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Factors Affecting the Agrobacterium-Mediated Transformation of
‘Gala’ Apple
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ABSTRACT Some factors of wounding methods, solidifying agents, origin of leaf explants, conc. of acetosyring-
one, and MES affecting regeneration and transformation by Agrobacterium tumefaciens were investigated to
establish an efficient transformation system of apple. Wounding by cutting the leaves merely showed the tendency
of regeneration and transformation with higher efficiency compared with that of wounding by non-traumatic forcep
when carrying out co-cultivation for three days after bacterial inoculation. While examining the solidifying agents of
medium with the combination of agar (A)+Gelrite® (Q)ing - L', the higher concentration of Gelrite® increased the
efficiency of regeneration. However, there was no difference in the efficiency of transformation from the treatments
of 25 G, 3.5 A+1.2 G, and 7.0 G. The origin of leaf explants showed no difference statistically in the efficiency of
regeneration and transformation, but that from the shoots of proliferation medium showed the tendency with higher
efficiency. The concentration of above 0.1 mM acetosyringon had an increase in the efficiency of regeneration and
transformation and the concentration of 0.15 mM had the highest efficiency of transformation in the treatment of
acetosyringone with different concentration. There was no effect of MES on regeneration and transformation.
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A A2} F (Malus domestica Borkh. cv. Gala)9] 2]
EA)7} ©]-9] Song et al. (2000)0] B F Wil wa} 7y
A FA FHHAAD A2FHS AT Al 45 Fo
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A8 A5 e FZAR o] &t

< AASL, st AHEAE Fe8 Al (non-trauma-
tic forcep) 2.2 8 AAHE X (Norelli et al. 1996)3F Z,
binary vector pGA 1532 (Figure 1)Z £83}= Agrobacterium
tumefaciens strain LBA4404E HZ3}9 ) Agrobacterium
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= npdl §AA ZZ5 984 5 -GAGGCTATTCGGC
TATGACT-3" ¢} 5 -AATCTGTGATGGCAGGTTG-3" &,
MdAMADS? §AAe] ZZ8 QEiME 5" -CAGAAGCCAT
CTGTGTGTCA-3" ¢} 5 -AGAGATAGATCGAGTCTAG
G-3' & A8ty =29 DNAWI=S] A71E Z42 0.8 kb
9} 1.1 kb2 A, 1.0% agarose gelojA] #7148 535k el
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Figure 1. Schematic representation of the T-DNA of the binary vector pGA1532. Abbreviations: RB and LB, right and left border sequences
from the vector T-DNA; NPT-11, coding region for the neomycin phosphotransferase gene; P35S, 35S promoter of CaMV; MdMADS?2, coding
region for the MADS-box gene #2 cloned from ‘Fuji’ apple; T7, termination signal of gene 7 pTiA6.
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Table 1. Effects of leaf blade wounding on the efficiency of regeneration and transformation by Agrobacterium tumefaciens in leaf explants
of "Gala’ apple.

- Wounding 7 Regeneration rate (%)’ Transformation efficiency (%)"
Cut 187+ 1.8 20+1.2
Crushed by non-traumatic forcep 40.0+11.0 40+12

'Bach value represents the mean= SE of 3 replications with 50 explants per replication. The percentage numbers of explants with regenerants
r transformants confirmed by PCR analysis were calculated.

Table 2. Comparison of solidifying agents affecting the efficiency of regeneration and transformation by Agrobacterium tumefaciens in
"Gala” apple.

Solidifying agent (g - L‘,l y Regeneration rate (%)’ Transformation efficiency (%)
70 A 8.0%2.0¢" 3318
35A%12G 240%8.1b 20412
25G 58.7+35a 20+12

"\, agar; G, Gelrite.

"Each value represents the mean =+ SE of 3 replications with 50 explants per replication. The percentage numbers of explants with regenerants
ar transformants confirmed by PCR analysis were calculated.

"Mean seperation within columns by Duncan’s multiple range test at P=0.05.

Table 3. Influence of the origin of leaf explants on the efficiency of regeneration and transformation by Agrobacterium tumefuciens in *Gala’
aople.

Origin of leaf explants Regeneration rate (%) Transformation efficiency (%)f S

Leaf elongation medium 33.34+6.8 10.0+2.0
Shoot proliferation medium 31370 4.7+0.7

“Hach value represents the mean+ SE of 3 replications with 50 explants per replication. The percentage numbers of explants with regenerants
w transformants confirmed by PCR analysis were calculated.
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Table 4. Effect of acetosyringone on the efficiency of regeneration and transformation by Agrobacterium tumefaciens in ‘Gala’ apple.

Concentration (mM)

Regeneration rate (%)

Transformation efficiency (%)"

None 75+25¢ 25+2.5b
0.05 12.5+2.5bc 0.0+0.0b
0.10 250+50a 75+25ab
0.15 30.0+5.0a 15.0+0.0a
0.20 30.0+50a 7.5+2.5ab

“Each value represents the mean =+ SE of 2 replications with 20 explants per replication. The percentage numbers of explants with regenerants

or transformants confirmed by PCR analysis were calculated.

YMean seperation within columns by Duncan’s multiple range test at P=0.05.

Table 5. Effects of 2-(N-Morpholino) ethansulonic (MES) supplemented in the regeneration medium on the efficiency of regeneration and

transformation by Agrobacterium tumefaciens in ‘Gala’ apple.

MES (g- L") Regeneration rate (%) Transformation efficiency (%)"
None 22.0+3.1 87x13
MES 100 20.0+3.5 8.0£20

“Each value represents the mean =+ SE of 3 replications with 50 explants per replication. The percentage numbers of explants with regenerants

or transformants confirmed by PCR analysis were calculated.
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Figure 2. PCR analysis of putative transgenic apple plants. PCR
bands were detected for both the npr II (A) and MdAMADS2 genes
(B). M, Marker; P, Plasmid (positive control); C, Control (negative
control). Lane 1-24, putative transformants. No bands represent the
non-transformants (lane 11 and 20).
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Figure 3. Southern blot analysis of apple plants transformed with
MdAMADS?2. The genomic DNA was digested with EcorRI/Hindlll
or HindIll and probed with digoxigenin-labed MdMADS2 DNA.
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