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Abstract: The Sugarcane yellow leaf virus (SCYLV) is associated with sugarcane yellow leaf disease
(SCYLD) and is considered to be the most economically deleterious emerging pathogen that rep-
resents a potential threat and danger to sugarcane cultivation in China. Over the last two decades,
high genetic diversity in the SCYLV genotypes was observed worldwide, with a greater chance of
YLD incidence for sugarcane injury. SCYLV infection has significantly damaged its economic traits
and is responsible for substantial losses in biomass production in sugarcane cultivars. This study
aims to identify and comprehensively analyze sugarcane microRNAs (miRNAs) as therapeutic
targets against SCYLV using plant miRNA prediction tools. Mature sugarcane miRNAs are re-
trieved and are used for hybridization of the SCYLV. A total of seven common sugarcane miRNAs
were selected based on consensus genomic positions. The biologically significant, top ranked
ssp-miR528 was consensually predicted to have a potentially unique hybridization site at nucleo-
tide position 4162 for targeting the ORF5 of the SCYLV genome; this was predicted by all the algo-
rithms used in this study. Then, the miRNA-mRNA regulatory network was generated using the
Circos algorithm, which was used to predict novel targets. There are no acceptable commercial
SCYLV-resistant sugarcane varieties available at present. Therefore, the predicted biological data
offer valuable evidence for the generation of SCYLV-resistant sugarcane plants.

Keywords: Gene Silencing; Host-Virus Interaction; RNA Interference; Saccharum officinarum; Sug-
arcane Yellow Leaf Virus and Target Prediction

1. Introduction

Sugarcane yellow leaf virus (SCYLV) is an emerging Polerovirus in the Luteoviridae
family. SCYLV is composed of a single positive-sense ssSRNA molecule of 5847-5892 nu-
cleotides [1]. SCYLV RNA genome symmetry is organized into six recognized
AUG-initiated open reading frames. ORF0 encodes an RNA-silencing suppressor PO
protein that induces cell death. The transcriptions of ORF1 and ORF2 are started simul-
taneously in a precise manner. They encode genome-linked peptide (VPg) and
RNA-dependent RNA polymerase (RdRp), respectively. The viral capsid is composed of
predominant coat protein (CP) encoded by the ORF3. ORF4 encodes movement protein
(MP), while ORF5 encodes a readthrough protein (RT) [2]. SCYLV-infected sugarcane
plants were first noticed in Hawaii in 1988 on variety H65-0782, exhibiting yellow leaf
syndrome (YLS) [3]. Sugarcane yellow leaf disease (SCYLD) outbreaks caused by SCYLV
significantly constrain sugarcane production all over the world. SCYLD-infected com-
mercial sugarcane cultivars yield losses of up to 25% worldwide [4, 5].

SCYLV is known to be spread by infected stalk cuttings and by four species of
aphid. The aphid species M. sacchari is known as common sugarcane aphid and works as
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an efficient SCYLV vector worldwide [6]. SCYLV has been identified and purified from
the infected tissues of sugarcane cultivars using an RT-LAMP assay [7], DAS-ELISA [8],
RT-PCR [9], a tissue blot immunoassay (TBIA), serology [10], and microscopy [11].

Plant microRNAs (miRNAs) are endogenous, noncoding, regulatory molecular
bigwigs of 19-24 nucleotides that control post-transcriptional level gene regulatory net-
works [12]. Their precursor RNA (pre-miRNAs) molecules have unique stem-loop,
hair-pin secondary structures. The miRNA precursors (pre-miRNAs) are processed by
RNA polymerase III enzyme (Dicer) to generate mature miRNA (mat-miRNA). The
mat-miRNAs are incorporated into the effector complex RNA-induced silencing complex
(RISC). They identify their target sequence to suppress it at post-transcriptional level [13].
miRNAs and siRNAs (small interfering RNA) are integral parts of plant small RNA
(sRNA), which plays a key role in the cytoplasmic pathways of RNA silencing [14].
miRNA-mediated RNA silencing is a major source of plant innate immunity [15].

Gene silencing at post transcriptional level is highly implicated in triggering a host
plant’s defense against foreign invading viruses. Sugarcane plants have a multilayered
innate immune system in the form of miRNAs to combat pathogens. miRNAs play a key
role in cell proliferation to target the cell cycle, as well as to regulate multiple signaling
pathways. Transgenic plants containing artificial microRNA (amiRNAs) constructs have
been utilized to successfully impart resistance against viral infection [16].

amiRNA-technology has been demonstrated successfully in crop plants against
potyvirus [17], tymovirus [18], cucumovirus[17], begomovirus [19], orthotospovirus [17],
potexvirus, and tobamovirus [20]. In sugarcane the genome, 28 mature miRNAs and
their precursor hair-pin sequences have been reported; a subset of these mat-miRNAs in
sugarcane should have targets in the SCYLV genome.

This current synergistic computational approach was designed to identify the most
effective sugarcane miRNAs against SCYLV infection. In this study, we implemented
computational algorithms for the prediction of host-derived miRNA targets against the
SCYLV genome as precedent for developing SCYLV resistance in sugarcane cultivars
using amiRNA-based technology. Potential sugarcane miRNAs were also screened to
understand complex host—polerovirus interactions. The predicted miRNA can be utilized
to transform sugarcane and develop SCYLV-resistant plants.

2. Materials and Methods
2.1. Biological Data Retrieval and Viral Genome Analysis

A total of 28 mature sugarcane (commonly called sof-miRNA and ssp-miRNA) and
precursor miRNAs were downloaded from the miRBase (v22) (http://mirbase.org/) bio-
logical database (Accession M10001754-MI0001769 and MI10018180-MI10018197) ( Table S1
(Supplementary Materials)) [21]. We generated the genomic sequence of an SCYLYV iso-
late (SCYLV-CHN-HN1; accession no. HQ342888) from the NCBI GenBank. pDRAW32
DNA analysis (AcaClone software) was downloaded and used for annotation, editing,
analysis, and production of graphical output of SCYLV ORFs.

2.2. miRanda

miRanda is used to predict genomic miRNA targets and is considered the most
commonly implemented standard miRNA-target predictor-scanning computational al-
gorithm. Various algorithmic features are involved for predicting host—virus interactions.
These properties include seed-based interaction, RNA-RNA duplex dimerization,
cross-species target conservation, minimum free energy (MFE), and sequence comple-
mentarity [22]. An miRanda algorithm (written in C) was obtained from the source web-
site. The miRanda algorithm was run under well-defined standard settings.

2.3. RNA22
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RNA22 is a novel pattern-recognition algorithm and is considered a friendly user,
diverse web server that predicts statistically significant target patterns [23]. The highly
sensitive algorithmic features include non-seed-based interactions, MFE, site comple-
mentarity, and pattern recognition. It does not consider cross-species conservation filters.
The RNA22 algorithm was run after setting standard parameters at the following: sensi-
tivity (63%), specificity (61%), and MFE 12.5 kcal/mol.

Biological Data Prediction by a
Consensus of Algorithms
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Figure 1. A computational framework of host-delivered miRNA prediction from the
SCYLV-CHN-HNI1 genome. Flow chart summarizing different prediction steps for scru-
tinizing sugarcane-encoded miRNA targets from the SCYLV genome. The biological data
represents retrieved sugarcane miRNAs and SCYLV genome. The algorithmic frame-
work composed of four different types of computational tools. The R language was em-
ployed to create plots. The biological data were selected for the refinement of in-house
scripts/codes.

2.4. RNAhybrid

RNAhybrid is a new flexible online available tool for the easy and rapid prediction
miRNA targets. MFE-based hybridization of miRNA and mRNA is a key feature. Other
features include the following: site complementarity, free energy, helix constraints, seed
match, and target-site abundance [24]. MFE value was selected at a threshold of -20
kcl/mol for a single target.
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Figure 2. Schematic representation of sugarcane yellow leaf virus genome organization.
Coordinates are based on SCYLV-CHN-HNI1 accession number HQ342888. The
SCYLV-CHN-HNI1 genome consists of 5837 nucleotides and harbors 6 ORFs (0-5).

2.5. psRNATarget

The psRNATarget algorithm is a highly sensitive plant miRNA prediction tool and
is accessed using a web server. The psRNATarget algorithm uses reverse complementa-
rity between target viral mRNA region and host miRNAs and can be accessed at
(http://plantgrn.noble.org/psRNATarget/) [25].
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Target-site accessibility is evaluated by calculating the unpaired energy (UPE) in
the psRNATarget algorithm. The miRNA-mRNA interaction was computed using us-
er-defined settings, with an expectation cut-off value 7.5 under scoring schema V2.

2.6. RNAfold

The RNAfold web server is a major secondary structure prediction tool. Analysis
was performed with user-defined settings (minimum free energy and partition function,
avoid isolated base pairs, and interactive RNA secondary structure plot) [26]. It has been
used to calculate MFE around target sites.

2.7. Free Energy (AG) Computation

In order to understand the miRNA-mRNA interaction, the free energy (AG) of du-
plex binding was computed. RNAcofold is employed to estimate the AG of miRNA-
mRNA duplex hetero-dimer binding [27]. Consensus sugarcane miRNAs and corre-
sponding SCYLYV target gnomic region sequences were processed in the RN Acofold web
server under default parameters.

2.8. Mapping of miRNA-Target Interaction

A Circos plot was generated between predicted host-derived miRNAs and SCYLV
genes using the Circos algorithm [28].

2.9. Statistical analysis

Sugarcane miRNAs that predicted biological data obtained from the computational
algorithmic tools were processed into a graphical representation using scripts written on
R statistical software [29].

RNA22 RNAhbrid

psRNATarget

Figure 3. Venn diagram plot of SCYLV-CHN-HNI1 depicting common sugar-
cane-encoded miRNAs concluded by all the algorithms. In total, 28 loci are targeted in
the SCYLV genome by sugarcane-encoded miRNAs. Furthermore, seven sugarcane
miRNAs (sof-miR159%, sof-miR167 (a, b), sof-miR168b, ssp-miR169, ssp-miR528, and
ssp-miR444b) are predicted by all the computational tools used in this study.
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3. Results
3.1. Sugarcane miRNAs’ Target Loci on SCYLV Genome

Using the miRBase (v22) biological miRNA database, plant miRNA target prediction
tools, and an in silico-based framework (Figure 1), we sought to identify miRNA with
potential to target the SCYLV- CHN-HN1 RNA genome. We accessed the SCYLV-
CHN-HN1 genome from GenBank, and computational annotation of protein coding
genes was performed (Figure 2). As miRNA binding to target RNA genome is highly
promiscuous, we predicted the binding strength and significance of the 28 sugarcane
candidate miRNAs to the SCYLV genome using the four algorithmic tools: miRanda,
RNA22 (v2), RNAhybrid, and psRNATarget. In total, 14 sugarcane miRNAs targeting 29
loci were predicted by the miRanda algorithm. RNA22: 14 sugarcane miRNAs and 27
loci. RNAhybrid predicted that 28 sugarcane miRNAs targeted 28 loci. psRNATarget: 12
sugarcane miRNAs and 16 loci (Figure 3) and (File S1 and Table S2 (Supplementary Ma-

terials)).
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Figure 4. Potential targets identified by multiple algorithms in the SCYLV genome. Four
promising miRNA target prediction tools, including A) miRanda, B) RNA22, C)
RNAhybrid, and 4) psRNATarget, were used to find sugarcane miRNAs in the SCYLV
genome.
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3.2. ORFO encoding RNA silencing suppressor (RSS)

ORFO encodes the PO protein, also represented as an RNA silencing suppressor
(RSS) of the SCYLV genome. ORFO (24-784 bp) is composed of 770 bp encoding an RSS
protein with 256 amino acids (AA), and it controls the development of viral symptoms. It
was observed to be targeted at three positions by the miRanda algorithm: sof-miR168 (a,
b) (locus 374) and ssp-miR169 at locus 682 (Figure 4A). The ORFO sequence is targeted by
ssp-miR528 at a unique position (locus 262) by the RNA22 and psRNATarget algorithms
(Figure 4B and D).

3.3. ORF1 encoding multifunctional protein

ORF1 (199-2151 bp) is composed of 1952 bp encoding a multifunctional protein (651
(AA). The ORF1 sequence is targeted by nine consensual sugarcane miRNAs: sof-miR159
(a, b, ¢, d, and e), sof-miR167 (a, b), sof-miR168b, and ssp-miR528, at unique consensus
positions (1143, 1646, 2145 and 262), respectively, and by at least two prediction algo-
rithms. The miRanda algorithm predicted that sugarcane miRNAs would target the
ORF1: sof-miR168 family at certain nucleotide positions (2140, 374 and 2117), sof-miR408
(e) (locus 888), sof-miR166 (locus 834), and ssp-miR169 (loci 682, 1118) (Figure 4A).
RNA22 predicted the following miRNA targets: sof-miR168a (locus 1045), ssp-miR528
(locus 1137), and ssp-miR444 family at locus 1850 (Figure 4B). RNAhybrid predicted four
miRNAs: sof-miR408 family at loci positions (965 and 1949) and sof-miR166 (locus 1709)
(Figure 4C). The sof-miR396 and ssp-miR444b targeted the ORF1 at nt position 1666, as
predicted by psRNATarget (Figure 4D).

3.4. ORF2 encoding RNA-dependent RNA polymerase (RARp)

The ORF2 (1692-3410 bp) is composed of 1781 bp and codes for an RNA-dependent
RNA polymerase (RdRp) protein that works as a catalyst for the viral genome replication
mechanism. From the consensus of three prediction algorithms, only three miR-
NAs—sof-miR167 (a, b) and sof-miR169 —were hybridized to ORF2 at SCYLV genome
locus 2279. miRanda predicted the following miRNAs: sof-miR396 (locus 2661) and
ssp-miR166 (locus 2288) (Figure 4A).

The RNA22 algorithm predicted the following miRNAs to target the ORF2 se-
quence: sof-miR15% (locus 2513), ssp-miR169 (locus 2775), and ssp-miR528 (locus 2282).
Multiple loci interactions were predicted for the ssp-miR444 family at nucleotide posi-
tions (1850, 2507, 2792) by RNA22 (Figure 4B). Potential miRNAs for targeting ORF2
were predicted to be sof-miR159 family at loci 2681, sof-miR167 (a, b) (2923), and
sof-miR396 (2321) by RNAhybrid (Figure 4C). Only one miRNA was identified by
psRNATarget: ssp-miR444b (locus 2317) (Figure 4D).

3.5. ORF3 encoding capsid protein (CP)

Capsid protein (CP, 196 AA) is encoded by the ORF3 (3605-4195 bp). Four sugarcane
miRNAs—sof-miR399 (locus 3732), ssp-miR166 (locus 3672), and ssp-miR528 (locus 4162,
4048) —were observed to have hybridization binding sites in ORF3 at four different loci
by miRanda (Figure 4A). RNA22 predicted binding of only one miRNA: ssp-miR528
(locus 4162) (Figure 4B). Two important targeting miRNAs were predicted: ssp-miR528
(locus 4162, 4702) by the psRNATarget (Figure 4D).

3.6. ORF4 encoding movement protein (MP)

ORF4 (3636-4088 bp) encodes a movement protein (MP, 150AA) of the SCYLV ge-
nome. ORF4 was targeted by three miRNAs: ssp-miR396 (locus 3732), ssp-miR166 (locus
3672), and ssp-miR528 (locus 4048), as indicated by miRanda (Figure 4A).

3.7. ORF5 encoding putative aphid transmission factor (PATF)
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ORF5 (3605-5635 bp) encodes a readthrough protein (RT) of (676 AA) size in the
SCYLV genome. miRanda predicted seven miRNAs: sof-miR15% (locus 4545),
sof-miR396 (locus 5115), ssp-miR528 (locus 5268), ssp-miR444 family (loci 4381), and
ssp-miR1432 (locus 4627) (Figure 4A). Three potential miRNAs were predicted for si-
lencing the SCYLV genome by RNA22: sof-miR168b (locus 5087), ssp-miR528 (locus
5169), and ssp-miR444c-3p (locus 4890) (Figure 4B). Eleven miRNAs—sof-miR156 (locus
5375), sof-miR168a (locus 4961), sof-miR168b (locus 5191), ssp-miR437b (locus 4798),
ssp-miR437c, (locus 4597), ssp-miR827 (locus 4638), ssp-miR444 family at loci 4511,
ssp-miR1128 (locus 4993), and ssp-miR1432 (locus 5482) were detected by RNAhybrid
(Figure 4C). psRNATarget identified two miRNAs: sof-miR168b (locus 5620) and
ssp-miR528 (locus 4702) (Figure 4D).

3.8. Visualization of miRNA target

For the miRNA-host gene interaction analysis, we constructed Circos plots to com-
bine the biologically credible information in a precise manner. The mapped sugarcane
miRNAs are depicted in the SCYLV genome (Figure 5). In order to ensure the highest
level of visual clarity for improved readability, we analyzed sugarcane miRNAs and their
SCYLV targets, as predicted by all the algorithms used in this study.
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Figure 5. A schematic interaction diagram of sugarcane—target interaction in the SCYLV
genome is depicted. Circos plot summarizing the sugarcane miRNAs predicted by al-
gorithm used in this study, such as miRanda, in SCYLV genome. The red, green, purple,
brown, and blue colored lines show SCYLV genomic components (ORF0-5). Predicted
sugarcane miRNAs containing target ORFs of the SCYLV genome by each algorithm are
interconnected with colored lines.

3.9. Prediction of Consensual Sugarcane miRNAs
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Of the 28 targeting mature sugarcane miRNAs, only 7 sugarcane miRNAs
(sof-miR15%e, sof-miR167 (a, b), sof-miR168b, ssp-miR169, ssp-miR528, and ssp-miR444b)
were detected by union of consensus between the multiple algorithms (Figure 3). Nine
consensual sugarcane miRNAs showed consensus hybridization binding sites at the
common locus; these were confirmed by two algorithms (Figure 6). Interestingly, four
consensus miRNAs (sof-miR167 (a, b), ssp-miR169, and ssp-miR528, at unique positions
(2279, 2277 and 4437), respectively, were predicted to have potential hybridization biding
sites at the common locus; this was confirmed by three algorithms (Figure 6).
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Figure 6. Intersection plot representing consensus sugarcane miRNAs predicted by at
least two algorithms at common loci. Color codes are given within the figure. Minimum
free energy (miRanda, RNA22, and RNAhybrid) and expectation cutoff score (psRNA-
Target) are indicated.

ssp-miR528 was the only targeting sugarcane miRNA that had potential hybridiza-
tion sites at common locus 4162, which was predicted by all four of the algorithms as
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shown in (Figure 6). The ssp-miR528 was encoded at three different common genomic
loci (262, 4436, and 4162); this was confirmed by at least two of the algorithms (Figure 6).
The ssp-miR528 had multiple inferred target interactions in the gene regulatory network
and had hybridization sites at different genomic loci: 4048, 5268, 5169, 2282, 1137, and
4702. These findings were confirmed by at least one algorithm (Table S1). The CP and RT
gene sequence was targeted by ssp-miR528 at consensus position 4162. We generated a
Circos plot to integrate biological data from consensus sugarcane miRNAs and their
predicted SCYLV genomic target genes (Figure 7).

sof.miR159p
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Figure 7. Circos plot representing consensual sugarcane miRNA-target interaction.
3.10. Secondary structure prediction and validation

Consensus sugarcane miRNAs were used for the determination of stable secondary
structures of the precursor sequences. MFE (minimum free energy) was the most crucial
characteristic for structure determination. The predicted secondary structures of seven
precursors were finalized (Figure 8).

In the current study, MFE ranged from -48.5 to 107.5 (~kcal/mol) for the seven
consensus miRNAs (Table S3 (Supplementary Material)). Due to high variability in the
sequence of precursor miRNAs, the precursor miRNAs were characterized and validated
by the MFEI (minimum free energy index). The value of MFEI ranged from -0.83 to -1.262
for the consensus miRNAs (Table S3 (Supplementary Material)).
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Figure 8. Predicted secondary structures of computationally recognized precursor
miRNAs in sugarcane species. Seven pre-miRNA secondary structures were predicted in
this study

3.10.1. Prediction of miRNA-mRNA Interaction

Free energy (AG) is a key component for estimating the miRNA-mRNA interaction.
Four consensual sugarcane miRNAs were used to estimate the (AG). These were:
sof-miR167 (a, b) (AG: -18.20 kcal/mol) and ssp-miR528 (AG: -21.10 kcal/mol).

4. Discussion

Over the last two decades, an emerging virus, i.e.,, SCYLV, has affected the yield and
quality of sugarcane production in Pakistan and China. Gene silencing of sugar-
cane-infecting virus genome was triggered using host-derived miRNAs through amiR-
NA-based technology [18]. Recently, miRNA has emerged as a novel endogenous target
for gene expression and regulation, and it has been utilized for the genetic improvement
of crops in order to combat plant viruses. amiRNA-based silencing of the target RNA or
DNA viral genome is an effective and novel approach that has been implemented suc-
cessfully to boost viral resistance in crops [20]. In the current study, mature sugarcane
miRNAs (sof-miR159e, sof-miR167 (a, b), sof-miR168b, ssp-miR169, ssp-miR528, and
ssp-miR444b) were selected to develop an SCYLV-resistant sugarcane cultivar, and their
interactions with the ORF0, ORF3, ORF4, and ORF5 of SCYLV were observed.

This study indicated that ssp-miR528 was selectively employed by SCYLV. Three
computational algorithms (miRanda, RNA22, and psRNATarget) were identified, i.e.,
consensus hybridization site of ssp-miR528 at locus (4162), while RNAhybrid predicted a
binding site in the same region at locus 4154. Intriguingly, the MFEs of the consensus
target pair were calculated to be -22.93 kcal/mol (miRanda), 19.6 kcal/mol (RNA22), and
32.3 Kcal/mol (RNAhybrid); these are all high and where the expectation cutoff is ob-
served 5.0 (Figure 4). A lower expectation value indicates a high correlation between
miRNA and its target candidate [25].

Experimental studies have revealed a crucial correlation of MFE between the
translation repression and the target-binding site of the seed sequence [30].

d0i:10.20944/preprints202109.0240.v1
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Figure 9. Schematic representation of amiRNA-mediated gene-silencing strategy and
determinants for experimental workflow was designed to develop transgenic sugarcane
cultivars. The candidate amiRNA is the consensus ssp-MIR528 precursor, and it is de-
signed after miRNA/miRNA duplex replacement. More pre-amiRNA is processed to
develop a mature amiRNA/amiRNA* duplex.

In order to assess the thermodynamic stability of the miRNA-mRNA duplex, MFE
is a key factor to monitor site accessibility for the accurate prediction of a secondary du-
plex structure [31]. High stability of the RNA duplex is observed due to the strong hy-
bridization binding of miRNA to mRNA (Figure 8).

In this study, we designed three approaches at individual, union, and intersection
levels to control false-positive results. The union approach depends upon the combina-
tion of several computational algorithms when predicting true or false targets. Using this
approach, the sensitivity level of predicted targets increased by decreasing specificity. In
contrast to this approach, the intersectional level of study depends entirely upon the
combination of two or more tools that result in the high specificity of predicted targets
due to a decrease in sensitivity. Our results showed we have achieved the best results
with high performance for predicting and estimating novel targets using both computa-
tional approaches, as shown in (Figure 3 and Figure 6).

Several studies have suggested the gene silencing of target viruses using
host-delivered miRNAs using computational algorithms. Genome-wide identification
and comprehensive analysis of highly potential candidate miRNA targets against plant
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viruses have therefore been discovered [32-34]. The current study was designed by an
equal novel computational approach for predicting novel targets against SCYLV in order
to combat Polereovirus infection in sugarcane cultivars.

The development of varietal-resistant sugarcane to combat viral infection is the
preferred way to control yield and quality losses. However, gene pyramiding of desirable
agronomic traits with SCYLV resistance is challenging due to the complex sugarcane
genome. The high regeneration efficiency of sugarcane callus, the predicted miRNA
(ssp-miR528), can be utilized to develop sugarcane cultivars that are resistant to SCYLV.
RNAI technology has been widely used to screen host-delivered factors against viruses,
as well as to discover novel cellular functions. Here, we retrieved experimentally vali-
dated mature sugarcane miRNAs with annotated targets of the SCYLV genome. An
amiRNA-based construct was designed to combat SCYLV in sugarcane cultivars that
harbor a modified miRNA/miRNA* sequence in a duplex of the precursor (ssp-MIR528),
as shown in (Figure 9).

In conclusion, our computationally designed framework for the silencing of the
SCYLV genome could offer a novel method for the development of current antiviral
agents. The ssp-miR528 has high drought tolerance in the sugarcane hybrid RB867515
cultivar [35]. It is involved in the regulation of SsCBP1 factor and has a monocot lineage
during miRNA-based posttranscriptional regulation [36]. ssp-miR528 is involved in de-
pressing the transcriptional activities of target transcripts (pectin acetyl esterase and en-
dopolygalacturonase). ssp-miR528 is a kind of copper miRNA, and it was up-regulated
during A. avenae infection in plants. The expression profile was validated with by
qRT-PCR analysis [37].

Only a few host-derived miRNA predictions against crop viruses are currently
available in the literature. Thus, the current study expands the body of preexisting
scholarship. Furthermore, our two earlier studies provide computational support for the
control of badnaviruses in sugarcane cultivars using sof-miR396 [32] and sof-miR159 [38].
The expression of ssp-miR528 in transgenic sugarcane cultivars to silence target genes of
the SCYLV genome can further enhance our understanding of important host-
virus-related interactions.

5. Conclusions and Recommendations

Since the discovery of RNAi-based gene silencing technology, many laboratories
around the world have demonstrated the expression of host-delivered miRNAs against
viruses in crop plants. In the current study, ssp-miR528 was identified as the most effec-
tive sugarcane miRNA to interact with the SCYLV-CHN-HN1 genome. Based on our
reported findings, ssp-miR528 may constitute a potential and effective therapeutic ap-
proach to cure SCYLV-CHN-HNI1 infection in sugarcane cultivars. Pathological conse-
quences are required to further validate large transgenic sugarcane cultivar develop-
ment. Therefore, a future challenge will be to identify the critical targets of the
ssp-miR528 involved in silencing the SCYLV-CHN-HNI1 genome, as well as to establish
their contribution to genome-editing-based transformation systema. Predicted novel
targets can be engineered for the development of SCYLV-resistant sugarcane cultivars
using sugarcane transformation techniques.
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of sugarcane miRNAs in the genome of SCYLV using computational algorithms.
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