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Polymorphism

Single nucleotide polymorphism
Tandam repeat polymorphism
Insert/deletion polymorphism



Single Nucleotide Polymorphisms

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

AAGGCTAA -> ATGGCTAA

Sickle cell anemia:
GLU

HBB - . .CAC CTG ACT CCT GTG GAG AAG TCT. ..
HBS ...CAC CTG ACT CCT GAG GAG AAG TCT. ..

VAL




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: CACACACACAC &
-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

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

-Very few of SNP
Direct impact on deleterious phenotype

non-disease-causing polymorphisms

-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
ACGGGGCACCET



haplotype.mov



From SNP to Haplotype

Phenotype

Black eye GATATTCGTACGGA T Hablot

Brown eye GATGTTCGTACTGA T aplotype

Black eye GATATTCGTACGGA T AG  2/6(Black)
GATATTCGTACGGA T 3/6 (Brown)

Brown eye GATGTTCGTACTGAAT AG  1/6(Green)

Brown eye GATGTTCGTACTGAAT

—



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

Apprearance of
New variants
By mutation

Increase of the allele

~ To a substantial
frequency
Species “Fixation of the allele
Differentiation R T fon




Upstream Enhancers

Transcription Factor

Binding Site Exonic Splicing
‘ Enhancer (ESE)

Exonic Splicing

GT Splice Donor Silencer (ESS)

\

5' UTR

N

TATA
Upstream repressors

TSS

Promoter Region

INTRON INTRON

Intronic Splicin
Enhancer (ISE) .  |ntronic Splicing
'\\Silancer (1SS)

.

AG Splice Acceptor

J'UTR — 3

Poly A signal



Classification of SNP

SNPs : intronic, exonic, promoter region

Coding SNPs
Synonymous: no change in a.a
silent mutation
‘Non=synonymous: -a’‘changeina:a.
conservative vs.
nonconsevative



Genetic Variations
Databases



SNP Databases

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

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

#SC: The SNP Consortium
http://snp.cshl.org/




dbSNP

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

W 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)



¢ collection methods (assay technique)
@ submitter information

| contact data, individual submitter
@ variation data
frequencies, genotypes
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dbSNP Search Result

f_; NCBI ENTREZ
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Snp In Gene Model Legend:
- Region exon

T - Region intron
- snp: coding

' - s Synomynous change
| -

- snp: Untranslated region
- P Intron
| - snp: Splice site

Gene-Oriented SNP Visualization




| GeneVien f

Display of all known ref SNPs overlaid on gene structure

Gene\iew ia analysis of contig annotation, BRCA! breast cancer | earlyonset
Clk e all (cSINP) has hequency [double hi faploke taaged) vanaions assoclated with his gene

viewrs | © ingeneregion © cSNP (" has frequency  double hit " haplatype tagged

Contig ~ mma  protein mmaorientation  snp graph
gene model (contig mRNA transcript): NT 010755 NM 007294 NP 009225 reverse — transcripton minus strand




RefSNP Summary Info

Summary Information for refSNPs

The NCBI genome map viewer can be configured to supply additional information
about elements in the master map by selecting verbose mode in the display

settings dialog bosx.

When the "SMNP" map is selected as the master map, the user is presented with a
graphical summary of several properties ofthe SNP in a display that looks like this:

rs999991
rs999992
rs999993

rs999994
rs999995

Map Gene Het Validation Genmy.peaa Aval _
q 100% >80 90 S95% Linkout Avail

¥ LT bt [ 7 -

VY L T |

¥ [T I % - o
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In silico map results

The quality of the SNP is computed from mapping and validation data. The current
set of map icons and their meanings are:

¥ Marker mapped to Unique pOSiTiOl‘l n the genome. Markers
mapped 1o two COlivg e o e owoe2 CHRrOMosome will also
receive this icon, on the assumption that the contigs might not
have been joined during sequence assembly.

Vs farker mapped to . og e in the genome. Markers
mapped to 2 to 10 Mul'l'lple pOSI‘l’IOﬂ of the genome will
receive this warning icon. Markers mapped to more than 10
locations will not be annotated on huMman genoMmes sequence,
nor will they be included in the genome map views.

h 4 Markers thathave & . . . dbSMNP as a
duplicated gene re Withdrawn marker - iirzct il be flagged
with this WITHDRAYWN icon. Evidence for withdrawing the
marker can be found in the dbSKP refSHNP report for the
marker.

k¥ This markeris nol Not mapped to any genomic location =
Mouseover Text

MAP COUNTS: reports the number of hits to each of the
following categories:

Total number of chromosomes [CH]

Total number of contigs [NT]

Total distinct locations [TOT]

Map Viewer icon for SNPs



Gene region f functional classification

Markers placed on the sequence map are examined for neighboring gene features
(gene, mMRMNA, CDS, and exon). Markers that satisfy the conditions below are
considered a member of the set of markers associated the the gene, and each is
assigned a functional classification depending on its particular location in the gene
region:

Gene Meaning

[ LOCUS S:Any part of the marker [ZID':ItIDI"I Oon seduence map is
a Z2kb interval 9" ofthe most ' feature of gene (CDS,
ml—?’H.ﬂ-., gene), OR the marker position is within a 200 IJ-:I‘;E‘
interval 2° ofthe Mmost 2" Teature orfthe gene. Both strands of
sequence are examined Tor gene features, so a marker can
potentially be a variation on multiple genes at a single
location.

- M Any part of marker position overlaps with mRMNA
TPG"SCI’I‘IP"' varlaps with UTHRSIintron and mMEMNA Teature is
missing), BUT marker position is not within the coding region
of the transcript.
[ — COdlﬂg ANy part ofthe marker position overlaps with a
equence (CDS) region {or overlaps with exon region
inthe unlikely case an exon is annotated but CDS is missing).

Locus not within known gene locus - (== d=nined aboves for

————— o —

rannotated

Transcript not within known trancript region
= o ’ e . . . ‘or any annotated
Locus not within known coding region

Mouseover Text

Mouseover on any letter will show the set of gene symbols for
each respective functional cateqory

Map Viewer Icon for SNPs




Cluality Information

This scale distinguishes validated markers {‘5':?} from unvalidated ones {-}.
Wigwed as a vertically stacked histogram, the width of each scale reports the
likelihood that a marker is real as defined by the submitter. Thi=s likelihood is based
on validation experiments conducted by the submitter Tor each batch of reported

markers, where the success rate for a batch is defined as 1 minus the fTalse
positive rate. Scale probahbilities are:

Yalidation Meaning

FTFCF Marker has been validated by imdependent resequencing
::- Unvalidated marker - success rate >95%

B Unvalidated marker - success rate >90%
Unvalidated_rpar'ker' - success rate >80%

The success rate for the marker is reported. If several

submissions have been clustered into a sindgle refS-F, then

the reported figure is the maximuom sJuccess rate for the
cluster.

Other Information Success rate = 1-false positive rate

Meaning

- Individual genotypes have been submitted to dbSMP for this
rmarker.

Links hawve been established betvwween the dbSHPFP marker and
a submitter wehbsite ar database. These resaudrces can

provide additional information about the gquality of the marker
or itz phenotyvpic effects for the aorganism or dene.

Map Viewer Icon for SNPs



Marker heterozygosity

This 0-100% scale indicates the average heterozygosity as the range avg_het+2
[SE(avy_het)], where SE(avg_het) is the standard error of the estimator. Thus the
graph shows an approximate 95% confidence interval for the marker.

Het Meaning

Ll No allele frequencies ' measures of ohserved heterozygosity
were submitted for this marker.

Il Average heterozygosity 0.26-0.30 ¢ qnfidence interval
(0.26 = 0.30). The estimate has a small standard error.

Il Average heterozygosity 0.00-0.40 , confidence interval
(0.00 - 0.40) The estimate has a large standard error.

Mouseover Text

Mouseover on the graph will report average heterozygosity and
standard error in the form Het (S.E.). E.q. Het (S.E.)=0.32
(0.008)

Map Viewer Icon for SNPs



Validation Methods

’T. validated by multiple, independent subtmssions to
' the refSNP cluster

ﬂ validated by frequency or genotype data: minor

alleles observed in at least two chromosomes.

‘”T validated by subrmtter confirmation

‘E all alleles have been observed m at least two
A" chromosomes apiece

H validated by HapMap project




Map Viewer Display Option

<} Map Yiewer - Microsoft Internet Explorer =10] x|

Organism: Homo sapiens Help

Chromosome: |4 Region Shown: |9532963.50 |[3538038.50

Available Maps: Maps Displayed (left to right):

Org; fhuma.n - _ﬂ_ssembijrj I ref Ee {::I'IEI_I"IEE AEEEI‘TIE!"_'{
FRn_EST - [] Gene_Cytogenetic Move UP
ssc_lUniGene []Hs_UniGene
Ssc EST R] Gene Move DOWN _ |
Bt_UniGene ADD>> I Make Master/Mc
Bt_EST
Yariation J <<REMOVE 1
—ytogenic maps—

Ideograrm Toggle Ruler |
FISH Clone hd ([R] before map means "nils

More Options:

™ Show Connections W Verbose Mode

Compress Map: I auto ;. Auto Compress if > |350 px
Page Length: [-3-5-—'

Thumbnail View: & default (ideogram) © master

Apply | Close I




SNP: Genome View

NCBI Map Viewer

NCBI
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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 dllelic variant number (4 digit)
name of associated disorder or condition
gene symbol

type/location of variant

Display [Allelic variants = | _Sendto [Tex

+305900
GLUCOSE-6-PHOSPHATE DEHYDROGENASE: G6PD

ALLELIC VARIANTS
(selected examples)

0001 GEPD A+ [GePD, ASIN126A5P ]

0002 GEPD A- [GOPD, VALGEMET, ASIN126A5F]
0003 GEPD CHATHATN [GEPD, AT AZSZ5THR]

0004 GEPD ILESHA [GEPD, GLU156LY S

0005 GEPD WMAHIDOTL, [G6PD, GLY 1635ER]

0006 GEPD MEDITEEREANEAN [G6PD, SER138PHE]
0007 GEPD METAPONTO [GE6PD, ASP58A 5]

00028 G&EPT PORTICT [G6PD, ARG3953HIS]

0009 GEPD SANWTTAGO DE CTTBA [G6PD, GLY447 ARG]
0010 GEPT SEATTTE-TTEE [G6PD, ASP282HIS]
0011




Viewing the List of Allelic Variants

OMIM dllelic variant number (4 digit)
name of associated disorder or condition
gene symbol

type/location of variant

Display [Allelic variants = | _Sendto [Tex

+305900
GLUCOSE-6-PHOSPHATE DEHYDROGENASE: G6PD

ALLELIC VARIANTS

{EEIE:EE examples) l

0001 GEPD A+ [GePD, ASIN126A5P ]

0002 GEPD A- [GOPD, VALGEMET, ASIN126A5F]
0003 GEPD CHATHATN [GEPD, AT AZSZ5THR]

0004 GEPD ILESHA [GEPD, GLU156LY S

0005 GEPD WMAHIDOTL, [G6PD, GLY 1635ER]

0006 GEPD MEDITEEREANEAN [G6PD, SER138PHE]
0007 GEPD METAPONTO [GE6PD, ASP58A 5]

00028 G&EPT PORTICT [G6PD, ARG3953HIS]

0009 GEPD SANWTTAGO DE CTTBA [G6PD, GLY447 ARG]
0010 GEPT SEATTTE-TTEE [G6PD, ASP282HIS]
0011




Functional Analysis of
Polymorphisms



Sequence Alignment
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Amino Acid Comparison Text View
NCBI Amino Acid Explorer

| Serine vs Tyrosine

Amino Acid Explorer Feature | Serine I Tyrosine
Course Mein Paoe {Serine 15 the simplest hydroxyl amino acid, |Tyrosme is both an aromatic and a
' bemng equwvalent to alanine wath the hydroxyl amino acid, bemg equivalent to
Description of |hydroxyl replacing one of the methyl |phcny‘la.la:m: with the para position of the
Displayed Data |protons. The hydroxyl group not only |ph=nyi group substituted with a hydroxyl
Synopsis |gives serine hydrogen bonding potential, | This phenolic hydroxyl endows tyrosine
but enables it to serve as a substrate to with unique chemical properhes, and
|both kinases and glycosyltransferases. allows it to serve as both a catalyst and a
|Senne 1s also the third most abundant substrate to the vast array of kmases
|amino acid n protems. specific for this residue.
‘Side chain ' i
flexibility Low : Moderate
Interaction modes H-bonds, van der Waals ! H-bonds, aromatic stacking, vvan der
! ‘Waals
Potential side 5 | .
chain H-bonds i
I [
Residue molecular i
weight 87 | 163
Tsoelectric point 5.7 i 5.7
Hydrophobicity | 0.601 I 0.714
Standard codon(s) UCNAGY ! UAY
| | |
! <> Polar
<> Polar I
| @ Hydroxyl
Properties @' Hydroxyl !
) ! o Aromatc
@ onessential l
! e Monessential
|




Amino Acid Comparison Graphic View
NCBI Amino Acid Explorer

| serine vs Tyrosine

Click to display with Crn3lD Click to display with CriD




Mutation Database

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

‘HUGO Mutation Database Initiative
http://www?2.ebi.ac.uk/mutations/cotton/dblist/dblist.html
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SNP class:

[ het

[lin del
[Imicrosat

[ mixed

[ mnp

[ | named

[ no variation
[Jsnp

[] computed
[1dhple

[ hybridize
[ ] other
Cleflp

[ sequence
[ssep
[Junknown

variation has unknown sequence composition, but 1s observed to be heterozygous
msertion deletion polymorophism, deletions represented by '-' in allele string
microsatellite / simple sequence repeat

multiple nucleotide polymorphism (all alleles same length where length>1)
allele sequences defined by name tag instead of raw sequence, e.g. (Alu)/-
submission reports mvariant region in surveyed sequence

true single nucleotide polvmorphism

variation was mined from sequence alignment with software

Denaturing High Pressure Liquid Chromatography used to detect SNP
hybnidization method (e.g. chip) was used to assay for vaniation

other method used to detect vanation

variation in enzvme restriction site used to detect variation

samples were sequenced and resulting alignment used to define vanation
single stranded conformational polymorphism used to detect vaniation




TaqgMan Assay
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Denaturing High Performance Liquid Chromatography
(DHPLC)
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SNP Microarray Chip

R




Affymetrix Probe Layout

- Two alleles, A & B

- PerfectMatch

(Slgnal) [Gene 5114 5051254] [18252T]
MisMatch
(chkground) Model rmethod: PMIMM difference model

prrB

FrrnB

FrrTid,
s,



Pharmacogenomics

@Inher‘ited variations in genes
@ drug response

%redic’r

whether a good or bad response
to a drug

<]

pharmaco genomic.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 (65 TP B)
a.a. change Vall05Ile

- associated with higher etoposide
clearance in African Americans treated
with steroids
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WHZMANN INSTITUTE OF SCENCE

New Search (GeneCards Home) | Search Examples | User Feedback | Terms of Use | Motice about third-party sites
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runt-related transcription factor 1 {acute myeloid leukemia 1; ami1
GeneCard for protein-coding RUNX1 ¥ oncug{ene] J

GC21M035081 Symbol approved by the RUGO Gene Nomenciature Cormmittes (HGNG] database
(Previous symbols: AML1, CBFAZ)

ey
Services | Jump to Section... v| S
Aliases Descriptions
AML1 23.5.5 Acute myelaid leukemia 1 pratein
AML1-EVIF 2 CEF-alpha 2 °
Aliases and AMLCRY 125 Core-hinding factor, alpha 2 subunit #
Descriptions CBFA2 2356 Oncogene AML-1 2
E““‘C';”Er:i?gztée:fﬂ- Byl 2 PEAD-alpha B °
3UniF‘rutf5wiss-F‘lmt, PEBR2A2 .22 F‘EEiF‘E-aI.pha i o , ,
4niProt/TEMEL . 5GDE, PEBPZaB © Palyomavirus enhancer hinding protein 2 alpha B subunit
SOMIM . ENature-405.311-319 Runt-related transcription factar 17
and CroW21, andfor SL3-3 enhancer factar 1 alpha B subunit #
"Geneloc SL3#AKY core-binding factor alpha B subunit
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Chromosome. 21
Entrez Gene ctogenshic band. 219223 Ensembl cytogenetic band. 21q22.12
Nature(405: 311-319) cytogenetic band. 2192212

iZene in genomic location: bands according to Ensembl, locations according to (and/or Entrez Gene and/or Ense

different)
Chr 21
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Genamic Views ACCOrNg 10/ oo pnasngs. GenelLoc Nature:405.311.319
UESE and Engermbl, Whale _

Chramsome Sequence Siart: 35,081,971 bp from pter 21,770,223 bp from centromere
According to Nature (cited Encl: 35,343,511 bp from pter 21,837,636 bp fram centromere
Here with Permissiony 405,311- | 2iZ€ 261,540 bases b7,414 bases

319 and CroWy21) Orientation: minus strand minus strand
About This Seclion
. RefSeq genomic assemblies:
Jumnp to Section.., ik MC 0000217 MWT 011571210 MT_08R913.1

Whole chromosome sequencing:
cDMA sequence: D43967
genormic clones: PPOT40K1E to P4S3ALD
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to repress RUMNET-mediated transactivation. Interacts with MY 3T3 and MY ST4.
s Subcellular location: MNucleus.
s Caution: The fusion of AMLT with EAP in T-MDS induces a change of reading frame in the latter
resulting in 17 AA unrelated to those of EAP.
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n=ortium 2006-02-017.
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UCSC Genome Browser on Human May 2004 Assembly

Ty | c:a:c:” c:-=:|| < || » ||:=:= || :‘:’:‘|zm:-min|1-5}[| S ||“|III3{|| hace | e c:-ut|1-5}[ || Fu ||“III|}:|

pgsiﬁgnﬁsearch chrd1:35 071 971-35 353 511 jump ” I:|EE”F| size 281,541 bE | configure |

chir2l (22,120 FaREel =) [ = 21021, 1 421 . = CEENEE  BEE SRR

chir21 | I51Sa66a| Z5200860| Z5250860| E5508860| I5ESAA60
Genecards Gernes

FEUMA1
C210rFas |
UCEC Known Genes (June, 852 Based on UniFrot, RefSedq, and GenBank mREMA
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10 to Section... [v]

1 Gene Ontology (GO} cellular component term (links to tree view):
00005634 nucleus
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Antibodies for RUNX1:

Nl' Search Cell Signaling Technology for Antibodies and Assays.
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2 InterPro iliog.
[PROMZ346 PE3 RUNT _DMNA bd
[PRO0CO40 AMLT Runt

Protein Domains/ Graphical Yiew of Domain Structure for UniProt Entry G01196

Families
sccording to InterPro,  ProtoMet protein and cluster: Q011596

itolet, UniProt, andfor

BLOCKS 1 Blocks protein family: IPE000040 Acute myeloid leukemia 1 protein signature
About This Section
: UniProt/'Swiss-Prot: BEURAT _HUMARN, Q071196
10 to Section... [v]

+ Domain: A proline/serinefthreanine rich region at the C-terminus is necessary for transcriptional
activation of target genes.
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I Cell Signaling

PRODUCT SEARCH:

SUBMIT

TECHNOLOGY"

oduct Pathways
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Chromatin Regulation
MAPEK Signaling

Apoptosis /Caspase

Akt Signaling
Translational Control

Ca, cAMP & Lipid Signaling
cell Cycle /Checkpoint
Jak / 5tat Pathway
MF-kappaB Signaling
TGF-beta /SMAD Signaling
Lymphocyte Signaling
Neuroscience

Tyrosine Kinase / Adaptors
Cytoskeletal Signaling
Glucose Metabolism
Wnt/Hedgehog Signaling
Muclear Receptor

Protein Folding & Stability
Other Signaling Pathways

Kinome Request b View Carl
Search Literature Check Ou

reference

Q PhosphoSite | liLTlE

Product Pathways - Lymphocyte Signaling

e 6 &9

more info application FAQs download

new products support | orders

AML1 Antibody

Gy

references datasheet
Catalog # Size Price (USA)
#4334 100 microliters (10 Western mini-blots) £150.00 E;’rﬂl‘” in ek
Species Cross- MW . ..
Reactivity (kDa) Applications Source
H Ml 5o W IF-IC F Rabhbit
H=Human W=Weastern Blot
Ml=Mankey IF-IC=Immunofluorescence

{Immunocytochemistry)
F=Flow Cytometry

Specificity / Sensitivity
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Western Blotting
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Western blot analysis of
extracts from Jurkat and
kasumi-1 cells, using

AMLL Antibody.

Source / Purification

Flow Cytometry

Lowils

Flow cytometric analysis
of Jurkat cells, using
aML1 Antibody (blue)
compared to a
nonspecific negative

contral antibody (red).

IF-1IC

Confocal immunofluorescent

image of Jurkat cells |abeled

with AMLL Antibody {green).
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20861 genes f 3883 phenotypes f 61367 citations

# release Fri 2 Jun 2006

Symbol bAPT fasf uadale t 11/03/2006
HGNC name myeloperoxidase

HGHC id 7218

Corresponding disease [P0

Location 17022-023.1
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1.11.1.7

PATH

TYPE functioning gene
SPECIAL FEATURE
text Tail to tail with LPO
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