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Minimal SNP information forgenotyping/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

| 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?

Whatdo | need to know for selecting the best SNPs?
How do | pick the bestSNPs?

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

Finding SNPs: Databases and Extraction
How do I 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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Validation status description
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Finding SNPs: Entrez Gene
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Finding SNPs: dbSNP database

[Fastasequence (Legend)
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Finding SNPs - Gene Genotype Report
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Finding SNPs - Gene Genotype Report
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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

ACCGAGTAGCCAG
[AG]
ACTGGGATAGAAC

dbSNP - data is there

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

ENT xu%
e
£52708974 (om0 sspiens]
2708974 a1 lo1opos-201 totallen-401 | taxid=9606  snpClass«|allolos="A/G' |ol-gononic|baild-100
2 SAATAZGUTT GI0TIGRAGA ACAGMANTAN ACCGONTGGO RAAGCAGONE AGTCHTCO0R cocemacas
Cippoar | petais ATPICTAGGT ACTFIGCAGC ACTCAGCANT GAGGAGTGOG CTPTAGICCC CCRAGRACEC TCACAGCCCR GETIGE
ACTGITCAGE GICAANTCCA AGACAAGICA ATGATCAGGA

Sendto B roncccrms emmmcron cromcrea Troacaaco aTmomonce atcamamInc CroATTIATA MaTATICCCh
Text Starch| € STTMAIAR SEGHGCTENS MIATIRCAG RCTIANETAN A AAGAGAG CACACCAGTC CAAATTGRAT
Fie TGATICCATA GCTATIAAM ACTAGGCTCT TTTACACACA
RS CLuster Report Clipboard
55 Exemplar List " 2 ze6a6ac0 (hone !

! el sup slenos-201]cotation-s01 |t axia-osns smpeiase-talletos G/ [molgononic suiiartis
Chromosome Report  |/ciasncecr: ansnp 5N ] GATIGGCCAG AAAGGAAACT GACGAGEAGG TCACATGNTE. AGGAGCCRGA
Genotype yreercacon e oo o

Genotype Detail

Genotype XML Gz oy s weneons e o o s

Summary coccosTaRMTRIASCTAICCR m g CCTTTA AG.LATC"AT TTCCCAACC"

dbSNP Batch Report i

T ot £23917359 (hoso saptens )
wco K8 Tabia 223317355 alioseros 11 o ane smacn-s /2" [ao1-genonsol bt 1a-108

Enrz Hap LinkOut - ¢ St MGl Snlinll achieitn
== Gene Genotype Links

i Gene Links CCeaGE CCTCOPICE GGACCTGGAC CICTCCCCTC TCGATGRCCE CATCCAGCTA CCARECTCCG ACCACEACTA
s HomolaGene Links CTNTAIGIECTACEATACT N chccancoce TCAGGCAGS GCGCOTCAGT TGTIGTONCE ATGTACAAGE TGAGGAAGAT GOROGTICCC TGCCCACAGA
- [ . ve = COPECCAGER AAGACORG AGCACERRCR FROCOTRGRS CEESGHAGAA GOTACRRAGE CARGHGEAGS SACEA
OMIM Links s
PMC Links ssssemes SO < -.:0661 (romo septen
Protein Links FasCIeAccCTceCTICR ° el adelonon-ass otation-su amid-scoc 201 t1otone €72 jsol-genonic bus1a122

PubMed Links £ ve iy ccrccrocea ceaca ¢ cact CCG00CCAT COCTAGGARN AGOIGGGANG AGOTORAITE
SRR crcnrconz oo AAATAAADTE AACATANSRS TIAACTGCCT GCAACCRICA ARCEIGCTGE AGAANAY

Structure Links

Taxanomy Links GATGITAZA TCICCIACCA SACTTACARC CCCRACAGAT TATATATICT TACGOCTGCT CICH:
UniGene Links R Covioions Sichianos shcceammas cncorcencs chncricin AnTonconss AeTarences Seneon
UniSTS Links RIS TRCKFLICEN REESARORS NPREINGOS RSAGARR ENEARERA SAMGERERS ShAMGTRREE

< c edDIC PO
Entrez SNP - Search Limiting Capabilities
Lh;:/nmna notwithdrawn () ENTREZ,
m‘“;“’ in:.p:: ,“23%?22;’“.(2 2235135114 | ctg-stare2208064 | ctg-end-2295064 | loctype-2 | orienter ———

sEQ | AC079753:

P

oq-pos-45154 | orient-t

Limits

Preview/index_| History | Gipboard | Detais

2: ras63360 nomo septens] » To Scarch all fields, leave the following boxes unchecked (Limits help).

zae6czco | ma . oo | gemctyperio | submittorliskeno | updated 10/04/2004 15:22:00 « To narmow the scarch, check the boxes with specific fields' names,

Saia12003 | set ey | erten or use search field tags enclosed in square brackets, e.g. aaaltitle].

v ‘max_prob=? | notwithdrawn « Boolean operators AND, OR, NOT must be in upper case.

i . ctg-2 | nebi_num sec loo2 | nebi_weight-l

e E “i m::: vos-T1a30k6z7 | He2 2229135 18 | ctg-stert2256134 | crg-end=2296134 | lostypes | ortentes e = 5 —
cro £iposri0005235 | 1s2 96318 35:1 | ctg-start=393350 | cug-end=395350 | doctype-2 | oxiences Veoding nonsynonymous rferonce oxcoption von Tase

sz Saurcedohas-Tinion | sed-pos 46224 T orien SNPLink Datamoce! g nonsynony P

eoding synonymous ousrgin  Cmmawr  Dspleesie | ome

My NCBI -
3917385 (home sapiene) My NGBl hoip Clear| | Map weight: cloar
223917359 genotypesyEs | submitterlinkeNo | updated 10/04/2004 14:24:00 T2 3 P s S 5 i
1118-004505 o Entroz SNP Ho
het=0.0407986 2 9 =10 011 12 013 14 16 2
max_prol Pw-m-iwmuls- 17918 019 2 521 2 x 310
tge2 1 Batch Report »
Ghe-z ctg-start-2298905 | ctg-end-2298905 | loctype-2 | oriente- Logend unknown Base Position: from
m.m e

Gra | on Cheopos 104892006 | a2 86314 3511 | obg-etart-398121 | clg-ond-398121 | loctype-2 | orisnte-
S50 | Aorarsier | sourcusdbngs-finion | sed-pos 48995 T orient

o5t o Structure Links SNPS00CANGER
bt Taxonomy Links T)anNTTRCTCACCenCeTACTeTC
UniGene Links e ve

UniSTS Links




Entrez SNP - Search Limits
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Entrez SNP - Search Terms Fields

(Qualifier Type | Description
TALLELE][VARIATION], [TUPAC |Observed allel
[VARI] Example: NIALLELE]
(CHR] (Textnum Mapped chromosome nurmber

R —
Example: 2(CHR] or X[CHR]

[CHRPOS] [BPOS] [nteger”
field [CHR]

Example: 7ICHR]

[CREATE_BUILD) {CBID] Mnioger+ | SNP create buld ID

mple: 103ICBID]

[CREATEDATE] [CDATI[PDAT],[Datc”
[PUBDATE] Use the format YYYY/

Gate
/MM/DD; month and day

Example: 200201 CDATE]
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region
coding nonsynon

coding synon

exception splice site
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TCENET, [CENE_SYMBOLT Toxmum) Locus Tk symbol
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TeBseT o Prowen deso
Example: “ver cxpressed PDSC!
GDsc) [Text | Gene description
Example: *kinase”! IGcnc Description]
iGol [Text | Gene Ontology (GO)
e
(GENOTYPE], [GTYPE] [Boolean [Genotype
[Example: (ruelGTYPE]
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Entrez SNP - Query Term Capabilities
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Entrez SNP - Search Terms Fields

[Text | Submiter hande

[Example: 'LEE"[HANDLE]

UcCess Rate |TSUCCESS RATET. [SRATET [Icger [Success ra

[Example: 95ISRATE!

Organism | [ORGNJ,[TAX_ID] [Text [Organism name or Taxonomy ID number; usc the prefix ‘txid' before
e T«xm\ my ID number

RiGR0GTIORGN
Update Build |[UPD_BUILD],{UBID] finteger* [SNP update build ID

D [Example: 102[UBID]
Modifiaton[UDATE], [UDAT], [MODDATE] [Date* — [SNP modifatonupdac e
Date rmat YYY Y/MM/DD; month and day are optional,
R 0001 VDATE

[Validation status:

by cluster by submitter

by frequency no info

Validation [VALIDATION]

[Example *by cluster'[VALIDATION
More advanced queries:

2[CHR] AND "coding nonsynon
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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

imal 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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Finding SNPs: HapMap Browser

International
HapM: ap International HapMap Project
Project
Home  About the Pojet | Data Puoations | Conferance

TN rcfSNP 1143643 with aloks G i dbSNP (dbSNP roport | Ensombl SNPuiow)
[Gorome y
josroms iz 113583448.113663446 ) trand rlativ o the human eforance secuence

Genotype frequencies Alele frequoncies.
Popultion Refhomezygde  Helsozygols  Othar-homezygote Totl - ook Other-alle  Total
genotype freq countgenotype freq countgenotype freq countcount  alle freq countalele freg countcount

GIG 037 22 NG 0483 20 AA 010 8 6 G D68 73 A 0382 &7 120
GIG 0222 10 NG 053 26 NA 0264 11 45 G 0489 44 A 0511 46
0227 10 NG 0523 23 AA 0250 11 4 G 0489 43 A 0511 45
R GIG 0700 42 AG 0300 18 AA 0000 O 60 G 0850 102 A 015 18
Note: the ‘reference alele s the base observed in the reference genome sequence at this location

rotrieve genotypes
rotrievo gonotypes
rotrieve gonotypes
rotrieve gonotypes

Population doscriptors:

VR Yoruba n Ioadan, Nigoria

page for as wellas under study i tho projoct.

Finding SNPs: HapMap Browser
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Dump HapMap LD Data
Ee— Dump SNP frequency data h:
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Tracks [Hide]

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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Finding SNPs: HapMap Browser

Finding SNPs: HapMap Genotypes

30 2005: Hapiap frequency data dump, L SNEs Genatyped in popilabion GEV On GhililliShssdd..llifssis
spmap . oxgf geno types.
Lo assenbips cembar protiony seseyiies panelzero oocode[EaIoezoluarsids ua073es aa12087
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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 , R% compiled from the genotype data to date

« Allocated SNPs: dbSNP reference SNP clusters that have been picked and prioritized for genolyping 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 datasets 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)
< HapMap data is available in dbSNP

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

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

Finding SNPs: NIEHS SNPs Candidate Genes

Welcome to the NIEHS SNPs Program

Introduction

A —

Finding SNPs: NIEHS SNPs Candidate Genes

Retum to NIEHS SNPS Home
Retum to A-Z Finished Genes Directory

ABP1:amiloride binding protein 1 (amine oxidase (copper-containing))
Chromosomal Location: 7534-036

GeneSNPs Image

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

National Institute of Environmental Health Sciences
Environmental Ger

NIEHS SNPs
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Finding SNPs: NIEHS SNPs Candidate Genes
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Genotyping Data

Visual Genotype
Individual Genotypes

2 e Homo sapiens
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PHASE Output Phased Individual Sorted by Frequency
Haplotyping Data Haplotypes
Visual Haplotype
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CSNPs Color FASTA PCR Primers (FASTA)
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Evolutionary comparison of non-synonymous SNPs

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 I 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

@enesnes)  [omes o [t 3 [t E oo 5] Copen duey>
L _cvoe [ ey p| NIEHSD D] Genesnrs3D) Loarond
e — s i

| ]

] i \

s = —_—
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

Sequenc 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

SNPsare 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.ora/polydoms
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Polydoms Polydoms

Search Criteria

FafSeq MM or NP mumbers B,
002434 or NP_002425

aliple searches use
79 For wudiplossarshes, uso

e DA ghcopiase

NonEGP

I Frequency  Submilter
0 CSHLHAPMAP

s - .
HGBASE |
SNPSO0CANCER

SNPSOOCANCER |

0]0]0]0 SNPSICANCER |
slojojof
0

SNPSOOCANCER |

Qu_, i Mapping of nsSNPS onto protein structure

SNPSO0CANCER
L |

TraFac: Transcription Factor L
L . . TraFac: Transcription Factor
Binding Site Comparison N . .
- Binding Site Comparison
A tool for validating cis regulatory elements conserved
between human and mouse All TEBS in common TFBS in parallel
e z ‘Shared Transerpiion Factor Binding Stes Image
< Aligns human and mouse sequences using BLAST%
- Consensus transcription factor binding sequences from
Transfac database

http://trafac.cchmc.ora/trafac

. . ECR Browser: Evolutionary Conserved Regions
ECR Browser: Evolutionary Conserved Regions

ECR Browser on Human (hg17) Settings

Display alignments with

Aligns sequences to Mouse, Rat, Dog, Opposum, o
Chicken, Fugu and Drosophila

¥ Frog (xaa)
F Fugu (fu3)
Gene annotations from UCSC Genome Browser € Smocth @ pipplt

T mana [ Ensemble ¥ known Genes from UCS(
. . r o
Easy retrieval of ECR sequences and alignments r"“”

o5 pixels

Pre-computed transcription factor binding sites rerd Regie o7

reity o %

@ Relative € Absalute

http://ecrbrowser.dcode.org




ECR Browser: Evolutionary Conserved Regions

Human-mouse alignment Fasta sequences

ECR Browser: Evolutionary Conserved Regions

Transcription Factor Binding Sites from Transfac

PolyPhen: Polymorphism Phenotyping-

prediction of functional effect of human nsSNPs

nd comparative analyses used to make

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

http://tux.embl-heidelberg.de/ramensky

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 SNPsin
text and image formats Displays linkage
disequilibrium (LD) in text and image
formats

http://avs.as.washington.edu/GVS
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PolyPhen: Polymorphism Phenotyping
= prediction of functional effect of huma nsSNPs

PolyPhen: prediction of functional effect

L of human nsSNPs
PolyPhen a s an amino acid substiuti
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 Prress
collection L5 VGV ANGH 1L £ SCLEL IREPVSTRCDHITC

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 .

[Nos2a— |

http://avs.as.washington.edu/GVS
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Gene Name: NOS2A

Select Population(s)
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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
-GVSs
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