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1. Introduction

Why are they important?

•Diagnostics: Compare SNPs (in or close to 
genes related to a disease) in effected vs. 
normal individuals.
•Drug Design: Differences in drug response 
w.r.t. SNP patterns.

•Most common type of variation - account for 90% of sequence differences (Collin et al., 1998).
•Found in the human genome at an average frequency of 1 per 1000 base pairs (Brookes, A.J., 1999)
•Most are found in non-coding regions because coding regions are under selective pressure to be
conserved.

What are SNPs?

SNPs stands for Single Nucleotide 
Polymorphism’s.  They are singe base pair 
changes or variations within a genome.  For 
example, a C changing to A/G/T.
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2. Importance to Cancer and Past Success

Common Variations
Diseases such as cancer caused by common defects.

Therefore, find many SNPs and compare SNP profiles of diseased and normal individuals 
in terms of frequencies and modification of SNP expressions etc.

Most SNPs predictive of abnormal phenotypic expressions are found around or within 
genes involved in mechanisms related to diseases.

One strategy is to look at SNPs within coding regions.

Past Success
French Group - 1996

By comparing “risk genes” b/w normal and those affected by Crohn’s disease, they 
found 13 candidate SNPs.

Crohn’s patients carried at least one of three candidate SNPs  more frequently than 
normal individuals.  All three fell within a specific gene’s (NOD2) coding region.



Single Nucleotide Polylmorphisms (SNPs) June 19, 2002June 19, 2002

3.  Our Approach
A) Search for SNPs in Cancer related genes

B) Combining information from different SNP databases

C) Searching for Protein Domains

D) Visualizing information - localization of SNPs in protein domains

E) How tolerated a SNP is w.r.t. how conserved the original nucleotide is
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3.  Our Approach
A) Search for SNPs in Cancer related genes

We used 4 databases to search for SNPs:
i)   HGVbase
http://srs.ebi.ac.uk/srs6bin/cgi-bin/wgetz?-page+query+-l+hgbase

ii) dbSNP
http://www.ncbi.nlm.nih.gov/SNP/snpLocus.html

iii) CGAP-GAI
http://lpgws.nci.nih.gov:82/perl/snpbr

iv) GeneSNP 
http://www.genome.utah.edu/genesnps/
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HGVbase
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dbSNP
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CGAP-GAI
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GeneSNPs
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B) Combining information from different databases
Each database provides SNPs based on different mRNA sequences.  However, all provide short 
sequences upstream and downstream of the SNPs.

This information can be used to localize all these different SNPs on to a common reference strand 
using SNP Blast - http://lpgfs.nci.nih.gov:82/perl/blast2
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C) Protein Domain Searches

The last step is to find the domains in the gene product and see if the SNPs found are in the 
domains or not.  SNPs in domains are more likely to cause functional changes than SNPs in 
other parts of a protein.

We use 3 databases to search for protein domains:
.NCBI CD-Search - http://www.ncbi.nlm.nih.gov/SNP/
.Pfam - http://pfam.wustl.edu/hmmsearch.shtml
.SMART - http://smart.embl-heidelberg.de

In each case you simply copy and paste the amino sequence of each gene on to which all SNPs 
have been standardized.  Record the amino acid positions for the start and end of all domains.

Note, the amino acid sequence is found by going to http://www.ncbi.nlm.nih.gov/ and entering 
the nucleotide accession number.
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NCBI CD-Search
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PFAM
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SMART
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D) Visualizing Information

SSNNPP  LLooccaattiioonnss
CCDDKK22
Amino Acid Sequence

         7 8 9        71          150             190   196  208
       T200S         

Nucleotide Sequence

         2290

                                  505              1131
                                                                 G1103C

PROTEIN KINASE DOMAIN

CODING REGION

TYROSINE KINASES

DUF71

SERINE/THREONINE PROTEIN KINASES
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E) SNPs - Amino Acid change tolerated or not

We want to check whether the amino acid change is tolerated or not.  This is done by comparing 
the SNP change across several species.

The program we use is SIFT v.2 - http://blocks.fhcrc.org/~pauline/SIFT_seq_submit2.html
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A) Gene Families Studied - 71 Cell Cycle Genes

•Cell Division Cycle (CDC) - 22
•Cyclin (CCN_) - 14
•Cyclin-dependent Kinase (CDK) - 10
•Cyclin-dependent Kinase Inhibitor (CDKN) - 7
•Growth Arrest and DNA-damage-inducible (GADD) - 3
•Other genes - 15

4.  RESULTS
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Total: 337 SNPs

Unique a.a.: 164 changes

After SNP Blast
Unique a.a.: 131 changes

38 Unique a.a. changes
in Functional Domains

30 Unique a.a. changes
Not Tolerated

HGVbase dbSNP CGAP GeneSNP

B) Statistical Results

## Unique a.a. changes
Not Tolerated

## Unique a.a. changes
Not Tolerated
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Total 71 Cell Cycle Gene
Total No. of Snps= 337 % of Total
HGV 87 25.81602
dbSNP 69 20.47478
CGAP 119 35.31157
GeneSNP 51 15.13353

% of Total
48.66468843 > 164 unique a.a changes before SNP Blast
38.87240356 > 131 unique a.a changes after SNP Blast

% of Unique after  SNP Blast
29.00763359 > 38 unique a.a. changes in functional domains
23.66412214 > 31 unique a.a changes not tolerated

5.34351145 > 7 SNPs w/ stop codons

Unique Amino Acids
In Functional Domains Not In Functional Domains
Tolerated Not Tolerated Tolerated Not Tolerated Total

26 12 74 19 131

Total No. of Validated SNPs 18
No. of Validated SNPs in Functional Domains 6

No. of Validated SNPs in Functional Domains that are Tolerlated 6 i.e. none of the SNPs are not tolerated

B) Statistical Results
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SNPs Present in Functional Domains and Not Tolerated
Gene A.A. Change Domains Affected Validation Status

1 CDK5 Asp38Tyr S_TKc P_Kinase Tyr K U
2 CDK9 Val45Leu S_TKc P_Kinase Tyr K U
3 CDC10 Ser45Leu GTP_CDC Feo_B RAB U
4 CDC14A Trp182Cys PTPc_DSPc Y-phosphatase S
5 CDC2 Arg59Cys S_TKc P_Kinase Tyr K U
6 Arg59Gly S_TKc P_Kinase Tyr K U
7 CDC20 Leu467Pro WD40 U
8 CDC25B Pro492Ser Rhodanese RHOD U
9 CDC27 Gly574Arg TPR U

10 Asn575Asp TPR U
11 Tyr635Asn TPR U
12 DDC P210L pyridoxal_deC U

SNPs Not Present  in Functional Domains and Not Tolerated Validation S
1 CCND3 Ala15Val
2 CDC20 Ala117Val
3 Ile405Thr
4 Leu493Phe
5 CDC23 Pro3Leu
6 CDC25B Ser590Thr
7 CDC27 Phe26Ser
8 Leu27Pro
9 Tyr48Ser

10 Tyr73Cys
11 Ser230Tyr
12 Glu534Lys
13 Ser566Leu
14 CDC2L5 Thr671Ala
15 CDC37 Gly360Glu
16 CDKN1A Asp149Gly
17 CDKN1B Arg15Trp
18 DDC M17V
19 PKMYT1 Val445Ala
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