
Supplementary data. 

Suppl. Methods 
All participants included in the study gave informed consent and the study was approved by the local 

Ethics Committee. The ARUK cohort (1197 AD patients and 886 controls) comprised samples from 

six Alzheimer’s Research UK network centres across the EU, Belfast, Bonn, Nottingham, Manchester, 

Oxford and Southampton. The Mayo samples (872 AD patients and 493 controls) were obtained from 

the Mayo Clinic, Jacksonville and the Mayo Clinic, Rochester, USA. The combined GWAS dataset of 

3448 samples was quality control checked in PLINK following standard protocol with 302297 SNPs 

passing quality control (see Shi et al., 2012). 

To assess the ability of the study sample size to detect an association with AD, power calculations 

were performed in QUANTO v1.2.4 assuming the genetic variant has a minor allele frequency (MAF) 

between 1% and 5% and an odds ratio of 1.2 and 1.5 with a gene-environment interaction model and 

a log additive genetic effect. The odds ratio was selected to represent the range of odds ratios of the 

susceptibility loci recently found in the I-GAP (International Genomics of Alzheimer’s project) meta-

analysis of AD (Lambert et al., 2013). 

This study aimed to assess the impact of ABO blood type locus on possible ACE association with AD. 

The ABO and ACE regions and a 500 000bp buffer region (ABO chr9:13562788-136650617; ACE 

chr17:61054422-62099205) was imputed against 1000 Genomes Phase I haplotypes in IMPUTE2 

(Howie et al., 2009). Imputed data was further quality control checked (imputation R
2
 >0.4 and MAF 

>0.01), resulting in 4599 SNPs in the ACE region for association testing. 

ABO blood group haplotypes were determined from SNPs rs505922 (T allele indicating blood type O, 

C allele indicating blood type A or B) and rs8176746 (G allele indicating blood type O or A and T allele 

indicating blood type B) as previously described (Wolpin et al., 2010). Blood type A was further 

categorised into A1 and A2 blood types using rs8176704 (Wolpin et al., 2010). ABO blood type was 

included as an interaction variable for the merged dataset and the imputed ACE region was 

association tested using logistic regression in PLINK (Purcell et al., 2007) controlling for the following 

covariates: age, sex, APOE Ɛ allele genotype and including ABO type as an interaction variable.  



As the B allele has been found to account for a 36% increase in ACE levels and the A1 allele with a 

36% decrease in ACE levels (Terao et al., 2013), the association test was run again with the same 

covariates as above, but including the interaction of the B or A1 alleles with ACE genotype instead of 

ABO blood typing. To determine the power to detect a significant interaction effect in the dataset, 

post-hoc power analysis was performed using G*Power (Faul et al., 2009). 

Suppl. Results 
Imputation for the two gene regions completed well with a concordance of >98% for both. In 

particular, the SNPs of interest in both gene regions imputed with good info scores much greater than 

the recommended cut-off of 0.4 (Suppl. Table 1). 

ABO blood group haplotype was determined for 3396 samples, as the genotype was not available for 

both SNPs for 52 samples. For cases, 46.5% were Type O, 38.9% Type A, 11.1% Type B and 3.5% 

Type AB, while for controls, 45.1% were Type O, 40.1% Type A, 11.1% Type B and 3.7% Type AB. 

Following association testing including the covariates sex, age-at-onset and APOE ε4 allele, no SNPs 

in ACE achieved genome wide significance (p-value < 5x10
-8

). Including the ABO haplotype and the 

additive genetic effect of each ACE variant tested as an interaction term in the regression provided no 

additional effect on the ACE SNP association with AD (Suppl. Table 2, Suppl. Fig 1-3). While 

including an interaction term of the presence of a B allele or an A1 allele alone with the additive 

genetic effect of each ACE variant also failed to improve a model containing only covariates (Suppl. 

Table 2, Suppl. Fig 4, 5). Post-hoc power analysis showed that there was 77% to 83% power to 

detect an interaction effect for each of the three interaction terms tested. 
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Suppl. Table 1. Imputation results for the ACE SNPs previously associated with AD (AlzGene, 
http://www.alzgene.org, accessed 16/05/2014) and those shown to tag the activity of the enzyme 
(from Terao et al. 2013). SNPs rs4343 and rs4362 were not imputed as these genotypes were 
available directly from the GWAS dataset.  

Chr Position RSID  Allele1 Allele2 Imputed 
(info 
score) 

chr17 61550529 rs1800764 C T Y (0.93) 

chr17 61554194 rs4291 T A Y (0.93) 

chr17 61556298 rs4295 G C Y (0.94) 

chr17 61566031 rs4343 G A N 

chr17 61573761 rs4362 T C N 

 

 

Suppl. Table 2. Association results of the selected ACE SNPs previously associated with AD 
(AlzGene, http://www.alzgene.org, accessed 16/05/2014) and those shown to tag the activity of the 
enzyme (from Terao et al. 2013) after including only covariates, or with the addition of the interaction 
variable of the ACE SNP and ABO haplotype or B allele or A1 allele alone. No significant association 

with AD was found. 

RSID p-value 
(sex, age, 
APOE)  

p-value 
(+ ABO) 

p-value 
(interaction 
term 
ADDxABO) 

p-value 
(+ B 
allele) 

p-value 
(interaction 
term 
ADDxB) 

p-value 
(+ A1 
allele) 

p-value 
(interaction 
term 
ADDxA1) 

rs1800764 0.38 0.16 0.27 0.43 0.82 0.83 0.11 

rs4291 0.95 0.28 0.22 0.97 0.93 0.55 0.09 

rs4295 0.89 0.29 0.20 0.91 0.95 0.44 0.10 

rs4343 0.80 0.71 0.54 0.66 0.38 0.45 0.16 

rs4362 0.92 0.92 0.95 0.83 0.17 0.77 0.29 

 

http://www.alzgene.org/
http://www.alzgene.org/


 

Suppl. Fig 1 – ACE (Chr17:61554422-61599205) association using logistic regression and no 

covariates. –log10(p-value) is on the x-axis and chromosomal position for Chromome 17 on the y-

axis. 

 

Suppl. Fig 2 - ACE SNP association using all covariates apart from ABO genotyping. –log10(p-value) 

is on the x-axis and chromosomal position for Chromome 17 on the y-axis. 
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Suppl. Fig 3. ACE SNP association using logistic regression including all covariates, interaction term 

ABO blood type and the additive effect of each genetic variant. –log10(p-value) is on the x-axis and 

chromosomal position for Chromome 17 on the y-axis. 
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Suppl. Fig 4. ACE SNP association using logistic regression including all covariates and the presence 

of a B allele (associated with increased ACE activity) as an interaction term. –log10(p-value) is on the 

x-axis and chromosomal position for Chromome 17 on the y-axis. 

 

Suppl. Fig 5. ACE SNP association using logistic regression including all covariates and the presence 

of an A1 allele (associated with decreased ACE activity) as an interaction term. –log10(p-value) is on 

the x-axis and chromosomal position for Chromome 17 on the y-axis. 
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