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Abstract  

The present study was suggested as an in silico design of antisense RNA molecules as a preliminary 

suggestion for virus suppression, the spike protein DNA sequences of SARS-CoV-2  virus  which 

isolates in  Wuhan-Hu-1(MN908947.3)  was used for prediction secondary structure, then RNA 

antisense molecules designs according to GC%, probabilities and energy, the predictions refer that 

the secondary structure of RNA is complex and have more than one regions for antisense creation, 

eight    regions for antisense RNA , the first region (59-82)n, second (880-899), third (1141-1160), 

forth (1647-1668), fifth (1875-1895), sixth (2022-2052), seventh (2417-2445) and finally eighth 

(2804-2828). Each region has 1-4 target sites , The characteristics of antisense RNA also listed in 

the table, the GC% percentages were (45-50) %, the probabilities ranged (0.686-0.974) and energy 

(-0.1 – 12.8) kcal/mol 

Keywords:In silico Antisense, RNA molecules, prediction SARS-CoV-2, spike protein. 

Introduction 

the SARS-CoV-2   is a new generation of corona virus family that become Since 

the emergence of the 2019 novel coronavirus (2019-nCoV) infection in Wuhan, 

China, in December 2019 (1), it has rapidly spread across China and many other 

countries during few months (2,3) , the disease is  now called  COVID-19. 

The SARS-CoV-2 viron composed of a single-strand RNA belonging to the 

Betacorona virus (4,5,6) . The Phylogenetic investigations  clarified that SARS-

CoV-2 is closely related to two bat-derived SARS-like coronaviruses  

approximately 88–89% similarity, while it is approximately ~79% similarity  to 

SARS-CoV and ~50% similarity to MERS-CoV (5,7,8). 

To now, no specific medication is explored for COVID-19 treatment. However, 

the governments and pharmaceutical cooperated to find an effective drug. 

Different medication strategies have been proposed for COVID-19 therapy  like 

antiviral drug  Favilavir (9), antimalarial drugs  Chloroquine and anti-arthritis drug  

hydroxychloroquine which recommended by the National Health Commission of 
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the People's Republic of China (10). Currently, the Convalescent Plasma of 

COVID-19 used for treatment in several hospital centers (11).   

On the other hand molecular therapy still have an interesting impacted in 

therapeutic strategies of viral infection treatment, the molecular therapy have been 

proved its efficiency in investigations and clinical trials, RNA therapy is one of 

the most molecular therapeutics types have an interesting's in scientific field, the 

potential RNA molecules for therapy belong to different classifications like 

siRNA, antisense RNA (ASOs), microRNA and  trans-cleaving ribozymes(12). The 

Antisense RNA molecules is a segment of  DNA transcript consist of 19–23 

nucleotides complementary to target mRNA, its  playing  important  role in gene 

expression regulation at different  levels, like at replication, transcription, and 

translation. Moreover, the artificial antisense RNAs  have an effective activity to  

regulate related genes expression in host cells (13). 

 Two major mechanisms involved in antisense activity, first, it activates  RNase H, 

which cleaves the RNA moiety of a DNA–RNA heteroduplex leads to target 

mRNA degradation in the nucleus and cytoplasm. Second the ASOs inhibit 

translation by steric blockade of the ribosome in the cytoplasm (14) . The ASOs 

targeted to the 5′-terminus thus the translation machinery binding and assembly 

can be prevented (15). 

Some studies documented that The ASOs have been found that it can be utilized 

in Regulation of RNA processing, like destabilize pre-mRNA, and RNA splicing 

regulation (16,17) . These activities happened in cytoplasm or  in the nucleus. 

Researchers exhibit that using ASOs in viral infection treatment show promising 

results when its  customized with chemical modification for more stability and 

best features, a Fomivirsen (Vitravene®, ISIS-2922) is ASOs antiviral drug consist 

of modified phosphodiester linkages by replacing a non-linking oxygen with a 

sulfur atom (phosphorothioate modification) (18,19). There was no information 

documented  about used RNA therapy for COVID-19 treatment,  thus we aim to 

predict the potential antisense RNA of spike protein that have major role in 

SARS-CoV-2   pathogenicity especially when the SARS-CoV developed binding 

affinity to ACE2 by spike protein mutation (20). 

Material and Methods 

The present study aims to prediction potential antisense RNA molecules of SARS-

CoV-2 spike protein using in silico bioinformatics. Severe acute respiratory 

syndrome  SARS-CoV-2  virus  isolates Wuhan-Hu-1, genome (MN908947.3) 

sequence from NCBI, secondary structure of spike protein gene creation using 

RNA structure https://rna.urmc.rochester.edu/RNAstructure.html(21) , the antisense 

RNA prediction using S fold software http://sfold.wadsworth.org/cgi-bin/index.pl, 

antisense molecules were filtered according to the unpaired  probability ,the 

percentage of GC%  40% <= <= 60%; No GGGG in the target sequence and 

Antisense oligo binding energy (22). 

Results and Discussion 

The present study aims to prediction optimize antisense RNA molecules of spike 

protein gene of SARS-CoV-2. Spike protein gene was found to be 3821 n which it 

developed from the  same gene of SARS-CoV by mutation in receptor -binding 

domain (S1 and S2) leads to high affinity of binding with ACE2 (20). 

A complex secondary structures were observed through software's output and 

these structure may be differenced according to energy and self -sequence's 

complementary, in addition of numerous secondary structure of spike proteins that 

belong to large length one of these choose  in present study that more according to  

https://rna.urmc.rochester.edu/RNAstructure.html
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free energy . The secondary structure was created using RNA structure software 

6.2 (figure 1).

 

 
Figure (1) the secondary structure of RNA of spike protein gene created by RNA structure 6.2.  

Spike protein gene divided to 8 regions for antisense RNA design according to the 

unpaired probability of nucleotides and target of antisense, the first region (59-

82)n, second (880-899), third (1141-1160), forth (1647-1668), fifth (1875-1895), 

sixth (2022-2052), seventh (2417-2445) and finally eighth (2804-2828). Each 

region has 1-4 target sites (table 1). The characteristics of antisense RNA also 

listed in the table, the GC% percentages were (45-50) %, the probabilities ranged 

(0.686-0.974) and energy (-0.1 – 12.8) kcal/mol. 

 

Table (1) features of antisense RNA predication molecules of spike protein gene  

Re

gio

n  

Sequence 

sites 

Target sequence Antisense RNA GC

% 

prob

abili

ty 

energy 

(kcal/m

ol) 

 

1 59  - 78 CCAGAACUCAAUUA

CCCCCU 

AGGGGGTAATTGA

GTTCTGG 

50.0

% 

0.92

4 

-0.1  

63 -  82 AACUCAAUUACCCC

CUGCAU 

ATGCAGGGGGTAAT

TGAGTT 

45.0

% 

0.92

1 

0.6 

2 880- 899 GACCCUCUCUCAGA

AACAAA 

TTTGTTTCTGAGAG

AGGGTC 

45.0

% 

0.68

6 

3.2 

3 1141-1160 GGAGUGUCUCCUAC

UAAAUU 

TAGACTCAGTAAGA

ACACCT 

40.0

% 

0.69

9 

7.0 

4 1647-1666 AGGUGUUCUUACUG

AGUCUA 

AATTTAGTAGGAGA

CACTCC 

40.0

% 

0.73

7 

4.7 

1648-1667 GGUGUUCUUACUGA TTAGACTCAGTAAG 40.0 0.78 4.5 
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GUCUAA AACACC % 6 

1649-1668 GUGUUCUUACUGAG

UCUAAC 

GTTAGACTCAGTAA

GAACAC 

40.0

% 

0.77

0 

4.3 

5 1875-1894 UGCAGAUCAACUUA

CUCCUA 

TAGGAGTAAGTTGA

TCTGCA 

40.0

% 

0.74

0 

5.3 

1876-1895 GCAGAUCAACUUAC

UCCUAC 

GTAGGAGTAAGTTG

ATCTGC 

45.0

% 

0.74

8 

5.0 

6 2022-2041 UCAGACUCAGACUA

AUUCUC 

GCCCGCCGAGGAG

AATTAGT 

40.0

% 

0.87

8 

0.3 

2028-2047 UCAGACUAAUUCUC

CUCGGC 

GCCGAGGAGAATT

AGTCTGA 

50.0

% 

0.87

9 

0.3 

2032-2051 ACUAAUUCUCCUCG

GCGGGC 

GAGAATTAGTCTGA

GTCTGA  

60.0

% 

0.80

4 

0.7 

2033-2052 CUAAUUCUCCUCGG

CGGGCA 

TGCCCGCCGAGGAG

AATTAG 

60.0

% 

0.76

4 

2.7 

7 2417-2436 UACCAGAUCCAUCA

AAACCA 

TGGTTTTGATGGAT

CTGGTA 

40.0

% 

0.97

4 

0.3 

2418-2437 ACCAGAUCCAUCAA

AACCAA 

TTGGTTTTGATGGA

TCTGGT 

40.0

% 

0.97

7 

4.9 

2425-2444 CCAUCAAAACCAAG

CAAGAG 

CTCTTGCTTGGTTTT

GATGG 

45.0

% 

0.73

8 

11.4 

2426-2445 CAUCAAAACCAAGC

AAGAGG 

TGTGGAAGAAAGT

GAGTCTT 

45.0

% 

0.68

9 

12.8 

8 2804-2823 AAGACUCACUUUCU

UCCACA 

TTGCTGTGGAAGAA

AGTGAG 

40.0

% 

0.83

1 

5.9 

2808-2827 CUCACUUUCUUCCA

CAGCAA 

CTTGCTGTGGAAGA

AAGTGA 

45.0

% 

0.82

7 

5.9 

2809-2828 UCACUUUCUUCCAC

AGCAAG 

CCTCTTGCTTGGTTT

TGATG 

45.0

% 

0.78

9 

6.1 
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Figure (2) the antisense RNA molecules prediction in the RNA secondary structure of spike 

protein gene including 8 regions, R1-R8, the sings refer to the beginning of antisense molecules 
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These regions were candidate according to optimization sequences that can be 

complementary with synthetic antisense RNA, all RNA therapeutic design still in 

silico for COVID-19, to date all efforts in the world focused of vaccine 

developments, and no molecular therapeutic strategies have been suggested. Other 

viral infections were treated by antisense RNA for suppress viral genome 

replications like HIV (23) using a lentiviral vector created according to HIV-1 

contains 937 bp of antisense sequence for HIV-1 envelope gene expression 

inhibitor. The HIV still treated with different antisense RNA strategies like using 

recombinant fluorescent lantiviral vector for distinguished the sense and antisense 

of viral genome transcription, results show efficiency of antisense RNA in viral 

inhibition (24). 

Another study used antisense RNAs molecules for IV therapy, Ge et al. (25) 

proved that siRNAs molecules located with  conserved regions of viral genomes 

can be robust  suppresser  viral  replication. 

The scientific efforts for utilized molecular therapy in COVID-19 treatment need 

more investigations and long time for proved its efficiency, to yet no information's 

about this kinds of researches were observed, in the other design of using RNA 

molecules deal with COVID-19 structural gene an in silico design for siRNA 

molecule of structural genes it was a preliminary opinion for COVID-19 

inhibition show numerous of RNA molecules were prediction for viral inhibition 

(26).  

We concluded that the viral genome have an potential target sequence for 

molecular therapy using RNA molecules at least the spike protein that used in 

present design.
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