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[ Abstract | Objective  To investigate the distributional characteristics of single nucleotide
polymorphisms (SNPs) of apolipoproteins B ( APOB) (1s693 C >T), low-density lipid receptor ( LDLR)
(rs688 C > T), and apolipoproteins C- [ (APOC-I ) (rs4420638 A > G), and explore their relationship
with the blood lipid levels. Methods The gene polymorphisms of the 3 SNPs (1s693, 15688, 154420638 )
were determined by polymerase chain reaction-high resolution melting ( PCR-HRM ) in 462 subjects of Han
nationality living in Lanzhou region. The relationship of the 3 SNPs with the blood lipid levels was analyzed.
Results The genotype and allele frequencies of rs688, rs693 and rs4420638 were CC 64.9% , CT 32.5% ,
TT2.6% , C81.2% and T 18.8% ; CC 87.0% , CT 13.0% , C93.5% and T 6.5% ; AA 85.7% , AG
14.3% , A 92.9% , and G 7. 1% . Under dominant model, the multiple linear regression analyses were
carried out by putting total cholesterol (TC) , triglyceride (TG), low-density lipid-cholesterol ( LDL-C) and
high-density lipid-cholesterol ( HDL-C) as the dependent variable, and gender, age, body mass index
(BMI), rs688 C >T, rs693 C>T, and rs4420638 A > G as independent variables. The results showed that
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serum levels of TC and LDL-C of rs688 T allele carriers were significantly higher than homozygous type (8 =
0.301, P<0.01; B8=0.335, P<0.01). The serum levels of TC and TG of rs693 T allele carriers were
significantly lower than homozygous type (8 = —0.250, P =0.027; B= -0.162, P =0.029). The TG
levels of rs4420638 T allele carriers were significantly higher than homozygous type (8=0.180, P =0.016).

Conclusion
Chinese Han population.
[ Key words |
lipid receptor; blood lipids

SNPs of rs688, rs693 and rs4420638 are significantly associated with blood lipid levels in

high-resolution melting technology ; apolipoproteins B; apolipoprotein C- [ ; low-density
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HAh = W5 (wiglyceride, TG ) AR % & JIg 5 1 JH [#] B
(low-density lipo-cholesterol , LDL-C ) 34 = 5% =5 %5 FF fig
7E 4 BH[E % (high-density lipo-cholesterol , HDL-C ) 4%
PRI R RS T AL R A A
5% (genome-wide association studies , GWAS ) F1jp 4] X} i
WFFE R AR B2 R 4 H1 32 & (low-density lipid recep-
tor, LDLR) £ [R 1688 C > T, 2k Jlg & H B (apolipopro-
teins B, APOB)F£[A 1693 C > T .2 ig&E H C-1 (apoli-
poproteins C- I , APOC-1 ) £ [A 14420638 A > G fif /5
SIMMEATARRS T (H R B STE X 85 R BRI
¥ ,LDLR ZE[H 1688 C > T,APOB FE£[A 1s693 C > T,
APOC-T £ 154420638 A > G fif i L 75 7E i [E A RE
5 Mg KA A S, AT s i — 2B i Bk, ASBF
TR FH 155 23 e 2R 05 i i 28 43 B Chigh resolution melt-
ing, HRM) K , #:1 LDLR Z£[H 15688 C > T ,APOB %t
rs693 C > T APOC-I & [H rs4420638 A > G i 5 1)
e 2235, 2 BT 22 JH DX DU AT 1M i 7K - 1)
AHIRAE o
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QuickGene-Mini80 #% iz {1 M 4= Ifl. %L K 24 DNA 12
B ( FIAK Fujifilm 257) , Nano-drop 2000 1 5 26
H FEAZ R K MY ( 35 [E Thermal Scientific /3 7] ) , Rotor-

Gene 6000 S 5 g f 4 5 AX (MR FIE Corbett 23
7)) ,LC Green Plus 4t} ( & [E Biotium /3 ] ), Cobas
8000 H gk A7 A B HE 18] ( Roche 24 7))
1.3 328 DNA K

WEEDFFE X S EDTA Hrny2s IF ki S mL,
eIl A T ZH DNA- 2 JRCIR 7] & 4 I 40 i ik R 21
DNA i i 25 1 A R AG: DS B RS W e Pl Dk
Y E DNA FEARZL RS2 R, FIrfs DNA FRA T -40 °C
VKA RAT
1.4 31 #egikit 5 A%

1% LDLR %A 15688 C > T  APOB 2L[A 15693 C > T,
APOC-T A 154420638 A > G i i 1 51 ¥ e it
Primer Premier 5 #47 5| #1% i1, #8 1L Primer-BLAST
Two-state melting F1 uMelt 245X 5| 97 1) 55 50 B 5%
PEFIA] HEE AT IR, 51 H R AR AR WG,
FIYBRARERIER 1,

%=1 APOB APOC-I ¥ LDLR £ERA =/ PCR3[# K

“EHER
e .
. . FERK
SNP i M e S (5'—3") 0 )X
P
15688 LDLR C>T i GGCCGCCTCTACTGGGTTGAC 107
FiiF GGGTGGGCCAGCCTCTTTTCA
15693 APOB C>T _Eiif AAGCCTACAGGACACCAAAATAAC 125

Rl ACATTCGGTCTCGTGTATCTTCTA
1s4420638 APOC-I A >G Ejif GCAATGTCACTATGCTACACTTTTCC 50
i CCTCATCTCGGGTAGACCACA

1.5 PCR ¥ 3¢5 HRM 4547

PCR Sz WA R BAAFL 10 plL, 345 10 x PCR buffer
1 pL,10 mmol/L dNTP 0.2 wL,10 x LC Green Plus %%
Fegekl 1 wl,50 mmol/L MgCl, 0.5 L, Invitrogen Taq
DNA polymerase ( # & 5 U/ul) 0. 06 wl,20 wmol/L
VRS 4% 0.20 L, FEKZH DNA 1 plL, fit DEPC
IKZEAFN 10 wl, rs688 55 rs693 PNz i 1943
ZF:95 CHIAEYE 6 min, {j 10 NFH K92 C AR
155,59 CIR K 15 5,72 CHEM 20 s; /5 30 DN
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92 °C AF 15 5,57 CiBk 15 5,72 CHEAH 20 5372 C
TRAEfH 2 min, rs4420638 fi g4 14 554 : 96 °C FiiAL vk
6 min, /i 10 MEFF K .88 C A 10 5,72 ~62 C (4F
MEARER KGREE 1 °C) 1B KIEA 45 555 30 NMEHF
788 CASIE 10 5,62 °CiB K IEAH 45 5372 °C F-ZEAif
2 min, HRM Z3#75514::96 C7EME: 60 5,40 CiE & 60 s,
W 70 ~ 90 °C o il h L ¥ ds, 70 BER K 0. 15 C/s,
A A7 e T 42 W TR RS 5 1) A0 A8 AR 7 7 56 PR 3 8 B L
PEIEA R FFIEIER) PCR =¥ % 10 ik FiAE TAY)
v El P 5k, PCR 4734 J¢ HRM %% fif #4 7E Rotor-
Gene 6000 ¢G5 & PCR X _E#E47,
1.6 ffig3gArtem

I A 48 FR 7E 22 I K22 55 — B Be & 3 H 0> Cobas
8000 H hA= Ak A A A A I, 4G I35 H A2 45 . JH [
(total cholesterol, TC) ,TG ,HDL-C 1 LDL-C, £ &l
T H S %5 TC:2.30 ~5. 80 mmol/L, TG 0. 45 ~
1.80 mmol/L,HDL-C:0. 70 ~2.20 mmol/L F1 LDL-C.
1.20 ~3.30 mmol/L,
1.7 %it 3o

K SPSS 21. 0 Geit#k At it BRHEE LA x £
Fon o BEPRIARIARAR LR  Hardy-Weinberg - 15
%] SHEsis 1EL B A #4753 Hr , A [R) 55 R Y 22 Ja] 1) 4%
M REFEHR BRI R 2550 . FERPERIALT
K270 81 H 43 J7 543 SNP AL 5 5 1l g 7K
SRR, DL P <0.05 HESA SR E L,

2 HR

2.1 AR RN AR T

PEGA) S Ul R BOR et 2R a5 R LR 2, ik
B 3 5 B JE (systolic blood pressure, SBP) | 475K
J% (diastolic blood pressure, DBP) | {4 Jii £ 35 %X ( body
mass index, BMI) TG 7K F# KAy TC K HDL-C 7K
(P <0.05), PHALAIAEES 25 BE 1%\ LDL-C 454522
S IGEIE (P >0.05)
2.2 AR S EHEAENLER

3 /> SNP {ii 5i 1Y) HRM LR R0 & 1 ffoR, iz
Fl PCR-HRM 73 BRUE A B 2y oo e it 5% bR A 2647 1
BL[A 43 AL, Hardy-Weinberg 3t 1% - i 45 R 2 7R i A
SNP v/ /& (15688, 1693 | 154420638 ) ¥ fFF & Hardy-
VVehﬁmrgSPﬁﬁ(Xzﬂﬁﬁ}%Uﬂy1.780\2.228\2.734,f’>
0.05) , i B A B 5% 4 AW 98 4 52 B BE IR R 1
rs688 Ik H CCCT TT 3 ik R 784 | S PR 7R i 46 73
W 64.9% 32.5% .2.6% ,C F1 T v 5L H I R4
ok 81.2% (18. 8% ;1693 & B CC . CT 2 FhIL[H
U HLL R R R A0 K 87.0% (13.0% ,C Fl T Z545;
FERBH R 5°93.5% 6. 5% ;1s4420638 T4 T AA |
AG 2 PRI HE PR BB 3843 53 R 85. 7% 14.3%
A F1 G G FE % 43501 R 92.9% 7. 1% , 5 SNP
B E B E AR L, AT 0 rs688 | 1s693 | rs4420638
AR ) PR BT A L R 5 H AN E 43
Feik AR5 RN AR 25 800K, a3k 3 s,

R2 MRAME—MIERER (v+5)

Wl n AE I i IR S BMI 25 1 14 TC TG HDL-C LDL-C
” (%) (mmHg) (mmHg) (kg/m?) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L)
LE 150 53.00 +14.60 131.84 £21.93 78.52 £10.68 24.04 +2.88 5.04+1.28 3.76+0.63 1.38+0.64 1.04+0.21 2.50+0.58

4 312 52.48 £15.42 124.71 £16.76" 74.27 £8.45" 22.72 +3.28"

5.06£0.89 3.94+0.88" 1.18 £0.46" 1.29+0.26" 2.49£0.84

a: P<0.05,b: P<0.01,5 FHibi
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2.3 KRB Rk F A

TESMr R, TC LDL-C 7 LDLR 3 [A rs688 C >
T {7 3L R 3 22 ) 1 95 S 6 2% 1 L (P < 0.05)
LT S 5 PR 55 % A B 9 TC A LDL-C K
TC TG 7E APOB JE[H rs693 C > T i 2 & K 7 2 i {1y
% RATGF I L(P <0.05) , H. CT P HAT Be1
i) TC . TG /K3 TG 7E APOC-1 [ 14420638 A > G
o AR ] 122 S AT G2 25 L (P < 0.05) ,
AG LR AT BRI 0 TC KT, A 4,

2.4 Ao fig KA K ST

BRI 43 5] LL TC TG \LDL-C \HDL-C A
P& DAE S A 3% BMI 1688 C > T.1s693 C > T,
14420638 A >G iy B 7L, JEAT Z2 o0k 101 )3 73 A
R KB, rs688 T S5 KPR #5744 ¥ 1y TC \LDL-C /K-
BEET CCai4M(B=0.301,P <0.01;8=0.335,
P <0.01) ;rs693 T S5 FEF 417 35 1) TC TG /K- 35
KT CcCaigA(B=-0.250,P =0.027;8 = -0.162,
P =0.029) ;rs4420638 G 25 3 S H 11 TG /K- 15
ZE T AA 4457 (8=0.180,P =0.016) , )L 5 .6,

®3 &SNP L LEARAFEEEBMEMEEFENSD 5

HE R AR FE P AR
SNP iz i1 N LELEAe p P
AA AB BB A B

15688 C > T
1<LPN 226 0.354 0.442 0.204 <0.01 0.575 0.425 <0.01
EEN 172 0.698 0.291 0.012 0.355 0.843 0.157 0.416
FEA 86 0.674 0.302 0.023 0.903 0.825 0.174 0.880
ENGIS 462 0.649 0.325 0.026 - 0.812 0.188 -

rs693 C>T
PN 226 0.248 0.522 0.230 <0.01 0.509 0.491 <0.01
HA A 172 0. 860 0.140 - 0.792 0.930 0.070 0.858
rrE A 86 0.930 0.070 - 0.148 0.965 0.035 0.456
PN 462 0.870 0.130 - - 0.935 0.065

rs4420638 A > G

ePN 118 0.661 0.305 0.034 <0.01 0.814 0.186 <0.01
HAA 90 0.844 0.133 0.022 0.744 0.911 0.089 0.516
PEA 90 0.756 0.244 - 0.026 0.878 0.122 0.133
ENTIEN 462 0.857 0.143 - - 0.929 0.071 -

%3 P& A SNP 4 5 42 R B) A g 2k B A0 97 A & Sk B4R A 438 39 5k @ PubMed W 49 SNP 4 3% & ; AA (AB BB ARy L B A
SANATAM KAHRER ST ER;PARAFRAHRIES AL BMA B AAF P BANKIERITH X BB

x4 FREFEBZEMBEXKFFESHER (2 £5)

SNP {3 /5. F R 7Y TC TG HDL-C LDL-C
rs688 CC 3.77 £0.83" 1.21 £0.51 1.21 £0.28 2.36 £0.77"
CT+TT 4.08 +0.74 1.31 £0.57 1.21 £0.26 2.74 +0.70
rs693 CC 3.91 £0.85* 1.27 +0.56" 1.21 £0.29 2.52 +0.80
CT 3.68 £0.48 1.06 £0.24 1.23 £0.14 2.34 +£0.45
rs4420638 AA 3.86 +0.80 1.22 £0.47% 1.21 £0.27 2.48 £0.75
AG 4.00 +0.86 1.39 +0.80 1.20 £0.28 2.60 +0.88
a: P<0.05,b:P<0.01, 55 —4%& 5 — A A H A ki
%5 APOB APOC-1 % LDLR 5 TC TG /K FR &L L& MR A4 R
TC TG
AR B
B8 95% CI P 8 95% CI P
688 0.301 0.145,0.456 <0.01 0.042 -0.061,0. 145 0.421
rs693 -0.250 -0.470, -0.029 0.027 -0.162 -0.307, -0.017 0.029
154420638 0.186 ~0.036,0. 408 0. 101 0.180 0.033,0.326 0.016
P51 0.312 0.146,0.478 <0.01 -0.124 -0.233,-0.014 0.027
AE 0. 001 ~0.004,0.006 0. 694 -0.001 ~0.004,0.002 0.561
BMI 0.037 0.012,0.062 0.004 0.027 0.010,0.043 0.002
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% 6 APOB APOC-1 % LDLR 5 HDL-C LDL-C 7k F) & Lk E 1T 5 s R

HDL-C LDL-C

B A
8 95% CI 8 95% CI P
15688 0.041 -0.007,0.089 0.096 0.335 0.189,0. 480 <0.01
15693 -0.044 -0.112,0.025 0.209 -0.152 ~0.359,0.054 0.148
1s4420638 0.025 ~0.044,0.094 0.484 0.147 -0.061,0.355 0.165

5 0.229 0.178,0.281 <0.01 0.138 -0.017,0.294 0.081
AR 0.000 -0.001,0.002 0.604 -0.003 ~0.007,0.002 0.269
BMI -0.015 -0.023, -0.008 <0.01 0.053 0.030,0.077 <0.01

3 i FRERGE R R 5 MR TS AR OC , 1xX Fh 22 5 Mt v] R 5 145

AR F PCR-HRM 43 38 F7 AR 35 2y %k e i 5
MIBRASHEA T T 3R 4389, JF k45 LDLR JE [ rs688 C >
T .APOB J£[A 15693 C > T APOC-1 LA rs4420638 A >
G AL R TE N X DU AT M fe e 5
PubMed 3 i) SNP 0405 122 vh 9 B8 AR L, A BiF 5%
H1 rs688 C > T . rs693 C > T . rs4420638 A > G {if j5 [ 3
PRIRUSTR AL R 5 H AN P E A SR 1S
MU N FEAE 228K, 9271 SNP A7 i 1Y S5 ik A 119 28 722
AT B R 2= Sk

LDLR 3[4 1688 {37 5./ T LDLR 3£ A 45 12 4b
W, BARKR AR C> T IR CR7A8  HE IR #
WAL SR — IR Y SRS A, BERE RE R 26 12 4b
BT, Gao % % B 1s688 5% A% A B M
LDLR %% 5% DA & LDLR 7 41 g 2 1 A B 14
A, B 8Adi 3% TC LDL-C (97K F Tk, ZEAS ] A Fih
I ST 2 W 1s688 37 15 5 TC /K P mik e
AMIFFE K R rs688 T 454y PR HA ¢ = 1) TC il LDL-C
KV, 5 EIRMFR A5 R — 5, (H— T X S8 7Y 5 P
BB L NS K B rs688 M1 3% TC \LDL-C &4
AHICHE , P EOXFPAS [ 45 R 0 i W v g 5 AR 2L &L
P ARER A 2 AT = o BFE T 1s688 o A 4
PEI3K TC \LDL-C psmi 54tk 2 554 %,

APOB £[H 15693 {37 .0 F APOB JL[H (145 26 =
SNEF, BARE AR C > T IR X RAS  HIZL 5
5 M REAKV- %5 DIAH O, He i A AT g 2 i 4 5 APOB
SR B e A 5 0 A G Y i R AR S 1
Kathiresan 28" BF 57 % BE 15693 T 2847 3£ F 5 LDL-C
K TG /KBy FF A ¢, Rodrigues 25 5 3a o5 451 %f
HEATHT A3 1693 v o5 T A0 PRI 7 3 HAT B i3 1Y
TC 1 LDL-C 7K o — T £ X B g RE A 1 A 58 & 30
1s693 fi7 15,5 TG TC /KB4 Mk, (HAWF 5
RI rs693 7 i 1) T S5 H PR #5417 5 A AR TC
TG /K-, 5 FIRFR A —8 . ZHREMTERE

PR 28 Bl P55 - 35 R A B A R GT I B % 1 s A G ]
B AR 0 A BREE R R DL IR A A T A P fig
SRS A —E "

APOC-T Z:[H rs4420638 {37 5550 APOC-T JEFH Y
373, RA IR A > G BYRAS, Teslovich 25 75X} Bk
AR 1 55 ] 5 A T e B R 5% A B, Meeta
A3 % PR 154420638 K 78 HA7 B4 B TC  LDL-C 7K -
[l FAAR HDL-C /K- a3, Park 2507 75 6 6 AR
5T A I 154420638 G S5 5L PR HA B ) LDL-C |
TG K AR AY HDL-C /K- Liu % 73R [ il A
BERFGE R % PH 1s4420638 FEH 7 5 TC TG ,LDL-C /K
SERE A X HA LS HDL-C K B 24026 . ABFSE
K 154420638 S TG /K F M7 G R & H AR & B
H 5 TC, HDL-C, LDL-C 7K - AH &, £ b BT &,
rs4420638 LK 2 AT AR A & B, HAE
AN TR o e v HLGF I 3 114 S i AN [

M52 F HRM 43 BUE AR B it ek 52 i A<
HEAT T34, % PR 1s693 | rs688  rsd420638 K £
SYELEP EDUR N ) 244 1E, HEA B35 iRk
22k, [RIE &I rs688 | 1s693 (154420638 {3/ f5 5 h
22N Hh DDA AR ZKF-AH DG o FASIE SR A
S — b DX A DU AR AR AR /N HB— R
R 822 U KA I IR i — 2P BRIk
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