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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 maodification 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 SQRNA 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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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
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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 humber 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.
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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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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).
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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 SQRNA 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 SQRNA sequence and the target sequences
are misleaded. Most other software contributes to that
misleading information resulting to mismatch
sequences.
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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.

SORNA DNA site strand [start positionjend position|CRISTA score
ARACCCGGAATATCTGGGCCNGG JAAACCCGGAATATCTGGGCCTGE |+ EJRY. 3754 0.99
GCGTATAGCCTGACCCTGCANGG |GCGTATAGCCTGACCCTGCAGGG |+ 1318 1340 0.99

.

1722 1744 0.98

1
2
3 [GACCTGCTTTGGCCCGRAAGNGE (GACCTGCTTTGGCCCGGRAAGCRE
4 |CCCGRATATCTGACCCCGCANGG |CCGGAATATCTGACCCCGCAGGG

+

3580 3602 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

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).

T102 out of 596
<Previous Next>
Sequence: GTTCGGCATCGCGCCGCTCGGGEG

Effcacy score by CRISPRater: [ EIGHIN

Oligo pair with 5' extension fwd: TAGGTTCGGCATCGCGCCGCTCG rev: AAACCGAGCGGCGCGATGCCGAA
Oligo pair with 5' substitution fwwd: TAGgTCGGCATCGCGCCGCTCG rev: AAACCGAGCGGCGCGATGCCGA

Coordinates strand | MM target_seq PAM | distance gene name gene id
chr3:123291256-123291278 + 4 |GCTCATCA[TTGCGCCGCTCG] CGG |0 ADCYS ENSG00000173175
chr19:1067075-1067097 - 4 |GCTCGGAG [CCGCGCCGCTCG] CGG |69 HMHA1 ENSG00000180448
chr16:31459563-31459585 2 g 3 |GTTCTGCC [TCGCGCAGCTCG] CGG |0 RP11-4521L.6.5 ENSG00000260267
chr20:17531128-17531150 =+ 4 |GCCCGGCA[TGGCGCTGCTCG] AGG (0 BEFSP1 ENSG00000125864
chr17:81961072-81961094 + 4 |GCTCGGCG [TCGAGGCGCTCG] GGG |0 NOTUM [ENSG00000185269
chr10:79347803-79347825 4 |GCCCGGCA[CCGCGCCGCCCG] GGG |60 PPIF ENSG00000108179
chr5:32312954-32312976 4 |GGGCGGCA[TCGCGGCGGTCGE] CGG |0 MTMR12 ENSG00000150712
chr12:123533380-123533402 4 |GTACGACA[TCGCGTCGCTTG] TGG |0 RILPL1 ENSG00000188026

Figure 6: Matching score of 0.90
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T412 out of 596

<Previous Next>

Sequence: ARAGTGARAGTGCTGGGCAGCGG
Efficacy score by CRISPRater: —

Oligo pair with 5' extension  fwd: TAGRAARGTGARAGTGCTGGGCAG rev: ABACCTGCCCAGCACTTTCACTTT
Oligo pair with 5' substitution fvd: TAGgAGTGARAGTGCTGGGCAG  rev: ARACCTGCCCAGCACTTTCACT
Top 20 offtarget sites out of 52 (including on target; for full list see xls file)

Coordinates strand | MM target_seq PAM | distance gene name gene id
chr9:89411853-89411875 + 3 |ARAGCCGA[AGTGCTGGGCAG] TGG |5927 I|SEMA4D ENSG00000187764
chr5:148915261-148915283 + 4 |AGATTGTC [AGTGCTGGGCAG] AGG [8356 |-[SH3TC2 ENSG00000169247
chr6:117660295-117660317 + 4 [AATTTGCC [AGTGCTGGGCAG] GGG 15185 |[-|NUSI ENSG00000153989
chr16:5223208-5223230 + 3 |GARGTGRG [ATTGCTGGGCAG] AGG (2614 |-[RP11-382N132 |[ENSG00000261811
chr22:44918793-44918815 + 4 |GRAGAGAG [GGTGCTGGGCAG] AGG (1583 |[I[PHF21B ENSG00000056487
chr10:127692917-127692939 + 4 |AACCTGGA[AGTCCTGGGCAG] AGG (41623 |-|RP11-288A52 ENSG00000279725
chr9:82430965-82430987 + 4 |ACRGTGCA[GGGGCTGGGCAG] AGG (902 I|RP11-15B24.3 ENSG00000228123
chr16:71492905-71492927 + 4 |CAGGGGRA[AGTGCAGGGCAG] AGG (2027 |I|ZNF19 ENSG00000157429

Figure 7: Matching score of 0.89

T48() out of 596
<Previous Next>
Sequence: TGCGGCGCCGCGCCGCCCTRCER

Efficacy score by CRISPRater: _

Oligo pair with 5 extension ~fiwd: TAQQTGCGGCGCCGOGCCGCCCTE rey: ARACCAGGGCGGLGCGRUGCEGCA
Oligo pair with 3" substitution fiwd: TAGGCGGCGCCGCGCCGCCCTG  rev: ARACCAGGGCGGCGCGGCGCCG
Top 20 offtarget sites out of 52 (including on target; for full list see xls file)

Coordinates strand | MM farget_seq PAM | distance |  gene name gene id
chr17:79815350-79815372 + | 4 |CCCGGCCC[CGTGCCGCCCTE] GGG (8080 |=[RP11-353N14.2 [ENSGO0000262772
chr16:527684-527106 + | 3 |GTCGGCGC[CGCGCAGCCCTE] 766 |11 ‘ ENSG00000103326
chr11:30894368-30894390 + | 4 [TGCCGCTA[CTCGCCGCCCTE] GG |0 ENSG00000170939
chr10:63521928-63521950 + | 4 |CGCAGCGC[GGCACCGCCCTE] CGG |18 ENSGO0000171988
ched:136203155-136203177 + | 4 |TGCGCCCG[CGGGCCGCCCTE] GGG |0 ENSG00000107187
chr22:30058333-50058353 + | 2 |TGCGGCCC[CGCGCCCCCCTE] GG 836 ENSG00000100427
chr3:31936243-31956267 + |4 |TGGCGCGT[CGCGCTGCCCTG] GG |0 ENSG00000180929
chrd:93649314-93649336 + | 4 |TGCTTCCC[CGCGCTGCCCTG] TGG 1334 ENSG00000236730

Figure 8: Matching score of 0.89
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T498 out of 596
<Previous Next>
Sequence: GCCGGGECGCGCCGCCGGCAGCEE

Efficacy score by CRISPRater: _

Oligo pair with 5' extension fivd: TAGGCCGGGCGCGCCGCCGGCAG rev: ARACCTGCCGGCEECGCGCCCEE
Oligo pair with 5' substitution fivd: TAGGCGGGCGCGCCGCCGGCAG rev: ARACCTGCCGGCGGCGCGCCCE

Top 20 offtarget sites out of 52 (including on target; for full list see xIs file)

Coordinates strand | MM target seq PAM | distance gene name gene id
chr18:35581722-35581744 + 2 |GCCGGGGG [AGCCGCCGGCAG] TGG |0 GALNT1 ENSG00000141429
chr12:121467015-121467037 + 3 |CCCGGLCG[CCCCGCCGGCAG] CGG [121 KDM2B ENSG00000089094
chr2:60881732-60881754 + 4 |ACTGGGGG[CCCCGCCGGCAG] AGG |0 IBREL ENSG00000162924
chr17:51120680-51120702 + 3 |GCCCGGGG[CGTCGCCGGCAG] AGG [0 SPAG9Y ENSG00000008294
chr3:126380922-126380944 + 3 |GCTGGGCT [CGTCGCCGGCAG] AGG (12088 CCDC37-ASI ENSG00000249833
chrX:49250256-49250278 + 4 |GCCTGAGG[AGCCGCCGGCAG] AGG [0 CCDC22 ENSG00000101997
chr4:2250558-2250580 + 4 |GGCGGCCC [AGCCGCCGGCAG] TGG |0 EIMXD4 ENSG00000123933
chr4:1172555-1172577 + 4 |AGCGGGAG[CGCGGCCGGCAG] CGG |0 5| SPON2 ENSG00000159674
chr19:41883360-41883382 + 4 |GGCTGGGE [CGCTGCCGGCAG] ceG |71 ARHGEF1 ENSG00000076928
chr16:5239696-5239718 + 4 |PGCGGGCG [AGCGGCCGGCAG] AGG (84 - [RP11-420N3.3 ENSG00000279877

Figure 9: Matching score of 0.89

4. Discussion and Analysis

The research aims at elucidating the SQRNA 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 c¢cTOP). 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=0) 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 SQRNA 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 SQRNA 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 SQRNA 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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