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SUPPLEMENTARY NOTE 

 

Common variants at the MHC locus and at chromosome 16q24.1 predispose to Barrett’s 

esophagus.   

 

The Esophageal Adenocarcinoma Genetics Consortium and the Wellcome Trust Case Control 

Consortium 2 

A full list of authors and affiliations appears at the end of the Supplementary Note 
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Supplementary Figure 1 Outline of the analysis workflow. *HLA alleles imputed, ^C&M; Sex 

stratified analysis; Subset of sample (5%) also genotyped with KASPar at top 2 SNPs. Replication 

stages are coloured, pink- stage 1, green- stage 2, yellow-stage 3. 
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Supplementary Figure 2. Plot of the first two principal components computed from the Hapmap 

samples (CEU: red, YRI: green, JPT&CHB: blue) and then projected on to the cases (black) to 

show ancestry outliers. The case individuals that were excluded based on this analysis are shown 

in grey. 
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Supplementary Figure 3. Quantile-Quantile Plot showing the observed and the expected chi 

squared statistics of the discovery analysis, with 1 PCA as a covariate.  !=1.05, and when  

standardized to a population of 1000 cases and 1000 controls, !1000=1.019. 

 

 

 

 

Supplementary Figure 4. Regional association plots showing imputation results at the two hit 

regions, chromosome 6p21 on the left and 16q34 on the right. Green circles represent the 

genotyped SNPs and orange triangles represent imputed SNPs. The top SNPs found in the 

discovery genotype data are shown as red circles. 
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Supplementary Figure 5. Results of the sign test showing the two-sided P values for the number 

of pruned SNPs that have the same direction of effects in the discovery and replication samples. 

 

 

 

 

 

 

 

Supplementary Figure 6. Results of the score analysis where a score is calculated for each 

replication individual, based on the number of risk alleles carried by each individual weighted by 

the log of the odds ratio from the discovery data. The P value is testing for evidence of higher 

scores in the cases sample compared to the controls sample. 
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Supplementary Table 1 Characteristics of discovery and replication case (CA) and control (CO) populations after exclusions 

!

! #$%&'()*+! ,-./)!0! ,-./)!1! ,-./)!2!
! 34!!

56!

7809:1!

34!!

5;!

78:0<1!

34!!

56!

7800=:!

34!!

5;!

78"90>!

#?-&@!

56!

78A<2!

#?-&@!

5;!!

780<9=!

B*$%@!

56!

781A:!

B*$%@!

5;!

78A<2!

34!

56!

780<":!!

34!!

5;!

780:9"!!

CD65;E!

56!

7812>9!

CD65;E!

5;!

7810"<!

"#$!

F.G)%! 0A99! 1"=>! <92! 21<=! 2:=! 0=:A! 0:<! 0""! 01"=! <0<! 0911! 0<=2!

H)I.G)%! 2"A! 1:"2! 20>! 2:01! 012! <1"! :<! 2=A! A>A! 99>! :<"! A"A!

E'-!%-.-)J! =! =! 2! =! ! =! 10! 2! 00! "9! ! !

%&# !

K8A=! 9:! 012<! 1:! ! 01! ! ! 2=0! 2=! 12"! 011! ><!

A0L:=! 21=! <=1! ""! ! 10! ! ! 9>! 0"<! 0"9! 21=! 1A1!

:0L"=! "=0! 20<9! 0:A! ! <<! ! ! ":! 2"1! 1>0! "2<! :<2!

"0L<=! "A"! A"! 21A! ! :<! ! ! 0:! <0"! 1>A! "<0! <::!

<=M! 0>>! =! 20"! ! :<! ! ! =! A90! 02A! "A9! :==!

E'-!*)N'*-)J! 0! >! 11=! "90>! 1A>! 0<9=! 1A:! 2! >! A"2! =! =!

'#()*+#,!-+./010+2!

O@$-)!5.?&.%$.7! 092"! :0<1! 0=>A! "90>! A<1! 0<9=! 1A:! A<2! 0<":! 0:"9! 12A>! 10"0!

;-@)*! =! =! =! =! =! =! =! =! =! =! <! "!

E'-!*)N'*-)J! 0"! =! 00! =! 0! =! =! =! =! =! A1! =!

3%"-!4567!8*9&:#!3*0+#*09!;#9<:*#=#/+<!

30*1:=>#*#/+09?!

@3A!?#/&+.B1=!

F).7!!

>:P!5B!

Q.7/)!

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

!

AR=:!! ! ! ! ! !

2R>0LAR09!

=L11!

! !

!

2R:>!!

2R29L2R9=!

=L12!

! !

!

E6!

! !

!

E6!

! !

!

2 R02!

1R>"L2R2=!

=L0<!

! ! !

;9$0=9?!@;A!

?#/&+.B1=!

F).7!!

>:P!5B!

Q.7/)!

!

!

A R"=! ! ! ! ! ! !

A RA<LAR<A! ! !

0L1A!

! !

!

A R":! !

ARA<LAR9A!

0L12!

! !

!

A R2<!

AR=0LAR<2!

0L0:!

! !

!

: R01!

AR:0L:R<1!

0L0<!

! !

!

A R:9! !

ARA2LAR<2!

0L0<!

! ! !

3%"-!4567!C/+#<+0/9?!;#+9(?9<09 !

S'%$-$()!TPU! >=! E6! ""! E6! 9=! E6! 0==! E6! 92! ! !0==! !



   

! "!

Supplementary Table 2 Discovery sample collection cohorts. 
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Supplementary Table 3 Sample exclusions in the discovery data 

!

Numbers of individuals excluded where column headings are: PreQC: the number of samples for 

which genotypes were available, Int: signal intensity from the chip outlying, Sex: sex modeled 

from X chromosome intensity mismatched with supplied sex, Het/CR: call rate and 

heterozygosity, Ancestry: HapMap PCA population exclusions Identity: <90% concordant with 

initial Sequenom genotypes, Relatedness: >5%IBD, Phenotype: Incorrect assignment of 

phenotype. Unique Exc: the number of unique sample excluded, PostQC: the number of samples 

carried through to the analysis stage.
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Supplementary Table 4 The top 100 ranked SNPs at which replication was attempted in the Stage 1 replication.  
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Supplementary Table 5 All additional loci at which replication was attempted in the Stage 1 and Stage 2 replication  

(Results for lead SNPs on 6p21 and 16q24 are presented in Table 1). 

$%&'()*+,!

-.+! +&/$! 0(&%1%(2!
3%&4!

566*6*! -5&*&!

378!

-(21+(6&!

378!

$%&'()*+,!

0!)569*!

$%&'()*+,!

:3!
;<=!-/!

>15?*!"!

+*@6%'51%(2!

0!)569*!

>15?*!A!

+*@6%'51%(2!

0!)569*!

B*15!0!

"! +&C<"DD#A! "<#ED#CDD! -! FGH;E! FGHED! "GA;I"FJH! "G"E! K"GF#J"GA<L! FG"FD! KJL!FGFDCF! DG;<I"FJD!

A! +&DFCA! AFCH"##C! M! FGHF#! FGDED! AGEHI"FJC! "GAD! K"G"HJ"GDDL! FGAAA! FGF"#F! "GH<I"FJC!

<! +&ACD"ECA! "CECC<F#F! 7! FGACH! FGAHF! "GEHI"FJH! "G"#! K"GF#J"GA;L! #GFDI"FJD! FGA#;! DGAHI"FJE!

E! +&"DA""<FC! A#DE<D<E! 7! FG;FE! FG##F! <G#<I"FJE! "GDA! K"G"CJ"GH;L! FGFA#! "GFAI"FJD! #GCCI"FJ;!

E! +&;AEA"HD! DFCEFCEF! M! FG##A! FG#<A! HGACI"FJC! "GDD! K"G";J"GH#L! FGFCD! FGF"""! AG"#I"FJ#!

C! +&"#EFA"#! "<DACEC#<! M! FGDD#! FGDFE! <GAFI"FJ<! "G";! K"GF;J"GA;L! FG"EH! KJL!FG"""! AGAFI"FJD!

C! +&DCDH;EF! "<HD"<F#E! M! FGA;A! FGA<;! AG"DI"FJ<! "GA"! K"G""J"GDAL! FGFDC! FGDHF! DG;CI"FJE!

#! +&"DACDECA! ""EH;C;F! M! FGDHH! FGDF"! #GAFI"FJ#! "GA<! K"G"<J"GDEL! FGDCE! KJL!FGE";! DGHDI"FJ<!

#! +&#"#F;"A! ""ECCHFF! 7! FGAAH! FG";"! DGEDI"FJE! "GA<! K"G"HJ"GDCL! FG"ED! FG;EE! DGHCI"FJ<!

"D! +&D;AD<FF! #<E<C<F;! M! FG#"#! FGC#<! "G##I"FJ<! "GAD! K"G"AJ"GD<L! FGF<#! FGFDHF! CGCCI"FJC!

"<! +&AA"#AEF! <EFF"<FA! M! FGHDD! FGD;D! HGAHI"FJ<! "G"C! K"GF;J"GACL! FGFHC! FGAE"! EG<FI"FJE!

"<! +&A<D<H#D! ;<D<C;"E! 7! FGACD! FGAD#! DGECI"FJ<! "GA! K"G"FJ"GD"L! FG"F#! FGF"F<! "GAAI"FJE!

"E! +&AFHDEDD! <C<;AC<! 7! FGEA;! FG<##! EGFHI"FJ<! "G"C! K"GF#J"GACL! FGFA"! FGF"CC! DG"AI"FJC!

";! +&"FHADECH! "#EC#;FD! M! FGCFF! FGEE"! <G"HI"FJ<! "G"#! K"GF;J"GA#L! FGH"A! FG<EH! DG<EI"FJH!

!

!(-) Direction of risk opposite to that in the discovery population. All P values are 2-sided. 
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Supplementary Table 6 Table of association with imputed classical HLA alleles.  

!! $%&'()*+,! -./0*!"!12!3*45%'/.%(6! 7(89%6*:!

;<=!/55*5*!

7/&*!

>=?!

7(6!

!>=?!

8%&&%60!

:/./!

4+(4(+@

.%(6! A*./! -B! C!)/5D*!

7/&*!

>=?!

7(6!

!>=?!

8%&&%60!

:/./!

4+(4(+@

.%(6! A*./! -B! C!)/5D*! A*./! -B! C!)/5D*!

;<=$EAFGH

"! HI"J! HI"K! HIHG! @HIGH! HIHL! MIJL!N!"H@M! HI"O! HI"L! HI"H! HIHJ! HIHO! LIOH!N!"H@"! @HI"H! HIHM! "ILO!N"H@G!

!"#$%&'() '*(+) '*(,) '*'-) .'*(,) '*'+) /*01)2)('./) '*'() '*'() '*'+)

.

'*-() '*3') /*&0)2)('.() '*3+) '*(0) 1*//)2)('.-)

!"#4%,'() '*(3) '*(+) '*'+) .'*-') '*'1) +*,,)2)('./) '*(3) '*(/) '*'3)

.

'*(() '*'&) (*(')2)('.() '*'-) '*(') ,*11)2)('.()

;<=7F"OH"! HIH"! HIH"! HIHG! HIOG! HIGM! GI#L!N!"H@J! HIH"! HIH"! HIHK! @HIG"! HIJH! MIO#!N!"H@"! HIJK! HI"#! LIMM!N!"H@G!

!"##%('() '*(,) '*-') '*'3) .'*(3) '*'+) &*/0)2)('.3) '*(,) '*(0) '*'1)

.

'*'&) '*'1) -*+3)2)('.()

.

'*(() '*'/) +*-1)2)('.3)

;<=$EAFLH

G! HI"L! HI"M! HIHG! HI"K! HIHL! OIPL!N!"H@J! HI"J! HI"M! HI"H! @HIH"! HIHO! PIL"!N!"H@"! HIH#! HIHM! MIO"!N!"H@G!

;<=$E=FKH

"! HIGG! HIGM! HIHK! @HI"G! HIHK! "IJ"!N!"H@G! HIGG! HIGM! HIHL! @HI""! HIHL! JI##!N!"H@G! @HI""! HIHM! "IGP!N!"H@J!

;<=$E=F"H

G! HIGH! HI"P! HIHK! HI"H! HIHK! JIPO!N!"H@G! HI"#! HI"P! HIHL! HIHM! HIHL! KIKJ!N!"H@"! HIHP! HIHM! MI#K!N!"H@G!

;<==FGKH"! HIHJ! HIHG! HIHJ! HIGL! HI"J! MIOO!N!"H@G! HIHG! HIHG! HIHL! HIG"! HI"#! GIL"N!"H@"! HIGM! HI""! GIJJN!"H@G!

HLA alleles shown in bold also showed evidence of a protective effect on disease risk when analysed using GENECLUSTER.  log10BF =3.71 

for the single mutation mode 
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)

)
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Supplementary Table 7A Table of association at rs9257809 (chromosome 6) with only the cases that have intestinal metaplasia 

$%&%'(! )*(+! ,-! .!/+01*! 2!3+4*4! 2!3%5('%04! 67&*(!

8943%/*':! 7#;"<=! #;#>"! ";#=?!@#7>! @>>"! A@B"! !!

,(+C*!@! 7#;"@=! #;#D=! #;#@@! BE=! >D@<! !!

,(+C*!"! 7#;ED<! #;@""! #;##@! EB<! @BD#! !!

FG!'*6"! 7#;@">! #;#D#D! #;@@D! @E@D! @AD>! !!

H'94&! #;#=A! #;@AE! #;B>B! "=A! =BE! !!

)-I$J2! 7#;@"A! #;#B"! #;#DE! "E<>! "@>B! !!
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Supplementary Table 7B Table of association at rs9936833 (chromosome 16) with only the cases that have intestinal metaplasia 
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Supplementary Table 8 Results for SNPs associated with Circumference (C) and Maximal length (M) measurement of the Barrett’s segment at 

P<10
-5

.  
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Supplementary Table 9 Sex-stratified analysis of 16 SNPs for which replication was attempted 

Male-only analysis (M): Discovery:  1488 cases, 2611 controls.  UK replication: 785 cases, 3270 controls. NL replication: 350 cases, 1054 

controls. Female-only analysis (F): Discovery 364 cases, 2564 controls.  UK replication: 319 cases, 3512 controls.  NL replication: 123 cases, 

726 controls. 
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Supplementary Table 10A Results for SNPs associated with body mass index (BMI) or waist-hip ratio (WHR) that are genotyped in the 

discovery data. Risk alleles are given for the forward strand. 
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Supplementary Table 10B Results in the BE discovery scan for tags of SNPs associated with BMI or WHR that were not genotyped in the 

discovery data. The genotyped tag SNPs are within 250kb and with r
2
 > 0.8 (according to 1000G CEU pilot1 June release). Risk alleles are given 

for the forward strand. 
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Supplementary Table 11 Assay concordance between Illumina genotyping panels and  

Kaspar allele specific PCR. 
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Supplementary Note 

DNA sample preparation. Genomic DNA for all discovery cases was shipped to the 

Wellcome Trust Sanger Institute (WTSI), Cambridge. Where there was sufficient DNA, 

quality was validated using the Sequenom iPLEX assay designed to genotype 4 gender SNPs 

and 26 SNPs present on the Illumina Beadchips. DNA concentrations were quantified using a 

PicoGreen assay (Invitrogen) and an aliquot assayed by agarose gel electrophoresis. A DNA 

sample was considered to pass quality control if the DNA concentration was greater than or 

equal to 50 ng/µl, the DNA was not degraded, the sex assignment from the iPLEX assay 

matched that provided in the patient data manifest and genotypes were obtained for at least 

two thirds of the SNPs on the iPLEX. 

Discovery Sample Quality Control. We used a Bayesian clustering approach to infer 

outlying individuals on the basis of call rate, heterozygosity, African or Asian ancestry 

(defined by a principal component analysis of the HapMap2 data; see Supplementary Figure 2) 

and average probe intensity. To obtain a set of putatively unrelated individuals we used a 

hidden Markov model (HMM) to infer identity by descent along the genome and then 

iteratively removed individuals to obtain a set with pair-wise identity by descent less than 5%. 

To guard against sample mishandling we removed samples if their inferred sex was discordant 

with the recorded sex or if less than 90% of the SNPs typed by Sequenom on entry to the 

sample handling (see above) agreed with the genome-wide data. 

Principal component analysis (PCA). We performed Principal Component Analysis (PCA) on a 

subset of 205,842 post-QC SNPs (none from the MHC), selected so as to minimize the 

contribution from regions of strong linkage disequilibrium and to ensure that only genome-wide 

effects are detected. Principal component scores were computed for the combined dataset of post-

exclusion case and control samples using the program SHELLFISH. Visual inspection of the SNP 

loadings suggests that the first principal component reflects genome-wide population structure 

(data not shown). It also significantly correlated with case-control status and was therefore 

included as covariate in association analysis. 

PCA of BEACON samples.  

We performed Principal Component Analysis (PCA) as a two-step process using the SNPRelate 

software (http://cran.r-project.org/web/packages/SNPRelate/index.html). First, we used PCA to 

define a homogeneous set of European ancestry samples. We did this by running PCA on a set of 
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6,481 unrelated (except for six two-person families) subjects each of which was either an 

esophageal cancer case, a Barrett's esophagus case, or a control. A majority of these subjects 

(~97%) self-identified their race as “White” and a scatterplot of all subjects along the axes of the 

first two eigenvectors showed the majority of samples formed a tight cluster (data not shown). 

Therefore, we computed the medians and standard deviations (SD) of the first two eigenvectors 

and defined any sample that fell within a one SD rectangle of both eigenvector medians to be of 

homogeneous European ancestry (n=6,302).  BE cases and all controls within the PCA defined 

European ancestry set were used in the replication analysis of rs9936833 and rs9257809. 

Next, we performed PCA on these 6,302 subjects. For this analysis we used 66,554 non-

monomorphic, autosomal SNPs that passed initial quality control, had missing call rate < 5%, 

minor allele frequency > 5%, and did not have an LD value > 0.2 between any two SNPs in a 

sliding window of 500K bases. We included the first four eigenvectors from this analysis as 

covariates in the association test model since they were significantly correlated with case-control 

status (of Barrett's esophagus vs. control) and a scree plot showed that the variance accounted for 

by each eigenvector flattened out after these four eigenvectors (data not shown). To check that 

only genome-wide variation was detected we computed the absolute value of the correlation 

coefficient of each of the four eigenvectors against the genotypes for each SNP and did not 

observe any localized regions of high correlations that would suggest an eigenvector had detected 

only local variation (data not shown). The lambda using these four eigenvectors was 1.037.  

Imputation. SNPs were imputed using IMPUTE2 and the 1000 Genomes June 2010 release CEU 

reference population. Pre-QC there were 516123 SNPs on chromosome 6 and 235844 SNPs on 

chromosome 16.  SNPs with info scores <0.5 were removed from the data, and following QC, 

438040 SNPs remained on chr 6 (403914 imputed, 34126 genotyped) and 185980 SNPs remained 

on chr 16 (170206 imputed, 15774 genotyped). 

HLA imputation. HLA*IMP was used to impute classical HLA alleles using SNP genotype data 

for the discovery phase samples.  The “MS_NBS” set 
6
 of SNPs was selected to inform the 

imputation.  This SNP set had been selected by the HLA*IMP team for use in WTCCC2 studies. 

Best guess alleles imputed with a probability score greater than 0.7 were analysed. 145 different 

alleles imputed in all three datasets were investigated in the discovery, and alleles with the most 

significant associations were then imputed in the replication data. The “IMMUNOCHIP” set of 

SNPs, selected by the HLA*IMP team was used to inform the replication phase HLA imputation. 
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Testing for interactions.  To look for interactions between associated loci, we compared two 

logistic regression models. In the first (null) model, a separate parameter for each SNP specified 

the multiplicative increase in the odds of disease with each additional copy of the risk allele for 

that SNP. We compared this, using a likelihood ratio test, to a model for interaction in which there 

is a third parameter which modifies the effect associated with carrying risk alleles at both SNPs. 

There are many different ways to model both the marginal effects at each SNP and their joint 

effect 
7
, and so there are many approaches to search for interactions. The procedure we adopted is 

perhaps the simplest (multiplicative model marginally at each SNP and a single additional 

parameter for multiplicative interactions) Similar analyses, using a binary indicator for male 

individuals, were used to test for interactions between sex and SNPs   

Meta-analysis. A fixed effect meta-analysis was used to combine the evidence of association 

across the discovery and replication data sets. To do so, we first fit logistic regression models to 

each of the data sets as described in Methods, and then averaged the estimated effect size 

parameter across the data sets, weighting by precision of the estimates. Two-sided P-values were 

calculated assuming the combined data z-score to be normally distributed. 
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