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HortScience 35(5):948—-952. 2000. bombardment-mediated transformation. Thus,
. L . regeneration from leaves would be highly de-
sirable for cranberry transformation efforts.
A H Ig h |y EffICIent I n Vltro Cran berry The process of regeneration from leaves can
be divided into the following steps: 1) forma-

R eg e n e ratl O n SySte m U Sl n g Leaf tion of viable adventitious buds on the explant;

2) elongation of the buds into shoots; and 3)
EXplantS rooting of the shoots to form whole plants.
Marcotrigiano et al. (1996) examined the ef-

Luping Qul James Polashock and Nicholi Vorsa fects of two cultivars and various NAA/TDZ
’ binations on regeneration from cranberry

Blueberry and Cranberry Research Center, Rutgers University, Chatswcfgﬁes. However, efficiency using this system

NJ 08019 was low, with the lack of elongation of the
adventitious shoots being a key problem.
The purpose of this study was to identify

Abstract. A very efficient adventitious regeneration (shoot organogenesis) system forfactors, including hormonal, physical and ge-
cranberry (Vaccinium macrocarpordit.) leaves was developed. A basal medium consistingnetic, that influence cranberry regeneration,
of Anderson’s rhododendron salts and Murashige and Skoog’s (MS) organics, supple-and to optimize all three steps using cranberry
mented with 10.0pwm thidiazuron (TDZ) and 5.0 pm 2ip, was effective for adventitious leaves. First, in order to identify hormonal
regeneration from leaves for the five cranberry cultivars tested: ‘Early Black’, ‘Pilgrim’, ~ factorsinfluencing regeneration, various plant
‘Stevens’, ‘Ben Lear’, and ‘No. 35'. Parameters examined included: 1) varying combina- growth regulator (including cytokinin and
tions of three plant growth regulators (TDZ, 2ip, and NAA); 2) explant orientation (adaxial auxin) combinations were trie§econd, the
vs. abaxial side in contact with the medium); and 3) leaf position relative to the apical effects of other factors, including explant ori-
meristem from the source plant. Cultivars varied in regeneration frequency, but cultivar entation on the medium, genotype (cultivars),
x growth regulator interaction was nonsignificant. With optimal treatment conditions, ~and source leaf position (age) on regeneration
regeneration occurred on more than 95% of the explants, with ‘Early Black’ and ‘Pilgrim’  Were investigated.

producing as many as 100 shoot meristems per explant. At all concentrations tested, NAA )

(as low as 0.1uwm) increased callus formation and significantly reduced regeneration. Materials and Methods

Emerging adventitious_shoo_ts were alway_s observed on_the adaxial side of the leaves Plant materials, initiation and maintenance
regar_dles_s ofexplantorlentatlc_m onthe mgdlum.Regeneratlon was much great_e_rwhentheof in vitro shoots.The leaves of cranberry
abaxial side was in contact with the medium, and was not related to leaf position on thegitivars Stevens (ST), Early Black (EB),
source plants. Elongation of adventltlous_shoots bega2 weeks after transfer to the basa_ll Pilgrim (PI), Ben Lear (BL), and No. 35 were
medl_um without grov_vth regulator_s. C_:uttlngs of elongated shoots rootec_i 100% both in ysed. All cultivars were verified by DNA
vitro inthe basal medium and ex vitro in shredded sphagnum moss. The high regenerationfingerprinting using randomly amplified
efficiency achleved_ by using thls_system will be very usef_ul inthe appllcatlc_m oftechnl_quespo|ymorphiC DNA (RAPDs) (Polashock and
such asAgrobacterium and particle t)_ombardment-medlated _trgnsformatlon. Chemical Vorsa, unpublished data). To establish in vitro
names used: 1-phenyl-3-(1,2,3-thiadiazol-5-yl) urea (thidiazuron, TDZ); MNY-Y- ghoot cultures as a source of leaf explants,
dimethyallylamino) purine (2ip); a-naphthaleneacetic acid (NAA). shoots were harvested from greenhouse-grown
vg)lants, defoliated, and surface-disinfected by
washing for 30 s in 70% ethanol, followed by
10 min in 20% commercial bleach (sodium

Additional index wordsshoot organogenesis, thidiazuron, NAA, 2ipccinium macrocarpon

The American cranberry is a native Northural traits are located in Wisconsin and Ne
American fruit crop with current annual pro-Jersey.
duction 0f=249,000 t (New Jersey Agricul-  Biotechnology for crop improvement is a . .
ture Statistics Service, 1997). Cranberry fruiuseful system for complementing breedingﬂi zzclrg?rﬂgﬁ)\;ve?stﬁggisgevnﬁt\?er r\évsali?juu;f)?e;%rh
is utilized mostly for juices, but also for aprograms and offers the opportunity for, tem sections with two to four nodes were'
variety of other products. Cranberry has beeinterspecies gene transfer and for the dire% ltured in GA7 boxes (Magenta Corp., Chi-
identified as having medicinal propertiesjntroduction of useful genes into elite geno 0) containing=60 mL of basal med,ium
namely antiadhesion effects @scherichia types. Cranberry biotechnology is still in its[Ar?derson’s ma'%:rand micro salts (Anderson
coli in the urinary tract (Ahuja et al., 1998;infancy. Ideally, a genetic transformation sys-1975) MS or ajmics (Murashige and Skoo '
Howell et al., 1998; Ofek et al., 1991). tem for cranberry should have: 1) a method fo 962)’ and 2(% sucrose] Theg H of the mge]’-

Cranberries have been cultivated on a largadventitious plant regeneration from somati%.um {/vas adjusted to 5 3 Withpa solution of
scale since the mid-1800s and many of thiissues of elite genotypes; 2) a reliable metho btassium h droxide(vaf).before autoclavin
cultivars today are wild selections made ovefor gene transfer and integration into th 21°C 153:“"]) and s.olidified with 5 -Lg
100 years ago. Several hybrid varieties fromsranberry genome; and 3) a system to sele argelv (Sigma Chemical Co., St L?)uis)
controlled crosses were released between th@ansformed plants. One limiting factor thusEulture chambers were mainta.ihed.atizs )
mid-1950s and 1970 (Eck, 1990). The Amerifar has been the lack of an efficient plan C and a 16-h dailv photoperiod provided b
can cranberry is a woody perennial requiring eegeneration system. ool-white quorescgnrt) tubeg at ptmgl-mz-sl y
chilling period for growth and flowering and  Serres et al. (1992) produced transgen%ubcultures were made at 2- to 4-month i.nter-
having a lengthy juvenile stage, which retardsranberry plants by particle bombardment fais In all of the regeneration experiments
progress in breeding and selection. Breedinggenerating stem tissue, followed by kana-= """ 9 P

. ; ; . . . g - reported in this study, explants were main-
programs largely aimed atimproving horticul-mycin selection, utilizing expression of anived under the same conditions.

integrated NPTII gene. Although successful, : : :
Received for publication 7 June 1999. Accepted foihis system appears to generate a reIativeme';ii%??:srg:jogonmseigt'ggt')?fhgeg::;rﬁ'e%r;um
publication 29 Dec. 1999. The cost of publishindow frequency (0.15%) of recoveredsy, shoot culture supplemented with a plant
this paper was defrayed in part by the payment qfansclones. Furthermore, the stems of Cralyrowth regulator or growth regulator combi-
page charges. Under postal regulations, this papgerry, particularly from plants already grownnation. The growth regulators utilized were
tsrl)elt;?f(itr)einrgil(J:ZttebtehiQ?;i?y markadvertisement in axenic culture, are slender and thereforepz, 2ip and NAA. The growth regulator
1pos¥doct0ra| Research Associate. provide a limited target area for bombardsolutions were filter-sterilized and added
2pgsistant Research Director. ment. _ after the basal medium was autoclaved and
sProfessor and Director. To whom reprint Leaves typically offer a larger target areaooled to 40-50C. Specific combinations of
requests should be addressed. E-mail addrede@r bombardment and are often the organ dhe growth regulators tested for regeneration
vorsa@aesop.rutgers.edu choice for Agrobacterium-and particle are detailed below.
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Culture methods and experimental desigrunder 1.3« 2.5 mm) from the distal part of the the Statistical Analysis System (SAS Institute,
Leaves for the regeneration experiments werhoot were placed in order in the plates witiCary, N.C.).
collected from in vitro cultured plants thatthe abaxial side in contact with the medium.
were 4 weeks to 3 months old after initiationEach plate contained all five cultivars in ran- Results
All manipulations of the leaves were per-dom order. The experiment was repeated five
formed on sterile filter paper saturated withtimes. After 15 d culture on the medium with  Expt. 1. Effects of NAA and varying levels
the basal medium to prevent desiccatioril0.0um TDZ and 5.Qum 2ip, the explants were of TDZ and 2ip on adventitious shoot regen-
Leaves were removed from the shoots byransferred to fresh medium with Ju@ TDZ  eration.Callus development occurred only on
cutting at the petiole base with a scalpel. Aand 10.0Qum 2ip. the adaxial side. On medium lacking NAA,
longitudinal cut close to or on the midrib  Expt. 4. Evaluation of cultivaxk medium callus formation on the explants was much
separated the leaf into two halves, which argrowth regulator interactionsA four cultivar  reduced and the callus was green. Callus for-
referred to as “explant(s).” For regeneratiofST, EB, PI, and BLX nine growth regulator mation was rapid on medium with NAA, and
experiments, explants were transferred to 10@ctorial design was employed. Leaves fronthe callus was initially white or light green. On
x 16-mm disposable petri plates containinghe 8th position (from the apical meristem)medium lacking NAA, explants with the
=25 mL of the appropriate medium and theand above (excluding the apical leaves undabaxial side down tended to curl (after 8 d)
plate was sealed along the rim with one layet.3x 2.5 mm) of 1-month-old in vitro plants toward the abaxial side, resulting in explants
of Parafiln®? (American National Can, Green-were used. Nine growth regulator combinalying on their sides on the medium. In contrast,
wich, Conn.). For allregeneration experimentdjons were tested with TDZ : 2ip : NAA (i)  explants with the adaxial side on the medium
the plates were keptinthe dark for 2d (wrappeat the following concentrations—10:10:0,curled upward. Curling was much less pro-
in aluminum foil) immediately after transfer 10:5:1, 10:5:0.5, 10:5:0.1, 10:5:0, 10:0:1nounced on medium with NAA, with explants
to the appropriate medium. Four experiment$0:0:0, 5:10:0, and 5:5:0. The 10:0:1 treatremaining relatively flat.
were conducted as detailed below. ment represented the best growth regulator Emergence of adventitious shoots from the

Expt. 1. Effects of NAA and varying levelgombination used by Marcotrigiano et aladaxial side of the explants was observed after
of TDZ and 2ip on adventitious shoot regen{1996). Explants were placed on the plates12 d in culture on medium lacking NAA,
eration. Six to eight fully or nearly fully ex- with the abaxial side in contact with the mewhile the explants on the NAA-containing
panded leaves nearest the apical meristedium. Each plate contained all four cultivaramedium appeared more swollen, and had more
from 3-month-old in vitro ST plants were (=10 explants for each). The experiment wagsigorous callus growth with no visible
used. A factorial design was employed witlrepeated three times, with the plates randomegeneration. Regeneration was first noted at
factors 2ip (two levels, 5.0 or 10u1), TDZ ized within a replication. 15-16 d in a few explants on the medium
(three levels, 1.0, 5.0, or 10&), and NAA Elongation. The basal medium without containing 0.5um NAA. After =4 weeks in
(three levels, 0.0, 0.5, or 1j04). Four ex- growthregulators wasthe elongation mediunculture, the average explant size on the
plants were placed in each plate with randorAfter=4 weeksonthe 1y TDZand 10.av  medium containing NAA was about three
sides (adaxial or abaxial) in contact with theip regeneration medium, some regeneratirtjmes as large as that on NAA-free medium
medium. Because of slight curving of theexplants from Expt. 2 (26 EB, 22 PI, and 2(qFig. 1A).
leaves (toward the abaxial side), explants witBT) and all those from Expt. 3were transferred In explants onthe NAA-free medium, shoot
adaxial side down maintained better contadb Magenta GA7 boxes containin§0 mL of meristems initially emerged from the tissue
with the medium than those with abaxial sidéhe basal medium. About 10 Expt. 2 and 2@losest to the cut surface and gradually spread
down. This testwas replicated four times (fouExpt. 3 explants were placed in each box. Thward the leaf margin. Regeneration was
plates for each treatment). Placement of theemainder of the Expt. 2 explants were kept oalways observed on the adaxial side regardless
plates in the incubator was randomized acroske regeneration medium for an additional ®f the hormonal treatment or initial leaf orien-
treatments. months, and were then transferred to the bagalkion (Fig. 1B).

Expt. 2. Effects of cultivar and explantmedium. There was a significant inhibitory effect of
orientation on regeneration on basal medium Rooting.Elongated shoots (>1.5 cm long)NAA (contingency —?, P < 0.001) on the
supplemented with 10/ TDZ and 5.Qum  were cut at the base and were rooted in theequency of adventitious shoots regeneration
2ip. Explants fron=4-week-old in vitro ST, basal medium in Magenta GA7 boxes, and iiTable 1). After 28 d in culture, regeneration
EB, PI, BL, and No. 35 plants were usedshredded sphagnum moss in smatk &-cm had occurred on 97% of the explants placed on
Leaves were collected from the shoot apegquare) plastic pots. Twenty cuttings of eacthe NAA-free mediumvs. 4.2% of those on the
(excluding the apical leaves undert Zmm) cultivar were planted in each rooting mediumNAA-containing medium. On the NAA-free
to about the 6th leaf position. Between 40 andlhe GA7 boxes were wrapped along the rinrmedium, 5.0 and 10/ov TDZ were equally
70 explants of each cultivar were placed owith one layer of Parafilffiand the pots were effective, and both were more effective than
two or three plates with abaxial side in contadbosely covered with plastic wrap. 1.0pwm. The difference between 5.0 and 10.0
with the medium. Data collection and statistical analysis.uwm 2ip levels within any TDZ level was non-

After 15 d culture on basal medium withRegeneration data were collected 22-28 significant.
10.0um TDZ and 5.Qum 2ip, the explants were after explant cultures were initiated. Non-
transferred to a medium with 1y TDZ and  destructive counts of shoot meristere§.6
10.0um 2ip. An additional plate of Pl was keptmm long, surrounded by a few small leavesjable 1. Adventitious shoot regeneration from
on the medium with 10.0m TDZ and 5.0um  were made using a dissecting microscope with cranberry cultivar Stevens leaves on medium
2ip. As a secondary treatment for ST and EBhe plate cover in place. When exact counts containingvaryinglevels of TDZ, Zip, and NAA.
about the same number of explants were placegere difficult to obtain, which was often the

Mean no. shoot meristems

with the adaxial side in contact with the mediumcase due to extensive shoot meristem forma- per explarit
Expt. 3. Leaf positiow cultivar effects on tion on an explant, the number was estimateg . 2ip NAA (iv)

regeneration (10.0m TDZ and 5.Qum 2ip).A  to the nearest five. (m) o 05 10
five cultivar (ST, EB, PI, BL, and No. 38)en Elongation data were collected 25 d aftef'r= 972 <1 0
leaf position (position of source leavesrelativéhe explants were transferred to the basgp s 113a <1 0
to apical meristem) factorial design was useanedium. Shoots with expanded internodeg. o 10.4 a 0 0
Leaves from actively growing2-month-old (>1 cm long) were categorized as elongated;s 109a 0 0
in vitro plants having 15 or more leaves wer&ooting results were checked a week after the10 59b 0 0
used. Leaf sizes among shoots were similauttings were planted, and daily, until all of1:5 5.4b 0 0
(=2.5x 5 mm). Generally, basal leaves werghem were rooted. Mean 8.9 <1 0

slightly larger than the more apical ones. Ex- Data were subjected to variance analyselumber of explants per treatment 14—16.
plants of 10 leaves (excluding the apical leavassing the general linear model procedure oMean separation within column byo, P < 0.01.
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Table 2. Effect of cranberry genotype on induction
of shoot meristems and their elongation. Abaxial
surface in contact with the regeneration medium
(TDZ 10.0pm : 2ip 5.0um).

Mean no. Mean no. of
of shoot elongated shoot
No. of meristems/ meristems/

Genotype explants explént explant
Pilgrim 55 3l.7a 9.7a
Early Black 52 304 a 10.2 a
Stevens 61 13.1b 35b
Ben Lear 51 10.3b -
No.35 45 54c

“Mean separation within columns bsp, P < 0.01.

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 positior cultivar effects on
regeneration (10.@um TDZ and 5.Qum 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 Pl 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 cultivax medium
growth regulator interactions/igorous 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 11@4) levels. Initial
shoot meristem regeneration on the 0.5 and
1.0 um NAA medium was away from the cut
Fig. 1. @) ST explants after culture on regeneration medium for 4 weeks. The explant on NAA-contaisinace and often occurred near the leaf margin

medium (eft) is much larger than the explant on NAA-free mediuight ); (B) a ST explant placed (Fig. 1D). As in Expt. 1, callus formation on all

adaxial side in contact with regeneration medis#hweeks), showing shoot meristems initiating fromn AA-free medium was minimal, and there

the adaxial side and no callus formation on the abaxial SII&R (upper right), Pl upper left), BL re no obvious differences between the re-
(lower right) and ST lower left) explants after culture on regeneration medium for 22 d (15 d on 1 ining growth regulator combinations.

pum TDZ and 5.Qum 2ip, followed by 7 d on 1. m TDZ and 10.Qum 2ip); (D) shoot meristems initiating ..~ ... . .
near the leaf margin of Pl explants cultured on regeneration medium containing OLb.diAA (left), Significant regeneration dlffer_ences among
or on NAA-free regeneration medium (rightfg)(initial shoot meristem elongation of a typical Pitréatments were found, and cultivareatment
explant; andK) shoots following regeneration and elongation from Pl explants. interaction was nonsignificant (Fig. 2).
Elongation.No elongation of shoot mer-
istems was observed when the explants were
Expt. 2. Effects of cultivar and explantln some cases, shoot meristems almost comaintained on the regeneration medium. Some
orientation on regeneration on basal mediunered the entire explant afte30 d in culture. In  were kept on the medium containing 10
supplemented with 10 TDZ and 5.Qum  one explant of Pl and two of EB, groups of twdl'DZ and 5.0um 2ip for more than 4 months
2ip. Responses to culture conditions of albrthree shoot meristems were observed on théth one transfer after culture initiation. Once
cultivars were generally similar; however,abaxial side where the surface was accideexplants were transferred to the basal medium,
some minor differences were noted. The curkally wounded. however, elongation occurred #2 weeks
ing effect was more pronounced with EB and Regeneration occurred on all EB and P(Fig. 1E). In explants maintained on the me-
PI. Adventitious shoot initiation was observedexplants and on more than 95% of those of thgium supplemented with 1 TDZ and 10.0
on EB and Pl explants as early as 7 d in culturether three cultivars. Significant differencequm 2ip, expansion of leaves occurred on some
=4 d earlier than on the explants of the othdn regeneration efficiency between the cultishoot meristems afte®25 d and some leaves
three cultivars. Shoots of EB and Pl emergedars were observed (Table 2). Explants of EBradually turned hyperhydric. Even after 3
through less swollen adaxial side tissue neand Pl regenerated significantly more shoanhonths, shoot elongation was not observed on
the epidermis, while ST and BL shoots wereneristems than did those of the other thretne 1.0um TDZ, 10.0um 2ip, and Qum NAA
through more swollen tissue and appeareclltivars; ST and BL were intermediate, whilenedium.
thicker. No. 35 appeared intermediate betweesignificantly fewer shoot meristems were The shoot meristem initiation process con-
the two groups. The EB and PI explants alsgenerated from No. 35. tinued after the explants were transferred to
generated more total adventitious shoots (>50 Adventitious shoot production was sig-the elongation medium. Some EB and Pl ex-
shoot meristems per explant on some) than tméficantly lower @ < 0.01) on explants with plants that were initially about half-covered
other cultivars after 22 d of culture (Fig. 1C).adaxial surface down on the medium than owith adventitious shoot meristems when the
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Table 3. Anaylsis of variance of effects of cranberry cultivar and leaf of TDZ and 2ip and eliminating auxin (i.e.,

position on source plants on adventitious shoot formation (Expt. 3). NAA) from the regeneration medium. Other
No. of shoot No. of elongated aspects in the system, suc_h as shoot meristem
Variable df meristems shoot meristems elongation and rooting efficiency, have also
Genotype(G) 4 21132 1225~ been significantly improved. _
Leaf (L) 9 4505 36 Comparing our system to previous cran-
GxL 36 225¢ 28* berry regeneration studies (Marcotrigiano et
Error 19 338 al., 1996; Scorza and Welker, 1988; Serres et
%™ Nonsignificant or significant & < 0.0001. al., 1992), several factors emerge that signifi-

cantly affect regeneration. These factors are the
nature and concentration of growth regulators,
40 . 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 plantén vitro by combinations of
TDZ and other cytokinin-like compounds has
been observed iAcer xfremanii (Kerns and
Meyer, 1987)Pyrus communik. (Singha and
Bhatia, 1988),Fraxinus americanaL.
(Navarrete et al., 1989), aMitis 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
Treatment compound, may be an indication of differences
in uptake, recognition by the cells, or mecha-
Fig. 2. Effects of genotype and growth regulator combinations on shoot meristem regeneration®ms of action of the compounds (Huetteman
cranberry leaves. Data were collected 25 d after culture initiation. Separation of treatment mezans [and Preece, 1993). Although Marcotrigiano et
P<0.05. al. (1996) failed to induce regeneration of shoots
from cranberry leaves using 2ip alone, results
) ) with cranberry leaves (Scorzaand Welker, 1988)
datawere collected, continued to produce shoot Discussion and stem sections (Serres etal., 1992), using 2ip
meristems, and these almost covered the whole in combination with other growth regulators,
explant afte~=2 weeks on the elongation me-  Anumber of factors affect adventitious shoosuggest that 2ip may have potential in promot-
dium (Fig. 1E). For explants transferred to theegeneration from tissue-cultured explants sudhg shoot regeneration. Our experiments show
elongation medium (after40 d on the regen- as genotype, culture medium (including growththat when TDZ is combined with 2ip at particu-
eration medium), elongation was obser¥2d regulators and their combinations), physicalarconcentrations, enhanced adventitious shoot
weeks later. Initial elongation appeared to benvironment, explant developmental stage, eteegeneration can be achieved in cranberry.
more from apical meristem activity than fromFor a particular species, culture medium, and, Combinations of high levels of cytokinin
elongation of the internodes. Shoot meristemegspecially, growth regulators and their combiand low levels of auxin stimulate shoot prolif-
which were larger and closer to the side imations, appear to be the mostimportantfactorsration and organogenesis in tissue culture
contact with the medium, appeared to elongaMhile 2ip is an effective stimulus in regenera{Fasolo etal., 1989; Marcotrigiano et al., 1996).
more readily (Fig. 1E). Meristems continuedion of blueberryVaccinium corymbosuin)  However, we found that even a very low level
to elongate for several months. About 40 shoofsom leaf tissue (Billings et al., 1988; Callow et(0.1um) of NAA significantly reduced regen-
had elongated on some EB and PI explantd., 1989; Dweikat and Lyrene, 1988; Rowlandration efficiency from cranberry leaves. Effi-
after 3 months on the elongation medium (Figand Ogden, 1992), it either produces a low ratgent regeneration can be achieved usingM.0
1F), and appeared phenotypically normal. Afef regeneration in cranberry leaves when usefDZ alone without supplemental auxin. Nega-
ter 25 d in culture on the elongation mediumin combination with NAA (Scorza and Welker, tive effects of NAA on regeneration efficiency
the largest shoots had reack8¢m in height. 1988), or fails to induce regeneration wheiave been reported @itrullus colocynthid..
Explants with more regenerated shoot memsed alone (Marcotrigiano et al., 1996). Wit{Dabauza et al., 1997), a watermelon cultivar
istems generally produced more elongatethe inclusion of TDZ, which is possibly the (Compton and Gray, 1993; Srivastava et al.,
shoots (Table 2). Additional shoot meristemsnost potent cytokinin for woody plant tissue1989) and blueberry (Billings et al., 1988), a
on explants of all cultivars continued to elon<culture (Huetteman and Preece, 1993; Mok elose relative of cranberry. The report
gate after the data were collected, but thal., 1987), shoot regeneration is achieved frorfMarcotrigiano et al., 1996) that the maximum
ranking was not altered (data not shown). in vitro cranberry stem sections (Serres ancegeneration efficiency from cranberry is
Rooting.Cuttings of shoots rooted easilyMcCown, 1995) and leaves (Marcotrigiano etichieved on a high concentration of NAA (10.0
(within 15 d) in both basal medium andal., 1996). However, the regeneration efficiencyim TDZ and 1.Qum NAA) conflicts with our
sphagnum moss. Root initiation was observeid between five and nine buds per stem explargsults. Genotypic differences, medium com-
with a few cuttings after 7 d of culture in the(Serres and McCown, 1995), or was considergabsition, pH and other unrecognized differ-
sphagnum moss and 1 d later in the bastdr less than that desired for purposes of micr@nces in the culture methods might explain this
medium. All of the cuttings rooted in the mosgpropagation or transformation when using leadliscrepancy. A high NAA concentration pro-
medium within 15 d. The rooting response wasxplants (Marcotrigiano et al., 1996). Elongamotes callus production and reduces shoot for-
similar on the basal medium, but roots in thé&on of the shoot meristems in cranberry is verynation in watermelon (Compton and Gray,
sphagnum moss appeared to be more vigadifficult to induce (Marcotrigiano et al., 1996).1993) and blueberry (Billings et al., 1988),
ous. Most roots were generated near the basdie series of experiments presented herethese results resemble ours.
cut surface, but also occurred higher on thdemonstrate that we have achieved a very effi- The same macro salts (Anderson, 1975)
stem and from the leaf axils. No obvious callusient organogenesis (shoot regeneration) sygere used in our basal medium and that of
formed on the cut surface. tem from cranberry leaves using a combinatioMarcotrigiano et al. (1996). We also used

30

20

10

Mean no. shoot meristems/explant
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Anderson’s micro salts, while Marcotrigianoonly a few apical leaves were used by tumefaciendrom apple leaf explants and on
et al. (1996) used Murashige and Skoog'slammerschlag etal. (1997) for regeneration of shoot regeneration. J. Amer. Soc. Hort. Sci.
(1962) micro salts. There are only quantitativéhis species. For plants with small leaves, such 122:758-763. _
differences in three compounds between thas cranberry, material for large-scale experffoWell. A.B., N. Vorsa, A.D. Marderosian, and
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