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In	the	beginning,	there	were	
sequencing	gels…	

(via	Victoria	Schulman)	



Then	there	was	Sanger	sequencing…	

From	P.	Zhang,	A.	Seth,	and	H.	
Fernandes,		
Pathobiology	of	Human	Disease	



…	and	then	there	was	Next	Gen	
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Illumina	sequencing-by-synthesis	

(Mardis,	Ann.	Rev.	Genomics	Hum.	Genet.,	2008)		
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Illumina	sequencing-by-synthesis	

(Mardis,	Ann.	Rev.	Genomics	Hum.	Genet.,	2008)		



PacBio	SMRT	Sequencing		

(Image	from	3402	Bioinforma8cs)	



Nanopore	sequencing	

(Image	via	Oxford	Nanopore)	



Key	considera8ons	for		
NGS	technologies	

•  Number	of	reads	
•  Quality	of	reads	
•  Length	of	reads	
•  Library	prepara8on	
•  Cost	



Key	considera8ons	for		
NGS	technologies	

Illumina	 PacBio	 Nanopore	

Number	of	reads	 ***	 **	 *	

Quality	of	reads	 **	 */***	 ***	

Length	of	reads	 *	 **	 ***	

Library	prepara8on	 Versa8le,	complex	 Moderate	 Simple	



Library	prepara8on	for	the	
	Illumina	plaaorm	

(From	“Illumina	TruSeq	DNA	Adapters	De-Mys8fied”	by	James	Schiemer)	
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Library	prepara8on	for	the	
	Illumina	plaaorm	
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Anneal:	



Library	prepara8on	for	the	
	Illumina	plaaorm	

(From	“Illumina	TruSeq	DNA	Adapters	De-Mys8fied”	by	James	Schiemer)	

Ager	liga8on:	



Library	prepara8on	for	the	
	Illumina	plaaorm	

(From	“Illumina	TruSeq	DNA	Adapters	De-Mys8fied”	by	James	Schiemer)	

Universal	Adapter:	

Indexing	Adapter:	



Library	prepara8on	for	the	
	Illumina	plaaorm	

(From	“Illumina	TruSeq	DNA	Adapters	De-Mys8fied”	by	James	Schiemer)	



Example	of	a	full		
sequencing	prep	workflow	

(Image	from	NEB)	
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Applica8ons	

•  Genome	sequencing	(whole	genome,	
muta8ons)	

•  RNA	sequencing	(transcript	quan8ta8on,	
transcriptome	mapping)	

•  Finding	protein-nucleic	acid	interac8on	(ChIP-
seq,	PAR-CLIP)	

•  Iden8fying	methyla8on	sites	(bisulfite	
sequencing)	



Applica8ons	

(Image	from	Jkwchui)	



Applica8ons	

•  Protein	transla8on	rates	(ribosome	profiling)	
•  Chromosomal	conforma8ons	(Hi-C)	
•  Transcript	stability	(Bru-chase	seq)	
•  Finding	DNA-RNA	hybrids	(Drip-seq)	
•  Profiling	chroma8n	accessibility	(ATAC-seq,	
Mnase-seq)	

	
And	on	and	on…	



Ribosome	profiling	
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Applica8ons	

(Lieberman-Aiden	et	al.,	Science,	2009)	
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A	few	crucial	concepts	

•  Single	end	vs.	paired	end	reads	
•  “Coverage”	
•  Indexing	
•  FPKM,	RPKM,	TPM	
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Raw	data:	Fastq	files	



Raw	data:	Fastq	files	

Read	name	
Sequence	
Op8onal	informa8on	
Quality	scores	

Read	name	
Sequence	
Op8onal	informa8on	
Quality	scores	



Typical	steps	in	analysis	workflow	

•  Quality	control	
•  Adapter	clipping	
•  Quality	trimming	
•  Alignment	
•  Analysis	



Quality	control	

(fastqc	webpage)	

(Example:	FastQC)	



Trimming/clipping	
(fastxtools,	cutadapt,	trimmoma8c)	

Anthony M. Bolger et al. Bioinformatics 2014;30:2114-2120 



Alignment	

Examples:	Bow8e,	BWA,	SOAP,	STAR,	HiSat,	…	
(image	from	lab8mes.org)	



(or	assembly…)	

(image	from	Michael	Schatz)	

Examples:	
ABySS,	MIRA,	SSAKE	
(genome)	
	
	
Cufflinks,	String8e,		
Trinity	
(transcriptome)	



Analysis	

(IGB	screenshot	by	Ann	Loraine)	



Common	tasks	

•  Transcript	quan8ta8on	
•  Isoform	calling	
•  Peak	calling	
•  Gene	set	enrichment	analysis	
•  Mo8f	analysis	
•  Clustering/network	inference	



Pseudoalignment	and	fast	
RNA-seq	workflows	

•  Don’t	get	exact	alignments,	just	find	
transcripts	compa8ble	with	each	read	

•  Examples:	kallisto,	sailfish,	salmon	

Bray	et	al.,	
Nat.	Biotech.	2016	
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A	unified	graphical	interface	
for	NGS	analysis	

Galaxy:	usegalaxy.org;	image	from	UC	Davis	Bioinforma8cs	Core	
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GEO	–	the	gene	expression	omnibus	
www.ncbi.nlm.nih.gov/geo	



Example	GEO	dataset	
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Example	GEO	dataset	



Example	GEO	dataset	

Raw	

Raw	

Processed	



Naviga8ng	GEO	datasets	

•  GPLXXXXX	–	Plaaorm	iden8fier	
•  GSEXXXXX	–	series	of	data	sets	(e.g.,	one	
paper)	

•  GSMXXXXX	–	One	sample	(may	be	one	or	
more	replicates,	but	should	be	same	
condi8on)	

•  GDSXXXXX	–	Curated	data	set	with	addi8onal	
op8ons	available	



Gesng	GEO	expression	data		
Easiest:	Use	curated	data	sets	
htps://www.ncbi.nlm.nih.gov/sites/GDSbrowser/	
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Gesng	GEO	expression	data		
Easiest:	Use	curated	data	sets	
htps://www.ncbi.nlm.nih.gov/sites/GDSbrowser/	



Gesng	GEO	expression	data		
Otherwise:	Get	processed	data	from	GSM	pages…	

Raw	

Raw	

Processed	



GEO	isn’t	JUST	about	gene	
expression…	



Raw	data	available	via	the	SRA	

htps://www.ncbi.nlm.nih.gov/sra/	



Raw	data	available	via	the	SRA	



Raw	data	available	via	the	SRA	

Processed	data	ogen	available	through	GEO	link	
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Simplest:	Download	processed	data	
and	view	in	spreadsheet	



Simplest:	Download	processed	data	
and	view	in	spreadsheet	

Example:	gene_exp.diff	from	cufflinks	

test_id	 gene_id	 gene	 locus	 sample_1	sample_2	status	 value_1	 value_2	
log2(fold
_change)	 test_stat	 p_value	 q_value	 sig	

XLOC_00
0001	

XLOC_00
0001	 CG11023	

2L:
7528-948
4	

cupcake_
sated	

cupcake_
hungry	 OK	 5.49313	 0.206789	 -4.7314	 -1.90088	 0.42235	 0.593877	no	

XLOC_00
0002	

XLOC_00
0002	 Ir21a	

2L:
21918-25
163	

cupcake_
sated	

cupcake_
hungry	 OK	 2106.08	 2913.7	 0.468291	 2.53576	 0.85965	 0.903137	no	

XLOC_00
0031	

XLOC_00
0031	 dbr	

2L:
67043-71
390	

cupcake_
sated	

cupcake_
hungry	 OK	 14.9389	 16.8551	 0.174119	 0.230548	 0.67695	 0.781675	no	

XLOC_00
0032	

XLOC_00
0032	 galec8n	

2L:
72387-76
211	

cupcake_
sated	

cupcake_
hungry	 OK	 112.48	 85.6742	 -0.39273	 -0.67515	 0.24695	 0.423915	no	

XLOC_00
0033	

XLOC_00
0033	 CG11374	

2L:
76445-77
639	

cupcake_
sated	

cupcake_
hungry	 OK	 6.13796	 14.0256	 1.19223	 0.705069	 0.22855	 0.416548	no	

XLOC_00
0034	

XLOC_00
0034	 -	

2L:
80193-80
263	

cupcake_
sated	

cupcake_
hungry	 OK	 0	 402.552	inf	 #NAME?	 0.01965	 0.158954	no	



Simplest:	Download	processed	data	
and	view	in	spreadsheet	

Example:	gene_exp.diff	from	cufflinks	

test_id	 gene_id	 gene	 locus	 sample_1	sample_2	status	 value_1	 value_2	
log2(fold
_change)	 test_stat	 p_value	 q_value	 sig	

XLOC_00
2456	

XLOC_00
2456	 TepIV	

2L:
19549792
-1955645
5	

cupcake_
sated	

cupcake_
hungry	 OK	 27.2788	 0.762464	 -5.16097	 -3.36415	 5.00E-05	 0.004022	yes	

XLOC_00
4017	

XLOC_00
4017	 dp	

2L:
4479470-
4591963	

cupcake_
sated	

cupcake_
hungry	 OK	 1.66149	 0.451918	 -1.87835	 -2.1873	 0.00045	 0.024242	yes	

XLOC_00
8185	

XLOC_00
8185	 Cam	

2R:
8146912-
8166208	

cupcake_
sated	

cupcake_
hungry	 OK	 2811.67	 2026.02	 -0.47278	 -1.67712	 0.0034	 0.034841	yes	



Genome	Browsers	

Main	candidates:	IGB,	IGV,	UCSC	Genome	Browser	

Allow	loading	and	comparisons	of	various	data	sets	with	genomic	features	



Genome	Browsers	

Analysis	can	scale	from	raw	reads	to	highly	processed	func8ons	of	mul8ple	data	sets	
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Genome	Browsers	

Many	GEO	files	are	directly	loadable	



Genome	Browsers	

Many	GEO	files	are	directly	loadable	

…	



Genome	Browsers	
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Peak	calling	or	differen8al	calling	are	
common	tasks	



Peak	calling	or	differen8al	calling	are	
common	tasks	

(Image	from	Zhang	et	al.,	Genome	Biol.,	2008)	
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common	tasks	

(Image	from	Zhang	et	al.,	Genome	Biol.,	2008)	



So	what	do	you	do	once	you	have	
peaks/expression	calls/etc.?	

•  Direct	inspec8on	of	known	biological	targets	
•  Literature-driven	inference	and	hypothesis	
genera8on	

•  Gene	set	enrichment	analysis	
•  Mo8f	analysis	
•  Network	inference	



Gene	set	enrichment	analysis	
Iden8fica8on	of	gene	categories	(e.g.,	GO	terms)		
that	are	correlated	with	another	data	set	
	
Common	Tools:	GSEA,	DAVID,	iPAGE	
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Gene	set	enrichment	analysis	
Iden8fica8on	of	gene	categories	(e.g.,	GO	terms)	that	are	correlated	with	another	data	set	
	
Example:	Gene	expression		

Normalized	expression	change	

(From	Goodarzi	et	al.,	Mol.	Cell,	2009)	



Gene	set	enrichment	analysis	
Iden8fica8on	of	gene	categories	(e.g.,	GO	terms)	that	are	correlated	with	another	data	set	
	
Example:	Integra8on	of	data	sets	



Mo8f	analysis	

Iden8fy	mo8fs	(typically	nucleic	acid	sequences)	
correlated	with	a	data	set	of	interest	
	
Used	in	a	variety	of	applica8ons	(RNA-seq,	ChIP-
seq,	ribosome	profiling,	etc.)	
	
Example	tools:	MEME	suite,	FIRE/TEISER,	kmersvm	



Mo8f	analysis	

(Image	from	Elemento	et	al.,	Mol.	Cell	2007)	



Mo8f	analysis	



Lazebnik,	Y.	Cancer	Cell	2002															
(slides	via	Michael	Wolfe)	

Biology	

Systems	
Biology	


