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Tomato responds to green peach aphid
infestation with the activation of trehalose
metabolism and starch accumulation
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The disaccharide trehalose and trehalose-6-phosphate that are present in trace amounts are suggested to have a
signaling function in plants. Recently, it was demonstrated that trehalose metabolism contributes to Arabidopsis thaliana
defense against the green peach aphid (GPA; Myzus persicae Siilzer), an important insect pest of a large variety of plants.
TPS11 (TREHALOSE PHOSPHATE SYNTHASET1)-dependent trehalose metabolism was shown to curtail GPA infestation by
promoting starch accumulation and expression of the PAD4 (PHYTOALEXIN-DEFICIENT4) gene, which has important roles
in regulating antibiosis and antixenosis against GPA. Here we show that trehalose metabolism is similarly activated in
leaves of GPA-infested tomato (Solanum lycopersicum) plants and likely contributes to tomato defense against GPA. GPA-
infested leaves of tomato accumulated trehalose, which was accompanied by the transient upregulation of SITPS11, a
homolog of the Arabidopsis TPS11. GPA-infestation was also accompanied by starch accumulation and the upregulation
of SIPAD4, the tomato homolog of Arabidopsis PAD4. Furthermore, trehalose application induced SIPAD4 expression and
starch accumulation, and curtailed GPA infestation, suggesting that like in Arabidopsis trehalose contributes to tomato
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defense against GPA.

Sugars have important functions in carbon and energy metabo-
lism of plants.! In addition, sugars also have critical roles as sig-
naling molecules in plant growth, development and response to
environmental stress."? The role of sucrose as a signaling mol-
ecule has been well documented for some time.! In recent years,
the a,a-1,1-linked glucose disaccharide trehalose and its meta-
bolic intermediate trehalose-6-phosphate (T6P), which are pres-
ent in trace amounts in most plants, were also shown to function
as signaling molecules in plant growth, development and stress
response.*> We recently demonstrated the involvement of treha-
lose metabolism in Arabidopsis thaliana defense against the green
peach aphid (Myzus persicae Siilzer),® which is an important pest
of more than 50 families of plants.” Trehalose levels and expres-
sion of the TREHALOSE PHOSPHATE SYNTHASE 11 (TPS11)
gene, which encodes a trehalose synthesizing enzyme, transiently
increased in GPA-infested Arabidopsis leaves.® In addition to tre-
halose, sucrose levels also increased in GPA-infested Arabidopsis
leaves.® The upregulation of 7PS11 promoted the flux of C into
starch at the expense of sucrose accumulation. Starch accumula-
tion in GPA-infested leaves was required for the full extent of
basal resistance against GPA.® 7PSI1 promoted the timely upreg-
ulation of PAD4 (PHYTOALEXIN-DEFICIENT4),® which is
an important modulator of antibiotic and antixenotic defenses
against GPA. Here we present evidence that like in Arabidopsis,
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tomato leaves also respond to GPA-infestation with the activation
of trehalose metabolism.

Trehalose Content Transiently Increases
in GPA-infested Tomato Leaves

Tomato is a host for GPA. To determine if tomato, like Arabidopsis
responds to GPA infestation with an increase in trehalose content,
GPA was released on tomato variety Motelle plants and leaves
from GPA-infested and un-infested plants harvested over a 24 h
period. Trehalose content in these leaves was monitored as previ-
ously described in reference 6. As shown in Figure 1A, although
trehalose levels were undetectable in leaves of un-infested plants,
trehalose content gradually increased in the GPA-infested leaves,
reaching peak levels by 12 hpi and then declining at 24 hpi.

Sucrose and Starch Content Increase
in GPA-infested Tomato Leaves

In Arabidopsis, GPA infestation results in an increase in sucrose
and starch content.® 7PS11 promoted the accumulation of starch
at the expense of sucrose in GPA-infested Arabidopsis leaves.
No-choice assays with the starch-deficient Arabidopsis pgml
mutant indicated that starch accumulation was required for con-
trolling GPA infestation in Arabidopsis. Hence, it was suggested
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Figure 1. Trehalose, sucrose and starch content in GPA-infested tomato.
(A) Trehalose and sucrose levels were measured at the indicated hours
post infestation (hpi) in un-infested (-GPA) and GPA-infested (+GPA)
leaves of the tomato variety Motelle (n = 3). (B) Starch content was mea-
sured in un-infested (-GPA) and GPA-infested (+GPA) tomato leaves of
Motelle kept for 24 h in a 14/10 h light/dark cycle (Top part) or for 24 h in
complete darkness (Lower part) (n = 3). For the light/dark cycle, insects
were released on plants (0 h) immediately after start of the light period
(8:00 AM). In (A and B), each plant received 25 adult aphids. Error bars
represent SE. nd, non-detectable.

that starch accumulation is a mechanism that is utilized by the
host plant to generate a secondary sink that counter’s the abil-
ity of the insect to manipulate host metabolism to increase
sucrose content.® We therefore examined if GPA-infestation also
results in starch accumulation in tomato leaves. As shown in
Figure 1B, a rapid increase in starch content was observed in the
GPA-infested leaves of tomato. Starch accumulation paralleled
sucrose accumulation in these GPA-infested leaves (Fig. 1A).
Starch accumulation was also observed in experiments where the
GPA-infested tomato plants were kept in darkness for the dura-
tion of the experiment (Fig. 1B). These results confirm that like

606 Plant Signaling & Behavior

Starch mg/g FW >

Bs0]

40

30

# Aphids

20
10

0
w T

Figure 2. Trehalose application promotes tomato defense against GPA.
(A) Starch content in trehalose-treated tomato leaves. Starch content
was measured in leaves of tomato variety Motelle 12 h after infiltration
of 10 mM Trehalose (T) and as control with water (W). (B) Trehalose
application enhances resistance against GPA. No-choice assay: GPA
numbers (adults + nymphs) on plants of the tomato variety Motelle
infiltrated with 10 uM Trehalose (T) and as control with water (W), 12 h
prior to release of 25 adult aphids per plant. Aphid numbers were taken
at 2dpi (n =5).In (A and B), error bars represent SE.

Arabidopsis, tomato also responds to GPA-infestation by pro-
moting sucrose and starch accumulation.

Trehalose Promotes Resistance against GPA
in Tomato Leaves

Trehalose applied to tomato leaves promoted starch accumula-
tion (Fig. 2A) and curtailed GPA infestation (Fig. 2B), suggest-
ing that similar to Arabidopsis trehalose metabolism may have a
role in tomato defense against GPA. In Arabidopsis, expression
of TPS11, which is required for trehalose accumulation, paral-
lels the transient increase in trehalose in GPA-infested leaves.®
A survey of the nucleotide sequence databases revealed that the
tomato genome contains a 78511 homolog, which we have des-
ignated S/TPS11 (GenBank: AB368491). S/TPS11 expression was
transiently induced in the GPA-infested leaves of tomato (Fig.
3A). The time-frame of S/7PSI1 upregulation parallels the time-
frame of trehalose accumulation in GPA-infested tomato leaves
(Fig. 1A), suggesting that S/TPS11 expression is likely associated
with the increase in trehalose in GPA-infested tomato leaves. By
comparison to the transient upregulation of S/TPS11, expression
of tomato S/PAD4 (GenBank: Al781175), which is homologous
to PAD4 that is involved in Arabidopsis defense against GPA,"
gradually increased over the duration of the experiment (Fig. 3A).
Similar to the Arabidopsis PAD4, SIPAD4 expression in tomato
was upregulated in response to trehalose application (Fig. 3B).
These results suggest that the expression of SIPAD4 in response
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to GPA infestation is similar to the expression of PAD4 in GPA-
infested Arabidopsis. Furthermore, similar to our observations in
Arabidopsis,® GPA population was smaller on tomato plants that
were pre-treated with trehalose as opposed to the water treated
control plants (Fig. 2B).

Taken together, the results presented here indicate similari-
ties in the molecular and physiological alterations in tomato and
Arabidopsis leaves in response to GPA-infestation. We suggest
that similar to Arabidopsis, tomato engages trehalose metabo-
lism to promote the activation of defenses that target GPA. This
study also bolsters the idea that plants have evolved mechanisms
that invoke their primary metabolic pathways to counter insect
herbivory. Additional genetic studies are required to validate
the contribution of trehalose and starch metabolism, and the
SITPSII and SIPAD4 genes in tomato defense against GPA.

Note

GenBank IDs: SIPAD4 (Al781175); SITPS1I (AB368491);
SIEF1a (X53043.1).
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Figure 3. Expression of defense-related genes in tomato leaves. (A)
RT-PCR analysis of tomato SITPS11 (GenBank: AB368491) and SIPAD4
(GenBank: Al781175) gene expression in un-infested (-GPA) and GPA-
infested (+GPA) leaves of tomato variety Motelle at the indicated hours
post infestation (hpi). (B) RT-PCR analysis of tomato SIPAD4 expression
in Motelle leaves 12 h post infiltration with a 10 pM solution of trehalose
(T). Water (W) treated leaves provided negative controls. In (A and B),
expression of the SIEFTa gene (GenBank: X53043.1) provided the control
for RT-PCR.
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