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Background

Disease

Abnormality in a single gene(rarely)
Interplay of multiple molecular processes

Interactome

A network that integrates all physical interactions within a cell:
protein-protein, protein-DNA, metabolic interactions

unweighted undirected graph?

Disease module

Disease-associated proteins tend to cluster;

Forming a connected subgraph that contains all molecular
determinants of a disease



Background

* |Interactome & disease module

COMPLETE INTERACTOME

TRUE DISEASE MODULE

DISEASE CAUSING
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Node deletion Loss of
Link deletion function

Modification of the
interaction strength:
Loss or gain of functon

OBSERVABLE INTERACTOME
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‘-Unknown disease protein

False disease association



Background

Incomplete iInteractome
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Disease module hypothesis

* The fragmentation of disease modules

two complementary measures to quantify the degree to
which disease proteins tend to agglomerate in localized
iInteractome neighborhoods:

» The observable disease module size S;

» Shortest Distance Ds;

largest connected
component of
size 5=6

shortest distance
for node A: dg=2
ra

shortest distances for
nodes B & C: ds=‘r



Disease module hypothesis

» Relationship between diseases

We quantify the network-based separation sap of two diseases A and B by comparing the mean
shortest distances (daa) and (dpp) within the respective diseases, to the mean shortest distance

(dap) between their proteins:

san = (dap) — {0221 + (dm0). (59)
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Data Compilation and Analysis

1. Interaction network data

A network of 13,460 proteins that are interconnected by 141,296 physical
interactions, involving 299 diseases.

1.1 The Human Interactome(edges)
i. Regulatory interaction

ii. Binary interactions

iii. Literature curated interactions

iv. Metabolic enzyme-coupled interactions

v. Protein complexes

vi. Kinase network (kinase-substrate pairs
vii.Signaling interactions

1.2 Disease-gene associations(nodes)
i. OMIM(Online Mendelian Inheritance in Man)
ii. GWAS(Genome-Wide Association Studies)



Data Compilation and Analysis

« Combining GWAS & OMIM data using MeSH(Medical
Subject Headings)

a Expansion using the MeSH hierarchy

MYEOYV is associated with "prostatic neoplasms”:
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b Combining GWAS & OMIM
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Data Compilation and Analysis
2. Gene Ontology (GO) Annotation

The GO ontology is structured as a directed acyclic graph where each term has
defined relationships to one or more other terms.

2.1 Three domains:
« Cellular Component

» Biological Process
 Molecular Function

2 2 Slm | |ar|ty Of 2 geneS (http://go.princeton.edu/GOTermFinder/sampleOutput/query_results.html)

The similarity SGO(a, b) of two proteins a and b is given by the most specific GO term
they share:

S(;{){EJ.:'J] = (L‘IJ

min(n;)

2.3 Similarity of a set of disease genes or disease pairs

. 1 ’ .
(Sco) = = Z Scola,b). (S2)
{u.b}
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Data Compilation and Analysis

3. Gene co-expression analysis

3.1 Data source
79 tissues specific gene expression data collected;
5 cancerous tissues and 4 fetal tissues excluded;

3.2 Similarity of 2 genes (Spearman correlation coefficient)
Yisilri —T)(yi — 7))

\/E?:l[:ri - :f}%fZELl(ya: —y)?

3.2 Similarity of disease genes/ disease pairs

we calculate the Spearman correlation coeflicient p(a, b) and the corresponding p-value for each pair

of genes a and b across all 70 tissues and average over all npair pairs:

1 -
(p) = > |p(a.b)]. (S4)

MNpai
pair {a.b)
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Data Compilation and Analysis
4. Symptom similarity

4.1 Data source

Symptom-disease associations were extracted from large-scale medical
bibliographic records in PubMed and the related MeSH metadata.

4.2 Using symptoms to describe disease

Each disease j is represented by a vector dj = (w1,j,w2,j,...,wn,j) in which wi,j
quantifies the PubMed co-occurrence of disease j with symptom i, using tf-idf.

4.3 Similarity of disease pairs
The symptom similarity of two diseases A and B is measured by the
cosine similarity cAB o f YT wiAwis

AB = ; I[l';r}]l

fx—m 2 J—m 2
V 2 im1 Wi \ D im1Wig
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Data Compilation and Analysis
5. Comorbidity

5.1 Data source

A large Medicare patient medical history dataset, containing 13,039,018 patients,
to analyse the comorbidity of disease pairs, i.e., the tendency of two diseases to
co-occur in the same patients.

5.2 Comorbidity is quantified by the relative risk RR(risk ratio):

fp = DAt pere (S6)
nang

Nyt = total number of patients in the data
nang = number of patients diagnosed with disease A and B, respectively

nap = number of patients diagnosed with both diseases A and B.

RR = (nAB / nA) / (nB / nTotal)
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Data Compilation and Analysis

» Gene-set overlap

We use two measures to quantify the overlap between two gene sets A and B:

AnNnB o
overlap coefficient C' = 111111|{| Al L_S’ ) (513)

ANB L
Jaccard-index J = :—w—f_j—:r (S14)
Al x| B ——
Crand = w% . [l';l},ll

For every observed overlap cohs =| AN B | we then determine the fold-change

fo = —obe (S16)

Crand



Data Compilation and Analysis

* Disease genes tend to agglomerate in

each other's network neighborhood
v Module size & Mean shortest distance

QUANTIFYING TOPOLOGICAL LOCALIZATION
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Data Compilation and Analysis

 The more localized a disease is topologically, the
higher the significance in the similarity of the
associated genes.

TOPOLOGICAL AND BIOLOGICAL LOCALIZATION
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Data Compilation and Analysis

» Topological separation versus biomedical
similarity:

v The closer of two diseases, the more
similar

Symptom similarity
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Data Compilation and Analysis

« Comparison with Gene-set overlap

. COMPARISON WITH GENE-OVERLAP
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Data Compilation and Analysis

« Biological similarity shown separately for the predicted
overlapping and nonoverlapping disease pairs:

v’ Effective and better than Gene-set overlap method
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Summary & Discussion

 Generalization for directed networks

« Comparison with unbiased datasets

v Using only yeast-two-hybrid (y2h) interaction data.
v Using only GWAS disease associations.

« Comparison of disease modules and
network communities methods
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