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ABSTRACT

MULTIFACTOR ANALYSIS OF ENVIRONMENTAL PRE-CONDITIONING OF
TOMATO SEEDLINGS ON PROTOPLAST CULTURE AND DEVELOPMENT

By

Randall Paul Niedz

Leaf mesophyll protoplasts were enzymatically isolated

from 24-30 day old seedlings of Lycopersicon esculentum P.I.

367942 grown either in a controlled environment chamber (CEC)
or in wvitro (IV). Prior to protoplast isolation, donor
seedlings were pre-conditioned in a 3x3 factorial arrangement
of 0, 12 or 24 hours at 10°C and 0, 24 or 48 hours in the
dark. The variables measured included protoplast yield, 24-
hour viability, 30-day microcallil diameter and shoot
morphogenesis. Multifactor fixed effect linear models were
constructed to determine the influence of seedling source and
cold/dark pre-conditioning on the observed variables.

Protoplasts were cultured in the dark (27°C) in a liquid
modified Kao and Micahyluk (KM) medium over a semi-solid
modified Murashige and Skoog (MS) medium. Both media
contained the growth regulators (mg/L): 2,4-
dichlorophenoxyacetic acid (1.0), alpha-naphthaleneacetic
acid (1.0) and 6-benzylaminopurine (0.5). To stimulate shoot
morphogenesis protoplast-derived calli were cultured in the
light (cool white fluorescent lamps; 30 uEm'2s'1) on modified
MS medium with 2 mg/L zeatin.

Protoplasts from CEC donor seedlings pre-conditioned with






RANDALL PAUL NIEDZ
0 hours dark/12 and 24 hours cold died in 24-48 hours.

Protoplast yield from CEC seedlings preconditioned with
12 and 24 hours of cold was reduced an average of 27.4%
(compared to O hours cold over all levels of dark). However,
the subclass 12 hours cold/48 hours dark was not
significantly different from 0 hours cold/all levels of dark.
In contrast, yield from IV seedlings was not significantly
reduced by cold preconditioning, but decreased an average
43.9% by a 48 hour dark treatment over all levels of cold.
Protoplast viability was improved an average of 14.1%
of CEC seedlings receiving a 48 hour dark treatment, and was
0% for the 2 treatments 12 and 24 hours cold/0 hours dark.
For IV seedlings preconditioned with 12 and 24 hours cold/0
hours dark protoplast viability was 6.9% greater than
compared to 0 hours cold.

CEC microcalli diameter of 12 and 24 hour cold were
12.5% less than 0 hour cold. 1In contrast, IV microcalli from
12 hour cold/0 hour dark were 11.8% larger than microcalli
from all other IV preconditioning treatments.

Shoot morphogenesis from CEC seedlings was 10.3% less
from 0 hours dark compared to 24 and 48 hours dark, and 25.4%
less from 24 hour cold compared to 0 and 12 hour cold

preconditioning of IV seedlings.
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INTRODUCTION

Most plant breeding programs follow a process of
recombination and selection within an elite germplasm pool to
produce superior cultivars. Techniques such as induced
polyploidy, wide hybridization, mutant induction and in vitro
methods supplement primary breeding operations by providing
genetic variability difficult and/or impossible to obtain
otherwise. In vitro methods can be classified into three
general catagories; 1) the micropropagation of shoot tips to
produce virus-free stock, multiply hard to propagate species
and expensive F1 hybrids, 2) the culture and manipulation of
protoplasts, cells and tissue to produce genetically useful
individuals and, 3) vector introduced genes.

Plant regeneration from protoplasts has been
demonstrated 1in over 70 species, half of which are
represented by the Solanaceae. Successful application of in
vitro techniques such as exogenous DNA and chromosome uptake
by protoplasts, somatic cell fusion and cell selection to
improve a species economically, requires a base technology
of efficient plant regeneration from protoplasts. Factors
important in successfully regenerating plants from cultured
protoplasts include genotype, growth conditions of the donor
plant, pre-conditioning of donor tissue, types and

1
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concentrations of isolation enzymes, composition of the
culture medium and the environmental conditions during
isolation and culture. In tomato and potato the
physiological condition of the donor plant is of critical
importance in achieving successful isolations of viable
protoplasts capable of sustained divisions (160,164,168).
Tabaeizadeh et al. (175) found that a cold/dark treatment of
whole plants and detached leaves significantly increased the
number of protoplast-derived calli though the effect was not
as great with detached leaves. Shahin (160) reported the
necessity of dark and low temperature preconditioning of
donor tomato tissue in isolating viable protoplasts.
Likewise, Shepard and Totten (165) used a short photoperiod
and low temperature preconditioning of donor plants. Without
such preconditioning, protoplasts failed to undergo division
regardless of the culture medium used. How these factors
influence the various stages of growth from initial cell
viability to shoot formation from protoplast-derived calli is
little understood as much of the research to date is
empirical and/or anecdotal.

This study attempts to identify those stages of
protoplast development most influenced by dark and cold
preconditioning of the donor plant by preconditioning donor
tissue and measuring protoplast yield, viability, rate of
cell colony growth and shoot morphogenesis. The extent that
such treatments are necessary in achieving shoot regeneration

can then be examined by determining the contribution of cold
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and dark on each measured variable. The tomato, Lycopersicon

esculentum, is used in this study as it is the world's
leading vegetable crop and is also a prominent species for

somatic cell genetic manipulations.



LITERATURE REVIEW

I. History of the Tomato

The cultivated tomato, Lycopersicon esculentum,

originated in western South America and is a member of the

family Solanaceae. All ten species in the genus Lycopersicon
are 2n=2x=24 (146). Domestication is thought to have first
occurred in Mexico. When the tomato was first taken to
Europe in the 16th century it was thought to be poisonous due
to deadly glycoalkaloids present in the other members of the
nightshade family such as belladonna and henbane.

The tomato currently ranks second to potato in economic
importance among vegetables, with a combined value for
processing and fresh market fruit exceeding 800 million
dollars per year in the United States (111). In addition to
its culinary appeal the tomato is one of the best known crop
plants in terms of its established genetics and cytogenetics
(147). A favorable biology such as a short life cycle,
ecological versatility, high c;ed yvyields (up to 20,000 seeds
per plant), diploid genome, self-pollinating and amenability
to hybridization are responsible for this species appeal to
researchers. Plant breeders have made significant
improvements during the past 50 years as follows:

1. Increased yields - larger and greater numbers of
fruit per plant, improved flower set and a more
concentrated fruit set

2. Plant habit changed to accomodate cultural and
harvesting operations - the sp gene for determinate

growth is mainly responsible for such improvements

4
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3. Improved handling and storage

4. Pest resistance.

II. In Vitro Culture

A. Tissue culture

The first successful in vitro culture of tomato was

reported by White in 1934 (199). He succeeded in culturing
isolated root tips in 1liquid suspension culture. The roots
grew indefinitely for over a year. This indicated to White
that root growth was not dependent on the top of the plant.
Twenty years later root cultures were again utilized, but

from the wild species Lycopersicon peruvianum (127). Some of

the cultured roots formed shoots that were transferred to
soil.
It was not until 1973 that routine shoot morphogenesis

was first reported using cultured internodes of L. esculentum

(42). Numerous reports followed detailing rapid shoot
morphogeneous from a variety of tissues: leaves
(8,35,74,80,87,106,129,133,137,178), stem internodes
(41,103), apical meristems (86), cotyledons (66,92,134,195)
and hypocotyls (66,71,103,131,210). The general methodology
consisted of placing explants from in vitro or greenhouse
seedling explants onto a semisolid medium containing
inorganic salts, macronutrients and micronutrients, usually
those of Murashige and Skoog (120) , vitamins of the B group
(thiamine, pyridoxine and nicotinic acid), glycine, myo-

inositol, sucrose and an auxin and/or cytokinin.
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Using 64 treatment combinations of indole-3-acetic acid
(IAA) and 6-furfurylaminopurine (kinetin), Padmanabhan (133)
classified tomato as one of the plant species with
morphogenetic expression regulated by the auxin/cytokinin
ratio as first discovered by Skoog and Miller (169). When an
auxin i1s used, IAA is reported to be optimum for achieving
shoot morphogenesis (80,87), with alpha-naphthaleneacetic
acid (NAA) and 2,4-dichlorophenoxyacetic acid (2,4-D) almost
always inhibitory to shoot morphogenesis (7,131,195).
Moreover, 2,4-D is generally most useful when initiating or
maintaining callus and suspension cultures. The cytokinins
zeatin, 6-benzlyaminopurine (6-BAP), kinetin and 6-
(gamma,gamma-dimethylallylamino)-purine (2iP), in increasing
efficiency, all seem to initiate shoots of tomato with or
without an accompanying auxin.

Although there are numerous reports on shoot
morphogenesis in the cultivated tomato, these experiments
achieved shoot formation from primary leaf, stem or hypocotyl
explants (8,80,87,131,133,178) and not from secondary or
older callus. DeLanghe and DeBruijne (41) studied shoot

regeneration in L. esculentum and L. peruvianum. They

hypothesized that the lower shoot-forming capacity of L.

gibberellic acid (GA), as addition of GA to the culture
medium resulted in a high production of callus and fewer
shoots. Adding 1000 ppm chlormequat (CCC), a GA inhibitor,

to the culture medium had no effect on the shoot-forming
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ability of the explants. However, if the donor seedlings
were spraved daily with 2000 ppm CCC callus derived from
these seedlings maintained a undiminished shoot-forming
capacity after 2 years.
Meredith (109) studied shoot regeneration from 17-28
month o0ld callus cultures of L. esculentum and L.

pimpinellifolium. L. pimpinellifolium callus did not

regenerate shoots, but callus from esculentum ‘'VFNT

Cherry' formed shoots, however the shoots were
morphologically abnormal and could not be rooted. Plantlets
regenerated from younger, 4-month-old callus, were normal
and rooted easily.

Behki and Lesley (7) studied the response of secondary
leaf callus to the nitrogen source used in the culture medium
and the growth regulators used in the induction and
differentiation media. They found that decreasing the amount
of nitrogen (MS salts used) inhibited shoot regeneration. A
similar inhibition of shoot regeneration occurred when the
NH4+ concentration equalled or exceeded the noa‘
concentration (NH4+:N03' is 1:2 in MS). NOg~, however, could
be substituted for NH4+ without any deleterious effect on
shoot formation. They also found in both the callus
induction and the differentiation media the duration of the
induction period and the presence of 1light during the

induction period was important.
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B. Genetic control of shoot morphogenesis
In addition to media components, a strong genetic effect

on shoot morphogenesis is found among L. esculentum genotypes

(56,64,71,96,97,131,134,186,210). The wild Lycopersicon

species L. peruvianum is in general superior to L. esculentum

in shoot forming-ability (103,118,178,209).

Ohki et al. (131) was the first to study the genetic
transmission of shoot-forming capacity in tomato. The F,
hybrid whose seed parent had a higher shoot-forming capacity
was superior to the reciprocal hybrid in shoot formation
indicating a maternal effect. Heterosis was also observed in
this particular hybrid. The other hybrid whose seed parent
was the poorer of the two parents possessed an intermediate
regeneration capacity.

In contrast to Ohki et al. (131), Frankenberger et al.
(867) found no reciprocal cross differences or heterosis.
Regressing shoot formation of the hybrids onto the mid-parent
values gave a heritability estimate of 0.98 indicating
additive gene action. A highly significant general combining
ability indicated that shoot-forming ability could be
predicted from the general combining ability estimates of the
parents. A possible explanation for some of the
discrepancies between these two experiments (i.e. reciprocal
cross differences and heterosis) might be the culture media
used. Frankenberger et al. (57) used one culture medium
whereas Ohkl et al. (131) used three media chosen from a

screening test of 35 IAA and 2iP combinations. 1In only 2 of
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the 3 media were reciprocal cross differences and heterosis
observed suggesting that the capacity of the hybrids in
comparison to their parents depends also upon the growth
regulators in the medium. With only one medium, different
from any that Ohki et al. (131) used, Prankenberger et al.
(57) could have missed observing these effects. Behki and
Lesley (8) evaluated different tomato genotypes on media with
a range of growth regulator concentrations and demonstrated
that the type and concentration of auxins and cytokinins
which stimulated shoot formation from leaf tissue differed
among genotypes.

Because of the high totipotency of L. peruvianum, some

workers have hypothesized the presence of regeneration
interspecific hybridization as a means to transfer those
genes into the cultivated tomato (32,183). The ability to
form shoots appears to be a dominant trait in reports to date
(95,97,128,183). Thomas and Pratt (183) developed a tomato

genotype L2, with an ancestry of 75% L. peruvianum and 25% L.

esculentum. L2 was selected for self-fertility, high rate of
callus growth, and high efficiency of regeneration of shoots
from callus. Kut and Evans (97) found the F; hybrids L.

esculentum x Solanum lycopersicoides and L. esculentum x L.

hirsutum to regenerate as well as the more responsive wilad
parent. Koornneef et al. (95) developed a tomato genotype
MsK93 for superior shoot regeneration from cell cultures.

Like L2, MsK93 contains the favorable shoot regeneration
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genes from L. peruvianum but its genetic backround is greater

than 50% L. esculentum.

One strategy not yet employed in tomato is the selection
for regeneration potential as successfully pursued by Bingham
et al. (16) in alfalfa. Bingham and his co-workers
identified five fertile regenerable genotypes. Regenerants
from these were intercrossed and the progeny screened for
regeneration. Shoot morphogenesis was increased from 12 to
67% after two cycles of recurrent selection.

Why L. esculentum is more recalcitrant than L.

peruvianum and L. chilense is not known. There are some

observations that may contribute to its morphogenetic
response. First, chromosome changes are negatively
correlated with the capacity of cultured tissues to
regenerate shoots (203). Plant cells in culture from a wide
range of species exhibit a high incidence of polyploidy,
aneuploidy and chromosomal rearrangements
(6,55,38,98,173,204). Bayliss (6) reported that of 55
species studied only 11 retained the original chromosome
number while in culture. Murata and Orton (121) showed that
even when the chromosome number remains unchanged there may
be a high incidence of chromosomal rearrangement. The extent
of chromosomal variation is influenced by several factors.
First, differences of cultivars within a species, for
example, celery (19), corn (4) and oats (107), indicate a
genetic effect. Ogura (130) reported a dominant Mendelian

trait inducing chromosome instability in tobacco. Second,
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culture conditions such as the concentration and type of
growth regulators used in the culture medium can also
influence chromosomal stability (89,132,203). Third,
Cassells (25) suggested that high endogenous auxin levels in
tomato may suppress shoot formation from callus cultures.
Comparative assessments of auxin levels in non-regenerating
genotypes, regenerating genotypes and wild Lycopersicon
species have yet to be done.
C. Protoplast culture

Protoplasts were first isolated from tomato roots by
Cocking (33) followed by cotyledon tips (32) and placental
tissue from immature fruits (63). These were also the first
successful protoplast isolations using enzymatic digestion
rather than mechanical methods (31). One recent exception to
the prevalent use of cell wall degrading enzymes is the
mechanical isolation of protoplasts from auxin conditioned
callus of Saintpaulia ionantha (African violet) (13). Though
these early attempts demonstrated the feasibility of
recovering large numbers of protoplasts using fungal derived
enzymes, the protoplasts rapidly degenerated. Pojnar et al.
(139) reported the first observation of cell wall synthesis
using protoplasts isolated from tomato fruits. The first
report of sustained cell division was by Nagata and Takebe
(123) for tobacco leaf mesophyll protoplasts. The following
yvyear they reported the regeneration of plants from
protoplast-derived calli (122).

L. peruvianum with its high morphogenetic capacity was
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the first Lycopersicon species regenerated from protoplasts

(118,149,207,209). Plants of L. peruvianum var. dentatum and

L. chilense also are easily regenerated from callus and cell
suspension-derived protoplasts (73,138). Numerous early
attempts to regenerate plants from protoplast-derived calli
of L. esculentum failed (27,45,117,118,166,177,209). Morgan
and Cocking (115) screened fourteen cultivars of L.
esculentumn for their morphogenetic potential using a petiole-
derived callus assay. The cultivar 'Lukullus' produced many
green meristematic regions which readily developed into
shoots. When protoplasts were isolated from leaf tissue of
Lukul lus they divided and formed calli that regenerated
shoots when placed onto MS salts and vitamins (120), 2%
sucrose, 0.8% agar and 1 mg/L zeatin. However, of the nine
cultivars from which protoplasts were isolated, plants were
only recovered from 'Lukullus'. Protoplasts were isolated
from cell suspension cultures derived from two-year old
callus cultures of 'Lukullus' (94). Shoots were regenerated
from callus derived from protoplasts but they were abnormal
and failed to root. However, using cotyledon protoplasts
from the cultivar 'Nadja' morphologically normal plants were
recovered (93). Shahin (160) used pre-conditioned in vitro
grown seedlings and was able to regenerate plants from
fourteen tomato cultivars. However, he could not isolate
protoplasts from greenhouse or growth chamber grown
seedlings. In our laboratory we have succeeded in

regenerating fertile plants from both 1

vitro and growth
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chamber grown seedlings of seven diverse genotypes (124,125)
without pre-conditioning.
D. Anther Culture

Most attempts to regenerate haploid tomato plantlets via
anther or microspore culture have failead
(21,30,39,44,65,101,161,162,205,206) except for L. peruvianum
(144). In tomato, haploid plantlets have only been obtained
from cultured anthers (23,64,212,213) but not in 1large
numbers. Although, haploid embryoids were obtained culturing
uninucleate microspores in liquid medium (192). Gresshoff
and Doy (64) reported the recovery of abnormal haploid
plantlets from one of forty-three tomato lines studied. The
factors identified as essential for haploid plantlet recovery
were an amenable genotype, anthers cultured when the pollen
mother cells were still in metaphase I and the use of light
during plantlet development.

Given a responsive genotype, one of the principle
factors affecting haploid induction is the stage of
microsporogenesis at which the anthers are cultured (76,172).
The correct stage must be determined experimentally for each
species. Several workers (3,44,150) reported on the
beneficial effect of a cold pretreatment on anthers which
disrupts microsporogenesis. This finding led Zamir et al.
(206) to use fifteen male-sterile mutants representing four
stages when microsporogenesis was blocked - pre-meiotic,
meiotic, tetrad and microspore. Ms 1035, a male-sterile

mutant characterized by an arrest in the development of
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meiocytes at the tetrad stage, formed haploid callus;
however, no plants were regenerated. Ziv et al. (212,213)
using ms 1035 and the culture system of Zamir et al. (206)
succeeded in recovering haploid plants. Anthers of
heterozygous plants (tf/+) carrying the allele for trifoliate
were placed into culture (212). All plants regenerated were
trifoliate; thus, they were believed to be doubled haploids
of sporogenic origin. It was unknown why normal plants were
not recovered.
E. Uses

In vitro culture systems have been used to study a wide

variety of physiological, genetic, developmental and breeding
problems.
Warren and Routley (197) used callus cultures of

resistant and susceptible cultivars to Phytophthora infestans

to determine if the disease response in culture correlated
with the reaction of the whole plant. Some differences were
noted but they were not as delineated as at the whole plant
level. A somaclonal variant resistant to race 2 of Fusarium
oxysporum f. sp. lycopersici was selected from the progeny of
plants regenerated from callus cultures of UC82B (50,112).
No selective agents were used and resistance was determined
to be governed by a single, dominant gene. Scala et al.
(69,156) were able to select cell lines from cotyledon-
derived cultures showing higher partial resistance to F.
oxysporum f. sp. lycopersici race 1 filtrate than unselected

controls. No plants were regenerated. Of 370 plants
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regenerated from leaf discs of a fully TMV susceptible line
six were selected as putatively resistant (5). Progeny
testing revealed varying degrees of resistance. Screening
for tobacco mosaic virus (TMV) resistance at the callus and
protoplast level, Toyoda et al. (184) found significant
differences between callus from resistant and susceptible
genotypes. These differences were not observed at the
protoplast level. Zhuk et al. (211) used cell suspension
cultures to show that TMV infection increases the number of
metaphases with concomitant disturbances of the spindle and
in the frequency of chromosome aberrations at anaphase and
telophase. No ploidy changes were observed.

Somatic hybrids have been recovered between potato +

tomato (108,148,163), Solanum lycopersicoides + tomato (70),

Solanum nigrum + tomato (68,79), tomato + S. rickii (128) and

L. peruvianum + Petunia hybrida (174). Binding (14) achieved

cell division between petunia + tomato heterokaryons but no
plants were recovered.

Meredith (110) selected variant cell lines tolerant of
aluminum. Variant cell lines were stable but no plants were
regenerated making it difficult to rule out epigenetic
effects. Suspension cultures of L. peruvianum were exposed to
a step-wise increase of the concentration of cadmium sulphate
(9). Exposure of tolerant and sensitive genotypes to Cd, Cu
or Zn led to the intracellular accumulation of a low
molecular weight cystein-rich cadmium-binding protein. This

protein was increased 5-fold in selected cell lines.
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Epigenetic effects could not be ruled out as plants were not
regenerated for genetic analysis. Tolerance to NaCl was
observed between cultivars using cultured cotyledon explants
(84). Differences were noted on the basis of explant growth
and callus proliferation. Ellis (48) was unable to isolate
cell lines resistant to the herbicide metribuzin using cell
suspension cultures. However, Harrison et al. (72) detected
differences in response of tomato cultivars to metribuzin
using callus cultures initiated from the hypocotyl. The
sensitivity of this assay was decreased due to a high level
of variabililty. Paraguat-tolerant tomato mutants isolated
from cell cultures had a 30-fold increase in whole plant
tolerance (181). A detailed genetic analysis was not
performed though some of the progeny of tolerant individuals
retained the trait. When cell suspension cultures of a L.
esculentum x L. peruvianum hybrid were irradiated with 294
rads/min for a total of 11,760 rads glyphosate tolerant cell
lines were selected (170).

Tomato protoplasts were able to take up laboratory made
positively charged 1ipid vesicles without any fusion
treatment (28) indicating a potential vehicle for delivering
compounds directly into the cell.

Root cultures were compared to stem-derived callus for
sugar uptake (29). Roots grew better with sucrose than
glucose and fructose while callus grew well in sucrose and
glucose and slightly less well on fructose. Coleman and

Greyson (34) studied root formation using leaf discs and






17
found that GA inhibited rooting when IAA was present but
stimulated rooting in the dark without IAA.

The in vitro response of ovaries from newly opened
flowers can be used in screening genotypes for parthenocarpic
progeny to be used in breeding the same season (69). Rastogi
and Sawhney (145) studied the nutritional and hormonal
factors controlling flower morphogenesis by culturing young
floral buds. Embryo culture has been used to obtain
interspecific hybrids between L. esculentum and L. peruvianum

(18,95) and L. es

culentum and L. minutum (187).

Utilizing tissue culture induced variation in tomato,
Evans and Sharp (51) recovered thirteen single gene mutations
including male-sterile, jointless, tangerine fruit, 1lethal
albino, virescent, indeterminate, mottled and green base.
Buiatti et al. (20) found 17.04% of the progeny of tissue
cul ture-derived plants had chlorophyll mutations or other
morphological abnormalities. These mutants segregated 3:1.
Polyploids and chimeras were also found. Plants regenerated
from hypocotyl segments from a homozygous (LaLa) leafless
lanceolate mutant exhibited both leafy and leafless
phenotypes (157). Progeny of leafy regenerates segregated
into homozygous mutants (LaLa), heterozygotes (La/+) and
normal plants (+/+) indicating genetic reversion. These
studies suggest that tissue culture induced variation may be
of value to tomato breeders.

Tissue culture provides a convenient way to transform

plants with Agrobacterium tumefaciens (106). Kanamycin
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resistance was incorporated into 4 cultivars using stem
explants (11). Tomato protoplasts were used to study the
transformed cell lines (194).
III. Preconditioning of donor tissue

Protoplasts have now been isolated from every plant
tissue and organ including tissue derived callus and cell
suspension cultures. The physiological condition of the
donor plant markedly effects the yield, wviability and
subsequent differentiation of the protoplasts.

A. Genotype

Given suitable culture medium and environmental
conditions, genotype is probably the single most important
factor determining the physiological response of plant
protoplasts (125,160). As mentioned earlier, profound
differences are observed even between cultivars within the
same species. Niedz et al. (125) regenerated plantlets from
six diverse tomato genotypes. The frequency of calli forming
shoots ranged from 2-22% with two genotypes not responding.
Likewise, Morgan and Cocking (115) found only one tomato
cultivar, 'Lukullus’, of 14 tested, that was capable of shoot
morphogenesis from protoplast-derived callli.

Arguably it might be stated that all genotypes are
capable of shoot morphogenesis from protoplasts if only the
proper cultural conditions are found. However, such
conditions have not always been found even with a

considerable search. For instance, many investigators have
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attempted to regenerate plantlets from cereal protoplasts but
only in a few cases, sugar cane (193), pearl millet (193) and
rice (37,202), has success been reported. In Zea mays,
Potrykus (140) tested tens of thousands of culture media to
no avail. To date, only 3 lines of maize have been reported
(113) which are capable of cell wall formation and cell
division from protoplasts - inbred line A188, Black Mexican
Sweet and B73.
B. Greenhouse, CEC, In vitro

Greenhouse grown plants have been used to isolate and
regenerate plants from protoplasts (26,114,115,175).
However, because of varying light and temperature regimes
vear-round repeatability is difficult (198). Controlled
environmental chambers (CEC) reduce some of the variability
associated with greenhouse grown plants
(1,2,12,24,67,126,152,155,165,168). For instance, leaves
taken from pea plants in a CEC yielded protoplasts that
divided and formed callus, while leaf-derived protoplasts
from greenhouse grown plants died and only rarely divided
(2).

Aseptically grown plant material provides a number of
advantages over greenhouse and CEC grown plants. First,
light, temperature and nutrient supply are uniformly
controlled and, second, tissue sterilization with toxic
substances is avoided (81,171). 1In one case it was the only
successful method to isolate and culture tomato leaf

mesophyll protoplasts (160).
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C. Light

Little work has been done on the effects of duration,
intensity and quality of l1light on protoplast source plants.
Bhatt and Fassuliotis (12) found a long photoperiod (16 hr)
and high 1light intensity (7500 1lux) beneficial for
consistently high yields of eggplant protoplasts capable of
division. When plants were grown under a 10 hour photoperiod
and high light or lower light (4300 lux) and 12 or 16 hour
photoperiod, protoplasts failed to divide.

In potato, protoplast division was only observed when
source plants were previously conditioned for 4-10 days under
a 6 hour photoperiod of 7000 lux with fluorescent 1light
(164). Binding (15) found protoplast yield of in vitro grown
haploid and diploid Petunia hybrida dependent on several
factors including an optimal light intensity of 7000 1lux,
similar to both previous studies.

Watts et al. (198) discovered that illumination in
excess of 25,000 lux of greenhouse grown tobacco plants
decreased protoplast yield. Tal and Watts (177) reported
that greater numbers of viable tomato protoplasts, as
measured by thoir’plating efficiency, were obtained from
plants preconditioned under low temperature (15°C) and high
relative humidity (82%). Modification of membrane
characteristics was suggested for the increased stability of
protoplasts under these conditions.

The production of viable protoplasts from greenhouse-

grown plants depended on a dark pre-conditioning treatment of
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shoot cuttings 30-162 hours prior to isolation (36). Shahin
(160) recommended transferring donor plants 48 hours before
isolation to the dark to reduce starch accumulation and to
favor the osmotic adjustment of the cells after isolation.
Cell divisions and colony formation were high when

Solanum pennellii plants were transferred 6 days before

isolation to short-day conditions (8/16 hour
photoperiod) (49).
Protoplasts isolated from freshly removed leaves of

greenhouse or CEC grown Vicia narbonensis plants did not

divide (46). A 2-4 day dark treatment was not beneficial.
However, when the leaves were first pre-cultured on basal
medium plus BAP and p-chlorophenoxyacetic acid (CPA) for 7-8
days, the isolated protoplasts divided.
D. Nutrition

Cassells and Barlass (27) reported that protoplast
viability from leaves of greenhouse grown tomatos was
increased by feeding with calcium nitrate (0.1 M twice
weekly) and low light intensities (2.52-10.8 MJ n‘zday'l, 16
hr photoperiod). Protoplast stability seemed dependent on a
relatively high calcium content (4-4.7% of dry matter) of the
leaves. Supplemental feeding of donor plants with calcium
also helped increase protoplast stability of tobacco (197).
The authors believe feeding is important as it increases
membrane calcium and may have other beneficial effects
connected with increased nitrate and chloride uptake and with

anion/cation interactions. One difference between tomato and
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tobacco in these two previous studies is the influence of the
flowering state. Poor quality protoplasts were obtained once
a tobacco plant entered the flowering state but not in
tomato. It is suggested that endogenous changes are
occurring that are incompatible with the isolation of stable
protoplasts.
E. Tissue age and source

The age of the tissue affects protoplast isolation and
viability (102,119,191). David et al. (40) report that yield
and plating efficiency are increased in expanding cotyledons

compared to fully expanded cotyledons of Pinus pinaster.

Likewise, isolation of protoplasts from cotyledons of cotton
led to an increase in the number of damaged protoplasts
partly due to the increase in incubation time (91). Kao and
Michayluk (84) found protoplasts from the youngest, not fully
expanded leaves divided sooner then those from older leaves.
Wallin et al. (196) found the use of very young leaves (3-5
mm) in buds from in vitro cultured shoots of apple increased
protoplast yield.
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