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Minimal SNP information for genotyping/characterization

« What is the SNP? Flanking sequence and alleles.
v' FASTA format

ACCGAGTAGCCAG
[AG]
ACTGGGATAGAAC

dbSNP reference SNP # (rs #)

Where is the SNP mapped? Exon, promoter, UTR, etc

v picture of gene with mapped to the gene structure.
How was it discovered? Method
What assurances do you have that it is real? Validated how?
What population — African, European, etc?
What is the allele frequency of each SNP? Common (>10%), rare
Are other SNPs associated - redundant? Genotyping data!
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Genotype - Phenotype Studies

“I have candidate gene/region and samples ready to study.
Tell me what SNPs to genotype.”

Other questions:
How do | know | have *all* the SNPs?
What is the validation/quality of the SNPs that are known?
Are these SNPs informative in my population/sample?

What do | need to know for selecting the “best” SNPs?
How do | pick the “best” SNPs?

What information do | need to
characterize a SNP for genotyping?

Finding SNPs: Databases and Extraction
How do | find and download SNP data for analysis/genotyping?

1. Entrez Gene
- dbSNP
- Entrez SNP
2. HapMap Genome Browser

3. NIEHS Environmental Genome Project (EGP)
Candidate gene website
4. NIEHS web applications and other tools
GeneSNPS, PolyDoms, TraFac, PolyPhen,
ECR Browser, GVS

Finding SNPs: Where do | start?

http://www.ncbi.nlm.nih.gov/gquery




Finding SNPs: Where do | start?

NCBI - Entrez Gene
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Finding SNPs: dbSNP validation
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Finding SNPs: dbSNP database

[Fastasequence (Legend)
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Entrez SNP - dbSNP genotype retrieval
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Minimal SNP information for genotyping/characterization

« What is the SNP? Flanking sequence and alleles.
v' FASTA format

%:SGAGTAGCCAG dbSNP - data is there
[A/G]
ACTGGGATAGAAC

dbSNP reference SNP # (rs #)

Where is the SNP mapped? Exon, promoter, UTR, etc

v picture of gene with mapped to the gene structure.
How was it discovered? Method
What assurances do you have that it is real? Validated how?
What population — African, European, etc?
What is the allele frequency of each SNP? Common (>10%), rare
Are other SNPs associated - redundant? Genotyping data!
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Entrez SNP - Parseable Multi-SNP reports

£52708974 (om0 sspiens]
2708574 1161ep0s-201 totallen-dol ta 20+ a1eas =01-gonomic|build100
2 SAATAZGUTT GI0TIGRAGA ACAGMANTAN ACCGONTGGO RAAGCAGONE AGTCHTCO0R cocemacas
ACTGITCAGE GICAANTCCA AGACAAGICA ATGATCAGGA

B roncccrms emmmcron cromcrea Troacaaco aTmomonce atcamamInc CroATTIATA MaTATICCCh
Starch| € STTMAIAR SEGHGCTENS MIATIRCAG RCTIANETAN A AMMGAGAG CACACCACRE CAAPZGAAT
TGATICCATA CCTAPTAAAA ACTAGGCTCT TTTACAGACA

el 9636360 [Homo

1
clonos201toration-son caxia-on lsiieioon o/ [mot-gonensc batia-iis
absnp gl GRAA ‘AceAcecna

6/ anpciacs
Araceaacn CNTANTOTA GOTCAGANTE : oo

Gagsacromn awTmacera sacerscrmo macmcemag Trrcoasecs crTTTATIG TATEITICCS TATGCncoTa
COTTIA AGICATGINT T7C0CRAGST :

243917359 [Homo sapie:
SgnL dbSN | 223917359 a1 513 axiarocos nociune-i 012" [moiqenoso baiia-ios
cqcclvq:cL Aaacac . noc

CAGANGOSE FIEAGGCACD CCOEOTONGT TOTEGICOCE ATOGACANCE TONCGAANT CCTGOTICCS T00COACACA
Concrtorar coros ;

£e1143601 [Hoso sapiens
1ieioros-251 Lovation-s0l | taxid-360¢ | smpciase-i slioleo: G/ [mol-gononic baiid-123
cwcccccm‘ CcTAGoAA AGCIGGGARG ncm‘c'";vn

JUMENIN c::coacon ToicoTaccA TAGTTACAAC COCAACAGAT TATATATICY 73GGOCTGCT CRCA
IS corvomon: cacmmnco crccenmmir excorcence coacnocon rEaceRce actonces coaccr

Entrez SNP - Search Limiting Capabilities
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Entrez SNP - Search Limits
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Entrez SNP - Search Terms Fields
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TALLELE][VARIATION], [TUPAC |Observed allel
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Entrez SNP - Query Term Capabilities
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Finding SNPs - Entrez SNP Summary

. dbSNP is useful for investigating detailed information on a
small number SNPs - and its good for a picture of the gene

. Entrez SNP is a direct, fast, database for querying SNP data.
. Data from Entrez SNP can be retrieved in batches for many SNPs

. Entrez SNP data can be “limited” to specific subsets of SNPs
and formatted in plain text for easy parsing and manipulation

. More detailed queries can be formed using specific “field tags”
for retrieving SNP data

Entrez SNP - Search Terms Fields

Submiter | [HANDLE] [Text | Submiter hande
Handle [Example: "LEE'[HANDLE

Tecess Rate [TSUCCESS RATETTSRATET  [Ioeger™ [oucoess rac

[Example: 95ISRATE!

Organism | [ORGNJ,[TAX_ID] [Text [Organism name or Taxonomy ID number; usc the prefix ‘tid' before
ithe Taxonomy ID number

[Example: "human'[ORGN , *mouse"[ORGN], or

xid9606' [ORGN

Update Build |[UPD_BUILD],{UBID] finteger* [SNP update build ID

D [Example: 102[UBID]

Modification | [UDATE], [UDAT], IMODDATE] [Date* |[SNP modification/update datc

Date Use the format Y Y'Y Y/MM/DD; month and day are optional
[Example: 2002001 [UDATE]

Validation | [VALIDATION] [Text | Validation staws:

by cluster by submitter

by frequency no info

[Example: "by cluster'[VALIDATION|

More advanced queries:
2[CHR] AND "coding nonsynon"[FUNC] AND "EGP_SNPS"[HANDLE]

Note: Can also use wildcard (*) characters, AND, OR, and NOT operators

Minimal SNP information for genotyping/characterization

« What is the SNP? Flanking sequence and alleles.
v' FASTA format

ACCGAGTAGCCAG
[AG]
ACTGGGATAGAAC

dbSNP reference SNP # (rs #)

Where is the SNP mapped? Exon, promoter, UTR, etc

v picture of gene with mapped to the gene structure.
How was it discovered? Method
What assurances do you have that it is real? Validated how?
What population — African, European, etc?
What is the allele frequency of each SNP? Common (>10%), rare
Are other SNPs associated - redundant? Genotyping data!

Finding SNPs: Databases and Extraction
How do | find and download SNP data for analysis/genotyping?

1. Entrez Gene
- dbSNP
- Entrez SNP
2. HapMap Genome Browser

3. NIEHS Environmental Genome Project (EGP)
Candidate gene website
4. NIEHS web applications and other tools
GeneSNPS, PolyDoms, TraFac, PolyPhen,
ECR Browser, GVS
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International HapMap Project” for more information.
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nounces plans to create an even more powerful map of human genetic variation than origially envisioned.
The map will of genes h canc
S diabetos and hear discase.

HapMap Project
old Nows

apanese SNP Database (JSNP)

www.hapmap.org
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International
HapMap

Project

International HapMap Project

Home | About the Project| Data | Publcations | Conference
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For performing n depth LD and Hapotype anaysis of genotype data instal Haplovi!
Haploview (ver3.0) s now avalable for download.
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Bulk data downloads

The following directories contain project data that have been made publicly available. (See Hapap Data Access Policy for more
information). More details about each dataset can be found in READMES in the respective directories

Genotypes: Individual genotype data submitted to the DCC to date.
LD Data: Linkage disequiliorium properties D', LOD , RZ compiled from the genotype data to date

Allocated SNPs: dbSNP reference SNP clusters that have been picked and prioritized for genotyping according to several
criteria (see info on how SNPs were selected). The file 00README contains per-chromosome SNP counts and further details.
Frequencies: Allele & genotype frequencies compiled from genotyping data submitted to the DCC to date. These have also
been submitted to dbSNP and should be available in the next dbSNP build.

SNP assays: Details about assays submitted to the DCC to date. PCR primers, extension probes etc., specific to each
genotyping platform,

Protocols: Information on assay design, genotyping and other protocols used in the project.

Samples/individuals: Information on the samples used in the project and the individuals from which they were drawn. (See
About the project: Which Populations are Being Sampled).
XML docs: Documentation on the XML format used in the project.

Minimal SNP information for genotyping/characterization

.

What is the SNP? Flanking sequence and alleles.
v' FASTA format

ACCGAGTAGCCAG
[AG]
ACTGGGATAGAAC

dbSNP reference SNP # (rs #)

Where is the SNP mapped? Exon, promoter, UTR, etc

v picture of gene with mapped to the gene structure.
How was it discovered? Method
What assurances do you have that it is real? Validated how?
What population — African, European, etc?
What is the allele frequency of each SNP? Common (>10%), rare
Are other SNPs associated - redundant? Genotyping data!




Finding SNPs: HapMap Browser

HapMap data sets are useful because

individual genotype data can be used to determine optimal
genotyping strategies (tagSNPs) or perform population
genetic analyses (linkage disequilbrium)

Data are specific produced by those projects (not all
dbSNP)
v' HapMap data is available in dbSNP

HapMap data (Phase Il) can be accessed preleased prior to
dbSNPs

n of data and direct access to
SNP data, individual genotypes, and LD analysis

Finding SNPs: NIEHS SNPs Candidate Genes
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Introduction
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Finding SNPs: Databases and Extraction

How do | find and download SNP data for analysis/genotyping?

1. Entrez Gene
- dbSNP
- Entrez SNP
2. HapMap Genome Browser

3. NIEHS Environmental Genome Project (EGP)
Candidate gene website
4. NIEHS web applications and other tools
GeneSNPS, PolyDoms, TraFac, PolyPhen,
ECR Browser, GVS

Finding SNPs: NIEHS SNPs Candidate Genes
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Finding SNPs: NIEHS SNPs Candidate Genes

Download a zip file of al data for this gene Sample Population Deseription

CSNPs Color FASTA PCR Primers (FASTA)
Mapping Data CDNA SNP Context Genbank

Visual Genotype SN Alleles SNP Hardy-Weinberg
Genotyping Data | Indiividual Genotypes SNP Allele Frequency

Haplotyping Data Haplotypes
Visual Haplotype

ﬂ PHASE Output Phased Individual Sorted by Frequency

LD Select (Tag SNPs)
Linkage Data African Descent European Descent  Hispanic Descent  Asian Descent

Predictive

s Nonsynonymous cSNP Analysis




Manping Data

COUA-Fos
a0
o000
0300
o020
o000
20300
o020
o000
e
o000
o000
e
o000
o000
i
o000
o000
o020
o000
o000
o020
o000
e
o000

00
o141
20020

Deser

51
n
08

38
35
s

%8
a8
28
56
36
o1
%5
o
98
6
o

7
36
%8
a8
5
%8
5
5
o
o
o8
o
1
2
o
o
98
&5
o

Color FASTA PCR Primers (FASTA)
SHP Cantext Genhank Manping Data

o.00
15
o

1
0
o

o
o

15
o

Calor FASTA PCR Frimers (FASTA)
SMP Context

o7 < iy ncal
SNucleotide f5n i Registe

2 Search | Nucleotide ay34896(] Go | Clear |Save Search

o Limits | Previewindex | History | Clipboard | Details

0

8 pouEnte DisisSurmory
"
%

Help | FAQ

2 Crveznucecr: | (RN

S show|70 [Senao =]

o0 [ mRuaco [ Rersenio [%]

o o
0 Shaw only recards from: CoreNucl

o
w etz

2 o 1 AY543960
" reck seauan

5

u o

® nkout
e

W wyncsl
28 4

7
f
o
o
]
o
%
o

Genotyping Data

Visual Genotype
Individual Genotypes

2 e Homo sapiens

Repors

amiloride-binding protein 1 (amine oxidase (copper-contaiing)) (ABP1) gene, complete cds
i - revision istory 8/62361630jgb] AY948960. 1[62361680]

PCR Primers (FASTA]
SNP Context Genbank

Genotyping Data

Visual Genatype

Indiviellal Genotypes

SNP Alleles SNP Hardy-Weinberg
SNP Allele Freguency

African American
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SNP Alleles
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PHASE Output Phased Individual Sorted by Frequency
Haplotyping Data Haplotypes
Visual Haplotype

LD Select (Tag SNPs)
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Download a zip file of al data for this gene Sample Population Description

CSNPs Color FASTA PCR Primers (FASTA)
Mapping Data CDNA SNP Context Genbank
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LD Select (Tag SNPs)
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PolyPhen - Polymorphism Phenotyping
Structural protein characteristics and evolutionary comparison

Predictive

Analyses Nonsynonymous cSNP Analysis
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Data Downloads
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Finding SNPs: Databases and Extraction
How do | find and download SNP data for analysis/genotyping?

1. Entrez Gene
- dbSNP
- Entrez SNP
2. HapMap Genome Browser

3. NIEHS Environmental Genome Project (EGP)
Candidate gene website
4. NIEHS web applications and other tools
GeneSNPS, PolyDoms, TraFac, PolyPhen,
ECR Browser, GVS

GeneSNPs: One stop shopping

GeneSNPs: One stop shopping

@enesnms) B [viyGeresns o [Gersion 3] [£6iwe 3] [Took =] COpen Query>

e —

] |

j el |
- :

o e T e |

GeneSNPs

Graphic view of SNPs in context of gene elements

All NIEHS genes presented
- organized by pathway/function

SNPs from dbSNP
- organized by submitter handle

Sequence context of SNPs presented in Color Fasta
format

Link-outs to EntrezSNP pages

Summary “Genome SNPs” internal SNP viewer for
one-stop SNP shopping

http://www.genome.utah.edu/genesnps/

GeneSNPs: One stop shopping

Polydoms

A web-based application that maps synonymous and
non-synonymous SNPs onto known functional protein
domains

SNPs are from dbSNP and GeneSNPs

Domain structures from NCBI's Conserved Domain
Database

Functional predictions based on SIFT and
PolyPhen

3 dimensional mapping of SNPs on protein
structure using Chime viewer

http://polydoms.cchmc.org/polydoms/
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Polydoms

Search Criteria
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TraFac: Transcription Factor
Binding Site Comparison_

A tool for validating cis regulatory elements conserved
between human and mouse

« Aligns human and mouse sequences using BLASTZ
« Consensus transcription factor binding sequences from
Transfac database

http://trafac.cchmc.org/trafac

ECR Browser: Evolutionary Conserved Regions
Aligns sequences to Mouse, Rat, Dog, Opposum,
Chicken, Fugu and Drosophila
Gene annotations from UCSC Genome Browser
Easy retrieval of ECR sequences and alignments

Pre-computed transcription factor binding sites

http://ecrbrowser.dcode.org

Polydoms

Mapping of nsSNPS onto protein structure

TraFac: Transcription Factor
Binding Site Comparison_

All TFBS in common_ TFBS in parallel_

Y ‘Shared Transcription Factor Binding Sites Image
‘Shared Transcription Factor Binding Sites Image r ST

ECR Browser: Evolutionary Conserved Regions

ECR Browser on Human (hg17) Settings

Display alignments with

I Dog (canfam1)
¥ Chicken (392)
P rog (xte)
P fugu (fu3)

© Smacth @ pip-plot

T mena [ ensemble P known Genes from ucs
T Refseq

[l

o5 pixels

in fength [£50__bps

min idertity o %

@ Relative € Absalute
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ECR Browser: Evolutionary Conserved Regions

Human-mouse alignment Fasta sequences

PolyPhen: Polymorphism Phenotyping-

prediction of functional effect of human nsSNPs

Physical and comparative analyses used to make
predictions

Uses SwissProt annotations to identify known
domains

Calculates a substitution probability from BLAST
alignments of homologous and orthologous
sequences

Ranks substitutions on scale of predicted functional
effects from “benign” to “probably damaging”

GVS: Genome Variation Server

Provides rapid analysis of 4.3 million SNPs from
dbSNP and the HapMap

Mapped to human genome build 35 (hg17)

Displays genotype data in text and image formats

Displays tagSNPs or clusters of informative SNPs in
text and image formats

Displays linkage disequilibrium (LD) in text and image
formats

http://gvs.gs.washington.edu/GVS/

ECR Browser: Evolutionary Conserved Regions

Transcription Factor Binding Sites from Transfac
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L AL 0 ey
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PolyPhen: Polymorphism Phenotyping-

prediction of functional effect of human nsSNPs

PolyPhen: prediction of functional effect
L of human nsSNPs
o

a s an amino acid substiut
on the structure and function of a human protein using straightforvard physical and comparative considerations

LINKS QUERY DATA

Help
PolyPhen descrigion

1 0 ) SWALL database
Aberatoe BolyPhen server | on
axEarmard

o L EAST
New! SNP data

collection ImpLsacnvervan Gz ecR L eV TR
1carar

sSNEs from dbSHE

» < f
SNP 2
B et s PositionT:=5— Jsubsttution o =] adal= =T |

References
Bapers on the wethod

GVS: Genome Variation Server

enome Variation Server .

e chromosomal location
[Nos2a— |

http://gvs.gs.washington.edu/GVS/
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Gene Name: NOS2A

Select Population(s)
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GVS: Genome Variation Servereens
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GVS: Genome Variation Servereens

Display Results

Finding SNPs: Databases and Extraction

One stop shopping
- NIEHS SNPs and GeneSNPs

Prediction of functional variations
- Polydoms and PolyPhen

Identification of trancription factor binding sites in
Evolutionary Conserved Regions
- TraFac and the ECR browser

Visualization and analysis of LD and TagSNPs
-GVs
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