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ABSTRACT

There has been no genome-wide association study (GWAS) for macronutrient intake as a quantitative trait. To explore
genetic loci associated with total calorie and macronutrient intake, genome-wide association data of autosomal single nu-
cleotide polymorphisms (SNPs) from Korean adults were analyzed. We conducted a GWAS in 3,690 men and women aged
40 to 60 years from an urban population-based cohort. At the baseline examination (June 18, 2001 through January 29,
2003), DNA samples of the study subjects were collected and analyzed for genotyping. The information of average daily
consumption of total calorie, carbohydrate, protein, and fat was obtained from a semi-quantitative food frequency ques-
tionnaire and transformed by natural logarithm for analyses after adjustment of calorie intake. Using multivariate linear
regression analysis adjusted for age, sex, and height, we tested for 352,021 SNPs and found weak associations, which do
not reach genome-wide association significance, with calorie and macronutrient intake. However, a number of SNPs were
found to have potential associations with macronutrient intake; in particular, signals in SORBS! and those in PRKCBI
were likely associated with carbohydrate and fat intake, respectively. We observed an inverse association between the minor
allele of the SNPs in these genes and the amount of consumption of carbohydrate or fat. Our GWAS identified loci and minor
alleles weakly associated with macronutrient intake. Because SORBSI and PRKCB] are reportedly associated with the me-
tabolism of glucose and lipid as well as with obesity-related diseases, further investigations on biological and functional roles
of polymorphism of these genes in the relation to macronutrient intake are warranted. (Korean J Nutr 2010; 43(4): 357 ~ 366)
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Table 1. Characteristics of the study population (n = 3,690)

Characteristics, unit Mean =+ SD (proportion or range)

Men (53.3%)
Age, years 46.6 + 5.5 (40—60)
Height, cm 162.3 + 8.3 (135—185)

Average daily intake
1,877.5 = 469.5 (386—4,630)
321.8 £ 74.3 (56—890)

69.1 + 5.6 (37-89)
66.4 = 21.2 (18—242)
14.0 £ 2.0 (8-28)
33.5 = 15.3 (4-154)
15.6 = 4.4 (3—-39)

Total calorie, kcal/day
Carbohydrate, g/day
Carbohydrate, % of calorie
Protein, g/day

Protein, % of calorie

Fat, g/day

Fat, % of calorie

SD: standard deviation
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Table 2. SNPs showing the smallest unadjusted p-values (< 10°) for the association with natural log transformed calorie intake ac-
cording to additive, dominant, and recessive models

Cytological Gene region M/m Linear regression results »
SNP . MA Frequency
Location Position (Location) alleles Beta s.e p-value”
Additive
rs7009845 8p23.1 9313740 A/G 0.05 —0.06 —4.69 2.91E-6
rs191618 5033.1 148815982 G/A 0.17 0.03 4.56 5.31E-6
rs13259937 8p23.1 9314465 G/A 0.05 —0.06 —4.43 9.51E-6
Dominant
rs1559374 16g21 62164649 (o72) 0.44 —0.04 —4.93 8.61E-7
rs4937339 11924.3 127866379  ETSI (intron) C/A 0.14 —0.04 —4.65 3.5E-6 0
rs7009845 8p23.1 9313740 A/G 0.05 —0.06 —4.51 6.57E-6
Recessive
rs12539272 7921.13 89524485 T/C 0.43 —0.05 —4.61 4.15E-6
rsé6875036 5012.3 65859363 T/C 0.05 -0.29 —4.58 4.74E-6
rs12187920 5012.3 65856774 A/G 0.05 -0.29 —4.58 4.74E-6
rs12516196 5012.3 65823174 T/G 0.05 -0.29 —4.58 4.75E-6
rs4421062 5012.3 65841610 /G 0.05 -0.29 —4.58 4.76E-6
rs9291869 5012.3 65820483 G/T 0.05 —0.29 —4.58 4.76E-6
rs4446416 5012.3 65842452 G/A 0.05 —0.29 —4.58 4.77E-6
rs4296751 5012.3 65857856 T/A 0.05 -0.29 —4.58 4.77E-6
rs7562458 2p21 45455124 A/T 0.17 -0.11 —4.52 6.52E-6
rs2623069 4024 104259108 CENPE (intron) (o) 0.20 -0.10 —4.51 6.79E-6 0

SNP: single-nucleotide polymorphism, M/m alleles: major and minor alleles, MAF: minor allele frequency, Beta: the effect size on
total calorie intake, SE: standard error

1) Unadjusted p-value was obtained from multivariate models treating sex, age, and height as covariates

2) Frequency of other SNPs in the same gene showing p<0.001
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149])

2 x] 3} tripartite motif-containing 9 (TRM9), chro-

mosome 119l YX]3t suppression of tumorigenicity 14

(ST14), chromosome 71

2|3t ring finger protein 216

Table 3. SNPs showing the smallest unadjusted p-values (< 10°) for the association with natural log fransformed calorie-adjusted

carbohydrate intake according to additive, dominant, and recessiv

e models

Cytological . M/m Linear regression results »
SNP - — Gene region 5 Frequency
Location Position alleles Beta s.e p-value
Additive
rs726175 10923.33 97096019 SORBS1 (intron) cn 0.35 —0.001 —4.51 6.73E-6 6
rs10233157 7p15.2 26093054 C/T 0.31 —0.002 —4.49 7.26E-6
rs9788224 12924.32 128130920 TMEM132D (intron)  G/A 0.36 —0.001 —4.46 8.54E-6 1
rs4918918 10923.33 97112231 SORBSI (intron) A/G 0.42 —0.001 —4.43 9.72E-6 6
Dominant
No observation
Recessive
rs12062935 1p22.1 94228036 A/G 0.10 —0.01 —4.86 1.21E-6
rs2604628 4913.1 61483765 /G 0.06 —0.02 —4.68 3E-6
rs8005389 14922.1 50577044 TRIM9 (intron) A/G 0.07 —0.01 —4.53 6.12E-6 0
rs7938567 11924.3 129575754 ST14 (intron) A/IG 0.24 —0.004 —4.51 6.6E-6 0
rs2631046 4913.1 61496767 T/C 0.06 —0.02 —4.51 6.71E-6
rs3100734 4913.1 61496602 G/T 0.06 -0.02 —4.47 8.2E-6
rs3801009 7p22.1 5698748 RNF216 (intron) G/A 0.09 —0.01 —4.43 9.83E-6 1

SNP: single-nucleotide polymorphism, M/m alleles: major and minor alleles, MAF: minor allele frequency, Beta: the effect size on

total calorie intake, SE: standard error

1) Unadjusted p-value was obtained from multivariate models treating sex, age, and height as covariates

2) Frequency of other SNPs in the same gene showing p <0.001
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Fig. 2. Association analysis of SNPs
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some 10923.33. The panel shows p-
values for the association testing
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Table 4. SNPs showing the smallest unadjusted p-values (< 10°) for the association with natural log transformed calorie-adjusted
protein intake according to additive, dominant, and recessive models

Cytological ) M/m Linear regression results »
SNP - — Gene region o~ Frequency
Location Position alleles Beta s.e p-value
Ad(ditive
rs6955063 7934 139723897 SLC37A3 (intron) /G 0.13 0.01 4.76 2.05E-6 1
rs4703820 5q14.1 80249572 A/G 0.30 0.004 4.72 2.43E-6
rs68882823 5g14.1 80252689 G/A 0.31 0.004 4.60 4.39E-6
17777468 7934 139717784 SLC37A3 (intron) G/A 0.12 0.01 4.57 5.1E-6 1
rs6898279 5g14.1 80253518 A/C 0.31 0.003 4.47 7.9E-6
Dominant
rs6955063 7034 139723897 SLC37A3 (intron) T/G 0.13 0.01 4.80 1.62E-6
17777468 7034 139717784 SLC37A3 (intron) G/A 0.12 0.01 4.69 2.87E-6
rs68882823 5g14.1 80252689 G/A 0.31 0.004 4.51 6.68E-6
Recessive
rs1884678 14g32.12 91913433 SLC24A4 (intron) cr 0.26 0.01 4.73 2.39E-6
rs4904886 14g32.12 91914123 SLC24A4 (intron) T/C 0.26 0.01 4.73 2.39E-6

SNP: single-nucleotide polymorphism, M/m alleles: major and minor alleles, MAF: minor allele frequency, Beta: the effect size on

total calorie intake, SE: standard error

1) Unadjusted p-value was obtained from multivariate models treating sex, age, and height as covariates

2) Frequency of other SNPs in the same gene showing p <0.001
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Table 5. SNPs showing the smallest unadjusted p-values (< 10°) for the association with natural log transformed calorie-adjusted fat

intake according to additive, dominant, and recessive models

Cytological ) M/m Linear regression results
SNP Gene region Frequency?
Location Position alleles Beta s.e P-valuel)
Additive
rs10233157 7p15.2 26093054 (o) 0.31 0.01 4.61 4.09E-6
rs10248802 7p15.2 26093144 T/C 0.31 0.01 4.57 5.1E-6
Dominant
rs17031513 12g23.2 100446533 A/G 0.25 —0.01 —4.60 4.31E-6
rs3785403 16p12.1 23774524 PRKCBI (intron)  G/C 0.34 —0.01 —4.50 6.96E-6 13
rs2188355 16p12.1 23775277 PRKCBTI (intron) C/T 0.34 —0.01 —4.48 7.73E-6 13
Recessive
rs6661311 1043 239903600 C/T 0.30 0.02 4.62 4.02E-6
rs12062935 1p22.1 94228036 A/IG 0.10 0.06 4.49 7.2E-6
rs3787565 20p13 812512 ANGPT4 (intron)  T/C 0.10 —0.05 —4.48 7.7E-6 1
rs7419051 1943 239908581 G/A 0.24 0.03 4.45 9.02E-6

SNP: single-nucleotide polymorphism, M/m alleles: major and minor alleles, MAF: minor allele frequency, Beta: the effect size on

calorie-adjusted fat intake, SE: standard error

1) Unadjusted p-value was obtained from multivariate models freatfing sex, age, and height as covariates

2) Frequency of other SNPs in the same gene showing p <0.001
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5 & 52188355
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of genome-wide association data
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