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“What ever will we think about now that
the genome profect is almost complete?”




SNPs, Haplotypes and Genomics

e Clinical Outcomes
— Susceptibility
* Gastric Cancer ILS8
* Bladder Cancer (tobacco) NAT2
— Disease Outcome

* Thrombosis FV

« CGD MPO, FCGR24

» Cystic Fibrosis MBL?2
 Pharmacogenomics

» Life-threatening toxicity TPMT in Leukemia Rx
* Population genetics

« Evolution and selective pressure HBB

* Migration CCRS5



How Do We Choose Genetic
Variants for Study?

* Hypothesis-driven choice of genes

— Gene-environment
* NAT2 and Smoking and Bladder Cancer

— Disease model
* Primary pathogenesis- CCRS5 and HIV Infection
* Genetic modifiers- MBL?2 in Cystic Fibrosis

« Pathway of biologically related genes
— Known orthologs- sequence homology between species
— Interacting proteins- compliment proteins

e Scan Across the Entire Genome (no specific hypothesis)
— Region mapped by linkage study
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Genes in the Immune Pathway
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Variants of the /L4 Pathway

Perturbation of IL-4 activity
‘Components’

Receptor complex
IL4RA, IL2RA

Key genes 1n signal
transduction (STA76,JAK1)

‘Close neighbors’
ILS5, IL13 & RADS50
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Significance Analysis of Microarrays
to identify genes that correlate
with patient survival

SAM264 Gene Set
(254 genes/264 cDNA clones)
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Parallel Approaches To Identifying Genetic Determinants of Disease

Human Genome

\

High Density, Genome
Wide Genetic Map

* * *

* * *

—ill—E—E

Odds

Ratio
1.0

Genome Wide
Association Study

* 3k

* * *

Genetic Marker

Map SNPs and Haplotypes
In Candidate Gene(s)

:l:***

Candidate Gene

Map SNPs

* %k ckok

Candidate Gene
Association Study

Informative SNP and
Candidate Gene Haplotype

\4

Informative SNP and
Candidate Gene Haplotype

\ 4

Validation in Clinical Study
And In Vitro Correlation




Genotypes and Haplotypes

Individual | Site 1 Site2 | Site 3
1.1 AA BB Cc
1.2 AA Bb cc A B c |
1.3 AA BB cc
1.4 Aa BB cc
2.1 AA Bb cc
2.2 AA BB Cc
3.1 AA BB Cc
3.2 AA Bb cc !
Statistical or Laboratory Methods A B ¢
. Software-PHASE2.0
. Cloning
. Hybrid constructs
. Allele specific amplification

A B c
'a B c |



HapMap and Detailed
Haplotypes:
Z1p Codes vs. Street Numbers

I

Spaced Markers across genome

High frequency
Define units of genome
“Haplotype blocks”

New goal 1 SNP every 1 kb

I

Fine mapping of genes
Needed to deconstruct
Haplotypes based on SNPs of

Estimate of 50,000 to 250,000 Functional SNPs varying frequencies (2-40%)
Find functional components



Utility of The International
HapMap

Ability to conduct Definition of haplotypes
indirect studies across genes of interest

Issues of density
(gene/region specific)

Assay fidelity- genotype

“map a locus”

Falling genotype costs

Fixed platforms only
Issues in study design Informatic solutions
Case-control vs cohort “Navigating the tidal
wave”

http://hapmap.org



Choice of Genotype Platforms

Intent
Extreme Genotyping
Chips and Beads
High-Throughput
Smaller Chips and Bytes
Moderate Through-put
Probes and Primers
Low Through-put
RFLP

Type Per day
Whole Genome 1,000,000
[llumina, Affymetrix, ParAllele, Perlegen
Pathways and Genes 250,000
MALDTI-TOF, SNPlex
Genes and Haplotypes 100,000
TagMan, EPOCH, Pyrosequencing
Gene or Haplotype 2,000
Gel-based



Requirements for High Throughput
Genotypmg— -

DN B~ W N —

Sample Handling

~4-10 Weeks /
[ 3
DNA Sample Receipt ‘ g
Handling Original Tubes £
DNA Quantification \

Genetic Profiling Genotyoi
enotyping

AN DN B~ WN—

Study Demgn/ N N

Ascertainment \
~Months-Years \

Study Proposal \
Institutional Approvals
Ascertainment of individuals
Selection of biospecimens
Genetic Analysis Strategy /
CGF Bioinformatics Consul

Tube/Plate Aliquoting ~ 3 Days /
/
L SNP Selection
Validation ~
__/ R —— =
Bioinformatics
~ 8-16 Weeks Example:
1. Initial Gene Annotation 2000 samples’
2. Sequencing A Desi
4 g Assay LJesien 50 SNPs,
3. Assay Optimization
4. PCR and sequencing 100K genotypes
5. Sequence Analysis TaqMan
6. Sequence/SNP Annotation .
7. Genotype Assay Design/Ordering genotyping
8. Assay Optimization/Validation



"Extreme Multiplexing”

Approaches:

« Genotype thousands of markers in one reaction!!

« “Simplify genome” followed by amplification and
genotyping with hybridization on microarrays

= Allele-specific primer extension followed by ligation
and amplification with assortment on microarrays

= Allele-specific gap-fill followed by ligation and
amplification and assortment on microarrays



Affymetrix GeneChip® Mapping Assay

250 ng Genomic DNA

Xba Xba Xba
v v v

Fragmentation
and Labeling

-
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RE Digestion ——————
i ——]
——
Adaptor
PCR: Universal Ligation
Primer Amplification
e —
— 130
Complexity —
Reduction

Hyb & Wash

118 —




[lHlumina GoldenGate™
Assay

Genomic DNA
Polymerase  Ligase GoldenGate™ Assay
------- & meeer——{TA—= Multiplexed at 1536 loci
/ illumiCode’ Address
/—G \/
= N——
Z i\\f\; Universal Amplification

\\\l[ “E )ﬁ[ Sentrix™ BeadArray Hybridization

N /i Y, |

Automated Array Scan & Analysis
Genotypes with quality score

Courtesy of P Kwok



ParAllele Molecular Inversion Probes

1. Anneal 2. Gap Fill — Polymerization 3. Gap Fill — Ligation
~ .
Probe x@f
Genomic \
/’—/ CGGAGATGGCCCA /
| GCCTCTHENCCGGGT | | GCCTCTR CCGGGT |
4. Exonuclease selection 5. Probe release 6. Amplification
o' H1 P12 X1 P2 Tag X2 H2 3
P
Probe
Inversion
5 P Tag X2 H2 H1 P1 3

Unimolecular interaction enables >12,000 probes to be multiplexed

Courtesy of P Kwok



Multiplex MIP Processing

2,000-10,000
probes

|
V oo o

2 3 4
Divide Mix Add Common | Pool Reactions
+ Primer (Label) +
Add Nucleotide + Hybridize to chip
+ PCR Mix
Enzyme Mix
_ Amplification
Gap Fill + + )
.. : Detection
Ligation Labeling




Genotyping Throughput

Assays/Rxn 1,536 6,144 12,288
Rxn/Day 960 960 960
Genotypes/ | 4 424 560 | 5988 240 | 11.796 480
Day
Days/Project 339 84 42

Courtesy of P Kwok




How do you analyze the data?
Example: 1000 cases/controls
250,000 SNPs/samples

500,000,000 SNPs

Informatics

Analysis Platform
Time & FTEs.......



Never leave candidate genes
behind....

All studies seek to 1dentify:

Specific variants 1n unique genes

Whole genome scan
Regional scan
Candidate gene

Effect: Risk for Phenotype
No SNP 1s sufficient nor necessary....



Accuracy 1n Molecular
Epidemiology

Statistical challenge
Shades of “truth”: X% vs (X-12)%
Error in genotype
Technical performance
<0.5% (.2-1 .O%) TagMan, Sequenom, Microsatellites
Design
Population-specific adjacent SNPs
Not a SNP..... (18% monoalleles in SNP500cancer)



Confounding Issues:
Neighboring Polymorphisms

* If there are previously unknown
polymorphisms in the probe sequences,
genotyping errors can occur
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TagMan & Sequencing
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SNPS00Cancer
Cancer Genome Anatomy Project

Number of genes in pipeline: 578 Total: 7299 SNPs

Genes nominated for molecular epidemiology studies in Core Genotyping
Facility of the NCI  (http://cgf.nci.nih.gov)

102 individuals (Self-Described Ethnicity in Coriell Institute Database)
= 31 Caucasian (test with 4 CEPH parents= 8 +23)
= 24 African Ancestry
= 23 Hispanic
= 24 Pacific Rim
Samples are publicly available from Coriell Institute (hitp:/locus.umdnj.edu/nigms/)

Web-posting- daily
All SNPs deposited into db-SNP
Packer et al NAR 2004



a SMP500Cancer: Search by SNP - Microsoft Internet Explorer

J File Edit Miew Fawvorites Tools  Help

J Back + = - (D il | ‘Qisearch [E]Favorites  C4History ||%v =N e 5@

J-ﬁ-ddress @ https:fsnpSO0cancet . noi,nib, govisnp, cfm j @ an |JLinks iid
HCI = CGAP > SNP300Cancer > Search by SHP ;l
el ShPs matching: adh1c02
EAGEDM dbSNP ID: rs1693482
— ShPSOOCancer ID: ADHTC-02 dhSHP
Home Sene: ADHIC MBIl map
Aming acid change: F2720 Ensembl map
- LacusLlink
search by Gened
Chromosormes
Pathay Sequence of Analyzed Amplican

Search by SMP
CTATCTGTTGTTATGG G TGTAAAGCAGC TOFAGCAGCCAGAATCATTGC TG

TEGACATCALY AAGGACAAATTTGCAARGGC TAALGAGTTGFGTGICACTGA
Links ATGCATCAACCCTCAAGAC TACARGALACCCATTCAGGALGTGC TAALGGAR
ATGACTGATGGAGSTGTGGATTTTTCGTTTGALGTCATCGGTC (AfG) GCTT
—_—— GACACCATGGTAT A CCRTGACATGCCCTGALATTTCTGCCTCTGCALCCT

Login Tasks GEAGGATRCATTTAGGCAGY AGAATATACGTATTATGTATALAGGATATTTT

TAATGATGAATGGARATTTCCCRTCATC TTTTTGTTACCTGGCTTGTTTALT
TTA
Log Ot
Frequency Data (102 anonymized subjects):
Genotypic Allelic
Total Completed
A, A5 E]E] A, 5
101 14401 | 34401 | 534101 | B2202 | 1405202
0.139) | 0.337) | 0.529) | (0.307) {0.693)

“iew Subpopulation Fregquencies

Assays - these frequency results were validated on the following platforms -
click to view primers, probes, and conditions:

seguencing  Taghdan

Search by SHP hd|

|@ I_E|ﬂ Internet
Mstart| | EHA QDA & || B 2] Bya] s |[&s. E)u] S| 314 B1c| @a| RPN IR NHAATLAD saem




SNP500 estimate vs DCEG study sets (450-2450) for 60 low frequency SNPs (f< (

y = 0.962x + 0.0066

R? = 0.9312 MAF Estimate < 0.10; > 0.25

0
0 . . . . 0.25 . . . . 0.5

SNP500Cancer
(R2-0.4756) (R2-0.4608)




New Feature in SNP for Optimized Assays

C NG Cancer Genome Anatomy Project
INSTITUTE LuckySNP500 Database
|

NCI = CGAP = LuckySNP500 = Search by SNP
You requested the additional subpopulation data for CYP1AZ2-38

Home

Frequency Data (280 control samples)

Search by Gene/ LuckySNP3500 ID: CYP1A2-38

Chromosome/ _ Genotypic assad Allelic
Subpopulations P

Search by SNP D66/280 |13/280 | 1/280 | -  |545/560 |15/560
Total Complsted 1%y g50) | (0.046) | (0.004) 0.973) | (0.027)
. ac a | 76/76 | O/76 | /76 |passed|152/152 | 0/152
Links ARAT American | "on0) | 0.000) | (0.000) (1.000) | {0.000)
S S BG/66 | 0/66 | O/66 |passed|132/132 | 07132
Log In Laucasian (1.000) | (0.000) | 0.000) (1.000) | 0.000)
. 46/49 | 3/49 | 0749 |passed| 95/98 | 398
Hispanic (0.939) | (0.061) |(0.000) (0.969) | (0.031)
— 78/89 | 10/89 | 1/89 |passed|166/178 |12/178
Pacific Rim 0.876) | 0.112) | 0.011) 0.933) | (0.067)

Explanation of subpopulations

Search by SNP

+ by SNP identifier
to display SNP details, allele and genotype frequencies

Enter the dbSNP ID or internal SNP ID: [ search hints

disclaimer



a SMP500Cancer: Search by SNP - Microsoft Internet Explorer

J File Edit Miew Fawvorites Tools  Help

J Back ~ = - () il | ‘Qisearch [E]Favorites  C4History ||%v = N 5@

J-ﬁ-ddress @ https: i fsnps00cancer . noi.nib, gowfsnp.cfmsnp_id=1693452&ethnic=truedpoly _id=ADH1C-02

HCI = CGAP = SHPa00Cancer = Search by SHP

Cancer Genome Anatomy Project
SNP500Cancer Database

You reguested the subpopulation data for rs1693482 (ADH1C-02):
YWelcome,
YEAGERM Frequency Data (102 anonymized subjects)
dbSHFP ID: rs1693482
Harme e ————— —
_ Genaotypic passed Allelic
S Subpopulations HWE?
Search by Gened &k D Lo ' ) ©
Chromosome! Total Completed 144101 | 347101 53101 - B2/202 | 140/202
dotal Lompleted
Fathway {0.139) | {0.337) | (0.525) {0.307) | (0.693)

024 | 3724 | 21724 |passed| 3/48

Search by SHP {0.000) | {0.125) | (0.875)

Afefafr American

(0.063) | (0.938)

45/45

73 183 | a8

passed | 3042 | 32482

Explanation of subpopulations  Fst=0.164

Links Laucssian {0.226) | (0.516) | {0.258) {0.484) | 0.516)
T 423 110/23 | 923 |passed | 1846 | 28046
Login Tasks DiSgani (0.174) | {0.435) | 0.391) (0.391) | (0.609)
Bacifc Bim W23 | 523 | 15723 |passed | 11/46 | 3546
CAEfEmm {0.130) | {0.217) | {0.652) (0.239) | (0.761)

Log Ot

Search by SHP

+ by SHP identifier search hints

Enter the dbh=MP 1D ar internal SMNPID:

—

Search |

|@ Done

Mstart| | EHA QDA & || B &) Bya] Bs.|[&s. €)L] S| 314 B1c| @s

=

l_ E |4 Internet

R EEGIRNMAIATILLD sz




3 The Annotator - Microsoft Internet Explorer

File Edit ‘iew Favorites Tools Help

eﬁack hd \_) \ih] @ _;\J /I__\J Search ‘?'::( Favaorikes eMedia ﬁ‘} [_':v :; - _J a%

Address |@ hktpi/f128,231, 13, 12008081 annotatorfAnnot ationfequestfgene=ATMEs=1 1 63762 Fle=11780545%a=NT_033399%mw5k ar t=9554980ds =08l ank=4000

ATM THEANNOTATOR 1ges O SNF @ Gene

SN TN B N N N EE PP
W TN [ | A O O I A A i

[ [ i = i [ [T i

B R . —— B B B A R e e e

Wi I |

T Rl
| SL NIy o

T [T

- S

o]0} 2M 4mM aM am _o1om 12mM 140

ATCAGGGTAAAACTAAATTAGTAGTCAAAAGTTAACTACTAATAGTCTACTGTTGACCAG

MAGCCCTACCGATGATATAAACAACACAATTTTGTATATGTATTATATACTGTATTCTTA

=
rs620613

AATAAAGTAGCTTGAGAAAAGAAAATG Avg Het 049875
[=— C/T

TTTACAGAACTGTACTGTGTTTATCAA jnfo

Submit F TTATATCATCTGTTTACAAAGAA

ACAGAATGTATCAAACAATTCACCTTTTTCTTGTAATGGCATGACTTTTCTCTGCATCTT
GGAAGCACCTCCAGCCACTGTGGTGTTAATCAAGGC TTATAGTATTGCAGTAAACACAGT

GAAAAAATACATGAGAACCTGGAGAGATTACTTTTCATTTCTGGATACAATTTACTAGAG

AAATGAACTGCTCATGTGGAAATTATTAGTGTCACATGGCATTTTAAGCAGATACTCACA

<

@ # Internet




Distribution of # of SNPs per contig
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SNP500 Cancer

578 Genes in pipeline (~11 SNPs per gene)
929/ Contigs sequenced with at least 1 SNP with
variation

5901 Completely Analyzed
4890 (839%0) with variation

1011 (179%0) NO variation (in 204
chromosomes)

357 bp Average size of contigs (median 366bp)
2.14 SNPs per 357bp was not anticipated!!

1 Probable SNP every 154 bp (comparable to Wong et al Genome

Res 2003) ]}L&. 5 ‘.*
C AXP l




a SMP500Cancer: TagMan Assays for ADH1C-02 - Microsoft Internet Explorer

J File Edit Miew Fawvorites Tools  Help

J Back ~ = - () il | ‘Qisearch [E]Favorites  C4History ||%v = N 5@

Links

Login Tasks

Log Cut

J-ﬁ-ddress @ https:/fsnpSO0cancer . nci.nib, govtagman_assays.cimrsnp_id=a0H1C-02&dbsnp_id=1693452 j @GD |JLinks iid
YEAGERM Assay number 539: 102 individuals campleted -l
Strand: +
Horme Concentration 3’ dye Sequence 3 dye Allele
- Frobe 1 150 nkd FAM  ATCGGTCGGECTTEA WE e
Search by Genef
Tl peiEra Frabe 2 400 WIG CATCGGTCAGCTTG MGE A,
Fathway Frimer F 200 nv TEACTGATGGAGGETGTEGEA,
Search by SNP Frimer R 200 nd GCAGALATTTCAGGGCATGETC

Annealing temperature: B3 degrees centigrade

Method: 10 ng of lophilized sample DNA was used to do & 5wl Tagman reaction. The reactions
were done in g 284 [95%) well plate format. Four controls [(Conel! DNA controls) for each genctype
a5 well as NTCs (ho template controls) weare put on the plate glong with the samples 2.5 Wi of the
2X Undvaraal Mater Mix [A8]) and assay-specific concentrations of primers and probes were Uaed In
the reaction. Assa-specific thermo-circling conditions were Laed:

Step 1 - 50°0 - 2 Mintes - AmpErase UNG actication [ABI)
Step 2 -- 95°0 - 10 Minutes - Enzyme activation
Step 3 - 0:30 Seconds - Template Denaturation
Q2% using ITMGE quencher
Q5% using 3ITAMRA quencher
Step 4 - GO°0 - 100 Winute - Annealing [assay-specific)
Step & -- G0 TO 5 49 TIMES
Step 6 -- 4°0 - Hold
Step 7 - END

The plate was then read on the ABE FRO0ORT sequence detection systern. The 505 software graphs
the results of allelic discrimination ran on g scatter plot of Allele T Rnversus Allele 2 Rn. The
asoftware repreaants each well of the 384-weall plate as & spot oh the graph. The genotypic
segragation 5 displayed in the alisfic piot. The piot contalns four distinct clusters, which represent
the NTUs [no template controls) and three possible genotypes that cluster along the harizontal,
vertical and diagonal axes and represent the Allele 1, Alisle 2 and Allsle T/Alle 2 respectively. This
variation s due to differences in the extent of PCR amplification. The data are then exported in text
format for further analysis.

|@ Done

l_ E |4 Internet

Mstart| | EHA QDA & || B 2] Bya] s |[&s. E)u] S| 314 B1c| @a| BRI LY IR NHAATLAD  sosem




The Cohort Consortium for
Breast and Prostate Cancers

* Fine sequence analysis

» Haplotype determination
— Haplotype tagging SNPs
» Capture >95% of common variation
— No 1s Firm
— Yes means we need to look closely at functional SNPs

* Genotype analysis of ht-SNPs across all
studies

— Pooled analysis for main effects



Re-sequence Analysis in Breast
& Prostate Cancer

Cohort Consortium for Breast and Prostate

— MIT/USC, Harvard, EPIC, CEPH, NCI
» ~&,000 cases and ~8,000 controls for each

Re-sequence in Cases (n=190)

Haplotype determination (n=760)
— CEPH trios & Unrelated MEC populations

53 genes
— IGF pathway & Sex steroid metabolism

Pooled Association Studies



Re-sequence Analysis in Breast

& Prostate Cancer

STEP 1
Resequence analysis of
All exons
5’ and 3° UTR
ECR regions (>80% homology between human and mouse)
Bio-informatic identification of SNPs every 1-2 kb in introns
STEP 2
Analyze SNPs with > 5-10% minor allele frequency in
~350 unrelated (5 ethnic groups)
> 140 trios
STEP 3
Determine ht-SNPs for large studies



FYO04 Genes 1n the pipeline:
from sequence to haplotype to analysis

* Full analysis underway ¢ Assays in pipeline

AR CYPI7
HDI17B1 PGR
CYPI9 ESR2
* ht-SNPs Ready
GHR
HSD17B4

CYPIBI



CYPI1BI-Analysis

* Sequenced in SNP500 (n=102 from 4 ethnic
groups) and 92 DNAs (5 ethnic groups of
MEC)

64 SNPs found, 37 with Minor Allele
Frequency >10%
* 16 ht SNPs genotyped in CEPH ethnic
panel and CEPH trios
— High failure rate 14/30 (odd gene....)



European Caucasians CYP1BI1

16 SNPs




ht-SNPs for CYP1B1 in European Caucasians

ETATAAEEEET D e | AR 285
EETTAATEAEE.EII'R—TEE lE':
TTAGCATGGCC 1685 CAG 425
TATAGCCGCC .150 TAG 0473
TATAACCGCC .144

TAGCATGGCC .021
TATAACCGCC 015

C» T — 7

1.0
8 htSNPs Captures 98.6% Diversity



positions of 16 SNPs in CYPIBI

—

Vanations = = —— - — - -
‘ T ‘ 2K 4H‘ ‘ AE 8K H‘ |I:]H ‘ ‘ 12K 14K

3 4 § 67 8 91011 1213 14 15 16

140 unrelated CEPH trio parents

HHHHHHH
GGGGGGG

TGCCATA .267 AC.760
CCGTAGG 211 (T.212
CCGTATG .205 AT .UZ8

CCCCGTG . 151
CCCCATG .143
94




CYP1BI1 Blocks in African Ancestry




Central questions

Scope of candidate gene analysis

— Pathways- classical vs array driven
— ht-SNPs
— Screen vs across all studies

Determine by platform
— Cost and availability

Centralized vs Separate institutions
— QC vs cost vs efficiency

Whole genome amplified DNA
Main effect plus ? Co-variates
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