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ABSTRACT

Plant small RNA (sRNA)-mediated gene expression has a conserved role in regulating plant growth, devel-
opment, and immunity. Heterologous expression of SRNA contributes to determining whether the function
of sRNA is conservative or independent. We recently characterized the Tourist-miniature inverted-repeat
transposable element (MITE)-derived siR109944 had a conserved function that enhanced susceptibility to
Rhizoctonia solani infection by affecting auxin homeostasis in rice and Arabidopsis. To ascertain whether the
function of rice siR109944 has a broad-spectrum immunity in Arabidopsis, we infected Arabidopsis with
a variety of fungal pathogens. Overexpression of siR109944 in Arabidopsis increased susceptibility to Botrytis
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cinerea, Sclerotinia sclerotium, and Verticillium dahliae infection. Further studies found that Arabidopsis auxin-
related miRNAs were suppressed in siR109944 OE. Our results demonstrated that overexpression of rice
siR109944 in Arabidopsis affected immune responses to multiple pathogens by inhibiting auxin-related

miRNA expression in planta.

sRNA-mediated RNA interference (RNAi) is a conserved
immune regulatory mechanism in most eukaryotes, which is
involved in host immunity and pathogen virulence.' Many
studies have identified the role of sRNAs in rice and
Arabidopsis in plant immunity; however, the heterologous reg-
ulating function of sRNAs has scarcely been studied.
Heterologous gene expression utilizes gene resources and can
be useful for the screening of disease-resistant breeding and
increasing the cognition of immune regulatory responses
among different species. For example, heterologous expression
of Vitis amurensis VaERF20 in Arabidopsis improves resistance
to Botrytis cinerea and Pseudomonas syringae pv. tomato
DC3000.* Host-induced gene silencing is a combination of het-
erologous expression and RNAi technology to enhance host
resistance by constructing transgenic plants by targeting impor-
tant pathogenic genes that are necessary for growth, develop-
ment, and pathogenicity.”™”

Based on our present study, we found that rice Tourist-
miniature inverted-repeat transposable element (MITE)-
derived siR109944 suppressed plant immunity to sheath blight,
and overexpression of siR109944 in Arabidopsis could enhance
susceptibility to Rhizoctonia solani by modulating auxin
homeostasis.® To explore whether overexpression of siR109944
enhanced the broad-spectrum immune response in Arabidopsis,
the OE line with a higher expression level was selected for this
study.® We first inoculated siR109944 OE and Col-0 WT seed-
lings with B. cinerea, a destructive fungus. Arabidopsis plants
with siR109944 overexpression were more susceptible to
B. cinerea infection than Col-0 WT plants (Figure 1(a,b)). In
addition to B. cinerea, Sclerotinia sclerotiorum is another serious
plant pathogenic fungus that can cause white mold disease.”

Verticillium dahliae causes verticillium wilt in many plant spe-
cies and causes Arabidopsis leaves to curl and discolor.'® Then,
siR109944 OE and Col-0 WT plant roots and leaves were inocu-
lated with V. dahliae spores and S. sclerotiorum mycelium plugs,
respectively. Compared to Col-0 WT plants, we found that
siR109944 OE plants displayed more sensitive disease pheno-
types caused by S. sclerotium and V. dahliae (Figure 1(c-f)). It
has been shown that auinx is involved in the modulation of
various plant defense signals against pathogens, including
B. cinerea, S. sclerotium, and V. dahlia."'™"> Collectively, our
results demonstrated that the expression of rice siR109944 in
Arabidopsis regulated plant broad-spectrum immunity against
fungi.

Auxin plays an important role in regulating many aspects that
affect Arabidopsis growth and development,'*"” and some
miRNAs are involved in the regulation of auxin. Since the
expression of siR109944 could affect Arabidopsis disease immu-
nity by affecting the auxin-regulated gene expression,® we
explored whether overexpression of siR109944 could alter auxin-
related miRNA expression in Arabidopsis. Overexpression of
miR165 alters the expression of genes involved in auxin signaling
and vascular development of Arabidopsis.'® Repression of
AUXIN RESPONSE FACTORIO (ARF10) and ARFI7 by
miR160 is critical for seed germination and post-germination
stages.”’18 Auxin-related miRNAs, including miR160, miR167,
and miR165/166 in Col-0 WT and siR109944 OE, were detected
in Arabidopsis by northern blot. The results showed that the
expression levels of these miRNAs were more down-regulated in
siR109944 OE than in Col-0 WT plants (Figure 2(a)). Moreover,
the target genes of these miRNAs had the opposite expression
levels as the related miRNAs, including ARF10 (miR160), ARF6
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Figure 1. Heterologous expression siR109944 suppresses Arabidopsis immunity against fungal infection (a) The phenotypes of Col-0 WT and siR109944 OE Arabidopsis
seedlings were inoculated by foliar spraying with Botrytis cinerea spore suspension, and photos were taken 2 days post-inoculation (dpi). (b) The B. cinerea relative
DNA content (relative biomass) was measured using quantitative PCR, and error bars represent the standard deviation (s.d.) of three technical replicates. Asterisks
indicate significant differences. (c) The phenotypes of Sclerotinia sclerotiorum infect Col-0 WT and siR109944 OE transgenic Arabidopsis, and photos were taken at 2
dpi. (d) The relative biomass of S. sclerotiorum was measured using quantitative PCR, and error bars represent the s.d. of three technical replicates. Asterisks indicate
significant differences. (e) Arabidopsis Col-0 WT and siR109944 OF were infected by Verticillium dahliae spores using the root dipping method, and photos were taken
at 10 dpi. (f) Relative biomass of V. dahliae was detected by quantitative PCR, and error bars represent the s.d. of three technical replicates. The experiments were
repeated three times with similar results. Asterisks indicate significant differences (*P < .05).

(miR167), PHB, and PHN (miR165/166) in Col-0 WT and
siR109944 OE plants (Figure 2(b)). It was speculated that over-
expression of siR109944 enhanced disease susceptibility against
multiple fungi might be due to the inhibition of auxin-related
miRNA expression in Arabidopsis.

RNA interference (RNAI) is a regulatory mechanism for gene
silencing by which siRNAs guide RNA-induced silencing com-
plexes (RISC) to cleave homologous transcripts.'® Therefore, the

RNAi mechanism is conserved among different species. We
found that the target genes of siR109944 in rice had highly
homologous genes in Arabidopsis, but these genes were not the
target of siR109944 in Arabidopsis.® Though the regulatory net-
works of small RNAs vary among plant species and are highly
diverse, siRNA pathways have adopted new functions to create
novel plant morphologies and immune response by heterologous
expression.
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Figure 2. Heterologous expression siR109944 affects Arabidopsis auxin-related miRNA expression. (a) The expression levels of auxin-related miRNAs (miR160, miR167,
and miR165/166) in Col-0 WT and siR109944 OE plants by northern blot. Values below each section represent the relative abundance (RA) of miRNA normalized to U6.
(b) Quantitative PCR analysis of the relative expression of the miR160 target gene ARF10, miR167 target gene ARF6, and miR165/166 target genes PHN and PHB in
Col-0 WT and siR109944 OE plants. The internal reference was AtActin. The experiments were repeated three times with similar results. Asterisks indicate significant

differences (*P < .05).
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