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Abstract

Defense against diverse biotic and abiotic stresses requires the plant to distinguish
between ~self and non-self signaling molecules. Pathogen/microbe-associated
molecular patterns (PAMPs/MAMPS) are pivotal for triggering innate immunity in
plants. Unlike in animals and humans, the precise roles of nucleic acids in plant
innate immunity are unclear. We therefore investigated the effects of infiltration of

total Pseudomonas syringae pv. tomato DC3000 (Pto DC3000) RNAs into

1



Downloaded by [Texas A&M University Libraries] at 06:55 20 June 2016

Arabidopsis plants. The pathogen population was 10-fold lower in bacterial RNAs
pre-treated Arabidopsis plants than in the control. Bacterial RNAs purity was
confirmed by physical (sonication) and chemical (RNase A and proteinase K
digestion) methods. The perception of bacterial RNAs, especially ribosomal RNAS,
positively regulated mitogen-activated protein kinase (MAPK) and induced a reactive
oxygen species burst, callose deposition, salicylic acid (SA) and jasmonic acid (JA)
signaling, and defense-related genes. Therefore, bacterial RNAs function as a
MAMP that activates plant innate immunity, providing a new paradigm for plant—
microbe interactions.
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Abbreviations

ET ethylene

ETI effector-triggered immunity

JA jasmonic acid

MAPK mitogen-activated protein kinase
PPR pattern recognition receptor

PTI PAMP-triggered immunity

SA salicylic acid

Unlike in vertebrates, a circulating immune system has not developed in plants.
Plants are continuously subjected to invasion by pathogens and insects. Therefore,
to overcome these attacks, plants must produce highly effective and specialized
immune responses™™. The onset of innate immunity in plants is first activated by the
recognition of non-self components®. Foreign non-self signals or molecular patterns
are perceived by pattern recognition receptors (PRRs) in plants®. Two major innate
immune systems, pathogen/microbe-associated molecular patterns
(PAMPs/MAMPS)-triggered immunity (PTI) and effector-triggered immunity (ETI), are
widely known in-plants’.

Flagellin, peptidoglycan, lipopolysaccharide (LPS), translation elongation factor-Tu
(EF-Tu); cold-shock protein, and fungal chitin are key molecular patterns that

activate plant innate immunity®°

. In animals, nucleic acids play a role in eliciting
innate immunity. However, little is known about the effects of nucleic acids on innate

immunity in plants. To shed light on the functions of nucleic acids in this process in
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plants, we infiltrated total bacterial RNAs from Pseudomonas syringae pv. tomato
DC3000 (Pto DC3000) into Arabidopsis thaliana leaves and subsequently inoculated
the same plants with the same bacterium™. Notably, pre-infiltration of bacterial RNAs
into plants resulted in reduced pathogen population density and activated
downstream signaling pathways, as triggered by the typical PTI, in addition to
increasing superoxide anion production and callose deposition and. positively
regulating mitogen-activated protein kinase (MAPK) and defense-related gene
expression™.

Intriguingly, plant innate immunity was elicited by total bacterial RNAs but not
by Arabidopsis RNA, suggesting that the host plant can recognize bacterial RNAs as
a “non-self’ signaling molecule''. However, this suggestion can be countered by the
fact that bacterial RNAs are structurally similar to plant ATP*. Perhaps when
bacterial RNAs are placed into the apoplast of Arabidopsis, they are hydrolyzed and
their degradation elicits the plant ATP-type defense response. However, this
explanation may be inaccurate because sheared bacterial RNAs did not modulate
plant innate immunity''. This result suggests that certain structural features of
bacterial RNAs are the major determinants of plant innate immunity.

The major bottleneck of this study was that any contamination of the bacterial
RNAs had to'be eliminated. To demonstrate the purity of the bacterial RNAs, we
used both physical and chemical approaches. When bacterial RNAs are sheared by
sonication, they become fragmented and degraded, and any contaminating
peptide(s)/proteins remain in the sheared bacterial RNAs sample. Despite the

possible existence of peptide(s)/proteins in sheared bacterial RNAs, no plant innate
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immunity was elicited by this RNA sample, suggesting that intact bacterial RNAs are
needed to activate plant innate immunity. To support the function of bacterial RNAS,
purified bacterial RNAs were treated with RNase A before infiltration into Arabidopsis
leaves. The pathogen population was 10-fold higher in leaves treated with RNase A
+ bacterial RNAs than in those treated with bacterial RNAs alone™. In addition, 5-fold
more pathogen colonies were observed in leaves treated with bacterial RNAs +
proteinase K than in those treated with bacterial RNAs alone™. These results clearly
demonstrate that bacterial RNAs are indeed implicated in the modulation of innate
immunity in Arabidopsis.

Although the pathogen level was higher in leaves treated with RNase A +
bacterial RNAs versus RNAs alone, this level failed to reach that of the control plants.
Moreover, we observed a difference in pathogen population density between plants
treated with bacterial RNAs alone and those treated with bacterial RNAs +
proteinase K. It is possible that the activity of RNase A and proteinase K was not
completely diminished .during the pre-incubation process and that the residual
activity affected the pathogen population density. The levels of the pathogen
population in-plants treated with RNase A alone versus the water control were
significantly different, whereas the same level was detected in plants treated with
protéinase K’ alone versus the water control*. This finding, along with the
observations that ribonucleases modulate plant defense responses® and that
protease inhibitors widely participate in improving plant defense responses to

pathogens and insects™®, suggests that protease may negatively affect plant innate

immunity. Based on our results, RNase A and proteinase K may be involved in innate
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immunity in Arabidopsis.

To investigate whether plant defense hormones function in plant innate
immunity triggered by bacterial RNAs, we used representative Arabidopsis mutant
lines for salicylic acid (SA), jasmonic acid (JA), and ethylene (ET) signaling, finding
that SA and JA signaling pathways are required for bacterial RNAs-mediated
Arabidopsis innate immunity™. A result of our study concerning plant defense
signaling pathways differs from that of a previous study. In contrast to flg22- and
elf18-induced resistance, we found that bacterial RNAs-induced resistance to Pto
DC3000 was completely abolished in nprl, NahG, and jarl-1 mutant plants. The Pto
DC3000 population was only significantly reduced when the quadruple mutant dde2
ein2 pad4 sid2 was used, while no changes were ©bserved in single mutants*. This
difference may be explained as follows: 1) Different PTI-enhancing components were
used in the experiments (i.e., flg22 or elfl8 vs. bacterial RNAS); 2) The pathogen
incubation time after pre-treatment with bacterial RNAs was four times longer and
the pathogen (Pto DC3000) concentration was approximately 100 times higher in our
study than in the previous study; and 3) In our study, the Pto DC3000 population was
assessed in systemic leaves rather than local leaves. Collectively, these parameters
led to significant differences between our results and those of the previous studies,
which is not.surprising.

In“conclusion, our study revealed that pre-treating Arabidopsis with bacterial
RNAs positively modulated innate immunity in response to Pto DC3000. Despite the
strong ability of bacterial RNAs to function as an elicitor of plant innate immunity,

several unanswered questions remain: How are bacterial RNAs perceived by
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specific plant receptor(s)? How can bacterial RNAs survive in the plant apoplast
under acidic condition? Our intriguing findings are listed in Figure 1. Based on the
results, the well-known PRRs of chitin, flagella, and EF-Tu do not appear to be
receptors of bacterial RNAs. Inside the plant cell, bacterial RNAs positively regulate
the MAP kinase signaling cascade, as well as superoxide anion levels, callose
deposition, SA and JA signing pathways, and the associated downstream defense-
related gene expression levels. The discovery of the role of bacterial RNAS as an
elicitor of plant innate immunity provides new insights into this important process. To
better understand the underlying mechanisms by which bacterial RNAs play a major
role in the regulation of plant innate immunity, further investigations are needed.
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Figure 1. A schematic representation of plant innate immunity elicited by

bacterial RNAs as a pathogen-associated molecular pattern (PAMP) in plant.
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Bacterial RNAs may be perceived by either intercellular or intracellular plant pattern
recognition receptor(s) (red or blue bar, respectively). Inside the plant cell, bacterial
RNAs affect the downstream pathways. Activation of the MAP kinase signaling
cascade, reactive oxygen species (ROS) including superoxide anion burst, callose
deposition, and defense-related gene expression levels results in elicitation of

PAMP-triggered immunity. PM = plasma membrane
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