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Abstract: In vitro selection for salinity
tolerance was studied in the two
varieties Peto-86¢ and Roma VF of
tomato (Lycopersicon esculentum Mill).
From the two varieties, 420 cotyledons
(explants) were subjected to selection at
6.0 g/l sodium chlonde (NaCl). The
progeny of the selected and unselected
plants (R1-generation) as well as their
donor parents were tested for salinity
tolerance. In addition, seluble protein,
and five different isozyme systems
{peroxidase, esterase, ACP, GOT and
MDH isozymes) were used to study the
changes in pgene expression under
salinity stress. It was found that: (i)
Seedlings of the selected tolerant
somaclones showed better growth under
salinity stress (6.0 g/t NaCl) when
compared to the unselected somaclones
and their parents; (ii) Mean salinity
tolerance index, which is based on
shoot and root lengths and dry weights,
indicated that all somaclones selected

from Pet-86, cxcept PS-3, PS-4 and PS-
14 were more tolerant than their donor
parent and the unselected plants; (iii)
S..alt tolerance was transmiticd to the
next generation in seed progeny of
tolerant plants grown in the absence of
exposure to salt; (iv) Under salinity
stress, seven  polypeptides were
apparently suppressed (62.05, 45.82,
43.38, 31.98, 24.05, 21.87 and 14.58
kDa) whereas ninc protein bands at
molecular weight 91.24, 84,06, 81.15,
65.03, 54.86, 42.02, 36.59, 26.01 and
22.56 kDa were induced in all tested
genotypes, as compared with the control
treatment; (v) Salinity causes the
induction of 5 isozyme bands in
esterase and one band in peroxidasc;
and (vi) No quantitative variability in
the isozymes of ACP, GOT and MDH
was detected between tomato seedlings
grown in the absence of NaCl and those
irrigated with 0.6% NaCl.

Introduction

As excessive sodium
concentration in the soil is one of the
major problems for cultivated lands,
much effort has been directed toward
the development of salt tolerant
plants. Attention has been devoted to

the analysis of the responses to
environmental stressful conditions of
more or less sensitive genotypes
(Boscherini et al., 1999). Most crop
plants, including the cuitivatcd
tomato, are sensitive to salinity,
although differences between tomato



cultivars have been reported (Rus-
Alvarez and Guernier, 1994 and
Cano et al, 1996). Onc strategy to
reduce the deletertous effects of soil
salinity on tomato production is the
development of salt-tolerant cultivars
{Nabors et al., 1980).

Cell and tissue cultures have been
regarded as a useful tool to obtain
and study lines tolerant to bigtic and
abiotic stresses, by exploiting the
genetic vanability arising during in
vitro culture conditions (Buiatti ef
al, 1984). Selection for salinity
tolerance can be carried out in vitro,
by culturing either explants, callus
pices, cell suspension, protoplasts,
embryos or rmmcrospores in the
presence of screening  agent, e.g.
NaCl (Cano et al., 1996). Invitro
selection and screeming for salmty
tolerance have been reported in
tomato by (Yusuf ef al., 1994, Cano

el al., 1998 and Mercado er af.,
2000).

On the other hand, changes in
protein, isozyme and mRNA

synthesis has been well documented
under salinity stress (Singh ef al,
1985, King ef al, 1986; Claes ef al,
1990; Ramagopal and Carr, 1991,
Parcek er al., 1998; El-Enany, 2000,
and Ahmed eral., 2001). In tomato,
the alteration of gene expression by
drought and salt stress was studied
by Chen and Tabacizadeh (1992)
using two dimensional
polyacrylamide gel electrophoresis.
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They found that salinity stress
accumulated two proteins in roots
and induced different stress-specific
proteins. It is suggested that the
quantitative and qualitativc changes
in protein synthesis may contribute
to stress-resistant or stress-imjury
mechanisms.

Under salinity stress, it was
suggested that the newly synthesized
proteins, together with amino acids
and soluble nitrogenous compounds,
act as components of a salt tolerance
mechanism. They may function as
compatible cytoplasmic solutes i
osmotic adjustment to equahize the
osmotic potential of the cytoplasm
with the wvacuoles under adverse
conditions of salinity (Greenway and
Munns, 1980 and Dubey and Ram,
1989).

The present investigation was
carried out to focus on the utility of
tomato tissue culture for in vitro
selecion of salt-tolerant tomato
plants. In addition, to study the
changes in gene expression under
salinity stress as revealed by protein

and isozyme analyses.

Materials and Methods

Plant materials: Two tomato
(Lycopersicon  esculentum Mill)

varictics namely, Roma VF and
Peto-86 were used in the present
study. Seedlings from these varieties
were grown in vitro on Y4 MS



(Murashige and Skoog, 1962)
medium free of growth hormones.

Tissue culture method: The
hypocotyls and  cotyledonary
explants from two weeks old
seedlings of each variety were

cultured in the regeneration medium.
The regeneration medium consisted
of MS medium supplemented with
2.0mg/l benzyladenine, 0.2mg/l indol
acetic acid and 10.0mg/l adenine.
The cultures were incubated in 16
hours light regime at 27°C. Callus
and shoot regeneration were achieved
on the same medium, however
subculture to fresh medium was
madc when needed. After 6 — 8
weeks, the good developed shoots
were excised and transferred to the
rooting medium (MS-medium + 6.0
mg/l  indol-3-acetic acid) and
mcubated under the same conditions
for 4 weeks. The rooted shoots were
transferred to hormone-free medium
for further development. The good
developed plantlets were transferred
to the greenhouse for adaptation and
further growth. The healthy plants
were then transferred to the field
(RO). At maturity, the tomato fruits
were brought to the laboratory and
the R1 seeds were collected.

In vitro selection procedure:
preliminary experiment was done
using  the cultivar Peto-86 to
determine the sub-lethal

concentration of sodium chloride
(NaCl). Explants werc cultured on
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MS medium containing 0.0, 0.2, 0.4,
05, 06, 0.7, 0.8, and 1.0% (wiv)
sodium chloride. The concentration
0.6% NaCl was found to be suitable
for the in vitro selection for salinity
tolerance. Hypocotyis and cotyledon
explants taken from Roma VF and
Peto-86¢ were culiured on the
regeneration medium supplemented
with 0.6% NaCl. The selected shoots
were subjected for second round of
selection by culturing its leaf
explants on regeneration medium

containing 0.6% NaCl. Shoot
regeneration, rooting and plant
hardening were attained under

salimty stress. The good developed
plantlets were transferred to the
greenhouse  and finally to the field to
produce the Rl-seeds. Control
treatment from both cultivars was
also taken in consideration.

Salinity tolerance test: Tomato
seeds of both selected and unselected
clones (R1] generation) as well as
their parents were cultured in pots
containing a mixture of sand, peat
and soil in equal sizes. When
seedlings have one true leaf (after 2
weeks), they were irrigated three
times a week with Y4 MS salt
solution containing 0.0 and 0.6%
NaCl. After three weeks, plants were
harvested to measure the shoot and
root lengths and dry weights. The
experiment was designed in a
randomized complete block design
with three replicates. The relative
salt tolerance mndex was deternuned



by calculating the mean salinity
tolerance index, S.T.I (Reddy and
Vaidyanath, 1986).

Electrophoresis: Soluble protein,
and the isozymes of esterase (Est),
peroxidase (Prx), malate
dehvdrogenase (Mdh), acid
phospatase (ACP) and glutamate-
oxalacetate-transaminase (GOT)
were determined in order to study the
changes in gene expression under
salinity stress. Soluble proteins were
extracted from NaCl-stressed (6.0
g/1) and control seedlings of two
selected  tolerant somaclones (Ps-7
and Rs-5), their unselected plants as
well as the donor parents, Peto-86
and Roma VF, using equal volumes
of extraction buffer (0.1 M Tris-Hel
+ 2.0mM EDTA + 2 % glutathion,
pH 7.8). Protein analysis by
electrophoresis  were  carried out
according to the method of Lacmmli
(1970) with 12% polyacrylamide and
1 % SDS (w/v) under denaturing
conditions. The gels were stained for
protein bands with Commassie Blue
R. Then, gels were destained by
repeated immersion in  a mixture of
methano! : acetic acid - water (1:1:8,
by volumc). The molecular weight of
protcin  bands were determined
against protein markers consisted of
94, 67, 48.1, 30 and 20.0 Kd using
GS 365 clectrophoresis data system
program version 3.01 (Microsoft
Windows @ version). For peroxidase
and ecsterase analyses, samples were
electrophorased on 73 %
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polyacrylamide gcls under non-
denaturing conditions. The activitics
of the enzymes were stained
following the methods of Vallgjos
(1983) and Tanksley and Orton
(1986).

Results and Discussion

Generally, the results revealed
that cmbryogemc callus with
globular structures was developed
from both types of cultured explants
(hypocotyle and cotyledon). The
globular  structures were then
developed into shoots and roots (Fig.
la). The regenerated shoots were
subcultured on the same medium for
further growth and development.
When shoots were ca. 4 cm length,
they excised and transferred
separately to hormone-free medium
for further growth (Fig. 1b). The
good developed plants  were
transferred to the greenhouse (Fig.
I¢) and finally to the fieid (Figs. id).
At maturity, tomato fruits (fig. le)
were collected and brought to the
laboratory for seed collection (R1-
seeds).

I- In Vitro Selection for Salinity
Tolerance:Generally, the
preliminary experiment {Table 1)
revealed that the development of
callus and its differentiation were
decreased with the increment of
NaCl level from 2.0to 10.0 g/l. The
formation of callus was decreased
from 93.88% in non-salinized
medium to be 17.86% under 6.0 g/1



NaCl. Similarly, the regeneration
rate  was reduced from 17 shoots per
explant to 0.9 shoots/explant when
the NaCl level increased from 0.0 to
6.0 g/, respectively. At higher
concentrations, almost all the
cultured explants turned brown and
the few developed calli (4.08% of
cultured explants) falled to
regencrate shoots. Therefore, it was
decided to use the concentration 6.0
g/l NaCl as a sclection stress to
enhance salt tolerance in tomato.

The regeneration potential was
adversely affected by culturing on
medium containing 2.0, 4.0, 5.0, 6.0
g/l and beyond 6.0 g/l NaCl the
inhibition was complete. A similar
observation was found by Yusuf et
al, 1994; Cano et al, 1998 and
Mercado et al., 2000 in tomato using
tissuc culture techniques for in vitro
selectton for salinity tolerance. Liu
and Li {1991) found that callus was
formed on 0.5% NaCl, but was less
vigorous and the shoot-formation
rate was decreased as compared with
the control treatment.

The number of explants cuitured
on 0.6 % NaCl medium and number
of selected shoots in comparison with
the control treatment (unselected) are
given 1 Table (2). From the two
vanetics, Peto-86 and Roma VF, a
total of 420 cotyledons and
hypocotyls were cultured under
selection conditions. Averaged over
the two varieties, plant regeneration
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was reduced under salinity stress to
be 0.85 shoot/explant, as comparcd
to 15.60 shoot/exp in the control
treatment.

In vitro- selected cell lines, even
when verified for salt tolerance, have
often been found to lose their
regeneration  potential  (Meredith,
1984; and McCoy, 1987). Perhaps
for this reason, regeneration was
drastically  inhibited and the
embryogenic  callus  failled to
regenerate  shoots when Na(Cl was
found in the regeneration medium
(Kirta et al, 1991). In addition, Ben-
Hayyin and Gofier (1989) reported
that regeneration of plantlets from
tolerant cell lines of Citrus sinensis
did not succeeded in the presence of
NaCl.

The regenerated shoots from each
variety (resulted from the control and
salinized medium) were excised and
subjected for rooting. Table {2) show
that (averaged over the two varicties)
the perentage of root formation in the
selected  shoots (10.41%) was less
than the unselected shoots (39.24%).
These results also revealed the
mhibitory effect of NaCl on root
formation. Cano et al., (1998) found
that most apices and regenerated
shoots of [I. esculentum did not
develop roots from low levels of
NaCl, whereas those of L. pennellii
were able to develop roots at
different sait levels.



The good developed plants were before they were transferred to the
then transferred to the greenhouse for  field.
adaptation  and  acclimatization

Table (1): The cffect of NaCl concentration (g/1) on mean percentages of
callus formation and regenecration rate (No. of shoots/explant) in
tomato vanety Peto-86 after 6 weeks of culture.

Na(Cl No. of Callus formation Regeneration rate
Levels (g/1) | Explants (%) (Shoot/explant)
0.0 49 93.88 17.0
2.0 42 7143 11.0
4.0 56 41.07 5.0
5.0 56 30.36 2.5
6.0 56 17.86 0.9
3.0 49 4.08 0.0
1) .0 49 0.0 (.0

Table (2): The numbers of cultured explants and plants development on
media supplemented with 0.0 and 6.0 g/1 NaCl

Peto-86 Roma VF | MEAN
Medium With 0.0 % NaCl [}
No of explants 70 77 735
No of shoots 1201 1081 1141
Shoot/explant 17.16 14.04 15.60
No. of rooted shoots 456 438 447
% of rooting 37.97% 40.52% 39.24%
Plants mamtained in the field 128 148 138
Medium With 0.6 % NaCl
No of explants 210 210 210
No of shoots 184 170 177
Shoot/explant 0.88 0.81 0.85
No. of rooted shoots 21 16 18.3
% of rooting 11.41% 941% 10.41%
Plants maintained in the field 14 12 13.0
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From the unselected plants 128
and 148 plants of Peto-86 and Roma
VF were maintained in the field,
respectively. While, only 14 and 12
selected plants from Peto-86 and
Roma VF were also maintained in
the field (Table 2). The progeny of
the selected and unselected plants
(R1-generation) as well as their
donor parents were tested for salinity
tolerance as described in materials
and methods. The mean values of the
shoot and root lengths, and dry
weights after three weeks of growth
on control (non—salinized) and
salinized (6.0 g/l NaCl) treatments
are given in Tables (3 and 5), while
tables 4 and 6 display the analyses of
variance for these results,

Generally, when the tested plants
were irrigated with salinized solution
(6 g/l NaCl), seedlings derived from
both  selected and unselected
genotypes  exhibited a low rate of
growth in comparison with these
irrigated with NaCl- free solution.
This was observed in all studied
characters 1n the two genotypes
(Tables 3 and 5). The analysis of
variance for the studied characters
revealed highly significant
differences between all genotypes as
well as between the two
concentrations of NaCl (Fables 4
and 6).

The results in Tables (3) revealed
that some selected somaclones
exceeded their donor parents in
salimty tolerancc, while other
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somaclones did not  reveal
enhancement. Mean salinity
tolerance index (S8.T.I), which is

based on shoot and root lengths and
dry weights, indicated that all
somaclones sclected from Pet-86,
except PS-3, PS-4 and PS-14 were
more tolerant than their donor parent
and the unselected plants (Table 3).
Salinity tolerance index was ranged
between 77.75 in PS-7 and 64.22 %
in PS-3 for the selected plants, while
it was 68.66 in Peto-86 and 67 .99 %
in the unselected plants (Table 3).
No differences were found between
the ST.I of Peto-86 and each of
unsclected plants and the selected
clone PS-4. The two somaclones PS-
3 (STI = 6422 %) and PS-14
(STI = 665%) showed less
tolerance to salinity than their donor
parent (8. T.I = 68.66%).

Mean salinity tolerance index
(S.TI) in Roma VF (Table 3)
revealed that the selected clone RS-
13 followed by RS-5 and RS-7
possessed the highest S.T.I(72.01,
71.30 and 71.26 %, respectively). In
addition, the selected clones RS-1, 6,
8, 9and Il (8.T I1=06758, 66.36,
68.86, 68.03 and 67.88 %,
respectively) were also more tolerant
to salinity than their donor parent
(S.T.L = 63.6%). The two selected
clones RS-4 and RS-12 did not show
enhancement in their tolerance to
salinity. While, RS-2 (S.TIL =
60.71%) and RS-10 (59.48%) were
more sensitive to salinity than their
donor parent Roma VF.



Table (3): Mean values of shoot and root lengths (¢m) and dry weights (DW)

for the vanety Peto-86 and both selected (PS-1 to PS-14) and

unselected somaclones, on control (0.0 NaCl) and salinized (6.0

g/1 NaCl) treatments.
NaCl | Shootlength | Root length Shoot DW Root DW
Genot b
enotypes ;y_l cm) % (Cm) % mg) % (mg) % S.T.I
00 |12.7 83 82.7 21.0
10-86
Peto-8 60 171 5501 |65 78311 610 7376 | 140 6667 | 00
00 | 125 82 0.0 23.0
Unselected 0137 696 |53 6463 | 580 7250 150 65231 °7%
00 | 134 113 83.0 30.0 -
PS-1 60 198 7313182 7257 530 6385 350 8333 22
00 | 149 8.2 37.0 210
el P
F8-2 60 106 7i14d |65 7683 ] 550 6323 | 170 8095 03
00 | 128 114 80.0 28.0 .
PS-3 50 183 6isa [72 6306 610 76251 200 5263 | &42™
00 | 151 126 89.0 330
PS4 60 1105 695478 6190 610 6854] 350 7576 °%93
0.0 |128 85 84.0 24.0 .
Ps-5 60 |94 7344 |62 7204 | 610 D62 190 Fo07 | 44
00 | 134 9.9 85.0 300 .
PS-6 60 195 708965 6566 630 7a12] 20 33| 0
00 |125 92 80.0 3.0 e
P3-7 60 (94 7530 |79 8587 | 580 7250 240 Ta | 07
pog 00 | 135 8.9 85.0 25.0 76 49“7
] 60 |98 7259 | 7.2 8090 ) 650 7647 190 7600 ’
00 | 142 95 88.0 30.0 -
PS8 60 o8 600176 80001 610 6032 230 Tes7 | >
00 | 111 6.8 65.0 19.0 -
PS-10 60 173 6576 |59 8676 | 490 7538] 140 78| -7
00 1116 8.6 58.0 250
3. - =%
FS-11 60 |82 7069 |71 8256 | 547 8044 | 170 o800 | %
] 00 | 125 92 81.0 29.0 -
PS-12 60 186 688 |60 75001 620 7654 200 6897 | °
0.0 | 134 93 85.0 30.0 "
Ps-13 60 193 6940 |63 6774 630 7412 240 8000 ] ¥
i 00 | 116 8.9 67.0 250
PS-14 60 196 87665 7303 | 300 s8al| 130 s200] 00
Averageof | g4 {131 95 80.5 27.1
selected T2.57
plants 60 |93 709 |70 7368 575 7143| 201 7417
LSD 0.05 1.522 0.963 4.930 233 1955
0.01 2.025 1.281 6.556 5,759 2,693
Where: 1) % of its control,  b): Salimity tolerance index (S.T.1).
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Table (4): The analysis of variance for mean values of shoot and root lengths
and dry weights (DW) for the variety Peto-86 and both selected
(PS-1 to PS-14) and unsclected somaclones, on control (0.0

NaCl) and salinized (6.0 g/l NaCl) treatments.

Source DF | Shootlength | Root length Shoot DW Root DW
Replicates 2 3.283 0.601 10.167 5.031
Genotypes (G) 15 5.804** 6.380%* 257.272%* 97.894%*
Salinity (S) i 361.150** 145.534%* 12439.844** | 1197.094**
GXS 15 0.931 1.668%* 38.466%* 5.694
Exror 62 0.869 0.348 9113 7.031

The use of plant tissue culture
methods for screening and selecting
salt-tolerant tomato plants has been
reported and discussed by several
authors (Tal, 1984; Stavarek and
Rains 1984; Yusuf et al., 1994,
Cano er al., 1998 and Mercado et
al., 2000). A positive correlation
between the responses of whole
plants and callus derived from them
was found in the genus Lycopersicon
{Tal, 1984). Therefore, the salt
tolerance, which expressed at the
cellular level, could be expected to be
expressed in whole plants m
Lycopersicon, and breeding tomato
cuftivars for salt tolerance might be
conducted at callus culture level
effectively (Liu and Li, 1991).

However, an 1mportant point
remain to be verified, 1.c., is that any
such new trait that has been selected
at the cellular level can be expressed
at the whole plant level and then
transferred to the next generation. In

the present study, the cotyledon and
hypocotyl explants of tomato were
cultured on the seclective medium
contaiming (.6% NaCl then the
consequential calli were subcultured
on the same medium for regeneration
and development of the selected
plants until the regenerants were able
to be transferred to the greenhouse.
Then, the progeny (R1generation) of
such plants were tested and showed
salt tolerance. Thus, it could be
concluded that salt tolerance that has
been expressed at the cellular levet
and the mechamsm(s) of enhanced
salt tolerance I tomato is stable
during the course of plant
development in the field and
transmitted to the progeny of the
selected plants. Orton  (1930)
suggested relatively simple genetic
bases for salinity tolerance in barley,
which may be transferable by
hybridization and selection, and that
genes for tolerance may be additive
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and therefore
concentration

amenable
by

to Meanwhile, Nabors er al, (1980),
selecion. Tal (1984) and Bressan er al,

Table (S): Mean values of shoot and root lengths and dry weights (DW) for
the vaniety Roma VF and both selected (RS-1to RS-12)and
unselected somaclones, on control (0.0 NaCl) and salinized (6.0

g/1 NaCl) treatments,
NaCl Shoat length Root length Shoot DW Root DW
Genotypes LY
° g ©m % Cm) % | (mg % | (mp ST
00 | 115 5.0 76.0 29.0
Roma VF 0T 94 6435 | 50 6250 | 550 7237 | 160 5517 3%
50 ) 110 70 71.0 72.0
Unselected |~ 4—1¢5 5000 | 50 7143 | 450 6340 | 150  o6gis | 02
0.6 | 10.0 6.0 5.0 9.0
- £
RS-1 50 | 58 5800 | 45 750 | 350 6364 | 140 7368 | O 8"
- 6o | 110 5.0 72.0 28.0 o
- 60 | 65 5909 | 60 6667 | 380 5278 | 180 6428 :
00 | 128 6.0 2.0 19.0
RS-3 60 | 85 6641 | 50 8333 | 530 6463 | 140 Tes| 201
- 00 | 135 10.0 £9.0 30.0
RS-4 60 | 57 6444 | 60 6000 | 570 6404 | 200 e667 | O7°
; 0.0 | 1Ll 7.0 70.0 210
RSS 60 | 75 6757 | 50 7i4 | 490 70.00 | 160 7619 | 130"
00 | 115 30 74.0 75.0
»
R&-6 60 | 78 6783 | 55 6875 | 480 6486 | 160 6400 ] 036
00 | 108 7.5 76.0 24.0
RS-7 60 | 72 6667 | 60 8000 | 450 9211 19.0 797 | 2
- 0.0 1 125 7.0 75.0 25.0 .
RS-8 50 | 88 7040 | 50 7143 | 550 6962 1 160 ea00 | o586
: 00 | 122 7.0 75.0 71.0 o
RS9 60 1 78 6393 | 50 7143 | 490 6533 | 150 7143 | o803
00 | 105 6.0 68.0 19.0 -
RS-10 60 | 61 35805 | 40 6667 | 340 5000 ] 120 6316 ] 48
0.0 | 106 65 68.0 210 .
RS-11 60 | 67 6321 | 50 7692 | 440 64.70 | 140 6667 | 67.88**
60 | 105 72 70.0 3.0
00 | 63 6000 | 50 6944 | 380 5428 | 150 6532
RS-12 6.0 11.0 2.0 72.0 28.0 6223
Average of
" 00 | 114 73 732 22.9 674900
plants 60 | 79 6930 | 52 7123 | 454 6202 ] 158  69.00
iSO 005 7383 138 5388 3.423 2185
0.01 3.041 1772 8.152 4371 3043 |
Where: a): % of its control, b): Salinity tolerance index (S.T.1.).
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(1987) reported that inheritance
patterns for salinity tolerance were
complex and not strictly Mendelian,
suggesting multiple  mutaional
cvents.

In the present investigation, most
of the selected clones showed

significant enhancement in their
growth under salinity treatment,
which revealed higher percentages of
salinity  tolerance  indices, as
compared with their donor parent.
These  results indicating the
feasibility and effectiveness of

Table (6): The analysis of variance for mean values of shoot and root lengths
and dry weights (DW) for the variety Roma VF and both selected
(RS-1 to RS-12) and unselected somaclones, on control (0.0
NaCl) and sahmized (6.0 g/l NaCl) treatments.

Source DF Shoot length | Root length Shoot DW Root DW
Replicates 2 1232 3.816%* 32.250 5250
Genotypes ((7) 13 6.979** 3.847%= 476.349** 46.154%*
Salinity (S) 1 312.506** 91.354* 12752.679%* 1203.857**
GXS 13 1474 - 1.031 56.217** 8.703
Error 54 1.932 0.656 13.880 3.991

screening and selection for salt
tolerant genotypes via tissue culture
m salt stressed medium, Salt tolerant
plants was demonstrated stable,
inheritable tolerance have been
regencrated from tolerant selected
cultures of tomato (Yusuf et al.,
1994; Cano et al, 1998 and
Mercado et al., 2000).

Tomato plants selected from
Peto-86 and Roma VF showed better
shoot and root growth on salt
treatment when compared to the
control treatment. Delane ef al.
(1982) reported that the primary

detrimental effect of NaCl on salt
tolerant barley grown in hydroponic
experiments was on shoot growth

rather than on root growth In
contrast, El-Sharkawi and Salama
(1977} reported that the root volume
play the major role in tolerance to
salinity in wheat and barley plants.

The results also revealed that a
number of salt-selected clones such
as PS-4, RS-4 and RS-12 did not
show enhancement in their tolerance
to salinity at Rl generation, as
compared with their donor parent
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(Tables 3 and 5). These results
indicating  that  the tolerance
displayed by their orginal RO-
selected plants was likely due to the
physiological adaptation during the
course of selection and not as the
result of genetic changes. Simmlar
results and conclusion were also
found by Chandler and Vasil (1984).
Chaleff (1983) summarized a
number of reasons why a tratt
selected at the cellular level may not
be expressed in regenerated plants.
These reasons are, (1): many
vanants selected in vitro are not the
result of genetic change, but rather a
change in genc cxpression or
biochemical activity, (2). other
variants may be the result of genetic
changes of an unstable nature, eg.
gene amplification, and (3): the
absence of expression of selected
trait may be due to the metabolic
complex of higher plants (Chaleff,
1983).
II- The Changes in Gene
Expression Under Salinity Stress:
Since proteins comprise the
majority of stable functional genetic
products, the changes In gene
expression by salinity stress, as
revealed by protein and isozyme
analysis were studied in the two
varieties Peto-86 (S.T.I = 68.66%)
and Roma VF (S.T.I. = 63.60%),
their unselected plants (S.T.I= 67.99,
65.53%) and the two selected salt-
tolerant somaclones PS-7 (S.T.I =
77.75%)and RS-5(S.T.1. = 71.30%).
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a) Protein analysis:

Electrophoretic changes in protein
patterns  of the two varieties Pearson
improve and Midi-A, and their
unselected and selected (PS-7 and
RS-5) plants grown under control
and salinity treatments (0.0 and 0.6
% NaCl) are summarized in Table
(7) and illustrated in Fig. (2). All
tested genotypes exhibited different
protein pattemns. They manifested a
maximum number of 46 protein
bands, which were not necessarily
being present in all tested genotypes
{Table 7).

Generally, the results revealed
marked changes in protein patterns
as a result of salinity treatment.
Under  salinity stress, scveral
polypeptides were  apparently
suppressed whereas others were
mduced (Table 7). The results
revealed that nine bands at molecular
weight 91.24, 84 .06, 81.15,65.03,
5486, 4202, 3659, 2601 and
2256 kDa were induced under
salinity stress in all tested genotypes,
as compared with the control
treatment (Table 7). The induction of
these bands differed from one
genotype to another. In this respect,
3 bands were induced in Peto-86,
while its unselected planis and
selected clone Ps-7 induced 2 and 3
bands, respectively. Only onc band in
Romz VF, two bands in the
unselected plants and four bands in
the selected clone Rs-5 were induced



Table (7): Moleccular weights of protem bands detected in the donor parents
Peto-86 and Roma VF, and their unselected and selected plants grown
under salinity stress (S) and control treatment (C). Data were obtained by
GS 365 clectrophoresis data system program version 3.01.

MW Peto-86 genotypes Roma VF pes
No. K'Da‘ Peto-86 Un-selected Selected Roma VF | Un-selected Selected
C S C S C S C S C S C S

1 99,706 + + + + + + + + + + + +
2 93.724 + + + + + + + + + + + +
3 91.240 - - - - + - - - B R
4 86.879 + + + + + + + + '
5 84.062 - - - - - - . - - N . +
6 81.155 - - - - + + - - . . . "
7 79.614 + + + + + + + + + + - +
8 76.857 + + + + + + - - - . N
9 69.081 + + + + 4+ + + -+ + + ; +
10 65.031 + + + + + + - - - + _ N
11 62.054 + +- + + + + + - 4+ : +
12 37.966 + + + + + + + + + + ¥ }
13 54.865 - + + + + + + + + + + +
i4 53.865 - - - - + + - - - - - R
15 52.780 + + + + + + - - - - - -
16 47.558 + + + + + + + + + + + +
17 45.82 + - - - - - - - - - -
18 44.992 + + + + + + + + +
19 43.389 + + + - - - - - - - “ -
20 42.02 - - - - - + - - - - - _
21 40,612 + + + + + + + + 4 + + +
22 38.258 + + + + + + + + + + + +
23 36.592 - - - - - - - - - +
24 33877 -+ + + + + + 3
25 31.981 - - - - - + - - - - .
26 30.338 + + - - - B - - - - - .
27 29.635 + + + + + + + + + + + +
28 28.380 + + + + + + + + + + + +
29 26.102 - + - + - + - + - + ]
30 25.454 + + + + + + + + + + + +
31 24.78 + + + + + + + + + + + +
32 24.053 + - + - - . - . - _ N N
33 23272 + + + + + + + + + + + +
34 22.564 - + - + + + + + + + + 4
35 21.876 + - + - + - + - - - + -
36 21278 - - - . - - + + T T T T
37 20.389 + + + + + + + + + + + +
38 19125 -+ + + + + + + + + + + +
39 18.444 + + + + + + + + + + + +
40 17.825 + + -+ + + + + T T " T "
41 16.933 + + + + + + + + + + + 4
42 16.090 + + + + + + + + + + + +
43 14.187 + + + + + + + + + + + +
44 14.586 + - + - + + - - + N . N
45 13.205 + + + + + + + + + + " T
46 12.574 + + + + + + + + + + + +
No. of bands 35 34 34 32 35 37 31 29 30 30 30 33
Induced 3 2 3 1 2 4
Reduced 4 4 1 3 2 I

L7
Lh



under salinity stress. It is interesting
to note that a 26.01 kDa protein
band was induced under salinity
stress in all tested genotypes. Singh
et al (1985) found that salinity stress
duced the synthesis of several novel
proteins in tobacco cells, including
the predominant 26 Kd protein.
Since, 26 Kd protein is specifically
synthesized and accumulated in cells
undergoing osmotic adjustment to
salt or desiccation stress, this protein
was named "osmotin" by Singh et al,
1987,

The results showed that salinity-
stress induced the synthesis of 9 new
protein bands in all tested genotypes.
In rice, Clacs et al., (1990) reported
that 8 proteins were induced under
NaCl-treatment. In a suspension
culture of sugarcane, Ramagopal and
Carr  (1991) found that the
expression of 15 proteins and 18
mRNAs were induced or enhanced
by salinity. In Brassica juncea, Jain
et al., (1993) found that salt stress
induced the expression of four new
polypeptides (56.1-70.8 kD) at 60
mM NaCl. In tomato, Chen and
Tabaeizadeh (1992) found that
salinity accumulated two proteins in
roots and induced different stress-
specific proteins. It is suggested that
the quantitative and qualitative
changes in protein synthesis may
comtribute to stress-resistant or
stress-injury mechanisms.

In addition to these newly
synthesized proteins, salinity stress
also suppressed or reduced the
production of 7 different proteins in
the unselected and selected tomato
plants as well as their donor parent.
Most of these reduced proteins were
of low molecular weights and differ
from one genotype to another. These
reduced protein bands are 62.05,
45.82, 43.38, 31.98, 24 05, 21.87
and 1458 kDa (Table 7). The
protein band 2187 kDa was
commonly reduced under salinity
stress. Under salinity stress, 4 bands
in each of Peto-86 and their
unselected plants were reduced,
while 3 bands in Roma VF and 2
bands in their unsclected plants were
also suppressed. Only one band
(21.87 kDa) was reduced in plants
selected from Peto-86 or Roma VF.
Ramagopal and Carr (1991} found
that sahnity stress reduced the
expression of 3 proteins and 8
mRNAs in suspension culturcs of
sugarcane.

Evidently, the presence of
different patterns of soluble protein
in tomato genotypes having different
degrees of salt tolerance strengthens
the wiew that salt tolerance or
sensitivity depends on the genetic and
biochemical makeup of the genotype.
Similar conclusion was also reported
by Dubey (1994), Rashed et al,
(1994), Pareck et al. (1998), and
Ahmed et al. (2001).



b) Isozyme analysis:

Protcin  extracts from NaCl-
stressed (6.0 g/l) and control
seedlings of two selected tolerant
somaclones (Ps-7 and Rs-5), theirr
unselected plants as well as the donor
parents, Peto-86 and Roma VF were
subjected  for  esterase  (Est),
peroxidase (Prx), malate
dehydrogenase (Mdh), acid
phospatase and glutamate-
oxalacetate-transaminase (GOT)
analyses (Figs. 2 and 3).

In csterase zymograin (Fig. 2),
quantitative differences were
observed between control and NaCl-
stressed treatments of the tested
genotypes. In Roma VF, salinity
treatment induced the synthesis of
esterase bands No. 12 and 13 in both
seclected (Rs-5) and unselected
seedlings. Salinity stress also induces
the expression of esterase band No. 5
in tomato seedlings selected (Ps-7)
from Peto-86. Salinity also induced
the two bands No. 10 and 11 inthe
unselected plants from  Peto-86,
while these two bands were also
expressed in the selected plants (Ps-
7) even under control or salinized
treatments.

In peroxidase zymograms (Fig.2,
PRX), few differences were observed
between the control and stress
treatments in the expression of
peroxidasc isozymes. In this respect,
onc band {No.l) in the selected
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plants (Rs-5) of Roma VF was
induced under salinity stress, That
band (No.1) was also detected in the
selected plants (Ps-7) of Peto-86
under both control and stress
treatments. In addition, the selected
and unselected plants from the two
varieties revealed the common
expression of two peroxidase bands,
No. 2 and 4, not present in their
donor parents under both control and
salt treatments.

Except the differences in isozyme
activity, no quantitative varability
was detected between tomato
seedlings grown in the absence of
Na(l and those irnigated with 0.6%
NaCl in the isozymes of acid
phosphatase  (ACP), glutamate-
oxalacetate transaminase (GOT) and
malate dehydrogenase (MDH) in all
tested genotypes (Fig. 3).
Meanwhile, genetic differences in
ACP isozymes were found between
the tested genotypes. In this respect,
the selected and unselected plants of
Peto-86 as well as their donor parent
revealed two bands of ACP. While
the variety Roma VF and its selected
and unselected plants  were
characterized by onc band of ACP n

their zymogram.

The results revealed that sality
causes induction of isozyme bands,
depending on the nature of the
isozymes and the tested genotypes.



Fig. (1):

(A) The regeneration of tomato plantlets from tissue culture. (B):
Regenerated tomato plant having shoot and roots. (C): Regenerated
tomato plant grown in pot. (D and E): The regenerated tomato
plants (R1) grown in the field at the flowering (D) and fruiting (E}
stages. (F). Salt selected seedlings of R1 generation dunng salinity
test.
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Fig. (2): Electrophoretic patterns of Protein profile and both esterase and
peoxidase isozymes detected in the donor parents Roma VF and
Peto-86, and their unsclected and selected plants grown under
sahmity stress (8) and control treatment (C).
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Fig. (3): Electrophoretic patterns of acid phosphatase (ACP), glutamate-
oxalacetate tramsaminase {GOT) and malate dehydrogenase (MDH) isozymes
detected in the donor parents Roma VF and Peto-86, and their unselected and
selected plants grown under salinity stress (8) and control treatment (C).
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The induced bands were; 5 bands
m esterase (No. 5,10, 11, 12 and 13}
and one band (No. 1) in peroxidase
(Figs. 2 and 3). It has been reported
that the peroxidases play an
important role in the mechamsm of
salt tolerance in plants including
tomato (Bradley et al, 1992 and
Sancho et al, 1996). In tomato
plants, enhanced expression of a
peroxidase gene was reported in the
roots of salt-stressed plants (Botella

et al, 1994a) Mittal and Dubey
(1991) found that when nce
scedlings  wecre  raised  under

increasing levels of NaCl salinty,
certain new isoforms of peroxidase
appeared and the intensities of some
of the  preexisting  isozymes
mcreased.  They suggested that
peroxidase isozymes can be useful
markers in the analysis of gene
functions and metabolic regulations
including salt tolerance
characteristics.

It is worthy to mention that the
selected plants involved in the
isozyme analysis showed enhanced
tolerance to salinity, as compared to
their donor parents. In addition, the
seleccted  plants  revealed  the
expression of newly 1sozyme bands
not present in their donor parents.
These differences between the tested
genotypes  strengthen the view that
salt tolerance or sensitivity depends
on the genetic and biochemical
makeup of the genotype. The
differences in the number of 1sozyme
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and protein bands observed among
salt treated seedlings and their
control mught reflect a differential
gene expression as a consequence
response to salinity stress. Similar
modifications in gene expression
during salinity trcatments had also
been observed by Singh et al., 1985,
King eral., 1986; Claes et al , 1990,
and Ramagopal and Carr, 1991 In
addition, the extra bands of isozymes
and soluble protein which appeared
in tested genotypes (with different
degrees  of salimity tolcrance)
suggested that the genetic program in
tomato was altered by salinity stress
to induce the production of these
proteins  for specific pathways
involved in the tolerance to salinity.
Singh ef al., 1987 reported that the
osmotin which induced under salinity
stress  providing the osmotic
adjustment to the cells either by
facilttating  the¢ accumulation of
solutes or by providing certain
metabolic  alterations - the cells,
which may be helpful in osmotic
adjustment.
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