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Abstract ; With the decoding of its genome, Salvia miltiorrhiza, belonging to labiatae (Lamiaceae) sage (Salvia Linn) ,
is becoming an important model medicinal plant and is being widely studied. The earliest record of S. miltiorrhiza can be
found in more than two thousand years ago in the Sheng Nong’ s Herbal Classic in which S. miltiorrhiza was listed as one

of the top grade drugs. S. miltiorrhiza has a long history in treatment of many cardiovascular and cerebrovascular diseases.

KR BEH: 2016-03-20  fEEBH: 2016-04-27
ELWB . &5 5R S G IR 3 4 (20111106110033) [ Supported by the Research Fund for the Doctoral Program of Higher Education of
China(20111106110033) ],
EE R TRAREE(1972-) L, S SR L BBz, N 4 F A 2% W58, (E-mail) linsuzhang009@ 163.com,,
TBEEE



114

SRAREESE . PP AR @S0 s e i AL iR R e

103

The active components of S. miltiorrhiza are divided into two categories: water-soluble phenolic acids and lipid-soluble
tanshinones. As an important medicinal mode plant with long history, the biosynthetic pathways of S. miltiorrhiza active
contents tanshinones and phenolic acids attract growing research interests. An appropriate tissue culture condition and a
simple, stable and efficient genetic transformation system are very important in the research of the plant S. miltiorrhiza.
Based on former studies, we investigated culture conditions to induce different S. miltiorrhiza calluses using different
phytohormones on Murashige Skoog medium. And through a four factor-three level orthogonal design, we investigated the
effects of submerging time, co-culture time, screening pressure and concentrate of acetosyringone. The results of callus
induction were that: MS+0.5 mg + L' 6-BA+0.5 mg + L' 2,4-D induce callus faster than other explants, while MS+0.1
mg + L' NAA+0.5 mg + L' 6-BA was suitable in inducing stems; 1 mg + L' trans-zeatin could induce brawn callus may-
be contain more tanshinone, 1.0 mg + L' 2,4-D could induce more roots on callus. And the confirmed agrobacterium-me-
diated genetic transformation parameters for agrobacterium tumefaciens GV3101 harboring nptll gene plasmid were; sub-
merging 5 min, co-culture 1 d and screening at 30 mg + L™ kanamycin, the positive ratio of transgenic plant by PCR ver-
ification was 60%. When submerging 5 min, co-culture 1 d and screening at 10 mg + L™ streptomycin the transgenic
plant positive rate was 70%. The later transgenic system seemed more stable and easier to be repeated in this trial, may-
be due to the less toxic of streptomycin which indicated that streptomycin maybe another candidates for transgenic screen-

ing in S. miltiorrhiza. The determination of different callus inducing condition and the optimizing of genetic transformation

system provide useful appliancation in further researches of S. miltiorrhiza.
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Table 1  Different hormone proportions for Salvia miltiorrhiza callus induction
e SMAFRRC (1) At (M)
~ ytohormone Explant number Callus number
ST (mg L") P ) JICHINERIN
Medium Callus status
nf g 25 it p 5
NAA 6-BA 2,4D Leaf Stem Leaf Stem
Y1 0.1 0.5 0 30 20 24 18 R
Light yellow
Y2 0 0.5 0.5 30 20 25 12 RELE
Light yellowgreen
Y3 0.1 1.0 0 30 20 25 15 o ML
Green, many sprouts
Y4 & EKRE 0.5 30 23 13 3 HAE
ZR only 0.5 Puce
D1 0 0 1.0 43 29 29 22 wio, L
Tint, more roots
x2 FBEZEXNASIMEEHRIERETEE
Table 2  killing scale of kanamycin to Salvia miltirrohiza explant
KAREE Z W E Kanamycin (mg - L)
s
ltem
70 50 40 30 20 0
2R SMREIR R 0/27 4/27 12/45 20/45 25/45 B Z Many/45
Bud number/Explant number
HZER 0 15 27 44 56 >100

Sprouting ratio (%)

®3 EXE[L(3) I ZEASEERUER

Talbe 3 Orthogonal method Ly(3") to investigate genetic transformation system in Salvia miltirrohiza

& Factor

3P P
éﬂﬂ Bl BISEE S| FIRE % 2T R Buﬁt*fﬁfﬁ , B“dixﬁfﬁffer /
Dimming time Co-culture time Kanamycin Acetosyringone Explant number (%)
(min) (d) (mg- L") (pmol - L")

1 3 1 20 100 22/60 37+2.2bc
2 3 2 30 200 20/60 33+2.2b
3 3 3 40 300 19/58 32+2.7b
4 5 1 30 300 26/56 46+2.4d
5 5 2 40 100 18/60 30+3.3b
6 5 3 20 200 23/52 45+2.0d
7 10 1 40 200 8/45 17+2.2a
8 10 2 20 300 11/52 21+2.2a
9 10 3 30 100 9/43 21+4.4a

;SR SPSS18 Duncan’ s multiple range test J7 34307, [fl—3 AR [A] b R i 2% 5 (P<0.05,n=3)

Note: SPSS18 Duncan’s multiple range test method was used, and different letters mean significant differences in the same column( P<0.05,n=3).
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Fig. 1 Growing process of transgenic S. miltiorrhiza plant ~A. I. Callus inducing from S. miltiorrhiza leaf, II. Callus inducing

from S. miltiorrhiza stem; B. 1. Transgenic sprout screening at selective medium, II. Transgenic

shoot growing at rooting medium; C. Transgenic seeding transplanted in soil.
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PERC AL S H 9 DNAL S8 1 4. = 5
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T PR T IR IR A SR ik
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FFSA Sy T B 24 FERE 2 O M 1075 e Ao 2258
Tt 9 s 55 Jy T LA IR 9T VB (B PE 4§, 20105
Zhang et al,2015) , HH A RUS S PHS I 247 1E
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MRERZ , AR R G 2R R IR AL
B B A gl 2, e AR MS 1535 35 TP AU 2
KEKRE ZR /[ iEF BB ARG, EaR LS o0
fiff , 3 5 PFS T I R o — B, BT 2 e i 2Ok
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WESE PFZ 00K A= AR Y ( Zhang et al,2015; Shi et
al,2016) , {H &k >3l A T 2 R AR A AT B | Bl 485 415 A
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F 2 FISHEIERMERERE A% 4UHkk DNA BIKE 2% S min 25895 1 d.30 mg - " R0k, JE KKK marker

(15000 bp) ,1-10 FHEkk, B ARG (CK) 5 B. 5 —4IAfE NPTI 3L PCR $IE, Pk KK A : marker (500 bp ladder) , /AR 1-10 ¥4
HI(CK) ; C. 55 — 4k DNA HL 3k &l 3254 5 min FE4595 1 d 10 mg - "' BEFE K00k, WEMKYKCA marker(15 000 bp) , #5#k 1-10; D. NPTII
FEH PCR 774 ik & GE RN marker(2 000 bp) , HIkk 1-10, BHYER P1-P3, BF AR AURIRE (CK) .

Fig. 2 PCR verification of S. miltirrohiza transgenic plants A, DNAs extract from Group I; impregnation 5 min and co—culture 1 d, screen-
ing at 30 mg - L' kanamycin. Lines in order are;marker (15 000 bp), DNA of plant 1-10, DNA of wild type( CK) ; B. Group I PCR products amplified
with primers of NPT Il gene. Lines in order are: marker (500 bp ladder) , plant 1-10, wild type (CK) ; C. DNAs extract from Group II:impregnation
5 min and co—culture 1 d, screening at 10 mg « L™ streptomycin. Lines in order are: marker (15 000 bp), DNA of plant 1-10; D. Group Il PCR prod-

ucts amplified with primers of NPT Il gene. Lines in order are: marker(2 000 bp), plant 1-10, positive bacterial P1-P3, wild type (CK).
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2005;Yan & Wang,2007) ,Cui et al(2015) FH1LIZ
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T 22 HL R ) 22 5 0K SN 1A 35 55 2 A BOIR S AN T
G FRATH © 2 58 BUEE AL 7 19 518 1 S
99-3 fih ZJCIA Hi 1% MR C il W T IR AE AT E R
A IR 0 — AR, R 1 28— 25 S8 1Y
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AR, FEEELS 30S BEEAL A, 0 mRNA
PR L, DT S B B2 B AR FRATTY
SEHR R TS X RIS A R Rk HE B A
FERIEINE 2, W AP kR R MR R
) J& T2 ST 2, EA AR PR FE AL (R AR

KPR PREERUN . A S TP IR S T AR
JE(10 mg + L) (85 2L 0% 0T DUIRAS4 5 1 7 ik
PR | RS20 MR Rcds . IR fE & R
RIRT RAE Ry -R AR 2 2R i 38 0] A A, AR X IR 7
BAE HAR R rh 22, R SFZs e e
UFAERE AH SR A SE PR E v 3R QAR 11 J AR A T
AFH N ER 75 BHARKT T e BR v, PR FA T4
M FAE AL AL AMEAR . 53 0h  FRATIR R T A IR
e (e ARG SR R R R AR (R Y 5 min, HEHE SR
1 d S5HGERRYE 20 min FE1555 3 d M) (Yan &
Wang, 2007) , Xt faifb T SEae#E , b 175 WK
AT TRTS L i RS o X 2677k A AR AL Bl R TR AT
FIFS Y TR H AR LR

gt R EEFA SRS AT
ER IO I F ARG A2 T 1,

SE
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