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(HZE] B HEITPEGER AR MAR AR SCHE R 281 (SNP) Sl =/t Hl (TG) KPmXHR. Fik
2008 4 6—8 A, R FHBEALHEFEAAE L S IBCPE ROIS h 3t DX 22 22 DL 480 (¥f39K 4 800 m) | H g I3t DX 5 H ELHL PG % &
(k4300 m)  INFHLIXBREE LT E S (W3 740 m) | FEPETIMOCIX A4S (14K 3 649 m) FIMZHIXHZ
fik% (K3 000 m) &5 AR S B, MR EE (S S0 2 348 IR E I, o 1 085 {3l R 48 31 il A A
R JH5E [ P4 R 23 A MassARRAY S0P S R I IR ACH AR SC 2R [A SNP. £ 5R JLak i 10 AMIRAUBHA SRR N A, 6
$E 15964184 | 1512678919 | 1s1260326 | 1rs2954029 | rs714052, rs7557067 , rs17216525, rs10889353 | rs854560, rs505151,
[%% 15854560 {7 5 3 K 43 T ML A, 1964184 | 1512678919 | rs1260326, 12954029, 15714052, 157557067 , rs17216525 |
1310889353 K 15505151 v i Jk PRI RY A3 A Y56 Mh il — JRAPAR 8 AL AT, 1512678919, 151260326, 152954029, rs7557067 |
rs17216525 | rs10889353 J¢ rsS05151 {37 5 AN [ 3 [ TR GG 1 o [ i 2 TG /K e, 22 R TEH 338 X (P >0.05)
15964184 {7 i GC 1 GG FE[N TGRS R M 3K TG 7K T CC S PR e [, GG 3k P RYGBO J R 2% TG 7K i T
GC HE PR s [ (P <0.05) ;5 15714052 {37 15 TC 1 TT S P RYGEO Js R AL TG 7K T CC HEP RUEO Je R, TT 2
DA RSO s L TG K- F TC SR BT IS (P <0.05) o RARAFEE | RBRAE RS, 15964184 fif ni GC Il GG 2
PRI RSB i R LA TG /KK T CC PR RGO S5 B, GG S PR RO J [ L% TG /K- T GC P BB e R (P <
0.05) ; rs714052 fif i TC, TT [N RUECHE R A TG /K- T CC B PIRIBU g RS, TT J D RSB F R i TG 7K
T TC REN RO s R (P <0.05) o £5i  PURGHOE A NG AUSIAHSCRE N 1964184 | 15714052 {3 i SNP 5 il 3¢ TG 7K
A Ko
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level in Zang population in Tibet. Methods From June to August in 2008 in Tibet, a total of 5 towns locating with different
altitude were selected by random cluster sampling method, including Zharen Town of Amdo County of Nagqu Prefecture
(altitude; 4800 m), Tashi Town of Tingri County of Shigatse Prefecture ( altitude: 4 300 m),
County of Lhoka Prefecture (altitude; 3 740 m) ,

649 m) and Puqu Town of Nyingchi County of Nyingchi Prefecture (altitude: 3 000 m) ,

Sherpa Town of Qonggyai
Choi Court Town of Chengguan District of Chengguan District (altitude: 3
and then 2 348 Tibetan residents were
enrolled according to household registration information, thereinto 1 085 Tibetan residents’ blood samples were
Inc) was used to detect the lipid metabolism related gene

including 1964184, 1512678919,

collected. MassARRAY experiment platform ( Sequenom,
polymorphism. Results
1s1260326, rs2954029,

A total of 11 lipid metabolism related genetic locus were found,
rs714052, rs7557067, 1s17216525, rs10889353, rs854560, rs505151, genotype distribution of
above lipid metabolism related genetic locus was in accord with Hardy — Weinberg genetic equilibrium, respectivelly, excepted
for rs854560. No statistically significant differences of plasma TG level was found in Tibetan residents with different genotypes of
rs12678919, 151260326, 152954029, 157557067, rs17216525, rs10889353 or 1s505151 (P >0.05). Plasma TG level of
Tibetan residents with GC or GG genotype of rs964184 was statistically significantly higher than that of Tibetan residents with CC
genotype of rs964184, respectively, meanwhile plasma TG level of Tibetan residents with GG genotype of rs964184 was
Plasma TG level of

Tibetan residents with TC or TT genotype of rs714052 was statistically significantly higher than that of Tibetan residents with CC

statistically significantly higher than that of Tibetan residents with GC genotype of rs964184 (P <0.05).
genotype of 15714052, respectively, meanwhile plasma TG level of Tibetan residents with TT genotype of rs714052 was
statistically significantly higher than that of Tibetan residents with TC genotype of rs714052 (P <0.05). After correction of age
and BMI, plasma TG level of Tibetan residents with GC or GG genotype of 1s964184 was statistically significantly higher than that
of Tibetan residents with CC genotype of rs964184, respectively, meanwhile plasma TG level of Tibetan residents with GG
genotype of 1s964184 was statistically significantly higher than that of Tibetan residents with GC genotype of 1s964184 (P <
0.05);

Tibetan residents with CC genotype of rs714052, respectively, meanwhile plasma TG level of Tibetan residents with TT genotype

plasma TG level of Tibetan residents with TC or TT genotype of rs714052 was statistically significantly higher than that of

of 1s714052 was statistically significantly higher than that of Tibetan residents with TC genotype of rs714052 (P <0.05).
Conclusion Lipid metabolism related gene polymorphism (including rs964184 and rs714052) is significantly correlated with
plasma TG level in Zang population in Tibet.

[ Key words]  Polymorphism, single nucleotide; Blood lipid; Zang Nationality; Triacylglycerol
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2008 4F 6—8 H, RIFHALEE FEAh AR

N BE NG Al AH 56 K [ £ & P (single nucleotide
polymorphism, SNP) 5 Ifil fig & 45 52 % A &', {HA 5%
T TR T 22 PG R0 AT HR AU AR G L ] SNP 5 1L
FE IR G R A REEA WA IE R o E?@ﬁﬂ@ﬂ
AFXTEH] SZEAE . RSN L
FEOFRT R A 0 S IR i R 4 I%u@mm&kﬁ
VE R BFFERT G HAT 15 T E R FFE T IR 3 S22 AR WF5E
Wil AWFFRAERIEHA G 3T (GWAS) BFSFE LA
AT T VR AR A AR DG HE K] SNP 55 1L 3¢ = 15k
Hh (TG) KFRIRFR, BREMT.

1 W57 %

L1 WASHERRE PAFRHE: (1) 4F# 18 ~65
%5 (2) PEEFRTEME G ; (3) R h % H. 3
FRUAN RS HA R E IS . HEBRbRAE: (1) 22105 (2)
B iR S G

(VB4 3 649 m) FIMZHIXMRZ B A S (WK 3 000
m) 5 DMK S 4, RS FEGRIA 2 348
W e R, Horp 1 085 1]k e Je: E R 42 3] M AR A

IV A R A R T 1y 32 2 J R g 0 T A 246 4k I
1 085 {5 je e s R 35 413 6], 4 672 i,

L3 K IO A g B R A IR ik ML 10

. 2 ERAE, B S ml, 1 MR A TE R )G 3L
Eﬂﬁ&bu BLOE A 2000 x g, BEORESY 10 min, ZJ5

KB AR LS A K I E T 0~4 CHIET
PRAFRRIN ;. SR H A H 377060 4 [ 8h A4 Ak 43 1 {3 it
R A I3 TG AKSF, A A | P45 H IR XA
REBRIBFHE VTR, & nRrAE TS
e &R (EDTA) EHaiiEE S, HT DNA 2l A&
W MTBAREAS i P 3R XN RS BE . PE K ¥R X%
HRC FTZRIIN AR S PR BIF 5 e 76 PG 7 b DX A [7] & B ) 25 T
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1.4 DNA UL RAVE MLERAT L2 DNA, H{k
WF s BUPUEE I 500 wl, n oA 4 MR R (BLHE 10
mmol/L Tris £H#%, 10 mmol/L & {L#F, 10 mmol/L &k
4. 2 mmol/L EDTA F2. 5% Triton X —100) 1 ml {i%J,
6 000 r/min .05 min, HA R 1, 0 AL ML f#
W (%5 10 mmol/L Tris %, 10 mmol/L & L4H, 10
mmol/L & fbEE, 2 mmol/L EDTA 11% SDS) 150 wl g
5], 56 CAEIRARIFE 15 ming I A& AL 4R 150 wl I8
47, 10 000 t/min &0 5 ming NOIWRBOKAE, 02 5K
FICK SR 5], 12 000 r/min 5.0 5 min, F FiF
W, FET, A TC R AFE K 50 pl % f# DNA, R H
0. 8% BENEWEEE I L VK i :& DNA ik, LI DNA A H] @
FEKZH DNA Zafy H TG W] S Hi 2 R A 46 o A WF5E BT A Il
WA DNA $2IBUS 2

L5 JefRUAHSCEE G A 456 CikiiE I &% i
RAEA R GWAS FFFE 4 R AL 10 AR AUHAH S SE
frst, WL,

1.6 SNP £l 75 i

L6.1 FEGLFMAE (1) FZEU: PLEX [
&7 . 384 —well SpectroCHIP A4t . HOTSTART Taq
Bty . SAP . ZifbBUIESF, (2) EEANAS: Brga
(MassARRAY Analyzer Compact) . B AFE{Y (MassARRAY
384 4L XMW k PCR 1Y
(GeneAmp~ PCR System 9700 Dual 384 — Well Sample
Block Module)

1.6.2 MR (1) BOtFamsy: RAEEN
EL i 1 2 W) ASSAY - DESINE # 4 ¥ it 51 4, i
Invitrogen 23 7] & Ji% 51 ¥ (2) FTEm#BE 21
SEUENOM 73 w) 1 i Protocol #: 4%, >R 4138 [ 74 | 145 4
2\ ) MassARRAY 52 55 - 5 A6 Jig 4K 345 AH G FE [A] SNP,

Samsung  Nanodispenser ) |
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Table I  Lipid metabolism related genetic locus
RO wmps 5D A S
11¢23 13964184 HDL/TG APOAI - APOC3 - APOA4 - APOAS [2-3]
8p21 1512678919 HDL/TG LPL
2p23 131260326 TG GCKR
8q24 152954029 TG TRIBI
Tqil 15714052 TG MLXIPL
2p24 157557067 TG APOB
19p13 1317216525 TG NCAN CILP2
1p3l 1310889353 TG ANGPTL3
- 13854560 - PONI [4]
- 1505151 - PCSK9 [5]

et BRI

L7 Guiteadrik BRI SPSS 19. 0 Gt # i AT K db
B, SR X G 3 S5 (07 K PR A R 280 4 A A% R
e — AR, L P <0.01 S5 AFT & il
— IRAAHSBAL T 5 R DM BRI A < 90% FREAR y Jk
RIS BRI, T AR, 000 A 45 0 5 PR A < 5% 1Y
SENWIAHEATA R e THRBOREL (3 +5) R,
ZH A BRI R DT 22500 LA P <0.05 N ZERA
ot

2 #R

2.1 RN BR rs854560 fif g K K 23 K WA,
3964184, 1512678919, 151260326,  1s2954029
15714052, 157557067, 1s17216525, 1s10889353
rsSOS1ST (V7 S [H 78 73 A 24 75 & Wiy att — {1 A 38t 1% °F
fi, W3,

R2 IR EN GG WS

Table 2 Primer sequence of lipid metabolism related genetic locus

JEBLA L5 14 gk BHATEM I

13964184 ACGTTGGATGGGAACTTGAAGTCTAGTGGG ACGTTGGATGCCATGACACTAATCACCATC GGAAAAATGACAATAAACAGAT
1312678919 ACGTTGGATGTTGTCTCTCAATCCTCTGTC ACGTTGGATGTAGGTGGATATGGGAACTTC CTCTCCAAAAGTACAAGATGACACC
131260326 ACGTTGGATGTGCAACTGCCACCTGGGTC ACGTTGGATGACACAGCACCGTGGGTCAGA TCACGGCTGGACTCTCACC
132954029 ACGTTGGATGTAAACCAGATTTGTTCTGC ACGTTGGATGCCGTGCCATTTACAAAGCTG TCTGCTAATTTGTAGTTGC
15714052 ACGTTGGATGCAGATGACTAAAGTTCTGAGC ACGTTGGATGCCTTGTAACTATTTTAGTTAG TGACTAAAGTTCTGAGCCAATCA
137557067 ACGTTGGATGTGGAATGTGGAGCATCTAGG ACGTTGGATGGTCCACGTGGGGATCGTTTT CTCGGAAAAGCCAAGAA
1317216525 ACGTTGGATGCCCTATGGGTTTTTGACAGG ACGTTGGATGCCAGGAGGGATAGAAGATAC GATCCAACCCAACACAC
1310889353 ACGTTGGATGCTGGGCATTTTATTGGGCAC ACGTTGGATGTAACTACTCTGAGCCTGAGC TTGCACTCATCTCATTTAAGG
13854560 ACGTTGGATGTTTCTGGCAGAAACTGGCTC ACGTTGGATGGAGCTAATGAAAGCCAGTCC TCTGGCAGAAACTGGCTCTGAAGAC

13505151

ACGTTGGATGAACACGTGTGTAGTCAGGAG

ACGTTGGATGAGCAGATGGCAACGGCTGTC

GCACTACAGGCAGCACCAGCGAAG
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Table 3 Genotypes of 9 lipid metabolism related genetic locus in

Tibetan residents

HET) E(HET) Pf{f

e )| )| X L[N
ST TS T A

15964184 G C 30/275/780 0.2546  0.2556  0.905
1312678919 G A 6/123/956 0.1134  0.1167  0.300
131260326 T C 212/536/337 0.4945  0.4932  0.951
152954029 T A 276/531/278 0.4935  0.4999  0.670
13714052 C T 79/400/606 0.3742 0.371  0.869
157557067 A G 85/416/584 0.3838  0.3936  0.397
1317216525 T C 12/172/901 0.1585  0.1643  0.264
1310889353 C A 59/379/641 0.3493  0.3532  0.731
13505151 G A 23/81/975 0.0817 0.0835  0.448

2.2 AN[FIEER A AR O BE R e R 3R TG /K-F
Fo# 1s12678919 . 1s1260326 . 1s2954029 . 1s7557067 .
rs17216525 | rs10889353 J% rs505151 {3/ 5 A~ [i) 5k PR 74 5
R B TG KF e, 2R sit=E L (P>
0.05) , rs964184 F rs714052 {3; f5 A~ [m) 3 IR 1 g ik Ji B
M3 TG AR, 2R ASi#E L (P<0.05);
15964184 i 5 GC Il GG FE R R % Ji R L3¢ TG /K- 5
T CC JE IR fa B, GG 3k R B e Jie: B i 3% TG K
P T GC R A G R R, ZRASITFEEL (P<
0.05) ; 1714052 {if £ TC . TT 3 [H % 2 R 3% TG
KV CC SER R e B, T 5k PR 7R g e R a2
TG /K- F TC KL H R G s e, ZR A= E X

1964184 FI rs714052 {37 i A~ [ 5 PR 700 3 7 et &S 12 TG
HKOEEs, ZRALH2E L (P<0.05); rs964184 {i
1 GC A GG FE A B i Js R L3 TG 7K P F CC &
UGG a1, GG RE PRI % & [ i JK TG /KF-5 T GC
FER A GO R R, ZR AT E X (P<0.05);
15714052 fi i TC, TT K& PR B % s [ 2K TG 7K -5
T CC PRI R Jar B, TT S P AR e e B i3 TG 7K
T T TC SR RO fE B, Z2RAFEITFE L (P<
0.05, W#ES),

RS OPRAER . RTHEEUG 1s964184 Fl 15714052 {37 s A [ 5t K 7
R RN TG /K F-Lh# (% s, mmol/L)
Table 5 Comparison of plasma TG level in Tibetan residents with different

genotypes of rs964184 and rs714052 after correction of age

and BMI
FE R Y %k TG FH  Pfd

1964184 {37 15 15.428 <0.001

cC 780 1.12 0. 00

GC 275 1.32 £0.03*

GG 30 1.41 £0. 12%
15714052 {37 15 4.332  0.013

cC 79 1.03 £0.07

TC 400 1.14 £0. 03¢

TT 606 1.21 +0. 02

TE: 5 18964184 i i CC FER AL UL, “ P <0. 055
GC JE R M L 52, P < 0.05;

55 15964184 {3
5 rs714052 3 5 CC KL PR B [ 4, °P <

(P<0.05, W4, K 1), JHAAE RS | ﬁ»‘ﬁi?ﬁ‘ﬁ)ﬁ, 0.05; 5 rs714052 {5 TC FEPH I 4, 1P <0. 05
R4 ORTFEER RUARAQBAE OCIE R U FE: R TG 7K HeA (% 5, mmol/L)
Table 4 Comparison of plasma TG level in patients with different genotypes of blood lipid related gene loci
HNT g TG F{f Pfg HNT ik TG F{f Pfg

1s964184 15.428 <0.001 157557067 1.238 0.290
cC 780 1.12£0.50 AA 85 1.21 £0.69
GC 275 1.32£0.76" AG 416 1.20 £0. 56
GG 30 1.41£0.60" GG 584 1.15£0.59

1512678919 2.176 0.114 1517216525 2.133 0.119
AA 956 1.19.£0.61 (0 901 1.18 +0.56
AG 123 1.08 £0.43 TC 172 1.18£0.72
GG 6 0.96 £0.26 T 12 0.89£0.24

131260326 0.873 0.418 1310889353 1.222 0.295
cC 337 1.16 £0.65 AA 647 1.19£0.58
TC 536 1.16 £0.54 CA 379 1.17 £0.63
T 212 1.22+0.62 cC 59 1.06 +0.42

152954029 1.004 0.367 15505151 1.817 0.163
AA 2718 1.17£0.51 AA 975 1.18 £0.60
TA 531 1.19£0.65 AG 87 1.08 +0.47
T 276 1.14£0.53 GG 23 0.67£0.22

15714052 4.332 0.013
(60 79 1.05 +0.47
TC 400 1.13 £0.60°
17 606 1.21+0.59

TE: TG = =R ;15 rs964184 fii g CC R B LLAL, " P <0.05;
#,°P <0.05; 155 15714052 {7 5 TC SN 4, P <0. 05

5 15964184 {7 5 GC HEPI B H 45, P <0.05; 5 rs714052 i 5 CC B[R B 1
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Figure |  Schematic plot for relationship between genotypes of rs964184 ,

of 1714052 and plasma serum TG levels in Tibetan residents

2.3 VBRI AR AU AR G R SNP B A07 i 4 A
S3HT VUSRI R 964184 | rs714052 £ ki Jk X B4 4
A G PEARNE 25, k6,

RO WAk SCHR IR AT S IEIN SNP {37 ni 5 P9 2
Genetic locus genotypes of lipid metabolism related gene

Table 6

polymorphism in the history literatures

SNP i o WH HapMap ~ HapMap HapMap HapMap
SRR R (BOMA)  CREA)  (GWASEER)  (RBIRAER)

15964184 C G 0. 108 0.244 0. 140 0.130

15714052 A G 0.117 0.098 0.120 0.210

1 : HapMap = AJSFEN4 BRI ; GWAS = &3R4 SEB 0

3 it

15964184 {7 5 F 11 B Y@k KB, 5 APOAL-
APOC3-APOA4-APOAS5 JE R %k i, Hisssyh 11.2
kb, APOA1-APOC3-APOA4-APOAS5 3[R %% 245 4 % FR
(195 10 B 45 b AR 6 9 LR A%, T 2001 4F g %,
R R i i A 48 b 1 ELARBL ] AR B . A DF T R,
APOA1-APOC3-APOA4-APOAS 3 [H %5 v £2 /4~ 36 7 37 5
SNP 0] fig 5 w5 = Wk H i hE A e, AR R B
IR, 15964184 7 g C JERI By 2R, S8 2%
TG KFEF R, 5 GWAS 45545 —3. BT rs964184
P75 7 F APOAL-APOC3-APOA4-APOAS 3[R %5 F i 4%
A, PR A R T SRR R i T Re AN, AR AR
AU R — A AEARIC 85 APOA1-APOC3-APOA4-APOA5
DR 02 1) S R R A T

15714052 i gi i F 7 S Y i iR K BAZIB SER N &
T, T BAZ1B 3[R g5 5 4 2 1 i & bromodomain 25 [
FE" . BAZIB JED S ARG . PR A0 4
YOG, HHEFNZEER 5 MK TG KV 56 & 5 i
B 5 rs714052 A7 5 A1 48 19 3L 38 45 MLXIPL &
A, MLXIPL J& PR 4 5 1 2 (0 s 4 sk 7, HLizd% 5k
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PR AR A B0 UVE F T TG & ke 5C 3k BHUR 2 7
DX, A REAE 28 A AR A A b & 4% AR
— IR 9T 45 3 B 78, MLXIPL 3 [K] 1s3812316 {if
M5 MM TG KM, HHAL3 415 13812316 A
AR A S IR 5 IR TG K FEAISE, 13812316 J HAH
AR 3 AN FLTE 7 S AL B 2 200 kb (BEES, FELE S
BNV 5 BRI G 3L I 1714052 37 5 44 443 T
XA B BN, R 1s714052 47 55 ] BESH 1 52
M) MLXIPL J R 23K i 5% i 1L 3% TG 7K, (B H i n B
55 1064184 fii g —#, UAEN — DBttt 5
MLXIPL 3 R Hh (i 5= 26 5 2 Bl A8 3% 9

AWFFEAE GWAS Hefids b & P PG 0T e A e NG A AR
K F [ rs964184 il 15714052 {37 5 SNP 5 [fi 3% TG 7K F-AH
XK, AL WA SEFEAALS N FA SR & A AR L
IS SRR FEFE X, ST R UE h— s bR
Lo BLAN, AW 5T 45 38 $2 77 APOAL-APOC3-APOA4-
APOAS JE PRI F1 MLXIPL J 5 ] BE 5 7 8 580 e A RE 1 fig
err A oG, HIRTHE M RIERRGESLE— L5, A
FEAES TG BIF 5 R 6 A A 35 PR AR s 38 P9 e Bt A7l
P, DAFEIS] U RO AT NS A I AH 5& 32 PR R ARk AR 57

AR5 38 28 43 A V4 e I S R A A A DG L [R] SNP
PR, s R s R B, 55 P4 S0 AR I TG 7K P A 5%
FE PR 54, 1s964 184 Fll 15714052 F R0 IR .
B AT, X AT A85 PUEUEE A BE 5L T SR s
K WA, AWBFIER K MassARRAY 5256715 iy
MALDI-TOF-MS J£[H 43 BUHE AR AR HA R & . R
JER . ARSI, AR S 5 A AN 4, 1T
F MALDI-TOF-MS 3 [543 T 57 A& 32 5 HR (1 2 RPN
AN RS P A RUORTR] R AR AR 9% 25 51 vl RE A7 7 —
FE RN 22 57 Rk PR 7T o

Zi b FT Ak, P G % N BE IR AC WA ¢ 2R
rs964184 | 15714052 {3i /5 SNP 5 [f1.3% TG /KA %,

M Tak: A, FHILG, TRAL ZBEITA
Fsh, FARELRL, FHILG, 2ERL, FEE
W, AT, BRI BETAHR, LR TR, ZES
ATRAK SRR, Fh5 BREALR. FHILGHETE
XIEE .

AXIA ¥R, EEE LB T,

it WTERRMER R AMR, RBRE, &
EEAF, RAEAF LT PBIE S A, A5
ABMEHRAEREARER, @R A% EEE T SHE
Y| 4 KK B B R E AR B Ao I B K BE R 89 BT LAk
AR
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