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Callus induction and establishment of plant regeneration system of Saposhnikovia
divaricate

FU Hang, HUANG Han-qian, WANG Yan, HUI Fang, YANG Shi-hai
College of Chinese Medicine Materials, Jilin Agricultural University, Changchun 130118, China

Abstract: Objective To establish the regeneration system of Saposhnikovia divaricate (Turcz.) Schisck. Methods The effects of
different explants, temperature, medium, and illumination was studied on the induction of S. divaricate. Response surface test design
was used to optimize the hormone ratio of callus induction and proliferation. Results The leaves of S. divaricate were used as the
experimental materials, the optimal medium for the callus induction was MS + 6-BA 0.90 mg/L + 2,4-D 1.05 mg/L + KT 0.96 mg/L,
with temperature of 25 C and light of 12 h/d. The optimal medium for callus proliferation was MS + 6-BA 0.56 mg/L + 2,4-D 0.48
mg/L + KT 0.40 mg/L, and the subculture cycle was 35 d. The optimal medium for adventitious shoots was MS + NAA 0.6 mg/L +
6-BA 1.0 mg/L. The optimal medium for root growing was MS + NAA 0.4 mg/L + 6-BA 0.1 mg/L. Conclusion S. divaricate callus
was successfully induced and a stable and efficient plant regeneration system was established.

Key words: Saposhnikovia divaricate (Turcz.) Schisck.; tissue cultures; callus; response surface test design; plant regeneration
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RE AR, BEE NREZGFbPRE & R, EFR B2
BT VAR FEMRIRGY I, X2 Y
SR EIRAE ETE, SEZE R v H e =,
A TR HEM AL FRHA, WP A H 25
T SR A R R R AT A A, LR TE B ) R
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1 #

B AT 71 2R T8 B R R s Hh, 2235 bk
BNV K 2 v 25 86 2 B A T i 208 5 8 N BT K
Saposhnikovia divaricate (Turcz.) Schisck. /&%
AFhF, RAFT 4 CUKFE .

2 Ik
2.1 TEERESF

396 B 2 SR R L AL g B AR,
TEZKTIRI 240 J5, B THEIFTIEG L, AL
BRZKITHE 3 IR, 75% LBERE 30 s, 812 O/,
R KM 3 Ik, IR 30s; FEA 0.1%TH KR
ANV TR 2K B, DA -3 G 28 1 2 S0 7 K TR N
). 32Tk, HICEKMYE S &k, ®ik30s, H
TC B PEACKS Bl 3R TH KR T, R 2] MS [ A%
FE L, BFEIESR 2000 k. JeMREAF 12 h/d.
MR 60%[1 25 ClEmBEFRFM PR FR, MR
W, AENE S A H L IME AR S

Fhi5 Gu 28 =15 YL PP+ B2 R R 744

Pl 25 28 = JRCF BR P B Rl R 44
22 FEIRBEGRRENENL
221 FESEGHS B ERITCEN, EilEETE
& F, BHHEUIKZ 0.5cmX0.5 cm K/, RFZE
BIVIS2) 1.0 em, A5 HE1 S @ AL R 7R3
Fo RIREEFREEIINA R PRI TR AL, Ho g
WA 3%, BifEN 0.6%, pHEH N 5.8~6.0, 577k
£ 121 C F K@ 20 min, A 54 M. B TARR
FE B ARG IE SR AR I B 740 Th 85 9%, 30d Je4uih i
AT TR, FRCFEAHRRERKRG., ot
B i, FEmiE S S A A R R RS R
BB . BAHLIE SR AR,

RGLALA G2 = K A A ME K B R M i B

T A KT Re 8 T g B AR KA AL, A
[F 2R R AE KR )i SUERIAR T, i3
FAAERKRIRAMEA, (2 @ iR p A K I G N
s AR R A8 BETE 2 AR kAR
g™, A szg6 % 6-BA. 2,4-D A1 KT 3 fhid
FXTB B A H AT 2 . SR Design-Expert

8.0.6 4t vk 73 M R A HEAT A BT e TH SR A, %R
Box-Behnken iR % it, XS AAGHR T E+
1T HET AT R R UL, 1S5RS
R H R T IR IE 0~1.5 mg/L, LA
6-BA. 2,4-D I KT 3 Pl i ik BN LN &=,
ANMRER 3 K, ULaGagus SR AmMNAE, &
TF 3 3R 3 AR SRS (B8 1.

1 Box-Behnken i%it 3 B 3 Kk (FFAHELR)
Table 1 Designs three-factor levels of Box-Behnken (callus)

(R #/(mg' L™

K
6-BA 2,4-D KT
1 0.00 0.00 0.00
2 0.75 0.75 0.75
3 1.50 1.50 1.50

222 AUHLRKEETR K EREKRIFNE
VIR 0.5 g /R, B8RS H AN FEEE
i ap AR5 77 2k ARG TR, JEERARTRE L
LA RV ARAR AT 5 4 2GR L () 52, 30 d
gt AN E R . [FFERA Design-Expert
8.0.6 vk 73 M B A HEAT A B [ B E S A, kR
Box-Behnken {56 ¥t . & T 5 5 R 2 FsL G,
S 577 IR A A 2H 2 38 B V0 R 2R R R IR P 387 0~ 1.0
mg/L. DA R BG 58 2 e AR, [FIRE& T 3 A
3 /KM R RS (58 2). @A 4 A A5 AL
UL R AR

A H S 5 B = GO s A T = — TR e
LU ) E AL E
223 HEMETF HEGHRAREREGE AR
JREIRE NAA Fl 6-BA ) MS 15 773E I, Hrpjig g
N 3%, BEEN 0.6%, pHE AN 5.8~6.0. BT
FEREERAE 2 000 Ix. JEMEZAF 12 h/d. S 60%1H)
25 ClHBE PRI, B4R ESE 3K, 30d
JEGT NAEEFE TR (WA FFR=1 a0
HLRF M HL 2 EO.
32 Box-Behnken i3t 3 F % 37k (BAALRURNIET)

Table 2 Designs three-factor levels of Box-Behnken (callus

subculture)
K A2 /(mg- L™
6-BA 2,4-D KT
0.00 0.00 0.00
2 0.50 0.50 0.50
1.00 1.00 1.00
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KA 75% A 30 s JEFH 0.1%FF R X Bl
JAFRF-HEAT KB, W K R 7B B A AT
BRI MS BEARE 783, 20d J540it4s R, I
* 3,

3 FRESIESANHT L FERMSRENHN
Table 3 Effects of different treatments on germination and

contamination rates of seeds

K P I [8]/min 15945 /% K2 1%
0 100.0 2.7
2 98.3 11.9
4 62.8 13.3
8 10.1 46.1
12 0.4 253

FHE 3 FR R, 733 0.1%FH 7R Fi 74 21
0. 2. 4. 8. 12min Ji7, BfE LbERS ) IZHTHE N,
15 P BB RS, ARR SR R BRI 2 4b B 8
min B K 5F 5 KA R 46.1%, 15345 N 10.1%,
TEALEE 12 min IG5 Q2R B BAKN 0.4%, KR
N 25.3%; {EARYE TC A B AE KRS B, ABEE 8 min
(R TC T T A R bR LR, AREE 12 min FOEE R R
. Kk, H 75%48EAR 30 s f5, FH 0.1%7F
AALEE 8 min J5EFNEIANRIMEATIE MS [EAR;
Frdk b, AR TG i .
3.2 ARELRMFES
3.2 AMEEMTEIE  EE R E . ZEB
FEMRAE R AME, HFiE] MS+6-BA 0.90 mg/L+
2,4-D 1.05 mg/L+KT 0.96 mg/L [E kR 753E E, &
TGRSy 12 b/d, 25 ClEIR TR R, 30
d EgitBmBR G TE, FRLE 1. AFRSME
XTB R R G FE R RE R TR
KA 89.3%, ZBIFEIFEN 40.9%, TFEHRIFES
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Fig. 1 Effects of different explants on callus induction
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Fig. 2 Effect of different temperature on callus induction
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Fig. 3 Effect of different light time on callus induction
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P 1/2 MS. MS. B5. N6. White N 3175 (K
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mg/L. BHREEN 5 MM, ARG ES 3 K,
TECHRI RN 12 hd, 25 ClEEREFRFFEFE, 30
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Fig. 4 Effect of differect media on callus induction of

leaves
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FE AL AEK B A — LA K RE
AR KRR . HFIES &6 H5 M
WA KEFA 2,4-D. 6-BA. KT, ZT. NAA
204101 ) 6.BA (A). 2,4-D (B). KT (C) i
W N, R Box-Behnken J7 72 ¥ 5 T 43
Pritas, WIS wit R Rk 4 Fon. RIER 4 5L
aE R, PRI EIEHAT b, HEET R RE
PERIS ] 5 2 3 BT AR S

AR A )T R A B AR B 6-BAL
2,4-D. KT X @25 SISk R E (P<
0.01), FZE A* B>, C* X545 S 210 i
RN R, IR AC X @A LNE SR Y
2%, AB. BC X @GALIE SR WAL
= MR EE T 2 K WERIE, DERE (V)
NEAEE, 6-BA (A). 2.4-D (B). KT (C) AH
AF g @ RN Y=42.82428.63 A+
34.05 B+24.54 C+0.64 AB—7.66 AC+6.37 BC—
12.24 A*—19.40 B>—12.7 C*,

% 4 Box-Behnken iRI18 1+ R 4ER
Table 4 Design and results of Box-Behnken test

%5 6-BA/(mg-L")2,4-D/(mg- L) KT/(mg-L™") % 52/%

1 0.75 1.50 1.50 77.913
2 0.75 0.75 0.75 82.316
3 0.00 1.50 0.75 68.333
4 0.75 0.75 0.75 84.702
5 0.00 0.75 1.50 74.801
6 0.00 0.75 0.00 55.933
7 1.50 1.50 0.75 76.984
8 1.50 0.75 0.00 71.627
9 0.75 0.75 0.75 81.428
10 0.75 0.00 0.00 59.010
11 0.75 1.50 0.00 67.401
12 0.75 0.75 0.75 82.742
13 0.00 0.00 0.75 54.002
14 0.75 0.00 1.50 55.192
15 0.75 0.75 0.75 83.487
16 1.50 0.00 0.75 61.217
17 1.50 0.75 1.50 73.270
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x5 EEAFEEEMRBRFESH (FSEHEAR
Table 5 Regression equation significance test and analysis

of variance (callus subculture)

i H M AEE FE PE

et 1816.17 9 4635  <<0.000 1
A 112.72 1 25.89 0.001 4
B 468.33 1 107.58  <<0.000 1
C 9251 1 21.25 0.002 5
AB 0.52 1 0.12 0.740 9
AC 74.18 1 17.04 0.004 4
BC 51.34 1 11.79 0.0109
A? 199.66 1 45.86 0.000 3
B? 501.62 1 11523  <0.000 1
c? 214.72 1 49.32 0.000 2
W7 30.47 7
KA 24.35 3 5.31 0.070 3
iR 6.12 4
M 1 846.64 16
0T [
5 Y
i . B 60
e g 120, S
Bimg ) *%030 0 030% gt CmgL) *

038 00 0.0

R B9 F {5 46.35, P<<0.01, FHIiZA|
AR R, AR S B AR AL A L o A AELTI
AEZE (P>0.05), XA (P =0.986 7, &
ERERH (Rag) =0.962 3, FPZMHEA 5 5kx
PRI AR RAF, /D, HREERAE, o
DA FH 12455 30 0] w7 A 3547 43 A R0 0000 R ) o o AR
FHR B HR R TR T .

MG EE TR, 2l AR E RS iR
5 Za 1 e 7 1 73 AT ] (] 5D it Design-Expert
8.0.6 it/ M-k, A5 5 A H LR 77
N MSH+6-BA 0.90 mg/L+2,4-D 1.05 mg/L+KT
0.96 mg/L, TilIBi K 42715 5 % 85.306%.
kel g R AT SN, R RS S R B
FRIEBATIONUE, 245 R BB R EHNFETEN
84.863%, STIMMEAHZE 0.443%, [KBLIGE T
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Fig. 5 Response surface analysis of different hormone types and callus induction rate
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RN Y=3.744+2.20 A+5.17B+0.71 C—0.42 AB+
0.35 AC—0.94 BC—1.92 A>—4.75 B°—0.57 C*

R E F A 166.08, P<<0.01, FBi%
[l VAR 3, A X R B S B 1 D UL & e o R AU
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Expert8.0.6 Ziit s Hr A hAk, A HAE@EH LR
BB ()55 775N MS+6-BA 0.56 mg/L+2,4-D 0.48
mg/L+KT 0.40 mg/L. T Bf7 XU £ 2 23 38 5 15 44
N5.738 08. SEERZERN 5.734 07, HTRM{EA %
0.07%, PRILBSAIE 7 TR0 45 JE 1 m b
3.3.2 SARAMIX @GSN KER N KE
SR EGAL, FRHEATHRE TR, Rgk A
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AT AL

% 6 Box-Behnken IXIGIRIT RER (BIHLELIENE)
Table 6 Design and results of Box-Behnken test (callus
proliferation)

55 6-BA/(mg-L™")2,4-D/(mg-L™") KT/(mg-L™") B4 {553

1 1.00 0.00 0.50 4357
2 1.00 1.00 0.50 3.953
3 1.00 0.50 1.00 5.213
4 0.50 0.50 0.50 5.723
5 0.00 0.50 1.00 4.748
6 0.50 0.50 0.50 5.723
7 0.50 0.50 0.50 5.787
8 0.00 0.00 0.50 3.945
9 1.00 0.50 0.00 5.275
10 0.00 0.50 0.00 5.156
11 0.50 0.00 1.00 4.748
12 0.00 1.00 0.50 3.963
13 0.50 1.00 0.00 4.501
14 0.50 0.00 0.00 4.357
15 0.50 0.50 0.50 5.736
16 0.50 0.50 0.50 5.633
17 0.50 1.00 1.00 3.953

*7 EEAFEEZMRBRFENST (BIHELREHE)
Table 7 Regression equation significance test and analysis

of variance (callus proliferation)

TiH M A F1E P18
T 8.010 9 166.08  <<0.000 1
A 0.120 1 22.69 0.002 1
B 0.130 1 25.09 0.001 5
C 0.049 1 9.17 0.019 1
AB 0.045 1 8.31 0.023 6
AC 0.030 1 5.59 0.050 1
BC 0.220 1 41.15 0.000 4
A? 0.970 1 180.22  <0.000 1
B? 5.930 1 1107.66  <<0.000 1
c? 0.087 1 16.20 0.005 0
Bz 0.037 7
AT 0.025 3 2.72 0.179 0
iR 0.012 4
NEE 8.040 16

080, 60 < o 0.60080 00,60 = 060" #0060, 15 506080
Bimg-L ) 4020 - 0.2074 0 gL “40.20 020040 940020 020" .
(mgL) 024 570,00 Allmg-L™) g 2000 000" AlmgL) C/(mg-L™ 0.00 0.00° B/(mg-L™

& 6

TR EMA S B inLE L E5E BN R 5 4 E

Fig. 6 Response surface analysis of different hormone types and callus multiplication multiples
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% 8 W T AFETEWKELN] NAA FI 6-BA FCLE
XA T NI . WAE SR T3 K H|
IMEIRN 5 H>2 >4 H>6 H>1 41>3 H>7
H>8 41>9 4. & 5 4 2 His SRE =S HIN
78.53%- 52.24%, Vi 1.0 mg/L 6-BA HHIT H14
b J5 3 HiF T2, 43518 10.67%-+8.04%+5.59%,

Ui A KR EGRBAR T 2R 28 2 LR 4
iy 5.35%, HIEE 5 4K 26.29%, #if 0.6 mg/L
NAA BRIT M B EiE @S5S A
ZEMIES RN MS+NAA 0.6 mg/L+-6-BA 1.0 mg/L.
3.5 HRIEFR

MK R RIKRE R TR RIRER,
FIFARM 3. 3R 9 B[R AL L AS g 24
R, 24 NAA JIEREZH T AN, ERE
Wl W, 4 nE 0.6 mg/L I, FREFLE
35.60%, FULHEEAREEFREN MS+NAA 0.4
mg/L+6-BA 0.1 mg/L.
4 g

AL AR AR AR R, BTSSR TR
SREL, RV B R Fh 26 5 B () 5 2™ A 4%,
B L 75% 28 WERMATERM, BT
Bl AFR - 3R T M AN, R ARSI R 75% L
HEE 30 s J5 A 0.1%FKIHE: 8 min, —HBELAfE
PR Bl o A SERR ST KOG W i . 22 B
R FEOHFIME, IR REH, 2
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Table 8 Effects of different hormone ratios on adventitious

shoots
M NAA/(mgLH  6-BA/(mgL)H  FESE%
1 0.2 0.5 23.17
2 0.2 1.0 52.24
3 0.2 1.5 15.11
4 0.6 0.5 46.89
5 0.6 1.0 78.53
6 0.6 1.5 40.73
7 1.0 0.5 10.67
8 1.0 1.0 8.04
9 1.0 1.5 5.59

R9 TEHRECLEXERAIFM

Table 9 Effects of different hormone ratios on root growing

A% NAA/mgL) 6-BA/(mgL)  AERE%
1 0.2 0.1 4225
2 0.4 0.1 71.06
3 0.6 0.1 35.60

TP AR A MEAR . [F]— B B[R] A
TR A A R JIAEE IR 7, 1T R
TR AR TR, AR ARpgiAs, 2SN AR
KM TR G WA 55 TR FE A FZ A A 2H 2305
SR, RN R, MR
KT 25 CHb, AHALAKEE; HFREFEN 25
CHY, MY R R, e s, AT
RAERBF=YINAR SR HIREST 25 CH, &S
RIS . BIOCIRRAARTE F a0 AR
WELEAY, HE B RDOGRSRAEE R T H R 4k
R AEAR A M. 24 Wd RS, 7 R
HAUFEFREL; 24 h/d Yk 9%, WHHLNE SR
BE, HEHHSAKREZ EEA; 12 vd iR, &
AL ERKIRS R, HBEWHGE ., NHEEEFEE
KA E TR AR, MS B3 rh LR
W TE AR ER IR By, B A A 2 A KR
FEER, EERERE=IRERSH R,

R 05 20 2305 3 1 RO O B R A KT R
F AR AR 2 AL EE . AR SEIG A Design-
Expert 8.0.6 #IFXT 7 K 24355 74k R AT
b, 1F2MRAE & 15 S BT B H ARG TR I
MS+6-BA 0.90 mg/L+2,4-D 1.05 mg/L+KT 0.96
mg/L, &R KA LU FE RS 7R 5 MS+6-BA
0.56 mg/L+2,4-D 0.48 mg/L+KT 0.40 mg/L. 4
N0 ZEE W AR AR, A R T2 I A,
AR EMAMM S REA AN, B TR
R, ASZIGEE ] NAA 5 6-BA &0 B R

FAMRHAT SRS, HRRIEH SN FRIE N

MS+NAA 0.6 mg/L+6-BA 1.0 mg/L, g

F23 N MS+NAA 0.4 mg/L+6-BA 0.1 mg/L.
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