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Overview

• What	is	CRAVAT?
• Brief	news	and	updates
• Outreach	efforts	and	usage	stats
• Visualization	tools	and	mini-demo	about	
seeing	protein	mutations	in	3D

• How	you	can	incorporate	us	into	your	tools



https://hub.docker.com/r/karchinlab/cravatmupit/http://cravat.u
s

CRAVAT	is	a	cancer	mutation	analysis	portal
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Map	to	transcripts
Identify	type	of	

change	(missense,	
nonsense,	silent)

Identify	known	
variants	and	
mutations

Predict	driver	vs.	
random	
mutations

Predict	functional	
impact	of	
mutations

Find	important	
mutated	genes	
and	pathways

List	of	mutations	
from	tumor	
sequencing

Visualize	
mutations

Analysis

CRAVAT	in	a	nutshell
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• Biologist	friendly
• Interactive



News	and	updates

• Two	major	CRAVAT	releases	(7/2016,	11/2016)
• Underlying	databases	entirely	refreshed/rebuilt.
• Support	for	HGVS	input	and	output
• Full	recoding	of	MuPIT	protein	3D	visualization	
tool	to	use	latest	WebGL	technology

• Updated	CHASM	and	VEST	classifiers.
• Coming	soon:	new	driver	gene	and	mutation	
classifiers,	next	CRAVAT	release	for	GRCh38	
genome	assembly



Publications

Cancer	Res.	2017	in	press
CRAVAT	4:	Cancer-Related	Analysis	of	Variants	Toolkit.	
Masica	DL,	Douville	C,	Tokheim	C,	Bhattahcarya	R,	Kim	R,	Moad	K,	Ryan	M,	Karchin	R.

Poster
s

Tutorial
s

Talk
s

Outreach	and	usage

• GRC	Human	Genetic	Variation	and	Disease	2016					
• ASHG	2016

• Invited	workshop	ASHG	2017
• NCI	Bioinformatics	Training	&	Education	Program

2016	and	2017

• NGS’16	Genome	Annotation	(Barcelona,	Spain)
• Technical	University	of	Munich	
• ETH	Zurich	
• Canceromatics	III	(Madrid,	Spain)
• University	of	Pennsylvania
• Indiana	University	School	of	Medicine
• NYU	Genome	Center
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Dynamic	interactive	tables	and	
visualization	widgets
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Dynamic	interactive	tables	and	
visualization	widgets
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HotMAPS

42,268	PDB	structures
99,929	Homology	models
15,697	Human	genes

Infrastructure	for	MuPIT	3D	mutation
visualization



Mini-demo	of	MuPIT



• Default	structure	for	FGFR2	(Fibrobrast	Growth	Factor	
Receptor)	in	complex	with	EC	domain	of	FGF

• MuPIT	displays	the	BioMolecule	– here	it’s	an	
octamer.

• Protein	tab	is	selected	enabling	control	over	protein	
viz



• Default	structure	for	FGFR2	(Fibrobrast	Growth	Factor	
Receptor)	in	complex	with	EC	domain	of	FGF

• MuPIT	displays	the	BioMolecule	– here	it’s	an	
octamer.

• Mutations	submitted	by	user	are	shown	as	green	
spheres



• Browse	and	select	other	structures
• See	quickly	which	structures	have	the	most	
annotations.



• Protein	visualization	controlled	in	the	protein	tab
• Example:	FGFR2	and	FGF	can	be	colored	for	better	
viewing	and	mutations	input	by	user	labeled



• Visualization	of	mutations	from	published	studies	
controlled	in	the	mutations	tab

• 38	TCGA	cancer	types	currently	available
• HotMAPs	3D	mutation	hotspots	available,	calculated	
from	TCGA	data.



• TCGA	UCEC	mutations	and	HotMAPS	3D	hot	
spot



• Visualization	of	annotated	features	is	controlled	in	
the	Annotations	tab

• Example:	a	region	annotated	as	a	cell	attachment	
site	for	FGF	is	highlighted	



• Easy	export	for	publication-quality	figures!



CRAVAT	/	MuPIT	Interfaces

• Interoperability	is	a	goal	of	the	ITCR	program.	(Based	on	pleas	
from	research	community)

• Interconnected	tools	speed	research,	enhance	user	
experience,	and	enable	deep	knowledge	mining.

• Connected	tools	increase	user	base	for	all	of	the	tools.
• Current	CRAVAT/MuPIT	Integrated	Tools:



Incorporating	MuPIT	into	your	tool
• Link	out	to	us	with	structured	urls	to	get	our	default	
viewer	for
– Single	Genomic	Location	to	3D	Structures	Mapping
– Multiple	Genomic	Locations	to	3D	Structures	Mapping
– Uniprot	Protein	Coordinates	to	3D	Structures	Mapping
– Gene	to	3D	Structures	Mapping
– Direct	Viewing	of	a	3D	Structure



Incorporating	MuPIT	into	your	tool
• Link	out	to	us	with	structured	urls	to	get	
our	default	viewer	for
– Single	Genomic	Location	to	3D	Structures	Mapping



Incorporating	MuPIT	into	your	tool
• Display	MuPIT	in	an	iframe	within	your	own	portal



Incorporating	MuPIT	into	your	tool
• Link	out	to	us	with	structured	
urls	to	get	specially	configured	
visualizations

BRAF
PDB	ID:	4MBJ

Dr.	Jing	Zhu

UCSC	Xena	
Browser

TCGA	PanCan	Mutations



Incorporating	MuPIT	into	your	tool
• Link	out	to	us	with	structured	
urls	to	get	specially	configured	
visualizations

Dr.	Jing	Zhu

UCSC	Xena	
Browser

TCGA	PanCan	Mutations

RHOA	GTPase	and	effector	
domain	of	PKN/PRK1
PDB	ID:	1CXZ

CHASM
driver
score



MuPIT	HTTP	Integration

MuPIT	/	PDB
Database

This image 
cannot 
currently 
be 
displayed.

CRAVAT	/	
MuPIT
Web	Server

Your	
Web	Page

HTTP	URL

HTML	/	JavaScript	Visualization	Page

Link	to		MuPIT	3D	Visualization	with	URL:

For	a	mutation,	just	pass	its	genomic	position	(one	or	more):
http://mupit.icm.jhu.edu/MuPIT_Interactive/?gm=chr17:7577510

Just	link	to	a	gene:
http://mupit.icm.jhu.edu/MuPIT_Interactive?gene=TP53

Link	using	a	protein	position:
http://mupit.icm.jhu.edu/MuPIT_Interactive/?gm=P14317:235&protquery=y

To	check	that	a	structure	exists:

http://mupit.icm.jhu.edu/MuPIT_Interactive	/rest/showstructure/check?pos=chr1:69094



CRAVAT	Web	Service
A	web	service	call	provides	fast	access	to	single	mutation	annotation	to	external	systems.

CRAVAT	Web	Service	call	
(substitution):http://www.cravat.us/CRAVAT/rest/service/query?mutation=chr22_30421786_+_A_

T

http://www.cravat.us/CRAVAT/rest/service/query?mutation=chr22_30421786_+_-
_TAC

CRAVAT	Web	Service	call	
(indel):

JSON	Reply:

AnnotationsThis image 
cannot 
currently be 
displayed.

CRAVAT	/	
MuPIT
Web	Server

Program	/
Web	Server

DB	SNP

1000	
Genome ESP6500

ExAc

COSMIC

Dark	Regions

HTTP	Request
(genomic	location)

JSON	Reply	with:
VEST	Score
Mutation	Impact
Cancer	Annotations
Population	Stats
Mapability	Warnings

Driver
Genes

Targe
t



CRAVAT	RESTful	Service

This image 
cannot currently 
be displayed.

CRAVAT	/	
MuPIT
Web	Server

Program	/
Pipeline

HTTP	Post	Request
(file	of	mutations)

Method	for	automated	submission	of	large	sets	of	mutations

HTTP	Status	Check

Results	File	
- CHASM	and	VEST	Scores
- Full	set	of	annotations

CRAVAT	/	VEST
Algorithms

SNVBox	Precomputed
Genomic	Features

Annotations

DB	SNP

1000	
Genome

ESP6500ExAc

COSMICDriver
Genes

Targe
t

ClinVa
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Any	programming	language	(Python	example)

#	Job	submission	via	POST	with	an	input	fileimport	requests
r=requests.post('http://dev.cravat.us/rest/service/submit',	

files={'inputfile':open('input_file/vcf_input.txt')},	
data={'email':'rkim@insilico.us.com','analyses':''})

#	Checking	job	statusimport	requests
r=requests.get('http://www.cravat.us/rest/service/status',

params={'jobid':'rkim_20160315_103245'})
r.text		#	contains	the	job	status	as	a	string.	Includes	URL	to	get	results	when	done.



CRAVAT	Mutation	Browser
In	our	upcoming	release,	link	to	interactive	mutation	detail	web	page:

http://cravat.us/CRAVAT/variant.html?variant=chr22_40814500_-
_A_G



Platform	Integration
By	integrating	with	common	platforms	– we	become	open	to	users	of	the	platform.

CRAVAT	tool	in	Galaxy	
Toolshed

CRAVAT	in	Docker
(multi-container	integration)



Thank	you!

Karchin	Lab In	Silico	Solutions
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