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HE:. JEIHHALEERBEREZ, AT N AL TR AL HRM. MSAH LR A, Kbk £
BB EHFPEDAEARBATASERESTFS . BAR ARG Y 0, EREAW . RAESHKD RAKIEG F T,
HEAEAEGREAERZRAA MSH1.0 mg/L TDZCEE ) +0.05 mg/L NAACK T B, B4 7dEHETRER,
50dERAFRK38.9%, FPHAEAFHK LT A, LEFERBAFRRIESG 11 44; RMAEWAERELA MS+H
1.0 mg/L 6-BA(6-F A Mg "%7) +0.3 mg/L NAA, ¥ A% 4 4.73; REAMRIZEHRL A 1/2 MS+1. 0 mg/L IBA
(BT E)+0.2 mg/L NAA, AR EZHEX 60%. LW FAEARRAEARLEYBE AR FTA L TH AL,
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Abstract: In order to lay a technical foundation for the efficient genetic breeding of Malus asiatica, an in
vitro regeneration system of this species was established in a study reported in this paper. A local M. asi-
aticavariety from Quanxi county of Guizhou was used as the material, and MS as the basic medium. The
influences of different explants, culture conditions and growth regulators on the regeneration, proliferation

and rooting of the adventitious buds were investigated and optimized. The results showed that the best ex-
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plant was the cotyledon of mature embryos and the optimal medium for regeneration induction was MS —+
1.0 mg/L TDZ+0. 05 mg/L. NAA. Dark culture for 7 d followed by light culture for 50 d gave a regenera-
tion rate of 38. 9% and an average number of regenerated buds of 11. 7. The regeneration rate of the near-
embryonic end was 11 times that of the far-embryonic end. The optimal proliferation medium was MS—+
1.0 mg/L 6-BA+0. 3 mg/L. NAA, and gave a proliferation coefficient of 4. 73. The optimum rooting me-
dium was 1/2 MS+1.0 mg/L IBA-+0. 2 mg/L. NAA., the rooting rate being higher than 60%.
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1 #MBERE
1.1 REH

DL S A8 B 7 EL AR b AR AL I SR L T O R AL 85 B i Rl bR
1.2 HIRAZE
1.2.1 Stk 3R AF

G BUESG 40 d AELL R, ASROK W PE 1 by, Tl TAESG L 75 % W AE K 30 s, JCH K
Ve 2~3 W, T 0. 1% M FH SR W 2 ki 20 KB 10 min, JCPE KW Pk 3~4 K, WKW T K 4,
DIBR AR, B & iR 4 .

Tk BEBOS AR L BORLY — AR T, R KR 10 min J5, TG TAES L 75 %0 T KG
THEE 30 s, JCH/KGE 2~3 K, FHH 1020 IR AR EH VA WAL 3 10 min, JCRKYE 3~4 K, WK 4R T 7K 53
Joi s RIBRFR R . WOH W T, TR ZE DB, 5 — bl 2% 1/3 A .

W IO S 5 AR AR AE (AL LT LB 1 gl o vk R, K s g R BB, R ) R E
I e 15 T e B D Kol 405 46 .

1.2.2 SMEARER N REF B AW 0Kk

b R 4R R 1 - i Sy SR A TE TR LA AR AR T LD MS S BRI RE SR IR 2.0 mg/L
TDZ F1 0.1 mg/L NAA MARE 253 595 by ik 5 S IR 15 180 81 1 #2 R 8 0 i AN 5 2815 S B g kv
(MS+3.0 mg/L TDZ+0.20 mg/L NAA+0.5 mg/L IBA). W35 7 d 5#OC T 835, St Bt E -y
12 h/d, BFiRE 2541 °C, JEMEE 2 000~2 500 1x. FA#BRD 20 4>, BE 3 K.

1.2.3 B3 nd ) & T b 3045 2d R 2 O B A 00 %R X IR

W bR AR B - R OD IR IR 2 . IE Y00 — g, 3R T R AE B R AR (MS+ 1.0 mg/L TDZ +

0.05 mg/L NAA) b, 2B AREEHE (0 d,7 d.14 D RERFFRAL IR, &AL FR R 20 4, B 3 K.
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1.2.4 AKBPEFTHRAARZTHF BANG Y AXE

T T V15 A E L B R4 A A2 K E Y B B (Plant Growth Regulator, PGR) , ¥ ik il BUIE Y 7
Ay BIHERN T 16 D& A AR TDZ(1.0,2.0,3.0,4. 0 mg/L), NAA(0. 05,0.10,0. 20,0. 40 mg/L),
IBA(0,0.05,0.10,0. 20 mg/I)ARNEZFEF AR FIP, BEFE 7 d JFHOLTHF 50 d. AR 20 4>
T, TwE 3. G 50 dJF S &AL BN AN E I SR
1.2.5 REFIMAITH

FEFHIFEFHAEZIE GO D, VIBRZRT0, S5 ABI& A 0.05 mg/L 6-BA ik,
F% 2 JJa , VIR 35— B0 bk 28 73 53R T 9 AR BE 6-BA(1.0,2.0,4. 0 mg/L) Fl NAA(0. 1,0. 2,
0.3 mg/L) MM R IR 3L b, REERD 4 K, A 5 K. HBTFREF A0 d G, MEILFEAE FERK N, I
it HI A R
1.2.6 AR

FAEFARKE 1.5~2.5 cm B, F# ) T UV B 8 3270 T & A AR Wk B A AR B R 5L
AR FREER T 1/2 MS+ 20 mg/L BERE+6 mg/L SARAE A B fil 55 T2 58, WS AR [R)MR B2 19 TBA (0. 5,1. 0,
2.0 mg/L) A NAA(0,0.1,0.2 mg/L). BAAFEEFR 4 BRIGFA N, HE 5 K, ¥ 40 d FEit &8
A ARG L.
1.3 HBESHITHH

BT 58315548 Y9 % ] Excel #AEFEATALHE, SR SPSS 21. 0 #4447 Duncan K36 ) 2% 5 8 & PE 43 H7.

2 ZFRE5H5H)
2.1 MEEEBENAEFBENF N

N [) SN M G 2T B AR B AR A AR R sg . S5 SRR B, L2070k 5 QIR A0t R 8 T AR B 3R 3 L
ARG 5, BRI B ¥ JER 2 2R B . WUV ) F i 85 3% T MS+2. 0 mg/L TDZ+0.1 mg/L NAA
Wik, NEZFHAERRN 1. 67%.
2.2 MEEFAERFHEBANAEFBENZI

T 55 S XM A AN E A — E BRI, GR35 7 d fehs BB R O T AR R E 4. SRR
B, PP R IR AR, HARRBUE KB EORM 2 f50F, RERHEFN P B GE D, KR 745
AT RFE 13 do FHIFIR AN E 2E (B 1) s BiE9E 0 d FIRGEE 3R 14 d W F I3 0K 8 277 A

WG 3 7 d R MR TR 3R, R U Sk, S T 0 R 2 e U 1AL R B EE RUAS E SRR Y, 4
B 20 dJEJFUR AR E 2, FERESE & B /B R, 50 d IR &2 2F 14 Rk #l a5 m (B 1b), TR
ANRE R HR 43 A T el i R v U0 10 b T AR R GA 36,706, MHBGE MR 2 11 A5 (R D, R
B S 1 A0 T A58

£ 1 EFHERFHBMENESEEREEH M

Aab 34 7 52X AR/ % N TE A A B
8 5 % 1) 0d 0 I
7d 38.9 HRZ, R, B
14 d 0 T
TR AL 3T )R B 36.7 HL, ALk
JIE R ity 3.3 b, Ry

2.3 PGRIREXNFHEBEARAEFTHEIN
R A S FIAE LT PR AN A AR K. 45 5K, ZE4M T 1.0 mg/L TDZ 1 0. 05 mg/L
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NAA 1) MS ¥ #:3E b, THE S A E I R i
X2 PGREBEMNBAFHBELRAEFHNEZIE

ik 38.9%, FAEFHRZ,

S 1.7 AN 2).

HES TDZ NAA IBA HAER/% A 2R B/ A
1 1.0 0.05 0 38.9 a 11.74+0.70 a
2 1.0 0.10 0.10 2.3 b 4.0-+0.82 ¢
3 1.0 0. 20 0. 20 5.6 b 6.7+0.47 b
4 1.0 0. 40 0. 05 0 0
5 2.0 0. 05 0.05 0 0
6 2.0 0.10 0.20 0 0
7 2.0 0. 20 0. 10 0 0
8 2.0 0. 40 0 11.1b 4.040.71 ¢
9 3.0 0. 05 0.10 0 0
10 3.0 0.10 0 0 0
11 3.0 0. 20 0. 05 0 0
12 3.0 0. 40 0.20 0 0
13 4.0 0.05 0. 20 0 0
14 4.0 0.10 0.05 2.7 b 5.040.82 ¢
15 4.0 0. 20 0 0 0
16 4.0 0. 40 0.10 0 0

W FPNGFEAREFER p<<0.05, ERAHGIFEE X,
2.4 6-BA F1 NAA iRE

AT 6-BA FI NAA Y B L LU X AL 20 A 38 2F 10 39 58 28 20 % 3 08 RO B2 i B (3R 3D, By 3R ik MS+
4.0 mg/L 6-BA+0.2 mg/L NAA WA E 5 R B, 7. 73, H2EAES, KH2%, Bk, A

Xt 4 £1 AN E 2 18 58 1 =2 A

KB LR RS, B3 MS+1.0 mg/L 6-BA+0. 3 mg/L NAA AR E 4 KRS b, kK
W R To) . M908 RBCE e, O e A G R 2.
F3 6-BAT NAA REXN A EF AN M
6-BA/ NAA/
b B Sl Y AR #IE
(mg+ L") (mg+ L~
1 1.0 0.1 2.8040.83 ¢ b, Bt <3, H
2 1.0 0.2 3.8041. 11 be FE D, it 34, FHED
3 1.0 0.3 4.73420.77 b L, ASHEHG, FRZL;
4 2.0 0.1 3.8740. 96 be R, gt R =5, HL
5 2.0 0.2 4.13+1.31 he TR, it
6 2.0 0.3 4.3340. 94 be FR L, ok
7 4.0 0.1 4.9340.93 b FE, Rl
8 4.0 0.2 7.73%+1.24 2 ZfEZ, AE, BEEL, R
9 4.0 0.3 4.5740.81 b PRI E NS

W HRNEFHARER p<<0.05, ZREAHLGH¥E L.

2.5 HERIESRF

AT S AL L0 58 A0 & A A R BEE IBA 0. 5,1, 0,2. 0 mg/L) AR )i B NAA(0,0. 1,0. 2 mg/L) I
TTHEMRER SR, — BTG AR EA A AR RE I B 2R

1/2MS A= M 3% 35 Kt b gk

L EREW, 1/2 MSH
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1.0 mg/L IBA+0. 2 mg/L NAA A RS E, W35 7 d 5 A R ERE (60Y) & m, HARZEM
M, JRZ (& 1D).
T4 IBAFINAAREXNEAREFERBZMN

hb BES IBA/(mg+L ") NAA/(mg- L") HERE/Y -2 A B AR L

1 0.5 0 0 0 Jc

2 0.5 0.1 0 0 Jc

3 0.5 0.2 35b 3.7+1.0c FARBH . K. FRR D
4 1.0 0 10d 2.540. 50¢ FHH ., K, SRR

5 1.0 0.1 30be 4.042. 2be FEMREM ., K, LT
6 1.0 0.2 60a 9.7+3.0a FHHML, K, SRR E

7 2.0 0 45ab 7.0+2. 1ab FHM ., B, AR

8 2.0 0.1 0 0 Jc

9 2.0 0.2 25¢d 2.740. 9¢ FHM . B, EHIR

e #H/NGFHRARRR p<<0.05, ZRASGITH#E L.

() TEM20 dEENTEF (b) 50 dYBAEL

(d) 1BIEIESF (e) 17E 40 A AEIRES ) &REF
B1 ATHESAEFBELRE

3 3 it

DLFE X A6 2T AR F BRI . 2 DA IR R 2 5 B AME R s T S R R, R SRR IR R
BB RIZEBA AL AR, R AR AR RS W0, T AR U R e A A R 2 A R R g
BN, SLAURER S8, FAE SR B IR R 3 LT oF B F R R SRR M SRR I
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TREFBAERR S SRR H BT F A A E 2R AR MR SR A Sy S A B
FERSE R SR, PRI BRI TAELL AR L IR () T R AT A S E A
(I RE F7 . G5 SRAAT A6 L SUBNR () F AR N SME A, DSy T AELL MBS PR A PR R A it g A 42l TR
SR ARAF R RO G E R 2 —  (HA A DRSEAE th AT S B 3% 0 R T R S 2 M R AR RS 4 2R
R, WERE SR 7 d W EHOCRIE SR AR T AELL T AR R 2F, EL e P A R e T . SRk
4 I T B R AT AR T T I R i B R TAA (| 20O 15 S Z el . A KR RS A k.

P AR R SR Rl 2K R 8 ik A A A R TS R R X R B R R AR R A Y
HRRRIAEM A EFIET LT MBI R R, TDZ % 6-BA A R T B AR & 2 A
TDZ fig i # M ke 5 o0 Ak (W R0 10 B IR B 3% BB A A6 A S R A R ITIE 9% Ol HR Y
TDZ 255 P INAME R S L OCHE . N7 NAA WA R F P AMAR 4. TDZ 5 NAA 13E Bk
JE HREAE HEAE L0 A E 2 9 0 Ak, (R W TDZ 2 LR AN G E 28 A2 . HAs S AR E 28 R 2k B RS
18 . JE e st

HONAAWRIE ST 1.0 mg/L I 23 i B 2 55 8 35 B8 A0 2800, . IR e 2 A 6-BA RE AT 0 [ A1 3 3 1k 3
WL FEAE TR SR R R, R 6-BA FI NAA (41 A AL B AL IR, v AR, AAE
HE LA B B AR A ) L SRR 6 A I BT ML R IR E AR B R (GA) . GA AL RE AL 32k 1
BH . IRREAREAAR . SRR TR BRI 7 A AW P TR AL L AR B 3R A R R AR S A
FEUE R L ALLL B BRI 58 h R A A R . AR 28 5 U B W ST RS B — 5 Y AR AR B SR
FEET G IBA T NAA & B R BC LR 3R A T AE LD R AR T

Li LTIR . ABETE AL LD A T AR DR SR, 3R T % 1.0 mg/L TDZ 1 0. 05 mg/L NAA [
MS i gedkrh, TR ROE S I AELLAR E 3. SRR 3R 5 AR S B A A bR, S AE LD PR AR AR R Ak,
AR R A S O g — A0 T R AL LT 40 M TR S R ) TR 3% B R B 5E T BRI,

SE 3k

(1] R I, R4, BHE, 5. SMERMATFE R LR ISSR 4081 [1]. bl KE24M . 2013, 32(1): 19-24.

(2] sk B0, s, 2. . SWARMBOR ISR A LU MR R [T, ¥ M. 2011, 29(1): 155-160.

[3] RADCHUK V V, KORKHOVOY V L The ro/B Gene Promotes Rooting In witro and Increases Fresh Root Weight In
vivo of Transformed Apple Scion Cultivar ‘Florina’ [J]. Plant Cell, Tissue and Organ Culture, 2005, 81(2): 203-212.

(4] xUsEes, Aante, & 14, % FERERTHFT RS AR AR E 2RO [T, RIERI R4k, 2011, 42(10) -
90-94.

(5] Hiapk, PG, ARIEMR. BACLLAIRTE S i S A B PR % [T, PUNIZRARY . 1994(2): 10.

(6] 1 . RRMBAZBHLREIFMI (D). M. BMEml k¥, 2014,
(7] B #&. RELAWHALIEFREDIE (D] B Eaishl ke, 2015,
(8] SEghi., “HRER KT HAKAME Y X ANT M BEL FEEHE I Re0FsE (D], 1. £kl K2, 2018.

(9] XIS, ghigsl. AFETYEMEMHEA RS [T Lol R4, 2012, 40(7): 63-64.

[10] NING G G, BAI S P, BAO M Z, et al. Factors Affecting Plantlet Regeneration from In witro Cultured Immature Em-
bryos and Cotyledons of Prunus Mume “Xue Mei” [J]. In vitro Cellular & Developmental Biology-Plant, 2007, 43(3):
225-230.

C11] UikEse, tRIER, BEN R, JEHCRH R I SRR AR AT 5T (7], 220 K244k, 2006, 42(5): 48-51.

[12] MAZUMDAR P, BASU A, PAUL A, et al. Age and Orientation of the Cotyledonary Leaf Explants Determine the Effi-
ciency of de Novo Plant Regeneration and Agrobacterium Tumefaciens-Mediated Transformation in Jatropha curcas L.

[J]. South African Journal of Botany, 2010, 76(2): 337-344.



w1z SR, F. KM BLBRE AR ARG E TS R 25

[13]
[14]

[15]
[16]

[17]

(18]

(19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]
[27]

Wik, TRk (Prunus cerasus) MR B FRA 7 k9 W58 (D], PRI . WS H AR, 2001,

RLE R, XRKIE, 2297, 2. S48 F (Rosa laevigata Michx. )M A BHIEH AR EFEREW S [J]. L EE, 2019
(13): 93-100.

FLE, WPWTEHERRE S R ZHRNE TR (D] B U RMBHR S, 2010.

AR XVBET, (T, 45, ARG AR LR R R M R B A AR RS (U] T E R, 2019, 17(4): 1283~
1289.

EW R B R R AR A A AR S A= 5 (D] dbat: s EMOLBF2ERR Y BE . 2007.

oM, EME, P, & BIRNESEARARNHE (] HPEWR, 2019, 54(4): 539-546

Lo, TR A, T3, 5. YRR MR & A WS 5T (1], 8%, 2000, 22(5): 349-354.
KORBAN S S, O’CONNOR P A, ELOBEIDY A. Effects of Thidiazuron, Naphthaleneacetic Acid, Dark Incubation and
Genotype on Shoot Organogenesis from Malus Leaves [J]. Journal of Horticultural Science, 1992, 67(3): 341-349.
PEREZ-TORNERO O, EGEA J, VANOOSTENDE A, et al. Assessment of Factors Affecting Adventitious Shoot Re-
generation from In wvitro Cultured Leaves of Apricot [J]. Plant Science, 2000, 158(1/2): 61-70.

SCHULZE J. Improvements in Cereal Tissue Culture by Thidiazuron: a Review [J]. Fruit, Vegetable and Cereal Science
and Biotechnology, 2007, 1(2): 64-79

DEWIR Y H, NURMANSYAH, NAIDOO Y, et al. Thidiazuron-Induced Abnormalities in Plant Tissue Cultures [J].
Plant Cell Reports, 2018, 37(11): 1451-1470.

GAMBHIR G, KUMAR P, SRIVASTAVA D K. High Frequency Regeneration of Plants from Cotyledon and Hypocot-
yl Cultures in Brassica oleracea cv. Pride of India [J]. Biotechnology Reports, 2017, 15; 107-113.

ORI B S RRIEER N A LR A R R [T, . 2019, 38(2): 83-85, 88.

RF L, SCHEMS. 4 Fhst AR S SO R (], PR K22 CA SRRSO » 2015, 37(9): 19-24.

I, JURNTC Rl A 2SRRGB A R s R LR RS (D], #%. ARKL K, 2013

REHE AR



