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Goals of meta-analysis

• to identify new (better?) markers

• to analyse gene networks
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Scoring:
• agglomerate

 

data
 

sets
• define

 

a disease
 

score
 

for
 

each
 

individual 
study
• sum

 

disease
 

score
 

across
 

studies
• judge

 

the
 

significance
 

of
 

the
 

overall
 

disease
 score

 

by
 

Bootstrap

Rasche, Al-Hasani, Herwig (2008) BMC Genomics, 9:310

Meta-analysis
 

of
 

type-2 diabetes
 

mellitus
 data
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Data
 

processing

Issues
 

to consider:

- re-mapping
 

of
 

probes
 (alternative cdf

 
files)

- normalisation

- Differential expression

- Functional
 

characterisation
 of

 
candidate

 
genes
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Scoring

r :  fold
 

change,
p : average

 

detection
 

P-value
 e : standard error

 

of the ratio

Quantitative microarray
 

studies
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Serpina1 –
 

specific
 

marker

PdK4 –
 

general
 

marker

Number

 

of

 

studies: 2

p     proportion

 

of

 

study

 

1
1-p  proportion

 

of

 

study

 

2

H = -p*log2 (p)-(1-p)*log2 (1-p)

Number

 

of

 

studies: 3

p        proportion

 

of

 

study

 

1
q        proportion

 

of

 

study

 

2
1-p-q  proportion

 

of

 

studyt

 

3

H = -p*log2 (p)-q*log2 (q)-(1-p-q)*log2 (1-p-q)

Entropy
 

criterion:

Meta-analysis
 

–
generality

 
vs

 
specificity



# 8APO-SYS Biostatistics Workshop, MPIMG, 20.01.2009 Max-Planck-Institute
for Molecular Genetics

identified 213 potential marker genes
reasonable marker set on the pathway 

level
higher accordance to OMIM genes
only limited overlap to previous studies
95 new uncharacterised genes
no significant chromosomal spots

Robustifying
 

marker
 

detection
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• assume that you identify a set of n genes

•
 

under these n genes k have a certain functional 
category (e.g.   
catalytic activity)

Question: 
Are genes with catalytic activity enriched in the 

selected gene set ?

N

 

number of all genes under consideration
n

 

number of differentialy expressed genes
k

 

number of genes with the specific category
K

 

number of all genes with that category
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Measure
 

enrichment
 

of
 functional

 
information
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Over-representation
 

and
 

gene
 enrichment

• simple count

 

statistics

 

based

 

on

 
hypergeometric

 

distribution

• each

 

gene

 

is

 

weighted

 

equally

• no

 

crosstalk

 

between

 

pathways

 

is

 

taken

 

into

 
account
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Marker identification in Down’s Syndrome

• identified 146 potential markers

• identified several new marker genes (29)

•
 

strong enrichment for human chromosome 21 (P<10-20) and 
mouse chromosomes 16 (P<10-20) and 10 (P=0.002)

...
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Notch signaling pathway -

 

Homo sapiens (human)0,046318273146432‏path:hsa04330

Vitamin B6 metabolism -

 

Homo sapiens (human)0,03931827314651‏path:hsa00750

Neurodegenerative Disorders -

 

Homo sapiens (human)0,03718273146382‏path:hsa01510

Jak-STAT signaling pathway -

 

Homo sapiens (human)0,0297182731461464‏path:hsa04630

ECM-receptor interaction -

 

Homo sapiens (human)0,02818273146823‏path:hsa04512

Galactose metabolism -

 

Homo sapiens (human)0,025318273146312‏path:hsa00052

Huntingtons disease -

 

Homo sapiens (human)0,023818273146302‏path:hsa05040

Selenoamino acid metabolism -

 

Homo sapiens (human)0,022418273146292‏path:hsa00450

Pentose phosphate pathway -

 

Homo sapiens (human)0,016918273146252‏path:hsa00030

Cell Communication -

 

Homo sapiens (human)0,0133182731461144‏path:hsa01430

Tight junction -

 

Homo sapiens (human)0,0125182731461124‏path:hsa04530

Cell adhesion molecules (CAMs) -

 

Homo sapiens (human)0,00939182731461034‏path:hsa04514

Leukocyte transendothelial migration -

 

Homo sapiens (human)0,00206182731461125‏path:hsa04670

Alzheimers disease -

 

Homo sapiens (human)0,0012718273146273‏path:hsa05010

Meta analysis –
 

KEGG overrepresentation
analysis
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Meta analysis –
 

pathway crosstalk
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