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Abstract

miR-71 has been determined to enhance the efficacy of biological control agents against
termites. However, it is not clear how miR-71 functions in enhancing the termite control. In
this study, we tested the effects of termite miR-71 on the transcriptional and translational
profiles of termites via the commercial product miR-71 agomir, and meanwhile developed a
cost-effective method using T7 RNA polymerase to synthesize a miR-71 mimic, comparing
the effects of the T7-synthesized miR-71 mimic versus the commercial miR-71 agomir on the
gene expressions and infection mortality of termites. Comparative bioassays demonstrated
that both miR-71 mimic and agomir significantly increased fungus-induced termite mor-
tality with equivalent bioactivity. Mechanistically, transcriptomic and proteomic analyses
revealed that commercial miR-71 agomir modulated the expression of defense-related
genes, such as hexamerin-1, neuroligin-4, and probable chitinase-10. Meanwhile, RT-qPCR
confirmed that T7-synthesized miR-71 mimic induced similar expression changes in the
same target genes. Additionally, the dsRNA-mediated silencing of hexamerin-1, neuroligin-4,
and probable chitinase-10 made termites more vulnerable to the fungus, respectively. Our
study establishes in vitro-transcribed miRNA mimics as potent and cost-effective tools
for studying ‘miRNA–mRNA’ interaction, and meanwhile lays the foundation for the
microbe-mediated expression of small-RNA mimics in enhancing termite biocontrol.

Keywords: Metarhizium anisopliae; miR-71; transcriptomics; gene silencing; synergistic
biocontrol

1. Introduction
Insect pests pose a persistent and significant threat to global agriculture, forestry, and

public health [1]. Species such as termites cause extensive structural damage by feeding on
wood and cellulose-rich materials, leading to substantial economic losses annually [2]. Be-
yond their direct impact, many insect pests act as vectors for plant pathogens, contributing
to crop yield reductions and further compromising food security worldwide [3].

For decades, chemical insecticides have been the primary tool for pest control. While
often effective, their widespread and indiscriminate use has precipitated a cascade of
adverse consequences [4], including the evolution of pesticide resistance, pest resurgence,
the disruption of ecological balances, and the contamination of soil and water resources [5].
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These impacts extend to non-target organisms, harming beneficial insects like pollinators
and natural predators, thereby underscoring the urgent need for more sustainable and
environmentally benign pest management strategies.

One promising alternative is the use of entomopathogenic fungi as biological control
agents [6]. Fungal pathogens such as Metarhizium anisopliae and Beauveria bassiana naturally
infect a wide range of insect hosts, penetrating the cuticle and proliferating within the
hemocoel, which ultimately leads to host death [7]. These fungi offer key advantages,
including species specificity, environmental safety, and compatibility with integrated pest
management (IPM) strategies [8]. However, their effectiveness can be constrained by
environmental factors and host resistance, necessitating innovative approaches to enhance
their virulence [9].

RNA interference (RNAi) has emerged as a transformative technology for potentiating
the efficacy of fungal biocontrol [10]. As a natural posttranscriptional gene silencing mecha-
nism triggered by double-stranded RNA (dsRNA) or small RNAs, RNAi can be harnessed
to suppress critical insect genes, thereby increasing susceptibility to pathogens [11]. The
delivery of dsRNA, either by injection or oral feeding, has successfully silenced genes
involved in immunity, detoxification, and development, leading to a synergistic increase in
mortality when combined with fungal infection [12,13]. For instance, silencing genes essen-
tial for chitin synthesis or antioxidant defense in termites has been shown to significantly
accelerate mortality induced by M. anisopliae [14,15].

Building on this principle, miRNA-mediated RNAi offers an even more sophisti-
cated approach. MicroRNAs (miRNAs) are small (20–24 nucleotide) non-coding RNAs
that function as master regulators of gene expression, often targeting entire networks of
genes involved in critical physiological processes like immunity, metabolism, and stress
response [16]. Their ability to modulate complex biological pathways positions them as
ideal targets for developing novel strategies to weaken host defenses [17,18]. Synthetic
small RNAs designed to mimic endogenous miRNAs, such as miR-71, can thus act as
powerful tools to manipulate insect physiology and amplify the effects of biological control
agents [19].

The primary tools for studying miRNA function in vivo are commercially synthesized
mimics and agomirs—chemically modified small RNAs designed for enhanced stability
and cellular uptake [20]. While highly effective for functional studies, the high synthesis
cost of these molecules severely restricts their practical application in large-scale RNAi
experiments and even pest management programs [21]. This economic barrier highlights a
critical need for simple, low-cost, and scalable methods to produce small functional RNAs
for insect researchers. Large numbers of studies use biological promoters, such as T7, T3,
SP6, and U6 promoters, to generate dsRNA, siRNA, or shRNA in vivo or in vitro, which is
cost-efficient and contributes to the high-throughput screening of novel functional or target
genes [22]. However, whether these promoter-generated exogenous siRNA can mimic
endogenous miRNA in insect study and biocontrol has yet to be understood completely [23].

Our preliminary studies suggest that T7 RNA polymerase-synthesized small double-
stranded RNAs based on the sequence of miR-71 can significantly suppress antimicrobial
activity in termites and enhance the efficacy of entomopathogenic fungi [15], indicating
that T7-synthesized miR-71 mimic has the bioactivity in termites. However, whether
this siRNA functions in the same manner as the endogenous miR-71 remains to be fully
elucidated. To validate the biological activity of this cost-effective approach, we designed
a comprehensive, multi-tiered investigation. First, we directly compared the synergistic
effects of our T7-synthesized miR-71 mimic with a commercial miR-71 agomir on termite
mortality following fungal challenge. Next, we employed transcriptomics and proteomics
to map the global gene expression changes induced by the miR-71 agomir, screening miR-
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71-targeted genes. Meanwhile, we used RT-qPCR to confirm that our T7-synthesized mimic
induced similar expression changes in these target genes. Finally, we performed functional
gene-silencing assays to confirm that the identified target genes are directly responsible for
increased fungal susceptibility. This comprehensive approach provides robust evidence
for the functional equivalence of T7-synthesized mimics and lays the foundation for the
expression and application of endogenous small-RNA mimics in fungal biocontrol.

2. Materials and Methods
2.1. Insect Rearing

All termites used in this study were worker castes of Reticulitermes aculabialis, collected
from a natural population in Xinyang City, Henan Province, China. Following collection,
termites were maintained under controlled laboratory conditions in group colonies. They
were housed in ventilated plastic containers (40 × 20 × 20 cm) containing moistened pine
wood blocks as both the shelter and food source. The rearing environment was kept at
25 ± 1 ◦C with 80% relative humidity under continuous darkness to simulate their natural
subterranean habitat and ensure colony cohesion as previous reported.

2.2. Entomopathogen Cultivation

The entomopathogenic fungus M. anisopliae (strain IBCCM321.93) was cultured on
potato dextrose agar (PDA) plates and incubated at 25 ± 1 ◦C with 80% relative humidity
under continuous darkness for a period of 14 days to allow conidial maturation. Conidia
were harvested by gently scraping the surface of the cultures and suspended in sterile
1% (v/v) Tween 80 solution. The resulting conidial suspension was stored at 4 ◦C for no
longer than 3–4 weeks prior to use. Germination rates were routinely assessed before each
experimental application, and only suspensions exhibiting greater than 90% germination
were employed for termite inoculation assays.

2.3. Synthesis of miRNA Mimics and dsRNA

MiR-71 agomir were directly generated by RIBOBIO company (China, Guangzhou).
The T7-synthesized miR-71 mimic was designed based on the termite miR-71 sequence
(tgaaag acatgg gtagtg aga) and synthesized as a short double-stranded RNA. The miR-71
templates used for in vitro transcription were prepared via touchdown PCR using two
sets of oligonucleotide pairs containing T7 promoters. The first template was generated
from oligonucleotides A1 (5′-GATCAC TAATAC GACTCA CTATAG GGtgaa agacat gggtag
tgaga-3′) and A2 (5′-tctcac taccca tgtctt tcaCCC TATAGT GAGTCG TATTAG TGATC-3′); the
second template was prepared from B1 (5′-GATCAC TAATAC GACTCA CTATAG GGtctc
actacc catgtc tttca-3′) and B2 (5′-tgaaag acatgg gtagtg agaCCC TATAGT GAGTCG TATTAG
TGATC-3′). A control miRNA mimic based on a 19 nt fragment from the GFP gene was
similarly designed according to Liu et al. (2023a, b) [15,24]. All mimics were transcribed
using the T7 RNAi Transcription Kit and extracted with phenol–chloroform–isoamyl alcohol
(50:49:1), followed by concentration and purity assessment via gel electrophoresis and
NanoDrop. The resulting miRNA mimics were stored at −80 ◦C prior to use.

For dsRNA generation, a 483 bp fragment of hexamerin-1 (Forward: TCAAGA CCG-
CAT ACAACC CC; Reverse: CCGTCA CTCCTT CGAACC AA), a 532 bp fragment of
Neuroligin-4 (Forward: CATGGC CTTAGC CCTTGA GT; Reverse: ACCATA AAGTGC
AGGTCC AGT), a 262 bp fragment of Probable chitinase 10 (Forward: GCGACT GCCATT
GGTTCT TC; Reverse: CCATCA GGGCAC TTAGTG GT), and a 467 bp fragment of GFP
(used as control; Forward: CTTGAA GTTGAC CTTGAT GCC; Reverse: TGGTCC CAATTC
TCGTGG AAC) were amplified using primers containing the T7 promoter sequence at their
5′ ends (5′-GATCAC TAATAC GACTCA CTATAG GG-3′). PCR products were extracted
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using phenol–chloroform–isoamyl alcohol (25:24:1). dsRNA was synthesized with the T7
RNAi Transcription Kit and purified using phenol–chloroform–isoamyl alcohol (50:49:1).
The purity and concentration of dsRNA were confirmed by agarose gel electrophoresis
and NanoDrop 2000 spectrophotometry ((Thermo Scientific, Wilmington, DE, USA), and
dsRNAs were stored at −80 ◦C until use.

2.4. RNA Injection and Fungal Contamination

According to the experiment method provided by Liu et al. (2020) [25], termites
were injected with 1 µg of either miRNA or dsRNA and reared for 48 h in a plastic Petri
dish (d = 35 mm) containing a moistened filter paper before fungal contamination. After
two days of recovery, the injected termites were contaminated with conidia suspension
(~107 conidia/mL) for RNA-Seq (n = three replicates), RNAi efficiency (miRNA: n = three
replicates; dsRNA: n = four replicates), and mortality assays (n = 30 individuals per
treatment), respectively.

2.5. RNA Extraction, Library Preparation, and RNA-Seq

Total RNA from termite whole bodies (n = 10 termites per replicate, three replicates in
total) was extracted using TRIzol™ Reagent (Invitrogen) according to the manufacturer’s
instructions. RNA integrity was confirmed with an Agilent 2100 Bioanalyzer (RIN > 7.0).
cDNA libraries were prepared using the NEBNext® Ultra™ RNA Library Prep Kit (NEB,
New England BioLabs, Inc., Ipswich, MA, USA) and sequenced on the Illumina NovaSeq
6000 platform (paired-end, 150 bp). For de novo assembly, clean reads were filtered and
assembled using Trinity v2.14.0. Transcript quantification was performed with RSEM v1.3.3,
and differential expression analysis was conducted with DESeq2 (|log2 fold change| ≥ 1,
adjusted p < 0.05). Functional annotation and enrichment analyses were performed us-
ing BLASTx (https://blast.ncbi.nlm.nih.gov/, accessed on 16 June 2025, NR, Swiss-Prot,
KEGG, GO).

2.6. RT-qPCR Analysis

Gene expression analysis was conducted using quantitative real-time PCR (RT-qPCR).
For each replicate and treatment group, total RNA was extracted from pooled samples
of three termites using the Direct-zol™ RNA MiniPrep Kit (Zymo Research, Irvine, CA,
USA), following the manufacturer’s instructions. The concentration and purity of the
RNA were assessed using a NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific,
Waltham™, MA, USA). First-strand cDNA synthesis was performed with the PrimeScript™
RT Reagent Kit with gDNA Eraser (Perfect Real Time) (Takara Bio Inc., Otsu, Japan),
ensuring the removal of genomic DNA contamination. RT-qPCR reactions were carried out
on a QuantStudio™ 3 Real-Time PCR System (Thermo Fisher Scientific, Waltham™, MA)
using the ChamQ Universal SYBR qPCR Master Mix (Vazyme Biotech Co., Ltd., China).
Primer sequences used for target and reference genes are provided in Table S1.

2.7. TMT-Based Quantitative Proteomics

For protein extraction, termite samples (n = 50) were ground in liquid nitrogen and
lysed in 8 M urea buffer containing protease inhibitors. Protein concentration was deter-
mined via the BCA assay. Trypsin digestion was performed using the FASP method, and
peptides were labeled with TMT 10-plex reagents (Thermo Fisher Scientific, Waltham™,
MA, USA). Labeled peptides were fractionated via high-pH reversed-phase chromatogra-
phy and analyzed on an Orbitrap Exploris 480 mass spectrometer coupled to an EASY-nLC
1200 system (Thermo Fisher Scientific, Waltham™, MA, USA). MS/MS data were processed
with Proteome Discoverer 2.5 against the translated termite transcriptome database. Dif-

https://blast.ncbi.nlm.nih.gov/
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ferentially abundant proteins (DAPs) were defined with |log2 fold change| ≥ 0.58 and
adjusted p < 0.05, and annotated using GO and KEGG enrichment analyses.

2.8. Statistical Analysis

Survival curves were compared using the Kaplan–Meier method in GraphPad Prism 9.
Different letters indicated significant differences at p < 0.05. Transcriptomic and proteomic
enrichment analyses used Benjamini–Hochberg correction for multiple testing. RT-qPCR
results were analyzed by paired t test. Data are presented as mean ± standard error (SE).
Asterisks represented significant differences (*, p < 0.05; **, p < 0.01).

3. Results
3.1. Effects of T7-Synthesized miR-71 Mimic Vs. Mir-71 Agomir on Fungal Efficacy

To establish a cost-effective alternative to commercial miRNA agomirs, we synthe-
sized a functional miR-71 mimic using an in vitro T7 RNA polymerase transcription system
(Figure 1A). Agarose gel electrophoresis showed the bands (Figure 1B). The process in-
volved designing complementary oligonucleotide templates for miR-71, generating sense
and antisense single-stranded RNAs, and annealing them to form a double-stranded
miRNA mimic. The synthesized mimic was subsequently introduced into termites to
assess its functional equivalence to a chemically modified miR-71 agomir in enhancing the
pathogenicity of M. anisopliae.

Figure 1. Schematic diagram of miR-71 mimic synthesis and its bioactivity assessment. (A) Experi-
mental procedure for synthesizing miR-71 mimic using T7 transcription (Red: T7 promoter); (B) band
of (1) miR-71 agomir and (2, 3) 71 mimic in agarose gel electrophoresis; (C) effects of miR-71 mimic
and miR-71 agomir on the mortality of fungus-infected termites.

Survival assays revealed that both the T7-synthesized miR-71 mimic and the miR-
71 agomir significantly increased termite mortality following fungal infection compared
with GFP siRNA and agimir-NC (negative control) (Figure 1C). Mortality in the miR-
71 mimic and agomir groups reached >95% by day 4–5 post-infection, whereas control
groups exhibited slower mortality kinetics, with complete death occurring by day 7–8.
Kaplan–Meier analysis indicated significant differences in survival rates between RNAi-
treated and control groups (p < 0.05). These results confirm that the T7-synthesized miR-71
mimic is capable of reproducing the insecticidal efficacy of commercial agomirs and, when
combined with entomopathogenic fungi, substantially accelerates host mortality.

3.2. Effects of miR-71 Agomir on Termite Gene Expression Profiles

To elucidate the molecular basis of miR-71-mediated enhancement of fungal effi-
cacy, we performed transcriptome profiling of miR-71 agomir-treated termites compared
with negative controls. The analysis revealed that a total of 3719 differentially expressed
genes (DEGs) (1491 upregulated; 2228 downregulated) were determined in miR-71-treated
termites compared to GFP siRNA-treated termites (Figure 2A and Table S2). GO enrich-
ment revealed that DEGs were clustered into 1344 GO terms, including “response to toxic
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substance” (27 upregulated, 60 downregulated), “response to reactive oxygen species”
(11 upregulated, 26 downregulated), and “immune response” (56 upregulated, 89 down-
regulated) (Figure 2B,C and Table S3). KEGG enrichment analysis further demonstrated
that DEGs were mapped to 68 KEGG pathways, including “antigen processing and pre-
sentation” (9 upregulated, 18 downregulated), “olfactory transduction” (4 upregulated,
9 downregulated), “citrate cycle (TCA cycle)” (5 upregulated, 3 downregulated), and “gly-
colysis/gluconeogenesis” (9 upregulated, 10 downregulated) (Figure 2D,E and Table S4).
Both GO terms and KEGG pathways exhibited a dominant trend of downregulation
(p < 0.01), indicating the miR-71-mediated suppression of host immunity, detoxification,
oxidative stress defense, and so on (Figure 2F,G).

3.3. RT-qPCR Verification for RNAi Mediated by T7-Synthesized miR-71 Mimic

To determine effects of T7-synthesized miR-71 mimic on miR-71-targeted gene expres-
sions, based on our transcriptome findings, we selected 10 genes involved in signaling
transduction and transmission (Collagen alpha-2[IV] chain and Neuroligin-4), cuticle re-
sistance (Probable chitinase 10), defense response (Hexamerin 1, Proclotting enzyme Protein
croquemort, and Termicin), and other functions for RT-qPCR analysis. Results showed that
gene expressions, assessed by RT-qPCR verification, were consistent with results obtained
by RNA-seq (Figure 3). Specifically, collagen alpha-2(IV) chain, hexamerin 1, luciferin sulfo-
transferase, neuroligin-4, termicin, and protein croquemort showed significant downregulation
in the miR-71 mimic group compared with GFP siRNA controls (p < 0.05 or p < 0.01). In
contrast, the miR-71 mimic can also markedly increase the expression of probable chitinase
10 and proclotting enzyme compared to the controls (p < 0.05). The reduction in termicin
expression is particularly notable given its established role as an antimicrobial peptide in
termite defense.

3.4. Further Verification by Tandem Mass Tag (TMT)-Based Quantitative Proteomics

To assess whether the transcriptional effects of miR-71 were reflected at the protein
level, we conducted TMT-based quantitative proteomics on miR-71 agomir-treated ter-
mites. A total of 246 proteins were differentially expressed relative to controls, including
81 upregulated and 165 downregulated proteins (Figure 4A, Table S5). GO analysis in-
dicated that these proteins were enriched in categories such as chromatin modification,
RNA polymerase complexes, and histone modification (Figure 4B, Table S6), suggesting
that miR-71 may modulate transcriptional machinery and epigenetic regulation. KEGG
pathway enrichment identified necroptosis as a significantly affected pathway (Figure 4C,
Table S7), suggesting that programmed cell death may be involved in the miR-71-mediated
enhancement of fungal virulence.

The integration of transcriptomic and proteomic data revealed only 10 overlapping
genes showing differential expression at both mRNA and protein levels (Figure 4D). This
may be attributed to the fact that miR-71 may frequently regulate the expression of target
genes at the posttranscriptional level through incomplete complementary pairing with
mRNA. Heatmap visualization (Figure 4E) showed concordant expression trends—either
up- or downregulation—for these genes across datasets (Tables S2 and S5). These findings
suggest that miR-71 may exert coordinated regulatory effects at multiple molecular levels,
although further studies are required to confirm direct causality and mechanistic pathways.

3.5. Effects of the Genes Targeted by miR-71 on Fungal Efficacy

To functionally confirm the relevance of miR-71 target genes to fungal pathogenicity,
we performed gene-specific knockdowns of hexamerin 1, neuroligin-4, and probable chitinase
10 via dsRNA-mediated RNAi (p < 0.05; Figure 5A–C). The silencing of hexamerin 1 and
neuroligin-4—both significantly downregulated by miR-71—led to pronounced reductions
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in termite survival following M. anisopliae infection. Knockdown of probable chitinase 10,
which was upregulated by miR-71, also significantly reduced survival compared with GFP
dsRNA controls (p < 0.01; Figure 5D). These functional assays demonstrate that miR-71’s
enhancement of fungal virulence is mediated, at least in part, through modulation of
specific target genes that regulate termite immunity, signaling transmission, and cuticle
resistance. We also provide multi-tiered evidence that T7-expressed siRNAs can mimic en-
dogenous miRNAs, which lays foundation for miRNA in the potentiating fungal biocontrol
of termites.

Figure 2. Effects of miR-71 agomir on termite gene expression profiles revealed by RNA-seq analysis.
(A) Differentially expressed genes (DEGs); (B) Gene Ontology (GO) enrichment analysis of DEGs in
response to miR-71 agomir, showing upregulated (black bars) and downregulated (gray bars) genes
across major biological processes, including detoxification, immune response, and defense pathways;
(C) heatmaps representing the expression profiles of genes involved in key biological responses, in-
cluding toxic substance response, reactive oxygen species response, and immune response; (D) KEGG
pathway enrichment analysis of DEGs, indicating significant enrichment in pathways related to signal
transduction, immune function, and carbohydrate metabolism; (E) heatmaps of DEGs associated
with specific KEGG pathways, including antigen processing and presentation, olfactory transduction,
citrate cycle (TCA cycle), and glycolysis/gluconeogenesis; (F,G) GO and KEGG enrichment analysis
of upregulated versus downregulated genes. Each column represents one replicate from miR-71
agomir or control treatments. **, p < 0.01.
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Figure 3. Effects of miR-71 mimic on defense-related gene expression validated by RT-qPCR.
*, p < 0.05; **, p < 0.01.

Figure 4. Effects of miR-71 agomir on termite protein expression profiles examined by tandem mass
tag (TMT)-based quantitative proteomics. (A) Differentially expressed proteins affected by miR-71
agomir; (B) GO terms of differentially expressed proteins; (C) KEGG pathways of differentially
expressed proteins; (D) Venn diagram of proteomic and transcriptomic datasets; (E) heatmap of
protein expression for the overlapping genes in the Venn diagram.
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Figure 5. Effects of target genes on termite disease defense. Silencing efficiency of target genes
Hexamerin 1 (A), Neuroligin-4 (B), Probable chitinase 10 (C); (D) Effects of target genes on termite
mortality following infection. *, p < 0.05; **, p < 0.01.

4. Discussion
MicroRNAs (miRNAs) are endogenous single-stranded RNAs of 18~25 nt, which

can target specific mRNA transcripts and prevent protein expression [26]. We found that
an exogenous double-stranded RNA can mimic miR-71 and performed similar function
in termite disease defense. Specifically, miR-71, delivered either as a chemically modi-
fied agomir or as an unmodified mimic synthesized via T7 RNA polymerase-mediated
transcription, can significantly enhance the insecticidal efficacy of the entomopathogenic
fungus M. anisopliae against termites. Through a multi-tiered approach consisting of sur-
vival bioassays, transcriptomic profiling, RT-qPCR validation, quantitative proteomics, and
functional gene knockdowns, we determine that miR-71 modulates termite disease defense
through multi-level interference with signaling transmission (e.g., neuroligin-4), cuticle
resistance (e.g., probable chitinase 10), and immune response (e.g., hexamerin 1 and termicin).

Recent studies have shown the inhibiting effects of miRNAs on insect disease resis-
tance [27–29], suggesting the potential in RNAi-based pest control and biocontrol. Unlike
miRNA agomirs, which require expensive chemical modifications to enhance stability
and cellular uptake [30–32], T7-transcribed miRNA mimics are unmodified here, double-
stranded RNAs [33,34], which can be prepared in cost-effective and large-scale manners.
While these mimics may exhibit lower systemic stability compared to agomirs, they still
exhibit a certain stability compared to endogenous single-stranded miRNA in insects. Our
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results showed that they are biologically active in vivo, achieving gene silencing and phe-
notypic outcomes comparable to agomirs under laboratory conditions. More importantly,
they provide a foundation for the high-throughput screening of functional miRNAs at a
low cost and future biosynthetic delivery platforms, such as engineered bacteria, fungi, or
plants, which can express small RNAs without relying on chemical modifications. These
systems may ultimately enable the field-scale, the low-cost application of miRNAs in pest
management [35,36].

To explore the miR-71-induced death mechanism, RNA-seq was performed and Tran-
scriptomic analysis revealed that miR-71 had broad-spectrum inhibiting effects on target
genes with similar or different function in host response to pathogens. miR-71 downregu-
lates key components of the termite disease defenses, including genes involved in immune
response, reactive oxygen species biosynthetic process, glycolysis/gluconeogenesis, cit-
rate cycle (TCA cycle), and olfactory transduction. For example, reactive oxygen species
(ROS) production is a frontline defense mechanism in insects, capable of directly killing
invading pathogens and signaling downstream immune responses [37,38]. A weakened
ROS response may therefore substantially impair the termite’s ability to limit fungal pro-
liferation in the early stages of infection. In addition, miR-71 profoundly impacted host
carbohydrate metabolism. The downregulation of genes involved in TCA cycle and gly-
colysis/gluconeogenesis pathways suggests a systemic reduction in energy availability.
This metabolic impairment may compromise the host’s capacity to sustain energetically
demanding immune functions, such as melanization, hemocyte proliferation, and antimi-
crobial peptide synthesis [39,40]. Furthermore, suppression of olfactory transduction genes
may diminish environmental sensing, potentially reducing pathogen avoidance behaviors
and facilitating fungal transmission within termite colonies [41,42].

Compared to transcriptomic analysis, RT-qPCR results showed that miR-71 mimic
exhibited similar silencing effect on several target genes with similar or different function,
suggesting that the small silencing RNA can mimic endogenous miRNA, performing the
same RNAi function. Among these targets, collagen alpha-2(IV) chain is mapped to PI3K-Akt
signaling pathway, which plays important roles in processing environmental informa-
tion [43,44]. Proclotting enzyme, protein croquemort, and termicin are noteworthy due to
their known roles in cellular and humoral immune responses [45,46]. The downregulation
of these defense-related genes was likely to have negative impact on the behavioral and
physiological immunity in termite colonies.

Furthermore, the RNAi-mediated silencing of hexamerin 1, neuroligin-4, and probable
chitinase 10 markedly increased the infection mortaltiy of termites, indicating the important
resistance to fungal pathogens through physilogical and cuticle resistance in termites. Data
showed that miR-71 modulated expressions of the 10 overlapping genes, which deter-
mined both transcriptional and translational levels. Among these genes, hexamerin 1 and
neuroligin-4 have been determined to involve in immune signaling, hemolymph transport,
and neural–immune interactions, playing important roles in physilogical resistance to M.
anisopliae exposure. Probable chitinase 10 is associated with cuticle degradation, whose
upregulation may facilitate fungal penetration on termite cuticles. Interestingly, a recent
study showed that M. anisopliae exposure significantly induced the upregulation of miR-
71 expression in termite hosts [15,24]. Here, combined with our findings, we suggested
that fungal pathogen might utilize host small-RNA machinery to modulate host mRNA
expression, inhibiting physiological resistance and facilitating cuticle penetration.

It is worth noting that although miR-71 upregulated several functional genes, in
which some defense-related genes, such as proclotting enzymes, promote host physio-
logical resistance, it still increased the susceptibility of termite hosts to fungal infection.
This may be attributed to the fact that the observed phenotype likely arises from the cu-
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mulative disruption of multiple defensive systems, consistent with the “barrel theory,”
where overall vulnerability is determined by the most compromised pathway. In addition,
quantitative proteomics showed that miR-71 downregulated 165 protein expressions, in
which only 6 proteins were identified in the transcriptomics findings. This may be be-
cause miR-71 cannot completely base pair with most of the genes. In this case, incomplete
base-pairing with target genes frequently occurred, resulting in translational inhibition.
Therefore, miR-71 is likely to perform posttranscriptional gene silencing mainly through
translational inhibition.

5. Conclusions
In summary, this study provides proof-of-concept evidence that a T7 RNA polymerase-

synthesized, small silencing RNA can functionally replicate the activity of endogenous miR-
71 in vivo, enhancing insect susceptibility to entomopathogenic fungi. Specifically, miR-71
mimics significantly promoted M. anisopliae virulence against termites by modulating host
gene expression across physiological and cuticle resistance. While chemically modified
agomirs offer superior stability and delivery characteristics, our findings demonstrate that
T7-expressed small RNAs are biologically active similar to insect miRNA and, critically,
amenable to low-cost and scalable production for screening functional miRNA and even
bioengineering-based pest control.

Although mechanistic insights were supported by multi-omics integration and func-
tional gene-silencing assays, further research is required to confirm direct miRNA–mRNA
interactions and to clarify the full regulatory network involved. By combining molecu-
lar RNAi strategies with biological control agents, this approach represents a promising,
broad-spectrum, and environmentally sustainable alternative to chemical insecticides. It
also provides a foundational platform for developing transgenic organisms capable of
delivering functional miRNA mimics, thereby offering new directions for precision pest
management in agriculture, forestry, and vector control.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/biom15111517/s1, Table S1: The specific primers of real-time
fluorescent quantitative (RT-qPCR). Table S2: Genes identified through RNA-seq in miR-71-treated
termites; Table S3: GO analysis of differentially expressed genes in miR-71-treated termites;
Table S4: KEGG pathway analysis of differentially expressed genes in miR-71-treated termites; Table
S5: Differentially expressed proteins identified by quantitative proteomics in miR-71-treated termites.
Table S6: GO term analysis of differentially expressed proteins in miR-71-treated termites; Table S7.
KEGG pathway analysis of differentially expressed proteins in miR-71-treated termites.

Author Contributions: Conceptualization, L.L. and Q.T.; methodology, H.L.; software, R.C. and P.Z.;
validation, H.L. and R.C.; formal analysis, L.L.; investigation, G.Z.; resources, L.L.; data curation, C.Z.;
writing—original draft preparation, C.Z.; writing—review and editing, C.Z. and L.L.; visualization,
Q.T.; supervision, H.C.; project administration, G.Z.; funding acquisition, L.L. All authors have read
and agreed to the published version of the manuscript.

Funding: This study was support by the National Natural Science Foundation of China (32200390),
Major Science and Technology Projects in Henan Province (251100110300), Science and technol-
ogy project of Henan Province (252102110221), Foundation of Guangxi Key Laboratory of Crop
Pest Biology (22-035-31-23KF02), Specific funds for investigation on termite damage in heritage
of southern Henan (2023BKG002), and Special Fund for Young Talents in Henan Agricultural
University (30501338).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

https://www.mdpi.com/article/10.3390/biom15111517/s1
https://www.mdpi.com/article/10.3390/biom15111517/s1


Biomolecules 2025, 15, 1517 12 of 13

Data Availability Statement: The original contributions presented in this study are included in the
article/Supplementary Material. Further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Riegler, M. Insect threats to food security. Science 2018, 361, 846. [CrossRef]
2. Zanne, A.E.; Flores-Moreno, H.; Powell, J.R.; Cornwell, W.K.; Dalling, J.W.; Austin, A.T.; Classen, A.T.; Eggleton, P.; Okada, K.-i.;

Parr, C.L.; et al. Termite sensitivity to temperature affects global wood decay rates. Science 2022, 377, 1440–1444. [CrossRef]
[PubMed]

3. Liang, P.; Zeng, Y.; Ning, J.; Wu, X.; Wang, W.; Ren, J.; Wu, Q.; Yang, X.; Wang, S.; Guo, Z.; et al. A plant virus manipulates both its
host plant and the insect that facilitates its transmission. Sci. Adv. 2025, 11, eadr4563. [CrossRef] [PubMed]

4. Kasai, S.; Itokawa, K.; Uemura, N.; Takaoka, A.; Furutani, S.; Maekawa, Y.; Kobayashi, D.; Imanishi-Kobayashi, N.; Amoa-
Bosompem, M.; Murota, K.; et al. Discovery of super–insecticide-resistant dengue mosquitoes in Asia: Threats of concomitant
knockdown resistance mutations. Sci. Adv. 2022, 8, eabq7345. [CrossRef]

5. Wan, N.-F.; Fu, L.; Dainese, M.; Kiær, L.P.; Hu, Y.-Q.; Xin, F.; Goulson, D.; Woodcock, B.A.; Vanbergen, A.J.; Spurgeon, D.J.; et al.
Pesticides have negative effects on non-target organisms. Nat. Commun. 2025, 16, 1360. [CrossRef]

6. Scholte, E.-J.; Ng’habi, K.; Kihonda, J.; Takken, W.; Paaijmans, K.; Abdulla, S.; Killeen, G.F.; Knols, B.G.J. An Entomopathogenic
Fungus for Control of Adult African Malaria Mosquitoes. Science 2005, 308, 1641–1642. [CrossRef] [PubMed]

7. Sun, R.; Hong, B.; Reichelt, M.; Luck, K.; Mai, D.T.; Jiang, X.; Gershenzon, J.; Vassão, D.G. Metabolism of plant-derived toxins from
its insect host increases the success of the entomopathogenic fungus Beauveria bassiana. ISME J. 2023, 17, 1693–1704. [CrossRef]

8. Cui, C.; Wang, Y.; Liu, J.; Zhao, J.; Sun, P.; Wang, S. A fungal pathogen deploys a small silencing RNA that attenuates mosquito
immunity and facilitates infection. Nat. Commun. 2019, 10, 4298. [CrossRef]

9. Huang, Y.; Huang, J.; Kim, D.S.; Zhang, J. The essential role of gut microbiota in dsRNA-mediated pest control of the phytophagous
ladybird beetle, Henosepilachna vigintioctopunctata. NPJ Biofilms. Microbiomes 2025, 11, 141. [CrossRef]

10. Cui, C.; Wang, Y.; Li, Y.; Sun, P.; Jiang, J.; Zhou, H.; Liu, J.; Wang, S. Expression of mosquito miRNAs in entomopathogenic fungus
induces pathogen-mediated host RNA interference and increases fungal efficacy. Cell Rep. 2022, 41, 111527. [CrossRef]

11. Chendrimada, T.P.; Finn, K.J.; Ji, X.; Baillat, D.; Gregory, R.I.; Liebhaber, S.A.; Pasquinelli, A.E.; Shiekhattar, R. MicroRNA silencing
through RISC recruitment of eIF6. Nature 2007, 447, 823–828. [CrossRef]

12. Dang, C.; Xiao, S.; Wang, F.; Fang, Q.; Yao, H.; He, K.; Li, F.; Xue, D.; Ye, G. miRNA-mediated insect-resistant transgenic rice
poses no risk to a non-target parasitoid, Cotesia chilonis, via direct feeding or through its target host. Insect Sci. 2025, 32, 621–630.
[CrossRef] [PubMed]

13. Tan, J.; Sheng, C.W.; Karthi, S.; Jiang, N.; Zhang, C.; Du, H.; Zhao, K.; Liu, S.; Li, M.Y.; Chen, J. New Insights into Expanding the
Insecticidal Spectrum of dsRNA Mediated by the High Sequence Identity between dsRNA and Nontarget mRNA. J. Agric. Food
Chem. 2025, 73, 4605–4616. [CrossRef] [PubMed]

14. Shi, B.; He, H.; Zhao, C.; Lei, C.; Li, J.; Yan, F.M. Potential of Virus-Mediated RNAi of Insect Genes in Plants to Control Aphids. J.
Agric. Food Chem. 2025, 73, 7716–7724. [CrossRef] [PubMed]

15. Liu, L.; Yan, F.M.; Zhao, C.C.; Su, L.J.; Huang, Q.Y.; Tang, Q.B. microRNAs shape social immunity: A potential target for biological
control of the termite Reticulitermes chinensis. J. Pest Sci. 2023, 96, 265–279. [CrossRef]

16. Song, X.; Li, Y.; Cao, X.; Qi, Y. MicroRNAs and Their Regulatory Roles in Plant–Environment Interactions. Annu. Rev. Plant Biol.
2019, 70, 489–525. [CrossRef]

17. Tian, M.M.; Zhang, Y.Q.; Zhu, X.K.; Wen, D.; Li, Y.F.; Qiao, Z.Z.; Xu, Z.; Ma, W.H.; Zhu, Z.H.; Hua, H.X. MicroRNA miR-
7-5p|-1|0| regulates wing development in brown planthoppers, Nilaparvata lugens. Pest Manag. Sci. 2025, 81, 7012–7018.
[CrossRef]

18. Khan, A.; Smagghe, G.; Li, S.; Shakeel, M.; Yang, G.; Ahmed, N. Insect metamorphosis and chitin metabolism under miRNA
regulation: A review with current advances. Pest Manag. Sci. 2025, 81, 3437–3451. [CrossRef]

19. Yan, Y.; Liu, D.Q.; Li, C.; Yang, W.J.; Xu, K.K. Disruption of microRNA pathway core genes inhibits molting and reproduction of
the cigarette beetle, Lasioderma serricorne. Pest Manag. Sci. 2024, 80, 4543–4552. [CrossRef]

20. Liu, H.; Shen, E.; Wu, H.; Ma, W.; Chen, H.; Lin, Y. Trans-kingdom expression of an insect endogenous microRNA in rice enhances
resistance to striped stem borer Chilo suppressalis. Pest Manag. Sci. 2022, 78, 770–777. [CrossRef]

21. Zhang, L.F.; Lou, J.T.; Lu, M.H.; Gao, C.; Zhao, S.; Li, B.; Liang, S.; Li, Y.; Li, D.; Liu, M.F. Suppression of miR-199a maturation
by HuR is crucial for hypoxia-induced glycolytic switch in hepatocellular carcinoma. EMBO J. 2015, 34, 2671–2685. [CrossRef]
[PubMed]

22. Wang, X.; Liu, Z.; Sun, S.; Wu, J.; Li, R.; Wang, H.; Cui, X. SISTER OF TM3 activates FRUITFULL1 to regulate inflorescence
branching in tomato. Hortic. Res. 2021, 8, 251. [CrossRef]

https://doi.org/10.1126/science.aau7311
https://doi.org/10.1126/science.abo3856
https://www.ncbi.nlm.nih.gov/pubmed/36137034
https://doi.org/10.1126/sciadv.adr4563
https://www.ncbi.nlm.nih.gov/pubmed/40020061
https://doi.org/10.1126/sciadv.abq7345
https://doi.org/10.1038/s41467-025-56732-x
https://doi.org/10.1126/science.1108639
https://www.ncbi.nlm.nih.gov/pubmed/15947190
https://doi.org/10.1038/s41396-023-01480-3
https://doi.org/10.1038/s41467-019-12323-1
https://doi.org/10.1038/s41522-025-00767-x
https://doi.org/10.1016/j.celrep.2022.111527
https://doi.org/10.1038/nature05841
https://doi.org/10.1111/1744-7917.13415
https://www.ncbi.nlm.nih.gov/pubmed/39039789
https://doi.org/10.1021/acs.jafc.4c12803
https://www.ncbi.nlm.nih.gov/pubmed/39948051
https://doi.org/10.1021/acs.jafc.4c09681
https://www.ncbi.nlm.nih.gov/pubmed/40110729
https://doi.org/10.1007/s10340-022-01495-3
https://doi.org/10.1146/annurev-arplant-050718-100334
https://doi.org/10.1002/ps.70055
https://doi.org/10.1002/ps.8758
https://doi.org/10.1002/ps.8158
https://doi.org/10.1002/ps.6690
https://doi.org/10.15252/embj.201591803
https://www.ncbi.nlm.nih.gov/pubmed/26346275
https://doi.org/10.1038/s41438-021-00677-x


Biomolecules 2025, 15, 1517 13 of 13

23. Betti, F.; Ladera-Carmona, M.J.; Weits, D.A.; Ferri, G.; Iacopino, S.; Novi, G.; Svezia, B.; Kunkowska, A.B.; Santaniello, A.; Piaggesi,
A.; et al. Exogenous miRNAs induce post-transcriptional gene silencing in plants. Nat. Plants 2021, 7, 1379–1388. [CrossRef]

24. Liu, L.; Wang, D.H.; Zhao, C.C.; Yan, F.M.; Lei, C.L.; Su, L.J.; Zhang, Y.C.; Huang, Q.Y.; Tang, Q.B. Transcriptomics Reveals
the Killing Mechanism by Which Entomopathogenic Fungi Manipulate the RNA Expression Profiles of Termites and Provides
Inspiration for Green Pest Management. J. Agric. Food Chem. 2023, 71, 7152–7162. [CrossRef] [PubMed]

25. Liu, L.; Wang, C.-C.; Zhao, X.-Y.; Guan, J.-X.; Lei, C.-L.; Huang, Q.-Y. Isocitrate dehydrogenase-mediated metabolic disorders
disrupt active immunization against fungal pathogens in eusocial termites. J. Pest Sci. 2020, 93, 291–301. [CrossRef]

26. Shang, R.; Lee, S.; Senavirathne, G.; Lai, E.C. microRNAs in action: Biogenesis, function and regulation. Nat. Rev. Genet. 2023, 24,
816–833. [CrossRef]

27. Mao, Y.B.; Liu, Y.Q.; Chen, D.Y.; Chen, F.Y.; Fang, X.; Hong, G.J.; Wang, L.J.; Wang, J.W.; Chen, X.Y. Jasmonate response decay and
defense metabolite accumulation contributes to age-regulated dynamics of plant insect resistance. Nat. Commun. 2017, 8, 13925.
[CrossRef]

28. Dai, Z.; Tan, J.; Zhou, C.; Yang, X.; Yang, F.; Zhang, S.; Sun, S.; Miao, X.; Shi, Z. The OsmiR396-OsGRF8-OsF3H-flavonoid pathway
mediates resistance to the brown planthopper in rice (Oryza sativa). Plant Biotechnol. J. 2019, 17, 1657–1669. [CrossRef]

29. Fan, D.; Ran, L.; Hu, J.; Ye, X.; Xu, D.; Li, J.; Su, H.; Wang, X.; Ren, S.; Luo, K. miR319a/TCP module and DELLA protein regulate
trichome initiation synergistically and improve insect defenses in Populus tomentosa. New Phytol. 2020, 227, 867–883. [CrossRef]
[PubMed]

30. Wang, J.X.; Xiao, X.; He, X.C.; He, B.D.; Liu, C.M.; Teng, Z.Q. Agomir-331 Suppresses Reactive Gliosis and Neuroinflammation
after Traumatic Brain Injury. Cells 2023, 12, 2429. [CrossRef]

31. He, X.C.; Wang, J.; Du, H.Z.; Liu, C.M.; Teng, Z.Q. Intranasal Administration of Agomir-let-7i Improves Cognitive Function in
Mice with Traumatic Brain Injury. Cells 2022, 11, 1348. [CrossRef] [PubMed]

32. Gao, L.; Qiu, F.; Cao, H.; Li, H.; Dai, G.; Ma, T.; Gong, Y.; Luo, W.; Zhu, D.; Qiu, Z.; et al. Therapeutic delivery of microRNA-125a-
5p oligonucleotides improves recovery from myocardial ischemia/reperfusion injury in mice and swine. Theranostics 2023, 13,
685–703. [CrossRef]

33. Connaghan-Jones, K.D.; Moody, A.D.; Bain, D.L. Quantitative DNase footprint titration: A tool for analyzing the energetics of
protein-DNA interactions. Nat. Protoc. 2008, 3, 900–914. [CrossRef] [PubMed]

34. Wang, W.; Li, Y.; Wang, Y.; Shi, C.; Li, C.; Li, Q.; Linhardt, R.J. Bacteriophage T7 transcription system: An enabling tool in synthetic
biology. Biotechnol. Adv. 2018, 36, 2129–2137. [CrossRef] [PubMed]

35. Quilez-Molina, A.I.; Niño Sanchez, J.; Merino, D. The role of polymers in enabling RNAi-based technology for sustainable pest
management. Nat. Commun. 2024, 15, 9158. [CrossRef]

36. Zhong, X.; Yu, X.; Zhang, J.; Xu, J.; Qin, M.; Cao, M.; Francis, F.; Xia, L. RNAi technologies for insect control in crop protection.
Crop J. 2025, 13, 1009–1021. [CrossRef]

37. Zhu, L.; Li, H.; Tao, Z.; Ma, F.; Wu, S.; Miao, X.; Cao, L.; Shi, Z. The microRNA OsmiR393 regulates rice brown planthopper
resistance by modulating the auxin-ROS signaling cross-talk. Sci. Adv. 2025, 11, eadu6722. [CrossRef]

38. Bai, S.; Yao, Z.; Cai, Z.; Ma, Q.; Guo, Q.; Zhang, P.; Zhou, Q.; Gu, J.; Liu, S.; Lemaitre, B.; et al. Bacterial-induced Duox-ROS
regulates the Imd immune pathway in the gut by modulating the peritrophic matrix. Cell Rep. 2025, 44, 115404. [CrossRef]

39. Dolezal, T.; Krejcova, G.; Bajgar, A.; Nedbalova, P.; Strasser, P. Molecular regulations of metabolism during immune response in
insects. Insect Biochem. Mol. Biol. 2019, 109, 31–42. [CrossRef]

40. Arrese, E.L.; Soulages, J.L. Insect Fat Body: Energy, Metabolism, and Regulation. Annu. Rev. Entomol. 2010, 55, 207–225. [CrossRef]
41. Zheng, R.; Xie, M.; Keyhani, N.O.; Xia, Y. An insect chemosensory protein facilitates locust avoidance to fungal pathogens via

recognition of fungal volatiles. Int. J. Biol. Macromol. 2023, 253, 127389. [CrossRef]
42. Takeuchi, H.; Kurahashi, T. Suppression of olfactory signal transduction by insecticides. NPJ Sci. Food 2019, 3, 9. [CrossRef]
43. Chen, Y.; Ou, J.; Liu, Y.; Wu, Q.; Wen, L.; Zheng, S.; Li, S.; Feng, Q.; Liu, L. Transcriptomic analysis of the testicular fusion in

Spodoptera litura. BMC Genom. 2020, 21, 171. [CrossRef]
44. Moussian, B. Recent advances in understanding mechanisms of insect cuticle differentiation. Insect Biochem. Mol. Biol. 2010, 40,

363–375. [CrossRef] [PubMed]
45. Wang, H.; Lu, Z.; Keyhani, N.O.; Deng, J.; Zhao, X.; Huang, S.; Luo, Z.; Jin, K.; Zhang, Y. Insect fungal pathogens secrete a

cell wall-associated glucanase that acts to help avoid recognition by the host immune system. PLoS Pathog. 2023, 19, e1011578.
[CrossRef] [PubMed]

46. Li, X.; Wang, M.; Feng, K.; Sun, H.; Tang, F. The Function of Termicin from Odontotermes formosanus (Shiraki) in the Defense
against Bacillus thuringiensis (Bt) and Beauveria bassiana (Bb) Infection. Insects 2024, 15, 360. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1038/s41477-021-01005-w
https://doi.org/10.1021/acs.jafc.3c00743
https://www.ncbi.nlm.nih.gov/pubmed/37104842
https://doi.org/10.1007/s10340-019-01164-y
https://doi.org/10.1038/s41576-023-00611-y
https://doi.org/10.1038/ncomms13925
https://doi.org/10.1111/pbi.13091
https://doi.org/10.1111/nph.16585
https://www.ncbi.nlm.nih.gov/pubmed/32270484
https://doi.org/10.3390/cells12202429
https://doi.org/10.3390/cells11081348
https://www.ncbi.nlm.nih.gov/pubmed/35456028
https://doi.org/10.7150/thno.73568
https://doi.org/10.1038/nprot.2008.53
https://www.ncbi.nlm.nih.gov/pubmed/18451798
https://doi.org/10.1016/j.biotechadv.2018.10.001
https://www.ncbi.nlm.nih.gov/pubmed/30290194
https://doi.org/10.1038/s41467-024-53468-y
https://doi.org/10.1016/j.cj.2025.05.006
https://doi.org/10.1126/sciadv.adu6722
https://doi.org/10.1016/j.celrep.2025.115404
https://doi.org/10.1016/j.ibmb.2019.04.005
https://doi.org/10.1146/annurev-ento-112408-085356
https://doi.org/10.1016/j.ijbiomac.2023.127389
https://doi.org/10.1038/s41538-019-0042-z
https://doi.org/10.1186/s12864-020-6494-3
https://doi.org/10.1016/j.ibmb.2010.03.003
https://www.ncbi.nlm.nih.gov/pubmed/20347980
https://doi.org/10.1371/journal.ppat.1011578
https://www.ncbi.nlm.nih.gov/pubmed/37556475
https://doi.org/10.3390/insects15050360
https://www.ncbi.nlm.nih.gov/pubmed/38786916

	Introduction 
	Materials and Methods 
	Insect Rearing 
	Entomopathogen Cultivation 
	Synthesis of miRNA Mimics and dsRNA 
	RNA Injection and Fungal Contamination 
	RNA Extraction, Library Preparation, and RNA-Seq 
	RT-qPCR Analysis 
	TMT-Based Quantitative Proteomics 
	Statistical Analysis 

	Results 
	Effects of T7-Synthesized miR-71 Mimic Vs. Mir-71 Agomir on Fungal Efficacy 
	Effects of miR-71 Agomir on Termite Gene Expression Profiles 
	RT-qPCR Verification for RNAi Mediated by T7-Synthesized miR-71 Mimic 
	Further Verification by Tandem Mass Tag (TMT)-Based Quantitative Proteomics 
	Effects of the Genes Targeted by miR-71 on Fungal Efficacy 

	Discussion 
	Conclusions 
	References

