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Single Nucleotide Polymorphisms

DNA sequence variations 
(A,T,C,or G) 

AAGGCTAA -> ATGGCTAA



SNPs vs. Mutations

by allele frequency

A single base change, occurring  
at a frequency of >1% 
- a single nucleotide polymorphism (SNP) 

When a single base change occurs at <1% 
- a mutation.
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Tandem Repeat Polymorphisms

A very common class of polymorphism
variable length of sequence motifs

-Microsatellites or Short Tandem Repeat (STR)
repeat unit: 1-6 

(dinucleotide repeat: CACACACACACA)
-Minisatellites

repeat unit: 14-100



Insertion/Deletion 
Polymorphisms

Sequence repetitiveness (direct or inverted) 
Predispose DNA to rearrangements

Example 
Association between coronary heart disease & a 287 bp       
Indel Polymorphism 
Located in intron 16 of the angiotensin converting enzyme 
(ACE) (OMIM 106180)
Responsible for 50% of the inter individual variability of 
plasma ACE concentration.



Estimated Numbers of SNP

0.3-1.0 kb average intervals
entire human genome - 3X107 bp
number: up to 5-10 million

short insertion/deletions
in between SNPs and VNTR



Polymorphisms &  Disease Markers

non-disease-causing polymorphisms

-Very few of SNP
Direct impact on deleterious phenotype

-Markers to identify & map other genes 



Terminologies 

Allele: Alternative form of a genetic locus
a single allele from each parent

Polymorphism: Difference in DNA sequence 
among individuals.

Linkage Disequilibrium (LD): 2 alleles inherited together
more often than would be predicted

Haplotype : set of alleles on one particular chromosome 
Each person has two haplotypes



SNP – Binary

ACGGGTACCGT 
ACGGGGACCGT



haplotype.mov



From SNP to Haplotype

DNA

GATATTCGTACGGA-T
GATGTTCGTACTGAAT
GATATTCGTACGGA-T
GATATTCGTACGGAAT
GATGTTCGTACTGAAT
GATGTTCGTACTGAAT

AG- 2/6(Black) 

GTA 3/6(Brown)

AGA 1/6(Green)

Haplotype

Phenotype
Black eye
Brown eye
Black eye
Green eye
Brown eye
Brown eye



human genome is organized in blocks 
∼50 kb in size

Haplotypes with high LD
regions with a high level of concomitant inheritance
Separated by regions of low LD 
regions with a low level of concomitant inheritance



Life Cycle of SNPs & Mutations

SNP SNP

SNP SNP

SNP

Species
Differentiation

SNP

Apprearance of
New variants
By mutation

Survival of alleles

Increase of the allele
To a substantial

frequency

Fixation of the allele
In a population

SNP SNPSNP





Classification of SNP

SNPs : intronic, exonic, promoter region

Coding SNPs 
•Synonymous: no change in a.a

silent mutation
•Non-synonymous: a change in a.a.

conservative vs.   
nonconsevative



Genetic Variations
Databases



SNP Databases

dbSNP
http://www.ncbi.nlm.nih.gov/SNP/index.html

Human Genome Variation Database (HGVbase)
http://hgvbase.cgb.ki.se/

TSC: The SNP Consortium
http://snp.cshl.org/



dbSNP

http://www.ncbi.nlm.nih.gov/SNP/index.html

Single-base nucleotide substitutions (SNPs) 

Small-scale multi-base deletions or insertions 
(deletion insertion polymorphisms- DIPs) 

Microsatellite repeat variations 
(short tandem repeats - STRs)



dbSNP Data Type

1.Submitted data from original observation

submitted SNPs (SS) with 
ss# (ss 5586300)

2. Computed data 

reference SNP Clusters (Ref SNP) with 
rs# (rs 4986582)



Submitted SNP Details Page

collection methods (assay technique) 
submitter information

contact data, individual submitter
variation data

frequencies, genotypes





BRCA



dbSNP Search Result



Gene-Oriented SNP Visualization

exon
intron

coding
Synomynous change
Nonsynomynous change

Splice site

Untranslated region
Intron



GeneView for All SNPs

Display of all known ref SNPs  overlaid on gene structure



RefSNP Summary Info



Map Viewer icon for SNPs

Unique position

Multiple position

Withdrawn marker

Not mapped to any genomic location



Map Viewer Icon for SNPs 

Locus

Transcript

Coding

Locus not within known gene locus

Transcript not within known trancript region

Locus not within known coding region



Map Viewer Icon for SNPs

Marker has been validated by imdependent resequencing
Unvalidated marker – success rate >95%
Unvalidated marker – success rate >90%
Unvalidated marker – success rate >80%

Success rate = 1-false positive rate



Map Viewer Icon for SNPs

Average heterozygosity 0.26-0.30

Average heterozygosity 0.00-0.40

No allele frequencies



Validation Methods



Map Viewer Display Option



SNP: Genome View



Online Mendelian Inheritance 
in Man (OMIM)



OMIM Allelic Variants

• OMIM : genetic disorders by all levels  of 
mutation/variation

nucleotide substitutions
to large-scale chromosomal abnormalities. 

• "Allelic Variants" 
nucleotide substitutions; 

• small insertions and deletions (indels)

• 10-digit OMIM number (e.g., 141900.0003)
• 6 digit OMIM number of the parent locus
• + decimal point + 4-digit variant number. 



Viewing the List of Allelic Variants
OMIM allelic variant number (4 digit) 
name of associated disorder or condition 
gene symbol 
type/location of variant



Viewing the List of Allelic Variants
OMIM allelic variant number (4 digit) 
name of associated disorder or condition 
gene symbol 
type/location of variant



Functional Analysis of
Polymorphisms



Sequence Alignment



Amino Acid Comparison Text View
NCBI Amino Acid Explorer



Amino Acid Comparison Graphic View
NCBI Amino Acid Explorer



Mutation Database

•Nucleic Acids Research Database Issue
http://nar.oupjournals.org/content/vol32/suppl_1/

•HUGO Mutation Database Initiative
http://www2.ebi.ac.uk/mutations/cotton/dblist/dblist.html



A Decision Tree for SNP Analysis



SNP Class & Method Class

Method class



TaqMan Assay



Denaturing High Performance Liquid Chromatography
(DHPLC) 





SNP Microarray Chip



Affymetrix Probe Layout
• Two alleles, A & B
• PerfectMatch

(Signal)
MisMatch
(Background)



Pharmacogenomics

Inherited variations in genes 
@ drug response 

Predict 
whether a good or bad response 
to a drug

pharmacogenomic.swf



Chemosensitivity & Genomics

phase I enzymes 
activation or inactivation of the drug

Quinone oxidoreductase
(NQO1, NADH)
carcinogenic quinones -> less toxic hydroxyquinones
inactivate the antileukemic agent doxorubicin



Lower activity GSTP1 1578A > G (GSTP1∗B) 
a.a. change Val105Ile

- associated with higher etoposide
clearance in African Americans treated 
with steroids
























