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Abstract  

 
CRISPR/Cas9 exhibits the genetic modification or alteration or editing by nicking the desired genomic DNA at the target location.  

The accuracy   modification depends on PAM (5'-NGG-3') sequence identified by Cas-9. The target sequence is 20 bases long on 

a crRNA array. The corrected PAM sequences to the target sequence are implanted in to a plasmid related to its accuracy and 

precision with no error in the genetic cut or modification. The given target sequence and PAM sequence are matched with the help 

of the software available like that of CRISTA and ccTOP. The amino acid sequence of the “Neu” (Herceptin) protein obtained 

from Expassy was subjected to CRISTA and ccTOP. The highest similarity of the SgRNA sequence showed a value of 0.98 to 

0.99, counts up to 4 in number. Current manuscript an attempt to use software based correct identification of target sequence 

corresponding to the correct PAM sequence as recognized by Cas-9 for the generation of proper matched single-guided RNA 

sequence without the generation of the off targets formed either due to the repeated bulging of DNA. Furthermore, the 

characteristic properties of the Neu gene are also explored in order to assess the membrane position, polarity index, and 

hydropathy index. Thus the manuscript shall provide a glimpse of the software analysis for the corrected target sequence to the 

corresponding PAM sequence related to the precise genetic modification or alteration. 
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1. Introduction 

 

CRISPR/Cas-9 is precisely used as molecular nicking 

tools for the purpose of twinkering the genes of 

interest. This technology allows precisely manipulating 

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 Cas-9 and effector 

domain [1, 2, 3, 4] .  

Moreover, this programmable endonuclease technology 

enables researchers to examine the function of multiple 

genes at once by simultaneously targeting multiple 

genomic loci in a single experiment [5], which 

markedly accelerates our understanding of pathological 

processes that involve large sets of genes or mutations, 

such as tumor development. Using single-guide RNA 

(SgRNA) libraries, CRISPR based genome-wide 

screens can be leveraged to identify drug-target or 

disease-resistance genes, such as novel tumor 

suppressors or oncogenes, and to quickly assess drug 

targets [6, 7]. 

In this manuscript we used software for detecting the 

most corrected target sequence corresponding to the 

PAM sequence related to the Neu oncogene 

responsible for mammary cells proliferation. Neu gene 

is related to herceptin protein that needs to be checked 

for its polarity, hydropathy, and its position within the 

cellular membrane. It is indeed a necessity to use the 

software before designing the PAM sequence; else it 

may result to generation off target sites and lead to 

false positive result. Here we employed computational 

software (ccTOP and CRISTA) for the precise 

designing of the single-guided RNA sequence, PAM 

recognition site, corresponding to correct target 

sequence. The facilitation of the computer aided 

analysis of the SgRNA sequence and the PAM 

recognition sites for a specific target sequence that 

needs to be genetically edited or modified were 

adopted. At the same time it is necessary to understand 
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Figure 2: Alpha helix score 

the properties of the oncoprotein that is the “Herceptin” 

protein translated from the “Neu” mRNA sequence. 

Main properties associated are hydropathy index, the 

alpha helix, beta-turns, helix wheel, and the 

transmembrane tendency. Thus we emphasized up on 

software evaluation and characteristic determination of 

the Neu oncogene and its related herceptin protein for 

correct analysis and designing of PAM and SgRNA 

sequences. 

 

2. Research Method 

 

Adopted methodology involves characteristic 

determination of herceptin protein in terms of 

hydropathy using Kyte and Doolittle index, polarity 

degree, and membrane position utilizing helix-loop 

wheel approach. Furthermore, approach has been 

initiated to explore the correct PAM recognition site 

for the given target sequence so as to generate the 

corrected single-guided RNA sequence with no off 

targets generation aided by CRISTA and ccTOP 

software analysis.   

 

2.1 Elucidation of Protein Properties 

 

a) Elucidation of Protscale Graphs 

 

In order to properly understand and work with the 

Herceptin protein, we first examined and analyzed the 

chemical properties of the protein starting from its 

accession number, and properties such as hydropathy 

index, structural composition [8] through beta turns, 

alpha-helix and its transmembrane tendencies. 

 

b) Hydropathy Index 

 

 

               Figure 1: Hydropathy Index 

 

An amino acids hydropathy index is a number 

reflecting the side chain's hydrophobic or hydrophilic 

properties [9]. General concept on hydrophobic and 

hydrophilic nature, involves the presence of specific 

amino acids that contributes to a protein hydrophobic 

and hydrophilic character, namely the presence of 

isoleucine and valine contributes to hydrophobic nature 

of the protein, whereas presence in number of arginine 

and lysine contributes to the hydrophilic nature of the 

given protein. 

 

In this study of herceptin protein more presence of 

isoleucine and valine were observed suggesting its 

hydrophobic nature. 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), while hydrophilic amino acids are 

located on the protein surfaces [10]. We have identified 

the amino acid sequences that show hydrophobic 

properties Figure 1. 

  

c) Protein Structure  

 

In a helix coiling, one amino acid carbonyl (C = O) 

[11] is hydrogen-bonded to the amino      (-NH2) 

terminal of an amino acid that is 4 down the chain 

resulting to the formation of helical structure (Figures 2 

and 3) as evident from the structure retrieved from Prot 

scale result. Furthermore, we have also found the helix 

wheel of the amino acid sequence using the Helixator 

of TCDB [12] and shown it in Figure 5. 

 

 

                     Figure 2: Alpha Helix Score 

 

d) Transmembrane tendency 

 

A transmembrane protein helps in and out of 

substances across the membrane and is hydrophobic in 

nature. To move a substance through the membrane  
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Figure 3: β turn score 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

Figure 4: Spanning between membranes  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          

Figure 5: Helix Loop Wheel 

 

 

                    Figure 3:   turn score 

 

they frequently undergo significant conformation 

changes [13]. Doolittle and Kyte hydropathy index is 

used to investigate the transmembrane formation 

ability and the values plotted in Prot scale (Figure 4). 

              

 

 

            Figure 4: Spanning between membranes 

 

 

 

  

 

 

 

 

 

 

                 

                   Figure 5: Helix Loop Wheel 

 

2.2 Software Analysis 

 

(a) Processing of the FASTA File 

 

The FASTA file of the amino acid sequence of “Neu” 

gene obtained from Expassy, and the nucleotide 

sequence of homo sapiens genome under the name 

“Ensembl GRCh38” (Genome Reference Consortium 

Human Build 38) and the Cas-9 sequence obtained 

from Streptococcus Pyrogenes were considered and 

subjected to screening with CRISTA and ccTOP 

software for generating the SgRNA sequence 

corresponding to the target sequence. 

 

b) Computational analysis using ccTOP and 

CRISTA 

 

The computational analysis of the SgRNA and the 

target sequence were analyzed by the ccTOP and 

CRISTA software respectively. The reliability of the 

accuracy in identifying the SgRNA sequence and the 

target sequence are maximum using ccTOP and 

CRISTA. The other advantage is that both, takes into 

account of DNA bulge, since DNA bulge account into 

maximum number of misleading information. DNA 

after a period of sequence bulges and if the PAM 

recognition site falls within the bulging portion of the 

DNA, the SgRNA sequence and the target sequences 

are misleaded. Most other software contributes to that 

misleading information resulting to mismatch 

sequences. 
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Figure 6: Efficacy score of 0.90 

 

3. Result 

 

a) CRISTA Output 

 

The output from CRISTA, in the form of Single-guided 

RNA sequences [14] scoring is based on factors like 

DNA bulges, loops, the efficacy, off-target cleavage 

activity, and the final product is presented in the form  

 

Table 1: Matching scores obtained from CRISTA 

analysis 

 

 

 

 

 

 

of the highest CRISTA score sequence to lowest. Table 

1 shows the matching pattern of each SgRNA 

sequences corresponding to the target DNA sequences 

with highest to lowest as 0.99 to 0.98. 

 

 

 

 

b) ccTOP Output 

 

The nucleotide and the amino acid sequences are split 

into segments suggesting single guide RNA sequence. 

It is sorted according to the varying efficacy score that 

depends on their off-target activity and is presented 

with its oligo pair extension coordinates, PAM, gene  

 

 

 

                    Figure 6:  Matching score  of  0.90 

 

 

name of the corresponding sequence, and the gene id 

giving a higher value to the control against the 

experiment [17].  Based on it analysis 4 best target 

sequences and corresponding SgRNA sequences have 

evolved (Figure 6,   7,   8, and 9).   
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Figure 8: Efficacy score of 0.89 

 

 

 

Figure 7: Matching  score of 0.89

 

 

 

                                  

 

Figure 8: Matching score of 0.89

 

 

 

 

 

 

 

                                                                        

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Efficacy score of 0.89 
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Figure 9: Efficacy score of 0.89 

  

 

Figure 9: Matching score of 0.89 

 

4. Discussion and Analysis 

 

The research aims at elucidating the SgRNA sequence 

and the target sequence corresponding to the PAM 

sequence mediated by the software. We used two 

software’s to validate the result of the SgRNA 

sequences and the target sequences based on the best fit 

matching scores. The result showed that score between 

0.98 and 0.99 was obtained from both the software 

(CRISTA and ccTOP). Furthermore we also 

deciphered the properties of the herceptin protein in 

terms of its hydropathy index, polarity index, 

secondary structure, and transmembrane tendency. 

  

Over expression of Neu gene leads to the proliferation 

of breast lymph nodes and other lymphatic system 

leading to the proliferation of the mammary duct. The 

herceptin protein, the biomarker of breast carcinoma 

has made clinical progress in term of the development 

of the drug “Tamoxifen” needs to be characterized in 

the line of the study. Accordingly, “Kyte and Dooliitle” 

Protscale graph (Figure-1) is used for the elucidation of 

hydropathy index, evidently showing the hydrophobic 

character of the protein due to its high content of 

isoleucine and valine. Polar characteristic of the protein 

is attributed to its hydrophobic nature. 

 

   

 

 

 

 

 

In an helical turn, 3.6 amino acids are present in every 

turn of the protein secondary structure, (Figures 2 and 

3) where the carbonyl carbon (C=O) is bonded to the 

amino (-NH2) terminal of the amino acids, that looks 

like a curled structure featuring a helical turn 

resembling the alpha-helix of the secondary structure 

of the protein as evident from the data delineated from 

the helix-loop wheel (Figure-5). The transmembrane 

tendency of the herceptin protein is due to its 

hydrophobic character (Figure-4). Presence of 

isoleucine and valine has made the protein to span 

between membranes thereby allowing the specific 

substance to pass across it.  

 

The Homosapiens amino acid sequences and the 

nucleotide sequences obtained from Expassy were 

segmented and processed in both the software for the 

generation of the best fit SgRNA and the target 

sequence corresponding to PAM recognition site as 

recognized by the nuclease that is the Cas-9 protein 

obtained from the Streptococcus Pyrogenes. The score 

of 0.98 and 0.99                (Figures 6, 7, 8 and 9) 

provides the 4 best fit target and the SgRNA sequences 

that further needs to be transfected to a suitable 

plasmid for identification of the correct expression of 

the genetically edited Neu gene before going for the  
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final designing of the SgRNA sequences and the PAM 

sequence for the specific target sequence with a 

specific Cas-9 protein corresponding to the PAM 

recognition site.  

 

5. Future Directions 

 

The manuscript paves the way for further research in 

the field of CRISPR/Cas-9 for various oncogenes 

exploring different software studies before going for 

the final wet lab work. This study gives the glimpse of 

better understanding the designing of the PAM 

recognition site sequences, and SgRNA sequences for 

the corresponding target sequences and the Cas-9 

protein. It minimizes the time of screening the proper 

sequences of SgRNA and PAM. Researchers working 

in the field of genetic editing with CRISPR/Cas-9 shall 

be beneficial by the approach undertaken as delineated 

by the manuscript.   

 

6. Conclusion 

 

Our paper identifies the best sequences of the “Neu” 

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’s welfare [16]. 
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