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2D Gels

Courtesy Gry Sjøholt, Nina Ånensen & Bjørn Tore 
Gjertsen

Patient #1
Age: 57

Patient #2
Age: 46



© Werner Van Belle, October 2007-4-

Initial Problem

 The question we were asked
− Is there a relation between various parameters of 

AML/ALL cancer patients and their P53 biosignatures / 
isoforms ?

 Gels: +/- 97 gel images of different patients
 Biological Parameters: 

− FAB Classification (AML/ALL), AML Class, Flt3 (WT/ITD)
− Resistance AML, Resistance ALL, Survival AML, Survival 

ALL
− BCL2, Stat5 GMCSF, Stat3 IL3, Stat1 Ifng, CD4, C34
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Standard Solution

 Detect Spots, Measure Spot Volumes, Compare
 Non Trivial Solution

− Spot identity unknown, often no calibration spots
− Manual interpretation dangerous; shifts of spots are 

difficult to interpret
− Some PTM influence spot positioning, complicating the 

matter

Complicated methodComplicated method

Tedious workTedious work

Less than optimal resultsLess than optimal results
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Manual Comparison
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2D Gel Analysis



© Werner Van Belle, October 2007-8-

Step 1: Alignment & 
Registration
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Alignment of Multiple Gels

 Idea Cumulative Superposition
− take first gel, superimpose second gel
− take third gel, superimpose on projection of previous 

gels
− repeat process for all gels

This does not work,
we merely find a suitable superposition
to reflect the first images.
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Cumulative Superposition

Initial 2DE Gel ImageInitial 2DE Gel Image Final Overlay ImageFinal Overlay Image
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Cumulative Superposition

Initial 2DE Gel ImageInitial 2DE Gel Image Final Overlay ImageFinal Overlay Image
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Multi Gel Alignment

1- align all image pairs -> X.X alignments
2- find an optimal (x,y) position that minimizes the 

overall alignment error 

A B C D E
A (50,80) (0,-20) (30,5)
B (2,45) (-12,0) (-12,70)
C (23,-156) (15,-73)
D
E

100 images at 1024 x 1024100 images at 1024 x 1024

65011712 operations per cross 65011712 operations per cross 

correlationcorrelation

5000 cross correlations5000 cross correlations

325058560000 operations in total325058560000 operations in total

325.10^9 FLOP 325.10^9 FLOP 

theoretical = 2.7 hourstheoretical = 2.7 hours

practical = 3 dayspractical = 3 days
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2D Gel Overlays

Superposition of all images
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2D Gel Overlays

Reflects Known Protein Reflects Known Protein 

IsoformsIsoforms
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Step 2a: Background Intensity
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Background Differences



© Werner Van Belle, October 2007-17-

Background Differences
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Step 2b: Intensity Normalization
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Contrast
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Contrast
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Step 3: Correlation
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Step 3: Correlation
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P53 Biosignature vs Age
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Step 4: Masking
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Step 4a: Significance
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Significance Mask
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Step 4b: Variance
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Variance Mask
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Step 4c: Overall Mask
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Overall Mask
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P53 Biosignature vs Age
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Simulated Gel Stack
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Correlation Images
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Step 5: 3D Visualization



© Werner Van Belle, October 2007-35-

Intra Gel Relation Correlations
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Alignment Jitter
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Alignment Jitter

Jitter should not be larger 
than the mean spot size
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Resource Usage

 132 Parameters, 13 correlation sets, 128 images
 Creating the fine-tuned overlay alignment: 72h
 Computing all the correlations: 85.55h, which 

produced 5.8 Gb of raw data.
 Rendering of the movies: 5 hours per movie, with 

1416 images: 7080h -> 93 Gb
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Step 5: 3D Visualization
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Part 2. Systems Biology

Dr. Werner Van Belle
Medical Genetics

University Hospital Northern Norway
e-mail: werner@sigtrans.org

Science is built up with facts, as a house is with stones. But a 
collection of facts is no more science than a heap of stones is
a house - Henri Poincaré

mailto:werner@sigtrans.org
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Biological Networks
in computers

 Interpretation
− Visualization can help guide the interpretation process
− Clustering can aggregate seemingly incoherent 

measurements
 Model building

− infer general properties that are supported by 
experiments and explain the results coherently

 Prediction 
− how will the network react in hypothetical situations 

(E.g: suppose we would knock out this gene)
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Biological Networks
in computers

 Coupled differential equations
 Boolean networks
 Symbolic Approaches (KEGG).
 Continuous networks
 Stochastic

Why not include protein interactions ?
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Influenced by/Influences

 MK5 leads to multiple changes in gene 
expression

 27000 gene expressions measured
 Those that change will very likely influence 

other proteins

Which proteins are likely influenced by 
our measured up/down regulations ?
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Influence Propagation

 Create the graph using a protein interaction map
 Initialize graph with micro array measurements
 Propagate the influence to the neighbors
 [Normalize the network]
 Repeat
 Aggregate and sort the results

1.0

0.8

0.6
0.6

1.0

1.6

1.0

1.4

Signal propagation

Fixed input signals

Fixed input signals

Fixed input signals

Estimated influence

Estimated influence

Estimated influence

Estimated influence
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Involved Proteins by Rank
PROTEIN CGI-126 (PROTEIN HSPC155)
RAD50-INTERACTING PROTEIN 1
RHO-RELATED BTB DOMAIN-CONTAINING PROTEIN 2 (DELETED IN BREAST CANCER 2 GENE PROTEIN) (P83)
NADH-UBIQUINONE OXIDOREDUCTASE 18 KDA SUBUNIT, MITOCHONDRIAL PRECURSOR (EC 1.6.5.3) (EC 1.6.99.3) (COMPLEX I-18 KDA) (CI-18 KDA) (COMPLEX I- AQDQ) (CI-AQDQ).
CHROMATIN ACCESSIBILITY COMPLEX PROTEIN 1 (CHRAC-1) (CHRAC-15) (HUCHRAC15) (DNA POLYMERASE EPSILON SUBUNIT P15).
ADIPONECTIN RECEPTOR 2
ODD-SKIPPED RELATED 1; ODZ (ODD OZ/TEN-M) RELATED 1.
DNA POLYMERASE EPSILON P12 SUBUNIT (DNA POLYMERASE EPSILON SUBUNIT 4)
PROTEIN X 0004
XPA BINDING PROTEIN 1; MBD2 INTERACTOR PROTEIN; PUTATIVE ATP(GTP)-BINDING PROTEIN
HBS1-LIKE
HOMEOBOX PROTEIN HLX1 (HOMEOBOX PROTEIN HB24).
NUCLEAR TRANSCRIPTION FACTOR Y SUBUNIT BETA (NF-Y PROTEIN CHAIN B) (NF-YB) (CCAAT-BINDING TRANSCRIPTION FACTOR SUBUNIT A) (CBF-A) (CAAT- BOX DNA BINDING PROTEIN SUBUNIT B).
GROWTH FACTOR RECEPTOR-BOUND PROTEIN 2 (GRB2 ADAPTER PROTEIN) (SH2/SH3 ADAPTER GRB2) (ASH PROTEIN)
SERINE/THREONINE-PROTEIN KINASE NEK2 (EC 2.7.1.37) (NIMA-RELATED PROTEIN KINASE 2) (NIMA-LIKE PROTEIN KINASE 1) (HSPK 21)
E2A-PBX1-ASSOCIATED PROTEIN; PUTATIVE 47 KDA PROTEIN.
NEURON NAVIGATOR 1; NEURON NAVIGATOR-1; PORE MEMBRANE AND/OR FILAMENT INTERACTING LIKE PROTEIN 3.
NEURON NAVIGATOR 3; PORE MEMBRANE AND/OR FILAMENT INTERACTING LIKE PROTEIN 1; STEERIN 3.
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Involved Proteins Network

● Red = Highest involvement; Blue = Lowest Involvement
● Based on our lowest estimates for up/down regulation
● Based on the high confidence set of protein interactions
● Measured gene expressions are not listed

Jean François Rual et al. Towards a Proteome Scale Map of the Human 
Protein Protein Interaction Network – Nature 2005 –  vol 437, p. 1173-1178
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Model Variabilities

 What does the signal represent ?
− signal in each node is the regulation ratio
− signal in each node is the abs regulation ratio
− signal in each node is the log abs regulation ratio
− signal is one of the micro-array measurements
− signal is the log of the micro-array measurement

 How to propagate ?
− based on the protein interaction strength
− based on the inverse of the protein interaction strength
− unweighed
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Small Worlds

 Number of nodes that have a specific number of 
links: log(#nodes) ~ -#links
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Small World
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Network Structure

 Relevance
− Is a protein its function defined by its position in the 

network ?
− Is the network dependent on a protein its proper 

functioning ?
 What [useful] general properties of cell systems 

are available ?
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Digital Filter Systems
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Network Structure

 What [useful] general properties of cell systems 
are available ?

− throughput, capacity, delay, synchronization behavior, 
frequency response, phase response etc...

=> Micro-array distributions
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FKRP Alteration

siRNA
Applied Biosystems
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TAF4 Alteration

siRNA
Applied Biosystems
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MK5 Alteration

Long Term Systematic Change
Tecan Scanner
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MK5 Alteration
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Sources of Errors

● Chemical/Physical
– Hybridization
– Quenching
– Probe efficiency
– Age of the plates

● Experimental
– Laboratory setup
– Sample handling

● Machine related 
– Measurement sensitivity
– Dynamic range

● Biological Amplification 
process
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A Control Slide

Relative
Error

Absolute
Error

False Downregulated

False 
Upregulated

Clipping

Area under
Clipping 
Influence

Green

Red

Theoretical
Control Measured

Control

PDF of error at distance x

PDF of error at distance z

PDF of error at distance y
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Specific vs Scrambled siRNA
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Specific vs Scrambled siRNA
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Taken Together

 Information is propagated throughout networks
 Multiplicative errors
 Widening of the probability distribution

Presence of a Systematic Factor with
most gene alterations
-> some form of noise
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Questions

 Is the variability real noise or an oscillatory 
phenomenon or an occurrence of random events ?

 What impact has synchronization of cells on the 
measurement/wideness ?

 How does the overall distribution affect the cell 
behavior

− How does the protein distribution affect the working of 
proteins for which its function is well understood

 Can we sharpen, widen the distribution
 Is the distribution related to the energy 

output/input of the cell ?
How does this relate to networks ?
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Network Position

Taf4 siRNA SKNDZ

 Core Promotor Element-binding 
protein kruppel-like factor 6 b-cell 
derived protein proto-oncogene bcd1

 Transcription factor sp1
 Krueppel-like factor 7

ubiquitous krueppel-like factor
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Network Position

Taf4 siRNA SKNDZ

 Will highly connected proteins
− become more stable/unstable
− drive noise into/away from other 

pathways
− provide a noise background for the cell 

system ?
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Questions

 How does 1 node influence the overall 'noise' 
output

 How does the overall noise affect each node ?
 Does one protein increase or decreases the noise 

level of another protein without altering its 
expression

 Can we relate the noise level to the distance of the 
alteration ?
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