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Abstract: 

CRISPR/Cas9 (Clustered Regularly Interspaced Short 

Palindromic Repeats/CRISPR associated protein-9) system, 

discovered in 2012 by the 2020 Nobel Prize-winning Laureates 

Jennifer Doudna and Emmanuelle Charpentier is a bacterial 

defensive mechanism that exhibits the cleavage of genomic DNA at 

the desired location, resulting in the exit of the old genes and the 

induction of a new set of genes. The accuracy, precision or fidelity 

of the genetic cut depends on the target and the proto-spacer 

adjacent motif (PAM) sequences. The Cas9 protein recognises the 

PAM sequence (5'-NGG-3') by selecting the correct location of 

base-pair bonds within the target sequence on the host genome. 

Assembling the nucleotide sequence related to PAM and target 

sequence into a plasmid and then transfecting the plasmid into a 

cell shows that Cas9 with the help of a crRNA detected the correct 

sequence within a host cell. This results in a single or double-

stranded break at the appropriate location in the DNA, thereby 

working as a molecular scissor and performing a genetic cut. We 

choreographed this tool in achieving the information related to the 

generation of the PAM sequence and the off-target sites associated 

with the EGFR gene. We have identified the top 4 best gRNA 

sequences based on the highest SYNTHEGO scores range 0.98 to 

0.99. Furthermore, we used CCTop to identify the 4 best targets and 

guide RNA sequences with the highest efficacy score. Our 

manuscript is aimed at showcasing the best target sequence utilizing 

model software like that of SYNTHEGO and CCTop. 

 

Keywords: CRISPR/Cas9; gRNA; molecular scissor; EGFR 

gene; SYNTHEGO and CCTop computational tool. 

 

I. INTRODUCTION 

The clustered regularly interspaced short palindromic 
repeats (CRISPR) – CRISPR-associated protein 9 (Cas9) 
system is a bacterial defence mechanism against phage 
infection.The system is a component of the adaptive immunity 
in bacteria against viruses and plasmids. This method has had 
successful applications in biological systems ranging from 
yeasts to rodents and mammals and thus, has intentionally been 
used as a powerful RNA-guided DNA targeting platform for 
genome editing, transcriptional perturbation, epigenetic 
modulation, and genome imaging [1]. This technology allows 
precise manipulation of any genomic sequence specified by a 
short stretch of guide RNA, allowing elucidation of gene 
function involved in disease development and progressions, 
correction of disease-causing mutations, and inactivation of 
activated oncogenes or activation of deactivated cancer 
suppressor genes when utilizing a fusion protein of nuclease-
deficient Cas9 and effector domain [2, 3]. CRISPR based 
genome-wide screens can be leveraged using single-guide RNA 

(sgRNA) libraries for the identification of drug-target or 
disease-resistance genes, such as novel tumour suppressors or 
oncogenes, and to quickly assess drug targets [4, 5].  

CRISPR/Cas9 endonuclease system is currently targeted as 
a molecular surgery tool to achieve success in cancer treatment. 
Cancers are mostly related with genetic alteration and 
mismatches in cell cycle checkpoints. The tumour suppressor 
genes and proteins play a crucial role in controlling the cell 
cycle. Mutation in any of the checkpoints or the tumour 
suppressor gene may change the scenario and may cause a 
chaotic situation to an individual’s life, causing a clinical 
manifestation leading to cancer. Briefly, Cas9 locates specific 
20-base-pair (bp) target sequences within the genomes that are 
billions of base pairs long and subsequently induces sequence-
specific double-stranded DNA (dsDNA) cleavage [3]. In this 
manuscript we are highlighting the genetic changes associated 
with the EGFR oncogene enhancement, also known as HER-1 
or ERBB1, a transmembrane protein. Studies revealed mutation 
in the Ferroprotein tyrosine kinase domain as the majority 
source of 75% of non-small cell lung cancer (NSCLC) cases 
[6]. Amplification leads to higher rates of EGFR-mRNA and 
protein synthesis. Furthermore, as EGFR gene encodes a 
transmembrane protein of the same name, we envisaged the 
characteristic properties of the EGFR protein so as to get the 
holistic picture of the gene as well as the protein associated 
with lung carcinoma. Our main approach is to highlight the 
CRISPR/Cas9 technology as a novel genetic cutting tool that 
may be employed in editing the target region of the EGFR 
gene. 

Despite of its full potential, this genetic cutting tool has its 
own demerits to the point that it cannot be used in full 
therapeutic measures since it is indeed a matter of further 
investigation regarding the precision and accuracy of cutting 
the target sequence and not generating the off targets, which 
may cause genetic damage instead of it achieving the goal. 
Even though of its demerits it is now the buzz of frontier 
research and had opened a new dimension in the field of cancer 
biology research in the name of a new discipline termed as 
CRISPR biology. This manuscript stands over the others since 
it highlights the latest tool ever developed in the treatment of 
any form of cancer and here to specify is the lung cancer. 

 

II. EGFR ROLE AND PATHWAY IN LUNG CANCER 

The EGFR (Epidermal Growth Factor Receptor) gene codes 

for making the epidermal growth factor receptor, which is a 

transmembrane glycoprotein undergoing conformational 

changes to assist in autophosphorylation and the MAPK 
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pathway [7]. 90% of the known EGFR mutations occur as 

frame-shift mutations in Exon 19 or point mutations in Exon 

21[8] resulting in the continuous activation of the various 

signal transduction pathways and thus leading to the various 

tumorigenic pathways. The EGFR pathway plays a crucial role 

in regulating growth, survival, proliferation, differentiation, 

and cell to cell communication in mammalian cells. 15 

members belonging to the EGF ligand family have been 

identified as the input signals and induces the 

homodimerization (EGFR – EGFR) and heterodimerization 

(EGFR – HER2). This dimerization causes 

transphosphorylation on numerous tyrosine residues which 

lead to phosphotyrosine-binding adaptors linking to 

phosphorylated receptors. Various transcription factors are 

then activated when they translocate to the nucleus. 

 

 
 

 

 

III. MECHANISM OF CRISPR/CAS-9 ACTION 
 

The CRISPR/Cas system is RNA mediated and relies on small 

RNA sequences (approx. 20-22 nucleotides long) for detection 

and silencing of foreign DNA in a site-specific manner. They 

use a non-specific endonuclease to cut a genomic sequence. A 

small guide RNA (gRNA) guides the Cas protein to a specific 

site [9]. The Cas protein in an endonuclease which by 

definition means that it cuts a specific stretch of nucleotides 

within the nucleic acid. It is guided by a short nucleotide guide 

RNA (or gRNA) which are approximately 20-22 nucleotides 

long, to locate the complementary protospacer DNA target in a 

genome. The defence mechanism of CRISPR/Cas9 involves 3 

distinct steps [10] adaptation of the CRISPRs, genesis of 

crRNA and lastly, silencing of the foreign DNA. In the 

adaptation step, the Cas operon transcribes the Cas1-Cas2 

complex which chooses a portion of the foreign DNA to 

integrate into the host’s CRISPR arrangement. This copy is 

called the spacer sequence and the protospacer selected by the 

adaptation machinery is usually compatible with the PAM 

sequence of the silencing machinery. This sequence is 

integrated to the immediate downstream to the leader sequence  

   Figure 2: CRISPR/Cas-9 showing as molecular scissor  

 

with a record of the previous infections[11]. This is followed 

by the step of crRNA genesis where the crRNAs are 

transcribed and matured. In numerous organisms, continuous 

production of crRNA and Cas9 proteins takes place, operating 

in a ‘surveillance mode’. In specific strains of E. coli, foreign 

presence also triggers an elevation in expression of the 

complex [10]. Finally, the crRNAs are loaded onto the final 

effector complex and guided to the invading DNA by the 

recognition of a PAM sequence. The Cas9 complex then cuts 

the double strand specifically 3 base pairs upstream to the 

PAM site. 
 

IV. RESEARCH OBJECTIVE 

Our research is focused in elucidating the target sequence 

associated with the EGFR gene responsible for the clinical 

manifestation of lung cancer or more specifically, NSCLC that 

may be possible recognized by the PAM sequence 

corresponding to the target sequence and employing the 

computational tool we have focused to elucidate the 

corresponding PAM and target sequence related to the EGFR 

gene. At the same time, we also elucidated the protein 

properties in terms of its hydropathy index and polarity related 

to the EGFR protein. Our manuscript gives the necessary 

information regarding further work in synthesizing the 

software based generated PAM sequence and transplanting the 

same in the plasmid vector and to check out the interference of 

the generated PAM sequence with the single guide RNA for 

target identification and finally cessation of the target 

sequence and establishing the cut sequence with modified 

sequence which shall normalize the function of the EGFR gene 

or rather deactivate the over expression of the EGFR gene and 

thereby would diminish the cancer prognosis. 

V. RESEARCH METHOD 

The research method or the experimental set up for this 

manuscript is divided in to four parts.  

Part-A mainly emphasizes the protein properties elucidated as 

protscale graphs related to hydropathy index and the polarity.  

Part-B mainly emphasizes the computational tool-based 

approach undertaken to identify the target sequence, PAM 

sequence and SgRNA obtained from different online 

computational tool like that of CCTop and SYNTHEGO. 

Part-C mainly emphasizes the output and experimental setup 

from Synthego 

Part-D mainly emphasizes the output and experimental setup 

from Synthego 

A. Elucidation of Protein Properties 
 

A.1. Elucidation of Protscale Graphs 

In order to properly understand and work with the EGFR 

protein, we first examined and analysed the chemical 

properties of the protein starting from its accession number, 

proteomics, properties such as hydropathy index and polarity 

Figure 1: EGFR signalling pathways  
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A.1.1.   Hydropathy Index 

An amino acid’s hydropathy index is a number reflecting the 

sidechain's hydrophobic or hydrophilic properties [13]. The 

greater the number, the higher is the hydrophobic character of 

the amino acid. This property was proposed in 1982 by Jack 

Kyte and Russel F. Doolittle [14]. The most hydrophobic 

amino acids are considered to be Isoleucine and Valine. 

Arginine and lysine are the most hydrophilic ones. It is very 

important in the composition of proteins; hydrophobic amino 

acids appear to be central (in terms of the 3-dimensional form 

of the protein [15]) while hydrophilic amino acids are more 

generally located on the protein surfaces. We have identified 

the amino acid sequences that show hydrophobic properties 

and it has been represented in Figure 3. 

Figure 3:  The hydrophobic property of EGFR protein 
 

A.1.2.   Polarity 

Polarity of a protein is the resultant of the electronegativity 

difference between the bonded atoms. A protein may be 

termed as being polar or nonpolar depending on the 

distribution of charges in its amino acid sequence. It is 

generally observed that amino acids with polar side groups are 

present on the protein surface while the non-polar amino acids 

constitute the interior core of the proteins. Polar amino acids 

tend to be hydrophilic with their non-polar counterparts being 

generally hydrophobic. J M Zimmerman [16] in 1968 

attempted to use statistical methods by taking into 

consideration polarity and bulkiness of the protein as factors to 

determine the individual amino acid role within the protein 

configuration. We have identified the amino acid sequences 

that show polar properties and it has been represented in 

Figure 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: The polarity behaviour of EGFR protein  

B. Computation tool-based approach to identify target 

sequence for CRISPR 

At first, we worked out the amino acid sequence of the EGFR 

protein with its accession number from ExPASy after which 

we individually looked at the nucleotide sequence of each 

amino acid and converted that into a FASTA file. Now this 

FASTA file was scanned in batch mode in two different 

software – SYNTHEGO and CCTop and the following factors 

were common for both the software before analysis.  

Genome – Homo sapiens – Ensembl GRCh38 (Genome 

Reference Consortium Human Build 38).  

Nuclease – SpCas9 – Streptococcus pyrogenes. 
 

The negative marks are a prime explanation representing the 

wastefulness of CRISPR in its space. Be that as it may, with 

present-day computational instruments, the system of activity 

of CRISPR was improved as well as its plausible results were 

likewise anticipated all the more precisely. The calculation is 

based on information that has been extracted through various 

sources and the amalgamation of all this information can be 

utilized by the AI to predict cleavage efficiencies. The 

essential bad mark of Cas-9 is that it divides askew DNA thus 

to counter that, analysts began executing AI calculations 

utilizing computational instruments to develop a progressively 

exact cleavage result and disposing of the off-target bad 

marks. They would breakdown a portion of the most important 

and reliable CRISPR AI systems that are eligible for usage and 

assess their validity by looking at their yields for our desired 

outcomes. Of the well-known analytical methods, 

SYNTHEGO [17] and CCTop [18, 19] are considered as the 

most innovative solutions because of their willingness to take 

into account DNA bulges, which are sometimes ignored by 

other devices. This has had a significant impact on improving 

accuracy because DNA bulges are verycommon phenomena 

that tend to hinder the desired result of our DNA manipulation. 
 

B.1.  SYNTHEGO 

Synthego was created in 2012 with a vision for automating 

biological research. It uses machine learning with automation 

and genetic editing technology to integrate proprietary 

hardware, software, bioinformatics, chemistries, and molecular 

biology [20]. We have employed the freely available in-silico 

CRISPR design tool [17] from Synthego, an efficient tool in 

designing and validating guide RNA sequences. It suggests the 

user the best gRNA sequence according to the host genome 

and the gene of interest. The CRISPR design tool from 

Synthego ensures that the guide RNA sequences designed by 

the algorithm have the highest probability of generating a 

CRISPR knockout gene and minimizing potential off-target 

sites. The software commences by identifying the entire 

sequence of the entire gene within the genome of the host 

organism. It then proceeds to identify the primary transcript 

for all possible alternative transcripts or splice variants that 

might exist across numerous databases for that particular gene. 

The tool then identifies the exons and coding sequences for the 

primary transcript, narrowing the exons down to identify the 

guide RNAs in the target gene having the highest probability 

of producing a complete functional knockout through 

insertions or deletions (indels). Based on the available PAM 

sites on the exon, the software then identifies the prospective 

CRISPR-Cas9 target sites. Once the target sites and the exons 

are detected, the tool locates and determines all potential off-

target sites and the mismatches between each target gRNA and 

prospective off-target sites. This information aids the 

algorithm to rank the sgRNAs based on the Azimuth 2.0 model 

from Doench et al. [21]. After collecting all the data, the 

algorithm finally recommends the guide RNAs that have the 

highest possibility to knock out the target gene within the host 

genome with the least number of off-target effects. 
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B.2.  CCTop 

CRISPR/Cas9 target online predictor (or CCTop) is an in-

silico approach to provide the user with a set of easily adjusted 

reasonable default parameters. This tool can identify and rank 

the prospective sgRNA target sites as per their off-target 

quality. These sgRNA target sites are identified according to 

variable parameters like the type of PAM and the identity of 

the two most 5’ or 3’ nucleotides. CCTop also allows the user 

to make separate PAM type selections for off-target 

predictions. The results page generated provides a 

sophisticated range of information in the form of a graphical 

representation of the query sequence, with all identified 

sgRNA target sites. Detailed information such as the genomic 

coordinates, target sequences with highlighted mismatches 

along with the distance and position are provided for off-target 

sites. These results can be downloaded as .CSV or as a fasta 

file containing all sgRNA target sites [18]. 

C. Synthego Output 

The output from Synthego gives us a clear comparative study 
of the possible guides after running them through (i) Knockout 
guide structure(ii) Verifying sgRNA plan and (iii) ICE 
Analysis. Thiseffective apparatus recommends to us the best 
gRNA grouping relying upon the genome of use and the quality 
that we are attempting to control and can be thus used to 
configure the data direct RNA. It likewise gives us a visual 
interface on each gRNAsuccessions on track versus the off-
target score and positions themfrom the most noteworthy 
effectiveness to least for that specificquality. One can likewise 
arrange the gRNA groupings onlinefrom Synthego to be 
conveyed to their lab. 

C.1. Experimental Setup in Synthego 

We analysedthe gene EGFR, for lung cancer using Synthego’s 
Knockout Guide Design with the following inputs: 

(I) EGFR 

1) Genome – Homo sapiens – Ensembl GRCh38 (Genome 
Reference Consortium Human Build 38). 

2) Gene – EGFR – 1956 ENSG00000146648 ROS epidermal 
growth factor receptor. 

3) Nuclease – SpCas9 – Streptococcus pyogenes. 

D. CCTop Output  

As for CCTop, it’s not yet known to take into account the 

bulges and loops totally while analysing the sequence, 

however, the output presented by CCTop is more detailed and 

organized when it comes to actual experimentation. The output 

is given by breaking down the entire sequence into several 

target sequences and suggesting a guide RNA corresponding 

to that. It is sorted according to the target sequence and the 

varying efficacy score that depends on their off-target activity 

and is presented with its oligo-pair extension coordinates, 

PAM, gene name of the corresponding sequence, and the gene 

id giving a higher control to the experimentation carrier [22].  

VI. RESULT 

TABLE- 1 attached below contains the list of all possible guide 
RNAs where there is the possibility of mimicking genetic 
editing. The best possible guide RNAs (gRNA) for maximum 
Cas-9 activity are as follows: 
UUACUCGUGCCUUGGCAAAC,CUUUUUCUUCCAGUU

UGCCA,UGAGCUUGUUACUCGUGCCU,GAGUAACAAG
CUCACGCAGU. The results show 4 top-rated guide RNAs for 
editing EGFR, the target sequences, the respective protein-
codinggenes for that sequence, the chromosome number in 
parallelalong with the cute site and the PAM region. The 
identification of the gRNA sequence with possible off target 
sites located in a specific chromosome and with specific PAM 
region as obtained while running the Synthego software would 
help in designing the specific primer for the wet lab 
experimentation. The statistical analysis of the PAM ratio for 
the four gRNA sequences is shown in Figure 5. 
 

TABLE 1: SYNTHEGO SOFTWARE ANALYSIS FOR EGFR 

 

 

 

 

 

 

 

 

 

 

 

  Figure 5: PAM ratio of the EGFR gene 

 

 

 

 

 

UUACUCGUGCCUUGGCAAAC 

Best off-target sites Chr no’ PAM 

TTGCTCGTTCCTGGGCAAAC 

TTACTCATTCCTTGGCAGAC 

TTATGCTTCCCTTGGCAAAC 

TTAGTCCTGCCTAGGCAGAC 

22 

18 

3 

3 

AGG 

TGG 

AGG 

TGG 

CUUUUUCUUCCAGUUUGCCA 

Best off-target sites Chr no’ PAM 

CTTTTTCTTCCAGTTTCCTA 

CTTTTTCCTCCTGTTTGCCT 

CTTTGTTCTCCAGTTTGCCA 

TTTTGTCTTCTAGTTTGCCA 

8 

2 

2 

15 

AGG 

TGG 

TGG 

GGG 

UGAGCUUGUUACUCGUGCCU 

Best off-target sites Chr no’ PAM 

TGAGCTTGTTACTCGTGCCT 

AGAGCTTGTTACTTGTGCCC 

TGATCTTGTTCCTCCTGACT 

TGAGCTTGGCACTGGAGCCT 

7 

9 

X 

1 

TGG 

TGG 

GGG 

AGG 

GAGUAACAAGCUCACGCAGU 

Best off-target sites Chr no’ PAM 

GAGTAACAAGCTCACGCAGT 

GACTGACACGCTCACGCAGT 

GAGCACCAAGCTCAAGCAGG 

GAGTAAGAAGCTCAGGCTGA 

7 

19 

22 

HSCHR20_1_CTG3 

TGG 

GGG 

TGG 

AGG 
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We have also identified the 4 best target sequences and guides based on the highest efficacy score as shown below as showcased 

in Figures 6, 7, and 8
  

 
 

 

 

Figure 6: The identified target sequence for CRISPR/Cas-9 activity against EGFR gene with efficacy score of 0.92 –

output obtained from using CCTop software 

 
 

 

 
 

Figure 7: The identified target sequence for CRISPR/Cas-9 activity against EGFR gene with efficacy score of 0.89 –

output obtained from using CCTop software. 
 



33  TTIC, 2020, Vol. 4, 28-34 

 

 

 
Figure 8: The identified target sequence for CRISPR/Cas-9 activity against EGFR gene with efficacy score of 0.88 –

output obtained from using CCTop software. 
 

VII. DISCUSSION 

The manuscript aims at deciphering the latest molecular 

biology technique in terms of CRISPR/Cas-9 genetic 

alteration or modification or edition related to EGFR gene. 

At the same time, it also envisages the protein 

characteristics related to the EGFR protein, a biomarker in 

lung cancer prognosis. EGFR is a protein; overexpression 

relates to the lung carcinoma and has got clinical 

implication in diagnosing the lung carcinoma other than 

histochemical, histopathological or histo-immunological 

techniques. The EGFR protein is encoded by the gene 

termed as “EGFR”, and its over expression translates it into 

EGFR protein. We tried to explore the concept of 

CRISPR/Cas-9 system to decipher the genetic alteration of 

the EGFR gene using computational tool like that of 

SYNTHEGO and CCTop to generate the target sequence as 

well as the PAM for each sequence of the EGFR gene. Our 

result in terms of EGFR protein characteristic like that of 

hydropathy index and the polarity envisages that the protein 

is a transmembrane spanning between the inner and outer 

domain of the membrane as evident from the Figures 1 and 

2. The hydropathy index indicates that the most of the 

amino acid composition of the EGFR protein is 

hydrophobic in nature. Furthermore, we attempted to 

elucidate the single guide RNA sequence corresponding to 

the target sequence as referred to here as the DNA site 

sequence as evident from Table 1. For each SgRNA 

sequence we attempted to elucidated the possible target 

sequence and PAM sequence generated from the two 

computational tools (SYNTHEGO and CCTop) with 

highest efficacy score as shown in the Figure(s) 6, 7 and 8. 

The sequence reflected in the manuscript is needed to be 

processed in the wet lab by transfecting the designed 

SgRNA sequence in to plasmid and validating the same for 

precision and accuracy cutting or edition of the said target 

sequence asrecognized by the corresponding PAM 

sequence. 

VIII.  FUTURE DIRECTIONS 

Our aim in this manuscript was to study the structure and 

the properties of the EGFR protein encoded by EGFR gene 

as well as to generate the target sequence with appropriate 

guide RNAs for genetic alteration or cutting or 

modification employing CRISPR/Cas9 genetic tool. The 

technique got more relevance and importance after being 

awarded with Noble prize by the investigators. Future 

research is needed to achieve the precision and accuracy of 

identifying the target location among the million-base pair 

of a gene and cutting the exact target sequence and not 

generating the off-target sequence is a million-dollar 

question that needs to be answered or investigated further to 

achieve its full potential in using as a therapeutic measure 

against all form of cancer and genetic disorders. It is well 

known fact that DNA bulges after certain base pairs that 

may get unrecognized by the Cas-9 system and therefore 

may generate off target sequence which shall be more 

detrimental rather than to be useful [23]. 

IX. CONCLUSION 

Our paper identifies the best sequences of the EGFR gene 

that can be targeted with the highest efficacy and lowest 

off-target cleavage with the CRISPR system and potentially 

pave way for higher oncological research for human 

welfare [24]. We have attempted to contribute to the 

existing knowledge of science using some computational 

tools to aid the advances with limited resources since we 

are unable to visit our labs during this pandemic. We aspire 

to keep working using computational tools and work on the 

demerits of existing technology to make it desk to bed 

readily. 
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