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Evaluation Overview of Grand Challenges 
Pat Walters  



Safe Harbor Statement 

•  I’ve spent a lot of time working with the D3R submissions 
•  I’ll let you know I’ve learned so far 
•  I still have a lot to do with/learn from this data 
 

©2012 Vertex Pharmaceuticals Incorporated 2 

Spearman 



Outline 

•  Pose Prediction 
– HSP90 
– MAP4K4 

•  Ranking 
– HSP90 
– MAP4K4 

•  Free Energy 
– HSP90 
– MAP4K 

•  Closing thoughts 
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Pose Prediction 
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HSP90 

•  6 Ligands to dock 
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3 Pairs of HSP90 Ligands 
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RMS for Top Ranking HSP90 Dockings 
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RMS for Best Fit of Top 5 HSP90 Dockings 
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Comparing Top and Best Ranks for HSP90 
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Comparing Top and Best Ranks for HSP90 (Same Ordering) 
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Minimal Differences in RMS for Top 5 Poses 
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3 Pairs of HSP90 Ligands 
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Some Ligands Appear More Difficult to Dock 
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Comparing Ligands 40 and 44 
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Ligands 40 and 44 have similar poses 
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Comparing Ligands 164 and 175 
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Comparing 164 and 175 
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Different Docking Accuracy for 164 and 175 
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Comparing Ligands 179 and 73 
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Comparing Ligands 179 and 73 
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Different Docking Accuracy for 179 and 73 
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MAP4K4 
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30 Ligands to Dock 



RMS for Top Ranking MAP4K4 Dockings 
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Comparing Top and Best Ranks for MAP4K4 
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Comparing Top and Best Ranks for MAP4K4 (Same Ordering) 
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Top Ranked Poses Did Not Have the Best RMS 
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Which Ligands Were Easiest to Dock into MAP4K4? 
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Common Motif in Correctly Docked Structures 
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Structures Have a Common Binding Mode 
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Pyridyl Anilines Have Lower Median RMS 
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Similar Trends in High Scoring Entries 
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Detail on MAP15 
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Rank Ordering 
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HSP90 
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HSP90 Activity Distribution 



HSP90 Activity Distribution 
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Is this a problem? 



Drop the Inactive Compounds?  
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Can we regress the HSP90 dataset? 

•  Many compounds with the same activity 
–  48 inactive compounds 
–  Activities not evenly distributed 

•  How will different ranks for the same activity affect correlation?  



Simulate Activity Prediction 

•  Divide ranks into bins based on activity 
–  3 to 10 bins 

•  Permute ranks within bins 
•  Calculate correlations between initial and permuted bins 



Divide Data Into 3 Bins 
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Permute Within the Bins 
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Divide Data Into 7 Bins 
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Permute Within 7 Bins 
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Impact of Binning on Correlation 



Reasonable Correlations Are Achievable 



Maximum Achievable Correlation 

•  Start with experimental data 
•  Add Gaussian error  

– Mean = 0.0  
–  Standard deviation = 0.3 log 

•  Calculation correlation 
•  Repeat 1000 times 
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Brown, Scott P., Steven W. Muchmore, and Philip J. Hajduk. 
"Healthy skepticism: assessing realistic model performance.” 
 Drug Discovery Today 14.7 (2009): 420-427. 



Maximum Achievable Correlation for HSP90 
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HSP90 Stage 1 Rank Correlations 
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Remember That Correlations Have Confidence Intervals 
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Comparing HSP90 Stage1 Correlations 
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Comparing HSP90 Stage 2 Correlations 
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Similar Performance Between Stage 1 and Stage 2 
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MAP4K4 
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MAP4K4 Activity Distribution 
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Maximum Achievable Correlation for MAP4K4 
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Comparing MAP4K4 Stage1 Correlations 
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Best MAP4K4 Stage 1 Correlation  

©2012 Vertex Pharmaceuticals Incorporated 57 

567211dd32d43-Score-2 



Comparing MAP4K4 Stage2 Correlations 
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Similar Performance Between Stage 1 and Stage 2 
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Free Energy Distributions 
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A Null Model for Free Energies? 
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1. Sample N observed values 
2. Calculate RMS 
3. Repeat 1 and 2 * 1000 



A Null Model for Free Energy 
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Free Energy RMS Error  
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Dashed line indicates the null model 



Free Energy Set 2 - Lowest RMSE – Useful? 
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A Few Technical Issues 

•  PDB format makes RMS calculations difficult 
•  Score files were not formatted consistently 
•  Score files were not named consistently 
•  Free energy files were not named and formatted consistenly 
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Improperly Formatted PDB files 
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Incorrect 

Correct 



Can’t Infer Connectivity From Incorrect Geometry 
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Conclusions 

•  As a community we are pretty good a pose prediction 
•  Unfortunately ranking and free energy have ways to go 
•  Hopefully we can all learn from these datasets 
•  Hopefully we will all share what we learn 
•  We need to make some improvements to the submission process 
•  The next round should be even better 
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