remioTnpio Osooaiioc

I'sverikn lNoikiAornra, HapMap kai
1,000 Genomes Project

lNavvn¢ BaociAomrouAog, PhD



MoikiIAopgop@ia oTnV HOVADIKOTNTA KOl OTNV EUTTABEIO

®aivoTutrikn MNMoikINopopia
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v

["eveTikn) MMoikIAopopgia

|

[ovidia

N\

Coding DNA, 1.5% Non-coding DNA, 98.5%

[MoAupop@ioudg > cuxvotnTa otrdviou aAAnAduopeou = 0.01%, eTepoluywTeS = 2%
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MNMerpwpévo, MoikiAopop@ia Kai Mupnvika OgEa

99.9%

looo dirapépouus pusraéu pag?!!ii
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MNMerpwpévo, MoikiAopop@ia Kal Mupnvika O&Ea

98.5%

l1ooo diapépouus ue aAAouc opyaviououg?!!!!l!
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MNMerpwpévo, MoikiAopop@ia Kai Mupnvika OgEa

[TETTPWMEVO. .o Type | Diabetes
[TOIKINOHOP®PIA. ..., Type |l Diabetes
[TuPNVIKA OCEA. ..o, DNA, RNA

lNemrpwuévo - ‘Eva BIBAIO ye KEvA TTOU KOAOUUOOTE VA
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5107, 150 Ibs
Marathon runner
Healthy lifestyle promoter
Died MI, age 52 (while running)
Father died Ml age 43

Winston Churchill

5’8", 270 Ibs
Legendary gluttony
Smoker
Slothful
Died age 90
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2001...AtToKWOIKOTTOINON TOU lNeVveETIKOU KWwdika Tou avBpwtrou

GCAATTCTCTTT GETAT CCAAT GAAGAAATCGAAT CCATACCCATAGCTATAAAAAACAT
TTCAGGAGAAAAT AACGACCEGAAGCT GCTCAATTAGGCGCAATT GATTCETTTCAAALLT
GTGAAACTTECCAGCTTACTTCGECAT GTCCTEET CATTTT GEAAAATTTCAT CTTACT
CAACCATTATTTAAACT CGCATT TAAAAARCTTGTT CAAAATATTTTTAAATATACTTC
TTCTTTCTGETGETGCTT TACAAAAT CTTCAACT TCT GCAAT TCAT CAAGCACATACACC
AACGAAATACT GGAATAACAGTTAAAGATCGTGCTGCTTT TAAAAAAATTT TAGAAGCT
ACCAAACAAAGCAAATTCAAGTGTATTGCACCTAATT GCCAAAAACAAGTCTCTCCTTT
ACAATATT CGAARART AATAACTTTATATATAATTCGEGTACTACAAAGEGTATAGTTT
TEEATAACAGGCATGTGTTTAATAT CTTACAAAAT CTT CCACAAACGTTTAAATTATTG
TTAACCCCTTCGAATGCT CATCAAATCGTATCTCCCGAAAATGTCTTTTAT GCTAATAG
TATCTTACTT CCACCACATAATCTACGAACTAT CAATGTTTAT GATGETCAGSTTACGA
GITTGTTAACAAGTGATTTGAAT CTGATAAT CCGAAGAGT TGCTAAT AAT GAGACAAAT
GCAAARATACAARAAAT CTTGEATT CTAT CGAT AACAGCCGAGET GCCAAT CCATAT GC
TACAAATAAARAGCTTACTT TGGATACT TT GACAGGT GGACACT CAAAACGAATCTTATT
TECGAAGTTATAT TAAT GGCAAACGTATTCCT GAGACT GCCAGAGCTGTAAT CGAACCC
TCTATGAATAAAACTGGCTTTAT TGAAGTACCATCTTACATTT TAAACAAGT TAAGAGA
TETTGTCTTTTAT AAT CACCTTACGAAAGATAACATACTCAAAACTCTTCAAAACGCAAT
AAGCTTTTCTAACATATATCAARACT CATCATAATTCT CAAAATCCTTATATCCETTTAT
GATTTAGCACAGAACGAAT GCATATT TAACCTTGGCTCCTAATTTCGETCATATTTTCGA
AAAAAGEAAAGAGEAAGGTGETTTTGTAACTATTT GCAGACAT CCAT CTATCT GETTAA
CTAATATCCAATCTGGTATAATAAAAAGAT CAGAAGGGTTTACTATTAACATCCCAACT
ACARATTTGCACATCTTITT ATGACAATATATTCTTT
CARATCCCCATGTGCCAATCTCGAACAAGCTTT GATTAT GAACT CACGAAATCTCTTCA
AARATTCTATAACAAGCAAT CCAATGTTCGGCTTGET CCAAGATCAAATACCAGZCTTG
AATAAGTTATATAGACGACAAAATTATACATATAACGATGCGT TEGETGATTTTAGGACA
ATTCGGATTTCTGTTAACACCT GGAAAAGATAATTATACCGGAARAGATATACTTTCTT
GTGTATTCCCAARACATTATACACT CAAAGGAATTGT T GAAAAT GGCGAACTTATTTT G
GAGAATTTTACAAATAAACTCETTT CCGCAAATTCCTCAAAGTCCATCTTT GGECATCT
TETTTTATTT TAT GCACAAGAGTAT GETTT GACTATAT TGCATACAAT GCGAGATATT G
TTCAAAATTTTAT TACACATTTTGETTTCAGT GTAAAAAT CCGAGATATGAT CCCAAGT
CCAAARATTTT GEATAT TCTAGAAAAGCGATCETAGACCAACAAGTCCATAARAATTCATAR
ACAARCARAACTTCTATAT GACGAT AT CCAACAACCETAACCTTATAATCAACTCTTAT
ATGATATTTCTCGACTT CAGATTAAAAAATCTCCCTAT TAT CAARAAACAARCTAGAAAGT
AAACTTTT GGAACTTT T GGAT AATATTAT GAT GAAGACAATAATTT CCTAGAGATGTA
TAGAACGEEATATAAGET CAACATTAACGAACTTCTCTCTATTATGTGTTTICT CGETT
TTAAARATTAT GGAAATATCGAAAT GATTACACCGGETCTTAATEGTARARCATCTTTG
TTTAGCTTACCAGATTCTATAAACT TACAAGAT TATGGET TCATCAAAAGCTCTATTGE
CAAAGEETTAACGTTT GAAGAATAT GCTACAAT CETAAAACAACAACGCTTTT CCACARA
TTGTTAATGTTACAACT GGTACT TCACAAACAGCATTTTT GEECAAAAAAAT CETTARA
ATGECTTCTEAATTC

400 Topuo1 BiBAiwy

3 AloekaTopuupia Baocig!!!
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‘ FTENETIKH MOIKINOTHTA \

1/1000bp
0,1% yovIdIwHaTOG

Allele (1)



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

1 2 1 2

AAGCTGTCACTGTCATCGTACTCA AAGCTGTCACTGTCATCGTACTCA
e Tt G.... T.......o... G....
e Tt G...o G....
o saveoceccecceccecsaces  aucanocossossossos: G....
e T.o..ooo.. G.... T.......o... G....
U G....
............................. T
....... T...........G.... R
N C AP T........... G....

....... T

C
Site 1 C Site 1
T T
Complete LD (D' = 1) No LD (D’ =0)

Fisher’s Exact Test P = 0.002 Fisher's Exact TestP=1.00 | 2204 |9
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Figure 1 Haploview output showng pameisa coatbants of dissquilin-
rum far tha AIRE single nuclaotids polymorphesms at posibons —103,
Aldd, 5238 6528, 7215 and 11787 razpactvaly. 1" valuas ara not showen

whara thara = complata LD,

5238

ol

6528

F

G0

7215

&h

8

11787

Mapadsiypa avicoppoTrioag ouvdeong
KOl ENPAVIONS ATTAOTUTTWYV

Table 4 Pvaluas for cass—contral anabysis an AJRE C-103T, GEE28A, T7218C, T11787C haplotypes®

Allpatants Lorrals Fragquancy [asas Fragquancy r© Fwalua OF (95% Cl
CGTT 136 0.404 193 0.352 2377 0123 0301087108
CGTC a5 0.283 a4 0.179 1373 210 = 107* 055 {0.40-0758)
CGCT 3 0.008 51 in.0a2 2R77 384« 9077 14 3.53-35.9
CGCC 32 0.096 100 0.183 12545 384 = 10 7 293139324
CATT 20 0.080 25 0.045 0819 0.385 076 10.41-1.359
TGTT 349 0115 62 o112 0015 0803 0397 0.64-1 50

* Tha suscaptin

[1x yia

2’ ap

otypas showing significant association are in bold and the haplotyps with negative association is underined.

NPs €dw gp@avidovral yovo 6 atro Toug 16 atTAOTUTTIOUG



Ytrof3oAn SNPs oto dbSNP

SNPs submitted Unique mapping

By research communtiy to a genome location

(submitted SNPs = ss#) (reference SNP = rs#)
submission 5529266 e '-'___H\ 'i"ﬂ“dﬂﬂﬂl'l status dEEEﬂPﬂEII‘I
CGAP-GAI y f \\\ |:_ validated by multiple, independent submissions to the

f; Re g&ilnce \ refSNP cluster
submission 55870165 Record ' h bz validated by frequency or genotype data: minor alleles
il St \ observed in at least two chromosomes.
submission ss1542565 N bl |”' validated by submitter confirmation
C LEE —
9 |; - | all alleles have been observed in at least two
'L chromosomes apiece  (by 2hit-2allele)
summary validation summary variation
information information

experimental confirmation Heterozygqosity = 0.127 | 2552014 | 1




ATTAOTUTTOG

* Ouada TTOAUPOPPIKWY OUVOEDEUEVWY OAANASOPPWY TTOU

KAnpovououvrtai padi

Q.?

Il 1
A29, B7, DR4 A2 B35 DR13
O&cia
Aguxaipia
Il. 1 2 4 5
A29, B7, DR4 A29, B7, DR4
A2, B35, DR13 mEd, B, DR A2, B35, DE
A29 B7, DR4 A29, B7, DR4
i BY7, DRY A2, B35, DR13

A1T)\OTGUTOOT]|H]

AvTtaAAayn
UAIKOU PETOEU
OUO UNTPIKWYV
XPWHOCWHATWYV

| 2/5/2014 | 12



Acg utto0€ooupue OTI £xoupe 3 SNPs......

Sequence from chromosome 7

GAAATAATTAATGTTTTCCTTC [:IT[:I'C[:TA.'ITITGTmmﬂﬂ"mmﬁmﬂmﬁ"ﬂﬂﬂTAﬁﬁnﬂw
AGACGGAGTTTCACTCTTGTTGCCAACCTGEAGTGCAGTGGLGTGATCTCAGCTCACTGCACACTCCGCTTIC . TGGE
TITCAAGCGATTCTCCTGCCTCAGCCTCCTGAGTAGC TEGGGACTACAGTCACACACCACCACGOOCGGCTAATTTTTG
TATTTTTAGTAGAGTTGGGGTT TCACCATGTTGGCCAGACTGGTCTOGAAC TCCTGACCTTGTGATCCGOCAGCCTCT
GCCTCOCAAAGAGCTHGGATTACAGGCGTGAGLCACCGOGCTOGGLCCTTTGCATC AN ACAGCTTGTTTTCTT
TGCCTGGACTTTACAAGTCTTACCTTGT TCTEGOCT TCAGATATTTGTGTGGTCTCATTCT GCCAGTAGCTAAARA
ATCCATGATTTGC TCTCATCCCACTCCTGTTGTTCATCTCCTCTTATCTGGEGGTCAC Y CTATCTCTTCGTGATTGCATTC
TGATCCCCAGTACTTAGCATGTGOGTAACAACTCTGCCTCTGCTITOCCAGGCTGTTGATGGGETEGC TGTICATGCCT
CAGAAAAATGCATTGTAAGTTAAATTATTAAAGATT TTAAATATAGGAAAAAAGTAAGC AAACATAAGGAACAAAANG
GAARGAACATGTATICTAATCCATTATT TAT TATACAAT TAAGRAAATTTGGAAACTTTAGATTACACTGCTTTTAGAGAT
GEAGATGTAGTAAGTCTTTTACTCTTTACAAAATACATGTGT TAGCAATTTTGGGEAAGAATAGTAACTCACCCGAACA
GTGTAATGTGAATATGTCACTTACTAGAGGAAAGAAGG CACTTGAARAACATCTCTAAAC CGTATAAAAACAATTACA
TCATAATGATGAAAACCCAAGGAATTTTTT TAGAAAACAT TACCAGGGCTAATAACAAAGTAGAGD CACATGTCATTT
ATCTTCCCTTTGTGTCTGTGTGAGAATTCTAGAGT TATATTTGTACATAGCATGGAAAAATGAGAGGC TAGTTTATCAA
CTAGTTCATTTTTAAAAGTCTAACACATCCTAGGTATAGGTGAACTGTCCTCCTGOCAATGTATTGCACATTTGTGCCC
AGATCCAGCATAGGGTATGTTTGCCATT TACAAACGTTTATGTCT TAAGAGAGGAAATATGAAGAGCAAAACAGTGCA
TGCTGGAGAGAGAAAGCTGATACARATATAAATGAAACAATAATTGGAAAAATTGAGAAACTACTCATTTICTAAATT
ACTCATGTATTTTOCTAGAATTTAAGTCTTTITAATTTT TGATAAATCCCAATGTGAGACAAGATAAGTATTAGTGATGGT
ATGAGTAATTAATATCTGT TATATAATATTCATTTTCATAGTGGAAGAAATAAAATAAAGGTTGTGATGATTGT TGATTA
TITTTTICTAGAGGGGT TGTCAGGGAAAGAARTTGCTTTTTTTICATICTCTCTTTCCACTAAGAAAGTTCAACTATTAATT
TAGGCACATACAATAATTACTCCATTCTAAAATGOCAAAAAGGTAATTTAAGAGACT TAAAACTGAAAAGTTTAAGATA
GTCACACTGAACTATATT TCCACAGGGTGOTTGGAACTAGGCCTTATATTAAAGAGEC TAAAAATTGCAATA
AGACCACAGGCTTTAAATA TTTARACTGTGAAAGGTGAAACTAGAATGAATAAAATCCTATAAATTTAAATCAA
AAGAAAGAAACAAACT  CAAATTAAAGTTAATATACAAGAATATGGTGGCCTGGATCTAGTGAACATATAGTAAAGA
TAAAACAGAATATTTCTGAAAAATCCTGGAAAATCTTTTGGGCTAACCTGAAAACAGTATATTTGAAACTATTTTTAAA

Are the SNPs correlated with their neighbors?

| 2/5/2014 | 13



These three SNPs could theoretically
occur 1n 8 different haplotypes

N
N
T
T

o005 05
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Tag-SNPs

Ta Tag SNP’s ptropouv va TpoodiopicouVv KOIvoUG ATTAGTUTTOUG

A SNPs SNP

:

Chromosome1 AACACGCCA....
Chromosome2 AACACGCCA....
Chromosome3 AACATGCCA....
Chromosome4 AACACGCCA....

B Haplotypes

SNP

:

TTCGGGGTC....
TTCGAGGTC....
TTCGGGGTC....
TTCGGGGTC...

SNP

l

Haplotype 1 CTCAAAGTACGGTTCAGGCA
Haplotype 2 TTGATTGCGCAACAGTAATA
Haplotype 3 CCCGATCTGTGATACTGGTG

Haplotype 4

:

C Tag SNPs

0~

l l
T C
/ !
C G

AGTCGACCG....
AGTCAACCG....
AGTCAACCG....
. AGTCCOACCG....

H yovotutrnon Twv 3 autwyv povo Tag-SNPs (atré cuvoAo 20)
MTTOPOUV VA OWOOUV TOUG TTOPATTAVW 4 aTTAGTUTTOUG

| 2/5/2014
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ATTAOGTUTTOG: £€VOG OUYKEKPINEVOG CUVOUAOHOG AAANAONOPPWYV O€ £va
XPWHOCWHA

2UYKpPivovTag atrAOTUTTOUG aTTO TTOAAG ATOMA, TTAPATNPOUE KOIVA TTPOTUTTA

= SNP SNP SNP
Sl ‘ ‘ !

nosome1 AACACGCCA.... TTCGGGGTC.... AGTCGACCG....
Chromosome2 AACACGCCA.... TTCGAGGTC.... AGTCA ACCG....
Chromosome3 AACATGCCA.... TTCGGGGTC.... AGTCA ACCG....
Chromosomed4d AACA_GCCA.... TTCGUGGTC.... AGTCU ACCG....

1 |
* OpAadeg yeItovikwv SNPs 010 1010 Xpwpdowpa KAnpovououvTal Jadi
(blocks) - avicoppoTria ocuvdeong

* To rpoTutro TwWV SNPS o€ éva block gival o atTAGTUTTOG

» Eival duvaTtov va eTTIAEYyoUV Kal va eAeyX0oUv ouykekpipgéva SNPs woTe va
Yivouv avaAUOEIG OUCXETIONG HE CUYKEKPIMEVO PAIVOTUTTO.

* MNa dropa TTOoU £X0UV £éva OUYKEKPIMEVO SNP o€ PJia 0éon, uTTOpOUE va
poBAéYoupe Ta SNPs o€ yeITovikéG BEo€lg

« O HapMap egival o xaptng Twv blocks Twv SNPs 1Tou ouv-KAnpovououvTai
KaBwg kal Twv emIAeyHéEVwY SNPs (tag SNPS) TTou TautoTrolouv autd Tta bloCks



articles
|

A map of human genome sequence
variation containing 1.42 million
single nucleotide polymorphisms

The International SNP Map Working Group*

* A full list of authors appears ar the end of this paper.

We describe a map of 1.42 million single nucleotide polymorphisms (SNPs) distributed throughout the human genome, providing
an average density on available sequence of one SNP every 1.9kilobases. These SNPs were primarily discovered by two projects:
The SNP Consortium and the analysis of clone overlaps by the International Human Genome Sequencing Consortium. The map
integrates all publicly available SNPs with described genes and other genomic features. We estimate that 60,000 SNPs fall within
exon (coding and untranslated regions), and 85% of exons are within 5 kb of the nearest SNP. Nucleotide diversity varies greatly
across the genome, in a manner broadly consistent with a standard population genetic model of human history. This high-density
SNP map provides a public resource for defining haplotype variation across the genome, and should help to identify biomedically
imporiant genes for diagnosis and therapy.

[ | 18
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www.hapmap.org H ap M ap P rOjeCt Nature 437: 1299-320, 2005

3L | English | Frangais | B335 | Yoruba

International HapMap Project

Home | About the Project | Data | Publications

Participating Groups

Baylor College of Medicine (USA)

Beijing Genomics Institute (China)

Beijing Mormal University (China)

Broad Institute of Harvard and MIT (USA)

Center for Statistical Genetics, University of Michigan (USA)
Chinese Mational Human Genome Center at Beijing (China)
Chinese Mational Human Genome Center at Shanghai (China)
Cold Spring Harbor Laboratory (USA)

Eubios Ethics Institute (Japan)

Health Sciences University of Hokkaido (Japan)

Hong Kong University of Science and Technology (China)
Howard University (USA)

lumina (USA)

Johns Hopkins School of Medicine (USA)

McGill University & Génome Québec Innovation Centre (Canada)
ParAllele BioScience (USA)

Perlegen Science (USA)

RIKEN (Japan)

The Chinese University of Hong Kong (China)

The University of Hong Kong (China)

University of California, San Francisco (USA)

University of Ibadan (Nigeria)

University of Oxford (UK)

University of Oxford / Wellcome Trust Centre for Human Genetics (UK)
University of Tokyo (Japan)

University of Utah (USA)

Washington University, St. Louis (USA)

Wellcome Trust Sanger Institute (UK)

2KOTro¢: H dnuioupyeia evog XAPTN KOIVWYV YEVETIKWY HETAAAASEWYV
Kal atrAoTUTTWYV — 600,000 KO1Vva SNP’s atré 4 d1apopeTIKOUG TTANBUCHOUG.

* CEPH (CEU) (Europe - n =90, trios) 1 SNP/5 Kb
* Yoruban (YRI) (Africa - n = 90, trios) MAF>5%

» Japanese (JPT) (Asian - n = 45)
* Chinese (HCB) (Asian - n =45)

®don I: 1M SNPs
®don Il: 4.6M SNPs

®daon lll: .............. ... 252014 | 20



HapMap Project — ®aon Il

Evioxuon twv apxikwv HapMap deiyuatwyv ye akopn 1,115 dciypyara 1a otroia TpogpyovTal
atro 11 dla@opeTIKOUG TTANBUCOUG ava TOV KOOMO YIA TTEPICCOTEPN TTOIKIAOTNTA:

A@pikn, Acia, EupwTtrn kal MeEIKO, GTopa TTOU HEVOUV O€ DIAPOPETIKEG TTEPIOXEC — 1dAVIKO
EPYAAEIO yIa JEAETN YOVOTUTTOU-QAIVOTUTTOU, O a0BEVEIEC OAAG KAl OTNV £CEAIEN.

label population sample # samples | QC+ Draft 1
ASW African ancestry in Southwest USA 90 71
Utah residents with Northern and Western
El8e European ancestry from the CEPH collection el Ho
CHB Han Chinese in Beijing, China 90 82
CHD Chinese in Metropolitan Denver, Colorado| 100 70
GIH Gujarati Indians in Houston, Texas 100 83
JPT Japanese in Tokyo, Japan 91 82
LWK Luhya in Webuye, Kenya 100 83
MEX Mexican ancestry in Los Angeles, California 90 71
MKK Maasai in Kinyawa, Kenya 180 171
TSI Toscans in Italy 100 77
YRI Yoruba in Ibadan, Nigeria 180 163

1,301 1,115

| 2/5/2014 | 21



HapMap Project

1 x 10° yovorutrol - $800,000 yia kG0e acOiveia.

10 million
rs SNPs
12,0
O Total SNPs
HapMap SNP Discovery ®Validated SNPs
10,0 1 —_ - >
‘» L
S 8o ﬂmﬂm')n
= [ ] vali at;ed
£ — — - 1S SNPs
D"_’ >
=z _
0N 40 —
2,0 _|
0,0

Jan-03

Dep-99

Mai-99

louA-99 OkT-99 Aek-99 ®ep-00

dbSNP Release

Mai-00 Auy-00 Agk-00 Mar-05
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[Mapadeiyua YEAETNG XpNOIMOTTOIWVTAC TO HapMap

nature

genetics

HapMap leads to a new diabetes gene discovery

v

Variant of transcription factor 7-like 2 (TCF7L2)
confers risk of type 2 diabetes

Struan F A Grant!, Gudmar Thorleifsson', Inga Reynisdottir!, Rafn Benediktsson®?, Andrei Manolescu’,
Jesus Sainz', Agnar Helgason'!, Hreinn Stefansson', Valur Emilsson', Anna Helgadottir!,

Unnur Styrkarsdottir!, Kristinn P Magnusson!, G Bragi Walters!, Ebba Palsdottir!, Thorbjorg Jonsdottir!,
Thorunn Gudmundsdottir', Arnaldur Gylfason', Jona Saemundsdottir', Robert L Wilensky”,

Muredach P Reilly?, Daniel J Rader?, Yu Baggers, Claus Christiansen®, Vilmundur Gudnason?,

Gunnar Sigurdsson®®, Unnur Thorsteinsdottir!, Jeffrey R Gulcher!, Augustine Kong' & Kari Stefansson!

Published on line January 15, 2006
Already confirmed by multiple groups

NATURE GENETICS ADVANCE ONLINE PUBLICATION 1

| 2/5/2014
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AiaBnTng TuTtTouV |

Autodvoon vooocg (Autoavoon vooog or viral infection)

KaraoTtpo@ry pancreatic 3 cells - failure to produce insulin

15 loci — PTPN22, CTLA4, IL2RA, IL2, IL7R.

25,000 genes - 15-20 genesin T1D

BAQoTOKUTTAPA ] OUCIEC TTOU DIEYEIPOUV TNV AvaAyEvVvVNON TwWV Aiywv
KUTTAPWYV B TTOU £XOUV QTTOUEIVEI

Nature. 2007 Aug 2;448(7153):591-4. Epub 2007 Jul 15.
A genome-wide association study identifies KIAA0O350 as a type 1 diabetes gene.

Center for Applied Genomics, Abramson Research Center, The Children's Hospital of
Philadelphia, Philadelphia, Pennsylvania 19104, USA. hakonarson@chop.edu

| 2/5/2014 | 24
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http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rappaport%20EF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rappaport%20EF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Orange%20JS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Monos%20DS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Monos%20DS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Monos%20DS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Devoto%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Devoto%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Devoto%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Qu%20HQ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Qu%20HQ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Qu%20HQ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Polychronakos%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Polychronakos%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Polychronakos%20C%22%5BAuthor%5D

AlaBnATng Tutrou i

Xapaktnpiletal atroé uttepyAukaipia, moavov Adyw BAGBNS oToug
MNXQAVIOPOUG €KKPIONG TNG IVOOUAIVNG /KAl augnuévn TTapaywyn
YAUKOCNG aTTO TO CUKWTI.

EmitroAaocpog ~60% aAAa Teivel va peyaAwvel Adyw aucnong mng
MEONG NAIKIAG Kal TTaXUOapPKiag.

2 NMAVTIKOG YEVETIKOG TTAPAYOVTAG: A, = 3.5.

[Tponyouuevn HEAETN ouvdeOoNG =2 XP. 54, 109, 129 otov loAavdiko
TTANBuo o, Kal eTTaABsuon Tou 10g o€ Megikavo-APpiKavouc.

MeAETn cuoxETiong oT1o Xp. 109 kaAuTrTovrag pia repioxn 10.5Mb
(228 pikpodopuopikoi Ociktec o€ 1,185 aoBeveic TutTou Il ka1 931 un-
oXeTICOUEVOUG controls.
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- 2UoxETion Tou OgikTn DG10S478 kal TNG aoBEvelag aAAd kal o€ uwnAr LD ue Tov
rs12255372 amé 1a dciypata Tou HapMap CEPH Utah

- O DG10S478 Bpioketal aTo IVIpovIo 3 Tou TrapayovTa petaypapng TCF7L2 yéoa o€ Eva
TuAUa LD 92.1 Kb 10U TTEPIAQUBAVEI HEPOG TOU IVTPOVIoU 3, OAO TO £CWVIO 4 KAl TUAUA TOU
IvTpoviou 4 Tou TCF7L2

- O TCF7L2 petéxel oto JovoTTaT onuatodotnong tou Wnt kai puBpilel Ta eTTiTreda TNG
oppovng GLP-1 n otroia €mdpa aTnv opoidaTacn TnNG YAUKOZNG TOU AiaTog
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PAeypovwdng vooog TOU EVTEPOU

* No6oog Tou Crohn — aguvexng, dIAaTOIXWMHATIKI QAEYHOVN
TTOU TTPOOPBAAAEI TOV YAOTPEVTEPIKO CWANVA Kal ouxVva
ToV €IAe0 (ouyvoTtnTta 1:5000)

* EAKwON KOAITIda — TTpoaBAAAEI KUPIWG TO 0pBO
(ouxvotnta 1:1500)

* Augnon Tou piokou x13 kai x15 yia NK kai EK, avTtioToixa
yia ouyyeveic 1°V BaBuou

* AvoooAoyikr TTpoéAeuon — dINBnon Tou BAevvoyodvou aTro
AEPQOKUTTOPA KAl TTapouadia Abs evavTia oTa €mBnAIaka
KUTTOPO TOU TTAXEOG EVTEPOU = BAgvvoyovia BAGRN

* [lepIBAAAoV — @aiveTal ATTO TNV TEXVOAOYIK AVATITUEN
oTnVv Acia kal TNV TTapAdAANAn aucnon Twv TTEPICTATIKWYV

| 2/5/2014 | 27



Ta yovidla TTOU £XOUV OUOXETIOTEI EWS CHUEPO
QVTIOTOIXOUV O0TO ~20% TOU YEVETIKOU

Table 2 | Gene associations in Crohn's disease and ulcerative colitis

C hromosome

1p31
2q37
3pll
Spl3
5q41
5043
5043
10q21
10q24
16q12
17q21
18p11

Location (Mb)

b7
231
44

131
150
158
b4
101
49
7
12

TTapAayovTd

Genes of interest Assoclated with Assoclated with
Crohn’s disease ulcerative colitis

IL23R . Yes ; , e

AuTOo@AYyWwOon EVOOKUTTAPIKWY BAKTNPIWV Kal

ATG16L1 avmiyovorrapouciaocifes Mo

Multiple, including M5T 1 Yes Yes

Imtergenic, PTGERS Yes Mo

Multiple, including SLC2245 Yes Unclear

Multiple, including IRGM Yes Mo

L1258 (p40) Yes Yes

ZMNF365 Yes Unclear

EvTomiond Twv AepQOKUTTAPpWY O0TO OTTARVA k]ylot wpipgavon Twv
NKXx2-3 g KUTTApWV Ko T alaTﬁ'ﬁ amrdvrnon =5

NODZ Ymrodoxéag avayvwpiens TG TETTTISOYAUKAIT Twv
Multiple, mnﬁﬁ(é;rrm)ﬁ?.&’ir? NfKB KICA‘E'IE-MAP Kivdoeg > Eppuiy avooia
PTPNZ Yeas Lnclear

ATG16L1, autophagy related 16-lke protein 1; L1285, Interleukin-12% IL23R, Interleukin-23 receptorn; IRSM. Immun ity-related

T Pase family, M; NKX2-3, ME2 transcription factor related, locus 3; NODZ, nuclsstide-kinding oligomerzation domain protein Z;
FTGERS  prostaglandin receptor, EP4; FTPN 2, protein tyrosine phosphatase, non-receptor type 2; 5L 2245 solute carner family 2 2,
rmember 5 STATZ, signal transducer and activator of transoription 3; ZNF365 zinc-finger protein 365

| 2/5/2014 |
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A Genome-Wide Association Study Identifies JL23R as an Inflammatory Bowel
Disease Gene

Richard H. Duerr."” Kent D. Taylor,”* Steven R. Brant.™® John D. Rioux,™® Mark S. Silverberg.” Mark J.
Daly.*'"" A. Hillary Steinhart.” Clara Abraham."’ Miguel Regueiro,' Anne Griffiths,'” Themos Dassopoulos,”
Alain Bitton,"” Huiying Yang.™* Stephan Targan,*'* Lisa W, Datta,” Emily Q. Kistner,” L. Philip
Schumm,"” Annette Lee,' Peter K. Gregersen,'® M. Michael Barmada,” Jerome I. Rotter,” Dan L
Nicolae,'"""” Judy H. Cho'™*
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Figure 2 | Variation in multiple genes in the IL-23R
pathway is associated with Crohn's disease. Functional
IL- 23R {imterkukin-23 receptor) signalling results from the
ergagement of aheterodimeric cytokine icomprised of p40
and pl19 subunits)with a hetensdimenic receptor [comprised
of IL-23R and [L-12RE1 subunits). Onengagement of [L-23
with its receptor, |anus kinass 2 {JAK2) is activated, resulting in
JAEZ autophosp horylation and tyrosine phosphorylation

of |- 23R This in tum results inthe recruitment,
phosphorylation, homedimerization and nuclear
translocation of signaltransducer and activator of
transcription 3 (STATAL Asterisks denote genes proven to

be associated with Crohn's disease. TYKZ, tyrosine kinase 2.

* HIL-23R o mRNA eTritredo ek@padletal atro
NK kutTapa, CD4 kai CD8 T kuTtTapa

* KaBopioTikd pdAo otnv diagopoTroinon Twv
Th kutt@pwy, 11.%X. IFN-y TTOU PUBNICEI TNV
TH1 avtidpaon peiwvel Ta etitreda MRNA 1nG
IL23R

* MeTtaAAd&geig oTo povotrar g IL23R o€
TTOAAG yovidia TTou eTnpeddouv TNV pUBUICT
NG T1.X. STAT3 €vag IOXUPOG EVEPYOTTOINTAG
NG METAYPAPNC Kal puBUIOTAG TNG TH17 Kal
TH1 dia@opoTtroinong
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Peupatoeidnc apOpitida

H 110 KoIvi} pAeypovwdng apbpotradeia
— emmmoAaopog 0.5-1%

ZUuxXVvoTnNTa EYPAVIONG VEWV
MEPICTATIKWY ~0.03% TTAYKOOMiWG

MapoucidaleTal cuXVvOoTEPO OTIG NAIKIEG
40-50, TrpoofBaAAovTag x3
TMEPICOOTEPEG YUVAIKEG ATTO AVTPEG

Auiavel 4-15 @opég TV avartrnpia
KOaBwg Kal HEIwVEl ThV d1dpkela {wNG
Katd 3-10 xpovia (o oxéon pME TOV
YEVIKO TTANOUCO)

AiTioAoyia ayvwoTn —
TTOAUTTOPOYOVTIKI) aoBéveia

The Pathogenesis of Rheumatoid Arthritis

NORMAL RHEUMATOID ARTHRITIS
Inflamed

Synovial W ' !
membrane synovial
/ membrane
\ IMor col types:

[ Tiymphocytes

macrophages
&& leus Minor cel types:
Cartilage ‘. Abroblasts
% pmnn:dls
g" \ Sondrte sain
\ : {v' ?mvlll<mou.myp|
d neutrophils
:

Cortilage thinning
AGSOIAD om Felamann M, eLal Arviu Rey Imaanad 1956 14397440

Feldman et al, Ann Rev Immun 1996; 14:337-440.

Alamanos and Drosos. Autoimmunity Rev 2005; 4:130.
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Peupartoeidnc apOpitida

TABLE 1. Loci With Significant Linkage With
Rheumatoid Arthritis, Replicated in Independent Samples®
in Genome-Wide Screening of Multicase Familiest

Snggested
Reference Moos candidate genes

MZ: 20-30% , AZ: 5-15%
Comelis et al ™ 1998 213 HT A-DREI, d ’ 2
Jawaheer u;t :31‘-'1 2001 w other MEIC Zenes

Towabie et a1 2003 KAnpovounoipyotnta: 60%
Osorio ef al > 2004

et e 2008 t8a2! RANK HLA-DRB1 - 1/3 Tn¢ YEVETIKAS BAONC

Jawaheer et al. ™ 2003

Comelis et al ™ 1908 1g43 Unkmown, also 1
Jawaheer et al ™ 2001 linkage with SLE Tng q‘)e‘)l.rla(xg

MacKay et al™ 2002
Jawaheer et al. = 2003
Jawaheer et al.™ 2001 621 Unknown
MacKay et al™ 2002
Jawaheer et al. ™ 2003

Jawaheer et al * 2001 1pl3 Unknown TABLE 2. Rheumatoid Arthritis Susceptibility Alleles Identified in Association Studies and

Jawaheer et al.™ 2003 Suggested Underlying Mechanisms*

*Replicated in at least 2 independent samples; P<.005 in at least 1 sample. Disease

TMHC = major histocompatibility complex; RANK = receptor activator susceptibility . i

of nuclear factor kB; SLE = systemic lupus erythematosus. allele Gene product Suggested mechanism Reference
HIA-DRBI—shared HILA-DEJ chain T-cell zelection and maturation 47,48
epitope alleles Immune response to specific peptides 29
INFSRI1A EANK Osteoclast differentiation 38.39
CRHA2 CRH Defective HPA response to inflammation 4345
Sle2F2T SCL22A4 organic Regulates Iymphocyte activation in 46
cation transporter secondary lymphoid crgans and/or
contributes to local inflammation

Rurel RUNX1 Regulates expression of SCL22A4 46

(Bunt-related
transcription factor)

*CFH = corticotropin-releasing hormone; HPA = hypothalamus-pituitary axis; RANK = receptor activator of
nuclear factor kB.



MeTaoAIkO Zuvdpopuo

To peTaBoAIKO ouvopouo gival Eva TTACA JETABOAIKWY
dlIATAPAXWY TTOU 00NYyoUV avaTTO@EUKTO 0TV aBnNpwuATWON
Kal TNV Kapodlayyelakn vOoo

Nayuoapkia AucAimidaipia

2. aKxapwodng YT1epraon

d1aBNTNG

EmiroAaopdg: 25 kai 18% oTOUG AVTPEG KAl YUVAIKESG AVTIOTOIXO
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MeTaBOAIKO ZUvOpoOlO

2 NMEPA UTTAPXOUV 1 BICEKATOUMUPIO UTTEPRAPA ATOUA OTOV KOOMO, EVW TA TTAXUTAPKA ATOUA @TAVOUV
Ta 300 ekaToppupIa.

H EAAGSa eival n TpwTtn xwpa TNG EE og auxvotnta maxuoapkiag evnAikwyv Kai deutepn (META TNV
ITaAia) og auxvoTnTa TTAIBIKAG TTAXUCAPKIAC.

Ta Kapdiayyelaka VOOHUOTA aTTOTEAOUV TNV TTPWTN QITia BavAaTou TOOO OTOUG AvOPEC OTO KAl OTIG
YUVQAIKEC TOV OUTIKO KOOHO (aKOAOUBEI 0 KapPKivog).

Y1roBaBpo

Kuplog TTupodoTnTHG TOU PJETAROAIKOU auvOPOUOU BewpeiTal n KOIAIOKE TTaxuaapKia, KaBwg To peyalo
KOIAIOKO KUTTAPO EKKPIVEI KUTTAPOKIVES, OTTWG N TTpwTeivn TNFa 1Tou €mdpa atov uttodoxea TnNG
IVOOUAIVNG Kal CUPBAAAEI 0T dnuioupyia IVOOUAIVOAVTIOTAONG.

EmmpooBera, n augnuevn ammeAeuBepwan ANITTAPWY 0EEWV ETTI KOIAIOKNG TTAXUCAPKIOG 0dNYEi, apevog
MEV, OE augnueEvVn ouvBean TPIYAUKEPIBIWY, APETEPOU OE, € QUENUEVN aUVOEan E1IDIKWV
aBnpwuatoyovwy popiwv (MIKPES TTUKVEG LDL) Kal o€ peiwan TG TTPOCTATEUTIKNG XoAnaTepivng (HDL).
O1 duOo auUTEC TTPOCEYYITEIS KATAARYOUV Kal aTrn dnuioupyia dUO OVTOTATWY, Ol OTTOIEC AUPOTEPES
OIEUKOAUVOUV ThV aBnpwpuartikr) diadikagia: atov dIapnTn ME METABOAIKO TUVOPOO KOl OTO HETARBOAIKO
guUVOPOMO XWpPIic dIaBNTN., Ol OTTOIEGC OCUVOVTAI JECO O€ £va ‘TOCIKG' dIaTPO@IKO TTEPIBAAAOV.

‘Etai 1diaitepn Eppacn atrodideTal TEAEUTAIQ 0TV GUVOETN PAEYHOVIC KOl IVOOUAIVOQVTIOTACNG KAl TN
ONMOCIa EKTIUNONG EI0IKWY TTPWTEIVWVY QAEYUOVNG, OTTwG N CRP.
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MeTaBoAIKO 2UvOpoOuO - MEVETIKN

« 2058 avdpec didupouc: MZ 31.6% vs 63%, yia uTTEPTOON,
d1afnTn, TTaxuoapKia

» 236 yuvaikeg 01dupouc: KAnpovounoiuotnTa:
[Maxuvoapkia=0.61, IvoouAivn=0.87, AucAimmidaipia=0.25

* Northern Manhattan Family Study (803 dTtoua atro 89
olkoyéveleg Carribean-Hispanic) =2 kAnp. Tou MetS: 24%,
evw Aitridia/I'Aukodn/Tayxuoapkia:44% - YrEptaon 20%

* MeA€tec ouvdeong: 3927, 17pl2, 1923-31, chr. 6
(D6S403-D6S264), chr.7 (D7S479-D7S471).............. !

* Mn emaAnBeuon og aAAoug TTANBuopouc!!!
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Evoci¢eic aro GWAS yia to M

Z5-

2.0 B G#A studies (5-10%)
= M Cark mattar (40453
=
#2154
N
é 1.0
(N1 ]

0.5

0

(enes

* [ovidla atré GWAS Ba £xouv TNV HEYAAUTEPN
ETTiIOpaan aAAG avTITTpoowTTEUOUV £va 5-10% Tng
TTOIKIAOTNTAG TWV XAPAKTNPIOTIKWY Tou MZ

* To uttéAeitro 40-45% o@eileTal o€ yovidia OTTwWG
auTa TTOU puBpifouv Ta TTITTESA TWV AITTIBIWY Kal
TNG TTiEoNnG Tou aipatog: MAF<5%

YT1rodoxEag TG NEAavoOKoPTivnG 4 —
o€ TTANBUOOUC TNG EUPWTING 2>
PUBUIOTAG TNG IC0PPOTTIAC TNG
evEPYEIQg (UTTEPPAYia Kal
TTAXUCOPKia)

FTO (yovidio pacag Aitroug Kkai
TTAXUOAPKIag)

MLX1L — peTaypa@Iikog pubuIoTAS
ev(UUWV TTOU OXeTiCovVTal JE
ETTITTEOA TPIYAUKEPIDIWV TOU
TTAGOMATOG

TCF7L2 — @aiveTal va eTnpeadlel Tnv
AEITOUPYia TWV TTAYKPEATIKWY B

KIITTANL N

®TE EpEUVATIKG akSun eninedo: AenTivn, AnonovekTivn, THMFO, wTephieukivn-6, CRF, SA4A

o MekeTeg yovidiwy: melanocortin-3 receptor (MC3R), melanocortin-4 receptor {MC4R), leptin (LEP),
leptin receptor (LEPR), tumor necrosis factor-alpha (TMF-alpha), interleukin-6 {IL-6), Agouti-related
protein (AGRP), peroxisome proliferator-activated receptor-y (PPAR gamma), insulin receptor (IR),

lucocorticoid recaptor (GRY



TexvoAoyikn €¢eAicn - DNA chips kai [NAaT@opueg

avaAuong
Affymetrix lllumina

High-density BeadChip substrate

T a0zt
S TR :
12 Sections >890,000 features Average 30 fold

(max 288K beadtypes, 144K loci) per section redundancy
100,000 or 500,000 Quasi-Random SNPs 100,000, 317,000, 550,000, 650,000Y SNPs

65% TWV KOIVWV PHETAAAACEWV 75% TwV KOIVWV PHETAOAANAEEWV
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deCODE

e

Home

What is deCODEme?
deCODEme concept

¥ Genetic profile
Ancestry
Comparisons
Physical attributes
About settings
How to order

About deCODE

Signup

Login to myCODE

g Login to myCODE

genetic profile

what is decodeme’?

genetic profile « Concept  Ancestry »

@ s whmionu 1A

{ 205

Ve o 1f T penpriaiet vine

900,000 SNPs < $1,000

discover your genetic profile

(leCODEme provides you with an introduction to your genome under expert guidance by a world leader in human
genetics. We will analyze your genetic information, store it securely and give you up-to-date information about your
genetic profile.
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Haplotype Frequency Risk

% G T Rarer High
_%h T=  Rarer High

-G T== Common Neutral/

low
- — Neutral/

G T G C Common low
T— Common Neutral/

low

Not genntyped
Genotyped

Fiecure 2. A common SNP may be strongly associated because 1t tags multiple
rarer causal variants. In this hypothetical example, the C allele of the geno-
typed SNP on the left (indicated by the box) 1s strongly associated with
disease risk because it tags a combination of two rarer causal variants which
are themselves only weakly correlated with the associated SNP. Sequencing
in affected individuals carrving high-risk haplotypes might be required to
uncover the actual causal varnants, which in this example have not been geno-
typed.

014
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H utr60g0n TNG KOIVAG a0OEVEIOG = KOIV)
METAAAOENG

Common disease-common variant hypothesis

What 15 the allelic spectrum of disease-causing mutations?

Many rare Few comimon

allelee 7
alleles | alleles ?

O1 peAéTeg ocuoxETIONG
MAAAov 6a atroTuxouv
O& QUTAV TNV
TTEOITTTWON

MOavn emiTuyia
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H utr60eon Tng Kolviig acBEvelag = Koivr) HETAAAASNG

‘Common disease, polygenic effects

Genotype Risk of disease
AA 0.01
AG 0.012
GG 0.0144

Disease prevalence ~11in 100

Each extra G allele increases risk by ~1.2 times

Frequency of G in controls ~ 5%
Frequency of G in cases ~ 6%
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H utr60eon Tng Kolviig acBEvelag = Koivr) HETAAAASNG

Rare disease, major gene effect

Genotype Risk of disease
AA 0.001
AG 0.001
GG 0.95

Disease prevalence ~1in 1000

Individuals with GG are ~1000 times more likely to get disease

Frequency of G in controls ~ 5%
Frequency of GG in cases ~ 96%
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~10 ekatoppupia SNPs ot1o avBpwItrivo

yowpiwpa

~ 500,000 tag SNPs

FPredictive SNP

Disease causing mutation

Tag SNP Ry
ENATAY
o)\

Gl

MeAETEC CUOYXETIONG O€ ETTITTEDO
YOVIOIWHATOG (XWPIG ETTIAOYA

utroyn@iwyv yovidiwyv)




MeAETEG 2ApWONG TOU yYovidiwpaTtog (Genome

wide scans, GWAS)

O1 peAéTEG OAPWONG TOU YOVIOWHATOG €ival PHEAETEG avalATNONG KOIVWYV
YEVETIKWYV METAAAAEEWY, 0 OAO TO YOVISIiWHA, KOI CUCXETIONG OQUTWYV HME

@QAIVOTUTTIKA XOPOKTNPIOTIKA aoBeveIwy.
- AtTaiTouv peydAo apiOué aobBevwv/controls (>1,000).

- AtTaitouv peydAo apiOué SNPs (>100,000).

- YrofBadAAovTal o€ auoTnpr oTatioTiK 810pBwon (Bonferroni correction).

M1 1101 02122010001 1 Conirol
2011 12000101101 10100 Conirol
2012201210011 010011 1 Conirol
1211211110111 00322202 Coniral
121012111 1212121211 Case
22120100012212121021] Case
Q1100210021 112112014 Case
110010221111 20121132 Case
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H Baociki 10€a TTIOCW ATTO TIG MEAETEC CAPWONG

TOU Yovidiwpartog (GWAS)

mm NS N
Y 'Y T Y TYY

/W N

ME 51
N S — Haplotypes
M2 S2
. -
Genatyped SNPs SMPs captured by promy Uncaptured SNPs Functional SNFP

Figure 1: This figure from [CT07] gives an example of the underlying idea behind genome as-
sociation studies. The black triangles represent tagged SNPs, which are sequenced. Shaded
markers are SNFPs associated with tagged SNPs by linkage disequilibrium. The unfilled
markers are not associated with tagged SNPs and thus can't be tyvped by the study. The
shaded star represents a SNP that has a causal relationship with the disease. The haplo-
types shown give an example of linkage disequilibrium. Each SNFP has two possible alleles.
I My, Mz} for the triangle and {5, 52} for the star. Only 3 of the 4 possible haplotypes
(SNP combinations) are shown to occur. This means linkage disequilibrium is in action and
the tagged SNP 1s associated with the causal SNP.
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Large cohort of cases and contrals jn=1000)

» Matched for corfounding variables, such as race,
ethnicity and sex

» Stratified in onder to maximize signals

Microarray-based SMNP genotyping
+ -1 millicn rarddom marker SMPs or
- 25,000 risk-enhancing SMPs [for example, nsSMPs)

Derivation of haplotypes
s Predicated on Internaticnal Haphiap

Detection of association signals
« %! arsimilar test
» Uncomrected P <10 or false discovery rate-like

comection

Fine mapping of association signal [see FAG. 2)

» Directed genotyping of additicral SMPs in region
= Fine mapping of LD in region of association

» Empirical derivation of haplotypes

* Examination of effect of stratification, if avalable

Replication of association

» Large independent cohort of cases and controls
[F =1,000)

« Genotyping of nominated candidate SMPs (<20]

= % or similar test; replication of initial signal

Biclogical validation of association
» Identification of risk-enhancing variant
+ Examination of functicral conseguence of varant

s Determination of mechanism of risk-enhancement | |

1
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Genotypes CC AA CA Total
Cases observed 59 7 9B 184
Controls chserved &0 89 36 186
Total m 16 134 153
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10 million SNPs across the genome

Areas of linkage
disequilibrium across
.. the genome
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TOTTOI HEAETWYV CAPWONS TOU YOVIOIWHATOG

(GWAS)

Table 1. Study Designs Used in Genome-wide Association Studies

Case-Control Cohort Trio
Assumptions Case and control participants are draen Participants under study are mora Disease-related alleles are transmitted in
from the same population representative of the population excess of 50% to affected offspring
Case participants are representative from which they are drawn from heterozygous parents
of al cases of the disease, Diseases and traits are ascertained
or limitations on diagnostic specificity similarty in individuals with and
and reprasentativenass are without the gene variant
clearly specified
Genomic and epidemiclogic data are
collected similarly in cases and
controls
Differences in allele frequencies relate to
the outcome of interest rather than
differences in background population
between cases and controls
Advantages Shaort time frame Cases are incident {developing during Contrals for population structure;
Large numbers of case and control observation) and free of survival bias immune to population stratification
participants can be assembled Direct measure of risk Allows checks for Mendelian inheritance
Optirmal epidemiclogic design for Fewser hiases than case-control studies patterns in genotyping quality control
studying rare diseases Cortinuum of health-related measures Logistically simpler for studies of
available in population samples not children’s conditions
selected for presence of discase Doss not require phenotyping of parents
Disadvantages Prone to a numizer of biasas including Large sample size neaded for May be difficult to assemble both

population stratification

Cases are usually prevalent cases,
may exclude fatal or short episodes,
or mild or silent cases

Overastimatea relative rsk for common
diseases

genotyping if incidence is low
Expensive and lengthy follows-up
Existing consent may be insufficient far

GWA genotyping or data sharing
Requires varation in trait being studied
Poorly suited for studying rare diseasss

parerts and offepring, espeacially in
disorders with older ages of onset
Highly sensitive to genatyping error
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Complement Factor H
Polymorphism in Age-Related
Macular Degeneration

Robert J. Klein,' Caroline Zeiss,2* Emily Y. Chew,?*
Jen-Yue Tsai,* Richard 5. Sackler,’ Chad Haynes,1
Alice K. Henning,® John Paul SanGiovanni,® Shrikant M. Mane®
Susan T. Hayne,r Michael B. Bracken,r Frederick L. Ferris,3
Jurg ‘-‘tht,'I Colin E|i|rn51;i|l:nl|3,2 Josephine HuhT'I'

Age-related macular degeneration (AMD) is a major cause of blindness in the
elderly. We report a genome-wide screen of 96 cases and 50 controls for
polymorphisms associated with AMD. Among 116,204 single-nuclectide
polymorphisms genotyped, an intronic and common variant in the comple
ment factor H gene (CFH) is strongly associated with AMD (nominal P value
<10-7). In individuals homozygous for the risk allele, the likelihood of AMD is
increased by a factor of 7.4 (95% confidence interval 2.9 to 19). Resequencing
revealed a polymorphism in linkage disequilibrium with the risk allele
representing a tyrosine-histidine change at amino acid 402, This polymor
phismis in a region of CFH that binds heparin and C-reactive protein. The CFH
gene is located on chromosome 1 in a region repeatedly linked to AMD in
family-based studies,

www.sciencemag.org SCIENCE VOL 308 15 APRIL 2005

GWAS atov HAIKIOKA-OXETICOMEVO EKQUAIOUO TG WXPAC KNAIdAC

- 96 aoBeveig ka1 50 controls
- 116,204 SNPs

- MetdAAagn oTo yovidio Tou
TTAPAYyoOVTA TOU
ouptrAnpwpartog H (CFH)

- AvaoToAéag TnNG
gvepyotroinong tou C3 otnv
pAeypovn

- Opolduywreg éxouv x7.4
PiCKO yIa TNV acOéveia

- EmiTuxia otnv ouoxéTion
Adyw onpavrtikou
TTOCOOTOU TNG CUMMETOXAS
YEVETIKOU TTapAyovTad
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Genome-wide association study of 14,000

cases of seven common diseases and

3,000 shared controls
The Wellcome Trust Case Control Consortium™® WTCCC

There is increasing evidence that genome-wide association (GWA\) studies represent a powerful approach to the
identification of genes invalved in common human diseases. We describe a joint GW A study (using the Affymetrix GeneChip
500K Mapping Armray Set) undertaken inthe British population, which has examined —2,000 individuals for each of 7 major
diseases and a shared set of —3,000 controls. Case-control comparisons identified 24 independent association signals at
P=5x10 ":1in bipolar disorder, 1 in coronary artery disease, 2 in Crohn's disease, 3 in rheumatoid arthrtis, 7 in type 1
diabetes and 3 intype 2 diabetes. On the basis of prior findings and replication studies thus-far completed, almost all of these
signals reflect genuine susceptibility effects. We observed association at many previously identified loci, and found
compelling evidence that some loci confer risk for more than one of the diseases studied. Across all diseases, we identified a
large number of further signals (including 58 loci with single-point P values between 10 ° and 5% 10 7) likely to yield
additional susceptibility loci. The importance of appropriately large samples was confirmed by the modest effect sizes
observed at most loci identified. This study thus represents a thorough validation of the GW A approach. It has also
demonstrated that careful use of a shared control group represents a safe and effective approach to GWA analyses of
multiple disease phenotypes; has generated a genome-wide genotype database for future studies of common diseases in the
British population; and shown that, provided individual s with non-European ancestry are excluded, the extent of population
stratification inthe British population is generally modest. Our findings offer new avenues for exploring the pathophysiology
of these important disorders. We anticipate that our data, results and software, which will be widely available to other
investigators, will provide a powerful resource for human genetics research.




WTCCC atmroteAéopata (evromiopog SNPs pe MAF >5%
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Table 3 Regmns of the genome showing the strongest association signals
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Standard analysis
BD 16pl2 23.3-23.62 rsd20259 219 ¥ 107 g20x 107" 195 479 A G 2.08(160-271) 2.07(1.6-269) 0282 0.248
CAD 9p21  21.93-2212  rs1333049 179 %107 116 =10 1166 1119 C C 1.47(1.27-1.70) 1.9(161-2.24) 0.474 0.554
ch 1p31  67.3-67.45 511805303 645 %1072 585x 107 1007 941 T T 1.39(1.22-158) 186(1.54-224) 0317 0.391
ch 2937  233.92-234  rs10210302 710 107 526 %107 1111 1128 T C 1.19(1.01-1.41) 185(1.56-221) 0.481 0.402
ch 3p21  49.3-49.87  rs9858542 771 %107 358 % 107" 424 522 A A 109(096-1.24) 184(1.49-226) 0.282 0.331
ch 5pl3  40.32-4066 rs17234657 213 %1079 199 %107 1041 989 G G 1.54(1.34-176) 232(1.59-339) 0.125 0.181
cDh 5033 150.15-150.31 rs1000113 510 =107 315=107% 53 501 T T 1.54(1.31-1.82) 192(0.92-400) 0.067 0.098
ch 10021 64.06-6431 rsl0761659 268 ¥ 107" 175x107™ 469 413 G A 1.23(1.05-145) 155(1.3-1.84) 0461 0406
D 10g24 101.26-101.32 rs10883365 141 =107 582 =x107% 591 548 G G 12(1.03-139) 162(1.37-192) 0477 0537
D 16012 49.02-49.4 rs17221417 936 %1072 398 =107 893 847 G G 1.29(1.13-1.46) 192(1.58-234) 0287 0.35
ch 18p11 12.76-1291 rs2542151 456 %107 203 %107% 542 500 G G 13(1.14-148) 201(146-276) 0.163 0.208
RA 1pl3 113.54-114.16 rs6679677 490 x 1072 555x 107 2236 2199 A A 198(172-2.27) 332(1.93-569) 009 0.168
RA ) MHC 64576170 344 x 1077° B18x 10770 7484 7318 T 0T 2.36(197-2.84) 521(4.31-630) 0489 0685
T1D 1p13 113.54-114.16 rs6679677 117 x 107°° 543 x107°° 2307 2283 A A 1.82(1.59-2.09) 519(3.15-855) 0.096 0.169
TiD ) MHC rs0272346° 242 % 107 547 x 107 1419 1422 A G 549(4.83-6.24) 1852 (27.03-1269) 0.387 0.150
T1D 12q13 54.64-5509 rs11171739 114 x 107" 971 x107* 889 824 C C 134(117-1.54) 175(1.48-208) 0423 0.493
T1D 12q24 109.82-111.49 rsl7696736 2.17 %1071 151 =107 1253 1188 G G 134(1.16-153) 194(1.65-229) 0424 0.506
T1D 16p13 1093-1137 rsl2708716 9.24 =107 492%10"% 515 470 A G 119(0.97-1.45) 155(1.27-189) 0.350 0.297
T2D 6p22  20.63-2084 rs9465871 102 %107 334 x107% 415 398 C C 1.1B(1.04-134) 2.17(1.6-2.95 0178 0.218
T2D 10g25 114.71-114.81 rs4506565 568 ¥ 107 505x107% 1014 943 T T 136(12-154) 188(1.56-227) 0.324 0.395
T2D 16012 52.36-5241 rs9939609 524 %107 191 x107% 535 505 A A 134(1.17-152) 155(1.3-1.84) 0398 0.453
Multi-locus analysis
T1D 4q27 123.26-123.92 rs6534347 448 107 183 x 107%™ 515 469 A A 130(110-1.55) 149(1.25-178) 0.351 0.402
T1D 12pl3  9.71-986 53764021 719 %107 508 % 107%™ 212 455 C T 1.57(1.38-1.79) 148(1.25-175) 0.467 0.426
Sex differentiated analysis
RA 7032 13080-130.84 rs11761231 391 » 1079 137 x107% - - G A 144(1.19-1.75) 164(1.35-199) 0.375 0.327
Combined cases
RA+T1D 10pl5s  &.07-617 rs2104286 592 % 107%™ 2582 % 1079 526 445 T C 1.35(1.11-1.65) 162(1.34-197) 0286 0.245




MeAETeg Zapwong Tou yovidiwpartog (Genome wide
scans) — To ueyebog TAnBuopuou gival onuavTtiko (Meta-
avaAuon)

Results, Twenty-nine studies with 43 comparisons including 13 rheumatoid arthritis (RA). six systemic lupus ervthematosus
(SLE) six tyvpe-1 DM (T1D). three Grave's disease (GD). four inflammatory bowel diseases (IBD). three juvenile idiopathic
arthritis (JIA) two psoriasis. two multiple sclerosis, two Addison’s disease and two Celiac disease were available for the meta-
analysis. The overall odds ratios (RS} for T-allele, T/T and T/T 4 C/1 genotypes were significantly increased in RA, SLE,
GD and T1D (OR for T-allele =1.55, 149, 1.85, 1.61, respectively, £ < 0.00001). This meta-analysis showed the association
between the T-allele and the T/T genotype and JIA (OR=1.34, P=0.03;: OR=1.97. P=0.02) but did not reveal the

A
Review: AA
Comparison: 01 Ra and PTPN22 C1858T SNP
Outcome: 01 T- vs C-allele
Study Ra Control QR (random) Wisight OR (random)
or sub-category /M M 95% CI %% 95% CI
Seldin 436 /2080 43372800 - 15.51 1.47 [1.27, 1.70]
Begovich-1 131 /850 24/9510 — 7.36 1.65 [1.23, 2.20]
Begovich-2 28371620 16171852 - 11.323 2.13 [1.73, 2.61]
Gomez 33/59%6 27/6l6 ——— 2.85 1.28 [0.76, 2.15]
Hinks 11671772 12371120 - 10.37 1.88 [1.51, 2.358]
Oena-1 255/71812 100 /1206 —— 5.25 1.81 [1.42, 2.31]
Cene-2 112 /656 16/376 — 4.51 1.94 [1.30, 2.90]
Orozoo 17171652 15372072 —-— 10.07 1.45 [1.15, 1.82]
Simking 26271738 11271126 —- .71 1.61 [1.27, 2.03]
Steer 96/604 631/748 —a— E.ET 2.05 [1.47, 2.88]
Wesoly 99/832 162/1782 —a— 2.34 1.35 [1.04, 1.76]
Zhernakowva 447302 9271044 — 4.79 1.77 [1.20, 2.60]
Total (959 CI) 14654 157464 ) 100.00 1.68 [1.53, 1.84]
Total events: 2238 (RA), 1548 (Contral)
Test for heterogeneity: ¥2= 16.97, df = 11 (P=0.11), /2= 35.2%
Test for overall effect: £ = 10.85 (P < 0.00001)
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. Mpiv TNV MeTa-avaAuon

80924
Also Prostate Region 3
Colorectal Adenoma
8023.3 (EIF3H)
10pl4

Meta-analysis of genome-wide association data identifies
four new susceptibility loci for colorectal cancer
COGENT Study!

Gemmne-wide mseciation (GWAL studies have identified multiple loci st which comman variants modestly influence the risk

of developing colorectal cancer (CRCL To enhance power b identily additional loci with similar effect sized, we conducied a
meta-analys i of twe GWA studies, comprising 13,315 individuab genoty ped Tor 38,710 comman Lageing SNPL We under toak
replication testing in up b elght independent cose-contrel seres comprising 27,418 subjects, We identified four previously
unreparbed CRC risk loc al 144222 (m4444235, BMPG P = B0 = 100", 16G2L1 (RO2Z9216, COHE P= 1.2 = 107%, 194132
(E T 200, BHPNZ P = 4.6 = WY amd 2l L3 (s9R1253; P= 200 < 1Y, These “luliupp uwilerscore the valie of |d!:|;e

li iEid @ 2008 Nature Publishing Group hitp:fesrw.nature cominaturagenstics

sample series for discovery and Tollow-up of genetic variants contributing Lo the elidogy of CRC.

Wheress inheritel susceptihility is respansible for ~35% of 2ll CRCY,
high-risk germline mutations in APC, the mismatch repair (MMER) ge
nees, MUTYH { MY H), SMAD, BMPRIA and STRILES § account for
< 6% of 2l cases’. Recent (AR stuchies have validatsd the npothesis
that part of the heritwhle risk & causal by @mmon, lowerisk variants,
ientifying CRO mmceptibility loci mapping to Sq24 (898326704,
B33 (mlGROITES,  EIF3FD°,  10pld (107956687, 11923
(rs3BOZB42), 15013 (rsd 779584)7 aml 18921 (rs49398 27, SMA DT,

CAWA studies are nat contingent on prioc information onaeming
canddidate genes or pathways, and therehy have the ahility o identify
impartant variant in hithern unstudisd genes. However, the sflect
sives of individual variants, the nesd for stringent threshokls for
establishing statistical signihcance, and fmandal onstraints m num
hers af variants that an be folkawed up inevinbly @nsmain study
penwver. W recently published two separate GWA stulie for CRC. To
augment the power to detart additional CRC risk loc, we have
omaluated 2 metz-analsic of data from these studies and followed
up the best supportal assodations in brge sample sete This anabysis,
in comjunction with a replicaion study using sight independent mse
comtrod series, has enabled us to identify four new ko predisposing to
CRC. This brings to t=n the mumber of independent bd comchusiwly
associata]l with CRC risk, and provides adklitional insight inio the
genatic architecture of inherital susceptibility @ CRC

RESLLTS

Seta-analysi of geneme-wide ssociation scans

The GWA studies were both conductal by centers in London ansd
Edinbargh, and were hoath hased on designs imvolving two-phase
strategies mal using samples fom UK populations {Table 1 and
Supplementary Table 1| omline). The London phase 1 was based on
genatyping 40 cass with bmilial @loredal neoplsia md 965

amntrols ascertained through the Coloredal Tumour Gene Ilentihica
tiom {CoRGl omsortiom for 5355352 5MPs using the Humina
Pumantlapi3) BeadChip Amap Phase 1 in the Edinburgh study
amnsisted of genatyping 1012 early-onset {aged <55 years) Smitish
CRC cases el 1012 mmtraks for 53535510 SNFs using the [umina
FumanHap3) md HumanHg2408 arrays. Aler apphing quality
amntre] hilters, the kllowing data were avaibble: Limdon phase 1,
S4TAET SMF genotypes from 922 familial neaplasgia cases {614 with
RO and 308 with high-nsk colorecil adenomas) and 927 @mtrals
Flinhurgh phase 1, 548 586 SHP genotypes from 980 CRC cases anad
1,002 avntrals.

Lomskin phase 2 was based ongenatyping 2873 CRC cases mal 2871
ok ascertained through the Natiomal Study of Coloredtal Cancer
Cznetios (MS00G ), wherms Edinburgh phase 2 was basal on genatyp
ing 1057 cmesand 2,111 amtrals. For phase 2, the Londdon anad Edin
turgh sampl e were genatypal for @ mmmaon set of SMPs: the 14982
SMPs most stramgly associated with mlorartal neoplasia from London
phase 1; the 14972 maost strongly sssociatal SMPS from Edinburgh
phase 1 {432 of these SHPs were mymmon to bath the Limdon and
Flinburgh ligs of most stomgly associated SMPs ) and 13,1586 SHPs
showing the strongest association with CRC risk from a joint malesis aof
all CRC cames and comtrals from both phase 1 data sets (that were not
areaaly inchuded inany of the precaling ategonies). Therebone, phase 2
w hased on genotyping 42,708 SNPs in total Aher apphing qualiy
] flers, the folkwing data were avaibhble London phase 2,
34,715 pobymarphic SMEs in ZE54 cases amd 25 22 comtrols; Edinburgh
phase 2, 38710 pobmarphic SNPs in 2024 cases amd 2092 comitrals.
Owerall, there were 38,710 pabymarphic SMPs common to all four data
ses (phases 1 and 2 in Lonadon and Edinburgh ).

Frior to umndertking the meta-analysic of phasss 1 and 2, we
sarched for potential ermors and hizses in the four ose-control series.

La e atod Taom and a®latom & ooeded at the end of Thes paper

Aeceyed & Aogest ool 17 Sepiemzer: pol shed or e 16 Nowmar A00H: co-1 01038 g 22

MATURE GEMETICS ADWVANCE OMLENE PLBLICATION

11923
15913
18921 (SMAD7)

NEoI YEVETIKOI TOTTOI

1422 (BMP4)
16022.1 (CDH1)
19¢13.1 (RHPN2)
20p12.3
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KaTtaokeun evoc SNP xapTtn 0Aou ToU YOVIOIWMATOC:

[1ooca SNPs;

Table 1 » Occurrence of SNPs in the human population

Minimal allele Expected SNP Expected SNP
frequency number (millions) frequency (bp)
1% 11.0 290
5% 1.1 450
10% 5.3 600
20% 3.3 960
30% 2.0 1,570
40% 0.97 3,280

Nickerson and Kruglyak, Nature Genetics, 2001

~ 10 M koiva SNPs (> 1- 5% MAF) - 1/300 bp
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Avalntnon SNPs yia MeAéTeg ocdpwong Tou

101 | 11997 | 14592 | 17755 | 20533l FECRER ZEA7E | FEEEE R FI765 | SELED | pene
[EGP_sNPS E22F22Hb
Genomic
] I 29kb
_______ I__II_I_[I-___!_I_III_I___II_II_I__II_I__II|_I_II__| . _II_! I__I__I_LIJ— 1I__I__II_|__I__I!I_II_L_|_I__I_|!J_I_|I_ I_”___________SNP'FPeq
_____________________________ 1___-‘H‘j_£‘__-‘t‘j____-__k-______-__t_j_-‘___-______t______-_____.ES
_________________________________ AL e | I I -
Gehe | COE | uTR ™ | Intron (Primers] CHFP= | Flank . | Intron . | Hokzun . | Suron | UTR . LE'gE'hd
2UVOAIKO Novidiwpa: Méoo MNovidio:
« 20,000,000 SNPs « 26.5 kb

* 130 SNPs
* 44 SNPs 25% MAF

10,000,000 SNPs > 5% MAF

YmrepBoAikd peydAog apiBudég SNPs - 20 x 10° yovotutrol = $10 x 10° yia kGOe
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Avalntnon SNPs - dbSNP Baon d0edopEvwy
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What is a copy number variant?

Human DNA has one copy of autosomal regions on each
chromosome. However, as discovered by the Human Ge-
nome Project, many genetic regions display a variation in
the number of copies (more or less than two copies). Alleles
containing 0-13 gene copies have been reported across the
human population [13]. These genetic variants are termed
CNVs and are defined as DNA segments ranging in size
from one kilobase to several megabases among individuals
owing to deletion, insertion, inversion, duplication, or com-
plex recombination [14] (Figure 1). Many groups have

Gene 1 Gene 2
Gene deletion or
duplication
Gene 1 Gene 1 Gene 2
v"
(n=0,23......)
Gene duplication
with mutation
Gene 1 Gene 1 Gene 2
TRENDS in Molecular Medicne

Figure 1. A diagram for copy number variants in the human genome. If the gene recombinaticn event occurs between two genes, a gene duplication or multiplication (n=2,
3...) or a gene deletion (n=0) could occur. A duplication of a gene could also camy mutations from the original copy (show in red column).
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Review

Box 1. Currently available methodologies for CNV detection

Many PCR based methods have been developed for the detection of
CNVs. However, the low-th roughput and low reproductively rate limit
the use of these methods in the clinic. Recently, new methods have
been developed based on microarray hybridization technology.

Conventional methods

Long distance and multiplex PCR: this is the first method developed
for the detection of CYP208 CHV. Long PCR is used to amplify a
=4000 bp fragment of the CYF2ZDE gene. Specific primers for
CYP2%*5 have been designed. Two separate PCR reactions for
gither wild-type or mutated allele primers are run for each sample
using the long PCR product of the CYF206 gene. Following up with
gel electrophoresis, the CYP206 "5 can be identified [64].

TagMan real-time PCR: this is a PCR quantification method. TagMan
probes emit a specific report fluorophore (usually a short-wave-
length colored dye, such as green) during the elongation process of
FCR reactions. The fluorophore can be detected by a corresponding
detection system and compared with the signal of reference genes,
such as albunvin, to calculate the amount of specific genes in each
gsample. This is a low-throughput detection method for CNVs [65].

Microarrays hybridization-based methods

Array comparative genomic hybridization (aCGH): this is a genome-
wide screening technigque for CHNVs [66] with higher resolution than
chromosome-based comparative genomic hybridization [67]. It all ows
detection of copy number changes of 510 kb of DMNA sequence.
Roche AmpliChip CYP450 system: this is an oligonucleotide micro-
array hybridization method for genotyping 27 CYP2D6 wvariants
(including CNWs) and two CYF2CT19 wariants. It has been developed
by Roche based on Affymetrix microarray technology [68]. A
logarithmic scale is used to predict CYP2D6 and CYP2C19 phenotypes
[62]. This is the first FDLA-approved pharmacogenetics test for clinic
USE.

Genome-wide association SMNP microarrays these arrays cover
200 K to more than 1 million genetic markers including thousands of
probes for the detection of CNWs [70].

Affymetrix DMET plus microarray: this is a novel genotyping tool
customized for pharmacogenetics research. it covers 225 essential
pharmacogenetics genes and 1236 common or rare wvariants
including five CNVs belonging to COYP2D8, CYF24A6 UGTZ2BI17,
GSTMT and GSTTT[71].
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Prevalence of CNVs in drug-related genes in human
populations

Understanding the prevalence of major genetic variations
related to drug efficacy and toxicity is crucial for both
health providers and patients. Both the Ministry of Health
in each nation and physicians in clinies can use this
knowledge to maximize benefit and minimize harm for
patients prior to and during drug therapy [61], which is
widely accepted as the hase for personalized genomic
medicine [62].

The frequency of CNVs is shown in Table 1. These data
can help each population to select the most appropriate
drugs and proper doses for specific treatments. For exam-
ple, in the United States, over 50% and 30% of Caucasian
populations carry either GSTM 1 or GST'T1 gene deletions
[50], which lead to increased susceptibility to colorectal
cancer, acute myeloid leukemia and chemotherapy-in-
duced toxicities [53]. Using the CNVs frequency data,

physiologic, toxicological, pharmacologic, or clinical signif-
icance of the test results®. Drugs for which therapeutic
response or toxicity is affected by these markers were
recorded in this list including one CNV marker:
CYP2DE*2x2. The package insert for eodeine sulfate
and other drugs containing codeine as an ingredient, such
as Fiorinal ™ with codeine (butalbital, aspirin, caffeine and
codeine phosphate) and Fioricet™ with eodeine (butalbital,
acetaminophen, caffeine and codeine phosphate), warns of
elevated risk of codeine-induced toxieity in individuals
with more copies of CYP2D6 functional genes. However,
none of the other drugs (tamoxifen, tacrine, ete.) or other
CNVs (CYP2D6*5, GETMI1, GSTT1 deletions) discussed in
this review are included in this list vet. Meanwhile, an
FDA-approved analytical test system for GSTMI and
(7STT1 deletions is not available at this time. The only
approved genotyping platform for CNV markers diagnosis
in the clinic is the AmpliChip CYP450 chip [3], which
detects CYP2D6E CNVs. There is still a gap between the

Table 1. A summary of CNV frequencies in pharmacogenetic genes in different ethnic populations

[Populaion | CNV frequenies (%)

MNorth America

USA (Caucasian) 0.2 [72] 0.7 [72]
USA (African American) 1.2 [72] 1.6([72]
Mexico (Mestizo)

Africa

Cameroon 3.3 [26] 3.3 (28]
Ethiopia 10-16 [21,77]
Ghana 1.6 [27]
East Asia

China (Han) 2.2 [25] 0-2 [21]
Japan 0.5 [81] 0.5 [81]
Korea 0.13 [B4] 0.5 [B4]
Europe

France 2.0 [25]

Germany 0.51 [B7] 1.34 [B7]
Middle East

Saudi Arabia 10.4 [B8]

6.2 [72] 54.3 [50] 27 .6 [50]
4.0 [72] 237 [73] 17.5 [73]
1.2-27 [74,75] 235 [76] 12.1 [76]
278 [51] 46.8 [51]
3.3([77] 438 [51] 37.3[51]
6 [27] 19.3 [78] 73.7 [78]
7.2 (79 &2 [80] 38.7 [B0)
6.2 [B2] 50.B [B3] 45 .8 [83)
6.1 [B4) 51.4 [B5] 51.6 [B5]
4.0 [25] 49 [BE] 26 [B6]
1.85 [B7] 51.6 [50] 19.5 [50]
1.0 [B8] B8.2 [B9] 4.2 [89]
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CNPs (copy number variation)
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Global variation in copy number in the
human genome

Richard Redon', Shumpei Ishikawa®™’, Karen R. Fitch®, Lars Feuk™®, George H. Perry’, T. Daniel Andrews',

Heike Fiegler', Michael H. Shapero®, Andrew R. Carson™®, Wenwei Chen®, Eun Kyung Cho’, Stephanie Dallaire’,
Jennifer L. Freeman’, Juan R. Gonzalez®, Monica Gratacos®, Jing Huang®, Dimitrios Kalaitzopoulos',
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Donald F. Conrad'®, Xavier Estivill*'", Chris Tyler-Smith', Nigel P. Carter’, Hiroyuki Aburatani®'?, Charles Lee”"?
Keith W. Jones®, Stephen W. Scherer™® & Matthew E. Hurles'

Copy number variation (CNV) of DNA sequences is functionally significant but has yet to be fully ascertained. We have

constructed a first-generation CNV map of the human genome through the study of 270 individuals from four populations
with ancestry in Europe, Africa or Asia (the HapMap collection). DNA from these individuals was screened for CNV using two

complementary technologies: single-nucleotide polymorphism (SNP) genotyping arrays, and clone-based comparative
genomic hybridization. A total of 1,447 copv number variable regions (CNVRs), which can encompass overlapping or
adjacent gains or losses, covering 360 megabases (12% of the genome) were identified in these populations. These CNVRs
contained hundreds of genes, disease loci, functional elements and segmental duplications. Notably, the CNVRs
encompassed more nucleotide content per genome than SNPs, underscoring the importance of CNV in genetic diversity and
evolution. The data obtained delineate linkage disequilibrium patterns for many CNVs, and reveal marked variation in copy
number among populations. We also demonstrate the utility of this resource for genetic disease studies.
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An integrated map of genetic variation
from 1,092 human genomes

The 1000 Genomes Project Consortium*

B}f c,haracten.z.mg the geograptnc, and functional spectrum of human genetic variation, the 1000 Genomes Project aims to

sequencing. B
provide a validated haplotype map o

i pderstand the genetic contribution to disease. Here we describe the genomes of 1,092
mdlwdu:lls ﬁ‘om 14 populatlom constructed using a combination of low-coverage whole-genome and exome
developing methods to mtegrate mform,atlon across sevmverse data sources, we

deletions, and more than 14,000 larger deletlons We show rhat mdlwdual.s fmm djfﬁerent populatlms (,arry different
profiles of rare and common variants, and that low-frequency variants show substantial geographic differentiation,
which is further increased by the action of purifying selection. We show that evolutionary conservation and coding
consequence are key determinants of the strength of purifying selection, that rare-variant load varies substantially
across biological pathways, and that each individual contains hundreds of rare non-coding variants at conserved sites,
such as motif-disrupting changes in transcription-factor-binding sites. This resource, which captures up to 98% of
accessible single nucleotide polymorphisms at a frequency of 1% in related populations, enables analysis of common and
low-frequency variants in individuals from diverse, including admixed, populations.

Recent efforts to map human genetic variation by sequencing exomes’
and whole genomes™* have characterized the vast majority of com-
mon single nucleotide polymorphisms (SNPs) and many structural
variants across the genome. However, although more than 95% of
common (5% frequency) variants were discovered in the pilot phase
of the 1000 Genomes Project, lower-frequency variants, particularly
those outside the coding exome, remain poorly characterized. Low-fre-
quency variants are enriched for potentially functional mutations, for
example, protein-changing variants, under weak purifying selection'**,
Furthermore, because low-frequency variants tend to be recent in
origin, they exhibit increased levels of population differentiation®*,
Characterizing such variants, for both point mutations and struc-
tural changes, across a range of populations is thus likely to identify
many variants of functional importance and is crucial for interpreting

individual genome sequences, to help separate shared variants from
those private to families, for example,

We now report on the genomes of 1,092 individuals sampled from
14 populations drawn from Europe, East Asia, sub-Saharan Africa
and the Americas (Supplementary Figs 1 and 2), analysed through a
combination of low-coverage (2-6X) whole-genome sequence data,
targeted deep (50-100X) exome sequence data and dense SNP geno-
type data (Table 1 and Supplementary Tables 1-3). This design was
shown by the pilot phase® to be powerful and cost-effective in dis-
covering and genotyping all but the rarest SNP and short insertion
and deletion (indel) variants. Here, the approach was augmented with
statistical methods for selecting higher quality variant calls from can-
didates obtained using multiple algorithms, and to integrate SNP,

indel and larger structural variants within a single framework (see
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BOX |
Constructing an integrated map of
variation

The 1,092 haplotype-resolved genomes released as phase | by the
1000 Genomes Project are the result of inte grating diverse data from
mu tiple tech nologies generated by several centres between 2008 and
2010. The Bo=x 1 Figure describes the process leading from primary
data production to integrated haplotypes.

&a Primary data b Candidate variants and guality metrics
Sequencirsg, array gaenctypireg Faad mapping., quality scors recalibration
SZME e aes o & = = - - -
Indad - T - -
SV - —

map.
ol | SN

basa. a
agual.

resd Eail
pos. Pass é

o “Wariant calls and gonotypo likolihoods d Integrated haplotypas
Wariant calling. statistical filtaring Probabilistic haplotyps estimation

I:I - L —
| —_————a—————

a, Unrelated individuals (see Supplementary Table 10 for exceptions) were
sampled in groups of up w 10O from related populations (Wright's Fer
pypically <= 1% ) within broader geographical or ancestry-based groups®.
Primary data generated for each sample consist of low -coverage (average 5> )
whole-genome and high -coverage (average 320> across a consensus target of
24 Mb spanning more than 15,000 genes) exome sequence data, and high
density SN P array informaton. b, Following read-alignment, mualtiple
algorithms were used o identify candidate variants. For each variant, qualiby
metrics were obtained, including information about the unigueness of the
surrounding sequence (for example, map ping quality (map. qual ), the
quality of evidence supporting the variant (for example, base quality (base.
qual.} and the position of variant bases within reads (read pos)), and the
distribution of variant calls in the population (for example, inbreeding
coefficient). Machine-learning approaches using this multidimens iomnal
information were trained on sets of high-quality knoswn variants (for
example the high-densiny SINP array data), allowing variant sites to be ranked
in confidence and subsequently thresholded to ensure low FIDRE ¢, Genotype
hkelihoods were used to summea rize the evidence for each genotype at bi-
allelic sites (0, 1 or 2 copies of the variant) in each sample at every site. d, As
the evidence for a single genotype is typically weak in the low-coverage data,
and can be highly varable in the exome data, statistical methods were used to
keverage informaton from patterns of linkage disequiliberiorn, allosweing
haplotypes (and genotypes) to be inferred.
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Table 1 | Summary of 1000 Genomes Project phase | data

Autosames Chromosame X GENCODE regions*

Samples 1,092 1,092 1,092
Total raw bases (Gb) 19,049 B304 327
Mean mapped depth (=) 5.1 39 803
SMPs

Mo sites overall 367 M 1L3m 498 K

Movelty ratef 58% 7% 50%

MNo. s ynonymous non-2y Nonymous nons ense A A4.7/65/008TK 199/293/63 K

Average no SMPs per sample 360M 105K 24.0K
Indels

Mo sites overall 138 M 59K 1,867

Mowvelty ratef 62% 73% 549,

Mo inframe/frameshift NA 19714 71971066

Average no. indels per sample 344K 13K 440
Genotyped large deletions

Mo sites overall 138K 432 247

Movelty ratef 549 5449, 50%

Average no variants per sample 717 26 30

NA_ mol applicable.
* purtosamnal e nnes only.

t Compared with dbSNF release 1 35 (0ct 2011), excluding contribution from phase | 1000 Genomes Project (or equivalent data Tor large deletions)

*Lists of participants and their affilistions appear at theend of the paper.
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Figure 1 | Power and accuracy. a, Power to detect $NPs as a function of
varant count (and proportion) across the entire set of samples, estimated by
comparison to independent SNP array data in the exome (green) and whole
genome (blue). b, Genotype accuracy compared with the same SNP array data
as a function of variant frequency, summarized by the # between true and
inferred genotype (coded as 0, 1 and 2) within the exome (green), whole
genome after haplotype integration (blue), and whole genome without
haplotype integration ( red). LD, linkage disequilibrium; WGS, whole- genome
sequencing.
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Figure 4 | Purifying selection within and between populations. a, The
relationship between evolutionary conservation ( measured by GERP score'®)
and rare varant proportion (fraction of all variants with derived allele
frequency (DAF) <2 0.5%) for vadants occurring in different functional
elements and with different coding consequences. Crosses indicate the average
GERP score at variant sites (x axis) and the proportion of rare variants (y axis)
in each category. ENHCR, enhancer; lincRN A, large intergenic non-coding
RNA; non-syn, non-synonymous; PSEUG, pseudogene; syn, synonymous; TF,
transcription factor. b, Levels of evolutionary conservation (mean GERP score,
top) and genetic diversity (per-nuclectide pairwise differences, bottom) for
sequences matching the CTCF-binding motif within CTCF-binding peaks, as
identified experimentally by ChIP-seq in the ENCODE project” (blue)and ina
matched set of motifs outside peaks (red). The logo plot shows the distribution
of identified motifs within peaks. Error bars represent =2 se.m.

- In conserved coding sites - 85% of
non-synonymous variants and
>90% of stop-gain and splice-
disrupting variants are <0.5% in
frequency compared with 65% of
synonymous variants.

- Rare variant excess tracks the
level of evolutionary conservation
for variants of most functional
conseguence.

- However stop-gain and splice-site
disrupting variants show increased
rare-variant excess despite
conservation due to high
deleterious effect.
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Estimation of segregating load arising from rare,
deleterious mutations across a set of genes

« Compare the ratios of non-synonymous to synonymous variants
In different frequency ranges.

* The non-synonymous to synonymous ratio among rare (<0.5%)
variants is typically in the range 1-2 and among common
variants in the range of 0.5-1.5

* = suggesting that 25-30% of rare non-synonymous variants
are deleterious.
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* Individuals typically carry >2500 non-synonymous variants, 20-
40 damaging variants and ~150 loss-of-function variants at
conserved positions. However most are common (>5%) or low
frequency (0.5-5%).

« = They estimate that individuals carry an excess of 76-190 rare
deleterious non-synonymous variants and up to 20 loss-of-
function and disease-associated variants.

Table 2 | Per-individual variant load at conserved sites

Variant type Mumber of derved variant sites perindividual Excess ram deleterious  Excess low-frequency deleterious

Dierived allee frequency across sample

<0.5% 0.5-5%, =5,

All sites 30=-150K 120-680K 36=-39M MD MD
Synonymous* 29=120 82-420 13=-14K MD MD
Mon-synonymous® 130-400 240-510 23=2T7 K 76=190 77-1304
Stop-gain® 3.9-10 5.3-19 24-28 34-7.51 38-111
Stop-loss 1.3-1.2 10-15 21-28 0.81-1.11 0.80- 1.0
HGMD-Dh* 2551 4.8-17 11-18 16-4.71 3.8-121
COsMICH 1.3-20 1.8-5.1 5.2-10 0.93-1.61 1.3=-2.04
Indel frameshift 1313 11-24 60-66 MD& 3.2-11%
Indel non-frameshift 21-23 9.5-24 67=71 MD% 0=0.731
Splice site donor 1.7-36 24-72 26-5.2 1.6-3.31 3.1-6.21
Splice site acceptor 1.5-29 1540 2146 14-2 64 1.2-3.34
UTR* 120-430 300-1400 3540K 0=350f 0=12 K}
Mon-coding RMA* 3.5-17 14-70 180-200 0.62-26% 34-13%
Motif gain in TF peak®* 4.7-14 23-59 170-180 0-26% 38-15%
Motif loss in TF peak® 18-69 71-300 580-650 7.7-22% 37-110%
Other conserved* 20-99K 7.1=39 K 120=130 K MD MD
Total conserved 23=11HK 7.7=42 K 130=150 K 150-510 250=1.3K
Onily sites in which ancestral state can be assigned with high confide noe are reported The ranges reported ame across populations. COSMIC Catalogue of Somatic Mutations in Cancer; HGMD-DM, Human Gane
Mutation Database (HEGMD) disease-causing mutations; TF, ransc ription factor, ND, not determined

* Sites with GERF
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The Centers for Mendelian Genomics:
A New Large-Scale Initiative to Identify the
Genes Underlying Rare Mendelian Conditions
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Next generation exome sequencing (ES) and whole genome
sequencing (WGS) are new powerful tools for discovering the
gene(s) that underlie Mendelian disorders. To accelerate these
discoveries, the National Institutes of Health has established
three Centers for Mendelian Genomics (CMGs): the Center for
Mendelian Genomics at the University of Washington; the
Center for Mendelian Genomics at Yale University; and the
Baylor—Johns Hopkins Center for Mendelian Genomics at Bay-
lor College of Medicine and Johns Hopkins University. The

CMGs will provide ES/WGS and extensive analysis expertise
at no cost to collaborating investigators where the causal gene(s)
for a Mendelian phenotype has yet to be uncovered. Over the next
few years and in collaboration with the global human genetics
community, the CMGs hope to facilitate the identification of the
genes underlying a very large fraction of all Mendelian disorders;
see http://mendelian.org. © 2012 Wiley Periodicals, Inc.

Key words: Mendelian; exome sequencing; commentary

MNat Rev Genet. 2011 Sep 27;12(11):745-55. doi: 10.1038/nrg3031.
Exome sequencing as a tool for Mendelian disease gene discovery.

Bamshad M., Ng 5B, Bigham AW, Tabor HK, Emond MJ, Nickerson DA, Shendure J.

Uses of 1,000 Genomes project

-Use of data to screen variants
discovered in exome data from
individuals with genetic disorders
and in cancer genome projects.

- Enhanced catalogue improves the
power of such screening.

- Also it provides a null expectation
for the number of rare, low
frequency and common variants
with different functional
consequences typically found in
randomly sampled individuals from
different populations.

Department of Pediatrics, University of Washington, Health Sciences Building RR:349, 1959 NE Pacific Street, Seattle, Washington 93195-8320, USA.
mbamshadi@u. washington.edu

issecting the genetic basis of diseases and traits that have proved to be intractable to conventional gene-discovery strategies. Ower the past 2 years,
expenimental and analytical approaches relating to exome sequencing have established a nch framework for discovening the genes underlying
unsolved Mendelian disorders. Additionally, exome sequencing is being adapted to explore the extent to which rare alleles explain the heritability of




The Genome of the Netherlands (GoNL- sequence 1000 genomes
from the Dutch population)
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Figure 1 The 12 provinces of the Netherlands, the 12th province (Flewoland) 15 a recent provinece (land reclaimed from water) and was not included as a
separate sampling unit {Image by Wikimedia Commons user Alphathon).
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- Identifying low frequency and rare variants by re-sequencing will contribute to
resolving the missing heritability

- rarer variants are more likely to be population specific 2 mandatory for
translation into public health and clinical benefits
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Figure 2 Sampling schedule for the GoML: four population-based biobanks contributed samples for sequencing at the BGl (Beijing Genomics Institute).
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| | Deciphering Disease-causing genes :
g Just the Start......

“This is not the end. It is not even the
beginning of the end. But it is, perhaps, the
end of the beginning.”

Sir Winston Churchill @ Lord Mayor's Luncheon,
Mansion House following the victory at EI Alameinin North Africa
London, 10 November 1942.
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1,000 $ per genome — A new era of Genomics

To HeSeq X Ten o1aBadlel révre yovidiwuara tnv
nuépa, umrepneaveuerai n Hlumina

| 2/5/2014 | 76



