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ABSTRACT The plant hormone abscisic acid (ABA) plays essential role in adaptation and
response processes in plants by modifying a number of gene expressions. Aldehyde oxidases
(AOs) may participate in stress responses, because it catalyzes the oxidation of abscisic aldehyde
to ABA, in the last step of ABA synthesis. In this work the expression levels of the three known
tomato AO genes were monitored by quantitative real-time PCR (QRT-PCR) after 3-weeks pre-
treatment with two salicylic acid (SA) concentrations followed by 1-week-long salt stress. The
10* M SA pre-treatment, but not the 107 M SA, increased the SIAO2 gene expression, and both
SA concentrations increased the transcript amount of SIAO3. The high salinity treatment for one
week increased slightly only SIAO2 gene expression in the control shoots. The AO1 enzyme activ-
ity, which was studied with native polyacrylamide gel electrophoresis, was on control level after
4-week pre-treatment with 10* M SA, but decreased using 107 M SA. One-week 100 mM NacCl
treatment decreased the activity of the AO1 isoenzyme excluding the 107 M SA pre-treatment.
These moderate changes in the gene expressions and enzyme activities may contribute in the
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acclimation of 10* M SA pre-treated tomato plants to subsequent salt stress.
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Salinity is one of the major abiotic stresses, which adversely
influence the crop productivity and quality (Chinnusamy et
al. 2005). High salt concentrations cause ionic and osmotic
stresses (Zhu 2001), and salt response processes activate
the expression of a large number of genes in tomato plants
already in early stages, this imply on a very complex trait of
tomato salt tolerance (Ouyang et al. 2007).

The plant hormone abscisic acid (ABA) is important in ad-
aptation to environment, responses to environmental stresses
and induction of stress-related gene expression. Salt stress
induces ABA accumulation through transcriptional regulation
of ABA biosynthesis genes (Xiong and Zhu 2003). Aldehyde
oxidases (AOs) catalyze the last step of ABA synthesis, the
oxidation of abcisic aldehyde to ABA. In Arabidopsis there
are evidences that from the four known AO genes the A7TAAO3
gene encodes the enzyme which catalyzes the final step of
ABA biosynthesis (Seo et al. 2000). From the three known
AO genes in pea only the PsAO3 expression increased under
salt stress in roots and in leaves of pea plant, moreover PSAO3
might encode the PAO-y isoform, which participates in stress
induced ABA synthesis (Zdunek- Zastocka 2008). In tomato
three AO genes (AOI, AO2 and AO3) and two pseudogenes
(AO4 and AO5) were described (Ori et al. 1997; Min et al.
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2000), but it is still unclear which one is involved in salt
stress responses. In our earlier experiments, 107 M and 10
M SA pre-treatment of tomato plants facilitate the acclima-
tion to subsequent salt stress induced with 100 mM NaCl. SA
induced ABA accumulation in leaves and roots and also in-
creased the aldehyde oxidase activity (Szepesi et al. 2009).
In this work we studied the relative transcript expression
level of known tomato AO genes (SIAO1, AF258808; SIAO2,
AF258809; SIAO3, AF158810) in shoots with quantitative
real-time PCR (QRT-PCR) after 3 weeks pre-treatment with
two SA concentrations followed by 1-week-long salt stress.

Materials and Methods

Solanum lycopersicum Mill. L. cvar. Rio Fuego was grown
in a greenhouse in perlite for seven days and after that they
were cultivated in hydroponic culture for two weeks. The
plants were grown for 12 hours in the light and 12 hours in
the dark. The light intensity and relative humidity were 180
pmol m? s and 55-60%. Three-week-old plants were pre-
treated with 107 M and 10* M SA for three weeks, and than
the plants were treated with 100 mM NacCl to induce salt
stress. The hydroponic medium contained SA throughout
the experimental period. Samples were taken after one week
salt treatment.
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Table 1. Gene-specific primers used for QRT-PCR. Three primer pairs amplify tomato aldehyde oxidase sequences, the last two primer
pairs were utilised to amplify low- and high-expression standards.

Primer Description Sequence 5'-3'

AF258808 F Aldehyde oxidase 1 CCAGGCACAAACACAATCAA
AF258808 R GTCGTAAATAATATCAGACTG
AF258809 F Aldehyde oxidase 2 TTCCAGACGAAGACAACTGC
AF258809 R GACAAGTGGCAATCACACGA
AF258810 F Aldehyde oxidase 3 AGTTGGCAGTGTCCTCAAGC
AF258810 R GACTTCATACACGATTGGCACT
X51576 F 185 rRNA CGGAGAGGGAGCCTGAGAA
X51576 R CCCGTGTTAGGATTGGGTAATTT
U97257 F Glyceraldehyde 3-phosphate ACAACTTAACGGCAAATTGACTGG
U97257 R dehydrogenase TTACCCTCTGATTCCTCCTTGATTG

Aldehyde oxidase was detected by native polyacrylamide
gel electrophoresis (native-PAGE) using 2- naphtaldehyde as
a substrate according to Sagi et al. (1998).

Tri-reagent method was used to isolate total RNA from
plant material (Chomczynski and Sacchi 1987). cDNA was
prepared from 1 ug DNase-treated RNA. The expression
rate was monitored with SYBR Green by QRT-PCR. Data
was analysed using Opticon monitor software. Gene-specific
primers, used for RT-PCR analyses were designed with
Primer3 software (frodo.wi.mit.edu/primer3), primers are de-
scribed in Table 1. 18S ribosomal RNA (18S rRNA; X51576)
and glyceraldehyde 3-phosphate dehydrogenase (GAPDH;
U97257) were used as reference genes. Data were calculated
with 2-*4““method (Livak and Schmittgen 2001).

Results and Discussion

Staining with 2-naphtaldehyde substrate after native-PAGE
revealed that 4-week-long 107 M SA treatment caused de-
crease in the activity of AO1 isoenzyme in tomato shoot tis-
sues, while it was on control level in 10 M SA treated plants.
After 1-week 100 mM NaCl treatment, excluding the 107
M SA pre-treated plants, the activity of the AO1 isoenzyme
decreased. Some induction was detected in activity of other
isoenzymes due to SA pre-treatment.

Three tomato AO genes were identified in DDBJ/EMBL/
GeneBank database and their expression levels were investi-
gated in shoots using QRT-PCR. While the expression level
of SIAO1 did not altered, the relative mRNA amounts of
SIAO2 and SIAO3 genes were higher in the SA pre-adapted
plants compared to control, which may responsible for the
elevated ABA content of plants published earlier (Szepesi et
al. 2009). The 100 mM NaCl increased (SIAO2) or did not
affect (SIAO1, SIAO3) on the expression of AO coding se-
quences in tomato shoots. On the contrary, after applying of
100 mM NaCl on 107 M SA or 10* M SA pre-treated plants,
the expression of AO genes remained on control level.

In conclusion, our results indicate that the effect of SA on
SIAO2 and SIAO3 gene expression can take part in the ABA
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accumulation observed earlier at the end of pre-treatment pe-
riod. This enhanced expression can insure the proper enzyme
amount for ABA biosynthesis after addition of 100 mM NaCl.
This process contributes in the successful acclimation of SA
pre-treated tomato plants to subsequent salt stress.
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