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How	I	Spend	My	Time	On	Challenges
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Dealing	with	poorly	
formatted	
submissions

Validating	evaluations Making	Slides
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The	Evaluation	Process
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Pat	Evaluate

Connor	and	Zied	Evaluate

Final	Comparisons
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The	Literature	Makes	It	Look	Like	Activity	Prediction	is	a	Solved	Problem
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Pearson	r
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Scoring	Performance	From	GC2	and	GC3
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We	need	to	agree	on	
• What	constitutes	a	reasonable	dataset
• How	data	should	be	reported
• Evaluation	metrics
• Statistics	for	comparison
• What	constitutes	a	null	model
• Format	of	supporting	material	
• Criteria	for	reproducibility
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Guidelines	For	Reviewing	”Scoring	Function”	Papers	
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We	need	to	agree	on	
• What	constitutes	a	reasonable	dataset
• How	data	should	be	reported
• Evaluation	metrics
• Statistics	for	comparison
• What	constitutes	a	null	model
• Format	of	supporting	material	
• Criteria	for	reproducibility
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Guidelines	For	Reviewing	”Scoring	Function”	Papers	
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When	evaluating	a	regression	model,	the	dataset	should	have	a	dynamic	range	similar	to	those	observed	in	drug	
discovery	projects	(typically	4-6	logs)
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Datasets	Should	Span	a	Reasonable	Dynamic	Range
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This	dataset	(PDBind	v.2016		core	set)	spans	10	logs	and	doesn’t	provide	an	appropriate	representation	of		correlation
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Correlations	Can	Change	Dramatically	With	Dynamic	Range
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R2=0.22
MAE=0.69

R2=0.76
MAE=0.55

This	is	the	same	dataset.		On	the	left	we	consider	the	entire	set,	which	has	an	unrealistically	large	
(~10	log)	dynamic	range.		On	the	right	we	consider	a	more	realistic	subset	with	a	3	log	dynamic	
range.		Note	the	change	in	correlation.
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GC3	CatS	Dataset	Spans	a	Realistic	Dynamic	Range
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We	need	to	agree	on	
• What	constitutes	a	reasonable	dataset
• How	data	should	be	reported
• Evaluation	metrics
• Statistics	for	comparison
• What	constitutes	a	null	model
• Format	of	supporting	material	
• Criteria	for	reproducibility
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Guidelines	For	Reviewing	”Scoring	Function”	Papers	
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Don’t	Cram	Multiple	Datasets	on	to	the	Same	Plot
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http://pubs.acs.org/doi/abs/10.1021/acs.jpcb.7b07224 http://pubs.acs.org/doi/abs/10.1021/ja512751q
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Even	My	Friends	Are	Guilty
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Mill	and	Neysa	(Yesterday)
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Trellising	provides	a	much	more	effective	means	of	comparing	datasets
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We	need	to	agree	on	
• What	constitutes	a	reasonable	dataset
• How	data	should	be	reported
• Evaluation	metrics
• Statistics	for	comparison
• What	constitutes	a	null	model
• Format	of	supporting	material	
• Criteria	for	reproducibility
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Guidelines	For	Reviewing	”Scoring	Function”	Papers	
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Report	Pearson,	Spearman	and	Kendall	correlations
Favor	R2 over	R	when	reporting	a	Pearson	correlation	coefficient
Report	MAE	and/or	RMSE	
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Always	report	correlations	appropriately
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I	have	no	idea	what	this	means

http://pubs.acs.org/doi/abs/10.1021/acs.jpcb.7b07224
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Maximum	Achievable	Correlation

Confidential	|	©	2017	Relay	Therapeutics

Start	with	experimental	data
Add	Gaussian	error	

§ Mean	=	0.0	
§ Standard	deviation	=	0.3	log

Calculation	correlation
Repeat	1000	times

Brown,	Scott	P.,	Steven	W.	Muchmore,	and	Philip	J.	Hajduk.	"Healthy	
skepticism:	assessing	realistic	model	performance.”
Drug	Discovery	Today	14.7	(2009):	420-427.
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Maximum	Achievable	Correlation	- HPS90	D3R1	
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https://github.com/PatWalters/metk

Open	Source	Evaluation	Code	(More	to	Come)



We	need	to	agree	on	
• What	constitutes	a	reasonable	dataset
• How	data	should	be	reported
• Evaluation	metrics
• Statistics	for	comparison
• What	constitutes	a	null	model
• Format	of	supporting	material	
• Criteria	for	reproducibility
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Guidelines	For	Reviewing	”Scoring	Function”	Papers	
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Ensure	That	Differences	in	Correlation	Are	Significant
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In	particular,	both	MM-PB/SA	and	MM-GB/SA	produced	better	results	by	using	a	
representative	structure	(R	)	0.72-0.79)	rather	than	averaging	over	the	conformational	
ensemble	of	each	given	complex	(R	)	0.61-0.74
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M1_dynamic M1_static M2_static M3_dynamic M3_static M4_dynamic M4_static

Table L2
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A	literature	comparison	of	7	methods	for	scoring	protein-ligand	interactions
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Remember	that	correlations	have	confidence	intervals	and	report	these	intervals
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It’s	All	the	Same!
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M1_dynamic M1_static M2_static M3_dynamic M3_static M4_dynamic M4_static

Table L2
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We	need	to	agree	on	
• What	constitutes	a	reasonable	dataset
• How	data	should	be	reported
• Evaluation	metrics
• Statistics	for	comparison
• What	constitutes	a	null	model
• Format	of	supporting	material	
• Criteria	for	reproducibility
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Guidelines	For	Reviewing	”Scoring	Function”	Papers	
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Molecular	weight	and	calculated	LogP	are	poor	null	models



Generate	RDKit	fingerprints	for	ligands
Train	on	PDB	bind	refined	set	(n=4057)
Test	on	PDB	bind	core	set	(n=290)	
Wall	clock	time	<	5	min
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Simple	QSAR	as	a	Null	Model
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What	Constitutes	an	Appropriate	Null	Model	
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Molecular	Weight XLogP Simple	QSAR
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A	Null	Model	for	RMSE
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1.	Sample	N	observed	values
2.	Calculate	RMS
3.	Repeat	1	and	2	*	1000
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Null	Model	for	GC1	HSP90	Free	Energy	Challenge
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Comparing	RMS	vs	Null	for	GC1	HSP90	Challenge
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Dashed	line	indicates	the	null	model



We	need	to	agree	on	
• What	constitutes	a	reasonable	dataset
• How	data	should	be	reported
• Evaluation	metrics
• Statistics	for	comparison
• What	constitutes	a	null	model
• Format	of	supporting	material	
• Criteria	for	reproducibility
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Guidelines	For	Reviewing	”Scoring	Function”	Papers	
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Always	provide	a	machine	readable	table	(e.g.	csv)	of	predicted	and	experimental	values
A	table	in	a	paper	is	not	sufficient,	it	is	often	very	difficult	to	extract	tables	from	pdf	files
Chemical	structures	should	be	included	as	SDF	or,	where	appropriate,	SMILES	to	facilitate	comparison	with	other	
methods
Need	to	enable	readers	to	evaluate	correlations	and	errors
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Include	appropriate	supporting	information
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We	need	to	agree	on	
• What	constitutes	a	reasonable	dataset
• How	data	should	be	reported
• Evaluation	metrics
• Statistics	for	comparison
• What	constitutes	a	null	model
• Format	of	supporting	material	
• Criteria	for	reproducibility
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Guidelines	For	Reviewing	”Scoring	Function”	Papers	
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Can	I	Reproduce	Your	Method?
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Code	!!!
A	thorough	description	of	your	method
A	web	implementation
None	of	the	above
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What	Constitutes	Reproducibility?	
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We	need	to	agree	on	
• What	constitutes	a	reasonable	dataset
• How	data	should	be	reported
• Evaluation	metrics
• Statistics	for	comparison
• What	constitutes	a	null	model
• Format	of	supporting	material	
• Criteria	for	reproducibility
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Guidelines	For	Reviewing	”Scoring	Function”	Papers	
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How	Can	You	Help?	
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Docking	Challenges	Have	Become	More	Challenging
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Are	we	spending	enough	time	understand	compounds	that	docked	poorly?	
• Insufficient	conformational	sampling
• Insufficient	pose	sampling
• Inadequate	scoring	
• Ligand	poses	with	limited	density
Is	everyone	missing	the	same	compounds?	
Can	groups	work	together	to	improve	their	methods?	
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Questions	on	Docking	Challenges
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D3R	Participants
CSAR	Participants
TDT	Participants
SAMPL	Participants

Rommie	Amaro
Mike	Gilson

Mill	Lambert
Neysa	Nevins

Connor	Parks
Zied	Gaieb

Shuai	Liu
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https://github.com/PatWalters/metk

Open	Source	Evaluation	Code	(More	to	Come)



BACKUP
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Looks	Like	Activity	Prediction	is	a	Solved	Problem
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0.82 0.80

0.66 0.65

Pearson	r
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What	Constitutes	an	Appropriate	Null	Model	
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Molecular	Weight XLogP Simple	QSAR
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What	Constitutes	an	Appropriate	Null	Model	
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Molecular	Weight XLogP Simple	QSAR
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Evaluate	maximum	possible	correlation	for	a	dataset	given	experimental	error

Confidential	|	©	2017	Relay	Therapeutics https://www.sciencedirect.com/science/article/pii/S1359644609000403



Start	with	experimental	data
Add	Gaussian	error	
• Mean	=	0.0	
• Standard	deviation	=	0.3	log
Calculation	correlation
Repeat	1000	times
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Maximum	Achievable	Correlation

Confidential	|	©	2017	Relay	Therapeutics


