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Supporting Tables, Figures and Methods 

Supplemental Table S1. Candidate genes selected. 

Gene Name Gene symbol References 

Genes that play, or are assumed to play, a role in alpha-tocopherol and triglyceride 

metabolism in adipose tissue 

ATP binding cassette subfamily A member 1 ABCA1 [1,2] 

ATP binding cassette subfamily B member 1  ABCB1 [3] 

ATP binding cassette subfamily G member 1 ABCG1 [4,5] 

ATP binding cassette subfamily G member 2 ABCG2 [6,7] 

Apolipoprotein A1a APOA1 [8–10] 

Apolipoprotein A4 a  APOA4 [8–10] 

Apolipoprotein A5 a  APOA5 [8–10] 

Apolipoprotein C3 a  APOC3 [8–10] 

Cluster of Differentiation 36 CD36 [11] 

Cytochrome P450 family 3 subfamily A member 4 CYP3A4 [12] 

Diacylglycerol O-acyltransferase 2 DGAT2 [13] 

Low density lipoprotein receptor LDLR [11,14] 

Lipase E, hormone sensitive type LIPE [15] 

Lipoprotein lipase LPL [11,16] 

Monoglyceride lipase MGLL [15,17] 
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NPC intracellular cholesterol transporter 1 NPC1 [18] 

NPC intracellular cholesterol transporter 2 NPC2 [18] 

Nuclear receptor subfamily 1 group H member 2 NR1H2 [5] 

Nuclear receptor subfamily 1 group H member 3 NR1H3 [11] 

Perilipin 2 PLIN2 [19] 

Phospholipid transfer protein PLTP [11,20] 

Patatin-like Phospholipase Domain-containing 2 PNPLA2 [15] 

Patatin like phospholipase domain containing 3 PNPLA3 [15] 

Peroxisome proliferator activated receptor alpha PPARA [21] 

Peroxisome proliferator activated receptor gamma  PPARG [11,22,23] 

Secretion associated Ras related GTPase 1B SAR1B [7,24] 

Scavenger receptor class B member 1 SCARB1 [11,25] 

Sterol carrier protein 2 SCP2 [7,26] 

SEC14 like lipid binding 2 SEC14L2 [27,28] 

SEC14 like lipid binding 3 SEC14L3 [27,28] 

SEC14 like lipid binding 4 SEC14L4 [27,28] 

Sterol regulatory element binding transcription 

factor 2 

SREBF2 [7,29] 

Alpha tocopherol transfer protein TTPA [11,28] 

Genes that have been associated with blood concentrations of alpha tocopherol in 

genome wide association studies (GWAS) 

BUD13 homologa BUD13 [30,31] 

Cytochrome P450 family 4 subfamily F member 2 CYP4F2 [31] 

Sodium/potassium transporting ATPase 

interacting 3 

NKAIN3 [31] 
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SURP and G-patch domain containing 1 SF4 [32] 

Transmembrane 6 superfamily member 2 TM6SF2 [32] 

ZPR1 zinc finger ZPR1 [30,31] 

aThese genes belong to APOA1/C3/A4/A5 gene cluster. 
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Supplemental Table S2. Characteristics of the partial least squares regression models 

generated.a 

Number of 

predictors 

R2 Adjusted 

R2 

 R² after 100 

permutationsb 

R² after cross-

validationb 

Cross-validation- 

ANOVA p-valuec 

78 (77 SNPs and 
fasting 
cholesterol) 

0.80 1.22 0.45 0.71 2.55 x 10-11 

38 0.75 -2.4 0.32 0.66 6.29 x 10-10 

24 0.71 0.31 0.25 0.64 2.94 x 10-9 

22 0.71 0.38 0.22 0.63 3.58 x 10-9 

17 0.63 0.37 0.18 0.63 2.17 x 10-7 

16 0.62 0.37 0.16 0.54 3.32 x 10-7 

15 0.64 0.43 0.17 0.56 1.10 x 10-7 

14 0.65 0.46 0.16 0.58 5.17 x 10-8 

12 0.67 0.53 0.17 0.60 1.61 x 10-8 

10 0.60 0.47 0.17 0.52 5.65 x 10-7 

9 0.61 0.50 0.13 0.54 2.78 x 10-7 

8 0.59 0.49 0.11 0.52 5.98 x 10-7 

7 0.57 0.48 0.11 0.51 1.07 x 10-6 

5 0.49 0.42 0.07 0.43 1.93 x 10-5 

a Different partial least squares regression models were built using increasing VIP threshold 

values. The selected model is highlighted in bold font following the selection criteria previously 

detailed in the Methods section under the subheading Statistical analysis. All models had one 

component.  

bSee Supplemental Figure S3 for further explanation of the procedure. 

cSee [33].  
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Supplemental Table S3. (A) Effect of time and type of meal on adipose tissue α-TOC 

concentrations. (B) Effect of time within each meal on adipose tissue α-TOC concentrations. 

(A) 

Parametersa Numerator df Denominator df F Sig.b 

Intercept 1 39.576 104.125 0.000  

Time (Fasting vs 8 hr) 1 30.662 0.007 0.935 

Type of Meal (Control vs 
α-TOC vs Tomato Puree) 

2 39.570 0.311 0.734 

Time * Type of Meal 2 37.989 1.128 0.334 

(B) 

Type of Meal Paired Differencesc t df Sig.d 

Mean SD SEM 

95% CI 

Lower Upper 

Control Meal -44.141 251.299 43.098 -131.824 43.542 -1.024 33 0.313 

α-TOC Meal 19.034 121.387 21.458 -24.731 62.798 0.887 31 0.382 

Tomato Puree Meal 20.416 137.148 23.182 -26.696 67.528 0.881 34 0.385 

aUnstructured mixed model. Adipose tissue α-TOC concentrations measured at fast and 8 h 

after consumption of the 3 test meals was analyzed with linear mixed models, using a full 

factorial design with Type of Meal (control,  α-TOC and tomato puree) and Time (fasting and 

8 h post-meal) as fixed within-subject variables and participant as the random variable. Of the 

5 linear mixed models tested, the unstructured model was selected based on Akaike’s 

Information Criterion [34]. b Parameters were considered significant at 0.05 level. c The paired 

differences of adipose tissue α-TOC concentrations between fasting and after 8 h consumption 

of test meals in 42 participants are displayed. d Two-way significance test was performed. A p-

value less than 0.05 comparing adipose tissue α-TOC concentration before and after intake of 

each test meal was considered significant.  
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623 SNPs removed 

490 SNPs removed 

860 SNPs removed 

121 SNPs removed 

Supplemental Figure S1. Candidate SNP selection flowchart. 

 

aDeviations from Hardy-Weinberg equilibrium (HWE) can indicate inbreeding, population 

stratification, and genotyping errors.  

Partial least squares regression analysis

Univariate filtering  removal of SNPs          
with p > 0.05

Removal of SNPs with fewer than 5 
observations per genotype

Additive: 359 SNPs Dominant: 1034 SNPs

Classification by genetic models 

(Additive and Dominant models) 

1219 SNPs

1340 SNPs

1963 SNPs

2453 SNPs in the candidate genes

Selection of 39 candidate genes involved or 
assumed to be involved in adipose tissue         

α-tocopherol concentration

HWEa (chi-squared test, p<0.05), 
SNPs with a single genotype and 
SNPs with a call rate <95% were 
removed 

Tag SNPs selection and removal of 
SNPs in linkage disequilibrium 
(R²>0.8) 

185 SNPs removed 

Additional analysis on SNPs not 
found in the SNPinfo Web Server 
database i.e. when 2 SNPs were 
perfectly correlated (i.e., R2 = 1.0) 
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Supplemental Information: additional validations of the partial least squares (PLS) 

regression model. 

1) Leave-k-out cross-validation 

The leave k-out validation procedure was based on Steyerberg et al. [35]. Briefly, we 

challenged our PLS regression model by randomly taking out k participants (k={1,2,3,4}) from 

the original dataset, thus leaving a training dataset. The k participants taken out were then 

reintroduced into this training set to assess whether the models built without these k participants 

were able to predict their adipose tissue α-TOC concentration accurately. This test was 

performed as many times so that each participant was taken out once (i.e. 42 times for k=1, 21 

times for k=2, 14 times for k=3 and 10 times for k=4). 

 

The % error between the predicted and the measured adipose tissue α-TOC 

concentration for each k are shown in Supplemental Table S4. The percentage of error 

remained relatively stable, even when up to 4 participants were left out of the model, suggesting 

that the PLS regression model was relatively robust. 

 

Supplemental Table S4. Average relative prediction error following the leave-k-out procedure. 

 Number of participants left out 

 0 1 2 3 4 

% error 35.4 39.1 38.7 38.7 39.5 
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2) Regression coefficient stability testing following the leave-k-out procedure 

We checked that the regression coefficients of the 10 SNPs from the selected model (Table 5) 

remained unchanged (p>0.05; ANOVA) following the leave-k-out procedure described above. 

Supplemental Figure S2 shows good stability of the regression coefficients with this 

validation. 
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Supplemental Figure S2: SNPs stability following the leave-k-out procedure. k participants (k={1,2,3,4}) were randomly removed from the 

original dataset, thus leaving a training subset. These participants were then reintroduced in the training subset to assess the regression coefficients 

of the 10 SNPs from the selected model. This test was performed as many times so that each participant was taken out once. One-way ANOVA 
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performed for each gene showed no significant differences between the 4 training subsets generated by the procedure. Gene names are found in 

Supplemental Table S1.
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3) R2 and adjusted R² of the selected model after 100 permutations.  

This procedure 1) assesses the risk that the PLS regression model is spurious, i.e. the model 

fits the current data set well but does not predict Y well for new observations, and 2) tests for 

over-fitting. For over-fitting, the accuracy of fit (R2 and R² after cross-validation) of the original 

model was compared with the accuracy of fit of 100 models based on data where the order of 

the Y matrix for the participants (adipose tissue α-TOC concentration) was randomly permuted, 

while the X matrix (the genotypes at the selected SNPs) was kept intact. Thus, a robust model 

(where the fit between X and Y is high) should be unable to predict the permuted Y variables 

with the intact X variables. Supplemental Figure S3 shows the results of these permutations 

for the selected PLS regression model. 

 

Supplemental Figure S3. The horizontal axis represents the correlation between the permuted 

Y’s and the original Y’s. The vertical axis represents the R2 (dashed line and black triangles) 

Original model 

Permuted models 
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and R² after cross-validation (dashed line and squares) values obtained in the permuted models. 

Values of the original model are on the far right (at correlation = 1), values of the 100 Y-

permuted models are further to the left. The average R² after 100 permutations was 0.23. This 

strongly supports the conclusion that the ability of the original, non-permuted model, to predict 

the adipose tissue α-TOC concentration is not due to chance.  
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Pairwise LD test: Identification of LD SNPs in the final PLS model 

The selected PLS regression model contained 12 SNPs (Supplemental Table S2). Three were 

in LD according to an online calculator tool for pairwise LD (available at 

https://www.ensembl.org/Homo_sapiens/Tools/LD ,  population: European CEU, queried in 28 

March 2024). Since these SNPs provided redundant information in the model, we kept the one 

which had the highest VIP,  presented in the right column, leaving 10 SNPs in the final selected 

PLS regression model (Table 5). 

 

Supplemental Table S5. SNPs in LD in the final PLS regression model.a 

SNP not retained in the 
final PLS regression 

model 

VIPb SNP retained in the 
final PLS regression 

model 

VIPb LD r2c 

rs709157 1.351 rs709158 1.353 0.87 

rs1151996 1.293 rs709158 1.353 0.91 

 aGene names can be found in Supplemental Table S1. 

b VIP: Variable Importance in Projection 

cPairwise LD r2 results were generated from population 1000GENOMES:phase_3:CEU 

(accessible at https://www.ensembl.org/Homo_sapiens/Tools/LD) 
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Supplemental Figure S4. Retrospective multivariate power calculation was performed for a 

PLS model that incorporated 10 SNP variables (refer to Table 5, main manuscript) to 

differentiate participants with low and high adipose tissue α-TOC concentration. With an FDR-

adjusted p-value of 0.001, the predicted multivariate power of 85 % (vertical axis) was 

calculated for a sample size of 16 per group (horizontal axis), confirming that the sample size 

selected for this study was sufficient. Image obtained from MetaboAnalyst 6.0 website, 

accessible at https://new.metaboanalyst.ca. 

 

  

Predicted power = 85 %, sample size per group =16 
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