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Big Data Prediction and Regression 
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• Genotype 
• Gene Expression 
• Histone modification 
• DNA methylation 

• Chromatin states 
• Transcription factor 

binding sites 
• 3D chromatin 

interaction 
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ChIP-seq/ChIP-chip 

Gene Regulation,  Transcription Factor (TF),  
Cis-regulatory Elements 

TF TF 



Problems with ChIP-seq/ChIP-chip 

What we want to have: 

What ChIP-seq/ChIP-chip can do: 



DNase I Hypersensitivity (DHS) & DNase-seq 



Predict Transcription Factor Binding Sites 
(TFBS) Based on DNase-seq  

DNA motifs 

DNase-seq 

Pique-Regi et al. Genome Res. 2011. 21:447-455   



Our Approach: A Solution Based on Big Data 
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Neighboring Gene Approach 
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 𝑦𝑖: Locus i 
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Neighboring Gene Approach 
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 𝑦𝑖: Locus i 
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Neighboring Gene Approach 
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 𝑦𝑖: Locus i 
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𝑦𝑖 = 𝑓𝑖(𝒙[𝑖]) 

𝒙[𝑖] 

Problem: not all information is contained in the neighbors.  



BIRD: Big Data Regression for Predicting DNase I Hypersensitivity 
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Combined Prediction 

Several useful big data tools: 
• BDVD (remove batch effects) 
• BigClust (big data clustering) 
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Variable Screening 



• 57 distinct human cell lines with DNase-seq and exon array 
• 40 cell types as training dataset 
• 17 cell types as test dataset 

Evaluation Based on ENCODE Data 



DHS Prediction Performance 
(1) Cross-Locus Correlation 

(2) Cross-Cell-Type Correlation 
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(3) Squared Pred. Err. 
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Locus Effects 



BIRD vs. alternative methods 

Method BIRD SPS SIS RF KNN Lasso 
Mean rC 0.4703 0.4667 0.4625 0.4289 0.4241 0.3757 
Runtime (minute) 7.8 2228.1 8.6 1085.1 6.5 243.8 



MYC binding in P493-6 B-cell lymphoma  
 

 
 

Transcription Factor Binding Site Prediction 



Transcription Factor Binding Site Prediction 
GM12878 



Transcription Factor Binding Site Prediction 

K562 and HepG2 



• Apply BIRD to 2000 exon array samples in GEO 
• Web database resource 

 
 

Global Prediction of DHS Using GEO 



Visualization in UCSC genome browser 
 

Global Prediction of DHS Using GEO 



Example: SOX2 Binding Dynamics  



 
 
 

Dynamic SOX2 activity during stem cell differentiation  



GM12878 DNase-seq 
 

Improve Data Analysis Using Predicted DHS 

r = 0.76 r = 0.82 



Improve Data Analysis Using Predicted DHS 
16 test cells 

 



GM12878 ChIP-seq for SP1 
 

r = 0.75 r = 0.86 

Improve Data Analysis Using Predicted DHS 



GM12878: 9 TFs, K562: 3 TFs 

Improve Data Analysis Using Predicted DHS 



• Public data is a powerful tool to make discoveries 
 
 

• BIRD: big data regression and prediction 
 
 

• Regulatory element activities may be predicted using 
gene expression  
 
 

• Prediction provides a new way to integrate two 
different data types 
 
 

Summary 
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