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Plants are sessile organisms and cannot escape from insect 
herbivore attacks. To ward off the threats, plant have evolved 
diverse range of defense mechanisms to perceive the nature of 
attackers and mount appropriate defense responses.1,2 The plant 
hormone jasmonic acid (JA) and salicylic acid (SA) are main 
regulators of signaling pathways to efficiently activate defense 
responses against attackers.3 Crosstalk between JA and SA 
defense pathways allows plants to fine-tune defense responses.4 
To counteract induced defense responses, several herbivores 
secrete effectors to evade or suppress host plant defenses.5,6 
Effectors are delivered to host plants through releasing oral 
secretions (OS) and few effectors have been identified.7-10 
Manipulation of plant defenses are often associated with nega-
tive interaction between JA and SA signaling pathways.11,12

Herbivore-associated microbes play important roles in 
survival and fitness of their hosts by providing nutrients, 
detoxifying toxins, or protecting against natural enemies.13,14 
A growing body of literature suggests that insect symbionts 
can facilitate exploitation of host plants and mediate plant-
insect interactions.15 However, little is known how symbiotic 
microbes manipulate induced defenses against herbivores. 
Recently, we demonstrated that the larvae of Colorado potato 
beetle (Leptinotarsa decemlineata) deposit the symbiotic bac-
teria through releasing OS onto wounded leaves to suppress 
induced defenses in tomato (Solanum lycopersicum), which 
enhances larval performance.16 We found that untreated larvae 
with the defense-suppressing bacteria decreased JA-regulated 

anti-herbivore defense transcripts and enzyme activity but 
increased an SA-responsive anti-microbial defense transcript. 
The suppression of induced defenses is mediated by negative 
crosstalk between JA and SA signaling pathways. We isolated 
three genera of defense suppressing bacteria in OS and further 
confirmed that f lagellin from one of the bacteria was involved 
with defense suppression. These data suggest that plants recog-
nize beetle’s attacks as microbial so that plants cannot induce 
effective defense responses against the herbivore.

Plant pathogens activate induced resistance in local and 
systemic leaves.17,18 To overcome host plant resistance, some 
pathogens that are susceptible to SA-regulated defenses induce 
JA-regulated pathway to suppress SA signaling pathway. It has 
been shown that coronatine (COR), a mimic of JA, is secreted 
by several strains of Pseudomonas syringae and promotes bac-
terial infections by suppressing SA-mediated host defenses.19 
Moreover, defense manipulation by the pathogens can occur in 
local and systemic tissues. For example, infection of virulent P. 
syringae pv maculicola ES4326 caused Arabidopsis plants suscep-
tible to secondary infection in systemic uninfected leaves, which 
is mediated by COR.20 Likewise, it has been well known that 
insect herbivory triggers induced defenses in damaged (local) 
and undamaged (systemic) leaves and the defense responses can 
last several days.21,22 Although several studies demonstrated her-
bivores suppress induced defenses in local leaves, there is less 
attention to the suppression of induced defenses in systemic 
tissues.
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herbivore microbial associates can affect diverse interactions between plants and insect herbivores. Some insect 
symbionts enable herbivores to expand host plant range or to facilitate host plant use by modifying plant physiology. 
however, little attention has been paid to the role of herbivore-associated microbes in manipulating plant defenses. 
We have recently shown that Colorado potato beetle secrete the symbiotic bacteria to suppress plant defenses. the 
bacteria in oral secretions from the beetle hijack defense signaling pathways of host plants and the suppression of 
induced plant defenses benefits the beetle’s performance. While the defense suppression by the beetle-associated 
bacteria has been investigated in local damaged leaves, little is known about the effects of the symbiotic bacteria on 
the manipulation of plant defenses in systemic undamaged leaves. here, we demonstrate that the symbiotic bacteria 
suppress plant defenses in both local and systemic tissues when plants are attacked by antibiotic-untreated larvae.
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In order to investigate how long the defense suppression 
mediated by the symbiotic bacteria persists in local and systemic 
leaves and if the defense suppression can occur in both leaves, 
we measured PPO activity in plants damaged by untreated or 
AB-treated larvae. One larva was allowed to feed on the termi-
nal leaflet of 3rd leaves from the bottom for 2–3h. Damaged 
leaflet (local) and undamaged terminal leaflet (systemic) of 
4th leaves were harvested 2d or 4d after the larval feeding. In 
damaged local leaves, untreated larvae decreased PPO activity 
compared with AB-treated larvae 2 d after infestation, whereas 
untreated larvae did not suppress PPO activity 4 d after infes-
tation (Fig. 1A). These data indicate that the effect of the 

symbiotic bacteria on defense suppression is transient. It may be 
attributed that the symbiotic bacteria deposited onto leaf tissues 
cannot survive or multiply for 4 d. Thus, the symbiotic bacteria 
or bacteria-derived effectors may not elicit SA-signaling path-
way to antagonize JA signaling pathways for 4 d.

Interestingly, we observed defense suppression by the sym-
biotic bacteria in undamaged systemic tissues. PPO activity in 
undamaged leaflets from plants that were damaged by untreated 
larvae was lower than that in undamaged leaflets from plants 
that were damaged by AB-treated larvae 2 d after infestation 
(Fig. 1B). However, there was no decrease in PPO activity in 
undamaged tissues from plants damaged by untreated larvae 
after 4 d. These data suggest that the suppression of induced 
defenses by antagonistic interaction between JA and SA sig-
naling pathways can occur in systemic leaves. SA is known 
to elicit induced resistance in systemic tissues, called systemic 
acquired resistance (SAR), when infected by biotrophic patho-
gens.17 Methyl salicylate (MeSA) is one of the mobile signals 
from infected tissues to uninfected tissues to induce SAR and 
MeSA is converted to SA in systemic leaves.23 Thus, it is pos-
sible that SA which is converted from translocated MeSA down-
regulates JA-signaling pathway in systemic leaves. In addition, 
JA induced by herbivory functions as a mobile signal to mount 
induced defenses in systemic leaves.24 When plants are attacked 
by untreated larvae, the local tissue may produce lower con-
centrations of JA than plants attacked by AB-treated larvae. 
Consequently, the signaling intensity of mobile JA would be 
low, which cause low levels of PPO activity in systemic leaves 
from plants damaged by untreated larvae. In summary, we 
demonstrated the suppression of anti-herbivore defenses by the 
symbiotic bacteria of CPB in local and systemic tissues. Further 
study is required to investigate the molecular mechanisms of 
antagonistic interaction between JA and SA signaling pathways 
in systemic tissues. It may also be important to determine how 
long the symbiotic bacteria on leaves persist to manipulate plant 
defenses. This information helps better understand the com-
plexity of plant-microbe-insect interactions.
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