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Abstract
Genetic and genomic research approaches have the capability to expand our understanding of the
complex pathophysiology of disease susceptibility, susceptibility to complications related to
disease, trajectory of recovery from acquired injuries and infections, patient response to
interventions and therapeutics, as well as informing diagnoses and prognoses. Nurse scientists are
actively involved in all of these fields of inquiry and the goal of this manuscript is to assist with
incorporation of genetic and genomic trajectories into their research and facilitate the design and
execution of these studies. New studies that are going to embark on recruitment, phenotyping, and
sample collection will benefit from forethought about research design to ensure that it addresses
the research questions or hypotheses being tested. Studies that will utilize existing data or samples
will also benefit from forethought about research design for the same reason but to also address
the fact that some designs may not be feasible with the available data or samples. This manuscript
discusses candidate gene association, genome wide association, candidate gene expression, global
gene expression, and epigenetic/epigenomic study designs. Information provided includes
rationale for selecting an appropriate study design, important methodology considerations for each
design, key technologies available to accomplish each type of study, and online resources
available to assist in executing each type of study design.

In the last decade we have progressed from a rough draft of the human genome sequence to
availability of an abundance of publicly available databases and high throughput data
collection technologies to facilitate genetic and genomic study design. Genetic (focus on one
gene at a time) and genomic (focus on entire genome as well as gene-gene interactions)
research continues to hold great promise for understanding a wealth of human conditions,
providing objective data for diagnosis and prognosis, informing therapeutics, and providing
the cornerstone for evidence based practice for genomic health care (Green, Guyer, &
National Human Genome Research Institute [NHGRI], 2011; Lander, 2011). The research
programs of many nurse scientists are ripe for incorporating a genetic/genomic research
component or movement of existing genetic or genomic research in a new direction.

The goal of his paper is to bring together key information about designing studies with a
molecular genetic or genomic focus coupled with dynamic resources offered to the reader to
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expand their understanding and ensure access to state of the science information. It is not
meant to be an exhaustive resource, but one that sets the stage for contemplation of
embarking on such research designs and key issues to ponder during study design phase.
This paper is written for the researcher who has a basic understanding of genetics and is
contemplating adding a genetic or genomic component to their research or designing the
next step in their genetic or genomic program of research. Readers are encouraged to visit an
extremely useful resource, the National Human Genome Research Institute’s talking
glossary at http://www.genome.gov/glossary, for clarification of unfamiliar terms and
expansion of knowledge about genetic terminology. Technology to collect genetic and
genomic data changes rapidly, therefore proper study design, and selection of appropriate
methodology to accomplish a study also change rapidly. This paper incorporates a large
number of online resources that are continuously updated in an attempt to keep the paper as
up to data as possible. Readers are encouraged to visit these online resources when
designing their study to ensure that their study design is state of the science.

DNA POLYMORPHISM BASED ASSOCIATION STUDIES
The overall objective of a polymorphism based association study is to examine the
relationship between DNA variation and a phenotype (e.g., diabetes, fatigue). A
polymorphism is defined as a DNA variation that is present in at least one percent of the
population (NHGRI, n.d.). One advantage of this approach compared to other genetic/
genomic approaches is the use of DNA. DNA is a very stable template for experiments,
allowing for use of previously collected samples. Such a retrospective approach could save
time and money that would be needed to prospectively recruit participants and collect
samples; however, attention must be given to subject consent to assure that informed
consent was obtained for future genetic/genomic evaluation related to the phenotype of
interest. Another advantage is that this approach does not require that subjects be related,
which is a requirement for linkage analysis, an approach not discussed in this manuscript. It
should be noted that while related individuals are not required, newer software has been
developed to allow for the analyses of related individuals within the context of an
association study. Two very appealing additional advantages of polymorphism based studies
are the fact that polymorphisms do not change over time and the DNA template that is
utilized can be extracted from any tissue. The sample for DNA extraction and collection of
polymorphism data only need to be collected once, yet that polymorphism data can be
evaluated within the context of a phenotype that changes over time. While blood and saliva
are the most frequently used cell/tissue type for DNA extraction, any cells/tissues that have a
nucleus can serve as samples for polymorphism based studies. Because DNA
polymorphisms do not change and are not tissue specific, investigators need not worry about
collection of DNA samples over time or from what tissue DNA extraction occurs. These
advantages are not carried over to other genomic approaches detailed in this manuscript.

Candidate Gene Association Studies
Rationale for taking a candidate gene association approach—Candidate gene
association studies investigate polymorphisms representing a specific gene(s) to determine if
it is associated with a phenotype of interest. With this hypothesis-driven approach, the
investigator pre-selects the candidate gene(s) to be evaluated. This approach is only
appropriate when a priori assumptions about the gene(s) that may be involved in the
phenotype of interest can be justified.

Genome wide association studies (GWAS); discussed in the next section, have large sample
size requirements (e.g., 1000 cases/1000 controls), and one relative advantage of the
candidate gene approach is that it often requires half that number or less. This reduced
sample size requirement compared to a GWAS is due to the focused evaluation of a
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candidate gene(s), which reduces multiple testing concerns. The candidate gene association
approach is also ideal when studying rarer phenotypes since attainment of a large sample
may not be feasible for a condition with a low population frequency.

Subject and sample considerations—Clearly defined inclusion/exclusion criteria,
which include a detailed definition of the phenotype, are essential to the candidate gene
association approach. Structured inclusion/exclusion criteria help to ensure that individuals
with/without the phenotype of interest are similar in all aspects except for the condition
being investigated. Moreover, phenotypic assessment of controls should be as
comprehensive as the phenotypic assessment of cases. Ultimately, carefully crafted criteria,
and thorough phenotypic assessments help reduce the impact of confounding variables.

Population stratification represents another potential source of confounding in candidate
gene association studies utilizing a case-control design. The case-control design compares
allele, genotype, or haplotype frequencies between the groups. Because these frequencies
can be extremely disparate for different ancestries, it is important to control for ancestry to
avoid spurious results/conclusions (e.g., concluding that there is an association between a
phenotype/allele when in reality the association is fueled by ancestral differences in allelic
frequencies). The risk for population stratification can be mitigated. Subgroup analysis
represents one option, but it relies on self report to categorically measure race/ethnicity. An
option that controls for population stratification statistically is the use of ancestral
informative markers (AIM), which are polymorphisms in the DNA that allow one to
calculate an admixture proportion for an individual. The application of these proportions are
used for analysis rather than the traditionally used, though unreliable, method of self-
reported race/ethnicity. In a recent study, only 30 AIMs were needed to estimate European
admixture in a group of African American women (Ruiz-Narváez, Rosenberg, Wise, Reich,
& Palmer, 2011). Although different AIMs may be needed to estimate other admixture
proportions, this example demonstrates that population stratification can be successfully
controlled through the analysis of genetic markers.

Another aspect of the candidate gene association study that should be considered is sample
size requirements. Quanto (http://hydra.usc.edu/gxe/) is a freely downloadable computer
program that can assist with sample size and/or power calculations for candidate gene
association studies. User defined criteria can be manipulated according to the
polymorphisms that have been selected for evaluation and according to study design
specifications.

Candidate gene selection—Candidate gene selection is often based on biologic
plausibility. This plausibility can be based on biological pathways implicated in the
condition, biomarker data implicating a gene/gene product in the phenotype of interest,
pharmacologic treatments for the condition that may indicate a target gene(s), or data from
animal models (Hattersley & McCarthy, 2005). Bio-informatics databases, such as the Gene
Ontology (http://www.geneontology.org/), may also aid in the identification of genes whose
products may impact the phenotype of interest (The Gene Ontology, 1999–2011). Moreover,
consideration should be given to number of genes on which to focus, ranging from a single
gene to genes within a candidate biological pathway. Because more biologically global
conclusions can be drawn, the study of a biologic pathway has the advantage of being more
informative than the singular gene approach in most situations (Jorgenson, Ruczinski,
Kessing, Smith, Shugart, & Alberg, 2009).

Polymorphism selection—Once selection of the candidate gene(s) is finalized,
polymorphisms must be selected to evaluate candidate gene variability, and these are the
genetic data used for analyses. The candidate gene association approach includes the
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evaluation of single nucleotide polymorphisms (SNPs), repeat polymorphisms, insertion/
deletion polymorphisms (INDEL), and copy number variants (CNV).

Resources for polymorphism selection: The SNP is the most common type of
polymorphism and is a nucleotide (also known as a base) in the DNA where the nucleotide
present (e.g., A, T, C, G) varies in the population (Genetics Home Reference, 2011). The
scientific literature and a variety of online databases provide excellent resources for SNP
identification and selection. A simple literature search combining the candidate gene(s) with
the keyword “functional polymorphism” will help to identify SNPs known to alter the
function of the candidate gene(s). Because functional polymorphisms modify the function of
a gene regardless of phenotype, the literature search should not be limited to just the
phenotype of interest. In addition to the literature, investigators also commonly use the
Database of Single Nucleotide Polymorphisms (dbSNP)
(http://www.ncbi.nlm.nih.gov/projects/SNP/) and the International HapMap Project
(http://hapmap.ncbi.nlm.nih.gov/) to identify/select SNPs and tagging SNPs, respectively.

HapMap is accessed for the selection of tagging SNPs (tSNP), which represent the current
gold standard for the evaluation of genetic variation in the candidate gene association study.
The goal of HapMap is to develop a haplotype map of the human genome and to describe
common patterns of genetic variation in humans (International HapMap Project, 2006).
Essentially, HapMap is based on the premise that DNA is inherited in chunks/blocks
(haploblock). Within these haploblocks, certain variants are inherited together. If the
genotype of one variant within that block of DNA is known the genotype of a second variant
within the same block can be determined since they are inherited together. Thus, HapMap
assists the user in selecting SNPs that tag a certain haploblock of DNA (tagging SNPs or
tSNPs). Ultimately, utilization of tSNPs allows one to fully evaluate the genetic variability
of the candidate genes with the least number of SNPs (International HapMap Project, n.d.).

Repeat polymorphisms are characterized by repeating units of DNA bases. The number of
times these DNA units repeat is variable in the population (Passarge, 2007). While repeat
polymorphisms are less frequent in the genome than SNPs, they are often more informative
as they usually have more alleles in the population than SNPs, which typically only have 2.
The short tandem repeat (STR) is typically comprised of a repeating unit of two to four
DNA bases (e.g., CAG CAG CAG) while the variable number tandem repeat (VNTR) is
comprised of a larger repeating unit (Passarge), usually greater than 5 bases. For the
evaluation of STRs and VNTRs, the literature continues to be the best source for
identification and characterization.

An INDEL polymorphism occurs when a base(s) is added or subtracted from a place in the
DNA. It is the presence or absence of the INDEL that is variable in the population
(Nussbaum, McInnes, & Willard, 2007). Like SNPs, the dbSNP can be freely accessed to
identify small-scale INDELs.

The CNV occurs when the number of copies of a particular genomic sequence/segment is
variable in the population (NHGRI, n.d.). CNVs can be identified through scientific
literature and online databases. The Database of Genomic Structural Variation (dbVar)
(http://www.ncbi.nlm.nih.gov/dbvar) and The Copy Number Variation Project by the
Wellcome Trust Sanger Institute (http://www.sanger.ac.uk/humgen/cnv/) are two online
resources that may assist in CNV identification.

Genotype data collection technologies—Multiple options are available for SNP
genotyping, including the polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) technique, real-time PCR allelic discrimination (e.g.
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TaqMan®), multiplexing via mass spectrometry, and bead chip technology. Selection of the
genotyping technique is guided by the number of samples and polymorphisms to be
genotyped and available resources. PCR-RFLP, which is used to genotype SNPs based on
differences in fragment lengths, is suitable when the number of SNPs and samples to be
genotyped is relatively small. Real-time PCR allelic discrimination
(http://www.appliedbiosystems.com; http://www.roche-applied-science.com), which
genotypes SNPs based on allele-specific fluorescence intensity signals, is suitable for a
medium number of SNPs and sample size. Because PCR-RFLP and real-time PCR allelic
discrimination can only genotype one SNP at a time, the use of high throughput technologies
have become the gold standard for SNP genotype collection when the number of SNPs to be
evaluated approaches 24. The iPLEX® Gold-SNP Genotyping assay
(http://www.sequenom.com), which genotypes SNPs based on differences in molecular
mass, allows for the analysis of up to 36 SNPs per assay (Sequenom, 2010) in larger sample
sizes. Not only can an investigator analyze multiple SNPs simultaneously, but time, assay to
assay variability, and costs are reduced. The GoldenGate Genotyping Assay
(http://www.illumina.com) is another high throughput bead based technology that can be
utilized when the number of SNPs and samples to be analyzed is too large for other
technologies.

There are several genotyping technologies also available for repeat polymorphisms,
INDELs, and CNVs. PCR amplification followed by fragment sizing can be used for
genotyping repeat polymorphisms. As with SNPs, real-time PCR allelic discrimination can
be used to genotype small INDELs. Finally, TaqMan® Copy Number Assays
(http://appliedbiosystems.com) or cytogenetic techniques (e.g., Fluorescence In Situ
Hybridization) can be utilized for genotyping candidate CNVs.

Genome Wide Association Studies (GWAS)
Rationale for taking a GWAS approach—A GWAS gentoypes thousands to millions
of polymorphisms across the genome for individuals who are phenotypically well-
characterized (DiStefano & Taverna, 2011). If genetic variability is significantly different
between cases and controls, those variations may be associated with susceptibility to or
protection from the phenotype of interest and can provide direction as to which region of the
genome these differences might be located. Ongoing efforts of the Human Genome Project
and the International HapMap Project have made this approach possible through the
generation of large databases that reference and map both sequence and variability.

The major advantage of a GWAS approach is that the biology of the phenotype of interest
does not need to be completely understood prior to implementing this approach and the
SNPs or genes of interest do not need to be defined a priori. Instead of selecting genes and
polymorphisms a priori, polymorphisms that cover haploblocks across the entire genome are
used for genotype data collection and non-parametric based analyses determine what genes/
regions of the genome are relevant to the phenotype of interest (Hakonarson & Grant, 2011).
The data derived from GWAS will provide direction regarding which areas of the genome
warrant additional study.

There are several limitations to GWAS. The variant identified may not be what’s accounting
for the association, but is rather “tagging along” with the actual causal variant(s). This
obstacle is also present for candidate gene association studies, particularly those that utilize
a tSNP approach. Therefore, it may be necessary to follow up with more focused genotype
data collection, including denser polymorphism evaluations and/or sequencing of that
specific region of the genome to identify the exact allele accounting for the association
(NHGRI, 2010). A major limitation for the GWAS approach, and perhaps a reason why
many investigators are unable to pursue this approach, is the need for thousands of subjects
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who are phenotypically well characterized and for which DNA is available. The need for
large samples sizes for GWAS is due to the inherent issue of multiple testing that
accompanies the evaluation of thousands to millions of different genetic variables.
Additionally, the need for very large sample sizes, coupled with the cost of commercial
genome-wide scanning techniques makes this approach very costly. GWAS approaches are
also not optimal to assess rare polymorphisms as the data collection approaches for the
GWAS are more focused on optimizing informativeness of the data (Ku, Loy, Pawitan, &
Chia, 2010).

Subject and sample considerations—The cross-sectional case-control study design is
the most frequently used approach for a GWAS. Study subjects should be selected based on
a well-defined and heritable phenotype. Cases are defined as individuals who meet criteria
for a phenotype of interest. Controls are individuals who have never met criteria for the
phenotype and ideally have passed through the age or period of risk for the phenotype
(Hakonarson & Grant, 2011). Like candidate gene associations studies, ancestry must be
considered to avoid issues related to population substructure and this is why some
investigators have conducted these types of studies with homogeneous populations
(Psychiatric GWAS Consortium Coordinating Committee, 2009). Case and control groups
should be matched on ancestry as much as possible to avoid false-positives. Despite this
consideration, an advantage of GWAS is that whole genome data can provide adequate data
to identify stratification and inflation of test statistics due to population substructure can be
addressed (Hakonarson & Grant).

Obtaining a sufficiently large sample size is essential to ensure sufficient statistical power
for a GWAS approach. Approximately 1,000 cases and a similar number of controls are
required to detect 1–5 variants associated with a given trait. A larger sample is needed to
uncover additional variants that may have diminishing contributions to the disease
(Hakonarson & Grant, 2011).

Informed consent issues: While informed consent is of paramount importance with any
research study, researchers who are considering a GWAS should be cognizant of issues
related to conducting such as study and the National Institutes of Health (NIH) policy on
data sharing for GWAS. In January 2008, the NIH adjusted its policy mandating the sharing
of GWAS data obtained in NIH-funded or conducted studies. The details of this policy can
be found at http://gwas.nih.gov/. Most NIH-funded GWAS are required to include language
in the consent document that addresses public sharing of de-identified genotype and
phenotype data. Researchers who are planning to study existing samples must ensure that
the original consent signed by the subjects is consistent with conducting a GWAS.

Genotype data collection technologies—There are currently two commonly used
vendors that provide technology for collection of GWAS data, Affymetrix and Illumina. The
companies use different technological approaches, which are both widely used in the
research community. The AffymetrixR Genome Wide SNP Array 6.0 features 1.8 million
genetic markers, including 906,600 SNPs and more than 946,000 probes for the detection of
CNVs. This platform also includes a high resolution reference map and a copy number
polymorphism (CNP) algorithm (see http://www.affymetrix.com for additional information).
The Illumina Omni Microarrays provide a multiple bead chip option which will soon include
nearly 5 million markers per sample, including both common and rare variants identified by
the 1000 Genomes project. Omni microarrays assess structural variation, including CNVs
and copy neutral variants (inversions and translocations) which may also be significant
contributors to disease (see http://www.illumina.com for additional information).
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Resources of interest for GWAS: The Center for Inherited Disease Research (CIDR) at
Johns Hopkins University (http://www.cidr.jhmi.edu/requirements/applications.html) is
funded by NIH Institutes and provides genotyping and statistical genetic services to
investigators who have received access after a competitive peer review process. Interested
investigators are required to submit an application for projects supported by the NIH. In
order to maximize access to resources, the application process to CIDR should ideally take
place before or at the time of grant application, though this is not a requirement.

The repository for GWAS data is currently the Database of Genotypes and Phenotypes
(dbGaP; http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gap). This database was
developed to archive the results of studies that have investigated the genotype-phenotype
interaction and serves as a useful resource in reviewing the work that has already been
completed and aids in planning future research. The dbGaP database provides the
opportunity for in silico research. Researchers have the option of two levels of access (open
and closed) to dbGaP: Open-access data are aggregate data that are publicly available while
closed level access requires an application and approval process that includes de-identified
subject specific data. The genotype data and their linked phenotype data are invaluable
resources and researchers are encouraged to investigate this database as it pertains to their
phenotypes of interest prior to designing a study.

GENE EXPRESSION STUDIES
Gene expression studies evaluate the activity of a gene using the level of messenger RNA
(mRNA) from a gene(s) and determine if that level is associated with the phenotype of
interest. DNA contains a code to generate mRNA through a process called transcription. The
amount of mRNA produced from a gene, if at all, depends on many factors including tissue
type, local cell environment, and point in the cell cycle.

A gene expression study is different from a polymorphism based study because an
expression study evaluates mRNA levels that can change over time, uses less stable mRNA
instead of DNA, and mRNA levels can be dramatically different based on what tissue is
used for analysis, since gene expression is tissue-specific. Gene expression studies therefore
should address whether multiple samples over time are needed for evaluation (similar to
other types of biomarkers that change over time), RNA stabilization, and what cell/tissue
type is most appropriate to evaluate for the phenotype of interest. For these reasons, many
stored samples may not be appropriate for this approach.

Candidate Gene Expression Studies
Rationale for taking a candidate gene expression approach—Candidate gene
expression studies investigate mRNA levels for a specific gene(s) to determine if it is
associated with a phenotype of interest. Similar to a candidate gene association approach,
this is a hypothesis-driven approach where the investigator a priori selects the candidate
gene(s) to be evaluated. This approach is only appropriate if the investigator has ample
justification for investigating a specific gene(s).

Subject and sample considerations—Gene expression studies often involve relative
comparisons of mRNA levels between two groups (these groups can be different types of
tissues, groups that vary for a particular exposure or groups that vary by the presence or
absence of a phenotype of interest). Clearly defined inclusion/exclusion criteria are
necessary, due to the relative comparison nature of this approach.

RNA stabilization: Stabilization of RNA is essential to obtain accurate gene expression
profiles of biological samples. Immediately after sample collection, RNA degradation and
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other transcriptional changes begin to occur. These alterations may result in false up or
down regulation of gene expression levels. RNA stabilization preserves a representative
gene expression profile for later analysis (e.g. quantitative RT-PCR and microarray
analysis). RNA stabilization methods vary based on the type of biological sample. Five of
the most common RNA stabilization methods are: (a) PAXgene Blood RNA System
(http://www.preanalytix.com), which utilizes a single tube (pre-filled with RNA stabilization
reagent) for blood collection, RNA stabilization, sample transport and storage, and
purification of total RNA (PreAnalytiX, 2010); (b) LeukoLOCK System
(http:www.lifetechnologies.com), which filters and isolates leukocytes from whole blood.
RNAlater solution is then used to stabilize the RNA of the leukocytes. A notable advantage
to the LeukoLOCK System is the ability to remove a large proportion of reticulocyte-
derived globin mRNA. Depletion of the globin mRNA allows for the detection of thousands
of additional genes on microarray (Life Technologies Corporation LeukoLOCK, 2010); (c)
RNAlater (http://www.ambion.com; http:www.qiagen.com) stabilizes RNA in a variety of
fresh samples including animal tissue, tissue culture cells, leukocytes, yeast, and bacteria.
After collection, the sample is submerged in the RNAlater stabilization solution. This
solution permeates and stabilizes the sample eliminating the need for immediate processing
or freezing of samples (Life Technologies Corporation RNAlater, 2010; Qiagen, 2006); (d)
Oragene RNA for Expression Analysis Self Collection Kit (http://www.dnagenotek.com):
allows for the non-invasive collection of RNA from saliva. Donors are instructed to
expectorate into a vial, cap the container, and shake vigorously to release a stabilization
solution from the cap. Oragene RNA samples can remain stable for months at room
temperature (DNA Genotek, 2011); and (e) Snap Freeze quick freezes solid tissues with
liquid nitrogen and dry ice can be used to preserve RNA; however, disruptions during
freezing and thawing can lead to RNA degradation. Due to potential RNA degradation and
difficulty of obtaining and working with liquid nitrogen and dry ice, RNAlater described
above may be a more viable option for solid tissue RNA stabilization.

Candidate gene selection—Candidate gene selection must be justified and rationale for
selection is similar to selection of candidate genes in the candidate gene association section.
The same bio-informatics databases mentioned in that section are also applicable to aiding in
the selection of candidate genes for an expression study and as with a candidate gene
association study, a candidate gene expression study should consider focusing on a group of
genes in a biological pathway versus the value of focusing on a single gene.

Expression data collection technologies—Selection of a data collection technology
for a candidate gene expression study should take into account the number of genes/loci and
the number of samples to be evaluated. The most frequently used technologies for a
candidate gene approach include Northern blotting, quantitative real-time PCR (qRT-PCR),
and multiplex platforms that support 3–36 genes/loci per reaction.

Northern blotting requires electrophoresis of RNA, transfer to a membrane and hybridizing
the membrane with a probe specific for detection of the mRNA of interest. The advantages
of blotting are that most laboratories will have the equipment to conduct this type of data
collection and assessment of RNA size is possible. Disadvantages of blotting are that RNA
degradation is common, it requires more RNA as a template for the experiment compared to
other methods, it is laborious, and is not optimal for quantification of mRNA levels.

Currently, one of the most popular techniques for assessing the level of mRNA for a gene/
locus is qRT-PCR. qRT-PCR requires conversion of RNA to a more stable template called
cDNA (complementary DNA), PCR amplification and probe hybridization for the gene/
locus of interest. The probe is fluorescently labeled and liberation of this fluorescent label is
quantified, reflecting the amount of starting mRNA template in the sample. One crucial step
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in conducting qRT-PCR is normalization of the data generated. Normalization of the data
allows for sample to sample comparisons that have been corrected for noise such as what’s
introduced when sample dispensing between samples isn’t uniform. This is often done using
qRT-PCR data collected simultaneously for an endogenous control, which usually represents
a stably expressed gene (often referred to as a “housekeeping gene”) and allows for
normalization of data across samples (Guenin et al., 2009). Thought needs to be given to
selection of an appropriate endogenous control given that different tissues will have
different stably expressed genes (Guenin et al.). If in doubt, endogenous control panels are
available for assessment prior to conducting qRT-PCR. Advantages of qRT-PCR include
high sensitivity and reduced RNA template requirements, high throughput capabilities,
quantification of starting mRNA template is possible with use of proper exogenous
reference controls, and for many genes/loci/pathways off the shelf optimized assays are
available (http://www.appliedbiosystems.com; http;//www.roche-applied-science.com).

Multiplex gene expression assays are available when the number of genes/loci to be
evaluated is in the range of ~3–36. One example is the QuantiGene® Plex 2.0 assay (for
more information see http://www.panomics.com/index.php?id=product_6) that uses
Luminex technology to collect the data and the assay can be customized.

Global (Genome Wide) Gene Expression Studies
Rationale for taking a global gene expression approach—Whole genome
expression (also known as global gene expression or gene expression profiling) offers a
comprehensive view of gene activity within a biological sample by examining mRNA levels
for all known genes across the genome. In this way, whole genome expression provides
functional information regarding “when and where a protein is expressed, when it is
degraded, and with which other proteins it may interact” (Altman & Raychaudhuri, 2001, p.
340). Due to the dynamic nature of expression, gene expression profiles are often relatively
compared under multiple conditions (such as comparing different tissue types, comparing
normal versus abnormal tissues, comparing tissues before and after an exposure) or over a
period of time (Altman & Raychaudhuri, 2001; Arcellana-Panlilio & Robbins, 2002). The
use of global gene expression profiling is extremely advantageous when little to nothing is
known about the genes influencing a condition, a similar advantage held by the GWAS
approach. Thus, whole genome expression can identify novel candidate hypotheses through
a non-parametric analysis of genome wide expression data.

Subject and sample considerations
Sample selection: Although this is an approach similar to GWAS, with evaluation of
thousands of genes in a nonparametric manner, sample size requirements for global gene
expression are usually smaller, requiring approximately 10 subjects per variable. Matching
of subjects for key variables known to influence the phenotype under investigation can
reduce the number of variables that need to be accounted for in the analyses. A sample size
calculator for global gene expression experiments can be found at
http://bioinformatics.mdanderson.org/MicroarraySampleSize/. Additionally, as with
candidate gene expression studies, mRNA stabilization of the collected samples is crucial.

Gene expression data collection technologies
Microarrays: Microarrays are used to examine the expression profile of a single sample
(often referred to as single dye array) or to compare expression levels between two different
samples/conditions (often referred to as two dye array). The microarray itself is a solid
surface covered with an “ordered arrangement of unique nucleic acid fragments derived
from individual genes” (Arcellana-Panilio & Robbins, 2002, p. G397). Fluorescently labeled
template hybridizes to these nucleic acid fragments (referred to as probes) on the solid
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surface through complementary pairing. The intensity of the florescence at each spot on the
microarray corresponds to the amount of sample binding to a particular nucleic acid
fragment and thus, the gene expression level. If the microarray reveals any interesting
findings, q-RT-PCR should be carried out for validation purposes. For a visual
representation of microarray methodology visit this web address:
http://www.bio.davidson.edu/courses/genomics/chip/chip.html.

Microarrays have revolutionized gene expression analyses, as this technology is able to
simultaneously survey thousands of genes in a short period of time. However, the ability to
detect novel genes is limited to the hybridization probes represented on the microarray. Off-
the-shelf probe sets that contain reference sequences can be used, or custom probe sets are
designed based on specific genes of interest or pathways. Additionally, microarrays require
specialized lab equipment and are very useful when analyzing a small sample size but
become costly as sample size increases. Two popular microarrays platforms include
Affymetrix’s GeneChip and Illumina’s BeadChip.

Affymetrix’s GeneChip platform (for more information see http://www.affymetrix.com)
utilizes traditional solid support microarray technology. Affymetrix’s latest product, the
GeneChip Human Gene 1.0 ST Array, is able to interrogate 28,869 genes and covers over
700,000 distinct probes. A greater number of samples can be processed simultaneously (with
this same probe set) using the Human Gene 1.1 Array Strip (4 samples/strip) and the Human
Gene 1.1 Array Plate (16, 24, or 96 samples/plate). Affymetrix also provides whole
transcript expression analysis technology for mice and rats.

Instead of using a solid support platform, the Illumina BeadChip platform (for more
information see http://www.illumina.com) employs silica beads (each covered with
thousands of copies of a specific oligonucleotide) self-assembled in microwells of fiber
optic bundles or planar silica slides. Illumina’s most recent whole genome expression array,
the HumanHT-12 v4 BeadChip, provides high throughput processing of twelve samples and
covers over 47,000 probes. Illumina also offers whole genome expression BeadChip
technology for mice and rats.

Normalization of gene expression data is also important with microarray data collection.
Unlike qRT-PCR where an appropriate endogenous control needs to be selected and
included in the data collection, microarrays already include a range of endogenous controls
for which data is simultaneously collected and from which the investigator can select to use
for normalization of the data.

Sequence based technologies that utilize next-generation sequencing (NGS; high throughput
sequencing) are also available for collection of genome-wide gene expression data. An
example of such a technology is the RNA-Seq method (for more information see
http://www.illumina.com). This method requires conversion to cDNA, ligation of the cDNA
fragments, creation of a library, sequencing of the template, and collection of frequency data
for a transcript. An advantage of this approach over microarrays is that it does not require
primers or probes therefore novel transcripts that would not be detectable with a microarray
can be identified.

Serial analysis of gene expression: Serial analysis of gene expression (SAGE) provides
comprehensive quantitative gene expression data. SAGE technology is based on three main
principles: (1) a short sequence tag (9–17 bases) contains sufficient information to
distinctively identify a transcript, (2) sequence tags can be linked together to form one long
molecule that can be cloned and sequenced to allow efficient analysis of transcripts, and (3)
the number of times a particular tag is observed corresponds to the expression level of the
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transcript (Sagenet, 2005; Velculescu, Zhang, Vogelstein, & Kinzler, 1995). One of the
main advantages of SAGE, similar to RNA-Seq, is the ability to detect novel genes as it
does not require prior sequence information or hybridization probes for each transcript like
microarrays (Velculescu et. al, 1997). Another advantage of SAGE is that is utilizes
common laboratory equipment and techniques. Any laboratory that performs PCR and
manual sequencing could also execute SAGE. Nonetheless, due to cloning and sequencing,
SAGE can be expensive, time consuming, and labor intensive.

EPIGENETIC STUDIES
An epigenetic mechanism is a biochemical alteration to the DNA molecule that does not
change the sequence of the DNA but does influence gene expression. Epigenetics is often
defined as the “study of mitotically and/or meiotically heritable changes in gene function
that cannot be explained by changes in DNA sequence” (Russo, Martienssen, & Riggs,
1996, p. 1).

The epigenetic/epigenomic approach shares many advantages and disadvantages with DNA
polymorphism based approaches and gene expression based approaches. Like DNA
polymorphism based approaches, the epigenetic/epigenomic approach uses DNA as its
template for data collection. Since both DNA sequence and its chemical modifications are
stable, stored samples are more likely to be appropriate for this approach than gene
expression approaches. Similar to a gene expression based approach; epigenetic/epigenomic
alterations can change over time and can differ dramatically between cell/tissue types.
Although template stability is not an issue, the investigator should give great consideration
to whether multiple samples over time are needed for evaluation and what cell/tissue type is
most appropriate to evaluate for the given phenotype of interest. For these reasons, similar to
gene expression studies, many stored samples may not be appropriate for this approach.

Chromatin remodeling, non-coding RNAs, histone modifications, and DNA methylation are
all epigenetic/epigenomic alterations that impact gene expression. Chromatin remodeling is
an enzymatic process that results in altered chromatin and nucleosome composition. This
transformed structure provides regulatory proteins access to the DNA molecule. Non-coding
RNAs are not translated into protein but have considerable involvement in gene expression
through interactions with DNA/mRNA. While chromatin remodeling and non-coding RNAs
are important to gene regulation, this paper will focus primarily on the commonly examined
epigenetic mechanisms for which the most technology for data collection is available:
histone modifications and methylation.

Rationale for Taking an Epigenetic/Epigenomic Approach
The decision to take an epigenetic (candidate gene) or an epigenomic (genome wide)
approach is based upon wanting to evaluate the mechanism for gene regulation. There are
many environmental factors that impact the severity and frequency of epigenetic/epigenomic
alterations and subsequent gene expression; therefore, this approach is often used to examine
multifactorial diseases that have an environmental component associated with it. Epigenetic
approaches to examine transcriptional regulation have contributed to a more comprehensive
understanding of complex conditions that demonstrate aberrant gene expression, including:
cancer (Wilop et al., 2011), mental health (Read, Bentall, & Fosse, 2009), and
cardiovascular disorders (Ordovás & Smith, 2010). Furthermore, the investigation of
diseases for which DNA mutations have not been revealed may benefit from an epigenetic
approach.
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Subject and Sample Considerations
The epigenome is subject to frequent alterations; therefore, longitudinal sample collection is
recommended if evaluating time-sensitive trends. Subject size recommendations for an
epigenetic study follow similar guidelines to a gene expression study, and vary on whether
the investigator will examine the entire genome (hypothesis generating/larger sample size)
or a candidate gene profile (hypothesis driven/smaller sample size). Like the other
approaches described, an epigenetic study does not require that subjects be related. The
advantages and disadvantages of conducting a genome-wide versus candidate gene
epigenetic study are similar to those described in previous sections.

The epigenome is largely determined by cell type, and this is especially true for methylation
patterns; therefore, tissue source is extremely important to consider for this type of
approach. For example, the methylation profile of a skin cell is very different than the
methylation profile of a liver cell, since different genes are expressed in each cell type, and
methylation is a driving force behind tissue specific gene expression. Similar to a gene
expression study, an epigenetic design requires the samples for epigenetic analyses be from
a tissue that appropriately addresses the phenotype of interest. Tissue specific sample
collection will capture epigenetic patterns that impact gene expression which are potentially
contributing to the disease. Unlike a gene expression study which examines RNA, this
design requires DNA, which is advantageous for the investigator who has access to
previously collected samples, assuming they were collected from an appropriate tissue for
the phenotype under investigation.

Epigenetic and Epigenomic Data Collection Technologies
This section will focus on the two epigenetic mechanisms most frequently studied: (a)
histone modification and (b) methylation. Post-translational histone modifications include
alteration of the histone tail through biochemical changes that ultimately impact gene
activity. Genome-wide histone modifications can be captured with chromatin
immunoprecipitation technology (ChIP), and quantified with a microarray (ChIP-chip).
Methylation refers to the addition of a methyl group to a cytosine, often at CpG islands,
which are regions of the genome that are rich in CG base sequences. Hypermethylation of a
gene typically leads to gene suppression, while hypomethylation results in gene expression.
Genome-wide methylation intensities can also be measured with affinity-based
immunoprecipitation (MeDIP), and quantified with a microarray (MeDIP-chip, Infinium
platform). Methylation of candidate genes can also be measured with restriction enzymes
that recognize only demethylated CpG regions (HELP assay), or pyrosequencing. Next
Generation Sequencing approaches are also becoming increasingly popular, more cost
effective, and provide global sequencing for histone modification (ChIP-seq) and
methylation (MeDIP-seq), often integrating these with other epigenetic mechanisms. This
section will describe each method and provide the reader with technologies and
recommendations to aide in the design and implementation of an epigenetic study.

Histone modification analysis
Histone modification signals can be captured with chromatin immunoprecipitation (ChIP),
which provides modification position approximation on the genome (Collas, 2010). The
ChIP-chip technique combines this ChIP technology with a microarray (chip) to quantify the
sum of binding sites on the genome (Aparacio, Geisberg, & Struhl, 2004). The ChIP-seq
technique (see Next Generation Sequencing) has become a popular technique compared to
ChIP-chip. Unlike ChIP-seq, ChIP-chip requires more amplification, multiplexing is not
possible (Park, 2009), and the results have a lower resolution that are limited to the coverage
provided by the selected microarray (Evertts, Zee, & Garcia, 2010). Nimble Gen offers a
whole-genome ChIP-chip tiling array that allows the investigator to choose between
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ordering the entire genome set or individual arrays within a set
(http://www.nimblegen.com/products/chip/wgt/index.html). Single gene ChIP technologies
are available that target antibodies against specific histone modifications. Mass spectrometry
also allows the measurement of mass-to-charge ratio of peptides (Evertts et al.) and allows
for changes in modification to be quantified during chromatin assembly (Deal & Henikoff,
2010).

When performing any microarray experiment, it is important to address concerns that may
compromise the integrity of the experiment, including: image acquisition, background
subtraction, standard normalization and the need to control for biases from dye (Buck &
Lieb, 2004). Additionally, the reproducibility of the histone-modification results depends on
the quality and specificity of antibodies used. Antibodies may exhibit appropriate
specificity, but are ineffective when subjected to ChIP reagents (Egelhoffer et al., 2010).
The Center for Biomedical Informatics at Harvard Medical School has developed an online
repository that allows investigators to search for antibodies subjected to validation tests
(http://compbio.med.harvard.edu/antibodies/about). It is important to note that this
validation data should be used as a guide and investigators are encouraged to validate their
own findings.

Bisulfite-conversion based methylation analyses
Bisulfite-conversion of unmethylated cytosines to uracils remains the gold-standard to
evaluate methylation (Huang, Huang, & Feng, 2010). Bisulfite-conversion based
microarrays use probes that hybridize targets to methylated and unmethylated regions, and
release a fluorescent intensity that denotes methylation status (Huang et al.). Recent research
indicates that tissue-specific methylation occurs in CpG island shores rather than previously
targeted CpG islands (Irizarry et al., 2009); therefore, CpG islands alone are not sufficient to
reveal differentially methylated regions and methylome evaluation should also include CpG
shores (Gupta, Nagarajan, & Wajapeyee, 2010). Like other non-sequencing-based methods,
the results of this platform are “susceptible to certain polymorphisms that were not known or
considered at the time the array was designed” (Rakyan, Down, & Balding, 2011, p. 532).
Illumina offers the Infinium HumanMethylation450K which provides a whole-genome
analysis of methylation intensities of more than 450,000 sites, including CpG islands, shores
and other CpG sites outside of islands (for more information see
http://www.illumina.com/products/methylation_450_beadchip_kits.ilmn). Candidate gene
methylation assessment can be accomplished through technologies such as the EpiTYPER
(for more information see http://www.sequenom.com) that uses bisulfite converted DNA as
a template for PCR and after modification and cleavage of the PCR product, mass
spectrometry is performed to quantify methylated and non-methylated DNA.

Bisulphite-based sequencing (BS-seq) uses bisulphite converted DNA as a template, PCR
amplification occurs, and sequencing of the resulting fragments provide a global view of
methylation with minimal bias toward CpG dense regions. This approach provides the
highest level of coverage and resolution, but is not capable of distinguishing between
methylated and hydroxymethylated cytosine bases. BS-seq can be used for both a genome-
wide or candidate gene approach. Pyrosequencing examines the methylation intensity of
specific sites or genes of interest. Illumina offers a single-site resolution methylation assay
that uses bisulfite conversion and pyrosequencing to produce high resolution results
(http://www.illumina.com/technology/veracode_methylation_assay.ilmn).

Affinity-based methylation analyses
Genome-wide affinity-based microarrays use enzyme recognition sites within CpG sites that
enrich the methylated fraction of the genome. The MeDIP-chip technique (Methylated DNA
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Immunprecipitation-chromatin Immunoprecipitation) immunoprecipitates the methylated
portion of genomic DNA with an antibody, and is followed by quantification of methylation
with a microarray. This technique yields a restricted resolution that is limited by the type of
array used. MeDIP-chip should be validated with quantitative PCR, though referencing is
not required since bisulfite conversion does not occur. ArrayStar offers MeDIP-chip services
that include quality assessments for both methods
(http://www.arraystar.com/Microarray/service_main.asp?id=181).

Restriction endonuclease-based methylation analysis
Restriction endonucleases have been adapted to discriminate methylated from unmethylated
regions in the DNA (Edwards et al., 2010). This approach uses restriction enzymes that
recognize only unmethylated sites, and are therefore unable to cut methylated portions of
DNA. This method, combined with high throughput sequencing is limited by the availability
of restriction enzyme sites in the target DNA (Gupta et al., 2010). Additionally, this
technique requires large amounts of DNA (Biotage, 2007). Advantages for this approach
include: a simplified data analysis, straightforward protocol, and it does not require bisulfite-
conversion. The use of restriction enzymes to analyze methylation can be used for either
candidate-gene or genome-wide studies (Gupta et al.) and has been used as a method of
methylation mapping analysis (Edwards et al., 2010).

Data Quality assessments are important to incorporate into an epigenetic study. Quantile and
LOESS normalization is recommended, which assumes a similar total strength (source).
Additionally, bisulfite-based experiments, especially pyrosequencing since PCR is highly
variable, should include verification in independent samples to distinguish methylation from
incomplete bisulfite conversion (Laird, 2010). Incomplete conversion of methylated
cytosines remains a major weakness of bisulfite-conversion based analysis techniques. Fully
methylated and fully unmethylated controls should be provided by commercial vendors
which allow the investigator to evaluate bisulphite-conversion efficiency.

Next generation sequencing (NGS) for histone modification analysis
DNA sequencing from epigenetic events may provide a first step toward quantification of
epigenetic mechanisms. Similar to ChIP-chip, ChIP-seq uses antibodies to enrich for histone
modifications, but is instead followed by high-throughput sequencing that measures gene
expression levels (Evertts et al., 2010). This technique determines the genome-wide patterns
of modified chromatin, including: histone methylation, acetylation status and binding
regions for proteins (Werner, 2010). Unlike ChIP-chip, ChIP-Seq offers higher resolution
with fewer artifacts, greater coverage, and requires less DNA. Illumina offers a ChIP-seq
assay that provides a wide range of binding sites with varying strength
(http://www.illumina.com/technology/chip_seq_assay.ilmn).

Next generation sequencing (NGS) for methylation analysis
MeDIP-seq (Methylated DNA Immunoprecipitation-Sequencing) is a high throughput
sequencing technique of methylated DNA fragments that is aligned to a referenced genome.
This technique is comparatively easier to analyze and interpret (Gupta et al., 2010);
however, this method is best used to study hypermethylation of CpG-rich areas, since
methylated CpG-rich sequences are more efficiently enriched than methylated CpG-poor
sequences (Bibkova & Fan, 2009).

CONCLUSIONS
Nurse scientists should give much thought to how a genetic or genomic study could
positively impact and move forward their program of research. When designing a genetic or
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genomic research study it is paramount that one decides if they will take a polymorphism
based, gene expression based or epigenetic based approach and then within the context of
that study whether they will take a genetic or a genomic approach. This paper, while not
providing an exhaustive review of available technologies, demonstrates the variety of
technologies available for commonly used approaches, each with advantages and
disadvantages. Availability of databases housing information to facilitate study design, data
collection, interpretation of findings, and dissemination of data have greatly improved over
the past decade. Investigators are encouraged to visit and utilize in silico resources when
designing a research study to ensure they are conducting novel investigations and using up
to date information.
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Table 1

Online Genome Databases and Resources

Name and Address Description

Database of Short Genetic Variations (aka SNP database)
http://www.ncbi.nlm.nih.gov/snp/?term=

This database houses documented SNPs, microsatellites, and small-scale
INDELs. It provides population specific allele frequencies; genotype data,
genome location, and information on function (e.g., change in an amino
acid).

International HapMap Project
http://hapmap.ncbi.nlm.nih.gov/

This database is used to identify and select tagging SNPs. User defined
criteria under the configure tab include population selection, R2 cutoff
values, and mean allele frequency cutoff. SNPs identified in the literature
or dbSNP can also be included in the tagger SNP configuration.

Database of Genomic Structural Variation
http://www.ncbi.nlm.nih.gov/dbvar

This database houses information on documented structural variants,
including CNVs. User defined limits include criteria such as study design,
method type (e.g., SNP genotyping, FISH), project ID, and variant type

Copy Number Variation (CNV) Project
http://www.sanger.ac.uk/humgen/cnv/

This database provides CNV data from two projects (Global CNV
assessment; High-resolution CNV discovery)

Genetics Home Reference
http://ghr.nlm.nih.gov/

This website by the National Library of Medicine contains information
concerning genetic conditions, genes, and chromosomes.

Talking Glossary of Genetic Terms
http://www.genome.gov/glossary/index.cfm

This glossary provides definitions, illustrations, and animations of
commonly used genetic/genomic terms.

The Gene Ontology Project
http://www.geneontology.org/

This database can be used to identify genes whose products may impact a
phenotype of interest. The domains covered include cellular component,
molecular function, and biological process.

Catalog of Published Genome-Wide Association Studies
http://www.genome.gov/gwastudies/

Database containing all published GWA studies attempting to genotype at
least 100,000 SNPs in the initial stage

Genome-Wide Association Studies Data Repository
http://was.nih.gov/

Website for the NIH Genome Wide Association Study Portal

The Genes, Environment, and Health Initiative
http://www.genesandenvironment.nih.gov

Website for Genes, Environment and Health Initiative (GEI)

Database of Genotypes and Phenotypes
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gap

Database containing results of studies investigating genotype-phenotype
interaction. Currently houses NIH GWAS repository.

Center for Inherited Disease Research
http://www.cidr.jhmi.edu

Provides genotyping and statistical genetic services to investigators
approved for access through competitive peer review process

Understanding the Basics of Microarrays
http://www.ncbi.nlm.nih.gov/About/primer/microarrays.html

This publication from the National Center for Biotechnology Information
(NCBI) provides an overview of DNA microarrays explaining gene
expression, the technology underlying microarrays, the purpose and
importance of microarrays, and the basics of microarray experiments.

Gene Expression Omnibus
http://www.ncbi.nlm.nih.gov/geo

GEO: the Gene Expression Omnibus. GEO serves as public repository and
online resource for storage and retrieval of gene expression data. GEO
currently maintains microarray and serial analysis of gene expression
(SAGE) data on over 100

European Bioinformatics Institute
http://www.ebi.ac.uk/

The European Bioinformatics Institute (EBI) is a nonprofit organization
that focuses on research and services in bioinformatics. EBI’s website
enables access to gene expression databases (Array Express Archive and
Gene Expression Atlas) and microarray analysis tools (Expression
Profiler, Next Generation and Bioconductor).

Serial Analysis of Gene Expression Portal
http://www.sagenet.org

Sagenet provides a detailed description of serial analysis of gene
expression (SAGE). This website also provides SAGE applications,
publications, and resources.

Histone Database
http://www.research.nhgri.nih.gov/histones

NHGRI histone database Histone sequence information, including
posttranslational modifications

Antibody Validation Database
http://compbio.med.harvard.edu/antibodies/about

Collect and to share experimental results on antibodies that would
otherwise remain in individual laboratories, thus aiding researchers in
selection and validation of antibodies.

Chromatin Structure and Function
http://www.chromatin.us

Information on chromatin biology, histones and epigenetics (hosted by
Jim Bone)
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Name and Address Description

Database for DNA Methylation and Environmental
Epigenetic Effects
http://www.methdb.de/

Human DNA methylation Database
DNA methylation data readily available to public
Future develop includes environmental impact on methylation

CpG Island Searcher
http://www.uscnorris.com/cpgislands2/cpg.aspx

CpG island searcher
CpG Island sequence search algorithm
Allows for selection of % methylation and length of (ISLAND?) and gaps
between islands

Catalogue of Parent of Origin Effects
http://igc.otago.ac.nz/home.html

Imprinted Gene Catalogue Catalogue of parent of origin effects
Can search by taxon, chromosome, gene name or key word

Database of Noncoding RNAs
http://www.noncode.org

Knowledge database dedicated to ncRNA
Information on: class, name, location, related publications, mechanism
through which it exerts its function
Includes all traditional ncRNAs, but excludes tRNAs and rRNAs

MicroRNA Database
http://www.mirbase.org

MicroRNA data resource Searchable database of >16,000 published
miRNA sequences and annotation – includes location and sequence of
mature miRNA Can search by name, keyword, reference and/or
annotation

Epigenome Network of Excellence
http://www.epigenome-noe.net

Epigenome Network of Excellence
Web site of European interdisciplinary epigenetics research network
Includes protocols, an antibody database and reference information on
epigenetics

Human Epigenome Project
http://www.epigenome.org

The Human Epigenome Project Research Consortium Collaborative effort
to catalogue and interpret genome-wide methylation patterns of all human
genes and major tissues
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Table 2

Online Commercial Resources Used in Manuscript

Name Address

Applied Biosystems Incorporated http://www.appliedbiosystems.com

Roche Applied Science http://www.roche-applied-science.com

Illumina Incorporated http://www.illumina.com

Affymetrix Incorporated http://www.affymetrix.com

Millipore http://www.millipore.com

Sequenom Incorporated http://www.sequenom.com

Preanalytix http://www.preanalytix.com

Life Technologies Corporation http://www.lifetechnologies.com

Ambion http://www.ambion.com

Qiagen Incorporated http://www.qiagen.com

DNAGenoteck Incorporated http://www.dnagenotek.com

Panomics http://www.panomics.com

Roche Niblegen Incorporated http://www.nimblegen.com

Arraystar Incorporated http://www.arraystar.com
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