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WE: N TIARSFZ(Salvia miltiorrhiza)l] Vinorine & IREGEE R (VS)IThEE, WSSl T Smys £H, @il Ex PASy %57E
LT AT G B0, FIRAIH RT-qPCR SR T HRIEMA . 505K, SmyS BF 4K 726 bp, HihY
241 NEIERE, AL AT ERAN 26 861.72, LA PI N 5.66, AMAMRE, HEMEM T4&bitk. REHILHTTEY, FT
Z SmVS 58 LM (Olea europaea var. sylvestris)if] VS S5 6 R GA . SmVS BRAEFFSAR I8 et (15, A
SKIKCPAE 21:00 femie BRIk, HER SmVS FEDI 5 6RE A K

K@iFE: 125 Vinorine A HMY; RT-qPCR; JERHFIE; T
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Cloning and Expression Analysis of SmV'S Gene from Salvia miltiorrhiza

. . . .o . . *
WU Liping!, SU Xinglong!, CAO Mengyang!, WANG Zhaojian', XING Shihai'*
(1. College of Pharmacy, Anhui University of Chinese Medicine, Hefei 230012, China; 2. Traditional Chinese Medicine Resources Protection and Development,

Anhui Academy of Chinese Medicine, Hefei 230012, China)

Abstract: In order to understand the function of vinorine synthase gene (VS) in Salvia miltiorrhiza, the SmVS
gene were cloned from S. miltiorrhiza, and the bioinformation of SmVS was predicted by Ex PASy and other
online analysis software, the expression pattern of Sm VS was analyzed by RT-qPCR. The results showed that the
full-length of SmVS was 726 bp, encoding 241 amino acids. The molecular weight of SmVS was 26 861.72 with
isoelectric point of 5.66. It was an extramembrane protein, presumably located in mitochondria. Phylogenetic tree
showed that SmVS had close relationship with VS in Olea europaea var. sylvestris. The expression of SmVS in
roots was higher than that in leaves, and the transcription level of SmVS reached the highest at 21:00 pm in leaves.
Therefore, it was suggested that Sm VS could be involve in responsing to light.

Key words: Salvia miltiorrhiza; Vinorine synthase; RT-qPCR; Gene expression; Clone
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SRS HEWA . BRSPS R R 24
HHEPHFS AP R |, HAEYE O R 2
BEfRAT UL i ST S A R D, T
HABSRNIRIE . EAYmH, w0 WA
P S | S O RE T W G L7S = 2 SR N R S/
&Yy, BARFENGIEEEE, WKELZHATH
i PUOER AT AR,

BRI RS A MR S R, HA AT AR
FEAUT, Horh Vinorine £ i (vinorine synthase, VS)
SR R A ORI 1 AN SRS, (R AR R
AW 16-epi-vellosimine 7] 30 P4 b A il oy e 2R 71 A
YIB Vinorine, Vinorine & FHFERE 2 FhA [E 2574
[ AE WA, BRI g AR RS 72 (Sarpagan) ATRA HE) 52 754 A= 477,
(Ajmalan)!'”). Vinorine & A2 55—/ Z4E S5 M1
FAEATT 1) I i T T A OS2 I R 5% 7% Il (BAHID) 5 %
B 51, BAHD 1944 T MAEY) 53 25 H BT RT 4 FhKik
B, 2SR AE 2 Bl A = P B A & b
A BRI BB RIESFS R WARE
ARSI S T alE SmvS FEH, o H g g it
ITHEYE B0, B SE 9256 € & PCR B0R
(RT-qPCR)KIN Sm VS HE R A, it — L0t

1 MR

1.1 #4k

MRER B 2 Brh R 2R 25, A KO /15 5
916 h/8h, B BP R AR AT FE RIS ENIE
R 2(Salvia miltiorrhiza). X526 H EH KK
BRI, BT KGRI E, MM
FKIBE 3 WK, W 7K SR TR A R R EUE RNA

1.2 5 RNA $ZEUR cDNA K&

K 2R [ TRIzol v PO EUFE 2R F i [ 5
RNA, f#H FastQuant RT Kit (Tiangen Biotech, ik
FOWAIE A K cDNA.

1.3 5[4¥ 3t PCR 14

A FH 2 s ERY, B SmyvS [FE
'] cDNA J¥ %] H Primer 5.0 B4 Be1E 5190 DidtAT
Fe5 PCR 43 51 WF 3 Eilg A TAY) TARER A
HIRAF A

®1 5155
Table 1 Primer sequences
514 Fr 3l ElEY| Fr 3l
Primer Sequence (5'~3") Primer Sequence (5'~3")
SmVS-F ATGGGCCGCTTCATCCCGCG SmVS-RT-R CGTTATCGCAGCCCTCAACTTCC
SmVS-R TCAACCATCATCCTCCACAAC GAPDH-F ACCCTCACGGGGAAGACCATC
SmVS-RT-F GAGCCCTCCGTTTCCACAACAC GAPDH-R ACCACGGAGACGGAGGACAAG
14 MR BZEIHT K3 ARG o
M5 PCR G2 HE R 2K P51, FIH] ORF
Finder 34 (http://www.ncbi.nlm.nih.gov/projects/gorf/) 1.5 SmVS ZFFRIL K] RT-qPCR 7317

FHRIFTBEAE(ORF), RPN AP fELkit
17 15 % [ Y8 4 EE 5t (http://blast. Nebi.NIm.Nih.gov),
FHdk A7 H B 5 ER A1 5 9 BT (http://web.expasy.org/
protparam); F§ TMHMM fE£F2 )7 (http:/www.cbs.dtu.
dk/services/ TMHMM-2.0) 73 Bfr 8 [ Ji 1) A RERFS i [X s

| H PSORT #K 14 (https://www.genscript.com/psort.
html) TN 2 1 D40 5E 457 7 F GOR4 8- (https://
npsa-prabi.ibep.fr/cgi-bin/secpred_sopma.pl) T il 25 [
1) —2E&5 4 | SWISS-MODEL # {4 (https://swiss
model.expasy.org/) AT ghS (1) = 4S5 R Tl ; I
FIF MEGA X #4F(Neighbor-joining, 4FA7AHIZE:)

%M SYBR Premix Ex Taq™ iR fl|(TaKaRa)#!l
Roche 7480 S} %) € & PCR 1, LA GAPDH {E
HNWNZE, Wit E &5 SmVS-RT (% 1),
52 5220 77 R34 T RT-qPCR N, EL#E SmVs
FERFEMH AR P RIS ZE R, FFoth AN hRIA
(1 BB (n=3).

2 SRR

2.1 SmVS EFH KT
K RS Y3k T PCR P71, BLS ul 729
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BEAT R PP I, S5 SRR I TE BT B 2% S5 %
ST Ry BN — 30 D R AP
(B 2) 5 HAbKEY) VS FEPRIBEAT LU, RUTZEEH S

2000 bp—

1000 bp—
750 bp —
500 bp —

250 bp—
100 bp —

&l 1 SmyS Z K PCR 714/ ik Bl . M: DL2000; 1~3: SmVS A .
Fig. 1 Electrophoretic diagram of PCR amplification products of SmVS. M:

DL2000 marker; 1-3: SmVS.

HAhAE P ) R PR SE R B AR AR AL, (Rl 4o
SmVSo FR4K N 726 bp, Fihit 241 NEIEER(E 2).
%5 K E GenBank )& 3% 5 8 MW802630.

2.2 AWE RS

FIH ProtParam #KAEXS SmVS mfi i) i HEAT
P b, AR E, SmVS A+ N
C1200H1857N3200347S13, FH 20 Fl 3t 241 N IEBRZH AL,
FHXE o> 78 26 861.72, JETRHEUN 3 746, “Z5HL
(P A 5.66, AFaE RECN 43.95, TULLE FL3)
YIRS LR A PRI - S B2 30 hy BERRR Y K
T 20 ho KIGAF B AR N KT 10 h, SRR FE %L 74.02,
SOPRSE KM N-0.208. SR IX 0 AT R B SmVS K
TR I X k3%, J& TR IRE . Wl SmVS
HEEM AR E S T 2Rk, nTREVER 73.9%:; &
AL G HO SR AT BE 1N 17.4%; 58 60T 40 ffa 5 s A
MR B R B PERAR, 38 4.3%.

1 ATG GGC CGC TTC ATC CCG CGG CGA ACC TCA AAA TTT CCG CCC TCA TTC GAT TTC GCT TCT GTT TTC CCA CCT AGA GAC CTC TCG GGG TTG

1 G R F T P R R T S K F P P S F D F A S V F P P R D L S GG L
91 GAT TTC ACC CAG AGA ATC GGC ATG ACA GAG GAG AGA ATC GCG ACG AAG AGA TTG GTT TTC GAC AAG GAA GAG CTG GCG AAG CTC AGG AAT
3% b F T Q R I G M T E E R I A T K R L V F D K E E L A K L R N
181 GGT GAA TCA TCG CAG GTG AAG AAT CCC ACT AGA GTC GAA GCC GTC TCT TCC TAC ATC TGG CGG CGC TTC ATG GAC GCG GCG AAA GAC AGA
61 ¢ E S S Q vV K N P T R V E A V S S Y I W R R F M D A A K D R
271 GGC TGC GGC TCC GAG ACG GCG ACG ATT GCT GCT GTA CAT GCA TTG AAT CCG AGG CCG AGG AAC AGC CCC CCG CTT CCC CCA CCC ATG TTC
919 ¢ ¢ ¢ S E T A T I A A V H A L N P R P R N S P P L P P P M F
361 GGA AAC TGC TGG ATA CCT GCG GTG GCA GTT ATG TCC GGA GCG GAG GGG GGG GAT GAG GTC GAG CTG GTG GGG AAG TTG AGG GCT GCG ATA
21 6 N~ ¢ w 1 P A V A VM S ¢ A E G G D E V E L V G K L R A A I
451 ACG AGG ATC GAC GGC GAT TTT ATC AGG CAG GAG GAG AAT GGA GAG TAT CTG AAT GTT TTG AGT AGA TCG GTG GAT CTG TTC ATG AAG GGT
51 7T R I D G D F I R Q@ E E N G E Y L N V L S R S V D L F M K G
541 GGG GTG GAG TTT TGC AAC TTC AGC AGC TGG TGT AGG TTT CCG GTG TAC GAG GTG GAT TTC GGG TGG GGG AAG CCG GCT TGG GTT TGC ACG
81 ¢ v E F C N F S S W ¢C R F P V. Y E V. D F G W ¢ K P A W V C T
631 ACG GCG CTG CCG TTC AAG AAT CTA GTG ATT TTG ATG AGC ACA CCA TGT GGG GAA GCA ATT GAA GCA TGG GTT AAC GTT GTG GAG GAT GAT
2T AL P F K N L V I L M S T P C G E A T E A W VN V V E D D
721 GGT TGA
241 G %

FE| 2 Smvs TR (B 1 RO ) 2 AR 51

Fig. 2 Nucletide sequence of SmV'S and encoded amino acid sequence

AR AR R (A 30 A), A

2.3 SmVS EAK RGiEL T

35.27%MIEEEIR(85 LA o IREE AFTE, 17.01%
FIEIEFR (41 AN AL T 5%, 4.98% R LR (12 1)
NP, 42.74% M IEFR(103 /M) N Te RN i,
FKHZE A R L o S2HERT TR 25 # oA .
F SWISS-MODEL % SmV'S & A fI & JE R /- 51| 3E 4T
SYEEER TR 3: B), %8 A KB M R
W2hE, BB, 5 RTINS AR .

HEL 6 BN VS AT, FIF DNA
MAN #4347 FE 51 2 B EL 6 0 M (B 4: A), 451 %
B, 1X 2 VS B A A 2AG 5w AR AU - [FIB, SmVS
YRR AR A R S HAREY L3, A
HAFER R Motif 1)(E 4: B), HAF DFGWG
SERIIEE JLF- T BAHD SRR 2 35 1, R 1T 1%
SENIRAEA R S A ST Z R, W DFGWG 45
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A b ol (hohelix) t BFES (t:Bturn) c: JCHLIIE M (random coil) e: SEf{i (extend strand) B

10 20 30 40 50 60 70

| | | | | | |
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tteeeeeecttcccheeeeehhhttt
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L

100 150

3 SmVS %El:ﬁ%i‘@(A)%ﬂEé’é%ﬁJ(B)?ﬁiﬁﬂ

Fig. 3 Prediction of secondary (A) and three dimensional (B) structures for SmVS
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CRETERRESKERP SFDFASVFPPRDLSGLDFEORICMTEER IATKRI VFDEKEELAKLRN====CGESSC VKNPTRVEAVSSY IWRRFMLA
PYFCMARIFPPRDLSGSSFRENTCMTKEK INTKRE VFDRERLATLREF AGDGSCVKNPTRVEAVSAY IWKKFMEVY

120 130 140 150 160 170 180

CWRFAIAFTSTSKDDNNGCSDIVPELRSA IRKINGDY I]iCVQDGE—YINQI_C J
CWRAAFAILSOTEDSFDE= -1 VIKLRSAITE INDCGY IKKLOHGD= YLSNLSH|
LWRHALAIFVAECEKCGY = CNIAGDLRENAIRNINSNYVKILQIGDEYLHALKH
IWRHALATEVAECERGYSSCNI AGDLRNAIRN INSNYVKTLOIGDE YLHALKK

IAKENENIMEFAKMCVINHAVNLRPRMSPPHPQSS ICNLWRVAVGLLSSEARNGYSSLDLISELRIAIKK IDSDY IKMLIDGDRYLDELKS
210 220 230 240

SYDIFLKGDVEHYNFSSWCRFFVYEVDYCWGRPEWVCTTILPFRNVVIIMSTPCGNGIEAWVNMLEEDS
WIDFFEK-DIHVCNFTSWCRFFMYKVDFCWGKFEVAVCTTTLPFKNLVIIMSSSSGDGIEARWVNVPDHDS

PIRVCTTILPFFENVVIIMSTS
PIRVCTTTLPFENVVIIMSTS
TGEQFSTGETEFCSFSSWCRFFVYEADYCWGREVNWVSTTIMPFENVVIIMSTSCGDGIEARVTLLPEDS

GIEAWVNMLEEDS
GIEAWVNMLEEDS

FEF7 i Motif location

A
F}2 Salvia miltiorrhiza
i{'&*‘(ﬁ{ﬂi Wi Olea europaea subsp. europaea
SLACRUR A Handroanthus impetiginosus
WL T I G A Coﬁga eugenioides
NRINE Coffea arabica
5 Camellia sinensis
F+2 Salvia miltiorrhiza 100 110
itféﬁﬂ‘{rh Wi Olea europaea subsp. europaea PSS
%%ml‘ Handroanthus impetiginosus [ARVKE-DMENT-SE2AAVHAVNLRPRAIPPIPGHA
L@ Sl X s Ll [ S ey X AT 1= Yo 1o LU B+ A MDS K S~ KEMY 2 2 VH AVNLRPRMNE VL PDHA
Q%"ﬂﬂ"ﬂ? Coffea arabica TRAKMDSKS KEMYAAVHAVNLRPRVNEVLPDHA
=M Camellia sinensis
2 Salvig miltiorrhiza _1% 200 210 230 D
i %‘(&”’H 45““ Olea europaea SubSp europaea SVDLFMKGCVEFCNFSSWCRFFVYEVDFCWGKFARWVCTIALPFRNLVIIMSTPCGEAIEAWVNVVEDDES
= %))‘(Vﬁ Handroanthus impetiginosus
WKL B ARt e e Coﬁpa 0 O T =1 VS KGD IEFCNF FFVYEVDYC
/J‘$|UJI] i Coffea arabica 'TMEI VSKGDIEFCNF' FEVYEVDYC
M Camellia sinensis
B P
P42 Salvia miltiorrhiza 7.09¢-105

HiHIEE S Olea europaea subsp. europae 1.61e-115 |

ALK Handroanthus impetiginosus 3.85¢-107 |

W e TR FEITRNIIME Coffea eugenioides  1.74e-128 ‘

JNRIINE Coffea arabica 1.74¢-128 ‘

ZM Camellia sinensis 7.22e-103 ‘

mmmm CNESSWREPVYEVDYGWGKPVWVCTTTLPFKNVVILMSTSCGEGIEAWV

KMVAAVHAVNLRPRMSPPLPDHAFGNLWRPALAILS

_— GSQVKBPTRVEAVSAYIWRHFIEAAKAKM
& 4 VS IR IR 751 LL X (A) R R 38U(B) 7 T

Fig. 4 Alignment of amino acid sequence and conserved domain of VS

FIIRAE R4 (Populus sp.)f] BAHD Z %3 K H Bk
DYGWG. DFGFG. DFGWA. NFGWG. DFGWK.
DLGFG 1 NLGWGH®],
R4 NCBI Blast % Lh4 R, SmVS & [ 2 LR
¥ 55 HABED R FIIR A S, 5 B AR AN (Olea
europaea var. sylvestris){f] VS G 3E 18 7 HIAHLE A
64%. £ MEGA X #f4-F-& LR H NI i(bootstrap %
BN 1000y 11 FEYII VS ZIERR T 51T R 58t
ot (1 5), @%%(Mwsomoy Lisgaseliiliigui
(LOC111382475) Fr: e BAHEEFIME Coffea euge-

nioides, LOC113763265)~ H¥.(Nicotiana tabacum, LOC
107765976) W (Camellia sinensis, LOC114266018)-
222 (Ipomoea nil, LOC109155698) 2 bk (Sesamum
indicum, LOC105168028). & JKN(Momordica charantia,
LOC111007275)~ 4 JR(Cucurbita moschata, LOCI1
1439839). EHE LU %%(Herrania umbratical, LOC11
0418295)FI 1Bk (Juglans regia, LOC108985508). 45
KUY, SmVS SRR VS B3, JRER
Fipoilt, FUGE N e BAHE T AhmeE . RStk
FFAI LR 5 SR — 2, AR =R o Slki, mI L
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N A REAL IR AP AR DR ST

Vinorine

2.4 ERRIGEBRIE S
NT R SmVS FERAEFT S h I RIEHA, LA

GAPDH N Z 5[, K RT-qPCR F ARG SmVS
BRI AT RIE R WL, SmVS FEPRITEAR R A
Bk, iR RS i 2 (8 6: A), H
- SmVS FERITE 21:00 ik & KAE (K 6: B)o

68 42 Salvia miltiorrhiza (MW802630)
72 { BEH IR Olea europaea var. sylvestris (LOC111382475)
78 R e BEAR B FRME - Coffea eugenioides (LOC113763265)
78 { JH¥E Nicotiana tabacum (LOC107765976)

M Camellia sinensis (LOC114266018)

4 Ipomoea nil (LOC109155698)

100

100

K5 HTAERTHIN VS ARG

Fig. 5 Phylogenetic tree of VS based on amino acid sequences

14 M 551K Dayl %
12+ D ’5@23& Day2
20
§ 10f g
7 7]
= H g
X 2 08f x g
= o = e
= = 0.6 = >
= _‘3 o £ 10
S 04t &
5
02
0
R Root It Leaf
2[4 Tissue

6 SmVS B IIFRBHIA . AR FRFRIRZ 7 B E(P<0.05).

6:00 9:00 12:00 15:00 18:00

2K Sesamum indicum (LOC105168028)
7 )\ Momordica charantia (LOC111007275)

{ FiJK Cucurbita moschata (LOC111439839)
{ FHEHL % Herrania umbratical (LOC110418295)

WMk Juglans regia (LOC108985508)

ab

21:00  24:00

fisf ] Time

Fig. 6 Expression pattern of SmVS. Different letters upon column indicate significant differences at 0.05 level.

3 SRR

KIS S ES R T SmVS B, &KH
726 bp. HEVIE B E TR, SmVS HE K ZwiY 241
MNEIERR, SmVS HEM T8N 26 861.72, F5HL
RUPLK 5.66, REES IELER 1, HEWI I 2 67 T 2R ki fk .
FIER A TR, SmVS & A MR & Ik
W2 4H 5 HARAE I VS B BRI — 80, B A
5] () A 57 I (Motif 1), SmVS & [ B4 BAHD i
RSP &5 M3 DFGWG, [Fik, N Smys ZFnr
fEJE T BAHD FKIERL 71« R 43 Hr R B 12
) SmV'S & 15 AN SE 4 ok 28Uk . RT-qPCR
SRR, SmVS FEFETEST SRR IE &
B, UL ETEFE S B AU R i Smys

£ 21:00 B RIE . XL PS4 i i A
TR T AR .

PR A NG] R A DB 1T R, 1931 4 1 AR
K (Rauvolfia serpentina) B J #7325 15 21231, 1959
R, BT la BHULERE A, K EEEH
TRIT P EE G AEAE R DR H Y ARG A
R Y Vinorine & Bl & MIEAR K (Rauvolfifia
serpentina) F1 B 5t 2% W.(Rhazya stricta) ) 238 41 fg
BV R R o B R RS R A O I R
BT R4 T CE AE A 4 R P o 2B AR e o A O
FH T 0 160 97 1 5 A e K A R K 8 s 11
A B BSCHIT AAR EEi T)  AE ) K B R AE KR A
(Catharanthus roseus) )Y & HOI Y, KAET &
T 5 Fp L7280 RE AR WO A BEAE R AL AL A
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(Taxus cuspidata) T VEY) G R, ¥R B UF0 2
RN, A 2 B OB A OBMERERY, TR
0 RAEVG RIEET, LB A KA Vinorine
A Rl R 2 MR B B A, B AR R
Aparns R AV, fEA AR R AR .

SmVS Ynhth (1) 28 B2 /R 7 5 A0 HoAth 6 P B A
F A B ARSI, BD SmVS 2 (4 25 BAHD K% ik
RIERSF 4585 DFEGWG, ik, #El Smvs & F
BAHD ) — 51 o f I JLAFEARIE ) BAHD SR A
FEEHAWIEK, B TEKFE(Oryza sativa)~ ¥kt
HLFE IT (Arabidopsis thaliana)t 7373146 119+ 94 1 64
AMAHIRIEF BN, RS i ok WARTE . BAHD %X
R K Z H Y ae A 2 5 R 2 AR
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