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Systems 

What is a system? 

• A system is a set of two or more elements that satisfies the following 

conditions: 

- The behavior of each element has an effect on the behavior of 

the whole 

- The behavior of the elements and their effect on the whole are 

interdependent 

- Subgroups of elements can be formed, in which case each has an 

effect on the behavior on the whole and none has an 

independent effect on it. 
(Ackoff, 1970) 
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A System’s Eco-system  

 
(@2004-5 Steve Easterbrook)  
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Health  Individual health  

What is precision medicine? 

 

 “a medical model using the characterization of individual’s phenotypes 

and genotypes (e.g., molecular profiling, medical imaging, lifestyle 

data) for tailoring the right therapeutic strategy for the right person at 

the right time, and/or to determine the predisposition to disease 

and/or to deliver timely and targeted prevention.” 

(HORIZON2020 Advisory Group)  
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A Patient’s Eco-System 

  

 

(Aronson and Rehm 2015) 



K Van Steen                                                                                                                                                                                                                      Skopje, September 2017  
 

          
 

 

 

  

 

 

 

 

 

 

 

Systems and Health 
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Data deluge allows precise individual-level characterizations 

  
 

 

 

 



K Van Steen                                                                                                                                                                                                                      Skopje, September 2017  
 

          
 

Data deluge shows extensive disease heterogeneity (IBD) 

 
(Biancheri et al. 2013) 
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INTEGROMIX 

P-STRUCT 

Data deluge in precision medicine 

  

DESTinCT 
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Tier 1: Systems thinking in study design 

Challenges and opportunities 
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5 Challenges and Opportunities  

• Continuum – range of disease presentations (dozens of IBD? what are 

outliers?) 

• Informativity versus redundancy – not all data are relevant for a 

particular data problem (definition of relevance) 

• Multiple data sources in a system – not available to all patients 

(missing data) 

• Heterogeneity – a target and a nuisance (corrections for 

confounding) 

• Replication and validation – translation to the clinic (finding “similar” 

independent data) 
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•   

 

          Epidemiology 
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Do you think that omics profiling will be 

 routinely used in the clinic in future? 

“Not in the form we are doing it. At the moment we 
have a very incomplete picture of what’s going on, 

whereas if we were able to make thousands of 
measurements we would have a much better 

feeling. We just don’t know, for the clinical tests, 
which thousand measurements are going to be most 

useful. We’ll need certain measurements for 
diabetes, others for cancer, and specific tests will 
probably reveal themselves useful for different 

diseases.” 

(Snyder 2014) 

Redundancy - Informativity 
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Integrating sequencing and avatar mouse models 

 

(Garralda et al. 2014) 

 

 

 

 

 

Missingness 



K Van Steen                                                                                                                                                                                                                      Skopje, September 2017  
 

          
 

 

  

Replication and validation 

 

Testing precision-medicine strategies 
 

 

 

 (Biankin et al. 2015) 

 

 

 

 

 

Replication and validation 
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Testing precision-medicine strategies 
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Molecular profiling; What does it mean to be „Diseased“? 

 

(Maus et al. 2013) 
 

 

 

Heterogeneity as a target and a nuisance 
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Linear population structure correction (Chaichoompu 2017+) 

 
Pooled case/control PCs (left) vs Case-Projected PCs (right) 
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What does it mean to be „Diseased“? 

 

 
(Alanis-Lobato et al. 2015) 

 

 

 

 

 

 

Non-linearity 
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Fine-scale 

structure 
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            (Chaichoompu – thesis defense Oct 2017) 
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Accuracy of IPCAPS 
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FST among populations – examples 

 
(Health et al. 2008) 
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          Epidemiology 



K Van Steen                                                                                                                                                                                                                      Skopje, September 2017  
 

          
 

 

 

 

Tier 2: Systems thinking in analytics 

Challenges and opportunities 
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5 Challenges and Opportunities  

• Joint locus effect or pure interaction (lower-order effects 

adjustments) 

• Redundant epistasis (redundancy due to associated features)  

• Non-linear confounders (single or multi-omics characteristics) 

• IT infrastructure and resources (data storage, backups, 

computations) 

• Replication and validation – translation to the clinic (finding “similar” 

independent data and validity of model systems) 
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Interactions contribute to distinction 

 

  

   Human interactome (PPI)           Fruit fly interactome 

                  (Bonetta 2010)                   (www.molgen.mpg.de) 
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The “interactome”  

 

The interactome refers to the entire 

complement of interactions between DNA, 

RNA, proteins and metabolites within a cell. 

These interactions are influenced 

by genetic alterations 

and environmental stimuli. 

As a consequence, 

the interactome should be examined or 

considered in particular contexts. 
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Focus on DNA-DNA interactions  

Biological viewpoint 

• Two or more DNA variations may interact either directly to change 

transcription or translation levels, or indirectly by way of their protein 

product (to alter disease risk separate from their independent effects) 

   (Moore 2005)  
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Common genetic variations  

 

 

Single 
Nucleotide  
Polymorphisms 
(SNPs) 

Frequency in 
general  
population 

 
G 

 
95% 

 
 

 
A 

 
5% > 1% 
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Non-biological viewpoints 

• A post-Bateson definition of epistasis driven by statistics is expressed 

in terms of deviations from a model of additive multiple effects (Ronald 

Fisher 1890-1962). 

log (
𝑝

1 − 𝑝
) =  𝛽0 +  𝛽𝐺𝑋1  +  𝛽𝐻𝑋2  +  𝛽𝑋1𝑋2  

 

• Neural networks: In the expression below, interaction is between X1 

and X2 since they are non-additive, and the additive effect of the 

single feature X3 is categorized as a main effects 

" 𝑌 =  𝑋1𝑋2  +  𝑋3"  

Little work exists on interpreting statistical interactions captured by  

neural network methods. 
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Machine learning and interactions 

•  Deep neural networks have been recognized as some of the best 

performing machine learning methods:  

 
 

 
                                                               (Uppu et al. 2016) 

 

• Interactions can be detected in neural networks by interpreting the 

network parameters, assuming that any  

input features interacting with each other 

must follow strongly weighted connections to a common hidden unit  

before the final output (Tsang et al. 2017). 

         

 

  (Tsang et al. 2017) 
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Model-Based MDR (BIO3 team – 2010+) 
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MB-MDR and MDR are conceptually different (BIO3 team – 2010+) 

• Computation time is invested in  

- optimal association tests to label multi-locus genotype 

combinations and  

- in statistically valid permutation-based methods to assess joint 

statistical significance of multiple SNP pairs 

• Labels are related to substantially improve/worsen trait values (H/L). 

In case there is no such evidence, the multi-locus label is not forced 

to be H or L (but will be O).  

• In the presence of main effects, MB in MB-MDR ensures false 

positive control at 5% 
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Highly correlated features  

 

(Marc Joiret – 2017 BIO3 intern) 
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Highly correlated features  

• Machine learning and Correlation based Feature Selection (CFS) 

• Results (Hall 1999): 

- quickly identifies and screens irrelevant, redundant, and noisy 

features 

- classification accuracy using the reduced feature set equals or 

improves over using the complete feature set 

- degradation when important actors were not selected 
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Highly correlated features  

• Statistics and Linkage Disequilibrium (LD) pruning 

• Results (Marc Joiret – 2017 intern BIO3): 

- Exact signal sensitivity may 

be low when actual actors 

were pruned out 

- No pruning gives the  

lowest signal sensitivity 

- Sufficient pruning gives 

acceptable signal sensitivity 

- Lowest power when DSLs 

reside at the boundaries of 

LD regions (scenario C) 
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(Non-linear) confounders  

  

 

 

 

 

(Ritchie et al. 2003)

. 

2003) 

 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
Noise MB MDR MB MDR MB MDR MB MDR MB MDR MB MDR 

None 100 99 100 100 100 95 100 93 93 62 97 73 
 

Above : 60/40 CC ratio, structural epistasis according to corresponding full penetrance Rtichie epistasis model ;  Below : 50/50 (200+200) 

(Cattaert et al. 2011)

. 

(Fouladi et al. 2016+ ; Abegaz et al. 2016+) 
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Replication and validation 

 

  

 

• Component-based 

• Kernel-based 

• Network-based 

        (Fouladi et al. 2015 ; 2016+) 

   MB-MDR in  
integrative  

context 
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Replication and validation 

  

 

or having it trained from the data?  
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Computational feasibility 

Multiple testing correction via “MAXT” in MBMDR-3.0.3: 

 

    

(Van Lishout et al. 2013) 
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Computational feasibility: approximating vs exact 

Multiple testing correction via “gammaMAXT” in MBMDR-4.2.2: 

 

    
(Van Lishout et al. 2015)
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Conclusion 
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Imagine a world  … 

• in which machine learning taxonomy addresses an interdisciplinary 

community 

• in which missing data handling strategies hold, despite sample 

heterogeneity 

• in which multi-omics summaries can be learned from data 

• in which confounding information is adequately described or 

accounted for  

• in which disease prediction can be extended to accommodate a 

latent spectrum of diseases or a continuum of disease presentations 

• in which neural network parameters aid in deriving 

meaningful/relevant relationships 
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Hippocrates (460-370 BC): 

“It’s far more important to know what person 
the disease has than what disease the person has.” 
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