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Abstract

Genomic alternations, including dosage and allelic imbalance, constitute a major basis of neoplastic and other genetic disorders.
Using oligonucleotide genotyping microarrays, here we report the development and usage of an algorithm, called genome imbalance
map (GIM) algorithm, for allelic as well as total gene dosage analysis. Using the GIM algorithm, global genome imbalance status at
over 100,000 loci was simultaneously analyzed with unprecedented accuracy and allelic discrimination.
� 2005 Elsevier Inc. All rights reserved.
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DNA array technology has been widely used recently
to analyze gene dosage, mainly in cancer [1–4]. Notable
among them are advances in array CGH (comparative
genomic hybridization) technology with tiling resolution
of about 30,000 BAC (bacterial artificial chromosome)
[1] and oligonucleotide microarrays [4–7]. Although
these techniques have added valuable contributions in
analyzing copy number variation in cancer cells, inte-
grating the dosage of individual alleles will add signifi-
cance in understanding the complex genomic
alterations in cancer. The representational analysis of
a portion of the genome using PCR amplification and
subsequent interrogation using oligonucleotide arrays

has proven useful in assessing copy number changes
[4]. However, various experimental biases contribute to
a noise component that is seen using current analytical
methods. Here, we report the development of a simple
yet effective algorithm which dampens the noise from
the oligonucleotide microarrays for both gene and allelic
dosage analysis with unprecedented accuracy.

Materials and methods

We used the whole genome sampling analysis (also called WGSA
or sampling analysis) with allele-specific hybridization on arrays
originally designed for SNP genotyping [8]. In this method, the
genomic DNA is digested with restriction endonuclease XbaI or
HindIII and subsequently adaptors are ligated and the fragments are
amplified with adaptor-specific primers. This amplified product
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represents about 10% of the whole genome which is subsequently
hybridized to 25mer oligonucleotide arrays (for details please see [8]).
Single or double array hybridizations can analyze over 11,000 (10K
array) or 110,000 (100K set) SNPs simultaneously (for detail descrip-
tion on the oligonucleotide arrays, please see http://www.affyme-
trix.com/products/arrays/specific/10k.affx).

For both gene and allelic dosage analysis using the signal intensity
ratio of the cancer to normal samples, we developed an algorithm
which takes the following parameters into account: (i) XbaI fragment
length, (ii) percentage of GC in XbaI fragments, (iii) local GC content
(maximum GC% calculated by 100 bp sliding window within each
XbaI fragment), (iv) percentage of GC of 25mer probe sequence, and
(v) signal intensity of probes from reference sample (matched paired
genome where available) (Figs. 1B, C and Supplementary Fig. 1).
Parameters such as XbaI fragment length, percentage of GC in XbaI
fragments, and local GC content could directly affect the PCR per-
formance with slight variation in experimental conditions. Percentage
of GC of 25mer probe sequences could account for hybridization and
wash bias in individual experiments. There could be considerable dif-
ference in signal intensity from different probes in normal reference
sample (Supplementary Fig. 1c), bias which might have been generated
in scanning steps. Fig. 1 explains the importance of these parameters in
reducing noise, resulting in a uniform increase of chromosome 21 re-

gion signals from hybridized arrays in chr21 trisomy sample (Fig. 1D).
Our algorithm aimed to remove these biases (ebias in formula below)
from the signal intensity ratio. In our algorithm, the experimentally
observed signal intensity ratio (of a particular SNP locus) Sobserved was
modeled as:

log Sobserved ¼ log Sadjusted þ ebias;

log Sadjusted ¼ log Struecopy þ e;

ebias ¼
X4

i¼1

Xni

j¼1

bi;jx
j
i ;

where Sadjusted is the adjusted ratio which we aim to calculate, ebias is
the bias derived from x1 to x4, Struecopy is the true genome copy number
ratio, x1 is the length of XbaI fragment (bp), x2 is the percentage GC of
XbaI fragment, x3 is the percentage GC of the probe, x4 is the geomet-
ric mean of signal intensity of PM probes from reference sample (log10
scaled), and e is the observation error which we assume obeys a zero
mean normal distribution.

All the sequence information used here are derived from the July
2003 UCSC genome build (Build 34) (for detail, please refer to http://
genome.ucsc.edu/). For polymorphic loci, the mean of percentage of

Fig. 1. Developing GIM (genome imbalance map) algorithm. (A) Raw signal intensity ratios of Down syndrome to normal diploid reference sample.
Probes of mapping 10K arrays are aligned according to their physical position. Only probe sets around chr21 are shown. (B) Bias of signal intensity
ratio as a function of XbaI fragment size. This panel shows that longer fragments are relatively well-amplified in Down syndrome sample. This can be
adjusted by a polynomial function. (C) Bias of signal intensity ratio as a function of local GC contents of XbaI fragments (GC% is calculated using a
100 bp sliding window). In regions of higher local GC content (bi-directional arrow), an aberrantly high-signal intensity ratio appears in
discontinuous fashion, suggesting that some XbaI fragments are not efficiently amplified in the control sample. Such regions were omitted from
further analysis. (D) After modification, ratio fluctuations decrease significantly and clear increase of the signal in the chr21 regions appears (bi-
directional arrow). The median and SD of signal intensity ratio are 1.30 ± 0.39 in chr21 and 1.00 ± 0.28 in other chromosomes before adjustment
and 1.31 ± 0.18 and 0.99 ± 0.09, respectively, after adjustment.
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