

this study, non-small-cell and small-cell

lung cancer samples could be distin-

guished based on LOH clustering (Janne 

et al. 2004). Additionally, as illustrated by

Figure 8a, approximately tenfold more

informative loci were obtained using the

GeneChip Mapping 10K Array than PCR-

Figure 7 : Analysis of uniparental disomy in acute myeloid leukemia.

Figure 8a : The GeneChip® Mapping 10K Array identifies regions of LOH that are missed by
HuSNP. Blue-LOH; yellow-retention; gray-uninformative.
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based amplification of simple sequence-

length polymorphisms (SSLPs) allowing

for the identification of smaller regions of

deletions and novel LOH loci (Janne et al.

2004). Oral squamous cell carcinoma has

also been evaluated by hierarchical cluster-

ing using the GeneChip Mapping 10K

Array, as shown in Figure 8b (Zhou et al.

2004a; Zhou et al. 2004b). 

Conclusions 

The advantages of the GeneChip®

Mapping System for copy number analysis

are well documented in numerous publica-

tions by leading researchers. High-density

genotyping arrays enable high-throughput
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Figure 8b : Oral squamous cell carcinoma evaluated by hierarchical clustering.

detection of copy number aberrations and

facilitate the rapid identification of poten-

tial genes implicated in the pathogenesis

of cancers and other diseases. The Mapping

100K Set delivers the highest resolution

analysis providing more power to detect

genetic changes. Additionally, whole-

genome SNP arrays are the only technolo-

gy that enable the generation of genotype

information in addition to copy number

detection, which allows for the discovery

of LOH associated with copy-neutral

events. CNAT and IGB represent a grow-

ing family of publicly available visualiza-

tion tools that facilitate the translation of

copy number analysis into biologically

meaningful results. 
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