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OUTLINE 

• General context: biomarker discovery for precision medicine 

- Basic Science – How do things work? 

- Translational Science – Turning knowledge into sth useful? 

- Clinical Science – Is it really useful? 
 

• Application of IPCAPS to CD 

• Take-home messages 
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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 

Missingness 
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Bionformatics-driven treatment assignment tool 

   

Integrating sequencing and avatar mouse models 

 

(Garralda et al. 2014) 

 

 

 

Problems … 
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Homogeneity vs heterogeneity 

  

Multi-Layer 
Networks 

SNF 

 

Molecular profiling; What does it mean to be „Diseased“? 

 

(Cleynen et al. 2012) 
 

 

 

Heterogeneity as a target  
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Homogeneity vs heterogeneity 

  

Multi-Layer 
Networks 

SNF 

 

Molecular profiling; What does it mean to be „Diseased“? 

 

(Maus et al. 2013) 
 

 

 

Heterogeneity as a target and a nuisance 
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BIO3’s approach: create a fine-scale structure detection tool 

• Template: ipPCA (Intarapanich et al. 2009) 

- Performs PCA with genotype data (similar to EIGENSTRAT) 
 

- If substructure exists in PC space individuals are assigned to one 

of two clusters (2-means algorithm / fuzzy c-means) 
 

- Iteratively performs test 

for substructure and 

clustering on nested 

datasets until stopping 

criterium is satisfied (no 

substructure) 
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BIO3’s approach: create a fine-scale clustering tool 

• ipPCA 

- Pros: outperformed others (STRUCTURE – 2000) in achieving 

higher accuracy for highly structured populations  

- Cons: binary splitting; outlier sensitive; difficult to integrate 

mixed data types 

• Competitors: 

- SHIPS (2012) – divisive fine-scale structure detection; 

computational efficiency; together with STRUCTURE best 

accuracy (individual assignment and nr of clusters) 

- iNJClust (2014) – non-parametric; tree clustering (phylogenetic 

trees); fixation index FST 
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BIO3’s approach: IPCAPS 
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                 (Chaichoompu – thesis defense Oct 2017) 
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Performance of IPCAPS as outlier detection tool 
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Accuracy of IPCAPS as a clustering technique 

 

(Chaichoompu – thesis defense Oct 2017)   
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FST among populations – examples 

 

                                                                                                                                       (Heath et al. 2008) 
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Type I error of IPCAPS 

 

 

 

Method Av. # clusters 
IPCAPS 1 
ipPCA 2 
SHIPS 1 
iNJclust >150 

 

 

                    

                   (Kridsadakorn Chaichoompu 2017,  

                                      PhD thesis – Chapter 2; 

more on 

https://www.biorxiv.org/content/10.1101/2

34989v1.full) 
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Replication and validation 

 

Testing precision-medicine strategies 
 

 

 

 (Biankin et al. 2015) 

 

 

 

 

 

 

Optimal study design including bioinformatics-driven PM? 
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CTs in view of personalized medicine – where are we?  

• Basket CTs:  multiple diseases 

with the same genetic 

mutation(s), randomized 

treatment allocation 

• Umbrella CTs: 1 “disease”, 

different genetic mutations 

which define sub-cohorts, each 

receiving randomized 

treatment regimen 

• Added complexities: 

- highly multi-dimensional profiles are expected to lead to very 

small cohorts 

- cellular heterogeneity - assign based on the mutation detected in 

the higher percentage of cancer cells? 
                                             (Sumitrhra Mandrekar,  

                                             INSERM atelier 248, Bordeaux, 2017) 
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CTs in view of personalized medicine – where are we going? 

  

 

 

 

 

Naïve scheme  

to highlight design 

 and analysis issues 
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Application of IPCAPS to CD 
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Inflammatory Bowel Disease (IBD) 

• IBD involves chronic inflammation of all or part of the digestive tract.  

• Commonly, gastroscopy and colonoscopy are used to diagnose IBD to 

check for inflammation.  

• There are two main forms of 

inflammatory bowel disease: 

Crohn's Disease (CD) and 

ulcerative colitis (UC) 

• IBD affects over 2.5 million 

people of European ancestry 

with rising prevalence in other 

populations 
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Immunochip 

• Custom Illumina Infinium chip comprising 196,524 SNPs and small 

indels selected primarily based on GWAS analysis of 12 autoimmune 

and inflammatory diseases.  

• In total, ~240,000 SNPs were selected for inclusion incl. finemapping 

and replication results + 25,000 null SNPs; e.g. 

- (0.2cM centered) around 289 established GWAS associations 

corresponding to 187 distinct loci plus suggestive associations 

- all SNPs and short indels in these regions from the 1000 Genomes 

Project (CEU samples)  

- variants discovered in resequencing experiments conducted by 

groups collaborating in the chip design/ replication study results 



K Van Steen                                                                                                                                                                                                    CHANNING subtyping, 8 May  2019  
 

          
 

GWAS and Immunochip 

• Meta-analysis of the Immunochip AND GWAS data identified 193 

statistically independent signals of association at genome-wide 

significance (p < 5×10−8) in at least one  of CD, UC, IBD). 

• Signals referring to the same functional unit were merged, leading to 

into 163 regions 

• Strong evidence of association to the major histocompatibility 

complex (MHC). This region encodes a large number of 

immunological candidates, including the antigen-presenting classical 

HLA molecules → HLA heterogeneity between CD and UC  
                                                                                                                                    (Goyette et al. 2015) 
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Geographic distribution of samples 

 

 

 

Countries CD Control 

UK 3,885 4,293 

Belgium 2,545 1,614 

USA 2,489 757 

Germany 1,639 3,865 

Italy 1,256 479 

Netherlands 1,201 0 

Australia 867 530 

Canada 828 379 

New-Zealand 698 477 

Sweden 693 357 

Spain 277 289 

Slovenia 172 0 

Norway 140 318 

Lithuania 125 279 

Denmark 67 90 

Total 16,882 13,727 

   

New-Zealand

Belgium

Spain AustraliaItalyUSA

Denmark Germany

Canada

Norway

Lithuania

UK SwedenNetherlands

Slovenia
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Research question 
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Disease heterogeneity – multi-source data 

 
(Biancheri et al. 2013) 
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Basic analysis steps (~150,000 SNPs → 20,000 SNPs on ~7000 cases and ~7000 controls 

retained; QC step 1 on cases/controls separately; LD pruning at r2=0.2 ~ PC computations)

• Step 1: Split the patient data into discovery and replication sets; use 

controls to validate your PS adjustment strategy 

• Step 2: Perform IPCAPS clustering on discovery and replication data, 

adjusted for confounding by population structure to determine the 

number of clusters or the settings of your parameters (we did not do 

the latter because our settings were driven by simulations) 

• Step 3:  Perform IPCAPS on all available data (discovery and 

replication data pooled) 

• Step 4: Determine and interpret cluster discriminants  

• Step 5: Characterize your clusters 
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Step 1: How to capture population structure 
D

a
ta

s
e
t 

Uncorrected 

SNPs 

(I) 

Corrected with PCs 

from our curated 

SNPs  

(pruned at r2 of 0.2) 

(II) 

Corrected with  

PCs from the 

 IIBDGC SNPs 

(III) 

Dis. Rep. 5PCs 10PCs 5PCs 10PCs 

Dis Rep. Dis. Rep. Dis. Rep. Dis. Rep. 

CON 5 4 3 7 1 1 3 9 3 7 

 

 

 

 

 

 

 

Set 
Uncorrected 

CON 
CON  

Dis. Rep. Dis. Rep   

1 5 4 1 1   

2 3 5 1 1   

3 5 5 1 1   

4 5 5 1 1   

5 5 5 1 1   

6 5 4 1 1   

7 6 5 1 1   

8 6 4 1 1   

9 4 4 1 1   

10 4 5 1 1   

Aver. 4.8 4.6 1.0 1.0   
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Input features adjusted for general population structure
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Step 2: Assessing the number of patient clusters 

• Country stratified sampling; 

case/control proportional 

sampling 
 

t 
Uncorrected 

CON 
CON CD 

Dis. Rep. Dis. Rep Dis. Rep 

1 5 4 1 1 3 8 

2 3 5 1 1 3 5 

3 5 5 1 1 3 3 

4 5 5 1 1 3 3 

5 5 5 1 1 3 5 

6 5 4 1 1 3 3 

7 6 5 1 1 3 3 

8 6 4 1 1 6 3 

9 4 4 1 1 3 8 

10 4 5 1 1 6 5 

Aver. 4.8 4.6 1.0 1.0 3.6 4.6 

 

 

 

 

 

 

• Note that here it does not make 

sense to assess the stability of 

the clusterings in terms of 

individual assignments 

• Number of clusters as extra 

stopping criterium in IPCAPS for 

pooled data: 
round below min (av. # Dis., av # Rep.) 
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First indication about “interesting” SNPs (disc. / repl.) 

     

At least 20 individuals in a cluster, 

otherwise not retained (proportion) 

Hudson's method with formulae of 

Bathia et al. (2013): stabler than Nei, 

and Weir and Cockerham; no over-

estimation for unbalanced samples 
 

Cluster membership as outcome; not to 

be recommended with large nr of 

clusters 

OK at this stage: final assessments based 

on SNPnexus (Ullah et al. 2018)  
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First indication about “interesting” SNPs (“dtree”  package in R - 2018)

 

  

 

 

• SNPs listed in this table appear 

at least 2 times out of 20 runs 
(10 discovery and 10 replication sets; non-

independent data; different nr of clusters) 

• 24 driver SNPs linked to 13 

genes 

• Only 2 IBD genes: HLA-C (Kulkarni 

et al. 2013) and MICB (Jostins et al. 

2012) 
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Step 3 + 4: Find discriminators between the 3 IPCAPS clusters 

• Focus on pairs of clusters 

- Take SNPs with FST ≥ 0.008 (note: not discriminative in the statistical sense) 
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Remove more hubs ? Distance between LCCs ? 
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• Choices 

- Focus on top (significant) FST  / Association? (cfr recent work Moore) 

▪ discriminators that are common to all 3 pairwise 

comparisons? Or pool the discriminators found for each 

pairwise comparison (see also Step 2)    

- What about statistically 

benchmarking sets of SNPs 

that jointly associate with a 

property of interest? 
(Tsalenko et al. 2003) 
 

   → expected to affect LCC 

        significance 
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• Decision 1: 

- Keep / complete runs for FST bounded by 0.008 

▪ Use information on bump removal and the impact of taking 

another bound on LCC size significance as motivation to 

only use statistically significant SNPs (yet with a modest 

entry criterium) 

▪ Focus on 1vs2, 1vs3, 2vs3 “discriminating” SNPS (FST 

bounded by 0.008) to interpret (may go in supplement) 

▪ Do interpretation analysis on the intersection of 1vs2, 1vs3, 

2vs3 SNPS (FST bounded by 0.008) in addition (i.e. Steps 4 

and 5) 
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• Decision 2: 

- Rerun everything only maintaining SNPs that occur in 3 GWAS 

(all curated SNPs – clarify whether the QC was repeated on the 

pooled data or not) 

▪ First construct Venn-diagram showing three circles (1vs2, 

1vs3, 2vs3) and listing the number of GWAS hits at 0.05, 

using a simple chi-square. 

▪ Then start looking into 1vs2, 1vs3, 2vs3 “discriminating” 

SNPs (GWAS hits at 0.05) to do LCC analyses (size; distance), 

no repetition of checking impact of threshold, enrichment 

analysis 

▪ As before, do interpretation analysis on the intersection of 

1vs2, 1vs3, 2vs3 SNPS (GWAS hits at 0.05) in addition. 
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Step 4: Discrimination - in the pipeline 

• Enrichment or depletion of functional terms (GO, pathways) 

Choices to be made 

- All differentiating SNPs vs key driver SNPs  

- SNPs or regions around them → genes 

▪ Based on 250kb left and right 

▪ Based on LD block (e.g. r2 > 0.50) 

▪ Note: some regions will harbor multiple genes; adapted 

enrichment analysis (Jostins et al. 2012)  

Decisions made 

- See before; LD block accounting in this paper when determining 

“coding” or “non-coding” (see next) 
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Step 4: Discrimination - in the pipeline 

• Coding SNPs (link to “edgetics”) 

- functionGVS to annotate as coding SNP if it was classified as 

“missense” or “nonsense” or if it was in LD (r2>0.8) with a SNP 

with that classification 

- SNPnexus (Ullah et al 2018): broader functional annotation of 

noncoding variants and expanding annotations to the most recent 

human genome assembly; going beyond f.i. SIFT and PolyPhen 

predictions for deleterious effect of coding variants on protein 

functions 
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Step 4: Discrimination - in the pipeline (depends on input markers…) 

• In silico eQTL analysis 

- eQTL database is GTEx Portal 

- FUMA: expression quantitative trait loci (eQTL) mapping (Watanabe 

et al 2017);  SNP2GENE and GENE2FUNC core processes  

• Interaction enrichment 

- Each gene is measured for enrichment in either direct or indirect 

(via other proteins in PPI) interactions with genes in other loci 

• Edge enrichment:  

- Do genes in a targeted pathway have the tendency to be 

connected in the identified LCC? 

  

https://www.gtexportal.org/home/
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Step 4: Discrimination - in the pipeline (depends on input markers…) 

• Redo enrichment analysis on “significant” group differentiators 
(including those that are common for the three pairs of subtypes) 

- Ontology (GO) and KEGG pathway enrichment analysis using 

clusterprofiler (Yu et al., 2012)  with Benjamini-Hochberg adjusted p-

values.  

- Classify GO terms into three categories: biological process, 

molecular function and cellular component and performed 

enrichment for each category  

- Considering anticipated role of immune specific pathways, 

identify enriched immunogenic signatures via MsigDB c7 data 
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Step 4: Discrimination - in the pipeline (depends on input markers…) 

• Population genetics [Toomas Kivisild; KULeuven] 

- Assess frequency of the highly differentiating SNPs between 

subgroups in ancient European populations to see whether there 

have been significant changes in those SNPs between the past 

and the present 

- to assess whether there is more long range (>2cM, >5cM) IBD 

sharing within as opposed to among the 3 CD subgroups and 

whether the long-range IBD (as a signal of selection) would be 

enriched around the highlighted SNPs 
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• Population genetics [Toomas Kivisild; KULeuven] 

- Stabilizing versus directional selection: Why might observed and 

expected phenotype frequencies differ?  

Scenarios with natural selection at work and the phenotypic consequences 

over time:  

▪ Situation one favors only one tail of the distribution. Perhaps the tallest, 

perhaps the shortest, but not both. This is directional selection. 

▪ Both tails of the distribution are selected against, and only the middle is 

favored. This is called stabilizing selection.  

▪ The extremes on both ends are favored. This is called disruptive selection.  
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Step 5: Characterize the clusters – risk score prediction  

Choices to be made 

- CD vs healthy? Which variants?  (~GWAS PRS) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
(Cleynen et al 2016) (based on 24 SNPs; Once set of SNPs is fixed, 

recompute p-values based on Mann Whitney U test 

as the overlap between the median regions does not 

hint towards significant differences) 
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Step 5: Characterize the clusters – in the pipeline 

• WGCN and module enrichment of differentiating/driver genes 
In general, when control gene expression data are available, perform DE between each 

subtype and controls (not for this paper)  

 

• Observed minus expected genotype frequencies  
observed in each subtype separately; expected via dbgap / reference allele frequencies) 

will highlight special genes (use SNP-to-GENE maps already used before) 

 

links to heterozygosity tests; heterozygosity has been positively associated to fitness 

and population survival; mean heterozygosity has been used to measure the degree of 

genetic variation 
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Step 5: Characterize the clusters – in the pipeline 

• Link to phenotypes 

- How:  

▪ Multiple correspondence analysis with group membership 

▪ Missing data (e.g., PHENIX - phenotype imputation method for genetic studies, 

Dahl et al. 2012; Regularized Iterative Multiple Correspondence Analysis) 

- Which ones? 

▪ Sex  

▪ Smoking (smoker, ex-smoker, never-smoker) 

▪ Age of diagnosis 

▪ Affected body part 

▪ Disease behavior 
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- Plots include: 

 

 

 

 

Multiple correspondence 

analysis plot 

Table visualization including double 

decker plots for CD subgroups 



K Van Steen                                                                                                                                                                                                    CHANNING subtyping, 8 May  2019  
 

          
 

Step 5: Characterize the clusters – in the pipeline 

• Link to gene-drug databases 

- How:  

▪ Consider characterizing genes for each CD subtype (may be 

based on gene expression or deviation from heterozygosity 

profiling with each subtype) 

▪ Use SNP-to-Gene mapping tool used before and consult 
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Step X - Stability 

• Bootstrap sampling (X times) and distribution of Jaccard similarity 

between a cluster and its most similar bootstrap cluster (Hennig 2006) 

[cutoff of Jaccard: at least 0.75] 

• Cluster-wise assessment of cluster stability (Ahlqvist et al. 2018) / Maximal 

compactness and maximal separation of clusters/ minimal 

hypervolume and maximal density of clusters (Du 2010) → special criteria 

for fuzzy clustering algorithms; these measures can also be used to find optimal parameter 

settings in the selected clustering algorithms 

• Molecular stability: EBIC for optimized biclustering (Orzechowski et al. 

2018) ; “runibic” as a Bioconductor package for parallel row-based 

biclustering of gene expression data (Orzechowski et al. 2019) → do you 

observe that the three CD groups cluster with gene expression modules? 
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Step X: Replication or how useful is it (translational science) 

• Marker selection is related to replication success  

- Not everyone has been typed for … (~missingness) 

- Selection of “informative” markers (~informativity in the context 

of “prediction” ≠ informativity in the context of “differentiaton” 

→ “characterizing” markers ~ group membership predictive 

markers?) 

• Assign X new patients to the discovery clusters they are most similar 

to (which distance measure?) 

- Which characteristics can be attributed to replication clusters? 

- Compare replication to predicted clusters (choices!)  
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Take-home messages 
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Patient entry criteria - Information is in “the edges” 

 
                          (moving towards individual networks) 
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INTEGROMIX 

P-STRUCT 

Progress is in “integration” 
 

  

DESTinCT 
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Embrace learning representations for clustering 

• Clustering techniques are abundant and have been studied 

extensively in terms of distance functions and grouping algorithms 

• Much less studies in this area from the “machine learning” 

community: 

- Deep embedded clustering which simultaneously learns feature 

representation and cluster assignments using deep neural 

networks (Xie et al. 2016) 

- Regularized unsupervised multiple kernel learning to integrate 

data for clustering: linear weighted combinations of affinity 

matrices; weights optimized using multiple kernel learning (Speicher 

et al. 2015) 
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Don’t forget about presumably healthy populations 

• To benchmark 

• To target for interventions: risk prediction 

 

• Again lessons can be learned from work on “interactions” 

- Collaborators extended MB-MDR to generate prediction rules  

- The new algorithm (available in R) can use information hidden 

in interactions more efficiently than two other state-of-the-art 

algorithms; it clearly outperforms Random Forest and Elastic 

Net if interactions are present.  

- The performance of these algorithms is comparable if no 

interactions are present 
(Gola et al. 2019) 
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 “It’s far more important to know what person 

the disease has than what disease the person has.” 
 

 

 

    

 

   Hippocrates (460-370 BC) 
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