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Abstract

The Single Nucleotide Polymorphism database (dbSNP) is a variation database at the National
Center for Biotechnology Information (NCBI). It is a public repository of submitted nucleotide
variations and is part of NCBI’s search and retrieval system Entrez. This chapter describes two
basic protocols to search dbSNP effectively, one to perform a text-based search and another to
perform a sequence-based search. The unit also describes one of the result display formats called
GeneView to obtain information about all submitted SNPs in a particular gene.
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INTRODUCTION

The Single Nucleotide Polymorphism database (dbSNP) is a variation database at the
National Center for Biotechnology Information (NCBI; (Sherry et al., 2001; Sayers et al.,
2010). It is a public repository of submitted nucleotide variations. As the name suggests, it
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includes single nucleotide polymorphisms (SNPs) but it also includes other variations such
as small insertions/deletions and microsatellites or short tandem repeats. The database can
be accessed from http://www.ncbi.nlm.nih.gov/guide/variation/. The page also lists other
variation databases at NCBI such as the Database of Genomic Structural Variation (dbVar),
Database of Genotypes and Phenotypes (dbGaP), and Database of Major Histocompatibility
Complex (dbMHC). This unit gives a brief overview of dbSNP, describes how to search in
dbSNP (Basic Protocols 1 and 2), and reviews one of the result display formats called
GeneView.

Overview of dbSNP

dbSNP is a database that includes entries submitted by public laboratories and private
organizations for a large number of organisms. Each submission includes information about
the actual nucleotide variation and the 5" and 3’ flanking sequences. It may also include
other information such as genotype and frequency information. Each submitted entry is
assigned a unique 1D number that begins with letters “ss” (submitted SNP). If a number of
submitted SNP entries align to the same position on the genome assembly, then they are also
reported as a part of a group called the Reference SNP cluster (refSNP), which is assigned a
new ID number that begins with letters “rs”. This procedure is performed periodically in the
process that results in a new database “build”. The current build number and the build
history can be obtained from http://www.ncbi.nIm.nih.gov/projects/SNP/buildhistory.cgi.
More information about the build process and computed information from the submitted
data can be obtained from
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=handbook&part=ch5 and is described
in the Commentary section below.

Searching dbSNP

The database can be searched by various ways as described below.

Searching dbSNP in Entrez—The search box in dbSNP could be the first start to search
the database using a text word or a phrase as a query. However, since dbSNP is part of
NCBI’s search and retrieval system Entrez, similar to all databases in Entrez, this database
can be searched effectively using the Limits page or the Preview/Index page. The Limits
page in dbSNP lists options to restrict your query by a variety of criteria such as organism,
chromosome, type of SNP, functional classification of SNP and success rate. The user can
select multiple criteria which will be combined by the term “AND” in a majority of the
cases. The Preview/Index page also can be used to build a query by using Boolean operators
“AND”, “OR” and “NOT”. A help document for searching in Entrez is available at
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=helpentrez&part=EntrezHelp.

The list of the fields that can be used to restrict the query in dbSNP is described in the web
page http://mww.ncbi.nlm.nih.gov/snp.

BASIC PROTOCOL 1
SEARCHING dbSNP USING THE ENTREZ LIMITS SEARCH OPTION

This protocol describes how to use the Limits page to search for all human SNPs that cause
a change in the amino acid, are associated with phenotype(s), are cited in publications, and
have known 3-D protein structures for the wild type amino acid.

The nucleotide variations that lead to a change in the codon and would encode a different
amino acid are labeled as non-synonymous in dbSNP. The synonymous SNPs are the
nucleotide substitutions that do not lead to a change in the amino acid. Non-synonymous
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changes are further classified as missense, nonsense and frame-shift. Missense changes are
the substitutions that lead to change in an amino acid. Nonsense variations result in a stop
codon causing termination of the protein. Frame-shift variations are a result of an insertion/
deletion leading to a change in a reading frame (Guttmacher and Collins, 2002; Feero et al.,
2010). Refer to the Commentary section below for more details.

Some changes in the amino acids are tolerated and do not change the function of the protein.
However, some changes are so drastic that they may cause a change in the observed
phenotype. The changes in human genes associated with genetic diseases/phenotypes are
reported in the Online Mendelian Inheritance in Man (OMIM) database at NCBI (Unit 1.2;
Hamosh et al., 2002).

All databases in Entrez are interlinked and the Limits or Preview/Index search option can be
used to obtain the associated information in other databases. For example, the SNPs in
dbSNP with links to the OMIM database can be obtained from the SNP_OMIM filter menu
in the Preview/Index search option or through the OMIM link under the Annotation box in
the Limits search option (See Commentary section).

Necessary Resources
Hardware: Computer with Internet access

Software: An up-to-date Web browser, such as Firefox, Internet Explorer, or Safari

Searching dbSNP using the Entrez limits search option
1 Go to NCBI web page http://www.nchi.nlm.nih.gov/.

2 Select the “SNP” database from the “All Databases” pull down menu at the top of
the page (Figure 1.19.1). Alternatively, click on “Variation” link in the green box on
the left of the web page. This gives a list of variation- related resources at NCBI.
Click on the link “Database of Single Nucleotide Polymorphisms (dbSNP)”.

3 Click on the “Limits” tab (Figure 1.19.2).
4 In the Organism box, click on the box next to Homo sapiens (Figure 1.19.3).

5 Under the Function class, select the box next to coding non-synonymous (Figure
1.19.3).

6 In the Annotation box, click on the boxes next to Structure, OMIM and Cited in
publication. Please note that the Annotation box is located on the same Web page as
shown in Figure 1.19.3 and can be accessed by scrolling down the page.

7 Click on the Go button at the top of the page. Currently, the results of the above
search include 19 entries (Figure 1.19.4 and Table 1.19.1).

Viewing a single RefSNP

8 In the second entry shown in Figure 1.19.4, the rs number (rs5030865) is
hyperlinked. Click on the rs number to see the RefSNP record with detailed
information about the SNP such as nucleotide variation, Human Gene Variation
Society (HGVS) nomenclature as per the rules (Horaitis et al., 2007), locations on
different assemblies, locations on the gene and mRNA, submitted SNPs (ss records)
in this reference record, FASTA sequence adjacent to the SNP and, if submitted,
information about population diversity, hetrozygosity and validation.
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In this example (Figure 1.19.5), the HGVS Names column reports the
nucleotide variation (G to T, A or C) and its location on the Reference
Sequence (RefSeq) gene records (NG_000853.3, NG_003180.2 and
NG_008376.1), RefSeq mRNA records (NM_000106.4 and
NM_001025161.1), genomic contig record (NT_011520.12), and the
corresponding change in the protein record (NP_000097.2) (Pruitt et al.,
2007). For more details about the RefSeq database refer to the
Commentary section.

More information about the clinical association of the SNP can be obtained
from the Variation Viewer (VarView) and OMIM links on this page.

9 Scroll down to see the GeneView section of the page reports actual variation, the
codon(s) and their locations (Figure 1.19.6).

Again, in this record, the nucleotide changes are from Gto A, Cor T as
shown under the Allele change column in the mRNA panel. This view
gives the position of the nucleotide on the chromosome (22, 42525035) in
the GRCh37 assembly, accession number of the contig and location on the
contig (NT_011520.12, 21915604), name of the gene (CYP2D6), RefSeq
entry for the gene record and location on the record (NG_008376, 5849),
RefSeq mRNA record accession number and position (NM_000106.4,
595), and the RefSeq protein record accession number and the amino acid
position (NP_000097.2, 169). The gene is present on the minus strand as
indicated by the arrows pointing towards the left in the Sequence Viewer
region. The assembly GRCh37 panel provides information for the plus
strand sequence of chromosome 22. Hence, the nucleotide in the Allele
column of the Assembly panel is C, a complementary nucleotide G is
present in the Allele column in the RefSeqGene panel and in the
AlleleChange column in the mRNA panel. Also, a “-” appears in the SNP
to mRNA column. Thus, the G to A, C or T change on the NM_000106.4
at position 595 leads to a change in the 169 amino acid in NP_000097.2
from glycine to arginine, arginine or stop, respectively.

Finding all SNPs in a gene

10 Select the radio button next to “in gene region” under the title “View more
variations on this gene” and then click on the Go button to get a list of all SNPs
annotated on the gene CYP2D6.

This page lists all reported SNPs in the gene region (2000 bases on the
5’-end and 300 bases on the 3’-end of the annotated gene). The default
page lists their locations on one of the annotated mRNA variants and
corresponding proteins with respect to one of the assemblies. In Figure
1.19.7, there are three assemblies listed in the column Contig Label:
GRCh37 is the human assembly by the Genome Reference Consortium
http://www.ncbi.nlm.nih.gov/projects/genome/assembly/grc/
index.shtml; the HuRef assembly represents a composite haploid
version of the diploid genome sequence from a single individual (Levy
etal., 2007); and Celera is the assembly submitted by the Celera
Company (Venter et al., 2001). For more details about the human
genome assembly refer to the Commentary section.

The default page lists the location of SNPs with respect to the transcript
variant NM_000106 (and corresponding protein NP_000097) and the
GRCh37 assembly. The user can change the assembly and/or the
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transcript by using the option “View snp on Gene model” in the List
SNP column.

11 Scroll down to the next section of the CYP2D6 SNPs annotations page (step 10),
which shows the details about individual SNPs such as their location with
respect to the chromosome, gene, mMRNA and protein, type of the change
(function class), validation and heterozygosity information (Figure 1.19.8).

Each function class or location is color coded: near the 3’ or 5’ end
(white), intron (yellow), non-synonymous nonsense and missense (red),
synonomus (green) and frame-shift (blue). Validation status is indicated
by different icons as described in
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_legend.cgi?
legend=validation.

In Figure 1.19.8, the first three red colored rows describe SNP
rs61731577 (dbSNP rs# cluster id column). The nucleotide T (dbSNP
allele column and Function contig reference listed in row 3) at position
42522600 (Chr. Position column) on chromosome 22 and 1560 on
NM_000106 (mRNA pos column) is either reported to be G (dbSNP
allele column and Function nonsense listed in row 2) or A (dbSNP
allele column and Function nonsense listed in row 1). These variations
lead to a change in the 3rd nucleotide (Codon pos column) of the codon
for the 490 amino acid (Amino acid pos column). These variations
cause the amino acid to change from Tyr[Y] to termination xxx[X]
(Protein residue column) and are thus nonsense (Function column)
variations. The next two green rows describe a synonymous SNP
rs28371736 from nucleotide C at chromosome position 42522621 and
mRNA position 1539 to T leading to a change in the 3" nucleotide of
codon 483. This nucleotide variation still encodes for the same amino
acid Phe[F]. There is a link to the 3-D structure of the protein, for both
variations, (“yes” link in the column 3D) for viewing in NCBI’s
application Cn3D (Wang et al., 2000).

Finding Clinically Associated SNPs

12 In the same page, select the box next to “Include clinically associated” and click
on the “refresh” button to obtain clinically associated SNPs.

An extra column for “Clinically Associated” is added in the GeneView
table and the SNPs which are clinically associated are indicated by the
OMIM logo in that column (Figure 1.19.9). For example, in rs1135840,
a variation leading to a change from threonine to serine at the 486t
position of NP_000097.2 is reported to be clinically associated in the
OMIM database. A click on the OMIM logo takes the user to the
OMIM database for more information.

ALTERNATE PROTOCOL

SEARCHING dbSNP USING THE ENTREZ PREVIEW/INDEX SEARCH OPTION

This protocol describes how to use the Preview/Index page to search for all human non-
synonymous SNPs cited in publications with known 3-D protein structures for the wild type
amino acid, and SNPs associated with phenotype(s).
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Searching dbSNP using the Preview/Index option

1.
2.

9.

Go to NCBI web page http://www.ncbi.nlm.nih.gov/.

Select the “SNP” database from the “All Databases” pull down menu (Figure
1.19.1).

Alternatively, click on the “Variation” link in the green box on the left of
the web page. This gives a list of variation- related resources at NCBI.
Click on the link “Database of Single Nucleotide Polymorphisms
(dbSNP)”.

Click on the “Preview/Index” tab.
From the All Fields pull down menu, select the Filter option (Figure 1.19.10).

Click on the Index button to obtain a list of searching criteria in the Filter menu
(Figure 1.19.10).

Select the coding non-synonymous option and click on the AND button (Figure
1.19.11). This adds "coding nonsynonymous"[Filter] in the search box at the top of
the page.

In order to further restrict the search results to SNP entries that have links to the
OMIM database, add the “snp omim” option from the Filter menu.

The filter menu lists the possible criteria in an alphabetical manner. The
“Down” button can be used to scroll down the list. An easy way to reach
the criteria beginning with the words snp is to type “snp” in the box next
to the Filter menu and click on the Index button.

Select the “snp omim” option and click on the AND button. The query in the search
box at the top will change to "coding nonsynonymous"[Filter] AND "snp
omim"[Filter].

a. To further restrict the search results to SNP entries that have links to the
PubMed database, select the “snp pubmed cited” option and click on the
AND button.

b. To further restrict the search results to SNP entries that have links to the
structure database, select the “snp structure” option and click on the AND
button.

c. Torestrict search results to human as an organism, change the Filter menu
to Organism, type human in the search box next to it and click on the
AND button. The search box at the top of the page will have the following
query built "coding nonsynonymous"[Filter] AND "snp omim"[Filter]
AND "snp pubmed cited"[Filter] AND "snp structure"[Filter] AND
human[Organism].

Click on the Go button next to the query at the top of the page.

The results page is similar to the one obtained in Basic Protocol 1. The
advantage of the Preview/index page is that it can be used to build queries
with Boolean operators NOT and OR as well. It can also be used to search
in a range of parameters such as the publication dates. For example,
"coding nonsynonymous"[Filter] NOT human[Organism] 2009 12
29":"2010 01 25" [Publication Date].

More information about searching in doSNP is available from the help
document:

Curr Protoc Bioinformatics. Author manuscript; available in PMC 2011 December 1.
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http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?
book=helpsnpfag&part=Search

BASIC PROTOCOL 2

SEARCHING dbSNP USING A QUERY SEQUENCE

An alternative way to search SNPs is to start with a sequence instead of a term by using SNP
BLAST. Basic Local Alignment Search Tool (BLAST) is a sequence comparison tool at
NCBI (Altschul, Gish et al., 1990). SNP BLAST offers a way to compare a sequence with
all sequences in dbSNP. Thus, this resource is useful in several ways, for example, to
determine whether an SNP identified in a laboratory is already submitted to dbSNP or to
identify all reported SNPs in a sequence.

Necessary Resources
Hardware: Computer with Internet access

Software: An up-to-date Web browser, such as Firefox, Internet Explorer, or Safari

We will take as an example an already submitted SNP rs1815739.

1
2

6

7
8

Go to NCBI web page http://www.ncbi.nlm.nih.gov/.

Select the “SNP” database from the “All Databases” pull down menu (Figure
1.19.1)

Type rs1815739 in the query box and click on the Go button.

CAUTION: if you have used the Limits page for searching earlier, uncheck
the Limits box listed underneath the search bar.

Click on the rs1815739 link to view the full record (Figure 1.19.12).

Click on the Fasta link as shown in Figure 1.19.12 to reach the sequence panel and
copy the sequence (Figure 1.19.13).

The SNP is C/T at position 251 as reported in the definition line as
alleles="C/T’ and allelePos=251, respectively.

>gnl|dbSNP|rs1815739|allelePos=251totalLen=501|taxid=9606|
snpclass=1|alleles="C/T'|mol=Genomic|build=131

SNP variations are encoded using IUPAC notation in the BLAST database
(Units 3.3 and 3.4). IUPAC nomenclature is described at
http://www.ncbi.nlm.nih.gov/SNP/iupac.html. Thus, this SNP is reported
as “Y” in the FASTA sequence (see Unit 3.9).

Go to the dbSNP home page http://www.ncbi.nlm.nih.gov/projects/SNP/

Note that this page is different from the Entrez SNP page used in Basic
Protocol 1. This page can also be accessed from the Entrez SNP page
shown in Figure 1.19.2 by clicking on the “dbSNP Home Page” link in the
side blue bar.

Click on the Search link in the dark blue column to the left.
Click on the BLAST SNP link (Figure 1.19.14).

Select the “No” radio button next to “Use megablast” to use the blastn
program for a more relaxed/broader search (Figure 1.19.15). By default,
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this program uses megablast (see Unit 3.3; Morgulis et al., 2008;
Baxevanis and Ouellette, 2001; Stover and Cavalcanti, 2009).

9 Select human as the organism from the list under “Choose a snp blast database”
(Figure 1.19.15).

10 Paste the rs1815739 sequence in the FASTA format (see Unit 3.9), obtained as
described above (steps 1-5), in the box under “Query Sequence” (Figure 1.19.15).

11 Click on the “Submit Query” button.

12 In the new page, click on the “View report” button.

Understanding the results

13 Scroll down to the alignments panel. Figure 1.19.16 shows the alignment of the
first hit from the results; it is the self hit of the query to the rs1815739 entry
from the database labeled Sbjct in the alignment.

The 100% match as shown next to “Identities” demonstrates that the
SNP is already present in dbSNP. Note the nucleotide at position 251 in
the alignment is Y indicating the nucleotide at this position is either a C
or T. If the query sequence has any other nucleotide (A or G) at this
position then the SNP is a novel SNP.

COMMENTARY

Background Information

Submitted information—dbSNP includes information provided by the submitters and
also the information computed by NCBI based on the submitted information. The main
component of the submitted information is of course the sequence itself. Minimum
requirement for the total length of the submitted sequence is 100 nucleotides to ensure an
adequate sequence for accurate mapping of the variation on the reference genome sequence.
The sequence may include that obtained during variation assays and the one from the
published sequence. The minimum requirement for the flanking sequence on the 5’end and
3’end of the variation is 25 nucleotides each. To meet the minimum requirement for the total
length, the sequence can be obtained from the sequence databases. Each submitter provides
information about the allele as G, A, T, or C and not in the IUPAC code and also provides
information about techniques (method) used to assay variation. Other information such as
population, frequency and genotype is optional.

Computed information—dbSNP computes additional information from the submitted
data in the process called the “build”. The sequence data is aligned to the most recent
genome assembly in order to compute additional information. Updates to the builds are
released periodically, especially after the release of a new genome assembly. Computed
information includes RefSNP clusters, location of the variation on the genome, mRNA,
protein and 3-D structure, variation functional class, population diversity and links to other
databases at NCBI.

RefSNP clustering and orientation: When a RefSNPs entry (rs) is generated, the submitted
entries (ss) aligning to the same position on the genome are clustered. The ss entry with the
longest flanking sequence is called the "RefSNP exemplar" and its flanking sequence and
orientation is assigned to the rs record. If in the later builds, a new ss record with a longer
flanking sequence has been added then it becomes the new exemplar sequence. However,
the orientation of the RefSNP flanking sequence is not altered but the sequence of the new
exemplar is reversed.

Curr Protoc Bioinformatics. Author manuscript; available in PMC 2011 December 1.
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Types of SNPs—Since the genetic code is redundant different codons can code for the
same amino acid. Thus, some nucleotide variations can still code for the same amino acid
even if the codon is different, such variations are called synonymous SNPs in dbSNP.
However, some variations encode a different amino acid, such variations are called non-
synonymous SNPs in dbSNP. As mentioned above, non-synonymous changes are further
classified as missense, nonsense and frame-shift. For example, by the standard genetic code
(http://www.ncbi.nlm.nih.gov/Taxonomy/taxonomyhome.html/index.cgi?
chapter=tgencodes#SG1), the codon TGT codes for amino acid cysteine. The substitution T/
C at the third nucleotide position represents a synonymous change coding for the same
amino acid cysteine. However, the substitution T/G at the same position represents a non-
synonymous missense change coding for a different amino acid, tryptophan, and the
substitution T/A at the same position represents a non-synonymous nonsense change
resulting in a stop codon.

RefSeq Database—NCBI generates reference nucleotide sequences (RefSeq) from the
submitted sequences. GenBank is a repository of submitted sequences and is a redundant
database, accepting submissions from multiple sources, even if they are in the same region.
RefSeq provides one sequence entry per molecule such as the genome, mRNA and protein
and is, thus, a non-redundant database (Baxevanis and Ouellette, 2001). It has a
characteristic accession number format that includes two letters, an underscore character and
six or eight digits. The prefixes for RefSeq entries used in this chapter are:

NT_ genome contig sequence (contiguous sequence generated during the genome
assembly)

NM_ mRNA
NP_ protein

More accession number prefixes can be found at the RefSeq web page:
http://www.ncbi.nIm.nih.gov/refseq/key.html#accessions

Additional Searching Options—Additional dbSNP searching options such as submitter
information, assay method, population, or the location between two markers can be found at
http://www.ncbi.nlm.nih.gov/projects/SNP/. This page also lists options to search the dbSNP
database using a large number of ss or rs accession numbers. SNPs with associated genotype
information can be searched from http://www.ncbi.nlm.nih.gov/projects/SNP/snp_gf.cgi.
SNPs between different mouse strains can be searched from
http://www.ncbi.nlm.nih.gov/projects/SNP/MouseSNP.cgi. To automate a large number of
Entrez dbSNP searching and retrieving tasks within software applications, NCBI’s Entrez
Programming Utilities (eUtils) can be used. More information is found at
http://www.ncbi.nlm.nih.gov/SNP/SNPeutils.htm. The entire dbSNP database is available at
ftp://ftp.ncbi.nih.gov/snp/.

Other SNP-related databases—Below is a list of some additional databases/resources
for obtaining information about SNPs. This list is not comprehensive and one of the ways to
identify more of such resources is from the database issues published by Nucleic Acids
Research.

1. GeneSNPs Database at http://www.genome.utah.edu/genesnps/ This is the database
of SNPs identified in the genes that are considered to be susceptible to
environmental exposure as a part of the Environmental Genome Project
http://www.niehs.nih.gov/research/supported/programs/egp/ at the National
Institutes of Environmental Health Sciences (NIEHS).
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2. International HapMap Project at http://hapmap.ncbi.nlm.nih.gov/

The International HapMap Project is an international collaboration to generate a
haplotype map (HapMap) of the human genome from different populations. The
data can be visualized using a genome browser provided on the web page and also
can be downloaded in bulk.

3. Human Genome Variation Genotype-to-Phenotype database, (HGVbaseG2P) at
www.hgvbaseg2p.org

This database is a compilation of summary level findings from human genetic
association studies such as obtained from Genome Wide Association Studies
(GWAS) and sets submitted by individual laboratories. It also provides web-based
tools for browsing, visualization and mining.

4. The Genome Variation Server (GVS): http://gvs.gs.washington.edu/GVS/

This database is hosted by the SeattleSNPs which is a part of the National Heart
Lung and Blood Institute's (NHLBI) Programs for Genomic Applications (PGA). It
includes data in dbSNP and HapMap database, and provides analysis tools such as
linkage disequilibrium plots, tag SNPs, and merging populations.

5. Pharmacogenomics Knowledge Base (PharmGKB): http://www.pharmgkb.org/

This resource includes curated information and visualization tools for genes and
variants associated with drug response.

Troubleshooting

Sometimes the variation nucleotide sequences between the ss and rs records may not match.
In addition, these further may not match the genome or gene sequence. In such cases, check
for the orientations between the following: the ss and rs flanking sequences, the rs flanking
and contig sequences, the rs flanking and genome sequences and the gene/mRNA and
genome sequences. For example, the flanking sequence of an ss record may be in the reverse
orientation with respect to that of its rs record or the gene may be placed on the minus strand
of the genome.
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Figure 1.19.2.
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Results of the search in Basic Protocol 1. There are 19 human entries containing SNPs that
cause a change in the amino acid, are associated with phenotype(s), are cited in publications,
and have known 3-D protein structures for the wild type amino acid.
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Top portion of the rs5030865 entry displaying the SNP build 131, allele A/C/G/T and
HGVS names. More information about the clinical association of the SNP can be obtained

from the Variation Viewer (VarView) and OMIM links on this page.
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GeneView section of the rs5030865 entry. "See text for details."
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Figure 1.19.7.
Top portion of the SNP GeneView report for the gene CYP2D6. Locations of SNPs as
shown in Figure 1.19.8 are with respect to the transcript variant NM_000106 (and
corresponding protein NP_000097) and the GRCh37 assembly. The user can change the
assembly and/or the transcript by using the option “View snp on Gene model” in the List
SNP column.
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Portion of the SNP GeneView page displaying detailed information about each SNP in the
gene CYP2D6. "See text for details."”
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3;:23‘ OO0 AO7EE 0219 K 3 near gene CT
42522028 1579347391 0.021 3'near gene C/T
42622074 1360286220495 AKX o 3'near gene A/C
42522079 1577827855 N.D. 3 near gene C/T
42527084 14078249 0170 AKX Q 3'near gene C/T
425137 5783406300305 K 3'near gene -/ACA
4252138 135183748 N.D. 3 near gene -TGT
42522140 1571184866 N.D. # 3 near gene -TGT
42522141 rs71754064 N.D. 3'near gene -/TGT
42522312 5121699620283  #K 7' Q 3'near gene C/T
42522349 1622397720021 # 3 near gene C/T
42522350 152856961 N.D. 3'near gene A/C
42522392 1s28371738 ND.  ® Q 3'near gene C/T
425239 1758240840375 K 3'near gene C/T
42522464 1528371737 N.D. 3 near gene C/T
42627464 1577845835 N.D. 3'near gene C/T
42520498 1579125935 N.D. 3 near gene A/G

Figure 1.19.9.

Results of the SNP GeneView page for the gene CYP2D6 including clinically associated
SNPs. An extra column for “Clinically Associated” is added in the GeneView table
compared to Figure 1.19.8 and the SNPs which are clinically associated are indicated by the
OMIM logo in that column.
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Pr Genome

| for Previewl Go | Clearl

v

y Y Y b
; L.lrmts1 Preview/Index | History | Clipboard | Details

No history available - see Help
dbSNP BUILD 131

o Enter terms and click Preview to see only the number of search results.

Add Term(s) to Query or View Index:
o Enter aterm in the text box, use the pull-down menu to specify a search field

o Multiple terms selected from Index will be ORed; click AND to add to search.

[Fier gl
Click AND | OR [ NOT |to add a term to the query box

1000genomes (11488602)

all (71036396)

celera human (5065343)
clinically associated (37762)
coding nonsynanymous (486826)
gene region (19193261)

hapmap hurman (4100751)
hapmap mouse (7516748)
hapmapasw (1553008)
hapmapceu (3977497)

3

2| Down |

Figure 1.19.10.

Sian In] [Reqiste

Books

Journals

¢ Click Preview to add terms to the query box and see the number of search results, or click Index to view terms within a field.

Accessing the list of criteria in the Filter menu in the Entrez dbSNP Preview/Index page.
From the All Fields pull down menu, Filter option is selected and then the Index button is

clicked to obtain a list of searching criteria in the Filter menu.
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7

Sign In [Redister’

}’ Lirnits: )i Preview/Index I History. ) Clipboard T Details 1
o history avalable - see Help

o Enter terms and click Preview to see only the number of search results.

Add Term(s) to Query or View Index:

o Enter a term i the text box, use the pull-down menu to specty a search field
o Click Preview to add terms to the query box and see the number of search results, or chck Index to view terms within a field.
o Multiple terms selected from Index wall be ORed, click AND to add to search

Filter _'_|| Preview | Index

Chick AND | OR | NOT |toadd atem to the queM
linical iated (37762) A Bk
clinically associated (37762) / ﬂ n

coding nonsynonymous (486626)
gene region (19193261)

hapmap human (4100751)
hapmap mouse (7516748)
hapmapasw (1559008)
hapmapceu (3977497)
hapmapchb (4047631)
hapmapchd (1304366)

hapmapaih (1405855) | Down

Figure 1.19.11.

Building a query to search for the coding non-synonymous SNPs using the Filter menu in
the Entrez dbSNP Preview/Index page and then clicking on the AND button. Note the query
"coding nonsynonymous"[Filter] generated in the search box at the top of the page.
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PubMed Nuc | O cture P Taxono IM s SNP
Search for SNP on NCBI Reference Assembly
Search Entrez SNP viir

BUILD 131 Reference SNP(refSHP) Cluster Report: rs1815739

 Have a question
‘about dbSNP? Try RefSNP Allele HGVS Names Links , Linkout
rching the P = —= _

,'F:ﬂh _ Organism: human (Homo sapiens) Variation :S_HPh I NG_013304. 19 18705C>T

Molecule Type: Genomic single nuclectde polymorphis™ 4 091104 1.¢.1729C>T

CreatediUpdated in build: 92/132 RefSHP Aleles: C/T NP_001095.1.p ArgSTIX
Map to Genome Build: 371 Ancestral Allele: C NT_167190.1.9.11633890T>C
Citation: Publed Clinical Associaton: [SECE

“| SHP Details are organized in the following sectiony
GeneView | Map | Submission| Fasta | Resource | Diwersity

Search, Annotate,
Submit NeW
Annotate and

Wintegrated Maps (Hint: click on 'Chr Pos’ or ‘Contig Pos' column value to see variation in NCBI sequence viewer)

Submit Batch Data

& & e Contig 2
ith Clinical Impact Genome v | Zoo ¢ Cocki Fo s] Conty | 9 ¢ Group Group Cony | Neghbor | Map
Che & 1 $ o $ nbg Fos ¢ : b -

ew Buid wne 9 e L term inbel labe SN | Wethod

SHP SUBHISSION =
3 n NT 1671801 11633850 + T + GRCh3T GRCA3T GRCAIT ew blast
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k18| i . A - HuRet HuRed Huftef vew blast
¥3 I + T + ref_assembly refarenca Teference e biast
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Figure 1.19.12.

Top portion of the rs1815739 record in dbSNP. Click on the Fasta link as shown by an
arrow to reach the portion of the page where sequence is listed as displayed in Figure
1.19.13.
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B Fasta sequence (Legend)

>gnlldbSNP|rs1815738]allelePos=251totalLen=501 [taxid=9606|snpclass=1|alleles="C/T|mol=Genomic|build=131

CCCACAACTT TAGGCTCCTG
GGGCTGGAAG ACAGGAGGCC
CTGGGGCACA CTGCTGCCCT
TCCTGCCTGT CGTCCCCAGA
CGAGGCTGAC

¥

GAGAGCGAGG TGCCATCATG
GGCTGCGGCC CTGCTCCACC
AGTGGGATAT GGTCAGTGCC
CACCCTGAAL TCTCGGGTGG
TCTGCCACAG

Figure 1.19.13.

GGGCATAGGG
GGGGTTCTTG
TTCTGTTGCC
GCCTGCTGAC

GGCATCCAGG
AATCCCTACA
ACCTGCAGCC
CCCAAGATAT

ATGGGAGGAA
TGTCAGGACT
TGTGGTAAGT
AGCGCACGAT

GTGAGATCCA
TCACCCTCAG
TTCCTCCCAC
GGAGAATAAA

AACCCCAGTT
GCCCAGGACT
GGGGGACACT
CAGTTCAAGG

GAAGATCTGC
CCCGCAGGAC
CCCCTCCTGC
GTCCATCTTC

CCCGAGTGCT
GGTGGGTGGC
AGCTGACACT
CAACACTGCC

CAGACGTATG
ATCAACACCA
ATACTGTGAC
AGATGTGGGG

Page 24

FASTA sequence of the entry rs1815739 obtained by clicking on the Fasta link shown in

Figure 1.19.12.
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% NCRBI Single Nucleotide Polymorphism

PubMed Nucleotide Protein Genome Structure PopSet Taxonomy OMIM Books SNP

| Search for SNP on NCBI Reference Assembly |

Search Entrez | SNP v | for | Go |
BUILD 131

ANNOUNCEMENT 4
& 03/25/2010: RELEASE: NCBI dbSNP Build 131 for Human

dbSNP Build 131:human 960& is now available (More... ).

—_— B el e T TR

SNP SUBMISSION 1Search by IDs on All Assemblies
DOCUMEN J

Note: rs= and ss= must be prefixed with "rs” or "ss”, respectively (1.e. rs25,

ey L
nirez | P
i ID: Reference cluster ID(rs#) v
|Jslast sSnp I [ Search ][ Reset ]

Isatch Query

Blast SNP

|Submlsslon Information

Genotype Query

|By Submitter ® By Submutter

New Batches ® New Submitted Batches

—— ® Method

Population Detail o Povulation

Publication o Dl'hh‘;&'wn

Locus Information —

STS Markers IBatch

Mouse Strains

EL&HD SITES e Enter List
NIRRT A crac TN )

Figure 1.19.14.
BLAST SNP link from the dbSNP home page. Click on the Search link in the blue bar on

the dbSNP home page, shown by an arrow, to visualize the search options. One of them is
BLAST SNP.
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NCBI

[ Select the BLAST program
Program [blastn » Use Megablast O Yes & No

l Choose a snp blast database

GenBank Division snp blast database by organism
Primate (@] ® O O
chimpanzee_9598 human_9606 macaque_9541 macaque_9544
Rodent Omouse_10090 Orat_10116
Other Mammal Obison_9901  Ocat 9685 Ocow_30522 Ocow 9913 Odog_9615

Other Veriebrate O chicken_9031 O

zebrafish_7955
Invertebrate O bee_7460 0] @) (o) o

fruitfly_7227  mosquito_7165 nematode_6239 plasmodium_5833
Plant (o) Orice_4530

arabidopsis_3702

ck to blast human snp database t

ll Query Sequence
Enter your sequence as: | FASTA format v: Submit Query

[l BLAST Search Options

Expect Descriptions Alignments

001 ¥|[100 ™ 100 )|

Filter & Low complexity & Human repeats [ Mask for lookup table only
Other advanced options: |

[ SubmitQuery | [ Clear Input

@] O O
horse_0796 pig_0823 platypus_9258

Figure 1.19.15.

SNP BLAST query set up page. Select the “No” radio button next to “Use megablast” to use

the blastn program.
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>ml|dbSNP | rs1815739 1rs=1815739|pos=251]len=501|taxid=9606 |mol="genonic"

Length=501

Score = 922 bits (499), Expect = 0.0
Identities = S01/501 (l00%), Gaps = 0/501 (0%)
Strand=Plus/Flus

Guery 1 CCCACAACTTTAGGCTCCTGGGGCATAGGGATGGGAGGARAACCCCAGTTCCCGAGTGCT
T T R

Query 61  GGGCTGGAAGACAGGAGGCCGGGGTTCTTGTGTCAGGACTGLCCAGGACTGGTGHETGEL
3 T L

Query 121 CTGGGGCACACTGCTGCCCTTTCTGTTGCCTGTGGTAAGTGGGGGACACCAGCTGACACT
3 2 = = =

Query 181 TCCTGCCTGTCGTCCCCAGAGCCTGCTGACAGCGCACGATCAGTTCAAGGCAACACTGCC
B T T S

Query 241 CGAGGCTGACYGAGAGCGAGGTGCCATCATGGGCATCCAGGGTGAGATCCAGAAGATCTG
SBICT  ZAL  eeaenane e et et et e et et et e e

Query 301 CCAGACGTATGGGCTGCGGCCCTGCTCCACCAATCCCTACATCACCCTCAGCCCGCAGGA
BT T P

Query 361 CATCAACACCAAGTGGGATATGGTCAGTGCCACCTGCAGCCTTCCTCCCACCCCCTCCTG
=3 < o 1

Query 421 CATACTGTGACCACCCTGAAATCTCGGGTGGCCCAAGATATGGAGAATAAAGTCCATCTT
BT 3 S

Query 481 CAGATGTGGGGTCTGCCACAG SOL
Sbjct 481 ....ciiiiicicsiienaas S0l

Figure 1.19.16.
First alignment in the results of the SNP BLAST search for query rs1815739. The 100%
match as shown next to “Identities” demonstrates that the SNP is already present in dbSNP.
Note the nucleotide at position 251 in the alignment is Y indicating the nucleotide at this
position is eithera C or T.
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|class=1|alleles="C/T" |build=131
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Table 1.19.1

Descriptions of links from search performed in Basic Protocol 1.

MapView

Link to NCBI’s MapViewer

Link to Variation Viewer

Link to publications

Link to GeneView report of SNPs

Link to Sequence Viewer

Link to protein 3-D structure

Link to OMIM database entry

percentage of heterozygosity indicated by red arrow

v

SNP is validated

. ]

genotype information is available

More information found at http://www.ncbi.nIm.nih.gov/corehtml/query/Snp/EntrezSNPlegend.html.
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