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The American cranberry is a native North
American fruit crop with current annual pro-
duction of ≈249,000 t (New Jersey Agricul-
ture Statistics Service, 1997). Cranberry fruit
is utilized mostly for juices, but also for a
variety of other products. Cranberry has been
identified as having medicinal properties,
namely antiadhesion effects on Escherichia
coli in the urinary tract (Ahuja et al., 1998;
Howell et al., 1998; Ofek et al., 1991).

Cranberries have been cultivated on a large
scale since the mid-1800s and many of the
cultivars today are wild selections made over
100 years ago. Several hybrid varieties from
controlled crosses were released between the
mid-1950s and 1970 (Eck, 1990). The Ameri-
can cranberry is a woody perennial requiring a
chilling period for growth and flowering and
having a lengthy juvenile stage, which retards
progress in breeding and selection. Breeding
programs largely aimed at improving horticul-

bombardment-mediated transformation. Thus,
regeneration from leaves would be highly de-
sirable for cranberry transformation efforts.
The process of regeneration from leaves can
be divided into the following steps: 1) forma-
tion of viable adventitious buds on the explant;
2) elongation of the buds into shoots; and 3)
rooting of the shoots to form whole plants.
Marcotrigiano et al. (1996) examined the ef-
fects of two cultivars and various NAA/TDZ
combinations on regeneration from cranberry
leaves. However, efficiency using this system
was low, with the lack of elongation of the
adventitious shoots being a key problem.

The purpose of this study was to identify
factors, including hormonal, physical and ge-
netic, that influence cranberry regeneration,
and to optimize all three steps using cranberry
leaves. First, in order to identify hormonal
factors influencing regeneration, various plant
growth regulator (including cytokinin and
auxin) combinations were tried. Second, the
effects of other factors, including explant ori-
entation on the medium, genotype (cultivars),
and source leaf position (age) on regeneration
were investigated.

Materials and Methods

Plant materials, initiation and maintenance
of in vitro shoots. The leaves of cranberry
cultivars Stevens (ST), Early Black (EB),
Pilgrim (PI), Ben Lear (BL), and No. 35 were
used. All cultivars were verified by DNA
fingerprinting using randomly amplified
polymorphic DNA (RAPDs) (Polashock and
Vorsa, unpublished data). To establish in vitro
shoot cultures as a source of leaf explants,
shoots were harvested from greenhouse-grown
plants, defoliated, and surface-disinfected by
washing for 30 s in 70% ethanol, followed by
10 min in 20% commercial bleach (sodium
hypochlorite). Sterilized water was used for
three 10-min washes to remove residual bleach.
Stem sections with two to four nodes were
cultured in GA7 boxes (Magenta Corp., Chi-
cago) containing ≈60 mL of basal medium
[Anderson’s major and micro salts (Anderson,
1975), MS organics (Murashige and Skoog,
1962), and 2% sucrose]. The pH of the me-
dium was adjusted to 5.3 with a solution of
potassium hydroxide (0.5 N) before autoclaving
(121 °C, 15 min) and solidified with 5 g·L–1

Agargel (Sigma Chemical Co., St. Louis).
Culture chambers were maintained at 25 ± 1
°C and a 16-h daily photoperiod provided by
cool-white fluorescent tubes at 40 µmol·m–2·s–1.
Subcultures were made at 2- to 4-month inter-
vals. In all of the regeneration experiments
reported in this study, explants were main-
tained under the same conditions.

Regeneration medium. The regeneration
medium tested consisted of the basal medium
for shoot culture supplemented with a plant
growth regulator or growth regulator combi-
nation. The growth regulators utilized were
TDZ, 2ip and NAA. The growth regulator
solutions were filter-sterilized and added
after the basal medium was autoclaved and
cooled to 40–50 °C. Specific combinations of
the growth regulators tested for regeneration
are detailed below.
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names used: 1-phenyl-3-(1,2,3-thiadiazol-5-yl) urea (thidiazuron, TDZ); N6-(γ-γ-
dimethyallylamino) purine (2ip); α-naphthaleneacetic acid (NAA).

tural traits are located in Wisconsin and New
Jersey.

Biotechnology for crop improvement is a
useful system for complementing breeding
programs and offers the opportunity for
interspecies gene transfer and for the direct
introduction of useful genes into elite geno-
types. Cranberry biotechnology is still in its
infancy. Ideally, a genetic transformation sys-
tem for cranberry should have: 1) a method for
adventitious plant regeneration from somatic
tissues of elite genotypes; 2) a reliable method
for gene transfer and integration into the
cranberry genome; and 3) a system to select
transformed plants. One limiting factor thus
far has been the lack of an efficient plant
regeneration system.

Serres et al. (1992) produced transgenic
cranberry plants by particle bombardment of
regenerating stem tissue, followed by kana-
mycin selection, utilizing expression of an
integrated NPTII gene. Although successful,
this system appears to generate a relatively
low frequency (0.15%) of recovered
transclones. Furthermore, the stems of cran-
berry, particularly from plants already grown
in axenic culture, are slender and therefore
provide a limited target area for bombard-
ment.

Leaves typically offer a larger target area
for bombardment and are often the organ of
choice for Agrobacterium- and particle
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Table 1. Adventitious shoot regeneration from
cranberry cultivar Stevens leaves on medium
containing varying levels of TDZ, 2ip, and NAA.

Mean no. shoot meristems
per explantz

TDZ : 2ip NAA (µM)
(µM) 0y 0.5 1.0
10:10 9.2 a  <1 0
10:5 11.3 a <1 0
5:10 10.4 a 0 0
5:5 10.9 a 0 0
1:10 5.9 b 0 0
1:5 5.4 b 0 0
Mean 8.9 <1 0
zNumber of explants per treatment 14–16.
yMean separation within column by LSD, P ≤ 0.01.

Culture methods and experimental design.
Leaves for the regeneration experiments were
collected from in vitro cultured plants that
were 4 weeks to 3 months old after initiation.
All manipulations of the leaves were per-
formed on sterile filter paper saturated with
the basal medium to prevent desiccation.
Leaves were removed from the shoots by
cutting at the petiole base with a scalpel. A
longitudinal cut close to or on the midrib
separated the leaf into two halves, which are
referred to as “explant(s).” For regeneration
experiments, explants were transferred to 100
× 16-mm disposable petri plates containing
≈25 mL of the appropriate medium and the
plate was sealed along the rim with one layer
of Parafilm® (American National Can, Green-
wich, Conn.). For all regeneration experiments,
the plates were kept in the dark for 2 d (wrapped
in aluminum foil) immediately after transfer
to the appropriate medium. Four experiments
were conducted as detailed below.

Expt. 1. Effects of NAA and varying levels
of TDZ and 2ip on adventitious shoot regen-
eration. Six to eight fully or nearly fully ex-
panded leaves nearest the apical meristem
from 3-month-old in vitro ST plants were
used. A factorial design was employed with
factors 2ip (two levels, 5.0 or 10.0 µM), TDZ
(three levels, 1.0, 5.0, or 10.0 µM), and NAA
(three levels, 0.0, 0.5, or 1.0 µM). Four ex-
plants were placed in each plate with random
sides (adaxial or abaxial) in contact with the
medium. Because of slight  curving of the
leaves (toward the abaxial side), explants with
adaxial side down maintained better contact
with the medium than those with abaxial side
down. This test was replicated four times (four
plates for each treatment). Placement of the
plates in the incubator was randomized across
treatments.

Expt. 2. Effects of cultivar and explant
orientation on regeneration on basal medium
supplemented with 10.0 µM TDZ and 5.0 µM

2ip. Explants from ≈4-week-old in vitro ST,
EB, PI, BL, and No. 35 plants were used.
Leaves were collected from the shoot apex
(excluding the apical leaves under 1.5 × 2 mm)
to about the 6th leaf position. Between 40 and
70 explants of each cultivar were placed on
two or three plates with abaxial side in contact
with the medium.

After 15 d culture on basal medium with
10.0 µM TDZ and 5.0 µM 2ip, the explants were
transferred to a medium with 1.0 µM TDZ and
10.0 µM 2ip. An additional plate of PI was kept
on the medium with 10.0 µM TDZ and 5.0 µM

2ip. As a secondary treatment for ST and EB,
about the same number of explants were placed
with the adaxial side in contact with the medium.

Expt. 3. Leaf position × cultivar effects on
regeneration (10.0 µM TDZ and 5.0 µM 2ip). A
five cultivar (ST, EB, PI, BL, and No. 35) × ten
leaf position (position of source leaves relative
to apical meristem) factorial design was used.
Leaves from actively growing ≈2-month-old
in vitro plants having 15 or more leaves were
used. Leaf sizes among shoots were similar
(≈2.5 × 5 mm). Generally, basal leaves were
slightly larger than the more apical ones. Ex-
plants of 10 leaves (excluding the apical leaves

under 1.3 × 2.5 mm) from the distal part of the
shoot were placed in order in the plates with
the abaxial side in contact with the medium.
Each plate contained all five cultivars in ran-
dom order. The experiment was repeated five
times. After 15 d culture on the medium with
10.0 µM TDZ and 5.0 µM 2ip, the explants were
transferred to fresh medium with 1.0 µM TDZ
and 10.0 µM 2ip.

Expt. 4. Evaluation of cultivar × medium
growth regulator interactions. A four cultivar
(ST, EB, PI, and BL) × nine growth regulator
factorial design was employed. Leaves from
the 8th position (from the apical meristem)
and above (excluding the apical leaves under
1.3 × 2.5 mm) of 1-month-old in vitro plants
were used. Nine growth regulator combina-
tions were tested with TDZ : 2ip : NAA (in µM)
at the following concentrations—10:10:0,
10:5:1, 10:5:0.5, 10:5:0.1, 10:5:0, 10:0:1,
10:0:0, 5:10:0, and 5:5:0. The 10:0:1 treat-
ment represented the best growth regulator
combination used by Marcotrigiano et al.
(1996). Explants were placed on the plates
with the abaxial side in contact with the me-
dium. Each plate contained all four cultivars
(≈10 explants for each). The experiment was
repeated three times, with the plates random-
ized within a replication.

Elongation. The basal medium without
growth regulators was the elongation medium.
After ≈4 weeks on the 1.0 µM TDZ and 10.0 µM

2ip regeneration medium, some regenerating
explants from Expt. 2 (26 EB, 22 PI, and 20
ST) and all those from Expt. 3 were transferred
to Magenta GA7 boxes containing ≈60 mL of
the basal medium. About 10 Expt. 2 and 20
Expt. 3 explants were placed in each box. The
remainder of the Expt. 2 explants were kept on
the regeneration medium for an additional 3
months, and were then transferred to the basal
medium.

Rooting. Elongated shoots (>1.5 cm long)
were cut at the base and were rooted in the
basal medium in Magenta GA7 boxes, and in
shredded sphagnum moss in small (5 × 5-cm
square) plastic pots. Twenty cuttings of each
cultivar were planted in each rooting medium.
The GA7 boxes were wrapped along the rim
with one layer of Parafilm® and the pots were
loosely covered with plastic wrap.

Data collection and statistical analysis.
Regeneration data were collected 22–28 d
after explant cultures were initiated. Non-
destructive counts of shoot meristems (≥0.5
mm long, surrounded by a few small leaves)
were made using a dissecting microscope with
the plate cover in place. When exact counts
were difficult to obtain, which was often the
case due to extensive shoot meristem forma-
tion on an explant, the number was estimated
to the nearest five.

Elongation data were collected 25 d after
the explants were transferred to the basal
medium. Shoots with expanded internodes
(>1 cm long) were categorized as elongated.
Rooting results were checked a week after the
cuttings were planted, and daily, until all of
them were rooted.

Data were subjected to variance analysis
using the general linear model procedure of

the Statistical Analysis System (SAS Institute,
Cary, N.C.).

Results

Expt. 1. Effects of NAA and varying levels
of TDZ and 2ip on adventitious shoot regen-
eration. Callus development occurred only on
the adaxial side. On medium lacking NAA,
callus formation on the explants was much
reduced and the callus was green. Callus for-
mation was rapid on medium with NAA, and
the callus was initially white or light green. On
medium lacking NAA, explants with the
abaxial side down tended to curl (after 8 d)
toward the abaxial side, resulting in explants
lying on their sides on the medium. In contrast,
explants with the adaxial side on the medium
curled upward. Curling was much less pro-
nounced on medium with NAA, with explants
remaining relatively flat.

Emergence of adventitious shoots from the
adaxial side of the explants was observed after
≈12 d in culture on medium lacking NAA,
while the explants on the NAA-containing
medium appeared more swollen, and had more
vigorous callus growth with no visible
regeneration. Regeneration was first noted at
15–16 d in a few explants on the medium
containing 0.5 µM NAA. After ≈4 weeks in
culture, the average explant size on the
medium containing NAA was about three
times as large as that on NAA-free medium
(Fig. 1A).

In explants on the NAA-free medium, shoot
meristems initially emerged from the tissue
closest to the cut surface and gradually spread
toward the leaf margin. Regeneration was
always observed on the adaxial side regardless
of the hormonal treatment or initial leaf orien-
tation (Fig. 1B).

There was a significant inhibitory effect of
NAA (contingency – χ2, P ≤ 0.001) on the
frequency of adventitious shoots regeneration
(Table 1). After 28 d in culture, regeneration
had occurred on 97% of the explants placed on
the NAA-free medium vs. 4.2% of those on the
NAA-containing medium. On the NAA-free
medium, 5.0 and 10.0 µM TDZ were equally
effective, and both were more effective than
1.0 µM. The difference between 5.0 and 10.0
µM 2ip levels within any TDZ level was non-
significant.
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Expt. 2. Effects of cultivar and explant
orientation on regeneration on basal medium
supplemented with 10.0 µM TDZ and 5.0 µM

2ip. Responses to culture conditions of all
cultivars were generally similar; however,
some minor differences were noted. The curl-
ing effect was more pronounced with EB and
PI. Adventitious shoot initiation was observed
on EB and PI explants as early as 7 d in culture,
≈4 d earlier than on the explants of the other
three cultivars. Shoots of EB and PI emerged
through less swollen adaxial side tissue near
the epidermis, while ST and BL shoots were
through more swollen tissue and appeared
thicker. No. 35 appeared intermediate between
the two groups. The EB and PI explants also
generated more total adventitious shoots (>50
shoot meristems per explant on some) than the
other cultivars after 22 d of culture (Fig. 1C).

In some cases, shoot meristems almost cov-
ered the entire explant after ≈30 d in culture. In
one explant of PI and two of EB, groups of two
or three shoot meristems were observed on the
abaxial side where the surface was acciden-
tally wounded.

Regeneration occurred on all EB and PI
explants and on more than 95% of those of the
other three cultivars. Significant differences
in regeneration efficiency between the culti-
vars were observed (Table 2). Explants of EB
and PI regenerated significantly more shoot
meristems than did those of the other three
cultivars; ST and BL were intermediate, while
significantly fewer shoot meristems were
generated from No. 35.

Adventitious shoot production was sig-
nificantly lower (P ≤ 0.01) on explants with
adaxial surface down on the medium than on

those with adaxial sides up for both cultivars
tested [EB 30.4 (up) vs. 12.3 (down) and ST
13.1 (up) vs. 4.1 (down), shoot meristems/
explant, ≈50 explants/treatment].

Expt. 3. Leaf position × cultivar effects on
regeneration (10.0 µM TDZ and 5.0 µM 2ip).
Shoot meristems appeared 1 to 2 d earlier on
the younger (more apical) leaves across all
cultivars. However, the effect of leaf position
on source plants was not significant within
cultivars, nor was there a significant cultivar
by leaf position interaction (Table 3). As in
Expt. 2 (data not shown), EB and PI produced
significantly more adventitious shoots than
did the other three cultivars. However, BL
performed significantly better than did ST in
this experiment. There were no significant
differences between ST and No. 35.

Expt. 4. Evaluation of cultivar × medium
growth regulator interactions. Vigorous callus
formation and reduced shoot formation were
found across all cultivars in all growth regulator
combinations containing NAA, especially at
the two higher (0.5 and 1.0 µM) levels. Initial
shoot meristem regeneration on the 0.5 and
1.0 µM NAA medium was away from the cut
surface and often occurred near the leaf margin
(Fig. 1D). As in Expt. 1, callus formation on all
NAA-free medium was minimal, and there
were no obvious differences between the re-
maining growth regulator combinations.
Significant regeneration differences among
treatments were found, and cultivar × treatment
interaction was nonsignificant (Fig. 2).

Elongation. No elongation of shoot mer-
istems was observed when the explants were
maintained on the regeneration medium. Some
were kept on the medium containing 10.0 µM

TDZ and 5.0 µM 2ip for more than 4 months
with one transfer after culture initiation. Once
explants were transferred to the basal medium,
however, elongation occurred in ≈2 weeks
(Fig. 1E). In explants maintained on the me-
dium supplemented with 1.0 µM TDZ and 10.0
µM 2ip, expansion of leaves occurred on some
shoot meristems after ≈25 d and some leaves
gradually turned hyperhydric. Even after 3
months, shoot elongation was not observed on
the 1.0 µM TDZ, 10.0 µM 2ip, and 0 µM NAA
medium.

The shoot meristem initiation process con-
tinued after the explants were transferred to
the elongation medium. Some EB and PI ex-
plants that were initially about half-covered
with adventitious shoot meristems when the

Fig. 1.  (A) ST explants after culture on regeneration medium for 4 weeks. The explant on NAA-containing
medium (left) is much larger than the explant on NAA-free medium (right ); (B) a ST explant placed
adaxial side in contact with regeneration medium (≈4 weeks), showing shoot meristems initiating from
the adaxial side and no callus formation on the abaxial side; (C) EB (upper right ), PI (upper left), BL
(lower right ) and ST (lower left) explants after culture on regeneration medium for 22 d (15 d on 10.0
µM TDZ and 5.0 µM 2ip, followed by 7 d on 1.0 µM TDZ and 10.0 µM 2ip); (D) shoot meristems initiating
near the leaf margin of PI explants cultured on regeneration medium containing 0.5 or 1.0 µM NAA  (left),
or on NAA-free regeneration medium (right); (E) initial shoot meristem elongation of a typical PI
explant; and (F) shoots following regeneration and elongation from PI explants.

Table 2. Effect of cranberry genotype on induction
of shoot meristems and their elongation. Abaxial
surface in contact with the regeneration medium
(TDZ 10.0 µM : 2ip 5.0 µM).

Mean no. Mean no. of
of shoot elongated shoot

No. of meristems/ meristems/
Genotype explants explantz  explantz

Pilgrim 55 31.7 a 9.7 a
Early Black 52 30.4 a 10.2 a
Stevens 61 13.1 b 3.5 b
Ben Lear 51 10.3 b ---
No.35 45  5.4 c ---
zMean separation within columns by LSD, P ≤ 0.01.
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data were collected, continued to produce shoot
meristems, and these almost covered the whole
explant after ≈2 weeks on the elongation me-
dium (Fig. 1E). For explants transferred to the
elongation medium (after ≈40 d on the regen-
eration medium), elongation was observed ≈2
weeks later. Initial elongation appeared to be
more from apical meristem activity than from
elongation of the internodes. Shoot meristems,
which were larger and closer to the side in
contact with the medium, appeared to elongate
more readily (Fig. 1E). Meristems continued
to elongate for several months. About 40 shoots
had elongated on some EB and PI explants
after 3 months on the elongation medium (Fig.
1F), and appeared phenotypically normal. Af-
ter 25 d in culture on the elongation medium,
the largest shoots had reached ≈3 cm in height.
Explants with more regenerated shoot mer-
istems generally produced more elongated
shoots (Table 2). Additional shoot meristems
on explants of all cultivars continued to elon-
gate after the data were collected, but the
ranking was not altered (data not shown).

Rooting. Cuttings of shoots rooted easily
(within 15 d) in both basal medium and
sphagnum moss. Root initiation was observed
with a few cuttings after 7 d of culture in the
sphagnum moss and 1 d later in the basal
medium. All of the cuttings rooted in the moss
medium within 15 d. The rooting response was
similar on the basal medium, but roots in the
sphagnum moss appeared to be more vigor-
ous. Most roots were generated near the basal
cut surface, but also occurred higher on the
stem and from the leaf axils. No obvious callus
formed on the cut surface.

 Discussion

A number of factors affect adventitious shoot
regeneration from tissue-cultured explants such
as genotype, culture medium (including growth
regulators and their combinations), physical
environment, explant developmental stage, etc.
For a particular species, culture medium, and,
especially, growth regulators and their combi-
nations, appear to be the most important factors.
While 2ip is an effective stimulus in regenera-
tion of blueberry (Vaccinium corymbosum L.)
from leaf tissue (Billings et al., 1988; Callow et
al., 1989; Dweikat and Lyrene, 1988; Rowland
and Ogden, 1992), it either produces a low rate
of regeneration in cranberry leaves when used
in combination with NAA (Scorza and Welker,
1988), or fails to induce regeneration when
used alone (Marcotrigiano et al., 1996). With
the inclusion of TDZ, which is possibly the
most potent cytokinin for woody plant tissue
culture (Huetteman and Preece, 1993; Mok et
al., 1987), shoot regeneration is achieved from
in vitro cranberry stem sections (Serres and
McCown, 1995) and leaves (Marcotrigiano et
al., 1996). However, the regeneration efficiency
is between five and nine buds per stem explant
(Serres and McCown, 1995), or was considered
far less than that desired for purposes of micro-
propagation or transformation when using leaf
explants (Marcotrigiano et al., 1996). Elonga-
tion of the shoot meristems in cranberry is very
difficult to induce (Marcotrigiano et al., 1996).
The series of experiments presented herein
demonstrate that we have achieved a very effi-
cient organogenesis (shoot regeneration) sys-
tem from cranberry leaves using a combination

of TDZ and 2ip and eliminating auxin (i.e.,
NAA) from the regeneration medium. Other
aspects in the system, such as shoot meristem
elongation and rooting efficiency, have also
been significantly improved.

Comparing our system to previous cran-
berry regeneration studies (Marcotrigiano et
al., 1996; Scorza and Welker, 1988; Serres et
al., 1992), several factors emerge that signifi-
cantly affect regeneration. These factors are the
nature and concentration of growth regulators,
the genotype, and the orientation of the explants
on the medium. The ingredients and the pH of
the basal medium may also have an influence.

Enhancement of axillary shoot proliferation
from woody plants in vitro by combinations of
TDZ and other cytokinin-like compounds has
been observed in Acer ×fremanii (Kerns and
Meyer, 1987), Pyrus communis L. (Singha and
Bhatia, 1988), Fraxinus americana L.
(Navarrete et al., 1989), and Vitis rotundifolia
Michx. (Sudarsono and Goldy, 1991). Effec-
tiveness of combinations of cytokinin-like com-
pounds, including TDZ, have been reported for
in vitro regeneration studies (Ellis et al., 1991;
Serres et al., 1992). The benefits of using a
combination of cytokinins, rather than a single
compound, may be an indication of differences
in uptake, recognition by the cells, or mecha-
nisms of action of the compounds (Huetteman
and Preece, 1993). Although Marcotrigiano et
al. (1996) failed to induce regeneration of shoots
from cranberry leaves using 2ip alone, results
with cranberry leaves (Scorza and Welker, 1988)
and stem sections (Serres et al., 1992), using 2ip
in combination with other growth regulators,
suggest that 2ip may have potential in promot-
ing shoot regeneration. Our experiments show
that when TDZ is combined with 2ip at particu-
lar concentrations, enhanced adventitious shoot
regeneration can be achieved in cranberry.

Combinations of high levels of cytokinin
and low levels of auxin stimulate shoot prolif-
eration and organogenesis in tissue culture
(Fasolo et al., 1989; Marcotrigiano et al., 1996).
However, we found that even a very low level
(0.1 µM) of NAA significantly reduced regen-
eration efficiency from cranberry leaves. Effi-
cient regeneration can be achieved using 10 µM

TDZ alone without supplemental auxin. Nega-
tive effects of NAA on regeneration efficiency
have been reported in Citrullus colocynthis L.
(Dabauza et al., 1997), a watermelon cultivar
(Compton and Gray, 1993; Srivastava et al.,
1989) and blueberry (Billings et al., 1988), a
close relative of cranberry. The report
(Marcotrigiano et al., 1996) that the maximum
regeneration efficiency from cranberry is
achieved on a high concentration of NAA (10.0
µM TDZ and 1.0 µM NAA) conflicts with our
results. Genotypic differences, medium com-
position, pH and other unrecognized differ-
ences in the culture methods might explain this
discrepancy. A high NAA concentration pro-
motes callus production and reduces shoot for-
mation in watermelon (Compton and Gray,
1993) and blueberry (Billings et al., 1988),
these results resemble ours.

The same macro salts (Anderson, 1975)
were used in our basal medium and that of
Marcotrigiano et al. (1996). We also used

Table 3. Anaylsis of variance of effects of cranberry cultivar and leaf
position on source plants on adventitious shoot formation (Expt. 3).

No. of shoot No. of elongated
Variable df meristems shoot meristems
Genotype(G) 4 21132*** 1225***

Leaf (L) 9 459NS 36NS

G × L 36 225NS 28NS

Error 19 338
NS, *** Nonsignificant or significant at P ≤ 0.0001.

Fig. 2. Effects of genotype and growth regulator combinations on shoot meristem regeneration from
cranberry leaves. Data were collected 25 d after culture initiation. Separation of treatment means by LSD,
P ≤ 0.05.
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Anderson’s micro salts, while Marcotrigiano
et al. (1996) used Murashige and Skoog’s
(1962) micro salts. There are only quantitative
differences in three compounds between the
two sources of micro salts [Na-EDTA, ferrous
sulfate, 7H2O, and potassium iodide (74.5,
55.7, and 0.3 mg·L–1, respectively, in
Anderson’s, and 37.26, 27.8, and 0.83, respec-
tively, in Murashige and Skoog’s)]. These
differences in concentrations may contribute
to the differences in regeneration rates.

Another difference between the studies is
the pH, which was adjusted to 5.3 in our
medium, while Marcotrigiano et al. (1996)
used 4.5. We chose the higher pH because we
plan to examine the potential for efficient
transformation of cranberry by Agrobacterium,
which has a functional pH optimum around
this value (5.3) (Winans et al., 1988).

In blueberry, both abaxial side down (Cal-
low et al., 1989; Shibli and Smith, 1996) and
up (Billings et al., 1988; Rowland and Ogden,
1992) are used in leaf regeneration, although
Billings et al. (1988) reported that shoots origi-
nate only from the abaxial side. However,
orientation of leaf explants with the abaxial
side in contact with medium enhanced regen-
eration in cranberry. Shoot regeneration oc-
curred almost exclusively on the adaxial side
for all genotypes tested in our study, although
Marcotrigiano et al. (1996) reported that shoot
regeneration occurred on both sides of the
leaves. As with differences in regeneration
efficiency, genotypic or other differences, such
as medium composition and pH, may explain
the observed variation.

The lack of cultivar × growth regulator
interaction and consistent differences among
cultivars in performance across experiments
suggest that regeneration capacity is geneti-
cally controlled and that the mechanism of
regeneration is similar across genotypes. Note
that very good regeneration was also observed
with stem sections of all genotypes in this
study when 10.0 µM TDZ with 5.0 µM 2ip were
used (data not shown).

Inhibition of elongation of shoot meristems
generated on TDZ-containing medium has been
reported in several woody species (reviewed
by Huetteman and Preece, 1993) and in cran-
berry (Marcotrigiano et al., 1996). Huetteman
and Preece (1993) suggested that this is caused
by the high cytokinin activity of TDZ rather
than being toxic effect. However, Ellis et al.
(1991) observed better elongation of adventi-
tious shoots of white spruce [Picea glauca
(Moench) Voss.] when TDZ was combined
with other cytokinins (BA or zeatin) than when
using the latter compounds alone. Inclusion of
2ip in the culture medium and transfer of
explants to low TDZ medium (after initiation
of regeneration in the high TDZ medium)
resulted in enhanced elongation efficiency in
our system.

Aging of explants generally has a signifi-
cant negative effect on regeneration (Pierik,
1987). Fasolo et al. (1989) found that leaf
position in apple (Malus ×domestica Borkh.)
had a significant effect on regeneration, and

only a few apical leaves were used by
Hammerschlag et al. (1997) for regeneration of
this species. For plants with small leaves, such
as cranberry, material for large-scale experi-
ments can become limiting if only a few apical
leaves are suitable for regeneration. No infor-
mation was provided on leaf age (position)
effects in previous cranberry regeneration stud-
ies (Marcotrigiano et al., 1996; Scorza and
Welker, 1988). The finding that efficient regen-
eration can be achieved by using more than the
apical 10 leaves of a cranberry shoot grown in
vitro is encouraging information for large scale
experiments.

 In conclusion, we have established a very
efficient regeneration system for cranberry
leaves. This system uses a basal medium supple-
mented with 10 µM TDZ and 5.0 µM 2ip, fol-
lowed by transfer to fresh medium containing
1.0 µM TDZ and 10.0 µM 2ip, and, finally, to
growth regulator-free medium for shoot elon-
gation. The high regeneration efficiency
achieved using this system will be very useful
in the application of transformation techniques
for cranberry, including both Agrobacterium-
and particle bombardment-mediated transfor-
mation. Since shoots were regenerated directly
from leaf tissue, this system is less likely to
result in somaclonal variation, and therefore
should be ideal for rapid micropropagation of
valuable cranberry genotypes, such as elite
wild and breeding selections.
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