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CCBR support includes:
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	 Consul)ng on experimental design, help with analysis and interpreta)on 
of biological data produced by large-scale genomics technologies 
including Next-genera)on sequencing (RNA-Seq, Exome-Seq, ChIP-Seq, 
Whole genome Sequencing), and microarrays

	 Support for the development of methods for new technologies provided 
by the Office of Science and Technology Resources (OSTR)

	 Provide training classes to CCR scien)sts focusing on soWware used in the 
analysis of their own data



CCBR Members
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	 Office	of	Science	and	Technology	
Resources	(OSTR)	
	
			Maggie	Cam	(Head)	

	 Center	for	Biomedical	
InformaLcs	and	InformaLon	
Technology	(CBIIT)	

	
Chunhua	Yan	
Ying	Hu	

Richard	Finney	

Frederick	NaLonal	Laboratory	of	
Cancer	Research	(Leidos)	

Parthav	Jailwala	(Manager)	
Fathi	Elloumi	
Jus?n	Lack	
Bong-Hyun	Kim	
George	Nelson	
Alexei	Lobanov	
Jack	Chen	
Ashley	Walton	
Vishal	Koparde	

Soon	to	be	part	of	CDSL	(CCR	Cancer	Data	Science	Lab)	
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CCBR Func)onal Areas

3.	Scien,fic	tools	
&	Web	

applica,ons	
development	

1.	Project	Support	
(Experimental	

design	&	analysis)	

	
4.	Bioinforma,cs	

Training	&	
Educa,on	

2.	Benchmarking	&	
Pipeline	

development,	
New	technologies	

support	
	



1. Project Support
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Current CCBR Projects

Total	Number	of	 Total	Number	

Principal	InvesLgators	 95	

Projects	 189	
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Data	Mining:	
	Analyzing	public	microarray	data	for	Merkel	cell	carcinoma	

Basic/Bench	Research:	
	Study	of	alternaCve	splicing	funcCon	of	Rbfox1	in	knock	out	and	transgenic	mice	
	DisrupCon	of	Pol	II	ElongaCon	with	O-GlcNAcylaCon	Inhibitors	

TranslaConal	Research:	
	Genomic	characterizaCon	of	mouse	model	for	GBM	
	Gene	expression	analysis	of	Kras-induced	lung	cancer	mouse	model	

Clinical	Research:	
	Germline	Exome-Seq	analysis	of	Familial	Non-Medullary	Thyroid	Cancer	
	Exome-Seq	analysis	of	adrenocorCcal	cancer	germ	line	and	tumor	DNA	
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Some Projects
Germline	muta,ons	–	Exome	Seq	Analysis	 Gene	Expression	Analysis	

Integrated	ChIP-Seq	&	Microarray	Analysis	



Classifica)on of Mouse Glioma
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Splice Variant Analysis
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Integrated ChIP-Seq/RNA-Seq Analysis

Random	Score	
Mean:	1489.4	
SD:	723876.8	

Enrichment	Score:	4.45e+6	
Z-score	:					6.14	
P-value	:					8.23e-10	



Chip-Seq/ATAC-Seq Project
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Virus Integra)on Analysis
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Collabora)on Website: iMeetCentral

1/26/17	 CCR	COLLABORATIVE	BIOINFORMATICS	RESOURCE	 16	



1/26/17	 CCR	COLLABORATIVE	BIOINFORMATICS	RESOURCE	 17	



How to get started
Contact	maggie.cam@nih.gov	or	CCBR@mail.nih.gov	
Drop	by:	Bldg	37,	Rm	3041	(office	hours	10-12am)		

For	significant	help,	trigger	project	request:	
BioinformaLcs.cancer.gov	(“Ask	for	Help”)	

Appointment:	Discuss	experimental	design,	analysis,	
goals	and	Lmelines	

Afer	data	arrives:	analyst	is	assigned	to	project	and	
addiLonal	meeLng(s)	for	further	discussion	
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2. Research & Development
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R&D

	 Joint	effort	of	ATRF	Sequencing	Facility	Bioinforma?cs	Team	and	CCBR	

		

	 Benchmarking	of	current	and	new	algorithms	for	rouLne	use	
◦  Exome-seq,	RNA-Seq,	ChIP-Seq,	miR-Seq	

	 Pipeline	development	
◦  Methods	for	standard	workflows	selected	based	on	benchmarking		
◦  Streamline	upstream	QC	methods	from	ATRF	and	downstream	analysis	
◦  Standardize	methods	for	reproducibility,	updated	versions	as	needed	
◦  Publish	in	GitHub	for	CCR/NIH,	also	useful	for	others	

	 AddiLonal	tool	development	
◦  Novel	tools	and	algorithms	arising	from	collaboraLve	projects	
◦  Published	in	GitHub	and/or	made	available	through	web	applicaLon	
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RNA-Seq Pipeline



miR-Seq Pipeline (coming soon)
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Germline	

SomaCc	

Pipeline	workflow	

Exome-Seq Pipeline



Precision FDA Challenge
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Old,	GRCh37	reference	genome	 New,	hs37d5	reference	genome	



QC – Sample Iden)fica)on
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CNVkit – amplifica)on/dele)on detec)on
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ChIP-Seq Pipeline (coming soon)



Microarray Analysis App (coming soon)
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3. Tool and web applica)ons 
development
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Alview: bam file viewer
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Pathway Analysis Tool:  
Pathway Enrichment/Network
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Pathway Analysis Tool: Encode Miner
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cBioPortal for Mouse Cancer Models
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4. Bioinforma)cs Training
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BTEP Classes
Microarray	 	 	 		

Best	PracLces/Experimental	Design	

Exome-Seq	

RNA-Seq	

Chip-Seq	
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Training on CCBR Pipeliner
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	 Small	groups	(max	6-7	people)	

	 Biowulf	account	
	 Some	command	line	knowledge	

	 hmps://ccbr.github.io/Pipeliner/	

	 mail:	ccbr@mail.nih.gov	



Some NGS Best Prac)ces

	 RNA-Seq	

	 Exome-Seq:	JusLn	Lack	

	 Chip-Seq:	Bong-Hyun	Kim	

1/26/17	 CCR	COLLABORATIVE	BIOINFORMATICS	RESOURCE	 37	



Intro and Best Prac)ces: RNA-Seq
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RNA-Seq Applica)ons
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	 DifferenLal	Gene	Expression	
◦  Looks	at	genes	that	are	at	least	at	the	detecLon	limit	of	microarrays	
◦  Most	straighqorward,	requires	less	read	depth	(10-30	M	reads)	
◦  Can	be	more	cost-effecLve	than	microarrays	

	 DifferenLal	Transcript	Expression	(Isoform	switching)	
◦  SLll	confined	to	known	transcripts	/	isoforms	
◦  Complexity	is	in	the	assignment	of	exons	to	parLcular	isoforms	
◦  Many	algorithms	can	differ	in	results	

	 Transcript	Discovery	/	Whole	Transcriptome	Profiling	
◦  Interest	is	in	looking	for	new	isoforms	or	unannotated	genes		
◦  More	complex	in	terms	of	bioinformaLcs	analysis	
◦  Can	find	false	posiLves,	depending	on	leniency	of	algorithm		

	 Others	
◦  SNP/SomaLc	Variant/Gene	Fusion	DetecLon	



Method – Prepara)on
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Types of variance
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Contributions�of�different�types�of�
variancevariance

104
Measurement Uncertainty In Different Types of Replicates
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CounLng	error	<	Technical	effects	(lane	effect	<	
run	effect	<	library	prep	effect)	<<	biological	effect		

Busby	et	al,	Bioinforma?cs	2013	
Marioni	et	al,	Genome	Res	2008	



Experimental Design: avoiding lane effects
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-	does	not	permit	par??oning	
of	batch	and	lane	effects		
from	the	es?mate	of	within-
group	biological	variability		

Auer	and	Doerge,	Gene?cs	2010	



Best Prac)ces
	 1.	Factor	in	at	least	3	replicates	(absolute	minimum),	but	4	if	possible	(opLmum	
minimum).	Biological	replicates	are	recommended	rather	than	technical	replicates.	

	 2.	Always	process	your	RNA	extracLons	at	the	same	Lme.		ExtracLons	done	at	different	
Lmes	lead	to	unwanted	batch	effects.	

	 3.	There	are	2	major	consideraLons	for	RNA-Seq	libraries:		

	  If	you	are	interested	in	coding	mRNA,	you	can	select	to	use	the	mRNA	library	prep.		The	
recommended	sequencing	depth	is	between	10-20M	paired-end	(PE)	reads.		Your	RNA	
has	to	be	high	quality	(RIN	>	8).	

	  If	you	are	interested	in	long	noncoding	RNA	as	well,	you	can	select	the	total	RNA	method,	
with	sequencing	depth	~25-60M	PE	reads.		This	is	also	an	opLon	if	your	RNA	is	degraded.	

	 4.	Ideally	to	avoid	lane	batch	effects,	all	samples	would	need	to	be	mulLplexed	together	
and	run	on	the	same	lane.		This	may	require	an	iniLal	MiSeq	run	for	library	balancing.		
AddiLonal	lanes	can	be	run	if	more	sequencing	depth	is	needed.	

	 5.	If	you	are	unable	to	process	all	your	RNA	samples	together	and	need	to	process	them	in	
batches,	make	sure	that	replicates	for	each	condiLon	are	in	each	batch	so	that	the	batch	
effects	can	be	measured	and	removed	bioinformaLcally.	
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hmps://bioinformaLcs.cancer.gov/content/rna-seq	



A good review:
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Generic roadmap for expt design & analysis



Samples vs Read depth
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	 If	on	a	Lght	budget,	deciding	
between	number	of	replicates	vs	
sequencing	depth,	always	higher	
replicates	with	lower	sequencing	
depth	leads	to	higher	staLsLcal	
power	

◦  3M	reads	x	10	replicates	=	30M	reads	
yields	52%	power	

◦  10mil	reads	x	3	replicates	=	30M	reads	
yields	33%	power		



RNA-Seq Pipeline Workflow
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STEP1:	INITIAL	QC	

STEP2:	COUNTING	
&	DEG	



CCBR Pipeliner 
(QC Report, DEG Analysis)
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QC: Low RNA input  
(0.1 – 1 ug total RNA or 10 - 100 ng isolated mRNA)
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High	duplicaLon	rates	

GC	Bias	

Clontech:	250pg	–	10	ng	RNA	



QC: Poor RNA Quality 
(RIN > 7, for FFPE or degraded, use ribominus)
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Degraded	RNA	showing	
3’	bias	in	coverage	



QC: Contamina)on
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QC: Batch Effects
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Limer	effect:	used	batch	removal	



Take Home Message:

	 While you are planning your RNA-Seq 
experiment (not aWer), please come talk 
to us.

	 CCBR@mail.nih.gov
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