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Effects of Polygonum multiflorum extract on DNA methylation and gene

transcription in brain tissue of aging mice
Z0U Jiayi, YANG Jiangquan, XU Lin, FAN Fang, GE Zhenglong Department of Molecular Biology and
Biochemistry, Zunyi Medical University, Zunyi, Guizhou Province, 563099, China

[ Abstract | Objective To determine the effect of Polygonum multiflorum extract (PME) on DNA
methylation and transcriptome levels in the brain tissue of D-galactose-induced senescence C57BL/6 mice,
and explore its mechanism of delaying aging. Methods Fifty C57BL/6 mice were randomly divided into 5
groups , that is, normal control group (CC) , aging group (MC) , high-, medium- and low-dosed PME groups
(MH, MM and ML). Except the CC group, the mice of the other 4 groups were induced to establish an aging
model by D-galactose. Sixty days later, the mice of the MH, MM and ML groups were given intragastrical
infusion with PME at 1 , 0.6 and 0.3 g - mL™" - kg™ for 60 d, and those of CC group and the MC group
received same volume of normal saline. All the mice were anesthetized, and the eyeballs were removed to
collect blood samples for malondialdehyde ( MDA) content, and superoxide dismutase (SOD) and glutathione
peroxidase ( GSH-Px) activities to determine the establishment of aging model and the effect of Polygonum
multiflorum in delaying aging in mice. The DNA methylation level and transcription level in brain tissue of

each group of mice were detected by reduced representation bisulfite sequencing ( RRBS) and RNA-seq
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sequencing. And bioinformatics analysis was used to analyze the differentially methylated region ( DMR) and
differentially expressed genes in the brain samples of each group. The related genes in the promoter region of
DMR were analyzed by GO clustering and KEGG pathway analysis. Real-time qPCR was used to verify the
expression of some genes. Results Compared with the CC group, the activities of SOD and GSH-Px were
decreased obviously (P<0.05), and the content of MDA was increased significantly in the MC group ( P<
0.05). After PME treatment, the activities of antioxidant enzymes and MDA content in aging mice were
distinctly relieved, especially in the MM group (P<0.05). In DNA methylation sequencing, there were 52
related genes in the promoter region of DMR with methylation changes between the CC group and the MC
group, and between the MC group and the MM group. Among these genes, the methylation levels of 7 genes
were negatively correlated with transcriptome results, including Synpo and Mapkapk5 ( associated with
senescence ) , while the methylation levels of 13 genes were positively correlated with the transcriptome,
including Tc¢f7 and Rabl5 (associated with senescence). The mRNA levels of these 4 genes were consistent
with the transcriptome sequencing results. Conclusion PME exerts a delaying senescence effect probably by
regulating the methylation of Synpo, Mapkapk5, Tcf7 and Rabl5 genes, and thereby regulating their
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transcription levels in senescent mice.
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Sk 1k 1 TG TR 2 B R E DNA AR RS 1 ek A8 m
R IR L B R B > — , R
R Z AT R B , LG B SR AT S RESZ 0, I nT 5
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WFFEH S SeBE R VR e AN A o BRIt , ASBF 5 10
etk B & Ak M F ( reduced representation bisulfite
sequencing, RRBS) 1 RNA-seq M /3 J7 i, WA 1
X D-2FLEECEE CSTBL/6 /N EUIKZHZ! DNA HI ALk
L SRR, BRI B 5 I 2 2 1 431 L

1 #RE7FZ®

1.1 XA

Al 5 75% P HE I, 80T 1T Wie 2T, 9 s v
453 100 g A= 25/100 mL (35 SCBERLR 7= [ B B v 24
Bi, 4lt5 - 160801 ) ; D-2f FL Ak g H 5¢ [ Sigma 2% w;
SOD MDA F1 GSH-Px £ il 377 45 W4 H [ e 5t a2 %
W) TR BF 55 I ; RNAiso Plus , PrimeScript' " RT 2 5]
& [ TB Green™ Premix Ex Tag" &7 &30 B HA<
TaKaRa /A A
1.2 Fhhpmikss

CSTBL/6 FEPE/N R 25 =75 B2 K2 R4 S0 0 5y
Prbols , VPATHIES [ SCXK (L) 015-0001 ], {457 £ ( 20+
2)g MR T I, B Ol R, RS 1R
FRAL PR JT AR [FKE 50 HU/NEL A3y 5 40 TE X R4
(CC) JEZH (MC) A 15 55 52 O 5 7 f 4 (MH) |
H a2 (MM) DL R AR & 4H (ML) , Fr CC 24k, H
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T4 60 d DL 7 W 2Pk s A 1 CC 4 I R i
SRR AR A B3R K B R ST A R, 2 U LEE
TR B RO S RIS BRI 25 vk B SR R
i P25 B2, MH 2 MM 20 F1 ML 4H 53 5ll#% 1.0. 6,
0.3g-mL™" - kg'' PME £ K H , CC 41H1 MC 41 3
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B AR AP K ESEE 60 d, AR LE R, /NS I
TS 4% KA AW (5 100 g BT RE 1 mL) o 15/ BURRI
J& iR IR ER LML, 76 4 °CF 3 500 v/min &5.0> 10 min,
BT T -20 CRp A WSk A/ R, B g 412, 9
PRicdl ) S H 1, F-80 CukHi A7
1.3 fidaEAm

BRSO T AR ML IS REAS , AR S B, e &
Kl GSH-Px {4 .SOD {4 K& MDA 5 £ It 75 11 12 5
VR, 8 2 A2 8 5 B 3 ARG P A MDA 5
1.4 Jmza47 DNA #5932 R BN 5

HRPEEEAE LS 5, YR CC 40 \MC 2H K MM 26 /)8 i),
KA AU T H AR I T, AR AT R 3 /IR B I 4 41,
$it TaKaRa MiniBEST Universal Genomic DNA Extraction
Kit #7E U B 32 B 21 21 3% [F 41 DNA | 30 A% R &
H AT 306 DNA #E17E J kil . 548 ) DNA AEA%
BIRYHEFIER B IR S5 A B A Rl #E1T 8 % )2 RRBS
WF o AT kil 5 4% i JE 41 DNA F Bt
FHFRGIE N VIR Msp 1 #7740 3R, XTEGY] 5 9 DNA K
Bt R utE 5 3 i A kA, I 4 A ik,
e 5 40 ~ 200 bp R A B, 5K ZYMO EZ DNA
Methylation-Gold kit #47 AR EREE ( Bisulfite ) Zb3H ; &
it =X SONE (PCR) 34 SO, AA% 1 SC 8 3 2ok v 30 g0
J7F-% Mumina Hiseq X-ten 34T EALIN 1531800
1.5 Jmzase RNA #5932 IR BN 5

MR PR AR 45 5, YR CC 4 \MC 2H K MM 26 /)8 i,
ik AU T S A e, R AL S RRAE 1 /0N BRI
L, FREL 30 mg, 4% i RNAiso Plus #21F 4 IR 41 Bt
RNA | e % e 85 (1 40 Hr AUk D (260) /D (280)
SERAE 1.8~2.0 Z 0], 5 Ja I 1% Byt BEAEE 1 FL vk A
T RNA Jot &, Y7 A e s Ll iy 225K o A48 1 B
RNA 3% 2 UYL B I 55 A RS /] 7 DNA
SCIE, HAA 1 SO 3 o v 38 0 )77 & BGISEQ-500
AT ML 75 380 4 SR A0 3 58 o
1.6 Z2FAREZFX DMR 49£ 4 H 465 KoM

ik A sh - X 3 kAR 25 AR AR BRI, I
1 GO TJRER I K KEGG i i & H /04T o
1.7 B EZASH

F RNAiso Plus {271 & 42 Bl 41 21 1) 5. RNA |, #%
PR B {00 2 RNA AR S 4l g . 5 1 g RNA e
5 5% % 7 £ Pri-meScript ™ RT 3% % 5 ¢DNA, ff] TB
Green™ Premix Ex TaqTM I F &7 90t E & PCR,
RNVARZR N 20 WL, ) W #2578 95 °C,30 s; GOTO
(95 °C,5 5360 °C,30 s) ;95 C,10 s;60 °C,5 5395 C,
50 s;40 MG, L GAPDH SN2 5@t 27 gaita
H RS AR Rk . H BER B 519111 F14 %
WA TAEY (Bl BRA R SER, 51975103k 1,

®1 EFESIMFIESFIRKE
FN FIMFFI(5'— 3")

i : TGTGTCCGTCGTGGATCTGA
Gapdh . 161
il : CCTGCTTCACCACCTTCTTGA

17 i : GCAGCATCCGCAGCCTCAAC .
Cj
Tl : GCCTGTGAACTCCTTGCTTCTGG

3% : AGGAGTACGGCATGGACTTCTACG
Rabl5 N 164
% : CTCCTCCAGCTCGGCCAGTG

s |- : GTGGCACCAGCAGAACAAGAGG 05
mpo
i “FiE: GCAGGCTTGGCTAGTGTGAGATG
i : TGATGATGGATAAGGCGGTGGTTG
Mapkapk5 N 141
“FiE : GCAGCTTCCTCTTCCTGAGAATGG

PP/ bp

1.8 %itFo#

SRJ SPSS 250 Be AR PEIERT BT 311k Ve LA
s 27, PUALIVHAR OB R R 1 K0 0, 26 41 I KOG L
HER IR 5 7 25007 Ko rKifE - =0. 05,

2 H#R

2.1 PME s} 3% %/ R i R B AL I AT 69 Foh

A 2o 6 L T P AR AR T ARG, S 41 (MC) SOD
GSH-Px ARHE T 4 1E & % B41 (CC) B E AL (P<
0.05) ,MDA () 84 CC 21 B E T (P<0.05) ; %
B PME J5 , il 7 S $2 O L ) L4119 SOD | GSH-
Px JifiE M4 MC 41 8.2 TR (P<0.05) i i 4l
) MDA # i8¢ MC 20 1 2 F#IK (P<0. 05,38 2) , B
FIHEZL (MM) AE FHSCRAR XS B 5, DRt , 28 BUIE 3 %
HRZH 3 2 AT o 1 4R BT HP 7] o A R A 7 R SR
W SN P A S S R S5 o

%2 PME XZE/NEMBFRELIEIRAZM (x£5,n=10)

2H3 SOD/U » mL™"  MDA/nmol - mL™"  GSH-Px/U - mL™'
T R 85. 68+4.79 1. 947+0.765 431.77+24.94
e 71.95+3. 12* 4.1320. 926" 384. 30231. 46"
T SRR
et 79.20+4. 14" 2.358+0.722" 436.33+33. 66"
L ilFredil 82.37+3.22" 2.252+1.350° 424, 94+19. 400
AR 68.097.70 3.351£1.032 414. 68+53.79

a:P<0.05, 55 B sf B 213 ;b P<0. 05, 55 % 4 pb ik

2.2 RRBS @ 58 fi 45 % PME 45 J5 i 41 22 3L W 40
HAR P EACR T 09 T AL

DNA H AR e 85040 oo, 20 R vs g R F

PSRN FAR BT RS LU A8 /&5 1Y reads Ji5, 7E Bisulfite

AR BB, Al F Ak M s E 1) B AL ASOR I HE 99% LA L,

FARZEEIITE 83% L) L, B EL TR H AR X311 base %1
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b7 A EEX B 275 36 R 2 Y base S\ B0 LU A5 7E 83%
PLEo XF 3 HFEA IR 37 XA CpG 5 1 4L C i
S CG .CHG 5 CHH 3 Aii Fo 49 547 53 A, 1E X IR
H(CC) A (MC) Ffa] 5 L5 52 B H f) = 4
(MM) FH AL C B FELL CG 288 F 783 sh T IX
SR CpG & CG fil 2430 i 42 88 W 24k C B 2e Al
(CG.CHG .CHH) ] 85% 11 95% L) I, *tFrA H 34k
C BHE 1) - 24 H A K- 547 0 A , MC 2H 8 A ) 3l 1
X Il BT A R A C B B2 T Ak CG 2B i)~ 1 1
FAACT R 8 25 T CC 4R MM 41 (P<0.05) ;3 4
CpG BHFTA AL C Tk iy 7 24 F LA K - 22 53
TGt L (P>0.05, K 1),

2.3  RNA-seq M 52 4% 09 4= R %

S S I 45 R s, 23 BRI A6 H5al v I s
PS5 gL DL R 8 FE N &0 5 1 reads , 7521 /5 i
i reads , MIAREEAE L2477 ) 21, 53M g
2.4 PME ¥R G Ra4a 22 A W 48 DMR & DMR 4% T &

FHTF R AE S Fe T

E— 2 TR B XA 5 AN LLE CpG A i
R IARAG O, e 2845 S8 3 71X C A sy F- 24
FAIKEFNBER X C A7 5 F BB Ko ] CG O3
KT 22 5 574k DMR , DT ff o 75 B 25 e 4K |
2SR XA B 22 5 i . 5 TR R T
BB 164 4> DMR PR 15 750 bp; 53
LB, MM 204 140 /> DMR -4 24 13 672 bp,
HR A 20 DXk A F RS Ak 22 S I IR 1E 8 0 B4
HEedAMWA 178 4, 245 MM A LA
154 4~ 16 3 Ay 52 4> DMR T3 3l X AH ¢
B A 5w B UM G 4 DN FEA : RablS  Tef7 |
Synpo F1 Mapkapks5 .

507 mcc4l
EMC 4]
O MM 4

a

N
(e
1

JirA U EAL C BB YT3Y
HREAL KT (%)

mCG mCHG mCHH
C BIIE T 3 B A

A:E@V:J"B;B:CPG 5’7

2.5 DNA VAL AREAZ AT EEL

R T R BV R G AR T 3 R AL A CC
215 MC 41 2 MC 25 MM 412 [a], % 3 8 1 X d8 &k
A TR 75 S SORH N e A R PR e ik 75 S 2R R AT T
G0, R 27 A FE A & Z A 4 e A T ARk, Hirp
Cmip \Deafl Arhgef2 .Tmem2 .Rabl5 . Tcf7 F1 Erbb3 55t
[ 2235 PG 4E 56 ,Igf2r (Adgrl4 Slci5al Dnasell2 |
Smad3 Synpo FIl MapkapkS %5 13 />3 5 HR KR R IE
FHOC, S5 R I3k 3,
2.6 AHBZHTR DMRAAXAR M ERS REL

BB HT

R T VAR IR Bl Xk A H A AR A i 22 57 F AL
FEPE AR AR TR W A W B s BE, GO 3
X+ DMR AH oG B AT D sr 2. CC 4l
MC 4 Z B LA MC 415 MM 412 |8], )3 3 F DMR 4
RIS & 1 24 PR RS 200, 1R PRt S
ZH5T 1440 FOIReM O MY (B 2) . 754
Yt AR, CC 415 MC 41/ MC 415 MM 4 8L 178
[F415y, 7€ CC 415 MC 4 b, A HEs = 514k
AL ) S T AL R s MC 415 MM 4] b, B4t
M A R TUE Dihe, sy A 5k cC 4
5 MC 4z E P& MC 415 MM 41 2z (], X} )E 8h 7 X
R A AL 25 R AL R AT KEGG & 4238 B% 73 AT, 2
522 25 E Wi b, A0 b R 3 2 L S PERE PR e (RS
JIH B A2 AR Sl P 5, Wk 4, Horh Maphkaphs
M Tef7 5325 T 52 2% VA1) MAPK {55l
RN Wt {5538 8%
2.7 FZarek e PCR 4R

Zi R WK, & PME fER G, % & /)N B 41 21
Synpo Mapkapk5 Tcf7 [ Rab15 (/) 31834 1, 22 A5
TR L (P<0.05,18 3) , H'5 RNA-seq P45 R —3K

401 mcc 4l
EMC 41
OmMM 4

(95
(=]
1

204

JITA HRAL C AR T2y
HBAL K% )
=

mCG mCHG
C AL L 3 FiE X B

a:P<0.05,% CC #rb#k;b. P<0.05,5 MC 413k

B 1 PME{ERATRZMRENARERAFHREMLKFSN
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%3 PMEERTF=Z/NREHKALZ DNA HEYSERREZEHEEST
225 HIAL FEPFFER
FEHZ
Log2 2 5 AL REEL Log2 22 5 H B ALATHL Log2 22 R FRMH Lo Z2RFHXMH  KIEPH KIEPH
(CC/MC) (MC/MM) (CC/MC) (MC/MM) (CC/MC)  (MC/MM)
Cmip 6. 161 -6.118 <0.05 -0.382 0. 137 <0.05 <0.05
Deafl 1.216 0.521 <0.05 -0.226 -0. 120 <0.05 <0.05
Rabl5 1.049 -0. 895 <0.05 -0. 158 0.320 <0.05 <0.05
Tef7 1.049 -0. 646 <0.05 -0.231 0.316 <0.05 <0.05
Arhgef2 0.214 -0.191 <0.05 -0. 100 0.272 <0.05 <0.05
Tmem2 -0.326 0.327 <0.05 0.133 -0.319 <0.05 <0.05
Erbb3 -1.110 1.191 <0.05 0.148 -0.325 <0.05 <0.05
Igf2r 1.390 -0. 836 <0.05 0.152 -0.092 <0.05 <0.05
Adgrl4 0. 822 -0.631 <0.05 0.478 -0. 356 <0.05 <0.05
Slel5al -0.203 0.252 <0.05 -1.080 0.459 <0.05 <0.05
Dnasell2 -0. 357 0.294 <0.05 —1.457 1. 086 <0.05 <0.05
Smad3 -0.454 0. 301 <0.05 -0.195 0.204 <0.05 <0.05
Nnat -0.223 0.329 <0.05 -1.014 0. 160 <0.05 <0.05
Catsperg] -0.259 0.330 <0.05 -0.821 0.950 <0.05 <0.05
Synpo -0. 654 0.922 <0.05 -0.572 0. 366 <0.05 <0.05
Mapkapks -1.570 1.394 <0.05 -0.251 0.289 <0.05 <0.05
9-Sep —-1.140 1.423 <0.05 -0.335 0.076 <0.05 <0.05
Nfatc2 -0.388 1. 494 <0.05 -0.342 0. 547 <0.05 <0.05
P3h3 -0.504 1.514 <0.05 -0. 801 0. 984 <0.05 <0.05
Nubl -2.226 2.198 <0.05 -0.181 0.129 <0.05 <0.05
TR S i
3 s
. ST
iEapa ST A
ESE it TE] SH T
RRPLR e
ittt ffe it
BATE LY s
e Jel/ OB 7
< N BN 1
% gﬁﬁhﬁ Lt
mM%EM%ﬁ @Wﬁ%ﬁﬁz
IR A Vil N
[y b kﬁ%ﬁ%ﬁ Mg
éHH@%.%ﬂIigg ANLZEH Sy
A ?HE@%?
%%%% A5
BT i J
B @RI
it AN ATl
1{7‘7 17k
UK K
T TR
zﬁmwg .-
s A RIT
Gl RS Stk
s - e
Y R EERR i AR AR
SEL QALY 2 "
fmﬂ’ﬂfﬂéa‘fﬂiﬂwk{& i T e
R B it
RIS N
Bz PO
AL LR
fRif e
AR AR AR
R i
AR it i
0 100 150 50 150
A SEH B B

A EF AT RRL(CC) 5 & A2 (MC) 8 & 3§ X DMR A8 % &

WP EA(MM) 6 23 F XK DMR A8 X A H 4 GO Fhak 5 X B

B2 PME{ERAFREMNRE

r?ﬂ_,\g

BEFX DMR X EE GO 247
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&4 PMEERTRE/NREHMAL[EE/FZF DMR 18X E FiE %

Ji g 1D WA TR Pa
IEH R B 5 A LA
ko00514 HABSII G O-TME AW 15 1 0.00 271 593
k05221 S BN 1 0.02 175 338
ko04672 G W4 7= e TgA 0.04 122 130
ko04512 ECM-3Z {A&AH H.1F 0.04 125 208
k004550 PHY T 40 M 2 T 1553 it 0. 04 857 240
TR G E S EEBOR 4 A
k005200 JEF R I 0. 00 006 475
ko05221 SRR N 1 il 0.00 017 332
ko04510 i B 0.00 170 871
k004662 B 2 SZ A5 S iE B 0.00 217 413
ko04012 ErbB {553 5% 0. 00 428 466
ko05161 R4 0. 00 576 464
k004550 VA9 T 4000 22 Rk 1 £ 53 0.00 703 979
k05321 SR 0.00 721 948
ko04024 cAMP {5518 % 0.00 770 444
ko05416 SRR 0.00 857 148
ko04921 WP E 2 0.00 958 345
k005202 JEERE T ) A 0.01 001 671
ko04520 it e 0.01 220 692
ko04664 FeeRT {5558 0.01 292 794
ko04370 VEGF {555 % 0.01 383 705
ko04650 B AR A0 A S 0 200 2 0.01 742 397
k004950 T AR IR A R 0.01 806 356
ko05130 SO P K AT T g 0.01 891 861
ko04974 % AL R ik 0.01 900 314
k005212 T g 0. 02 426 306
ko04010 MAPK {5 53 % 0. 02 453 871
k05216 FELR 598 0.02 490 214
k005210 2 H 0.02 490 214
ko04670 H A2 N BT RS 0. 02 565 680
k005220 5 P 16 0 B 1 195 0.02 687 362
ko05412 HOERH P FE O LR 0.02 962 858
ko04672 W e W25 77 A TgA 0.03 226 757
ko05142 FEUNAHE dUg 0.03 327 437
ko04310 Wt {5238 % 0. 03 368 032
k005205 e A= 0.03 709 201
k005032 I IR 0.03 714 303
ko04066 HIF-1 {553 i 0.03 714 303
ko0492 TEEE 51 D 14 FSC R 3000 0.03 794 331
ko04660 T 42 A5 53l 0.03 957 026
k05215 R8I g 0. 04 039 688
k005206 FEFE TP YN RNA 0.04 116 418
ko05131 B G 0. 04 292 905
ko04810 JULEH 6 1 20 0 Y 4 0.04 910 963
ko04015 Rapl {55 % 0.04 965 487
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