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Whole	Genome/Exome	(DNA-Seq)	
analysis	pipeline	

Align	raw	reads	
to	genome	

• BWA	
• BowAe	

Call	Variants	

• SAMTools	
• GATK	
• Freebayes	

Effect	on	
FuncAon	

• SNPEff	
• ANNOVAR	



Upload/Import	Data	
1	

2	
3a	

3b-1	

3b-2	

3b-3	

3c	

3d	

1.  Click	“Get	Data”	
2.  Click	“Upload	File”	
3.  Boxes	to	be	aware	of:	

a)  File	Format	
b)  File	to	be	uploaded:	

1)  File	from	computer	
2)  URL/text	
3)  FTP	

c)  Genome	
4.  Click	“Execute”	



Shared	Data	
1	

2	

4	

1.  Click	on	“Shared	Data”	(located	on	top	toolbar)	
2.  Drop	down	box	appears;	click	on	“Data	Libraries”	
3.  Under	“Data	Library	Name”	look	for	“GBS720.”		

Click	on	it.	
4.  Will	see	this	Data	Library.	

a)  Put	checkmark	besides	Name	
b)  Click	Go	

4a	

4b	



Quality	Control	of	raw	fastq	reads	
1	

2	

3a	

3b	

1.  Click	on	“NGS:	QC	and	manipulaAon”	
2.  Click	on	“Fastqc:	Fastqc	QC”	
3.  Select	opAons:	

a)  This	is	what	the	window	looks	like	when	first	opened	
b)  Choose	fastq	file	and	give	it	a	useful	name	

4.  Click	“Execute”	
5.  Do	the	exact	same	thing	for	the	other	fastq	file	

*	

*	

4	



FastQC	Output	Report	

If	you	think	the	data	needs	to	be	
trimmed,	then	you	can	use	the	
FastX-Toolkit	under	“NGS:	QC	and	
manipulaAon.”	



BWA	aligner	

1	

2	

1.  Click	on	“NGS:	Mapping”	
2.  Click	on	“Map	with	BWA	for	Illumina”	
3.  Select	opAons:	

a)  Choose	built-in	index	“hg19	Full”	
b)  Choose	Paired-end	
c)  Choose	the	F	fastq	file	(has	_1	in	filename)	
d)  Choose	the	R	fastq	file	(has	_2	in	filename)	

4.  Click	“Execute”	
*	Will	use	Commonly	Used	sehng	right	now,	but	you	may	need	to	go	
back	and	modify	these	in	future	experiments	

3a	

3b	

3c	

3d	

*	
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flagstat	on	original	alignment	

Flagstat	is	used	to	calculate	stats	on	an	alignment	file	
1.  Click	on	“NGS:	SAM	Tools”	
2.  Click	on	“flagstat”	
3.  Select	SAM/BAM	file.	
4.  Click	“Execute.”	

2	

1	

3	
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Filter	SAM	

1.  Click	on	“NGS:	SAM	Tools”	
2.  Click	on	“Filter	SAM”	
3.  Select	opAons:	

a)  Select	dataset	to	filter	
b)  Click	“Add	New	Flag”	
c)  Flag	1:	Read	is	paired	–	Yes	
d)  Click	“Add	New	Flag”	
e)  Flag	2:	Read	is	mapped	in	a	proper	pair	–	Yes	

4.  Click	“Execute”	

1	

2	 3a	

3b,d	

3c	

3e	

4	



Picard	Tools		
(remove	duplicates)	

1	

1.  Click	on	“NGS:	Picard	(beta)”	
2.  Click	on	“Mark	Duplicate	reads”	
3.  Select	dataset	to	mark	duplicates	
4.  Give	file	a	name	
5.  Click	“Execute”	

2	

3	

4	

5	

ERROR	when	running	this	tool.		Will	need	to	
fix	it,	but	it	is	important	to	remove	
duplicates.	The	problem	is	that	the	tool	is	
removing	the	known	locaAons	and	giving	
them	assignments	that	they	didn’t	align	in	
the	first	place.	
WORKAROUND	for	now	is	to	just	skip	this	
tool	for	demo	purposes.	



SAM-to-BAM	

1.  Click	on	“NGS:	SAM	Tools”	
2.  Click	on	“SAM-to-BAM”	
3.  Select	opAons:	

a)  Select	SAM	file	to	convert	
4.  Click	“Execute”	

1	

2	

3a	

4	



Picard	Tools	
(add	groups)	

1	

1.  Click	on	“NGS:	Picard	(beta)”	
2.  Click	on	“Add	or	Replace	Groups”	
3.  Select	BAM	file	to	add	groups	
4.  Provide	names	for	these	various	read	groups	

a)  ID	
b)  Sample	Name	
c)  Library	
d)  Planorm	
e)  Planorm	Unit	

5.  Click	“Execute”	

2	

3	

4a	

4b	

4c	

4d	

5	

ERROR:	Tool	doesn’t	
work	correctly.	Ignore	for	
now.	



flagstat	on	filtered	alignment	

Flagstat	is	used	to	calculate	stats	on	an	alignment	file	
1.  Click	on	“NGS:	SAM	Tools”	
2.  Click	on	“flagstat”	
3.  Select	SAM/BAM	file.	
4.  Click	“Execute.”	

2	

1	

3	
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Call	Variants	with	SAM	Tools	
1	

2	

1.  Click	on	“NGS:	SAM	Tools”	
2.  Click	on	“Generate	VCF	with	mpileup	piped	through	bcoools	

view”	
3.  Select	opAons:	

a)  Choose	“Use	a	built-in	index”	
b)  Select	BAMoutput	file	from	previous	slide	
c)  Keep	output	format	as	VCF	

4.  Click	“Execute”	

3a	

3b	

3c	

4	



Common	and	de	novo	variants	
(not	a	perfect	workflow)	

1.  Click	on	“Workflow”	
2.  Click	on	down-arrow	of	“IdenAfying	common	and	de	novo	

variants	(not	perfect)”	
3.  Click	“Run”	

1	

2	

3	

hpp://galaxy.uabgrid.uab.edu/u/dkcrossm/w/idenAfying-common-and-de-novo-variants-not-perfect	



IdenAfying	common	and	de	novo	
variants	(not	perfect)	workflow	

Child	

Father	

Mother	

common	

de	novo	



Common	and	de	novo	variants	
(not	a	perfect	workflow)	

1.  Choose	child	vcf	file	
2.  Choose	father	vcf	file	
3.  Choose	mother	vcf	file	
4.  Click	“Run	workflow”	(at	bopom	of	screen)	

1	

2	

3	



Common	and	de	novo	variants	
(not	a	perfect	workflow)	

These	are	the	two	final	output	files	from	this	parAcular	workflow	



SNPEff	(effect	on	funcAon	of	variants)	

1	
2	

3a	

1.  Click	on	“SnpEff	tools”	
2.  Click	on	“SnpEff”	
3.  Select	opAons:	

a)  Choose	VCF	output	file	from	previous	slide	
b)  Pick	genome	“Homo_sapiens	(hg19)”	

4.  Click	“Execute”	
*	Other	opAons	to	be	aware	of!	

*	

*	

*	

*	

*	

*	

3b	

4	



SNPEff	output	(cropped)	

Chr	 Pos	 REF	 ALT	
Change_t
ype	

Homozyg
ous	 Quality	 Cov.	 Gene	name	Trancript_ID	 Effect	

old_A
A/
new_A
A	

Old_codo
n/
New_cod
on	

Codon
_Num(
CDS)	

Codon_
Degener
acy	

CDS_si
ze	

21	 10910311	T	 G	 SNP	 Hom	 99	 737	TPTE	 NM_199259	

NON_SYNON
YMOUS_CO
DING	 Y/S	 tAt/tCt	 464	 1	 1602	

21	 10970008	C	 T	 SNP	 Hom	 4.13	 286	TPTE	 NM_199259	
SPLICE_SITE_
DONOR	 1602	

21	 11058226	G	 C	 SNP	 Hom	 21	 882	BAGE2	 NM_182482	

NON_SYNON
YMOUS_CO
DING	 P/A	 Cct/Gct	 72	 1	 330	

21	 15481365	G	 T	 SNP	 Hom	 99	 171	LIPI	 NM_198996	

NON_SYNON
YMOUS_CO
DING	 D/E	 gaC/gaA	 465	 2	 1446	

21	 15596772	T	 G	 SNP	 Hom	 99	 63	RBM11	 NM_144770	

NON_SYNON
YMOUS_CO
DING	 L/V	 Ttg/Gtg	 116	 2	 846	

21	 15954528	G	 A	 SNP	 Hom	 99	 405	SAMSN1	
NM_00125
6370	

NON_SYNON
YMOUS_CO
DING	 H/Y	 Cac/Tac	 64	 1	 1326	

21	 30339120	C	 A	 SNP	 Hom	 99	 111	LTN1	 NM_015565	

NON_SYNON
YMOUS_CO
DING	 G/C	 Ggc/Tgc	 611	 1	 5439	

21	 31744127	A	 T	 SNP	 Hom	 99	 110	KRTAP13-2	 NM_181621	
STOP_GAINE
D	 C/*	 tgT/tgA	 135	 2	 528	

21	 34948686	*	 +A	 INS	 Hom	 99	 74	SON	 NM_138927	
FRAME_SHIF
T	 -/?	 -/A	 2413	 7281	



Tool	 Link	

CADD	 hpp://cadd.gs.washington.edu/	

Broad	ExAC	 hpp://exac.broadinsAtute.org/	

SeapleSeq	 hpp://snp.gs.washington.edu/
SeapleSeqAnnotaAon138/	

Ensembl	VEP	 hpp://useast.ensembl.org/info/docs/
tools/vep/index.html	

MutaAonAssessor	 hpp://mutaAonassessor.org/	

MutaAonTaster	 hpp://www.mutaAontaster.org/	

OMIM	 hpp://www.ncbi.nlm.nih.gov/omim	

ClinVar	 hpp://www.ncbi.nlm.nih.gov/clinvar/	

GeneCards	 hpp://www.genecards.org/	

Wellcome	Trust	Sanger	InsAtute	
Mouse	Genomes	Project	

hpp://www.sanger.ac.uk/resources/
mouse/genomes/	



IGV	



GATK	pipeline	



GATK	Best	PracAces	
(hpp://www.broadinsAtute.org/gatk/)		



GATK	(beta)	on	PSU	Galaxy	
Basic	Steps*	(opMons	are	up	to	
you):	
1.  BWA	alignment	
2.  Mark	duplicates	(Picard)	
3.  Realigner	Target	Creator	
4.  Indel	Realigner	
5.  Base	Recalibrator	(Count	Covariates)	
6.  Print	Reads	
7.  Unified	Genotyper	(new	in	Ver2	is	

Haplotype	Caller)	(SNPs	and	Indels	done	
separately)	

8.  Variant	Recalibrator	(SNPs	and	Indels	done	
separately)	

9.  Apply	RecalibraAon	(SNPs	and	Indels	done	
separately)	

10.  Combine	Variants	
11.  Select	Variants	
12.  Compare/contrast	variants	
13.  snpEFF	

3	

4	

5	

6	

7	

8	
9	

10	

11	

*	This	follows	the	basic	pipeline	shown	2	slides	ago.		Each	project	is	different	and	may	need	addiAonal	tools	to	answer	the	biological	
quesAon(s).		Also,	opAons	for	each	tool	will	vary	as	well.	



Freebayes	
1	

2	

1.  Click	on	“Human	Genome	VariaAon”	
2.  Click	on	“FreeBayes”	
3.  Select	opAons:	

a)  Choose	BWA	output	file	
b)  Pick	genome	“hg19”	

4.  Click	“Execute”	
*	Other	opAons	to	be	aware	of!	

3a	

3b	

4	

*	



References	and	web	links	
•  Galaxy	

–  PSU	Public	website:	hpps://usegalaxy.org/	
–  UAB:	hpps://www.uab.edu/galaxy	

•  BowAe	
•  GATK	
•  SAMTools	
•  Picard	Tools	
•  FreeBayes	
•  IGV	
•  SNPEff	
•  CADD	
•  Broad	Exac	
•  dbSNP	
•  OMIM	
•  ClinVar	



Thanks!		QuesAons?	

Contact	info:	
David	K.	Crossman,	Ph.D.	
BioinformaAcs	Director	
Heflin	Center	for	Genomic	Science	
University	of	Alabama	at	Birmingham	
hpp://www.heflingeneAcs.uab.edu	
dkcrossm@uab.edu	
	
	
	


