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GenBank

• Repository of nucleic acid sequences

• 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 Apr 2002 19,072,679,701 16,769,983 692,266,338 172,768

203 Aug 2014 165,722,980,375 174,108,750 774,052,098,731 189,080,419



GenBank



GenBank

SCN5A – 32 exons



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



Amino Acid Sequence Nucleotide Sequence











Ensembl

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

• launched 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



http://www.ensembl.org





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/





GeneCards
• searchable, integrated database of human genes
• provides comprehensive, updated, and user-friendly 

information
• all known and predicted human genes

• extracts and integrates gene-related data:
• Genomic
• Transcriptomic
• Proteomic
• Genetic
• Clinical
• functional information

• Automatically mined from >100 carefully selected web 
sources

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

http://www.genecards.org/



GeneCards



If the focus is primarily SNPs….



HapMap Project:  Create a genome-wide SNP map

Genotype SNPs in four populations:  

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

To produce a genome-wide map of common variation

Common Variant/Common Disease



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

Phase II - 4M SNPs

Density  ~ 1 SNP/kb

643 genes  - 15 Mbp 

92,300 SNPs - 1 SNP/166 bp

322 genes  - 7 Mbp 

37,450 SNPs - 1 SNP/186 bp

High density - candidate gene



dbSNP
-NCBI SNP database

SNP Discovery:  dbSNP database



SNP data submitted to dbSNP:  Clustering

dbSNP processing of SNPs

SNPs submitted
by research community
(submitted SNPs = ss#)

Unique mapping
to a genome location
(reference SNP = rs#)

Validated

Unvalidated
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HapMap Discovery Increased SNP Density and Validated SNPs

14+ million
rs SNPs

6.5 million
validated
rs SNPs



rs #’s are THE nomenclature for SNPs

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

15,357 dbSNP
16,248 New SNPs
50% of SNPs in dbSNP

5 Mb/31,500 SNPs = 
1/160 bp



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



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



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

Summary of SeattleSNPs and NIEHS SNPs 
genotypes in dbSNP

643 genes sequenced (NIEHS SNPs)
15 Mb scanned
> 92,000 genotyped SNPs identified
> 8 million genotypes deposited in dbSNP



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)















Where to find SNPs and Linkage 
Disequlibrium Data

For your gene or region of interest, search

• HapMap
www.hapmap.org

• NIEHS SNPs
egp.gs.washington.edu

• SeattleSNPs PGA
pga.gs.washington.edu

Genome Variation Server



Visualizing Pair-wise LD



Catalog of SNP effects



SNP-related Websites

• dbSNP (http://www.ncbi.nlm.nih.gov/projects/SNP/)

• SeattleSNPs (pga.gs.washington.edu)

• NIEHS SNPs (egp.gs.washington.edu)

• 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

• 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

• CDKN2B

• PTPN22



Questions???


