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Estimating the Genetic Variance of Five Lipid-Relevant Genes
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ABSTRACT

Background and Objectives: The plasma lipid levels play crucial roles in the development of atherosclerotic diseases.
We estimated the genetic variance of the lipid levels according to the contributions of the single nucleotide poly-
morphisms (SNPs) and haplotypes in 5 candidate genes. Subjects and Methods: We selected SNPs in the ATP
binding cassette Al (ABCA1) gene, the apolipoprotien A5 (APOA5), apolipoprotien E (APOE) gene, the cholesterol
ester transfer protein (CETP) gene and the hepatic triglyceride lipase (LIPC) gene in 383 individuals from 100
Korean families. The genotype was determined by Orchid’s SNP-IT™ technology. The association analysis of the
quantitative traits was performed using the quantitative transmission disequilibrium test. Results: A component
analysis of the phenotypic variance explained 24.7% of the genetic variance on the total cholesterol, 26.4% of the
genetic variance of the high density lipoprotein (HDL)-cholesterol, 11% of the genetic variance of the trigly-
cerides, 35.6% of the genetic variance of the low density lipoprotein (LDL)-cholesterol and 18.9% of the genetic
variance of the LDL-C/HDL-C, respectively. The association of the SNPs in the candidate genes explained a
major fraction of the genetic phenotypic variance in the LDL-C/HDL-C ratio, but not in the other lipid profiles.
The association with SNPs explained 38.5% of the variance for the total cholesterol, 32.2% of the variance for HDL-
cholesterol and 29.5% of the variance for LDL-cholesterol relative to the polygenic background. An analysis of the
contribution of each gene to the genetic variance showed that ABCAI, APOE, CETP and LIPC influenced the vari-
ations in total cholesterol, LDL-cholesterol and LDL-C/HDL-C. The variation in HDL-cholesterol was influenced
by ABCAI, APOA5 and APOE. Conclusion: We identified that the genetic variance for the total cholesterol,
HDL-cholesterol and LDL-cholesterol, and the LDL-C/HDL-C ratio was significantly influenced by the genetic
polymorphisms in 5 candidate genes in the Korean population. Further studies are necessary to identify other genes
that can explain a major fraction of the genetic variance for the lipid levels. (Korean Circ J 2008;38:197-204)
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Fole ez o dAqtoAe 2R MR SNP7L
dF Adseel Fog AuaATt e A= HuEgl
t} Apolipoprotien E (APOE) - AAc}&A E2/E3/ E4 tH
A= FEYAHE 5%, low density lipoprotein—chole-
sterol (LDL-C) 51} @3t B#Ho| 1%L, cholesterol
ester transfer protein (CETP) -S-ZA}] C—-619A, TaqlB
2} ABCA1 G-ZAAY] R219K+= high density lipoprotein—
cholesterol (HDL—C), Z18]1l hepatic triglyceride lipase
(LIPC) FAAY C-514T+ FZH2HE B of2x|why
FEoh ol Bege vehlglch ™ 223, Apoaso
Z2 e 2A5H= C-1131T ARG FAAL AR &5
= 7o Golst Bl o)’
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= FALY] Ay oRE wdshs Wolth Wi
Axs At 5ol s 5 A ds=et Aol Slsid
Ao 7 BX= ATP-binding cassette Al (ABCA1), apoli-
poprotein A5 (APOA5), APOE, CETP, LIPCo|H, 7}A4 A}
B ol8sl] EF AdEE ¥} F 44 aQlo] w|A=
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Table 1. Clinical characteristics of study population
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o8, QUS| A 9 BF ABFES| HIEE Table 1
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YAl 24 8AE o] Fi 5 AuloflAf ZfFslo] ~70T
of ¥ Eusilet, @4 FEULHEY SAANE 5a
Ho g =23}% 11, HDL—cholesterol-> HZAAE o|-&3}o]
chylomicron, LDL, very low density lipoprotein (VLDL)
S HHAAZ & Ao ¢l HDL—cholesterol& thA] &
A og =ZA3519 ) LDL——cholesterolS Friedewald &4
(total cholesterol—HDL cholesterol—triglyceride/5)& ©]
L3t Atk $AAY S+ Gaussian normal dis-

1

N Age BMI TC HDL-C TG LDL-C LDL-C/
(V)] (kg/m’) (mg/dl) (mg/dl) (mg/dl) (mg/dl) HDL-C
Father 90  563+85 251+2.7 2001.1£37.5  36.4+94 256.8+ 112.1 116.5+376  33+13
Mother 97 532+85 239+28  210.7+413  452+128  1868+110.2  129.7+344  3.0+0.9
Sons 106 268+85 239440 193.1439.1  420+104  1962+1640 1147319  28+11
Daughters 87 29.0+97 212+28 191.4+375  49.6+9.9 110.8+92.8 1205+321 25409
Grandfather 1 66.0 238 199.0 46.0 97.0 133.6 29
Grandmother 2 700+127  232+52 18451106 28.0 134.0+86.3 110.0 3.9
Total 383 413+162  23.6+34  199.0+394  43.1+117 1881+133.6  1206+343  29+1.1

Mean=SD. BMI: body mass index, TC: total cholesterol, HDL-C: high density lipoprotein-cholesterol, TG: triglycerides, LDL-C: low
density lipoprotein-cholesterol, LDL-C /HDL-C: LDL-cholesterol/HDL-cholesterol ratio
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(PCR) 2.2 #Z % SNPstream 25K system (Orchid Bio-
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Table 2. SNP characteristics including localization, rare allele
frequencies in unrelated founders

Rare allele

Gene SNP Localization frequency in Korea
ABCAL1 C-477T Promoter 0.42
T69C 5’'UTR 0.29
R219K Exon/Non-syn 0.41
M8831 Exon/Non-syn 0.35
rs363717 3JUTR 0.15
APOA5 C-1390T Promoter 0.09
G-1020A Promoter 0.04
G-3A Kozak 0.38
V150M Exon/Non-syn 0.16
G182C Exon/Non-syn 0.12
T1259C 3JUTR 0.27
APOE G-219 Promoter 0.31
rs440446 Intron 0.42
769450 Intron 0.21
Cl112A Exon/Non-syn 0.09
Al158C Exon/Non-syn 0.07
CETP G-971A Promoter 0.24
G-629T Promoter 0.48
TaqlB Intron 0.37
1405V Exon/Non-syn 0.45
LIPC C-514T Promoter 0.39
Vo5M Exon/Non-syn 0.29
V155V Exon/Syn 0.19
T224T Exon/Syn 0.06

SNP: single nucleotide polymorphism, ABCA1: ATP binding ca-
ssette Al, APOA5: apolipoprotien A5, APOE: apolipoprotien E,
CETP: cholesterol ester transfer protein, LIPC: hepatic triglyceride
lipase, UTR: untranslated region, syn: synonymous, non-syn: non-
synonymous
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Table 3. Haplotypes estimated from the study population and
haplotype frequencies

Frequency Frequency

Gene and SNPs # SNP Haplotype (n) (%)

ABCAL1 5 CCAGA 180 22.2
ABCA1 C-477T CCGGA 136 16.8
ABCA1 T69C CCGAA 7 9.5
ABCAL1 R219K TTGAA 72 8.9
ABCA1 M883I TTAGA 69 8.5
ABCAL 1s363717 TTGGA 47 5.8

TCAGA 41 5.1

APOA5 6 CGAGGT 262 32.3
APOAS5 C-1390T CGGGGC 197 243
APOA5 G-1020A CGAAGT 153 18.9
APOAS5 G-3A CGGGTT 88 10.9
APOA5 V150M TGAGGT 67 8.3
APOA5 G182C
APOAS5 T1259C

APOE 5 TCGTC 484 59.8
APOE G-219T GGATC 142 17.5
APOE 15440446 TGGCC 72 8.9
APOE 15769450 GGGTT 68 8.4
APOE C112A
APOE A158C

CETP 4  GCGA 337 41.6
CETP G-971A GAAG 145 17.9
CETP C-629A AAAG 123 15.2
CETP TaqlB GCGG 51 6.3
CETP 1405V AAGA 47 5.8

LIPC 4 CGGC 232 28.6
LIPC C-514T TGGC 190 235
LIPC VO5M CAGC 141 17.4
LIPC V155V TAGC 75 9.3
LIPC T224T CGTC 64 7.9

TGTC 45 5.6

SNP: single nucleotide polymorphism, ABCA1: ATP binding ca-
ssette Al, APOA5: apolipoprotien A5, APOE: apolipoprotien E,
CETP: cholesterol ester transfer protein, LIPC: hepatic triglyce-
ride lipase

Table 4. Partition of phenotypic variance into variance components

A= 2EA a2 9 7oA 9] 4 anvkE 247 A
0]31 haplotype—based full model E+= SNP—-based
model& 2 A4 &£A3 haplotyped} SNP2| Jg3
A 243 Zolth. Null modelof| 4] A|AJ%E v} Zo] &
T Adweo wet Aol Jlout 44 Fe 7=
ZZY 2" EY 9 24.7%, HDL—cholesterol-> 26.4%, %
AA WS 11,0%, LDL—cholesterol2 35 6%% oA 2
Al o] ok oo E5 Adwee vA= 74
2 ofTLof A B3t haplotype T SNPo] H]
aNE A=, S84 S null model 2}
AstGitt, % SElAEEC A Y G 5 2
AN E4E 57 A= E FEE haplotype?] A
B2 48.2%, SNPO| F3F2 38.5%0|91 04 A4 79
92 SNPo|ARE 2= %t} HDL—cholesterol, LDL—cho-
lesterol SA] SNPOAIRE f0J5F A7} 32| Qli=t, HDL—~
cholesterol®] 7%~ 32.2%, LDL—cholesterol®] 7%~ 29 5%
At W AHIR4E YERY= LDL—cholesterol/HDL—cho-
lesterol ©] H|& (LDL—C/HDL-C)°]l m|2|&= 44 FaF< 9]
S A sNPof| ofsff ArE I SR A
A2 JaFeo] MA 4k 11.0%% thE A Ask=o| H]
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ol oA paE A ot

HE X|2sTol 0jxls Bt
BF A AL 2 §HY G B

tol T HAAE EUT A9 AT BE U
sl %

& Al en] I Ak Table 590 AAI8H3L
t}, FZYAHE o= APOAS FHAE A|LJg ABCAL
(28.9%), APOE (22.6%), CETP (23.6%), LIPC (20.3%)
A7 Folst e vx= AL ¥ 4= 9%th HDL—cho-
lesterol F=oll== ABCA1, APOA5, APOE-GAA7} o]
qlom, o] F APOE A2 ggFo] 50,9%=E 71 ZiTt,
LDL—cholesterolol] W]Z]= J3FS ABCA1, APOE, CETP,

»

Haplotype-based

Varinee Null model full model LR test Viap/ SNP-based full model LR test Vene/
component Vo Vo Vi, Voo Vo p (VhapT Vi) Veur Vo Vo p (Vsnp+Vior)
TC 0.753 0.247 0120 0.751 0.128 NS 48.2 0.089 0.768 0.142  <0.001 38.5
HDL-C 0.736  0.264 0.154 0.669  0.176 NS 46.7 0.171 0.469 0.360 <0.001 322
InTG 0.890 0.110 0.155 0.845 0.000 NS - 0.152 0.848 0.000 0.542 -
LDL-C 0.644 0356 0.147 0543 0.309 NS 32.2 0.152 0485 0.362 <0.001 29.5
LDL-C/HDL-C  0.811 0.189 0.174 0.783 0.043 NS 80.2 0.184 0.808 0.007 <0.001 96.0

Ve’ environmental variance component, V,.,: polygenic variance component, Vi, variance component due to haplotype as regressor,
Vsnp! variance component due to SNP genotype as regressor. In the ‘null model’ only Ve, and Vo are estimated. In the ‘full model’ haplo-
type or SNP, data are included as fixed effect. Significance of multiple haplotype or SNPs was tested using likelihood ratio test comparing
the likelihoods of the ‘null model” and ‘full model’. TC: total-cholesterol, HDL-C: high density lipoprotein-cholesterol, InTG: logarithmic
value of triglycerides, LDL-C: low density lipoprotein-cholesterol, LDL-C/HDL-C: LDL-cholesterol/HDL-cholesterol ratio, LR test: like-

lihood ratio test
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Table 5. Locuswise contribution and its significance of SNPs to the genetic variance of lipid profiles

All SNPs ABCA1 APOA5 APOE CETP LIPC
TC Estimated 0.089 0.026 0.012 0.020 0.021 0.018
% 28.9% 12.8% 22.6% 23.6% 20.3%
Full -1131.460 -1279.639 -1396.676 -1215.421 -1270.115 -1293.035
Locus excluded -1153.690 -1140.845 -1222.853 -1159.825 -1141.721
LR test 22229 9.385 91.393 28.364 10.260
p <0.001 0.153 <0.001 <0.001 0.036
HDL-C Estimated 0.171 0.005 0.042 0.087 0.026 0.010
% 2.6% 24.6% 50.9% 15.0% 5.9%
Full -700.329 -794.009 -866.433 -751.337 -194.447 -799.323
Locus excluded -713.248 -713.426 -759.835 -709.663 -707.117
LR test 12.919 13.097 59.507 9.334 6.789
p 0.024 0.042 <0.001 0.053 0.148
InTG Estimated 0.152 0.028 0.068 0.025 0.013 0.034
% 18.5% 45.0% 16.7% 8.4% 223%
Full -9.852 -25.937 -21.926 -30.522 -31.785 -26.909
Locus excluded -15.230 -16.180 -11.943 -10.761 -14.305
LR test 5.379 6.328 2.091 0.907 4.454
p 0.371 0.387 0.836 0.924 0.348
LDL-C Estimated 0.152 0.022 0.030 0.043 0.015 0.017
% 14.8% 19.5% 28.2% 9.9% 11.1%
Full -878.012 -991.189 -1088.851 -941.215 -994.665 -998.328
Locus excluded -898.551 -888.724 -950.530 -891.914 -888.008
LR test 20.539 10.712 72.518 13.902 9.996
p 0.001 0.098 <0.001 0.008 0.041
LDL-C/HDL-C Estimated 0.184 0.020 0.008 0.102 0.024 0.017
% 11.1% 4.5% 55.3% 13.0% 9.3%
Full -1066.568 -1206.208 -1329.000 -1138.851 -1208.950 -1213.721
Locus excluded -1089.725 -1074.398 -1161.159 -1084.912 -1079.104
LR test 23.156 7.830 94.591 18.344 12.536
p <0.001 0.251 <0.001 0.001 0.014

QTDT procedure was performed to calculate the likelihood of the data under a specified model. The full model contains all variants within
all genes as regressors. For the reduced model, variants of the tested gene locus were excluded. SNPs: single nucleotide polymorphisms,
ABCA1: ATP binding cassette Al, APOA5: apolipoprotien A5, APOE: apolipoprotien E, CETP: cholesterol ester transfer protein, LIPC:
hepatic triglyceride lipase, TC: total-cholesterol, HDL-C: high density lipoprotein-cholesterol, InTG: logarithmic value of triglycerides,
LDL-C: low density lipoprotein-cholesterol, LDL-C/HDL-C: LDL-cholesterol/HDL-cholesterol ratio, LR test: likelihood ratio test
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u|leAb SOl WEHE 2] &= synonymous SNPO| 27]

ojglon Umalz TEREH| EAAY g
P, B2 ofuieAlS WA TR oR gl
& Ao FAHE Aolgr,

A THAE EeR 7 @F AAFEAA Y §44 7
o g BEA% A1 Y AHES 24.7%, HDL—choleste-

rol2 26.4%, Z3AW2 11,0%, LDL—cholesterol-> 35,6%
o|it}, 7]&9] Hirse] ostd f3e AA 8o wet
thi ZJol7h glont 40~60%2 Hustged, " B ¢
T43= QTDTE o&ste] EF AAsrEs FAklA f+
A 7|ofe s AR Ao=® 7|9 g AolE B
At QTDTE o83t o A4 F44 7]oe &4
Abs B Q7o & Hol5 Kol gohet.”
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ofsiE EAROR o5 ATt LA it (Table 4).
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