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What is Contact Prediction?
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Features of the Contact Prediction Problem (ML perspective)

● Large number of input channels (like hyperspectral images)

● Input features are 0D, 1D, or 2D

● Visualization

● Non-scalability of protein 3D structures

● Variable feature size (L can be 1000+)

● Limited and unbalanced data (Yet, not all are needed)

● The goal is to predict distances (continuous distance values)

● Long-range contacts are important

● Symmetrical along diagonal
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Why Predict Contacts?

http://predictioncenter.org/casp13/index.cgi

Contact/distance prediction holds a key to solve the protein folding problem!

http://predictioncenter.org/casp13/index.cgi
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Attacking the Protein Contact Prediction Problem
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What DL Method is Best Fit for Contact (or distance) Prediction?

All these results show that residual networks are best architectures (for this problem)

Top methods in the most recent CASP 13 Experiment
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What Variations of Residual Architectures?
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Experimental Setup

Sequence Features

Covariance Features
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With Covariance Features as Input

Fully connected ConvNets (FCN), residual networks with dropout and dilation (DEEPCON), regular residual network, and U-Net 
like architecture – using PL/5-LR, PL-LR, and PNC-MLR . Trained and validated using the DeepCov dataset consisting of 3,456 proteins 

and tested using the PSICOV 150 dataset using the covariance features (left). 
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With Sequence Features as Input
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DEEPCON is not a #1 Contact Predictor!

Ensembled + Larger Training set 
+ Many other features

One Model + Small Training set 
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Comparison of DEEPCON’s performance with other methods that accept multiple 
sequence alignment as input on the 32 domains in the CASP13 dataset of 20 

protein targets. Methods with an asterisk (*) are listed for reference. All methods 
except for the first (in the first row) use the same alignment file as input.
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Is There Room for Improvement?
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An Example - Does Dropout really work with CNNs?
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Conclusions

- Residual networks are NOT the “final” architectures for predicting protein 

contacts

- The results in this work is an example

- At least something like “NASNet” for computer vision must be done

- Methods such as Capsule Networks could hold a lot of promise

- Architectures that work well for image datasets may not work well for protein 

contact prediction

- U-Net architecture (~millions of parameters) performs worse than FCN (less than a million params)

- Protein contact prediction is now a problem for both (at least) - machine learning 

experts and bioinformaticians
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Protein Distance Prediction Challenge

IEEE ICMLA 2019
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