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ABSTRACT

Background and Objectives : The common methods of genetic association analysis are sensitive to population
stratification, which may easily lead to a spurious association result. We used a regression approach based for lin-
kage disequilibrium to perform a high resolution genetic association analysis. Subjects and Methods : We applied
a regression approach that can increase the resolution of quantitative traits that are related with cardiovascular di-
seases. The population data was composed of 543 males and 876 females without cardiovascular diseases, and it was
obtained from a cardiovascular genome center. We used information about linkage disequilibrium between the mar-
ker and trait locus, and we added the covariates to model their effects. Results : We found that this regression
approach has the merit of analyzing genetic association based on linkage disequilibrium. In the analysis of the male
group, the total cholesterol was significantly in linkage disequilibrium with CETP3 (p=0.002), and triglyceride was
significantly in linkage disequilibrium with ACE8 (p=0.037), APOA1-1 (p=0.031), APOA5-1 (p=0.001), APOA5-
2 (p=0.001) and LIPC4 (p=0.022). HDL~cholesterol was significantly in linkage disequilibrium with ACE7 (p=
0.002), ACES (p=0.008), ACE10 (p=0.003), APOA5-2 (p=0.022), and MTP1 (p=0.001). In the female group,
total cholesterol was significantly associated with APOA5-1 (p=0.020), APOA5-2 (p=0.001), and LIPC1 (p=
0.016), and triglyceride was significantly associated with APOA5-1 (p=0.009), APOA5-2 (p=0.001), and CETP5
(p=0.049). LDL~cholesterol was significantly associated with APOA5-2 (p=0.004), and HDL-cholesterol was
significantly associated with LIPC1 (p=0.004). Conclusion : We used a regression-based method to perform high
resolution linkage disequilibrium analysis of a quantitative trait locus that’s associated with lipid profiles. This me-
thod of using a single marker, as applied in this paper, was well suited for analysis of genetic association. Because
of the simplicity, the method can also be easily performed by routine statistical analysis software. (Korean Circulation
J 2006;36:688—694)
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1] F8A oA D= FA FE FAR 09F FAFHA M
Ale]o] Axt £t Al P(Mi, Q)—my - grer YERHAL @}
= 00] opd A5 vehdlich webA @=05-2 §=00]2t
= 7HE Ak A 2, 919 AelA D=0& A=
Aol Hlug At Exrgel IAg 34 ARdS AAs
= A3 FUI 7lge] =k

2 Qi el dpol She o WS AsuAus
Sa1 WAL Slck R Hel U] A ARERA 3
gl 2HE, F9AY, LDL-Ze|AHE, HDL-Z2 4 H1E &
9] =& ARE3INL}. HAGAAR= ACE7(Angiotensin Con-
verting Enzyme G14480C), ACE8(Angiotensin Converting
Enzyme A14519G), ACE10(Angiotensin Converting Enzyme
A22982G), APOA1-1(Apolipoprotein Al XMNI), APOA5—1
(Apolipoprotein A5 1259T/C), APOA5—2(Apolipoprotein A5
T—-1131C), CETP3(Cholesteryl ester transfer protein TA-
Q1B), CETP5(Cholesteryl ester transfer protein 1405V),
LIPC1(Hepatic lipase C—514T), LIPC4(Hepatic lipase VO5M),
MTP1(Microsomal triglyceride transfer protein G—493T)
o] 172 217} ol g3t oSl Bt Y BAE 9
3}l DNAX DNA isolation kit(Gentra Genomic DNA purifi-
cation kit, MN, USA)E o]&3d}o] 5 mL N o] WL
AlEz2RE 223190c) ogA B4L SNP stream 25K sys-
tem(Orchid Biosciences, Prinston, NJ)& ©]-83}o] SNP-
IT(SNP—Identification Technology) assay o2 ©hd
Q7131 W3-8 W59, primere} Z12ke] PCR VA
2 AAYA]Z] Z biotin T fluorescein isothiocyanate
(FITC) o2 EAH 7179 dideoxynucleotide®} HHAIA th
Qo712 st vhgo] Ty T ATHLAS ELISA %
515 ofgsto] HHGISM 2 FUAHE QO Review”
program o|83jo] AATHTE, & AT Ak B

Table 1. Distribution of characteristics in subjects

Male Female Total
(n=543) (n=876) (n=1,419)
Age 45.92110.13 45.65+9.92 45.77+10.05
BMI 23.15£1.73 21.36=%1.1 22.61+1.90
Current smoker 233 (42.9) 56 ( 6.4) 289 (20.4)
Current drinker 423 (77.9) 344 (39.3) 767 (54.1)
Exercise 236 (43.5) 254 (29.0) 490 (34.5)

Values are Mean+SD and frequencies (percent). LDL-C: low density
lipoprotein-cholesterol, HDL-C: high density lipoprotein-cholesterol,

iz
H

A PSS Bt AR HAelA 45.92+10.13A4], o=}
O] 7% 45.65+9. 9289 o, A|AFR]p= HAFe| A
23.15+1.73, oJx}= 21.36+1.19] BEE HojZEl 919
(Table 1), FAof| o] 8% 2t D5 A AFEolA HA| A7
Ao F FHAHBZL 206,46+ 38,71, FAJAHS- 137,49+
102.02, LDL-ZHAHE-L 129,72+ 33,86, HDL—Z-8|AH|
B2 4962411979 E2E HAFT Q%) E3t ol &
T AdFEE2 ', of 7 FJoolA FFEEE w2l 9l
UchHTable 2). 117H9] FAFHARF A ZH2e] g AA=
of tigh ¥l A= vh3at 224, o] FAFHAES
HWEAEE W3kl I tHTable 3).

oA A Etdol| 7] AAd B4 Ay & 29
2E|E9] - CETP30A] A3t B4t A7t frJatA &
AL @: p=0.002), FFAGolAl= ACE8(4: p=0.037),
APOA1-1(@: p=0,031), APOA5—1(a: p=0.001), APOA5—2
(@: p=0.001, 8: p=0.012), LIPC4(a: p=0.022)SoA] <
ofgt It Bt WaAdS BRI 4= M9k LDL-Zd|A
HEoA BAH R {3t Ad By AHE BoFe=
FARFAA = §l9lon, HDL-ZH|AHE9] 790z ACET
(@: p=0.002), ACE8(a: p=0.008), ACE10(@: p=0.003),
APOA5—-2( @ p=0.022), MTP1(8: p=0.001)o||4] -S-oat 3t
A/go] UebgtHTable 4), ARolx= & SEAEHE 4%
APOA5—1(a: p=0,020), APOA5—2(a: p=0.001), LIPC1(a:
p=0.016, &: p=0.005)5°lA F2JstA At =% Jei7t
LRI 242|504 APOAS—1(a: p=0,009), APOA5—
2(a: p=0.001), CETP5( a: p=0.049) So|A] g-ol8t <yt &
#4339 EAE FRIT 4= USict. LDL-FAE B4 <]
gt A B AEE Holae FARAAR=: APOAS—2(a:
p=0.004) %1 2™, HDL-ZH|AHE2] 7$-of= LIPCL(a:
p=0.004, & p=0.01D)|A I35t A3k B+ o] St

BMI: body mass index (Table 5).

Table 2. Distribution of quantitative traits

Trait Male (n=543) Normality* Female (n=876) Normality*
Total cholesterol 204.881+38.25 0.571 207.44 =38.98 0.653
Triglyceride 159.06 £116.97 0.338 124.21£89.13 0.413
LDL-C 128.27+£33.88 0.711 130.64 £33.84 0.691
HDL-C 46.32£11.01 0.624 51.75%=12.08 0.584

Values are mean =SD. *: p using Shapiro-Wilks test for normality. LDL-C: low density lipoprotein-cholesterol, HDL-C: high density lipoprotein-

cholesterol



Table 3. Frequency estimates of marker alleles

Marker Allele Estimate HWE (p)

ACE7 C 0.595 0.406
G 0.405

ACES8 A 0.602 0.213
G 0.574

ACE10 A 0.574 0.720
G 0.426

APOAI-1 A 0.244 0.304
G 0.756

APOA5-1 C 0.246 0.790
T 0.754

APOA5-2 A 0.686 0.527
G 0.314

CETP3 A 0.384 0.171
G 0.616

CETP5 A 0.541 0.742
G 0.459

LIPC1 C 0.577 0.326
T 0.423

LIPC4 A 0.302 0.385
G 0.698

MTP1 G 0.874 0.190
T 0.126

HWE: Hardy-Weinberg equilibrium, ACE: angiotensin converting
enzyme, 7: G14480C, 8: A14519G, 10: A22982G, APOAL1-1: apo-
lipoprotein A1 XMNI, APOAS5-1: apolipoprotein A5 1259T/C,
APOAS5-2: apolipoprotein A5 1259T/C, CETP: cholesteryl ester
transfer protein, 3: TAQI1B, 5: 1405V, LIPC: hepatic lipase, 1: C-
514T, 4: VO5M, MTP1: microsomal triglyceride transfer protein G-
493T
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Table 4. Significance of linkage disequilibrium in male

Lipid profiles

Marker LD
Total cholesterol (p)* Triglyceride (p)* LDL-C (p)* HDL-C (p)*
ACE7 a 2.35(0.298) 1.69 (0.521) 1.71 (0.444) 4.93(0.002)
1 1.28 (0.551) 2.16 (0.120) 1.83 (0.399) 1.25(0.781)
ACES8 a 2.71 (0.285) 1.77 (0.611) 1.87 (0.314) 4.32 (0.008)
1) 0.98 (0.477) 3.21 (0.037) 1 1.75(0.421) 1.08 (0.855)
ACE10 a 1.05 (0.434) 1.08 (0.419) 1.73 (0.410) 5.02 (0.003)"
) 0.12 (0.938) 2.12(0.199) 2.03(0.373) 1.55 (0.589)
APOAL-1 a 1.26 (0.374) 3.08 (0.031) T 0.54 (0.954) 1.96 (0.171)
1 0.95 (0.800) 0.98 (0.720) 0.41 (0.991) 1.74 (0.241)
APOA5-1 a -1.38 (0.754) -5.75 (0.001) -1.85(0.365) 1.87 (0.178)
o) -2.12 (0.201) -1.12 (0.657) -1.02 (0.815) 1.25(0.413)
APOAS5-2 a -1.23(0.779) -6.03 (0.001)* -1.72 (0.334) 2.98 (0.022)"
1) -0.25 (0.999) -3.28 (0.012) 1 -1.26 (0.539) 1.02 (0.670)
CETP3 a -3.69 (0.002) T -1.24 (0.2406) -1.93(0.118) 1.94 (0.110)
1 -1.02 (0.880) -1.26 (0.265) -1.74 (0.240) 1.18 (0.473)
LIPC4 a 1.26 (0.164) 2.98 (0.022) " 0.97 (0.803) 1.73(0.279)
1) 0.97 (0.648) 2.13 (0.083) 1.62 (0.289) 1.64 (0.350)
MTP1 a 0.36 (0.842) 1.46 (0.204) 1.87 (0.179) -1.56 (0.220)
1) 0.45 (0.932) 1.17 (0.871) 1.91 (0.101) -5.63 (0.001) T

*! all p are obtained after adjusted by age, BMI, smoking experience, drinking experience, exercise. BMI: body mass index, LD:

linkage disequi-

librium, ACE: angiotensin converting enzyme, 7: G14480C, 8: A14519G, 10: A22982G, APOALI-1: apolipoprotein A1 XMNI, APOA5-1: apo-
lipoprotein A5 1259T/C, APOA5-2: apolipoprotein A5 T-1131C, CETP3: cholesteryl ester transfer protein TAQ1B, LIPC4: hepatic lipase VO5M,
MTP1: microsomal triglyceride transfer protein G-493T, LDL-C: low density lipoprotein-cholesterol, HDL-C: high density lipoprotein-cholesterol,

+: p<0.05, F: p<0.01

Table 5. Significance of linkage disequilibrium in female

Lipid profiles

Marker LD
Total cholesterol (p)* Triglyceride (p)* LDL-C (p)* HDL-C (p)*
APOA5-1 a -2.47 (0.020) T -3.47 (0.009) -1.98 (0.157) 0.91 (0.740)
h) -0.93 (0.709) -1.24 (0.763) -1.02 (0.855) 1.56 (0.294)
APOAS5-2 @ -5.31 (0.001) -5.15 (0.001) -4.39 (0.004) 1.41 (0.376)
h) -1.02 (0.880) -2.03 (0.140) -0.97 (0.888) 1.35 (0.520)
CETP5 @ 1.15 (0.819) 2.51 (0.049) " 0.67 (0.942) 1.18 (0.736)
B 0.57 (0.971) 1.95 (0.103) 0.82 (0.821) 1.75 (0.284)
LIPC1 @ 2.95 (0.016) " 1.08 (0.805) 1.24 (0.484) 432 (0.004)F
B 3.58 (0.005) t 0.96 (0.873) 1.58 (0.225) 3.07 (0.011)1

#: all p are obtained after adjusted by age, T: p<0.05, F: p<0.01. BMI, smoking experience, drinking experience, exercise. BMI: body mass index,
LD: linkage disequilibrium, APOA5-1: apolipoprotein A5 1259T/C, APOAS5-2: apolipoprotein A5 T-1131C, CETP5: cholesteryl ester transfer

protein 1405V, LIPC1:
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