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Amyotrophic lateral sclerosis (ALS) is a progressive neu-
rodegenerative disorder that leads to the degenera-
tion of motor neurons and the weakening of muscles. 
Despite extensive research efforts, there is currently 
no cure for ALS and existing treatments only address 
its symptoms. To address this unmet medical need, ge-
nome editing technologies, such as CRISPR-Cas9, have 
emerged as a promising solution for the development 
of new treatments for ALS. Studies have shown that 
CRISPR-Cas9-guided RNAs have the potential to provide 
accurate and effective silencing in the genetic disease of 
ALS. Results have demonstrated a 67% on-target score 
and a 98% off-target score with GC content within the 
range of 40–60%. This is further validated by the corre-
lation between the gRNA’s structural accuracy and the 
minimum free energy. The use of CRISPR-Cas9 provides 
a unique opportunity to target this disease at the molec-
ular level, offering hope for the development of a more 
effective treatment. In silico and computational thera-
peutic approaches for ALS suggest that the CRISPR-Cas9 
protein holds promise as a future treatment candidate. 
The CRISPR mechanism and the specificity of gRNA pro-
vide a novel therapeutic approach for this genetic dis-
ease, offering new hope to those affected by ALS. This 
study highlights the potential of CRISPR-Cas9 as a prom-
ising solution for the development of new treatments for 
ALS. Further research is required to validate these find-
ings in preclinical and clinical trials and to establish the 
safety and efficacy of this approach in the treatment of 
ALS.
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INTRODUCTION

Amyotrophic Lateral Sclerosis (ALS), commonly re-
ferred to as Lou Gehrig’s disease, is a degenerative neu-
rological condition that predominantly impacts the motor 

neurons that regulate voluntary muscle movement. The 
ailment was initially documented by the French neurolo-
gist Jean-Martin Charcot in 1869 and has subsequently 
been acknowledged as among the most catastrophic mo-
tor neuron disorders (Longinetti & Feng, 2019). ALS is 
a condition that impacts individuals of diverse ethnici-
ties and age groups across the globe, with a marginal 
preponderance in males. The Etiology of ALS remains 
largely elusive, albeit a small proportion of cases, rang-
ing from 5% to 10%, are deemed familial, stemming 
from heritable genetic mutations (Hardiman et al., 2017). 
The vast majority of ALS cases are sporadic, lacking a 
discernible familial background. The prevalence of ALS 
exhibits heterogeneity among diverse populations, with 
an annual occurrence rate of 1 to 3 cases per 100 000 
persons. ALS has an estimated prevalence of approxi-
mately 4-8 cases per 100 000 individuals, although certain 
regions have reported higher rates (Longinetti & Fang, 
2019). Symptoms of ALS may first appear in the mus-
cles that govern speech and swallowing, as well as in the 
hands, arms, legs, and feet. ALS has two types, depend-
ing upon the gene due to which it is caused. SOD1 and 
C9ORF72 are the genes that are responsible for this fa-
tal disease. These genes play a crucial role in many pro-
cesses including the control of motor neurons (Masrori 
& Vane Damme, 2020; Longinetti & Feng, 2019).

Regrettably, at present, there exists no remedy for 
ALS but the modern artificial intelligence-based tech-
nologies can be proved as enhanced treatment strategies 
with revolutionized drug design approaches (Naveed et 
al., 2023a; Naveed et al., 2023b). The mainstay of treat-
ment approaches is centred on symptom management, 
provision of supportive care, and enhancement of the 
patient’s quality of life. The implementation of a mul-
tidisciplinary approach entails the collaboration of a 
diverse group of healthcare professionals, such as neu-
rologists, physical therapists, occupational therapists, 
speech-language pathologists, nutritionists, and pallia-
tive care specialists (Morimoto et al., 2019). The primary 
objectives of therapy entail the deceleration of the dis-
ease advancement, effective symptom management, and 
the consideration of the emotional and psychological 
dimensions of the ailment. ALS is a disease that leads 
to paralysis and causes premature death of patients. A 
drug named Riluzole is a glutamate antagonist that in-
creases the survival of patients by a few months. An-
other drug named Endaravone was recently approved 
by FDA in 2017 (Saitoh & Takahashi, 2020; Yoshino, 
2019). However, the European Medicine Agency (EMA) 
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has not approved this drug. There is no viable treatment 
for ALS patients despite decades of constant efforts to 
understand and to develop drugs for this illness. Clinical 
therapy, including early gastrostomy tube installation for 
nutritional intervention or non-invasive positive pressure 
ventilation for respiratory intervention, can help patients 
to feel better and live longer (Shoesmith et al., 2020). 
Nevertheless, the condition cannot be cured by these 
treatments. The complexity of the condition, late diag-
nosis, and difficulties in developing a treatment that can 
effectively reach the central nervous system are all fac-
tors that can be connected to the failure of conventional 
pharmacological and interventional therapies (Varghese et 
al., 2020; Norris et al., 2020).

This research aims to design a proper gene therapy 
(Insilco) that aids the treatment of ALS. As we know 
that currently, there is no therapy for ALS other than 
the anti-glutamatergic compound riluzole, which is less 
effective in improving symptoms and only increases the 
survival period of a patient by a few months. The im-
plementation of Insilco approaches for the assessment 
of current and future treatment strategies in ALS could 
shorten trial durations and reduce costs and burden on 
patients, thereby providing hope that effective therapies 
can be rapidly translated into the ALS clinic.

MATERIALS AND METHODS

Sequence Retrieval

The reference sequence of the Superoxide dismutase-1 
(SOD1) gene was retrieved from NCBI (Nation Centre 
for Biotechnology Information) (https://www.ncbi.nlm.
nih.gov) from the specifically allocated accession ID 
NM_000454. The sequence was retrieved in the FASTA 
format and saved in a text document for further utiliza-
tion (Schoch et al., 2020).

Local alignment of the sequence

To identify the mutations, present in the SOD1 gene 
sequence, the sequence was analysed for local alignment 
by NCBI BLASTx (https://blast.ncbi.nlm.nih.gov/Blast.
cgi ). The BLASTx is a tool of NCBI that performs 
the local alignment of the query sequences with already 
available sequences in the database and gives results in 
the form of amino acids to identify the SNPs that might 
be responsible for the disease. The disease-causing SNPs 
were validated by the comparison with the NCBI db-
SNP database (https://www.ncbi.nlm.nih.gov/snp).

Cas9 Endonuclease Protein

For genome engineering, the particular enzyme Cas9 
Endonuclease protein was utilized. This enzyme should be 
used because it is simple and has all the basic capabili-
ties to split DNA molecules into single strands. The Cas9 
genome editing protein includes blunt ends and cuts sites, 
RNA-guided endonucleases, PAM site (NGG), crRNA, 
and tracrRNA. It can cut specific regions of the genomic 
DNA. Cas9 protein caused a double-strand break in the 
genomic DNA of SOD1 (Koonin et al., 2023).

Formation of gRNA

The gRNA (guide RNA) is a small synthetic sequence 
of RNA that functions as a guide for DNA targeting en-
zymes. These enzymes are used for various purposes like 
deletion, insertion, or targeting of RNA (Collins et al., 

2021). The design of gRNA can be automated through 
the use of various tools available online. Among these 
tools we prefer CHOPCHOP (https://chopchop.cbu.
uib.no), an online tool that offers a wide range of in-
puts and alignments to minimize search times. This tool 
is the most authentic and reliable for designing gRNA 
(Labun et al., 2021).

Steps for generating gRNA

The CHOPCHOP tool provides a user-friendly in-
terface for designing gRNA sequences for the CRISPR-
Cas9 system. To start, the user simply enters the gene 
name on the home page and selects the desired genome 
version or species. Next, the user selects the specific ver-
sion of the Cas9 protein to be used. The user then spec-
ifies the desired outcome of the experiment, whether it 
be gene knockout, inhibition, or repression. The general 
settings of CHOPCHOP can then be left unchanged. 
Upon clicking the “Find Target” button, the tool pro-
vides a list of all gRNA sequences present in the se-
lected gene. The user can then select the desired gRNA 
sequence for their experiment (Labun et al., 2021).

Verification of gRNA

To verify the effectiveness of gRNA, it is important 
to assess its on-target and off-target binding capacity. 
Several online tools are available for this purpose, in this 
study IDT (Integrated DNA Technology) (https://www.
idtdna.com/site/order/designtool/index/) was chosen. 
IDT is a database that facilitates molecular-level analysis 
of DNA and RNA, where gRNA sequence was submit-
ted for the checking off-target and on-target. The more 
suitable the gRNA was, the higher its on-target and off-
target binding capacity became.

Indicating the off-Target and on-Target Scores

It was found that GC, which includes three hydrogen 
bonds and is more stable, had a stronger connection be-
tween guanine and cytosine. As a result, GC content of 
up to 50% destabilized off-target hybridization while sta-
bilizing the DNA-RNA duplex. The choice of the num-
ber range was made because it fell within the SOD1 cod-
ing zone. This numerical range represented the off-target 
and on-target ratings for gRNA, with numbers running 
from 0 to 100 and 100 being considered the best score 
in each situation. The genomic area of the targeted gene 
had to be carefully chosen. In the study, the SOD1 gene 
was used to obtain accurate off-target scores by IDT 
(Integrated DNA Technology).

Assembling of gRNA Expression Vector

Assembling of gRNA was done after the selection of 
the desired gRNA. Since it is being genetically modi-
fied for this purpose, a specific expression vector that 
optimized lentiCRISPR v2 (52963) was selected. It has 
two expression cassettes, the chimeric guide RNA and 
hSpCas9. The vectors provided on this list were given 
by Feng Zhang’s laboratory (https://zlab.bio) at MIT. 
All the enlisted plasmids were different, some expressed 
nuclease-deficient Cas9 that are used for gene activation 
and repression while others are optimized for genome 
editing by using CRISPR. For this validation, a new 
plasmid lentiCRISPR v2 was selected because it includes 
Cas9 within the same vector that was optimized for the 
Human Genome (SOD1 gene).

https://www.ncbi.nlm.nih.gov
https://www.ncbi.nlm.nih.gov
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://www.ncbi.nlm.nih.gov/snp
https://chopchop.cbu.uib.no
https://chopchop.cbu.uib.no
https://www.idtdna.com/site/order/designtool/index/
https://www.idtdna.com/site/order/designtool/index/
https://zlab.bio
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Calculation Thermodynamic ensemble prediction

The RNAcofold program was a reliable tool for esti-
mating hybridization energy and analyzing the thermody-
namic interaction between the target gene and the expect-
ed sgRNA. Additionally, the Vienna RNA program was 
also used for this purpose. Both programs showed how 
RNA sequences base-paired. The calculated communica-
tion energies and equilibrium duplex structure concentra-
tions were determined using the RNAcofold program.

Secondary Structure Prediction

The Mfold Web server (http://rna.tbi.univie.ac.at/cgi-
bin/RNAWebSuite/RNAfold.cgi), which included the 
UNAfold program, was used in the study and considered 
one of the most reliable and frequently referenced tools 
for predicting secondary structures. The UNAfold pro-
gram was used to predict the secondary structure of the 
sgRNA strand by minimizing free energy, and it was able 
to predict sgRNA architectures containing pseudoknots.

RESULTS

Sequence Retrieval and Analysis

In this study, the SOD1 (Superoxide dismutase 1) 
gene sequence was retrieved from the NCBI (National 
Center for Biotechnology Information) database (htt-

ps://www.ncbi.nlm.nih.gov) using the accession num-
ber NM_000454.4. The selection of the sequence was 
based on a comprehensive literature review. The cho-
sen sequence was the start codon of the SOD1 receptor 
gene located on chromosome X at position 31659693-
31668931.

Open reading frame (ORF) screening

The screening of the coding region of the SOD1 gene 
was performed using the open reading frame finder (htt-
ps://www.ncbi.nlm.nih.gov/orffinder). The ORF finder 
is a widely used tool for predicting and analysing open 
reading frames. In the case of the SOD1 gene, 56 ORFs 
were identified and were calculated from the genomic 
coordinates 31659693-31668931. Figure 1 below repre-
sents the ORFs of SOD1 gene.

Analysis of the designed guide RNA

The gRNA design was based on the objective of iden-
tifying or cutting the target gene. The CHOPCHOP tool, 
a web-based platform, was utilized to design the gRNA 
sequence. The SOD1 gene was inserted into the software 
as the targeted gene, with the exon region represented 
by a blue box and the introns indicated by red lines. The 
structural representation of SOD1 gene is given below 
in the Fig. 2 and the Table 1 below depicts the target 
sequences with their genomic locations inside the gene.

Figure 1. Graphical representation of the open reading frame (ORF) of the SOD1 gene

Figure 2. Structural representation of SOD1 gene

Table 1. Target sequences and genomic locations of the target sites in SOD1 gene

Rank Target sequence Genomic location Strand GC con-
tent (%)

Self-comple-
mentarity MM0 MM1 MM2 MM3 Effi-

ciency

1 CTAGCGAGTTATGGCGACGAAGG chr21:31659760 + 55 2 0 0 0 0 67.55

2 TAACTCGCTAGGCCACGCCGAGG chr21:31659748 - 65 4 0 0 0 1 69.6

3 CTTCGTCGCCATAACTCGCTAGG chr21:31659759 - 55 2 0 0 0 1 55.63

http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.cgi
http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.cgi
https://www.ncbi.nlm.nih.gov
https://www.ncbi.nlm.nih.gov
https://www.ncbi.nlm.nih.gov/orffinder
https://www.ncbi.nlm.nih.gov/orffinder
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off-Targets

Location No. of Mismatches Sequence

No of Targets

Shen et al., 2018 Predictions of Repair Profile – Statistics of GRNA1

Reference Sequence GGGGTTTCCGTTGCAGTCCTCGGAACCAGGACCTCGGCGTGGCCTAGCGAGTTATGGCGA
< > CGAAGGCCGTGTGCGTGCTGAAGGGCGACGGCCCAGTGCAGGGCATCATCAATTTCGAGC

Frameshift Frequency 34.94

Precision Score 0.59

Frame+0 Frequency 65.06

Frame+1 Frequency 65.06

Frame+2 Frequency 18.52

1-Bp Ins Frequency 7.46

Highest Del Frequency 44.27

Highest Ins. Frequency 4.16

Highest Outcome Frequency 44.27

Microhomology Deletion Frequency 82.80

Microhomology-Less Deletion Frequency 9.74

Pair Left primers co-
ordinates Left primer Left primer 

Tm
Right primer 
coordinates Right primer Right primer 

Tm
Pair off-
-target

Product 
size

1 Chr21:31659647-
31659669

CGGAGGTCTG-
GCCTATAAAGTA 59.6 Chr21:31659820-

31659842
CTTCTGCTCGA-
AATTGATGATG 59.8 0 195

2 Chr21:31659657-
31659679

GCCTATAAAG-
TAGTCGCGGAGA 59.9 Chr21:31659820-

31659842
CTTCTGCTCGA-
AATTGATGATG 59.8 0 185

3 Chr21:31659660-
31659682

TATAAAG-
TAGTCGCGGA-
GACGG

60.6 Chr21:31659820-
31659842

CTTCTGCTCGA-
AATTGATGATG 59.8 0 182

4 Chr21:31659657-
31659679

GCCTATAAAG-
TAGTCGCGGAGA 59.9 Chr21:31659821-

31659843
CCTTCTGCTC-
GAAATTGAT-
GAT

60.6 0 186

5 Chr21:31659647-
31459647

CGGAGGTCTG-
GCCTATAAAAG-
TA

59.6 Chr21:31659821-
31659843

CCTTCTGCTC-
GAAATT-
GATGTGAT

60.6 0 196

Table 2. The primer specifications and their off-targets for the designed primers of gRNA for rank 1

Figure 3. Graphical representation of gRNA along with its primers and off-Targets for rank 1
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Figure 4. Graphical representation of gRNA along with its primers and off-Targets for rank 2

Table 3. The primer specifications and their off-targets for the designed primers of gRNA for rank 2

Pair Left primers coor-
dinates Left primer Left primer 

Tm
Right primer 
coordinates Right primer

Right 
primer 
Tm

Pair off-
-target

Product 
size

1 Chr21:31659647-
31659669

CGGAGGTCTGGC-
CTATAAAGTA 59.6 Chr21:31659820-

31659842
CTTCTGCTC-
GAAATTGAT-
GATG

59.8 0 195

2 Chr21:31659657-
31659679

GCCTATAAAG-
TAGTCGCGGAGA 59.9 Chr21:31659820-

31659842
CTTCTGCTC-
GAAATTGAT-
GATG

59.8 0 185

3 Chr21:31659660-
31659682

TATAAAG-
TAGTCGCGGA-
GACGG

60.6 Chr21:31659820-
31659842

CTTCTGCTC-
GAAATTGAT-
GATG

59.8 0 182

4 Chr21:31659657-
31659679

GCCTATAAAG-
TAGTCGCGGAGA 59.9 Chr21:31659821-

31659843
CCTTCTGCTC-
GAAATTGAT-
GAT

60.6 0 186

5 Chr21:31659647-
31459647

CGGAGGTCTGGC-
CTATAAAAGTA 59.6 Chr21:31659821-

31659843
CCTTCTGCTC-
GAAATT-
GATGTGAT

60.6 0 196

Highest Outcome Frequency 24.03

Microhomology Deletion Frequency 77.97

Microhomology-Less Deletion Frequency 17.49

off-Targets

Location No. of Mismatches Sequence

chr1:157046129 3 CCTCGGCGcGGCCTAGCGgGTTc

Shen et al., 2018 Predictions of Repair Profile – Statistics of GRNA1

Reference Sequence ACTGGGCCGTCGCCCTTCAGCACGCACACGGCCTTCGTCGCCATAACTCGCTAGGCCACG<>CCGAGGT
CCTGGTTCCGAGGACTGCAACGGAAACCCCAGACGCTGCAGGAGACTACGACG

Frameshift Frequency 60.99

Precision Score 0.49

Frame+0 Frequency 39.01

Frame+1 Frequency 44.70

Frame+2 Frequency 16.29

1-Bp Ins Frequency 4.54

Highest Del Frequency 24.03

Highest Ins. Frequency 2.37
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Figure 5. Graphical representation of gRNA along with its primers and off-Targets for rank 3

off-targets

Location No. of Mismatches Sequence

chr16:49703781 3 CTagGTCGCCcTAACTCGCTGGG

Shen et al., 2018 Predictions of Repair Profile – Statistics of GRNA1

Reference Sequence TGATGCCCTGCACTGGGCCGTCGCCCTTCAGCACGCACACGGCCTTCGTCGCCATAACTC<>GC
TAGGCCACGCCGAGGTCCTGGTTCCGAGGACTGCAACGGAAACCCCAGACGCTGCAGG

Frameshift Frequency 75.30

Precision Score 0.46

Frame+0 Frequency 24.70

Frame+1 Frequency 35.83

Frame+2 Frequency 39.47

1-Bp Ins Frequency 10.15

Highest Del Frequency 16.98

Highest Ins. Frequency 7.20

Highest Outcome Frequency 16.98

Microhomology Deletion Frequency 68.14

Microhomology-Less Deletion Frequency 21.70

Table 4. The primer specifications and their off-targets for the designed primers of gRNA for rank 3

Pair Left primers coor-
dinates Left primer Left primer 

Tm
Right primer 
coordinates Right primer Right pri-

mer Tm
Pair off-
-target

Product 
size

1 Chr21:31659647-
31659669

CGGAGGTCTG-
GCCTATAAAG-
TA

59.6 Chr21:31659820-
31659842

CTTCTGCTCGA-
AATTGATGATG 59.8 0 195

2 Chr21:31659657-
31659679

GCCTATAAAG-
TAGTCGCG-
GAGA

59.9 Chr21:31659820-
31659842

CTTCTGCTCGA-
AATTGATGATG 59.8 0 185

3 Chr21:31659660-
31659682

TATAAAG-
TAGTCGCGGA-
GACGG

60.6 Chr21:31659820-
31659842

CTTCTGCTCGA-
AATTGATGATG 59.8 0 182

4 Chr21:31659657-
31659679

GCCTATAAAG-
TAGTCGCG-
GAGA

59.9 Chr21:31659821-
31659843

CCTTCTGCTCGA-
AATTGATGAT 60.6 0 186

5 Chr21:31659647-
31459647

CGGAGGTCTG-
GCCTATA-
AAAGTA

59.6 Chr21:31659821-
31659843

CCTTCTGCTCGA-
AATTGATGTGAT 60.6 0 196
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The CHOPCHOP tool was utilized to generate mul-
tiple gRNA sequences for the target gene [3]. CHOP-
CHOP displayed the sequence with the minimum num-
ber of mismatches at the top, as it was crucial for the 
number of mismatches to be zero. If the number of 
mismatches were greater than one, both the targeted and 
non-targeted regions of the gene would have been cut. 
The top three target sequences were carefully selected 
from the CHOPCHOP results, taking into considera-
tion both efficiency and 100% matching with the target. 
Figure 3 depicts the graphical representation of gRNA 
along with its primers and off-targets below. The specifi-
cations of the designed primers and their off-targets are 
given below in the Table 2.

The first rank was selected based on the target se-
quence CTAGCGAGTTATGGCGACGA and its 
genomic location on chromosome 21 at position 
31659760. The target had a GC content of 55% and 2 
instances of self-complementarity. The first pair of prim-
ers for the left coordinates on chromosome 21, located 
between positions 31659647 and 31659669, had a se-
quence of CGGAGGTCTGGCCTATAAAGTA with a 
melting temperature (TM) of 59.6°C. The right primer 
coordinates, located between positions 31659820 and 
31659842, had a primer sequence of CTTCTGCTC-
GAAATTGATGATG and had zero off-targets with a 
product size of 195. The location of the first gRNA was 
in the first exon, but in the case of general, mutations 

near the C terminus of a protein are less likely to re-
sult in loss of function for that protein [4]. The graphical 
representation of the gRNA and primers for rank 2 are 
given below in the Fig. 4 and the primer specifications 
and off-targets are given below in the Table 3.

As represented in Fig. 4, the selection was made 
for rank 3 with a target sequence of CTTCGTCGC-
CATAACTCGCT and a genomic location locat-
ed at chr21:31659759, exhibiting a GC content of 
59.6% and 2 instances of self-complementarity. 
The primer pair for the left primers was situated at 
chr21:31659647-31659669, with a primer sequence of 
CGGAGGTCTGGCCTATAAAGTA and a melting 
temperature (TM) of 59.6°C. The right primer was 
positioned at chr21:31659820-31659842, possessing 
a primer sequence of CTTCTGCTCGAAATTGAT-
GATG, with zero off-target pairs and a product size 
of 195. It was generally observed that mutations close 
to the C-terminus of a protein had a reduced prob-
ability of causing a loss-of-function mutation in the 
protein [5]. The graphical representation of the gRNA 
and primers for rank 3 are given below in the Fig. 5 
and the primer specifications and off-targets are given 
below in the Table 4.

Above figure represents the selection of rank 6, 
with a target sequence of GTCGCCCTTCAGCACG-
CACA located on chr21:31659783 and a GC content of 
65%, with zero self-complementarity. The first primer 

Table 5. The target sequences, chromosomal position, and target sources of the SOD1 target

sgRNAs Target sequence (5’-3’) Position of SOD1 gene off-target sources on-target sources GC% Content

sg(SOD1)1 CTAGCGAGTTATGGCGACGA Ch21:31659760 98 67 55

sg(SOD1)2 CTTCGTCGCCATAACTCGCT Ch21:31659759 96 57.6 55

sg(SOD1)3 GTCGCCCTTCAGCACGCACA Ch21:31659783 82 53 65

Table 6. Validation of the designed primers

Chr21:31659647-31659669
Assembly 1 FWD
 5’ CGGAGGTCTGGCCTATAAAGTA3’
 Position +/
Tm 60°C
Length
22
GC Content
50%
Melting Temp. Tm
59.6°C

Chr21: 31659820-31659842
Assembly 1 REV
 5’ CTTCTGCTCGAAATTGATGATG 3’
 Position –/
Tm 60°C
Length
22
GC Content
40.9%
Melting Temp. Tm
59.8°C

Chr21:31659657-31659679
Assembly 2 FWD
 5’ GCCTATAAAGTAGTCGCGGAGA3’
 Position +/
Tm 60°C
Length
22
GC Content
50%
Melting Temp. Tm
59.9°C

Chr21:31659821-31659843
Assembly 2 REV
 5’ CCTTCTGCTCGAAATTGATGAT3’
 Position –/
Tm 60°C
Length
22
GC Content
40.9%
Melting Temp. Tm
60.6°C

Chr21:31659657-3659679
Assembly 2 FWD
 5 GCCTATAAAGTAGTCGCGGAGA 3’
 Position +/
Tm 60°C
Length
22
GC Content
50%
Melting Temp. Tm
59.9°C

Chr21:31659902-31659920
Assembly 2 REV
 5’CCCGCTCCTAGCAAAGGT3’
 Position –/
Tm 60°C
Length
18
GC Content
61.1%
Melting Temp. Tm
60.4°C
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pair had a left primer at coordinate’s chr21:31659647-
31659669, with a primer sequence of CGGAGGTCTG-
GCCTATAAAGTA and a melting temperature of 
59.6°C. The right primer was located at coordinate’s 
chr21:31659828-31659848, with a primer sequence of 
CCTTGCCTTCTGCTCGAAAT, and its paired off-tar-
gets were zero, with a product size of 201. There were 
three miss-matches in this gRNA, which were caused by 
the off-target, and it was generally noted that mutations 
close to the C terminus of a protein are less likely to re-
sult in a loss of function mutation of that protein.

Three gRNAs were designed, sgRNA1, sgRNA2, and 
sgRNA3. SgRNA1 was positioned at chrX:31659760 in 
the SOD1 gene, within the target sequence CTAGC-
GAGTTATGGCGACGAAGG. SgRNA2 was po-
sitioned at chrX:31659759 in the SOD1 gene se-
quence, within the target sequence CTTCGTCGCCA-
TAACTCGCTAGG, and sgRNA3 was positioned at 
chrX:31659783 in the SOD1 gene sequence, within the 
target sequence GTCGCCCTTCAGCACGCACACGG. 
The results are explained in Table 5.

Primer validation

For the validation of the primer CHOPCHOP tool 
was used and the results obtained from it are shown in 
Table 6.

Design of lentiCRISPR v2 for genome editing

The design of the detailed vector plasmid was ob-
tained through the use of a benching tool, and the 
different regions were depicted in Fig. 6. The plasmid 
consisted of two expression cassettes, including the 
chimeric guide RNA and hSpCas9. The vector was 
digested using BsmBI, and a pair of annealed oligos 
were cloned into the single gRNA scaffold. The oli-
gos were designed based on the target sequence site 
(20bp) and were flanked at the 3’ end by a 3bpPAM 
sequence (AGG) upstream of the protospacer.

The use of LentiCRISPR v2 plasmids was studied 
for the delivery of CRISPR materials and targeted 
genome editing in the SOD1 gene, work on high-ef-
ficiency multiplex genome editing of the SOD1 gene 
using an engineered mechanism of CRISPR-Cas9. In 
this study, the LentiCRISPR v2 plasmid was designed 
by inserting a gRNA expression cassette, from which 
the Cas9 gRNA was co-expressed with a gRNA that 
recognized the target sequence or gene. As a result, 
it was hypothesized that the gRNA expression cas-

Table 7. The approximate prediction of the secondary structure free energy model

Target No Target RNA sequence Free Energy of Thermodynamic Frequency of the MFE Ensemble Diversity

01 CTAGCGAGTTATGGCGACGAAGG –1.87 kcal/mol 75.45 % 2.14

02 CTTCGTCGCCATAACTCGCTAGG –0.89 kcal/mol 45.27 % 2.58

03 GTCGCCCTTCAGCACGCACACGG –1.73 kcal/mol 42.28 % 3.55

Figure 6. Designed plasmid for the expression of edited target 
in SOD1

Figure 7. (A) The minimum free energy (MFE) structure, a ther-
modynamic ensemble of RNA structures, and the centroid 
structure were represented. The optimal secondary structure, 
CTAGCGAGTTATGGCGACGAAGG was shown to have a minimum 
free energy of –1.87 kcal/mol and was depicted in the graph. 
(B) The MFE structure, the thermodynamic ensemble of RNA 
structures, and the centroid structure were represented. The 
graph depicted the optimal secondary structure CTTCGTCGC-
CATAACTCGCTAGG with a frequency of minimum free energy 
–0.89 kcal/mol. (C) the MFE structure, thermodynamic ensemble 
of RNA structures, and the centroid structure were represented. 
The graph displayed the optimal secondary structure, GTCGCC-
CTTCAGCACGCACACGG, with a minimum free energy of –1.73 
kcal/mol. (D) The percentage GC Content.
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sette within the LentiCRISPR viral vector would be 
targeted and destroyed along with the target sequence 
of the gene, leading to sustained expression of Cas9. 
The LentiCRISPR v2 carried gRNAs targeting both 
the Cas9 and SOD1 genes.

Thermodynamic ensemble prediction

The approximate prediction of the secondary structure 
free energy model was represented in Table 7. The fre-
quency of the minimum free energy and ensemble di-
versity were analyzed against the target gRNA sequences. 
The RNAfold web server (http://rna.tbi.univie.ac.at/cgi-
bin/RNAWebSuite/RNAfold.cgi) was used to predict 
the thermodynamic ensemble prediction, as shown in 
Figs 9, 10, and 11 (Graphical Representation of Thermo-
dynamic Ensemble Energy).

Figure 8. (A) Secondary structure of target gRNA1 fold (B) Sec-
ondary structure of target gRNA1 MaxExpect (C) Secondary 
structure of target gRNA1 Partition.

Figure 9. (A) Secondary structure of target gRNA1 fold (B) Sec-
ondary structure of target gRNA1 MaxExpect (C) Secondary 
structure of target gRNA1 Partition.

Figure 10. (A) Secondary structure of target gRNA1 fold (B) 
Secondary structure of target gRNA1 MaxExpect (C) Secondary 
structure of target gRNA1 Partition.

Figure 11. The specificity of the complex was encoded in the 
first 20 nucleotides of the gRNA

http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.cgi
http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.cgi
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Calculation of the GC Content

In the study, the “RNA /DNA GC Content Calcula-
tor” (http://www.endmemo.com/bio/gc.php) was used 
to predict the GC content. The gene to be knocked 
down needed to have a standard percentage of GC con-
tent as a requirement for use as a sgRNA CRISPR-Cas9. 
The Mfold server was used to predict the free energy of 
folding and secondary structure for the sgRNA. By using 
this server, it was found that the gRNA had 52%, 48%, 
and 43% GC content, respectively. The percentage GC 
content is given above in Fig. 8 (D).

Prediction of the secondary structure

The secondary structure of gRNA was predicted us-
ing an online tool from Mathew’s lab (https://rna.urmc.
rochester.edu/RNAstructure.html). The RNA sequence 
of interest was first input into the software, which then 
performed calculations including energy minimization 
and partition function analysis to predict the most likely 
secondary structure of the RNA molecule. The tool pre-
dicted the structure in a graphical format, such as a dot 
plot or a secondary structure diagram and outputted the 
structure in various formats for further analysis.

The Mathew Lab RNA Structure tool was widely used 
in the RNA research community, and it was capable of 
predicting the secondary structure of RNAs with high 
accuracy. However, it is important to note that these 
predictions were based on thermodynamics, which may 
not always reflect the true structure of an RNA mole-
cule, particularly in the presence of specific proteins or 
other molecules that could impact its structure.

Designed gRNA evaluation

In this step, two sgRNAs (sgRNA1 and sgRNA2) 
were designed to target a specific sequence in the SOD1 
gene. The specificity of the complex was encoded in 
the first 20 nucleotides of the gRNA, which were repre-
sented in Fig. 11 (A) and (B) respectively, represented in 
green. The alteration of these 20 nucleotides resulted in 
changes to the DNA sequence.

The analysis of the gRNAs was performed. The Cas-
9RNP was joined with the (-) sense strand of the gene 
and produced the double-strand break at the locations 
31659693 and 31659843.

It was crucial to ensure that the gRNA was attached 
to the complementary sequence. The results confirmed 
the strong incorporation of the guided strand. The abil-
ity of the sgRNA to bind with the complementary se-
quence of the target region demonstrated its capability 
as a gRNA. 

DISCUSSION

Amyotrophic lateral sclerosis (ALS) is a progressive 
neurodegenerative disease that affects nerve cells in the 
brain and spinal cord. It is also known as Lou Gehrig’s 
disease, after the famous baseball player who was diag-
nosed with the disease in the 1930s. The disease causes 
the degeneration and death of motor neurons, which 
are the nerve cells that control muscle movement. As 
the motor neurons die, the muscles they control weak-
en and eventually stop working, leading to symptoms 
such as difficulty in speaking, swallowing, and breath-
ing. The progression of the disease varies widely, with 
some people experiencing a rapid decline in their health, 
while others may live for many years with the disease 
(Krishnan et al., 2020).

The current study demonstrates the proof-of-concept 
utilizing the cellular disorder model whereby genetic de-
fect ALS could be corrected using CRISPR-Cas9 with 
results indicating that they are more similar to 99%. It 
demonstrates the on-target and off-target scores that 
hold GC content within 40-60%, observed by RNA /
DNA GC Content Calculator (Meijboom et al., 2022). 
This prediction is considered significant for the imple-
mentation of sgRNAs action. The CRISPR-Cas9 mecha-
nism on the mutant SOD1 gene is shown in Figure 6. 
Three target sites of the SOD1 gene were selected for 
designing target sgRNAs based on their location in the 
exonic region. Notably, the designed sgRNA1 and sgR-
NA2 targeted a sequence in the SOD1 gene. The speci-
ficity of this complex is encoded in the first 20nt of the 
gRNA as shown in Figure 5 (A) and (B). The binding 
ability of sgRNA with the complementary sequence of 
the target region proves their aptitude for working as 
gRNA (Raikwar et al., 2019).

The target region in the mutant human SOD1 gene is 
near the start codon. Scissors indicate the double-strand 
break location; black color highlights the CAG repeats in 
the SOD1 gene, and orange or yellow indicates sgRNA 
cassettes. Further validations are the minimum free ener-
gy that is considered a benchmark of sgRNAs structural 
accuracy. It measures the stability of the guide strand. 
The Mfold web server was used to calculate the mini-
mum free energy (Tyagi et al., 2020).. RNA structure 
webserver was used to predict the secondary structure 
of an oligonucleotide by folding minimum free energy. 
This server predicts the most stable structures of an 
oligonucleotide with max-expected accuracy as shown in 
the graphical representation in Graphs 1, 2, and 3. These 
graphs represent the MFE structure, the thermodynamic 
ensemble of RNA structures, and the centroid structure. 
The folded structures of oligonucleotides were predicted 
at a specific temperature of 39°C. These results indicate 
that CRISPR-Cas9 can provide one of the best therapeu-
tic approaches to ALS.

Imbued by the CRISPR mechanism and suitability of 
gRNA, pharmaceuticals and researchers are working to 
utilize this strategy as a therapeutic approach for the next 
generation. By using CRISPR technology researchers can 
easily modify the gene function and alter the DNA se-
quence. The emergence of CRISPR technology opens 
a new avenue to correct genetic disorders (Duan et al., 
2020; Tyagi et al., 2020). Recently, it has been used as 
an efficient tool for site-specific genome editing in sin-
gle cells and entire organisms in a specific manner. This 
study presents a specific possible future candidate in the 
treatment of SBMA that holds a tremendous potential 
therapeutic approach for a genetic disorder (Muhammad 
et al., 2023a; Muhammad et al., 2023b, Muhammad et al., 
2023c; Naveed et al., 2022)

Although these methodologies offer significant per-
spectives, they are unable to comprehensively depict the 
intricate biological mechanism within a living organism. 
Additional investigation utilizing animal models and clin-
ical trials involving humans is imperative to authenticate 
the effectiveness and safety of CRISPR-Cas9 as a treat-
ment for ALS (Kim et al., 2020).

CONCLUSION

Using bioinformatics techniques, we predicted three 
sgRNAs against the SOD1 gene on the X chromosome. 
The fast development of genome editing technologies 
and applications has been greatly aided by computational 

http://www.endmemo.com/bio/gc.php
https://rna.urmc.rochester.edu/RNAstructure.html
https://rna.urmc.rochester.edu/RNAstructure.html


Vol. 70       653CRISPR-Cas9 guided RNA based model

and experimental work. Advanced alignment techniques 
are being used simultaneously to enhance gRNA design 
and forecast off-target regions, which might hasten the 
development of better and more precise editing tools. 
It is extremely advantageous to create multiple sgRNAs 
with the aid of CRISPR technology for the silencing of 
important genes in different biological systems. CRISPR 
technology may be an emerging key to a novel therapy 
against SOD1. Compared to other gene-editing methods 
including TALENs and ZFNs, the CRISPR-Cas9 meth-
od is being widely used for gene editing and gene cor-
rection treatment strategy for several genetic disorders. 
All this is because of its cost-effectiveness and ability to 
edit multiple genes at the same time. This research may 
open a milestone corridor in the therapy of ALS. Re-
search revealed that CRISPR technology is an effective 
gene silencing method to cure genetic disorders in the 
future with much higher efficiency.

RECOMMENDATIONS

Since ALS is a disease caused by the production of 
toxin proteins, in this research we attempted to block the 
disease-causing expression of the gene by using CRISPR. 
The designed gRNA will bind to the target site allowing 
the enzyme to perform cleavage and this will result in 
the removal of those extra CAG repeats. This will cause 
the restoration of regular protein production similar to 
the use of CRISPR in other diseases, which are caused 
by abnormal numbers of CAG repeats in the gene, e.g., 
Huntington’s disease. The bioinformatics-based approach 
has shown accurate results, which need to be backed by 
in vitro and in vivo results for the clinical manifestation 
of this method.  We encourage further research on this 
particular and seemingly possible way of curing this dis-
ease as CRISPR-based gene editing has a tremendous 
potential for doing miracles in medical science. 
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