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ABSTRACT

Four tomato genotypes were used in this investigation. They were the tolerant
genotype of Lycopersicon pennelli, the seneitive genotype Lycopersicon escufentum
and two Egyptian tomato cultivars, Strain B and Floradid. They were exposed to four
salt concentration (0.0, 4000, 8000 and 15000ppm) to identify the response of the
morphological, physiological and yield traits. The biochemical and molecuiar
analyses were aiso screened to identify tomPRO2 gene.. Plant height, plant fresh
weight and root dry matter showed high response to salt, and the L. pennelli was
found to be the most tolerant genotype whereas, the wild genotype Lycopersicon
esculentum seemed to be the most sensitive one. The proline content of the
genatype Floradid showed the highest increment. The wild type showed the least
increments in proline content. For yield response, L. pennili showed the most
tolerable, meanwhile wild type L. esculentum was the most seneitive one. Protein
banding patterns screened after 3 days treatment, indicated the presence of a unique
dark stained band only with genotype Strain B. After 33 days of treatment, a newly
synthesized protein was observed under salt concentrations of 4000 and 8000 ppm.
The cathodal Peroxidase isozyme band Cg at R.F. 0.36 cm was suggested to be a
biochemical marker for salinity tolerance. A unique acid phosphatase isozyme band
A; was also observed at 4000ppm salt Conc. A full length {~2145pb) tomPRQO?2
(PSCS) cDNA was amplified using RT-PCR from total RNA isolated from [eaves of
treated plants. The tomPRQ2 gene was also screened and amplified from different
temato genotypes to test their tolerance to salinity which was found to present in
some and absent in others. These results might be of great help to the tomalo
breeders in Egypt, which enable them to chose the best and tolerant genotypes to be
involved in their breeding programs.
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INTRODUCTION

Environmental stresses are among the most limiting factors for plant
productivity. Among these, salinity is one of the most detrimental {Boyer
1982). identification of these salt-regulated genes has allowed better
understanding of the complexity of sait tolerance in higher plants (Cushman
et al.1990). The effect of NaC| addition to nutrient solution has been found to
cause a decrease in dry matter and fruit yield (Topculoglu et af. 2002). The
physiological mechanism of salt {olerance in ten Lycopersicon specles, all
species accumulated proline in all organs in response to salinity but there
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was no general relationship between the ability of these species to
accumulate proline and their relative salt tolerance (Rajasekaran et al. 2000).
Water stress triggers the accumulation of proline (pro) in a wide variety of
species in all biological kingdoms { Csonka and Hanson 1999). The proteins
were extracted from the roots of Lycopersicon esculentum, L. peruvianm, L.
pennellii and L. cheesmanii exposed gradually to NaCl, the extraction being
performed a short and long time after the end of NaCl addition. When the
electrophoretic banding patterns of the proteins were studied, the most
notable changes were: (1) those unique to the cultivated species, namely the
decrease of a 37 KDa and increase of a 45.2 KDa protein after a short time
only, and (2) those common to all 4 species, namely the decrease of a 22kD
protein after a short and long time and the increase of a 26 KD protein after a
long time only (Hazak ef al. 1990). Two protein kinases with molecular
masses of 48 and 40 KDa were activated in tobacco cells exposed to NaCl.
The 48KDa protein kinase was identified as SIPK (Salicylic Acid —Induced
Protein Kinase), a member of the tobacco MAPK( Mitogen — Activated
Protein Kinase) family that is activated by various other stress stimuli. The
activation of the 40KDa protein kinase was rapid and dependent, the
activation of 40KDa protein kinase was specific for hyperosomotic stress.
( Hoyos et al. 2000 ). Tomato cv. Pera seedlings grown hydroponically and
treated with NaCl .Showed an increment in peroxidase (EC1.11.1.7) and
associated with lignifications, in main roots. lts specific activity suggested
that the enzyme participate in the synthesis of suberins. { Peyrano et al.
1997). The Peroxidase activity was recently reported for Arabidopsis and acid
Phosphatase activity at alkaline pH. This activity was unaffected by potent
inhibitors of acid Phosphatase activity ( Gale ef al. 2002 ) .Two tomato
Lycopersicon esculentumm cDNA clones, tomPRO1 and tomPRO2, were
isolated and specified as delta 1- pyrroline-5- carboxylate synthetase
(P5CS), the first enzyme of proline {(Pro) biosynthesis. tomPRO1 is unusual
because it resembles prokaryotic polycistronic operons, wherease tomPRO2
encodes a full-length PSCS.Treatment with 200 mM NaCl resulted in a >60-
fold increase in Pro levels in roots and leaves. However, there was a < 3-fold
increase in the accumulation of the tomPRO2 message and no detectable
induction in the level of the tomPRO1 message in response to NaCl stress.
Sequence comparison suggested that tomPRO1 is similar to prokaryotic
P5CS loci, whereas tomPRO2 is closely related to other eukaryotic P5CS
genes (Fujita ef al.1998 ).

MATERIALS AND METHODS

Materials

Four Tomato (Lycopersicon sp. Mill) genotypes ; two cultivars and two
wild types were used in this investigation. The two cultivars were Strain B
(Tolerant to EC 4 ) and Floradid (Tolerant to EC 6 ) which were provided from
the Horticulture Research institute Agriculture Research Center ( ARC ),
Giza, Egypt. The two wild types; Lycopersicon pennellii and Lycopersicon
esculentun P.1 246502 ( Tolerant to EC 9 ) and Pl 578495 ( Salt susceptible )
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were kindly provided by Prof. Dr. C. M. RICK, Tomato Genetic Resource
Center, Department ‘of Vegetable Crops, California University, Davis,
California, USA . Another three tomato genotypes were only used in this
study-for screening thelr genomic DNA.They were Super strain B, Edkaye
and Beto 86.

Methods
Effects of Salt Stress on the Tomato Plants:

. The four tomato genotypes were grown in pots for one growing season
in a sand culture. Three plants of each genotype were grown in each of the
four replications under four salt concentrations; 0.0, 4000, 8000 and
15000ppm 3NaCl :1CaCl; . The Planis were irrigated every two days, once
with salt-Hoagland solution and once with free salt Hoagland solution.
Measurements of three yield per plant and its attributes; plant height {cm)
average fruit weight (gm) root dry weight {gm) and plant fresh weight (gm).

Proline Content:

Samples were taken as bulks from selected cultivars for physiological,
biochemical and molecular analyses from both control and salt-stress
ireated plant . Proline was determined according to the method of Bates ef
al. (1973).

SDS Protein and Isozyme Electrophoresis:

SDS - Polyacrylamide gel electrophoresis ( SDS ~ PAGE ) was
performed according to the method of Laemmli { 1970 ). Starch get
electrophoresis was achieved to detect the biochemical genetic markers of
tomato under salt stress. Two isozyme systems were used in this study. They
were Peroxidase (Prx) E.C.1.11.1.7. and Acid Phosphatase (Acp)
E.C.3.1.3.2.- (Douglas and Pamela 1990). The buffer system and staining
were applied accordmg to Tanksley and Orton (1983).

Total RNA lsolatlon and RT-PCR for cDNA tomPRO2 gene:

Total RNA was isolated from leaf tissues using RNA isolation kit for
laboratory use ( SV Total RNA Isolation systems from Promega. USA). A
tomPRO2 fragment (nucleotides 44-2197) containing a complete open
reading frame was amplified by RT-PCR one step reaction kit from Promega.
With using the primers 5°- AGA CAG TTC ATT CAA CTC-3" and 5°- ATC

ACC CTT GCT GAC-3". The PCR condition was 42 °C for 30 min for one
gycle. Denaturation at 95 oC for 5 min, 55 C for 1 min, polymerization at 72
¢ for 1 min this for 32 cycles then 72 °C for 10 min, then hold at 4 °C.

G_enom_nc. DNA Isolation, Screening for tomPRO2 Gene and PCR of
tomPRO2 ( Delta 1-Pyrroline-5-Carboxylate Synthetase ) :

Genomic DNA isolation using CTAB extraction method (Saghai-Maroof
et al 1984) PCR reaction was conducted using two primers with the following
sequences.P1 5~ AGA CAG TTC ATT CAA CTC-37as forward primer. P2 5'-
ATC ACC CTT GCT GAC-37as reverse primer. The reaction conditions for
_both types of analyses were optimized and mixtures (50 ul total volume) . and
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the following program was used; 95 °C/S min ( 1cycle ), then 94 °C/2min,
65°C/120 sec, 72°C/3min ( 35cycles ), then 72 °C/10min (1 cycle ).

Statistical Analyses:

-Analysis of variances among replication means for both treated and
untreated individual tomato plants at the level of replications and also the
least significant deferences were calculated according to Snedecor and
Cochran (1972).

RESULTS AND DISCUSSION

Morphological, Physiological and Yield Responses to Salt Treatments:
Plant Height Response to Salt Treatment:

Data in Table 1 showed that under 0.0ppm sailt treatment (3NaCl :
1CaCly), the tomato variety L. esculentum Floradid had the highest plant
height mean values after 80 days of planting followed by the wild type L.
esculentum (45.3cm), while the L. pennellii genotype showed the {east plant
height mean value (41.4cm). These results indicated that L. pennelfii was
the most tolerable genotype to salt treatments in relation to the other three
genotypes. While the wild type L. esculentum was the most susceptible one.

Plant Fresh Weight Response to Sait Treatments: ‘

The L. pennellii genotypes showed a highly significant difference of its
plant fresh weight value as a result to salt treatment concentration of
15000ppm. Meanwhiie, the other genolypes showed to have significant
differences in response to both concentrations of 8000ppm and 15000ppm.
These results indicated that L. pennellii is the most tolerable genotype to salt
treatments comparing to the other three genotypes, while the wild type L.
esculentum was the most sensitive one (Table 1).

Root Dry Matter Response to Salt Treatments:

All genotypes showed highiy significant lower values than their
respective ones as a result to salt treatment concentration of 15000ppm -
except the tomato variety L. esculentum Floradid which showed to have this
lower significant value as a response to the sait treatment concentration of
8000ppm (Table 1). However, none of the root dry matter values of any other
‘genotypes showed any significant lower values which differ from their
respective average when treated with the same or lower salt treatments.
Similar results were obtained by Topculoglu et al., (2002).

Proline Content Response to Salt Treatment:

" Results in (Table 1) showed the effect of salt treatments on proline
content (ug) of four tomato genotypes after 90 days of sowing. The tomato
variety L. ésculentum Fioradid had the highest average proline content. The
tomato variety L. esculentum Floradid showed the highest increments in
proline content as a result to each increase in salt treatments. This response
was lower in case of L. esculentum. Meanwhile, L. pennellii showed to have
. the least increments in proline content as the result to the increase in salt

.o
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stress treatments. In this concem Rajasekaran ef af. (2000} and Csonka and
Hanson (1899) concluded that water stress triggers the accumulation of
prolene in different plant species.

Yield Response to Salt Treatments:

Plant fruit weight was taken as a measure to indicate the yield
respanse to salt treatments and presented in {Table 1). The L. pennelli
treated with 15000ppm, showed to have a highly significant difference of its
fruit weight vaiue, comparing with the average value which was taken as the
{owest value over the four treatments. Meanwhile, the rest genotypes showed
to have significant differences. These findings indicated that L. pennellii
considered the most tolerable genotype to salt treatments in relation to the
other three genotypes. However, the wild type L. esculenfum is found to be
the most susceptible one, it had the least fruit weight value/plant among all
genotypes at the treatment of 15000ppm concentration. Generally, salt stress
was the most detrimental to plant yield (Boyer 1982). Also, Topculoglu et a/.
{2002) conciuded that, in general, NaCl in nutrient solution decreased fruit
yield.

The analysis of variances for the five characters of four tomato
genolypes treated with four salt concentrations is presented in (Table 2). Both
the four genotypes and the four salt concentrations caused highly significant
differences in all the five studied traits; either morpho-physiological or yield
traits. In addition, the interaction between genolypes and sait concentration
also showed highly significant differences in four out of the five traits (Table 2).

Biochemical Analysis in Relation to Salt Stress of Tomate Genotypes.

SDS-PAGE were achieved to screen the water soluble leaf proteins
extracted from tomato plants under saiinity and control treatments either after
3 days or after 33 days of salinity treatments and presented in Figures {1)
and (2}, respectively. The protein banding pattems in Figure (1) showed a
maximum number of thirty-seven bands which have characterized with
molecular weights (Mw) ranged from 97-14.4 KDa. All salt treated genotypes
were characterized by the accumulation of two commaon protein bands of 53.3
and 14.4 KDa. Meanwhile, lower intensity bands were observed in lanes 5
and 9 which represent L. esculentum wild type treated with 4000 and
8000ppm salt. Moreover, another lighter intensily bands (53.3 and 14.4 KDa)
were found in lane 7 for the genotype L. escufentum strain B which was
freated with 4000ppm salt. However, a unique dark-stained band with a
molecular weight of 17.4 KDa was found only as a response of the
L.esculentum strain B to the salt concentration of 4000 ppm (Fig.1).

In Figures (2) a band with a MW of about 17.4 KDa could be
considered as a marker associated with salt sensitivity. Where it was highly
expressed under treatment (8000 and 4000ppm) in all cultivars, except it was
prasent in lower intensity in cultivars {P) and (E). In addition the band at a
molecular weight of 58.4 KDa showed to be highly expressed In low level of
salt freated plants but not in the high level of salt treated plants,
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In this concem, Claes ef al (1990) found thai stress induced damage to
proteins is a likely consequence of salinity and desiccation and provides an
explanation for the induction of this protein. Tabaeizada at al (1995) found
that a 65-KDa protein was accumulated gradually in tomato cv. Starifre
leaves during water stress. He-Dy and Yu (1995) found that new proteins of
MW 21.8, 22.5, 40.7 and 53.3 KDa were present in the callus. The 53.3 KDa
protein was increased in rice callus under salinity stress. El-Enany (1997)
reported that SDS-PAGE analyses of extracted proteins revealed that in
cultures growth of 25 mM NaCl plus proline an extra polypeptides of MW 190,
58 and 26 KDa accumulated as NaCl concentration was increased in the
medium and a protein of MW 67 KDa also accumulated. Hassanein (1999)
stated that the SDS-PAGE analysis revealed that tomato plants grown under
NaCl showed induction (127 and 52 KDa) or repression (260 and 38 KDay) in
the synthesis of some polypeptides. Hyperosmotic stress caused a rapid
activation of 40KDa protein kinase (Hoyos ef al, 2000), and a 26 KDa
protein after a long time period of root treatment (Hazak ef al., 1990).

Isozyme Polymorphism:

Electrophoresed starch gels for sait treated tomato samples were stained
with specific substrates to detect the isczymes of each Peroxidase (Prx,
E.C.10 117y and Acid Phosphatase (Acp, E.C.3.1.3.2) and were used to
detect the biochemical markers for sait tolerance in tomato genotypes

Peroxidase Isozymes.

The electrophoretic patierns of Peroxidase isezymes were detected in both
cathodal (C) and anodal (A) migration directions. A total number of fourteen
isoperoxidase were detected. Eight bands were exhibited in the anodal
direction {(A-Ag) and six ones towards the cathodal direction {C-Cg) with
different intensities. However, a maximum total number of ten isozymes were
observed for Floradid genotype treated with 15000ppm sait (Fig.3). The
anodal bands from A; to As were found to be polymorphic. Moreover, band

-number {A) was delected in the profiles of a group of genotypes under salt

treatment 4000ppm, and in L. esculentum under sait treatment 8000ppm. The
isozyme A, was detected in L. pennelli, L. esculentum strain B, and L.
escudenturmn Floradid at 8000ppm salt treatment. Meanwhile, at the salt
concentration of 15000 ppm, the band number (A;) appeared in genotype
Floradid. Band number {4;) was found as a common band in all the
genotypes at all treatments except in Floradid genotype at salt treatment
_concentration 8000 ppm. The band number (As) was only detected in the
profile of Floradid genotype under salt trealment concentration 8000 ppm.
The bands number (As, A; and Ag), were found to be monomorphic and
considered as a common bands in ali tomato genotypes, even though, it
appeared in different intensities.

. The cathodal bands were abserved among the profiles of the studied
genotypes, which all were not necessarily present in one profile. The bands
number (Ciand C,) were monomorphic and considered as common bands to
all tomato genotypes under all freatments. Although, they appeared in
different intensities. The other four bands were polymorphic; i.e., present in
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some and absent in other genotypes, with substantial differences in their -
intensities. Morteover both the isozymes C; and Cs were detected in the
profile of the four tomato genotypes under salt treatment concentration 15000
ppm. The band number C, was detected in the profiles of all genotypes under
salt treatment concentrations of 0.0 ppm, 4000 ppm, and 8000 ppm.
However, it was absent only from strain B al 8000ppm treatment (Fig.3).
Band number Cz was detected in the profiles of all genotypes except L.
esculentum under salt treatment concentration 15000 ppm. These results
suggested that these three polymorphic bands could be considered as a
biochemical marker for the identification high salt tolerant genotypes. Both
qualitative and quantitative changes over Peroxidase isozymes clearly
indicated that the most cathodal isoperoxidase faint band, which had the
relative mobility of 0.364 cathodal to the origin, was only stimulated with
15000 ppm salt treatment in all genotypes except L. esculenfum. It is
noteworthy that at 15000 ppm salt treatment, the highest qualitative and
quantitative changes in peroxidase isozymes were associated with, the
highest proline contents; 9.4, 5.3, 6.5 and 12.1 ug/gm for the four tomato
genotypes L. esculentumn, L. pennellii L. esculentum strain B.and L.
esculentum Floradid, respectively. Moreover, for each tomato genotype, the
total Peroxidase isozymes score over the four salt treatments; 72, 68, 71 and
77 were found to be parallel to the proline content. 5.9, 3.5, 4.2 and 8.42
(Table 1) which were observed for L. esculenfum, L. pennellii, L. esculentum
_strain B and L. esculentum Floradid, respectively.
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Figure 3: Zymograms of Peroxidase isozymes patterns of four
Tomato genotypes under four sait concentration stresses,
E: L esculentum, wild type, P: L. Pennell
B: Strain 8 , ’ F: Fioradid.
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This result indicated that the tomato genotype L. esculentum Floradid was
characterized with the highest value for both the isoperoxidase score and the
proline content. In addition, the increase in isoperoxidase scores over all
genotypes at 15000 ppm treatment concentration is mainly due to the
increments in both number and intensity of Peroxidase bands. Increments in
peroxidase as a result of salt stress was foun to be associated with
lignification (Peyrano et al., 1997).

4.2.2. Acid Phosphatase [sozymes.

A total number of three anodal (A) bands were observed. However no
distinct cathodal (C) Acid Phosphatase isozymes could be detected except
the unique isozyme A;. which was appeared at 4000ppm salt treatment. in
the profile of the wild type L. esculentum, no qualitative changes could be
detected as a result to salt treatments over all genotypes. However,
quantitati @ changes of intensity clearly suggest that salt treatment at 15000
ppm caused a notable reduction in the number of transcripts expressed as
acid Phosphatase isozymes A; and Az (Fig 4). It is noteworthy that at 15000
ppm salt treatment the lowest acid phosphatase isozymes were associated
with the highest proline contents; 9.4,5.3,6.5 and 12.1 ug /gm for the four
tomato genotypes L. esculentum L. pennellii, L. esculentum strain B and L.
esculentum Floradid, respectively. Moreover, for each tomato genotype, the
trend of intensity and number of bands over the four salt treatments were -
found to be opposite to the proline content trend 5.9,3.5,4.2 and 8.42 which
were observed for L. esculentum L. pennellii, L. esculentum strain B and L,
esculentum Floradid, respectively.
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Figure 4 : Zymograms of Acid phosphatase isozymes patterns of four
tomato genotypes under four salt concentration stresses.
E: L. esculentum, wild type, i P: L. pennellii,
B: Strain B, F: Floradid.
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These results indicated that the tomato genotype L. esculentum Floradid
which was shown to be most tolerable genotype among the four ones
characterized with the Jowest number and intensity of the acid phosphatase
bands and the highest in proline content. it is worthy to mention that the four
genotypes higher significant proline values than their respeclive average at
the 8000 ppm of salt treatment. However, L. pennellii showed the l|east
response as proline content increment while L. escufentfum Fioradid showed
the highest increment proline content at all salt treatments.

tomPRO2 Gene in Relation to Salt Stress in Tomato Genotypes:
Detecting and Isolating a tomPRO2 cDNA from Tomato:

The total RNA was used as a template with specific primer and the
superscript reverse transcription kit were used to amplify the product. The
amplified product was approximately 2145 pb in length (Figure 5) as
expected according to analysis by phoretix program 1D gel analysis
software version 4.01.

Figure 5 : RT-PCR amplification products.
Lane1: 1Kb DNA marker, Lane 2: amplification product of {omPRO2
¢DNA from salt stressed L. pennelfi, Lane 3and Lane 4: amplification
preduct of tomPRO2 cONA from salt stressed Floradid, Lane 5 Lane 6:
Negative Control, Lane7: 100pbDONA marker.
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In this concern, it is worthy to mention that two tomato (Lycopersicon
esculentum) cDNA ciones, tomPRO1 and tomPRO2, were isolated and
specified as delta 1- Pyrroline—~ 5-Carboxylate Synthetase (P5CS), the first
enzyme of proline (pro) biosynthesis. tomPRO1 is unusual because it
resembles prokaryotic polycistronic operons, whereas tomPRO2 encodes a
full-length P5CS.Treatment with 200 mM NaCl resulted in a >60-fold
increase in pro levels in roots and leaves. However, there was a < 3-fold
increase in the accumulation of the tomPRo2 message and no detectable
induction in the level of the tomPRQ1 message and no detectable induction
in the level of the tomPRO1 message in response to NaCl stress, (Fujita et
al 1998). Nucleotide and deduced amino acid sequences are presented for
a PCR amplified osmotin cDNA from salt adapted suspension cultures of
tobacco cv. white burley using primers derived from previously published
sequence. The coding sequence was 738 pb long and encodes a pre
protein of 26 697 Da and a mature protein of 24 283 Da (Kumar and
Spencar 1992). The cDNA clone (PNP24) coding for a protein induced by
exogenous NaCl was isolated from a tomato root cDNA library with the use
of on ingsine containing synthetic cligomer, the nucleotides sequence of
PNP24 revealed a 5'signal sequences of an open reading frame of 718
nucleotides (King et al 1998).

PCR Screening of Different Tomato Genotypes for tomPRO2 Gene.

Five tomato cultivars were used for screening the presence of
tomPRO2 gene in genomic DNA isolated from these genotypes. Large
fragments at 4300 pb were amplified from genomic DNA isolated from tomato
salt tolerant genotypes while no fragments amplified from genomic DNA
isolated from susceptible tomato genotypes (Fig. 6). Comparing the
fragments length of the various wild and cultivated tomato which were
jsolated using specific primers for tomPRO2 (P5CS), with P5CS cDNA, it is
noted that the larger fragment 4.3 Kbp was amplified from the genomic DNA
isolated from salt tolerant genotypes while this fragment was absent when
genomic DNA isolated from salt susceptible ones. The difference between
tne length of fragments amplified on either sources of genomic DNA were
used in the Phortix gel documentation analysis program was used to
determine the MW. These results agreed with Chien ef al. (1999) who
isolated a PCR fragment of genomic DNA template from both human and
murine and it was amplified using P5CS primers. The DNA fragmenis were
found to be differed in length by 6 bp.
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C M1 23 45 6 7 8 910 M;

Figure 6 : Screening of the tomPRO2 gene amplified from different
tomato genotypes.
Lane C : Negative control, Lane M; :DNA ladder (Lambda DNA/Hind
1), Lane 1-3:Total genomic DNA of tomato, Lane 4-10 : Lycopersicon
pennelii  wild type, Lycopersicon esculentum wild type, Edkawy
~(variety), Super Strain B, Castle Rock, Beto 86 Variety and-Floradid
Variety and Lane M2: DNA Ladder pb).
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