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Whole	Genome/Exome (DNA-Seq)	
analysis	pipeline

Align	raw	reads	
to	genome

• BWA
• Bowtie

Call	Variants

• SAMTools
• GATK
• Freebayes

Effect	on	
Function

• SNPEff
• ANNOVAR



GATK	pipeline



GATK	Best	Practices
(http://www.broadinstitute.org/gatk/)



#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT Gen011

chr1 3311261 rs6702992 C T 663.71PASS

AC=2;AF=1.00;AN=2;DB;DP=3;FS=0.000;MQ=60.00;
MQ0=0;POSITIVE_TRAIN_SITE;QD=31.56;VQSLOD=4
.22;culprit=FS;SF=0

GT:AD:DP:GQ:
PL

1/1:0,3:3:9:10
9,9,0

chr1 5937168 rs3747992 G A 1245.09PASS

AC=1;AF=0.500;AN=2;BaseQRankSum=1.23;Clipping
RankSum=-7.620e-
01;DB;DP=5;FS=0.000;MQ=60.00;MQ0=0;MQRankS
um=1.18;POSITIVE_TRAIN_SITE;QD=19.16;ReadPos
RankSum=0.067;VQSLOD=4.25;culprit=FS;SF=0

GT:AD:DP:GQ:
PL

0/1:3,2:5:51:5
8,0,51

VCF	file



SNPEff	(effect	on	function	of	variants)

1
2

3a

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

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

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

*

*

*

*

*

*

3b

4



SNPEff output	(cropped)
Chr Pos REF ALT

Change_t
ype

Homozyg
ous Quality Cov. Gene nameTrancript_ID Effect

old_A
A/new
_AA

Old_codo
n/New_c
odon

Codon
_Num(
CDS)

Codon_
Degene
racy

CDS_s
ize

21 10910311 T G SNP Hom 99 737TPTE NM_199259

NON_SYNO
NYMOUS_C
ODING Y/S tAt/tCt 464 1 1602

21 10970008 C T SNP Hom 4.13 286TPTE NM_199259
SPLICE_SITE
_DONOR 1602

21 11058226 G C SNP Hom 21 882BAGE2 NM_182482

NON_SYNO
NYMOUS_C
ODING P/A Cct/Gct 72 1 330

21 15481365 G T SNP Hom 99 171LIPI NM_198996

NON_SYNO
NYMOUS_C
ODING D/E gaC/gaA 465 2 1446

21 15596772 T G SNP Hom 99 63RBM11 NM_144770

NON_SYNO
NYMOUS_C
ODING L/V Ttg/Gtg 116 2 846

21 15954528 G A SNP Hom 99 405SAMSN1
NM_00125
6370

NON_SYNO
NYMOUS_C
ODING H/Y Cac/Tac 64 1 1326

21 30339120 C A SNP Hom 99 111LTN1 NM_015565

NON_SYNO
NYMOUS_C
ODING G/C Ggc/Tgc 611 1 5439

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

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



Tool Link

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

Broad ExAC http://exac.broadinstitute.org/

SeattleSeq http://snp.gs.washington.edu/SeattleSeq
Annotation138/

Ensembl VEP http://useast.ensembl.org/info/docs/tool
s/vep/index.html

MutationAssessor http://mutationassessor.org/

MutationTaster http://www.mutationtaster.org/

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

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

GeneCards http://www.genecards.org/

Wellcome Trust	Sanger Institute
Mouse	Genomes	Project

http://www.sanger.ac.uk/resources/mou
se/genomes/



CADD
Demo



CADD
• Combined	Annotation	Dependent	Depletion	
(CADD)

• A	tool	that	scores	deleteriousness	of	SNVs	as	well	
as	INDELs	in	the	human	genome

• Integrates	multiple	annotations	into	one	metric	
by	contrasting	variants	that	survived	natural	
selection	with	simulated	mutations.

• How	to	interpret	scaled	CADD	scores:
– 10th-%	of	CADD	scores	are	assigned	to	CADD-10
– Top	1%	to	CADD-20
– Top	0.1%	to	CADD-30



Prepare	SNPEff output	files	for	
downstream	analysis	(i.e.	CADD)

1. Download	SNPEff output	file
2. Open	in	Excel
3. Keep	first	four	(4)	columns;	remove	all	header	

columns
4. Create	a	3rd column	called	ID	and	place	a	“.”	for	

each	variant.	Final	output	in	this	format:

1. Save	as	a	Windows	or	Unix	text	file
2. Manually	change	.txt	to	.vcf

#	CHROM POS ID REF ALT
21 1097008 . C T



How	to	use	CADD	(on	a	small	set	of	
SNVs)

• Go	to:	http://cadd.gs.washington.edu/score
• Upload	a	gzip-compressed	vcf file	of	variants
• Click	on	“Upload	variants”
• Once	analysis	completes,	download	the	tab-
delimited	file	and	open	in	Excel.



BROAD	EXAC
Demo



Broad’s	ExAC Browser

• Exome Aggregation	Consortium	(ExAC)
• Consists	of	60,706	unrelated	individuals	that	
were	exome sequenced

• Various	disease-specific	and	population	
genetic	studies

• Search	for	any	human	gene	or	variant	or	
region



How	to	use	ExAC

• Go	to:	http://exac.broadinstitute.org/
• Input	either	gene	or	variant	or	region





dbSNP



OMIM



ClinVar



IGV



References	and	web	links
• Galaxy

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

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



Thanks!		Questions?

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


