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What makes us all different?

 Largely due to the differences in our
genome sequence.

In fact, even the two copies of the
genome in our cells differ.

Between any two unrelated genomes,
there is about 1 difference every 1000
bases.

Overview of Topics

Genome variation origins

Types of polymorphisms

Discovery methods

Access to genetic variation data

How to find SNPs in a region of interest
Haplotype Map project
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Genome variation origins

« Mutations are fundamentally produced
by errors in DNA replication.

« DNA is replicated in the production of
the egg and sperm cells.

» Thus, a child does not receive exact
copies of information from mother and
father.

Types of polymorphisms

 Single Nucleotide Polymorphisms
(SNPs) are single base changes and
occur at a rate of about 30 - 60 sites per
genome per generation.

ACTCCTCTTATCCCTGC
ACTCCTCTCATCCCTGC

ACTCCTCT ATCCCTGC
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Types of polymorphisms

« Short Tandem Repeats (STRs) are
specific repeated segments of
sequence.

GGTTTTTGCC AGTAGGA
GGTTTTTGCC AGTAGGA
GGTTTTTGCC AGTAGGA
GGTTTTTGCC AGTAGGA

TTGCC AGT

STRs continued

» These types of polymorphisms are used
by the FBI for forensic testing.

 The 13 STRs that are used are all
tetrameric, e.g., D7S280 is "gata“
repeated 6-15 times.

Base Fositioh  S3481578| 53401550| S$34015398| 53401660 534016168 S34081628| 35401630] 55
TTAGTGAGAT TARARRARACTATCARTCTGTCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCT
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STRs continued

» These sites are especially variable in
the human genome.

« From the 13 sites used by the FBI for
DNA fingerprinting there are more
possible combinations than the number
of people on earth by a factor of one
million.

Types of polymorphisms

 Deletion/Insertion Polymorphisms (DIPs)
are deletions or insertions of 1 base to
as large as a few kilobases.

CATAAAAAAAGCAACAAAATC
CATAAAAAAA-AACAAAATC

CATAAAAAAA AACAAAATC
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Beyond polymorphisms

* When a mutational event is sufficiently large,
these events are classified as chromosomal
rearrangements.

There are many examples of these as seen in
karyotypes.

These larger scale rearrangements,
duplications or deletions are often associated
with various diseases and severe
abnormalities.

Discovery methods

The primary method for discovering
polymorphisms is by sequencing DNA
and comparing the sequences.
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Trace Archive Search query:
trace_name='S213P602260RC9.T0' OR trace_name='50766946'

Discovery methods

» There are other ways to find out if two
or more DNAs differ, for example:
— single strand conformational polymorphism
(SSCP)

— denaturing high performance liquid
chromatography (DHPLC)

» These methods do not give specific
sequence changes, however, they can
be used for rapid mutation screening.
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wild type mutant heteroduplenes homaduplexes

Hecker KH, et al. Anal Biochem.
1999 Aug 1;272(2):156-64.

BRAF oncogene

« The Sanger Institute’s Cancer Genome Project used
the heteroduplex variation screening method to
discover a missense mutation in the BRAF gene that
is present in 66% of malignant melanomas.
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Davies H, et al. Nature. 2002 Jun 27;417(6892):949-54
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Mining SNPs from sequence

EST mining

Clone overlap

The SNP Consortium (TSC)
Targeted resequencing
Haplotype Map Project (HapMap)
Other

Expressed Sequence Tag Mining

» These sequences are primarily associated with
coding regions of genes.

» By clustering these sequences, selected differences
are identified as SNPs.

* There are over 100,000 SNPs in dbSNP from a
variety of species detected from clustered ESTs.

» The following example is from the CGAP SNP project
(see refs).
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Clone Overlap

* The human genome was sequenced from BAC
clones (containing about 150kb of sequence each).

» These overlapped to various levels, and within the
overlap regions, high quality base differences
indicated the position and alleles of SNPs.

ACATIEas

STS Markers
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Clone Overlap

* About 1.3M SNPs in dbSNP come from mining of

clone overlaps.

Special care was required to insure that the
overlapping clones came from different haploids. (see
references)

This can be accomplished by looking at the source
DNA for the two clones to see that it originated from
different individuals, or if from the same individual,
that the variation rate within the overlapping regions
indicated that the DNA was from different haploids of
one individual.

The SNP Consortium

A two year effort funded by the Wellcome Trust and
11 pharmaceutical and technological companies to

discover 300,000 SNPs randomly distributed across
the human genome.

At its initiation in April 1999, the genome was only 10%
finished and 20% in draft form.

The SNPs were developed from a pool of DNA
samples obtained from 24 individuals representing
several racial groups.

11
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The SNP Consortium

With the rapid increase in genome coverage
from the public Human Genome Project, the
strategies changed to take full advantage of
the draft and finished sequence.

The initial target of 300,000 SNP was passed
quickly, and now the sequence generated
from that project contributes over 1.3M SNPs
to the public archives.

12
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More SNPs for HapMap Project

 This project required many more SNPs
than were available when it started in
October 2002, which totaled about 2M.

Additional random shotgun sequencing
has brought this to 4.8M SNPs today.

Plans are to bring this to 6M SNPs by
February 2004.

Targeted Resequencing

* Any region of the genome can be targeted for
resequencing. From the finished sequence,
PCR primers can be designed to amplify a
target followed by sequencing.

* This method generally works from a 1:1
mixture of an individuals two haploids, so the
special case of heterozygous base positions
must be properly processed.

13
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IMS-JST096911

Chr 19 PTGER1 gcC/gcT A/A

Targeted Resequencing

+ JSNP database contains 190,562 SNPs
detected from resequencing genomic regions
containing genes in DNA from 24 Japanese
individuals.

Many groups use this technique for either
SNP discovery in their region of interest, or as
a way to validate SNPs.

PolyPhred (see web links) is commonly used
for analyzing resequencing traces.

14



Current Topics in Genome Analysis

Fall 2003

SNP detection by PolyPhred. View of a Consed window with a tag (red=highest
ranking 8NP tag) marking the consensus position of the SNP in the traces and
genotype tags marking each of the samples helow (purple=homozygote,
pink=heterozygote). On the right trace windows for alternate homozygoes (C/C (top)
and G/G (bottom=> and a heterozygoe {C/G) middle).

TCACCCCTGTTCAGARRAABAGCAATAGACTELT TAGT GGETAR

TCACCCCTGTTCAGARARECaGCAATAGACTGLT TAGT GGCTAA
TCACCCCTGTTCAGARARRCaGCARTAGACTGET TAGTGGETAA
TCACCCCTGTTCAGARRARBAGCAATAGACTGET TAGTGGCTAA
TCACCCCTGTTCAGARARACAGCAATAGACTGLT TAGTGGCTAA
TCACCCCTGTTCAGAARAABAGCAATAGACTGGT TAGTGECTAA
TCACCCCTGTTCAGARARACAGCAATAGACTGLT TAGTGGCTAA
TCACCCCTGT TCAGARARSCaGCARTAGACTGET TAGTGGETAR
TCACCCCTGT TCAGARARACAGCAATAGACTGGT TAGT GGCTAA
TCACCCCTGTTCAGARARECaGCAATAGACTGLT TAGT GGCTAA
TCACCCCTGTTCAGAAAREcaGCARTAGACTGET TAGTGGETAA
TCACCCCTGTTCAGARARACAGCAATAGACTGGT TAGT GGCTAA
TCACCCCTGTTCAGARARECAGCAATAGACTGLT TAGTGGCTAA
TCACCCCTGTTCAGARAAR GCARTAGACTGGTTAGTGGCTAA
TCACCCCTGTTCAGARAAR GCARTAGACTGGTTAGTGGCTAA
TCACCCCTGT TCAGARARACAGCAATAGACTGET TAGTGGETAA
TCACCCCTGTTCAGARARECaGCAATAGACTGLT TAGTGGCTAA

TRITIIYIVIITYITYY

PolyPhred example from their web site.

Sequencing Chips

...GCTCCGTTT...
..GCTCTGTTT...

TGCTCTGTTTTCA

The Sanger Institute

15
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Perlegen used Affymetrix’s chip design process to place
60M probes on a 5x5” chip. From 20 single haploid
chromosome 21 chromosomes, they discovered 36k

SNPs.

Distribution properties

* EST mining
— Locates SNPs primarily within coding regions.

» Clone overlap
— High density of SNPs within overlap regions,
absent elsewhere.

* The SNP Consortium (TSC)

— Randomly distributed across the genome,
however, total sequence only covers 50% of the
genome

16
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Distribution properties

» Haplotype Map Project (HapMap)
— Random, like TSC, for first phase that reached 1X
coverage

— Chromosome sorted phase increased coverage
from 1X-6X

» Targeted resequencing

— Focused discovery that has been applied to 100s
of individuals

» Chip based resequencing
— Repetitive elements in the genome are masked

Quality of SNPs

» The SNPs discovered for the TSC and HapMap
projects use a method designed to give no more than
5% false positive (FP) SNPs.

» Two recent studies have looked at the quality of
SNPs present in dbSNP (see references)

— One study (Reich, et al., 2003) confirmed these minimum FP
rates were achieved.

— It goes on to show that SNPs with both alleles represented
twice in different DNAs can eliminate the FPs.

— The other study (Carlson, et al. 2003) showed a much lower
validation rate, implying either a higher FP rate or that these
SNPs were not present in their DNA samples.

17
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NCBI dbSNP database
of genetic variation

« This is the main repository of publicly
available polymorphisms.

» You'll also find information on allele
frequencies, populations, genotypes assays
and much more.

* Most groups submit SNPs to dbSNP and only
a few maintain web access to their SNPs.

Submitting SNPs to dbSNP

From their main web page, they have extensive information on
how to submit SNPs, genotypes, validation experiments,
population frequencies, etc., for any species.

SNPs that you submit are called Submitter SNPs and get ssIDs.

If there is a reference sequence available for the species
submitted, they will map SNPs to this reference using the flank
information you provide.

SNPs that cluster at the same locus, are merged into Reference
SNPs which have unique rsiIDs.

18
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]IReference SNP Cluster Report

dbSNP build of most recent change to cluster: 116

SNP Details are categorized in the following sections:

current build.

ISubmitter records for this RefSNP Cluster

554395874 LEE|ge546510
554420318 LEE[e546510

5810401625 BCM_SSAHASKHP|chr? NT_007933.12_24364459 g

MCBI SHP CLUSTER ID: rs3137

Organism: human {(Homao sapiens)

Variation Class: ShP: single nucleotide polymarphism
Molecule Type: Genomic

dbSHP build of first appearance: 36

The submission 810401625 has the longest flanking sequence of all cluster members and was used ta instantiate sequence for rs3137 durin

Entry  Update Build Molecule Sequence Obsernved

04/25/02 1010003 106

0472602 1010003 106

OB/29/03 1010003 116

ns'g'm AT (D ‘% Date Date Added Type
353160 WIAF[WIAF-1477 =4 01/23/99 101003 36 cDNA
538206 COAP-GAIM7647 =4 08/23/33 10M0/03 82 cDNA
551531001 LEE|546510 09/13/0010M0/03 82 cDNA

Orientation  Alleles

forward

forward

reverse

cDMA reverse

cDMNA reverse

Genamic reverse

Cim

Cim

GIA

GIA

GIA

GiA

IFasta sequence (Legend)

CTGCCTGCCT GCTCA
T

GGTAATACAL GATCAARCAG

INCBI Resource Links

Submitter-Referenced Accessions:
dhSTE:
GenBank: NT_007933 Hs.110839

dbSHP Blast Analysis:

NCBI RefSeq MM (mRMNA): Mh_014569.2 MM_145102.1
GenBank HTGS Finished: AACCO1000011.1 ACO05020.5
GenBank 5TS: 5153731

GenBank mRMNA: AB023232.1 AF170025.1 BXE458490.1

UniGene transcribed sequence cluster:
UniGene Cluster D 1108349

GGARGTFACT CCTGGGTGay gtgagatggc toctcatctoc tgagggcaat totocaghbtt
ctggagaaca agagotgtga goacttgcay cocasactca gagcagotgy goatgooagt
ctocagotitgy tagaggggac tggacagygc accaChGTGT ACAACACATL TGGtcaacaa
atatttatty ggcatttatt gtaagccaqy calGTCAGCA GARACGGCCT GAGCAGTGCC
CAAGAGCACT CACTCACTCT CCCTAGCAZL CAGGCTCAGAE ACTCTCTCAC ACATGTCATC
CTCTTTCCCA CTCARARCTC CCACCCCAAC CTTCCTGGAL GGCAGGGCTA ACAGGACCTC

GACTGATTAC TTTCAATCCC AGCTGCAATG CAAACTGALL CTCATTCTGT ATATCACCAC
TCTACAGGAG AGGFTCTATTT CTGGGGCACC CAGRAGTCAG CACACATACT GCTGGGACCA
GGFACTCGTAL TTCGCCTTGG TCCAACTCCT TCTATGGGTT TAGCTGCCCT CATTCCTGTS

=gnl|dhSKP|rs3137|allelePos=376|totalLen=576taxid=8606|snpclass=1|alleles="CiTmol=Genomiclbuild=116

19
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BLocusLink Analysis

LocusLink via analysis of contig annotation: ZF P95 zinc finger protein 95 homolog (mouse)
Click to see [all] [LSMP] [has frequency] [double hif] (haplotye tagoed] variations associated with this gene.

Gene Model (contig mRMNA transcrip) MNT_079595-=1Mh_014569:

L_=m 1 11 | I

Contig Contig mRHA mRHA Protein F - dbSHP Protein Codon  Amino acid
. s . . . . unction N o -
accession position accession orientation accession allele residue position position

WT 0795585 24393474 M 014569 forward untranslated region

Pintegrated Maps:

NCBI MapViewer: rs3137 maps exactly ance on MCBI human chromosome 7

Chromosome Currtig Cupt_ig Chmm_u_sume . Hit . Group Group  Contig
accession  position position orientation term label lahel

T MT 0795951 24383474 98120626 minus strand alt_assembly_1 Toronto  Taranto

7 MT 00793313 24364459 98742272 minus strand ref_haplotype  reference reference

NCBI Sequence Yiewer: See r23137 in Sequence Wiewer.
Project Ensembl: Gluery 133137 in Ensembl.

UC Santa Cruz Gehome Assembhy Query rs3137 on the Santa Cruz Assernbly.

P variation Summary:

Assay sample size (number of chromosomes): 38
Faopulation data sample size (number of chromosames): 308
Total number of populations with frequency data: 2
Total number of individuals with genotype data: a Genotype Detail MEW
Hardy-weinherg Frobability: 0.883
Averane estimated heterozygosity: 0.491
Average Allele Frequency:
T 0.566
C 0.434

P validation Summary:

Validation status: sl e DoubleHit found by: BCM_SSAHASNP, NCEI
marker displays Mendelian segregation: M ERNOWMN
FPZR results confirmed in multiple reactions: LINER O

Homozygotes detected in individual genotype data: UNKRHOWWRH




|T- validated by multiple, mdependent subrmissions to
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Validation summary

the ref=IF cluster

t?Z validated by frequency or genotype data runor
alleles observed in at least two chromosomes.

|1 | validated by submitter confinmation

|._—' all alleles hawve been observed m at least two

A chromosomes aplece

Viewing SNPs in Browsers

NCBI

Ease Fosition
Chromosome Eand
2TE Markers
Azzemk 14
ACEASHZAE. 5
ZFFPas

Ensemi 1 Genes
Human mRMAS
Spliced ESTs

Flugu Elat

Fandom SHFs
RepeatMasker

Zimp 1e Repeats

Ensembl UCSC

a5T4580840
Chiromosomne Bands Localized by FISH Mapping Clones
22,1
2TE Markers on Genetic (hlue)r and Radiation Huybrid (klack) Maps
]
Assemi 1y from Frasments

Clone Coverage

krhown Genes Based on SWISS-FROT, TrEMEL, mRHA. and RefIsg

Enzemk 1 Gerne Fredictions

Human mRMAsS from Genbank

Humar EZTs That Hawe EBeen Spliced
Takifuzu rubripes Translated Blat Alignments
I 1

Tingle HUCleoride Paldmorphisms (SMPS) from Clohe Over 1aps
rs4729542 | rs315E |
FE3157 |
FEEIT4EEL |
Zingle Hucleotide Folymorphisms (SHFs) from Random Reads

Fepeat ing Elements by RepeatMasker

Zimple Tahdem Repeats by TRF
|
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How to find SNPs in a
region of interest

« Gene based example

* A 2 Mbp region

jforlc\caﬂ Go | Clear |

Limnits Previemfindex History Clipboard Details

Display IGraphil: Summary j Shnw-l 20 j I Sort j Send to ITexT j
dbSNP BUILD 118 Items 141-160 of 290 Frevious Page |[8 of 15 Mext

Enti
= 71141 rs4251686 [Homo sqriens]
N SN )

71142 53949972 (Homo sawiens [
Ty

71 143: 53835432 [Homo sqriens]
TOT o

I 147: 13765994 [Homo sapiens]
NN I

7 144: 33835431 [Homgariens [
T

[Homo sapiens ]

Yrs3820042 [Homo sapiens]
LN}

1 147: rs3765994 (Homo sapiens|
T B Rt G

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

T k, Links
IIPGAWEISE-MARTINEZ, YRISLIKE

LocusLink, Links
LocusLink, Links
TSC-CEHL

LocusLink, Links
YUSUKE

LocusLink, Links
YUSUKE

LocusLink, Links
YUSLIKE

LocusLink, Links
YUSUKE
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Link to dbSNP Cluster Report Links to Entrez Resources
18524 Locus Link, Mclleotide. Pratein
WLETE oo [ v LEE, T$C-C3HL, YUSUKE

T |
Graphic Summary Links to Submitter Data

Graphic Summary :
' happed to chromosome shown with map weight 1 {single green bar), linkout to MapViewer
18 Mapped to chromosome shown with map weight areater than 1 {double red bar)
- Mapped to multiple chromosomes
2 Unknown
L SMP inlocus region, linkout to SMPLocusLink
T SNP intranscript
£ SNP in coding region {(MNon-synonymous)
£ SNP in coding region {synonymaous)
§ Structure neighbor available (Cn30D), linkout to structure mapping summary
v Validated
& Genotype data available
Actual percentage (1-100) heterozygosity indicated by the red arrow (ie.

- .
R %Jand actual success rate indicated by the blue arrow (ie. 95%).

http://www.ncbi.nIm.nih.gov/entrez/query/Snp/EntrezSNPlegend.html

Innate Immunity in Heart, Lung and Blood Disease
11PGA Programs for Genomic Applications

Home | Genes | Tools | Pubs | FAQ | Links | Search:

About Us

User: Anonymous User ( Login | Register )

MEFY {Mediterranean fever protein)

@

Information

Name Mediterranean fever protein

Source PGA | Innatelmmunity
Chromosome | chriB () (chr16:3292313-3306912)
Accession NM_000243
SHPs 79
Indels 0

Populations |2
Subjects 47
Links | SNPper ] [ GoldenPath | [ Gene Image ] [ LocusLink | [ Omim ][

http:/innateimmunity.net/lIPGA2/PGAs/Innatelmmunity/MEFV/
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iew |Hs MEFY | One of 1 Loct Sawve All Loci
ABECDEFGH I JKLMNOFPORSTUYWXRY Z

| | Ll n_l 1] | DO
Click to Display mEMA-Genomic Alignments iz 14599 bps)

weetis Official Gene Symbol and Name (HGNC
MEFV: Mediterranean fever
LocusID: 4210
Overview ?
RefSeq Summary: MEFY was 1dentified as the gene that when mutated

causes Mediterranean fever, a hereditary penodic fever syndrome. MEFW
15 expressed in granulocytes and mveloid bone marrow precursors.,

Locus Type: gene with protein product, fanction known or

e €< | €< | 4 | > | > | E3 |zoomin 1.5x | I | 10x | base |zoom0ut 1.5x | 3x | 1
positionlchﬂ B:3,292,312-3,306,912 clear |size 14,601 bp. itnage Width:lﬁm jump |
Ease Fosition LT E=EEEEE R
Chromosome Bands Localized by FISH Mapping Clones
Chromosome Band 16p13.35
ETE Markers on Genetic (Blue) and Radiarion Habrid (black) Maps
2TE Markers
Assemi 1Y from Fragments
Assemb1d
Clone Coverage
AJBB3147.1
ACa26625 . 1 I
ACABS9115.5
Krowh Genes Based on SWISS-FROT, TREMEL, mEMA, and RefSed
HEFY! -1 t--l i - B
Ensemb ] Gene Fredictions
Ensenk 1 Genes - } 1 L L
Humah mREMAS from Genkbank
Human mRNAS -+ } i — m
Humah EST=s That Hawve Beekn Spliced
Zpliced EXST= - | | . I
Takifugu rubtipes Translared Blat Alignments
Fugu Elat |
Zingle Hucleotide Foldmorphisms (SHFS) from Clone Over laps
rs176387 | rsi2stiz4| rST1E5672 | rE224214 |  rs7196981 | rs2z4225|
r=2741915 | FS1TR3ESS | Fs7154919 | S2255405 | rSEE15166 | S2E5E396 |
r=2741919 | r=172798 | rs47ISE39S | F=5R52258 | rS5315167 | F=71994654 |
rS2ET5E49 | rsi7e7et| rsEe4ES14 | rs2735791 |
rE1E2673 | rE25568399 | rsaT741922 |
=2558393 | r=2558397 |
rso23E4ns | rs224221 |
E2255487 | rs2TI5759 |
FE22354 85 | r=37439358 |
J Single MHucleotide Foldmorphiisms (SMFs) from Eandom Eeads
Random SHPS | I Fronr i el | [ il |
J Fepeating Elements by RepeatMasker
RepestHasker g | I HEE 1 INEE IEEEEE EE]
R Timple Tandem FEepeats by TRF
Zimple Eepeats I -
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Jump to Chromosame: |16 bp|3293426  to [3306872 | Refresh |
= Zoom —
- == -
<z J - | L B PN | Rl e B - 2o
Features ¥ DAS Sources ¥ Repeats ¥ Decorations ¥ Export ¥ Jump to v Image size ¥ Help v
F.29 Hb F.30 Hb .30 Hb F.30 F.30 Hb F.30 Hb F.31 Hb
Length == 13.45 Kb =
E Mm high cons
g Mm cons
vt g | T S S
Enzembl trans. HEFY
Genscans

[E Human proteins

[E] Human cOMAs

o R cons

@ R high cons
ShPs (IR e e L T | o e o
Repeats | 1 I Il BN 1 11

3,29 fb Fa30 Hb 330 Hb 3,30 Hb 3.30 fb T30 fb 331 Mb

Tilepath
Gene legend mmmm ENSEHEL FREDICTED GENES (KNOWNY mmmmm ENSEMEL PREDICTED GENES CNOVEL? e ENSEHEL PSELDOGENES
SHP legend — CODING SHPS m— INTRONIC SHPS

There are currently 44 tracks switched of fr use the menus abouwe the image to turn these ond

http://www.ensembl.org/Homo_sapiens

Ensembl SNP Report: 224213

Isource dhSNP
dbSNP: 224213
Synonyms HGhase: SNPO00002845
TSC: TSCT160985
Score 1
WValidation status proven by cluster (SNF tested and vaiidated by a non-computational method)
Heterozygasity 0433605
Standard err_or of AT
heterozygosity
Alleles C[T (amhiguity code: )
. CACCAGACACGGCTGCGAGTCCCCGYTGCCACGCCCAGGAAGGAGACCCAG  (SHP
Sequence Region highiightac)

20,00 Kb

n L] ad 0 oEad @ HE ®:
SNP neighbourhood : L]

=]

a
a 7]
3 L EL [

Fa29 Hb Fa28 Hb F.30 Hb F.30 Hb F.30 HE 3.30 He 3.30 He 3.31 He FaF1 He 3
m— CODING SHPS mmmm INTRONIC SNPS m— FLANE ING SNPS
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ISNP's linked from LocusLink

SHP's are linked from Locus MEFY via the following
methods:

Send |the list of rs# to Batch Query.  Download |the list of ra# to file.

IGene Model (mRNA alignment) information from genome sequence 1
Total gene model {contig mRNA transcript): 1
Contig mrna protein  mrna orientation snp graph

MT_010552 M_000243 MP_000234 reverse transcript on minus strand

WIEW 1S | “in gene region Cesnp C has frequency  double hit © haplotype tagged

Contig mrna protein  mrna orientation snp graph
gene model (contig mBNA transcript): MNT_010552 Mk _000243 MP_000234 reverse transcript on minus strand

Cur_lt_ig dbSHP r_s# Heterp- validation 3D OMIM Function dbSHP Pru_tein Cl]l‘:ilEIrI nminl_J_acid
position cluster id) zygosity allele residue position position

B33511 15450021 0.476 |-'bZ untranslated region

WiEw 15 | in gene rgion & :5NP has frequency  double hit © haplotype tagoed

Contig mrna protein  mrna orientation shp graph
gene model {contig mBNA transcript): MT_010552 Kh_000243 KNP_000234 reverse transcript on minus strand

e color
- Legend

Contig dbSHP rs# Hetero- dbSNP Protein Codon Amino acid

Validation 3D OMIM Function

position cluster id) Zygosity allele residue position position
B34795 rs2234939 MN.D. SYRoNYmous A Fra[F] 3 TO6
M.D. contig reference G Fra[F] 3 TO6
B35314 rs1231122 0478 SYRoNYmous A Fra[F] 3 588
G458 LD, NONSYNoONyMmaous A Gln[Q] 2 202
D contig reference G Arg [R] 2 202
B458599 rs224223 M.D. SYNONYMous A Alaa] 3 165
M.D. contig reference Alas] 3 165
G460 0. nonsynonymous Gln [&] 1 148
0. ies  contig reference G Glu [E] 1 148
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645888 522472272 MND | B NONSYNONYMous A GIn[@] 2

N.D | B contig reference G Arg [R] 2

HCBI Handle[Submitter ID Validation Entry  Update

sy Sws e bae Many submissions,

58280858 KWOK|OWLP-000621-270867 DE30/00 10/ 0/03

58508456 SC_JCM|AIOD3147.1_213692 071 2/00 101 0/03 h OWeVe r, pOSS I bly
=81011433 KWOK|OVLP-000804-187113 09/02/00 101 0/03 aI I from Same

£81780721 KWOK|OVLP-000825-363808 10/05/00 101 0/03
581828373 KWOK|OWLP-000825-37T7600 10/05/00 10/10/03 Sou rCe Sequences-

557431 40% HGBASE|SNPO00002845 11407/00 1010/03

646052 re3743930 N.D. nonsynonymous & GIn[Q] 1

M.D. ¥es contig reference G GClu[E] 1

IMS-JST095225

B Submitter records for this RefSMP Cluster

The submission ss4929937 has the longest Nanking sequence of all cluster
BLAST analysis for the current build.

NCBI . Vfalidation Entry  Update
Assay ID Handle|Submitter ID “Status Date Date

$84920937 ¥USUKE|IMS-JSTOA5225 02/01402 101 0/03%8

Analysis of the three most common MEFV mutations in 412 patients with familial
Mediterranean fever.

Zals N, Shinar Y, Padeh 8, Lidar I, Wor A, Tokov I, Pras M, Langevitz P, Pras E, Livneh A.
Heller Institute of Medical Research, Sheba Medical Center, Tel Hashomer, Israel.

BACEGROUND: Familial Mediterranean fever is an autosomal recessive disease charactenzed by recurrent attacks
of fever and serosiis. The diseasze 15 caused by mutations i the WMEFV gene, presumed to act as a down-regulator of
inflammation within the polymorphonuclear cells. OBJECTIVES: To present the results of 412 FIMF patients
genotyped for three WEFWV mutations, 3Me24V, V264 and E1480). EESTILTS: The most frecquent mutation,
W64V, was detected in 7% of the carmier chromosomes. This mutation, especially common among Morth Aftican
Jewish FIMF patients, was not found in any of the Ashlcenazi (East European origin) patients. Owerall, one of the three
mutations was detected in 70% of the carrier chromosomes. MWEI4V/IIIE Sl most common genotype (27%40),
followed by MEI4VIVTI264A (16%). The full genotype could be assesgfd in 57% of the'§atients, and one
dizease-causing mutation in an addiional 26%. Cnly one patient with the E142300E 1450 Fenotype was detected

genotype. The MEMVIMEILV genotype was observed in 15 patients witl esbeedt®sis compared to 4 amyloidosis
patients with other genotypes (P = 0.0001), COWNCLITEIONS: Because of low penetrance and as vet other
undetermined reasons, mutation analysis of the most common MEFV mutations supports a clinical diagnosis in only
about 60% of patients with defintte FIWE.

Publication Types:

+ Comment Isr Med Assoc J. 2003 Aug;5(8):585-8.

PRI 12525299 [PubMed - indexed for MEDLINE]
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WIEW 15 in gene region Lalr=T]  double hit © haplotype tagged

# has frequenc

Contig mrna protein

mrna

orientation SIOOETD

gene model (CONig MRNA 1+ 1y ses i po0243 NP_00D234  reverse transeript on minus
transcript): strand

Cor_lt_ig dbSNP r_s# Heter!J- validation 30 OMIM Eneton dbSNP Pro_tein Co@_]n nmim_J_acid
position cluster id) zygosity allele residue position position

£33511 rsd&0021 0.476 |"L??\ untransiated region
535314 151231122 0478 | 4@ | L[ synonymous A P[P 3 538

0.478 |T¢b2|_'|; contigreference G Pra[P] 3 588

£38042 15224206 0.493 |T¢b?\ |; intron

B41175 13224213 0.434 |T¢b2|_'|; synanymous T AR 3 314
0.434 |T¢b2|_'|; contigreference  C Arg[R] 3 314

643183 rs224217 0.242 |T¢b?\|_'|; intron

£43323 13224218 0.234 |T¢b2 intran

B44736 3182674 0.476 |T¢b2 intran

46188 re22d42256 (0659 b?\ SYNONYmMous C Asp D] 3 102
0.659 bZ cantig reference T Asp[D] 3 102

g TS |  ingene region © cSNP T has freque double hit J” haplotype tagged

Contig mrna protein  mrna orientation snp graph
gene model {contig mRNA transcript): MNT_ 010552 ph_000243 MP_000334 reverse transcript on minus strand

H_EE-ECNCW
EEEn ] m Leoendl

I -l L

Contig  dbSHP rs# Hetero- dbSNP Protein Codon Amino acid

Validation 3D OMIM Function

position cluster id) zyyosity allele residue position position

635314 rs1231122 0.478 ar SYNONYMoUs A Pro[F] 3 a88
0.478 contig reference G Pro[F] 3 a88

635348 rs1231123 N.D. intran

B36811 rs170384 MN.D. intran

B36820 rs170385 MN.D. intran

637140 rs224203 MN.D. intran

B37765 rsTATO6ET MN.D. intran

637855 rs224204 MN.D. intran

638042 rs224205 0.493 intran

B38601 rs224207 M.D. SYNONYMOoUs G Glin[@] 3 4T7H

.0 contig reference A Glin[@] 3 4T7H




Current Topics in Genome Analysis

Fall 2003

Double hit SNP minor allele frequency characteristics

p I P
PN ]

20% 1
1.0% 4
0.0% +

% Probes Genotyped

o0 W o W oW o WmoWwmoWwmo W oW oW ono
o -— ™ W - o ™ u ~ o ™ W -~ o o~ LY o o™ LY o
- - - ™ ™ ™ ™ ™ o« ™ m -t -t = = w

Minor Allele Frequency

Credit: Dr. Paul Hardenbol, Parallele Bioscience

Ensembi > The Wellcome Trust
e.’ EnSMﬂft MartView > Sanger Institute
Home ™ Enshiart & WhatzHew &4 TextSearch 4 Blast h & & Download &
@B (sART refresh
START W rextr

Summary
This page is used to initialise your search criteria. Please complete the following
selections: b start

@ Aot yet initialised

Select the dataset for this quens
P filter

Focus: | SNPs I @ Aot yet initialised

Species:
Horno sapiens (NCBI 34 dbSNP117) =l P output

(D ot yet imitislized

FILTER { qback { nextp

Further refine your search or click "next"
REGION:

e Limit to (uncheck for entire genome):
Chromosarme name 2 =
From | Basze pair j 37700000 'I

To[Base pair x| 39700000

[~ Limit to ENCODE region

Type: IRandum Picks >

Region: [chiE 10831M274-108810273bn =]

http://www.ensembl.org/Multi/martview?species=Homo_sapiens
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GENERAL SNP Fil TERS:

o Lirnit to SNPs with these [Ds:
(Faste |0 list, or upload file)

RefSNP ID(s) =

r SMPs with TSC 1Ds =

r SMNPs that have been validated

Browse

Cnly
Esxcluded

Cnly
Excluded

[~ With allele frequency data from |AN‘r’

population:
I Maximumn freq of the minor allele: (0.1
I Minimum freq of the minar allels: (0.1

[any

[any

GENE ASSOUIATED SNP FILTERS:

Type of gene

Ensembl genes

Entries with gene associations:
Coding

5 UTR

&' Upstream

Any of above locations

v ENon—synonymous SMPs ix

ouTPUT

" “ega genes

Intranic
IUTR
3 Dowinstrearm

Only
Excluded

Summary

Features SNPs Sequences » start

REGION:

Chromosome Attributes:
¥ Chromosome Name
¥ Start Pasition (bp)

SNP:

SNP Attributes
Reference 1D
HGBASE 1D
Allele
Mapweight
5.E of heterozygosity
Allele freg ([CLASS
FPOPULATION: allele freq,allele2
frew;)

GENE RELATED SNP ATTRIBUTES:

For Ensemhbl Genes
Ensembl gene name
Ensembl transcript strand
External name
Family name
Location in ensembl gene(coding
etc)
¢ Synonymous status in ensembl
gene
Ensembl CDS location (bp)

® Focus: ShPs

» Species Homo
sapiens
@ 95623370 Entries Tatal

» filter
® Chromosome: 2

From base:

TEC D * 27700000
SNP Class
Validated o 0 base

Heterozygosity 39700000
Sub SNP count o [ON-SYNOMYMOUS
SubSNP data (ssid handle SNPs Only

submitter method samplesize @ 21 Enties pass Filters
population;)

Ensermbl transcript name
Description

External db

Family description

Peptide Shift in ensembl gene

Ensermbl transcript location (bp)

Ensermbl peptide location (aa)
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| Chromosome Mame | Start Position (bp) | Strand | Peference ID | Allele | Mapweight | Heterozygosity | Ensembl gene neme
|z | 37848035 | -1 | 2231503 | c/G |1 |0 | ENSGOODOOO163171.1
|2 | 38013873 |1 | 4670779 | o/T |1 |0 | ENSGOO0000177956.1
|z | 38013365 |1 | 4670218 | c/G |1 |0 | ENSGOO0000177956.1
|z | 38153663 |1 | 4670800 | G |1 |0 | ENSGOOOOO115841.3
|z | 38272674 | -1 | 1600440 | M6 |1 | D.22283 | ENSGOO0O00138061.1
|z | 38272685 | -1 | 1058837 | AC/T |1 | D.412616 | ENSGOOOO0138061.1
|z | 38272704 | -1 | 4986886 | c/G |1 | D.035188 | ENSGO0000138061.1
|z | 38272711 | -1 | 4986887 | c/G |1 | 0.0117367 | ENSGODOO0138061.1
|2 | 38272738 | -1 | 1056336 | ¢/G |1 | D.417813 | ENSGOO0O00138061.1
|z | 38272918 |1 | 4358252 | c/T |1 |0 | ENSGODOO0138061.1
|z | 38276712 | -1 | 1058827 | &/T |1 |0 | ENSGO0000138061.1
|z | 38278925 | -1 | 1001z | c/6 |1 | D.44473 | ENSGOO0O00138061.1
|z | 38382501 |1 | 68352 | o/T |1 | 0.5 | ENSGOOOO0177744.1
|z | 38500195 |1 | 75E2EZ6 | c/G |1 | o | ENSGOO0000115787.2
|z | 38500195 |1 | 7582826 | c/G |1 |0 | ENSGOOOO0119787.2
|2 | 38573386 | -1 | 3731347 | o/T |1 |0 | EN5SGO0000119787.2
|z | 38578866 | -1 | 3731847 | c/T |1 |0 | ENSGODOO0119787.2
|z | 38683723 |1 | 7559513 | o/T |1 |0 | ENSGO0000175340.1
|z | 38891505 |1 | 6741892 | MT |1 |0 | ENSGOOO00143891.2
| 2 | 388915085 |1 | 6741892 | AT [ 1 0 | ENSGOOOO0143891.2
| | 36283464 | 1 | i05Ei0e | MG ] 1 | 0.44145 | ENSGOOO00152147.1
|z | 39056879 |1 | 759892z | ofT |1 |0 | ENSGOOOO0183254.2
|2 | 39056873 |1 | 7sosszz | o/T |1 |0 | ENSGO0000163214.3
|z | 39198647 |1 | 1592871 | c/T |1 |0 | ENSGODOO0115904.1
|z | 39489827 | -1 | 1061687 | G |1 |0 | ENSGOOO00011566.1

Transcript cDNA Sequence
Codons/peptide/SNPs j |Nn nurmbers J

GCTCAACGATCCTTCCTCARAGCATGGTTGETGAGTACCCAGAGTTGOGAGGAGTTITTT

BACTGATTTAGCCAGGTEGCARTCATCAGT CALTCOAT BAAGARAGECCCCTTAGRATER
-M--5--E--W--M--K--K--G--P--L--E--T-

CAABATTACATTTACARACARCTCOCACT BACAGCCART CARAACAATCAGTATARAREA
-Q--D--¥--I--¥--K--E--V--R--V--T--A=-§--E--K--N--E--¥--K--G~

TEEETTTTAACTACAGACCCAGTCTCTECCALTATTETCCTTGTEAACTTCCTTGAAGAT
~U--¥--L--T--T--D--P--¥--5§--A4--H--I--V--L--¥--N--F--L--E--D-

GGCAGCATGTCTGTEACCERAATTATGERACATCCTGT GOAGACTOT TEAAACTAT GAAT
-G —=T--G--T --¥--Q--T--V--E--T--H--K-

GAABGGEACCATAGAGTGAGEGAGRAGCTGATGCATTTGT TCACGTCTERAGACTGCARL
-E--G--D--H--B--V--R--E--K--L--H--H--L--F--T--§--G--D--C--K-

GCATACABCCCAGAGGATCTBCAARACAGALAGAACARCC TARAGARATOGCTTGAGARG
-A--Y¥--§--P--E--D--L- --R--K--N--§--L--K--K--W--L--E--K-

BACCACATCCCCATCACTGAACAGEGAGACGCTCCAAGGACTCTCTRTGTEECTREGETE
-N--H--I--P--T--T--E--Q--G--D--A--P--R--T--L--C--V--A--G--¥-

R
CTGACTATAGACCCACCATATGETCCAGARAATTGCAGCAGCTCTAATGAGATTATTCTG
-L--T--I--D--P--F--F-=G=-P--E--H--C--§--§--5--N--E--I--I--L-

TCECGTETTCAGGATCTTATTGAAGEACATCT TACAGC TTCCCARTCAGAGGCCAGEAAS
-§--R--¥--0--D--L--I--E--G--H--L--T--&--§--0-—*-

TGTGARCATACTGATAGARAARGACTATATTTTATCCCTCATAARATGTTTTARATGT

Transcript Stucture

.

Transcript Neighbourhood

35,97 Hb 35,98 Hb 38,95 Ho 38,99 Hb

BENING
23.75 Kb

38,97 b 38,98 b 38,95 Mo 38,99 Mo

Codons - alternating

Exons- alternatin,
9 background colour

text colour

Synonymous SNP
Non-synonymous SNP

¥R _‘l_f/
CTTRECGCTRCTEGTGAGCTTGACTTCA
Yt

Other variation in

coding sequence Translation

Affected residue

{Mouse aver shows afternative codons)

Ambiguity code
R
CTCTTCCCGATATCACACCHGGTGGET
Other variaion

UTR SNP -
in UTR * {Mouse over shows alleles)
(Mouse gver shows alleles)

UTR (dark background)

http://www.ensembl.org/Homo_sapiens/transview?transcript=ENST00000281950&db=core
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Haplotype Map project

* What is a Haplotype?
« What is Linkage Disequilibrium (LD)?

* What is the Haplotype Map Project?

What is a Haplotype?

» A set of closely linked genetic markers present on
one chromosome which tend to be inherited together
(not easily separable by recombination).

Recombination occurs between homologous
chromosomes when cells divide.

It is believed that recombination is not equally likely

across the genome, but that it is punctuated by hot-
spots.
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hot hot hot hot
block spot block spot block spot block spot block
1 2 2 3 3 4 4 5

1
I Il I

common
haplotypes

linkage
disequilibrium

| | I
0-510- 30!0- SI 0- 50 IO- 5] IU- 300-5

distance between sites

From: Goldstein DB. Islands of linkage disequilibrium. Nat Genet. 2001 Oct;29(2):109-11.

What is Linkage Disequilibrium?

» When the observed frequencies of genetic
markers in a population does not agree with
haplotype frequencies predicted by
multiplying together the frequency of
individual genetic markers in each haplotype.

0.352*0.5"7=0.00275
0.648*0.5"7=0.00534
0.648*0.5"7=0.00534
0.648*0.5"7=0.00534
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Association Studies

Direct

Indirect

Genotype only the most
informative SNPs

500 cases one pool
500 controls one pool

10,000 SNPs
1,000 ‘haplotype tag’ SNPs

Direct analysis: 10,000,000 genotypes
Pooled DNA analysis: 20,000 genotypes

Selected SNPs: 2,000 genotypes
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Haplotype Map project

» The goal of the International HapMap Project is to
develop a haplotype map of the human genome, the
HapMap, which will describe the common patterns of
human DNA sequence variation.

The HapMap is expected to be a key resource for
researchers to use to find genes affecting health,
disease, and responses to drugs and environmental
factors.

The information produced by the Project will be made
freely available.

http://www.hapmap.org/abouthapmap.html

HapMap Strategy

To develop the HapMap, samples from 270
individuals will be genotyped for at least 1
million SNPs across the human genome.

* DNA samples come from:
— Nigeria (30 both-parent-and-adult-child trios)
— Japanese in Tokyo (45 unrelated individuals)
— Han Chinese in Beijing (45 unrelated individuals)

— CEPH (30 trios, Northern and Western Europe
ancestry)
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Data Analysis

» Genotyped SNPs are analyzed for
association using standard measures, such
as D’ and r2.

— Deviation from equilibrium between two markers is
denoted by D.

— When normalized it is called D’ and has a range
from -1 to +1.

— r? uses a different normalization method and
ranges between 0 and 1.

— See URL below for a good description of these
measures.

http://www.ucl.ac.uk/~ucbhdjm/courses/b242/2+Gene/2+Gene.html

Current status of HapMap

* November 1st, 2003: First major public
data release!
— Over 13 million genotypes from 145,554
SNPs
— Associated allele frequency and assay
data have been released for public
download
» Here’s an example of generating
haplotype information from the current
data release...
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Landmark or Region

|chr7 2EE43201.27524442 Search |

ScrollZZoom:

<] = [Show 981 2 khp =] = 212>

ata Source Dumps, Searches and other Operations:
aphap SHPs & SNP genotypes, other annatations fram UCSC hg16 (MCEI Build 34, | Dump SNP genotype data =] _About Canfigure... |

Overview of chity

100 2on idn 401 GOM  BUM PO BoM  90M  100M 110M 120M 130M 140N i50M

NT contigs" S | e

knoun genes/588Kb i Fu
15
TR [P TP ' Labat il s .-...ulll.u.l.J...

i

gt’d SNPs/500Kb

dbSHP SHPs/580Kb

26000k 2TO00K. ZTLDOK 27200k 2TADK 27400k PR STANK. FTRO0K. ST

Gmenno"'ﬂe“d SN'TAS F AR AN s i A ddh Addieh &

dbSHP_SHPs
I —

anus(liink genes

HOxALl: homeobox AL protein isoform a HIBAOH: 3-hydroxyisobutyrate dehydrogenase
ﬁuxm: homeobox AL protein isoform b TARLBP1: Taxl Chuman T-cell leukemia wir
HOXA3: homeobox A3 protein isoform a m
HO¥AS: homeobox @3 protein isoform a
ﬁ‘DXﬁS: homeohox A3 protein isoform b
ﬁDXHZ: homeobox AZ protein

ﬁDXFM: homeobox protein Ad
ADXHS: homeobox protein AS

{
HOXAE: homeobox protein AG

HaploView

» Developed and maintained by Jeffrey
Barrett in Mark Daly's lab at The Broad
Institute.

* Haploview currently allows users to:

— examine block structures

— generate haplotypes in these blocks

— run association tests

— and save the data in a number of formats.
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& Haplo¥iew beta
File Display Analysis

D Prime Plot | Haplotypesl Check Markers |

&Hapln\'iew beta
File Display Analysis

O Prime ot Hapiotypes | check markers |

138

133
017

.76 24

174 GGCA .133—CC . CT .25
37L§ AATG .600 CT .52 TACAGGCTGAAGCAATATTC .25

TGGTCCGL . AATA .267 TC .37 TACAAGGTAAAGCAATATCC .
138 TAACTCAT . i - WACACAGGGTAAAGCAATATCC .
TACAGGGTGGGGCAACATCC .
CGCGGGGGAAAGCAATACCC .0

Examing haplotypes ahove |1
Cannect with thin lines it = |1
Connect with thick lines if = |10 %

™ Display alleles as numbers:

[ |
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Perlegen’s haplotype map

Used chip based resequencing to discover SNPs
across the genome.

Applied this technology to single haploid copies of
each chromosome from a number of different
individuals.

From this information, haplotypes can be deduced
directly from the data.

They have released data from chromosome 21 for
public use.

UCSC Genome Browser on Human April 2003 Freeze

i <<<| << | < | >| > | »>> |zoomin 1.5x| 3:-:| 'ID:-cl hase |zoomout 1.5>:| 3x| 10x
position |chr21:26,870,371-26,944,444 clear |size 74,074 bp. image width: [610 jump |

Base FosSition  25s5eees] 2559eees| 25oeeeea] 25o1eees] 2592eees|  2593ness]  2594ecea]
Chromosome Eands Loca]ized ?H FISH Mapping Clones

Chromosome Band

21021 .5
ETS MarkKers on Gemetic (bilue) and Radiation Hubrdid (kilack) Maps
ETE Markers
Krnown Genes Based on SWISS-FROT, TrEMEL, mENA, and Refieq
MRFLES feesh T JAME fosaaasaa300

E@a1542
E@@1541
(=3:3-1:1-1-1-]
BBB2325
BBA1535
E@B24a7
EBA1532
EBOAS3S
E@B2327
BRR2525
EBA1S3T
EBA1257
(=3:1-1:13 -]

Sinple Repeats |

H

T L LA
Ferlegen Common High-Resolution Haplotdpe EBlocks

ik |
|
|

e Tahdeh Repests by T
[N | [ | [

Repeat ing Elements bdy RepeatMasker
Repeatmasker ||| EIETEN DT (EE W 0 Ilgll_ll I]III |1 I -I-II'L!II (LW ORI (Ve LT
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|
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Concluding remarks

+ Along with the emergence of the human genome, we
also have a growing database of variations that are
critical to the overall value of the human genome
sequence.

These variations are what make us all (phenotypically)
different, and impart different levels of resistance and
susceptibility to disease.

The collection of human sequence variation
information will continue to evolve rapidly.
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WEB pages

snp.cshl.org : The SNP Consortium web pages
http://droog.mbt.washington.edu/PolyPhred.html
http://www.ncbi.nIm.nih.gov/SNP/index.html : dbSNP home page
http://www.ensembl.org : Ensembl home page
http://www.ucl.ac.uk/~ucbhdjm/courses/b242/2+Gene/2+Gene.html
http://www.hapmap.org/: Haplotype Map Project home page
http://www.hapmap.org/cgi-perl/gbrowse/gbrowse/hapmap
http://www.broad.mit.edu/personal/jcbarret/haploview/
http://www.perlegen.com/haplotype/ : Perlegen’s chr21 HapMap
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