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Convolutional Neural Network (CNN) 

Image courtesy: (1) https://www.nervanasys.com/deep-learning-and-the-need-for-unified-tools / (2) http://cs231n.github.io/convolutional-networks/  



Solution 

24 

Convolutional Neural Network (CNN) 

Park 



Solution 

25 

Convolutional Neural Network (CNN) 

Park 

Sky 
Tree 

Human 



Solution 

26 

Convolutional Neural Network (CNN) 

Park 

Sky 
Tree 

Human 



Solution 

27 

Analogy to our task 

Histone Modification Signals 



Solution 

28 

Analogy to our task 

Histone Modification Signals 

28 

Sky 
Tree 

Human 



Solution 

29 

Analogy to our task 

Histone Modification Signals 

29 

Sky 
Tree 

Human 



DeepChrome 

30 



Data 

31 

-5000 bp +5000 bp 

Gene A 

Gene A 

Gene A 

Gene A 

Gene A 

HM1 

HM2 

HM3 

HM4 

HM5 

Transcription Start Site  

Bin # 1 2 3 4 .. 100 

HM1 
HM2 
HM3 
HM4 
HM5 

Bin # 1 2 3 4 .. 100 



Overview 

32 

HM1 
HM2 
HM3 
HM4 
HM5 

Bin # 1 2 3 4 .. 100 

Gene A 

X 

-1/+1 

y 



CNN Model 

HM1 
HM2 
HM3 
HM4 
HM5 

Bin # 1 2 3 4 .. 

X 

100 

Filter 

1. Convolution 



CNN Model 

HM1 
HM2 
HM3 
HM4 
HM5 

Bin # 1 2 3 4 .. 

X 

100 

1. Convolution 



CNN Model 

HM1 
HM2 
HM3 
HM4 
HM5 

Bin # 1 2 3 4 .. 

X 

100 

1. Convolution 



CNN Model 

HM1 
HM2 
HM3 
HM4 
HM5 

Bin # 1 2 3 4 .. 

X 

100 

1. Convolution 



CNN Model 

HM1 
HM2 
HM3 
HM4 
HM5 

Bin # 1 2 3 4 .. 

X 

100 

1. Convolution 

Multiple 
Filters 



CNN Model 

HM1 
HM2 
HM3 
HM4 
HM5 

Bin # 1 2 3 4 .. 

X 

100 

1. Convolution 2. Max Pooling 



CNN Model 

HM1 
HM2 
HM3 
HM4 
HM5 

Bin # 1 2 3 4 .. 

X 

100 

1. Convolution 2. Max Pooling 



CNN Model 

HM1 
HM2 
HM3 
HM4 
HM5 

Bin # 1 2 3 4 .. 

X 

100 

1. Convolution 2. Max  
Pooling 

3. Dropout 



CNN Model 

HM1 
HM2 
HM3 
HM4 
HM5 

Bin # 1 2 3 4 .. 

X 

100 

1. Convolution 2. Max  
Pooling 

3. Dropout 
4. Multi-Layer 
Perceptron 



CNN Model 

HM1 
HM2 
HM3 
HM4 
HM5 

Bin # 1 2 3 4 .. 

X 

100 

1. Convolution 2. Max  
Pooling 

3. Dropout 
4. Multi-Layer 
Perceptron 

5. Softmax 



CNN Model 

HM1 
HM2 
HM3 
HM4 
HM5 

Bin # 1 2 3 4 .. 

X 

100 

1. Convolution 2. Max  
Pooling 

3. Dropout 
4. Multi-Layer 
Perceptron 

5. Softmax 

f(X) 



CNN Model 

HM1 
HM2 
HM3 
HM4 
HM5 

Bin # 1 2 3 4 .. 

X 

100 

1. Convolution 2. Max  
Pooling 

3. Dropout 
4. Multi-Layer 
Perceptron 

5. Softmax 

f(X) 

!!
L= loss( f (

n=1

Nsamp

∑ X (n)), y(n))

-1/+1 

y 



CNN Model 

HM1 
HM2 
HM3 
HM4 
HM5 

Bin # 1 2 3 4 .. 

X 

100 

1. Convolution 2. Max  
Pooling 

3. Dropout 
4. Multi-Layer 
Perceptron 

5. Softmax 

L 

!
Θ←Θ−η ∂L

∂Θ

Back-propagation: 



Experimental Setup 

46 

•  Cell-types: 56 
•  Input (HM): ChIP-Seq Maps  (REMC) 
•  Output (Gene Expression): Discretized RNA-Seq (REMC) 
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•  Cell-types: 56 
•  Input (HM): ChIP-Seq Maps  (REMC) 
•  Output (Gene Expression): Discretized RNA-Seq (REMC) 

•  Baselines: Support Vector Classifier (SVC) and Random 
Forest Classifier (RFC) 

Histone Mark Functional Category 
H3K27me3 Repressor 
H3K36me3 Promoter 
H3K4me1 Distal Promoter 
H3K4me3 Promoter 
H3K9me3 Repressor 

Training Set 
6601 Genes 

Validation Set 
6601 Genes 

Test Set 
6600 Genes 



Results: Accuracy 

49 

0.5 

0.55 

0.6 

0.65 

0.7 

0.75 

0.8 

0.85 

0.9 

0.95 
A

U
C

 S
co

re
 

56 Cell-types 

DeepChrome SVC RFC 



Visualization 

50 

Histone Modification Signals 

? 

? 

Gene ON/OFF  



Visualization 

51 

Histone Modification Signals 

? 

? 

Gene ON/OFF  

CNN Model 



Visualization 

52 

Histone Modification Signals 

? 

? 

Gene ON/OFF  

CNN Model 

? 
? 

? 
? 

HM1 
HM2 
HM3 
HM4 
HM5 

Bin # 1 2 3 4 .. 

X 

? 

? 
? 

? 

? 

? 

? 
? 

? 

? ? 



Iterative Most-likely Class Method 

HM2 
HM3 
HM4 
HM5 

1 2 3 4 .. 

Randomly 
Generated Xc 

100 



Iterative Most-likely Class Method 

HM2 
HM3 
HM4 
HM5 

1 2 3 4 .. 

Randomly 
Generated Xc 

100 

f(Xc) 

Trained CNN Model 



Iterative Most-likely Class Method 

HM2 
HM3 
HM4 
HM5 

1 2 3 4 .. 

Randomly 
Generated Xc 

100 

f(Xc) 

Trained CNN Model 

y=c 



Iterative Most-likely Class Method 

HM2 
HM3 
HM4 
HM5 

1 2 3 4 .. 

Randomly 
Generated Xc 

100 

Trained CNN Model 

L 

!!argminXc
{L( f (Xc ), y = c)}



Iterative Most-likely Class Method 

HM2 
HM3 
HM4 
HM5 

1 2 3 4 .. 

Xc 

100 

Trained CNN Model 

L 

!!argminXc
{L( f (Xc ), y = c)}



Iterative Most-likely Class Method 

HM2 
HM3 
HM4 
HM5 

1 2 3 4 .. 

Xc 

100 

Trained CNN Model 

L 

!!argminXc
{L( f (Xc ), y = c)}



Iterative Most-likely Class Method 

HM2 
HM3 
HM4 
HM5 

1 2 3 4 .. 

Xc 

100 

Trained CNN Model 

L 

!!argminXc
{L( f (Xc ), y = c)}



Results: Visualization 
Gene : ON (y=+1) 

60 

Cell-type: E100 
H3K27me3 
H3K36me3 
H3K4me1 
H3K4me3 
H3K9me3 

1.0 0 

Freq. of active bins 
PROMOTER  
DISTAL PROMOTER 
REPRESSOR 



Results: Visualization 
Gene : OFF (y= -1) 

61 

Cell-type: E057 
H3K27me3 
H3K36me3 
H3K4me1 
H3K4me3 
H3K9me3 

1.0 0 

Freq. of active bins 
PROMOTER  
DISTAL PROMOTER 
REPRESSOR 



Results: Visualization 
Gene : OFF (y= -1) 

62 

Cell-type: E057 
H3K27me3 
H3K36me3 
H3K4me1 
H3K4me3 
H3K9me3 

1.0 0 

Freq. of active bins 
PROMOTER  
DISTAL PROMOTER 
REPRESSOR 



Conclusion 
1.  First deep learning implementation for gene 

expression prediction 

2.  Unified Framework 

a.  Outperforms state-of-the-art implementations 

b.  Visualization of high-order combinatorial relationships 
 

Available @ www.deepchrome.org 
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