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ABSTRACT
Background: Genome editing is a group of technologies that has the ability to change an organism’s DNA. These technologies
allow genetic material to be added, removed, or altered at particular locations in the genome. Several approaches to genome editing
have been developed. A well-known one is called CRISPR/Cas9, which is short for clustered regularly interspaced short palindromic
repeats and CRISPR-associated protein 9. Editing through CRISPR focuses mainly on the Protospacer-adjacent motif (PAM), a
crucial region to identify the sgRNAs to target the desired gene or region of DNA. So designing precise single-guide RNAs (sgRNAs)
to minimize off-target effects is critical for the success of gene editing without undesired results.
Methods: Hence, in this article, three different online tools are used to design sgRNA to target the prolactin (PRL) gene to knock
out. The Gallus gallus Prolactin (PRL) gene sequence is retrieved from NCBI and used for further downstream application. However,
all three web tools may vary in design specifications and parameter choices, visualization, downstream analysis functionality, etc.
Result: While keeping a straightforward and interactive interface and running with default parameters, all web tools also accept a
variety of advanced choices for more specialized searches. This maximizes user flexibility. Three tools produced several sgRNAs
that satisfied various criteria for precise gene editing to boost the efficacy of the target prolactin gene. These online tools use a
robust approach to identify off-target locations and the results are displayed in an interactive table and within the gene architecture.
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INTRODUCTION
Clustered regularly interspaced short palindromic repeats
(CRISPR) and their CRISPR-associated (Cas) proteins
system is an effective immune system among bacteria and
archaea. It is an acquired immunity mechanism first
discovered in the E. coli genome  (Ishino  et al.,1987).
However based on its mechanism CRISPR/Cas system is
classified into three major groups (I, II and III) (Makarova et al.,
2011). CRISPR/Cas technology relies on DNA-RNA
interaction as well as the simple design of RNA molecules
for each specific sequence. However, Other emerging
techniques for targeted genome editing including zinc-finger
nucleases (ZFNs) and transcription-activator-like effector
nucleases (TALENs), allow researchers to introduce
permanent alterations by activating repair mechanisms by
generating double-stranded breaks (Chandrasegaran and
Carroll, 2016). Using Zinc finger proteins by changing amino
acids in the α-helix, DNA binding specificity and affinity could
be altered. Engineered zinc fingers were combined with the
DNA cleavage domain of FokI, a type II restriction
endonuclease, to form ZFNs, which allow for specific
targeted double-strand breaks in DNA(Carroll,2011).
However, ZFNs are costly to design and not feasible for all
laboratories (Gupta and Musunuru 2014). Transcription
activator-like effector (TALE) proteins when coupled with the
nuclease domain of FokI, TALE nucleases (TALENs)
emerged as a novel genome-editing tool (Bogdanove and
Voytas, 2011, Nemudryi et al., 2014).

Both the ZFN and TALEN approaches have challenges
in creating and verifying proteins that can recognize
particular DNA sequences. The CRISPR system, in contrast,
is RNA-mediated which consists of a small non-coding
transactivating CRISPR RNA (tracrRNA), an operon that
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codes for the Cas proteins and a repeat array encompassing
crRNA units made up of a 5 -20-nucleotide targeting
sequence and a 19-22 nucleotide repeat sequence make
up the three distinct architectural components of the native
CRISPR/Cas9 system (Sander and Joung 2014).  According
to numerous studies, the highly conserved 3  three
nucleotide protospacer adjacent motif (PAM) that comes
before the target sequence is necessary for Cas9
endonuclease activity (Shah et al., 2013, Wang et al., 2015).
Depending on the CRISPR type or subtype, PAM sequence
diversity is extremely wide, with NGG serving as the most
potent trinucleotide for the Streptococcus pyogenes
CRISPR/Cas9 system (Jiang and Doudna 2017).

In the genome editing method using CRISPR/Cas the
Cas9/sgRNA complex can produce double-stranded DNA
breaks (DSBs) in predetermined genomic loci by binding a
20 bp target sequence followed by a 3 bp protospacer
adjacent motif (PAM) i.e., NGG. A chimeric gRNA which is
complementary to the target area and trans-activating
CRISPR-RNA are usually included in this sgRNA. Most Cas
systems require the predesigned sgRNA to anneal
immediately upstream of a PAM, which in the case of SpCas9
is 5NGG3(Doudna and Charpentier, 2014). The DNA repair
mechanisms of the target organism then fix these double-
stranded breaks (DSBs), which have the potential to change
the target gene. Despite the fact that the fundamental
mechanisms underlying all these genome editing techniques
are similar, CRISPR/Cas9 technology has emerged as the
favored method due to its simplicity, affordability, exceptional
adaptability and capacity to simultaneously target many
genes (Wang et al., 2016). The two primary intrinsic DNA
repair mechanisms for DSBs are nonhomologous end joining
(NHEJ) and homology-directed repair (HDR). NHEJ is error-
prone, leading to minute insertions or deletions (indels) that
disrupt the target region. It is the main DNA repair process
in species and the most well-known and straight forward
pathway in genome editing (Cubbon et al., 2018, Xue and
Greene, 2021). In light of this, the current paper concentrates
on designing sgRNA to target the desired gene (Prolactin)
using three distinct web-based tools, as well as on how
simple and quick it is to choose the best CRISPR/Cas target
sequences. The optimal sgRNA will result in a gene deletion,
a specific base edit, or a modification of gene expression.
With a low off-target score, comparable DNA sequences
elsewhere in the genome may be targeted, which would
decrease efficiency. A high on-target score will suggest
strong binding efficiency to the target. This article also covers
how rigorous off-target search techniques are used to
estimate the specificity of the target site in the genome.

MATERIALS AND METHODS
Target gene sequence
The present experiment on designing sgRNA using different
web tools was done at ICAR-Directorate of Poultry Research,
Rajendranagar, Hyderabad in the year 2021. To create
sgRNAs for CRISPR/Cas9 genome editing, the chicken
Prolactin (PRL) coding area was used in the current study.
The coding sequence has been retrieved from NCBI (NCBI
Reference sequence: NM_205466.3). However, depending
on the requirements of the web tools under examination, any
one of the three forms of input gene name, genomic
coordinates, or DNA sequence can be utilized. All the web
tools with web addresses are provided in Table 1. To start
this online web tools a computer with an internet facility is
needed with minimum knowledge of data retrieval from the
database. However, the basic steps for most of the web tools
involved are as follows: I) Choose the gene to alter. II) Access
the DNA sequence using the genome database III) Download
the format of the file and save it. IV) Select the type of online
web tool V) Select the endonuclease and knock out/knock in
based on the requirement  VI) Before creating the gRNA/
sgRNA, upload the target gene/select/Copy in the web tool
provided area. VII) After adjusting the advance choices as
necessary, click the finish button to see the results.VIII)
Different sgRNA with a specific PAM will finally appear. IX)The
sgRNA should be picked in accordance with the score or
preferences as indicated by the web tools.

RESULTS AND DISCUSSION
CHOPCHOP can be run with as few as three basic input
options, or with additional advanced parameters. The basic
input comprises a gene name, genomic coordinates, or a
pasted sequence and type of organism. The advanced
options allow the user to target a sub-region of the gene,
such as the 5UTR, 3UTR, splice sites, full exons, or a
specified subset of exons. The CHOPCHOP web tool
interface is given in Fig 1A, 1B., which shows the website
design and the outcome of the result. First, the Prolactin
gene fasta sequence retrieved from NCBI is pasted in the
given area and the organism is chosen by keeping all
parameters as default. The majority of CHOPCHOP queries
are executed within a matter of seconds and the results are
displayed in an interactive table and interactive gene model.
CHOPCHOP ranks the search results according to a number
of off-targets, mismatches, perfect hits and GC content. Table 2
shows the top five predicted sgRNAs to target the prolactin
gene. The CRISPR Design web server accepts an accession
number, a genome coordinate, or an arbitrary nucleotide

Table 1: Different web tools used for designing SgRNA of prolactin gene of Gallus gallus.

Tool name Web address References

CHOP CHOP https://chopchop.cbu.uib.no/ Montague et al., 2014
CRISPR direct http://crispr.dbcls.jp/ Naito et al., 2015
CC TOP https://cctop.cos.uni-heidelberg.de/ Stemmer et al., 2015
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sequence. Target sequences of 20 nucleotides (nt) adjacent
to the PAM sequence are searched from both strands of the
input sequence which is given in Fig 2A, 2B and 2C. The
prolactin coding region is pasted as fasta sequence and
the organism is chosen and all other parameters are placed
as default. The output data is given as a table consisting of
the start and end of the sequence along with GC content,
melting temperature (Tm) and all other parameters. Table 3
shows 5 different sgRNAs generated using this tool.
CRISPR/Cas9 target online predictor (CC Top) tool in which
Prolactin coding region has given as input sequence all
sgRNA target sites are identified according to adjustable
parameters like the type of PAM, the identity of the two most
5’ nucleotides (‘NN’, ‘GN’ or ‘GG’)  as well as the two most
3’ nucleotides (‘NN’ or ‘GG’). All the parameters are kept as
default except the PAM which is selected as NGG. The
interface of this tool is given in Fig 3A,3B and 3C. After

processing, a results page is displayed containing the input
parameters as a graphical representation of the query
sequence with the identified sgRNA target sites as well as a
full list of all candidates ranked by taking into account the
number of total off-target sites, the distribution of mismatches
and the proximity to exons. The top 5 sgRNAs are listed in
Table 4. However, a fasta file containing all sgRNA target
sites as well as a tab-separated file containing the full results
can be downloaded.

The success of CRISPR/Cas editing depends on many
practical steps, however, the primary prerequisite is to design
a sgRNA and clone it into a suitable vector to deliver into
the in vitro/in vivo system with decreased off-target effect in
the genome and increase the specificity of the cleavage.
So keeping this in view we analyzed the Chicken Prolactin
(PRL) gene as an example to design the sgRNAs. All three
tools are user-friendly and speedy in displaying the results

Fig 1A: The home page of CHOPCHOP allows users to enter a gene name, genomic coordinates or a DNA sequence and select an
organism and CRISPR/Cas9 mode.

Fig 1B: The main results page presents the sgRNA or TALEN target sites within the gene architecture (exon, blue; intron, red), with
each option color-coded according to ranking.
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Fig 2A: Top page. The server accepts either an accession number or a nucleotide sequence as input.

Fig 2B: Typical output of CRISPRdirect. A list of CRISPR/Cas target candidates is displayed.

Fig 2C: A graphical view of target sites demonstrates the position and orientation of each site.

with a wide range of selections for the type of organism with
off-target analysis. However, there are differences in output
and based on our experiment advanced options can be
modified. In all the tools one or other sgRNAs has shown
GC content of up to 50% because the reports suggest that
high GC content in sgRNAs is most effective and increases
its efficiency (Ren et al., 2014: Jamal et al., 2016). The

insilico tools study located 23 bp target sites including the
PAM motif. Guanine at position 20 in the target site, which
is associated with improved activity has been reported
(Wang et al., 2014: Labuhn et al., 2018), all the tools
exhibited Guanine (G) in the list of resulted output.

The user may restrict the search to only target sites
suited for synthesis using a particular polymerase, e.g. GG-
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Fig 3A: CCTop web interface CCTop web interface.

Fig 3B: Main page containing the input fields to customize the
identification of sgRNA target sites and the off-target prediction.Ta
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8 or GN-/NG- at the 5end of the sgRNA with CHOPCHOP tool.

In the CRISPR Direct tool, the presence or absence of TTTT
in the target sequence is also indicated because four
consecutive T’s cause pol III terminations in gRNA vectors
with pol III promoters. Further in the CRISPR Direct tool the
column 20 mer+PAM shows the number of hits with perfect
matches for each target sequence (20 mer) adjacent to the
PAM. In the CC TOP tool adjacent to the PAM a 12 bp default
length core sequence is displayed. Since the seed sequence
alterations at positions 8 to 12 nt next to the PAM are known
to affect cleavage, it is likely that this region plays the most
important role in determining target specificity. The selecting
sites predicted to have the most specific seed regions with
the fewest possible off-target mismatches may be crucial to
improving on-target efficiency (DiCarlo et al., 2013, Sander

CRISPR/Cas Genome Editing Single Guide RNA (sgRNA) Design using Three Different Web Tool Platforms
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Fig 3C: Results page providing detailed information of all identified sgRNA target sites.

et al., 2014, Liu et al., 2016). CRISPR/Cas9 system has off-
target activity with insertions or deletions between target DNA
and gRNA sequences (Lin et al., 2014), mismatches were
tolerated at any position except within the PAM motif (Hsu et
al., 2013). Another study demonstrated that the number of
mismatches tolerated is dependent upon the specific sgRNA
(Fu et al., 2013). All the studied tools take into consideration
of mismatch position along the sgRNA/DNA heteroduplex as
default. So the study showed all the tools are effective in
generating sgRNAs considering all the criteria to target the
gene of interest for increased efficiency of editing by CRISPR/
Cas 9 mechanism. However, all the tools are updated as per
the scientific findings to make the target even more precise.

CONCLUSION
A thorough and accurate off-target prediction improves the
implementation of the CRISPR/Cas technology. All the tools
have different design processes with fast run times, powerful
off-target prediction and integrated primer design. These
insilico tools accept a wide range of inputs - gene identifiers,
genomic regions, or pasted sequences making them suitable
for a broad range of uses, providing a dynamic graphical result
presentation with an interactive gene visualization.The
visualization of all possible target sites makes the selection
of the optimal candidate easy. Users can copy and paste all
the sgRNAs from the tools under study. In order to analyze
whether Cas9 has successfully cleaved the target locus, users
may need to amplify the region of interest for further analysis
by methods such as deep sequencing or a T7E1 assay. All
the tools match the needs of both beginners and experts.
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