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CEHS :0253-3626(2006)03-0343-06

— B RAEIEH 5 ML BB P S
B 5038 S SR ER K &

LR, AR EFF 2 MEH
(1. ERERKCEMRE B LR 2. £YEF TRBIRE, HK  400016)

[ E]8 e . HRIUEARE NOS2 G-954C .NOS2 C-1173T.NOS3 T-786C .NOS3 A-922G 5 NOS3 G894T 5 i S B H M
EEMREHEMERSOCHEAMGEEIENER, 7k BILEEARABNEK 166 HEFXR (B 89 Fl,% 77 6, F8HN
62.40 £2.5 % ) ,IRBOLER Bkl A A AR N 4 DNA, RASMERR 514 PCR BARKN NOS3 5 MILAMWEFRY, FAR
FAYPrIET ST NOS3 By 5 % SNP BYSERI3E ; FIFH (HPS 3 R IR MR IE 0T R G804 ) Rl A B ABE 515 (HPS)
B R NOS2 G-954C #H GG 5 GC LK #F H APU.RPU.RUH. APH.RPH UK TPV E2M LEEHER (P>
0.05), NOS2 C-1173T SNP #%# CC S EEE K HPS 5248+, X RPH 2 TT S EERER, ARFEHER (P<0.05),
NOS3 T-786C H## TT.TC 5 CC H#E5HH#H HPS LS KL R FHESH (P> 0.05) ,NOS3 A-922G F#H AAAG 5 GG
BEAEEF HPS SO E R EH LS (P> 0.05) ,NOS3 G894T FF## GG.GT 5 TT F5 U EEF HPS IS LR, Wy
GG H (R FH{L APH £ TT FNEEEEM A REREF (P<0.01), £4i#:NOS2 C-1173TSNP 4R TT 53 RPH %
FX,NOS3 G894T ZEAF R TT IR5H APH EA X, 7R NOS2 C-1173T 5 NOS3 G894T SNP T BEf& B H HPS iS4 £ 5
HHEEREE,

[x@if |- 8BS BEERESNE; CHARGES

[REBHHFEHH B ]R349.5 R544.1 [ XREtRIRAB]A [ 4% B 9 ]2005-11-29

Association between heart period signal spectrum features and single

nucleotide polymorphisms at 5 sites of nitric oxide synthase gene
MA Houxun, et ol
(Department of Geratric, the First Affiliated Hospital, Chongging Medical University)

[ Abstract ] Objectives: To search for association between heart period signal spectrum features and single nucleotide polymorphisms at
five sites of inducible nitric oxide synthase (INOS, NOS2) and endothelial nitric oxide synthase (ecNOS, NOS3) of NOS2 G-954C, NOS2
C-1173T, NOS3 T-786C, NOS3 A-922G and NOS3 G894T in the Chinese Han nationality population. Methods: Genomic DNA from
166 individuals (female 77 and male 89, age 62.40 + 2.5 yrs) selected randomly from Chinese Han nationality population as research ob—
jects was obtained. The SNPs of NOS2 G-954C, NOS2 C-1173T, NOS3 T-786C, NOS3 A-922G and NOS3 G894T were genotyped by
allele-specific primer (ASP) PCR technique. The allelic genotypes of five sites SNPs of NOS2 and NOS3 were determined by clustering
analysis technique. The analytical software for spectral features of heart period signal (HPS) was applied to determine the spectral parame—
ters of heart period signal in the groups. Results: The spectral parameters of HPS, including absolute ultra-low frequency power (AUP),
relative ultra—lower frequency power (RPU), ratio of AUP to AHP (RUH), absolute high frequency power (APH), relative high frequency
power (RPH) and total power value (TPV), were not significantly different between the groups with GG genotypes and with GC allelic geno—
types of NOS2 G-954C (P> 0.05). Among the above parameters of HPS spectrum, only RPH in the group with CC genotypes was signifi—
cantly lower than that in the group with TT allelic genotypes of NOS2 C-1173T (P < 0.05). There was no significant difference in the pa—
rameter values of HPS spectrum among the group with TT, TC or CC allelic genotypes of NOS3 T-786C (P > 0.05). No significant differ—
ence in the parameter values of HPS spectrum was noted among the groups with AA, AG or GG allelic genotypes of NOS3 A-922G (P>
0.05). The comparison of the above HPS parameters showed that only APH was significantly lower than that in the group with TT allelic
genotypes of NOS3 G894T (P < 0.01). Conclusion: The TT allelic geno-
EENR: LAM966- ), B #MELEF HLE, type of NOS2 C-1173T is associated with the increase of RPH and TT al-

EZERATO XL CLTRAXBEEERE, lelic genotype of NOS3 G894T is associated with the increase of APH in
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the HPS parameters. This suggests that single nucleotide polymorphisms of NOS2 C-1173T and NOS3 G894T may be the further causes of

the variability of HPS spectral parameters.

[ Key words ] Nnitric oxide synthase; Sngle nucleotide polymorphisms; Hart period signal

LoBNARRES (heart period signal, HPS ) T &%
SIHTAE g — R E M2 RS R R
T AR R . B S EIE] HPS HER 5
R BR T S0 22 R G0 1 M s HPS 3 RS S B AR
WAL Z RANTENRY, EAMTRAY, LR TR
( heart rate variability, HRV ) 55 JE /7 Jz §He /B AR
ROBERTUER B Fifetr. —8MWA (ni-
tric oxide, NO ) Yy —Fh 30 B 22 BH#5 , B A I
i F A2 RO AT A TTIE S, B PR BE
M3t , S O AR A2 IR 22 R BB B2 L, [ It NO 2
AWM E S MAETTRESD, IR0 AEXS
EMZE RPN L E/EH . Souza F R KB, 1
L-NAME (L- fZAE QR P BE ) 5 M R K R
HARSTH .0 84 T A AWK, Chowdhary
S e A2 B NO W .0 AR (HRV) K&
BrIE . Wang FHRIEAA NO KF24L,F 30%
BZ B —F LB S’ (nitric oxide synthase, NOS ) &
HE SRR, NI A SR R RE—RLRE
¥ (endothelial NOS,ecNOS/NOS3.) #:[H T-786C.
A-922G 5 G894T BB H ML A4 (single nucleotide
polymorphisms,SNP ) LA 275 3tk — B AL E -5 B8 (in-
ducible NOS,iNOS/NOS2. ) G-954C #1 C-1173T SNP
5 HPS ThRIEFHER R RFITOIR, BELRER
ZABME HPS IRIEFHER AT REER R, LIFHRATEE
RN HPS DR RFIE R S0 R A,

1 BARNKEFE

1.1 #FRstg

PEDLEEE 5 R ABEMA 166 AME AT %, 5B 89 4,
Z77TH, B &R 116 1 EENR 3575 %, FHER
6240 £7.5 % . BRI R KIET B KT 3 H A4 A 2L
T, 15K 8 &EHE&BATUEAE.
12 Fk
12.1 DNA R Kt EDTA Hish g4 m 1ml, A DNA
BRE WAk (th HSEFEEY TRARA R ) it
B AR RS DNA, 8T 1208 ik , B2
$& (EB ) %, WD-9403D RIESMMT{UR TS DNA,
1.2.2 NOS3 5 NOS2 #[K SNP B3¢
1221 5t WERFAESIYFREH (0 NOS3 R

FE% ¥ H GenBank NO. AF032908. Homo sapiens endo...[gi:
2642641];NOS2 HEFFI%K B genBank NO. AF017634. Homo
sapiens indu...[gi:3421050] ) ¥4 35 [ NIH B9 NCBI ( National
Center for Biotechnology Information ) 1§ BLAST #({4## %, R
HiERM., 2B Primer 5.0 BB HA R RS,
EREFIHBIYFIINE PR ESEEYERERL
A& H. FriZits|¥Fsme* 1 Fin.
1.2.22 NOS3 5 NOS2 #[ SNP W FMAEREN
BEEESMSIY (nested allele-specific primer ) PCR 3 R
( NASP-PCR) # Ml NOS3 T-786C.NOS3 G894T ,NOS2G-

* 954C 5 NOS2C-1173T SNP DA B | F 2 — S {u R R 4 Rt

5|¥)(single allele—specific primer)PCR $R® ( SASP-PCR ) &
W] NOS3 A -922G SNP., EL{&J5 ¥k : 5 B8 SCER-9eb BT R FAG W
LT E iR EE BB,
1223 PCRUARKHRM KM KW NOS3T-786C 5
NOS3 A-922G SNP #J PCR R4k & # i F EX Taq 8§.10 x
EX Taq B52E ¥k MgCl, . ANTP ( dATP.dTTP dGTP dCTP ) th
FEXEZEYERAFRE, NOS3 G894T .NOS2G-954C
5 NOS2C-1173T B PCR [ i % it Fl Hotstart Taq A% .10 x
Hotstart Taq B§2% #P# \MgCl, .dNTP ( JATP.dTTP dGTP dCTP )
B E KB (Times ) Y H R A AR, PCR R EH
R 44 : B BRSCHRBIBT R AR PCR R R R HLR B & A it
7o
1224 PCR =Y hE HU MY 2% g 5K
Bk (EIKACH DYY-11 HiR =18 2 A 3k AY , LRt —1%
]/ FEARMEGER Ik , IRALZ 52 (EB ) Y65 ( BUASHER EB
BAKEEEEWERAR™& ), WD-9403D %50 537
AL CAEFEA—L B8 ) FMHIESE PCR 458 .
1.22.5 HPS MIREIERMFE FHRRALBERE
BREEYTRFRZHHITN (HPS SR IBMERHE
SR GE ) KWk AR 3 AHAIE S (heart period sig-
nal, HPS ) i . AT R G FE e ARk (ECS BUKER REER Kt
BHLRSIER4Y, L 300Hz FRESARERE CM5 BBMY
LELFS (ECS ). M ECS 325 512 RR |14 B0 %T Rt
[BIFF3), ¥ 0 HPS., AR L3RG SS R E Al
FHERGEH.

St AL FE 00 T E WX R B0 166 42K H REMEM
Bt 8min B0 ERAES (HPS ), #)F (HPS i & 1 IR 4%
E5347 R 45 ) ¥E HPS ThERIEFHE 7. HPS ThE&RE-AIE LT
# (total power value, TPV ) , 4%} SAEXS AR KSR ( absolute
ultra-low frequency power / relative ultra—lower frequency power,
AUP/RUP) . 45 Ej#HXFESHII#E  (absolute high frequency
power / relative high frequency power, AHP/RHP ) B H B K45 /
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F 1 NOS3 T-7860 NOS3 G894T NOS3 A —922¢ NOS2G-954C 5 NOS2C-1173T Arigitays|$ 5l

SNP primer
-AGT CAATCC CTT T

GOS" —CAT GAG GUT CAG CCC CAG AAC=3

G TG TCAC-3

NOS3 GRO4T T,

NOS3 RO4T:

—TGC TGE TCC AGE COC CAG ATH-3?
—GAA GGA AGA GTT CTG GGG GCTICR3!
NOSIT-7860C (.3 -TTT CTC CAG CCC CTC AGA TG-37

NOS3 RO

MISF-T86C:5" - GOGC AGA GGC AGG GTC AGA CG-3'

NOS3-7861

I,

— CAT CAA GCT CTT CCC TGT CT-31

- AGG CCC AGC AAG GAT GTA GT-3"

NOS3 A 9226 P1 57 -ACC TTA TCCTCC ACT GCT TTT CAG-3"
P2-1{-9224%) 5' - GCT GGEC GTT TGT AGT TGC GI-3"
21-2(-922G) 3" - GCT GGG GTTTCT AGT TGC Gig-3"

NOS2-G954C PI §° - OTC AAC TTC TCC CTA ATG TAG TTG-3"

P2 5" -TGC CCA GGTTCC AGA AGG CCA G-3
NOS2-954C: §' = GCTTCA GAGTTC GAG ACG \K:‘ri'
NOS2-954G: 5" - GTT TCA CCT TCT TGT CCT 'I'(,{C‘LT
NOS2-C1173T  P1:5' —GAC AAA GTT AAT ATA TTA TGC TG-3 *
P2:5" —CCC ATA CAT ATG CAT TTT TCC
NOS2-1173C'S" —TGG TAG CAA AGT GTI GGG AG-3
NOS2-1173T'5" —AGT CAC GCT TGA TCT CAC (B3
g IHE 2% A7
5 L ( ratio of AUP to AHP, RUH) K47 #2541 Ho (0 1 v DL A BE NOS3 T-786C \NOS3 A-922G &
NOS3 G 894T S\P (1

3

wprimer 9145 9142

P AR A A (AL TR S i

of absalute low frequency power to AHP, RILH J

1230 RBAafr A VIR SR T

L P<0.05 {f

+ bR e,

S 010 )

387hps
SAE MS-OFFICE2000 () EXE]

it &

250bps

176bps

b
i

NDS3 T786( SNP Hi?

FNOS2 C=1173T 5 N0S2 G-954C S\NP
J PCR 7=y

GEHLOE 1) M FAAS [GO-r AG

M CT CTTT
2000055

10000y
F501 — |

250k

Dby —

NOS2 C-1173T SNP

NOS2 G-954C SNP Hi ik %
[ 1 A NOS2 ikl R

NOS3 A-922( SNP i 3k [%]
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P R 32 97 1 R 76.819 5 23.19% .MM G894T
SNP GG .GT & TT
52.20%
D00bps fii] ), Gt
28.52% ;

Shibps

250hps _ 206hpe

100hps

NOS3 GRILT SNP
[l 2 P ABE NOS3 il

51)

Rk AFE— DAL
LB
NOS2 G-954C SNP GG .GC B C(
AT R 57.83% (96 5] ) 41.57% ( 69 fii) )
0.60% 147 ),G ¢ o B [ B A6 A :?:;
55 21.38% ;NOS2 C—1173T SNP C.C,

F AL J.é K] Yy A 4 % 1 R 60.849 (101
31.93% ( 53 {1 ) B 7.23%( 12 {4 )

i A

5}* A

] 26 ) 45 22 43 ] K 52419 ( 87 4] ) 42.77% ( 71
f5i] ) K 48266 (R M) A 5 G % ESE RS

o3 R 73.80% 5 26.20% ;NOS3 T-786C SNP TT,
TC B GGG LRG435 554290092 {4y,
28.92% ( 48 (3] 1 K 15.66% ( 26 ] ),

[H B fy Sk 69.88% 15 30.12%

23 PR ABE—EL

A i HPS »/, E

sl
Y HPS 2
GGLGC
. RPH |

RPI RUH.RLH VJ Fz TPV |44
; SOENE APU L RPU RUH % GC 4
K EEHIE, (e 25 R (P> 0.05)
y HE[K - APH .RPH .RLH B4 % TPV
.1'H* =

T2 UEABE NOS2 B NOS3 5 M & SNP RS EER RS5O E S E

Al genptype VTS ALl APH [ ke Hrl’\II RLi TPy

in) ms ms e T i e ms*
NOSIT-786T 92 47543717 242.0=3353 369=174 240=166 489=801 L172082 889127112
NOSIT-786C 48 55854718 309.4:5077 S82=183 23.0:187 565735 1482 (46 102028140
NOS3 G-786C 26 4743=4834 237.0 4803 603160 2234169 STI615 [26= 104 8347+8514
NOSIGBO4G 8BS  536.6£4587 198323168 596162 202+ 144 6054925 141=121 895.0<7586
NOS3GBO4T 64 407133199 3363£5519 S5S3+200 2672206 411414 1092086 §96.5<840.9
NOS3 T8941 17 4587+3523 S8SS+13074 S548=190 289=19.0 3204267 O083£060 124732 17327
NOSIA-922A 87  4735=4041 30106950 SRS5<1 131 £ LI8 9409+ 10454
NOSTA-922G 71 495824164 2719:4489 S6.0+192 247:181 4564490 114:084 942247650
NOS3G-922G 8 698.0=5372 3550£369.0 68118 269%137 314+280 0912082 1226049633
NOS2C-I173C 101 S144+5042 226323907 598165 206+147 S523:756 1242097 = 9646
NOSIC-LI73T 53 454924226 294.8=4649 5462197 2632209 5152700 134+120 92458493
NOSAI-LIT3T 12 7802212393 380624727 SL0=196 324=197 268=248 073£053 O85.8 £ 8711
NOS2G934G 96 4B4T=4154  3276£T446 S64+194 2405190 460457 128: 100 57944 10546
NOS2G-954C 69 49494064 25844170 SE2:165 2374160 S522+846 1222100 OISS=RI0OGE
NOS2C-954( I 808,02 1051.20 39.46 49,58 0.80 022 2047.73

Allele genniype: APL APH 43 5 41 o e B RPU % Ih,lf‘lmq s

RPH : 4§ 4 RUH:

i ¢ A L

RLH : I 4
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CC.CT 5 TT & #£E B K HPS ThRIESHILE,
HERBR: #H CC H &R #F APU.APH .RPH
5 TPV 8 TT & HE &L, (X RPH H B EHER
(P<0.05); ## CC % {y#HF%& RPU.RUH.RLH
BHTTEMERES, BXBEHERYE (P>
0.05), HRELE 2.

233 DU AEE NOS3 G894T SNP & vk A iy
HPS TR LR HEHF NOS3 G894T SNP # GG,
GT 5 TT &£ F R K HPS IhRE S, e
BB ## GG A HFEHE APH.RPH LI K TPV
BTTEMEEER, NAPHEBENRER (P<
0.01;:=2.754) ; #HH GG Z{1#E K H APU.RPU,
RUH.RLH ¥ TT & EF & E BRSNS IEE
BEWER(P>005), HAERLE 2,

234 WIENAEE NOS3 A—922G SNP & & 5 H &Y
A HPS ZhEAFAE  #EHF NOS3 A-922G SNP H)
AAAG 5 GG ZNEFRI M HPS THRiES K
BOHER DR B AA S K% APU.APH,
RPH LI % TPV 8 GG S EFH K, B LB EEE
FE(P>0.05) ; #84 AA (& & RPU.RUH.
RLH £ GG EhiEFEA R, b LB EHERME (P>
0.05), HEHERE 2,

2.4.5 XN BE NOS3 T-786C SNP £ Z5{y B &Y
B HPS Zh 3 E4F1E #EH NOS3 T-786C SNP A
TT.TC 5 CC FEER M HPS ThRES LB,
HERBR: #B% TT S EHF#& APU.APH.RPH
IR TPV B CCEMNERER W LB E®ERM
(P>0.05); ¥ TT F{uEHE& RPU.RUH I Kk
RLH 8 CC M EREM, BLXBEEHERH
(P>0.05) , HA¥ERLE 2,

3 it g

NO fER—FRE ZMAEYEES FELME
RERAEFMEK S AN ME, FERTLOM
WHESHFRDBERONEBEFHEEREEE
FWER ., EAPIFRIESE NO XF Ak & J& BBl e 2
ARG R EMZFETER. Chowdhary ZOH5
RBTEER AR NO X2 E M H .0 R EAH IR

fER RA¥E R RS EC BB HEHM

3 NO =4 (NO/+NOy ) S BB E B TRBEA L
LA ML S 3B B E R RS S0 BER
B EHIE AR T AR NO 8L, XUEH

FHi NO B2 7] F 2 IE.LFE R B 324 .0 AE R 32k
WA THRER M —FFIRIT T
LRERNRESTRATAIHERRETE
W EEFRZ—. 1996 4 ( B -LAERF S
EWFEHES B A4 F 22 Y Task Force BFFTAHBMR
WA T DR R RIIIRAE A HE R
ARG N FE FE RS, B T DEREFENAE
& R A, 1999 4EH 2 E BREOEL
B HAOS ARG SIS E SR B O RER M
R AETHAERAEIENEY, FEHRMRE
HPS ¥ BB TR BB E X, EFHITFMK
FH AR EVER, BH T HPS R MR E T
Po BABIRIESL NO 1E NI e 22 BEL A IR Lo
A EMZRAEEEEATER, Chowdhary Z1
4% NOS #i#I7) L-NMMA ( L- A28 B 3O 4
) S5%8EEEMARLCEEREEMETEI,
HITE NOS MBIRIA I L RE B R RS EE T
EREANRNE/D; B R B NOS M4 LE/HF
HEBMERE LREENESE, MR NO R
A #H.LFE R (HRV) MBS (HF ) 5 KE
Fo T Gori %UBHFTHIR PUFREE(HE FIRKBR H b (1
4 NO 4K ) W ABEHF 3 RR (FR4E.0 B E AR
RR [A]3 ) B B 4556 ,RRSD (R-R M AbREE ) B
ERRAK, RIEHESATI R / BARTh R L I, BR{EeH
TSR FITS RR H T 78 U855 I 5 1 2Kk i 2 1 0 R
BEA,
XFLUERERHEREHXSHZIRIELR
PRI 5 2B RED, i1 Wang F9% BFEINAE
hAE ME B RFHBEEREK DD EF BRI &
HORBREAS (4$E TP.LF \HF X LF/HF H
EZ)HBET IR ID XERBHE XHBTR
#eiiF DD EF RN S B E AT - O 2
IREEFLN B AR Stolarz ZM BFZY K M4 iR,
HWIMER < 190 mmol/d Bt , #4F CYP11B2 -344T
2 B A E HANENG# LF 5 LF/HF HAER B, HF
WA ; T ATIR 1166C F{L HRHH EH LF, HF 5
LF/HF HARARA B SUN 18.55 o Suzuki ZFUSHF 5T
HAFEZ AN o-2B AR12GIu9 M 5.0R R4
L)X R, RIEH o« -2BAR( 2B 'F |
JREREZIARE ) Glu9/Glu9 ( Glu: HE RS ) A%z
ERAB T E MRS RARAIEHE ST «-2B AR
Glul2/Glu12; X#t#/N o -2BAR 12Glu9 £75MHE
AR A EMERENEFBUCHIESL. Sivenius
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axuonh B BIEH o ~2BAR Glu9/Glu9 EMERIKHIF
PEAR B MK B M2 B X RMERER
OPEREREE E R B Yasuda Z #5T GNAS1(Gs
EH o TEE -1)T393C SNP 5 5 THEREIEE
XA EI GNAS] TT+TC #EHE MEMNE BRI
BRBBSBIZBEMERRFR CCHEHEHBRE
K, XA ZEFEZEESEENERAENF
%, ERBHRFREFEEEEN B EFHERGIES)
(BURERERE ) WIEAA BEHER.
HEIXT NOS HEEAHSLRERERR

R EL, Mt ENKEAFER NOS3.NOS2 £
HEEHSORERERXRPIR M THRE . A8
RS RE SIS EE RN B EHBREEHE
RWEPR. RABHBERERN KEAY TRAREHN
BT 6 (HPS 15 R ILIRMAFAE AT R G ) Rl A
OO RARE ST, RSGE I EUEAR
NOS2 G-954C.NOS2 C-1173T.NOS3 T-786C .
NOS3 A-922G 5 NOS3 G894T 5 i & SNP R K
FUERSOHAPESEOMEEERR LI (1)
NOS2 C-1173T SNP ### CC S &% HPS i3
¥ (A% APU.RPU.RUH.APH.RPH Pl & TPV
F)H (Y RPHER TTESMNEEEHERME . &
BEHESR (P<0.05),(2NOS3 G894T SNP Fhrjf#y
GG.GT 5 TT #E (£ E A HPS S L, #H
GG FMiEEHEH APH EE TT SR HEZHK
(P<0.01) , HAW LB EHER(P>0.05), 3K
4% NOS2 G-954C \NOS3 A-922G K NOS3 T-786C
SNP BEMNEREW LI AYMESESHEHLE
EHER(P>005), ERFIRERER NOS2 C-
1173TSNP A & TT 5 H RPH # & A& 3% ,NOS3
G894T RAF RS TT AR5 APH ¥ EH X, XK
NOS2 C-1173T 55 NOS3 G894T SNP A fE & B i
HPS IEfHEE REMBRERER ., CHEWRRSE
P NO /KPR 4E, B 30%R3% NOS 2 B AR
W)™, BR U, BT DA, NOS ZEEH £ A M Xt HPS B2 M
AT EERE RN NO KT RIEVERR, BV
EAMEL R NO KW RIFEVERRY .

(RiRAEA MEF i EREMRFEPES TR
B E E-mail:bmezxxie@163.com)
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