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ABSTRACT Objective: To explore the DNA methylation sites correlated with blood pressure ( systolic
blood pressure, diastolic blood pressure, mean arterial pressure, pulse pressure) in adult twin popula-
tion. Methods: A total of 476 twins from the Chinese National Twin Registry were selected as the re-
search population. Questionnaires were used to collect demographic characteristics, lifestyle, disease sta-
tus and other information, and blood pressure, height, weight and other anthropometric indicators were
measured. The genome-wide DNA methylation of whole blood samples was detected by using Infinium
HumanMethylation450 BeadChip. The DNA methylation sites correlated with blood pressure were ana-
lyzed by constructing mixed effect model with adjusting potential confounding factors, and the significant
level was false discovery rate < 0. 05. Results; After data quality control, 465 twins (122 pairs of
monozygotic twins, 104 pairs of dizygotic twins, 13 individuals from 13 pairs of twins) aged (44.8 +
13.2) years were finally enrolled. There were more males and more monozygotic twins, and the current
smokers and current regular drinkers both accounted for more than 30% . No significant CpG site was
found after multiple testing in the correlation study between genome-wide DNA methylation and blood
pressure by using the collected twins. However, the ¢g07761116 located on chromosome 10 had low
P value in the correlation analysis of 3 blood pressure indices ( systolic blood pressure, diastolic blood
pressure, mean arterial pressure) , suggesting that this site might be correlated with blood pressure. The
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other 7 sites had low P value in the correlation analysis of the two blood pressure indices, respectively,
which pointed to genes involved in neurological development, protein homeostasis, inflammatory reaction
and other pathways. Conclusion: There is no sufficient evidence to support any DNA methylation site
correlated with blood pressure, which may be caused by insufficient sample size and other reasons. This
study could provide a reference for subsequent similar twin studies, and subsequent studies can focus on
the ¢g07761116 located on chromosome 10 and other sites with low P values.
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Table 1 Demographic characteristics, lifestyle, blood pressure,
and socioeconomic status in adult twins

Variable xxsorn (%)

Age/years 44.8 £13.2
Men 308 (66.2)
Monozygotic twins 245 (52.7)
SBP/mmHg 133.2£22.2
DBP/mmHg 79.4 £12.4
MAP/mmHg 97.3 £14.7
PP/mmHg 53.8+15.2
BML/ (kg/m?) 25.0 + 3.8
Current smokers 148 (31.8)
Current regular drinkers 161 (34.6)
Intake of fresh vegetables/ ( g/week ) 1566.3 £951.7
Intake of fresh fruits/ ( g/week) 1093.2+1104.1
Intake of red meat

Less than once a week 72 (15.5)

1 -3 times a week 117 (25.2)

4 -6 times a week 52 (11.2)

Once a day 137 (29.5)

=2 times a day 83 (17.8)
Intake of high salt food

Less than once a week 256 (55.1)

1 -3 times a week 106 (22.8)

4 -6 times a week 31 (6.7)

Once a day 51 (11.0)

=2 times a day 16 (3.4)

Amount of physical activity/ ( MET/week ) 5779.7 £5212.3

Sleep time
Less than 4 hours a day 4(0.9)
4 -6 hours a day 34 (7.3)
6 —8 hours a day 230 (49.5)
More than 8 hours a day 196 (42.2)
Education
Primary school not completed 51 (11.0)
Primary school 79 (17.0)
Junior school 225 (48.4)
High school 71 (15.3)
Junior college/Bachelor degree and above 39 (8.4)
Area
Shandong 135 (29.0)
Zhejiang 129 (27.7)
Jiangsu 151 (32.5)
Sichuan 50 (10.8)
Currently diagnosed with hypertension 86 (18.5)
Take medicine in last month 167 (35.9)
Take antihypertensive drugs in last month 66 (14.2)

SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP,
mean arterial pressure; PP, pulse pressure; BMI, body mass index;

MET, metabolic equivalent of tasks. 1 mmHg =0. 133 kPa.
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A, q-q plot of DNA methylation-wide correlation study with SBP; B, q-q plot of DNA methylation-wide correlation study with DBP; C, g-q plot of DNA

methylation-wide correlation study with MAP; D, q-q plot of DNA methylation-wide correlation study with PP. Abbreviations as in Table 1.
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Figure 1 The q-q plot of DNA methylation-wide correlation study of blood pressure
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A, Manhattan plot of DNA methylation-wide correlation study with SBP; B, Manhattan plot of DNA methylation-wide correlation study with DBP; C,
Manhattan plot of DNA methylation-wide correlation study with MAP; D, Manhattan plot of DNA methylation-wide correlation study with PP. The hori-
zontal axis represents the 24 chromosomes and their location, where 23 is the X chromosome and 24 is the Y chromosome. The ordinate axis represents

the —lg P. The red horizontal line represents the P value equals to 10 ~®. Abbreviations as in Table 1.
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Figure 2 Manhattan plot of DNA methylation-wide correlation study of blood pressure
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Table 2  Correlation analysis of DNA methylation-wide and blood pressure

CpG site Chromosome Chromosomal coordinate ~ Target gene  Gene region  Coefficient  Standard error P value FDR
SBP
¢g17090716 * 11 131778850 NTM Body 0.053 0.0109  4.88x10°¢ 0.9
200961177 16 84213833 TAFIC Body -0.019 0.0040  8.70x10°° 0.99
221689075 * 1 109192664 Clorf59 Body 0.029 0.0062  9.79x10°¢ 0.9
220448001 X 38424760 TSPAN7 Body 0.063 0.0136  1.20x1075 0.9
200094744 2 239927431 - - -0.071 0.0155  1.33x10°°  0.99
07761116 * 10 23005837 - - ~0.050 0.0110  1.88x10°°  0.99
201467417 2 113874068 ILIRN TSS1500 -0.018 0.004 1 1.91x107° 0.9
cgl1376147 11 57261198 SLC43A1 Body -0.018 0.0041  2.13x1075 0.9
g10237854 3 195539463 MUc4 TSS1500 0.022 0.0049  2.32x107° 0.9
g08847173 1 31654792 NKAINI Body 0.150 0.0345  2.83x107° 0.9
DBP
200016406 * 14 104643443 KIF26A Body 0.016 0.0032  1.62x10°¢ 0.52
g00459043 * 17 30771460 PSMDI1 TSS200 -0.016 0.0032  2.36x107¢ 0.52
227575052 * 16 29855904 MVP Body 0.026 0.0055  6.46x10°° 0.76
g13492159 * 12 107714826 BTBDI1 Body 0.012 0.0024  6.88x10°° 0.76
£20703242 1 230279135 GALNT2 Body 0.044 0.0006  1.29x10°5  0.89
217038049 * 6 31021365 HCG22 TSS1500 -0.037 0.0082  1.39x10°°  0.89
22747142 11 795582 SLC25A422 5'UTR -0.036 0.0078  1.41x1075  0.89
211802843 12 19441930 PLEKHAS Body ~0.043 0.0097  2.29x107°  1.00
£23956238 19 55672036 C190rf51 Body 0.016 0.0037  2.59x10°°  1.00
207761116 * 10 23005837 - - ~0.046 0.0105  2.68x10°°  1.00
MAP
200459043 * 17 30771460 PSMDI1 TSS200 -0.018 0.0035  2.37x10°° 0.89
cg07761116 * 10 23005837 - - ~0.056 0.0114  4.01x10"° 0.89
g21689075 * 1 109192664 Clorf59 Body 0.031 0.0066  8.59x107° 0.91
217038049 * 6 31021365 HCG22 TSS1500 -0.042 0.0090  8.71x10-° 0.91
200016406 * 14 104643443 KIF264 Body 0.016 0.0036  1.52x107°  0.91
213492159 * 12 107714826 BTBDI1 Body 0.012 0.0027  1.62x1075  0.91
¢g17090716 * 11 131778850 NTM Body 0.052 0.0115  1.71x10°°  0.91
207022769 1 157162190 - - -0.046 0.010 1 1.76 x107°  0.91
802948259 2 24988020 C220rf36 Body ~0.035 0.0077  1.93x1075  0.91
227575052 * 16 29855904 mvP Body 0.027 0.0061  2.06x107°  0.91
PP
g19376844 2 48543191 FOXN2 5'UTR 0.019 0.004 1 1.19x107°  0.97
805668422 13 114026346 - - 0.041 0.0088  1.23x1075  0.97
202552216 4 184426031 ING2 TSS200 0.015 0.0032  1.58x1075  0.97
904342863 2 62560135 - - 0.039 0.0086  1.59x1075  0.97
200772918 X 24487341 PDK3 Body 0.037 0.0082  1.74x1075  0.97
226615160 5 174151043 Msx2 TSS1500 0.009 0.0019  2.62x10°°  0.97
201973987 1 26394300 TRIM63 TSS200 0.029 0.0066  2.83x1075  0.97
515564444 1 18589627 IGSF21 Body ~0.042 0.0098  3.42x1075  0.97
224738993 1 18167815 - - 0.040 0.0093  3.88x10°°  0.97
210558740 6 22148738 FLJ22536 Body 0.021 0.0050  4.24x107°  0.97

FDR, false discovery rate; Other abbreviations as in Table 1. Body, gene body; TSS1500, 200 — 1 500 bases upstream of the transcriptional start
site; TSS200, 0 —200 bases upstream of the transcriptional start site; 5'UTR, 5’ untranslated region; “ — " represents the CpG site does not target on
known genes; #* represents the CpG site was also among the 10 smallest P value sites in the correlation analysis of other blood pressure.
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Table 3  Overlapped sites in correlation analysis of DNA methylation-wide and blood pressure
SBP DBP MAP
CpG site Target gene

P value FDR P value FDR P value FDR
cg07761116 - 1.88x1073 0.99 2.68 x107° 1.00 4.01x10°¢ 0.89
cgl7090716 NTM 4.88x10°° 0.99 - - 1.71 x10 73 0.91
cg21689075 Clorf59 9.79 x10°° 0.99 - - 8.59 x10°° 0.91
00016406 KIF26A - - 1.62x10°° 0.52 1.52x10°? 0.91
cg00459043 PSMDI1 - - 2.36 x10°° 0.52 2.37x10°° 0.89
¢g27575052 MVP - - 6.46 x10°° 0.76 2.06 x107° 0.91
cg13492159 BTBDI1 - - 6.88 x10°° 0.76 1.62x10°? 0.91
cgl17038049 HCG22 - - 1.39 x10 7% 0.89 8.71 x10~° 0.91

Abbreviations as in Table 1 and 2. “
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