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ABSTRACT: The SARS-CoV-2 pandemic, identified in November 2019 in Wuhan, China®, has killed more than
250,000 people and has hospitalized countless others®. In order to mitigate the virus’s effect on the human
body, we developed an RNA fragment that may silence a gene in the SARS-CoV-2.genome. ddRNAI, or DNA-
directed RNA interference, is a gene-silencing method that uses DNA constructs to hijack the pre-existing
animal cell’'s RNA interference pathways.? In our project, we ‘designed a novel ddRNAI strand that inhibits the
formation of vial copies and the virus’ spread is contained. Our. siRNA strand does not share any complete
similarities with the known human genome. It corresponds to the SARS-CoV-2 virus genome at 9841-9859 bp,
which corresponds to the non-structural polyprotein region of the SARS-CoV-2 genome. This region plays a
role in forming proteases, which cleave large polypeptides to form core proteins, which form the viral

envelope.*®

The number of deaths related to SARS-CoV-2 is only
going up, which is why it is incredibly important to find an
effective treatment to combat the virus immediately.

After much research, a vast amount of information has
been established about SARS-CoV-2. Through this it is
seen that there are numerous advantages to using
ddRNAI to combat the virus/ The first advantage is that
ddRNAI can produce a replenishable supply of shRNAs
at a steady level./Short hairpin RNA, called shRNA, is
spliced into short interfering RNA, called siRNA, through
RNA .interference (RNAi)"machinery. The siRNA then
performs. its /vital function — cleaving the messenger
RNA, or mRNA. This allows siRNAs to bind to the viral
RNA and prevent unnecessary folding, which will inhibit
the virus from proliferating due to the lack of an essential
protein. Since ddRNAIi can provide a steady amount of
shRNAs, it is an efficient way to combat SARS-CoV-2.
Another advantage is that ddRNAi can silence multiple
genes in the same area by using DNA constructs to
initiate a cell's endogenous RNA interference pathways.
DNA constructs are outlined to show self-complementary
double-stranded RNA’s (usually short hairpin RNAs).
The targeted gene will be silenced once the shRNA is

processed. The supplementary segments of the ddRNAI
may be used to make copies of normal genes, which are
able to restore functions. In this case, the diseased
gene’s translation is disrupted due to the ddRNAI.
ddRNAi can also be used to cure diseases where a
defective allele causes negative effects, as in sickle cell
disease. Through the copies of normal genes
constructed by the supplementary segments, the gene’s
functions can be restored, thus restoring the function of
a healthy cell. ddRNAI can also use shRNA to remove
the expression that is emitted from disease protein. The
last advantage of wusing ddRNAi is that one
administration is effective for a prolonged period of time
since the shRNA fragments are self-proliferating through
host cell transcription.®’

As shown in Figure 1, the ddRNAi segment is
transported by a vector or transfection agent into the cell,
where endogenous RNA transcription mechanisms
continuously produce small hairpin RNA fragments, or
shRNA. Short hairpin RNA is an artificial RNA molecule
and it can be used to silence gene expression using
RNAI by delivering plasmids through viral or bacterial



vectors. The shRNA is then spliced into double-stranded
SiRNA by an enzyme called DICER that is produced by
the human cell.® These fragments are used in tandem
with an RNA induced silencing complex, or RISC, to
silence the target mRNA. ddRNAi has successfully
silenced genes in cases including, but not limited to, HIV,
Hepatitis A, and Hepatitis B. DNA directed RNAI
(ddRNAI) introduces DNA templates to use the cell's
endogenous transcriptional machinery to make short
hairpin  RNAs. This later becomes processed by
endogenous RNAI into siRNAs. siRNA is inserted into
RNA induced silencing complex (RISC) and the
antisense strand-RISC complex binds to the target
MRNA. Since the mRNA is then nonfunctional, the
protein’s function cannot be performed and the virus
cannot proliferate. Cells use this natural process to
initiate gene expression.®

RNA interference, or RNAI, involves designing small
interfering RNA fragments, or siRNA, which are double-
stranded RNA that contain approximately 19 nucleotides
to target genes with a complementary sequence. The
siRNA binds to the complementary sequence on the
gene, prevents translation, and therefore inhibits the
function of that gene. The mRNA secondary structure,
also called the mRNA motif, mainly plays a structural
role and facilitates target site accessibility, improving
efficiency of the siRNA fragment. The mRNA secondary
structure also aids in forming the hairpin structure, which
aids in the inhibition of translation.

We have designed a fragment that can participate/in
ddRNAI to inhibit nucleotides 9841-9859 on the sense
strand of the SARS-CoV-2 genome, which, corresponds
to a region on the non-structural polyprotein 1ab gene in
the SARS-CoV-2 genome... This will./ prevent the
proliferation and formation of new,viral copies within the
body and so may prevent life-threatening infection.
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The mechanism of action of ddRNAi in the animal
cell®
Methods:

The Eurofins Genomics siRNA Design Tool was utilized
to generate possible siRNA fragments and their
respective mRNA secondary structures. The mRNA
secondary structures are used to find the corresponding
SiRNA target site for the ddRNAi fragment. There are
five options as to which nucleotides are.used in the
mRNA secondary structure, labeled “mRNA ‘secondary
structure” on the Eurofins Genomics<digital page. The
“All secondary structures” option was chosen to generate
possible mRNA secondary structure sequences. GC
content is directly related..to stability' under high
temperatures, the threshold of which is 43 for most
molecules involved in' the human” body.'® All other
options and.settings were set to the default given by
Eurofins Genomics.

In order to verify that the siRNA binds to a region in the
known SARS-CoV-2.genome, the fragment sequence
was analyzed in tandem with the SARS-CoV-2 genome
as‘recorded by NCBI as of May 5, 2020. One complete
similarity was found in the non-structural polyprotein 1ab
region, which corresponds with nucleotides 9841-9859
on the sense strand of the SARS-CoV-2 genome.

In order to verify that the ddRNAIi fragment does not
share any complete similarities with the known human
genome, the fragment sequence was analyzed in
tandem with the human genome as recorded by NCBI as
of May 5, 2020. No complete similarities were found with
human chromosomes 1-23 and the X and Y
chromosomes. We also verified that the siRNA fragment
produced by cellular degradation of the original fragment
was present in the known SARS-CoV-2 genome, as
recorded by NCBI. The NCBI accession numbers used
are shown below in Figure 2.

Human Chromosome Accession Number
1 NC_000001.11
2 NC_000002.12
3 NC_000003.12
4 NC_000004.12
5 NC_000005.10
6 NC_000006.12




7 NC_000007.14
8 NC_000008.11
9 NC_000009.12
10 NC_000010.11
11 NC_000011.10
12 NC_000012.12
13 NC_000013.11
14 NC_000014.9

15 NC_000015.10
16 NC_000016.10
17 NC_000017.11
18 NC_000018.10
19 NC_000019.10
20 NC_000020.11
21 NC_000021.9

22 NC_000022.11
X NC_000023.14
Y NC_000024:10

Table 1. Table of all NCBI accession numbers
corresponding with the human chromosomes.

The i-Score algorithm, - developed < by Ichihara,
Murakumo, et al; was utilized to determine the most
potent SiRNA fragment. The sequence
GUUGCGUAGUGAUGUGCUA was found to be the
highest-scoring siRNA fragment of the ten fragments we
analyzed. Multiple other potency and stability tests were
conducted and the results are shown below in Figure 2.

Results:

The final sequence of the ddRNAi fragment is
AAGUUGCGUAGUGAUGUGCUAUUGUUGCGUAGUG

AUGUGCUA, where
AAGUUGCGUAGUGAUGUGCUAUU is the mRNA
secondary structure region and

GUUGCGUAGUGAUGUGCUA is the siRNA region.

There are two main ways to show the probability of
certain mMRNA secondary structures .based on the
primary structure, as shown/in Figure 3, where the
discussed siRNA is shown. The centroid secondary
structure predicts a more accurate structure than the
MFE (minimal free energy) secondary structure because
of three factors: sensitivity, positive predictive values
(PPV), and base-pair distance. The sensitivity and PPV
percentages.are analogous to one another and measure
the number of similar base pairs between the predicted
structure/ and the one produced by comparative
sequence analysis. The only difference between these
percentages is. that the PPV focuses on the accuracy of
each base pair in the structure while sensitivity focuses
on'predicting base pairs. The higher these percentages
are, the closer the secondary structure prediction is to
the comparative sequence analysis model and the fewer
differences between base pairs are present. Base pair
distance refers to the distance between the base pairs of
the secondary sequence and the comparative sequence
analysis model. Looking at sensitivity, the centroid
secondary structure predicts slightly improved, if not
comparable, structures. However, observing the PPV,
the centroid secondary structure predicts structures with
46.5% and 30% fewer errors for the best centroid and
ensemble centroid, respectively. The best centroid is the
cluster centroid, or a group of similar centroids, with the
shortest base pair distance to the reference structure. An
ensemble centroid is an entire collection of structures
sampled from a weighted ensemble. The centroid
secondary structure also predicts a structure with less
base-pair distance with the comparative sequence
analysis model than the MFE. Additionally, MFE
predictions become unreliable when they aren’t in the
best cluster. When the MFE was located outside of the
best cluster, the prediction had a sensitivity percentage
of 31.4% and a PPV percentage of 62.5%. However,
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Figure 3. Two representations of probable
conformations of the discussed siRNA and mRNA
secondary structure.”

The mRNA secondary structures are used to find the
corresponding sSiRNA target site for the ddRNAI
fragment. In Eurofins Genomics, there are five options
as to which nucleotides are used in the/ mRNA
secondary structure. The “All motifs” option was chosen
to generate possible mMRNA secondary structure
sequences. GC content is directly related to stability
under high temperatures, the threshold of which is 43 for
most molecules involved in theshuman body.” All other
options and settings were set’ to the default given by
Eurofins Genomics.

In Nucleotide BLAST, the “Align two or more’sequences”
option was chosen. The siRNA fragment sequence was
entered into the ‘Query’ section and the SARS-CoV-2
NCBI accession ‘number was entered into the ‘Subject’
section. The ‘megablast’ setting was used as, according
to the NCBIl- website, it compares a query to a closely
related sequence and functions optimally if the target
percent identityis equal to or greater than 95%. We
found that the siRNA inhibits function by binding to base
pairs 9841-9859 on the sense strand of SARS-CoV-2,
which is a section of the non-structural polyprotein lab
gene.le'”

To verify that the siRNA doesn’t bind to any site in the
human genome, Nucleotide BLAST was used. One
Nucleotide BLAST was run for each chromosome, so a
total of 24 BLASTs were run to cross-reference the
siRNA fragment and the human genome. The “Align two

or more sequences” option was chosen. The siRNA
fragment sequence was entered into the ‘Query’ section.
The NCBI accession number for each chromosome was
entered into the ‘Subject’ section. The ‘megablast’
setting was used as, according to the NCBI website, it
compares a query to a closely related sequence and
functions optimally if the target percent identity is equal
to or greater than 95%. We found that no chromosome
has a segment completely similar to the siRNA
fragment.*®

Discussion:

A hairpin, or loop-like shape, is formed when an
unpaired mRNA strand folds-or forms hydrogen bonds
between complementary nucleotides within the mRNA
strand or with another section of the same strand. This
hairpin can regulate interactions in a ribozyme, act as a
substrate for enzymatic reactions, serve as a secondary
structure/ for RNA binding proteins, protect the mRNA
from degradation, and guide RNA folding."**°

The impact of an mRNA secondary structure on
translation depends on the position and stability of the
hairpin, which is located near the 5’ end of the mRNA
sequence. The stability of the hairpin and its proximity to
the 5’ end may play a role in determining translational
initiation, and therefore translational inhibition. For
example, a very unstable hairpin intensified translation
initiation when it was located 14 nucleotides downstream
of a AUG codon. Meanwhile, moderate to very stable
hairpins are able to prevent translation by binding the
mMRNA to the preinitiation complex, a complex needed
for protein production.?

The sequence provided by the i-Score algorithm had no
similarities to any of the human chromosomes and
corresponded to a section of the viral genome. It would
be able to attach to that part of the virus and the siRNA
would remove the mRNA from the rest of the process.
This would stop the virus from continuing to spread and
successfully combat it. This sequence is unable to be
tested in vivo because of restrictions due to SARS-CoV-
2 The algorithm provided the most potent SiRNA
possible, so there is a high probability this sequence
could interfere with the translation process and combat
the virus.

The siRNA fragment binds to the SARS-CoV-2 virus
genome at the 9841-9859 bp sense strand. This site is a
section of the gene necessary to form the non-structural
polyprotein lab. This polyprotein forms proteases, which
are utilized to cleave large proteins into smaller
polypeptides that will assemble the mature virus. Since
our siRNA inhibits the expression of this gene, the



proteases will not form properly and the mature viruses
will not be assembled. The non-structural polyprotein
lab may also inhibit translation of host RNA, which
normally prevents survival of the host cell. However,
since the polyprotein is not formed, host RNA translation
will continue, further countering proliferation of the
virus.*®*’

The character of dinucleotide overhangs on the 3’ end of
the siRNA sequence determines the duration of gene
silencing. The 3’ overhang on the guide strand interacts
with the PAZ domain, an RNA binding molecule that can
bind to the 3’ end of both siRNA and miRNA, of RISC in
the RNA-binding pocket, suggesting that there might be
a correlation between the character of the overhang and
gene silencing. Thymidine overhangs seem to be
detrimental to obtaining the maximum duration of
silencing from the siRNA. A possible theory for why this
occurs is that the siRNA might be exposed to DNAses in
the presence of thymidine. Deoxythymidine overhangs
have been tested and are proven to affect the duration of
gene silencing negatively. Knockdown efficiency was not
compromised when thymidine was substituted with
uridine in the 3’ overhangs to reduce the cost of siRNA
synthesis and to protect siRNA from nuclease
degradation. In other words, one way to protect the
siRNA from degradation without affecting its ability to
attach to the virus is by replacing thymidine with uridine
in the overhangs.??

In regards to whether the siRNA can survive in human
body conditions, the GC content of the siRNA segment is
47.4%, which is above the average 41% for.the human
genome. So, the siRNA is capable of functioning in
normal human body conditions. There is also some proof
that higher GC content is directly related to a stable
secondary structure, which allows the ddRNAi fragment
to be sturdier under higher temperatures.**

In order to properly and effectively administer the siRNA
fragment, _it.must first overcome the barriers of each
administration route. The basic endocytosis of an
ddRNAI vector and the simple mechanism of ddRNAI is
shown in Figure 4. In cutaneous administration, the
stratum corneum, or outermost layer of the skin, imposes
a barrier. The morphology and anatomy of the lung
prevents potent pulmonary administration. Ocular siRNA
injection poses many difficulties, including physical
barriers and possible degradation of the siRNA due to
metabolic barriers. In  order to successfully be
transported in the central nervous system, the siRNA
must cross the blood-brain barrier using endogenous
receptors. In addition to transporting the siRNA, the
carrier must also bind and condense the siRNA,
protecting it from degradation. The carrier must transport

the siRNA to the target cells and facilitate endocytosis of
the siRNA. The siRNA requires this aid from the carrier
due to its large molecular weight and strong anionic
charge. Viral vectors, though effective, pose a threat
regarding oncogenicity, immunogenicity, and cytotoxicity.
Non-viral vectors, including but not limited to polyplexes,
lipoplexes and peptide-based systems, are promising
tools for gene delivery because they incorporate ligand
systems to target specific cell types and are reasonably
safe.”
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SYNOPSIS The SARS-CoV-2 pandemic, identified in November 2019 in Wuhan, China, has killed more
than 250,000 people and has hospitalized countless others. In order to mitigate the virus’s effect on the
human body, we developed an RNA fragment that may silence a gene in the SARS-CoV-2 genome.
ddRNAI, or DNA-directed RNA interference, is a gene-silencing method that uses DNA constructs to
hijack the pre-existing animal cell's RNA interference pathways. In our project, we designed a novel
ddRNAI strand that inhibits the non-structural polyprotein 1ab in SARS-CoV-2. By inhibiting this gene, the
viral copies cannot properly form and the virus’ spread is contained. Our siRNA strand does not share
any complete similarities with the known human genome and corresponds to the SARS-CoV-2 virus
genome at 9841-9859 hp.




