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Abstract

A selection protocol to obtain salt tolerant calli, followed by regeneration and progeny-
test of the regenerated plants for salt tolerance in rice was investigated. Callus cultures were
initiated from salt-sensitive US elite rice lines and cv. 'Pokkali'. Salt-tolerant cell lines were
selected from these by a single step selection procedure. The selected salt-tolerant lines grew
well on medium with + 0.5% or 1% NaCl, while the parent lines occasionally survived, but did
not grow at these salt concentrations. Plants were regenerated from these cell lines through
different passages on medium containing salt. Seed was collected from the regenerated plants
and salt tolerance of R2 seedlings was compared with those regenerated without salt selection.
Salt-tolerance was measured by survival and productive growth of newly germinated seedlings
in Hoagland solution with 0.3% and 0.5% NaCl for 4 weeks. Heritable improvement in salt
tolerance was obtained in R2 seedlings from one plant regenerated after 5 months selection.
Survival and growth of these seedlings was equivalent to that from 'Pokkali' seedlings. These
results show that cellular tolerance can provide salt-tolerance in nee plants.

1. INTRODUCTION

We have previously selected salt-tolerant alfalfa cell lines and regenerated salt-tolerant
plants from these lines [1]. The regenerated plants were considerably more salt tolerant than
the parent salt-sensitive plants. The trait for salt-tolerance was inherited through the seed in a
semi-dominant fashion. We have extended these studies to rice using a single step in vitro
selection protocol to select salt tolerant calli, followed by regeneration and progeny-test of the
regenerated plants.

Salt tolerance in crop plants has been limited in significant improvement by breeding.
Selection for salt tolerance might be possible in cell cultures. Plants, with improved salt
tolerance, have been regenerated from salt-tolerant callus, showing that cellular tolerance can
play an important role at the whole plant level. Isogenic salt-tolerant and salt-sensitive cell lines
and plants allow us to identify genes that may contribute to improved salt tolerance and/or
serve as molecular markers for tolerance

2. MATERIALS AND METHODS

Callus cultures were initiated from seeds of two elite US rice lines (L-202 and M-202)
and Indica rice varieties 'Pokkali', TR 28' and 'IR 42'. Cv. 'Pokkali' has been classified as
relatively salt resistant and served as a positive control in all experiments. The protocol for
plant regeneration and selection is presented in Table I.
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TABLE I. SELECTION FOR SALT TOLERANCE AND REGENERATION IN
RICE.

Cell Culture Medium Selection Regeneration

Linsmaer & Skoog agar + +
0.3 >ig/l kinetin +
1.0 mg/1 2,4-D +

100 mg/1 tryptophan + +
1% NaCl (171 mM) +

Culture conditions: 28°C in continuous light (30 umol quanta/mVs).
Regeneration: roots and shoots in 4-8 weeks.

3. RESULTS AND DISCUSSION

Cell lines tolerant to 1% (0.171 M) NaCl were obtained from all calli. Several plants
were regenerated from salt tolerant lines of L-202, M-202 and 'Pokkali1. The selection process
and regeneration of the embryogenic callus had minimal adverse effect on the rate and extent
of plant growth, since the regenerated plants were similar to those initiated from the parental
seed stock. All plants flowered and in most cases were fertile. Seed was collected from the
regenerated plants and the germinated R2 seedlings were tested for tolerance to salt. The salt
tolerance of R2 seedlings was compared with plants regenerated from salt tolerant calli of
L-202 that had been maintained on 1% NaCl for up to 5 months after selection. Heritable
improvement in salt tolerance was obtained in R2 seedlings from one L-202(R4) plant that had
been regenerated after 5 months of selection on salt-containing medium. The salt tolerance of
these seedlings was comparable to that obtained with seedlings from 'Pokkali' under conditions
where the unselected L-202 seedlings died.

Selection for salt tolerance and regeneration

Our finding of the apparent time dependence of selection in culture that yielded the L-202
regenerated plant with improved trait for salt tolerance provides practical information that may
be useful for selection of other cell lines. It was apparent that rice cell cultures continue to
maintain a mixed population of salt-tolerant and salt-sensitive cells even under conditions of
a single step increase in lethal salt concentration in the culture medium. Under these conditions,
short-term salt selected rice callus contains many embryogenic calli that do not carry heritable
changes for the salt tolerance phenotype, and therefore necessitate screening for the tolerance
in the progeny of the regenerated plants. However, the successful recovery of at least one
regenerated plant with improved salt tolerance inherited in the R2 generation shows that the
method of selection for salt tolerance at the callus level, followed by regeneration is applicable
to selection in rice [2, 3]. However, we find that prolonging the selection process in vitro for
rice improves the likelihood of regenerating plants with improved salt tolerance. Since
prolonged growth in tissue culture is generally undesirable because of accumulation of
potentially undesirable mutations, mutagenesis of the initial culture followed by a relatively
shorter selection process might increase the yield of regenerated mutants with improved salt
tolerance.
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Studies on gene regulation

We have also focused on the characterization of altered gene expression in the salt tolerant
cells and plants in order to identify genes that are likely to contribute to acquired salt tolerance
in normally salt sensitive plants by identifying genes that are "up-regulated" by salt in our
system of salt-tolerant alfalfa (Table II).

TABLE II. GENES UP-REGULATED BY SALT IN SALT-TOLERANT ALFALFA.

Gene Characters

MsPRP-2 Encodes a root specific proline rich cell wall protein with a hydrophobic
region in carboxyl terminus

Alfin-1 Putative zinc finger transcription factor
pA18 cDNA, unknown function
rbcS
Cab Nuclear genes for photosynthesis functions in chloroplast
rbcL
psbA
psbD etc. Chloroplast genes for photosynthesis
H3 Cell cycle dependent and independent histone H3

We have concentrated our studies on two cloned genes in alfalfa that are induced at the
mRNA level in salt tolerant alfalfa grown in salt solution. One of these genes (MsPRP2)
encodes a root specific transcript, that accumulates dramatically in presence of salt. Translation
of the coding segment of MsPRP2, suggested that it encodes a chimeric 40,569 kDa cell wall
protein consisting of an amino-terminal signal sequence, a repetitive proline-rich sequence, and
a cysteine-rich carboxyl-terminal sequence homologous to nonspecific phospholipid transfer
proteins [4]. We have subcloned a 2.5 kb fragment of the promoter of this gene and are
currently sequencing it to identify potentially important regulatory regions in this gene.

Another gene that we had identified in our differential screen of salt tolerant cell cultures
is Alfinl, which encodes a putative zinc finger transcription factor. We are continuing work on
this gene and have utilized an expression vector to engineer a construct for expression of this
protein in Escherichia coli. We have finally achieved successful production of this protein in
bacteria and are in the process of purifying it for DNA binding studies as well as preparation
of antibodies.

The selected salt tolerant cell lines showed an association of chloroplast activation and
increased mRNA accumulation for photosynthesis related genes with the salt tolerant phenotype.
We have previously shown that at least some of these mRNAs are translated into functional
products. Current on-going experiments show both transcriptional and post-transcriptional
regulation of a number of genes in this system [5,6]. These results indicate that in the salt
tolerant cells, post-transcriptional stabilization plays an active role in photosynthesis gene
transcript accumulation. We also plan to investigate this aspect of gene regulation at the whole
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plant level, especially in the roots of the salt tolerant plants grown in presence of salt.
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