
INTRODUCTION:

Conventional Sanger sequencing technology detects the vast majority of mutation types in BRCA1 and BRCA2, but cannot detect 
large rearrangements (e.g. deletions and duplications). The proportion of clinically signifi cant defects in BRCA1 and BRCA2 attributable 
to genomic rearrangements is estimated to be about 6-10%. Here we report on the use of oligonucleotide array Comparative Genomic 
Hybridization (oligo aCGH) technology to detect large rearrangement (LR) mutations in BRCA1 and BRCA2, and describe the design, 
validation and implementation of this high-resolution methodology in our laboratory.

MATERIALS AND METHODS:

Microarray CGH is a quantitative comparison of patient and 
control DNA binding to multiple probes on a microarray for the 
detection of large genomic deletions and duplications. A schematic 
illustration of the process is shown in Figure 1.

Myriad utilizes a high-density probe design, which allows 
each exon of the gene of interest to be covered by multiple 
different probes. On average, each base of every gene on Myriad’s 
microarray has 2.5x or greater probe coverage. Each probe is 
about 60 bases long and corresponds to sequences in the coding, 
and limited fl anking intronic regions as well as promoter regions 
of BRCA1 and BRCA2. The probes are tiled to ensure detection 
of rearrangements that are as small as a few hundred bases 
in length. To ensure optimal coverage, it was also necessary to 
place probes in challenging regions as 
well (e.g. GC-rich regions). A stringent 
selection process was used to create an 
optimal probe set. The probes designed 
in silico were tested empirically against 
known negative and positive samples to 
produce a microarray-CGH assay with 
enhanced sensitivity and specifi city to 
detect variations in dosage. 

The detection of insertions is 
challenging, but these occur very rarely. 
To date, the most common of all known 
insertions found in BRCA1 and BRCA2 
is an Alu insertion that integrates within 
nucleotides 156 and 157 in exon 3 of 
the BRCA2 gene (156_157insAlu). This 
has been reported as a founder mutation 
in the Portuguese population. We have 
specifi cally designed probes on our 
microarray to screen for the Portuguese founder mutation.

Each array has approximately 1700 probes, designed to 
interrogate all coding exons, limited fl anking intron regions, and the 
respective promoters of BRCA1 and BRCA2. There are 8 such arrays 
per chip, which allows for the analysis of eight patient samples on 
every chip. The process begins when DNA from a patient sample 
is extracted and fl uorescently labeled. For comparison purposes, a 
wild-type sample (the reference DNA) is differentially labeled. The 
reference DNA is mixed with the patient DNA and the two samples 
are hybridized to probes on the microarray chip. The patient and 
control DNA samples competitively bind to thousands of probes 
printed on the microarray. The microarray slides are washed to 
remove any DNA that did not bind to a probe. A laser scanner is 
utilized to measure the fl uorescent intensity of each spot on the 
array, for the patient and the control sample. The relative dosage at 
each analyzed region is evaluated for any gains or losses. 

The output for each gene evaluated in the array is presented 
as a scatterplot, with examples provided in Figures 2-5. Each dot 
represents the normalized ratio of bound patient DNA compared to 
bound control DNA for the set of copies of a specifi c probe on the 

microarray. The ratios 
are transformed to a 
log2 scale. When equal 
amounts of bound 
patient and control DNA 
are present, the ratio 
after normalization is 
zero. When a deletion 
is present in a specifi c 
gene region, the probes 
associated with that 
region drop down to 
approximately the 

-1.0 ratio. Since there is only one copy of that gene segment 
in the patient sample compared to two copies in the control 
sample, only half the amount of patient DNA is able to bind to the 
probes in that region, compared to twice as much control DNA. 
When a duplication is present, the probes in that region jump to 
approximately the 0.5 ratio. In this case, there is 50% more patient 
DNA binding to the microarray compared to the control sample. 
This is because there are 3 copies of that gene segment in the 
patient sample compared to 2 copies of the control sample.

Our review of the microarray data incorporates a two-part 
process. First, we utilize a software prediction program that 
predicts the likelihood of a particular result for a given sample. 
More specifi cally, our prediction algorithm looks at a window of 
contiguous probes, a defi ned subset of which must have increased 
or decreased copy number in order to generate a positive call. 
Solitary probes that deviate from the baseline do not trigger a 
positive call by the algorithm. Our systematic review process 
combines the software prediction program with a visual review 
of the data. Data analysts are given generalized criteria for 
calling samples with large rearrangements. A cluster of probes 
centered between the 0.29 to 0.58 amplitude lines represents a 
duplication. Deletions are typically visualized as probe clusters that 
center within the -0.5 to -1.0 amplitude lines. Samples that are 
positive for a large rearrangement undergo a second, confi rmatory 
microarray run. 

DISCUSSION:

We have shown that microarray CGH 
can reliably detect the presence of genomic 
deletions and duplications. With the introduction 
of microarray CGH technology, we are able 
to provide high resolution in the detection of 
large rearrangements in BRCA1 and BRCA2 
due to high probe number and extensive gene 
coverage. Microarray CGH technology has lower 
susceptibility to technical artifacts caused 
by single nucleotide polymorphisms at probe 
binding sites. This is a major limitation for other 
platforms that detect large rearrangements, 
such as Microarray Ligation-dependent Probe 
Amplifi cation (MLPA). Furthermore, this platform 
is amenable to high throughput processing, 
which increases the effi ciency of testing 
for BRCA1 and BRCA2 large rearrangement 
mutations, and contributes to shorter turn-
around-times. These improvements are 
particularly signifi cant given the recently 
published National Comprehensive Cancer 
Network (NCCN) guidelines that recommend the 
inclusion of large rearrangement testing together 
with sequencing of the BRCA1 and BRCA2 genes 
associated with Hereditary Breast and Ovarian 
Cancer (HBOC).
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RESULTS:

We validated microarray BART by blinded 
analysis of DNA samples that were previously 
examined for large rearrangement mutations 
in BRCA1 and BRCA2 using our clinically 
validated quantitative multiplex PCR assay. The 
validation was carried out in two phases and 
tested a total of 633 DNA samples. The second 
phase of validation incorporated minor process 
enhancements that did not affect test sensitivity 
or specifi city. The DNA samples examined for 
large rearrangements were extracted from 317 
peripheral blood and 316 buccal mouthwash 
specimens. Forty-two of the blood samples and 
thirty-eight of the buccal samples were positive 
for a large rearrangement. Results for all 633 
DNA samples were 100% concordant with 
the original multiplex quantitative PCR result. 
In addition, these validation studies correctly 
identifi ed two instances of an Alu insertion in 
BRCA2 specifi c to the Portuguese population 
(156_157insAlu). 

We have performed clinical microarray BART 
testing on both high-risk and elective patients. 
Our analysis examined the results from a subset 
of this group, which is composed of high-risk 
patients who had received BRCA1 or BRCA2 
full gene sequencing, and large rearrangement 
analysis by BART microarray. We have shown 
that 1.8% of these high-risk patients have a 
large rearrangement mutation in BRCA1 or 
BRCA2. Among high-risk, mutation-positive 
patients tested by both BRACAnalysis and 
BART microarray, we determined that of all the 
mutations detected, 8.4% of those mutations 
were large rearrangements, compared with 
~91.6% sequencing mutations in BRCA1 or 
BRCA2. Collectively, 73.9% are deletions and 
26.1% are duplications within BRCA1 and 
BRCA2.
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FIGURE 1: The Microarray-CGH process. Patient DNA (red) and Control DNA (orange) are differentially labeled. The samples bind 
competitively to probes on the microarray. A laser scanner is used to compare the binding of the two samples, whereby an imbalance of 
patient DNA to control DNA indicates the presence of a large rearrangement.

FIGURE 2: BRCA1, Duplication of exon 3

FIGURE 4: BRCA2, Deletion of exons 19-20 FIGURE 5: BRCA2, Duplication of exons 12-13 

FIGURE 3: BRCA1,Deletion of exons 5-7
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