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Abstract A complete method to regenerate adven-
titious shoots and to produce field-ready trees from
three commercial cultivars of sweet cherry (Prunus
avium L.) is described. The effects of explant types,
pre-treatments, basal media, and phloroglucinol on
cultivars Bing, Sweetheart, and Lapins were investi-
gated. Callus developed on four explant types: apical
shoot tips isolated from orchard trees; and punctured
shoot tips, stem sections, and shoot bases of in vitro
shoot cultures. Callus formed on Bing (5%), Sweet-
heart (8%), and Lapins (20%) shoot tips from orchard
trees after 4 months on Murashige and Skoog medium
(MS) at half-strength with 3 pM benzylaminopurine
(BA). In vitro-derived explants formed callus after
3 months on Woody Plant Medium with 3 pM BA
(W3B): punctured shoot tips (Sweetheart and Lapins
67%), stem sections (Sweetheart 31%, Lapins 27%),
and shoot bases (Sweetheart 10%, Lapins 17%).
Pre-treatment of shoot cultures on MS with 3 pM BA
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and 1 mM phloroglucinol increased callus formation
three-fold on shoot base explants. Callus was sepa-
rated from parental explants and maintained on MS
with 3 uM BA. Shooting was induced by transferring
callus to W3B. At 2 weeks, shoot development
approached 100%. By 4 weeks, 7-17 shoots had
formed on each explant. Callus was maintained for
1.5 years with no decrease in shoot production. Shoots
were grafted onto Mazzard (P. avium) rootstocks with
54% (Sweetheart), 57% (Lapins), and 21% (Bing)
success after 5 weeks.

Keywords Adventitious shoots - Basal medium -
Fruit tree - Grafting - Phloroglucinol

Abbreviations

BA 6-benzylaminopurine

2,4-D  2,4-dichlorophenoxyacetic acid
IBA Indole-3-butyric acid

MS Murashige and Skoog medium
NAA  ca-naphthaleneacetic acid
WPM  Woody Plant Medium

Introduction

Sweet cherry (Prunus avium L.) is an economically
important temperate fruit tree. Cherries have impor-
tant markets both as fresh fruit and when processed
(Ivanicka and Pretova 1986). The sweet cherry
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industry is interested in developing cultivars with
enhanced pest and disease resistance, improved
tolerance to abiotic stresses, and improved quality
traits (Brown et al. 1996).

Conventional breeding has produced sweet cherry
cultivars with novel traits that satisfy many of these
interests (Brown et al. 1996) but is limited by a lack
of appropriate germplasm for some breeding goals.
Development of a transformation system to introduce
desired genes into P. avium could therefore comple-
ment conventional breeding. For example, classical
breeding has been unsuccessful in developing Prunus
cultivars with sufficient resistance to the plum pox
virus, which causes a serious disease of stone fruits.
However, transgenic plum trees (P. domestica) highly
resistant to the virus have been developed and are
undergoing field trials (Hily et al. 2004).

Transformation of fruit trees is hindered by many
factors. Important obstacles are: the establishment of
adapted shoot cultures used as a source of explants
(McCown 2000), poor regeneration and tissue culture
response from many genotypes, and a low transfor-
mation efficiency of cultivars that regenerate well in
tissue culture (Gentile et al. 2002; Petri and Burgos
2005; Gomez-Lim and Litz 2004). Therefore, to
generate transgenic sweet cherry, an efficient regen-
eration method for a diversity of cultivars and explant
types would be a great advantage.

During the past two decades, there has been
considerable progress in tissue culture and regener-
ation of sweet cherry. Shoot regeneration has been
demonstrated from both seed-derived tissues (Lane
and Cossio 1986; Schmidt and Kardel-Meisner 1992)
and mature tissues. Most reports of shoot regenera-
tion from mature tissue sources used leaves as
explants (Bhagwat and Lane 2004; Matt and Jehle
2005; Takashina et al. 2003; Tang et al. 2002; Yang
and Schmidt 1992). Oh et al. (1991) obtained direct
and indirect shoot regeneration from shoot tips.
Recently, Matt and Jehle (2005) reported shoot
regeneration from internode segments. To our knowl-
edge, regeneration from basal explants of shoot
cultures, and from apical shoot tips taken directly
from orchard trees, have not been previously reported
for sweet cherry.

The aim of this study was to develop a procedure
to regenerate shoots from ex vitro and in vitro explant
sources and to produce plants ready for the field. The
method is outlined in Fig. 1. Commercial sweet
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cherry cultivars were used to evaluate the influences
of explant types, basal media, phloroglucinol, and
pre-treatments on callus induction and growth and on
shoot regeneration. Regenerated shoots were grafted
onto rootstock and grown in the greenhouse.

Materials and methods
Culture medium and conditions

The basal media consisted of Murashige and Skoog
(MS; Murashige and Skoog 1962) supplemented with
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Fig. 1 Summary of sweet cherry (Prunus avium) adventitious
shoot regeneration protocol. Media are MS or half-strength MS
with 3 uM BA (M3B or 0.5M3B, respectively), or M3B
supplemented with 1 mM phloroglucinol (M3BPG), or WPM
with 3 uM BA (W3B)
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0.4 mg/l thiamine-HCI, 100 mg/l myo-inositol, and
30 g/l sucrose, or half-strength MS (with half-strength
salts and full-strength vitamins), or Woody Plant
Medium (WPM; Lloyd and McCown 1980) with
20 g/l sucrose. Prior to autoclaving, the pH was
adjusted to 5.6 with 1 M NaOH and 4.5 g/l (Petri
dishes) or 5 g/l (shoot culture jars) Agargel (Sigma,
St. Louis, MO) was added to media. Callus and shoot
cultures were supplemented with 3 M 6-benzylam-
inopurine (BA). Petri dishes were 100 X 15 mm in
size and were wrapped in Parafilm, unless otherwise
indicated. Shoot cultures were maintained in 500 ml
glass jars containing ~ 80 ml medium, unless other-
wise indicated. Jars were fitted with plastic lids
having a 12 mm-diameter hole covered with two
layers of medical tape (3M Micropore™, 3M
Canada, London, ON) for ventilation. Cultures were
placed in growth chambers set at a temperature of
24°C, 44% humidity, a 16-h photoperiod, and a light
intensity of ~26.7 pmol m % s~ (shoot cultures) and
18.5 pumol m™% s~ ' (callus cultures), provided by
cool-white fluorescent lights.

Shoot culture initiation, establishment, and
maintenance

Sweet cherry (Prunus avium L.) cultivars Lapins,
Sweetheart, and Bing were used in experiments. Trees
were certified virus-free and were maintained in the
budwood orchard collection at the Pacific Agri-Food
Research Centre, Summerland, BC, Canada. Apical
shoot tips and axillary buds were collected in July
2003, March 2004, and July 2004. Bing trees were
25 years old, Lapins were 15 years old, and Sweet-
heart were 5 years old. Tissues were pre-sterilized in a
solution of 10% commercial bleach (Old DutchTM,
containing 5.25% NaOCl) for 5 min followed by a
5 min rinse under tap water. Tissues were trimmed to
1 cm in length and outer bud scales were removed.
Explants were sterilized with 70% ethanol for 1 min,
followed by 10% commercial bleach with 1 drop
Tween-20/100 ml for 5 min, with occasional stirring.
The sterilizing solution was decanted, replaced with a
fresh solution, and explants were sterilized for an
additional 5 min. Tissues were rinsed four times with
sterile, distilled water. Explants were trimmed to
~0.5 cm in length and cut ends were pushed into
culture initiation medium. Four explants were placed

in each dish. Culture initiation medium was half-
strength MS with 3 uM BA (0.5M3B). During the first
month in culture, explants were transferred to fresh
medium at weekly intervals. Explants were then
subcultured at 4-week intervals in 100 X 25 mm Petri
dishes. Explants with shoot growth were consolidated
into dishes, contaminated explants were discarded,
and remaining explants that did not produce new
growth were consolidated. After 4 months, shoots
were transferred to glass jars containing MS with
3 uM BA (M3B). Five to six shoots were placed in
each jar. Shoot cultures were maintained by subcul-
turing at 4-week intervals.

Callus initiation
Ex vitro explants

Consolidated apical shoot tips and axillary buds that
did not form shoots were used. Tissues were collected
and prepared as outlined in the preceding paragraph.
The time to callus formation was recorded in three
trials. In one trial, callus formation was quantified
monthly by recording the number of apical shoot tips
and axillary buds forming callus. Callus formation
was calculated as the number of explants forming
callus/total number of explants harvested. The statis-
tical analysis treated explant, rather than dish, as the
unit of replication.

In-vitro explants

Three year-old established shoot cultures of cultivars
Lapins and Sweetheart were used. Shoot cultures
were maintained on M3B medium, unless otherwise
stated. Leaves and petioles were removed from
shoots with a scalpel. Shoots were then divided into
three explant types: apical tips, stems, and shoot
bases. Explants of each type were collected and
pooled. Treatments were composed of MS, half-
strength MS, or WPM supplemented with 3 uM BA,
(M3B, 0.5M3B, and W3B, respectively). Explants
were subcultured at 4-week intervals. The number of
explants forming organogenic callus was recorded
after 3 months. Explants were prepared as follows:
Punctured shoot tips: initial observations sug-
gested that wounding shoots facilitated organogenic
callus formation. (These observations are considered
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further in the Discussion.) Therefore, explants were
wounded before transfer to treatments. Apical shoot
tips were cut to ~0.25 cm in length. Under a
dissecting microscope, small leaves were removed
from the apex. Using a sterile 1 ml syringe, the apical
tip was pierced 5-7 times. Explants were inoculated
into treatment media straight up, with the cut base
pushed into medium. There were three replicate
dishes, each containing four explants.

Stem sections: using a dissecting microscope,
longitudinal sections ~0.25-0.5 mm thick were cut
with a scalpel over the entire stem. There were three
replicate dishes, each containing 15 explants. For
statistical analysis, culture dishes were categorized
according to the number of explants forming callus
(0, 1-2, 34, or 5-6 callus-forming explants).

Shoot bases: preliminary trials suggested that
callus formation on shoot base explants occurred at
a much lower frequency than on shoot tips and stem
sections. Therefore the effects of pre-treatments were
also considered. Shoot cultures were pre-treated for
2-3 subcultures (8—12 weeks). Pre-treatments were
W3B, M3B with 1 mM phloroglucinol (M3BPG; 1, 3,
5-trihydroxybenzene; Sigma, St. Louis, MO), or M3B
(control). Following the pre-treatment period, the
base of the stem (~1 mm) and its associated callus
was excised from shoots, divided into 3-5 mm-
diameter pieces, and transferred to treatments to
promote organogenic callus formation. There were 2—
3 replicate dishes, each containing five explants. The
experiment was repeated twice.

Callus proliferation and adventitious shoot
formation

After initiating callus, the effects of media on callus
growth and shoot formation were examined. Callus
from cultivars Lapins, Sweetheart, and Bing were
used in the experiments. Callus emerging from
punctured tip, stem section, and shoot base explants
were separated from parental tissues, pooled, and
transferred to treatments. Callus was maintained on
treatments for at least two subcultures (8 weeks)
before data were collected.

Influence of media on adventitious shoot formation

Shoot development was evaluated in response to
three treatments: M3B, 0.5M3B, or W3B. Callus was
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divided into 3—5 mm-diameter pieces and any shoots
appearing on explants were removed before transfer
to treatments. For each treatment, there were two
dishes, each containing 10 explants. At 4 weeks, the
number of explants forming shoots was recorded and,
using a dissecting microscope, shoots were removed
from each callus piece and counted. Statistical
analyses used In-transformed counts to meet normal-
ity assumptions. Results indicated that shoot forma-
tion was affected by the choice of treatment. Based
on these results, callus growth was investigated using
M3B and 0.5M3B, and shoot formation was inves-
tigated using W3B medium.

Callus growth

Callus growth was measured in response to M3B or
0.5M3B media. Callus, with shoots removed, were
divided into 3 mm-diameter pieces. For each treat-
ment dish, 30 callus pieces were collected and
massed. After 1 month on treatments, callus was
massed to obtain fresh weight. There were six
replicate dishes/treatment and the experiment was
repeated twice. Callus growth (%) was calculated as
the difference in final and initial mass/initial callus
mass.

Adventitious shoot formation

Callus growing on M3B or 0.5M3B media, without
visible shoot formation, were divided into 3-5 mm
pieces and transferred to W3B medium in
100 x 25 mm Petri dishes. There were three replicate
dishes, each containing 10 callus pieces. The number
of explants producing shoots was recorded weekly.
At 4 weeks, the number of shoots growing on five
randomly chosen explants on each dish was counted.
Data from replicate dishes were averaged to obtain
the number of shoots regenerating per callus explant.
The experiment was repeated twice.

Shoot survival

After a 4 week treatment with W3B, shoots were
separated from callus and transferred to M3B with
5 g/l Agargel for elongation. Medium was dispensed
into clear, rectangular polypropylene containers fitted
with XL-XXL vented lids (Combiness Full-Gas
Microbox, Gent, Belgium). A range of 19-46 small
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shoots were initially placed in each container. Shoots
were subcultured at 4-week intervals. At first
subculture, shoots had enlarged and were transferred
to fresh medium at a lower density (20 shoots/
container). At 2 months, 8-10 shoots were placed in
each container; cultures were then maintained at that
density. The initial number of shoots and the number
of shoots surviving each month were recorded over a
3 month period. There were 2-3 trials for each
cultivar. Shoot survival (%) at 3 months was calcu-
lated as the total number of surviving shoots/initial
number of shoots.

Grafting procedures
Rootstocks

Dormant rooted layers of the cherry rootstock cultivar
Mazzard F12/1 (P. avium) were obtained in February
2004 (Trass Nursery Ltd., Langley, BC, Canada).
One stick was planted per 20 1 pot containing Premier
Pro-Mix Bx growing medium (Premier Horticulture
Ltd., Delta, BC, Canada) supplemented with Acer
13N-13P-13K Greenhouse and Nursery Controlled
Release Fertilizer (Plant Products Co., Brampton,
ON, Canada), according to manufacturer’s directions.
Rootstocks were fertilized biweekly, twice with 3 g/l
10N-52P-10K Plant Starter Fertilizer and subse-
quently with 3 g/ 15N-15P-18K Soilless Feed
Fertilizer. Rootstocks broke dormancy 1 month after
transfer to the greenhouse. Shoots were then main-
tained following the procedure of Lane et al. (2003).

Scions

Lapins, Sweetheart, and Bing shoots with vigorous
growth were collected after 2-3 months on M3B in
polypropylene containers. Large leaves and petioles
were removed and shoots were trimmed to 10-15 mm
in length. Scions were transferred to Petri dishes with
the cut end submerged in M3B medium, and were
then grafted to rootstocks within 24 h.

Grafting

Grafting was performed according to the detailed
protocol of Lane et al. (2003). Briefly, scions were
cut into a wedge shape and inserted into a slit made in
the rootstock. The graft was held together with a

small strip of Parafilm. At 2-3 weeks, the Parafilm
wrapping was gently slit open on the opposite side
from the graft, but was not removed from the stem.
Grafting was repeated four times over a 3 month
period (March-May 2005). Two to three cultivars
were used in each trial with 8-13 shoots grafted/
cultivar. The number of successful graft unions
(rootstocks with actively growing scions) was
counted 5 weeks after grafting.

Statistical analyses

Experiments evaluating shoot formation on callus
explants were analyzed using ANOVA. All other
analyses used logistic regressions. All analyses began
with a saturated model. A reduced model was then
generated by sequentially removing non-significant
interactions. Post-hoc tests were used to clarify
statistically significant main effects. Tukey’s HSD
was used following ANOVAs. Post-hoc tests follow-
ing logistic regressions involved rerunning the anal-
yses using different subsets of the data. Unless
otherwise stated, the culture vessel was treated as the
unit of replication. Analyses were carried out using
JMP statistical software (version 4.0.3, SAS Institute,
2000).

Results
Callus initiation on ex vitro explants

Callus developed at a low frequency on both apical
shoot tip and axillary bud explants from all cultivars.
Apical shoot tips and, to a much lesser extent,
axillary buds began to flush within 1 month after
culture initiation. Explants that did not respond by
developing leafy shoots turned brown-black in color.
No callus grew from actively growing explants, only
from necrotic explants. Callus grew from discrete
areas on the surface of parental explants and was
observed to form both in contact with, and above, the
medium. For all cultivars, a pale yellow, friable callus
with or without small green globules appeared on
explants. Within 1 month after the appearance of
callus, adventitious shoots began to appear growing
on the callus. Among trials, time to callus formation
ranged from 2-8 months. The likelihood of callus
formation on 0.5M3B did not differ between cultivars
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but was significantly higher using apical shoot tips
than using axillary buds (Table 1). Each trial resulted
in a small number of explants forming callus for all
cultivars. For one representative trial, 20.3% Lapins
(12/59), 5.1% Bing (2/39), and 7.7% Sweetheart (3/
39) apical shoot tip explants callused after 4 months
on 0.5M3B. Callus formation increased slightly by
6 months (Lapins 22.0%, Bing 12.8%, Sweetheart
10.3%). A smaller number of axillary bud explants
formed callus at 6 months; 2.1% Lapins (2/94), 0%
Bing (0/31), 3.4% Sweetheart (2/59).

Callus initiation on in vitro explants

The appearance of explants changed over time on
treatments; shoot base explants were composed of the
base of the stem and its associated basal callus. This
callus was firm, dense and became dark brown in
color. It was easily distinguished from organogenic
callus, which was a lighter color and had a friable
texture (Fig. 2a). Many stem sections turned dark
brown in color, and callus emerged from small,
discrete locations (Fig. 2b). Remaining stem section
explants were green, with callus forming over a large
portion of the explant surface. Punctured shoot tip
explants did not elongate and at 2 months, began to
show signs of hyperhydricity, i.e., slightly swollen,
lighter green, and translucent. Callus on punctured
tips formed in the same manner as for ex vitro
explants. In contrast, unwounded shoot tip explants
continued to elongate and did not form callus (pers.
obs). For all explant types, callus appeared as
described for ex vitro explants.

Organogenic callus formed on nearly all cultivars,
explant types, and treatments evaluated. Callus
formation was first observed at 2 months on punc-
tured tip and stem section explants. On punctured
shoot tips, the frequency of callus formation for both
cultivars was 33—67% after 3 months (Fig. 3a). Callus
formation did not differ between cultivars but the
treatment effect was marginally significant: explants
on W3B were more likely to form callus than those
on M3B or 0.5M3B (Table 1). Callusing on stem
sections (20-31%) occurred at a much lower fre-
quency than on punctured shoot tips at 3 months
(Fig. 3b). Neither cultivar nor treatment affected the
frequency of callus formation (Table 1). On shoot
base explants, callus formation was first observed
after 1 month on treatment media. To facilitate
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comparison of callusing treatments on shoot base
explants with other explant types, data from control
shoot base explants not receiving a pre-treatment
(M3B pre-treatment; Fig. 4a, b) are presented in
Fig. 3c.

Organogenic callus formation on shoot base
explants was affected by cultivar, treatment, and
pre-treatment media (Fig. 4). Callus formation was
consistently greater for Lapins explants than for
Sweetheart (Table 1). For both cultivars, treatment
with W3B encouraged significantly greater callus
formation than treatment with 0.5M3B (Table 1). On
average, callus formation using 0.5M3B was greater
than that using M3B but the difference was not
significant. The effect of pre-treatment differed
significantly between trials (Table 1). In both trials,
pre-treatment with W3B or M3BPG enhanced callus
formation compared to M3B. In trial 2, explants pre-
treated with W3B formed more callus than explants
pre-treated with M3BPG. The same trend was evident
in trial 1, but the difference, while suggestive, was
not statistically significant. Given that the qualitative
pattern was the same in both trials, data from both
were pooled in Fig. 4.

Pre-treatments affected the appearance of Lapins
and Sweetheart shoot cultures. For both cutivars,
shoots on M3BPG produced many deep-green, shiny
leaves with prominent venation and shoots readily
multiplied. In contrast, M3B and W3B media did not
support the same degree of enhanced growth, mul-
tiplication, and appearance of shoot cultures. More-
over, the appearance of shoot cultures on W3B
worsened after the 3-month pre-treatment; most
shoots showed signs of hyperhydricity, and longer
time in culture resulted in severe symptoms of
hyperhydricity and shoot death.

Influence of media on adventitious shoot
formation

While all treatment media promoted callus growth,
their effects on shoot development differed. Thus, a
medium discouraging shoot formation was desirable
for the callus propagation step (Fig. 1); whereas a
medium encouraging shoot formation was necessary
to induce adventitious shoot formation on callus at a
later stage.

The number of callus explants forming shoots did
not differ between cultivars but did differ between
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Table 1 Results of statistical analyses using logistic regression (LR), ordinal logistic regression (OLR), or analysis of variance
(ANOVA)

Predictor df Test statistic P

Callus initiation on ex vitro explants (LR)

Cultivar X Tissue 2 =24 0.31
Cultivar 2 =22 0.33
Tissue 1 =215 <0.0001
Callus initiation on in vitro punctured shoot tip explants (OLR)
Cultivar X Treatment 2 72 =0.52 0.77
Cultivar 1 72 =0.13 0.72
Treatment 2 P =6.17 0.05
Callus initiation on in vitro stem section explants (OLR)
Cultivar X Treatment 2 12 =0.002 1
Cultivar 1 =18 0.19
Treatment 2 xz =4.0 0.13
Effect of pre-treatments on callus formation on in vitro shoot base explants (OLR)*
Trial X Pre-treatment 2 =95 0.009
Cultivar 1 =284 <0.0001
Treatment® 2 =93 0.01
Trial 1: Pre-treatment® 2 xz =209 <0.0001
Trial 2: Pre-treatment? 2 =296 <0.0001
Influence of media on number of callus explants forming shoots (LR)
Cultivar 2 2=0 1
Treatment® 2 =229 <0.0001
Influence of media on number of shoots forming per callus explant (ANOVA)
Cultivar X Treatment 4,8 F=0238 0.53
Cultivar 2,13 F=038 0.49
Treatment® 2,15 F =49 <0.0001
Adventitious shoot formation on callus explants (ANOVA )"
Trial x Cultivar x Callusing medium 11, 24 F=27 0.02
Trial 1: Cultivar x Callusing medium 2,12 F=16 0.23
Cultivar 2, 14 F=04 0.7
Callusing medium 1, 16 F=038 0.37
Trial 2:' Cultivar x Callusing medium 2,12 F=0.1 0.0008

# Other higher-order interactions were all non-significant (p > 0.15) and have not been presented

® Posthoc tests: W3B > 0.5M3B (df = 1; y*=4.1; p = 0.04); 0.5M3B = M3B (df = 1; * = 1.5; p = 0.25); W3B > M3B (df = I;
> =1.7; p = 0.006)

¢ Posthoc tests: W3B &~ M3BPG (df = 1; y* = 3.6; p = 0.06); W3B > M3B (df = 1; 5> =27; p < 0.0001); M3BPG > M3B (df = 1;
%> =30; p < 0.0001)

4 Posthoc tests: W3B > M3BPG (df = 1; }{2 =5.8; p =0.02); W3B > M3B (df = I; XZ =63; p < 0.0001); M3BPG > M3B (df = 1;
7> =30; p < 0.0001)

¢ The interaction between treatment and cultivar could not be assessed

f Posthoc tests: M3B < 0.5M3B (df = 15 7%= 16.6; p < 0.0001); M3B < W3B (df = 1; 7*=16.6; p < 0.0001); 0.5M3B = W3B
df=17=0p=1)

& Posthoc tests (Tukey HSD, p < 0.05): W3B > 0.5M3B; 0.5M3B > M3B; W3B > M3B
" Trial x Cultivar x Callusing medium interactions were statistically significant, so results from each trial were analyzed separately

! The whole model test was statistically significant (df = 5, 12; F = 5.8; p = 0.006). The sample size was not large enough to analyze
results for each cultivar separately
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Fig. 2 Callus formation, shoot regeneration, and grafting in
sweet cherry. (a) Callus development on a shoot base explant
after 2 months on WPM with 3 uM BA. Bar: 3.5 mm. (b)
Callus and adventitious shoot formation on stem section
explants after 2 months on WPM with 3 pM BA. Bar: 5 mm.
(c) Callus growth on MS with 3 uM BA, 3 weeks after
subculture. (d) Shoot development on callus explants after

treatments (Table 1). For each cultivar, shoot forma-
tion on M3B was much lower than on either 0.5M3B
or W3B media (Fig. 5a). The number of callus
explants forming shoots was consistently high (> 8
explants forming shoots) or low (<4 explants
forming shoots); intermediate values were not
observed. Differences in shoot formation between
treatments and cultivars were therefore assessed
using a logistic regression with “high” and “low”
as a binary response (Table 1).

Likewise, the number of shoots forming on each
callus explant did not differ between cultivars but did
differ between treatments (Table 1). Callus growing
on W3B produced significantly more shoots (7-12
shoots/explant) than callus on 0.5M3B (4-5 shoots/
explant), which, in turn, produced more shoots than
callus on M3B (2 shoots/explant) (Fig. 5b). Owing to
these differences in shoot formation, callus growth
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4 weeks on WPM with 3 uM BA. Photos (¢—d) are of 10 cm-
diameter dishes. (e) Regenerated shoots of cultivar Lapins after
3 months on MS with 3 uM BA elongation medium. Bar: 2 cm.
(f) Lapins scion pushing Parafilm wrapping aside 6 weeks after
grafting onto Mazzard (P. avium) rootstock in greenhouse. Bar:
2 cm. (g) Growth of Sweetheart scion on Mazzard rootstock
3 months after grafting. Bar: 10 cm

experiments were pursued using M3B and 0.5M3B
media, while shoot formation experiments were
carried out using W3B medium.

Callus growth

Many callus explants more than doubled in mass over
a 1 month period on both M3B and 0.5M3B media
(Fig. 2c¢). Callus fresh weight increased from 82—
115% for Sweetheart, 91-133% for Lapins, and from
118-144% for Bing. Analyses of growth differences
between cultivars and treatments have not been
presented. Those analyses indicated that growth
differences between cultivars and treatments were
sensitive to the initial sizes of the callus pieces used,
i.e., statistical interactions between initial callus size
and the effects of interest (cultivar and treatment)
were significant or suggestive. While such patterns
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Fig. 3 Callus formation on explants from in vitro shoot
cultures of cultivars Lapins (LA) and Sweetheart (SH) after
3 months on treatment media. (a) Punctured shoot tips. Data
are the means of three replicate dishes, each containing four
explants. (b) Stem sections. Data are the means of three
replicate dishes, each containing 15 explants. (¢) Shoot bases.
Data are the means of two trials, both with three replicate
dishes, each containing five explants. Treatment media consist
of 3 uM BA supplemented to WPM (W3B), MS (M3B), or
half-strength MS (0.5M3B). Vertical bars: standard error

may prove to be important as this protocol is refined,
the qualitative result is of more immediate impor-
tance: callus from all three cultivars grew appreciably
in both trials and using either treatment medium.

Adventitious shoot formation

Shoot regeneration on callus explants was almost
100% after 2 weeks on W3B medium. By 4 weeks,
all explants had formed shoots in both trials, with 7—
17 shoots forming per callus explant (Fig. 2d). The
effects of callusing medium and cultivar on the
number of shoots forming per explant differed
significantly between trials (Table 1). In the first

isolated, and transferred to treatments. Callus formation was
recorded after 3 months on treatment media. Pre-treatments are
on the X-axis. Treatments are distinguished by bar shading. (a)
Sweetheart. (b) Lapins. Results of two trials have been pooled
for presentation. Each trial consists of 2-3 replicate dishes,
each dish containing 5 explants. Means showing the same letter
are not significantly different (p > 0.05). Media consist of 3 uM
BA supplemented to WPM (W3B), MS (M3B), or half-strength
MS (0.5M3B), or M3B with 1 mM phloroglucinol (M3BPG).
Vertical bars: standard error

trial, regeneration was independent of both cultivar
and callusing medium (Table 1). In the second trial,
the whole model (i.e., including effects of both
callusing medium and cultivar) was significant.
However, the separate effects of each predictor could
not be assessed (Table 1). Qualitatively, shoot
formation on W3B medium was similar for all three
cultivars and was similar for explants that had
previously been maintained on either M3B or
0.5M3B callusing media.

Shoot survival
Shoot survival on M3B elongation medium varied

among cultivars. At 3 months, the number of
surviving shoots increased for Lapins (226/159;

@ Springer



210

Plant Cell Tiss Organ Cult (2007) 90:201-214

0 mss B osM3B (] wss
120
(a) b b b b
b b

-T1]
E 80
EE
&S
g8
E g 40 2
& a a
=

-

(b) c
E 12 <
15
[
(] c
E5 8
=1 b ‘l

B b
£2 ,
< § a a a

0

LA SH Bing
Variety

Fig. 5 Shoot development on callus of cultivars Lapins (LA),
Sweetheart (SH), and Bing after 4 weeks on treatment media.
(a) Percent shoot formation. (b) Number of shoots forming on
each shoot-producing explant. Data are the means of 2 replicate
dishes, each containing 10 explants. Means showing the same
letter are not significantly different (p > 0.05). Treatment media
consist of 3 uM BA supplemented to WPM (W3B), MS
(M3B), or half-strength MS (0.5M3B). Vertical bars: standard
error

Table 2 Ex vitro grafting of regenerated shoots onto Mazzard
(P. avium) rootstock

Scion Trial Number of graft Survival
cultivar number®  unions/grafted scions® (%)
Sweetheart 1 8/13 61.5
2 2/10 20
3 5/8 62.5
4 7/10 70
Lapins 1 8/13 61.5
3 6/10 60
4 5/10 50
Bing 2 1/8 12.5
4 3/10 30

* Trials were repeated over a 3 month period

° Graft unions are defined as rootstocks with actively growing
scions. The number of graft unions was recorded 5 weeks after
grafting
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142%) and Sweetheart (186/89; 209%) but decreased
for Bing (31/94; 33%). For cultivars Lapins and
Sweetheart, a small number of shoots died at each
subculture. However, the surviving shoots multiplied
from axillary buds, increasing the total number of
shoots over time. Conversely, Bing experienced
greater shoot losses and shoot multiplication was
not as frequent, resulting in a decrease in the total
number of shoots at each subculture. At 3 months,
regenerated shoots of all cultivars were morpholog-
ically similar to established shoot cultures from field
material (Fig. 2e).

Grafting

Regenerated shoots from all cultivars were success-
fully grafted onto rootstock in the greenhouse
(Table 2). Growing scions began to bulge under their
Parafilm covering 2-3 weeks after grafting. Within
1 week after cutting the Parafilm, scions grew large
enough to push aside the wrapping (Fig. 2f). Scions
that did not flush within 4-5 weeks after grafting
appeared desiccated and necrotic under the Parafilm
covering. When results of the four trials were pooled,
the grafting success of Bing (21%) was lower than
that of Sweetheart (54%) or Lapins (57%). It was not
possible to determine whether this variation in
grafting success was due to differences between
cultivars or to differences between trials because two
of the three cultivars were not represented in all trials.
Grafted trees were grown in the greenhouse for
6 months (Fig. 2g).

Discussion

This study describes a new procedure for shoot
regeneration in sweet cherry. Callus formation was
demonstrated on explants taken from orchard trees
and in vitro shoot cultures. Conditions encouraging
callus proliferation and recovery of large numbers of
adventitious shoots were identified. Regenerated
shoots were grafted onto rootstock and grown in the
greenhouse. An outline of the method is presented in
Fig. 1.

The diversity of tissue sources that can be used
successfully with this approach results in a more
flexible regeneration method for sweet cherry. Orga-
nogenic callus development directly from apical
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shoot tips taken from orchard trees avoids the lengthy
time and resources required for initiation, establish-
ment, and maintenance of large stocks of shoot
cultures for providing tissues. Explants can be taken
directly from elite trees during the growing season
and the resulting callus can be induced to regenerate
shoots or maintained in culture for longer periods of
time. Alternatively, obtaining explants from in vitro
shoot cultures can be advantageous because tissues
are available year-round, shoots are maintained in a
controlled environment, and use of in vitro material
avoids losses due to contamination and higher
phenolic levels from field material (McCown 2000).
For the latter reasons, in vitro explants were used in
the majority of experiments in this study.

Callus and adventitious shoot formation were first
observed on necrotic explants isolated from orchard
trees. Based on these observations, it was speculated
that the process of isolating and sterilizing buds
caused wounding, which stimulated callus growth
and adventitious shoot regeneration (Bhatia et al.
2005). The results were then reproduced using in vitro
shoot tips; organogenic callus formation occurred on
punctured shoot tips and not on unwounded tips.
Induction of organogenic callus on stem section and
shoot base explants may also have been a conse-
quence of wounding meristematic regions that were
present within these tissues while isolating explants.
The specific origin of organogenic callus formation
was not investigated further in this study, as the
objective was to develop a procedure to obtain
adventitious shoots.

The type of explant influenced the rate and
quantity of callus production. The availability of
tissues differed among explant types, so direct
comparisons of callus formation among explant types
were not possible. However, trends in the frequency
of callus formation were evaluated qualitatively.
When treated with 0.5M3B, ex vitro explants did
not form as much callus as did in vitro explants.
Callus also developed more quickly on in vitro
explants. One interpretation of this difference is that
decontamination of field-grown tissues and transfer to
in vitro culture imposes a stress that may be
disruptive to explanted tissues, and subsequently
reduces or slows callus formation compared to
in vitro-derived explants. Teng et al. (2002) demon-
strated this effect with ginseng species. Among ex
vitro explant sources, apical shoot tips tended to form

more callus than did axillary buds, which suggests
that callusing may also be influenced by the physi-
ology of the donor trees (Benson 2000). Finally,
among in vitro-derived explants, the frequency of
callus formation declined basipetally: on all treat-
ments, callus formation was higher for shoot tip
explants than for stem sections and, without pre-
treatments, was further reduced when shoot bases
were used. This pattern suggests the presence of a
physiological gradient along the shoot affecting
callus formation. Cuenca et al. (2000) described
similar differences in regeneration frequency with the
position of explants along the stem of beech (Fagus
sylvatica) shoots.

The choice of basal medium influenced callus
formation. Callus development on punctured shoot
tip and shoot base explants was more likely to occur
on W3B, while stem section explants were not
affected by treatments. Overall, these results suggest
that W3B is the most suitable treatment to encourage
callus formation among in vitro-derived explants.
However, callus growth did occur in the presence of
both low and high macronutrient-containing basal
media (WPM, half-strength MS, and MS, respec-
tively) and on all explant types, indicating that all
treatments can promote callus formation. Oh et al.
(1991) also evaluated the effect of MS and half-
strength MS basal media on organogenic callus
formation on shoot tip explants and concluded that
the lower-salt medium was best for callusing.

Pre-treatment of shoot cultures significantly im-
proved the number of shoot base explants developing
organogenic callus. However, pre-treatments also
produced visible differences in overall shoot culture
morphology and growth. Shoot cultures pre-treated
with W3B became hyperhydric. After the experiments
had concluded, these shoots began to exhibit a
considerable reduction in quality and substantial
shoot loss. Conversely, high-quality shoot cultures
could be continuously maintained and multiplied on
M3BPG, and provided a constant source of explants
for callus initiation. For these reasons, M3BPG is the
preferred pre-treatment medium. Following pre-treat-
ment of shoot cultures with M3BPG, callus formation
on shoot base explants treated with W3B was
three-fold greater than callusing on W3B without
pre-treatment (Fig. 4). Similarly in peach (Prunus
persica), pre-conditioning shoot apices improved
callus formation on leaf explants (Gentile et al.
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2002). The addition of phloroglucinol to pre-treatment
medium (M3BPG) enhanced shoot growth and
appearance as well as axillary shoot proliferation for
all cherry cultivars. Phloroglucinol is a phenolic
compound used to stimulate shoot and root growth in
shoot cultures (Sarkar and Naik 2000). It has been
incorporated into shoot culture media of many Prunus
species, including sweet cherry (Takashina et al.
2003), wild cherry (Hammatt and Grant 1997), and
almond (Ainsley et al. 2001).

In choosing a medium to promote callus growth,
three criteria needed to be met to facilitate the
maintenance and multiplication of cultures; reduced
shoot formation, prolific callus growth, and the ability
to regenerate shoots when removed from the callus-
ing medium. During maintenance of callus cultures,
reduced shoot formation greatly facilitates monthly
subculture. Shoot development on callus was affected
by the choice of basal medium; therefore, subsequent
treatments to promote callus growth were limited to
those encouraging the least shoot formation, i.e.,
M3B and 0.5M3B.

As only a small amount of callus is initially
produced by each explant, identifying a treatment that
encourages prolific callus growth is important,
because it minimizes the time in culture needed to
generate enough tissue for subsequent experiments.
Callus growth was qualitatively similar between M3B
and 0.5M3B treatments. In many cases, callus more
than doubled in mass over the subculture period; for
the three cultivars tested, callus growth increased 91—
144% after 1 month on M3B medium. Matsuta and
Yamaki (1988) achieved even greater callus growth
on leaf disks after 35 days on MS supplemented with
BA and 2,4-D or NAA; there was an increase of more
than 50 times the initial mass using sweet cherry
cultivars Compact Stella, NY 1193, and Satonishiki.

Finally, shoot formation on W3B medium was
qualitatively similar whether callus was maintained
on M3B or 0.5M3B, suggesting that the choice of
callus maintenance medium did not affect shoot
formation. Callus has been maintained on both media
for almost 1.5 years without any observed decline in
callus growth or loss in regeneration potential.
Despite the suitability of both media for callus
growth and maintenance, M3B is preferred because
it more closely adheres to the outlined criteria; callus
formed less shoots on M3B than 0.5M3B, which is an
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advantage during subculture of large numbers of
callus cultures.

In this study, 100% of callus explants formed
shoots on W3B at 4 weeks. In contrast, Oh et al.
(1991) achieved a much lower frequency of shoot
formation on callus explants after 4 weeks on half-
strength MS supplemented with either 4.44 uM BA
(25%) or 0.44 pM BA (30%). The differences in
shoot formation could be due to the choice of basal
medium. Woody Plant Medium, a low macronutrient-
containing medium, has been previously used to
encourage shoot regeneration in leaf explants of
sweet cherry (Bhagwat and Lane 2004; Takashina
et al. 2003; Tang et al. 2002). Matt and Jehle (2005)
describe additional combinations of low macronutri-
ent-containing basal media for shoot regeneration in
leaf and internode sections.

Regenerated shoots were elongated on M3B
medium. Shoots of Lapins and Sweetheart cultivars
grew well on this medium with a high frequency of
shoot survival and adventitious multiplication. In
contrast, Bing shoots grew poorly. This cultivar effect
was also observed in shoot cultures initiated from
orchard trees (pers. obs.). In many cases, optimum
culture conditions are genotype-dependant for Prunus
species (Pérez-Tornero and Burgos 2000). These
results emphasize the importance of identifying
suitable culture conditions for shoot cultures of each
cultivar.

Valuable sweet cherry cultivars are grafted onto
rootstock for planting in commercial orchards. For
this reason, regenerated shoots were grafted rather
than rooted. Advantages of grafting shoots are
discussed in more detail by Lane et al. (2003). Once
grafted, scion growth occurs after the union of
cambium tissue between the scion and rootstock, or
graft union, is established (Raharjo and Litz 2005).
Acclimatization of the scion to greenhouse conditions
is achieved as it emerges from the Parafilm covering
(Lane et al. 2003). Bhagwat and Lane (2004)
achieved a high frequency of rooted shoots (85%)
of the cultivar Lapins, but plantlet survival decreased
during acclimatization to greenhouse conditions
(20%). In this study, a higher percentage of Lapins
shoots survived grafting (50-61.5%), possibly due to
fewer losses during acclimatization to in vivo con-
ditions. These results suggest that grafting is a useful
means of generating trees from regenerated cherry
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shoots. Ultimately, trees produced by this shoot
regeneration method should be established in the field
and tree performance evaluated and compared to
commercially propagated trees under field conditions.

Results of this study demonstrate high-frequency
shoot regeneration for commercially important culti-
vars. The method is flexible, allowing incorporation
of many explant types derived from in vitro shoots
(shoot tips, stem sections, and shoot bases) as well as
apical shoot tips taken from orchard trees. Callus has
been maintained and multiplied in culture for up to
1.5 years with no apparent loss of regeneration
potential. Callus generates large numbers of adven-
titious shoots that can be grafted onto rootstock in the
greenhouse, producing field-ready trees. This proto-
col should prove useful in future efforts to develop
transgenic sweet cherry cultivars expressing desirable
traits.

Acknowledgements This project was funded by the
Industrial Research Assistance Program and was carried out
in collaboration with Agriculture and Agri-Food Canada.
Certified virus-free shoots were donated by the Okanagan
Plant Improvement Company. We thank S. Wahlgren for
valuable advice, M. Weiss for photography, and E. Randall and
D. Weir.

References

Ainsley PJ, Collins GG, Sedgley M (2001) In vitro rooting of
almond (Prunus dulcis Mill.). In Vitro Cell Dev Biol Plant
37:778-785

Benson EE (2000) In vitro plant recalcitrance: an introduction.
In Vitro Cell Dev Biol Plant 36:141-148

Bhagwat B, Lane WD (2004) In vitro shoot regeneration
from leaves of sweet cherry (Prunus avium) ‘Lapins’
and ‘Sweetheart’. Plant Cell Tissue Organ Cult 78:173—
181

Bhatia P, Ashwath N, Midmore DJ (2005) Effects of genotype,
explant orientation, and wounding on shoot regeneration
in tomato. In Vitro Cell Dev Biol Plant 41:457—464

Brown SK, Iezzoni AF, Fogle HW (1996) Cherries. In: Janick
J, Moore JN (eds) Fruit breeding, vol 1: tree and tropical
fruits. John Wiley and Sons, Inc., pp 213-255

Cuenca B, Ballester A, Vieitez AM (2000) In vitro adventitious
bud regeneration from internode segments of beech. Plant
Cell Tissue Organ Cult 60:213-220

Gentile A, Monticelli S, Damiano C (2002) Adventitious shoot
regeneration in peach [Prunus persica (L.) Batsch]. Plant
Cell Rep 20:1011-1016

Gomez-Lim MA, Litz RE (2004) Genetic transformation of
perennial tropical fruits. In Vitro Cell Dev Biol Plant
40:442-449

Hammatt N, Grant NJ (1997) Micropropagation of mature
British wild cherry. Plant Cell Tissue Organ Cult 47:103—
110

Hily J-M, Scorza R, Malinowski T, Zawadzka B, Ravelonan-
dro M (2004) Stability of gene silencing-based resistance
to Plum pox virus in transgenic plum (Prunus domestica
L.) under field conditions. Transgen Res 13:427-436

Ivanicka J, Pretova A (1986) Cherry (Prunus avium L.). In:
Bajaj YPS (ed) Biotechnology in agriculture and forestry,
vol 1: trees 1. Springer-Verlag, Berlin Heidelberg, pp
154-169

Lane WD, Bhagwat B, Armstrong JD, Wahlgren S (2003)
Apple micrografting protocol to establish transgenic
clones on field ready rootstock. Hort Technol 13:641-646

Lane WD, Cossio F (1986) Adventitious shoots from cotyle-
dons of immature cherry and apricot embryos. Can J Plant
Sci 66:953-959

Lloyd G, McCown B (1980) Commercially-feasible micro-
propagation of mountain laurel, Kalmia latifolia, by use of
shoot-tip culture. Comb Proc Intl Plant Prop Soc 30:421—
427

Matt A, Jehle JA (2005) In vitro plant regeneration from leaves
and internode sections of sweet cherry cultivars (Prunus
avium L.) Plant Cell Rep 24:468-476

Matsuta N, Yamaki S (1988) Callus induction from leaf disks
of stone fruits (Prunus spp.). Bull Fruit Tree Res Stn A
15:19-30

McCown BH (2000) Recalcitrance of woody and herbaceous
perennial plants: dealing with genetic predeterminism. In
Vitro Cell Dev Biol Plant 36:149-154

Murashige T, Skoog F (1962) A revised medium for rapid
growth and bio assays with tobacco tissue cultures.
Physiol Plant 15:473-497

Oh S-D, Song W-S, Yoo S-O (1991) In vitro propagation of
sweet cherry (Prunus avium L.) 1. Direct and callus-in-
duced plantlet regeneration from shoot tip. J Kor Soc Hort
Sci 32:355-367

Petri C, Burgos L (2005) Transformation of fruit trees. Useful
breeding tool or continued future prospect? Transgen Res
14:15-26

Pérez-Tornero O, Burgos L (2000) Different media require-
ments for micropropagation of apricot cultivars. Plant Cell
Tissue Organ Cult 63:133-141

Raharjo SHT, Litz RE (2005) Micrografting and ex vitro
grafting for somatic embryo rescue and plant recovery in
avocado (Persea americana). Plant Cell Tissue Organ
Cult 82:1-9

Sarkar D, Naik PS (2000) Phloroglucinol enhances growth and
rate of axillary shoot proliferation in potato shoot tip
cultures in vitro. Plant Cell Tissue Organ Cult 60:139-149

Schmidt H, Kardel-Meisner U (1992) Adventivsprofiregener-
ation in vitro bei Kirschen III. Adventivsprofibildung an
Kotyledonen von SuBkirschensorten. Gartenbauwissens-
chaft 57:267-270

Takashina T, Nakano H, Kato R (2003) Efficient plant regen-
eration culture from leaf explants of in vitro-grown sweet
cherry. Acta Hort 622:123-127

Tang H, Ren Z, Reustle G, Krczal G (2002) Plant regeneration
from leaves of sweet and sour cherry cultivars. Sci Hort
93:235-244

@ Springer



214

Plant Cell Tiss Organ Cult (2007) 90:201-214

Teng W-L, Sin T, Teng M-C (2002) Explant preparation af-
fects culture initiation and regeneration of Panax ginseng
and Panax quinquefolius. Plant Cell Tissue Organ Cult
68:233-239

@ Springer

Yang HY, Schmidt H (1992) Untersuchungen zur Adventi-
vsproBregeneration in vitro bei Kirschen II. Adventivs-
proBbildung an in vitro-Blittern verschiedener Prunus
avium-Idiotypen. Gartenbauwissenschaft 57:7-10



	Shoot regeneration from organogenic callus of sweet cherry (Prunus avium L.)
	Abstract
	Introduction
	Materials and methods
	Culture medium and conditions
	Shoot culture initiation, establishment, and maintenance
	Callus initiation
	Ex vitro explants
	In-vitro explants

	Callus proliferation and adventitious shoot formation
	Influence of media on adventitious shoot formation
	Callus growth
	Adventitious shoot formation

	Shoot survival
	Grafting procedures
	Rootstocks
	Scions
	Grafting

	Statistical analyses

	Results
	Callus initiation on ex vitro explants
	Callus initiation on in&blank;vitro explants
	Influence of media on adventitious shoot formation
	Callus growth
	Adventitious shoot formation
	Shoot survival
	Grafting

	Discussion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


