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Methylation Pattern of SmCPS1 Promoter in Different Tissues of
Salvia miltiorrhiza and Its Correlation with SmCPS1

Tissue-differential Expression Pattern
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[ Abstract | Objective: To investigate the methylation pattern of Salvia miltiorrhiza copalyl diphosphate
synthase 1 (SmCPS1) promoter in different tissues of S. miltiorrhiza and its correlation with SmCPS1 tissue-
differential expression pattern. Method: Bisulfite conversion method was used to detect the methylation rate of
SmCPS1 promoter in —1 021 bp (translation start site +1). The expression of SmCPS1 was determined by Real-
time quantitative polymerase chain reaction method ( Real-time PCR). Result: Methylation sites were mainly

distributed in the promoter region between —750 bp to —500 bp, rarely in region below —450 bp. Among the 300
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examined sites, 72 sites (about 24% ) showed a tissue-differential manner. 18 transcription binding regions were
found to have methylated sites, and 10 of these regions showed differential methylated sites (DMS). A total of 21
DMS were found to be significantly correlated with SmCPS1 (P <0.01); 7 DMS, which were in negative correlation
with SmCPS1, were found to be mainly distributed in the promoter region between —632 bp to —450 bp; the other
14 DMS, which were in positive correlation with SmCPS1, were distributed in the region beyond -632 bp and

below —450 bp. Conclusion; Promoter methylation difference may be the cause of tissue-differential expression

pattern of SmCPS1 in S. miltiorrhiza.
[ Key words ]
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24 PE 26T 0 I 2SN 1 R R Y S
BRZERE 2 o O T PF 20 2 B 20 2R W A AL R Y
WRXPISHMRFETFAAEERSFEL., 1=
o] EL A R S 1 LR (SmCPS1) J& FF 2 1 2 il
S AR I R R R G B L Y 58 i RNA 4
(RNAD) £ AR T EE N ) 3R ik B2 S 8002
S W2 WA A BB AR L Y BB SE B SmCPS1
M RIEEA AL 250, FEAHSRIRE, HiK
S ZE RN H B il 2H 2 2% SR 0 B IR O
A .

e — A HE R AR A fE B 2 TIx A
B A BT 1X o A 3 DX AR oo 2R 7 4 2 e i
[R5 6 I S il D s T i B TR a2 IR e e 53 TR 1 0
B BN TES TR s 7 B, il uf HOR i3
D] 1 Btz 57 3k R A 2 A 8 0 o A A R, AT 55 i 32
SRS

DNA 5 Jifd mz i H I b 2 2 X 35t 1% 6 425 ) —
BLT , E AN AR A% R 7 50 I A5 AF T, 388 3l X6 A% 18 i i
P A1 A A 2 o 3% TR 5 I A1 L T R R 4 A g T
5 S PR g SR ok AR DGR B 4 BE R ARG H Y.
¥k F C/EBPa BE4S & T 5'-TGACGTCA , g iH
H5'-"CGTCA"™! , %5 3H 1 KLF4 fig iR 51 B 2 1k
(g 5'-TTTACGCC J¥ 1|, 1 fE 4% 5 o i 5 50 57-
TCC"CGCCC Fr 1l 5 {1 il = Fr 14T 2 B 3 Ak 1k 25 1Y
AL ER e o 5 KLF4 25 & mae ' . iy,
NOS R [H B 31+ CCAAT & T Uz 1 4 CTG 7 /&5 k&
A L AL R Dol B DR R A G 2 e S TR
7 R EOKOK L RTBY 3 5 76 48 55 o b 4 S it
BRI 0 R, 5 R 8 X R X B i
5 s B IR R BiZ X S — R 2 I B F A5 A
WA T4 H T RTBY JE A 52 o I, 3
MARF AL b SmCPST FEN B ik 22 7l e 5 H B
X A2 R A G,

M TS24 A AR A 1 R T AL

Salvia miltiorrhiza; Salvia miltiorrhiza copalyl diphosphate synthase 1 ( SmCPS1);

FOBIF ST 4 b F 38 5 15 0 45 00 e % DR i e
1% Piotr %5 ' MR 86 F IX () 1 JE A T 258 SmCPSI
JA 7 XOIF B TS SmCPS1 A ) 7 T
PRI 1M DG T O S il PR 3 7 X AR P2 26 0 6 1
AR A R W AR T A AR EE A S — T,
e R LA Ik RO YT 2 S E R (MSAP
20) WL BN [A] 77 b A ) B A P+ 2 L 4 CCGG
AL R AL Y 28 Ak, {EL 52 H 5 9 B0 BIR i oK BEAG: T
SmCPS1 He[A i B B AL 28 Ak, HH 0 %¢ 31 /Y Y B4k
AR BE 5 3 S A5 A5 i R N Y R PRI R A A A G
Pt DNA AR 7R P2 358 ] 21 vh i 3 42 PR AT A
RERMZA

AR SCAPL T A DA R A BB 3 B R Y B R
PR [ 414U SmCPS1 3N IS 3 1 X B9 B
B e s A, 85 & S5 ) P Ot € i PCR ( Real-time
PCR) £ SmCPST 75 AN [5] ZH 24 v (1 AH X 6 3k 5 4L
i, A 3 X BRAR 0 A BE AT SE SmCPS1 33K 14
PEALE , —J7 18 R i B SmCPS1 4412 5 M K1Y
PR DL B2 AL R, 5 — Jr T BUAN TS O B
LR E 31 DXCAE PF 2 B 26 Ry 6 g A P A
W= H .

1 ##

FHS M BER A SCES Hh B 2 0K 2 2 IR P e i
JIHR F BE 24 TR 2 R T 4 48 E 1O TR E RHE W
% Salvia miltiorrhiza, T 2017 4E 11 H > 48 B K I}
RAE o MR — MR PFSAR BRIt 3 ASERAL, 230 T
PEHL RNA Fl DNA

trnzol Universal &l RNA $£BGAF (Jb 7 KR A4
WA R AL 4t 5 DP424) | wrizol 4R (JE 5T K
B ] LS 81027) A4 Kk P ZH DNA 4 i 5
& (LRt R AR LB RS L 45 DP305) |, EZ
DNA Methylation-Gold Kit ( 3¢ [E Zymo Research
Corporation , #ft5 D5005) , Tag HS EX (Jt 5 Takara
Biomedical Technology, #it 5 RRO06A ), pMD™ 19-T
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Vector Cloning Kit( b 5 Takara,$#it5 6013) ,

P-360 %! NanoPhotometer #% fig Il & ¥ ( fE =
Implen A %)) , CFX96 Touch™ 52 i} 2% Y 4 10 B 4 il
4 20 L R ( Real-time PCR) & W] & 48 f1 T100™
Thermal Cycler( 3 [ Bio-Rad)

2 AFE

2.1 SmCPS1 £k &E O M B RNA H trnzol
Universal 5 RNA & U AL & wizol F4H 1 &2
., Real-time PCR (77 % 5 SCHRARE AR,

2.2 R[EIFRALFFZ DNA $ IR 0 A R 4 e b
FHAEYHE P 2H DNA $2 IR & 42 G DNA . DNA %
J¥ 1 NanoPhotometer 4% M Il s (S AG I 0 IV 4 PR 41
A 57 & EZ DNA Methylation-Gold Kit, 44 H:
LT B AR ME TS R AT, B R A6 DNA 50K i i
500 ng, 4k 5 LLik 57 & N Elution Buffer 11 plL
Ve -

2.3 HWHmMREFAER PCR 3G Ly LA
2 L R ZHAE B 8] K Genbank {4 % v (1) SmCPS1 %
K 81+ X JF %1 ( Genbank : KF718290. 2) &% )¢
%1, Kismeth ( http://katahdin. mssm. edu/kismeth/
revpage. pl) & i1 H T 5 W85 FR 18 5% 4k J5 7 38 H i 1
519 . 51 ¥R AL TR AR Y ARAT BR 2
(@5 115 &/ANCIDIE 1A IR UNTH /A1 R = g 0 71
MR ¥ b J5 By DNA 2.5 uL, 10 x PCR buffer
5.0 pL,MgCl, (25 mmol-L™") 4.0 wL,dNTP mixture
(2.5 mmol-L™") 4.0 uL,31# (10 pmol-L"")2 uL,
Tag HS EX 1 U, PCR ¥ 8% N 94 °C 3 min; 94
C 30 s,iBAK(RENFEL) 305,72 °C 30 5,47 M1fF
;72 C 15 min,

®1 ETHmBRHBEMLE PCRYEASIMEFT

Table 1 Primers used in bisulfite sequencing

KB
519 F31(5'-3") W B
/C /bp

Pl F¥if AYGGTTATTAAGGAGAATATTATTAGTG 52 367
T TACAATATTCCATTCAACTRTCCAAATA

P2 Fiif AGGYAGAAAAAAGAAAAAYATGATT 52 373
T CACCTTTCATCTCCTACTTTATCAA

P3  Fiif AYGAAGGGAGTAGAAAGAAATTGAT 52 522
T RARRCCATTCAAATTTCCCTTT

P4 [ if GTGGAAAGAAATTAAAGTATGAGAAAAT 52 ~46 422
T Ui AACRAATTARTTAATTAATTAACATTTC

P5  [Jif YAAATAGGYAGGGAAATGTTAATTA
T i CCACATRCAATTAACCTCAAAACAA

52 ~46 546

FEYIEE 1.5 % Bh W B A I S DD e i, [
W= 26 pMD™ 19-T Vector Cloning Kit {8 5% B oo f&
J5 Pk 20 10 A B v e 6 AR b 5 R RN A= )
ARG PR w] (Ol A d) Wy, Wk 1,

2.4 BRI E R (27N R
[FZHZLR SmCPS1 MY Rk &, 4T DNA B Ak
J& T S AR, 7E 7] — 20 2 b (9 A ] 28 A 40 i v i
AIAETE 22 5, IR A R B 5 (9 02 11 2 A [R) 2 4L iy
AU B R R A S, DR A5 R & N L PFE
J&, i | Kismeth ( http://katahdin. mssm. edu/
kismeth/revpage. pl) 43 #1 B J& £k {7 5 F L 4k K
{d i PlantTFDB %¢ 4% %2 ( http ://planttfdb. cbi. pku.
edu. cn/prediction. php ) F5 G I 75 B A 1) % 5% DXL
SR . X EA S X [R) R 2SR ) e sk
5, VA H B R B DI i 2R AL e s R T I 45 65 X
WEFRF . Pearson FHICHESIHTHI SPSS 21. 0 315,
3 ERE5HW

3.1 ANFEHLF SmCPS1 Fik=m7Hr SmCPS1 1F
MR-ZE-m gy A X 3R 38 &k 101.16:12.28,
SmCPS1 TEAR 3Rk i %, Ho O 25, fE i rh R ik
R

3.2 J}Z SmCPS1 7 8 7 X 55 5 K 7 456 0 sl /Y
Ml 3 SmCPS1 JH 3+ X -1 021 bp PRI i 19
AR s 7 500,97 A48 & L A, B PR S R4
35 MR

3.3 JFSAFEA Y SmCPS1 J& 8 F X H 4k 4 i
ST KNG BB 25 SmCPS1 JE B 1 IX E i IE X
BE —1021 bpZE 7 bp (TSS + 1), Jx X 4% - 922 bp
% =22 bp, SmCPS1 J5 3+ X FiifFiE L4 | CG i
K234, CHG i 51 21 A, CHH {37 5 109 A, Jz Lk
CG g1 21 4>, CHG i #1 17 4>, CHH i £ 109 14~
AR H 2] & 2 R B R L3k 2, 1F LBk CG
Fefb 3 5 = T X BE CG W 34k R i 1E X &
CHG , CHH i A F L Ak 30 8 A R R Ak 232 I 5 31 1%
TN A e S AR R

£2 ASFEIBA SmCPS1 B FREGER LR
Table 2 Methyaltion levels of SmCPS1 promoter in different tissues

of Salvia miltiorrhiza %
1E X4 2 Sk
HBAL
i e it i £ nt
CG 23.04 23.91 26.52 9.52 11.90 10.95
CHG 4.76  4.28 5.71 39.41 42.94 39.41
CHH 14.03 12.93 14.67 52.66 51.37  49.90

B AR 14.12 13.40 15.23 44.96 44.76 43.13
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P12 SmCPS1 )3 g1~ IX B LA A7 5 4R vh 78 e s
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W5 87 XA A o FESAR ZERI P OE |
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BN Ao BERNAC SR T 9 L A o TSS. Bt i A 4. A%l 0 2k il
18 £ B PR AR ST A 0 ) D W O 7, O 2R A A 2 B AR 3R 0 M i e
P AR
E1 A5 % 0t SmCPS1 551 FX DNA BEU S H
Fig.1  Methylcytosine distribution of SmCPS1 promoter in root,

AL /%

BT s

stem and leaf of Salvia miltiorrhiza

454G SmCPS1 J3 ) F X% 55 K 7 45 A oL o5 T30
GOk E, KA ALK R S N 455 IX B3k 18
A, HAEFTE -700 bp & 450 bp, -450 bp LA
(R J5 2l X B =700 bp DL b (95 3l DX A A A T
AR 8, B B AR A 5 B D R AR A i S R T
S (3 3) o ARUILAG I Y 2H 2122 S5 1 A
O B 72 A, R D B A SR 24% o FE
WA 38 AN A AE T A 18 AN SRR T4 A X
b HRIKE W EMCH2ERIEL A 21 (R
3),H i 10 My TRFERFEGX 17 S 5KRSB
R W E A 2 RN S EPAE - 632 bp

% - 450 bp,
4 itig

P12 SmCPS1 L] (2 4022 5 R 305 W] RE 2 3
Wi P32 B 2 o AR P SRR S MR AR R R 2
— o AELIE A i 4 2 2 S R O ) D A R T A
S S Ao AR R R A vk DL BRI 22 2 0 23 Bt
FEI T A4 LU SmCPS1 3 3l X ) H BE AL L
IR T SmCPST AE AR AU Y AR X R ik 4

PIEFE SmCPS1 Ji 8h 7 X 1 H 3k 55 9% 36 I 41 21 2%
SHRBEMXER, GRERAARLLUE SmCPS] 5
Bl DX BB A AE T AR 25 S a5, HLH A 21 S R
B 55 SmCPS1 Fik i b FH A K, Bk SmCPS1
Ja 37 X H B A 22 R e RS I S 2= SmCPS1 A
PSRRI E

ARG 3 SmCPS1 1E A [\ 21 2 v iy #H % =%
S 2RI R BUR R . MA %55 R4 6 A 4
7S M RE K % BR SmCPS1 78 AR 30 A1 X 26 35 f:
e, HUOR 2R FE M h Rk R AR AR DL 11 A
W AEIAR P S R o kL, Kl . SmCPS1 7E 0 i 32
KR SR, EAR R ZE i R A A X BIR . BT
b5t 1% 15 5% 0 PE SRR R I 25 R R B 5 SR
S5 RN TR A R (O R 2 A1 ) PRI 3 o A X 35 3K
HNZEFATRRS IS MRS ET A L. 5ok,
IR [ I 30 0 2 A 2 4 B R B AR TR B A e
5 A% 6 AR S22 2l & B, 11
A ZE 12 A EFHSE & TR, A R A
[FZH 2 SmCPS1 FRik & 51N 6 H B4 I i 45
A 2SR R R I AR, X EIRR S
[] B 09 A [F] 4 2L SmCPS1 33k i AF A B 58 4k o

Je B F X AT 4 A% G A B XL g B X
FIIE S 3 T IX 7 R Bl IX R N A
EAEGE B AS, — N B SRR R 47 4 100 bp 3 [ Fff
o LR B4 R S IS B L TR A BT
X L2 - 250 bp & -1 000 bp; P78 i A I78 ¥ )i
o TR S XA A R oo R o] a5 A
(1 i VR R 745 6, P aE o s A IR 0 9 5%
S S ) 5 O T () 42 A ) 300 0 1 s R T R FE
EH ML R U SmCPS1 J5 8 F X 3 fb R 24
T i I Bl DX (e Sl iR 7 e Ui - 750 bp & -
500 bp), —450 bp DL #0531+ X0 /A7 B
TR 5 S5 A e Sk TR T 25 B 6 R T 25 SR B Ok
0 It Bl X I XA FH G 1 32 Ak 3R FE SR AR
A5 510 =750 bp & -500 bp 4 =X FH oo 14 % 4k T
LIRS

YT 5 A A R AR AR ) X R
M R R B EREES T, ST -1
149 bp & - 826 bp & 41 CHH 8 H JE Ak 41 i B 52
RRAG [y 43k, T 7 E BB 2 %4 0
X— W LA, F RS SmCPST () %5k 2 3%
A SCH - 632 bp & - 450 bp B9 i ¥ Ji 3 F X A]
RE/Z A5 SmCPS1 FIRh i) — D E B X B, R0, 4
YR FEARAG I T — 26 5 3 58 o 5t 0 3 IE A DG
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Table 3 Tissue-differential methylcytosines on translationfactor binding sites in root, stem and leaf of Salvia miltiorrhiza

7 & /bp e /% 2£/% /% 4% S PO R
-924 CHH 0 0 20 + AP2 0. 008" 1. 000
-706 CHG 90 100 100 - NAC 0. 659 0.511
-704 CHH 100 90 100 + NAC 0. 675 0. 489
- 699 CHH 100 90 100 + NAC 0. 675 0. 489
-698 CHH 90 90 100 + NAC 0. 008" 1. 000
-697 CHH 90 90 100 + NAC 0. 008" 1. 000
- 687 CHG 100 90 100 + NAC,MYB 0. 675 0. 489
- 684 CHH 100 90 100 + MYB, Trihelix 0. 675 0. 489
- 682 CcG 100 90 100 + MYB, Trihelix 0. 675 0. 489
-671 CHH 100 80 100 - G2-like 0. 675 0. 489
-658 CHH 100 70 100 - G2-like 0. 675 0. 489
-622 CHH 90 50 100 - BBR-BPC 0.554 0. 645
-616 CHH 90 50 100 - BBR-BPC 0.554 0. 645
-613 CHH 100 100 70 - BBR-BPC 0. 008" -1.000
-612 CHH 90 100 70 - BBR-BPC 0.220 -0.941
-610 CHH 90 100 70 - BBR-BPC 0. 220 -0.941
- 607 CHH 100 100 70 - BBR-BPC 0. 008" -1.000
- 603 CHH 100 100 70 - BBR-BPC 0. 008" -1.000
- 602 CHH 90 100 70 - BBR-BPC 0. 220 -0.941
- 600 CHH 100 100 80 - BBR-BPC 0.008" -1.000
-519 CHH 100 70 20 - MIKC_MADS 0.234 -0.933
-515 CHH 100 40 70 + MIKC_MADS 0. 992 -0.012
-514 CHH 90 20 50 + MIKC_MADS 0. 940 -0.095
-506 CHH 100 70 100 - MIKC_MADS 0. 675 0. 489
-501 CHH 90 70 100 - MIKC_MADS 0. 462 0.748
- 484 CHH 100 90 90 + TCP,GRAS, Dof 0. 659 -0.511
- 464 CHG 90 100 100 - Dof 0. 659 0.511
- 450 CHG 100 100 70 - AP2 MIKC_MADS 0. 008" -1.000
- 448 CcG 20 70 100 + AP2 ,MIKC_MADS 0.417 0.793
- 447 CHH 50 100 80 - AP2 ,MIKC_MADS 0.919 0. 127
- 444 CHH 80 100 80 - AP2 ,MIKC_MADS 0. 675 -0.489
- 443 CHH 70 100 80 - AP2 ,MIKC_MADS 0. 887 -0.177
- 442 CHH 90 100 80 - AP2 ,MIKC_MADS 0.341 -0. 860
-440 CHH 80 50 80 - AP2 ,MIKC_MADS 0. 675 0. 489
- 437 CHH 80 50 80 - AP2,MIKC_MADS 0. 675 0. 489
-433 CHH 60 30 20 - MIKC_MADS 0. 504 -0.702
- 247 CHH 0 0 10 + AP2 0. 008" 1. 000
-122 CHH 0 0 10 + ERF,C,H, 0.008" 1. 000

TR B EHM A P<0.01,

.32 .



24 B 12 )
2018 4 6 H

[l S5 56 77 7

Chinese Journal of Experimental Traditional Medical Formulae

L=EAgn Vol.24 ,No. 12
Jun. ,2018

S XA RE TR 31 X ALY SmCPST J
PR IR LG R, WG 7 1 P RGP 3R 0k
PLHI A S AP o ol T 2 AT 58 & BUA BE R 45 1
AR I 45 B (00 SR T S DR T (9 A7 A DRI IR
o R LA B I 83 X e o B 45 R 5 S T A
T i 2 3 PR 3 3k /Y n] RE 1, ] 21t A fiE 5 42 2 0
AR AT 5 2 5 SmCPST 3 P 36 1K 1 45 (4 7T fiE .
WVF FUA S 2 RO o A IR 4 B T R AL 22 7 B
(1 ¥ at g HL A T BEAR A% 3l 1 XA B 2 45 A, 02
BTSRRI T IR IR BYE, A R A b B A
SmCPS1 )i 8l DX TR Ao H 3 2k 0 9 55 1 1
BT 2, 78 SC LA A 2 73 B R 1 K B9 T
SmCPS1 )i 8l X B Al o3 A #6550 2 H 5 SmCPS]
A2 SRR IR A A SC M, A 3 X H A A £
JE 0 PR SmCPS1 HE R % 2 38 Y 42 AL F 2 B 3t 1
Lflh, AN T PFS OGS R B 1 XA P S 2
B R AR AR IR B 25 1, e o B R 9 Y
SR LT B DTSR TR
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