
PETModule: a mo.f module based 
approach for enhancer target gene 

predic.on  

Lilly  Reich  
Mentor: Shaoke Lou 
Gerstein Laboratory  

Changyong Zhao, Xiaoman Li & Haiyan Hu  

Journal Club  



What is the enhancer target gene 
problem?  

•  Human genome contains hundreds of thousands 
of enhancers  

•  Enhancers scaIered across 98% of human 
genome that doesn’t encode proteins results in 
large search space (billions bp DNA) 

•  Loca.on to target gene is highly variable 
•  General sequence of code enhancers is poorly 
understood 

•  Enhancers cannot be iden.fied computa.onally 
with high confidence 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What were the previous approaches?  

•  IMPET (Integrated Methods for Predic5ng 
Enhancer Targets) 

•  Pre‐STIGE (Protein Epitope Signature Tags)  
•  Not been many supervised methods for 
enhancer target predic.on 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Iden.fica.on of genome wide 
enhancer promoter interac.on  

Chepelev et al., 2012. 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IMPET 
•  Iden.fies target promoters                                

integra.ng mul.ple types of genomic data 
•  supervised method that uses chromosome 

conforma.on data 

•  Tests 4 features  
–  Distance constraint 
–  Enhancer promoter ac.vity correla.on (EPC) 
–  TF target and promoter correla.on (TPC) 
–  Co‐evolu.on of enhancer and target 

promoter (COEV)  

•  posi.ve examples enhancer – promoter 
pairs with ChIA‐PET connec.ons in K562  

•  random enhancer‐promoter pairs with 
distance follows background distribu.on of 
non‐interac.ng genomic info in chroma.n 
fiber 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PreSTIGE 

Torkamani et al., 2009. 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• Considers gene expression within each replicate across 
en.re gene expression profile 

• Iden.fies outliers across replicates  

• Distant metastasis related genes from noisy expression 
data CD44 + CD24‐/low tumor ini.a.ng cells  

• Required to prepare 3 different input files before ETG pair 
predic.on  



ChIA‐PET (Chroma.n Interac.on Analysis 
by Paired‐End Tag Sequencing)   

•  Immuno‐precipita.on step (an.‐body) to 
enrich for chroma.n that’s bound for specific 
protein 

•  Used to map interac.ons of many 
transcrip.on factors (Li et al.,2013) 

•  Gives informa.on about the (poten.al) role of 
proteins in structuring 3D genome 
organiza.on  

Goh et al., 2012 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PETModule (Predic.ng enhancer 
target by modules)  

•  Predicts ETG pairs  
•  Trained with posi.ve and nega.ve ETG pairs  
•  Four features (distance, CSS,FSS,correla.on)  
•  More precise than IMPET and PresTIGE 
•  Machine learning approaches 

–  Informa.on gain aIribute evaluator (evaluates contribu.on of feature)  
–  SVM (evaluates importance of feature)  
–  LASSO(least absolute shrinkage and selec.on operator) (constructs linear 

model and coefficients to zero)  
–  Random forests ( assigns classifica.on trees and assigns new object to class 

most trees vote for) 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PETModule features 

•  CSS (Conserved Synteny Score)  
–  Group of linked genes that are considered homologous 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FSS cont.  

•  FSS 
–  GO (gene ontology) serve as a connector for understanding 
func.onal rela.onship between genes 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Cont.  

•  FSS 
•  IC – informa.on content 
•  MICA – most informa.ve common ancestor  
•  Calculate the GO terms in respect of e, t1, and each GO 
term of g, t2 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PETModule predic.on on three 
datasets   

•  Correla.on approaches iden.fy mul.ple targets 
of enhancer  

•  Correla.on calcula.on might be affected by 
selected experiments and certain target genes 
missed  

11 



PETModule predicted ETG pairs 
supported by Hi‐C and ChIA‐PET data  

•  Large number of predicted ETG pairs meaningful and precision PETModule 
underes.mated Table 1 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ETG pairs reveals new characteris.cs  

•  Number of predicted ETG pairs doubled but 
precision on average decreased 8.3% when 
predic.ng ETG within 2 Mb instead of 1Mb 

•  69.9% of enhancers not consecu.ve in 
genome 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The importance of features ranked by 
four methods  

. 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Predicted mouse ETG pairs supported 
by Hi‐C and 3C data  

•  Applied trained model on human data without 
correla.on feature to two mouse datasets in 
CH12 cell line and macrophage cell 

•   Accuracy of PETModule on two mouse 
datasets similar to human datasets 

•   Trained model using mouse data 5% higher 
recall and >9% precision  

•  Performance suggested difference between 
human ETG and mouse ETG pairs 

. 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Predic.on results on two mouse cells  

•  Mouse PETModule trained 5% higher recall 
and 9% higher precision 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PETModule Results 

. 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Conclusion/Discussion  

•  Enhancers regulate targets in condi.on‐
specific way 

•  PETModule comparable with state‐of‐the‐art 
computa.onal methods, s.ll mandatory to 
improve  

•  FSS score s.ll needs improvement 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