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Additional Evaluation Using the Inferred APOE Genotypes
APOE imputation.

For chromosome 19, there were 42,471 directly genotyped SNPs used to impute 469,034
total SNPs to the 1000 Genomes reference panel [1, 2]. The two SNPs used to determine the
APOE e2/e3/e4 isoform status were among those imputed (rs7412 and rs429358, imputed with
certainties of .998 and .997, respectively). Thus, we did not include APOE genotypes in our
initial analysis. Yet, because of the estimated accuracy of imputation methods used [3-9], and
particularly for APOE isoform status [10, 11], we used the APOE genotype to conduct sensitivity
analyses to further evaluate the validity of our main findings. With regard to APOE imputation in
particular, prior validation has been conducted when using similar pre-phasing and imputation
approaches as with HRS. Imputed APOE SNPs have demonstrated a high degree of agreement
with directly genotyped SNPs (kappa coefficients were between 0.92-0.94 for rs429358, and
0.90-0.93 for rs7412 depending upon study sample [11]). In the HRS sample, the inferred
genotype frequencies (e2/e2 at 0.6%, e2/e3 at 12.6%, e2/e4 at 2.3%, e3/e3 at 60.7%, e3/e4 at
21.8%, and e4/e4 at 2.0%) were in Hardy-Weinberg equilibrium (X*(2)=0.68) and were similar
to those in another community-based longitudinal study (e2/e2 at 0.4%, e2/e3 at 13.7%, e2/e4 at
1.3%, e3/e3 at 63.9%, e3/e4 at 19.0%, and e4/e4 at 1.7%; [12]).

It should be noted that from the discovery GWAS in HRS, our top SNP association with
rDR-L in the TOMM40 region (rs2075650) was used as one of the 42,471 imputation basis
SNPs. It is unclear how this influences the joint effect of rs2075650 and APOE genotype
although, the pairwise LD between rs2075650 and rs7412 is r’=0.014, and with rs429358 is
1°=0.565, calculated using Phase 3 of the 1000 Genomes Project, for the CEU panel [13].

Additional analyses performed indicate that both TOMM4(0 and APOE retain overlapping and
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independent effects on rDR level. Similarly, as shown in results in the main paper, there were
significant effects of both the TOMM40 SNP (rs2075650) and the top APOE SNP (rs769449),
both directly genotyped on rDR-L.

The top SNP association from the meta-analysis of IR-C in TOMM40 (rs157582) was
also an imputation basis SNP. The pairwise LD between rs157582 and rs7412 is r’=0.008, and
with rs429358 is r*=0.590 [13]. Additional analysis performed on the effect of TOMM40
15157782 and APOE genotypes is reported in the main paper, with the effects showing some

overlapping and independent effects.

Sensitivity Testing.

The effects of TOMM40 SNPs on both rDR-L and IR-C differed by APOE genotype,
shown in Tables S8-S9. For rDR-L, effect sizes for the G allele were strongest in individuals
with e2/e3 and e2/e4 genotypes, although with non-significant p-values that could be due to the
lower number of individuals with these genotypes. For IR-C, although there were significant
effects of the rs157582 A allele within the e3/e3 and e2/e3 strata, the effect size was strongest
among individuals with the e2/e4 genotype, albeit not significant.

Table A. Results from testing the effects of TOMM40 (rs2075650) ‘G’ allele on rDR level within
each APOE genotype strata

Genotype b SE p-value Model sample size
e2/e2 nr’ N=43

e2/e3 -0.0539 0.0544 322 N=942

e2/ed -0.0648 0.0525 219 N=171

e3/e3 -0.0390 0.0180 .031 N=4545

e3/ed -0.0177 0.0187 345 N=1631

cd/ed 0.0102 0.0485 .834 N=150

“nr = Not run because none of the e2/e2 individuals carry the G allele
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Table B. Results from testing the effects of the TOMM40 (rs157582) ‘A’ allele on IR change

within each APOE genotype strata

Genotype b SE p-value Model sample size
e2/e2 0.0816 0.1414 568 N=37

e2/e3 -0.0477 0.0221 .032 N=846

e2/ed -0.1221 0.1245 328 N=153

e3/e3 -0.0310 0.0155 .047 N=4043

e3/ed -0.0106 0.0366 172 N=1433

ed/ed nr’ N=149

“nr = Not run because all of the e4/e4 individuals carry the A allele
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Size of genetic effects

Findings from multiple sources [14, 15] implicate polygenic influences on components of
verbal memory, so individual alleles are not expected to have large effect sizes. The largest
effect was for rs150510877 with IR-L, which had an effect size of .18 SD per risk allele. On
average, a 60-year old person homozygous for the risk allele is predicted to have an immediate
recall score that is 0.32 words lower (2 alleles x 0.1586) than a 60-year old with zero risk alleles,
or the same score as a 66-year old with no risk alleles (based on the expected decline of .05
words per year, Table 2).

Our analyses find that the included SNPs account for only a portion of the genetic effect
on components of verbal memory, with the heritability in DR is mostly due to IR. The
cumulative polygenic effect may be additive (from positive and negative effects of ‘risk’ alleles
[16]), multiplicative with gene-by-gene interactions (i.e., GXG [17]), or a combination. While
pathway analysis depicts that there is evidence of direct and indirect GxG effects on memory
phenotypes involving TOMM40 in AD-related processes, distinguishing these processes requires
very large samples with repeated assessments and will require further investigation through

future studies.



SUPPL - GWAS FOR VERBAL MEMORY

Testing of Potential Confounders

Because we did not include potential confounders (e.g., smoking, BMI, educational
attainment, socioeconomic resources), as a sensitivity check for our top hit, we ran a linear
regression model for the effect of the TOMM40 SNP on rDR level, adjusting for sex, APOE e4
carrier status, 3 PCs, and educational attainment. The effect of the TOMM40 remained (b=-
0.0251, SE=0.0108, p=.020, r2=0.0136) with there being smaller effects from education
(b=0.0118, SE=0.0015, p<.0001). As another check, we ran a phenotypic regression to test the
additional effects of smoking, BMI, and household income on rDR level to estimate how much
of the variance these variables account for; the variance accounted for was very small
(r2=0.0155). This suggests that even if there was a completely causal relationship between these

factors and rDR level, they would account for very little of the variation in it.
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