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Abstract

Through the study of callus culture, adventitious bud induction and tissue culture seedling regene-
ration from the leaves of Tibetan medicine Malus toringoides, the regeneration system with short
culture cycle and high regeneration efficiency was developed. The design and analysis of multiva-
riate experiments showed the optimum medium for callus induction was MS + 2.0 mg/L 6-BA + 0.1
mg/L 2,4-D. By comparing the effects of cytokinin 6-BA, KT and TDZ on induction of adventitious bud
differentiation, it was found that the optimum medium for adventitious bud regeneration was MS +
0.5 mg/L 6-BA + 0.5 mg/L KT + 0.15 mg/L IBA. Finally, adding 0.2 mg/L IBA to MS medium could ef-
fectively make regenerated seedlings produce roots, and the efficiency was more than 70%.
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1. 518

MO N—F R Y), HRTiAKN &3 80k (Rosaceae) 3 . J& (Malus) /5 48 M- iE 5 Malus torin-
goides (Rehd.) Hughes B¢ 2= Malus tiansitoria (Batal.) Schneid [1], JLI2&—BR R RIEZE, #1280
H, AERFRM 2 Sl At F AR KAV IX, 5 )2 75 J5 AR 9 204K 3000~3500 K AR (i
W, EEAHEBENEAER CL 4R B2, AR E. p-HHE RGN, Bk B BEMETSR, JF
T MRRR I G O R . LR BRI FRLE, BRI, CRCCIERIMER . B TR Aa T
HREMARERVER . RABRAN B HEE. EZZZMEN: NEREERITIER. MEYLE (R
e B AT A GEUTOREE L) SO RARRIE, SRS, H TR EAAR . S, &
JEEE[2]. RO RTEEN CEAK” , HIL, B EBAESGE, WAKEETY, AARRSSHAER EREEAN,
B EFE R OR G R KI—2 ) LA Rez, AR O, BT/ MM e s R, WERRFT g & 1,
T ARRE A2 v J i 6

MO R AR EE R A BT, AR T I —ReIR R 2GR ORA DI AR G R A 2 B A 52
AEH DI, RPUEIRAIR R, HESI N M RSB EEA . H AT PSR AT R B2 (T R A
ZULFE T . EREREA b, "IRAZMAMER, WFEZEB. W, M. PR ey IBE, &
T 2R F AR 7 ARAS P AR MR o A RO 2GR R L2 A RCR,, A0 &7 = & i O AEAR ),
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XHHRRETRA ZRRFEEN,  FIRHEY R LI IR TTE AR R AR . AR M 241
R vert, RO AR A KR AR 20 Sonh i et i et 455 3 L AR AN S8 28 R AR IS
X FRFRAFRAT IR, B RIRAREOH AR R, DB TR et i, HEE N TR B3 5E A

2. M55 %E
2.1. HEIHR

RIS BT T AR A RERVE T DU )1 BTN, 28 %8 5 3% 0P F R B ) A2 g 32 Malus toringoides
(Rehd.) Hughes, 54K @iz Jsft.

2.2. SMEFRIALIE

A S KB T, R 75% (VIV)IB RS IR0 1 min, FIEHRE/KIEYE 3 7, SRJE N 0.5% K54k Kk
(HoCl) & W= 3 min, &5 F TC B K T1%

2.3. BRELAHFESMBRIZF

KERM AR 1 om? F/hgy, Hohaliif ket &, A EGALUE SRR, A S
SR FRENAC 5 NI R : MS [3] + 1.0~3.0 mg/L 6-BA, 5/& MS + 1.0~3.0 mg/L 6-BA + 0.05~0.2 mg/L 2,4-D.
WA LE PR IR NG 3%IERE . 0.7%ZEfEN), pH=5.8, E 26°C. M/ N2 4, —HETHHHE
116 h/8 h 5%, H—dlmEsssR, HRE9R 20 d, STLLGRE IR SRERE IR0 @ LU . @G 405
S A 20 AN ANEEE, 3REHE . 20d )5, KiES H O EGHLSUI 1.0 cm® BN, k2 4,
—HIBNFAERE TG SAE S, H—H BN AR R TR T 4 IR, 9 20d E
Bk, HA 2 AR 70 i A 23 52

24. FEFHBE

A S AR B S A K K IBA (0.15 mg/L)MA s 77 3% F, HAERFRIET g2
#(CTK) > 0.05~0.5 mg/L TDZ &% 0.1~1.0 mg/L KT &% 0.1~1.0 mg/L 6-BA, & 2 F CTK 44 (% 3).
AR FRIEM NG 3%EHE . 0.7%5 gy, pH =5.8, =i 26°C, Je/HiA 16 high. 20 Nanf—AM4bEE, 3
WHEE, 1 MNHERITAE FHE.

2.5. HEIRIEFE

REZFIL 2~3 om J5, FR MR, ARIEIRIER T MS + 0.05-0.4 mg/L NAA 5L MS +
0.05~0.4 mg/L IBA, Fifiik th i tEAEMRIE TR G, FRAEH TSN 0.1% (w) i P4 2 (AC) FL At P4 5 x A= AR )
M. 20 MAVEZF —AMAEEE, 2 RER, 1 AMHESIHEREN.

2.6. BRERNBR

W= fomE OB, MR A S E TIRE R 1. Nl iR ik a s oK, [AER
IR IR . SR /NG AR AR P, B R ARPH T R IRaE, R TR R, REPUNEERE:
Wit = LLL(VIVN), BETiREN, AKRE. fEREFGE, BRHIERE.

2.7. WEEE

BHARFETHR = (BHHLRGE LM IME AL x 100%
AEZFMER = (OPAE D 1A HR SRR SME A x 100%
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AR = (EMRAIAE ZF B AN E 27 50) x 100%
XFTHSELAG R AT SPSS B AT kAT 2 7 B 1k #r e

3. BREHh
3.1. RBFELANIES

3.11. EYEKENAGALANES

Wt MR EG AR R RES, 7 d S A RGAN . £ 18R, 6-BA REFRIKAMRK
it e A A A ORI AR KRR, BRI N 6-BA,  RIRIE S . BEE 6-BA K
FERITH i, I H 2R B 2 T e, (H A 2 A o AR A AA L VR 2.0 mg/L [ 6-BA fEi% T 85.35% + 2.1%
i b e AR A 2044, 3.0 mg/L ¥ 6-BA BAA MR B S UK &=, HR i H Ui hsifs, Jé
WREEMFRD, FHAREIZ. N 2,4-D J5 &KL, WE 0.1 mg/L () 2,4-D X B2kt b o @ 45 45 12
HHE . 2.0 mg/L 6-BA 5 0.1 mg/L 2,4-D {IZLA X5 S RO ZG Rt 1 72 A RDIR @A 2L 43 s R e e
S HEIL 93.25% + 2.2%.

Table 1. Effect of plant growth regulators (PGRs) on callus induction from leaf of Malus toringoides
= L EPE R RIHEEM FaaE RS S0

BRI E Img-L

Concentration of PGRs (mg-L™) H % TSRS

6-BA 24D Callus induction rate (r/%) Morphology of callus
1.0 0 64.12 + 4.0° B, IR
2.0 0 85.35 + 2.1° B, BRI E
3.0 0 95,55 + 4.2° ks, IRk
1.0 0.05 66.18 + 1.1° B, BRI
2.0 0.1 92.81+2.1° Bk, iR £
3.0 0.2 96.45 + 1.9° kS, IR
1.0 0.2 69.12 +1.3° B, BRI
2.0 0.1 93.25+2.2° Bk, iR £
3.0 0.05 95.05 + 2.0° kS, IR

RPAF T REFRORAE K/ R #E 2R ZE R B #P <0.05). FHE.

3.1.2. XA AGEALFIHE M

HME AR BT e R B RE IR 20 d, MR BDERIR SR R RS S @ ALUE M. IR
EREGAAE IR, Y 5 d AW E R @O A, HARBUR. PUbREL ik L, JHEL T E 9% 2
J, ISR A BRI A Be . IR R, B Td EA A EHALVER, HE AL GG SR,
JRIEE, ROIREGSHIMIEE; 20 d J BD AT A4t R EE, 16 d Wt RE LA E 5

3.1.3. HRRBXAHALEL TN

L RMAEE RS T A RSB & A B2, % 2 BoR, BEHESRUERIR N, @
GURE R, WA TR, R AAEL, BPREMIE R, AEFFHARBZ N R
4 ARG, BOHLTEEM, A ZEMRE S N R R .
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Table 2. Effect of subculture times on callus and shoot regeneration of Malus toringoides
= 2. ORBOHE & BB LA LR AN LIS

PRARIREL AL A EZF A FI%

Subculture times Morphology of callus Frequency of adventitious shoot formation (r/%)
1 gAG, BIRGHWEE 68.45+£9.2°
2 gAG, BIRGHEE 65.76 £ 5.5°
3 gat, BURIRGH 53.55+2.1%
4 WA, BUMRIRGS 37.10+1.3°
5 W, AR 17.22 £6.1°
6 M, FAEL 9.14 +3.8°

3.2. RS RENBHERASUTEZFHIFM

FESACFHAEMLIZD, 3 MR (CTK) RN, & CTK IRERMN, NeFEiEE
R RIS 5 B B (F 3). Hoh, 6-BA RUR i i, TDZ FLIR, KT £ % .6-BA [ £ 5 > 0.5 mg/L,
ANE S AR L 61.32% + 3.6%, FENEHALA 415 AN EF . TDZ s K E N 0.1 mg/lL, A
AR N 62.43% + 3.3%, (HIFEFIIFHIMI G ™E, AKEE B~ ERZ @Hs; e
77 15d Ja, @WOGHLVERKE, M T A FRMKAK, BESEAEFAEKARMET. 3 CTK
BAERFEI A G KL, KT 5 6-BA HAEHIMREKRL, HRAEFHAERRS, 1X69.51% + 2.5%,
NEFHEZL . [, TDZ +6-BA Fl KT + TDZ HIH-&XM AE HFESFAGAEN, #S3URA
F—¥RIN 6-BA BL TDZ. Blit, A& 2F AR RERFEEAN: MS + 0.5 mg/L 6-BA + 0.5 mg/L KT +0.15
mg/L IBA. @ AL M R A 2 AR R4 1 7~15 d "I E 2F, k8 9% 7~15 d g
A& 2~3 em.

Table 3. Effect of CTK on induction of adventitious shoots from calli of Malus toringoides
= 3. WS REFNBEERMGELAT U EFHFMN

Yl 5 B /mg. L
Concentration of CTK ANTE B A 2% B R A B SR
Frequency of shoot formation (r/%) Number of shoots
6-BA KIN TDZ
0.1 0 0 15.15 + 3.1 1.21°
0.5 0 0 61.32 + 3.6° 4.15°
1.0 0 0 50.10 + 4.2° 3.48
0 0.1 0 8.17+2.8° 0.85"
0 0.5 0 35.30 + 3.4° 2.56™
0 1.0 0 3257+ 1.9° 261"
0 0 0.05 38.77 £ 1.7° 1.22¢
0 0 0.1 62.43 +3.3° 3.90°
0 0 0.5 41,50 + 2.4 2.58™
0.5 0.5 0 69.51 + 2.5° 4.30°
0.5 0 0.1 44.25 + 6.8 2.79™
0 0.5 0.1 3248 +2.5° 1.70¢
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3.3. BEEKESERSH

PR AR A KRG NAA A IBA &, il LR R NAA FITIBA Xf R% 245 (o Ff
AR AR I EAIE (2 4), R MS R FRE VR m 0.1 mg/L 5% 0.2 mg/L 1 NAA FI¥50 0.2 mg/L IBA ¥ 6E{E
70%LA I AEHITE 7d WPEAER R, 20d WATE AL, Hib, 0.2 mo/L IBA Re B INIB SR Rz, P
4d HARAREI, NEEAMREFREE . MKEIZX 0.4 mg/L 1) IBA 1 NAA 18815 FAR R4, (HIEAR R
HEFREEERERED, BILEEAEKRMMHIRRAEK. BRAKER, RASETES
WA R B B A R AR AR B AR SRR . AN 0.1% M1 3E MR R (AC) TAE AR BE 37 8, BRI AR AR A
VIR, AHREA SR #EAR R A AR
Table 4. Effect of IBA or NAA on rooting of the regenerated shoots of Malus toringoides
7= 4. 1BA F1 NAA 3t & A B E RN

BRI mg- L

Concentration of PGRs (mg-L™) Rooting%fcﬁltge (r/%)

IBA NAA
0.05 0 28.15 + 2.0
0.1 0 53.28 2.3
0.2 0 74.05 + 2.4°
0.4 0 44,16 £ 2.1°

0 0.05 4821 +2.1™

0 0.1 71.85+ 1.9°

0 0.2 73.52 £ 2.0°

0 0.4 45,92 + 2.2

4. i

AWFFEESL T REA Rt R S RO AR R, 70 KA1 5E BN 85 % 2 AR i A R A I . i
F AR EIL 69.51% + 2.5%, NGV AL 4 A3 RGBS MO = A BRR G 400
FERFFRIE & MS + 2.0 mg/L 6-BA+ 0.1 mg/L 2,4-D. A5E H AR R 77582 MS + 0.5 mg/L 6-BA + 0.5
mg/L KT +0.15 mg/L IBA. i EMRIEFRIEY MS + 0.2 mg/L IBA. ARAKEYIHI I Fr 7 A w228 it
HEU@AE, TR, AR € 05 KA AR G AR NS R g5 M Ak [4] [5], R & 4H
BEA A WEZERIfE S, DI A5 R ot B e s B ZE = AR AR (6] A AR KR T IR R
WEME LR B ST AmREEGALNEZRE, L 6-BA BN FIMER £ &0
HE A R INEE 6], 2,4-D MH T 5 2 R a4 = £ A5 [7] [8] [9]. SEURUE B Rk
SR @ LR S U AR TR A AR TR T TR N, 6-BA 25 3 e AR AL AL R Ok
AN, 2.0 mg/L 6-BA AR HLUR B, IRIKIER 2,4-D Reflilh 6-BA KIE R IFHIMER,
H H AR 2 om @ 45 AL 43 B e 5 454

WRI, RIEZMEN =G ARE T 2 ke REE TG, 2@k bie ). aEIS
HANE L, TUEE AR AT 5 kARG I 5 0 25 T 3G FH I B8 J[10]. 68 it s m i 21
LiFESFAERK R G EZR R, F8R 0 55555 4 Re = A B e J1 i 43 [11], i L
B HHLR N EFAERKBAEN T, WAL B NI T BT [12] AR FTIE B R 2GR
M TE G T R R RE RS RE A A AL, e N PR A A SUR IR, RPIRG MR, B A,
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AR R AR RS R A CTK RERIBA I 22, fRIEAE L K[13], AW UK B 6-BA
RERUF M5 RIRZ R A E o, AR TR PR

e HE

V91148 BRI H (2018NZ0091 . 2019YFS0107). VU )1148 242 i MERHIF e T B AR L 55 2 5 H

MY A A B RN T B S8 5 T AR 4 ¥ B(N0.2018CC12). VU 1145 rh 5 24 & 3 R RHF I3 H (2018KF007)
JLE B .
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TN, R, AR AR AR IR S R AR ERT ). P ASIRIR, 2011, 2(3): 14.
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