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The phenotype alterations showed by the res tomato mutant disappear when the
plants are grown under semi-arid conditions: Is the resmutant tolerant to multiple
stresses?
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ABSTRACT
The res (restored cell structure by salinity) mutant, recently identified as the first tomato mutant
accumulating jasmonate (JA) without stress, exhibited important morphological alterations when plants
were grown under control conditions but these disappeared under salt stress. Since the defense
responses against stresses are activated in the resmutant as a consequence of the increased expression of
genes from the JA biosynthetic and signaling pathways, the mutant may display a tolerance response not
only to salt stress but also to multiple stresses. Here, we show that when res mutant plants are grown
under the summer natural conditions of the Mediterranean area, with high temperatures and low relative
humidity, the characteristic leaf chlorosis exhibited by the mutant disappears and leaves become dark
green over time, with a similar aspect to WT leaves. Moreover, the mutant plants are able to achieve
chlorophyll and fluorescence levels similar to those of WT. These results hint that research on res tomato
mutant may allow very significant advances in the knowledge of defense responses activated by JA
against multiple stresses.
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Agriculture is probably facing its biggest challenge in human his-
tory due to world climate change, as the average global Earth
surface temperature is significantly rising, drastically affecting
global agricultural systems, especially in arid and semi-arid areas,
which represent about one-third of the planet surface. The cli-
mate change is already causing the surge of major abiotic stresses
and will also influence biotic stresses impact on plants and,
therefore, it is necessary to develop a resilient agricultural system
in order to uphold the increasing food demand worlwide.1,2

Moreover, the problem is more complex due to the fact that
plant response to multiple stresses is different from that for indi-
vidual stresses, and the molecular signaling pathways controlling
biotic and abiotic stress responses may interact and antagonize
each other.3,4 The responses to biotic and abiotic stresses are
largely controlled by different hormone signaling pathways, being
JA a clear example.5 Thus, JA confers plants the ability to con-
front multiple biotic stimuli such as pathogens and herbivorous
insects, as well as abiotic stresses like temperature, drought and
salt stress.6,7 But it is necessary to take into account that the
plant defense against stresses involves an energy cost so it is
often accompanied by significant growth inhibition.8,9 How
plants coordinate the fluctuating growth-defense dynamics is a
critical issue in plant science still not fully understood and it
remains a fundamental question in agriculture.10

The recently identified res tomato mutant (restored cell
structure by salinity) is the first JA-overexpressing mutant

identified in tomato, and the increased expression of genes from
the hormone biosynthetic and signaling pathways observed in the
mutant plant is associated to high levels of endogenous JA in roots,
especially under non-stressful conditions.11 Therefore, res mutant
seems to be always in a state of ‘alert’ to confront stress, and the
remarkable growth inhibition it suffers represents the energy cost
this constitutive activated defense state entails. In this regard, res
could be more tolerant to different stressful conditions, of abiotic
and biotic nature, precisely because it seems to have permanently
activated the genes from the JA-biosynthesis/signaling pathways
involved in defense against stress.12 Currently, strategies of posi-
tional cloning combined with whole-genome sequencing are being
pursued for the localization within the tomato genome of the
mutation responsible for the res phenotype.

Significant progress toward a better understanding of
stress tolerance has been made in model and crop plants
grown normally in controlled environments, but crop plants
are exposed to complex environmental challenges in the
field, in real agronomic conditions of cultivation, and phe-
notyping in natural conditions is essential for potential agri-
cultural applications.13 In the recent publication describing
res mutant its characterization was carried out under con-
trolled conditions. In these conditions, we observed that res
mutant plants exhibited important morphological alterations
and cellular disorganization when plants were grown in
absence of stress, with leaves showing chlorosis,
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disorganization of palisade/spongy parenchyma and epider-
mis tissues and changes in the chloroplasts ultrastructure.
Moreover, the res phenotype persisted in the long-term,
when plants were grown in greenhouse conditions during
winter, as it was shown in the previous paper. However, res
plants were able to restore the characteristic WT phenotype
and leaf cell structure when subjected to salt stress.11

Here we show that when res mutant plants are grown in
summer natural conditions of the Mediterranean area, in
greenhouse as it is fulfilled in agriculture systems of the
region, where temperatures exceed 40�C and relative
humidity may be lower than 25% during daylight, the res
mutant is also able to restore its phenotype. WT (cv Mon-
eymaker) and res mutant plants were grown in greenhouse
from May to July, using fertirrigation without addition of
salt, that is to say, using the optimum culture conditions

regarding plant nutrition.11 As showed in Fig. 1A-C, leaf
chlorosis disappears and leaves from res mutant became
dark green over time, with a similar aspect than that of WT
plants. The time-course evolution of chlorophyll content
and fluorescence (Fv/Fm) levels showed that WT and mutant
plants achieve similar levels in these parameters after 30 d
from transplant to greenhouse (Fig. 1D, E). Moreover, it is
interesting to point out that the res plants showed a healthy
aspect during the whole culture cycle, as observed in res
plants after 75 d from transplant to greenhouse, while the
WT leaves showed a high degree of senescence and pre-
sented diverse symptoms of biotic stresses at the end of the
life cycle (Fig. 2). In sum, the phenotype of the res mutant
observed in summer conditions typical of the semi-arid
areas supports the idea that res mutant can be expected to
be more tolerant to diverse stressful conditions, so it is not

Figure 1. The res tomato mutant phenotype reverts to WT phenotype when the plants are grown to long-term under summer natural conditions. Representative pictures
of res mutant when the plants are transplanted to greenhouse (A), and after 20 (B) and 50 (C) days. (D, E) Evolution of leaf chlorophyll content (SPAD) and fluorescence
(Fv/Fm) to long-term. Data are expressed as mean values § SE of 6 individual plants per line. Asterisks indicate significant differences by Student t-test between WT and
mutant plants (P < 0.05).
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only limited to tolerance toward salt stress, and it is able to
show such features because of its constitutive activation of
subsets of defense genes. Furthermore, the research on res
could allow very significant advances in the knowledge of
JA function in the trade-off plant growth vs defense, a cen-
tral question today in plant science research and a critical
one from the agronomic point of view.

Material and methods

Plant material and culture conditions

The res mutant comes from tomato (Solanum lycopersicum L.)
cv Moneymaker. To monitor growth development during
greenhouse culture of mutant plants non-mutated wild-type
(WT) Moneymaker tomato plants were also grown. The culture
conditions of greenhouse are described in Garcia-Abellan
et al.14 The greenhouse is located in the South-East region of
Murcia (Spain), in the municipality of Santomera.

Chlorophylls analysis

Chlorophylls content and fluorescence analyses were fulfilled
according to Garcia-Abellan et al.11
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