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Abstract

Human fatality rates for the highly lethal hemorrhagic fever caused by the Marburg virus

(MARV), a member of the Filoviridae family, range from 23% to 90% [1]. This virus is

native to central Africa and often causes periodic outbreaks with a high mortality toll [1,

2]. Despite the seriousness of the sickness brought on by filoviruses, there is no approved

vaccination or treatment. A nonsegmented, negative-sense, single-stranded RNA genome

called MARV is made up of seven genes, of which the nucleoprotein and surface

glycoprotein mediate entry into host cells and genome replication, respectively [3,4,5].

These genes are good candidates for the development of therapies due to their essential

involvement in the viral life cycle.By reducing viral gene expression by hybridization and

neutralization of complementary target mRNA, small interfering RNA (siRNA) is a

promising antiviral therapeutic approach that uses the RNA interference (RNAi) pathway

[6,7,8]. In this study, we use RNA interference technology to create siRNA molecules

that target particular MARV target genes.This virus's surface glycoprotein and

nucleocapsid phosphoprotein are two crucial proteins that aid in genome replication and

host cell entrance. The RNA interference (RNAi) pathway's small interfering RNA

(siRNA) is a potential strategy for controlling human viral infections by inhibiting viral

gene expression by hybridization and neutralization of the target complementary mRNA.

In order to create siRNA molecules against two specific target genes, nucleocapsid

phosphoprotein and surface glycoprotein, the power of RNA interference technology was

used in this study. Finally, three siRNA molecules were chosen that are thought to have

the best effect based on GC content, free energy of folding, free energy of binding,

melting temperature, efficacy prediction, and molecular docking study.
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Chapter 1

Background

The Marburg virus was discovered for the first time in 1967 when lab staff and

researchers at institutions in Germany and the former Yugoslavia got affected by

imported monkeys from the Lake Kyoga region of Uganda. Since its discovery in 1968,

MARV has been responsible for occasional infections in a small number of people in

Africa. Two significant outbreaks occurred in the Democratic Republic of the Congo

(DRC) from 1998 to 2000, with a lethality of 83%, and in Angola both 2004 and 2005,

with a lethality of 90%. As a result, the public's health is seriously threatened by MARV.

Research on MARV is critically required because there are no vaccinations or

medications for treating MARV infections [9].

People and also mammals are both prone to a rare yet very severe hemorrhagic fever

termed Marburg virus disease (MVD). Marburg virus or Ravn virus infection, both

belonging to the genus Marburgvirus, is the cause of it. Marburg viruses and Ebola

viruses share a tight genetic relationship while being genetically diverse. [51] Research

has revealed that the marburg viruses are shed in the urine, feces, and oral secretions of

infected Egyptian rousette bats. It is uncertain how the marburg viruses, first transferred

from the animal host to humans. During the two incidents in 2008 , tourists while visiting

to Uganda probably caused by improper contact with infectious bat stool or urine

droplets. Following this, transmission happens when two individuals come into touch.

The virus can spread through touch. Fever, chills, headaches, and myalgia are the first

symptoms to appear after an incubation span of 2–21 days. There are numerous signs and

symptoms of MVD, including those of endemic viral hemorrhagic fevers like Lassa fever

or Ebola or parasitic diseases like malaria or typhoid fever. [52]. Case mortality rates of

Marburg outbreaks in previous years have varied from 23 to 83%[11].Recently, The

minister of health and social welfare of Equatorial Guinea just declared the Marburg

Virus Disease outbreak in that nation on February 13, 2023..Moreover,Tanzanian
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government officials announced the first-ever Marburg virus disease epidemic in their

nation on March 21, 2023. At this point, we don't know anything about any further

suspicious cases. The CDC is actively monitoring the issue.

The filoviruses Marburg and Ebola are both members of the family Filoviridae. The two

illnesses share clinical similarities despite being brought on by distinct viruses. Both

illnesses are rare and have the potential to spread in large-scale outbreaks with a high

mortality rate. Since then, there have been numerous outbreaks of the virus around the

globe, and because of its peculiar character, there has been a lot of research done on its

structure and modes of transmission. The Marburg virus is a single species, however

various lineages might differ from one another at the nucleotide level by up to 21%.The

Marburg virus is quite slow to mutate and has a small range of variation when compared

to other viral species. The Marburg virus has an odd shape. Due to their versatile nature,

they can assume a number of shapes, such as rod- or ring-like, crook- or six-shaped, or

those with branched structures, 37% are spherical, 37% of viral particles are six-shaped,

and 30% are filamentous. In contrast, another study found that, although Marburg virus

particles varied greatly in length, they were uniformly 80 nm in diameter.[52]

Genome organizations

 Marburg virus (MARV) genome at the top and the minigenome at the bottom showing in

the diagram below. The seven MARV genes coding areas are depicted in the genome as

 boxes. Above the genome are references to the corresponding proteins of various

NNS RNA viruses. The nucleoprotein (NP) gene's nontranslated region, which contains

the gene start (GS) signal, and the large protein (L) gene's nontranslated region, which

contains the gene end (GE) signal, surround a single reporter gene that serves as the

minigenome's place-holder for the viral genes.
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Figure 1: The genome organization of the Marburg virus

Viral proteins

The MARV genome contains the codes for seven structural proteins. The NP gene's role

in transcription and replication, nucleocapsid production, and budding. NP is a very

crucial part of the replication machinery. Vp35 involves in polymerase cofactor, an

essential part of nucleocapsids, and an IFN antagonist. Therefore Vp40 works as an

antagonist of IFN signaling, consequently functions in budding. Gp is in responsibility

for fusion, tetherin antagonist, receptor binding, and attachment. Moreover, Vp30

essentials for nucleocapsid formation. Also Vp 24 considered to be maturation of

nucleocapsids, budding. Additionally, The role of L is to catalyze the RNA-dependent

RNA polymerase's catalytic domain.
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Figure 2: Replication Cycle of marburg virus. Retrieved from [60]

MARV's viral life cycle is shown. Firstly,   surface GP protein  binds to the cell

membrane. A technique known as macropinocytosis is used to take up viruses. The viral

ribonucleocapsid is released into the cytoplasm where the negative strand RNA genome

proceeds through transcription and replication thanks to GP's role in mediating the fusion

of the viral and endosomal membranes. Individual viral genes produce 5′-capped,

3′-polyadenylated mRNAs, and then the genome replicates, copying the genomic RNA

template into a full-length complement. For the synthesis of new negative-sense

genomes, the full-length complement acts as a template. The NP, VP35, and L proteins

are necessary for the RNA production reactions. The VP30 protein is necessary for the

marburg virus to begin transcription, but it is not necessary for the virus to replicate.

Virus mRNAs are translated into viral proteins like NP, VP35, VP40, GP, VP30, VP24,

and L. The plasma membrane is where new virus particles are assembled. As the viral
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matrix protein, the VP40 protein guides the budding of particles from the cell surface1.

The type I transmembrane protein GP and viral nucleocapsids holding the viral DNA are

both integrated into the budding particles. [62]

After nearly 18 years, two instances of the Marburg virus disease were discovered in the

Ashanti region of Ghana in west Africa in July 2022.The fact that there are now no

antiviral medications available that are especially for the marburg virus makes it

impossible to treat this growing number of patients. There is no exception to the overall

trend of discovering novel therapeutic techniques in-silico when it comes to viruses[13].

Silencing RNA or short interfering RNA are other names for small interfering RNA

(siRNA).RNA with two strands (dsRNA). In the somatic tissues of mammals siRNA, a

double-stranded RNA with a length that ranges from 21–25 nucleotides, has the power to

inhibit the production of particular genes.. As its capacity to mute gene expression was

discovered, siRNA has provided a cutting-edge way to treat diseases with a genetic basis

[53]. siRNAs typically consist of two 21-mer oligonucleotide strands with 19

complementary nucleotides (nt) at either 3′ end, a 2-nt overhang [54]. When this siRNA

molecule reaches the cell cytoplasm, it will be incorporated into a multiprotein complex

called the RNA-induced silencing complex (RISC), which contains nucleases. The

siRNA duplexes will be split in the RISC complex. The more stable 5′ end of the strand is

combined with the active RISC complex. The RISC complex is then guided to locate and

cleave the target by the catalytic RISC protein, an argonaute family member (Ago2)..

This siRNA molecule will be integrated into a nuclease-containing multi-protein complex

called the RNA-induced silencing complex (RISC) after it has reached the cell

cytoplasm. In the RISC complex, the siRNA duplexes will be divided. The active RISC

complex is merged with the strand with the more stable 5′ end. The catalytic RISC

protein, a member of the argonaute family (Ago2), is then responsible for directing the

RISC complex to seek out and cleave the target. [56,57]
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Figure 3: Mechanisms of siRNA.

SiRNA's ability to suppress genes linked to disease makes RNAi a promising mechanism

for modern therapy. We aim to create siRNAs that are specific to different consensus

regions of the marburg virus's nucleocapsid phosphoprotein and surface glycoprotein

genes. Both nucleoproteins and glycoproteins are targeted by siRNAs as they are
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necessary for viral survival and because doing so may prevent viral replication.[

14,15].Currently, acute hepatic porphyria and polyneuropathy are now being treated with

the help of the RNAi therapies ONPATTRO® and GIVLAARITM. This study should

help in the creation of a Marburg virus treatment strategy, as expected[16].
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Chapter 2

Methods

Figure 4: Illustrated the methodology in flowchart.
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2.1 Retrieval oof sequences from NCBI

NCBI or The National Center for Biotechnology Information a bioinformatics website

www.ncbi.nlm.nih.gov/labs/virus/vssi/#/ was used to find the marburg protein’s coding

sequences (CDSs). Numerous databases pertaining to biotechnology and biomedicine can

be found at the NCBI, which is a major resource for bioinformatics tools and services.

"Marburg virus," was set to in all databases of nucleotides, and the sequence length

ranged from 15000 to 50000.

2.2 Alignment of multiple sequences

Using the online clustal omega platform, CDSs (coding sequences) align to the specified marburg

nucleotide sequences for a particular protein. Multiple sequence alignment, or MSA has become

essential in the investigation of biological sequences' comparative function and structure as well.

It frequently results in important biological insights into the links between the sequence, structure,

and function of families of nucleotide or protein sequences.

2.3 Determination of consensus sequence

MSA output used as input to find the consensus sequences on Clustalw

https://www.ebi.ac.uk/Tools/msa/clustalo/. This tool is used for pairwise alignment. After

that, using emboss needle https://www.ebi.ac.uk/Tools/psa/emboss_needle/, aligned the

consensus sequence with the gp and np.
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2.4 siRNA target-specific prediction

The siDirect 2.0 web server was used to create target-specific siRNAs based on

consensus areas of the CDSs of the seven proteins. A web-based software program called

siDirect http://design.RNAi.jp/ is used to produce siRNA sequences for mammalian

RNA interference (RNAi) that are extremely effective and have the highest level of target

selectivity.

The siRNAs were predicted by siDirect 2.0 then compared to the results from i-Score

Designer, which assigns scores to nine different siRNA designing algorithms, including

Ui-Tei, s-Biopredsi, i-Score and Reynolds, and DSIR [22]. I-Score Designer

https://www.med.nagoya-u.ac.jp/neurogenetics/i_Score/i_score.html used for the

additional target sequence analysis. Last but not least, the siRNAs predicted by siDirect

2.0 that matched with siRNAs predicted by i-Score Designer and had a rank of 1 in all

three methods (s-Biopredsi, i-Score, and DSIR) were chosen for additional analysis. The

iScore Designer computes 9 different siRNA designing scores . i-Score [28], s-Biopredsi

[27], and DSIR [29] are three of the nine scores.

2.5 Palindromic sequence filtering and siRNA off-target evaluation

Using the EMBOSS palindrome online tool, guide and passenger strands both can be

examined www.bioinformatics.nl/cgi-bin/emboss/palindrome .To satisfy the needs of the

molecular biology and bioinformatics user community, a software analysis toolkit known

as EMBOSS was developed as free and open source software. The palindrome had to be

at least four letters long.

Three stages were taken to evaluate how well siRNAs performed off-target. First,

siRNAs' guide and passenger strands were compared using NCBI BLAST to the database

of reference transcript sequences.

The BLASTN program was selected. The word size was set at seven. The anticipated

threshold for a complete specificity check was set at 1000. The elimination of siRNAs

with query coverage 80% or lower than Query coverage is the proportion of the counting

length that corresponds to an NCBI hit. Only a very small portion of the contig is
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aligning, as shown by a low query coverage %. In order to achieve perfect alignment with

the short query sequences, the BLAST settings were changed. Mismatch penalty, gap

opening, and gap extension were set to 2, 2, and -1, respectively.When it comes to the

second stage (seed-dependent off-target or miRNA-like off-target), a partial homology

assessment should be done. Although utilizing siRNAs with melting temperatures (Tm)

of 21.5°C has already reduced seed-dependent off-target. It offers the Genome-wide

Enrichment of Seed Sequence Matching program www.flyrnai.org/gess/ , which directly

analyzes the outcomes of primary screening to identify potential off-target transcripts.

Individual seed-dependent off-target evaluations were performed on the sense and

antisense strands of siRNAs.

2.6 Prediction of RNA duplex thermodynamics and accessibility of target sites

Target accessibility and siRNA duplex end stability can be predicted using the siRNA

application S-fold module https://sfold.wadsworth.org/cgi-bin/sirna.pl . This tool predicts

potential RNA secondary structures and evaluates viral RNA target accessibility.

Also,Internal stability at the cleavage point on average, and Antisense siRNA binding

energy kcal/mol, Internal stability at the cleavage point on average are some of the

siRNA parameters that are provided by S-fold.

2.7 Evaluation of the secondary structure and its interaction with the target region

and the guide strand

The secondary structures and folding free energies of the target site and the guide strand

of the siRNA were calculated using the MaxExpect program of the RNA structure web

server https://rna.urmc.rochester.edu/RNAstructureWeb/ Lower folding probability is

indicated by a higher free energy of folding. The DuplexFold tool of the RNA structure

online service was used to observe the interaction among target sequence and the guide

strand. The binding free energy is also estimated using DuplexFold.
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2.8 Molecular Docking (MD)

In order to molecularly bind the anticipated siRNAs with AGO2, it was first necessary to

determine the 3D structure of the receptor and ligand molecules. Using the HDOCK

server http://hdock.phys.hust.edu.cn/ , the AGO2 protein and predicted siRNA will be

docked. [50]. Using a hybrid template-based or free template modeling method, the

HDOCK server performed protein-RNA docking and predicted AGO2-RNA complexes

in addition to docking energy scores. The HDOCK generates several models from the

input structure, including confidence scores, docking scores, and ligand RMSDs. The

possibility of binding models will increase with a high negative score. Additionally, if the

confidence score is greater than 0.7, the two molecules will have the greatest chance of

binding; but, if the confidence level is between 0.5 and 0.7, binding may not be possible;

and if the confidence level is less than 0.5, binding may not be possible at all.
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Chapter 3

Result

3.1 Retrieval of the Marburg virus's nucleotide sequences

Based on the date of collection, the database was accessed and 109 viral genome

sequences by using NCBI's https://www.ncbi.nlm.nih.gov/ for subsequent analysis.

3.2 MSA (Multiple sequence alignment)

We performed MSA of all the genomes with this tool

https://www.genome.jp/tools-bin/clustalw and generated a consensus sequence using the

MSA file in the next step.

3.3 Determination of consensus sequence

In this step, we found a consensus sequence from the whole genome which is the

representative of 109 genome sequences. This tool first reads two input sequences, then

EMBOSS Needle saves the file with the best global sequence alignment. Here, we

extracted the gene sequences of gp and np after the pairwise alignment were done.

3.4 Target-specific siRNA prediction

Following that, gene sequences in fasta format were identified by siDirect 2.0. All three

algorithms Ui-Tei, Amarzguioui and Reynolds were followed by the output of sidirect

sequences. 17 of these were found to be of a rank of 1 across all 3 methods such as

i-score, dsir and s-biopredsi and to match with predicted siRNAs that were obtained using

i-Score Designer.

Table 1: sidirect2.0 Output

Sl no Target

position

Target

sequence

RNA

(oligo

guide,

Passenger

( sense)

Function

al

siRNA

selection

seed-duplex

stabilty

(Tm), guide

passeng

er
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antisense

)

gp1 344-366 CCGTG

ACTAT

CCTAA

ATGCA

AAA

UUGCA

UUUAG

GAUAG

UCACG

G

GUGAC

UAUCC

UAAAU

GCAAA

A

UA 20 20.3

gp2 576-598 CACAT

GAATC

TGACT

TCTAC

TAA

AGUAG

AAGUC

AGAUU

CAUGU

G

CAUGA

AUCUG

ACUUC

UACUA

A

UA 18.9 16.2

gp3 1351-1373 TACTC

AACAT

CTTATA

TATTTC

A

AAAUA

UAUAA

GAUGU

UGAGU

A

CUCAAC

AUCUU

AUAUA

UUUCA

URA -8.6 20.5

gp4 1728-1750 CGCTG

GTTTA

ATTAA

AAATC

AAA

UGAUU

UUUAA

UUAAA

CCAGC

G

CUGGU

UUAAU

UAAAA

AUCAA

A

URA 0.4 20

gp5 1733-1755 GTTTA

ATTAA

AAATC

AAAAC

AAT

UGUUU

UGAUU

UUUAA

UUAAA

C

UUAAU

UAAAA

AUCAA

AACAA

U

R 14.9 -7.5
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gp6 1833-1855 GGAAA

GAACA

TTTTC

CTTAA

TCA

AUUAA

GGAAA

AUGUU

CUUUC

C

AAAGA

ACAUU

UUCCU

UAAUC

A

R 19.9 19.2

gp7 2112-2134 ATCCT

GTATT

TGTCG

TATCTT

TA

AAGAU

ACGAC

AAAUA

CAGGA

U

CCUGU

AUUUG

UCGUA

UCUUU

A

UA 20.9 11.6

np1 58-80 CGTAA

TAAGA

AGGTG

ATATTA

TT

UAAUA

UCACC

UUCUU

AUUAC

G

UAAUA

AGAAG

GUGAU

AUUAU

U

R 8.7 6.9

np2 109-131 AATCA

GATAA

TAGAT

GCAAT

AAA

UAUUG

CAUCU

AUUAU

CUGAU

U

UCAGA

UAAUA

GAUGC

AAUAA

A

R 19.9 13.4

np3 172-194 CTGAC

TTTGT

GTGTT

GAACA

TTA

AUGUU

CAACA

CACAA

AGUCA

G

GACUU

UGUGU

GUUGA

ACAUU

A

URA 20.5 17.8

np4 544-566 TGAAA

GTAAT

TTTTG

AAAUA

CCAAA

AAUUA

AAAGU

AAUUU

UUGGU

R 20 4.6
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GTATT

TTG

CUUUC

A

AUUUU

G

np5 545-567 GAAAG

TAATT

TTTGG

TATTTT

GA

AAAAU

ACCAA

AAAUU

ACUUU

C

AAGUA

AUUUU

UGGUA

UUUUG

A

A 13.9 4.6

np6 641-663 ATGAC

AGTAT

CATCA

GTAAT

TCA

AAUUA

CUGAU

GAUAC

UGUCA

U

GACAG

UAUCA

UCAGU

AAUUC

A

UA 11.6 19

np7 712-734 GAGTT

CATCT

TGCAA

AAAAC

TGA

AGUUU

UUUGC

AAGAU

GAACU

C

GUUCA

UCUUG

CAAAA

AACUG

A

U -1.8 20.4

np8 964-986 GTGTC

AATGT

CGGCG

AACAA

TAT

AUUGU

UCGCC

GACAU

UGACA

C

GUCAA

UGUCG

GCGAA

CAAUA

U

UA 21.1 20.5

np9 1463-1485 AGCAC

AACAT

CGAGA

GAATT

TCA

AAAUU

CUCUC

GAUGU

UGUGC

U

CACAAC

AUCGA

GAGAA

UUUCA

URA 14.8 19.3
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np10 1783-1805 GTGAT

GTAAA

TGGTG

ATATCT

TA

AGAUA

UCACC

AUUUA

CAUCA

C

GAUGU

AAAUG

GUGAU

AUCUU

A

UA 17.4 6.9

3.5 siRNA off- target evaluation and palindromic sequence filtering

Only six siRNA exhibited query coverage less than or equal 80% for both strands among 17

siRNAs. After off-target evaluation, those sequences were checked for a palindromic pattern.

There were only three siRNAs found which had no palindrome in both guide and passenger

strands out of 6 siRNAs. These 3 were gp2, np3 and np7.

Table 2 : off-target evaluation by using blastN criteria 80% or less than that of 80% of

query coverage

Name of siRNA
Highest query coverage

matched protein

Query coverage(%)

gp2 Chondroitin sulfate

proteoglycan 5 (CSPG5)

80%

gp7 Golgin A8 80%

np3 Tousled like kinase 2 (TLK2) 80%

np7 PHD Finger Protein 3

(PHD3)

80%

np8 Plastin 3 (PLS) 80%

np9 Steap 80%
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3.6 Utilizing the S-fold to predict RNA duplex thermodynamics and target

accessibility

On the target site accessibility scale, Gp2 earned an 8, along with an 8 for np3, and np7.

DSSE was 1, 2.9 & 3.1 kcal/mol for gp2, np3, and np7. Gp2, np3, and np7 had an AIS of

-7.2 , -7.1 & -7.4 kcal/mol. The overall siRNA duplex scores for np3 and np7 were both

16. These three siRNAs met all S-fold filter requirements for functional siRNA. Table 3.

lists the parameters for the three siRNAs that were ultimately chosen based on S-fold

results.

Table 3 : S-fold output for the three siRNAs that were ultimately chosen.

Alias Passeng
er
(Sense)
strand

sum of
the
siRNA
duplex
scores

Score
for the
target
accessi
bility

Score for
duplex
thermodyn
amics

Antisense
siRNA
binding
energy
kcal/mol

variable
stability
of siRNA
duplex
ends
(DSSE,
kcal/mol)

Internal
stability
at the
cleavage
point on
average
(AIS,
kcal/mol)

Score
for the
duplex
feature

gp2

CAUG
AAUC
UGAC
UUCU
ACU

15 8 2 -28.3 1 -7.2 5

np3

GACU
UUGU
GUGU
UGAA
CAU

16 7 2 -14.3 2.9 -7.1 7

np7

GUUC
AUCU
UGCA
AAAA
ACU

16 8 2 -22 3.1 -7.4 6
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3.7 Identifying secondary structure and interacting with the target region of the

guide strand

For the gp target site and guide strand, the free energy of folding was 1.6 kcal/mol and

1.9kcal/mol, respectively. For the np3 target site and the np3 guide strand, it was 1.5 and

1.6, and for the np7 target site and np7 guide strand, it was 1.6 and 1.7. The designs of

binding for gp2, np3, and np7 between their target sequences, and guide strands, are

shown in (Figure 5)

Figure 5 : Three potent siRNAs have secondary structures in their guide strands and

target sequence. Also the free energy of folding of (a)gp, (b) np3, and (c) np7.
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Figure 6: Three efficient siRNAs (a) gp2, (b) np3, and (c) np7 structures of interactions

with their target sequences and binding free energies are shown. The strand on the left is

the target sequence and the strand on the right is the guide strand.

3.8 Molecular docking (MD) among the predicted siRNA strands and AGO2 Protein

The HDOCK tool predicts the binding complexes between two molecules (receptor and

ligand) The HDOCK method's Docking Candidates went through a lot of testing such as

docking scores and confidence scores, (Table 4). We identified and visualized the

complexes with the least energy values and the nearest siRNA binding locations. Figure 7

illustrates the flow of the current study from sequence retrieval through docking. The

Ago2-siRNA complex comprising np3 and np7 demonstrated the greatest and lowest

docking scores, respectively, of -455.11 and -317.85, with the remaining values falling in

between.
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Table 4: docking score, confidence score, and siRNA complex.

Sl no. Docking Score Confidence Score

Gp1 -352.77 0.9830

Np3 -455.11 0.9978

Np7 -317.85 0.9663

Figure 7 : Molecular docking of siRNA guide strands with the AGO2 protein. Docking

structures of the AGO2 protein with the(A) gp2, (B) np3 and (C) np7 sirna guide strand.

Here, MID defines pale green, PIWI pale yellow and PAZ wheat-colored. The remaining

protein is purple in hue and Red-colored siRNA guide strands are used.
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Chapter 4

Discussion

In this study, siRNAs against the marburg virus were predicted using in silico approaches.

The sequences were first determined using the sample collection date, which is related to

the strain of the marburg virus that was in use at the time.Using consensus sequences of

the marburg virus, which include variants of interest and concern, the siRNAs were

predicted.

In this case, seven different proteins are present in total gp, np, vp30,vp35,vp24,L were

found in 109 Marburg virus strains from throughout the world with consensus areas The

siDirect web service was utilized to identify potential targets and create appropriate

siRNAs using consensus sequences. Seven gene of MARV, among them 2 of which are

nucleocapsid phosphoproteins and surface glycoprotein were identified as siRNA targets.

To get better results and to predict the siRNAs, Ui-Tei, Amarzguioui, and Reynolds

guidelines were used by i-score designer. An artificial neural network serves as the

foundation for BIOPREDsi by Huesken [31]. DSIR and i-Score have been generated

using a linear regression method [29,37] and only six were discovered to overlap with

projected siRNAs (determined using i-Score Designer) and achieved a score of 1 in three

models those are- i-Score, dsir and s-Biopredsi.. In the next step, NCBI transcript

reference sequences database was utilized to compare BLASTN against in order to

forecast mRNAs that would be perfectly or almost perfectly complementary to

undesirable mRNAs. Short sequences were precisely aligned using modified BLAST

parameters. GESS was used to examine the effects in order to boost the expected siRNAs'

safety, even though Tm lowers seed-dependent off-target effects.

Target site accessibility and the thermodynamics of RNA duplex were addressed using

the siRNA module of S-fold. Based on Turner thermodynamic parameters, the

thermodynamic indices utilized in the siRNA module of the S-fold infer siRNA duplex

stability [40,41].Target site accessibility is necessary for RISC-mediated mRNA cleavage

both in vitro and intracellularly.[42]. Both siRNAs (np7 & gp2) achieved strong target

site accessibility scores of 8, indicating effective target binding. The DSSE, which is
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measured in kcal/mol, is determined by the variation in 5 end instability between the

sense and antisense strands.[43,44].

Furthermore, the DSSE and AIS values were calculated through s-fold. DSSE and AIS

values for GP2 were 1 AND -7.2 . NP3 and NP7 both showed DSSE values of 2.9 & 3.1

and an AIS value of -7.1, -7.4 respectively. According to S-fold, Gp2, np3, and np7 all

had AIS values more than -8.6 kcal/mol. For these three, a DSSE score >0 indicates a

greater likelihood of the guide strand joining with RISC. Target accessibility, duplex

features, and duplex thermodynamics are added to create the siRNA duplex score overall.

The siRNA duplex score can go up to 20. The Reynolds algorithm is used to calculate the

duplex feature score[28]. Three of each kind were above the S-fold threshold of 12 and

had a high siRNA duplex score overall of 17.Both np3 and np7's guide strands and target

sequences exhibited higher free energy values, clearly demonstrating that they were less

likely to fold. The highest accessibility ratings for the target site attained using the siRNA

S-fold module were consistent with the free energy of connecting among the target

sequences and guide strands are quite low for the gp2(-28.3), np3(-28.3), and np7(-28.3),

respectively.

The siRNA's secondary structure may prevent the target from being cleaved by RISC.

Therefore, it is critical to forecast future secondary structure and determine the associated

folding's free energy. Thereby, the estimated siRNA guide strands' possible folding

structures and minimum lowest free energies were calculated using the RNA structure

online server (figure 6). The target and guide siRNA interaction was then estimated using

DuplexFold [58], along with the associated binding energies. Lower binding energy is a

sign of better interaction as well as a greater chance of target inhibition.

Utilizing the siRNAPred, DuplexFold, , the top three siRNA candidates were selected

after taking into account the ideal variables derived from the calculation (Table 3).In

addition , these siRNAs are anticipated to function better. Following that, to understand

how siRNAs interact with the critical RISC enzyme Ago2, molecular docking studies

using siRNAs were considered. HDOCK server http://hdock.phys.hust.edu.cn/ was used

to dock the Ago2 and siRNA molecules after modeling . In order to select the best

docked complex based on the docking score, the resultant docking complexes were
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manually reviewed after being downloaded from the server. After docking, among the 10

models , took the most lowest docking score and confidence score of gp2, np3 and np7

(table 3).Compared to gp2 and np7, np3 guide strand AGO2 complex scored higher in

terms of docking energy. As we know the more negative docking score , the sirna will be

stronger. Additionally, the complexes visualization revealed that the np3 guide strand was

entirely bound in the AGO2 chamber, than the gp2 and np7 complex. It can be said that,

np3 gains a potential performance over gp2 and np7.
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Conclusion

Using computational methods, siRNA interactions can be built and predicted towards a

particular gene target to silence the expression of it. In this study, the effectiveness of

three siRNA molecules against the genes encoding the outside glycoprotein and

nucleoprotein of 109 Marburg virus strains was predicted using a computational method

that took into account all the maximum parameters under ideal circumstances and

cutting-edge molecular modeling and docking analysis. The creation of therapeutic

siRNA methods may offer a viable alternative to conventional vaccine design for slowing

the Marburg outbreak and healing the affected people. To sum up, using computational

and bioinformatics approaches, three siRNAs were predicted utilizing the consensus

areas of the coding sequences of 7 marburg virus genes . These three siRNAs match all

the strict and robust filtering criteria. To demonstrate their true therapeutic efficacy,

however, additional in vivo research is required.
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