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Integrating Gene Expression Profiling and Genotyping Analysis

The power of gene expression analysis to refine the selection of candidate

genes for mutational screening has led to expression studies becoming

standard practice in disease research. These types of transcriptional studies

can result in lists of genes with highly predictive power for both disease

classification and treatment response. For example, in clinics studying

childhood leukemias, expression profiles of peripheral blood leukocytes

(PBLs) or lymphocytes can correctly predict leukemia subtype as well as

disease progression. [Yeoh et al., 2002.] 

In neuropsychiatric research, genome-
wide linkage studies have successfully
isolated regions associated with
particular disorders. For example,
studies on schizophrenia and bipolar
disorder in families have shown
significant genome-wide linkages for
specific chromosomal locations (5q for
schizophrenia and 6q22 for bipolar
disorder). [Pato et al., 2004; Sklar et al.,
2004, Middleton et al., 2004]. Yet the
potential of using gene expression
profiling of PBLs for neuropsychiatric
disease characterization or diagnosis
has been largely untapped.

This comparison of regions with
statistically significant single nucleotide
polymorphisms (SNPs) to average
expression values (Z-score) within those
regions led to the identification of over
40 candidate genes potentially involved
in schizophrenia and bipolar disorder. 

Expression analysis was performed on
thirty-three discordant sibling pairs with
schizophrenia and five discordant sibling
pairs with bipolar disorder. The subjects
were gender and age matched from
families with two or more affected
individuals and known patterns of
genetic linkage. The study was
conducted in families from the
Portuguese Island Collection (PIC). 

GeneSpring GX’s class predictor
algorithm was used to identify a
preliminary set of genes for diagnostic
prediction of schizophrenia, bipolar
disorder or a healthy control. The
Euclidean nearest neighbor and support
vector machine (SVM) methods were
both used to find genes with the highest
predictive power from the lists of genes
with significantly changed expression
patterns. The nearest neighbor algorithm
achieved 95% accuracy, while the
support vector machine algorithm
achieved 100% accuracy in classifying
76 subjects as control, bipolar, or
schizophrenic with as few as 10 genes.

In a recently published paper,

researchers at the Center for

Neuropsychiatric Genetics 

used parallel gene expression

profiling and genotyping

analysis in a pioneering 

study on schizophrenia and

bipolar disorder.  

[Middleton et al., 2005]

Using GeneSpring GX for expression
data analysis and GeneSpring GT for
genotyping data analysis, the
researchers were able to identify
abnormal expression patterns in
candidate genes and map these to
chromosomal regions showing
significant genetic linkage. 
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differentially expressed genes between
the unaffected individuals and the
affected siblings. The intersection of
these two gene lists contained 15
common genes. Of these, four genes
had been previously associated with
neuropsychiatric diseases. 

This gene list included GAD2, the gene
which codes for the 65 kD isoform of a
Glutamic acid decarboxylase, an enzyme

which synthesizes GABA (Gamma-
aminobutyric acid) from glutamate and
which has been strongly implicated in
recent postmortem brain studies of
subjects with schizophrenia [e.g.,
Dracheva et al., 2004]. Moreover, mice
lacking GAD2 have been shown to
display prominent behavioral changes
consistent with those seen in
schizophrenia [Heldt et al., 2004].

Extended Comparison of Expression
Profiling and Genotyping

In an extended analysis, a non-
parametric whole genome linkage scan
using GeneSpring GT 2 identified 322
genes located within 2 Mb of SNPs that
showed linkage in the schizophrenia
study group. Expression analysis using
GeneSpring GX identified 2545

Pathway z value
Galactose metabolism 2.01
Purine metabolism 2.67
Huntington disease 4.77
Regulation of p27 phosphorylation during cell cycle progression 3.01

Figure 1. Workflow for integrating gene expression profiling and genotype analysis; (a) combined gene expression and genotype gene list-based pathway
enrichment analysis identifies four canonical pathways; (b) Agilent Literature Search tool to extract associations from literature; (c) Literature-based extended
association network for the four canonical pathways identified by combined genotype and gene expression datasets; (d) “Interesting” subnetwork identified
from the extended network in (c) using combined SNP LOD score and gene expression p-values.                                                                    
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Further analysis looked at potential
pathways involved in schizophrenia. The
gene list obtained through expression
analysis and the gene list from the
genotyping scan were combined into a
single list. Pathway enrichment analysis
of this list showed that a significant
number of these genes segregated to
four pathways (see Figure 1 (a)). The
pathway with the most significant 
Z-score (a value of 4.77) was the
Huntington’s disease pathway. Ten out
of 25 genes from the pathway were
differentially expressed. Importantly, one
gene had a significant SNP in its vicinity
that could potentially serve as
neuropsychiatric disease biomarker. 

Network Building

In addition to the Huntington’s disease
pathway, the three other identified
pathways were those for galactose
metabolism, regulation of p27
phosphorylation during cell cycle
progression, and purine metabolism. 
To explore relationships and illustrate
genes in common between the
pathways, the Agilent Literature Search
tool (available as a plug-in from
Cytoscape – www.cytoscape.org) was
used (see Figure 1(b)) [Shannon et al.,
2003]. A large literature-based
association network was generated from
approximately 450,000 PubMed
abstracts retrieved for a set of disease-
related queries (neuropsychiatric
diseases such as schizophrenia and
bipolar disorder, and immune- and
inflammation-related diseases such as
atherosclerosis, type I diabetes,
Alzheimers disease and rheumatoid
arthritis) [Vailaya et al., 2005]. These
abstracts were processed by the Agilent
Literature Search tool to identify
approximately 39,000 bio-molecular
associations among 5,400 genes. The
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shortest path among every pair of genes
in the four pathways identified above
was extracted from the comprehensive
association network to represent a
literature-based extension of the four
pathways (Figure 1(c)). The extended
network was further filtered as follows
to yield an “interesting” sub-network:

• SNP LOD scores and gene expression
p-values were combined for each gene
to yield a single significance score 
(Z-score).

• An average Z-score for a gene was
computed based on the average of the
Z-scores of all first neighbors (directly
connected by an edge).

• The network was filtered to extract all
edges whose end nodes (genes) passed
an average Z-score threshold, T. 

Cytoscape was used to visualize the
“interesting” sub-network (see Figure
1(d)). Node shape and color attributes
were set based on the canonical
pathway membership of a gene. Node
size was set to the average Z-score for the
gene based on the combined SNP LOD
scores and gene expression p-values.
Eight genes were identified that connect
the Huntington’s disease, galactose
metabolism, purine metabolism, and p27
phosphorylation regulation pathway.
These nodes (those in pink, see Figure
1(d)) were identified as potentially
significant genes/proteins for further
study in the context of neuropsychiatric
disease because of two properties:

a) Nodes whose immediate neighbors lie
on different canonical pathways are
potential points of interaction between
disease pathways

b) Nodes whose immediate neighbors lie
on the same canonical pathways are
potentially additional nodes on those
pathways that have not yet been
identified.

In both cases, these kinds of nodes may
be potential therapeutic targets. This
could also be an indication that
metabolic and signal transduction
pathways are involved in neurological
disease progression. These studies
show the power of a systems biology
approach in disease research.

Carsten Rosenow, Aditya Vailaya, Allan
J. Kuchinsky, Frank A. Middleton.
Edited and compiled by Brynn Alysun.
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About Agilent’s 
Integrated Biology Solutions

Agilent Technologies is a leading
supplier of life science research
systems that enable scientists to
understand complex biological
processes, determine disease
mechanisms and speed drug 
discovery. Engineered for sensi-
tivity, reproducibility and
workflow productivity, Agilent's
integrated biology solutions
include instrumentation, micro-
fluidics, software, microarrays,
consumables and services for
genomics, proteomics and
metabolomics applications.


