30 4 ( ) Vol 30 No 4
2002 8 Jour. of Northwest Sci-Tech U niv. of Agri and For (Nat Sci Ed ) Aug 2002
1,2 1+ 2 1 1 1
1 1 ) ) 1
(1 , 450009; 2 . 712100)
[ ] ,
AONOs )
[ ] ; ; ;
[ ] S661 103 6 [ 1 A [ 11000-2782 (2002) 04-0135-06
Janes ™ , ,
, M alus pumilaM ill) (31
DNA (2l
) , 11
sl 111
[6 11]
[10] [11]
(3 5] .
112
(1)
[12 16]
[2] [8,13 16]
[12]
(3.4] , 28 35d :
(5]
| ] 2002-01-29
[ (39970522)
[ ] (1974- ), ,

(E-mail: kiw ifrui@public2 zz ha cn)



136 ( ) 30
) yepes 1 16 201 TD Z (thidiazuron), NAA  BA
an M26 11 15an , BOA (1, 2-benzisoxazole-3-
, BA , acetic acid) ,
, , NAA ,
BOA 11 BA
(2) 20 10 OmgA,
, BA ,TDZ
[17] ( , BA ,
) b '
[7, 16, 21, 27]
(8, 18] 123 AgNOs AgNOs ,
( ) 271 , 1ol AgNO:
[8,9,19 21]
(9]
1214
" ’ ,2 3 [7,8,13,14,28 30] ,
(3 5 ]
/ , 1 1
[22]’ BA ! ’ (14]
0 a2mgAd, , ’
g/L (22] 125 ,
221 Cef (cefotaxine, ) Carb (carbenicillin,
: ) [9,20]
, Cef , Carb
126 (1)
12 [20, 21] 30mg/f_
121
/ MS o : @
[13, 15,(21-]/ AMFS, :IL/N [i? Kt ) - 5 7 g/f. (A -
axlo ' ’ gar) W elander :
NO3 ,NHi ‘N (Gelrite) :
ca” Mg®, K, NO3 / Gelrite (3
NH3, sy
N e M S ' [6,8,13]
[15]
122 ,
2

[6,7,9,13,18,24 27] BA



137
Vir
(acetosy-
21 ringone,AS) James |
211 , , AS
, , Vir
223
[1,31 33] [34 36] [36 38] [38 40]
[39 41] [42] M 26[43 46] M 7[47] , T_DNA
[2]
212 , ,
30d 2 3
Dandekar 'Y , , TDNA
2 3 ; 1
, Bondt ¥ , , ,
20 40d gus ,
, 2 4d,
213 =
[ , ( )
[55]
: , QUS
(2] , 15 ,aUuS
L BA 440434 = 25
A 2815541 EHA 1011241 EHA 105!° %3858 %I Janes
C 58[31, 37,42, 46, 49] p GV [34, 35, 42, 57, 58] [37,47]
gUS GU S+ [48] [38]
, EHA 101 224 (1)
LBA 4404 C58 10 31 'EHA 105
LBA 4404 8 ¥ , ,
6d,GUS
22 , Qus
221 ,
@
, ; Cef  Carb,
, ODsw Q 04 (9. 20,401 Cef
0 60[31 55] 4 6m in[l, 32 39,51 54] Carb
222 Vir Vir , Cef ,
TDNA , 500m gL Carb



138 ( ) 30

Bl (3) : 1% 4% Sriskandarajah  ©**
, , 1% 2%
, , (3 ; .
, nptll, ,
, G418 GUS 3 ,
[32 54]
, 5 25mgA (58] TDZ
[46, 48]
G418 ZT.BA, Zip :
[48]
(4) pH : EHA 101 :
: , pH 3 0 Cef
E40] ,
Y a0 [51,52] , 3
2d, 4 6%, ,
225 ,
(1) ; , ,
: 30 gL ,

Bondt 7 20 gA

(2 : 5 7gl ,

2 59/ Gelrite 7 g/d Agar
BY Bolar ™ 52gA Agar+t Q 1 gL Gel ,
rite 3 5gA Agar+ 1 2 gL Gelrite , ,

M ahesvaran !

M 26 Gelrite ,

[ ]

[1] JamesD J, PasseyA J,Derek D J, et al Genetic transformation of gpple (M aluspumilaM ill ) using adisamed T i-binary vector[J]. Plant
Cell Rep, 1989, 7: 658- 661

[2] , . M1 : , 1998 194- 317

[3] , . [3]. , 1998, 15(3): 261- 266

[4] JamesD J,Dandekar A M. Regeneration and transformation of gpple (M alus pumilaM ill ) [M ]. N etherlands K luw er A cadem ic Publish-
ers, 1991 1- 18

[5] LiuQ, Salih S, Hanmerschlag F. Etiolation of* Royal Gala’ apple (M alus damestica Borkh) shoots promotes high frequency shoot
organogenesis and enhanced B-glucuronidase expression from stem internodes[J]. Plant Cell Rep, 1998, 18: 32- 36



139

[71
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18
[19
[20

[21
[22]

[23]
[24]
[25]
[26]
[27]
[28]
[29]

[30]
[31]

[32]

[33]
[34]

[35]

[36]

[37]

[38]

[39]

JamesD J, Passey A J, Rugini E Factors affecting high frequency plant regeneration from apple leaf tissue cultured in vitro[J]. J Plant
Physiol, 1988, 132: 148- 154
Korban S S,Oconnor PA , Elobeidy A. Effectsof thidiazuron ngphthaleneacetic acid, dark incubation and genotype on shoot organogenesis
from M alus leaves[J]. Hort Science, 1992, 67(3): 341- 349
W elander M. Plant regeneration from leaf and stem segment of shoots raised in vitro from mature gople trees[J]. J Plant Physiol, 1988,
132: 738- 744
YepesL M ,Aldwvinckle H S Factors that affect leaf regeneration efficiency in gpple and effect of antibiotics in morphogenesis[J]. Plant
Cell TisOrg Cult, 1994, 37: 257- 269
, , . M1 : , 1986
) ) - [31 ,2000, (2):9- 11
. . . [l ,1997, (1): 20- 21
Famlo F, Zmmeman R H, Fordhan | A dventitious shoot formation on excised leaves of in vitro grown shoots of gpple cultivars[J].
Plant Cell TisOrg Cult, 1989, 16: 75- 87.
Predieri S, Fal F. High-frequency shoot regeneration from leaves of the gpple rootstock M 26 (M alus PumilaM ill ) [J]. Plant Cell Tis
Org Cult, 1989, 17: 133- 142
Sriskandarajah S, SkirvinRM ,A bu-gaoud H, et al Factorsinvolved in shoot elongation and grow th of adventitious and axillary shootsof
three gpple scion cultivars in vitro[J]. Hort Science, 1990, 65(2): 113- 121
SvartzH J,BorsR,Mohaned F, et al The effect of in vitro pretreatment on subsequent shoot organogenesis from excised Rubus and
M alus leaf[M ]. N etherlands K Iuww er A cademic Publishers, 1990 179- 184
Caboni E, TonelliM G Effect of 1 2-benzisoxcizole-3-aotic acid on adventitious shoot regeneration and in vitro rooting in gpple[J]. Plant
Cell Rep, 1999, 18: 985- 988
W elander M ,M ahesvaran G Shoot regeneration from leaf explantsof dw arfing apple rootstocks[J]. Plant Physiol, 1992, 140: 223- 228

) , .. [31 ,1992, (6): 18- 19
) ) v D1 , 1997, 5(3): 305- 306
) ) v [31. , 1999, 16(4): 255- 258

FerradiniN , faniani F, Proietti, et al Influence of grow th regulators and light on in vitro shoot regeneration inM 26 gpple rootstock[J].
Hort Science, 1996, 71(6): 859- 865

, , AR [ , 2000, 28(4): 94- 97.
Fasolo F, Predieri S Cultivar degoendent responses to regeneration from leaves in gople[J]. A ctaHort, 1990, 280: 61- 68
DufourM. Improving yield of adventitious shoots in gpple[J]. A ctaHort, 1990, 280: 51- 6Q

, , .TDZ [31 , 1997, 33(6): 420- 423

, , , -AdNOs [31 ,1997,11(1): 39- 44
LiuJR, Sink K C,DennisF G Plant regeneration from apple seeding explants and callus cultures[J]. Plant Cell TissOrg Cult, 1983, 2:
293- 304
Christel T H, Robert T H. Influence of TDZ and BA on adventitious shoots regeneration from apple leaves[J]. A cta Hort, 1990, 280:
195- 199

) ) . [ , 1995, 26(2): 131- 135
DandekarA M ,U ratsu SL ,M atsutaN. Factors influencing virulence in A grobacterium -mediated transformation of gpple[J]. A ctaHort,
1990, 280: 483- 493
JamesD J,U ratsu S,Cheng J S, et al A cetosyringone and osnoprotectants like betaineor proline synergistically enhanceA grobacterium -
mediated transformation of gople[J]. Plant Cell Rep, 1993, 12: 559- 563

,Dandekar A M ,U ratsu SL. [3] ,1992,19(2): 101- 104
Sriskandarajah S, Goodw in P B, Speirs J Genetic transformation of gpple scion cultivar’ Delicious viaA grobacterium tume aciens[J].
Plant Cell TissOrg Cult, 1994, 36: 317- 329
Sriskandarajah S, Goodw in P. Conditioning promotes regeneration and transformation in gpple leaf explants[J]. Plant Cell TissOrg Cult,
1998,53(1): 1- 11
M aximova SN ,Dandekar A M , GuiltinanM J Investigation of A grobacterium-mediated transformation of apple using green fluorescent
protein: high transient expression and low stable transformation suggest that factors other than T-DNA transfer are rate-limiting[J].
PlantM ol Bio, 1998, 37(3): 549- 559
Bondt A D, Eggemont K,D ruart P, et al A grobacterium -mediated transformation of apple (M alus danestica Borkh ): an assessnent of
factors affecting gene transfer efficiency during early transformation steps[J]. Plant Cell Rep, 1994, 13: 587- 593
NorelliJ,M illsJ,A ldw inckle H. L eaf wounding increases efficiency of A grobacteriun-mediated transformation of gople[J]. Hort Science,
1996, 31(6): 1026- 1027
Schaart J G, Puite K J, KolovaL. Somemethodological agpectsof gpple transformation by A grobacterium [J]. Euphytica, 1995, 85: 131-
134



140 ( ) 30

[40] Hammerschlag FA,Zmmeman R H, YadavaU L, et al Effect of antibiotics and exposure to an acidified medium on the elimination of
A grobacterium tumé aciens from apple leaf explants and on shoot regeneration[J]. JAmer Soc Hort Sci, 1997, 122(6): 758- 763

[41] Puite K J, Schaart J G Genetic modification of the commercial apple cultivars Gala, Golden Delicious and Elstar via a A grobacterium
tun e aciensmediated transformation method[J]. Plant Science, 1996, 119: 125- 133

[42] TrifonovaA , SavovaD, Ivanova K, et al A grobacterium-mediated transformation of the gpple cultivars Granny Smith[A ]. Schmidt H,
KellerhalsM. Progress in Tenperate Fruit Breeding[C]. N etherlands K luw er A cadenic Publishers, 1994 343- 347

[43] M ahesvaran G,W elanderM , Hutchinson J H, et al T ransformation of gople rootstock M 26 w ith A grobacterium tum e aciens[J]. J Plant
Physiol, 1992, 139, 560- 568

[44] Lanbert C, Tepper D. U se of A grobacterium rhizogenes to create transgenic apple trees having an altered organogenic response to hor-
mones[J]. Theor Appl Gener, 1992, 85: 105- 109

[45] NorelliJL,Herb S,Destefano B L. Transgenic' M alling26’ apple expressing the attacinE gene has increased resistance to Emw inia
amylovora[J]. Euphytica, 1994, 77: 123- 128

[46] NorelliJL,AldvincH S The role of aninoglycoside antibitics in the regeneration and selection of neomycin phogphotransferase-trans-
genic apple tissue[J]. JAmer Soc Hort Sci, 1995, 118(2): 311- 316

[47] W elanderM , Pav lickiN , HoleforsA , et al Genetic transformation of the agpple rootstock M 26 with the rolB gene and its influence on
rooting[J]. J Plant Physiol, 1998, 153: 371- 38Q

[48] BondtA D, Eggermont K, Penninckx | A grobacterium-mediated transformation of gpple (M alus danestica Borkh ): an assessnent of
factors affecting regeneration of transgenic plant [J]. Plant Cell Rep, 1996, 15: 549- 554

[49] ' , . & ®1) [31 ,1999, 8(1): 78- 81

[50] ; ' . Pl , 2000, 27(4): 282- 284

[51] Yao JL,CohenD,A tkinoon R, et al Transgenic apple(M alus danestica) [A ]. Bajaj Y P S Biotechnology in A griculture and Forestry,
Vol 44, Transgenic tree[C]. Gemany, Berlin Heidelbers Springer-V erlag, 1999 153- 170

[52] Yao JL,CohenD,A tkinoon R, et al Regeneration of transgenic plants from the commercial apple cultivars Royal Gala[J]. Plant Cell
Rep, 1995, 14: 407- 412

[53] , ,Hanmerschlag F A. [J1 ,2000, (1):5- Q

[54] Bolar J P,Brown S K, Norelli J L, et al Factors affecting the transformation of* M arshall M cintosh’ apple by A grobacterium
tum & aciens[J]. Plant Cell TissOrg Cult, 1999, 55(1): 31- 38

[55] , , - 5] , 1998, 25(2): 160- 165

[56] , , AN CpT1) [J] ,2001, 28(1): 57- 58

[57] HoleforsA,XueZ T ,W elanderM. T ransformation of the apple rootstock M 26 w ith rolA gene and its influence on grow th[J]. Plant Sci-
ence, 1998, 136(42): 69- 78

[58] HoleforsA. Genetic transformation of the gpple rootstock M 26w ith genes influencing grow th properties[J]. A ctaU niversity A griculture
Sueciae A graria, 1999, 158: 53, 10

A dvance of research on genetic transformation mediated
by A grobacterium tum e aciens in apple

QINL ing"?L IM ing ,WANGY ong-xi’, HAN L i-xing', HUANG Zhen-guang’, ZHAO Gai-rong'
(1 Zhengzhou Fruit Research Institute, CAAS, Zhengzhou, H enan 450009; 2 College o H orticulture,
N orthw est Sci-Tech U niversity o A griculture and Forestry, Yangling, Shaanxi 712100, China)

Abstract: The paper summarizes and analysesmain influencing factorsof highly efficient regenerations
in vitro including apple genotype, explants properties, plant hormone ratio and level, A gNOs, dark incuba-
tion, antibiotics, et al, and influencing factorsof transformationsm ediated by A grobacterium tum & aciens in-
cluding apple genotypes, explantspropertiesA grobacterium strain, A grobacterium concentration, function of
activated matters co-cultivation, pretreatment, selection culture,medium types, et al The present situation
of its studies, existing problen s and its progects are briefly mentioned

Key words gpple A grobacterium tum € aciens genetic transformation; influencing factors



