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We gain insight into generic principles of protein folding by studying aggregated contact
maps of single-domain proteins belonging to the four major SCOP classes (all-α, all-β, α/β,
α + β). Our approach is completely independent of protein amino-acid sequence and focuses
entirely on the positions of contacting residues.

We quantify contact patterns in two specific regions of aggregated contact maps through
logistic regression models. The first region represents contacts of residues aligned to the N-
terminus with subsequent residues, and the second region contacts of residues aligned to the
C-terminus with previous residues. Thus, our analysis is completely symmetric with respect
to the chain termini. The models for each of the two regions ofinterest contain factors for the
positions of contacting residues as well as factors describing parallel and anti-parallelβ-strand
contact patterns.

We observe a striking asymmetry between N-aligned and C-aligned contacts in protein
chains belonging to theα/β SCOP class. The N-aligned region shows a strong propensity for
parallel contacts between the first few residues and residues further along the sequence, whereas
the last few C-aligned residues do not show strong patterns of any kind. This N-terminal domi-
nance could indicate cotranslational folding. The other classes do not show this asymmetry, but
reveal predominantly anti-parallelβ-strand patterns (all-β class), mixed patterns (α + β class)
or no distinct patterns (all-α class).
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1 Introduction
In order to define gene signatures for a disease, the disease-affected tissue is often profiled
for gene expressions. When the disease-affected tissue is not readily available, it has recently
been shown that disease associated gene signatures could also be identified by profiling an
alternative tissue. Achiron and Gurevich (2006) profiled peripheral blood mononuclear cells
(PBMC) instead of brain biopsy to investigate gene signatures for multiple sclerosis. Similarly,
Le-Niculescuet al. (2008) identified biomarkers for mood disorders using gene expression
from the blood. They concluded that blood biomarkers may offer an unexpectedly informative
window into brain functioning and disease state. For hepatis C, Huanget al. (2008) also
profiled peripheral blood mononuclear cells to identify gene signatures associated with response
to interferon plus ribavirin combination therapy in patients with chronic hepatitis C.

In this paper, we investigate tissues surrogacy between colon and rectum tissues in order
to define gene signatures for irritable bowel syndrome (IBS). The colon tissue is considered
as the disease-associated tissue and the rectum tissue as its surrogate, given that abnormalities
in bowel function (diarrhea, and/or constipation) are a clinically important characteristic for
IBS. We investigate the proportion of overlapping differentially expressed genes and prediction
accuracy of the disease-associated gene signatures based on expression profiling of both tissues.
We also quantify the association between disease effects onboth tissues. This study is based
on the previous study by Aerssenset al.(2008) and consisted of 34 IBS patients and 24 healthy
controls.

2 Differential Gene Signatures for IBS
The differentially expressed genes between the IBS patients and the healthy controls are identi-
fied based on gene specific linear models defined as
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)
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)

. (1)

whereXA
ij represents the expression level ofj gene and subjecti in the colon tissue andXB

ij

represents the expression level of thejth gene and subjecti in the rectum tissue. We denote the
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gene-specific disease effects byαj andβj for the colon and rectum tissues, respectively. Note
thatZi is 1 if subjecti is IBS patient and 0 otherwise. The model based covariance matrix Σj is
structured as

Σj =

(

σAAj
σABj

σBAj
σBBj

)

. (2)

After adjusting for multiple testing, the colon tissue resulted in 30 and 72 differentially
expressed genes at FDR of 5% and 10%, respectively. From the rectum tissue, no gene was
found to be differentially expressed. Also, there is very little overlapping in the lists of top
genes from both tissues.

3 Disease Level Surrogacy between the Tissues
Although, no gene was found to be differentially expressed from the rectum tissue, Figure 1
suggests strong association between the estimates of disease effects from the colon and the
rectum tissues. The disease level surrogacy seeks to investigate whether disease effects from
the colon tissue can be predicted by the disease effect on therectum tissue.
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Figure 1: Relationship between estimated disease effects from the colon (̂αj) and rectum tissues (̂βj).

Table 1 confirms strong associations between disease effects on the colon and the rectum
tissues as suggested by in Figure1. This implies that gene expression from the rectum tissue
may contain information about IBS.

Table 1: Estimated associations between estimates from thecolon and rectum tissues after cross-
validation.

Top K LM RF SVM
50 0.90 [0.80; 0.95] 0.90 [0.76; 0.97] 0.75 [0.35; 0.94]
100 0.90 [0.83; 0.94] 0.93 [0.87; 0.97] 0.83 [0.62; 0.93]
200 0.86 [0.81; 0.90] 0.92 [0.88; 0.96] 0.84 [0.72; 0.92]
300 0.84 [0.80; 0.88] 0.91 [0.88; 0.94] 0.83 [0.73; 0.90]
400 0.82 [0.77; 0.86] 0.88 [0.84; 0.92] 0.81 [0.72; 0.87]
500 0.81 [0.77; 0.85] 0.88 [0.85; 0.91] 0.81 [0.73; 0.86]
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4 Classification and Class Prediction
In this section, we develop gene signatures for IBS based on gene expression levels from both
the colon and rectum tissues using the following approaches.

• gene selection and classification based on gene expressions from the colon tissue (T/T)

• gene selection and classification based on gene expressionfrom the rectum tissue (S/S)

• gene selection based on gene expression from the colon tissue, but classification based on
gene expression from the rectum tissue (T/S)

• known gene signatures with classification based on gene expression from the rectum tis-
sue (A/S)

Based on the argument by Ruschhauptet al. (2004) that classification algorithms should be
disentangled from the biology in order to establish what amount of the observed discrimination
can be attributed to biological differences, a summarized overview of the results obtained from
different approaches is shown in Figure 2. The box plot showsthe overall misclassification er-
rors averaged over all the feature selections methods, classification algorithms, and the different
size of genes. This finding suggests that an overall significant improvement in the predictive
power of gene expression from the rectum tissue can be obtained if a more relevant set of genes,
such as genes identified based on the colon tissue are used forclassification.
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Figure 2: Overview of misclassification errors from classification and class prediction for IBS patients
and healthy controls.

5 Discussion
In line with the recent development in microarray experiments, where alternative or surrogate
tissues are profiled to investigate gene signatures for diseases, we have shown in the case of
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irritable bowel syndrome that gene expression levels from the rectum tissue could discriminate
between IBS patients and healthy controls if relevant gene sets are used.
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