- 2892 - 2% %4 Acta Pharmaceutica Sinica 2020, 55(12): 2892 —2903

ETZEFNASEERTEMERSBERRER

AR
(AT 28 SR ML B AR 22 B A W 1 25 00t ==, WL Bl 310018)

THE: 12512 (Salvia miltiorrhiza Bge.) F A7 1R &1 B9 25 FIAN A, o0 058 9505 L I ARAK, 18 1k 5 ) B 3 o L i /K
DR ERIFG 00 098 O WU I BF993 W PR3 BP0 B R TR o AR, BB 36 11 25 22k D R 7 7 2 0 I 1) i S R o 1%
ol R 5 AN 5 ) R (1 9 S, L 2 VA M oy AR 0 RS TR DL T 50 RO L B SR IR A o Tl 22 2 S B R A
PSR I FURJE, o T R RS 85 B MR & S TR HLEIIE R i Tl g . AR SCE R
GG P B R A L 28 B (1 R AR AL AT S R (R R i b, AN T PESTE YR O AR B TR B SR Th g
BE IR BORIF SN, R oA SR W R RN S8 DR 22 0 R, B A N — 25 R AP S 16 20 P ARt 9 7 T A 201 FH 2
H“tE,

KR FFS iR RS RS A, 2 AR

FE 525 RI3L RRFRINED: A Y E S 0513-4870(2020)12-2892-12

Advances in biosynthesis and regulation of the active ingredient of
Salvia miltiorrhiza based on multi-omics approach
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Abstract: Salvia miltiorrhiza Bge. is one of the most important traditional Chinese medicinal plants and is
used for a variety of diseases and disorders, including cardiovascular diseases, hepatocirrhosis, chronic renal
failure, Alzheimer's disease, angina pectoris, myocardial ischemia, liver diseases, and diabetic nephropathy. In
recent years, with the shortage of uncultivated resources and uneven product quality of cultivated germplasm, the
biosynthesis and regulation of its main active ingredient has become a topic of interest. The use of a multi-omics
approach with Salvia miltiorrhiza may provide genetic information as well as insights into the synthesis and
regulation of the active ingredient at the molecular level. The paper presented a systematic review of the genomics,
transcriptomics, proteomics and metabolomics associated with Salvia miltiorrhiza, summarized the advances in
biosynthesis, regulation and related functional genes, and also put forward some scientific problems of Salvia
miltiorrhiza that need to be further studied in the future.
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(R EBAL, P2 B 2 B oy 2 Bk Yo T A B S 48 A 1)
P05 PE 2 B 28 143 o A B BB SR, A B A2
PR AL G W) = E o A s B, FOOR TR, At
2 R S B AR, TERE R, FH S
b ZE KA A SR B AR ZE B 25 AR
By R RAL A WD & e A K HE B3 5 v T R AR &
HRZEE, R, X P2 ZE k1A BT R R, 7T 208
DEPFIR T TR
2 PASZEFEMR
21 HEEEWHR
211 #ZEFEE 20104, —iKkE 55 92% KK A
1| i1 96% (1) F [K] g AL [X 11 S ] 2 AE 22 P (Bt R K
) MsEmIF B TS &R EAN RN T 5, B515
JE R AH 2 P AR 5T A A v, AL R, B K
K FEAR M N A dEm 7 HPHEAR . FIHZ
$2 R Zhang %5 43 £ 2 3k [K 2H 4> K 641 Mb, Contig
N50 = 82.8 kb, Scaffold N50 = 1.2 Mb, & & 5 5| /i
53.58%, 13 34 598 &% [ 4 fith 5 [K F1 1 644 /M FE
FHER . XuZEM #5334 K 21 4= K 538 Mb, & 741 5
54.44%, 2.76 /> SNP/1Kb, & (1 Jii 4 i FL [X] 30 478 14~
PR O 45 R AR IE 2 R, (E PSR R AH ) R T
TE RN HR AR =1 10 A B 5 TR HLEE 70 R 38 T 1R
KAEH, Wnde B2 R4 e RE T 1 602 AN 56 A .82 4>
Tiii 2% 4 il A1 437 4> 41 i £ 2 P450 (cytochromes P450,
CYPs) HE AL IEE, H %€ T BES 5206 K
HH e R K SmCPS1.SmCPS2.CYP76AH1.CYP76AH3
HICYP76AKL [ 2 5 7k 85 2 AT b 7 X -F- SmCPS5 7
P 1) CPS1.CPS2.CPS5 1 CPS7 2% 4 %f CPS/CYP #H i
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FEI L ORI BT RN 22 R AL B ) B R K T
e 5P S FHY R AL B Y B & AR AE — 8 1A
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AR A S SR A 1 cpDNA AL, 4
£ 151 328 bp, 75K /INFIASELHE DX 2 (1] H — 5% =[]
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45 TE ] 3 0) e f C7E EE R A RN 7 X R R EE
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W7 B R 45 & 8 K5 5 M (strand-specific RNA-Seq,
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() ndhK/ndhC 3 /& ¥ 75 1) S8 Jik DR 4 AN A7 R e [RII,
F+2Z cpDNA B HE 9 15 7 51 o ik & A K & ) ncRNAS
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1E 4 548 AN A7 AL T A EE), L “C B U g i R
R % TR 8 (A 0 58 X 1 225 /N “C B U7 g 48 47 14
H, 202 AR AT 2 5] R mRNA Z 1S F R As, BH
115 AL A AFTE RNA KR i 48 1 B 5. 100,

AL, AT SRR SE IR 4, 5 28 b i S TR 4 1)
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ESTs #1521~ 5 BRI K B HHOC I H 2L B LIk, E M0
ANFEPEGNE T 20 2 /MESRAFA, HHE T PS5
VEIRBE 2 (DSTRD)MS, EARSK UL, A B % 5 1
HEPEZ B R0 P B TR A B R 231 WL, ) P 2 i 2H 2,
I REF ) (yeast extract, YE) X £} 2 B & FAH %
Pt 5 R 1) 0 1 R BCR FT R HH i (methy ] jasmaonate,
MeJA) B 5k, {55 MeJA A [ 12, YE X PHE BE A Bk
AH 5% 1) B 22 DR T s A FH, 7E/K 1R (salicylic acid,
SA) %55 T, 3494 PPR (pentatricopeptide repeat) & [A]
AERIR, Ho 234N 5 PFEY IR A RO 5% IR R TR kR
ik, MAE YERERE T (AgY) HE1ES T, 1834 PPR %
Rl Rk b, o 16 A5 PF Sl G soAE 5% 1) il 25k R 3t
FIBWN, SRR P S E Y R B R DR B R IR, I A
DNAE F i B 1 5 26 P S0 6 i A D% il 25k R 1o, T
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551 R 25 A A 2% 1) CYP450 6 i 5 (K17 L 7 EST
Y T 104 i A B R TR R 26 N R AR A
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5712 10 G R Ok B I R DR 2L A MR AR 2 R s A Y,
41 SmDXS2. SmDXR. SmHDS. SmHDR1. SmHDR3.
SmIPI1. SmGGPPS1. SmCPS1. SmCPS5. SmKSL1.
SMKSL7 55 5 P+ 2 lil & RSkH 56 1) g 25k D] 78 J8) R b s B
FIKRA M Rk A R A A O SmPALL, SmPAL3,
sm4H1.Sm4CL3.Sm4CL-like 1.Sm4CL-like 4.SmTAT1.
SmHPPR3.SmRAS 11 SMCYP98A78 4% %k K £ ) Jz 3 Al
A 8 A R IA = 2,
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2R R AL S AT B bR — el i EE A
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B BRI B AW 7. BT, KT E
15T 25 B AH SR BIE 78300 Ak T kS 22 B, A5 BE IR A
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24 RGEMR
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LN IR R P S AR E), AN T E P X FE S
1% W L % 45 SUIEI B b 4 ) 26 B AR Y, S
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Fertidric. EAEME LR E 2 A, 5 EH M
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P2 4% BON AT 7T B S . T, Gao ZE20% YE Al Agr4l &
7 ST 2 BARMR A5 S5 4R U 20 B o0 A )5 HEAT
WA, R I 2-C- F 2L -D- R 6 W B -4- B IR R 1 (2-
C-methyl-D-erythritol-4-phosphate pathway, MEP) /& 5
TR ML =R (isopentenyl diphosphate, IPP) () 32 %5k
B BEERE B ST, MVAIRREECH IPP I 3 215 Bl
7B, YE F AgHifs 5 J5 SmFPS. SmSQS. SmGGPS.
SmKSL % ik b, SmGPS [ R i % A 2 & A4k, il
WALEGE R (SmMMS) Rk BE TR R KN, 15
s AR X 15 5 S LA X 1) FY), 35 5 4 2 i A =
R G R, 5 IS 3 iR S G R, B3R
N HE ALY, Zhan ZEEUE P2 TR E i 2R (AR i
Bt s A AU 2EL ) A ELER I, R IS iR P 2 i &
FR) 2 T 5 AR AT B B O AN 2 TR O i Ul R R AR
IE R B, T2 B T Cus-Co A B I iR T S A
J5T IR PR I il SO B3P 2 R A — S 2 B L S A T
Z a AP Z B 12 el /D BT 8. Liu S5EE2R) F 1% 56 i
P78 MeJA T 23 i i 1F uh vl 1 AT 4- 5 A L IR A 1
ik WL (rosmarinic acid, RA) L S8 1H iy iR 22 AR (K
BN, T Ge ZERNE it MeJA b HE 5 £ 2 AR AE )
FOARIE 2 5 B S 2 00, R B8 R AT R A 5 Il B
JAZs i K1 HEAT B DI RE S IE, o T JAZ FEPRE X
AR RZ A E R, R T SmIAZ8 212 JA
5T R ST . W, A A AR TR A
5 DR B B 500 AR A U 1 S M) 4B s i 2 B2 Y
B, B A TEEREE, P A T R S
3 EMMSEDEREIERBEXINGEEREHAR
31 EMRSEMERKEEXIIGEER

P2 EEZEVEY B A ) & S RS AT 7T
7R R . JUH A v & I R PR K e St 2
A e DR 2H R S 2L AR 4R 5, AP SR I 1 S
R SGAENLIRE ST R 7 PR E .

311 HASREMERREXIGEERE HZEKE
WA HRE D N3N B, 55— B, LLMEP &4 R
F, MVA 12 5 A 5 IPP; 28 B B, IPPAR IR FE 46N
Hesb )L R (geranyl diphosphate, GPP). 7% JE & —
Wi & (farnesyl diphosphate, FPP) 4 4= JL &4 4= )L %
FE 2 (geranylgeranyl diphosphate, GGPP); &5 = [ B,
GGPP i i 1% 40 H 3 A ER S A A0 R B2 AR J i R &
w(E1).

TERT N IE S 5 T 50 B3R 13 NP S W A A 2%
FE DR it (34390 R P 2 B R 20 A 42 R 3R A 27 A
BAEE, 2B IO ERE KK, WA S5 IPP,
DMAPP A= i S PN 2 5 il 6 ) B Bk (R0, T
P86 51 SO3RAG 7 A BRI R 1) 23 A8 5L 1, R AE
AR JE Rz AR I 2 11 A5 P S B G BRH D% 1) R s
RIEPA, 20 AU 7R IB AT MeJA T IAF x
N, HE S — By BE R MEP 2 42 3 % 45 SmDXS2.
SmDXR. SMMCT. SMCMK. SMMDS. SmHDS I SmH-
DR2 5[ 2 5, MVA i& 12 £ 2 SmAACT1. SmH-
MGS. SmHMGR1. SmHMGR2. SmMHMGR3. SmMK.
SMPMK F1 SMMDC &5 JE (K1 22 55, 55 | B i) S Stk il L K]
& SmIDI1 Al SMGGPPS1, i % 1A SMGGPPS. SmDXSII
HI AR o T 2B & & A5 3 12.93 mg-gt (T ),
Il SmKSL1. SmCPS1. SmCYP76AH1. SmCYP76AH3.
SmCYP76AK1 %5 il K = %2 2 5 5 — [y B i) & 40

H CPS fil KSL # #f A /& GGPP 2k Bk £+ S i —
% (miltiradiene) )R 8EREJ5, 7/ S B H AP ER T
12~ SmCPS #1 9 4~ SmKSL, H H SmCPS1 #1 SmKSL1
TE J& R 2 T8 T2 P58 de v, DA O] 222 1) T B T2 B R IR
FFZ 4% i e Bk B 7 365 mg-Lt, A fk i e
FHS 0 0 (0 7= & n] 32 = #1488 mg-LtEA, R R AL,
4 SMCPS2 il SMKSL1 2 %, ml 4k A s Ik 2 i —
I % SmCPS5 Fl SmKSL2 41 4, M 7= 4= 7k %5 2 7l
R, RNAI Tt SMCPS1, JIZ B IIA Al PF 2l 1 i %
T F%; RNAI T3t SmCPS5, i #k H L 42 45 V28 /)N
SEPEAREA, G 7 AN PE S L7 5 R ) SmCPS1 Al
SMKSLL % il [X 3 5 4% 1 2 2 & 1 (cSNPs), A& 3 38 4~
SmCPS1 [ cSNPs #1142 4~ SmKSL1 () cSNP 5 FF 2 &
FCAH G, R TR P 2 B E B AR A 2 B SmCPS1 Al
SMKSL1 g fiTh [X 35 i) cSNP AF 5 7= A= [y el pfy e/l IR,
SmKSL1.SmCPS1 £ GGPP L il Ik FH & i — ) il FE ke
FHEVEFH, SmCPS5.SmKSL2 2 5 7/ 5 & (14 .

Z T IRFES 0 B 1A RS R P S AL A
5 F-HL, B RTTIA -T2 4, I8 SmCYP76AH1
AT AL KPS )G R 3 N B ES B (ferruginol), 76 T
FETE H 5] N CYPT6AHL 5 [l Ji5 Bk 45 I 1) 7 & 42 i 2
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Figure1 Schematic tanshinone biosynthetic pathway and the major branch pathways in Salvia miltiorrhiza. MEP: 2-C-Methyl-D-erythritol-
4-phosphate; MVA: Mevalonate; DXS: 1-Deoxy-D-xylulose-5-phosphate synthase; DXR: 1-Deoxy-D-xylulose-5-phosphate reductoisomerase;
MCT: 2-C-Methyl-D-erythritol 4-phosphate cytidylyltransferase; CMK: 4-Diphosphocytidyl-2-C-methyl-D-erythritol kinase; MDS: 2-C-
Methyl-D-erythritol 2, 4-cyclodiphosphate synthase; HDS: 4-Hydroxy-3-methylbut-2-enyl diphosphate synthase; HDR: 4-Hydroxy-3-
methylbut-2-enyl diphosphate reductase; AACT: Acetyl-CoA acetyltransferase; HMGS: 3-Hydroxy-3-methylglutaryl-CoA synthase;
HMGR: 3-Hydroxy-3-methylglutaryl-CoA reductase; MK: Mevalonate kinase; PMK: 5-Phosphomevalonate kinase; MDC: Mevalonate-5-

pyrophosphate decarboxylase; GGPPS: Geranylgeranyl diphosphate synthase; CPS: Copalyl diphosphate synthase; KSL: Kaurene synthase-

like cyclase

10.5 mg-L, 4R 5 1 SmCYP76AHS {142k 45 % AE il 11-
F2ILERAAEE (11-hydroxyl ferruginol)AIAZE; (sugiol) Al
11-F2FMIAZ 8y (11-hydroxy sugiol), F§H1 SmCYP76AK1
TEALAE R 11,20-F2 k4R RE (11,20-hydroxyl ferruginol)
A111,20- 2 FEMIAZ By (11,20-dihydroxy sugiol) #6481,
Khr b, KPS IR AP SR A A
AL T KA RN 25 F R4 22 08 I W, Ik 2- R 3 — R MORSE
£ XN 4 ¥ (2-oxoglutarate-dependent dioxygenases,
20GD). %4 5 [ it = i (short-chain alcohol dehydroge-
nases, SDRs) % 2 55 41, iX &£ Jx I K 2 B CYPs /¢
Sp2249501, H {if LR 454 GS FLX BEARMNSF SR 5
SR HE 4 E T 704N FT SRS CYP450 (1) unigenel*?,
F F RNA-Seq £ R M E AR R o % 58 H 29 300 4>
CYP450 F: [X]140], % Hil 85 /> CYP450 /£ YE fil Ag*ifs T
() B R AR A S 21 v B [N 22 e R A, Horp CYPT71 e Jk
HERE FRBERK, £ZFXETCEEHN NS,
FF 2l G B CYP450 B2, %558 T 16 2% CYP450
BERE ) Bz e 5 041, 43 i 1194 (134N F 164
SmCYP450 3 [A] 55 SmKSL. SmCPS1. CYP76AH1 Jt %
k04 SmCYP76AK2. SmCYP716D25 il SmCYP728D17
AIBES ik KA e, JE 3T MeJA I 3R IL, )%
€ H AT REZ 5 P S & ) CYP450 4 4MB4,

SRTT, MW HE R 4L rh CYPs AE% 8, 2w 8 K1

CYPsHHEF . CYPs597% LA L ik 3 AE W& ik
I, % A i TR Ry DX 3 P R ST A R S e R A IR R AL,
2 5 V5 2 L D 528 1 2 TR A I A A4 Je 97082,
CYPs J K] (1) 3= & 1 A CYPs Ak [ B (1) 52 44 Pk AE 772 4R
i W 45 K 2 REVE 0 R, 1 2% 58 K i R AR 4
AW U ) CYPs B2t T BRI Bk R, RIE AE B
TR T, 15H 70% L E 1) CYPS/CYPs %A i
B AT aele, [Nk, i B P2 AR Y G o A5 10 % i
FETHH9% CYPs (1 D fig %5 7€, WA CYPs 1 Thfie 1 41 T
DRyt i KR DR AR A AR 5 O VR S S A SR L&
AERERS .
312 FEBBEREMERKEEXRIIERERE HAlilA,
JEC YR T 2R T e AR R A2 P 2% P AT S I 1R 1 T TR T A
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