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Abstract: In order to obtain more effective cell culture parameters of Taxus anticancer plants,
we optimized the callus induction and subculture conditions of the explants (stem segments with

TNIUH . BEVEE 2020 4F HE ST RI(2020SF-318)

This work was supported by the Shaanxi Provincial 2020 Key Research and Development Plan (2020SF-318).
*These authors contributed equally to this study.

*Corresponding author. E-mail: LJCYSS2014@163.com

Received: 2024-01-30; Accepted: 2024-06-26; Published online: 2024-07-19



3824 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

buds) of the anticancer medicinal plant Taxus media by using the plant tissue culture technology
and orthogonal test. Furthermore, we studied the method to inhibit browning in the culture. The
results indicated that the optimal conditions for inducing callus was culture in the medium
composed of Bs+0.25 mg/L 2,4-D+1.5 mg/L NAA+0.5 mg/L KT in the dark, which showed
short induction time and a high induction rate (86.7%). The formula of the optimal medium for
subculture was Bs+0.5 mg/L 2,4-D+2.0 mg/L NAA+1.5 mg/L KT.The proliferation multiple of
callus cultured by subculture on the 10th day of callus growth was the highest. Activated carbon
inhibited the browning in callus subculture, with the optimal inhibitory concentration of 0.8 g/L.
The results of this study lay a foundation for the production of taxol by suspension culture of T.

media cells.

Keywords: anticancer plant; Taxus media; callus induction; subculture; browning inhibition

LG NRER, | T4 5 A2 (Taxaceae)
¢ E K2 )@ (Taxus Linn.), J& 55 PO28 7K )1 F sttt
BAP, fEHIER FEA 250 TAEH S, SRR E
N INBIIG KA (0 RARE I HURAEYT , 1999 -4
Hh 81 A [ R IO e T AR B A A T 4
R G B AAE 11 B, b EA 4 Fh 1 AR
KRG, =mMaGE ., TURaEE ., B E
LG A E A2, B 4T G A2 (Taxus
madia)/& 20 22 R 51 A E A28 28 i Filr, HBE
RARILA G, KARRRMa G, a5
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1.2 BEFESE

WA LFH AR S OCR[14]/
Tk, FARBEFEEN MS. Bs. TA 53R3E, 40
T4 % %% £ 2 (1-naphthaleneacetic acid, NAA)
1.0mg/L, 24- A4 IR (2 4-dichlorophenoxyacetic
acid, 2,4-D) 1.0 mg/L . ¥#43li% (kinetin, KT) 1.0 mg/L
il

WA LSEFIELIRE: X amALES
SPORBATIRES, KB Bs Hi g B S RUR AT
PR A T SR B L i 15 97 5 L TE A8 38 Lo(3h il 4
K SCHR[ 14109 77 (3R 1)

ARSI TR . AR R IR L 45 2
TEZ 1 KAl FI% T NAA, 2.4-D Ml KT AUk
JERC (R 2), IF THEFR A4 0u N T Pite ik
R AgNO; (0.1, 0.2, 0.3 mg/L), KfFLHE
(0.3, 0.5, 0.8 mg/L). T Z k& kel (0.5,
1.0, 1.5 mg/L)FAi&E 7 (0.6. 0.8, 1.0 mg/L),
AAREFRIBE R 5. 10, 15, 20 d.
1.3 EFFE
1.3.1 EEMRIBRE

AR A I FIRE R Ak B 2 BESC iR [14] 19 7
Peo ARUREUS W 2T GRS M AR A 2E 2R B
(=2 mm), FMENE G, Y1 1-2 cm B9/M B,
SRV R SR R 3R 0k B R, BfEE
Pl 3 NZEB, RERPEESRILEERD 15 ).

®1 AHALFES LGOHERE

Table 1 L9(34) orthogonal design table of callus
induction

No. Medium 2,4-D (mg/L) NAA (mg/L) KT (mg/L)
1 B; 0.25 1.0 0.25

2 B; 0.25 1.5 0.50

3 B;s 0.25 2.0 1.00

4 B;s 0.50 1.0 0.50

5 B;s 0.50 1.5 1.00

6 B;s 0.50 2.0 0.25

7 B; 1.00 1.0 1.00

8 B; 1.00 1.5 0.25

9 B; 1.00 2.0 0.50

&: 010-64807509

=2 BHERASRER LGHEXHR
Table 2 Lo(3*) orthogonal design table of callus
subculture culture

No. Medium 2,4-D (mg/L) NAA (mg/L) KT (mg/L)
1 Bs 0.5 1.0 0.5
2 Bs 0.5 1.5 1.0
3 Bs 0.5 2.0 1.5
4 Bs 1.0 1.0 1.0
5 Bs 1.0 1.5 1.5
6 Bs 1.0 2.0 0.5
7 Bs 1.5 1.0 1.5
8 Bs 1.5 1.5 0.5
9 Bs 1.5 2.0 1.0

1.3.2 ExREH

AR FER: 2B HFOCRER
1 000 Lux) MG #5352, FEFRIEEE 23 °C+1 °C, JA]
W18 30 d.

AREE SR TREG A TSR, HBRiRE
23 °C+1 °C,

14 £K58&KSH

WA LUER T4y R 39 i (URIR
IREFAR) 3 BT (ORDIR , VB a3 IR 11 0) 5 22 (O
ROR, WEEE ),

R A R=25 d R A
it (o) B AN (g)

WA LR AR 4y g KA b (%
e, DierdRons RBUMRGE @), Die”
N WA EORE M), Pl R oR s wmiiR
P (B ) LA <+++7 R0 o

et g, i SPSS 4tk
P AL BELE A 7 2%

2 EREQM

2.1 AREEBEFEMEFRFZHTAGHERE
SR

Lo XHHERN T MS, Bs, TA Riidk F &b
WAL SR @ i nsf e A A KR, &
PR SBRESE R, BT Bs BRI B @i
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ZUFHFRORAET, 7255 10 RV B #7225 9] Bt
F18Y 4R i 1S 43 A D . 19 1k 4 € 2 38 IR 7 £ L 41
AR 1), SRR HOC B SR A M T i 4
BN F (R 3).

TE 3 P 3R 3 v i 4 2 A B0 8 RE R

WA Bs>MS>TA; BG4l 405 5 R 10 K/
KR . Bs>TA>MS; findl 202 K

/MR Jg . Bs<MS<TA,
22 AEHEFHEMREHEI A HLELN
B SRR N

NIRRT R A AR Bs B3R AR BRI G
55 1021 KEFZEZEBEAG Y] LT AR S TF4h A B 5 21
41, iz A KB REmAsUl, 5 25 Kt
BT b B2 A5 85 57 3 80% LA I Y AN AR 24 7=
AT RGAL, BIHESR | i FE RIS LR
JEAAHFI(GER 4. Gtk m, 2 S5k

(Bs+0.25 mg/L 2,4-D+1.5 mg/L NAA+0.5 mg/L
KT)i5 S @ a2 0t Al i, (VA2 10d, 5%
ik 86.7%, HAESRUREL, @mALR
A A (REE )
2.2.1 AR EZEMEERKE LB S % 8145 40 0 4
S=EN: oA

Wil 5 ) A 855 77 B[R] 119 28 4 D 40 i A W7
S, AT e G0 2 AR L Ml T % A Al 1

-
.V' '

1 EREHAHTBEAEREIGAHLNFS
Figure 1
condition.

Callus induction by Bs media under dark

®3 AREBPBEFEMERFHIEHGERAS SR

Table 3 Effects of different medium and culture conditions on the callus induction

No. Medium Culture Callus induced Callus induced Induced rate Browning
conditions occurrence time (d) callus quality (%) grade

1 MS Light 19 White 17.8 ++

2 MS Dark 14 Thin yellow 53.3 +

3 Bs Light 16 Thin yellow 66.7 ++

4 B; Dark 10 Thin green 77.8 -

5 TA Light 19 White 60.0 +++

6 TA Dark 16 Thin yellow 64.4 ++

R4 TRIMZEMERKEHLE T AHELRE SRR

Table 4 The effects of different hormone composing on the callus induction

No. Medium Culture Callus induced Callus induced Induced rate Browning
conditions occurrence time (d) callus quality (%) grade

1 B; Dark 13 White 68.8 +

2 Bs Dark 10 Thin green 86.7 +

3 Bs Dark 12 Thin yellow 77.8 +

4 B; Dark 14 Thin yellow 73.3 +

5 Bs Dark 17 White 57.8 ++

6 B; Dark 16 Thin green 62.2 +

7 B; Dark 18 White 60.0 ++

8 Bs Dark 13 Thin yellow 71.1 +

9 Bs Dark 15 Thin green 64.4 +

http://journals.im.ac.cn/cjben
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DA 855 37 5 v B FR ) A 2 R I 4 AR R e
i A K a8 kA R B T R R R W B Ay 4k
AVEEI BN || N B N 2 AV o R
B A TR i 2 e BE ok o 105 2H S AR AR B 9 AR
S0 B B AR [A (% 5). FH Bonferroni J7 i:!'™
X9 FAS TR 2R A SRV B AL A i B 3R O
FRAEK NG E TSR 2 H
BMEM: 2,4-D, NAA fil KT W JE 11E 4485
KHEMTEGA gk K; 3 SRR
(Bs+0.5 mg/L 2,4-D+2.0 mg/L NAA+1.5 mg/L
KT)ME JE AT 45 4 LAk AR B 3 3000 8 28, I3 A
B (6.53 £, MBRERGEAA); 4 51
FREE A A RS BN AR AR AR
xif T
2.2.2  RNEHE LTIt 815 4B 4R 4 4K 15 55 10
Al

Ha Ak . RS T Gl R B A R Sy i A A 41
BR 3R = KRB AR MR AR S AEARACE IR 10d )5,
A EE 3 0 20 2R L fh ) 85 5 DR ) R A
BFRET A, B KSR e, 6 20 A

x5 TEEYHFRBEETEHGAABKIERN
Al

Table 5 The effects of different hormone
composing on growth of callus subculture culture

No. Dosage Callus weight The difference Browning

per vial after 25 days  between every grade

(2) (2) treatment

1 132 7.67 5.81° +
2 143 6.95 4.86° +
3 1.40 9.14 6.53° +
4 1.56 5.96 3.82% ++
5  1.39 6.34 4,56 +
6 144 8.05 5.59%

7 152 6.20 4,08 ++
8 146 6.57 4.50 4
9 153 6.78 4.43% +

Different lowercase letters represent significant differences
(P<0.05).

&: 010-64807509

M B (0 AR H 2 HURES, X RA AL
24 L N 1) 22 T A A TR A T 25 ) o 48 Ak A 4
GRS, SR, @hagidEk
AR, FEMmASET . Ak FRE 25d )5,
AR LA G B A B R A7 4 2
R 3 M85 R IS ATl Brss 4k 4 o i 25
I TS, FEH Bonferroni Jrik!"™ ik 148
THAAT (R 6), KBTI T W B ) 2k 4
Al R0 B A7 B T A A 0 4 24 0 R B A X 8K
B, H 4 FEshnyyee—e mEamswi, o
Tl 25505 SNV VR Sy T A2 e > 7K it L B > TR 20
S Fo > i R R o T 2 o o410 1 21 SR A 4
LU LRI, BOBWRE N 0.8 g/L (K 2),
S PRAR X AN M A — @ B, Bl 25 I R 4B K
XA A K R AR

2.2.3  AN[EI4E A B 8] 3 8 45 4 40 4 4K 15 5 1Y
Al

5 S AN AR H 2 2 R 3R L Y AR —
A, A L SRR IR 41 1 5% R A g b A1 )
A U2 B A O, LA R AR [ P R R
PR A AL IR A H R RO A KA
HEAEHGER 7). H Bonferroni 45 G 1T304
B EEGHEARKSE 10 RIFFTHAREFR
REE AR LT b vd AR AL IR S (B 3), HF AT 50
(6.08 fi5); 25 15 K, C&MIBIAINS, 1
FERSECT R 56 20 RiF, Wik &% ™E, 1
FAREEUN g 4.19 5,

BEER L, AR RS d), AN
WIE o 4 AR TR LA R g A T R kAR,
IR G SR B A ROE SR 5, JF oS 4k
1R, A T B0 L HE AT . 48 1k TR 3 T
S A A RS A K ARRET R (20 d), B3
IR U SR TR AR R R, A
SUERERZRMS . R, Nimssks
W AP IE 2, A K R A
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*x 6 AREIMBLFIFUREN BHERERIEFF N
Table 6 Effects of different anti-browning agents on growth of callus subculture culture
Treatment Concentration of ~ Dosage per  Callus weight The difference between Browning

inhibitor (g/L) vial (g) after 25 days (g) every treatments grade
CK 0.0 1.35 4.86 3.60° ++
Silver nitrate 0.1 1.32 5.23 3.96° +

0.2 1.38 4.94 3.58* +

0.3 1.41 5.12 3.63° +
Activated carbon 0.6 1.32 8.08 6.12° -

0.8 1.29 9.43 7.31° -

1.0 1.36 7.71 5.67" -
Lactalbumin hydrolysate 0.3 1.43 6.55 4.58* +

0.5 1.34 7.49 5.59* -

0.8 1.38 6.75 4.89* -
Polyvinylpyrrolidone 0.5 1.40 6.37 4.55% +

1.0 1.33 6.97 5.24* +

1.5 1.37 6.33 4.62° +

Different lowercase letters represent significant differences (P<0.05).

2 A0 0.8 g/LiEMIR Bs I EAGALRREK
Figure 2 Growth of callus in 0.8 g/L activated
carbon Bs medium.

=7 TRIZEKBT AT E A AR K 1S A2 M
Table 7 Effects of different subculture time on
growth of callus subculture

Subculture Dosage Callus The Browning
time (d) per vial weight of difference grade
(2) different between
subculture every
time (g) treatments
5 1.26 6.02 4.78* -

10 1.38 8.39 6.08" -
15 1.32 7.51 5.69° +
20 1.42 5.95 4.19° ++

Different lowercase letters represent significant differences
(P<0.05).

http://journals.im.ac.cn/cjben

3 HAEE 10 REKERT B EFEAGH
KDL
Figure 3 Callus growth was subcultured in Bs

medium on day 10 of extraction.

3 WwE5E®

1971 4, Wani 2RI FIRREILIRTN X 5Tk
FARME T WIS LT B AZ(Taxus brevifolia)
T Bz v o B RS A G R AR T, K
fir 45 0 KB (taxol) . W 4 TN
C47Hs5)NOyy, HIXI4rF i 853.92, MEHETIK,
Sy T AR, 8 U i B e A,
MO ATE 60 2 FE A RN, & H R
— R B AR R 259 . R
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5IE WA 2200 RO R RS 454, Bk
TR R, (AR A B 4 R A G2 1A M,
TR 400 1) g 2 P N A P, SRS R AT L
3 O (75 SR AR S R A T
SRR 2N TR e . FLIE
S5l R EL I R S AT, TR ST RO
B BRBEAG I BF EF dA . A Rl 5 5 A 2,
HAMR @A BB . SRR A
70T A RIRREOE | LA G ik | A
W N BRI . MR A TR
b ARG SR T HA AN AR AR
KPR REEFIA, NSRS T
WA = focfr A B i (B TR A B
el A rP A O AL 2R S B A AR QR SR A T
1l S5 AR SR LA % TS B o SR B v 45
A RREB RN AR AR, A E R
ANV BIF 52 R AR 21 T2 AZ 20 i 15 5% 4% B Be i 2%
7, SEIEAZEEN AL &

HATLLE AR @A TS AR — e
M AR 2 22 B PR RS ORTENS B 7 2L EAZ A
S SR HOARWT I In R W] A A 2R B @ 2 R
PRI, R A AT IR
BRI AR SR 25 B (9=2 mm), AN E A
10 KALRER 24 B B A IR &k (3 WDIR A i 4
GUEIN, O A R AL 3 B 2R YT B M
sy, AR BIRRCR B, AR
PSRy A R N RANSR A (R (T AN O )
o HAEAA B R SN AEER D, JeRR
i, ZEZFP by -EaE, i s, 5T
AN

Fett-Neto 45770 5 BRI B 98 26144 T
(EERAL Y A bt oS A S LR 7
WES A 2 A TEARBISEH, TERBE IR
T, AR FREE MS, Bs. TA @4HE4H
VR AR s TOLIR IR Bs 8B 57

&: 010-64807509

HESREE, N 77.8%. X RE2BIEREM
Tl Z W A R GE , BRI e, X
— 5 RI G A LS A R A A,

H A8 1 T 40 5K S5 41 405 5 1Y 3%
AREEFRIEA MS., Bs, 6,7-V il WPM, 74T
SEAMALFE R M MS. Bs PIfIEA K
FREEMI ARBFFTE LN MS | Bs fil TA X 3 Fs
FRILMTHLE, RITCIEE T HAE Eif T 0],
Bs i Ff BEAE MG BE IR 551 N il SR b & i 21
A AHALSE S EAR R, X—m5M
A G EHHALGE R R, Bs Wi L2
1968 4F-H Gamborg %5 & Bl 11, &8 mkE
NO; FIFAR A 1) NH, 2 H 32 2k 5 P,
5 12T A2 0 L ASE A R R S A R R R
Frp Ak,

TR A G AL R AR, AKRY
FH2.4-D 5 NAA, 4R %H 6- '~ 2 S
IZ 14 (6-benzylaminopurine, 6-BA)HI KT, kT
Fk ot 2 W A X A A K A EIVE R, AR
L 2,4-D. NAA. KT X 3 Fi Z /6N S
WAL ER, #EsgiE kW,
Bs+0.25 mg/L 2,4-D+1.5 mg/L NAA+0.5 mg/L
KT J& B 7 20 2L Bsf ) 5 8 (10 d) . A 2H 40
i e i QR ), 53R A 5 (86.7%), 1
EASMWWLTEEGHANES . X —45%
St R PO AR O 4 EA S R SR i L
(MS+1.3 mg/L 2,4-D+1.0 mg/L NAA+1.3 mg/L
6-BAVFAE—E 225, I REEE A R A AN [F]
JIT 15 1 o

FERROE S AL R, o] IR 4
21 G A2 I AP S AN I 1 A K B B e AN [A] A K
FFE D ARWFFELL 2,4-D. NAA . KT iX 3 Fhi
FAE A H AR IEER, EiiE
AR, 45T W] B5+0.5 mg/L 2,4-D+2.0 mg/L
NAA+1.5 mg/L KT feili & @ i 24k 5%
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WG REEOT LAGAF] 6.53, 3 iR i FH e 4
BT EGHARAIE TR, R TSR AR
W R R, i DA AR AR B 5 i v 38 2% W 38 10 3 Y
R

M TTEA P 41805 i ME R ) 2 By 4 AL
BRSO S A B A A 2 Ak, ARG IR,
WA S EE AT, R ™ EE s e R RHAS 2H
BUREFRIE R AT 2K P HRIE, N-C ML
KRB EWR K& Bell (polyvinylpyrrolidone,
PVP)X} e J7 €1 G AZ 10 A 2L 4 Ak 1 ol 7 A 4%
U o ARG RERIIETE S . K IFFLE 45
Y R Re I B DA m A Ak, JF A
R IR AT F T 005 20 Ak AR B 7 R K PR
B H SRR Y ORGSR RS
TR EE R 0.8 g/Lo IGPER F B ik, BA
AR5 B W B PR R, AT LA E o R o 3- b 281) 4 i 411
AT AR P & HEAE T

T 2 R PVE RS AR AL TR A G R K
BLARACEF ] 25 d B A R T s A L 4k AR
BE 3R o AT A R RIS 10 RiFATARALEE SR
AMTEAHAREER, I HABE A RO
A RRIE, S5 RAAAE 25 5 0 ) R AT R SR AN [
LG A A AR A 25 5, WRIBORI T %
FRAEEF Y BB A N, SR T I ER 2R )
By A A (BAE A AH A R A dik
BRI A LS R HbR, WA i .

TR Y BRI AR B R AR . A A LY
1A 3% 77 S 2ok T R 4R AR Ay B AR ) AR ) —
gy, BRV PR RE B, EANTEGZGT
PEATRE SR, A A 2 B e R A
TR R, TR R A A
DLHAT B PR AR 55 o TR 4 SR A N AT A 4
R /IN TR A0 L AT S A R R B o R rh iR AT B
I, BIERIR ARG IR IR YA R4 Y 4 BOIR
A, WAERNTHEMIERTF . BTARY LSS A
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R BN, R AR H AR R
AETE B At — B IR R i H
FHEAIE, REEY -EESEHITLAE
K@t a a8 S Ma U R EAR IR R, e
P L GAZHAR SRR H R,
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