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Abstract: Objective To use the DNA-pool technology to sequence patients with essential hypertension(EH) for exploring the
single nucleotide polymorphism(SNP) mutation situation in Chinese patients with EH. Methods One hundred EH outpatients in
the Shenzhen Sun Yat-sen Cardiovascular Hospital from March to June 2014 were continuously collected. The genomic DNA was
performed the fragmentation process to 400 —800 bp for conducting the database creation and sequencing. The sequencing results
A total of 120. 8 Gb o-

riginal sequence data were generated. The sequencing depth was 36. 13 times, the coverage rate reached 99. 88%. A total of

were compared with hgl9 in the human gene bank(National Center of Biotechnology Information). Results

4 305 668 SNP loci were detected by the bioinformatic analysis,in which the C: G—T: A motation types were miximal, reaching

12 314 variation sites. Conclusion

This study verifies that the data obtained by using the DNA-pool whole genome resequencing

method replenishes the Chinese gene database of EH and provides some help for EH gene reasearch in the future.

Key words: essential hypertension;

Ji e A e L e — 288 st A% G Sk R0 B A TR R AR LA
IR, UL T s o 2GR R A 8O A 2 B g
£ Bz 2R P25 A AIE 2 e B DL e M e 0 T I A O A 32
B fE R R A AR 2T 2012 48 5 A 16 H & i i9¢2012
SRS LA G it )l i 43K 1/3 UAE N BRI LR, 33 Rl s i
M BE T AN B35 P R U5 T 5 88000 A BB T By — 2t
BEE AN B8 VB L B B AR BT R S R AR
B A0 E K UL A SRR R M i s R SRR BT
T 7 5 5 45 T B AL R SR YT .

AW 5T W ] DNA-pool 3% A (fifi i Tllumina 2\ &) @4 Illumi-
na HiSeq 2000 *F- &)X 100 ] i [8 J5 & 1 im i Hs i 2 4 P g
77 mad i EN T, DO 5 K B 7 5 5 &
I Hs B8 38 PR AR A DG I 2 A8 0 1
1 #EREHFE

L1 — BBk B2l gk 2015 48 3 H = 2015 4 6 A I

* BEWB . REEINTRH TR e

whole-genome re-sequencing

SNP; DNA-pool
O LB 5 B 17132 1 e I s JR 2 100 01, 8 25 48 0 31 L 42 11 7
60 % LA MG KR I BT A BF Y EAAEERYIN . 45
BT R AL AR RS T kIS B AR E . A
WS A DG D7 9 b B Y7 LA 9 1 8 FR B 5 MR . K4 v
] 10 977 9 98 R (B = WO X & 1L 7Y 2 W s o X I R T v
LR A8 A8 HEAT 0 3 . 98 A CBR (1) W4 =140 mm Hg
A/ BT 5K E =90 mm Hg I Hl B 4k % P & 105 7T R 19 &4 5
(2>ﬁ%ﬁ%mmrﬁﬂl(mmr%ﬁﬂ‘lf??ﬁ%ﬁ%ﬂfﬂﬁlé"‘
Bl EHZREESAE 1A 1 B RS R AR ) ; (3%
AR <C60 % o FE WS B AR B 2 R A0 A I e L bR 5 A R R
9o TR IR R PR AL T SR — B ) AR L G DX YR
AH— S X BRALBRAS o DLk S A HE 23 J2 38 A9 I BH M O k. I
B A e A R 5 A AR O LR SR — BRI s K
B AN ETEIRE I R R A A S A, IR 4 R LA i
FE 3R B0 B fm K HEAT VAL . SRR 1 AR DL B A O s,

W hI H (JCYJ20140415151845365) .
PEZ B A A SO, Lo, A B A L g 2l L N0 AR PR S I T I FgE . &

{#15 £% , E-mail.: yiwenzhou21 @aliyun. com,



EFH I E S E 201745 A% 38 %% 98 Int J Lab Med,May 2017, Vol. 38.No. 9 ¢ 1173

TR 10 48 DL BRI . SR 1 AR DL O A IR
$ o RF RRIT A v e IR G O i R4 R .

1.2 DNA [#2EC. ik B E B DNA-pool il & 2 Ji il U
ki 2 mL, EDTA 15, >R A i 3 3 I DNA £ s 71 £ 45 5
DNA G R BE2E R 00 i A BR A " 47D o LUSR G B 5 B b
(PCROYGEATY HG . 2505 6 6 B2 3H I & 55 1> DNA B il ik
JE 3 W WO S ME L AR BN 100 ng/ pL B T % 1 & I FE 9 1)
ZH 1 100 /4~ DNA FE 5255 L R A48 g i & 1 = i He 9 41
DNA-pool,

1.3 Tlumina HiSeq 2000 #4745 PR 20 i i = 0 )y A5 2k
P20 DNA F Bk Ab 3 % 400 ~800 bp, 5 i HL Uk ¥ F FF 75 &
FEY DNA Jr B, (1 2 #0514 DNA R B i) 3 s #h F
PE 3" E—A ABRIL. L 3 A — R T e
WAL T-A sepER R R . BT W G 50 R
Y. RERBON MR B, AR5 1T 10~12 75 A PCR,
= rE4e . PCR 58 BUG AT LA BEAT — YR BE e A vk o Ao T SC 122
MBI B . B P14 19 DNA SCPETE cBot b 47 % 4 s
ZJEAE R DA R BE AR I B A R A R B AT 30 A h W
(SBS)#91

1.4 EWERS T8 G A4 UK i 0 T 06 S0 7
BHATENE B F a0 (RIEREERR A RA R #T .
58 NJE IR B0 b 25 B 3k 7 B A & A R R Ns (IG5 2t
FEIPH ., 3l Ak — 25 BRORE A sl B 7. LR B A Bur-
rows-Wheeler Aligner(BWA) J¥ 4 BLUC It 2% 551, PUig (=
S0 BAM #& 2 SCPEAE At X BT A B30 BEAT DLT 2D 3R A 4k
B S mate-pair {5 8 3 F 4165 & AR i B PCR 5]
R EEIFIIE . W b D B B e 20 BAM 048 ok
AT A2 R R . B SOAPsnp & Ml B8 4% 17 TR £ & &
(SNP)™ . Ni FH Segseq J7 i #F 47 H 384U . i A 388
SR T7 AR F 5 RAR I MR RSP S . I U A
WA, B2 ERATEAE XA SRR, A
ANNOVAR B8 5 (19 5 315 F R Bk — 26 1 94
TS BN GE AR AR WA B A 4 BT I A B B AR B R AT A
T8 B I 3 50 5 R AR AR S B T R . R B B
THEFRFIRE G & 1P A LS T gk, G kS
CHIEKARES . ERBR DA AS, B2h AfmLs
TiaHES. Gy CHAES. ERR TN HEE.
& 3 5Kl F2 R e 51 DN Bl R AR AR L 5 B A A . B
G A A RS A T B A R R R B 0 SR B Y
B (<2200 BT o8 43 LU AR I 43 AN L A O A AN A
HEOR . B4 P E A SRR TE )Y 5 AR X B A AL
T AR B 3 B (<C20) T o B A 43 HUARAR » 2R 8 33 A~ 0
JPis . ARG ER TSR R EEREN,

Basepercentage composition along reads
T T T T T T

50

oF

Percent

A L A 1 L A L N n
0 20 40 60 80 100 120 140 160 180
Position in reads

B 1 T EERBERF

Base percentage composition along reads
T T T T T T T T
50 R —

Z400

30

Percent
T ( T
S

20

1 1 L 1 1 1 L 1 |
0 20 40 60 80 100 120 140 160 180
Position along reads

2 TEREF

Distribution of qualities
T T = T T

| == -
- .
35 L .
30 [ z
> 25
o
= 20}
3 .l .
10
5k
of 1 L 1 1 L 1 1 L i
0 20 40 60 80 100 120 140 160 180
Position along reads
B 3 REEBEEFIEHS T
Distribution of qualities
wof = =
- =
355 — —
30
25
>
£ 20p
@
3 15f
10
5
Us 1 1 I | 1 L L 1 "
0 20 40 60 80 100 120 140 160 180
Position along reads
B 4 EREREEFT EHSE
2 % R

2.1 FHEiEE  DNA-pool M JF#E HiSeq 2000 F- & (£, %
Y Hlumina A &) E#FA7. W57 B BE 29 30 f5364F 120. 8
Gb LA 5 5080 A2 L (3 1D Brfa B0 289 4o B 4, 45 Y
KOG LR AL reads, EER R MBI N BT 10219
reads F R BRAKIT & 1Y reads (F5 T it 43 40 Q<5 WY B BE 4% i 88
AP 50 % Lh 1), 2 )5 15 8 4 g s . 7E AT AT A i — b
B 43 BT 22 T 5 240 R 0 5T Jeh 50 AT 3 0 BT A o e A )
WREAHK. ERTARMILIE N=10% [ reads
1 653 434, LR & reads S 52 622 044, 2[R 3E 3k reads N
4 318 602, 4l ¥ HUHE /S IR B S 95. 6320,

*1 HiEREEH

JiH v H J A B
W 4 reads 1283 669 642 1 342 263 722

FETPNUN 115 530 267 780 120 803 734 980
fql SR N BRI ) B0 2 338 506 25 057 177
fq2 ST A NGRS A9 0 3227 327 59 833 054
fql P GC & (%) 41.00~41. 11 41.09~41. 31
fq2 XM+ GC F 8 (%) 41.12~41.18 41.2~41.32
fql =20 MRRIE (00 97.59~98. 71 96. 81~97. 87
fq2 P B =>20 M HREE (%) 94, 93~96. 35 92.29~94, 15
fql =30 MRRE (0 92.06~95.51 90. 98~94. 21
fq2 BB =30 YR EL (%) 87.62~91.09 85.09~88.12

2.2 JEERHE AU ANIEEF 4] build37 Chgl9) fE A%



. 1174 -

Bl i EFRE2017F5 AT BHEE M

Int J Lab Med,May 2017, Vol. 38,No. 9

WA 2% FE A @At BWA 5008009 )5 51 1750 . 5Bk
Z ORI 2 05 ) S B 5 2 75 R 40 LU L 36. 52 A Y T A
JEARE] T 99. 89/ M i 25K . 5 2 F FF FI A UL R R 3K 5] T
95. 7790 AR TRICELAL A 0. 360, 3iE WY A 1 5% 9 W 7 25 51 o
A w5 e S AR AR B 2 B BEE T IR SRR X 5 AR
g 2 PR, AWFFE L SAMrools B4 7 Br & — 4>
H R A0 R I TR 2 A AP 5 PR X R I R

RIS . 764 5L K A0 B R 21 4 305 668 4~ SNP, H:
TR L 28 355 A4~ SNP fi si . 7E4M L F X A 24 900 4~ SNP
PP NEFIXA 1478 121 4~ SNP fii &1, i 4 SIFT (sorting
intolerant from tolerant) #£43 K T 0. 05 Bt #% A N 2 A v GE1F
TEPFE, AR KM A 3 106 4~ SNP i g SIFT ¥ 53 ik F
0.05,H L% 3.,

5
VJE Y SR K F 505 F 45 0 10 IR B 0 B3 BT i 5 4
Hoo &6 BroR X OB IR R LY Bl R T s T g i F
PRI S WA 4. B REGENEIN R, X R R § 8
exome-capturing H Fp X &5 K AL, g 2
®2  MFREEHBE g
Iﬁ H ﬁji’ Iﬁi H ﬁji’ i|l['l‘ .hl-__, S
S 1323 532 708 [ S FHIRR i L3 6.78 e
A5 (bp) 119 117 943 720\ s Ag It 405 962 278 Sequencing depth
VCRL reads 1280 793 667 |[HHEAR (Y0 0.36 5 NEFEREST
VE A5 (bp) 113 873 432 418 I IR 36.52
VERE2E(%0) 96.77 R0 99. 89 100
5 reads 1225 525 181 ||FE/0 4 4 reads B35 %(%) 99. 30
FE BRI (bp) 108 969 083 786|%5/1> 10 4% reads 6% (%)  97.63 & 80
A59 reads (%) 95.68 | HA20 % reads BRK() 9351 g
4 reads 86 789 137 5
5§
3
2.3 SNP RYLHI G HE RS BT S5 R AR i A 4 0 R R L 20
AT A AL SOAPsnp 1 5] SNPs . £ & A~ 2 1 70 (14 5 0k ) 0
TR it 5 55 4 9 B DR 67 49— SR e 910 4138 A R A7 e et e ey o0
Cumulative sequencing depth
CNS #g0, fl FH— S0t 7 2 BT 8 19 25 3 B 2 2% ) 91 22 [) N
F 2 25 3 4 T LA BE 3%  SNP 5 2 5 118 77 ANNOVAR BE  BHNFREAS
x3 SNPs # 18
31 Ko 5 Ko
it reads 4 305 668 LIR7IN A= 174
T A H:H 41 F0 dbSNP135 B4 4 4142 411 4w % RNA 108 685
TN S 3 TR 2 8 58 53 Ak B X 5243
dbSNP135 5 5 14 3 5 5040 o 134 844 53" R R X 11
dbSNP H B (%) 99. 34 W& F X 1478 121
BT R B R 28 355 o SRR U N 1 Ui 22 869
ai i T 553 072 L O G VAl R | E 2 2 S o A Rl AR 698
RET 3752 596 B SR 2R E T 24 545
il % 5875 13 528 A ] X 2 612 499
X 11 594 SIFT #:43<<0. 05 3106
AR L E YRR 82 T 35 A 46 5 46 L 2.122°9
G RS | S Y T 36 dbSNP [X 3 fifi 3L 54 16 5 A 468 L 2.129 6
Hh i F X 24 900 BT BV A R 4 5 T 4G L 1.362 5
Hh S TR BT YT X 340
3 i e RS KREARRHE— 1R [ P 2Z (8] 347 3 & 50 30F 5 B

RIS T it 5 1 v L T Jef R PR F 5 ] 1 O S R I
A5 s S PRUBIT 5 L i 7 388 7% b s AR 328 8100 e B 4 i (R 4 S R 5
S5 5B K L Ty v L E R LR 5 R R R R E IR T —
SRR . TEAR SR BT S b, B ORTAT 5 2 B AR P AR R A
R K- BEMAL GEAGSERRE LRGN E LIRRK
AEARG B OB I RAE N B AR DGR 7 450 L R B0 8
JEE R 26 i (R A6 5 ) BF 58 2 4 v i L7 S 0 1 9 DA S 7
LB 2 o5 AL o RO AE G A B o WS e B A R
4 2 DR 0 TR E 9T P AT S i T s A 19 5 IR AR R

RRZHEE RINEAR R A G214 B2 Mg 3. H
2 B B A JE DR S o5 1) AR S oF I S 1) R i AR L A . il
BRI 22 ] 22 £ 48390F 52 9 36 I TS A 5% W) 19 5 PR 7 A5 1 34 3
1) A B P 43 % AN [R] N 1) s I 1 DR 10 A7 0 A & B FE B
PES3 5 1 e T w85 R iR IR 2 96 2k ST AF 56 1 B R 224 3 R
R S0 B B0 ok T A i I 1 & s XU FT BB R g &
KON e 3 R 2 S B 5T (GWAS) 7 B 8] s AR L R ) T
Vi 2 BT 1Y T AT 1k AA sk ke,

AW 5T F DNA-pool Sy Hfv [ i % 4 & il He iE 47 1 42 L



Bl i EZRE2017F5 AT BHEE 9 M

Int J Lab Med,May 2017, Vol. 38,No. 9

AP, AR 120. 8 Gb Jfah ¢ 5 i, Hod 305 6684
SNP 37 5 - 36. 13 5 i I B PR BE A4 31 T 99. 88 00 i e o5 8 5 3¢
552 7 51 [ VE B %Gk 8] T 95. 68 %, 4515 UL BL{X 4 0. 36 %,
TR T DNA-pool 1ty i 550 vE 5 e A 1 » Dy 4% DL 110y 52 e 1 2
o B 3 A TR PR AR T — A m A Jr i . DNA-pool & BIE S 2
— R LA R A 2 T RIR T A RO RO XK
Xt TR REAS EAT GWA B 5T - AL 415 X i 4% 78 e E AT R AR
Kl FESER B TE L RAATI. BN AR R B T 4
D575 DU RS S5 Al AR OGBS R RS S 4 4

W I AR ST, A LS 8 DNA-pool #F47 & 3E 41 &
W AR WP IT I 2 50, JF 42 Hh PP A T B . FE X BT T
TR BT 7= A T & A Kt Ns SRR Bt A9 A6 /9 120, 8 Gb TI-
lumian FUARECHR . /NI R G210 22 1R 28 5 XoF L IE 1 SR 7 A 5
W12 AT S B 4 A B L S0 S RS R 4
A 05 i de /M R BT R 25 AT A B 2l v B0 R HE R 5 ik
WP B FI TURIX -1 36. 13 7%, Pk, — Bk P 50K B2 1L
B RE I IE T X 2 A 0 AF AL B R U R DNA-
pool HEAT 4 3k [N 2 L HE ¥ £ R 40 A AR % w9 Ak i 1 {2
DNA J BeAT RLIF AT 08 e AT A DR K Tlumina 2 7]
HiSeq 2000 & A] DL 455K 55 Gb (1) i &2 i 840 . ok 4
T GWAS DERTESA (I A2 55 LT 454k

S &k

[1] World Health Organization. World health statistics 2012
[M]. Geneva, Switzerland: World Health Organization,
2012.

o [ e I B VA 4 1B 1T & 4. v [ i B VA 4
2010[J . thAe g I 24 & . 2011,19(8) . 701-743,

Mardis ER. Next-generation DNA sequencing methods.
[J]. Ann Rev Genomics Hum Genet, 2008, 9 (1) 387-
402.

Wang J, Wang W, Li R, et al. The diploid genome se-
quence of an Asian individual [ J]. Nature, 2008, 456
(7218) :60-65.

Wheeler DA, Srinivasan M, Egholm M, et al. The com-
plete genome of an individual by massively parallel DNA
sequencing[ J . Nature,2008,452(7189) :872-876.

Li H, Durbin R. Fast and accurate long-read alignment

[2]

[3]

[4]

(5]

[6]
with Burrows-Wheeler transform [ J ]. Bioinformatics,
2010,25(5) :1754-1760.

Li R,Li Y, Fang X, et al. SNP detection for massively
parallel whole-genome resequencing [ J ]. Genome Res,
2009,19(6):1124-1132.

Chiang DY, Getz G, Jaffe DB, et al. High-resolution map-
ping of copy-number alterations with massively parallel
sequencing[ ] ]. Nat Methods,2009,6(1):99-103.
Tchelougou D, Kologo JK, Karou SD, et al. Renin-angio-

7]

(8]

[9]
tensin system genes polymorphisms and essential hyper-
tension in Burkina Faso, West Africal J]. Int J Hyper-
tens,2015,2015:979631.

[10] Santoro ML, Santos CM, Ota VK, et al. Expression pro-
file of neurotransmitter receptor and regulatory genes in
the prefrontal cortex of spontaneously hypertensive rats:

relevance to neuropsychiatric disorders [ J ]. Psychiatry

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

« 1175 -

Res.2014,219(3) :674-679.

Grandbois J, Khurana S, Graff K, et al. Phenylethano-
lamine N-methyltransferase gene expression in adrenergic
neurons of spontaneously hypertensive rats[ J]. Neurosci
Lett,2016,635:103-110.

Mir SA,Zhang K, Milic M, et al. Analysis and validation
of traits associated with a single nucleotide polymorphism
Gly364Ser in catestatin using humanized chromogranin A
mouse models[J]. ] Hypertens,2016,34(1):68-78.
Abramova TO, Smolenskaya SE, Antonov EV, et al. Ex-
pression of catechol-O-methyltransferase ( Comt) , miner-
alocorticoid receptor(MIr) , and epithelial sodium channel
(ENaC) genes in kidneys of hypertensive ISIAH rats at
rest and duringresponse to stress[J]. Genetika, 2016, 52
(2):206-214.

Liang YF,Zhang DD, Yu X]J, et al. Hydrogen sulfide in
paraventricular nucleus attenuates blood pressure by reg-
ulating oxidative stress and inflammatory cytokines in
high salt-induced hypertension[J]. Toxicol Lett, 2017,
270:62-71.

Jiang X,Sheng H,Li J, et al. Association between renin-
angiotensin system gene polymorphism and essential hy-
pertension:a community-based study[J]. ] Hum Hyper-
tens,2009,23(3) :176-181.

Chen X,Zhou B, Hou X, et al. Associations between CL.C-
NKA_B tag SNPs with essential hypertension and inter-
actions between genetic and environmental factors in an
island population in China[]J]. Clin Exp Hypertens, 2015,
37(7):519-525.

Damasceno A, Azevedo A, Silvamatos C.et al. Hyperten-
sion prcvalcncc,awarcncss, treatment, and control in mo-
zambique: urban/rural gap during epidemiological transi-
tion. [J]. Hypertension,2009,54(1) :77-83.

Baum AE, Akula N, Cabanero M, et al. A genome-wide
association study implicates diacylglycerol kinase eta
(DGKH) and several other genes in the etiology of bipo-
lar disorder[J]. Mol Psychiatry,2008,13(2):197-207.
Galvan A, Falvella FS,Frullanti E, et al. Genome-wide as-
sociation study in discordant sibships identifies multiple
inherited susceptibility alleles linked to lung cancer[]].
Carcinogenesis,2010,31(3) :462-465.

Forstbauer LM, Brockschmidt FF, Moskvina V,et al. Ge-
nome-wide pooling approach identifies SPATAS as a new
susceptibility locus for alopecia areata[ J]. Eur J Hum
Genet,2011,20(3) :326-332.

Clayton DG, Walker NM, Smyth D], et al. Population
structure, differential bias and genomic control in a large-
scale, case-control association study[J]. Nat Genet, 2005,
37(37) :1243-1246.

Zondervan KT,Cardon LR. The complex interplay among
factors that influence allelic association[ ] ]. Nat Rev Gen-
et,2004,5(2) :89-100.

OfeRs B :2016-12-02 & 1a] {91 2017-02-18)



