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Abstract MicroRNAs (miRNAs) are a class of small
non-coding RNAs that negatively regulate special target
mRNAs at the post-transcriptional level by directing target
mRNA cleavage or translational inhibition. Plant miRNAs
regulate gene expression mainly by guiding cleavage of
target mRNAs and subsequently play important roles in
diverse developmental processes, nutrient homeostasis and
responses to biotic and abiotic stresses. MiRNA393 plays
important and diverse roles in defense against bacterial
pathogens by negatively targeting transport inhibitor
response 1 (TIR1) in plant development. It will be essential
for understanding complex feedback regulations in the
development pathway by unraveling the miR393 network
in a temporal and spatial manner. Here, we report that
Zma-miR393b down-regulates its putative target TIR1-like
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(F-box) gene by guiding the cleavage of their mRNAs in
development of leaf sheaths in response to R. Solani
infection, Zma-miR393b and its putative target gene TIR1
were confirmed through Q-PCR and the spatial expression
of Zma-miR393b was further analyzed by in situ hybrid-
ization. These findings suggested that, as a negative feed-
back regulation of TIR1-like (F-box) gene, Zma-miR393b
plays an important role in defense against R. Solani
infection.

Keywords Zma-miR393 - TIR1-like (F-box) gene -
R. Solani - Q-PCR - LNA-ISH

Introduction

Plants respond to variable and severe environmental stress
via a series of physiological, cellular, and molecular pro-
cesses (Sunkar et al. 2007). An adaptive mechanism has
developed to cope with various types of environmental
stresses, such as starvation, oxidative stress, drought stress
and invasion by phytopathogens during their differentia-
tion, development, and aging processes. Recent studies
indicate that post-transcriptional regulations of gene
expression play an important role in how plants respond to
abiotic stresses (Mirouze and Paszkowski 2011). MicroR-
NAs (miRNAs) act as ubiquitous post-transcriptional gene
regulatory molecules in plants. Plant miRNAs are
approximately 21-nt-long small regulatory RNAs that
recognize their mRNA targets based on imperfect sequence
complementarity, thereby suppress expression of the target
gene by guiding degradation and/or translational repression
of the cognate mRNA target, which are involved in the
regulation of plants growth and development (Schwab et al.
2005; Garcia 2008; Zhang et al. 2011). Increasing evidence
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demonstrates that miRNAs play an important role in many
biological and metabolic processes including regulation of
plant growth, development and response to biotic and
abiotic stresses via interactions with their specific target
mRNAs (Shukla et al. 2008; Liu et al. 2008; Jones-Rho-
ades and Bartel 2004). A multitude of small RNAs accu-
mulate in plant tissue, among these miRNAs, miR393 has
been first reported to enhance innate immunity in response
to bacterial infection (Zhang et al. 2011; Jones-Rhoades
and Bartel 2004; Sunkar et al. 2007), which was firstly
discovered in a small RNA library of Arabidopsis seedlings
exposed to dehydration, salinity, cold stress and to the plant
stress hormone abscisic acid. In addition, miR393 family
was also identified in Arabidopsis thaliana and rice by
comparative genomic approaches. Moreover, it is showed
that plant miR393 family shared different spatial and
temporal expression models in response to various envi-
ronments, which was involved in regulation network in
response to stresses by targeting TIR1 (transport inhibitor
response 1, TIR1), such as auxin signaling transduction
pathway (Navarro et al. 2006). Though the regulatory
mechanism of miR393 in response to pathogen infection
has been comprehensively studied in rice and Arabidopsis
thaliana, how Zma-miR393 is responsive to banded leaf
and sheath blight (BLSB) in maize and how Zma-miR393
is expressed in a temporal and spatial manner in the
development pathway still remain unknown.

Maize is one of the most important cereal crops as
agricultural feed and bio-ethanol production in the world.
However, it has been increasingly affected by BLSB
caused by Rhizoctonia solani Kuhn, causing severe losses
in several Asian countries (Chung et al. 2005). Currently,
many genes involved in maize under BLSB stress have not
been isolated and the molecular mechanism of R. solani
tolerance in maize still remains limited, the knowledge
about role of miRNAs responsive to BLSB stress in maize
is still scared as well. In this study, temporal and spatial
manner of miRNA393b was detected and located by ISH
technology and then the specific expression of BLSB-
responsive miR393b and its putative target TIR1 were
identified by quantitative real-time PCR (Q-PCR).

Materials and methods
Plants material and pathogen infection

High-resistance maize inbred line seedlings of “R15” and
high-sensitive maize inbred line seedlings of “478” were
treated with 7 % hypochlorite solution for 30 min,
respectively, followed by three washes with sterilized
water before being sowed in pots with autoclaved soil.
Control plants were maintained under the same conditions.
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R. solani AGI1-IA (kindly provided by the Rice Institution
of Sichuan Agricultural University, Sichuan, China) was
cultured on potato dextrose agar (PDA) and grown at room
temperature (22-24 °C) under continuous light; agar
blocks (0.5-cm squares) were cut and prepared from the
outer edge of a 3-day-old culture. Soak barley grains were
prepared in water for 24 h and dispensed 40 g in 250-mL
conical flask. Two- to three-day-old pure culture is sus-
pended in distilled sterile water, to make suspension and
seed 5 mL of the suspension in each flask, and then incu-
bated at 27 °C for 10 days. The impregnated grains can
later on be used for inoculation. Impregnated barley grains
were placed at the junction of sheath and leaf during the
rainy days when moist condition is prevailed and crop is
3040 days old. Two to four grains should be inserted
between stalk and sheath on second or third internode level
from soil for better inoculation. Subsequently, the leave
sheaths were covered with plastic bags to ensure high
humidity. The inoculated plants and mock-inoculated
plants grew in the same growth chambers in Maize
Research Institute of Sichuan Agricultural University. The
day/night temperature during seedling development ranged
from 25 to 33 °C, which was similar to field temperatures
during maize seedling stage development (Liu et al. 2012;
Qiu et al. 2007). The leaf sheaths without any leaves were
harvested from each of the three maize plants, and the three
leaf sheaths were combined to represent one replicate.
Three independent replicates were collected for each
sample. Control samples (CK) were harvested from water-
treated leaf sheaths incubated under the same conditions.
Partially, inoculated (Treat) and water-treated leaf sheaths
incubated (CK) bract tissues were collected at 0, 6, 12,
24 h after inoculation for four stages, respectively.

Maize sample collection and RNA isolation

All samples from R15 and Ye478 were cleaned and
immediately frozen in liquid nitrogen for further bio-
chemical and molecular studies. According to the manu-
facturer’s instructions, small RNA was isolated from each
sample using the mirVana miRNA Isolation Kit (Ambion)
and total RNA was isolated from each sample using Trizol
Reagent (Invitrogen, Nottingham, UK).

Bioinformatics analyses

After downloading the precursor sequences of miR393 in
plants from miRBase (http://www.mirbase.org/) (Griffiths-
Jones et al. 2008). We conducted their conservation and
evolutional relationship analysis using Geneious software,
and target genes of miR393 were predicted using WMD?3
website (http://wmd3.weigelworld.org/) using the Zea mays
ZmB73 v4a.53 (MGC) database (Ossowski et al. 2008).
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Expression analysis of Zma-miRNA393b
and association target gene by Q-PCR

To monitor the expression patterns of miRNA393b (MI-
MATO0013999c), the corresponding sequences for miR-
NA393b (5-CTCCAAAGGGATCGCATTGATA-3') and
5s RNA (5-TAAGGTAGCGGCGAGACGAGC-3') was
used as the forward primers, respectively, and the 3'-cor-
responding primer (5-GCTGTCAACGATACGCTACGT
AACG-3, Qiagen), as the common reverse primer.
MiR393b were validated by relative real-time quantitative
RT-PCR according to the manufacturer’s protocol, mito-
chondrial 5S rRNA was used as an internal control to
normalize all data. Briefly, 2 ng of miRNA was reverse
transcribed using the One Step PrimeScript® miRNA
cDNA Synthesis Kit (TaKaRa Biotechnology Co., Ltd.,
Chengdu, China). The reverse transcription reaction system
included 10 pL of 2 x miRNA reaction buffer, 2 pL. of
0.1 % BSA, 2 uL of miRNA PrimeScript® RT Enzyme
Mix, 2 pL of total RNA (10 pg/pL-1 pg/puL), and RNase-
free dH,O to a final volume of 20 pL. The reaction mix-
tures were incubated in a 96-well plate at 95 °C for 30 s,
followed by 40 cycles of 95 °C for 5 s, 60 °C for 30 s and
72 °C for 30 s.

To monitor the expression target gene TIR1-like (F-box)
(GRMZM2G135978) of candidate miRNA393b, the
sequences 5'-AGAACTCGGAACAGGAAGA-3' and 5'-
AAAGGAGCAGAAGGGAAA-3' were used as forward
and reverse primers, respectively, for amplification of
TIR1-like gene, the sequences 5-CTGAGAAACGGCT
ACCACA-3' and 5'-CCCAAGGTCCAACTACGAG-3'
were used as forward and reverse primers, respectively, for
amplification of mitochondrial 18S rRNA. cDNA synthesis
was carried out using 1 pg total RNA with Prime Script RT
reagent kit (TaKaRa). The reaction mixture (20 pL) con-
tained 0.5 pL of each primer and the appropriate amounts
of enzymes, cDNA and fluorescent dyes. All runs used a
negative control without adding target cDNA, resulting in
no detectable fluorescence signal from the reaction. A
range of five dilutions of the total cDNA was tested under
the same conditions as the samples. Amplification reactions
were initiated with a pre-denaturing step at 95 °C for 10 s
and followed by denaturing (95 °C for 5 s), annealing
(60 °C for 10 s) and extension (72 °C for 15 s) steps for 49
cycles during the second stage, and a final stage of
55-95 °C to determine dissociation curves of the amplified
products. All samples were performed in three biological
replicates with three technical replicates. The mean and
standard deviation (SD) are determined from the triplicate
samples. We used the 27AACT method to calculate the
absolute amount of miRNA393b according to the standard
curve. Each sample was replicated for three times. The
each miRNA level was expressed as 2~ AACT mean £ SEM

(Schefe et al. 2006). The statistical significances of the
results were compared and analyzed with two-way analysis
of variance (ANOVA) and multiple comparisons using
uncorrected Fisher’s LSD test. Differences were scored as
statistically significant at P < 0.05.

Zma-miR393 in situ hybridization (ISH) assays

For in situ hybridization, we utilized miRCURY 5'-DIG-
and 3/-DIG-labeled LNA-miRNAs (Zma-miR393b; Exi-
gon, Woburn, MA, USA) detection probes. The probe of
Zma-miR393b is 5'-DIG-UCCAAAGGGAUCGCAUUG
AUCC-DIG-3'. Sections of 30-um thickness were per-
formed using locked nucleic acid (LNA) probes, and all
steps were carried out as described previously (Wibrand
et al. 2010; Pena et al. 2009). TBS (Tris-buffered saline)
and proteinase K are used to rinse and incubate all sections
for 5 min at 37 °C, respectively, and then post-fixed for
5 min in 4 % PFA after washing once in 0.2 % glycine/
TBS and twice in TBS. Subsequently, sections immersed in
1-ethyl-3- (3-dimethylaminopropyl) carbodiimide (EDC)
fixative for 60 min at room temperature, followed by
incubation in freshly prepared 1-methylimidazole solution.
To inactivate endogenous alkaline phosphates and peroxi-
dases, we washed sections again followed by acetylation
with triethanolamine and acetic anhydride. 4 pmol of LNA
probe diluted in 200 pL hybridization buffer was selected
to incubate sections overnight after 10 min of prehybrid-
ization. In addition, a hybridization temperature of 20 °C
below Tm was used to determine miRNA-LNA probe
duplex. Before being blocked and incubated with anti-
POD-AP for 1 h at RT, 3 % hydrogen peroxide was used to
wash the sections, and then stained using the TSA Plus Cy3
System.

Results

Bioinformatics analysis of miRNA393 and its target
gene TIR1

Plant miRNAs are highly conserved among distant-related
plant species, both in terms of primary and mature miR-
NAs, the conservation of mature miRNAs and pre-miRNAs
provides the chance to investigate their evolutionary rela-
tionships. Comparison of the precursor sequences of the
predicted miRNAs with other members in the same family
showed that most members could be found to have a high
degree of sequence similarity with others, to investigate the
conservative of mi393 among plant species, the pre-miR-
NA sequences of miR393 in Arabidopsis thaliana (ath),
Oryza sativa (0sa), Zea mays (Zma), Sorghum bicolor
(Sbi), Populus trichocarpa (Ptc) and other plants whose
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genomes were partially or completely sequenced were
downloaded from miRBase (http://www.mirbase.org/), and
subsequently the evolutionary relationships of Zma-miR-
NA393 with other members from the same families were
analyzed using the Geneious (Kearse et al. 2012), which
represents an ideal platform for the bioinformatics com-
munity to leverage existing components and to integrate
their own specific requirements for the discovery, analysis
and visualization of biological data (Fig. 1). It showed that
the precursor sequence similarity between Zma-miR393b
and other Zma-miR393 members, that between sbi-
MIR393b and osa-MIR393b, Zma-miR393b was similar to
each other (Fig. 1). Only one or two bases are different at
the end of the mature sequences of miR393 in different
plant species, even some sequences of miR393 are identical
in the same plants. It could be seen from the phylogenetic
trees that the evolutionary relationships of Zma-miR-
NA393 with other species were similar in same families;
the conservatism of miR393 family in different plant spe-
cies suggests that miR393 probably plays the similar vital
role in stress responses.

The high level of complementarity between plant miR-
NAs and their target genes allows an effective prediction
system for predict their target genes (Alves-Junior et al.
2009; Fattash et al. 2007). In our research, target genes of
zma-miR393 were predicted by WMD3 (http://wmd3.wei
gelworld.org/) using the Zea mays ZmB73 v4a.53 (MGC)
database. Protein transport inhibitor response 1 (TIR1)
(GRMZM2G135978) was predicted as Zma-miR393’ tar-
get gene, which was consistent with the result reported in
Zhang’s research (Zhang et al. 2009).

In the previous study, in Arabidopsis, miR393 targets
mRNAs that code for the auxin receptors (TIR1, AFB2 and
AFB3) (Jones-Rhoades and Bartel 2004). Previous studies
have shown that miR393 appears to regulate TIR1/AFB
expression by complementary to the auxin receptors. TIR1,

AFB1, AFB2, and AFB3 are broadly transcribed through-
out the plant by acting as auxin receptors. MiR393 acts as
an upstream regular of these receptors, responses to
adverse conditions by auxin signal pathway. Moreover,
many studies have reported that miR393 could regulate
transport inhibitor response 1 (TIR1) and auxin signaling
F-box proteins (AFBs), which play key roles in signaling
transduction as the other auxin receptors. However, the
targeting genes of Zma-miR393 have not been determined
in maize. The effects of Zma-miR393 on leaf growth and
development responsive to BLSB are still unclear. In our
previous study, we validated miRNA393 by Solexa deep
sequencing (Data unpublished) and predicted the targets of
miRNA393, it is showed that Zma-miRNA393b is down-
regulated in treatment compared with the expression in CK,
however, Zma-miR393a and Zma-miR393c are up-regu-
lated. In the current study, Zma-miR393b and its putative
target gene TIR1-like were confirmed through Q-PCR and
the spatial expression of Zma-miR393b was further ana-
lyzed by in situ hybridization technology.

Expression analysis of Zma-miR393b and its target
gene

If miR393b degrades target mRNA transcripts, expres-
sion levels should be negatively correlated with each
other. In this study, we compared the expression patterns
of predicted miRNA targets and with miRNA accumu-
lation levels in Q-PCR assay. The expression levels of
Zma-miR393b targets are inversely correlated with the
accumulation levels of corresponding Zma-miR393b
(Figs. 2, 3). Zma-miR393b was especially down-expres-
sed in different periods after inoculation with BLSB in
the leaf sheath of R15 and reached to minimum in 24 h
(10.4-fold) compared with control group (0 h), while
there were not obvious changes among the corresponding
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Fig. 1 Conservation analysis of precursor sequences of miR393
among plant species. Identical and conserved nucleotides of miR393
family showed higher conservation among plant species, only few
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changes has found in nucleotide sequences in some family members.
Four colors represent the A, T, C and G, which show the relationship
significance among the precursor sequence (color figure online)
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expression in control group (CK); conversely, Zma-
miR393b was especially up-regulated before 24 h (5.8-
fold at 6 h and 3.1-fold at 12 h) infection in Ye478 and
decreased in 24 h (9.6 fold) compare with CK, while
there was obviously uptrend among the corresponding
expression in CK. However, TIR1-like (F-box) gene was
especially up-expressed in different periods after inocu-
lation with R. Solani in the leaf sheath of R15, reached
to maximum in 24 h (8.3-fold), but only up-expressed in
the leaf sheath of Ye478 after 6 h (0.5-fold at 6 h, 1.2-
fold at 12 h and 7.8-fold at 24 h) compare with CK. The
results suggested that Zma-miR393b down-regulates
TIR1 genes in high-resistance maize inbred line R15
could respond to R. Solani infection earlier by accumu-
lating more TIR1 genes than high-sensitive maize inbred
line Ye478.
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Fig. 2 Q-PCR analysis of Zma-miR393b responsive to inoculation.
R. Solani CK samples correspond to mock-inoculated plants and treat
samples correspond to inoculated plants. The color nodes represent
the expression of fold change. Expression of BLSB-responsive Zma-
miR393b was mapped left in Ye478, right in R15. Error bars show
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Fig. 3 Q-PCR analysis of putative target gene TIRI-like (F-box).
Mock-inoculated plants correspond to CK sample and inoculated
plants correspond to treat sample. The color nodes represent the
expression of fold change. Expression of BLSB-responsive TIR1-like
(F-box) gene was mapped left in Ye478, right in R15. Error bars

The special expression of Zma-miR393b was further
analyzed by in situ hybridization technology (Fig. 4). The
existence and location of Zma-miR393b were observed by
the blue-black in positive area, and the microscopic results
were quantified by the blue-black (in situ hybridization) for
positive signal in per unit area. It is showed that the blue/
black-positive hybrid signals were detected throughout the
four stressed stages (0, 6, 12, 24 h) in the leaf sheath of
R15 and Ye478 (Fig. 5), and Zma-miR393b was especially
down-expressed in different periods after inoculation with
BLSB in the leaf sheath of R15, reached to minimum in
24 h (6.2 &£ 1.0 %) compare with control groups (0 h)
(100 £ 9.0 %), conversely, Zma-miR393b was especially
up-regulated in 6 h (130 £ 17.0 %) infection in Ye478 and
decreased in 24 h (10 £ 2.0 %) compare with control
groups (0 h) (100 £ 8.7 %). Similar results were revealed
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the standard error calculated from three biological replicates. Stars
indicate the significant (P < 0.05) difference identified by uncor-
rected Fisher’s LSD test in multiple comparisons after two-way
ANOVA (color figure online)
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show the standard error calculated from three biological replicates.
Stars indicate the significant (P < 0.05) difference identified by
uncorrected Fisher’s LSD test in multiple comparisons after two-way
ANOVA (color figure online)
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Fig. 4 In situ hybridization analysis of the special expression of Zma-
miR393b. ISH was performed on fixed tissue with oligoribonucleotide
(LNA) DIG-labeled probe as described in the text. a—d Correspond to
Yed78-0h ck; Ye478-6h ck; Ye478-12 h ck; Yed478-24 h ck; definition
of corresponding e-h correspond to Ye478-0Oh treat; Ye478-6h treat;
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Fig. 5 Change of relative quantity of Zma-miR393b in R15 and
Ye478 ISH-quantized by image analysis. The microscopic results
were quantified by the blue—black (in situ hybridization) for positive
signal in per unit area (n = 9). Error bars show the standard error
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Ye478-12h treat; Ye478-24h treat, respectively; and i-1 correspond to
R15-0h ck; R15-6h ck; R15-12h ck; R15-24h ck; corresponding m—
p correspond to R15-0Oh treat; R15-6h treat; R15-12h treat; R15-24h
treat, respectively. Ck samples correspond to mock-inoculated plants
and treat samples correspond to inoculated plants
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Relative expression of zma-miR393b by ISH

calculated from three biological replicates. Stars indicate the signif-
icant (P < 0.05) difference identified by uncorrected Fisher’s LSD
test in multiple comparisons after two-way ANOVA (color figure
online)
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that Zma-miR393b was up-regulated in 6 h in Ye478 and
R15 by Q-PCR, so we speculated that R15 could be more
earlier to accumulate more TIR1 genes responsive to R.
Solani infection than Ye478 (Figs. 2, 3, 4, 5). In addition,
according to expression levers of the BLSB-responsive
Zma-miR393b, it is demonstrated that leaf sheaths were
infected by R. Solani spreading from outside to inside with
the prolong of infection time and especially expressed in
surrounding tissues of the primary xylem and metaxylem
after 24 h.

Discussion

Zma-miR393 targeted TIR1-like (F-box) gene
responsive to BLSB stress

Previous researches showed that the expression of dif-
ferent sets of TIR1-like (F-box) gene was regulated by
miR393 following pathogen infection or nitrate treat-
ment, which plays a key role in critical receptors in the
auxin signaling. Here, we report that miR393b helps
regulate auxin-related development of leaf sheaths
infection with BLSB. We found that Zma-miR393b is
the predominant source for zma-miR393 family in leaf
sheaths by Solexa deep sequencing in our previous study
(unpublished results), and we demonstrated the expres-
sion of the TIR1-like (F-box) gene (GRMZM2G135978)
was negatively regulated by Zma-miR393b in response
to BLSB stress in maize leaf sheaths (Figs.2, 3). An
integrated putative Zma-miR393b-TIR1 module has been
proposed for interaction between Zma-miR393b and its
target TIRI-like (F-box) gene, which is required for
auxin responses in plant development and stress
responses.

It will provide useful information about their physio-
logical functions by analyzing the spatial and temporal
expression patterns of miRNAs. In addition, it is showed
that many miRNAs have differential accumulation in spe-
cific developmental stages and tissues of plants. In our
LNA-ISH assay, it is demonstrated that Zma-miR393b
significantly expressed in the basic tissue and primary
phloem of leaf sheath infected with BLSB at the early
stage, and then penetrated deeply in metaphloem, bundle
sheath and primary xylem tissue at the medium stage, and
last completely invaded in surrounding tissues of the pri-
mary xylem and metaxylem.

Molecular mechanism of Zma-miR393 in response
to pathogen infection

Zea mays has developed various mechanisms to cope with
and adapt to different types of abiotic stress (such as

pathogen infection) by regulating the expression of specific
genes at the transcriptional or post-transcriptional level,
which are directly involved in metabolism, physiological
and regulatory or antibacterial processes (Cordoba et al.
2009). Emerging data suggest that the biogenesis of miR-
NAs, the expression of mRNA targets, and the activities of
miRNA-protein complexes can be altered by stress condi-
tions. In addition, the level of target gene repression is also
dependent on the concentration of mRNA targets relative
to the miRNA by mRNA cleavage and translational
repression, indirectly involved in the metabolism and
physiological process, thus to resist stresses. Several
studies have focused on miRNAs related to the stress
response (Kruszka et al. 2012). MiR393 acts as a repre-
sentative of miRNAs’ response to stresses and has been
studied comparatively and incisively. The function study of
miR393 and targets under plant biotic stresses can deepen
our understanding of the expression mechanism and
response mechanism of genes regulated by miR393 at the
post-transcriptional level (Vidal et al. 2010).

Recent studies indicate that Aux/[AA and auxin-regu-
lated transcription are mediated by TIR1 that acted as an
auxin receptor in plant auxin signal pathway (Gray et al.
1999) and their activity is regulated by auxin (Kepinski and
Leyser 2005). TIR1 acts as a big part of the ubiquitin
ligases complex SCF™™®! in the auxin regulating pathway,
ubiquitin-mediated and 26S proteasome-dependent protein
degradation pathway and performs a very useful role in the
most hormone signal-transmitting pathways (Vierstra
2009), thus it is a crucial step of degradation of auxin-
dependent negative regulators in auxin signaling pathway
(Dharmasiri et al. 2005). It is proposed that TIR1 acts as a
main target gene of Zma-miR393. Furthermore, TIR1
expression was regulated by miR393 that expressed and
acted as the auxin receptors in plant. In addition, miR393
was the first miRNA identified in plants responsive to
bacterial pathogens, especially by repressing auxin sig-
naling, and responds to resistance against virulent Pseu-
domonas syringae pv. tomato strain DC3000 (Pto DC3000)
in Arabidopsis, implying that miR393 is a key component
of plant basal defense (Parry et al. 2009; Tan et al. 2007).

Based on our studies, we proposed a model of the reg-
ulation mechanism of miR393b-targeted TIR1-like (F-box)
gene in maize leaf sheaths under BLSB treatment, we
demonstrate that Zma-miR393b down-regulated TIR1-like
(F-box) gene in response to BLSB infection, and its
induction was due to enhanced miR393b transcription.
Target genes TIR1 was up-regulated by Zma-miR393b,
enhancing auxin sensitivity and taking effects on maize
leaf sheaths development; Zma-miR393b was down-
expressed under BLSB stress, thereby increasing the
expression of TIR1-like (F-box) gene and thus the putative
target gene TIR1 being consequently accumulated in
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response to the pathogen attack by inducing auxin signals,
at last, signal transduction pathways were activated to
strengthen the morphological and metabolic adaptation in
maize.
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