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OUTLINE

What is GWAS?

Genetic prediction of transplant outcomes
Unique features of the HLA region
Interpretation of GWAS findings
Imputation (SNPs and HLA types)
Existing GWAS results: What to do with them?
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What and What Isn’t GWAS?

Supposedly genome-wide, but, due to constraints, not 100%
Generally contains common polymorphisms
Most results (~95% in autoimmune disorders) are non-causal
Results need to be followed up to identify causal variants

Most causal variants correlate with expression levels of their
target genes (not necessarily the nearest gene)

HLA region is the most difficult region to work with and
requires special attention
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GWAS Results
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Figure 3. Manhattan Plot of Best p Values

For each SNP, the best p value observed among all assessed traits is plotted on a Hog10 scale [y axis), according to its genomic coordinates (x axis). SNPs are
colored in blue if the comesponding best p value was directly genotyped with ImmunoChip (IC) or Cardio-MetaboChip (MC) and in gray if imputed from genomic
sequencing of Sardinians. The dotted horizontal line indicates the threshold for declaring a locus genome wide to be significant (5.26 x 10~ '%). The best candidate
gene is indicated near the peak. Loci below the significance threshold and previously described are marked with an asterisk.
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GWAS Results
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Figure 4. Regional Plot and Box Plot for the Top Signal in ENTPD1

(A and B) Representation of the association in the genomic context (A) and in the biological context (B) for the most strongly associated variant at the ENTPD1
gene.

(A) Representation of the association strength (y axis shows the -log10 p valug) versus the genomic positions (on hg19/GRCh37 genomic build) around the most
significant SNP, which is indicated with a purple circle. Other SNPs in the region are color coded to reflect their LD with thetop SNP, as in the left inset (taken from
pairwise r* values calculated on Sardinian haplotypes), whereas symbols reflecting genomic functional annotation are indicated in the right inset. Genes and the
position of exons, as well as the direction of transcription, are noted in lower boxes. This plot was drawn using the standalone version of the LocusZoom package
(Pruim et al., 2010).

(B) The distribution of the immunophenotypic levels within each genotype class considering the normalized trait adjusted for age and gender in relation to the
1,629 initial samples, showing the additive effect that was statistically observed.
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GWAS Results

Table 1. Twenty-Three Varants at the Thirteen Associated Loci

validation
tepSHP Var, pValue SNP for Validation r* with pValue
Locus Candidate Genes (chr:position/rsiD)  A1/A2 Freg A1 Trait Effact (SE) Expl. {n=1628) (chrposition/rsiD) topSNP {n =2 870)
1 FCGR3A(p, c,0), FCGR2Cp 0), chri:161536758/ T/C 0742 CDe2L- —0.895 (0,044 30.26 373 x 107" chr:161515326/ 0.937 6.83 x 10 Y
FCGR24(e,c,0), FCGR2B(e,0), 58055840 myeloidcDC AC rs55971447
HSPAS(a), HSPATE)
2 HNRFLL{p) che2:38792045/ T/C 0967 CD45RA—CD28—  0.778{0.105) 405 1.05x 10" ch2:38792045/ same 1.046 x 1072
rs183949931 CD8br %P rs183949931 SNP
2 GALM(p,c.8), HNRPLL) che2:38897074/ G/A 0730 TD CD4+ %GP —0.371 (0.042) 552 6.05x 10" che2:38886041/ 087 126 % 1077
513011383 rs4670262
2 GALM(p), DHX57(g), chr2:38921934/ G/C 0508 CD45RA— CD28— —0.548 (0.039) 15.00 9.40 x 10 chr2:38932777/ 0.9 282 x 107
HNRFLL{b) 57583259 CD8br %P rs4670265
3 CO84(p.c.0), RMNDSA(D), che2:87014377/ C/T 0810 CD4+CDBdimAC  0383{0.05) 455 252 x10° ™ che:87018547/ 0943 13x 102
CD8B(b), VPS248) re2944254 rs3810831
4 COQ24), PLACS(, chrd:84150313/ T/C 0633 CD82L— 0337 0.04) 519 496x10""7 che:84179071/ 084 337 x 1072
HPSE(g) re4431216 plasmacytoidcDC %P re7867017
HLA-Elp c.8), HCG 27(e), GNL1E), W65 GT 0516 CD45RA-CDB+ AC —0.228(0.037) 282 524 x 107" JOUEAMAERgY 0874 134 x 10"
Lead SNP ABCF1(e), C2(e), PSORS1CHe), @ rs117765618 & ¢ _rso534812 & Perfect Proxy
RPP21(e), TRIM3S(e), ZKSCANZe)  "Emmm® Tsmms®
5 HLA-B{p.c), VARS2(a), ch6:31327382/ T/G 0858 CD45RA— CD28+ 0352 0.051) 321 369 x10° " chw:31327382/ same 1827 x 107"
IER38), ZFP57a) re2395476 CD8+ %P re2395476 SNP
5 HLA-DRA(p,8), BTNLZ(p,c), HLA- WWGIFY  GA 0776 CD4+CDBdim %P  —0.209(0.043 3.07 568x10°" JSUEdRMAIge 087 278x 107"
DRBI(c8), HLA-DOAT(e), HLA- @ rs113534101 & ¢ rs115615758 &
DQB1(e), HLA-DRES(e), HLA-DOB(g), " @ mm®® "ammn®
LOCB42073(e), VARS2(), LST{a),
[ER3(a), GTF2H4(a), HMGAT(g),
RPL34(el", ACAHa)*
5 HLA-DRA(p), LOCE42073(e), ShE%R4eqes GIC 0618 CDASRA- CDZ- —0.249 (0.037) 3.01 281 x10°" LlERdRgess 099 4ax 10"
HLA-DOB(e), RPL34(e)", & CD8+AC ¢ &
ARHGAPZ4(e), ADAH(ef “ammmnt “amamnt
[ IL2RA(,0) chrl0:6094697/ C/T 0934 CD45RA— CD25hi  —0.49(0.073) 282 1.85x 10" chrl0:6094697/ same 565 x 1072
rs61839660 CD4+ not Treg %P 561839660 SNP
6 REM17(p), IL2RAfp,0) chrl0:6158412/ A/G 0802 CD25h CD4+ %P —0.294 (0,046 285 121 x10 " chrl0:6158412/ same 2.02 x 107"
58463 58463 SNP
7 SORBST(p), C100rf61{e), chrl0:97331924 T/C 0955 CD39+CD8+ %GP  —0.650(0.062) 6568 1.45x10°% chr10:87331958/ 0969 1.32 x 107
ALDH18A1(c), ENTPD 1fe) rs117568941 rs7099430
7 ALDH18A1(5), ENTPD1(b) chrl0:97393678/ A/G 0975 CD39+ activated —0,671 (0073 597 572 %102 chrl0:97550405/ 0.97 2.97 x 1072
rs1890187 CD4+ Treg %P rs11188485
7 ENTPD1.8) chrl0:97564532/ T/C 0578 CD39+ activated —1.113(0.037) 60.81 1,12 x 10*2 chr10:97515137/ 0.993 7.05 x 10727
rs11517041 CD4+ Treg %P rs3814159
7 ZNF5184(p), BLNK{p 0, chrl0:97932006/ C/T 0955 CD39+ CD25hi 0,497 0.066) 433 626 x 107" chrl0:97932006/ same 1.35 x 107
ENTPD 1) 5117502204 CD4+ %P 5117592294 SNP
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Mapping of Immune-Mediated
Disease Genes

Isis Ricafio-Ponce and Cisca Wijmenga
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GWAS Results

What have we learned from GWAS in AID?

The lead SNP reported in GWAS has only 5% chance of being
the causal SNP

Lead SNPs are typically some distance from the causal SNPs
(median~ 14kb)

Lead SNPs and causal SNPs are not necessarily in tight LD
(r =0.50 is not unusual)

Almost all causal SNPs map to enhancers and promoters

Genetic and epigenetic fine mapping of
causal autoimmune disease variants

Kyle Kai-How J:ln Zh ark Klei etfeld" "+, William J. Hous lEi' Samantha Be}.
Noam Sh h H I] \.'.h[m Rui:eIlJ H. Rya le'\a der A Shis hk M lH:ls.n Marlene J. Carrasco- Alfon
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HLA Region: Unique Features

* Most gene dense = gy
 Extremely polymorphic N
* Paralog regions and genes e W
 CNV and structural variation L)

* Very high linkage disequilibrium over very long range
resulting from conserved extended haplotypes (CEH)

* Greatest trans-eQTL density

* Very strong selective pressures

* Extreme geographical, racial and ethnic differential in
allele frequencies

* So many lineages and groupings of alleles & haplotypes

* So many functional dimorphisms or supertypes with no
single corresponding SNPs

Antigen presentation
and processing <
~
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Transplant Outcomes: Markers

HLA mismatching
MmH mismatching

Donor or recipient genotype
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Genetic Prediction of Transplant Outcomes

,i:"'l tional MHC-Resident Variation Affects Risks After Unrelated Donor
Y P Ty Hematopoietic Cell Transplantation
Medicine
A AAAS Eﬂ'[e W. Petersdorf ef al.
P Sci Transl Med 4, 144ra101 (2012);

Blood malignancies can be cured with hematopoietic cell transplantation from human leukocyte antigen (HLA)-
matched unrelated donors; however, acute graft-versus-host disease (GVHD) affects up to 80% of patients and
contributes to increased mortality. To test the hypothesis that undetected patient-donor differences for non-HLA
genetic variation within the major histocompatibility complex (MHC) could confer risks after HLA-matched trans-
plantation, we conducted a discovery-validation study of 4205 transplants for 1120 MHC region single-nudeotide
polymorphisms (SNPs). Two SNPs were identified as markers for disease-free survival and acute GVHD. Among
patients with two or more HLA-matched unrelated donors identified on their search, SNP genotyping of patients
and their potential donors demonstrated that most patients have a choice of SNP-matched donors. In condusion,
the success of HLA-matched unrelated donor hematopoietic cell transplantation depends on non-HLA MHC region
genetic variation. Prospective SNP screening and matching provides an approach for lowering risks to patients.

Grade lto 3132486  HLAC/  Donor  1.72x 107" AA 174/620 100
IV acute flanki enotype
VLD ) genobpe AG 215/1093 066
(054-081)
GG 129/527 0587
(069-1.10)
2850091 HLA-DQA2/ Donor 234 x 10°° T 252/897 100
flanki enotype
) genobpe AT 195/1013 062
(051-075)
AA 71/330 068
(052-089)
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Genetic Prediction of Transplant Outcomes
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Mapping MHC haplotype effects in unrelated donor hematopoietic cell
transplantation

Effie W. Petersdorf, Mari Malkki, Mary M. Horowitz, Stephen R. Speliman, Michael D. Haagenson
and Tao Wang .
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H COutcomea SNP Geneflocation® Model Overall P mismatcht group Mumber of events  HR (95% CI P
Key Points t group (85% 0
Survival rsd20916 1.2 kb centromeric of Patient genatype  7.48 % 1075 cc 1254/1009 1
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. . AC 2011296 1.11 {0.84-1.31) 23
single nuclectide AA 1819 3.47 (1.95-6.18) 227 x 1075
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versus-host disease (GVHD) oo 136/478 1.46 (1.16-1.85) 1.45 x 107
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Mapping MHC haplotype effects in unrelated donor hematopoietic cell
transplantation

Effie W. Petersdorf, Mari Malkki, Mary M. Horowitz, Stephen R. Speliman, Michael D. Haagenson
and Tao Wang

Key Point
SNPs provide clues to the candidate genes and mechanisms

* HLA haplotypes encode

: . involved in transplant-associated complications. The identification of
single nuclectide

polymorphisms (SNPs) that 2 SNPs within the HLA-DOA and -DOB genes provides strong
are associated with risks after evidence for a role for antigen processing and presentation in immune
HLA-mamanched umelated responses in HLA-mismatched transplantation.*" The rs2075800G/A
donor HCT. SNP defi | . /v bstituti ‘due 602 of th
« SNPs associated with graft- efines a glutamic acid/lysine substitution at residue of the
versus-host disease (GVHD) heat shock protein-70 A1L molecule. We hypothesize a possible role
are independent of those for the differential binding of peptides by heat shock protein-A1L

associated with relapse.

molecules and/or stimulation of cytokines in GVHD.*’ The second
SNP marker for grades III-IV acute GVHD, 15394657, resides within
the NOTCH4 gene intron and is in positive linkage disequilibrium
with nonsynonymous substitutions. Sequence polymorphism of
NOTCH4 receptors could influence the inflammatory nature of acute
GVHD through altered ligand-receptor binding and production of
TNF-a, IFN-y, IL-4, and IL-17.** Alternatively, SNP rs394657 might
influence GVHD through its role as a putative expression quantitative
locus for I-IZLA.-DIQLﬂH,34 the gene that encodes the DQa chain of the
HLA-DQ heterodimer. Differential DQa expression may have
consequences for alloantigen recognition in GVHD.
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Interpretation of GWAS Findings: Individual SNPs

4 U.5. Department of Health & Human Services

PMID Location Phenotype DLV chr pos InGene

NHLBI key Snp Id Pval Category

National Heart, Lung,
and Blood Institute
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arthritis arthritis
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234556366395722 rs394657 9.5E-11 23455636 FullData  related macular related macular [ 32219246 (NOTCH4)

Rheumatoid Inflammation, Arthriti.. 5 31275393 degeneration degeneration (ARMD)

204538422216107 rs3132486 1.7E-37 20453842 Fullscan

arthritis arthritis
195030881544734 rs2075800 8.3E-36 10503088 Table 52 Rheumatoid  InflammationArthriti.. 5 34810169  (HSPALL) 20453842273005 rs394657  1.2E-09 20453842 Fullscan RNEUMmatoid  InflammationArthriti. ¢ 55510545 (nOTCH4)
arthritis arthritis arthritis arthritis
Rheumatoid . o
Inflammation Arthriti.. .
211567611544753 rs2075800 1.3E-31 21156761 Table 53 EI’th_I'_It\S\(ACPA* arthritis - [ 31810169 (HSPALL) 176605302216081 rs3132486 2.9E-09 17660530 RawUna... Multlpl; NeurD,I_anarnmatmn,... 5 31275393
positive) sclerosis sclerosis (M3)
19503088273293 rs394657  8.1E-08 19503088 Table 52 Rheumatoid  Inflammation Arthriti. o 35510545 (nOTCHE)
arthritis arthritis
203831471544739 rs2075800  1.5E-07 20383147 Table 52 SYStEMic Skin-related,Muscle- ¢ 33510169 (HSPALL)
sclerosis related

The GVHD risk markers are also associated with RA, T1D, MS, PSS

and idiopathic membranous nephropathy
(rs2075800, rs394657, rs3132486, rs2859091/rs2859100)
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Interpretation of GWAS Findings: Individual SNPs

I |
I )
HelmholtzZentrum miinchen m...cnm‘ﬂm’:‘fﬁwnmﬂ

single nuclectide palymarph German Research Center for Environmental Health [—
This medule allows you to gek detailed annaotations For one or more variants. IF the results are not what you have expected, please check the "Report” tzb for cetails. dose
—
Variant annotations Repork
Wariant Browser »
Association Maps > rs3132486 add to clipboard
SNP properties — Genome Assembly- grch37, Variank set: 1kgpp3v5s, Population: EUR
o c rs3132486 (alias rs9264718, rs6912233, rs58265514, rs56648229, rs386580024, rs118019162, rs116741667, rs113696533,rs111774027)
Variant Annotation
position / outlink allele info
Block Annotation > physical position chré: 31,243,170 alleles Gfa
genetic position [eM] 51.17 frequencies 0.506/0.494
Regional Association Plot > Basic features
. . P Conservation/deleteri Linked
Linkage Disequilibrium Plok > oL iSEE - L e, gen= -
phylep © -3.432 gene(s) hit or close-by HLA-C €/, RPL3P2 €, USPEP1 €
s . HCG22 €/, HLA-DRES €/, L5T1 €/, MICE €/, PSORS1C3 €/, TCF19 &/, XXbac-
Linkage Disequilibrium phastCons LA €QTL sene(s) BPG181B23.7 €, XXbac-BPG299F13.17 &
RPL3P2 €/, RPL3PZ €/, RPL3P2 €/, RPL3PZ €, RPL3P2 &/, RPL3P2 €], RPLIPZ €],
Proxy Search » GERP++ 8 -0.378  potentially regulated gene(s) uspaPi1 €, UsPeP1 €, usPar1 €/, UusPaP1 €/, UsPaP1 €/, USPEP1 €, USPEP1
el
Pairwise LD » CADD score® 1.004 disease gene(s) -

SnpEFF eFfeck impace © modifier

A large number of non-coding genes are eQTL targets, but
not the nearest gene HLA-C!
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Interpretation of GWAS Findings: Individual SNPs

e tuctimpiet® it

Your query: rs3132486

Trans-eQTLs

P-value SNP SNP Chr. SNP Chr. position Probe Probe Chr.Probe Chr. position SNP Alleles Minor Allele Z-score Gene name FDR
No records found.

Cis-eQTLs
SNP SNP Chr. Probe Probe Chr. SNP Minor Z- Gene

P-value SNP Chr. Position Probe Chr. position Alleles Allele score name FDR
2?40591918544499055 rs31324866 31351149 580452 6 31558934 GIA A 1271 - 0.00
8 8792002502063E-26  rs31324866 31351149 14406036 31556059 GIA A 1050 - 00
2 617756407729722E-5 rs31324866 31351149 3890007 6 31230621 GIA A 420 TCF1G 001
1.8212601781875332E-4 1531324866 31351149 31700646 31586789 GIA A 374 MICB 0.07
0.0026436009021629866 rs31324866 31351149 780600 6 31541393 GIA A 301 HCP5 043
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JIIPA

single nucleatid

Home

Browse
Variant Browser >
Association Maps b

Annotation

Variant Annotation

Block Annotation >

Regional Association Plot >

Linkage Disequilibrium Plot >

Linkage Disequilibrium

Proxy Search ]

Pairwise LD >

*

Liverpool Hobé
University ...

=
HelmholtzZentrum muinchen m.ucnmm’:iﬁiwge in Ciatar
German Research Center lar Environmental Heallh ’
- um
Variant Annotation
Thiz module allows you to get detziled annotakions for one or more varianks. IF the results are not whak you have expected, plezse check the "Report” tab For details. close

Variant annotations Report

rs2859091

SNP properties — Genome Assembily: grch37, Variant set: 1kgpp3vs, Population: EUR

rs2859091 (alias rs386490823, rs28724876, rs117494994, rs115307699, rs111816808)

add to clipboard

position / outlink allele info
physical position chré: 32,700,799 alleles AT
genetic position [eM] 52.16 frequencies 0.554/0.446
outlink e non-reference allele A

Basic Features

Conservation/deleteriousness

Linked genes

phylep ©
phastCons @

GERP++ 8
CADD score®
SnpEFF effect impact ®

-0.351 gene(s) hit or close-by

0.001 eQTL gene(s)

0.328 potentially regulated gene(s)
4,182 disease gene(s)
modifier

HLA-DQB3 &/

HLA-DOB €, HLA-DQA2 €/, HLA-DQB1 €/, HLA-DQB1-451 & HLA-DRELD),

TNXA €, XXbac-BPG254F23.7 €/

HLA-DQB1 €/, HLA-DRB1 €]
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Interpretation of GWAS Findings: eQTLs

SEARCH

HUMAN PROTEIN ATLAS “

)

ABOUT HELP BLOG

'HLA-DHE 1'

e.g. in

| | Search Fields =

sulin, PGR, CD36

Q®I 06

@ G

#0009

*

Liverpool Hopé
University ...

Jles]

¢

A Tissue-Based Map
of the Human Proteome

Here, we summarize our current knowiedge regarding the human
proteome mainly achieved through antibody-based methods combined
with transcriptomics analysis across all major tissuwes and organs of
the human body. A large number of stz can be accessed with direct
links to gene-specific images of the corresponding proteins in the
different tissues and organs. Read more
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HLA-DRB1

TISSUE ATLAS

Gene description Major histocompatibility complex, class Il, DR beta 1

RNA tissue category Expressed in all.

Protein class Disease related genes, Plasma proteins, Predicted membrane proteins
Predicted localization Membrane

Protein evidence Evidence at protein level

Protein expression Selective membranous and cytoplasmic expression in lymphoid cells.

Data reliability description Pending RNA-based expert annotation. Caution, targets protein from more than one gene.

Data reliability Supportive based on 3 antibodies.

S

: . TRPRAC N T
e W ' o AR ‘\\‘\.
; S, LR

¢ " "3 D L\ 1;
AN TG K e My ?}
R LA " 3 T t, > o \‘l? *\_: \
Kidney Testis Lymph node Cerebral cortex Lung
RNA Protein
Expression (FPKM) Organ system Localization (score)
200 450 g n 1 m h
Liver and pancreas
= Liver
— Gallbladder
' Pancreas
Blood and immune system (Hematopoiefic
e ———————
— Bone marrow I
—— Lymph node
— Tansil
—— Sp|een —

Central nervous system (Brain|
Cerebral corex

Hippocampus
Lateral ventricle

Cerebellum
Endocrine glands
- Thyroid gland

Parathyroid gland

— Adrenal gland

* Respiratory system (Lung

Nasopharnynx

Liverpool Hope
University ..

Bronchus

Lung



http://www.proteinatlas.org/ENSG00000196126-HLA-DRB1/tissue
http://www.proteinatlas.org/ENSG00000196126-HLA-DRB1/tissue

Interpretation of GWAS Findings: Individual SNPs

JIIPA

single nucleotide polymarphisms annotator

Browse
Variant Browser >
Assaciation Maps >

Annotation

Variant Annotation

Block Annotation >

Regional Association Plot >

Linkage Disequilibrium Plot >

Linkage Disequilibrium

Proxy Search >
Pairwise LD H
.|

*

Liverpool Hope
University ..

n
a pladd | lytaa K
HelmholtzZentrum miinchen | u.ucmnm’:.-'iﬁn’wgmnmr
German Research Center for Environmental Health
= um
Variant Annotation
This module allows you to get detailed annotations for one or more variants. IF the resulks are nokwhat you have expected, please check the "Report” tab for details. close

Variant annotations Report

rs2075800

SNP properties — Genome Assembly- grch37, Variant set: 1kgpp3v5, Population: EUR

rs2075800 (alias rs60193164, rs35486322, rs138709911, rs117722716, rs116490983)

2cd to clipboard

position / outlink allele info
physical position chré: 31,777,946 alleles T
genetic position [cM] 51.59 frequencies 0.651/0.349
outlink e nen-reference allele (=

Basic Features

Conservation/deleteriousness

Linked genes

phylop ® 7.818 gene(s) hit or close-by
phastCons © 1 eQTL gene(s)

GERP++9 5.94 potentially regulated gene(s)
CADD score® 17.39 disease gene(s)

SnpEFF effeck impact @ maodifier

HsPaiL e, Lsmz el

AIF1 €, aTF6B €/, BAGS €], CYP2141P € HLA-B €, HLA-C €/, HLA-DQAZ €]
HSPA1E €/, MSHS €/, M5H5-5APCD1 €, PRRC2A €], PSORS1C3 €], vars2 €],
XXbac-BPG248L24.12 €/, XXbac-BPG300418.13 €

vaRs2 € HLa-B el
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JIIPA

single nucleatide polymaerphisms annotator

Home

Browse
Variant Browser »
Association Maps >

Annotation

Variant Annotation

Block Annotation »

Plots

Regional Association Plot 3

Linkage Disequilibrium Plot »

Linkage Disequilibrium

Proxy Search »

Pairwise LD >

*

Liverpool Hobé
University ...

HelmholtzZentrum minchen

German Research Center lor Environmental Health

Variant Annotation

This medule allows you to get detziled annotations for one or more variants. IF the results are nok what you have expected, please check the "Report” kab For details.

Variant annotations Report

e e g gy pte gl
Wil Cornadl Madical College in Qatar

ose

rs394657

SNP properties — Genome Assembly: grch37, Variant set: 1kgpp3vs, Population: EUR

rs394657 (alias rs7771218, rs60262883, rs17494168, rs17201784, rs117573126, rs114878695)

add ko clipboard

position / outlink allele info
physical position chré: 32,187,023 alleles ASG
genetic position [cM] 51.75 frequencies 0.555/0.445
outlink [ non-reference allele A

Basic Features

Conservation/deleteriousness

Linked genes

phylop © 0.462
phastCons® 0.001
GERP++ 8 2.02
CADD seore® 6.397
SnpEFF effect impact @ modifier

gene(s) hit or close-by
eQTL genels)

potentially regulated gene(s)

disease gene(s)

NOTCH4 &/

c4A €/, HLA-DQAT €/, HLA-DQB €/, HLA-DQB1-A51 €/, HLA-DQBZ €, HLA-
DRB1 €/, HLA-DRBS €/, L5T1 €/, NoTCH4 €], PRRC2A €], RNF5 € skivaL el

skivzLe!, cas € HLA-DQB1 €/, HLA-DRB1 &
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fn’ H )
B e T T e )

‘ HelmholtzZentrum munchen B Y el comell Medkal Callege in Qatar

single nucleatide polymargh German Research Center far Environmental Healt - um

The GVHD risk markers are mainly acting as eQTLs

Their target genes are more commonly the genes other than
the nearest gene

The target genes include pseudogenes and ncRNA genes

(rs2075800, rs394657, rs3132486, rs2859091)
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‘Q{ Barts and The London
‘School of Medicine and Dentistry

SNPnexus Barts

Home About User Guide Citation Contact

User details

Email address (optional)

Dataset name (optional):

Query Options Annotation Categories

Assemb! GRCh37/hg19 ~ .
i g GenelProtein Consequences RefSeq [| Ensembl _ AceView [ | VEGA [ UCSC | CCDS [] Hinv 7.07
{maximum 3 at a time)
Query Type Batch Query -
. Effect of Non-synenymous SIFT
Batch Query Paste in your query (upto 100K SNPs/InDels): N N
Input format] [Load Example dbSNP rs2075800 Codln.g STP;PS on Protein PolyPhen
dbSNP rs3384657 Function
dbSNP rs3132486
dbSNP rs2859091
dbSNP 52859100 HapMap Population Data CEU [J yRI [l eHB ] oPT [l Asw [ cHD [ GIH ] twk [ mEX [ Mk [C] TSI
Regulatory Elements Conserved Transcription Factor Binding Sites (TFBS)
First-Exon and Promoter Prediction (FirstEF)*
| miRBASE 20.0
Vista HVMR-Conserved Non-coding Human Enhancers
CpG Islands
TargetScan miRMA Regulatory Sites
microRMNAs (miRMNA Registry) / snoRNAs and scaRMNAs (snoRMA-LBME-DB)
Conservation || Vertebrate Alignment and Conservation (PHAST)

["] Genomic Evolutionary Rate Profiling (GERP++)

Phenotype & Disease Association | | Genetic Association of Complex Diseases and Disorders (GAD)
|| Catalogue of Somatic Mutations in Cancer (COSMIC)
NHGRI Catalogue of Published Genome-\Wide Association Studies

Structural Variations || Copy Mumber Variations (CNV)
[ Inversion
["] Complex
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‘;Q,e,’ Barts and The London

SNPnexus Barts

Home About User Guide Citation Contact

Number of SNPs in query:

Use the links below to navigate through your search resu

& (Genomic Coordinates and External Links

0 Genomic Coordinates and External Links
® Gene/Protein Conseguences

o |.I” Refseq

o IHJ Ensembl
Effect of Non-synonymous Coding SNPs on Protein Function

o SEE gFT

.

o PuolyPhen
® HapMap Population Data

o CEU
Regulatory Elements

0 Conserved Transcription Factor Binding Sites (TFBS)

.

o miRBASE 18.0

0 Vista HMR-Conserved Mon-coding Human Enhancers

CpG Iglands
0 TargetScan miRMNA Regulatory Sites

.

0 miRMNAs (miEMNA Registry) / snoRMAs and scaRMAs (snoRMNA-LBME-DB)
® Phenotype & Disease Association

.
o B

0 Catalogue of Published Genome-Wide Association Studies
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SNPnexus Barts

User Guide ews itation Contact

Descriptive data, including HapMap frequencies, provided
Polyphen score for the HSPA1L nsSNP is 0.001 (benign)

None of the SNPs are in conserved transcription factor binding
sites nor in mMiRNA sequences/miRNA binding sites

None of the SNPs are in CpG islands

None of the SNPs are in enhancers
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Download About Help

OFRegulorPeDB

RegulomeDB has been updated to Version 1.1. This includes bringing our database up-to-date
with current ENCODE releases: Xie et al. (2013) and Boyle et al. (2014). We have also added
Chromatin States from the Roadmap E| Ci ium (unpubli ) as well as updates to
DNase footprinting, PWMs, and DNA Methylation.

Enter dbSNP IDs, 0-based coordinates, BED files, VCF files, GFF3 files (hg19)

rs3132486
rs2852001
rs2075800
rs394657

C‘ ReuloméDB Download About Help

m The search has evaluated 4 input line(s) and found 4 SNP(s).

Summary of SNP analysis

Show ] entries
~ Coordinate (0-based) AdbSNP ID ? Regulome DB Score . Other Resources
chr6:31243169 rs3132486 1f UCSC | ENSEMBL | dbSNP
chr6:32187022 rs394657 B UCSC | ENSEMBL | dbSNP
chr6:32700798 rs2859091 B UCSC | ENSEMBL | dbSNP
chrB:31777945 rs2075800 No Data UCSC | ENSEMBL | dbSNP

Showing 1 to 4 of 4 entries
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Interpretation of GWAS Findings: Individual SNPs

The search has evaluated 4 input line(s) and found 4 SNP(s).

Summary of SNP analysis

Show entries
Coordinate (0-based)

QOther Resources

‘dbSNP ID

7 Regulome DB Score

chr6:31243169 rs3132486 o UCSC | ENSEMBL | dbSNP
chr6:32187022 rs394657 6 UCSC | ENSENMBL | dbSNP
chr6:32700798 rs2859091 6 UCSC | ENSEMBL | dbSNP
chr6:31777945 52075800 No Data UCSC | ENSENBL | dbSNP

Showing 1 to 4 of 4 entries
==EE e

Cj ReuloméDB

Download About

Data supporting chr6:31243169 (rs3132486)

Score: 1f

Likely to affect binding and linked to expression of a gene target
hr6:31,242,969-31,2433,369 (401 bp)

Help

*

Liverpool Hope
University ..

Human Feh. 2003 (GRCh37/hg1 3)

100 hases |
31,243,100] 31,243,150 @
Refse

Fublications: Sequenc

| 31,243,050

Hikz7ac Mark (Often Found Mear Active Reg

| hg1a

243,200 a1,243,250]  31,243,3000  31,243,350]
Genes

Bs in Scientific Aricles

latory Elements) on 7 cell lines from ENCODE

DMasel Hypersensitivity Clusters i
Transcription Factor ChiP-seq (161 facto

100 vertebrates Basewiss

Ptz .ﬁﬁnments

125 cell types from EMCODE (W3)
) from ENCODE with Factorbook Motifs

Conservation by PhyloP

sty m e om0 Aol )

nOf 100 ‘ertehrates
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Interpretation of GWAS Findings: ssSNP Sets

English r

SNP Function

Functional genomic region overlapping with SNPs in high linkage disequilibrium.

Query SNP
rs3132486 SEARCH
. . : SNP : .
SNP in LD Distance Location EUR (r?) ASN (r) AFR (r*) Mearest gene e Functional region “
rs41543814 -3740 bp chr6:31239430 - 0.9105 - HLA-C NSM, U5, INT 43 DNases
o - rs3132486
rs3132489 -496 bp chr6:31242674 0.8544 0.8121 - HLA-C - Nearest gene RefSeq ID Annotation
rs3132486 0 bp chr6:31243170 1 1 1 HLA-C - HLA-C NM_002117 -
rs3132485 +219 bp chré:31243389 - HLA-C - Hinv transcript ID - Annotation
rs2132484 +240 bp chr6:31242410 - HLA-C - ("1 ennancer X 2 motir § - -
FUNCTIONAL GENOMIC REGION
Enhancer Like Chromatin State
Cell type State Project
Promoter Like Chromatin State
Cell type State Project
Search Result 6 records AC8V 3

© 2014-2015 Biomedical Informatics Laboratory, Tokai University School of Medicine. All Rights Reserved.
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Interpretation of GWAS Findings: ssSNP Sets

INSTITUTE

HaploReg v3 EEBROAD II“I-

HaploReq is a tool for exploring annotations of the noncoding genome at variants on haplotype blocks, such as candidate regulatory SNPs at disease-
associated loci. Using LD information from the 1000 Genomes Project, linked SNPs and small indels can be visualized along with their predicted chromatin state,
their sequence conservation across mammals, and their effect on regulatory motifs. HaploReg is designed for researchers developing mechanistic hypotheses of
the impact of non-coding variants on clinical phenotypes and normal variation

Update 2014.02.14: Version 3 now includes an improved motif library and final reference epigenomes the Roadmap, including predicted causal enhancer motif
instances. The GWAS library has also been updated and revamped by aggregating across traits and pruning. Version 2 is available here.

J Build Query || Set Options || Documentation |

Use one of the three methods below to enter a set of variants. If an r* threshold is specified (see the Set Qptions tab), results for each variant will be shown in
a separate table along with other variants in LD. If r* is set to NA_ only queried variants will be shown, together in one table.

Query (comma-delimited list of
rsiDs OR a single region as |rs3132486
chriN:start-end):

or, upload a text file (one

refSNP D per line)- Choose File | Mo file chosen

or, select a GWAS: v
Submit
HaploReg v3 EEBROAD |||i|-

HaploReq is a tool for exploring annotations of the noncoding genome at variants on haplotype blocks, such as candidate regulatory SNPs at disease-
associated loci. Using LD information from the 1000 Genomes Project, linked SNPs and small indels can be visualized along with their predicted chromatin state,
their sequence conservation across mammals, and their effect on regulatory motifs. HaploReg is designed for researchers developing mechanistic hypotheses of
the impact of non-coding variants on clinical phenotypes and normai variation.

Update 2014.02.14: Version 3 now includes an improved motif library and final reference epigenomes the Roadmap. including predicted causal enhancer motif
instances. The GWAS library has also been updated and revamped by aggregating across traits and pruning. Version 2 is available here.

Build Queryi\ Set Options |i[)m:umemation |

LD threshold, r* (select NA to only show query variants)f 0.6 v
1000G Phase 1 population for LD calculation: AFR ) AMR ' ASN ® EUR
Source for epigenomes: ® Basic model ' Imputed model
IMammalian conservation algorithm: GERP '® SiPhy-omega both
Show position relative to- ®/ GENCODE genes ' RefSeq genes ' both
Condense lists in table longer than: v

w

Condense indel oligos longer than: | 6 v
Background set for enhancer enrichment analysis: | All SNPs in 1KG pilot v

Qutput mode: @ HTML ' Text
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Interpretation of GWAS Findings: ssSNP Sets

Query SNP: rs3132486 and variants with rZ == 0.6

pos (hg19) pos (hg38) :_rE} :_[?} Nariant Relj Allt er:EqR ?r:ﬂtf er:z: :Ergt? ::)T;y Eirsotrt;lnoe:er:larks Eil;?gll::er;arks DNA=e Elr)ﬂtl:er;ns ?isu;rl!l_es zﬂhtg:;ed dDirSI:E;tsed th:En’:egDDE Euhnst:"a:not
chré:31242674 chr6:31274897 0.89 099 rs3132480 C T 0.33 049 080 D47 4 altered motifs 2.8kb 5 of HLA-C
chri:31242817 chrG:31275040 077 099 rs6930376 A T 0.33 041 040 D43 Nrf1 STAT, TCF4 2 9kb 5" of HLA-C
chré:31242850 chr6:31275082 073 098 rs3130693 T C 0.33 040 038 D42 AP-1 Mef2 PPAR 3kb 5" of HLA-C
chré:31243170 chr6:31275393 1 1 53132486 G ACT 045 052 085 049 3.3kb 5 of HLA-C
chri:31243380 chrG:31275612 08 0090 rs3132485 C A 043 042 040 D44 Gfi1b,p300 3.5kb 5 of HLA-C
chré:31243410 chr6:31275633 079 099 rs3132484 G T 043 042 040 D44 BLD Osr 3. 5kb 5 of HLA-C

o 1

ReuloméDB Download About Help

The search has evaluated 6 input line(s) and found 6 SNP(s).

Summary of SNP analysis

Show entries

Coordinate (0-based) dbSNP ID ? Regulome DB Score Other Resources

~ -~
W W - W

chr6:31243169 rs3132486 1f UCSC | ENSEMBL | dbSNP
chr6:31242673 rs3132439 5 UCSC | ENSEMBL | dbSNP
chr6:31242358 rs3130693 g UCSC | ENSEMBL | dbSNP
chr6:31242316 rs6930376 6 UCSC | ENSEMBL | dbSNP
chr6:31243388 rs3132485 No Data UCSC | ENSEMBL | dbSNP
chrB:31243409 rs3132484 No Data UCSC | ENSEMBL | dbSNP

Showing 1 to 6 of 6 entries
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Interpretation of GWAS Findings: ssSNP Sets

can be very large and may span a very large distance.
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Average number of perfect proxies for AlD-associated lead SNPs = 7.6
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Interpretation of GWAS Findings: ssSNP Sets

I'SNPB ASC a database for curated regulatory SNPs

Experimental evidences, multiple types of regulation, & rSNP and its LD-proxies

Data content Tutorial About Us Feedback
Search Result
SNP annotations v

Total count: 1

. LD-proxy of Proximal i . . miRNA . RNA binding protein "
SHE-1D % e rSNP(r?=0.8) regulation % aleguiatons regulation 7 mediated regulation 9
rs3131622 no no no no no no VE

. . LD-proxyof | Proximal i . . MiRNA . RNA binding protein _ "
R B rSNP(r’=0.8) T regulation * Distal regulation = regulation 7 mediated regulation B . ©
rs388629 no no no no no no Ves

. . LD-proxyof _ Proximal i . . miRNA . RNA binding protein _ .
S |l rSNP(r?=0.8) T regulation * Distal regulation = regulation 7 mediated regulation N . ©
rs6531 no no no no no no yes

rSNPBase informs about the presence of a regulatory SNP among
* the statistically similar SNP set.
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GWAS Results and HLA Types
IHWG-ID CELL LINE 5T CEH Population — §T53_012 vr572273-3_f I‘Sqﬂﬁii-’r_f

9026 YAR 53 38.1 Ashkenazi lewish 2 2 1] o

Q027 PFI7387 53 44.2+44.X  French 2 2 o o

9028 PE117 53 60.14X3.X Amerindian 2 2 o 2

90321 BOLETHBO 53 62.1 Scandinavian 2 2 o o

9047 PLH 53 47.1 Scandinavian 2 2 1 2

o048 LBUF 53 131 English 2 2 0 ]

9050 MOU-MANN | 53 44.3 Scandinavian 2 2 0 ]

051  PITOUT 53 44.2 South African White 2 2 0 1}

9052 DBB 53 57.1 UsA White 2 2 0 1}

9090 AWELLS 53 a44.1 Australian Caucasoid 2 2 1] o

o092  BM92 53 51.1 Italian 2 2 o o -

0093 BER 53 131 German 2 2 0 0 rs2395185 is a
9094 CF990 53 64.1 French 2 2 1 1

o098 MT14B 53 60.1 Australian Caucasoid 2 2 1 1 marker for the
9106 MANIKA 53 50.1 (H) Tamil Asian Indian 2 2 . 2 °

9107 KT3,LKT3 53 54.1 Japanese 2 2 0 ] HLA-DR53 Ilneagel
9139 WHONP439 53 46.1 Asian 2 2 0 1} . .
9140 WHO-NP192 | 53 54.1+416.1  Asian 2 2 0 ] Wh|Ch has unlque
9145 FUR, RE 52,53 |57.1460.3 White 1 1 1 1 o e

9146 COLE 53 02.2 Unknown 2 2 o o ImmunOIoglcaI
9150 BOW, MF 53,53 |44.1450.1 Unknown 2 2 1 1 H H

9151 EAV.AC 53,10 | 37.1450.1 Unknown 1 1 o o CharaCterIStlcs'

CORRESPONDENCE F

Re: Genome-Wide

Association Study of

Classical Hodgkin

Lymphoma and Epstein-Barr AMY E. KENNEDY

Virus Status-Defined SANDEEP K. SINGH
« Subgroups M. TEVFIK DORAK
Liverpool Hope JNCI Vol. 104, Issue 11 | June 6, 2012
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GWAS Results and HLA Types

B Y z AN AB AC AD AE AF A AH Al Al AK AL AM AN AD
IHWG # |[rs6923504 GHLA-A 1 HLA-A 2 HLA-B 1 HLA-B 2 HLA-C1 HLA-C 2 HLA-DRB1 1 HLA-DRBE1 2 HLA-DRB3 1 HLA-DRB3 2 HLA-DRB41 HLA-DRB5S1 HLA-DOAL1L HLA-DOAL 2 HLA-DQEL 1 HLA-DQB1 2
- b 4 - - - - - - - - - - - - v - -
9008 2 A=2501 A=2501 B*1801 B*1801 Cw=12030101 Cw=12030101 JDRB1=1501 DRB1*1501 . . . DRB5*0101 DOA1=010201 DOAL=010202 DQOB1=0602 DQB1*06030]
9009 2 A*010101 A=010101 B*370101 B*370101 Cw*06020101 Cw*06020101 jDRB1*160101 DRB1*160101 |. . . DRB5*0202 DOA1=010202 DOAL1=010201 DQB1=050201 DOB1+050201
2010 2 A*GB020101 A*68020101 B*530101 B*530101 C*040101 C*040101 DRB1*1503 DRB1*1503 . . . . DOA1*010201 DOA1*010201 DOB1*0&02 DOB1*0602
9012 2 A0201 A=D201 B*5701 B*5701 Cw=0701 Cw*=0701 DRB1*1601 DRB1*1601 . . . . DOAL=010202 DOAL1=010202 DQAB1*0502 DOB1=0502
4014 2 A=2601 A=2601 B*0801 B*0801 Cw*070101 Cw*070101 DRB1*150101 DRB1=150101 |. . . DRB5*01010]1 DOA1=010201 DOA1=010201 DOB1=0602 DOB1=0602
9015 2 A*02:01:01 A®02:01:01 B*27:05:02 B*27:05:02 C*02:02:02 C*02:02:02 DRBE1*16 DRB1*16 . . . . . . . .
9016 2 A=0204 AD204 B*510101 B*510101 Cw=*1502 Cw*=1502 DRB1*160201 DRB1=160201 |. . . DRB5*0202 . . DaB1=0301 DOB1=0301
9017 2 A*0301 A=D301 B*070201 B*070201 Cw*070201 Cw*070201 DRB1*150101 DRB1=150101 |. . . DRB5*0101 DOA1=01:02:01 DOA1=01:02:01 DOB1=0602 DOB1=0602
4018 2 A*3002 A=3002 B*1801 B*1801 Cw*0501 Cw*0501 DRB1*0301 DRB1*0301 DRB3*0202 . . . DOA1*050101 DQAQAL1*050101 DAQB1*0201 DOB1+0201
9020 2 A=2601 A=2601 B*1801 B*1801 Cw=0501 Cw=0501 DRB1*0301 DRB1=0301 DRB3=020201 . . . DOAL=050101 DOAL=050101 DQB1=0201 DaBl1=0201
9036 2 A=0201 A=D201 B=4402 B*4402 Cw*0501 Cw*0501 DRB1*1101 DRB1*1101 DRB3=0202 . . . DOA1=010202 DOAL1*010202 DQOB1*0502 DOB1=0502
4038 2 A*0201 A*0201 B*1801 B*1801 Cw*0501 Cw*0501 DRB1*1102 DRB1*1102 DRB3*0202 . . . DOAL1*0505 DaA1+0505 DOB1+0301 DOB1+0301
o041 2 A=0101 A=0101 B*3502 B*3502 Cw=0401 Cw=0401 DRB1*1104 DRB1*1104 DRB3=0202 . . . DaAl=0501 DOAL=0501 DaBl=0301 DOB1=0301
o042 2 A®24020101 A*24020101 B*350801 B*350801 Cw*0401 Cw=0401 DRB1*1103 DRB1*1103 DRB3=0202 . . . DOA1=0505 DOA1=0505 DaB1=0301 DOB1=0301
4043 2 A*0101 A*0101 B*=4101 B*4101 Cw=1701 Cw*1701 DRB1*1101 DRB1*1101 DRB3*0202 . . . DOAL1*0505 DaA1+0505 DOB1+0301 DOB1+0301
9060 2 A=0101 A=0101 B*1501 B*1501 Cw=0303 Cw=0303 DRB1*1301 DRB1=1301 DRB3=0202 . . . DOAL=0103 DOAL=0103 DQaB1=060301 DOB1*060301
9066 2 A0207 A=0207 B*460101 B*460101 C*=01:02 C*01:02 DRB1*08:03:02 DRB1*08:03:02 . . . . DOA1=01:03 DaA1=01:03 DaB1*06:01 DOB1*06:01
8070 2 A*02:01 A*02:01 B*51:01 B*51:01 C*14:02:01 C*14:02:01 DRB1*08:03:02 DRB1*08:03:02 . . . . DOAL*04:01 DOA1*06:01:01 DOB1*03:01:01 DOB1*03:011
9081 2 A0301 A=0301 B*070201 B*070201 Cw*070201 Cw*070201 DRB1*1501 DRB1=1501 . . . DRB5*0101 DOA1=01:02:01 DOAL=01:02:01 DOB1=0602 DOBl1=0602
9084 2 A=0201 A=D201 B*4002 B*4002 Cw*020202 Cw*020202 DRB1*1601 DRB1*1601 . . . . DOA1=010202 DOAL1*010202 DQOB1*0502 DOB1=0502
9104 2 A*3101 A*3101 B*38:01 B*38:01 £*12:03 C*12:03 DRB1*11 DRB1*11 . . . . . . . .
9105 2 A0101 A0101 B*3502 B*3502 Cw=0401 Cw=0401 DRB1=110401 DRE1*110401 JDRB3*0202 . . . DOAL=0103 DOAL=0103 DQB1=060301 DQB1=060301
9157 2 A*33 A=33 B*5801 B*58 Cw*0302 Cw*0302 DRB1*0301 DRB1*0301 DRB3=02 . . . DaA1=0501 DaA1=0501 DaB1=0201 DOB1=0201
4241 2 A*01:01:01:00 A*01:01:01:0 B*40:01:01 B*40:01:01 C*06:02:01:01 C*06:02:01:01 jDRB1*13:01:01 DRB1*13:01:01§. . . . DOAL1*01:03 DOA1*01:03 DOB1*06:03:01 DOB1*06:05:1
IHWG # |CELL LINE ST | CEH Population
- | i - w
rs6923504 9008 |DOZ208915 | 51| 181 Australian Caucasoid
9009  |KASD11 51 Yugoslavian
5010 [AMAI %1 Algerian
9012 |WIRO76 51 USA White
9014 |MGAR 51 USA Hispanic
9015  |wT24 51 Italian
9016 RML REM 51 South American Indian
9017  |WIE 51 Italian
9019 |DUCAF 52| 182 French
9020 |QBL 52 | 182 Dutch
9036  |SPOO10 52 Italian
9038  [IVM 52| 183 Dutch
9041 |l0528239 52 | 355 Italian
9042 [TISI 52 | 35.4 * French
9043 |BM21 2 Italian
9060 |CBEB-CGBI1BJ 52 62.3 Australian Caucasoid
09066 |TAB(OE9,TAB i) 46.2 Japanese
9070 |LU¥ s ] . Dutch
9081 |EA Tl a Scandinavian
o084 |calocero JS1] . Italian
‘.*' 9104 |DHIF 52| . English
. . | A ian
University .. 9291 |APD 52| . Dutch




HLA Region SNPs and HLA Types

ASHI 2015
* A Catalog of HLA Region SNPs

Liverpool Hohé

University ... with Functional Annotations, Disease Associations
and Correlations with HLA Types

Amy E. Kennedy 1, Sushmita Mustafi 2, Sandeep K. Singh 2, loanna Konidari °,
Jacob L. McCauley ®, Alejandro M. Barbieri 2, Mehmet T. Dorak 4

1 National Cancer Institute, National Institutes of Health, Bethesda, MD, USA; 2 Florida International University, Miami,
FL, USA; 3 John P. Hussman Institute for Human Genomics, University of Miami, Miami, FL, USA;
4 Liverpool Hope University, Liverpool, UK
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CELLLINE ST CEH Population 1s722788_C rs406113_C rs11757235_A rs445870_G rs13215054_A rs6456825_G rs414745_C rs418092_A rsa50630_A rs370520_A rs17336532_A
1 P
2 sA o 7.2 Japanese 1 2 1 2 0 2 0 0 2 2 0
3 Mzo70782 65.17 Ashkenazi Jewish 0 0 0 0 0 0 0 0 0 0 0
4 KAS1l6 o Yugoslavian 0 0 0 0 0 0 o 0 o 0 0
5 JESTHOM Scandinavian 0 2 0 2 0 2 0 0 2 2 0
6 HOM2 o . Canadian 0 0 0 0 0 0 0 0 0 0 0
7 WT100BIS 35.2 Italian 0 0 0 0 0 0 0 0 0 0 0
8 DO208915 51 18.1 Australian Caucasoid 0 0 0 0 o 0 o o o o o
9 KASO11 51 Yugoslavian 0 0 0 0 2 2 2 2 2 2 2
10 AMAI 51 Algerian 2 2 0 0 0 2 2 2 2 2 0
11 E4181324 51 531? " Australian Caucasaid 0 0 0 0 2 2 2 2 2 2 2
12 WIR076 51 UsA White 0 1 0 1 1 2 1 1 2 2 1
13 MGAR 51 USA Hispanic 0 0 0 0 0 0 0 0 0 0 0
14 \WT24 51 Italian 0 2 0 2 0 2 0 0 2 2 0
15 RMLREM 51 South American Indian 0 0 0 0 0 0 0 0 0 0 0
16 WT8 51 Italian 2 2 2 2 0 0 0 0 0 0 0
* 17 DUCAF 52 182 French 2 2 0 2 0 2 2 2 2 2 0
. ’ 18 QBL 52 182 Dutch 0 0 0 0 2 2 2 2 2 2 2
LIVEI"pDO| HOpe 19 RSH,RSHD 52 421 African Black 0 2 0 1 0 2 1 1 2 2 0
20 COX 52 81 South African White 0 0 0 0 2 2 2 2 2 2 2
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HLA Region SNPs and HLA Types

Functional supertypes

Cross-reactive groups (CREGs)

Codon 114
Codon 1186
Bw4/Bwé .
epitopes Functional
supertypes
Codon 114 c1/Cc2 Phylogenetic
Codon 116 epitopes lineages Codon 86 Codon 57

I T I
el o]

HLA- HLA- HLA-
HLA-A HLA-B
DRB3/4/5 DRB1 DQB1

Figure 1. Functional multi-allelic HLA polymorphisms

We do not yet know the SNP equivalents of these functional groupings

* UMNDER THE AUSPICES OF EUROPEAM FEDERATION FOR IMMUNOGENETICS
Liverpool Hope ANNUALEFIREGION 8 EPT MEETING
o™ DECEMBER 2015 BUCHAREST

University ..


http://castiga-viata.ro/

Existing GWAS results: What to do with them?

a Studysample b Study sample

A...... A....A Ao ... A....A

Goovnnn C....A G.o.onll C....A
Reference haplotypes — Reference haplotypes
CCAGATCTCCTTCTTCTGTGC CCAGATCTCCTTCTTCTGTGC
CCACATCTCCCGACCTCATLG CCAGATCTCCCGACCTCATGG
CCAACCTCTTTTCTTCTGTLL CCAAGCTCTTTITCTTCTGTLL
CCGAAGCTCTTTTCTTCTGTGC CCAAGCTCTTTITCTTCTGTGC
CCACACTCTCCCACCTTATLC CCACACTCTCCCACCTTATLC
TGLCATCTCCCCACCTCATLL TGLCATCTCCCCACCTCATLL
CCAGATCTCCCGACCTTGTGC CCAGATCTCCCGACCTTGTGC
CCACACTCTTTTCTTTTGTAC CCACACTCTTTITCTTTTGTAC
CCACACTCTCCGACCTCGTGC CCACACTCTCCGACCTCGTGC
CCAAGCTCTTTTCTTCTGTLC CCAAGCTCTTTTCTTCTGTLL

Study sample

CgagﬁltCtCCCgACCtCAtgg
cgaaCctcttttCrttcAtgg
Reference haplotypes
CCCCCCCCOGGCAATTTITTIT
CCACATCTCCCCACCTCATGG ~ o N -
CCAAGCTCTTTTCTTCIGTCC Genotype Imputation
CCAACCTCTTTTCTTCTCTGC ot :
CCACACTCTCCCACCTTATLC ) ) _ ,
TCGGCGATCTCCCGACCTCATGG Yun Li,! Cristen Willer,! Serena Sanna,’
CCACATCTCCCCACCTTCTLC and Gongalo Abecasis!
CCACACTCTTTTCTTTTCTAC
CCACACTCTCCCACCTCLTLC Annu. Rev. Genomics Hum. Genet. 2009,
CCAAGCTCTTTTCTTCTLTGC 10:387-406
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Existing GWAS results: What to do with them?

P
Box 1| How genotyps imputation works

lead to a clear signal

b Testing association at typed SMPs may not d Reference set of haplotypes, for example, HapMap
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g, pvalue

a Genotype data with missing data at
untyped SMPs (grey question marks)
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¢ Each sample is phased and the haplotypes
are modelled as a mosaic of those in the
haplotype reference panel

8 o
4 iﬂ--llmﬁ-l ::

HoR O E R e S e
B e It I Y|
[oC U S RS T Rt S S|
EE I R R R I I
© OB B B OBI B
[oC U S RS T Rt S S|
=TI R R R X
I R e s L e |
I R R R R =]
Ba B OB B R R BRI R BRI
Ba B R BY R BY B RS
M1 ] ] ] ] ] ] ] ]
U TS S RS T R R
(ST ST R S S R SRS T ST 5]
M1 ] ] ] ] ] ] ] ]

@@ cENOME-WIDE ASSOCIATION STUDIES

0
0
0 :
5 [z R-1-0107:2709]
0 -<
0
1
1
g
F?20:07117> 210

Genotype imputation for genome-wide

association studies

* Jonathan Marchini* and Bryan Howie*

MATURE REVIEWS [ GENETICS
VOLUME 11 [JULY 2010 [ 499

Liverpool Hobé
University ...

—lesgl0 pevalue

f Testing association at imputad SMPs may

boost the signal

@ The reference haplotypes are used to
impute alleles into the samples to create
imputed genctypes (orange)
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Existing GWAS results: What to do with them?

ORIGINAL PAPER  'wiio ccsmionomatessonost

Genetics and population analysis Advance Access publication February 7, 2011

HLA*IMP—an integrated framework for imputing classical HLA
alleles from SNP genotypes

Alexander T. Dilthey', Loukas Moutsianas’, Stephen Leslie! and Gil McVean'-2:*

' Department of Statistics, University of Oxford, 1 South Parks Road, Oxford OX1 3TG and 2Wellcome Trust Centre
for Human Genetics, Roosevelt Drive, Oxford OX3 7BN, UK

Associate Editor: Jeffrey Barrett

HLA*IMP

Welcome!

Important information: Affymetrix has exclusively licensed the HLA*IMP algorithm from Peptide
Groove and provides HLA¥*IMP-based HLA type imputation for Affymetrix arrays and other
platforms. For more information, please visit http://www.affymetrix.com or contact Affymetrix at
Bioinformatics_services@affymetrix.com.
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Existing GWAS results: What to do with them?

Functional annotations and pathway analysis

kkkkkkkk

Impute missing SNPs
Impute HLA types
Infer HLA functional groupings

Repeat association analysis for all SNPs, HLA types,
supertypes, epitopes, dimorphisms and lineages
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CONCLUSIONS

> Besides mismatches, there are also associations of donor or
recipient genotypes with transplant outcomes

> Reported associations should be combined with their
statistically similar SNP sets (proxies) for functional
annotations

> The nearest genes are not always the target genes for SNP
effects

> The most common intermediate phenotype is gene
expression changes (eQTL effects) between SNPs and their
effect on phenotypes

> GVHD-associated SNPs are also associated with autoimmune
disorders as previously suspected

> There is much more work to do with the HLA region results
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