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Shoot regeneration in vitro is a difficult problem for cherry species. This study 

addressed three approaches to the problem, regeneration of adventitious shoots from 

roots and leaves of mature cherry clones, and from cotyledons of open-pollinated 

'Royal Ann' cotyledons. Regeneration on roots occurred at a very low frequency. 

Adventitious shoots regenerated from only 17.5% of the cotyledons of open pollinated 

'Royal Ann' cherries on Murashige and Skoog (MS) medium (Murashige et al., 1962) 

supplemented with 10 or 20 ^M thidiazuron (TDZ) and 0 to 10 pM indolebutyric acid 

(IBA). Therefore, a two-stage process was developed for regeneration from leaves that 

resulted in high rates of adventitious shoot regeneration in some genotypes. Initially, 

leaves of several clones previously established in tissue culture were tested for shoot 

regeneration. The inter-specific Prunus hybrids Giessen 154-4 and Giessen 154-7, two 

of 15 clones tested, regenerated a small number of shoots when placed on MS medium 

and a combination of TDZ (5 to 10 |aM) and naphthaleneacetic acid (NAA) or IBA 

(0.5 to 2.5 JJM). Using these two clones, a two-stage process was developed to initiate 

and then promote elongation of adventitious shoots. In the first stage, increasing the 

agar concentration from 8 to 12 g/1 and optimizing the TDZ and NAA concentrations 

to 10 (xM and 1.25 |jM respectively, markedly improved shoot initiation.  After 20 



days the cultures were transferred to a medium containing 5 ixM BAP and 0.5 [\M 

NAA. This second stage retarded callus growth and allowed meristems to elongate and 

form visible shoots. Applying this procedure to seven of the original 15 clones and 

one additional clone resulted in seven of the eight clones regenerating adventitious 

shoots, with four clones, 154-4, 154-7, 173-1 and 195-2, regenerating shoots on 50- 

100% of the leaves. Changing the basal medium from Murashige and Skoog to Driver 

Kuniyuki walnut (DKW) medium (McGranahan et al., 1987) further increased the 

number of regenerating sites per leaf and meristem per leaf. 
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Development of an Adventitious Shoot Regeneration System in 
Cherries 

Introduction 

Sweet cherries are an important crop throughout the world, regarded mainly as 

a local, seasonal delicacy that is difficult to ship to distant markets. The Pacific 

Northwest sweet cherry industry accounts for 55-75% of the sweet cherries produced 

in the United States. With Oregon and Washington producing 45,000 to 54,000 metric 

tons, the region is a world leader in exporting high quality fresh market sweet cherries. 

Several important cultivars originated in this region including Bing, Lapins, Rainier 

and Van. While there are only a few breeding programs worldwide, the Pacific 

Northwest has three research centers, Hood River, Prosser and Summerland (Canada) 

that have made significant contributions to the industry. 

A number of factors make sweet cherries difficult to grow and make the risks 

and rewards of cherry production very high. Most production is in areas prone to 

spring frosts and rain during harvest, which cracks ripe fruit. A number of diseases 

also complicate production, including brown rot, bacterial canker, prune dwarf virus, 

Prunus necrotic ringspot virus, powdery mildew, cherry leaf spot, and phytophthora 

(Anita Azarenko personal communication). 

Breeding varieties resistant or tolerant of these problems faces major obstacles, 

particularly self-incompatibility, high genetic heterozygosity and long generation time. 

Seedlings spend at least three years in a juvenile phase before producing any fruit and 



an additional two to four years before reaching full production. The amount of time 

and space spent growing seedlings and evaluating the progeny can be reduced by 

current methods of screening juvenile material using molecular markers, such as 

amplified fragment length polymorphisms (AFLPs) (Zhou et al., 2001), randomly 

amplified polymorphic DNA (RAPDs) (Kacar and Cetiner, 2001) as well as 

microsatellite techniques (Kacar et al., 2001). However there is still a significant 

amount of time between the initial cross and the final evaluation. 

Because of the expense and time required for breeding, there is only a handful 

of cherry breeding programs world-wide. Their main objectives are to maintain or 

improve fruit quality, while lengthening the harvest season and using those clones that 

have increased resistance to rain cracking. Avoidance of spring frosts, disease 

resistance and dwarf stature are secondary goals and can be managed in other ways 

(Kappel, 2001). For instance dwarfing rootstocks have been used successfully by the 

apple industry and are the model for other fruit crops as well. Small trees enable 

picking the crop mostly or entirely from the ground and also improve safety and 

efficiency of other cultural operations. 

Genetic engineering has the potential to introduce important genetic traits into 

high value clones. Disease resistance and compact growth, although they are 

secondary goals, are two important sets of characteristics that may be amenable to 

alteration using small numbers of genes. The perceived advantage of genetic 

engineering is to add a few useful genes to improve a variety, while preserving the 

complicated fruit characteristics of that variety. The directness of this approach could 

save a great deal of resources compared to conventional breeding. 



To date, most genetic engineering has been with annual crops. Most woody 

plants are difficult to work with and represent small industries, compared to 

commodity production of grain and oil crops. Nonetheless, a few woody species, 

notably apple and poplar, are easy and/or have had enough research attention that 

regeneration and transformation systems are now routine (DeBondt et al., 1996; Han 

et al., 2000). 

The predominant vector for plant transformation is the plant pathogen 

Agrobacterium, which naturally transfers and integrates a portion of its DNA into the 

plant genome. Most transformation methods are dependent on the ability to regenerate 

adventitious shoots from a single or a small number of transformed cells. This 

limitation is severe in most woody plants, including cherries. 

In the last decade, eight Prunus species have been transformed including plum 

(Prunus domestica L.) (S. Mante et al., 1991; Camara-Machado et al 1995a; Scorza et 

al., 1995), peach (Prunuspersica) (Smigocki and Hammerschlag, 1991), apricot 

(Prunus armeniaca) (Camara-Machado et al., 1992; Camara-Machado et al., 1995a), 

flowering cherry (Prunus subhirtella autumno rosa) (Camara-Machado et al., 1995b), 

a hybrid between Prunus incisa x serrula (Druart et al., 1998), Prunus dawyckensis 

(Druart et al., 1998), sour cherry (Prunus cerasus) (Dolgov and Firsov, 1999), and 

almond (Prunus dulcis) (Migel and Oliveira, 1999). All of these were transformed 

using Agrobacterium. Embryonic tissue was used for the first transformation in the 

genus, Prunus domestica and Prunuspersica (Mante et al. 1991; Smigocki and 

Hammerschlag, 1991). However, due to the high genetic heterozygosity ofPrunus and 



the breeding difficulties described previously, it would be preferable to transform 

known, superior clones. 

For this reason, clonal transformation systems have been studied extensively 

and many approaches have been tested. Prunus subhirtella (Machado et al. 1995b) 

was the first cherry transformed, using somatic embryogenesis from petiole callus. 

This protocol was also successfully applied to embryogenic callus from the roots of a 

hybrid between P. incisa x serrula (Druart et al., 1998). Transformation using leaf 

regeneration methods of P. cerasus (Dolgov et al., 1999) and P. dulcis (Migel et al., 

1999) yielded only a few transformed lines each. While these studies demonstrated 

that transformation of Prunus is possible, rates were low and the systems were 

cumbersome. Thus, improving regeneration rates is the crucial, first step to improving 

the transformation rate in Prunus. 

Early regeneration studies used roots (Druart et al., 1980, Jones et al., 1984), 

leaves (Ochatt et al., 1987; Ochatt et al., 1988; Laimer et al., 1988) and stems (James 

et al., 1984), but very little regeneration occurred. After 1990, thidiazuron (TDZ) 

became widely used in Prunus and markedly improved regeneration. Applying TDZ 

to embryos resulted in 60 to 85% regeneration (Mante et al., 1989), but various clonal 

material still had rates <60% (Escalettes, 1993, Yancheva, 1994, Perez-Tornero et al., 

2000). 

Developing a regeneration system that is robust and applicable to multiple 

clones is important. Differences in genotype response within the same species have 

been widely reported (Bassi et al., 1991; Escalettes, 1993, Grant et al., 2000; Perez- 

Tornero et al., 2000;), especially with P. cerasus (Tang et al., 2000; Ochatt et al., 



1988; Dolgov et al., 1999). In these studies, regeneration ranged from 0 to about 60%, 

with most clones having low rates. 

MS medium is the most widely used basal medium for Prunus regeneration, 

but Quoirin and Lepoivre (QL) medium (Quoirin et al., 1977; Druart, 1990; Antonelli 

et al., 1990; Bassi et al., 1991; Perez-Tornero et al., 2000), Driver Kuniyuki walnut 

(DKW) medium (McGranahan et al., 1987; Scorza et al., 1990), and woody plant 

medium (WPM) (Lloyd and McCown, 1981; Grant et al., 2000) have also been used. 

Many combinations of growth regulators have been tested. Generally this includes a 

cytokinin, thidiazuron (TDZ) or 6-benzylaminopurine (BAP), in combination with one 

of the auxins, a-naphthaleneacetic acid (NAA), indole-3-acetic acid (IAA) or indole- 

3-butyric acid (EBA). 

Beyond selecting a basal medium and a growth regulator combination that will 

support regeneration, several other factors have been identified that improve 

adventitious shoot regeneration. Time of collection was important when using seeds, 

with immature cotyledons in a range from 60-90 days after full bloom being optimal 

(Camara-Machado et al., 1992; Mante et al., 1989; Goffreda et al., 1995). Stage of 

development was also important for clonal selections of leaves. For P. canescens, 29 

to 45 days after subculture was optimal (Druart et al., 1990). Young, expanding leaves 

of P. armeniaca with the adaxial surface in contact with the medium significantly 

improved shoot regeneration almost 20-fold compared to older leaves with the abaxial 

surface in contact with the regeneration medium (Perez-Tornero et al., 2000). Further 

improvements resulted from pretreatment with different plant growth regulator 

concentrations (GA3 or BAP) in the multiplication phase (Antonelli et al., 1990; 



Perez-Tornero et al., 2000) or after the leaves have been excised, but prior to 

placement on regeneration medium, using NAA or 2,4-dichlorophenoxyacetic acid 

(2,4-D) (Antonelli et al., 1990; Bassi et al., 1991). 

Typically, organogenic systems promote direct development of shoots from the 

source tissue on a single medium. However, additional steps have been used with 

Prunus to aid shoot growth, usually either transfer of tissue at regular intervals to fresh 

medium of the same composition (Mante et al., 1991; Dolgov et al., 1999) or to a 

second medium with reduced plant growth regulator content (James et al., 1984; Migel 

et al., 1999). 

A few other useful modifications in basal medium that have improved shoot 

development in Prunus include lowering the sucrose level (Machado et al., 1995b) and 

changing the gelling agent from agar to Phytagel (Scorza et al., 1990). Silver nitrate, 

presumably acting as an ethylene inhibitor, was used in P. domestica and P. 

armeniaca (Escalettes, et al., 1993). Leaf regeneration ofP. avium (Grant et al., 2000) 

was improved slightly with the addition of the surfactant Tween 20; however, other 

surfactants tested did not have the same effect. 

The objective of the present study was to systematically develop an 

adventitious shoot regeneration system that was applicable to a broad range of 

cultivars using the collection of clonal rootstocks and scion clones in our tissue culture 

program.  A few experiments were conducted with open-pollinated seeds of'Royal 

Ann' to compare regeneration on embryonic tissue with that of more mature, clonal 

tissues. 



Materials and Methods 

Plant Material and Culture 

Shoot cultures were initiated from elongating shoot tips collected from 

greenhouse-forced plants. These plants were propagated by grafting the various 

rootstock clones onto seedling rootstocks in February and forcing scion growth 

through the spring in the greenhouse under 18 h photoperiod at 240C. 

Shoots were surface sterilized by removing the expanded leaves, washing the 

shoot tips in 20% v/v bleach (5.25% sodium hypochlorite) with two drops of Tween 

20 L'1 of solution for 20 minutes, followed by three sterile water rinses. The basal 

portion of the surface sterilized shoot was removed before placement into a 25 mm x 

100 mm glass culture tube containing 5 ml semi-solid Murashige-Skoog (Murashige, 

1962) (MS) mineral medium supplemented with 1 mgL"1 thiamine, 5 mgL"1 

pyridoxine, 0.5 mgL"1 nicotinic acid, 100 mg'L"1 myo-inositol, 30 gL"1 sucrose, TgL"1 

Difco Bacto agar, 0.5 (iM 6-benzylaminopurine (BAP). 

After inspection for contamination, clean shoots were transferred to Magenta 

GA7 vessels (Magenta Corporation, Chicago, IL) for multiplication. Shoot tip 

cultures were typically multiplied on MS mineral medium supplemented with 1 mgL"1 

thiamine, 5 mgL'1 pyridoxine, 0.5 mgL"1 nicotinic acid, 100 mgL"1 myo-inositol, 30 

g'L"1 sucrose, 7 gL'1 Difco Bacto agar, 1.25 \iM to 5 p.M BAP, adjusted to pH 5.7 

prior to autoclaving. All plant growth regulators, including those in the regeneration 

experiments were added prior to autoclaving. Tissue culture medium was autoclaved 

for 15 to 30 min at 1210C depending on the volume to be autoclaved. 
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During the spring of 2000 the modified DKW medium (McGranahan et al., 

1987) replaced MS medium as the basal salt for the shoot multiplication medium. 

Cultures were maintained under 16 h photoperiod with GE Staybright fluorescent 

lights (50|imol rrfV1) at 220C. Cultures with proliferating shoots were divided and 

transferred to fresh multiplication medium every four to six weeks. These cultures 

were the source of leaves and roots for regeneration. Most of the clones were in 

culture at least two years before these regeneration experiments started. 

Roots used for regeneration were obtained from shoots treated either by 

planting directly on MS medium containinglO ^iM indolebutyric acid (IBA) (Sigma 

Chemicals), or by dipping the base of the shoot in 10 mM IBA in dimethylsulfoxide 

(DMSO) and planting on plant growth regulator free medium. In two to four weeks 

rooted shoots were ready for root regeneration experiments. 

Unless otherwise stated, regeneration experiments were conducted using 25 

mL of medium in 15mm x lOOmm plastic petri dishes (Fisher Scientific). Dishes 

containing explants were placed in the dark for 3 d at 260C before transfer to a 16 h 

photoperiod at 220C. Cultures were placed on the bottom shelf of the light benches to 

avoid excessive condensation on the lids. 

In general, each treatment contained three to eight replications of eight to 

twelve explants each. Results were evaluated after four to eight weeks of culture. In 

general, meristems and shoots were counted on each explant. Statistical analysis was 

performed using Prism 3.0, (GraphPad, San Diego, CA) based on a two-tailed t test or 

a one-way ANOVA with Tukey's multiple comparison test. 



Shoot Regeneration From Roots 

Elongated roots (2 to 5cm long) excised from in vitro rooted plants were 

placed on regeneration medium supplemented with combinations of BAP (5 \xM) or 

thidiazuron (TDZ) (Sigma Chemicals) (2.5 \JM) with IBA (10 \M). Six Giessen 

rootstock clones 148-1, 148-2, 148-9, 154-4, 154-7, and 195-2, as well as P50, a 

rootstock clone of unknown parentage and the scion clone 'Rainier' were tested to 

identify clones with high shoot regeneration potential. The parentage of these clones 

is listed in Table 1. Regeneration was evaluated after six to eight weeks. 

Subsequent experiments tested a wider range of plant growth regulator 

combinations TDZ (0 to 5 |iM), BAP (0 to 20 nM), and IBA (0 to 10 \xM) using both 

solid and liquid media. When liquid media were used, fifty mL of medium was placed 

in 125 mL Erlenmeyer flasks and the roots gently shaken on a rotary shaker at about 

100 rpm under the same light and temperature conditions as above. 

Shoot Regeneration From Cotyledons 

Seeds were collected between June 1 and July 10, 1996 from open-pollinated 

Royal Ann trees. The endocarp was removed and the seeds were sterilized in 20% v/v 

bleach (5.25% sodium hypochlorite) plus two drops of Tween 20 L"1 for 20 minutes, 

and then rinsed three times with sterile water. The seed coat was then removed and 

the cotyledons separated from the embryonic axis. The cotyledons were placed on 

regeneration medium containing TDZ (0 to 20 |iM) and IBA (0 to 10 \iM). A similar 

experiment was repeated the following year on one collection date, June 26, 1997. 
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Shoot Regeneration From Leaves 

Leaves were collected from shoots grown on MS or DKW medium 

supplemented with 1.25 to 5 |_iM BAP four to five weeks after subculture. The first 

three to four fully expanded leaves were collected, wounded by slicing across the 

midrib, leaving one margin intact, and then placed with the abaxial surface in contact 

with the regeneration medium. These cultures were placed in the dark for 3 d at 26°C 

before transfer to a 16 h photoperiod at 220C. 

An initial comparison of 15 clones with a combination of TDZ and IB A or 

NAA was made to identify clones with high shoot regeneration potential. BAP (0 to 

20 (iM), or TDZ (0 to 20 pM) in combination with IBA (0 to 10 |aM) or NAA (0 to 10 

|jM) were tested further in several experiments. The influence of light or dark growth 

conditions was tested to identify the optimal environment for shoot initiation. 

Eventually two media were used sequentially to first induce shoot development 

and then stimulate shoot elongation. Cultures on regeneration medium 1 (RMl) were 

grown in the dark for 3 d and then transferred to light conditions described above. 

After 3 to 4 weeks, leaves were transferred to regeneration medium 2 (RM2) and 

returned to a 16 h photoperiod at 220C. 

Several components of the regeneration medium were tested including sucrose, 

agar, and the basal salts, along with the ethylene inhibitors, CUSO4, AgNOs, and 

aminoethoxyvinylglycine (AVG). The influence of a pretreatment using different plant 

growth regulators, a liquid layer in a double-phase system, and CUSO4 in the 

multiplication phase was tested to identify the optimal conditions for leaf 

development. Experimental variations in these media are described in Results. 
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Table 1. Clonal identification and lineage of rootstocks and scion clones 
used for regeneration studies. 

Clone Parents 
148-1 P. cerasus 'Schattenmorelle' xP. canescens . Triploid 
148-2 P. cerasus 'Schattenmorelle' xP. canescens . Triploid 
148-8 P. cerasus 'Schattenmorelle' xP. canescens . Triploid 
148-9 P. cerasus 'Schattenmorelle' xP. canescens . Triploid 
154-4 P. cerasus 'Schattenmorelle' x P. fruticosa    Tetraploid 
154-7 P. cerasus 'Schattenmorelle' xP. fruticosa    Tetraploid 
169-15 P. cerasus 'Schattenmorelle' xP. avium Kassins Fruhe 
173-1 P. fruticosa 64 x P. cerasus 'Schattenmorelle'   Tetraploid 
195-2 P. canescens x P. cerasus 'Leitzkauer'   Triploid 
195-20 P. canescens x P. cerasus 'Leitzkauer'   Triploid 
196-4 P. canescens x P. a\>ium 'Hedelfinger'    Diploid 
209-1 P. cerasus 'Schattenmorelle' xP. canescens . Triploid 
318-17 P. canescens x P. avium   Diploid 
473-10 P. avium 94 x P fruticosa 38, 40, 64 Triploid 
497-8 P. cerasus 'Leitzkauer' x P. avium nana 'Luxem 67' Triploid 
MxM 39 P. avium x P. mehaleb 
P50 Appears to be P. avium. Proprietary clone 
Bing P. avium 
Corum P. avium 
Lapins P. avium 
Rainier P. avium 
Royal Ann    P. avium 
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Results 

Shoot Regeneration From Roots 

About 3% of the roots of clones 148-1, 148-2, and 195-2 regenerated a single 

shoot. Roots were collected from shoots grown on 10 |LIM IB A or from shoots treated 

with 10 mM IB A and grown on plant growth regulator-free medium, as well as 

proliferating roots cultured in a liquid medium. The regeneration rate was too low to 

distinguish any of these sources, regardless of clone. Use of semi-solid or liquid media 

supplemented with BAP, TDZ and/or IBA did not influence shoot regeneration from 

roots. 

Shoot Regeneration From Cotyledons 

Shoot regeneration from cotyledons of open-pollinated 'Royal Ann' cherries 

consistently occurred at 5 to 20 |J.M TDZ, with 10 to 20 \xM TDZ being optimal 

(Figure 1). At these concentrations, 4 to 33% of the cotyledons regenerated shoots. At 

10 and 20 \xM TDZ, averaged across the IBA concentrations, 17.5% of the cotyledons 

regenerated shoots. The effect of TDZ concentration across the IBA combinations was 

highly significant (P<0.0001) (Table 2). In contrast to TDZ, IBA treatment did not 

consistently affect shoot regeneration. 

Bacterial and fungal contamination occurred on about 9% of the cotyledons 

and appeared to be internal in origin. When mature seed were stored, the 

contamination rate in these experiments increased progressively to at least 50%. 
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Similar regeneration and contamination were observed the following year (data not 

shown). 

Royal Ann Cotyledons 

g 40% 
CO E 
<U 
C 
(U 
oo 

Pi 
c 
o 
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30% 

20% 

10% 

TDZ 

Figure 1. Percentage of cotyledons regenerating shoots in response to 
variation of IB A (|^M) and TDZ {\xM) in the regeneration medium. 

Table 2. Effect of TDZ on the percentage of cotyledons regenerating shoots. 
Means combined across all treatments at a given TDZ concentration 

TDZ (iiM) 2.5 10 20 
Percent Regeneration        0 a1       3.59 a      9.75 ab      17.46 b      17.50 b 
1 One-way ANOVA (P=0.45, F=0.91, N=5). Means followed by a different 
letter are significantly different (PO.01). 
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Shoot Regeneration From Leaves 

Clonal Response 

Initially, leaves from 15 clones were tested at several combinations of TDZ 

and NAA or IB A. Shoot regeneration occurred only in clones 154-4 and 154-7. For 

154-4 a single shoot regenerated in the 10 |j,M TDZ and 2.5 [iM NAA treatment and 

for 154-7 three shoots regenerated singly on the 10 JJM TDZ and 2.5 )JM IBA 

treatment. Additionally, clearly formed meristematic structures containing an apical 

dome and developing leaf primordia were observed on these two clones (Figure 2). 

Further development of these meristems into elongating shoots did not occur. 

Figure 2. Meristem formation on Gi 154-4 (A) and 154-7 leaves (B). 
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Characterization of Clones 154-4 and 154-7 

The regeneration response of Giessen clones 154-4 and 154-7 to TDZ and 

auxin treatments was studied in several experiments. TDZ plus NAA was superior to 

TDZ plus IBA for formation of meristems, the best treatment was 10 pM TDZ with 

2.5 (oM NAA producing meristems on 60% of the leaves of Giessen clone 154-7 

(Table 3). On TDZ plus NAA, the percentage of leaves regenerating meristems ranged 

from 17 to 60%, whereas on TDZ plus IBA, regeneration rates ranged from 3 to 41%. 

Table 3. Effect of plant growth regulator content on 
the percentage of Gi 154-7 leaves regenerating 
meristems and shoots. 

TDZ    NAA    IBA      Percent with    Percent with 
(|iM)   (ixM)    (l-iM)      meristems shoots 
2.5 2.5 17.6 
5 2.5 33.3 

10 2.5 60.6 
2.5 5 3.0 
5 5 31.8 
10 5 33.3 
2.5 2.5 6.1 
5 2.5 12.1 
10 2.5 27.3 
2.5 5 
5 5 6.1 
10 5 40.9 

4.5 

3.0 

In contrast, BAP plus NAA or EBA resulted in very little meristem initiation or 

shoot growth (data not shown). Individually, TDZ, BAP, IBA and NAA stimulated no 

significant meristem development. Undifferentiated callus formed in the presence of 
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TDZ or BAP alone. Auxins alone produced undifferentiated callus and a few 

adventitious roots. 

Experiments with light and dark conditioning revealed that increasing duration 

of darkness promoted heavy callus development, but very few meristems or shoots. 

Three days of dark treatment followed by light on a 16 h photoperiod provided the 

most effective light environment for regeneration (data not shown). 

Regeneration in Two Steps 

Treatments containing TDZ plus NAA induced considerable meristem 

initiation, but very little shoot development occurred subsequently. Further 

development of these meristems occurred when they were transferred to regeneration 

medium 2 (RM2) containing 5 ^M BAP and 0.5 ^M IB A or NAA (Figure 3). The 

highest rates of shoot formation occurred on RMl medium containing 10 |jM TDZ 

plus 2.5 joM NAA followed by a transfer to RM2 containing 5 \iM BAP plus 0.5 (iM 

NAA. 

To simplify statistical analysis, the number of shoots developed after RMl and 

after RM2 was averaged across the RMl plant growth regulator treatments (Table 4). 

After RMl treatment, very few shoots had formed, but after further development on 

RM2, shoot formation increased 5- to 7-fold. These differences in response to NAA 

concentration in the RMl were highly significant statistically and 10 \xM TDZ with 

1.25 (xM NAA was the best treatment in both comparisons. For the RM2 treatments. 
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154-7 

Figure 3. Effect of plant growth regulator content in RMl and plant growth regulator, 
sucrose and agar content in RM2 on the mean number of shoots regenerating per 
treatment for Gi 154-7. 1 A, 10^M TDZ/2.5nMNAA; B, 10|^M TDZ/1.25|aMNAA; 
C, lO^iM TDZ/0.625nM NAA; D, lO^M TDZ. 2 1, 5^M BAP, 0.5nM NAA with 
30g/l Sucrose, 8g/l Agar; 2, 5|iM BAP, 0.5^M NAA with 60g/l Sucrose, 12g/l Agar; 
3, 5^M BAP, 0.5nM JBA with 30g/l Sucrose, 8g/l Agar; 4, 5[iM BAP, 0.5[iM JBA 
with 60g/l Sucrose, 12g/l Agar 

Table 4. Effect of NAA content in RMl on the percentage of Gi 154-7 leaves 
regenerating shoots. Means combined across all treatments at a given RMl 

Shoot Regeneration 10T/2.5N 10T/1.25N 10T/0.625N 
T 

10T 
After RMl 
After RM2 

1.42 ab 
11.18a 

2.27 b 
12 a 

1.08 ab 
4.92 b 

.25 a 
1.33 b 

1 Plant growth regulator concentrations (\xM), TDZ (T), NAA (N) 
2 RMl One-way ANOVA (P=0.009, F=4.43, N=4), RM2 one-way ANOVA 
(PO.0001, F=10.35, N=4). Observations with in rows with different letters are 
significantly different (P<0.05). 
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more shoots developed on medium supplemented with NAA than IBA, though this 

was not statistically significant (data not shown). 

This experiment also tested two sucrose and agar concentrations in RM2. 

These variations did not appear to influence shoot regeneration significantly. 

However, the effect of the sucrose and agar was explored further on a larger scale and 

described in the next section. 

Growing explants for one to three cycles on RM1, before transferring to RM2, 

increased the number of developing meristems, but the number of developing shoots 

declined (Figure 4). These differences were not statistically significant. 

154-7 
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-o— Meristems —*— Shoots 

Figure 4. Effect of the number of cycles on RM1 medium on adventitious organ 
formation on leaves of Gi 154-7. Leaves were cultured on RM1 for one to three 
cycles, then transferred to RM2 and evaluated after four weeks. 



19 

Sucrose and Agar 

Two concentrations of sucrose and agar were tested in RMl and RM2. 

Increasing the agar from 8 to 12 gL"1 in RMl improved shoot regeneration from a 

mean of 23% to 69%, of the leaves supporting regeneration for clone 154-4. Leaves of 

154-4 on RMl containing 12 gL"1 agar produced the highest percentage of leaves 

regenerating shoots, up to 95% (Figure 5, Table 5), with a mean of 6.4 shoots per leaf 

(Figure 6, Table 6). Regeneration was consistently a little better (7 percent) on RMl 

containing 30 g'L"1 sucrose, but this was not statistically significant compared to 

treatments with 60 g'L'1. There was not a clear response on RM2 to these sucrose and 

agar treatments, which was consistent with the earlier trial. 

The response of 154-7 to these treatments was similar to that of 154-4. The 

treatments in RMl with 12 gL"1 agar supported the highest percentage of leaves, 57%, 

regenerating shoots compared to 30%) on 8 gL"1 agar (Figure 7, Table 7), as well as 

the highest number of adventitious shoots per leaf (Figure 8, Table 8). Again the 30 

gL"1 sucrose treatments in RMl consistently yielded higher leaf regeneration rates 

compared to the 60 gL"1 treatments (mean difference of 22 percent). No significant 

pattern was observed in the RM2 sucrose and agar treatments. 
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Figure 5. Effect of sucrose (S) and agar (A) content in RMl and RM2 on the 
percentage of Gi 154-4 leaves regenerating shoots. 

Table 5. Effect of sucrose and agar content in RMl and RM2 on the 
percentage of Gi 154-4 leaves regenerating shoots. 

30S/8A 

Regeneration Medium 2 
30S/8A1 30S/12A 60S/8A    60S/12A 

Regeneration 12.5 25.0 20.8          25.0 
Medium 1 30S/12A 62.5 94.7 85.7          66.7 

60S/8A 29.2 21.9 33.3           16.7 
60S/12A 54.2 66.7 62.5           58.3 

1 Sucrose (S) and agar (A) concentration (g-L'1) 
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Figure 6. Effect of sucrose (S) and agar (A) content in RMl and RM2 on the number 
of adventitious shoots per Gi 154-4 leaf. 

Table 6. Effect of sucrose and agar content in RMl and RM2 on the 
number of adventitious shoots per Gi 154-4 leaf. 

Regeneration Medium 2 
30S/8A1     30S/12A    60S/8A    60S/12A 

Regeneration 
Medium 1 

3 OS/8 A 
30S/12A 
60S/8A 

60S/12A 

la2 la la la 
6b 6b 6b 5ab 
1 a 1 a 3ab 1 a 

1 Sucrose (S) and agar (A) concentration (g-L-1) 
2 One way ANOVA (PO.0001, F=10.43, N=16) observations with 
different letters are significantly different (P<0.01). 
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Figure 7. Effect of sucrose (S) and agar (A) content in RMl and RM2 on the 
percentage of Gi 154-7 leaves regenerating shoots. 

Table 7. Effect of sucrose and agar content in RMl and RM2 on the 
percentage of Gi 154-7 leaves regenerating shoots. 

Regeneration 
Medium 1 

30S/8A 
30S/12A 
60S/8A 
60S/12A 

  Regeneration Medium 2  
30S/8A1     30S/12A    60S/8A    60S/12A 

45.8 50.0 50.0 50.0 
58.3 83.3 75.0 50.0 
4.2 12.5 8.3 16.7 
54.2 29.2 

1 Sucrose (S) and agar (A) concentration (g-L1) 
54.2 54.2 
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Figure 8. Effect of sucrose (S) and agar (A) content in RMl and RM2 on the number 
of adventitious shoots per GI 154-7 leaf. 

Table 8. Effect of sucrose and agar content in RMl and RM2 on the 
number of adventitious shoots per Gi 154-7 leaf. 

Regeneration Medium 2 
30S/8A1     30S/12A    60S/8A   60S/12A 

Regeneration 
Medium 1 

30S/8A 
30S/12A 
60S/8A 
60S/12A 

2ab 2ab 1 ab lab 
2 be 2 be 2 be 1 ab 
Oa Oa Oa Oa 

1 Sucrose (S) and agar (A) concentration (g-L'1) 
2 One way ANOVA (P<0.0001, F=5.55, N=16) observations with 
different letters are significantly different (P<0.01). 
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Micropropagatin2 Stock Plants to Increase Regeneration 

The potential for enhancing leaf regeneration by treating the cultures from 

which leaves were obtained was tested by altering BAP concentration, by the use of 

double-phase culture and by inhibiting ethylene biosynthesis. 

BAP concentration affected regeneration of 154-4 and 154-7 differently (Table 

9). Regeneration of 154-4 clearly was not affected by BAP, as the 1.25 \xM BAP 

treatment significantly reduced the number of leaves regenerating (P<0.001), as well 

as meristem initiation. For 154-7, either 1.25 or 5 piMBAP markedly improved the 

number of leaves regenerating (P<0.001). The number of sites of meristem initiation 

and the number of meristems per site also increased with BAP, but the differences 

were not significant (Table 9). 

Table 9. Effect of BAP content in the multiplication phase prior to harvesting leaves 
for regeneration. 

154-4 154-7 
BAP         Percent                         Meristems        Percent                         Meristems 
(|aM)          Leaf          Sites per         per                Leaf          Sites per per 

Regeneration       Leaf Site Regeneration       Leaf Site 
0 69 a1 2 5 24 a 1 5 
1.25 38 b 1 2 72 b 3 10 
5 65 a 3 6 71b 3 12 

Observations within columns with different letters are significantly different 
(P<0.001) 

A double-phase culture method was periodically used to improve development 

of shoots in micropropagation, the source of leaves for these experiments. Double- 
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phase consists of the addition of 25 ml of sterile liquid nutrient medium to the culture 

vessel after 3 to 4 weeks on semi-solid medium. Leaves were then collected 3 to 4 

weeks after the addition of the liquid medium. Different plant growth regulator 

combinations in this liquid medium did not significantly affect shoot regeneration on 

leaves grown in these conditions (data not shown). 

Regeneration improved slightly when CuS04 was supplied in the liquid layer 

of a double-phase culture system (Table 10). The number of sites where regeneration 

occurred increased from 1.91 per regenerating leaf in the control to 3.51 sites with the 

addition of 30 |aM CuS04 (P<0.001). Although there were more sites of initiation, 

fewer meristems formed at these sites with increasing CUSO4 concentration. 

Table 10. Effect of copper sulfate content on 
regeneration. Copper sulfate concentration was varied 
in the liquid layer of a double-phase multiplication 
system. Leaves for regeneration were harvested from 
shoots grown on these media. 

Percent Meristems 
CuS04 Leaf Sites per per 
(MM) Regeneration Leaf4 Site 
0 77.8 1.9 a 2.5 
1 80.9 2.2 a 3.2 
10 93.5 2.4 a 2.8 
30 89.4 3.5 b 2.1 

"""One-way ANOVA PO.0001, F=8.12, N=4, 
observations with different letters are significantly 
different (P<0.01). 
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Ethvlene Inhibition In RMl: 

Three compounds that inhibit ethylene biosynthesis were tested in RMl. 

CuS04, AgNOs and AVG either had no apparent effect or mildly inhibited shoot 

formation at levels above 0.1 (jM (Table 11). 

Table 11. Effect of CUSO4, AgNOs and AVG on regeneration on Gi 154-7 Leaves. 

Percent Sites Percent Sites Percent Sites 
Leaves per Leaves per Leaves per 

Regenerating Leaf Regenerating Leaf Regenerating Leaf 
CUSO4 (MM) AgN03 (uM) AVG (uM) 

0 100 5 100 5 84 3 
0.1 94 3 
1 100 6 96 4 84 2 
10 100 4 100 5 9 1 
30 100 6 96 3 0 0 
100 78 2 96 4 
300 0 0 92 3 
1000 0 0 75 2 

MS vs. DKW Medium 

Regeneration of eight clones was tested using MS or DKW as the basal medium in 

RMl and RM2. Clonal response ranged from 0 to 97.5% of leaves regenerating (Table 

1). The number of leaves regenerating was unaffected by medium, but two clones, Gi 

154-7 and Gi 173-1, had significantly increased sites of regeneration as well as 

meristem formation on DKW medium. The mean number of sites of regeneration per 

leaf increased from 1.12 with MS medium to 1.65 for clonel54-7 (P = 0.032) and the 
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mean meristem initiation in clone 154-7 increased about 40% on DKW (1.72 

meristems per leaf with MS compared to 2.43 with DKW, P = 0.074). 

Clone 173-1 had the best shoot regeneration with 96% of the leaves regenerating 

shoots compared to zero in the initial screen. The mean number of sites regenerating 

per leaf increased from 3.2 on MS medium to 4.3 with DKW medium (P = 0.0079). 

Meristem initiation for 173-1 increased 66% with DKW, the mean number of 

meristems formed per leaf for MS medium was 5.15 compared to 8.58 for DKW 

medium (P = 0.002). Statistical analysis of the sites of regeneration and meristem 

formation for both clones were analyzed independently using a two tailed, unpaired t 

test. 
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Table 12. Clonal response. Leaves of eight clones were evaluated in the two step 
system using MS or DKW as the basal medium. 

Basal Medium MS 
Percent of 

Total Leaves Leaves Total Total 
Clone Leaves Regenerating Regenerating Sites Meri stems 
148-81 24 3 12.5 3 4 
154-7 80 49 61.3 91 139 
173-1 40 39 97.5 124 201 
195-2 40 21 52.5 33 47 
195-20 40 1 2.5 1 1 
497-8 40 0 0.0 0 0 
Corum 40 5 12.5 22 51 
Rainier 40 3 7.5 3 4 
Basal Medium DKW 

Percent of 
Total Leaves Leaves Total Total 

Clone Leaves Regenerating Regenerating Sites Meri stems 
148-8 40 3 7.5 3 15 
154-7 80 53 66.3 134 197 
173-1 40 38 95.0 165 326 
195-2 40 19 47.5 28 35 
195-201 32 3 9.4 3 3 
497-8 40 0 0.0 0 0 
Corum1 32 5 15.6 14 26 
Rainier 40 3 7.5 3 3 

Replication(s) removed from the final analysis due to contamination. 
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Discussion 

Cherry species, particularly Prunus avium, sweet cherry, are difficult to 

regenerate. To date, the most successful regeneration and transformation of Prunus 

has been with embryos or young seedlings. This approach is effective for transferring 

genes into a given species, but the genetic background of this material is unknown. 

My goal was to systematically develop a robust, reproducible regeneration system that 

would ultimately benefit sweet cherry. 

My preferred target was mature, genetically and horticulturally characterized 

clones, because the main goal of genetically engineering trees is to modify superior 

varieties. This objective can be achieved using roots and leaves from clonal material, 

but not with cotyledons. Cotyledons were tested to evaluate their regeneration 

potential as an alternative method for transformation. 

This research presents a foundation for further research in Prunus regeneration 

and transformation.  Sweet cherry varieties regenerated poorly, but several rootstocks 

compatible with Prunus avium regenerated several shoots from multiple meristems at 

many sites across the entire leaf. Several other rootstocks as well as two scion clones 

also developed a few shoots in this system and can likely be improved further. 

Shoot Regeneration From Leaves 

Initial experiments produced very few elongating shoots within the 30 day 

evaluation period. However, shoot meristems clearly formed in some treatments, but 

further development did not occur. It was clear that the medium components and 

culture environment affected the number and frequency of these meristems. Often 
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callus would continue to grow and after 60 days some of the meristems were 

overgrown by callus. If the meristems were isolated and transferred to a medium with 

reduced or less potent plant growth regulators, similar to that used for shoot 

multiplication, further development and elongation would occur. 

The most important factor was identifying a cultivar with the capacity to 

regenerate. Not surprisingly, other studies of cherry using leaf regeneration (Dolgov et 

al., 1999; Grant et al., 2000), protoplasts (Ochatt et al., 1988) and cotyledons (Tang et 

al., 2000) reported significant difference in genotype response. In the present study, 

clonal differences in regeneration were observed in every experiment where a 

comparison was made. Even clones originating from the same cross, 154-4 and 154-7, 

differed in regeneration response to medium variations in the multiplication phase as 

well as sucrose and agar concentrations in the regeneration medium. 

Beyond the differences in genotype, the influence of plant growth regulators 

and their concentration was critical for shoot regeneration. From early on it was 

apparent that TDZ was necessary for initiating meristem development, as the BAP 

treatments tested were ineffective. A range between 5 to 10 \xM TDZ was sufficient to 

induce meristem development but little shoot elongation resulted. This synthetic 

cytokinin has been an important tool for stimulating organogenesis in leaf regeneration 

studies with many species, including Prunus, at concentrations between 3 to 10 |xM 

(Escalettes, 1993; Yancheva, 1994; Migel et al., 1999; Grant et al., 2000; Perez- 

Tornero et al., 2000). In the present study, >10 |j.M TDZ resulted in much more 

compact callus, but very few elongating shoots, similar to other studies of Prunus 

(Goffreda et al.,1995; Borkowska et al., 1993). 
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High levels of auxins in the presence of a cytokinin greatly increased the 

amount of callus produced, and much of this is likely due to cell expansion properties 

of auxins (Fosket, 1994). In combination with TDZ, IB A and NAA below 2.5 (iM 

promoted shoot regeneration without excessive callus. Both auxins were capable of 

stimulating regeneration at a concentration of 0.5 to 2.5 |j.M, but NAA was generally 

more effective than EBA in both RM1 and RM2. 

This combination of a responsive genotype with optimal TDZ (10 |jM) and 

NAA (0.5 pM) level produced abundant meristems on many of the leaves. However, 

this plant growth regulator combination inhibited further meristem development and 

continued callus growth occasionally engulfed the meristem. If I transferred the 

individual meristem to the shoot multiplication medium after four weeks, further 

development was observed. This evolved to a simpler method of transferring whole 

leaves to fresh nutrient medium containing 5 jxM BAP and 0.5 (iM NAA for RM2. A 

change from TDZ to BAP was also beneficial with the transformation of almond 

leaves (Migel et al., 1999). In my case, separating the regeneration process into an 

induction stage (RM1) and a shoot elongation stage (RM2) was necessary for 

complete development. 

Across all the experiments with RM2, only the plant growth regulator content 

significantly improved the effectiveness of RM2. When these meristems were 

transferred to plant growth regulator free medium the shoots would continue leaf 

development and clearly form a dormant apical bud inside the rosette of leaves; 

however, shoot elongation was rarely observed (data not shown). Following a method 

used with P. domestica (Mante et al., 1991) where hypocotyls were transferred to 
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fresh medium with the same plant growth regulators at four week intervals, leaves 

from clone 154-7 increased the number of meristems produced. However, shoot 

elongation was reduced and callus proliferation occurred. Varying other components 

of the medium had very small effects on development. The major challenge was to 

improve meristem formation in RM1. 

Further experiments with RM1 determined that the agar concentration and 

basal medium were also important factors. Agar concentration affects the osmotic 

potential of the tissues and the mobility of the nutrients and plant growth regulators in 

the medium. In a comparison of the use of different gelling agents with peach callus, 

Scorza et al. (1990) reported increased fresh weights with Phytagel (Sigma) compared 

to tissue culture-grade agar. Similar effects on callus production were observed with 

cherries (data not shown), however, in this case, Phytagel inhibited shoot regeneration 

compared to tissue culture agar. 

I have observed higher rates of shoot multiplication with hazelnut on low agar 

concentrations (2 to 4 g-L"1) compared to normal levels (6 to 8 g-L"1). However, in the 

present study with meristem initiation in Pnmiis, agar concentration had the opposite 

effect. As the agar level increased, the amount of shoot differentiation increased up to 

12 g-L"1, which was optimal in both RM1 and RM2 for both clones tested. 

The final improvement of the regeneration medium was a change from 

Murashige and Skoog (1962) medium to DKW medium (McGranahan, et al., 1987). 

MS medium has been used in nearly every Prumis transformation reported (Mante et 

al., 1991; Scorza et al., 1995; Camara-Machadeo et al., 1992; Dolgov et al., 1999; 

Migel et al., 1999) and was satisfactory for the present study. Other tissue culture 
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media have also been effective for stimulating shoot regeneration with leaves but cited 

much less, such as Quoirin and Lepoivre medium (Quoirin et al., 1977; Escalettes et 

al., 1993; Perez-Tornero et al., 2000), and woody plant medium (Lloyd and McCown, 

1981; Grant et al., 2000). 

Having developed the two step process with improved plant growth regulators 

and agar concentrations, I compared MS with DKW medium using eight clones. Both 

media stimulated a similar percentage of leaf regeneration in all of the clones tested. 

On DKW medium, however, several clones developed significantly more regeneration 

sites and more meristems per leaf compared to MS medium. Using DKW medium for 

somatic embryogenesis of peach almost doubled the number of shoots developing 

compared to MS medium (Scorza et al., 1990). In the present study, DKW medium 

significantly increased meristem initiation of 154-7 by 40% and 173-1 by 66% 

compared to meristem initiation with MS medium. 

Comparing this experiment with the original experiment that used 15 clones, 

noticeable improvements in the regeneration medium were observed in all but one of 

the cultivars, 497-8, which still did not regenerate any shoots. Notably, six of the 

eight clones had at least some shoot regeneration for the first time since the original 

comparison was conducted and one of those, 173-1, regenerated shoots on 96% of the 

leaves sampled. 

The multiplication environment was an important factor for improving shoot 

regeneration in other Prunus species, but this did not significantly affect regeneration 

of clones 154-4 or 154-7. Preconditioning the stock plants prior to collecting the 

leaves was effective for/5, dulcis (Migel et al., 1996), P. canescens (Antonelli et al., 
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1990), P. domestica (Bassi et al., 1991) and P. armeniaca (Perez-Tornero et al., 2000). 

Leaf regeneration with P. canescens was improved with a double phase culture 

supplemented with GA3 added to the cultures prior to leaf collection and further 

improvements were achieved with a brief pretreatment of 2,4-D after excision 

(Antonelli et al., 1990). Leaves collected from/", armeniaca had improved shoot 

regeneration when they were collected from cultures with 3.1 (J.M BAP in the 

multiplication phase compared to shoots developing on medium supplemented with 

0.9 |JM BAP in similar media (Perez-Tornero et al., 2000). 

In the present study, a double phase medium, in which 25 mL of sterile 

nutrient medium was added 3 to 4 weeks after shoot cultures were initiated, did not 

affect shoot regeneration (data not shown). Three plant growth regulators (BAP, GA3, 

IBA) in the double phase medium at various concentrations did not alter regeneration 

potential. On single-phase media, 1.25-5 (iMBAP significantly improved shoot 

regeneration on leaves of clone 154-7 compared to those leaves collected from shoots 

developing on medium without BAP. However, similar results were not observed in 

clone 154-4, even with heavy replication. Clearly the environment in which the leaf 

develops must have some influence on organogenesis, but I have to conclude that 

other, unidentified factors are more important than BAP concentration. 

Other components in the regeneration medium that were tested that did not 

improve shoot regeneration include additional sucrose and ethylene inhibitors. 

Sucrose is important in tissue culture as a carbon source and an additional osmoticum 

in the medium, regulating uptake of nutrients and plant growth regulators. The effect 

of sucrose on regeneration in Prunus has varied, with Camara-Machado et al. (1995) 
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finding an effect on somatic embryogenesis of P. subhirtella (Camara-Machado et al., 

1995b), but Scorza et al (1990) finding no effect in P. persica. 

In the three experiments where ethylene inhibitors were tested, no significant 

improvements were observed except when copper sulfate (30 (J.M) was added to 

multiplication cultures in the liquid layer of double phase culture 3 weeks after shoot 

cultures were transferred and 4 days prior to collection of the leaves. This interaction 

may warrant further investigation to understand the role of ethylene in meristematic 

development. 

Ethylene inhibitors added to the shoot regeneration medium consistently 

inhibited shoot regeneration. This effect contrasts with other studies where 30 |j.M 

AgN03 stimulated shoot regeneration in cucumber hypocotyls (Mohiuddin et al 1997) 

and copper sulfate and silver nitrate improved shoot regeneration in wheat, triticale 

and tobacco (Pumhauser and Gyulai, 1993). Copper sulfate and silver nitrate were 

assumed to be inhibiting ethylene biosynthesis, but more specific ethylene inhibitors 

(such as AVG) were not tested. Micronutrients such as copper, silver, cobalt, and 

nickel have improved shoot regeneration in a few different genus (Purnhauser and 

Gyulai, 1993). 

Shoot Regeneration From Roots 

The problem of sucker production in cherry orchards suggested that shoot 

regeneration from roots was a natural tendency that could be exploited. Further, 

several previous papers reported promising results (Jones et al., 1984; Druart et al., 

1985; Petrotti et al., 1991). Unfortunately, regeneration from roots was unsuccessful. 
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Even clones categorized as producing heavy suckering in the field produced very few 

shoots in culture. Of the few shoots that did arise, there were no consistent patterns 

related to treatment. Thus, there was no obvious starting point from which to 

systematically build a better system. 

Shoot Regeneration From Seeds 

Embryos were tested as an alternative method to clonal regeneration 

techniques. They are naturally juvenile and undergoing embryogenesis, so shoot 

regeneration from this material is potentially more productive. Research with P. 

armeniaca produced shoots on 80% of the cotyledons tested (Goffreda et al., 1995) 

compared to only 40% shoot regeneration from mature leaves in this clone (Escalettes 

et al. 1993). Additional research with transformation of Primus embryos (Mante et al., 

1991; Machado et al., 1992; Scorza et al., 1995) was more productive and occurred 

almost a decade earlier than clonal transformation using a leaf regeneration system 

(Dolgov et al., 1999; Migel et al., 1999). 

Indeed, in my studies, regeneration occurred more frequently on cotyledons 

than on roots. About 17.5% of the cotyledons across the 10 to 20 \\M TDZ treatments 

regenerated shoots. Similar conditions supported development of transformed shoots 

from hypocotyls and cotyledons of other Primus species (Mante et al., 1991; Machado 

et al., 1992; Scorza et al., 1995). No further improvement of shoot regeneration was 

observed at TDZ levels above 20 (J.M (data not shown); however, a noticeable 

reduction in shoot elongation occurred at these higher levels of TDZ. The use of a 

two-step process would likely improve shoot regeneration in the present study, as 
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additional meristems were observed that did not elongate on the existing regeneration 

medium. 

Unfortunately, there were difficulties in working with cotyledons that 

ultimately discouraged further work to improve this regeneration system. One problem 

was that seed is available for a short period each year. The second problem was that 

contamination of the seed cultures from internal contamination frequently disrupted 

some experiments. 

Seeds were generally collected from fresh, mature fruit and placed on 

regeneration medium that day or the following. It appeared that mature seed had high 

regeneration potential and I hoped to be able to collect this seed and store it for use 

throughout the year. However, experiments with storing intact seed washed with 20% 

v/v bleach and refrigerated for up to 60 days, resulted in increasing infestation with 

internal contaminants, both bacterial and fungal. 

Contamination of the seed was a big challenge and several experiments 

focused on eradicating it. Eventually, a 20 minute soak in 20% v/v bleach was used 

because this caused the least damage to the embryo while removing the most 

contamination. A longer duration or more concentrated solution was slightly more 

effective at reducing the contamination but killed more embryos. 

Transformation of cotyledons appears to be a viable alternative to clonal 

transformation techniques; however, further research to improve this regeneration 

system and reduce the contamination is necessary. Multiple meristems were 

consistently observed at the embryonic point of attachment, thus providing a focus 
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point for future transformation using particle bombardment as well as a region of 

wounded cells for Agrobacterium transformation. 

Summary 

This research led to a robust, reproducible regeneration system that results in a 

consistent high level of shoot production across the entire leaves of three mature 

clonal rootstocks and provides a foundation for improved regeneration of several 

additional clones. Research is currently being conducted on all of the remaining 

rootstocks in our program to identify other clones that have a high capacity to 

regenerate shoots using this system. Further research with the low regenerating clones 

is likely to identify other factors that can further improve shoot regeneration in 

Prunus. 

The development of a regeneration system that produces multiple meristems 

across the entire leaf is valuable for plant transformation. Both Agrobacterium- 

mediated transformation and particle bombardment could be productively used with 

this system.    Prunus is very sensitive to kanamycin (Camara-Machado et al., 1992; 

Migel et al., 1999); therefore, a short delay in the application of the selection pressure 

is occasionally used before selection of transformed tissue with kanamycin. In the 

present study a two-step process was necessary for the development and elongation of 

individual shoots. Applying the selection pressure when the leaves are transferred to 

RM2 may encourage more meristems to develop, while only allowing those meristems 

that have been transformed to elongate. 
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