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1.  Introduction 

Comparative genomic hybridization (CGH) to metaphase chromosome targets 

(1,2) has significantly contributed to our understanding of the cancer cytogenetics of 

more complex malignancies such as the solid tumours (see chapter 9; reviewed in (3,4)). 

This molecular cytogenetics-based technique (hereafter referred to as “chromosome 

CGH”) is capable of defining genome-wide DNA copy number imbalances in sample 

cells relative to a normal reference in a single experiment.  Chromosome CGH has 

greatly increased our understanding of tumour biology and progression since the minimal 

recurrent regions of chromosomal gain and loss are likely to contain novel oncogene(s) 

and tumour suppressor gene(s) respectively.  

Limitations of Chromosome CGH 

The unique advantage of chromosome CGH is its whole-genome screening 

capability which is significantly faster and less laborious than low-throughput methods 

for examining single-target dosage changes such as Southern analysis, PCR, and 

fluorescence in situ hybridization (FISH).  Chromosome CGH is now a well-established 

molecular cytogenetic method, but there are two technical limitations that restrict its 

usefulness as a comprehensive screening tool.  First, because the target DNA within the 

chromosome is highly condensed and supercoiled, the resolution for determining copy 

number changes is no less than 10 Mb for loss (1).  For copy number gains, the minimal 

detectable size is probably no less than 2 Mb, which is a function of both amplicon size 

and copy number (1,5).  This resolution, while capable of providing a starting point for 

positional cloning studies, will still encompass too many genes to precisely localize a 

sequence of interest.  Second, the analysis of the images obtained following chromosome 
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CGH is only partly automated and experienced cytogeneticists must identify each 

chromosome to determine regions of imbalances.   

Microarray CGH: Application of Microarray Technology to CGH 

Recent developments in microarray methods have circumvented some of the 

limitations of chromosome CGH.  Complementary DNA (cDNA) microarray technology, 

realized through advances in the Human Genome Project (HGP) as well as robotic 

arraying technology on glass slides, has facilitated high-throughput analysis of 

differential gene expression in tumours (6-8).  An emerging platform that addresses the 

shortcomings of chromosome CGH couples the technique to microarray expression 

technology, and is generally referred to as “microarray CGH”.  Instead of using 

metaphase chromosomes, CGH is applied to arrayed short sequences of DNA bound to 

glass slides (herein defined as the “targets” for hybridization) and probed with genomes 

of interest (herein defined as the “probe”) (see Note 1).  With sufficient representation on 

the microarray, this system significantly increases resolution for localizing regions of 

imbalance.  Furthermore, just as with expression microarray screening, analysis is 

straightforward and automated.  Two technology platforms have recently been published: 

1) cDNA-based array CGH (9,10); and 2) genomic DNA-based array CGH (also referred 

to as “matrix CGH” and “array CGH”) (11,12).  This chapter will provide an overview of 

the currently published methods, but readers should be aware that microarray CGH is an 

emerging technology and there are likely to be continual refinements to the protocols 

described below (see Note 2). 
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1.1.  cDNA Array CGH 

Microarray CGH using cDNA targets (hereafter referred to as “cDNA array 

CGH”) was first described by Pollack et al. (9).  This platform makes use of conventional 

cDNA microarrays, normally employed in expression screening, for examining genomic 

copy number imbalances.  As depicted in Figure 1, this has the advantage that duplicate 

arrays may be used in parallel to provide a comprehensive overview of both expression 

and gene copy number change in a tissue (9).  The increasing availability of a variety of 

different cDNA microarray expression formats means that modification of protocols to 

interrogate these cDNA targets by CGH is immediately accessible for high-throughput 

analysis of gene dosage changes. 

1.1.1.  Application of cDNA Array CGH to Cancer Genomics 

Pollack et al. examined breast cancer cell lines and tissues using a 3,360 feature 

microarray by cDNA array CGH (9).  With optimization, they demonstrated that the 

technique was capable of detecting copy number gains and single deletion losses.  

Analysis of the tumours and cell lines showed that not all amplified genes were 

overexpressed, nor were most highly overexpressed genes amplified; however, a subset 

of the genes, including ERBB2, were observed to be both amplified and overexpressed.  

They proposed that these genes might be important mediators of the tumour initiation and 

progression. 

The utility of cDNA array CGH for detecting gene amplifications was recently 

shown by Heiskanen et al. (13).  In this study, cell lines with known gene amplifications 

were used to establish the sensitivity limits of the technique.  In contrast to the protocol 

used by others (9,10), genomic DNA is biotin-labeled and a tyramide amplification 



 4

protocol (14) is employed (13).  Progressive dilution from 100% to 2% of genomic DNA 

from the neuroblastoma cell line NGP with normal DNA during labeling corresponded to 

decreasing MYCN signal intensity on the microarray.  Amplifications of 5-fold and 

greater were readily detected by this method, and at 2% dilution MYCN intensity was 

observed at 2.5-fold relative to other non-amplified genes.  However, the main limitation 

of this method is its inability to allow two-colour CGH and thus necessitates the use of 

two microarrays (test, control) per experiment. 

Recently, we have demonstrated the suitability of cDNA array CGH for gene 

amplification screening of patient samples (10).  In this study, the MYCN (chromosome 

region 2p24) amplification status in neuroblastoma patients and cell lines was confirmed 

by cDNA array CGH on a high-density 19,200 feature microarray.  In the cell line 

IMR32, cDNA array CGH confirmed a recently described co-amplified oncogene, MEIS1 

(15,16).  Importantly, the technique was able to distinguish three tumour genotypes in 

patient samples not previously described (Figure 2).  This study demonstrates not only 

the high-throughput advantage of examining thousands of genes by cDNA array CGH 

over conventional methods such as FISH and Southern analyses, but also the increase in 

resolution in contrast to chromosome CGH.   

In another study by Pei et al. (17), the increased resolving power of cDNA array 

CGH for delineating amplicon boundaries was demonstrated in pediatric carcinomas.  

This work clearly shows the limited resolution of chromosome CGH when contrasted to 

cDNA array CGH.  These results are depicted in Figure 3. 
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1.1.2.  Current Limitations of cDNA Array CGH 

There are at least three limitations to current cDNA array CGH methods.  Firstly, 

target cDNA sequences are of low complexity in content in comparison to genomic 

sequences, lacking intronic and other non-transcribed elements such as repetitive DNA 

and control sequences.  Thus many regions of the genome being interrogated will not 

hybridize with uniform efficiency so that the specificity of the technique may be low or 

poorly reproducible.  Secondly, target cDNA sequences are typically only 0.5-2 kilobases 

in size (9,10,13).  This is on a scale of many orders of magnitude smaller than the 

smallest chromosome, and 1-2 orders of magnitude smaller than genomic insert 

sequences in bacterial artificial chromosomes (BACs), P1-derived artificial chromosomes 

(PACs), and cosmids.  Although this may be suitable for expression mapping by 

microarray where the probe is comparable in size, reduced signal sensitivity may become 

a concern when using labeled genomic probes.  Although Pollack et al. (9) describe 

detection of both copy number gains and losses by cDNA array CGH, it is likely that 

genomic DNA-based arrays are more robust for detection of single copy changes, 

including copy losses.  Finally, a last issue with cDNA microarray technology, and 

therefore also with cDNA array CGH, is that currently there is a significant number of 

gene misannotations in the commercially available clone sets (18).  This may take the 

form of wrongly identified sequences, incorrect chromosomal locations or even the 

complete absence of human sequences in the cDNA targets (eg. due to clone 

contamination, heterologous sequences).  In practical terms this manifests as inconsistent 

results or findings that cannot be substantiated when other methods are applied.  To 

eliminate this shortcoming, commercial sources of clone sets and many institutions with 
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array fabrication capabilities are sequence-confirming their clone sets.  Overall, these 

limitations contribute to the high rate of false positive (15%) and false negative (15%) 

results reported for this technique (9). 

 

1.2.  Array CGH 

The second microarray CGH platform (hereafter referred to as “array CGH”) uses 

genomic DNA sequences as targets on the microarray.  Array CGH was first established 

by Solinas-Toldo et al. (11), and further refined by Pinkel et al. (12).  As described in 

these studies, the DNA targets for the microarray can be derived from genomic clones 

including yeast artificial chromosome (YAC; 0.2-2 Mb in size), BAC (up to 300 kb), P1 

(~ 70-100 kb), PAC (~ 130-150 kb), and cosmid (~ 30-45 kb), and are of several orders 

of magnitude smaller than chromosome targets.  This decrease in target size increases the 

resolution of copy number imbalance detection over chromosome CGH (Figure 4).  

Given the differences in the structural complexity in the target DNA with respect to 

chromosome CGH, modifications to the hybridization conditions are necessary (11,12).  

The advantage of array CGH over cDNA array CGH is that there is more uniformity in 

hybridization and subsequent signal fidelity because the DNA targets have a greater 

complexity and coverage, containing intronic and other non-transcribed genomic 

sequences. 

1.2.1.  Application of Array CGH to Cancer Genomics 

To date, several groups have published results using array CGH (11,12,19-25).  

Pinkel et al. (12) detected genomic imbalances within a sub-band of chromosome 20 in 

breast cancer that had failed to be observed using chromosome CGH.  Using array CGH, 
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precise genomic mapping of the position of amplicon boundaries within 20q13.2 was 

performed (19).  This allowed CYP24 to be localized within the minimal amplified 

region, identifying it as a new candidate oncogene in breast cancer (19).  In another 

study, array CGH was used to examine neurofibromatosis type 2 (NF2) patients and 

determined the extent and frequency of deletions around the NF2 locus on chromosome 

22q (20).  This microarray was constructed from a 7 Mb tiling path of 104 BAC and PAC 

genomic clones around NF2, and included smaller cosmids for mapping copy number 

changes at higher resolution.  Both single copy losses and homozygous deletions were 

detectable in the patient samples by this system (Figure 5).  Further refinements have 

permitted retrospective analysis using genomic DNA from archival samples.  Daigo et al. 

(21) have adapted array CGH for amplicon profiling of laser capture microdissected 

(Arcturus, Mountain View, CA; http://www.arctur.com) formalin-fixed paraffin-

embedded tumour samples, using degenerate oligonucleotide-primed (DOP)-PCR (26) 

for whole genome amplification of the extracted DNA.   

1.2.2.  Applications in Other Fields 

Microarray CGH is a versatile technique that may be used to examine genetic 

disorders other than cancer.  A recent study by Geschwind et al. (23) demonstrated the 

use of array CGH for investigating the molecular basis of laterality of the human cerebral 

hemispheres.  Gene dosage changes in patients with Klinefelter’s syndrome (karyotype: 

XXY) were examined with a DNA microarray constructed with cosmids covering the 

pseudoautosomal region of the sex chromosomes, and findings were correlated with 

anomalous dominance and other cognitive or behavioural phenotypes.   
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1.2.3.  Current Issues with Genomic DNA-based Array Fabrication 

Although array CGH still has some limitations, most of these relate to array 

production and will be addressed as the technology matures.  While modifications to 

existing array fabrication systems are possible, current production limitations are mainly 

associated with difficulties in automating batch preparation DNA from genomic clones.  

For example, published array CGH studies involve the use of laborious DNA extraction 

methods such as maxi prep kits (Qiagen) and phenol/chloroform extractions from 

genomic clones (11,12).  However, commercially available batch extraction kits (eg. 

R.E.A.L. System™, Qiagen) from genomic clones coupled with DOP-PCR may aid in 

automation (see Note 3).  A second difficulty is related to the generation of adequate 

amounts of DNA for batch microarray production.  While cDNA expression clones have 

universal primer sites amenable to large scale PCR synthesis of genes and expressed 

sequence tags for subsequent purification and arraying, the same is not true for genomic 

clones.  In addition, the larger genomic inserts require long PCR which has more exacting 

amplification conditions (27) and these may be confounded by the presence of repetitive 

DNA elements in template sequences.  The third difficulty is the viscosity of large size 

genomic sequences in solution that may cause clogging of spotting pins of some arrayers, 

although new split pin designs may circumvent this problem (28).  Finally, as with the 

cDNA clone sets, there is also the concern that a small but significant number of 

commercially available genomic clones are misannotated in their localization (eg. due to 

source clone plate contamination, mislabeling).  Currently the solution is to FISH-

confirm cytogenetic mappings of clones used for array CGH, although this is not a trivial 

task when dealing with tens or hundreds of genomic clones.  The BAC/PAC resources 
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(http://www.chori.org/bacpac/), further described in chapter 27, is an ongoing project to 

FISH-map all clones (25) that will largely alleviate this problem.   

1.2.4. Current Accessibility to Genomic DNA-based Arrays 

While cDNA microarrays can be obtained both commercially and from array 

fabrication core facilities within research institutions, array CGH is not yet immediately 

accessible to most researchers.  At present, scientists wanting to study a chromosomal 

region of interest by array CGH will require custom array production.  Progress in the 

HGP has facilitated construction of a tiling path of genomic clones that cover 

chromosomal loci of interest (eg. MapViewer resource at the National Center for 

Biotechnology Information: http://www.ncbi.nlm.nih.gov/).  While the associated costs 

of genomic DNA-based microarray production are not practical for individual research 

laboratories, it is likely that institutional core microarray facilities will be able to modify 

production to address this need.  Conceivably, the post-HGP era will facilitate production 

of whole genome arrays (29), and even higher-resolution chromosome-specific and 

chromosome band-specific microarrays.  Notably, the first high-density whole genome 

microarray (approximately 2,000 BAC clones) was recently introduced (25) and 

demonstrated its ability to precisely delineate genome-wide segmental aneuploidy 

breakpoints in tumour cells. 

1.2.5.  Commercial Sources of Genomic DNA-based Arrays 

An alternative to custom arraying of genomic targets may be to obtain 

commercially available microarrays.  One such system is produced by Vysis Corporation 

(http://www.vysis.com), called the GenoSensor System™.  The AmpliOnc I™ array 

from Vysis contains BAC, PAC, and P1 genomic clones from 59 known oncogenes 
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spotted in triplicate (30), and has been used by groups studying breast cancer (21) and 

glioblastoma multiforme (24).  This microarray complements their GenoSensor™ 

microarray reader and analysis software package.  The next generation genomic 

microarray from Vysis will comprise 250-300 features, including genomic clones from 

the AmpliOnc I™ array, subtelomeric regions of all chromosomes, major tumour 

suppressor genes, and major microdeletion syndrome loci (30).  Recently, Spectral 

Genomics (http://www.spectralgenomics.com/) has produced a commercially available 

whole-genome human BAC microarray kit.  The current generation microarray is spotted 

in duplicate with 1003 human BAC clones, spaced at regular intervals along the genome, 

giving an effective resolution of 3 Mb for defining genomic aberrations.  It is expected 

that both higher resolution (1 Mb and less) human and mouse BAC microarrays become 

available for purchase in the near future. 

 

1.3.  Detection and Analysis 

 Analysis of microarray CGH involves three components, namely: 1) image 

acquisition; 2) quantification of fluorescence intensity; and 3) interpretation.  These can 

be accomplished using the system developed for expression microarrays with minimal or 

no modification.   

1.3.1.  Image Acquisition 

Image acquisition for microarray CGH requires systematic scanning of all gridded 

features on the microarray.  Commercially available microarray scanners are typically 

laser-based scanning systems that can acquire the two differential wavelengths 

sequentially (eg. Packard BioScience, http://www.packardbiochip.com) or 
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simultaneously (eg. Virtek Vision Inc., http://www.virtek.ca; Axon Instruments Inc., 

http://www.axon.com).  Alternatively, resources for the development of in-house 

microarray scanning systems are also available  (eg. http://brownlab.stanford.edu/; (31)).  

The technical details underlying these systems are specific to the hardware package, and 

are beyond the scope of this chapter. 

1.3.2.  Fluorescence Quantification and Ratio Analysis 

 Software for fluorescence quantification and ratio analysis of gridded spots is 

usually included with the scanner hardware.  Alternatively, there are less sophisticated 

softwares publicly available (eg. ScanAlyze: http://rana.stanford.edu/; (32)).  Quantified 

fluorescence intensities requires normalization and establishment of the fluorescence 

ratio baseline.  Often, microarray features are spotted in duplicate or triplicate for 

assessing result reproducibility.  For array CGH, inclusion of genomic clones onto the 

microarray from regions that are known not to be involved in copy number change are 

recommended as internal controls for these purposes.  In addition, parallel experiments in 

which differentially labeled normal genomic DNA is compared against itself can serve to 

establish the specificity of the system.  Overall, there is an obvious need for statistical 

analysis of the conformity of the results (33).  Global normalization approaches such as 

those used in expression microarray experiments may also be used for establishing 

baseline thresholds (10,34). 

Previous reports indicate that the relationship between the fluorescence ratio and 

copy number changes (1,9,11,12) deviates from linearity at low copy numbers.  For this 

reason, it is important for users to independently establish this relationship for 
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interpretation of CGH results and to confirm imbalances by direct FISH analysis of tissue 

sections.  

1.3.3. The Role of Bioinformatics in Microarray CGH 

As representation on the microarrays increases in density, data storage (35) and 

bioinformatics will become an important aspect of the CGH analysis.  In addition, the 

increase in resolution will make the task of identifying consensus regions of genomic 

imbalance amongst samples more challenging.  Overall, this will necessitate datamining 

techniques that can handle many data points on multiple dimensions between 

experiments.  Moreover, for cDNA array CGH, in silico determination of chromosomal 

localisations of cDNA targets is essential for providing a comprehensive ideogram-type 

schematic of chromosomal copy number changes (Figure 3) (10).  As microarray CGH 

technology becomes more prevalent, more standardized informatics and analysis tools 

will appear. 
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2.  Materials 

 

2.1.  cDNA array CGH 

2.1.1. Array preparation 

1. 20X sodium saline citrate (SSC): Dissolve 175.32 g of NaCl, 88.23 g of 

sodium citrate-2H2O in 1 L water, titrate to pH 7.0.  Store at room 

temperature. 

2. cDNA microarray.  Store in dessicator at room temperature. 

3. Blocking solution: 3% BSA, 4X SSC, 0.1% Tween-20.  Store at –20ºC. 

4. Glass coverslips. 

2.1.2. Probe preparation by random primer labeling of genomic DNA 

1. High molecular weight genomic DNA. 

2. EcoRI or DpnII (New England Biolabs). 

3. Qiaquick PCR purification kit (Qiagen). 

4. BioPrime labeling kit (Gibco BRL).  Store at –20ºC. 

5. dNTP mixture: 4.8 mM each of dATP, dGTP, dTTP. 

6. 2.4 mM dCTP. 

7. 1 mM Cy5-dCTP, Cy3-dCTP (Amersham).  Store in the dark at –20ºC. 

8. Microcon 30 filter (Amicon). 

9. Yeast tRNA (Gibco BRL).  Store at –80ºC. 

10. Poly(dA-dT) (Sigma).  Store at –20ºC. 

11. Cot-1 DNA (Gibco BRL). 
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12. Hybridization buffer: 3.4X SSC and 0.3% SDS.  Prepare fresh per 

experiment. 

2.1.3. Probe denaturation and hybridization 

1. Rubber cement. 

2. Hybridization oven. 

2.1.4. Washes 

1. Heated water bath. 

2. Coplin jars. 

3. Slide centrifuge. 

 

2.2.  Array CGH 

2.2.1. Array preparation 

1. DNA extracted and purified from genomic clones.  

2. Maxiprep DNA extraction kit (Qiagen). 

3. Glass slides. 

4. Glass capillary tubes or robotic arrayer. 

5. Blocking solution: 10 µg/µL salmon sperm DNA (Life Technologies) in 

50% formamide (Gibco BRL), 10% dextran sulphate, 2X SSC, 0.2% SDS, 

0.2% Tween-20.  Store at –20ºC. 

2.2.2. Probe preparation by nick translation of genomic DNA 

1. High molecular weight genomic DNA. 

2. DNA polymerase I (Roche). 

3. DNase I (Gibco BRL). 
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4. 10X Cy3 dNTPs: 0.1 mg/mL BSA (Sigma), 0.1 M β-mercaptoethanol 

(Sigma), 0.5 M Tris-HCl, 50 mM MgCl2, 0.08 mM Cy3-dCTP (Amersham), 

0.2 mM dATP, 0.12 mM dCTP, 0.2 mM dTTP, 0.2 mM dGTP; dissolved in 

water.  Store in the dark at –20ºC. 

5. 10X Cy5 dNTPs: 0.1 mg/mL BSA, 0.1 M β-mercaptoethanol, 0.5 M Tris-

HCl, 50 mM MgCl2, 0.08 mM Cy5-dCTP, 0.2 mM dATP, 0.12 mM dCTP, 

0.2 mM dTTP, 0.2 mM dGTP; dissolved in water.  Store in the dark at –

20ºC. 

6. DNAse I dilution buffer: 50 mM Tris-HCl, 5 mM MgCl2, 1 mM β-

mercaptoethanol, 100 µg/mL BSA; dissolved in water.  Store at –20ºC. 

7. DNA size standard ladder (eg. HindIII ladder). 

8. 0.3M Ethylenediaminetetracetic acid (EDTA) (Gibco BRL). 

9. Sephadex G50 spin column (Amersham). 

10. Cot-1 DNA (Gibco BRL). 

11. Hybridization buffer: 50% formamide, 10% dextran sulphate, 2X SSC, 2% 

SDS.  Store at –20ºC. 

2.2.3. Probe denaturation and hybridization 

1. Hybridization oven. 

2.2.4. Washes 

1. Heated water bath. 

2. 0.1 M sodium phosphate buffer. 

3. NP-40 (Vysis). 
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3.  Methods 

 

3.1.  cDNA array CGH 

3.1.1. Array preparation 

1. Block cDNA microarray under a glass coverslip for 1 hour at 37ºC with 

blocking solution prior to hybridization with denatured probe (see Note 4). 

3.1.2. Random primer labeling of genomic DNA 

1. 2 µg each of high molecular weight tumour and normal genomic DNA is 

separately digested with DpnII for 1-1.5 hours (see Notes 5-7).  The 

digestion products are purified (Qiaquick PCR kit), vacuum-dried, and 

resuspended in 25 µL of water. 

2. Random primer labeling is performed using the Bioprime Labeling kit, 

according to manufacturer’s instructions, with modifications.  Denature the 

DNA and 20 µL Random Primers (included in kit) at 100ºC for 5 minutes.  

Immediately chill on ice, and add 2.5 µL dNTPs, 1.25 µL dCTP, 1 µL 

Cy5/Cy3-dCTP, and 1 µL Klenow fragment (included in kit).  Incubate at 

37ºC for 90 minutes. 

3. Combine Cy3- and Cy5-labeled products and load onto a microcon 30 filter.  

After centrifuging at 2,000 g for 10 minutes, check the sample reservoir for 

the presence of labeled product (purple colour).  Add directly to the sample 

reservoir 30 µg Cot-1 DNA, 100 µg yeast tRNA, and 20 µg poly(dA-dT), 

and centrifuge for 20 minutes at 5,000 g.  To recover the sample, add 15 µL 
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hybridization buffer, and invert microcon filter into a fresh collection tube 

and centrifuge for 1 minute at 16,000 g. 

3.1.3. Probe denaturation and hybridization 

1. Denature the probe at 100ºC for 90 seconds in heated water bath or PCR 

machine.  Chill probe on ice, and allow probe to preanneal at 37ºC for 0.5-1 

hour. 

2. The probe is added to the microarray, covered with a glass coverslip and 

sealed with rubber cement.  Hybridization is at 65ºC for 16-20 hours in a 

moist chamber humidified with hybridization buffer (see Notes 4 and 8). 

3.1.4. Washes 

1. The cDNA microarray is washed at 65ºC (see Note 8) for 5 minutes in 2X 

SSC, 0.03% SDS, followed by successive washes in 1X SSC and 0.2X SSC 

at room temperature (5 minutes each). 

2. The microarray is centrifuged at low speed (50 g) for 5 minutes to dry. 

 

3.2.  Array CGH 

3.2.1. Array preparation 

1. Genomic clones (BACs, PACs, cosmids, etc.) are grown with appropriate 

antibiotic and isolated using commercially available maxi kits.  Typical yield 

is tens of micrograms of DNA.  Standard protocols using phenol/chloroform 

may be used to further purify the DNA (see Note 3). 

2. Size and quality of DNA is assessed by 1% agarose gel electrophoresis, and 

quantified with a UV spectrophotometer. 



 18

3. This target DNA is sonicated to 1.5-15 kb fragments, precipitated, diluted to 

appropriate concentrations and spotted down on glass slides in a clean 

environment with capillary tubes at approximately 200–400 µm diameter 

spots (see Note 9). 

4. Arrays are preannealed for 1 hour at 37ºC with 20 µL blocking solution 

under a glass coverslip in a hybridization chamber (see Notes 4 and 10).   

3.2.2. Probe preparation by nick translation of genomic DNA 

1. 2 µg each of high molecular weight tumour and normal genomic DNA (see 

Note 6) is separately labeled by nick translation.  The reaction mixtures are 

as follows:  

A) Cy3 reaction (to total 100 µL with water): 

i. Tumour genomic DNA:   2 µg 

ii. 10X Cy3 dNTPs:    10 µL 

iii. DNA polymerase I:    1 µL 

iv. DNase I (see Note 11) 

B) Cy5 reaction (to total 100 µL with water): 

i. Normal genomic DNA:  2 µg 

ii. 10X Cy5 dNTPs:   10 µL 

iii. DNA polymerase I:   1 µL 

iv. DNase I (see Note 11) 

2. The labeling reaction proceeds for 1.5 hours at 16ºC (refrigerated water bath 

or PCR machine), following which the reaction mixtures are put on ice. 
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3. The size of the labeled product is assessed by 1% agarose gel electrophoresis 

(see Note 12).  Optimum fragment length for CGH is 500-2,000 base pairs.  

If the size range is too large, reaction mixtures are returned to 16ºC with 

additional DNase I and polymerase I to incubate further. 

4. Labeling reaction is stopped with addition of 0.1 volume 0.3M EDTA. 

5. Unincorporated nucleotides are removed from the labeling mixtures using a 

Sephadex G50 spin column. 

6. Labeled products are mixed together, supplemented with 50 µg Cot-1 DNA, 

and precipitated with 0.1 volume 3M sodium acetate and 2 volumes cold 

100% ethanol.  Precipitate is rinsed with 70% ethanol and air dried, then 

redissolved in 20 µL hybridization buffer. 

3.2.3. Probe denaturation and hybridization 

1. Denature probe for 5 minutes at 75ºC, and allow preannealing of the probe 

for 0.5-1 hour at 37ºC to ensure sufficient blocking of repetitive elements. 

2. Apply the probe to the microarray after preannealing of the microarray is 

completed, cover with glass coverslip and seal with rubber cement.  Arrays 

are hybridized for 24 hours at 37ºC in a chamber humidified with 

hybridization buffer (see Note 4). 

3.2.4. Washes 

1. Arrays are washed at 55ºC in 50% formamide, 2X SSC pH 7.0 (3X, 10 

minutes each), then in 0.1 M sodium phosphate buffer with 0.1% NP-40 pH 

8 at room temperature, 5-10 minutes. 
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2. Drain excess liquid and mount slide in DAPI/Antifade under a glass 

coverslip. 
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4.  Notes 

1. Controversy exists in establishing a standard nomenclature.  Although the term 

“probe” correctly refers to the known nucleic acid sequence tethered on the 

microarray while “target” is the unknown sequence in the sample (36), for the 

sake of conformity this chapter is following the convention used by all current 

microarray CGH publications. 

2. For updated protocols to those listed within this chapter, please visit 

http://www.utoronto.ca/cancyto/. 

3. Until automated and practical batch methods are developed, many groups are 

using maxi kits for obtaining target DNA for genomic DNA-based microarrays.  

This is a labor- and time-intensive process that needs repeating when the target 

DNA is exhausted over multiple arrayings.  If purified target DNA is available (at 

least several hundred nanograms template, from either maxi or mini preps), DOP-

PCR (26) may be used to ensure an indefinite supply of target DNA. 

4. It is very important that the microarray does not dry during any hybridization step.  

Ensure that the hybridization chamber remains humidified with hybridization 

buffer to prevent evaporation of the probe or blocking mixture.  If the microarray 

does dry, the results are invariably unusable. 

5. The protocol herein is optimized for cDNA microarrays with approximately 3,500 

features arrayed over an area of approximately 18 x 16 mm2 (9,10).  The amount 

of DNA, as well as the final hybridization volume, must be scaled up when using 

higher density microarrays covering a larger spotting area (10). 
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6. As expected, the size and purity of the unlabeled genomic DNA is very important 

for obtaining high quality results using microarray CGH.  Low quality DNA used 

in labeling can result in high background and low signal intensity on the 

microarray.  The protocol stated herein is optimized for genomic DNA extracted 

from fresh tissues. 

7. The choice of restriction enzyme for digestion is important for labeling efficiency.  

It has been noted that decreasing the average fragment size prior to labeling may 

increase labeling efficiency (9).  This has to be balanced against excessive 

digestion producing fragments that are too small to be suitable for hybridization to 

the cDNA targets.  In our hands EcoRI has produced consistently satisfactory 

results for human genomic DNA. 

8. When beginning the technique, a range of different hybridization and wash 

temperatures should be tested to determine the optimal sensitivity and specificity 

for the specific cDNA microarrays used.  In our hands (10) we have found that 

hybridization at 37ºC and wash at 55ºC allows sufficient sensitivity for detection 

of high copy number gains and amplifications.  We have observed that 65ºC 

washes reduced signal intensity on our microarrays.  Too low a wash temperature 

will result in non-specific binding (too many yellow signals).  We recommend 

that these tests be performed using differentially labeled DNAs from different 

samples to ensure optimization of the technique specificity.    

9. To date, the protocols for array fabrication have not yet been standardized.  The 

published works specify target DNA concentrations of 400-1000 µg/mL hand-

spotted on glass slides coated with poly-L-lysine (11), or 2 µg/µL target DNA on 
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aminopropyltrimethoxy silane-coated slides (12).  It is important to note that both 

the concentration as well as the slide preparation is likely to change as automation 

procedures with robotic arrayers emerge.  

10. The protocol specified herein for array CGH assumes a maximum gridded feature 

area that can be covered with a 22 x 20 mm2 glass coverslip.  In addition, it is 

assumed that the target DNA are denatured during array fabrication (12).  

Otherwise, a microarray denaturation step of 2 minutes in 70% formamide/4X 

SSC (11) must be included prior to probe hybridization. 

11. The final probe length depends on the DNase I concentration.  For CGH, the 

suitable length for hybridization ranges from 500-2,000 base pairs.  Initially, stock 

solutions of 1x10-4 U/µL, prepared fresh in DNAse I dilution buffer, may be used 

to obtain the final concentration of 5x10-5 U/µL.  However, this should be 

adjusted as necessary to obtain optimal fragment length. 

12. Approximately 0.05 – 0.1 volume of each labeling mixture is loaded onto the gel 

with DNA stain (eg. ethidium bromide).  Assessment of labeling by agarose gel is 

recommended as it can aid in troubleshooting array CGH results. 
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6. Figure Legends 
 

Figure 1.  Schematic depiction of the utility of cDNA microarrays in expression and 

CGH analyses.  cDNA microarrays are screened with labeled probes derived from RNA 

and/or DNA of normal (Cy5) and tumour (Cy3) tissue.  Analysis of the red:green signal 

intensity ratios indicate the level of A) gene expression or  B) gene dosage change, 

respectively.  Analyses may require datamining techniques for optimal interpretation of 

the results.  A) Two-dimensional hierarchical clustering (32,37) is applied to the results 

to identify patterns of gene expression and establish clinical correlates.  B) in silico 

cDNA chromosome localisation and arrangement into sequential order allows the results 

of cDNA array CGH to be depicted as an ideogram-type plot across the genome, 

facilitating identification of regions of gene dosage change.   

 

Figure 2.  Normalized cDNA array CGH of neuroblastoma patients identified three 

tumour genotypes: A) No high copy gains or amplification of genomic DNA; B) MYCN 

amplification as the sole genomic copy number imbalance; and C) MYCN amplification 

with previously undetected co-amplified 2p24 genes and high copy number gains of 

mitochondrial DNA sequences and numerous other genes, suggesting an underlying 

genetic instability.  This third clinical genotype was not previously described, as these 

regions are not resolvable by chromosome CGH (10).   

 

Figure 3.  High resolution detection of gene dosage changes on chromosome 17 using 

high-density cDNA array CGH.  Chromosome CGH detected high copy gain of the 

chromosome region 17p-17q21 (vertical gray bar) in an osteosarcoma sample.  
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Corresponding normalized cDNA array CGH using genomic DNA from the same sample 

significantly resolved the boundaries of this gain to the region 17p12-17p11.2 (horizontal 

gray bar).  Chromosome ideograms are constructed by in silico assignment of microarray 

cDNAs to chromosomes, then arranging cDNAs into sequential order along each 

chromosome (10).   

 

Figure 4.  Schematic representation of the array CGH technique for a focused analysis of 

copy number imbalances along a region of interest (eg. 8q21.1).  A) A tiling path of 

genomic clones (eg. BACs, PACs, P1s, cosmids) is generated to cover the region.  After 

extraction and purification, these genomic DNA targets are arrayed onto glass slides.  B) 

Array CGH is performed by hybridizing labeled normal (Cy3) and tumour (Cy5) 

genomic DNA to the microarray, and detected using a microarray scanner.  C) Each array 

spot, realigned in silico as a single contiguous map to correspond with the tiling path, can 

be analysed by fluorescence ratio to identify the regions of copy number changes.  These 

results may be correlated with in silico techniques to identify candidate genes of interest. 

 

Figure 5.  Histogram showing the copy number of the genomic clones comprising a 7 Mb 

tiling path on chromosome 22q, represented from the centromeric (left) to the telomeric 

(right) direction.  Each black bar represents an individual genomic clone.  Chromosome 

X and Y control genomic clones are separated (gray bar) on the right of the histogram.  

A) Array CGH comparing normal male and female DNA shows expected single copy 

loss of chromosome X clones (arrows).  B) Comparison of a male NF2 patient against 

normal female control delineates boundaries of heterozygous loss along the NF2 locus 
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and surrounding region (stippled region).  C) The detection of homozygous interstitial 

deletion (asterisk) within a region of single copy loss in a heterozygous female NF2 

patient against a normal female control demonstrates the sensitivity and the resolution of 

array CGH.  The accuracy of the technique is reflected by the deviation of the ratio from 

the expected values.  Adapted from Bruder et al., 2001 (20) with permission. 
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