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GenBank

* Repository of nucleic acid sequences

e As of 2001, held 9.5 billion bases in 8.2 million

entries
GenBank WGS
Release Date Bases Sequences Bases Sequences
3| Dec 1982 680338 606
119 | Aug 2000 9,545,724,824 8,214,339
129 | Apr2002| 19,072,679,701| 16,769,983 692,266,338 172,768
203 | Aug2014 | 165,722,980,375| 174,108,750 | 774,052,098,731| 189,080,419
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Homo sapiens sodium channel, voltage-gated, type V, alpha subunit (SCN5A), transcript
variant 1, mRNA

MNCBI Reference Sequence: NM_198056.2
GenBank FASTA
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Homo sapiens sodium channel, voltage-gated, type V, alpha subunit (SCN5A),
transcript variant 1, mRNA

MNCBI Reference Sequence: NM_158056.2
FASTA  Graphics

Go to:

LOCUS
DEFINITION

ACCESSION
WVERSION
KEYWORDS
SOURCE
ORGANISM

REFERENCE
AUTHORS
TITLE

JOURNAL
PUBMED

MHM_198856 8584 bp mRMNA linear PRI @3-MAY-2814
Homo sapiens sodium channel, voltage-gated, type V, alpha subunit
(SCN5AY, transcript variant 1, mRMA.

MHM_198856 XM_948695

MHM_198856.2 GI:124518659

RefSeq.

Homo sapiens (human)

Homo sapiens

Eukaryota; Metazoa; Chordata; Craniata; Wertebrata; Euteleostomi;
Mammalia; Eutheria; Euwarchontoglires; Primates; Haplorrhini;
Catarrhini; Hominidaes; Homo.

1 (bases 1 to 8584)

Beltran-Alvarez P, Espejo A, Schmauder R, Beltran C, Mrowka R,
Linke T, Batlle M, Perez-Villa F, Perez GJ, Scornik F5, Benndorf K,
Pagans 5, Zimmsr T and Brugada R.

Protein arginine methyl transferases-3 and -5 increase cell surface
expression of cardiac sodium channel

FEBS Lett. 587 (13), 3159-3165 (2013)

23912688@
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Features added by NCBI

L) 801 SNPs
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L Show reverse complement

Update View
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Run BLAST
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Highlight Sequence Features

Find in this Sequence

http://www.ncbi.nlm.nih.gov/nuccore/NM_198056.2




Amino Acid Sequence

Jtranslation="MANFLLPRGTSSFRRFTRESLAATEKRMAEKQA
GLPEEEAPRPQLDLOASKELPDLYGNPPQELIGEPLEDLDPFYSTQK
FRFESATHNALYVLSPFHPIRRAAVKILVHSLFNMLIMCTILTNCVFMA
EYTFTAIY TFESLVKILARGFCLHAFTFLRDPWMWLDFSVITMAYTT
RTFRVLRALETISVISGLETIVGALIQSVEK LADVMYLTYFCLSVFA
RHECWYRNFTALNGTNGSVEADGLVEHESLDLY LSDPENY LLENGTSDY
CPEGYRCLKAGENPDHGY TSFDSFAWAF LALFRLMTQDCHWERLYQQT
FMLVIFLGSFY LVNLILAVVAMAYEEQNOQATIAETEEKEKRFQEAME
ROVDTWVSRSSLEMSPLAPVNSHERRSKRRKRMSSGTEECGEDRLPES
LSLTRGLSRTSMEPRSSRGSIFTFRRRDLGSEADFADDENSTAGESE
LRRTSAQGOPSPOTSAPGHALHGK KNS TVDCNGWWSLLGAGDPEATS
EHFPOTTTPSEEPGGPOMLTSQAPCVDGFEEPGARQRALSAVEVLTS
CPPCLHMRLAGRY LIWECCPLWMSIKQOVELVVMDPFTDLTITMCIVL
MTSEFEEMLOVGNLVFTGIFTAEMTFKITALDPYYYFQQGUNIFDSI
SRMSMNLSYLRSFRLLRVFELAKSWPTLNTLIKIIGNSVGALGNLTLY
GMOLFGKNYSELRDSDSGLLPRWHMMDF FHAFLIIFRILCGEWIETM
CLLVFLLVMVIGNLVYLMLFLALLLSSFSADNLTAPDEDREMNMLAL
VERTTWDFCCGLLRQRPOEPAALAADGOLPSCIATPYSPPPPETERY
GEQPGRGTPGDPEPVOVP IAVAESDTDDQEEDEENSLGTEEESSKQQ
PPOSRTHSOVSATASSEAEASASQADWROWKAEPQAPGCGETPEDS
TAELLEQIPDLGODVKDPEDCFTEGCVRRCPCCAVDTTQAPGEWVILR
SWFETFIIFMILLSSGALAFEDIY LEERKTIEVLLEYADKMFTYVEY
FEEYFTHAWCWLDFLIVDVSLVSLVANTLGFAEMGPIKSLRTLRALR
RWVANALYVGATIPSIMNVLLVCLIFWLIFSIMOYNLFAGKFGRCINGQT
MNESQCESLNLTGELYWT EVEVNFDMVGAGY LAL LOVATFEKGWMDIM
QPOWEYNLYMY IYFVIFIIFGSFFTLHNLFIGVIIDNFNQQEKKLGG)
YNAMEKLGSKKEPQEKPIPRPLNKYQGFIFDIVTEQAFDVTIMFLICLM
SPEKINILAKINLLFVATIFTGECIVELAALRHYYFTHNSHNIFDRVWY
ITOKYFFSPTLFRVIRLARIGRILRLIRGAKGIRTLLFALMMSLPAL
FIYSIFGMANFAYVEWEAGIDDMFNFOTFANSMLCLFQITTSAGWDS
YCDPTLPNSNGSRGDCOGSPAVGILFFTTYITIISFLIVVMMYIAIILE
PLSEDDFDMFYEIWEKFDPEATOQFIEYSVLSDFADALSEPLRIAKPHN
VSGDRIHCMDILFAFTHRVLGESGEMDALKIQMEEKFMAANPSKISY
EEVSAMVYIQRAFRRHLLORSLKHASFLFROQAGSGLSEEDAPEREGL
PLGPPSSS5ISSTSFPPSYDSVTRATSDNLOVRGS DY SHSEDLADFP

ORIGIN

6l
121
181
241
381
361
421
431
541
oal
66l
721
781
841
2a1
961

1821
1881
1141
1281
1261
1321
1381
1441
1581
1561
1621
1881
1741
138l
1361
1921
1981
2841
21al
2181
2221

AE8CEECESC
ccagtgocaoc
ggcccggecg
agcaggatga
tcacacggga
caaccacctt
tggacctgca
tcggagagoco
tgaatasagg
ccttccacce
tcatcatgtg
ggaccaagta
ttctggoteg
tggactttag
cagcocttacg
tgaagaccat
tcacagtctt
taaggcacaa
CCgacgectt
tcaagaacgg
CEZ3gEEcTa
attocctttgo
gocctoctatca
tcatcttoct
atgaggagca
aggccatgga
tgtcoccgtag
gcaagaggag
agtctgactc
gcaggacttc
acctgggttc
ECCACCAcac
ccagtcocgg
actgcaatgg
goccacctoct
AECCAgECEs
Caggagcacg
tagaggagtc

Nucleotide Sequence

ggcgcccgta
EAgCCCCECE
ggggaccage
gaagatggca
gtcocctggca
gcaggagagc
gegcctocaaa
Ccctggaggac
caagaccatc
catccggaga
caccatcctc
tgtcgagtac
aggcttctge
tgtgattatc
caccttccga
cgtgggggec
ctgcctoagc
gtgcgtgcec
getctggeaa
cacctoctgat
Cccggtgccta
ctgggocttt
gcagaccchc
gggetoctic
Baaccaagcc
satgctcaag
ctccttggag
saaacggatg
agaagatget
tatgaagcca
tgaagcagat
atcactgctg
acctocggct
ggtggtctca
ccgccctgty
gococcagatg
gcagcgggcc
tcgoccacaag

ggatgcagas
CCgagccgag
agcttcoccca
aacttcctat
gocatcgaga
CEBEagEEEC
aagctgccag
ctggaccoct
ttccggttca
gcgectetgs
accaactgcg
accttcaccg
ctgcacgogt
atggcataca
gtocctocogeg
ctgatccagt
gtctttgocc
aacttcacag
toccctggacc
gtgttactgt
SagECAgECE
cttgcactct
aggtccgcag
tacctggtga
accatcgotg
aaagaacacg
atgtccocctt
tcttcaggaa
CCCagagoaa
cgttccagoo
tttgcagatg
gtgococtggc
CcCctggccacg
ttactgeses
atgctagagc
ctgacctcocc
ctcagcgcag
tgtccaccat

atcgotococe
tccgogocaa
caggcaacgt

tacctocgges
agcgcatggec
tgcccgagga
atctctatgg
tctatagcac
gtgccaccaa
agattctggt
tgttcatggc
ccatttacac
tcactttcct
caactgaatt
ccctgaaaac
ctgtgaagaa
tcatcggoct
CEgctcaacgg
tttacctcag
gtgggaacag
AgEACCCCEa
tcocgoctgat
ggaagatcta
acctgatcct
agaccgagga
aggooctcac
tggocococcagt
ctgaggagtsg
tgaatcatct
gcgggagrat
atgasaacag
CcCcoctgogccg
ccctoccatgg
caggcgacce
acCcCgCcaga
aggctoccgtg
tcagcgtcct
gctggaaccyg

cggggccget
ECAgCagocg
ERggagagco
Caccagcago
agagaagcaa
ggaggctocc
caatccaccc
Cccaaaagact
cgoccttgtat
tcactcgotc
CCcagcacgac
ctttgagtct
tcgggaccca
tgtggacctg
tatatcagtc
gctggoctgat
gragctottce
Caccaacggc
tgatccagaa
ctoctgacgot
ccacggotac
gacgcaggac
catgatcttc
geccgtegtc
gEaggaaaag
catcaggget
aaacagccat
tggggaggac
cagcctcace
tttcaccttt
Cacagcgsge
gaccagtgoc
Caaaaagaac
agaggccaca
CACEaccacg
tgtagatgec
Caccagcgoa
toctcgooccag

gagcctgoge
COCABCCCCgE
tgtgcoccaga
ttccgoagst
ECcCcCcgCEgct
Cggrcccago
caagagctca
ttcatcgtac
gtocctcagtc
ttcaacatgc
cctccaccct
ctggtcaaga
tggaactggco
ggcaatgtct
atttcagggc
gtgatggtec
atgggcaacc
tocgtggazs
asattacctgc
gggacatgtc
accagcttcg
tgcteggasc
ttocatgocttg
gcaatggcct
cgcttoccagg

gtggataccg
gagagaagaa
aggctoccca
cgtggoctea
CECIEECEag
gagagcgaga
Cagggacagc
agcactgtgg
tccccaggaa
ccatcggagg
ttcgaggagc
ctggaagagt
cgctacctga
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| Gene il

Advanced

Display Settings: (v) Full Report

Send to:

SCN5A sodium channel, voltage-gated, type V, alpha subunit [ Homo sapiens (human) ]

Gene 1D: 6331, updated on 29-Sep-2014

~ Summary

Official Symbol
Official Full Name
Primary source
See related

Gene type
RefSeq status
Organism
Lineage

Also known as
Summary

-~ Genomic context

Location: 3p21
Exon count: 32

SCNEA provided by HGNC

sodium channel, voltage-gated, type V, alpha subunit provided by HGHE

HGMNC:HGMNC:10593

Ensembl:ENSG00000183873; HPRD:02543; MIM:600163: Vega:OTTHUMG00000156166

protein coding <—

REVIEWED
Homo sapiens

»
>

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini;

Catarrhini; Hominidae; Homo
HE1; HB2; HH1; IVF; VF1; HBBD; ICCD; LQT3; S551; CODCD2; CMD1E; CMPD2; PFHB1; Nav15

The protein encoded by this gene is an integral membrane protein and tetrodotoxin-resistant voltage-gated sodium channel subunit. This
protein is found primarily in cardiac muscle and is responsible for the initial upstroke of the action potential in an electrocardiogram. Defects
in this gene are a cause of long QT syndrome type 3 (LQT3), an autosomal dominant cardiac disease. Alternative splicing results in several

transcript variants encoding different isoforms. [provided by RefSeq, Jul 2008]

£

See SCM5A in Epigenomics, Map\iewer

Hide
Table of contents =
Summary
Genomic context
Genomic regions, transcripts, and product]
Bibliography
Phenotypes
Variation
Pathways from BioSystems

Interactions >

General gene information
Markers, Homology, Gene Ontology

General protein information
MCBI Reference Sequences (RefSeq)
Related sequences

Additional links
Locus-specific Databases

e

Related information
Order cDNA clone

3D structures

PinfAceaun



dbSNP
Short Genetic Variations

PubMed MNucleotide Protein Genome Structure PopSet Taxonomy OMIM Books SNP
Search for SNP on NCBI Reference Assembly |
Search Entrez | SNP v | for | Go

SNP linked to Gene (genelD:6331) Via Contig Annotation

IThe SMNP GeneView page only reports human variation on GRCh38. A new Variation Viewer is available to view the gene SCN5A variations in
GRCh37p13 or GRCh38, and will replace SNP GeneView later this year. Please visit the Help Page or YouTube for available features and send your
comments and suggestions to NCEI helpdesk.

| Send | rs# on all gene models to Batch Query | Download | all rs# to file.

lGene Model (mRNA alignment) information from genome sequence t
Total gene model (contig mRNA transcript): 9
mrna transcript protein mrna orientation Contig Contig Label List SNP

MM_198056.2 minus strand NP_932173.1 reverse MT_022517.19 GRCh38 <- currently shown
dbSNP Homepage MM_001099404.1 minus strand NP_001092874 1 reverse NT_022517.19 GRCh38 View snp on GenelModel
Announcements MNM_000335.4 minus strand NP_000326.2 reverse MNT_022517.19 GRCh38 View snp on GeneModel
dbSNP Summary AM 006713284 1 minus strand XP_006713347 1 reverse NT_022517.19 GRCh38 View snp on GeneModel
FTP Download AM_006713283 1 minus strand XP_006713346.1 reverse MNT_022517.19 GRCh38 View snp on GeneModel
HUMAN VARIATION XM 0067132821 minus strand XP_006713345.1 reverse MT_022517.19 GRCh38 View snp on GeneModel
SNP SUBMISSION NM_001160161.1 minus strand NP_001153633 .1 reverse NT_022517.19 GRCh38 View snp on GeneModel
DOCUMENTATION NM_001160160.1 minus strand NP_001153632.1 reverse NT_022517.19 GRCh38 View snp on GeneModel
SEARCH NM_001099405.1 minus strand NP_001092875 1 reverse NT_022517.19 GRCh38  View snp on GeneModel
RELATED SITES

| | Clinical Source in gene region e cSNP | has frequency double hit | _f.cp

gene model Contig Label Contig mrna protein  mrna orientation transcript snp count 4
(contig mRNA transcript): GRCh38 NT_022517.19 NM_198056.2 NP_932173.1 reverse minus strand 238, coding




Legend: aalldatiun - Google Chrome E‘Eﬁ

[ www.ncbi.nlm.nih.gov/SNP/snp_legend.cgi?lege

| Validated by submitter confirmation

H Genotyped by HapMap project
p SNP has been sequenced m 1000Genome

Validation status description
Validated by multiple, mdependent submissions
to the refSNP cluster
Validated by frequency or genotype data: mmor
alleles observed m at least two chromosomes.

All alleles have been observed m at least two
chromosomes apiece

project.
Suspect SNPs: snp suspected from paralogous

region (PMID: 21030649). Added to dbSNP on
01/21/2011.
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Bl
Variation Viewer Homo sapiens: GRCh38 (GCF_000001405.26) Chr 3 (NC_000003.12): 1 - 198.3M YoullD

ResetAll Sharefhiepage FAQ Help  Version 1.1.3

* Pick Assembly pZ6 P25 p2+3 p24E pE pEE pEls p212  plts pi41 pis piz pi1 ail2  ai31 g1z aqiii o g a2z g3 a+ qz5.1 q26.1 4262 Q6.3 Q27 4% Q29
~ Search
| Q- 6331[geneid] S|
Enter a location, gene name or phenoctype
Genes 4l There are too many genes in the region (2203). Please narrow the region fo enable exon navigation.
£  HMName Location
NC_000003.12: 1..198M {198Mbp) - — Tools~ == P
SCNSA Chrd  38.55M - 35.65M S - { Pl @ I:> | T % = | # %‘ N
28 M 4@ M (=] 5@ M 18@ M 126 M 148 M 166 M 138 M 195,295,555
¥ Your Data Genea, NCBI Homo sapiens Annotation Release 106 #
. EHEL MLHL TCCRE EIKIE AGETR1 THFSF18 ADIFOQ
* History 1FPARE I CTHHEL I I [ TPIKZECA
[ - [N A wi [ A O A A I ST SRR — AR B -] =1 [} 1 1 L [ LI T 1 T S I I B N A | LI LT S S B Lorenm [N ] [
— Regk]l'l Detﬂ“s 1 :| :II III I (] 1 |I|I II ||”|I|I|I I|I 1 1 1 III II 1 I”|I 1 1 1 1 II [} I 1 II II : 1 | Lt
1 me o 1 1 1 1 1
Features of Interest ! ! L
1 [
Other sequence representations 1
Sequence ID Type ClinVar Shmlcr. Variaticna ba.S.Ed on dbSHP 141 (Homo sapiens Annctaticn Release 106) ®
NW_003871060.2 alt 4 | IC1inVar Large Variations based on dbVar ]
= m—— ' = = . o = L c—
NT_187335.1 alt dbSNP 141 (Homo sapiens Annotation Release 106) all data ®
NT_187537.1 alt .
NW_003315913.1 alt
MNT_187533.1 alt -
94 GRC issues in this view. Add Track
‘ariation Data
Filter by ? | 1 & Cownload  ltems 1-20 of 4,280,707 Page[t  |of218.036 Mest> | Last>»
Source database Variant 1D Location Variant type Gene Malecular consequences Worst clinical significance 1000G MAF | GO-ESP MAF | Publications
] db5SNP (4,165,299) » nsv966353 18,324 - 56,449 copy number variation 1
] dbVar (195,408) »  nsvB76281 18324 - 147 182 copy number variation 1
»  nsvB76282 18324 - 170,062 copy number variation 1




Ensembl

* joint scientific project between the European
Bioinformatics Institute and the Wellcome Trust
Sanger Institute

e [aunched in 1999

 centralized resource for geneticists, molecular
biologists and other researchers studying
the genomes of our own species and
other vertebrates and model organisms

http://www.ensembl.org



BLAST/BLAT | BioMart

Tools

Downloads | Help & Documentation | Blog | Mirrors

Login/Register

Search: | All species

v

for

2.g. BRCA2 or rat 5:62797383-63627669 or coronary heart disease

Browse a Genome

The Ensembl project produces genome databases for vertebrates

and other eukaryotic species, and makes this information freely

available online.
Popular genomes

Mouse
GRCm3s

Human
GRCh3E

Zebrafish

i Log in to customize this list

v S

All genomes

-- Select a species - v

View full list of all Ensembl species

Other species are available in Ensembl Pre!and EnsemblGenomes

ENCODE data in Ensembl
ENCODE

Nz

Gene expression in different
tissues

GEGCTTETGGCGOGAGT
GOGCCTCTGCTGCOGOCT:
ACGOUACACATTTOTRA

CTOOANCROST T

Use my own data in
Ensembl

Variant Effect Predictor

| ’e.’l &

Find SNPs and other
variants for my gene
GIQTATACATTC
CRTRAAAGTCTT
CTTCTAATTST

b i s

Compare genes across
species

e
@

Learn about a disease or
phenotype

=S

http://www.ensembl.org

What's New in Release 70 (August 2014)

# Updated human assembly to GRCh38

s New BL AST/BLAT interface

& New regulation displays
® New species: Amazon molly and Olive baboon

Full details of this release

All web updates, by release

More release news on our blog —

Latest blog posts

e 27 Aug 2014: What's coming in Ensembl release 77

e 20 Aug 2014: The Ensembl Regulatory Build — the Track Hub

* 19 Aug 2014: Ensembl Genomes release 23 is out!

Gio to Ensembl blog —

Did you know...?

Lost .. try our tutorials page.



BLAST/BLAT | BioMart | Tools | Downloads | Help & Documentation | Blog | Mimors

Gene: SCNHA

&l - Search all spacies. ..

Human (GRCh38) ¥

Gene-based displays
~ Summary
— Splice variants (15)
— Transcript comparison
~ Supporting evidence
Bl Sequence
L Secendary Structure
— External references
I~ Regulation
- Expression
B Comparative Genomics
[ Genamic alignments
E Gene tree (image)
Gene tree (text)
Gene tree (alignment)
Gene gainfloss free
- Orthologues (50)
I Paralogues (16}
— Protein families (12)
— Phenotype
Bl Genetic Variation
— Variation table
I Variation image
— Structural variation
El External data
L Personal annatation
- 1D History
L Gene history

Location: 3-38,548,057-38,649,673

Gene: SCN5A enscoooo0183873

Description
Synonyms
Location

INSDC coordinates

Transcripts

Summary @

Name

CCDS

UniprotkKB
RefSeq

LRG

Ensembl version

GRCh37 assembly

Gene type
Prediction Method

% Gonfigure this page Alternative genes
18 Add your data

sodium channel, voltage-gated, type V, alpha subunit [Source:HGNG Symbol;Acc:HGNGC:10593]
CDGCD2, CMD1E, CMPD2, HB1, HEZ, HBED, HHA1, ICCD, IVF, LQT3, Mavi.5, PFHB1, 5551
Chromosome 3: 38.548.057-38 649 673 reverse strand.
chromosome:GRCh38:CMO00665.2:385648057: 386496731

This gene has 15 transcripts (splice variants) (SRl

SCM5A (HGNG Symbal)

This gene is & member of the Human CCDS set: CCDS46796, CCDSA6797, CCDS46798, CODS46799, CCDS54569, CCD354570

This gene has proteins that correspond to the following Uniprot identifiers: Q14524

Overlapping RefSeq Gene ID 6331 matches and has similar biotype of protein_coding

LARG 289 provides a stable genomic reference framework for describing sequence variations for this gene

ENSG00000183873.12

This gene maps to 38.589.548-38.691,164 in GRCh37 coordinates.
View this locus in the GRCh37 archive: ENSG00000183873

Known protein coding

Annotation for this gene includes both automatic annotation from Ensembl and Havana manual curation, see article.

This gene corresponds to the following database identifiers:
Havana gene: OTTHUMGO0000155166




UCSC Genome Browser

* on-line genome browser hosted by the University of
California, Santa Cruz (UCSC)

* interactive website offering access to genome sequence
data from a variety of vertebrate and invertebrate
species and major model organisms

* integrated with a large collection of aligned
annotations

 graphical viewer optimized to support fast interactive
performance and is an open-source, web-based tool
suite built on top of a MySQL database for rapid
visualization, examination, and querying of the data at
many levels

http://genome.ucsc.edu/



UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly
move | <<< || << || < || > |[>> || >>> | zoom in | 1.5x || 3x || 10x || base | zoom out | 1.5x || 3x || 10x || 100x |
chr3:38,589 553-38,691,164 101,612 bp. ‘ enter position, gene symbol or search terms

chrs (paa.a)

Zcale
chrd;

EnhancerF inder

IMR28 HIK2TacC
IMRE28 HIK27mes
IMR28 HIMIEmes

IME9@
IME98
IMRE3@
IMRSa

H3k4me1
H3k4me3
H3kames

=5
23
25
22
21
=)

Input B8SIL

IMR28 DHase 59

IMR28 DGF

IME28 mREMA

IMR398 B3

=]

19

1

1a

IMR98 ChromHMM

IMRE28 ChromHMM

| 35,600, 608| 35,610, 098] 35,648, 008| 35,650, 808| 5,660, 08| 35,650, onn| 35,690, 888|
EnhancerFinder predictions of dewvelopmental enhancers
|
FhastEias Tracts Human hg19
Histone Modif icatiohs by ChIP-Z2d from REMCUCSD
1] 1 EHm
I 1
In 1
|
OMase HYpersensitivity Raw Zignal from REMC M I
Genamic Foothe int ing fromn REMC /UK .
EHA-=s2q Zishal from REMC
I
DHA Methglation from REMC
1L I L IRTEREYNT T T ) I T [NERATR U VAR TR DATTTARTIY CA ey T TR A0 (N T T TR TR R LT ] L LR TRy A | QUL T TR TR T
Chromat in State Feamentation LY AUxiliary Core Marks + K27ac from Rosdmap Froject i
| |
Chromat in Frimard Core Marks Segmentation bd HMM from Roadmap Froject
1 | L
GenBank, CCOS, Rfam, tRMAS & Comp ics)
SCHEA |
|
t
1
t
!
t
1
t
SCHSA
SCHEA | ¥
Basic Gehne Annotation Set from GEMCODE Ver:
o \ L.m 3. . a o H L 3
| ] } & et




GeneCards

e searchable, integrated database of human genes

e provides comprehensive, updated, and user-friendly
Information

* all known and predicted human genes

e extracts and integrates gene-related data:
Genomic

Transcriptomic

Proteomic

Genetic

Clinical

functional information

e Automatically mined from >100 carefully selected web
sources

* Allowing one-stop access to a very broad information base

http://www.genecards.org/



GeneCards

[ www.genecards.org/cgi-bin/carddisp.pl?gene=SCN5A
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GeneCards®

The Human Gene Compendium

Home

GeneCards Guide

Suite

set Analyses: ((Geneflatart ) ([ GeneAnalytics )

VarElect ]

SCN5A Gene

GCID: GC03M038589

protein-coding GIFtS: 67

A B & # RitchiclabBlogs # RitchieLab Wiki $# Ritchie Lab Forum & PASS Explorer (] PSU-Websites (] Interesting-Websites »

Guest

About Us GeneCards Plus

keyword(s) v Searchy | Advanced Search

Sodium Channel, Voltage-Gated, Type V, Alpha Subunit

(Previous names: sodium channel, voltage-gated, type V, alpha (long QT syndrome...)
(Pravious symbol: CMD1E)

Proteins & E X See SCNSA-related Proteins GenScript
g m::::?bndi::fmes ;2;:2 Inl;ru:llll:m networks e !ORIGENE Antibodies T_ﬂ.gﬁ, Genes
i Assays &Kits QiaGeN "¢ PaTiway maps M MalaCards Assays Genes/ shRHA/ Primers Peptides Proteins
Jump to Section... A
Aliases -
Sodium Channel, Voltage-Gated, Sodium Channel, Voltage-Gated, Type V, ? .
, 5 . ) =GeneAnalytics ™
Aliases Type V, Alpha SubunitlZ Alpha (Long QT Syndrome 38

for SCN3A gene

(According to THGNC, ?Entrez
Gene,

IUniProtkB/Swiss-Prot,
4UniProtKB/TIEMEL, SOMIM,
€Geneloc, "Ensembl SDME,

ImiRBase, "MRNAdE, 12H-InvDE,
3Bl MNONCODE, andlor

15SRNAdD)
About This Section

CMD1E125
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HE2Z Cells, Diseases, Pathways,
Functions and Compounds

HEBDZ relevant to your gene set

, powered by GeneCards
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It the focus is primarily SNPs....



HapMap Project: Create a genome-wide SNP map

ﬂ;rsaﬁ;a "ﬁ' : International HapMap Project
P EOR ™

- ol
s, o

Home | About the Project | Data | Publications

#37 | English | Frangais | B2 | Yoruba

Genotype SNPs in four populations:

e CEPH (CEU) (Europe - n =90, trios)
e Yoruban (YRI) (Africa - n = 90, trios)
e Japanese (JPT) (Asian - n = 45)

e Chinese (HCB) (Asian - n =45)

To produce a genome-wide map of common variation

Common Variant/Common Disease



About the Project

HapMap Tutorial
HapMap Mailing List

Browse Project Data
HapMart
Bulk Data Download

HapMap Publications

HapMap Project Participants
HapMap Mirror Site in Japan Genm!pe frequencies and assays for phase | and phase Il of the HapMap project are now available for

o lati CEU CHB+JPT YR
Data Freezes for Publication Tolal Nan-Redundant 3904218 | 30935482 | 3846092
ENCODE Project Tolal GC+ SNPs 4871127 | 4BB1A41 | 4,774,448
AN 5
Guidelines For Data Use Tolal Genolyped SNPs | 6838023 | 6709238 | 6,706,548

International HapMap Project

Home | About the Project | Data | Publications | Tutorial

37 | English | Frangals | BZEE | Yoruba

The Internaticnal HapMap Project is a partnership of scientists and funding agencies from Canada, China, Japan, Nigeria, the United Kingdom and
the United States to develop a public resource that will help researchers find genes associated with human disease and response to pharmaceuticals.
See "About the International HapMap Project" for more information.

Projectinformation L e~

* 2007-01-17: Reactome links updated

Links to the Reactome pathway database from the HapMap genome browser have been updated and
improved. Click here for an example.

+ 2007-01-11: HapMap Public Release #21a

bulk download and browsing.

This release contains all processed data from the HapMa#) project, and includes all data from phases

rom the Illumina Infinium 100k and 300k

I+11 of the project. This release also contains glenotypes
Ps typed for a high-resolution map (De Bakker et al.

notyping arrays, Affymetrix nsSNPs, and S
92806}y§?ge ext&,;nded HC locus.

Low density - genome-wide
Phase | - 1M SNPs

Phase Il - 4M SNPs

Density ~ 1 SNP/kb

High density - candidate gene

Pty
0 A
Sp¥

‘Gene Nomination Form

National Institute of Environmental Health Sciences
Environmental Genome Project

Welcome to the NIEHS SNPs Program NIEHS SNPs Workshop
Seattle, Washington

S T Introduction Latest Updates to
A-Z Finished Genes Directory
Finished Genes Table: Mucz o el
Genes in Progress Table The NIEHS Environmental Genome Project is a multi-disciplinary, TGM3 November 6, 2006
Proposed Genes Table cnllabmanve eﬁnrﬂucused un exammmg the relationships between CYP1A1 Oclober 10, 2008
variation in human CASP10 Oclober 6, 2008
;Mgli""ﬂ:eﬁk;"’“z genes and disease risk in U.! S populations. The NIEHS SNPs Program JUND ERTE  2U
nolping Backgroun atthe University of Washington s targeted on the systematic LEE (A LD
Genolyping Methodology N a‘rllld g olsmgrlg " y ey (SNPs) MMP15. October 2, 2006
yping
Summary Genolyping Data in environmental response genes. The first phase ‘of the effort is focused RS S AL
on finding common sequence variation (SNPs) in human genes involved w‘“ﬂ"’ Sepee :;x
K"MY Image Maps in DNA repair and cell cycle pathways (see links under Gene Targets in S o e
se"ge Excision Repalr the navigation menu on the left). Ultimately, the project will provide dense FGE21 July “'m
Gell Cycle genetic maps of human genes that can be applied in evaluating human XRCCS s ‘H'm
Wumﬁ”;"d S‘leek Repair  disease risk with environmental exposures. CYP3AS June5, 2008
ismal EE I .

643 genes - 15 Mbp
92,300 SNPs = 1 SNP/166 bp

Search Site

SeattleSNPs i

Home

" Welcome to SeattleSNPs Genome Variation Server
Sequencing Resources Now Available
PN, SeattleSNPs is funded a d Bl stitute’s

Summary Statist e ,  andiats Ganti and pothwiys Ehat Gdere IRMTETH Online Tutorlals: GVS
poly 9 and SeattlesNPs_

SaattleSNPs Genotyping Service
Genotyping Resources SNP Discovery Apply Now

Candidate Gens

oy Latest Updates

Seattle

. odded

¢ to Finened Genes Page

Education

Software

Investigator Opportunities
SeattleSNPs offe v

322 genes - 7 Mbp
37,450 SNPs - 1 SNP/186 bp




SNP Discovery: dbSNP database

Search for SNP on NCBI Reference Assembly

K forl Co |
dbSNP Search Options

Entraz SNP ID Mumbers | Submission Info Batch Locus Info Batween
Markers

ANNOUNCEMENT
07/20/2006: dbSNP FAQ Archive updated for first and second quarter 2007
03M8/2007: b127 XML UPDATE
03/08/2007: RELEASE: NCBI dbSNP Build 127
01/25/2007: dbSNP FAQ Archive updated for final quarter of 2006
08/28/2006: dbSMNP Genotype Server
03/06/2006: dbSNP Mouse Build 126 is now avallable

Search Entrez | SNP
BUILD 127

dbSNP
-NCBI SNP database

a—

ENERAL
Contact Us

INHEHEEEBEEE

. e 10/26/2005: Accessioned Haplotype Content Now Available in dbSNP 3
Site Map 10/20/2005: Schema Changes :
dbSNP Homepage L L TR LT IR SR S S

Announcements

awswesummary | |S€@rch by IDs on All Assemblies

FTP Download Note: rs#f and ss# must be prefixed with "rs" or "ss", respectively (i.e.
SNP SUBMISSION 1325, 5325)

OCUMENTATION I | Reference cluster ID(rs#) ~|

Search | Reset |

|Submission Information

+ By Submitter
+ New Batches
+ Method
« Population
- Detail (Description, Handle, and ID)
- Class (Based on geographic location)
+ Publication

|Batch

T™ 2. T " _ o



SNP data submitted to dbSNP: Clustering

dbSNP processing of SNPs

SNPs submitted Unique mapping Validated
by research community > to a genome location
(submitted SNPs = ssi#) (reference SNP = rs#) Unvalidated

Validation status description

L@ Yalidated by multiple, independent submissions to
the refSNP cluster

7‘___( Yalidated by frequency or genatype data: minor
alleles observed in at least two chromosomes.

Yalidated by submitter confirmation

51 Al alleles have been observed in at least two

A | chromosomes apiece
H Genotyped by HapMap project

5T oM has been sequenced in 1000Genome project.



HapMap Discovery Increased SNP Density and Validated SNPs

14.00

O Total SNPs
B Validated SNPs

1200 ——HapMap SNP Discovery — —

i L 14+ million

1090 0 o0 1T rs SNPs
8.00
6.00 _ 6.5 million

—‘ validated
400 W ] rs SNPs
2.00 -
0.00 | LL[

Jan-03 Mar-03 Jun-03 Aug-03 Oct-03 Jan-04 Mar-04 Jun-04 Sep-04 Jan-05 Mar-05 Jun-06 Mar-07
dbSNP Release



’s are THE nomenclature for SNPs

Table 1 Association between SNPs in the chromosome 20 locus and AGA in the German sample

MAF2 Genotypes®
SNP (position)© Sample Cases?  Controls® Casesd Controls® Casesd Controls® P OR (95% CI)f
rs6137444 GWAS 296 347 0.264 (C) 0.383 (C) 14/128/154 49/168/130 3.11 x 10°© 1.74 (1.37-2.21)
(21,733,639 bp) Replication 319 234 0.277 (C) 0.404 (C) 21/135/163 45/99/90 1.57 x 10738 1.76(1.37-2.27)
Combined® 605 579 0.269 (C) 0.391 (C) 35/255/315 93/267/219 2.20 x 10710
rs2180439 GWAS 296 347 0.292 (C) 0.429 (C) 21/131/144 66/166/115 3.85 x 1077 1.82 (1.45-2.30)
(21,801,100 bp) Replication 319 234 0.303 (C) 0.485 (C) 23/147/149 62/103/69 1.37 x 1072 2.17(1.70-2.78)
Combined® 605 579 0.293 (C) 0.452 (C) 43/268/294 127/269/183 2.67 x 10715
rs1998076 GWAS 296 347 0.282 (A) 0.427 (A) 20/120/144 65/163/115 1.30 x 1077 1.90(1.50-2.41)
(21,828,045 bp) Replication 319 234 0.301 (A) 0479 (A) 23/146/150 61/102/71 3.69 x 1077 2.13(1.66-2.73)
Combined® 605 579 0.292 (A) 0.448 (A) 43/267/1295 126/267/186 7.73 x 10715
rs201571 GWAS 296 347 0.289 (C) 04111(C) 17/137/142 61/163/123 4.31 x 10-© 1.72(1.36-2.17)
(21,961,514 bp) Replication 319 234 0.314 (C) 0.483 (C) 30/140/149 h8/110/66 2.21 x 10-8 2.05(1.60-2.62)
Combined2 605 579 0.298 (C) 0.44 (C) 46/269/290 119/272/188 1.21 x 10-12
rs6113491 GWAS 296 347 0.359 (C) 0.483 (C) 29/154/112 88/159/100 8.63 x 10-© 1.66(1.33-2.08)
(22,005,415 bp) Replication 319 234 0.364 (C) 0.447 (A) 38/156/125 77/105/52 8.13 x 1010 2.17(1.70-2.77)
Combinede 605 579 0.359 (C) 0.488 (A) 66/302/237 165/263/151 1.13 x 10-13

Hillmer et al (2008) Nat Genet 40:1279-81



Increasing SNP Density: HapMap ENCODE Project

ENCODE = ENCyclopedia Of DNA Elements
Catalog all functional elements in 1% of the genome (30 Mb)

10 Regions x 500 kb/region (Pilot Project)
David Altschuler (Broad), Richard Gibbs (Baylor)
16 CEU, 16 YRI, 8 HCB, 8 JPT
Comprehensive PCR based resequencing across these regions

ENCODE ENCODE Regions Genotype loformatior
Project Available SNPs '
Information Region Chromosome Genomic interval 15’357 d bSN P -
Resequencing name band naai) dbSNp New SNPs no rs D rs#
Project ENr12 2p16.3 Chr2:51633239..52133238 1,624 1,720 064 83 16’248 New SNPS 922 |
Genotyping ENrf31 | 2371 Chr2:234778639..235276638 1787 1233 | 1179 71 704

: : - Y) i 1597 |
Proiect ENr113_ | 4426 Chré:118705475..119205474 1516 1818 | 1017 | 1861 587 |
p : ENm010 | 7p152 Chr7:26699793..27199792 1274 1,857 757 45 50% Of SNPs in dbSNP 456 |
Ger egen ENmOT3_| 7q21.13 Chr7:89395718..89895717 1545 1713 | 827 | 1.8 391 |
C:“m"p'ﬁ':n% ENm014 | 7g31.33 Chr7:126135436..126632577 | 1,354 1582 963 | 142 1419 |

ENraz1 Bq24.11 ChrB:118769628..119269627 1468 1682 936 %0 903

ENCODE ENr232 | 9q34.11 Chr9:127061347..127561346 | 1,454 1,648 694 w5 Mb/3 1,500 SNPs = 689
Links ENri23 | 12q12 Chri2:38626477..39126476 1,904 1,551 858 0|
ENCODE ENr213 | 18g12.1 Chr18:23717221..24217220 1,391 1,485 809 B2 1/1 60 b p 819 _|
genotype data Total 15,357 16,248 9,205 8,97 1900 |
dumps

Population descriptors:

‘E:;‘gé‘ée CEU: CEPH {Utah residents with ancestry from northern and western Europe)
Project HCB: Han Chinese in Beijing, China

JPT: Japanese in Tokyo, Japan
YRI: Yoruba in Ibadan. Niaeria



National Institute of Environmental Health Sciences

Environmental Genome Project

Goal:
Comprehensively identify all common sequence variation in candidate genes

Initial biological focus:
Candidate environmental response genes involved in DNA repair, cell cycle,
apoptosis, metabolism, cell signaling, and oxidative stress.

Approach:
Direct resequencing of genes

Samples:
PDR-90 ethnically diverse individuals representative of U.S. population (397 genes)
EGP95-95 samples from four ethnic groups (227 genes)
(24 HapMap Asians, 22 HapMap Europeans, 12 HapMap Yorubans, 15 African
Americans, 22 Hispanics

Website:
egp.gs.washingon.edu



SeattleSNPs

Goal:

Comprehensively identify all common sequence variation in candidate
genes

Initial biological focus:
Candidate environmental response genes involved in lipid
metabolism, inflammation, and blood pressure regulation.

Approach:
Direct resequencing of genes

Samples:
P1: 23 CEPHs and 24 African-American (overlaps with Perlegen)
P2: 23 CEPHs and 24 Yorubans (overlaps with HapMap)

Website:
pga.gs.washington.edu



Summary of SeattleSNPs and NIEHS SNPs
genotypes in dbSNP

Table 1. Summary of genotype data contained in dbSNP

Average SNP

Data set Genotypes SNPs Populations  Individuals density Reference

HAPMAP 159,862,776 954,302 4 270 3149 (International HapMap Consortium 2003)
PERLEGEN 110,385,051 1,576,578 3 71 1938 (Hinds et al. 2005)

Affymetrix 6,189,466 125,778 6 116 24,029 (Kennedy et al. 2003)

TSC 4,932,382 19,048 17 1963 312,754 (International SNP Map Working Group 2001)
EGP 3,184,170 37,737 1 90 72,443 (Livingston et al. 2004)

PGA/UW 573,194 15,981 2 47 153,861 (Crawford et al. 2004)

[IPCA 176,162 3801 3 47 430,361 (Innate Immunity PGA, http://innateimmunity.net/)
NIHPDR 159,549 1982 18 448 1,419,125 (Collins et al. 1998)

WICVAR 33,240 1462 1 130 2,011,277

HG_BONN 24,522 320 1 143 5,284,550 (Freudenberg-Hua et al. 2003)

*The NIHPDR data contains a single mixed population.

643 genes sequenced (NIEHS SNPs)
15 Mb scanned

> 92,000 genotyped SNPs identified
> 8 million genotypes deposited in dbSNP

Nov 2005 - Zaitlen et al. Genome Research 15:1594-1600



Summary: The Current State of SNP Resources

= Approximately 10 million common SNPs exist in the human genome
(1/300 bp).

= Random SNP discovery processes generate many SNPs (HapMap)

= Random approaches to SNP discovery have reached limits of discovery
and validation (1/600 bp; 50% SNP validation)

= Most validated SNPs (6+ million) have been genotyped by the
HapMap (3 pops)

= Resequencing approaches continue to catalog important variants (rare
and common not captured by the HapMap)

\Nl-

5 A 'vn!

1000° Genérﬁ‘e,é” N

A De?ﬁfaéafog of.Hlximan \e:m Van i
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1000 genomes project: motivation

« GWAS shows that systematic association
studies can be used to map disease genes

* The first generation of GWAS was well
powered only for SNPs with > 5% MAF

* Next generation sequencing now makes it
possible to create a complete catalogue of
human polymorphism for SNPs and CNVs



Exploring the full range of genetic variants

Allele Frequency
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Exploring the full range of genetic variants
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Exploring the full range of genetic variants
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1000 Genomes Project

Random Coverage
0.2 to 0.4 X depth
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Produce a catalog of variants across the genome

in multiple populations with allele frequencies > 1%
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Where to find SNPs and Linkage
Disequlibrium Data

For your gene or region of interest, search

Genome Variation Server
* HapMap
www.hapmap.org
* NIEHS SNPs

egp.gs.washington.edu
» SeattleSNPs PGA

pga.gs.washington.edu



Visualizing Pair-wise LD
SeattleSNPs —

Variation Discovery Resource

Home
= g B Welcome to SeattleSNPs Genome Variation Servar
equencing Resources ) ) ) i
sq 3 & SeattleSNPs iz funded as part of the Mational Heart Lung and Blood Institute's (MHLRI) Programs for Ngw Availabia
FOUENCED L2ENES Genomic Applications (PGA), The SeattleSMPs PGA is focused on identifying, genatyping, and modeling the
Genes in Progress associations between single nucleotide polymorphisms (SMPs) in candidate genes and pathways that
Surnmary Statistics underlie inflammatory responses in humans., Online Tutorials: GVS

Summary Data

Data Download

Gene Nomination
Genotyping Resources

Background

Methodology

Genes Genotyped

Genotyping Summary Data

Genotyping Support
Education
Online Training
2007 Workshop
Previous Workshops
Traveling Warkshops
PGA Symposium
Software
Genome Yariation Server
HaploPowerCale
Folyphred
WizZ
WH1
LDSelect
LD=Select-Multipopulation
PCR Overlap
GeneHunter
Pathways
Clotting
FAR
Protocals
Persannel
What's New?
More SMP Data

Functional Mapping of
Whale Genome Panels

NIEHS SHPs

MMET OmE

SNP Discovery  SNP Genotyping

id Gene Collaborative
a Genatyping

SLEIESNPS

ducation

Workshops

Investigator Opportunities

SeattleSNPs offars investigators several opportunities to make use of the the project’s resources:

Mominate Genes for Reseguencing

&5 part of its mission, SeattleSHPs is saliciting
requasts from individual investigators for

candidate genes to be resequenced for SMP discovery

Traveling Workshops
SeattleSMPs is how accepting applications from

potential host sites for One- and Two-Day
Traveling Workshops

Genotyping

SeattleSMPs is providing genotyping
support for research related to
heart, lung, blood, and sleep

and SeattleSNPs J

SeattleSNPs Genotyping Service

Apply Now o

Latest Updates

IDeA Workshoo Presentation added on
Augqust 7, 2008

WWF added to Finished Genes Page Jul 10,
z008

FGA Care Westarn Resarve University
Presentetions added on April 10, 2008
CresRd added to Finished Genes Page Feb
14, 2008

GPRIOBE added to Finished Genes Page Dec
4, 2007

FCYTIA added to Finished Genes Page Dec
4, 2007

FAxAT added to Finished Genes Page Mow
14,2007

PRARGETA added to Finished Genes Page
Mov 14, 2007

FCYTIE added to Finished Genes Page Qct
12, 2007

CEHL Clinica! Cardinvasculer Gapomics Mesting
Tutowia! added on ©ctober 10, 2007

CEEFY added to Finished Genes Page Jul
25, 2007

5LC204F added to Finished Genes Page Jul
23,2007

H5D1382 added to Finished Genes Page Jun
21, 2007

GPRI034 added to Finished Genes Page Jun
20, 2007

HMGAT added to Finished Genes Page Jun
19,2007

MC0AT added to Finished Genes Page Jun &,
2007

EiN added to Finished Genes Page Jun 5,
2007

Als added to Finizhed Genes Page Jun 4,
N7




Catalog of SNP effects

L C f [ www.snpedia.com/indexphp/SMPedia
p

Ed Facebook [ Ritchielab 8¢ BC|SMNPmax Main M... [ Interesting-Websites & Ritchie Lab @ pinterest | ] Pinlt BC. BC|SMPmax Main M., 5 Twitter Pandora Radio - List...

SNP I. Page Discussion Read Edit WView history

SNPedia

SMPedia is a wiki investigating human genetics. We share information about the effects of vanations in DNA, citing peer-reviewed scientific publications. It is used by
help explain your DA

Mavigation
SMPedia
Promethease Help'
FACQ
Blag s |ook at the example rs1234
Recent changes + leam more about SHPs
Random page * browse
s Qenes
Toolbox * genomes
What links here * genosets

Related changes genotypes

Special pages + medicines
Printable version e medical conditions
Permanent link

Popular

Browse properties

& 553576 in the oxytocin receptor influences social behavior and personality

+ 151815739

o 157412 and rs429358 can raise the risk of Alzheimer's disease by more than 10x
« 156152 can influence baldness

& 3333 resistance to HIV

* rz1800497 in a dopamine receptor may influence the sense of pleasure

rs 1805007 determines red hair and sensitivity to anesthetics



SNP-related Websites

e dbSNP (http://www.ncbi.nIm.nih.gov/projects/SNP/)

e SeattleSNPs (pga.gs.washington.edu)
e NIEHS SNPs (egp.gs.washington.edu)

e Genome Variation Server (http://gvs.gs.washington.edu/GVS,

 HapMap (www.hapmap.org)

* SNPedia (www.snpedia.com)



http://www.ncbi.nlm.nih.gov/projects/SNP/
http://gvs.gs.washington.edu/GVS/
http://www.hapmap.org/
http://www.snpedia.com/

Assignment

e Search your favorite gene in the databases
discussed today

* If you do not have a favorite gene, try one of mine:
* SCN5A
* RYR1
* CETP

PCSK9

* FTO

CDKNZB

PTPNZ22



Questions???
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