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General Considerations

Where are the reads aligned? Viewing alignments

What is the effect? Annotation / Consequence
Who else has the variant? Variation Databases

How can | do all this? Pipeline software

How can | identify the important variants???
Working with VarSifter
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WHERE

are the reads?

Are they aligned correctly?

What do the alignments look like?

File Formats

« SAM/BAM — Alignments
- 20-100+ million lines per sample
- viewing and manipulation programs:
samtools (C), Picard (Java), Bio-SamTools (Perl),
Pysam (Python)

9/25/11



Analysis and Visualization — Samtools tview

Analysis and Visualization — Samtools tview

* FAST!
* Text-based
* Basic functionality

Li, H et.al. The Sequence alignment/map (SAM) format and SAMtools. Bioinformatics, 2009
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Analysis and Visualization —- UCSC Genome Browser

Analysis and Visualization —- UCSC Genome Browser

* View with UCSC tracks

* Need public facing
server to hold data

* Limited viewing options

9/25/11



9/25/11

Analysis and Visualization — IGV
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Analysis and Visualization — IGV

» Zooming

* Highlight reads to
get more info

* Many features

* Web launcher

Robinson, JT et.al. Integrative Genomics Viewer. Nature Biotechnology, 2011




WHAT

is the effect?

In a gene? i :
Amino-acid change?

Detrimental for function?

Annotation

UCSC Genome Browser on Human Mar. 2006 (NCBI36/hg18) Assembly
move (<<<)(<<)()G)G>)(G>>) zoom in (15x)(3x)(10x )(base ) out (15)(3x)(10x)

<<< >>>) o0 15%)(3x)(20x)(base ) zoom x
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Annotation Software

Goal: Determine variant context

* ANNOVAR - Kai Wang et.al. Children’ s Hospital of Philadelphia
- exonic splicing, HGVS format, distance to nearest gene, indels
- local scripts using local data downloaded from UCSC Genome Browser
* PIANNO / CDPred — Praveen Cherukuri, NHGRI
- Conserved Domain Prediction, dbSNP, indels
- local scripts using UCSC Genome Browser SQL server
» SeattleSeq Annotation — Deborah Nickerson, U.Wash
- conservation, HapMap freq, PolyPhen, clinical assoc., limited indels
- external server
* SNPeff — Pablo Cingolani
- integration with GATK and Galaxy, can read and write VCF*
- local Java program using local data files

*VCF = Variant Call Format (1000 Genomes)

Variant Consequence

Goal: How detrimental is a variant (AA change)

* SIFT - JCVI
- uses PSI-BLAST to assay degree of conservation
* Polyphen-2 — lvan Adzhubel et.al. Harvard Med.
- uses sequence features, homologue conservation,
structural features (more with known structure)
* CDPred — Praveen Cherukuri, NHGRI
- uses Conserved Domains database

* Human Gene Mutation Database (HGMD) — Cardiff U.
- curation of literature, locus-specific databases
- subscription-based, flat file available
- all NIH license:
ﬂ http://nihlibrary.nih.gov/ResearchTools/Pages/bioanalysis.aspx
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Annotation / Consequence at NISC

ANNOVAR CDPred HGMD

type Gene_name consequence CDPred_score  HGMDdisease HGMDtags
intronic CFTR - - - -
intronic CFTR - - - -
intronic CFTR - - - -

synonymous_SNV CFTR CFTR:uc003vjd.1:ex0n20:¢.3285A>T:p.T1095T, 0 - -
nonsynonymous_SNV CFTR CFTR:uc003vjd.1:ex0n20:¢.3302T>A:p.M1101K, -4 Cystic fibrosis, Cystic fibrosis DM,DM
intronic CFTR - - - -
intronic CFTR - - - -
synonymous_SNV CFTR CFTR:uc003vjd. 1:exon23:.3870A>G:p.P1290P, 0 - -
synonymous_SNV CFTR CFTR:uc003vjd. 1:exon27:c.4272C>T:p.Y1424Y, 0 - -
nonsynonymous_SNV CFTR CFTR:uc003vjd.1:exon27:¢.4357C>T:p.R1453W, -9 Cystic fibrosis DM
synonymous_SNV CFTR CFTR:uc003vjd. 1:exon27:c.4389G>A:p.Q1463Q, 0 - -
nonsynonymous_SNV CFTR;CFTR CFTR:uc003vjd.1:exon10:C.1392G>T:p.K464N, -11 Cystic fibrosis DM
synonymous_SNV CFTR;CFTR CFTR:uc003vjd. 1:exon11:c.1584G>A:p.ES28E, - -
intronic CGA - - - -
intronic CGA - - -
intronic CGA -

____nwonic | _____cA | | [ | ____ |
intronic CGA - - - -
intronic CGA - - - -

intergenic CGA(dist=26577),DKFZp6. - - - -
intergenic CGA(dist=26742),DKFZp6 - - - -
intergenic CGA(dist=26748),DKFZp6 - - - -
intergenic CGA(dist=53714),DKFZp6 - - - -
intergenic CGA(dist=5796),DKFZp68 - - - -
intronic cGB - - - -
intronic cGB - - - -
intronic cGB - - - -
intronic cGB - - - -
intronic ccB - - - -

WHO

else has the variant?

Is it a common variant?

Is it seen in certain populations?

Has it been observed in a disease cohort?

9/25/11



Human Variation Databases

Goal: Determine presence of variant in others

dbSNP
- Includes everything!!
- SNPs have information about
origin
- VCF available

ClinSeq
- 650 Exomes with phen. (dbGaP)
- CCDS and knownGenes
- soon in dbSNP, VCF to be
available

s

1000 Genomes
- 1,094 low coverage genomes (~4x)
- >=1% sensitivity
- In dbSNP, VCF available
- 822 Exomes — CCDS (coming
soon)

NHLBI Exome Sequencing Project
- 2,500 Exomes with phen. (dbGaP)
- in dbSNP, VCF available

dbSNP -

Caution!

UCSC Genome Browser on Human Mar. 2006 (NCBI36/hg18) Assembly
move (=)(=DOE)G3 )55 zoom in (150)B0)(10x)(hase out (15)(30)(100)

001

15%)(3x)(20x)(base ) zoom x

dbSNP is not exclusively common polymorphisms!!!

9/25/11
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HOW

can | do all this?

How are these programs run?
Can they be run automatically?

Is there a graphical interface?

NISC Pipeline

ANNOVAR/
Sample 2 |Sample 3 CDPred/
Genotypes |Genotypes HGMD
K Vi
- \
Sample1 | — — (g Batck - —
Genotypes S

Frequency (VS,VCF)
-

Genotypes ﬁ

E Using SGE, Perl, make, cron, databases

9/25/11
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Pipelines -

m NGS TOOLBOX BETA

= o) NGS: OC and manipulation

Multiple Alignments NGS: Mapping
Metagenomic analyses N
Human Genome variauon | NGS:SAM Tools

= aaChanges amino-acid chaf w Filter SAM on bitwise flag values
caused by a set of SNPs

= phyloP interspecies
conservation scores.

» SIET predictions of functio, @ SAM-to-BAM converts SAM

Convert SAM to interval

sies format to BAM format
= gProfiler tools for function|
profiling of gene lists = BAM-to-SAM converts BAM

= DAVID functional annotatiol format to SAM format
alist of genes.

= CTD analysis of chemicals,| @ Merge BAM Files merges BAM
diseases, or genes files together

EunDO human genes asso|
with disease terms

Generate pileup from BAM
= snofreq significantSNPs in|  dataset
case-control data
= LD linkage disequilibrium af - ®  Filter pileup on coverage and
tag SNPs SNPs
= PASS significant transcripti
factor binding sites from €} pileup-to-Interval condenses
= GPASS significant single-S! pileup format into ranges of
associations in case-contre bases
studies

« BEAM significant single-an| @ flagstat provides simple stats
multi-locus SNP associatiof on BAM files
case-control studies
= LPs LASsO-Patternsearch | NGS: Indel Analysis
algorithm

Hvis NGS: Peak Callin
= HVIS visualization of genon|
data with the Hilbert curve NGS: RNA Analysis

Genome Diversity. - Pl
B NGS: Picard (beta)
NGS TOOLEOX BETA RGENETICS

SNP/WGA: Data; Filters
SNP/WGA: QC; LD; Plots
NGS: Peak Calling SNP/WGA: Statistical Models

Galaxy
Text Manipulation _

Options ~

= Add column to an existing
dataset

Compute an expression on
every row

rrently viewing a deleted

ary is empry. Click ‘Get
he left pane to start

Concatenate datasets
tail-to-head

Condense consecutive
characters

Convert delimiters to TAB

Merge Columns together

Create single interval as a new
dataset

Cut columns from a table

Change Case of selected
columns

Paste two files side by side

Remove beginning of a file

Select random lines from a file

Select first lines from a dataset

Select last lines from a dataset

Trim leading or trailing
characters

Line/Word/Character countofa ————~
dataset
Galaxy Team

HOW

can | identify
the important variants?

Ab initio?

User-guided?

9/25/11
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Variant File Formats

» VCF - genotypes (100,000+)
- BGZIP indexing using Tabix (samtools)
- viewing and manipulation with VCFtools

* Structured Text — genotypes (100,000+)
- Header line
- Annotation, sample names
- Certain annotations handled specially

Variant Prioritization

Goal: Identify most interesting variants ab initio

* VAAST — Mark Yandell et.al., Univ. Utah, Omicia
- prioritize variants using a probabilistic approach
- uses AA substitution, aggregation, inheritance
- free for academic research use

» VarMD — Murat Sincan et.al., NHGRI
- prioritize variants using inheritance
- available on Helix / Galaxy Dev

L

9/25/11
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VarSifter — viewing, sorting, and filtering variants

Goal: Hands-on analysis

9/25/11

fann \VarSifter -
Sortable File View Help
Columns Chrs 174084714 174084716 NSXZ one SN T T TS a—Y wswos1ss| [0 summ
chrS 32270751 32270753 MTMR12 Intronic SNP G c NA NA NA 1573752844 L suTR
s 792223 922236 MTRR SUTR e T c NA NA NA 1572716536 SRR D
. s | 7938906]  7938908]  MTRR _[Non-synonymous| NP 1 =
Annotation | 5 e e ik o — I e — orerosnt | | syommous
e S S CM MM s L Filters
Pane| s 7950190 7950192 MTRR  Non-synommous SNP c T H Y + 1510380(T
[ [sample Genotype Genotype score coverage Var in cases (at least): v
Samplel_aff.NA (<9 263 Var in controls (this o fewer): 0
Sa m ple Search gene names for:
Panel
CClera) Controls
L £ roowrier

Number of Variant Positions: 75559
No Gene File Selected
(Choose Gene File Filter )

File
Filters

No Bed File Selected
(_Choose ed Fie Fiter )

(View Variants for Selected Gene

http://trek.nhgri.nih.gov/~teerj/\VVarSifter/

Filtering — Mutation Type

Include:

ano Varsifter - Example.
File View Help 3'UTR

Gir e g Genename e S

s 174034714 17A0847I0 N onk ¢ T

ches 174084715 174084717 MSX2 Intronic SNP c T ' ] S'UTR

G Sinor oy Wk e e G I )

vy Sieror ios Wk mew v C [

s Sormres siawstes MIMRL:  mue N C [ e

G Gmmess uauws WM mew W G T DIV

G SBban BDol WL e W A P

vy Giuseos odsos WK mow aw © I . o

chws 7922234 7922236 MTRR { SNP T c ' |ntr0nlc

e e o W C ¢

Gvs oviier 733119 T sommes v T ¢

| ches T7938906]_7938905] ik INon-snommoustsve LT |l len]

O saa 720a0 TAE  Novsymonmas oA o NC u

Gs oios Tawios ok meew . T ¢

s om0 radost kw1 I

s o010 7at0io MIMA  Nowwmowmas WP C T =

s osozs  7ovoras  wTak i 3 N Non-synonymous

chrs 7938782 7938795  MTRR INDEL TTTTTTTTTTIT TTTTTTIT, v e Flle

vy 17eor0ss 1reerossy W3 ok " R q -

s leesSsli lessSsis WOlo o W A [ Splice-site

Gvs 13754387 175355 0T Novanowmaus N A G

rs 137234458 L7esess0  WOT  Newovommos N A <

chrs 137245534 137245536 MYOT Intronic NP T c ' StOp

s doosara lscosirie w0z e W < [

vy 15003018 lsoosoiss Moz mwew G T e
vy 150032150 1s00spiss OB Novgmowmos S T <

s A77a7ossa 17747ossa Ak o T ¢ Synonymous ne

v Tiises raaisas N woooa I B
s ook Taes M K1 .

s 7980648 7980650 NA NC SNP c T [ - P tacazzaay — - =-=---- -ifferent from Norm
ches 7980; 80765 NA NC e G A NA NA NA 15219933804 | pigt in atteast:| 1][7)
Gvs 1301038 _1seton A K e T E Mmoo owm Teeverile

Sample. Genotype. Genotype score. coverage Vs J
sample L_aff.NA 263 200 Var in controls (this or fewer): D

Search gene names for:

© Show Variants O Show Genes.

Caearai)

. /
L ApplyFier

No Gene File Selected

Number of Variant Positions: 75559

(Choose Gene File Filter )
No Bed File Selected

(_Choose ed File Filter )

(View Variants for Selected Gene
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Filtering — Mutation Type

Varsifter -

File View _Help

G i T
Spiice=ste | —sve 1 G 1A | Al 430 o

ot Dot e T io 0

i e ¢ AWM sendseicunions

P oo : L rzisance

a icere < S om e

i o ¢ o

an o ¢ Exclude:

i S ‘

an S ¢

. |# dbiD

P S :

i o ‘

a1 so g Exclude Gene File

i o i

P o ¢

an Son c Fo— =

il s § AV omae

P s ‘ T -

i o c Toow rizesssrg

i o < oo Heresrracn

i ikere i E M m rooesson

P o ¢ [ 7aszo0a

i Son ‘ Aa L rmoesnes

anl ikere ¢ S m sensno

oo o T PO e vt

il icere T Comowm s

it o ‘ 7o Y zzaassana

1 ikere ¢ T om eanano

1 o ¢ PO AN 7 YA

Gl oo s om0 o ‘ Ty -

chrll 48242806 48242808 OR4X1 stop T A Y N rs10838851(TA) 3

e soo

Nom A6 BY

Number of Variant Positions: 133

Include
03w

O sutR

Oow

O intronic

One

] Non-synonymous
™ splice-site

™ stop

) Synonymous

Include
Hom. Recessive
Dominant
Inconsistent

Mend. Compound

Include Gene File
Include Bed File Regions

L Affected different from Norm
Diff. inatleast:| 1][3]

Case / Control

Varin cases (at leasy: ¢

Var in controls (this or fewer): 0

Search gene names for:

© show variants O Show Genes

Cer A

GearT
5w

-

No Gene File Selected
(Choose Gene File Filter )

No Bed File Selected

(" Choose Bed File Filter )
(View Variants for Selected Gene )

Filtering — database

0.0, Varsifter -
File View Help
Chr  Lehriank Righirlank ref il var_alide e aa Copred_score strand Include

1635401201 133530122 © T ) ) 3UTR

chrl 143540140 143540142 A 4 - d ET— o

chrl 146063860 146063862 G A R N -0 - U sutR

chrl 246179574 246179576 c T R . S0+ Cow

ol 246718581 246718583 5 stop s c T R . 30+ =

chra 4000865 4000867 BCD44637  Splce-sie  SNP c T NA NA BTV Bz

chrd 104052059 104052061  NHEDCI stop s\ c A R - 0 - One

s 177415681 177415683 LOCES3314 top. s\ c T Q - S0+ ) (oD

e 29963564 29963 HAA  Splice-ste NP A 4 NA NA 30 N =

chie 32605878 32605880 HLA-DRBS  Spice-sie  SNP c T NA NA 300 N © splice-site

chr7 72069824 72069826  TRIM74 top s c A R . 300 - o stop

s 52895783 52895785  PCMIDI top. s 4 A R - S0 - -

chra 33376390 33376401  AQP7 Splice-site NP A 4 NA NA S0 N L Synonymous

a1l 59002168 59002170  OR4D10 Sto s c T 3 - 30

iz 11397849 11397851  PRBL Splce-sie NP A 4 NA NA TS Exclude:

1z 9356 356102 CHLRL  Splcesie  SNP c 14 NA NA 30 N

erls 0817702 60817704 Tl Splce-ske SN A T NA NA 00 N

crls 88172868 83172870  CPNEV top s\ c 4 s N G0 4

17 20710490 20710492 CCOCL4NL  Stop s c T s R S0 -

17 21260547 21260549 KON stop s\ G A . . 01+ Include:

er17 42587100 42587102 CoC2 stop s\ A c L - ETI Hom. Recessive

17 42589484 42580486  CDC27 stop s\ A c L N 300 - )

17 42589719 42589721  CDC27 Stop s\ T A K . S0 - Ll

cri7 42500581 42500583  CDC27 stop s\ A c L - 30 Inconsistent

1o 38182424 38152426 RHPNZ stop g c A Q - 300 - o

Include Gene File
Include Bed File Regions
L Affected different from Norm
Diff. inatleast: 1(3)
XIC| Case / Control

Sample  Genotype  Genotypescore  Coverage. Var in cases (at leasy: 0
Affected  GT 134 200
neaed o1 o o0 Var in controls (this or fewer): 0

Number of Variant Positions: 25

Search gene names for:

© Show Variants_() Show Genes

(Clearan ) \

<
- ly Filter
2w

No Gene File Selected

(Choose Gene File Filter )

No Bed File Selected

pibad Flla Seluctsd I
(Choose Bed File Filter
(View Variants for Selected Gene

9/25/11
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Filtering — Affected/Normal

Include:

800

Fle View Hep Hom. Recessive

G ushrink Rtk Gene e
avs 174084718 170neTio NS
s 174084715 174084717 X2 Dominant
aus 2erorsi s2erorss MTRIZ

s 32277907
ches 32283766
chrs 32283833
s 32312472
ches 32348603
s 7922234
s 7928306
chrs 7931191

| Incl

$2277909
S32e3708
Ser838s
S5nana
33348005
7922256
7928308
Jo31153
s 7936958 7938960
s 7oi90s  7assios
chrs 7946079 7946081  MTRR | nc ]
G5 7930190 7os0l0z  MIRR
Gis 7ol 7asozsd  MIRR
s reverse  7asres
s 170670525 176670327
Grs sosssil 169ss3is
s 137234387 137234389
G 137234958 137234450
Grs 137245334 137245336
Grs 130022780 130022782
150030184
130032152
177470834
Ti1308
750634
7980830
7980763

wor | Diff.i

wors e
Nagp3 Cas

chrs 150030182
s 150032150
chrs 177479852
s 7341596
s 7980632
s 7980648

Iy Var in

13691035 13691040 NA

Sample
Sample1_aff.NA

MINRIZ Inconsistent

MTHR 12 Mend. Compound Het

us | ¥ Affected different from Norm

ude Gene File

ude Bed File Regions

n at least: 1 @ [
e [ Control

cases (at least): 0

controls (this or fewer): () =

[T | VAN
& o)
T

Number of Variant Positions: 75559

Include:
13UTR

Non-synonymous
O splice-site
Cistop.

) Synonymous

Exclude

Include:

Hom. Recessive
Mend. Compound Het
Include Gene File
Include 8ed Fle Regions

) Affected different from Norm

oiff.matleast 1 (3]
Case | Conrol

Varin cases (atleast: 0 -

Var in controls (this or fewen):

Search gene names for:

(Clear Al /
£ rovraa
No Gen e seected

Choose Gene File Filter )

No Bed File Selected

(_Choose Bed File Filter )

(View Variants for Selected Gene )

Filtering — Affected/Normal

View Help

Open File
Save File As
Save Current View As

Fefs varsa  Copredscore  swand

Ge
||

Include

C Non-synonymous

Affected 1

Preferences Do
8.00 Sample Settings
Sample Aff/Norm Pair... Affected Normal Case Control

O 8] @
&8 | 8 | 8 [N

b=d

®
’;
an
L

( Cancel ) (

oK )

Number of Variant Positions: 1

Search gene names for.

© show Variants O Show Genes

(Cclearail)

(& o
No Gene il seected
(_Choose Gene File Filter
ot File slced

(" Choose Bed File Filter )

(View Variants for Selected Gene )

9/25/11
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Filtering — Affected/Normal

Vassifter -

0o
File View Help

Chr Lefriank
7938

Righirlank
5~ 79355

Gene_name.

mattype i allle var_alile
c

e

T |

Copred_score

ctrand

|aftectea

[Sample  [Genotype  Genotype score | coverage
9 263 200

Number of Variant Positions: 1

Include
[SETNY
0 suR
Cowv

J Intronic
ONe

) Non-synonymous

0 splice-site
O stop
. synonymous

Include

om. Recessive
Dominant
Mend. Compound Het
include Gene File
nclude Bed File Regions
Affected different from Norm

Oiff. inatleast: 1 (2

# Case / Control

Var in cases (atleast): | 1[3)

Var in controls (this o fewer)

Search gene names for.

(Clear All

i iher
AplyFi

No Gene File Selected
(_Choose Gene File Filter )

No Bed File Selected
Choose Bed File Filter )

(View Variants for Selected Gene )

Filtering — Gene Name

800 VarSifter -
File View Help
Chr- ek ighiank[Gene_mame o T T Include:
s 174084714 174084716 NSK2 intonic T A A A 1568961960 [ 3utR
Grs 174084715 174084717 o2 e e < T Mmoo Tesasior "
chrs 32270751 32270753 MTMR12 Intronic SNP. [ c NA NA NA 573752844, SUTR
3 3i7eor ezrrios WTMRIZ o SN < i Mmoo w wrarseses | | Cow
s 36 Joreites MTMRIZ  hmomc SN < T MM wm 73752848 e
s 3amess 30835 MTMRLZ i SN < T Mmoo m riissosss | |2
O3 bz s WTNRLZ e SN X < MM W rrsesr | |COne
i3 3iseos adseos WTMRIZ o SN < < Mmoo W A =
cheS 7922234 7922236 MTRR "UTR SNP. T c NA NA NA 1572716536 R D
s 7o0s  7sios MIRR  mwomc SN < 1 MM om 2303079 Splce-site
Gis 7931101 793103 MIRR _ Symommous SN 5 ¢ O ers1s7oc e
T 7o3s90e 75539000 wTinINon synonymaist_se | |
7938958 7938960  MTRR SNP. A G K R + 15162036(( L Synonymous
Tooles 7dsios TR mome SN T < Mo w Hiez0s7c
Toeore  7adcsi  MIR  mmonc SN T < MWW wissroise | Exclude
7930150 7950192 MIRR  Non-synommaus  SNo < i WY iosso
Tosoce  7esoass  MTRR  Smowmeus SN < A viovo A
Toerse 769 MIRR WORL TITITIITITIT IR NA NA WA ;
1766705 176070327 WD3  wonic . < MO w 513190036
leosssil lsosssis Mol e SN A T Woom o om Include:
57387 13723438 WOT Y A < I S e
137234458 137234450 MOT  Non-syiommas  SNP A < K o -
137245534 137245536 MYOT Intronic SNP. T I3 NA NA NA Domiaxs
1So0na7s0 150022780 WO mrowe NP c T MNA W i
15003018z 130030184 MioEs o NP < H MM owm T e
150032150 150032152 MIOZS  Non-synomymaus SNP 7 < PO S
177400852 177479834 Naps | smemmoss S\b T 1 s s Include Gene File
Tiiises 7341398 NA N Y A 1 Mmoo P
Tasosse 7806 NA N e T < Mmoo w
To%004s 793083  NA N s < B Mmoo ) Affected diferent from Norm
7950; 7980765 NA NC s c A NA O ONA NA Diff. in at least:| 1))
13651038 _ 13691040 NA N Y T ( MWW 8

Sample
Sample1_aff.NA

Genompe Gen
263

Search gene names for:

rs2676211(7

(<9
=

CFTR

Number of Variant Positions: 75559

Case / Control
Varin cases (atleast: 0

Var in controls (this or fewer): 0

Search gene names for:

© Show Variants O Show Genes.
(Caiearal

& AvalyFier

No Gene File Selected
Choose Gene File Filter )

No Bed File Selected

(_Choose Bed File Filter )

(View Variants for Selected Gene
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800

Filtering — Gene Name

Varsifter -

File View Help

Chr Lefriank Righirlank

11695

Gene_name.

NA NA
NA NA
°

a»>n
>a->0

No Gene File Selected

(" Choose Gene File Filter

Affeced A
Normal AR 95

Sample | Genonype Genotype score
98

Coverage
144

144

No Bed File Selected
(" Choose Bed File Filter )

tvpe muttype ref_allle var_alile refaa varaa Cored score suand | Include
6] -

7 117022290 117022292 CFIR Synonymous R T 0
@7 117031178 117031180  CFIR Intronic s

7 117038000 117038002  CFIR Inronic Y
7 117069879 117069881  CFTR Synonymous S
7 117094343 117094345 CFIR Synonymous kY

[SETY
301 W | [Dsum
30 N~ | [Dow
O Intronic
INC
CJ Non-synonymous
(O splice-site
J stop
J Synonymous

Exclude

Include:

] Affected different from Norm
oiff. inatleast.” L[]

Var in cases (at least)

Var in controls (this or fewer): 0

Search gene names for:
CFIR

© Show Variants_( Show Genes

(Caiearal)

(* View Variants for Selected Gene

-

No Gene File Selected
(" Choose Gene File Filter )
No Bed File Selected

(" Choose Bed File Filter

( View Variants for Selected Gene )

Query
Block

800
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Custom Query Filters - Annotation
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Custom Query Filters - Linking
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Summary

* Annotation gives context

» Consequence prediction can guide analysis

* Varying experience required

« Prioritization tools return “black box” answer

* Visualization can allow guided, informed analysis

- VarSifter is a powerful tool for “hands-on” analysis
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Links

File Formats
- SAM/BAM: http://samtools.sourceforge.net/
- VCF: http://www.1000genomes.org/wiki/analysis/vcf4.0

Viewers
- samtools: http://samtools.sourceforge.net/
- UCSC browser: http://genome.ucsc.edu/
- |GV: http://www.broadinstitute.org/igv/

Annotation
- ANNOVAR: http://www.openbioinformatics.org/annovar/
- SeattleSeq Ann.: http://gvs.gs.washington.edu/SeattleSegAnnotation/
- SNPeff: http://snpeff.sourceforge.net/

Links — cont’ d

Variant Consequence
- SIFT: http://sift.jcvi.org/
- Polyphen-2: http://genetics.bwh.harvard.edu/pph2/
- CDPred: http://research.nhgri.nih.gov/software/CDPred/

Variant Prioritization
- VAAST: http://www.yandell-lab.org/software/vaast.html
- VarMD: (Dev section on Helix; http://helix.nih.gov/)

- HGMD: http://nihlibrary.nih.gov/ResearchTools/Pages/bioanalysis.aspx
http://www.hgmd.org/
http://www.biobase-international.com/product/human-gene-mutation-database

Pipeline
- Galaxy: http://main.g2.bx.psu.edu/
- SVA: http://www.svaproject.org/
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Links — cont’ d

Variation databases
- dbSNP: http://www.ncbi.nlm.nih.gov/projects/SNP/
- ClinSeq
- 1000 Genomes: http://www.1000genomes.org/
- NHLBI Exome Seq.: http://snp.gs.washington.edu/EVS/

VarSifter
- http://trek.nhgri.nih.gov/~teerj/VarSifter/
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