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Machine Learning in CompBio

• Machine learning(supervised and unsupervised methods) 
have been very popular in computational biology 

• Historical context 
• Different methodology: From predictions to insights 
• Deep Learning also becomes popular in recent years



Outline

• Feedforward neural network  

• Convolutional neural network (CNN) 
• Recurrent neural network (RNN) 
• Generative Adversarial Network (GAN) 

• Deep reinforcement learning



Feedforward neural network 

Image cited from https://towardsdatascience.com/deep-learning-feedforward-neural-network-26a6705dbdc7 

• Simplest type of neural network 

• Connections don’t form any cycle

One single neuron 

f is a non-linear activation function

Multi-layer neural network

https://towardsdatascience.com/deep-learning-feedforward-neural-network-26a6705dbdc7


Application of FNN

• Genome annotation



Application of FNN

• Disease diagnosis



Application of FNN
• Pattern recognition



Convolutional Neural Network

• Inspired by visual cortex 
• Usually used in image analysis

Image cited from https://neurdiness.wordpress.com/2018/05/17/deep-convolutional-neural-networks-as-models-of-the-visual-system-qa/

https://neurdiness.wordpress.com/2018/05/17/deep-convolutional-neural-networks-as-models-of-the-visual-system-qa/


Convolutional Neural Network

• Convolutional layer: feature extraction 

• Pooling layer: reduce dimension of data



Application of CNN

• Gene prediction



Application of CNN

• Annotation of cellular images



Application of CNN

• Tumor classification



Recurrent neural network

• RNN has ‘memory’ compared with FNN 

• RNN is able to exhibit temporal dynamic behavior 
• Widely used in machine translation and speech recognition



Application of RNN
• Binding site prediction 
RNN allows us to incorporate context information into model.



Application of RNN

• Identification of miRNA



Application of RNN

• Gene regulatory network reconstruction



Generative Adversarial Network (GAN)

• All models above are discriminative models. 
• GAN is able to generate new samples that look authentic.

Feedback loop: Generator generates new 
images, and discriminator tells it how 
’real’ the images are. 

Just like the game of cat and mouse!
Image cited from https://skymind.ai/wiki/generative-adversarial-network-gan 

https://skymind.ai/wiki/generative-adversarial-network-gan


Generative Adversarial Network (GAN)

• Some fun applications



Generative Adversarial Network (GAN)

• Some fun applications 
FAKE video: https://www.youtube.com/watch?v=UXjWWy6iTVo

https://www.youtube.com/watch?v=UXjWWy6iTVo


Application of GAN

• More patient data



Application of GAN
• More DNA!



Deep Reinforcement Learning

• Combines deep learning and reinforcement learning 
• Reinforcement learning is very similar to animal learning: An 

agent learns by interacting with the environment, picking 
actions that gives higher reward. 

• Deep learning allows RL to generalize better for unseen states.



Application of deep RL

• De novo drug discovery



Some Extra Material: Graphical Models

• A (wildly) popular approach for ML in computational 
biology 

• A lot of early(and current!) investigators in this field are also 
computational biologists



Graphical Models(Slides from 10-708 14S)
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