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Abstract . To study single nucleotide polymorphisms (SNP) in A-922G. T-786C and G894T of endothelial nitric oxide
synthase (NOS3) and to correlate the distribution of their allelic combinations with hypertension in Chinese Han nation-

ality population, genomic DNA was isolated from venous blood leukocytes from 192 unrelated patients with hyperten-
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sion (95 females and 97 males) and 122 healthy unrelated individuals (46 females and 76 males) as controls. SNPs of
NOS3 A-922G, T-786C and G894T were genotyped by allele-specific primer (ASP) PCR. The distribution of genotype
combinations of three SNPs was determined by clustering analysis. There were no difference in allele genotype distri-
bution frequency and haplotype frequency of NOS3 G894T, NOS3 A-922G and NOS3 T-786C between the essential
hypertension group and the healthy population (P>>0.05). According to sex stratification, no association between es-
sential hypertension and SNP of NOS3 A-922G.NOS3 T-786C or NOS3 G894T has been found in either the male sub-
group or the female subgroup. In respect of allele genotype combination frequency in the natural distribution of NOS3
A-922 G, NOS3 T-786C and NOS3 G894T SNP, there was significant difference only in the allele genotype combina-
tion frequency of NOS3 G894G+ A-922G+ T-786T between the hypertension group and the healthy group (P<C0.05,
x> =4.5944) . According to sex stratification, there was no significant difference in all above allele genotype combina-
tion frequency in three sites of NOS3 SNP between the hypertension male subgroup and the healthy male subgroup( P
>0. 05). There was significant difference in the allele combination frequency of NOS3 G894G + A-922G+ T-786C be-
tween the hypertension female subgroup and the healthy female subgroup(P<C001,x* =8.502). There was no associ-
ation of SNP in NOS3 A-922G., NOS3 T-786C or NOS3 G894T with hypertension in the Chinese Han nationality popula-
tion, nor was there a sex difference. The combination frequency of allele NOS3 G894G+ A-922G+ T-786C in the hy-
pertension female subgroup was much lower than that in the healthy female subgroup, suggesting that female population
with this combination genotype may be less susceptible to hypertension.
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Table 1 Primers and annealing parameters
Theoretical Duration of
Annealing  Operation
Primer annealing annealing
SNP sites Primer length (bp) temperature temperature temperature of primers
GC(bp) AT(bp) () c)
) (S
(P1)To AGT CAA TCC 22 1 1" 66 61 63 63
CTT TGG TGC TCAC
(P2)Gp CAT GAG GCT 21 13 8 68 63
NOS3 CAG CCC CAG AAC
G894T 894T. TGC TGC TGC AGG 21 13 8 68 63
CCC CAG AT [TJ
894G:GAA GGA AGA GTT 21 12 9 66 61
CTG GGG GCT [C]
(P1)Co:TTT CTC CAG CCC 20 1 9 62 57 60 60
CTC AGA TG
2684C: GGC AGA GGC 20 14 6 68 63
NOS3 AGG GTC AGA C [G]
T-786C  2684T. CAT CAA GCT CTT 20 10 10 60 55
CCC TGT C [T
(P2)To: AGG CCC AGC 20 1 9 62 57
AAG GAT GTA GT
P1 ACC TTA TCC TCC ACT 24 1" 13 70 65 59 30
GCT TTT CAG
NOS3 P2-1 GCT GGG GTT TGT 21 12 9 66 61
A-922G AGT TGC G [T
P2-2 GCT GGG GTT TGT 21 13 8 68 63
AGT TGC G [C]

1.2.2.2 NOS3 T-786C SNP  NOS3 G894T
NOS3 A-922G SNP fol

PCR (nested allele-specific primer,
NASP-PCR) NOS3 T-786C SNP  NOS3
G894T SNP, PCR

(single allele-specific primer, SASP-PCR)

NOS3 A-922G SNP
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2 PCR
Table 2 PCR reaction conditions
Product length Predenaturation Denaturation Annealing Extension Cycle number
SNP site
NOS3 T-786C 387 bp (C:176 bp,T: 250bp) 96 hot start 94T 30s 60T 30 s 72C 30's 40
NOS3 A-922G 239 bp 95C 3 min 94T 30's 59T 30s 72C 30's 40
NOS3 G894T 206 bp(G:141 bp,T:107 bp) 95C 5 min 94T 30s 63T 30s 72C 30's 40
3 PCR
Table 3 PCR reaction systems
Taq
DNA
Upstream Downstream Taq
ddH, O  Buffer  MgCl, dNTP Wildtype allele Mutated allele Template
primer primer polymerase
SNP site (uL) (uL)  (mmol/L)  (umol/L) specific specific DNA (ng)
(umol/L) (umol/L) w
primer(umol/L)  primer(umol/L)
NOS3T-786C * 2 200 0.125 0.125 0.5 0.5 0.5 100
NOS3 A-922G * 2 200 0.25 0.25 0.25 0.5 100
NOS3 G894T * 2 200 0.125 0.125 0.5 0.5 0.5 100
* g 20
* ;add the whole volume up to 20 L.
NOS3 T-786C NOS3 A-922G SNP (P>
PCR Taq EX Taq 0.05), NOS3 T-786 C
. NOS3 G894T PCR TT.TC.CC
Tag Hotstart Tag (P>0.05), 4,
(Times) o ) ,
1.3 NOS3 G894T.NOS3A-922G NOS3
SNP , T-786 C
, (P>0.05), 4,
N o , 2.2 3 NOS3 SNP
o 192 122 ,
, P<0.05 10 NOS3 G894T + A-922A +
o T-786T, NOS3 G894G + A-922A + T-786T, NOS3
MS-OFFICE2000 EXCEL o G894T + A-922G + T-786T6., NOS3 G894G + A-922A
9 + T-786C3, NOS3 G894T + A-922A + T — 786C,
NOS3 G894G + A-922G + T-786T, NOS3 G894T +
2.1 NOS3 A-922G+ T-786C,NOS3 G894T + G-922G+ T-786T,
3 SNP NOS3 G894G + A-922G + T-786C, NOS3 G894G +
A-922G + C-786C. NOS3
NOS3 G894T G894G+ A-922G + T-786T
GG.GT.TT G.T , (P<C0.05, x* =4.5944),
(P>0.05), (P>
NOS3A-922G AA.AG.GG A.G 0.05), 5,
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4 NOS3 3 SNP
Table 4 Allele frequency distribution in three SNPs of NOS3 in the healthy vs. hypertensive Han nationality groups

Hypertension group

Allele genetype Total Frequency of total Female subgroup Frequency of female Male subgroup Frequency of male
sample( % ) subgroup (%) subgroup( % )
NOS3 G894G 76 39.58 42 43.30 34 35.79
NOS3 G894T 89 46.35 43 43.30 46 49.47
NOS3 T894T 27 14.06 13 13.40 14 14.74
NOS3 A-922A 98 51.40 48 48.45 50 53.68
NOS3 A-922G 75 39.06 43 44.33 32 33.68
NOS3 G-922G 19 9.90 7 7.22 12 12.64
NOS3 T-786T 113 58.85 62 63.92 51 53.68
NOS3 T-786C 48 25.00 18 18.56 30 31.58
NOS3 C-786C 31 16.15 17 17.53 14 14.74

Healthy group

Allele genotype Total Frequency of total Female subgroup Frequency of female Male subgroup Frequency of male
sample( %) subgroup (%) subgroup( % )

NOS3 G894G 46 38.52 17 36.96 29 38.16%

NOS3 G894T 53 43.44 18 39.13 35 46.05

NOS3 T894T 23 18.85 " 23.91 12 15.79
NOS3 A—922A 62 50.82 24 52.17 38 50.00
NOS3 A—922G 40 32.79 17 36.96 23 30.26
NOS3 G—922G 20 16.39 5 10.87 15 19.74
NOS3 T—786T 61 50.00 25 54.35 36 47.37
NOS3 T—786C 41 33.61 18 39.13 23 30.26
NOS3 C—786C 20 16.39 3 6.52 17 22.37

5 NOS33 SNP

Table 5 Distribution of genotype combination in 3 SNPs of NOS3 in healthy vs.

hypertensive Han nationality groups

Combination genotype Healthy group Hypertension group

NOS3 NOS3 NOS3

(%) Female (%) Male (%) (%) Female (%) Male (%)
G894T T-786C A-922G  Total Total
subgroup subgroup subgroup subgroup
1 GT AA TT 17 13.93 5 10.86 12 15.79 26 13.54 9 9.28 17 17.89
2 GG AA TT 14 11.48 5 10.86 9 11.84 26 13.54 15 15. 46 " 11.58
3 TT AA TT 3 2.46 2 4.34 1 1.32 7 3.65 4 4.12 3 3.15
4 GT AG TT 9 7.38 6 13.04 3 3.95 19 9.90 13 13.40 6 6.32

5 GG AG TT 5 4.10" 2 4.34 3 3.95 21 10.94* 13 13.40 8 8.42
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5

Combination genotype Healthy group Hypertension group

NOS3 NOS3 NOS3

G894T T-786C A.922G  Total (%) Female (%) Male (%) Total (%) Female (%) Male (%)

subgroup subgroup subgroup subgroup
6 GT AA TC 8 6.56 4 8.70 4 5.26 15 7.81 8 8.25 7 7.37
7 GT AG TC 4 3.28 1 2.17 3 3.95 9 4.69 3 3.09 6 6.32
8 GG AG TC 7 5.74 4 8.70~ 3 3.95 4 2.08 0 0~ 4 4.20
9 GG AG CC 5 4.10 1 2.17 4 5.26 6 3.13 5 5.15 1 1.05
10 GT GG TT 5 4.10 1 2..17 4 5.26 5 2.60 2 2.06 3 3.15
11 GG AA TC 8 6.56 4 8.70 4 5.26 6 3.13 3 3.09 3 3.15
12 71T AA TC 5 4.10 2 4.34 3 3.95 3 1.56 2 2.06 1 1.05
13 71T AG T 4 3.28 2 4.34 2 2.64 6 3.12 3 3.09 3 3.15
14 GT AG cC 3 2.46 0 0 3 3.95 5 2.60 4 4.12 1 1.05
15 GG AA cc 3 2.46 0 0 3 3.95 5 2.60 3 3.09 2 2.10
16 GT AA cc 3 2.46 1 2.17 2 2.64 8 4.17 3 3.09 5 5.26
17 GG GG TC 2 1.64 0 0 2 2.64 3 1.56 0 0 3 3.15
18 GG GG T 2 1.64 1 2.17 1 1.32 1 0.52 1 1.03 0 0
19 GG GG CC 0 0 0 0 0 0 4 2.08 2 2.06 2 2.10
20 GT GG TC 3 2.46 0 0 3 3.95 2 1.04 0 0 2 2.10
21 GT GG CcC 1 0.82 0 0 1 1.32 0 0 0 0 0 0
22 1T AG cC 2 1.64 0 0 2 2.64 1 0.52 0 0 1 1.05
23 TT GG T 2 1.64 1 2.17 1 1.32 2 1.04 2 2.06 0 0
24 TT GG TC 3 2.46 2 4.34 1 1.32 2 1.04 0 0 2 2.10
25 1T AA cC 1 0.82 1 2.17 0 0 2 1.04 0 0 2 2.10
26 TT GG cc 2 1.64 0 0 2 2.64 0 0 0 0 0 0
27 1T AG TC 1 0.82 1 2.17 0 0 4 2.08 2 2.06 2 2.10
Total 122 46 76 192 97 95
* : P<<0.05;/A\:P<C0.01.
97 76 95 46
, 10 SNP , 10 SNP

NOS3 G894T + A-922A + T-786T, NOS3 G894G + A-
922A + T-786T, NOS3 G894T + A-922G + T-786T6,
NOS3 G894G+ A-922A+ T-786C3, NOS3 G894T + A-
922A + T-786C, NOS3 GB894G + A-922G + T-786T,
NOS3 G894T + A-922G + T-786C, NOS3 G894T + G-
922G + T-786T, NOS3 G894G + A-922G + T-786C,
NOS3 G894G + A-922G + C-786C,

(P>0.05),

: NOS3 GB894T + A-922A + T-786T. NOS3
G894G + A-922A + T-786T. NOS3 G894T + A-922G
+ T-786T, NOS3 G894G + A-922AT-786C, NOS3
G894T + A-922A + T-786C, NOS3 G894G + A-922G
+ T-786T, NOS3 G894T + A-922G + T-786C, NOS3
G894T + G-922G + T-786T, NOS3 G894G + A-922G
+T-786C, NOS3 G894G + A-922G + C-786C,

: NOS3 G894G + A-
922G+ T-786C ,
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(P<<0.01,x* =8.502),

(P>0.05), 5,
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