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MicroRNAs (miRNAs), defined as small non-coding RNA molecules, are fine regulators of
gene expression. In plants, miRNAs are well-known for regulating processes spanning
from cell development to biotic and abiotic stress responses. Recently, miRNAs have
been investigated for their potential transfer to distantly related organisms where they may
exert regulatory functions in a cross-kingdom fashion. Cross-kingdommiRNA transfer has
been observed in host-pathogen relations as well as symbiotic or mutualistic relations. All
these can have important implications as plant miRNAs can be exploited to inhibit
pathogen development or aid mutualistic relations. Similarly, miRNAs from eukaryotic
organisms can be transferred to plants, thus suppressing host immunity. This two-way
lane could have a significant impact on understanding inter-species relations and, more
importantly, could leverage miRNA-based technologies for agricultural practices.
Additionally, artificial miRNAs (amiRNAs) produced by engineered plants can be
transferred to plant-feeding organisms in order to specifically regulate their cross-
kingdom target genes. This minireview provides a brief overview of cross-kingdom
plant miRNA transfer, focusing on parasitic and mutualistic relations that can have an
impact on agricultural practices and discusses some opportunities related to miRNA-
based technologies. Although promising, miRNA cross-kingdom transfer remains a
debated argument. Several mechanistic aspects, such as the availability, transfer, and
uptake of miRNAs, as well as their potential to alter gene expression in a cross-kingdom
manner, remain to be addressed.

Keywords: agriculture, cross-kingdom, microRNAs, mutualism, pathogen, plant
INTRODUCTION

Plants have evolved sophisticated mechanisms to adapt to environmental changes and to interact
with different organisms. Many of these strategies are based on the activation and repression of large
sets of genes, and miRNAs are important regulator molecules in this scenario. They may be induced
or repressed to subsequently regulate the expression of target genes through post-transcriptional
silencing or translational inhibition of their mRNA targets. MicroRNAs are defined as small,
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non-coding, single-stranded RNAs acting as regulators of
multiple biological and physiological processes. In plants, these
small molecules derive from stem-loop precursors that are
processed through a Dicer-like (DCL) enzyme and loaded, in
association to Argonaute (AGO) proteins, into the RNA-induced
silencing complex (RISC) that serve to direct them to their target
site where cleavage of mRNAs or inhibition of translation
happens (Jones-Rhoades et al., 2006).

Nowadays, miRNAs are starting to be envisioned for their
ability to move not only within an organism, but also across
kingdoms and influence gene expression in evolutionary distant
organisms (LaMonte et al., 2012; Cheng et al., 2013; Shahid et al.,
2018; Zhang et al., 2019a). The presence of a methyl group on the
ribose of the last nucleotide together with the association with
RNA binding proteins and packing into exosomes may
contribute to the stability and transfer of plant miRNAs across
kingdoms (Valadi et al., 2007; Zhao et al., 2012). The miRNA
cross-kingdom transfer may be favored by the conserved features
of the RNA silencing machinery among eukaryotes, though
taxon-specific variations exist. Such differences are mainly
related to the ability of organisms to incorporate RNA
molecules, systematically transmit the RNA signals to other
tissues and to the magnitude and duration of the RNA
silencing response (Winston et al., 2007; Shannon et al., 2008;
Wang et al., 2015; Wang et al., 2016). Most examples of miRNA
cross-kingdom transfer come from plant-pathogen/parasite
interactions (Zhang et al., 2016; Wang et al., 2017a; Zhang
et al., 2019a). The cross-kingdom transfer of endogenous plant
miRNAs to pathogens or parasites may inhibit their invasive
powers while the miRNA transfer from parasitic eukaryotes to
plants may suppress the immunity of the host plants. In the case
of symbiotic/mutualistic relations, the miRNA transfer from
plants may influence essential processes such as growth and
development (Zhu et al., 2017).

Understanding the complex network of interactions between
plants and eukaryotic organisms and the translation of these
information from the bench to the field can pave the way for the
development of new technologies. In view of this, miRNA-based
strategies exploiting the potential of plant miRNAs to move
across kingdoms and silence specific genes in distantly related
organisms, are gaining ground. The use of artificial miRNAs
(amiRNAs) can be regarded as valuable tools that can
complement the already existing technologies to face the global
climate changes and associated agricultural challenges (Chen
et al., 2013; Mitter et al., 2016).

The current minireview focuses on the latest information
related to cross-kingdom miRNA addressing plant-parasite/
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mutualistic relations. Specific examples of cross-kingdom
transferring plant miRNAs and potential gene targeting are
provided and their potential implication in improving
agricultural practices are discussed. Since this is still a highly
debated topic, where both positive and negative results are
available with regard to plant miRNA stability, abundance, and
especially cross-kingdom targeting ability, several open questions are
being proposed relative to methodological and mechanistic issues.
PLANT-PARASITE MIRNAS CROSS-
KINGDOM TRANSFER: ALTERNATIVE
TOOLS TO FIGHT PLANT PESTS AND
DISEASES

Among plant diseases, agricultural crop infection by fungal
pathogens annually cause multimillion dollars losses. While the
most used methods to combat fungal-borne diseases are fungicides
and chemical sprays, these have negative impacts on human health
and surrounding environment (Almeida et al., 2019). The cross-
kingdommiRNAs delivery between plants and fungi may represent
alternative, environmental-friendly approaches to fight fungal
diseases and confer crop protection (Wang et al., 2016). To date,
miRNAs have been observed to move in a cross-kingdom manner
from plants to fungi and vice versa (Table 1). An example of plant
miRNA transfer to pathogenic fungi is constituted by miR159 and
miR166 from cotton (Gossypium hirsutum), shown to confer
resistance to Verticillium dahlia (Zhang et al., 2016). These
miRNAs, found in fungal hyphae isolated from infected cotton
tissues, were predicted to hit the virulence-related proteins HiC-15
(isotrichodermin C-15 hydroxylase) and Clp-1 (Ca2+-dependent
cysteine protease). The targets were validated by transiently
expressing miRNA-resistant HiC-15 and Clp-1 in tobacco and V.
dahliae. Subsequent analysis of V. dahliae mutants confirmed that
the targeted fungal genes had an important role to play during
fungal virulence and that they were specifically targeted by the
miRNAs exported from the infected cotton plants to achieve
silencing, hence conferring resistance to the fungal pathogen
(Zhang et al., 2016). An example of fungal miRNA delivery to
host plants is the case of a novel miRNA-like RNA from Puccinia
striiformis f. sp. tritici (Pst), the agent causing the wheat stripe rust
disease, able to act as a pathogen effector and suppress wheat innate
immunity (Wang et al., 2017a). Pst-milR1, identified by high-
throughput analysis of Pst sRNA library, was predicted to target
the b-1,3-glucanase SM638 (pathogenesis-related 2) gene in wheat.
Co-transformation analyses and RACE (rapid amplification of the
TABLE 1 | Examples of cross-kingdom miRNA transfer related to plant parasitic and mutualistic relations.

Donor Receiver Relation miRNA Target Function Reference

G. hirsutum V. dahlia Parasitic miR159
miR166

HiC-15
Clp-1

Fungal virulence Zhang et al., 2016

P. striiformis T. aestivum Parasitic pst-milR1 SM638 Innate immunity Wang et al., 2017a
A. thaliana P. xylostella Parasitic miR159c

novel-7703-5p
BJHSP1
PPO2

Pupae development Zhang et al., 2019a

B. campestris A. mellifera Mutualistic miR162a TOR Caste development Zhu et al., 2017
June 2020 | Volu
me 11 | Article 930

https://www.frontiersin.org/journals/plant-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/plant-science#articles


Gualtieri et al. Plant miRNA Cross-Kingdom Transfer
cDNA ends) validation in tobacco leaves confirmed that SM638was
targeted by Pst-milR1.

When considering insect pests, the cross-kingdom transfer of
miRNAs has been investigated for its communication role
between plants and plant-feeding insects, such as Plutella
xylostella (diamondback or cabbage moth) (Zhang et al.,
2019a). RNA sequencing analysis has evidenced the presence
of 39 plant miRNAs in the moth hemolymph. The plant-derived
miR159a, miR166a-3p, and the novel-7703-5p were predicted to
influence cellular and metabolic processes in P. xylostella
through binding and suppressing BJHSP1, BJHSP2 (basic
juvenile hormone-suppressible protein 1 and 2), and PPO2
(polyphenol oxidase subunit 2) genes. QRT-PCR analyses
carried out following treatment with the specific miRNA
agomir sequences, demonstrated the downregulation of the
predicted targets whereas a luciferase assay proved the binding
to their respective targets. Further insect development studies
revealed that treatments with agomir-7703-5p resulted in the
development of abnormal pupae and decreased adult emergence
rates (Zhang et al., 2019a).

Other examples focused on showing the presence of plant-
derived miRNAs in insect pests. For instance, Zhang et al. (2012)
investigated this aspect in several Lepidoptera and Coleoptera
species subjected to controlled feeding experiments. This study
focused on determining the presence of conserved miR168
sequences in insects by means of northern blot and deep
sequencing; while northern blot analyses were negative, the
deep sequencing data revealed the presence of miR168 in
moderate quantities. Hence, the authors discuss the possibility
of sample contamination evidencing the existence of some
artefacts during sequencing data analysis (Zhang et al., 2012).
Deep sequencing was used to reveal plant miRNAs in cereal
aphids (Schizaphis graminum, Sipha flava) causing serious losses
in sorghum (Sorghum bicolor) and switchgrass (Panicum
virgatum) crops (Wang et al., 2017b). Thirteen sorghum
miRNAs and three barley miRNAs were detected and
predicted to target aphid genes playing important roles in
detoxification, starch and sucrose metabolism.

MiRNA cross-kingdom transfer probably occurs also during
the interplay between plants and parasitic nematodes
(phytonematodes) (Jaubert-Possamai et al., 2019). Plant-
parasitic nematodes are responsible for considerable crop
losses worldwide. Understanding how plants respond to these
organisms is necessary to bridge the gap between agricultural
production and the growing food demand. Most of the scientific
literature on gene silencing mechanisms comes from nematodes,
specifically from Caenorabditis elegans. However, these studies
mostly focus on the ability to uptake double strand RNAs
(dsRNAs) from the environment (Huang et al., 2006; Tian
et al., 2019) rather than on the cross-kingdom transfer of plant
miRNAs. Many studies have investigated the involvement of
plant miRNAs and their corresponded gene targets in response
to phytonematodes infection (Hewezi et al., 2008; Li et al., 2012;
Lei et al., 2019; Pan et al., 2019). Transcriptomic analyses
evidenced extensive reprogramming of gene expression at the
nematode feeding sites, modulated by plant miRNAs; also, some
Frontiers in Plant Science | www.frontiersin.org 3
conserved miRNAs were shown to have analogous roles in
feeding site formation in different plant species (Jaubert-
Possamai et al., 2019).

The cited examples depict a promising research area.
Understanding the complex interactions between host plants
and parasitic organisms would pave the way for the development
of new technologies for a more sustainable control of plant pests
and diseases.
MIRNAS CROSS-KINGDOM TRANSFER IN
PLANT MUTUALISTIC INTERACTIONS

Several studies on mutualistic relations have regarded many
miRNAs target processes related to hormone-responsive
pathways and innate immune function (Formey et al., 2014;
Wu et al., 2016). The majority of these processes correspond to
turning off defense pathways that would otherwise block fungal
or bacterial proliferation within plant tissues (Plett and Martin,
2018). In a recent study, Silvestri et al. (2019) have looked into
the symbiosis between the arbuscular mycorrhiza (AM)
Rhizophagus irregularis and the model legume Medicago
truncatula, showing the presence of fungal microRNA-like
sequences potentially able to target plant transcripts. The in
silico analysis, verified through a degradome analysis, predicted
more than 200 plant genes as putative targets of specific fungal
sRNAs and miRNAs, many of which had specific roles in AM
symbiosis. For instance, three miRNA-like sequences (Rir-
miRNA-like 341, 342, and 828) shown to be up-regulated in
the intraradical phase were suggested to be responsible for the
regulation of AMF genes required to manipulate fungal or host
plant gene expression. The predicted target genes encode for a
DHHC-type zinc finger protein (AES89412), integral membrane
family protein (AES91391), and carboxy-terminal region
remorin (AES81367).

In recent years, evidence that plant miRNAs target genes in a
trans-kingdom fashion in pollinator insects is steadily
accumulating. Currently available studies report pre-eminently
on dietary intake of plant miRNAs by honey bees (Apis mellifera)
(Ashby et al., 2016; Gismondi et al., 2017; Zhu et al., 2017). The
plant-pollinator relationship is partly mutualistic considering the
nutrients intake in exchange for the pollination service that
enables plant reproduction. The presence of plant miRNAs in
honey was reported by Gismondi and collegues (2017) who
detected and quantified several miRNAs belonging to conserved
families (miR482b, miR156a, miR396c, miR171a, miR858,
miR162a, miR159c, miR395a, miR2118a) in different types of
honey. The authors found that the most enriched in plant-
miRNAs was the honey obtained from sweet chestnut
(Castanea sativa) flowers. In bees, the dietary intake of pollen-
derived miR162a was proven to regulate caste development at
larval stage (Zhu et al., 2017). It was shown that miR162a targets
TOR (target of rapamycin) mRNA downregulating its expression
at the post-transcriptional level. Interestingly, this mechanism
was found to be conserved in Drosophila melanogaster (common
fruit fly), a non-social type of insect (Zhu et al., 2017).
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Nonetheless, contrasting results are also reported. Although
Masood et al. (2016) observed accumulation of plant miRNAs
after pollen ingestion in adult bees, they did not find any
evidence of biologically relevant roles of these plant miRNAs
in bees. Likewise, expression analysis of pollen-derived miRNAs
ingested by bees, revealed the absence of substantial uptake and
systemic delivery of miR156a, highly expressed in bee-bread and
honey (Snow et al., 2013). In a different system, silkworm
(Bombyx mori) and mulberry (Morus spp.) was used as model
to study the proposed miRNA-mediated crosstalk between plants
and insects (Jia et al., 2015). Sanger sequencing and digital PCR
demonstrated the presence of mulberry-derived miRNAs in
silkworm tissues while the administration of synthetic
miR166b did not influence silkworm physiological progress.
CROSS-KINGDOM TRANSFER OF
AMIRNAS FOR AGRICULTURAL
PURPOSES

The knowledge acquired on endogenous miRNAs as regulators
of gene functions within and among organisms led researchers to
develop increasingly sophisticated agricultural technologies
based on miRNAs. Among these, the amiRNA (artificial
miRNA) strategy was developed to produce specific miRNAs
that can effectively silence designated genes (Zhang et al., 2018).
One of the main characteristics of amiRNAs is the conserved
secondary foldback structure that has to be similar to that of a
typical pre-miRNA. In this case, the original structure of the
miRNA-5p:miRNA-3p sequence will be replaced by an
engineered miRNA targeting a designated mRNA, and the
most preferred structures are those existing in conserved
miRNA families. In this way, amiRNAs can be engineered to
target any mRNA with higher specificity compared to other
strategies like dsRNA overexpression or siRNA accumulation.
Since pre-amiRNA processing results in a single amiRNA
targeting a designated sequence, this eliminates the off-target
effects and the production of secondary siRNAs is quite limited
(Manavella et al., 2012). A highly relevant attribute for
agricultural purposes is the fact that amiRNAs are stable and
inheritable. Moreover, the amiRNA-mediated silencing is
believed to pose less problems regarding bio-safety and
environmental security with respect to other strategies (Liu
and Chen, 2010; Toppino et al., 2011), due to the small size of
the inserts and reduced probabilities for horizontal transfer.
Aside the study of gene functionality (Schwab et al., 2006;
Warthmann et al., 2008), amiRNA technology has been
Frontiers in Plant Science | www.frontiersin.org 4
applied to knock out genes from insect pests, nematodes,
viruses, and other phytopathogens (Niu et al., 2006; Fahim
et al., 2012; Guo et al., 2014; Kis et al., 2016; Wagaba et al., 2016).

Several pre-miRNAs have been used as backbones to
synthesize artificial miRNAs in engineered plants with the aim
to control agricultural pests (Table 2). This strategy is based on
the possibility of miRNAs to be transferred through diet across
kingdoms and the ability of these small molecules to exercise their
biological activity in recipient organisms. Indeed, the miRNAs in
the transgenic plant may be taken up by plant feeding organisms
and then suppress selected genes such as those related to
metabolism, development but also to pathogenesis/parasitism by
exploiting the endogenous silencing machinery of the plant
feeding organism. Essential genes either involved in pathogen
metabolism, or causing resistance to plant toxins, or encoding
effectors involved in pathogenicity, have been considered as
potential targets. For instance, enhanced resistance to the aphid
Myzus persicae was reported in transgenic plants expressing
amiRNAs targeting the MpAChE2 (aphid acetylcholinesterase 2)
gene (Guo et al., 2014). The AChE gene encodes for hydrolase
enzyme that hydrolyses the neurotransmitter acetylcholine and
plays vital roles in insect growth and development (Kumar et al.,
2009). In a recent investigation, amiRNA-based technology
targeting AChE was also applied by Saini and co-workers
(2018) to defeat Helicoverpa armigera. They demonstrated that
the silencing of HaAce1 gene by host-delivered amiRNAs
disrupted growth and development in the polyphagous insect.
Another example relates to the use of amiR-24 targeting the 3′-
UTR of the chitinase gene. Transgenic tobacco plants producing
amiR‐24 were fed H. armigera caterpillars, resulting in delayed
molting and enhanced lethality (Agrawal et al., 2015). In a
different study, amiR15 was used to design transgenic rice
plants resistant to the striped stem borer, Chilo suppressalis
(Jiang et al., 2016). The amiR15, design staring from the insect
specific miRNA, Csu‐miR‐15, targets the CsSpo (Cytochrome
P450 307a1) and CsEcR (Ecdysone receptor) genes involved in
the ecdysone signaling pathway. Feeding trials carried out using
the transgenic miR‐15 rice resulted into increased mortality and
developmental defects in the targeted insect pest. The effect of
amiRNAs was studied also on the Avr3a gene, the target transcript
of Phytophtora infestans. AmiRNAs targeting different regions of
the Avr3a gene imparted moderate type of late blight resistance
into two transformed Indian potato cultivars (Thakur et al., 2015).

AmiRNA delivery may be considered as a species-specific
pesticide and as a potential and powerful alternative to the
chemical strategies used so far. This miRNA-based technology
may be considered as an alternative method for intragenic crop
TABLE 2 | Examples of cross-kingdom transfer of artificial microRNAs (amiRNAs) from transgenic plants to their respective pathogens/parasites.

Modified plant Pathogen/parasite Target Function Reference

N. tabacum M. persicae MpAChE2 Synaptic transmission Guo et al., 2014
A. thaliana H. armigera HaAce1 Synaptic transmission Saini et al., 2018
N. tabacum H. armigera Chitinase Chitin synthesis Agrawal et al., 2015
O. sativa C. suppressalis CsSpo CsEcR Embryonic development Jiang et al., 2016
S. tuberosum P. infestans Avr3a Fungal virulence Thakur et al., 2015
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engineering causing less public concern. For beneficial insects,
such as honey bees, amiRNA-based technology may be used to
counteract virus infections by feeding them in large field
treatment with amiRNAs able to reduce the expression of viral
genes. Apart from transgenic plants permanently expressing
amiRNAs, amiRNAs sprayed onto leaves in conjunction with
miRNAs enriched soil can minimize pest damages (Cagliari
et al., 2019).
CONCLUSIONS AND FUTURE
PERSPECTIVES

Plant pathogens place a global burden on major crops being
responsible for reduced crop yields with great repercussions on
food production and food security (Savary et al., 2019). On the
other hand, promoting the investigation of mutualistic relations
has the potential to better assist sustainable agricultural practices
(Duhamel and Vandenkoornhuyse, 2013).

As shown in the presented examples, understanding the
miRNA cross-kingdom transfer and mode of action could
contribute to decrease the pathogenicity of fungi and pests,
hence promoting better plant productivity. In the case of insects
(pests or pollinators), administration of plant miRNAs (through
genetic engineering, nanoparticles, or spraying) may actively
contribute to population control, reducing the prevalence of
pests while enhancing the preponderance of pollinators. In this
context, researches could be envisioned to grasp on how plant
miRNA trans-kingdom regulation could be used to avoid the
extinction of bees, as exemplified in the studies demonstrating
their involvement in cast development (Zhu et al., 2017). But, to
progress this debated field, many questions still need to be
addressed and many additional steps must be taken to elucidate
plant miRNAs uptake and potential cross-kingdom gene targeting.
In this highly-technological era, the rapid progress of
bioinformatics studies and tools to predict cross-kingdom
miRNA targets (Mal et al., 2018; Bellato et al., 2019) sets the
stage to advance new hypothesis to be subsequently
Frontiers in Plant Science | www.frontiersin.org 5
experimentally tested. Nonetheless, many of the existing
questions demand solid proofs from wet lab analyses. From the
point of view of experimental design, questions related to the most
appropriate techniques (deep sequencing, digital PCR, qRT-PCR)
and references (samples and/or genes) to be used for cross-
kingdom miRNA studies still need to be addressed and
uniformized accordingly (Chan and Snow, 2016; Zhang et al.,
2019b). Once these issues are settled, we can then proceed to
investigate other challenges; for instance, why some plant miRNAs
seem to bemore stable and abundant than others? Are the levels of
host plant miRNAs found in pathogen species high enough to
exert a physiological impact? How do plant miRNAs reach their
targets in the receiving organism? Considering the miRNAs mode
of action (targeting mRNAs based on sequence complementarity),
their impact on the receiving organism can variate depending on
the targeted genes; hence, studies covering both favorable and
unfavorable effects need to be encouraged to promote best-
informed scientific solutions.
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Zotti, M. J. (2019). Management of pest insects and plant diseases by non-
transformative RNAi. Front. Plant Sci. 10, 1319. doi: 10.3389/fpls.2019.01319
Chan, S. Y., and Snow, J. W. (2016). Uptake and impact of natural diet-derived
small RNA in invertebrates: Implications for ecology and agriculture. RNA
Biol. 14, 402–414. doi: 10.1080/15476286.2016.1248329

Chen, H., Jiang, S., Zheng, J., and Lin, Y. (2013). Improving panicle exsertion of
rice cytoplasmic male sterile line by combination of artificial microRNA and
artificial target mimic. Plant Biotechnol. J. 11, 336–343. doi: 10.1111/
pbi.12019

Cheng, G., Luo, R., Hu, C., Cao, J., and Jin, Y. (2013). Deep sequencing-based
identification of pathogen-specific microRNAs in the plasma of rabbits
infected with Schistosoma japonicum. Parasitology 140, 1751–1761.
doi: 10.1017/S0031182013000917

Duhamel, M., and Vandenkoornhuyse, P. (2013). Sustainable agriculture: possible
trajectories from mutualistic symbiosis and plant neodomestication. Trends
Plant Sci. 18, 597–600. doi: 10.1016/j.tplants.2013.08.010

Fahim, M., Millar, A. A., Wood, C. C., and Larkin, P. J. (2012). Resistance to wheat
streak mosaic virus generated by expression of an artificial polycistronic
microRNA in wheat. Plant Biotechnol. J. 10, 150–163. doi: 10.1111/j.1467-
7652.2011.00647.x
June 2020 | Volume 11 | Article 930

https://doi.org/10.1007/s11248-015-9880-x
https://doi.org/10.3390/ncrna5010008 
https://doi.org/10.3390/ncrna5010008 
https://doi.org/10.1038/srep18794
https://doi.org/10.3389/fpls.2019.01535
https://doi.org/10.3389/fpls.2019.01319
https://doi.org/10.1080/15476286.2016.1248329
https://doi.org/10.1111/pbi.12019
https://doi.org/10.1111/pbi.12019
https://doi.org/10.1017/S0031182013000917
https://doi.org/10.1016/j.tplants.2013.08.010
https://doi.org/10.1111/j.1467-7652.2011.00647.x
https://doi.org/10.1111/j.1467-7652.2011.00647.x
https://www.frontiersin.org/journals/plant-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/plant-science#articles


Gualtieri et al. Plant miRNA Cross-Kingdom Transfer
Formey, D., Sallet, E., Lelandais-Brière, C., Ben, C., Bustos-Sanmamed, P., Niebel,
A., et al. (2014). The small RNA diversity from Medicago truncatula roots
under biotic interactions evidences the environmental plasticity of the
miRNAome. Genome Biol. 15, 457. doi: 10.1186/s13059-014-0457-4

Gismondi, A., Di Marco, G., and Canini, A. (2017). Detection of plant microRNAs
in honey. PloS One 12, e0172981. doi: 10.1371/journal.pone.0172981

Guo, H., Song, X., Wang, G., Yang, K., Wang, Y., Niu, L., et al. (2014). Plant-
generated artificial small RNAs mediated aphid resistance. PloS One 9, e97410.
doi: 10.1371/journal.pone.0097410

Hewezi, T., Howe, P., Maier, T. R., and Baum, T. J. (2008). Arabidopsis small RNAs
and their targets during cyst nematode parasitism.Mol. Plant Microbe Interact.
21, 1622–1634. doi: 10.1094/MPMI-21-12-1622

Huang, G., Allen, R., Davis, E. L., Baum, T. J., and Hussey, R. S. (2006).
Engineering broad root-knot resistance in transgenic plants by RNAi
silencing of a conserved and essential root-knot nematode parasitism gene.
Proc. Natl. Acad. Sci. U. S. A. 103, 14302–14306. doi: 10.1073/pnas.0604698103

Jaubert-Possamai, S., Noureddine, Y., and Favery, B. (2019). MicroRNAs, new
players in the plant-nematode interaction. Front. Plant Sci. 10, 1180.
doi: 10.3389/fpls.2019.01180

Jia, L., Zhang, D., Xiang, Z., and He, N. (2015). Nonfunctional ingestion of plant
miRNAs in silkworm revealed by digital droplet PCR and transcriptome
analysis. Sci. Rep. 5, 12290. doi: 10.1038/srep12290

Jiang, S., Wu, H., Liu, H., Zheng, J., Lin, Y., and Chen, H. (2016). The
overexpression of insect endogenous small RNAs in transgenic rice inhibits
growth and delays pupation of striped stem borer (Chilo suppressalis). Pest
Manag. Sci. 73, 1453–1461. doi: 10.1002/ps.4477

Jones-Rhoades, M. W., Bartel, D. P., and Bartel, B. (2006). MicroRNAs and their
regulatory roles in plants. Annu. Rev. Plant Biol. 57, 19–53. doi: 10.1146/
annurev.arplant.57.032905.105218

Kis, A., Tholt, G., Ivanics, M., Varallyay, E., Jenes, B., and Havelda, Z. (2016).
Polycistronic artificial miRNA-mediated resistance to Wheat dwarf virus in
barley is highly efficient at low temperature. Mol. Plant Pathol. 17, 427–437.
doi: 10.1111/mpp.12291

Kumar, M., Gupta, G. P., and Rajam, M. V. (2009). Silencing of
acetylcholinesterase gene of Helicoverpa armigera by siRNA affects larval
growth and its life cycle. J. Insect Physiol. 55, 273–278. doi: 10.1016/
j.jinsphys.2008

LaMonte, G., Philip, N., Reardon, J., Lacsina, J. R., Majoros, W., Chapman, L., et al.
(2012). Translocation of sickle cell erythrocyte microRNAs into Plasmodium
falciparum inhibits parasite translation and contributes to malaria resistance.
Cell Host. Microbe 12, 187–199. doi: 10.1016/j.chom.2012.06.007

Lei, P., Han, B., Wang, Y., Zhu, X., Xuan, Y., Liu, X., et al. (2019). Identification of
microRNAs that respond to soybean cyst nematode infection in early stages in
resistant and susceptible soybean cultivars. Int. J. Mol. Sci. 20, 5634.
doi: 10.3390/ijms20225634

Li, X., Wang, X., Zhang, S., Liu, D., Duan, Y., and Dong, V. (2012). Identification
of soybean microRNAs involved in soybean cyst nematode infection by deep
sequencing. PloS One 7, e39650. doi: 10.1371/journal.pone.0039650

Liu, Q., and Chen, Y. Q. (2010). A new mechanism in plant engineering: the
potential roles of microRNAs in molecular breeding for crop improvement.
Biotechnol. Adv. 28, 301–307. doi: 10.1016/j.biotechadv.2010.01.002

Mal, C., Aftabuddin, M., and Kundu, S. (2018). IIKmTA: inter and Intra Kingdom
miRNA-Target Analyzer. Interdiscip. Sci. 10, 538–543. doi: 10.1007/s12539-
018-0291-6

Manavella, P. A., Koenig, D., and Weigel, D. (2012). Plant secondary siRNA
production determined by microRNA-duplex structure. Proc. Natl. Acad. Sci.
U.S.A. 109, 2461–2466. doi: 10.1073/pnas.1200169109

Masood, M., Everett, C. P., Chan, S. Y., and Snow, J. W. (2016). Negligible uptake
and transfer of diet-derived pollen microRNAs in adult honey bees. RNA Biol.
13, 109–118. doi: 10.1080/15476286.2015.1128063

Mitter, N., Zhai, Y., Bai, A. X., Chua, K., Eid, S., Constantin, M., et al. (2016).
Evaluation and identification of candidate genes for artificial microRNA-
mediated resistance to tomato spotted wilt virus. Virus Res. 211, 151–158.
doi: 10.1016/j.virusres.2015.10.003

Niu, Q.-W., Lin, S.-S., Reyes, J. L., Chen, K.-C., Wu, H.-W., Yeh, S.-D., et al.
(2006). Expression of artificial microRNAs in transgenic Arabidopsis
thaliana confers virus resistance. Nat. Biotechnol. 24, 1420–1428.
doi: 10.1038/nbt1255
Frontiers in Plant Science | www.frontiersin.org 6
Pan, X., Nichols, R. L., Li, C., and Zhang, B. (2019). MicroRNA-target gene
responses to root knot nematode (Meloidogyne incognita) infection in cotton
(Gossypium hirsutum L.). Genomics 111, 383–390. doi: 10.1016/
j.ygeno.2018.02.013

Plett, J. M., and Martin, F. M. (2018). Know your enemy, embrace your friend:
using omics to understand how plants respond differently to pathogenic and
mutualistic microorganisms. Plant J. 93, 729–746. doi: 10.1111/tpj.13802

Saini, R. P., Raman, V., Dhandapani, G., Malhotra, E. V., Sreevathsa, R., Kumar, P. A.,
et al. (2018). Silencing of HaAce1 gene by host-delivered artificial microRNA
disrupts growth and development of Helicoverpa armigera. PloS One 13,
e0194150. doi: 10.1371/journal.pone.0194150

Savary, S., Willocquet, L., Pethybridge, S. J., Esker, P., McRoberts, N., and Nelson,
A. (2019). The global burden of pathogens and pests on major food crops. Nat.
Ecol. Evol. 3, 430–439. doi: 10.1038/s41559-018-0793-y

Schwab, R., Ossowski, S., Riester, M., Warthmann, N., and Weigel, D. (2006).
Highly specific gene silencing by artificial microRNAs in Arabidopsis. Plant
Cell. 18, 1121–1133. doi: 10.1105/tpc.105.039834

Shahid, S., Kim, G., Johnson, N. R., Wafula, E., Wang, F., Coruh, C., et al. (2018).
MicroRNAs from the parasitic plant Cuscuta campestris target host messenger
RNAs. Nature 553, 82–85. doi: 10.1038/nature25027

Shannon, A. J., Tyson, T., Dix, I., Boyd, J., and Burnell, A. M. (2008). Systemic
RNAi mediated gene silencing in the anhydrobiotic nematode Panagrolaimus
superbus. BMC Mol. Biol. 9, 58. doi: 10.1186/1471-2199-9-58

Silvestri, A., Fiorilli, V., Miozzi, L., Accotto, G. P., Turina, M., and Lanfranco, L.
(2019). In silico analysis of fungal small RNA accumulation reveals putative
plant mRNA targets in the symbiosis between an arbuscular mycorrhizal
fungus and its host plant. BMC Genomics 20, 169. doi: 10.1186/s12864-019-
5561-0

Snow, J. W., Hale, A. E., Isaacs, S. K., Baggish, A. L., and Chan, S. Y. (2013).
Ineffective delivery of diet-derived microRNAs to recipient animal organisms.
RNA Biol. 10, 1107–1116. doi: 10.4161/rna.24909

Thakur, A., Sanju, S., Siddappa, S., Srivastava, N., Shukla, P. K., Pattanayak, D.,
et al. (2015). Artifical microRNA mediated gene silencing of Phytophthora
infestans single effector Avr3a gene imparts moderate type of late blight
resistance in potato. Plant Pathol. J. 14, 1–12. doi: 10.3923/ppj.2015.1.12

Tian, B., Li, J., Vodkin, L. O., Todd, T. C., Finer, J. J., and Trick, H. N. (2019). Host
derived gene silencing of parasite fitness genes improves resistance to soybean
cyst nematodes in stable transgenic soybean. Theor. Appl. Genet. 132, 2651–
2662. doi: 10.1007/s00122-019-03379-0

Toppino, L., Kooiker, M., Lindner, M., Dreni, L., Rotino, G. L., and Kater, M. M.
(2011). Reversible male sterility in eggplant (Solanum melongena L.) by
artificial microRNA-mediated silencing of general transcription factor genes.
Plant Biotechnol. J. 9, 684–692. doi: 10.1111/j.1467-7652.2010.00567.x

Valadi, H., Ekström, K., Bossios, A., Sjöstrand, M., Lee, J. J., and Lötvall, J. O.
(2007). Exosome-mediated transfer of mRNAs and microRNAs is a novel
mechanism of genetic exchange between cells. Nat. Cell Biol. 9, 654–659.
doi: 10.1038/ncb1596

Wagaba, H., Patil, B. L., Mukasa, S., Alicai, T., Fauquet, C. M., and Taylor, N. J.
(2016). Artificial microRNA-derived resistance to Cassava brown streak
disease. J. Virol. Methods 231, 38–43. doi: 10.1016/j.jviromet.2016.02.004

Wang, M., Weiberg, A., and Jin, H. (2015). Pathogen small RNAs: a new class of
effectors for pathogen attacks. Mol. Plant Pathol. 16, 219–223. doi: 10.1111/
mpp.12233

Wang, M., Weiberg, A., Lin, F., Thomma, B. P. H. J., Huang, H., and Jin, H. (2016).
Bidirectional cross-kingdom RNAi and fungal uptake of external RNAs confer
plant protection. Nat. Plants 2, 16151. doi: 10.1038/NPLANTS.2016.151

Wang, B., Sun, Y., Song, N., Zhao, M., Liu, R., Feng, H., et al. (2017a). Puccinia
striiformis f. sp. tritici microRNA-like RNA 1 (Pst-milR1), an important
pathogenicity factor of Pst, impairs wheat resistance to Pst by suppressing
the wheat pathogenesis-related 2 gene. New Phytol. 215, 338–350. doi: 10.1111/
nph.14577

Wang, H., Zhang, C., Dou, Y., Yu, B., Liu, Y., Heng-Moss, T. M., et al. (2017b).
Insect and plant-derived miRNAs in greenbug (Schizaphis graminum) and
yellow sugarcane aphid (Sipha flava) revealed by deep sequencing. Gene 599,
68–77. doi: 10.1016/j.gene.2016.11.014

Warthmann, N., Chen, H., Ossowski, S., Weigel, D., and Herve, P. (2008). Highly
specific gene silencing by artificial miRNAs in rice. PloS One 3, e1829.
doi: 10.1371/journal.pone.0001829
June 2020 | Volume 11 | Article 930

https://doi.org/10.1186/s13059-014-0457-4
https://doi.org/10.1371/journal.pone.0172981
https://doi.org/10.1371/journal.pone.0097410
https://doi.org/10.1094/MPMI-21-12-1622
https://doi.org/10.1073/pnas.0604698103
https://doi.org/10.3389/fpls.2019.01180
https://doi.org/10.1038/srep12290
https://doi.org/10.1002/ps.4477
https://doi.org/10.1146/annurev.arplant.57.032905.105218
https://doi.org/10.1146/annurev.arplant.57.032905.105218
https://doi.org/10.1111/mpp.12291
https://doi.org/10.1016/j.jinsphys.2008
https://doi.org/10.1016/j.jinsphys.2008
https://doi.org/10.1016/j.chom.2012.06.007
https://doi.org/10.3390/ijms20225634
https://doi.org/10.1371/journal.pone.0039650
https://doi.org/10.1016/j.biotechadv.2010.01.002
https://doi.org/10.1007/s12539-018-0291-6
https://doi.org/10.1007/s12539-018-0291-6
https://doi.org/10.1073/pnas.1200169109
https://doi.org/10.1080/15476286.2015.1128063
https://doi.org/10.1016/j.virusres.2015.10.003
https://doi.org/10.1038/nbt1255
https://doi.org/10.1016/j.ygeno.2018.02.013
https://doi.org/10.1016/j.ygeno.2018.02.013
https://doi.org/10.1111/tpj.13802
https://doi.org/10.1371/journal.pone.0194150
https://doi.org/10.1038/s41559-018-0793-y
https://doi.org/10.1105/tpc.105.039834
https://doi.org/10.1038/nature25027
https://doi.org/10.1186/1471-2199-9-58
https://doi.org/10.1186/s12864-019-5561-0
https://doi.org/10.1186/s12864-019-5561-0
https://doi.org/10.4161/rna.24909
https://doi.org/10.3923/ppj.2015.1.12
https://doi.org/10.1007/s00122-019-03379-0
https://doi.org/10.1111/j.1467-7652.2010.00567.x
https://doi.org/10.1038/ncb1596
https://doi.org/10.1016/j.jviromet.2016.02.004
https://doi.org/10.1111/mpp.12233
https://doi.org/10.1111/mpp.12233
https://doi.org/10.1038/NPLANTS.2016.151
https://doi.org/10.1111/nph.14577 
https://doi.org/10.1111/nph.14577 
https://doi.org/10.1016/j.gene.2016.11.014 
https://doi.org/10.1371/journal.pone.0001829 
https://www.frontiersin.org/journals/plant-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/plant-science#articles


Gualtieri et al. Plant miRNA Cross-Kingdom Transfer
Winston, W. M., Sutherlin, M., Wright, A. J., Feinberg, E. H., and Hunter, C. P.
(2007). Caenorhabditis elegans SID-2 is required for environmental RNA
interference. Proc. Natl. Acad. Sci. U. S. A. 104, 10565–10570. doi: 10.1073/
pnas.0611282104

Wu, P., Wu, Y., Liu, C. C., Liu, L. W., Ma, F. F., Wu, X. Y., et al. (2016).
Identification of arbuscular mycorrhiza (AM)-responsive microRNAs in
tomato. Front. Plant Sci. 7, 429. doi: 10.3389/fpls.2016.00429

Zhang, Y., Wiggins, B. E., Lawrence, C., Petrick, J., Ivashuta, S., and Heck, G.
(2012). Analysis of plant-derived miRNAs in animal small RNA datasets. BMC
Genomics 13, 381. doi: 10.1186/1471-2164-13-381

Zhang, T., Zhao, Y., Zhao, J., Wang, S., Jin, Y., Chen, Z., et al. (2016). Cotton plants
export microRNAs to inhibit virulence gene expression in a fungal pathogen.
Nat. Plants 2, 16153. doi: 10.1038/nplants.2016.153

Zhang, N., Zhang, D., Chen, S. L., Gong, B.-Q., Guo, Y., Xu, L., et al. (2018).
Engineering artificial microRNAs for multiplex gene silencing and simplified
transgenic screen. Plant Physiol. 178, 989–1001. doi: 10.1104/pp.18.00828

Zhang, L. L., Jing, X. D., Chen, W., Wang, Y., Lin, J., Zheng, L., et al. (2019a). Host
plant-derived miRNAs potentially modulate the development of a
cosmopolitan insect pest, Plutella xylostella. Biomolecules 9, 602.
doi: 10.3390/biom9100602
Frontiers in Plant Science | www.frontiersin.org 7
Zhang, L., Jing, X., Chen, W., Bai, J., Vasseur, L., He, W., et al. (2019b). Selection of
reference genes for expression analysis of plant-derived microRNAs in Plutella
xylostella using qRT-PCR and ddPCR. PloS One 14, e0220475. doi: 10.1371/
journal.pone.0220475

Zhao, Y., Mo, B., and Chen, X. (2012). Mechanisms that impact microRNA
stability in plants. RNA Biol. 9, 1218–1223. doi: 10.4161/rna.22034

Zhu, K., Liu, M., Fu, Z., Zhou, Z., Kong, Y., Liang, H., et al. (2017). Plant
microRNAs in larval food regulate honeybee caste development. PloS Genet.
13, e1006946. doi: 10.1371/journal.pgen.1006946

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Gualtieri, Leonetti and Macovei. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
June 2020 | Volume 11 | Article 930

https://doi.org/10.1073/pnas.0611282104
https://doi.org/10.1073/pnas.0611282104
https://doi.org/10.3389/fpls.2016.00429
https://doi.org/10.1186/1471-2164-13-381
https://doi.org/10.1038/nplants.2016.153
https://doi.org/10.1104/pp.18.00828
https://doi.org/10.3390/biom9100602
https://doi.org/10.1371/journal.pone.0220475
https://doi.org/10.1371/journal.pone.0220475
https://doi.org/10.4161/rna.22034
https://doi.org/10.1371/journal.pgen.1006946
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/plant-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/plant-science#articles

	Plant miRNA Cross-Kingdom Transfer Targeting Parasitic and Mutualistic Organisms as a Tool to Advance Modern Agriculture
	Introduction
	Plant-Parasite miRNAs Cross-Kingdom Transfer: Alternative Tools to Fight Plant Pests and Diseases
	MiRNAs Cross-Kingdom Transfer in Plant Mutualistic Interactions
	Cross-Kingdom Transfer of amiRNAs for Agricultural Purposes
	Conclusions and Future Perspectives
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


