
Confronting the Missing Epistasis Problem: 

On the Reproducibility of Gene-Gene Interactions 

William Murk 

Ph.D. Candidate 

Yale School of Public Health 



Statistical interaction 

Additive Non-additive 

? 



Why study interactions? 



No. SNPs: 104 105 106 

No. Interactions: 107 109 1011 

Time Required: 83 min 5.8 d 1.6 yr 

Bonferroni threshold 10-9 10-11 10-13 

k = 2 

No. SNPs: 104 105 106 

No. Interactions: 1011 1014 1017 

Time Required: 192.8 d  528 yr 5.3 x 105 yr 

Bonferroni threshold 10-13 10-16 10-19 

Assuming 10,000 interactions analyzed per second 

k = 3 

Order: 

The curse of dimensionality 



Aim: 
 

To evaluate the robustness and reproducibility of 

 

reported gene-gene interactions in asthma 



Study design 

Literature search 

Assess “robustness” of original reports 

•Replication? 

•Direction of effect described? 

•Explicit test for interaction? 

Identify all gene-gene interactions in asthma 

Replication in independent data 



Explicit vs. non-explicit tests for interaction 

Howard et al. Am J Hum Genet 2002. 70: 230-236. 

Explicit

: 

Non-

explicit: 



(asthma OR asthmatic)  

 

AND  

 

(gene OR genes OR genetic OR locus OR loci OR genome OR 

genomic OR chromosome OR chromosomes OR genomewide OR 

"genome wide" OR GWAS OR polymorphism OR polymorphisms 

OR SNP OR SNPs) 

 

AND 

 

(epistasis OR epistatic OR interact OR interacts OR interaction OR 

interactions OR multilocus OR "multi locus" OR additive OR 

multiplicative OR MDR OR multifactor OR "multi factor" OR forest 

OR forests OR combinatorial OR partition OR partitions OR stratified 

OR strata OR stratum OR stratification OR tree OR trees OR cart 

OR polygenic OR multigenic OR multimarker)  

Literature Search 

From Agostino Ramelli, Le Diverse et Artifiose Machine (1588). Obtained from: 
https://commons.wikimedia.org/wiki/File:Le_diverse_et_artificiose_machine_del_Capitano_Agostino_Ramelli_Figure_CLXXXVIII.jpg 



N = 46 studies 

Murk W et al. Hum Genet 2015. 134: 837-49. 





Study Country Case definition Control definition N, cases N, controls 

BAMSE Sweden Ever had doctor-diagnosed 

asthma (self-report). 

Did not have a history of asthma or 

other allergic diseases (self-report). 

226 235 

BUSSELTON Australia Ever had doctor-diagnosed 

asthma (self-report). 

Did not ever have doctor-diagnosed 

asthma (self-report). 

520 685 

EGEA France Ever had asthma attacks (self-

report). 

Did not ever have asthma attacks 

(self-report). 

120 444 

GABRIEL-AS Austria, 

Germany, 

Switzerland 

Ever had doctor-diagnosed 

asthma or had asthmatic 

bronchitis at least twice (self-

report). 

Did not ever have doctor-diagnosed 

asthma and no asthmatic bronchitis 

diagnosed at least twice (self-

report). 

802 823 

KARELIA Finland, Russia Ever had doctor-diagnosed 

asthma (self-report). 

Did not ever have doctor-diagnosed 

asthma (self-report). 

57 68 

KMSU Russia Asthma diagnosed on the basis of 

symptoms (recurrent cough, 

wheezing, or dyspnea), airway 

obstruction reversibility, or airway 

methacholine hyper-

responsiveness. 

No symptoms or history of allergic 

disease, normal total serum IgE, 

normal pulmonary function. 

285 261 

PIAMA The 

Netherlands 

Ever had doctor-diagnosed 

asthma (self-report). 

Did not have a history of asthma or 

other allergic diseases (self-report). 

174 187 

SAPALDIA Switzerland Ever had asthma (self-report). Did not ever have asthma (self-

report). 

581 880 

UFA Russia Asthma diagnosed on the basis of 

clinical examination, family and 

medication history, and lung 

function tests. 

No symptoms or history of asthma 

or other pulmonary disease, no 

symptoms or history of atopy, no 

first-degree relatives with a history 

of asthma or atopy. 

333 333 

Total 3,098 3,916 

Study definitions and subject counts 



Analytical approach 

Interaction order Analytical method 

2 Logistic regression, MDR 

3 Logistic regression, MDR 

> 3 MDR 

Also evaluated pairwise interactions nested within interactions of order > 2. 



N = 164 interactions assessed  

     for replication 

N = 87 genes 

N = 179 SNPs 

Murk W et al. Hum Genet 2015. 134: 837-49. 



N = 0 interactions  

       at p < 3 x 10-4 

N = 39 interactions  

       at p < 0.05 

Murk W et al. Hum Genet 2015. 134: 837-49. 



Interaction between rs3789873 (TNC) and rs323922 (NPSR1) 

Murk W et al. Hum Genet 2015. 134: 837-49. 



Biological relationship between TNC and NPSR1 

Asthmatic 

Non-asthmatic 

NPSR1 TNC 

Orsmark-Pietras et al. Hum Mol Genet 2008. 17: 1673-1682 



 

Possible reasons for lack of replication: 

 

• Spurious interactions 

• Genetic background (LD structure; MAF) 

• Environmental interactions 

• Phenotype definitions 

• Explicitness of original tests used 

• Statistical power 

 

Murk W et al. Hum Genet 2015. 134: 837-49. 



Winner’s Curse 

Murk W et al. Hum Genet 2015. 134: 837-49. 



Conclusions 

• Most published gene-gene interactions are not well supported, and 

many are not well described 

• No interaction could be strictly replicated 

• Suggestive evidence in support of a minority of the interactions 
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