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G ene silencing can take place
through transcriptional or post-
transcriptional processes. SiRNA are
more diverse in plants than in animals,
their action can be by degradation of

mRNA or activation of epigenetic modi-
fications (Sunkar and Zhu, 2007)

Small interfering RNA (SiRNA)
and microRNA (miRNA) have emerged
as two of the most powerful approaches
for crop improvement. RNAI based on
SiRNA is one of the widely used tools of
reverse genetics which aids in revealing
gene functions in many species. This
technology has been extensively applied
to alter gene expression in plants with the
aim of achieving desirable traits. As per
the FDA guidelines, small RNA (sSRNA)
based transgenics are much safer for con-
sumption than those over-expressing pro-
teins (Kamthan et al., 2015).

Long dsRNA or short-hairpin
RNA (shRNA) precursors, which are
homologous in sequence to the target
gene to be silenced, initiate the process of
RNAI. An introduced transgene provid-
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ing long dsRNA can trigger the RNAI
pathway. The dicer enzyme is recruited
in the cell to carry out the cleavage of the
dsRNA into siRNA that are dsSRNAs (21-
25 nt). The recruitment of SiRNA-
induced silencing complex (SiRISC)
leads to degradation of sense strand of
siRNA (having the complementary se-
quence of the target gene). The siRISC is
then incorporated into the antisense
strand of siRNA which in association
with Argonaute proteins (AGO) and oth-
er effector proteins, brings about cleav-
age of the target mRNA in sequence-
specific manner. The activated RISC can
repeatedly participate in mRNA degrada-
tion and protein synthesis, is inhibited
resulting in post transcriptional gene si-
lencing (PTGS)  (Hamilton  and
Baulcombe, 1999; Bernstein et al., 2001;
Elbashir et al., 2001; Tuschl, 2001).

Bart et al. (2006) established a
system for gene silencing using siRNAs
in rice leaf. They concluded that short
interfering RNAs (siRNAs) can be used
to silence exogenous genes quickly and
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efficiently. A siRNA targeting luciferase
resulted in a significant level of silencing
after only three hours and up to 83% de-
crease in expression.

Activities of sucrose-metabolizing
enzymes during the development of
internodal storage tissue in sugarcane
determine the rate of total sugar accumu-
lation and final sucrose concentration.
The hypothesis that sucrose-phosphate
synthase and acid invertase play key
roles in determining sucrose concentra-
tion during maturation in sugarcane in-
ternodes has been proved (Lingle, 1999).
Disruption of a gene function using re-
verse genetics is a very useful and rela-
tively simple way to analyze gene func-
tions and achieve crop trait improve-
ments (Kumar et al., 2012). Different
approaches are used for gene silencing
either at transcriptional or post transcrip-
tional level or both. Antisense, VIGS,
hpRNAIi and amiRNA are some of the
most commonly used small RNA mediat-
ing gene silencing pathways in plants. All
silencing pathways have the route with
21-24 nt sequence which conduct the
silencing action transcriptionally or post-
transcriptionally.  Recently, artificial
SiRNA has been used in plants to silence
the gene directly and easily.

Invertases are some of the key
regulatory enzymes involved in various
physiological and biochemical reactions
in sugarcane. Different developmental
stages like early vegetative growth and
stem development, grand growth period,
ripening and transition of the cane from

source to sink form are mediated by an
intrinsic regulation of invertase activity.
The regulation of invertases in vivo is not
fully understood, though there are several
mechanisms including post translational
suppression by inhibitory proteins. These
inhibitory proteins are not yet character-
ized in sugarcane (Prathima et al., 2014).

The overall aim of this study was
to design an effective siRNA sequence
that could down-regulate the expression
of soluble acid invertase enzyme in some
Egyptian sugarcane varieties.

MATERIALS AND METHODS

1- Short hairpin RNA (shRNA) design-
ing

The complete sequence of soluble
acid invertase gene (SAI) was obtained
from NCBI database with accession
numbers  JQ982495.1, JQ406877.1,
JQ406876.1 and JQ406875.1. For the
design of siRNA molecule, the sequence
of SAI1l gene with accession number
(JQ406875.1) was used. The design re-
quires four separate steps.

Step 1: siRNA design

There are different programs and
websites is one word to detect the SiRNA
sequences in a specific gene but most of
them are specialized for rats and humans.
PSSRNAIt is a website specialized for
plants and can detect the expected off-
targeting by searching through different
cDNAV/transcript libraries for sugarcane,
Saccharum officinarum. Unigene, DFCI
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Gene Index (SOGI),"version3, released
on 2010_04_09" was the used library. So,
this web site  (http://plantgrn.no-
ble.org/pssRNAit/Home.gy) was used to
detect the siRNA sequences for the solu-
ble acid invertase gene in sugarcane us-
ing the sequence of SAI1 gene with ac-
cession number (JQ406875.1).

Step (2): NCBI blast of siRNA

Although the PSSRNAIt website
represents the expected numbers of off-
targets, a BLASTn is still necessary for
each siRNA sequence. The blasts on
NCBI database minimize the possibility
of damaging any other gene.

Step (3): Secondary structure prediction

The designed siRNA molecules
should be tested for the secondary struc-
ture formation to increase their fidelity
and decrease the possibilities of non-
functional molecules inside the cell.
There are many mfold programs which
can predict the secondary structure. The
Oligonucleotide Properties Calculator,
Oligo Calculator version 3.26, was used
http://mww. basic.northwestern.edu/
biotools/oligocalc.html.

Step (4): ShRNA design

There are different websites used
to convert siRNA to shRNA molecule by
choosing the suitable loop sequence. The
Biosettia.com website was used.

2- Testing the efficacy of the designed
SiRNA

In-planta transformation experi-
ment was conducted using the siRNA1
sequence which was ligated in the ex-

pression vector pFGC5941. The sugar-
cane variety G99/103 was used in this
experiment. The sugarcane variety was
transformed according to the modified
method of Mayavan et al. (2015). The
details of the experiment were reported
by Khaled et al. (2018). To test the fideli-
ty of siRNA sequence, RT-PCR was used
to estimate the down regulation in the
expression of the targeted gene.

RESULTS AND DISCUSSION

1- Short hairpin RNA (shRNA) design-
ing

The design of shRNA from solu-
ble acid invertase (SAlI1) gene with ac-
cession number (JQ406875.1) requires
four steps as mentioned previously. The
results of each step are shown as follow-

ing;
Step 1: siRNA design

By using PSSRNAIt web site, 234
candidate SiRNA sequences were ob-
tained as shown in Table (1). The first
four siRNA sequences were tested care-
fully before one of them was used to con-
firm their ability to silence the targeted
gene without affecting any other gene.
There are four main parameters that
should be taken into consideration to
evaluate siRNA sequences; efficiency,
RNA-induced silencing complex (RISC)
binding antisense score, target accessibil-
ity and the number of off-targets. Despite
the expectation of the antisense meeting
in 2001 that there is no need to select for
optimal siRNA, it was proven later that
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the silencing efficiency varied widely
against the same target (Holen et al.,
2002). It was noted that the efficiency
values ranged from zero to ten and the
greater is better (Table 1). So, the first
four siRNA molecules efficiencies which
ranged from 9.75 to 10.31 can be de-
scribed as desirable for efficiency value
sequences.

A significant progress towards the
design of active siRNA could be
achieved when the incorporation of the
two strands of SiRNA were taken into
consideration. It was clear that functional
duplexes displayed a lower relative ther-
modynamic stability at the 5’ end of the
antisense strand than the nonfunctional
duplexes according to the hypothesis that
strand incorporation into RISC is deter-
mined by an RNA helicase that initiates
dissociation of the siRNA duplex at the
end with the lower thermodynamic stabil-
ity (Schwarz et al., 2003). So, the RISC
binding antisense score is an important
parameter to increase the activity of si-
lencing. Table (1) showed that the second
SiRNA has the highest score and satisfac-
tory ability of binding to the RISC com-
plex.

The thermodynamic properties of
the siRNA as well as the structure of tar-
get RNA both influenced the efficiency
of siRNA. So, siRNA with favorable
thermodynamic properties may be inca-
pable of inhibiting gene expression due
to tight secondary structure of the target.
Therefore, the target accessibility may
further modulate the silencing efficiency

(Luo and Chang, 2004). These observa-
tions were not in agreement with the re-
sults of Pascut et al. (2015) who found
that there was no association between the
number of unpaired bases in the mMRNA
target region and siRNA efficiency. Also,
they showed that there was no associa-
tion between the number of consecutive
unpaired nucleotides per targeted local
mRNA secondary structure and conse-
quently, no association between silencing
efficacy and targeted mRNA local struc-
ture. But their results detected that RBPs
(Ribosomal binding proteins), which can
mask siRNA target site affect mainly the
SiRNA efficiency. Despite this, the target
accessibility (TA) is a measurable value
in the siRNA design. It was noticed that,
the highest value of TA was for the
fourth sequence, 22.256, and the lowest
value was for the second one, 17.913.
Therefore, all the first four sequences
have unsatisfactory values where the
values should be ranged from zero to 25,
the lower being the better.

Herein, the number of off-targets
varied for the first four siRNAs sequenc-
es (Table 1). The lowest value is better as
it minimizes the probability of missing its
hitting point. Whatever were the thermo-
dynamic properties or the efficiency of
siRNA sequence, it is worth nothing
without appropriate off-targeting criteria.
As silencing of one stone of the system is
a crucial step, most of siRNA designing
websites carry out a BLAST test in dif-
ferent databases. Despite this, separate
BLASTn’s were carried out in the next
step.
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Step (2): NCBI blast of siRNA

To minimize the off-targeting, a
BLASTN was carried out for the first four
SiRNA sequences. It was noticed that all
the four siRNA scored a high degree of
sequence homology (100% iden.) with
Saccharum hybrid cultivar GT28 soluble
acid invertase isoforms and even with
other cultivars like Pindar and FN-28.
Sorghum is the diploid model used for
sugarcane studying due to their close
synteny (Guimarags et al., 1997; Wang et
al., 2010). So, the homology with sor-
ghum invertases is expected as the ho-
mology between its genome and sugar-
cane reached up to 95%. All the four
SiRNA sequences showed the same E
value = 0.027 and max score = 42.1
which are acceptable values.

Step (3): Secondary structure prediction

As the symmetric strand incorpo-
ration into RISC is controlled by the tar-
get mRNA, the thermodynamic proper-
ties of the siRNA also have a major ef-
fect. So, the mfold analysis has been car-
ried for the aforementioned SiRNA se-
quences. There are many features that
should be emphasized in these results.
The number of formed hairpin structure
for each siRNA and their AG and AH
values are the first two major parameters
to be scoped. The AG variation of break-
ing target structures and of intra-
molecular secondary structural for-
mation, including self-structure for-
mation in the target and in siRNA is an
accounted parameter. It was found that

the silencing efficacy was positively as-
sociated with the stability of the siRNA-
MRNA duplex and negatively associated
with the stability of the siRNA and
MRNA secondary structures (Pascut et
al., 2015).

As it is evident from Table (2) the
siRNA1 and siRNA4 possess two hairpin
structures. On the other hand, siRNAZ2 is
assumed to produce only one structure
and all AG and AH values for the three
SiRNA are satisfactory. The siRNA3 se-
guence was eliminated as it was expected
to initiate eight structures which is a high
number even though their AG values are
low.

The third feature that should be
taken into consideration was the accessi-
ble end of the secondary structure of
SiRNA molecules. It was proven that
guide strands that possess freely available
terminal nucleotides at the 3’ end in-
crease the efficiency of silencing (Patzel
et al., 2005). As shown in the results of
the mfold analysis, all the predicted
structures possess free ends except two
forms of siRNA3 which have a closed
end and were excluded.

Step (4): shRNA design

According to the results of the
aforementioned analysis, the first SIRNA
which was expected to target bases from
2161 to 2181 [siRNAL:
5’UUGUUGAAGAGGAACACGCCG3’
with efficiency = 10.31] was used. The
loop sequence (TTGGATCCAA) was
used in this study.
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2- Evaluation siRNA efficacy

The transgenic sugarcane plants
obtained from the in-planta transfor-
mation experiment were tested using RT-
PCR by Khaled et al. (2018). The chang-
es in SAl expression levels were mostly
around ten folds decrease in all transgen-
ic plants with minor differences between
them (Fig. 1). These results confirm the
fidelity of siRNA1 and the other two
promising siRNA sequences can be eval-
uated further to have the highest silenc-
ing percentage for the targeting gene.

Finally, ~ Crop  improvement
through biotechnological approaches has
been accelerated widely in recent years.
Using  functional  genomics  and
bioinformatic tools are promising pro-
spects in this era. Using siRNA as a tool
for silencing in sugarcane can be consid-
ered a promising tool. So, the applicabil-
ity of using siRNA approaches proved to
be satisfactory. The other two SiRNA
sequences designed in our experiment
should be tested to obtain more transgen-
ic clones with low activity of invertase.
This could enhance the production of
sucrose in sugarcane plants to help in
decreasing the gap between the produc-
tion and consumption, and consequently
could save the hard currency used in im-
porting table sugar

SUMMARY

Bioinformatic tools to design a
suitable siRNA are an essential step be-
fore conducting any laboratory experi-
ment. The identification of highly active

siRNA is the corner stone in any silenc-
ing application. Five separate steps were
used in these studies to test the SiRNA
efficacy in-silico to evaluate the valida-
tion of the SiRNA sequence targeting
soluble acid invertase gene in sugarcane.
The used programs and websites for de-
signing siRNA molecule to silence SAI
gene in sugarcane confirmed their validi-
ty in designing an efficient, less laboring
and accurate siRNA sequence. The sub-
sequent five steps were essential to avoid
any side effect on the overall physiologi-
cal pattern in the plant.
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Table (1): Candidate siRNA sequences resulting from analysis of Saccharum hybrid cultivar
GT28 soluble acid invertasel (SAI1) mRNA.
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Table (2): The number of formed secondary structures for siRNA sequences and their AG

and AH values.

SIRNA -
No. of hairpin AG and AH value
e S structures
SIRNAL: - 210 and -28.00
UUGUUGAAGAGGAACACGCCG -1.70 and -37.70
SIRNAZ:
UUGAAGAGGAACACGCCGGCG One -210 and -28.00
SIRNAS: ) .
UAGUCGAUGGUGAUGCCGCUG Eight Discarded
SIRNAG: - -3.40 and -46.50
UAGUCGUGGUUGUAGGACGAG -2.40 and -43.10
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Fig. (1): The fold change in gene expression level of SAI gene for silenced sugarcane
transgenic plants using siRNA approch compared to control.



