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Abstract. Physical and biological parameters affecting the efficiency of biolistic transformation of peach were optimize
using ß-glucuronidase (GUS) as a reporter gene, such that efficiency of transient GUS expression in peach embryo-deri
callus was increased markedly. Transient expression was also obtained in embryonic axes, immature embryos, cotyledo
shoot tips, and leaves of peach. Stable expression of a fusion gene combining neomycin phosphotransferase (NPTII)
ß-glucuronidase activities has been achieved in peach embryo calli. Sixty-five kanamycin-resistant callus lines we
obtained from 114 pieces of bombarded calli after 4 months of selection. Nineteen of the 65 putative transformant lin
produced shoot-like structures. Seven lines were examined to confirm stable transformation using the colorimetric GU
assay and PCR analysis. All seven lines showed GUS activity. PCR analysis confirmed that, in most of the putat
transformants, the chimeric GUS/NPTII gene had been incorporated into the peach genome. The transgenic callus lin
were very weakly morphogenic, presumably because the callus was 5 years old and no transgenic shoots developed 
this callus. Results of this research demonstrate the feasibility of obtaining stable transgenic peach tissue by biolis
transformation.
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Peach (Prunus persica L. Batsch.) is an important fruit crop 
the temperate zone, the worldwide production of which exce
6.6 million t in 1988 (USDA, 1988). The goal of most pea
breeding programs is to combine traits such as desirable tim
maturity, resistance to biotic and abiotic stress factors, desi
tree growth habit, and improved fruit quality. Although conv
tional breeding has been productive, it remains time-consu
and expensive. The ability to manipulate individual horticultu
characteristics within an established cultivar would be adva
geous.

Advances in genetic transformation and their application 
tissue culture and plant regeneration schemes provide a
approach for breeders seeking to improve cultivars. Succe
gene transformation has been reported for numerous plant sp
However, only a few woody perennials have been transforme
regenerated successfully; i.e., poplar, walnut, several Prunus sp.,
Rubus, and apple (Filatti et al., 1987; Graham et al., 1990; Ja
et al., 1989; Laimer da Camara Machado et al., 1992; Mante 
1989; McGranahan et al., 1988; Smigocki and Hammersc
1991). Agrobacterium-mediated gene transfer has been the 
mary means of transformation in most cases.

Biolistic transformation has been used successfully to de
. Soc. Hort. Sci. 119(2):367–373.  1994.
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DNA into various plant species, including maize, rice, whe
barley, and soybean (Creissen et al., 1990; Kartha et al., 1
Klein et al., 1988a; 1988b; McCabe, et al., 1988a; Wang et
1988;). Stable transformation has also been demonstrated in
bean (Christou et al.,1987, 1989; McCabe et al., 1988b), tob
(Klein et al., 1988c; Tomes et al., 1990), maize (Klein et al., 19
cotton (Finer and McMullen, 1990), and papaya (Fitch et 
1990). The biolistic production of fertile transgenic corn pla
(Fromm et al., 1990; Gordon-Kamm et al., 1990) has ende
decade of unfruitful attempts by many scientists. For difficult-
regenerate tree fruit cultivars, the biolistic process offers 
opportunity for meristem transformation, which would facilita
regeneration. Reported here is the optimization of the biol
transformation process in peach tissues and successful intro
tion and stable expression of foreign genes in peach embryo c
using particle bombardment.

Materials and Methods

Plant materials. Peach embryo callus cultures were derive
years prior to the experiment from immature (40- to 50-day p
bloom) embryos isolated from fruit of open-pollinated seedling
a red leaf peach breeding selection (14DR60), following 
general methods of Hammerschlag et al. (1985). These long-
embryo calli were growth regulator-independent, produced 
bryos and shoot-like structures, but formed true shoots at a 
low rate (Scorza et al., 1990). The embryo calli were maintaine
putting six to eight pieces of callus (≈5 × 5 mm) on Driver–
Kuniyuki–Walnut medium (DKW) (McGranahan et al., 1987) th
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contained 2 mg•liter–1 thiamine•HCl, 100 mg•liter–1 myo-inositol, 1
mg•liter–1 nicotinic acid, 0.01 mg•liter–1 indole-3-butyric acid, 2
mg•liter–1 glycine, 1 mg•liter–1 6-benzylaminopurine, 30,000 m•
liter–1 sucrose, and 0.25% gelrite. The pH was adjusted to 5.8 
KOH and HCl. Calli were cultured at 24C under a 16-h photo
riod provided by continuous fluorescent light at 40 µmol•m–2

•s–1,
with transfers at 2-week intervals. One day prior to bombardm
freshly subcultured calli were cut into pieces (5-mm squares)
pieces were distributed in a circle with a 4.5-cm diameter in
center of a 100 × 15-mm petri dish that contained 30 ml of DK
medium.

To test the effect of subculturing frequency on transforma
efficiency, peach embryo calli were subcultured for 2 month
various intervals (3 days and 1, 2, 3, 4, and 6 weeks) after 
bardment.

Open-pollinated peach seeds from the cultivar Lovell (Law
Nursery, Plains, Mo.) were stored at 4C for 30 days. The endo
were cracked open and the seeds removed and washed
running tap water for 30 min, then soaked in water overn
Seeds were then disinfected for 2 h in 1% sodium hypochl
with a few drops of Tween 20, and rinsed three times with st
distilled water for 15 min. The seed coat was removed an
embryonic axis was isolated from the attached cotyledons.
primordia surrounding the apical meristem were remove
expose the meristematic dome. The medium used for gro
embryonic axes consisted of half-strength MS salts (Muras
and Skoog, 1962), 100 mg•liter–1 i-inositol, 0.4 mg•liter–1 thia-
mine•HCl, 0.5 mg•liter–1 nicotinic acid, 0.5 mg•liter–1 pyri-
doxine•HCl, 20,000 mg•liter–1 sucrose, and 0.25% gelrite, adjus
to pH 5.8. Ten dissected embryonic axes (average size 2.5
were placed in the center of a 100 × 15-mm petri dish containin
30 ml of medium such that they covered an area of 3 cm2. The
radicle ends were embedded in the medium and the apica
istem exposed to the accelerated microprojectiles. They 
cultured subsequently at 24C with a 16-h photoperiod provide
continuous fluorescent light at 40 µmol•m–2

•s–1.
Osmotic effects on transformation efficiency were tested

peach embryonic axes by supplementing the bombardmen
dium with equal ratios of mannitol and sorbitol at combi
concentrations of 0, 0.25, 0.5, 0.75, 1.0, 1.25, and 1.5 M.

Mature open-pollinated seeds of the peach rootstock ‘Ne
guard’ (Lawyer Nursery) were stored and disinfected in the s
way as described for the embryonic axes. The culture medium
the same as that of Mante et al. (1989) for immature cotyled
except that 2.5 µM IBA and 12.5 µM TDZ were used. Ten cotyle
dons with the embryonic axes removed were arranged for bom
ment by pointing the axis end towards the center of the plate
the cotyledon orientated ad- or abaxial to the medium solid
with 1% TC agar.

Immature embryos were excised from ‘Lovell’ peach seed
≈60 days after bloom. Ten embryos (6 mm average size 
cotyledons attached to embryo axis) were oriented with em
axis facing upward in MS medium solidified with 0.7% TC ag
covering a 7-mm2 area in the center of a 100 × 15-mm petri plate

Shoot tips were excised from actively growing mature orch
trees at the New York State Agricultural Experiment Stat
Following sterilization, the apical meristems were exposed by
primordia removal. Ten explants (0.5 to 1.0 cm), with the ap
meristem facing upward, were placed on MS medium on a 1×
15-mm petri dish covering an area of 4 cm2.

Young, expanding leaves (≈3 to 5 cm in length), along with the
petioles, were collected from field plants at the New York S
Agricultural Experiment Station. Following sterilization, the le
368
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margins, tip, and base were cut off, and the remainder of the
was cut using a paper punch to produce uniform leaf discs 5
in diameter, with each disc bisected by the leaf midrib. Ten 
discs were placed in the center of a 100 × 15-mm petri plate with
their abaxial side up on MS medium.

Plasmid DNA. ß-glucuronidase (GUS) and neomyc
phosphotransferase (NPTII) were the two markers used in
study. They served as screenable and selectable marker
transient and stable selection, respectively. The plasmid pB
(supplied by William Crosby, Plant Biotechnology Institute, Sas
toon, Sask., Canada) is a derivative of pUC9 plasmid, with a G
gene driven by a double 35S cauliflower mosaic virus prom
plus a leader sequence from alfalfa mosaic virus (Datla et
1990). The GUS gene is followed by the 3' non-coding regio
the nopaline synthase (NOS) gene. Plasmid pBI426 has the 
promoter as pBI505, except that the GUS gene is fused (Datla 
1990) with the NPTII gene, conferring resistance to kanamy
(Beck et al., 1982) so that GUS expression and kanamycin r
tance are genetically coupled. The plasmid pUC118 (Viera 
Messing, 1987) lacking both GUS and NPTII was used in
experiments as a negative control.

All plasmids were amplified in Escherichia coli strain DH5F'
and prepared using a cesium chloride–ethidium bromide grad

Microprojectile coating with DNA. Except where noted, M10
tungsten particles (Sylvania, GTE Products Corp, Towanda, 
which have a mean diameter of 1.0 µm, were used as micro
projectiles. The plasmid DNA was coated onto the microproject
using CaCl

2
/spermidine precipitation as described by Smith et

(1992). About 500 µg of tungsten coated with 0.8 µg of DNA was
used to bombard each plate.

To test the effect of DNA concentration on transformat
efficiency, the amount of DNA in the DNA–M10 particle precip
tation mixture was varied from 0.4 to 1.6 µg for each bombard-
ment.

Microprojectile bombardment. Bombardment was performe
using a helium-driven biolistic device. It is a retrofit of th
gunpowder device. Detailed information about this system
provided by Sanford et al. (1991a). In this study, two lau
mechanisms—helium entrainment and the flying disc—were u
In using the helium entrainment mechanism, microproject
were loaded onto a nylon mesh (2.4 cm in diameter, 94 µm thick)
that was placed in the path of the shock wave. After the ta
samples were in place, the sample chamber was evacuated 
atm and the high-pressure chamber was pressurized with he
When the pressure overlaying the membranes exceeded 
combined strength, the membranes ruptured, resulting in a s
wave. This shock wave entrained and accelerated the par
directly as it passed through the nylon mesh. In using the flying
mechanism, microprojectiles were loaded onto a Kapton m
brane (2.4 cm in diameter, 2 mil thick) that transected the sh
wave in the same position as the nylon mesh. Upon firing,
Kapton macroprojectile was launched by the resultant shock w
and was accelerated until it was stopped by a steel screen pla
cm from the macroprojectile launch site. Upon impact, mic
projectiles were launched and accelerated toward the sam
Bombardment using the gunpowder-driven device (PDS-10
Dupont Co. Wilmington, Del.) (Sanford et al., 1987) was a
performed for comparison.

In preliminary experiments, different combinations of heliu
pressure, gap distance (distance from power source
macroprojectile), and target distance (distance from microproje
launch site to biological target) were tested on transforma
efficiency of peach embryonic axes using flying disc and hel
J. Amer. Soc. Hort. Sci. 119(2):367–373.  1994.
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Table 1. Comparison of transformation efficiency on peach embryo calli
using the helium- vs. gunpowder-driven system.

Pressure Gap distancez Target dis-
Configuration (MPa) (cm) tancey (cm) Efficiencyx

Helium entrainment 8.3 0.7 5.5 129.0 ± 28.0
Flying disc 8.3 0.7 5.5 206.0  ± 32.9

8.3 1.4 5.5 188.0 ± 48.2
Gunpowder 41.0 ± 15.9
zGap distance is defined as the distance from power source to macro-
projectile.
yTarget distance is defined as the distance from microprojectile launch site
to biological target.
xTransformation efficiency is expressed as the number of blue spots per
plate. Each plate was bombarded once. Data represent a mean value (±SE)
of five replicates.
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entrainment configuration. No significant differences on trans
mation efficiency were observed among treatments (data
shown). Except where noted, the flying disc configuration with
combination of 8.3 MPa pressure, 0.7-cm gap distance, and 5.
target distance was used for all the bombardments.

The effect of a helium flush to reduce gas resistance was te
with peach embryonic axes using both M5 (0.77 µm in diameter)
and M10 tungsten particles at a 1.1-cm gap distance,11.5-cm t
distance, and 8.3-MPa pressure. The vacuum chamber was flu
with helium for 10 s during evacuation before bombardment.

After bombardment, all petri plates were sealed with Para
and incubated at 24C under light. Two days following bomba
ment, either a transient assay was performed or the tissues
transferred to selective medium.

In all experiments, at least three replicate petri plates w
bombarded per treatment.

Detection of GUS expression. The activity of the GUS enzyme
was detected using the histochemical assay described by Jeff
(1986, 1987a). Two days following bombardment, the samp
were transferred into a 24-well plate and immersed in the G
staining mixture (McCabe et al., 1988b). The plate was sealed
Parafilm and incubated overnight at 37C. GUS-expressing c
were detected microscopically by the distinct blue color t
developed within their interior as a result of the enzymatic cle
age of 5-bromo-3-chloro-3-indolyl-b-D-glucuronic acid (X-gluc).
To score the GUS activity, explants were scanned individu
under the microscope. Very often, clusters of blue cells w
observed and were counted as a single event. Transform
efficiency was expressed as the number of blue spots per 
plate.

Histological study of particle penetration. Peach cotyledons
were examined to address the question of particle penetr
because this tissue is firm and easy to handle. Gold particles
µm in diameter) were used to bombard peach cotyledons. Tis
showing expression following X-gluc staining were fixed a
paraffin-embedded according to the procedure of Meyerow
(1987). An Olympus System microscope (BHS model) with int
ference contrast and polarized light was used to scan section
GUS-positive cells and to localize the gold particles.

Selection of stable transformants. To obtain stable transformant
peach embryo calli were tested as the regenerative mate
Plasmid pBI426 was used as a selective marker that encodes
NPTII fusion protein conferring resistance to kanamycin and G
activity. Peach embryo calli were incubated at 24C for 4
following bombardment. They were then transferred to fres
made DKW medium containing 150 mg•liter–1 of kanamycin and
incubated for 3 weeks, followed by selection on 20 mg•liter–1 of
G418 (geneticin). They were subcultured every 3 weeks.

PCR analysis. DNA was isolated from peach embryo ca
derived from 5-month-old transgenic callus lines and from c
bombarded with pUC118 following the method of Doyle a
Doyle (1990). Polymerase chain reaction (PCR) (Saiki et al., 19
was performed according to the manufacturer’s instructi
(Perkin–Elmer Cetus) using 1 to 2 µg of the isolated plant DNA (or
0.1 µg of plasmid pBI426 as a positive control) and one pair (1µg
of each) of the primers in a total reaction volume of 100 µl. The
primers were 5'd(TGTGGAATTGATCAGCGTTGGTGGGGA
AAGCGCG) and 5'd(CACCGAAGTTCATGCCAGTCCAGCG
complementary to the 5'- and 3'-coding region of the GUS g
respectively, for the amplification of the GUS gene. A PCR cy
consisted of a denaturation step at 92C for 1.5 min, an anne
step at 60C for 1.5 min, and an extension step at 72C for 3 min
a total of 30 cycles. After amplification, 20 µl of each sample were
J. Amer. Soc. Hort. Sci. 119(2):367–373.  1994.
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electrophoresed on a 1.4% agarose gel and the PCR-amp
fragments were visualized by ethidium bromide staining.

Results and Discussion

Comparison of transformation efficiencies of peach emb
calli using the gunpowder- vs. the helium-driven system. An ex-
periment was conducted to test the relative transformation 
ciencies of peach embryo callus using the new helium- vs. the
powder-driven system. Transformation efficiencies for heli
entrainment and flying disc were three and five times that of
gunpowder device, respectively (Table 1). With the gunpow
device, most of the blue cells were concentrated on a few pie
whereas with the helium-driven system, the transformed blue 
were distributed on many pieces of calli, indicating an impro
particle dispersion pattern.

Effect of helium flush on transformation efficiency of pea
embryonic axes. The gas surrounding the target sample can af
biolistic transformation by slowing microprojectiles when th
pass through the gas, or by transmitting a potentially dama
shock wave. Usually the gas is removed with a vacuum pum
drawing a vacuum of (94.8 to 98.2 kPa). However, there is alw
some residual gas left surrounding the biological sample. Usi
light gas, such as helium, instead of air as a residual gas can r
gas resistance (Smith et al. 1992). In two experiments (Fig. 1), 
particles consistently yielded a comparable number of transform
with and without the helium flush, suggesting no differen
between treatments. However, when smaller M5 particles w
used, the bombardment with helium flush yielded three time
many blue cells as without helium flush. This result is consis
with what is seen in bacteria, where a helium flush increa
transformation efficiency 5- to 6-fold for M5 particles, but on
2-fold for the larger M10 particles (Smith et al., 1992). T
difference in response to a helium flush between M10 and
particles indicates that smaller particles are influenced more b
residual gas surrounding the target sample. This is not difficu
understand, because the smaller the particle is, the more rap
deceleration. Using smaller particles together with a helium fl
may result in DNA delivery efficiency comparable to larg
particles, but with less cell injury (smaller holes). This may lea
higher rates of stable transformation.

Effect of DNA concentration on transformation efficiency
peach embryonic axes and embryo calli. At the low DNA concen-
tration (0.4 µg), transformation efficiency was lower in bot
embryonic axes and embryo calli (Fig. 2). As the DNA concen
tion increased to 0.8 µg, transformation efficiency increased, wi
about double and triple the number of GUS-expressing c
369
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Fig. 1. Effect of helium flush on transformation efficiency of peach embryonic axes
using helium-driven biolistic device. Data represent mean values (±SE) of two
experiments, each with three replicates.

Fig. 3. Effect of osmoticum on transformation efficiency of peach embryonic axes.
Data represent mean values (±SE) of two experiments, each with three replicates.
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detected in embryonic axes and embryo calli, respectively. G
expression reached a maximum at this concentration and s
roughly at this level even with increased DNA concentratio
Further increases in DNA concentration above the standard 
centration of 0.8 µg per bombardment did not result in an increas
number of transformants, which is consistent with results in E. coli
(Smith et al., 1992). Smith and coworkers also found that as 
as 0.2 µg DNA per bombardment produced consistently m
transformants than the standard quantity of 0.8 µg DNA in three of
four experiments. Klein et al. (1988b) noticed severe aggrega
of particles caused by the addition of high concentrations of D
resulting in inefficient DNA delivery. However, the increas
degree of particle aggregation may not be the result of incre
DNA concentration per se. Although DNA is prepared from CsC
gradients in most cases, a considerable amount of protein is
present, which causes the particle agglomeration. An incre
degree of particle agglomeration may occur as a result of incre
DNA concentration, primarily because the amount of protein
also increased. Therefore, it may be necessary to use higher-
DNAs free of protein contaminants (i.e., extra phenol extractio
if higher concentrations of DNA are desired. In fact, increa
rates of transformation have been observed with increased D
concentrations of up to 3 to 4 µg per bombardment using very pu
DNA (H. Daniell, personal communication).
370

ed

Fig. 2. Effect of DNA concentration on transformation efficiency of pea
embryonic axes and embryo calli. Data represent a mean value (±SE) of four
replicates for each experiment.
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Effect of osmoticum on transformation efficiency of peach 
bryonic axes. The number of blue cells increased when either 0
or 0.5 M osmoticum was added to the medium (Fig. 3). Howev
addition of 0.75 M osmoticum produced fewer transformants th
the control. Further increases in osmoticum continued to ca
decreased transformation efficiency and finally brought the le
of GUS expression down to nearly zero at 1.5 M. To define the
optimal osmoticum concentration further, an experiment w
performed by varying the concentration of osmoticum from 0
0.7 M in 0.1-M increments (Fig. 4). As the concentration of osmo
cum increased, the number of blue cells increased, until it rea
a maximum near 0.3 M. At this concentration, the number of blu
cells was doubled compared to the control. The beneficial effe
incorporating osmoticum in the bombardment media has also 
observed in yeast (Armaleo et al., 1990), E. coli (Smith et al.,
1992), Bacillus (Shark et al., 1991), tobacco suspension c
(Russell et al., 1992), and tobacco chloroplasts (Ye et al., 19
although the optimal concentration for these species varies gre
ranging from 0.25 to 1.75 M. Osmotic adjustment in the bombar
ment medium is believed to be responsible for stabilization of
cell membranes for better healing of the lesions caused by pa
penetration, and reduction of turgor pressure in the target c
thus reducing cytoplasmic leakage and cell rupture.

Effect of subculture frequency on transformation efficienc
peach embryo calli. Highest rates of transformation were obtain
J. Amer. Soc. Hort. Sci. 119(2):367–373.  1994.

chFig. 4. Effect of osmoticum concentration on transformation of peach embryonic
axes. Data represent mean values (±SE) of two experiments, each with four
replicates.
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Table 2. Transient expression of GUS in different peach tissues.z

Tissue Efficiencyy

Embryo callus (10 calli/plate) 731 ± 57.1
Embryonic axisx (10 axis/plate) 531 ± 44.2
Cotyledon (10 cotyledons/plate) 622 ± 54.3
Immature embryow (10 embryos/plate) 228 ± 31.3
Leaf disc (10 discs/plate) 465 ± 20.9
Shoot tip (10 tips/plate) 98 ± 7.4
zSamples were bombarded with 1.0-µm gold particles coated with plas-
mid pBI505. Helium-driven biolistic device was used with the flying disc
configuration at 8.3 MPa pressure, 0.7 cm gap distance, and 5.5 cm target
distance. Each plate was bombarded twice.
yTransformation efficiency is expressed as the number of blue spots per
plate. Data represent a mean value (±SE) for two experiments, each with
five replicates.
xOsmoticum (0.3 M) was incorporated in the bombardment medium.
wDue to the tender nature of immature embryos, only one bombardment
was performed for each plate.
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when calli were subcultured more frequently, at intervals
between 3 days to 2 weeks (Fig. 5). The number of transform
declined dramatically when calli were subcultured at prolon
intervals; i.e., 3 weeks or longer. For calli subcultured at 3
4-week intervals, transformation efficiency was reduced by ha
further decrease in transformation efficiency was observed w
calli were subcultured at 6-week intervals, where the transfo
tion efficiency was only one-sixth that of the 2-week interval. C
age and physiological stage are known to have an important 
on transformation efficiency. In bacteria and yeast, cells from e
log and stationary phase, respectively, are transformed mos
ciently (Shark et al., 1991; Smith et al., 1992). For toba
suspensions, cells bombarded 4 days after subculture yield
highest rate of transformation (Russell et al., 1992), while ce
days or older produced a much lower number of transform
The decrease in transformation efficiency for calli with lon
subculture intervals may be attributed to: the depletion of nutr
in the culture medium necessary for active cell division 
growth; or accumulation of metabolites or toxic substances . W
subcultured at prolonged (4- or 6-week) intervals, some 
started to turn brown, indicating the accumulation of phen
compounds in the cell. Generally, healthy and actively divid
cells are most receptive to biolistic transformation. When 
jected to bombardment conditions, cells undergo severe str
imposed by a high vacuum, the impact of particles, acoustic s
gas blast, and cellular penetration. Only healthy cells can tol
and survive such stresses. Calli subcultured frequently ha
higher percentage of healthy cells; hence, they have the pot
to produce more transformants.

Transient GUS expression in different peach tissues follo
biolistic transformation. The helium-driven device with flyin
disc configuration was used to transform other peach tis
including immature embryos, shoot tips, and leaves. Bec
peach materials were not all available at the same time, transf
tion efficiencies for each tissue type could not be compared in
experiment. Results from each independent experiment are
marized in Table 2. Relatively high levels of GUS activity w
detected in all tissue types tested, except for peach shoo
These rates are probably underestimations because, in most
the whole surface area of the sample was stained, mak
impossible to count each individual blue spot. As a result, a st
area (a blue spot) was considered to be a single transformant.
J. Amer. Soc. Hort. Sci. 119(2):367–373.  1994.

Fig. 5. Effect of subculture frequency on transformation of peach embryog
calli. Data represent mean values (±SE) of two experiments, each with thre
replicates.
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the bombardment conditions were optimized for peach emb
calli and embryonic axes, these conditions may not be optimal
these other peach tissues. If higher transformation rates are ne
for these tissues, a simple series of optimization experiments
be carried out, as described by Sanford et al. (1991b).

The ability to transform peach embryo calli, embryonic axe
and cotyledons is significant because regeneration from th
tissues has been reported (Hammerschlag et al., 1985; Mante e
1989; Scorza et al., 1990a). These tissues might be prime tar
for future studies aimed at delivery of selectable markers throu
the biolistic process. High transformation rates of leaf discs w
also achieved by the biolistic process. However, at present, th
is no report showing regeneration from field-grown peach leav
Efficient leaf tissue culture and regeneration systems need to
developed before leaf material can be used to obtain transg
peach.

Genetic transformation will be especially useful if genes can
transferred to peach cultivar cells from mature peach plantlets 
can be regenerated. The foreign gene expression observed in s
tips in this study may be a first step towards this goal. Although 
transformation efficiency in shoot tips was not very high (penet
tion might be a limiting factor due to the firmness and small c
size of this material), further studies may provide a suitab
approach to genetic improvement of peach clones.

Histological studies of particle penetration. Particles were
always localized within blue cells. Particle penetration was limit
to the first, second, or third cell layer, with an average of two
three particles in each cell. Some cells contained up to 10 partic
Although some particles were observed in the second and third
layers, most particles were found inside the epidermal cells.

It is probable that particle penetration beyond the epidermal 
layer is necessary to obtain stable transformation in many reg
eration systems. Therefore, more violent treatments (such
higher pressure, shorter gap distance, and short target dista
may be needed to give better particle penetration.

Selection of stable transformants. The optimization of biolistic
transient transformation provided a base for subsequent st
transformation studies because high levels of transient expres
is generally a prerequisite for recovery of stable transforman
The embryo calli became necrotic after 2 months in culture 
selective medium. However, fragile kanamycin-resistant ca
started to emerge from previously necrotic tissues bombarded w
pBI426 and were evident after 3 months in culture. These c
continued to proliferate on the selective medium and grew in
371
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Fig. 6. PCR amplification of GUS gene from transgenic peach embryogenic calli.
DNAs isolated from callus tissues were used for PCR amplification using the
primers that recognized the 5'- and 3'- coding region of the GUS gene, respectively.
The arrow indicates the amplified GUS fragment. Lane 1: øX174 RF DNA HaeIII
fragments/l HindIII fragments. Lanes 2 to 8: DNAs from seven transgenic
calli.Lane 9: DNA from callus bombarded with pUC118 (as a negative control).
Lane 10: plasmid pBI426 DNA (as a positive control).
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discrete pieces of callus. Each callus was maintained as an
vidual line. From about 114 pieces of bombarded callus 
explants/plate), 65 resistant lines were recovered after 4 mo
This represents an average of three resistant lines per bom
ment. Of the 65 putative transformant lines, 19 produced shoo
structures. An estimate of the transient-to-stable conversion
quency was made by comparing the average number of
expressing GUS transiently to the average number of res
callus lines obtained per bombardment. In the same exper
described above, three plates were included for transient 
assays (2 days after bombardment) and yielded an average 
blue spots per plate. Thus, ≈2% of the transient transformants we
converted to stable transformants. As high as a 10% transie
stable conversion frequency has been reported for tobacco su
sion cells with the same plasmid (Russell et al., 1992), alth
conversion rates are more typically 1% to 2%. Unlike in
tissues, the tobacco suspension cells can be spread uniform
the surface of filter papers, which provides a significantly la
surface area for bombardment. Moreover, each transformed
pension cell can give rise to a stable colony. Selection of s
transformants from intact tissues is more difficult. A few calli (
out of 66) were also produced from the necrotic tissues bomb
with microprojectiles coated with plasmid pUC118 (as a nega
control). However, these calli had very slow and limited gro
compared to those bombarded with pBI426. Continuous grow
calli on selective medium after 5 months suggested tha
putative pBI426 transformants were stables. To confirm that t
kanamycin-resistant callus lines were stable transformants, a
tion of the calli from seven vigorously growing, pBI426-transform
callus lines, plus one line bombarded with pUC118, were sele
for further GUS assay and PCR analysis.

GUS assay of putative transformants. All the kanamycin-
resistant lines (1 to 7) exhibited GUS activity, whereas 
bombarded with pUC118 (8) had no detectable GUS acti
Although the GUS-positive lines showed similar levels of re
tance to kanamycin (based on the degree of callus prolifera
the level of GUS expression seemed to vary, with lines 1, 2, 3
7 expressing GUS most strongly. GUS expression was ev
after only 30 min of incubation, presumably because most or 
the cells in the calli were expressing GUS activity.

PCR analysis of transgenic calli. Five callus lines produced th
expected 1.6-kb fragment (Fig. 6; lanes 2, 4, 5, 6, and 8), wh
identical to that amplified from plasmid pBI426. No DNA 
similar size was amplified from callus bombarded with pUC
(lane 9). Surprisingly, no similar fragment was observed in c
lines 2 and 6 (lanes 3 and 7, respectively), even though 
activity was detected in these lines. These two lines may hav
rearrangements or mutations in the GUS sequence, thus disr
the PCR process.

At least three lines of evidence support that the fusion 
coding for GUS and NPTII was stably integrated and express
peach embryogenic callus cells: 1) the ability of the callus lin
grow vigorously on kanamycin medium; 2) demonstration of G
enzymatic activity in kanamycin-resistant callus lines; and
specific amplification of the introduced genes from the tra
formed cell lines. These results demonstrate the feasibili
obtaining stable transgenic peach embryogenic callus usin
biolistic process. Attempts to regenerate plants from the t
formed callus have been unsuccessful. Although shoot-like s
tures were observed from the transformed calli, shoot produ
never occurred, due to the loss of regeneration ability of these
term embryo calli.

Different peach tissues can be transformed using the bio
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process. By optimizing various parameters, relatively high ef
ciencies of DNA delivery have been achieved in different pea
tissues, including embryogenic calli, embryonic axes, immatu
embryos, cotyledons, and leaves. Transient gene expression
number of peach tissues indicates the potential of using s
tissues to obtain stable transformants. The ability to stably tra
form peach embryo callus shows that it should be possible to ob
transgenic peach plants. The development of more-efficient reg
eration systems using clonal (not embryonic) tissue sources wil
very helpful for the application of genetic transformation for pea
improvement.
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