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Technical Article

by Jeanely Hunt

A Landmark CNV Study of Human Genetic
Variation in Common Diseases

T

he human genome consists of
approximately three billion bases.
How we look, behave, metabolize
food, and fight infections is determined
by the sequence of codes that lie within
the genome. The human genome and
sequence of genes vary from one person
to another. These genetic variations contribute to the diversity we see among the
human population. Extreme variations in
the genome, however, such as deletions of
large sequences or the presence of excessive copies of a gene or multiple genes, are
responsible for contributing to diseases and
the predisposition of genetic disorders.
Genetic disorders can be classified into
two broad categories: those that are caused
by mutant genes, such as Huntington’s
disease, sickle-cell anemia, and muscular
dystrophy, and those that run in families,
such as diabetes, hypertension, and breast
cancer. Even though humans have always
been susceptible to genetic disorders, there
have been considerable advances in scientific technologies and screening methods
to help detect the major disorders caused
by mutant genes and those that lie dormant, passed on by prior generations. Conventional genetic screening techniques
are used to help identify mutant genes,
but they are limited to searching for the
presence of specific genes or gene combinations. Alternatively, scientists are currently researching copy number variations
in human genetic studies.
Copy number variations (CNVs) are
large DNA sequences between ten thousand and five million bases that undergo
variation (i.e., insertions, deletions,
and duplications) in portions of that
sequence of DNA, many of which are
found within segmental duplications and
regions of the genome that are repetitive.
Though the exact percentage of genetic
diseases that are caused by CNV is somewhat still unknown, it is possible that
the types of diseases that run in families
may result from mutations in these large
DNA sequences.

Figure 1
Human CNV Association 2 × 105
array used in the study. For additional information about the microarray, please visit
www.opengenomics.com.
Figure 2
OGT utilizes a Bravo Automated
Liquid Handling Platform by Agilent Automation
Solutions for sample preparation to facilitate the
enormous throughput required in the study (shown
with open inserts from Mécour, Groveland, MA).

World’s largest copy number
variation study
Established in 2005, the Wellcome Trust
Case Control Consortium (WTCCC) is
an independent registered charitable
trust comprised of 50 research groups
across the U.K., including the Wellcome Trust Sanger Institute, University of Cambridge, and University of
Oxford. The WTCCC is involved in
ongoing research to increase the number of identified genes and new variants
known to play a role in the susceptibility and cause of common diseases,
including bipolar disorder, Crohn’s disease, coronary artery disease, type 1 and
type 2 diabetes, rheumatoid arthritis,
breast cancer, and hypertension.
In August 2008, the WTCCC selected
Agilent Technologies (Santa Clara,
CA) to manufacture microarrays for a
landmark human genome copy number
variation study. The study employed

the Agilent Human CNV Association
2 × 105 array (Figure 1), which uses two
microarrays containing 105,000 probes
on each array.
Since Oxford Gene Technology (OGT)
(Oxford, U.K.) is committed to providing high-quality data for a variety of
high-throughput microarray applications, the WTCCC selected OGT as the
microarray service provider for the study.
Founded by Prof. Sir Edwin Southern,
the pioneer of Southern blotting and
microarray technologies in 1995, OGT
is one of the largest Agilent-certified service providers today.
OGT offers a variety of products and
services. In particular, the company
provides high-quality microarray
services, a service required by the
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CNV STUDY continued

Table 1

Trait-associated SNPs with possible causal CNVs1

Figure 3
Automated washing and drying eliminates degradation of fluorescent dyes and potential
variability in data results. System from SciGene
(Sunnyvale, CA).

WTCCC in its study to identify genetic
variants influencing disease susceptibility in a broad range of diseases. This
service includes:

Figure 4
OGT utilizes an ozone-free cabinet,
which is important for detecting gene expression
measurements since environmental ozone can
degrade cyanine 5 (Cy5) in microarrays.

Figure 5
Circular map showing the genomic
distribution of different classes of CNVs and their
population differentiation. (Figure 5 and Table 1
reproduced with permission from Ref. 1.)
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• Automated sample preparation,
which can process in a 96-well format (Figure 2)
• Rigorous in-process quality control
where samples undergo >30 QC
analyses using a sensitive spectrophotometer before proceeding to the
next stage
• Hybridization, completed on a 2 × 105K
array in the study
• Automated washing and drying in
an ozone-controlled environment
(Figure 3)
• Data processing, which is also conducted in an ozone-controlled environment to avoid degradation and data
variability (Figure 4).
Every stage in the process is directly
monitored by a proprietary LIMS that
allows for a 360° audit trail for every
sample, which is very important for
ensuring consistent results while meeting the project time line. In this study,
the time factor was important because
the WTCCC required 20,000 samples
to be processed.

“In order to characterize genetic variants, reproducible performance and reliable processing of the high-resolution
microarrays is essential. This project
demanded high-quality data generated
to tight deadlines, and we were very
pleased with its rapid progress,” said
Dr. Matt Hurles of the Wellcome Trust
Sanger Institute.
In early 2009, OGT reported that more
than 20,000 samples generated by the
WTCCC were successfully processed in 20
weeks. Processing over 1000 samples per
week, this marked the world’s largest copy
number variation study.
“OGT is delighted to have successfully
processed the huge number of samples,
on time and to exacting QC standards, in
this landmark CNV study,” said Dr. John
Anson, R&D Director at OGT.

CNV study
In October 2009, the scientists involved
in this study published an article in
Nature, entitled “Origins and Functional Impact of Copy Number Variation in the Human Genome,” in which
they described their comprehensive
survey to detect common CNVs larger
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than 1 kb in size in the human genome, and the development and application of experimental protocols to allow these
CNVs to be assayed. Figure 5 portrays a circular map showing
the genomic distribution of different classes of CNVs and their
population differentiation.1
The authors revealed that 80–90% of common CNVs larger
than 1 kb (see note above re size ranges) in length have been
discovered. Despite the fact that the CNVs most difficult to
directly genotype were a result of duplications and contained
multiallelic loci, they have been able to genotype approximately
40% of those discovered. Table 1 shows trait-associated singlenucleotide polymorphisms (SNPs) with possible causal CNVs
from the study.
The study indicated that CNVs are generated through mutational mechanisms that vary depending on the different sizes of
the genomic alteration. Additionally, it appeared that the ability to regulate transcription also played a part in the formation
of CNVs. This was suggested after an observation showed that
the sequences enriched in CNV breakpoints happened to also
be sequences in the promoter region with the inability to form
B-DNA. Although additional research is to follow, this comprehensive population-based study concluded that CNVs may play
a causative role in generating atypical variants of mutated genes
in common diseases.
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