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ABSTRACT

RNA-guided recombinases (RGR) are potentially valuable tools for basic research and genetic modifications. The platform has been
demonstrated to do genome editing efficiently. The platform operates on a typical recognition site comprised of the degenerate
recombinase site, a 5 to 6-base pair spacer flanking it and this whole central region is flanked by two guide RNA-specified DNA
sequences or Cas9 binding sites which is followed by protospacer adjacent maotifs. In present investigation, a detailed map of target
sites for RNA-guided recombinase platforms based on hyperactivated recombinase Beta throughout the bovine genome was prepared.
For this, Chromosome wise whole genomic sequence data was retrieved from Ensembl followed by designing search pattern for
recombinase Beta with spacer length five. By using this search pattern, RGR target sites were located by using dreg program of
Emboss package. In total, 436 RGR target sites were identified in bovine genome for recombinase Beta with spacer length five. These

RGR target site provide potential of being utilized for specific genomic integration, deletion or inversion.

Key words: Bovine genome, Dreg, Emboss, Hyperactivated recombinase Beta, RNA guided recombinase target sites.

INTRODUCTION
The advent of recent genome engineering technologies
greatly enhanced the capabilities for investigating the genetic
basis of disease and exploring the development of novel
gene therapies. Recombinases are DNA manipulating
enzymes which serve as powerful tools for predictable and
specific genetic manipulations.Site-specific recombinases
directly catalyze the cleavage, strand exchange and re-
ligation of two double-stranded DNA sequences which
results in the insertion, deletion or inversion of sequences
of interest, depending on the relative orientation of the
substrate sequences.Direct catalysis by recombinases
typically does not provoke error-prone DNA repair processes
that result in indel formation and also not dependent on
endogenous cellular DNA repair machinery.Site-specific
recombinases are highly specialized enzymes that promote
DNA rearrangements between specific target sites.
Site-specific recombinases (SSRs) can be categorized
within one of two structurally and mechanistically distinct
groups: Tyrosine recombinases - e.g., Cre, Flp and the A
integrase (Grainge and Jayaram, 1999) and Serine reombinases
- ¢C31 integrase, yd resolvase and Gin invertase (Smith
and Thorpe, 2002).The tyrosine recombinases break and
rejoin pairs of single DNA strands to generate Holliday
junction intermediates, while the serine recombinases cleave
all four DNA strands before promoting strand exchange and
re-ligation. Due to complex protein-protein and protein-DNA
interactions required to coordinate catalysis, Tyrosine
recombinases exhibit remarkable target site specificity. But,
altering the specificity of many Tyrosine SSRs has proven
difficult (Grindley et al. 2006; Sarkar et al. 2007). In this
context, Serine recombinases of the resolvase/invertase
type provide a versatile alternative to tyrosine recombinases
for genome engineering. Native DBDs of serine recombinases
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can be replaced with custom-designed proteins to
generate chimeric recombinases (Gaj et al. 2011; Gordley
et al., 2009; Akopian et al. 2003).

SSRs are hampered by the strict recognition specificities
for their natural DNA targets (Grindley et al., 2006). So, application
of these enzymes has been limited to cells or organisms
that contain rare pre-existing pseudo-recognition sites or
pre-introduced target sites through time-consuming and
labor-intensive procedures (Thyagarajan et al. 2000; Chalberg
et al. 2006). Unique topological and spatial constraints are
imposed onto these enzymes through the presence of
multiple binding sites or accessory factor proteins that
ensure the specificity of the recombination reaction (Sancar
et al. 2004; Smith and Thorpe, 2002). In order for this
technology to reach its full potential, Hyperactivated variants
of recombinases have been developed by methods like directed
evolution and rational design of custom recombinases.

To increase the number of sites amenable for targeted
recombination in cells, researchers have fused hyperactive
variants of small serine recombinases to zinc finger and
TALE DNA-binding proteins (Akopian et al. 2003; Gordley
et al. 2009; Prorocic et al. 2011; Gersbach et al. 2011; Mercer
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et al. 2012). More recently, CRISPR-Cas9 technology has
also been modified to base it on recombinase action instead
of nuclease action. In this, a hyperactivated Gin (B)
recombinase has been fused to the nuclease-null Cas9 or
dead Cas9 (dCas9) (Chaikind et al. 2016). recCas9 enzyme
operates on a minimal pseudo-core recombinase site, a 5-
to 6-base pair spacing between the Cas9 and core sites
flanked by two guide RNA-specified DNA sequences or Cas9
binding site followed by protospacer adjacent motif (PAM).
(Chaikind et al. 2016).

Currently, though only one RGR platform based on
hyperactivated recombinase Gin () is available, more
hyperactivated recombinases have been evaluated as part
of ZFR platforms. (Gaj et al. 2013; Sirk et al. 2014). The
structure of RGR platform based on hyperactivated
recombinase Gin with the degenerate sequence is: CCN
(30-31)-AAASSWWSSTTT-N (30-31)-GG (Chaikind et al.
2016). RGR target sites for the RGR platforms based on
the hyperactivated recombinases other than Gin (8) can be
easily discerned by only replacing the central 20 bp pseudo-
recognition sequence in the target sequence as described
by Chiakind et al. (2016). Sirk et al. (2014) has reported the
core sequence for hyperactivated recombinaseBeta
as:NNNV NNR GT WW AC YNN BNNN where N=A, T, C, or
G;V=A,C,orG;B=T,C,orG; R=AorG; Y=TorC; W=AorT.

Therefore, in present study a detailed map of target sites
for RNA-guided recombinase (RGR) platforms based on
hyperactivated recombinase Betawith spacer length five was
prepared throughout the bovine genome and genes in context
to RGR target sites were identified in entire bovine genome.

MATERIALS AND METHODS

RNA-guided recombinase (RGR) platform operates on a
typical recognition or target site comprised of the minimal
pseudo-core recombinase site, a 5 to 6-base pair spacer
flanking it and whole central region flanked by two guide

RNA-specified DNA sequences or Cas9 binding sites followed
by protospacer adjacent motifs (PAMs). Therefore, structure
of RGR platform based on hyperactivated recombinase Beta
with the degenerate sequence will be: CCN(26-27)- NNNV
NNR GT WW AC YNN BNNN -N(26-27)-GG.

For this chromosome wise whole genomic sequence
data was retrieved from Ensembl (Bos_taurus.UMD3.1.dna.
chro-mosome). Search pattern was designed depending on
structure of RGR target site which includes degenerate
sequence of 20 bp core recombinase recognition sites
(NNNVNNRGTWWACYNNBNNN) flanked by spacer (5
bases), guide RNA binding site (25 bases) and PAM
sequences at both the ends. Designesd search pattern was
as follows:

CCIATCG][ATCG][ATCG][ATCG][ATCG][ATCG][ATCG]IATCG]
[ATCG][ATCG][ATCG][ATCG][ATCG][ATCG][ATCG][ATCG]
[ATCG][ATCG][ATCG][ATCG][ATCG][ATCG][ATCG][ATCG]
[ATCG][ATCG][ATCG][ATCG][ATCG][ACG][ATCG]ATCG]
[AG]GTIAT][AT]JAC[TC][ATCG][ATCG][TCG][ATCG]ATCG]
[ATCG][ATCG][ATCG][ATCG][ATCG][ATCG][ATCG][ATCG]
[ATCG][ATCG][ATCG][ATCG][ATCG][ATCG][ATCG][ATCG]
[ATCG][ATCG][ATCG][ATCG][ATCG][ATCG][ATCG][ATCG]
[ATCG][ATCG][ATCG]GG.

Genomic sequence data and search pattern was loaded
to dreg program of Emboss package individually for each
chromosome and target Sites for Rna-guided Recombinase
(RGR) were identified throughout the bovine genome. All
identified RNA guided recombinase target sites were
converted into Fasta format. Fasta sequences were mapped
against RefSeq Genome Database (refseq genomes) of Bos
Taurus (taxid: 9913) for highly similar sequences by using
Blast of NCBI. Sequences (Subject sequence) having 100%
alignment along with no gap with RGR target site sequences
(Query sequence) were selected and features of these sites
were identified.

Tablel: Chromosome wise number of RGR target sites in bovine genome.

Chromosome Chromosome RGR target Chromosome Chromosome RGR target
no. Size (MB) site no. no. Size (MB) site no.
1 45.6 22 16 23.6 12

2 39.6 18 17 21.7 12

3 35 19 18 19.1 18

4 34.8 14 19 18.5 16

5 34.9 23 20 20.8 8

6 34.2 18 21 20.6 19

7 32.2 16 22 17.8 16

8 32.6 22 23 15.2 15

9 30.5 9 24 18.2 12
10 30.1 20 25 12.4 7
11 31 19 26 14.9 5
12 26.2 13 27 13 4
13 24.4 14 28 13.4 6
14 24.3 16 29 14.8 10
15 24.5 16 X 42.1 17
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RESULTS AND DISCUSSION

In present investigation, 436 RNA-guided recombinase
target sites were identified in bovine genomeby using dreg
program of Emboss package. RGR target sites were found
to be located on all the chromosomes. Chaikind et al. (2016)
have reported that they searched for appropriate target sites
by using Bioconductor, an open-source bioinformatics
package using the R statistical programming (Gentleman
et al. 2004) and identified approximately 450 such loci in
the human genome such that location of RGR target sites
lies on all the chromosomes of human genome. (Table 1).
Further, these sequences were mapped against RefSeq
Genome Databaseof Bos Taurus (taxid: 9913) for highly
similar sequences through Blast to investigate that whether
these RGR target sites are present with in any gene or not
and it was found that 173 RGR target sites lies in genic
region and 263 in intergenic region. RGR target sites lying
within genic region has been shown in Table 2.Chaikind
etal. (2016) also searched ENSEMBL (release 81) to identify
which predicted recCas9 target sites fall within annotated
genes (Cunningham et al. 2015).

In present scenario, there is requirement of improved
technology which is capable of introducing targeted
modifications in both safe and efficient manner so that
genome engineering may reach their full potential in clinical
and industrial applications. Most contemporary genome
engineering processes are based on the use of targeted
nucleases, such as ZFNs, TALENs and CRISPR/Cas9;
however, these tools have the potential to introduce
potentially toxic off-target double stranded breaks and relies
on the host cell machinery to facilitate targeted DNA
integration which prevent their use in post-mitotic cells.
SSRs, however, offer a potential solution to these problems,
particularly for applications of therapeutic gene integration
(Crooks et al. 2004).

Despite their potential, new approaches for
reconfiguring their specificity are needed. Programmable
tools for genome engineering based on recombinase action
have been devised by fusing these ‘hyperactivated’
recombinases with Zinc-finger proteins and TALEs (Mercer
et al. 2012; Gaj et al. 2013; Gaj et al. 2011; Gersbach et al.
2011; Sirk et al. 2014). Gaj et al. (2014) have developed a
diverse collection of re-engineered Gin recombinase
catalytic domains suitable for the design of ZFRs with custom
specificity. They have shown that ZFRs can be assembled
to recombine user-defined DNA targets, and that designed
ZFRs integrate DNA into endogenous genomic loci.
Recently,hyperactivated Gin (8) recombinase has been
fused to the nuclease-null Cas9 or dead Cas9 (dCas9). This
recCas9 or RNA-guided recombinase (RGR) has been
demonstrated to do GE efficiently wherein it precisely deleted
a portion from human genome (Chiakind et al. 2016). Till
now, hyperactivated Beta recombinase has been evaluated
as part of ZFR system. Similar to Gin recombinase,
hyperactivated Beta recombinase may be fused to the
nuclease-null Cas9 or dead Cas9 (dCas9) to develop RNA-
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Table 2: Continue...

multidrug resistance-associated protein 4
germinal-center associated nuclear protein
calcium/calmodulin-dependent 3',5'-cyclic
BRCAl-associated RING domain protein 1

transient receptor potential cation channel
nucleotide phos...

Down syndrome cell adhesion molecule
subfamily M m...

ubiquitin-conjugating enzyme E2 E3
CLIP-associating protein 1 isoform X7

Gene description

CCTCCATGCTGGTTTCTGTCCTGGCTGTGGGGGTGGTTTACTGCTTGAAGGGGGAGT

CTTGGTAGCCTGGCATTGG
CCCCATGCATGGCGCCAGCACCATCTCAAGCAAGAGTATACCAACCCACGGTCAGT

CCTTGTCAACTATGGGAATTTCCGAAACCTTGTTAGTTAACCGATTGACTAACCAAT
ACCTGGGCCGAGGACCAAGG

TCTTGAAGTCACCTCTTGG
CCCGACCCAGAAATCAGTTGACTGTTAACAAAAGGGTTTACCTGTTCTATTCCTATT

AACCATGTGTCTATCTGGG
CCTTTCCAAGCTTCACTCTCATCCAGGTTACAGGAGTTAACCTGCAGGGAGCTGCT

CCATCTGATAAATCTTCCTGAAATGGATGCAACTAGTAAACTTAGTCTTATTTTAAA
GGTAAACAGACCAGCTCGGG

GACAATCTTAATGAAAAGG
CCAAAATTAATCTGAAAACTGTTACTGAATTAAGAGTATACCTCCCTTCAGCACGT

CCAGAATGGGAGGAGAAAATATATATTCAAAAGGAGTATACCAGTATCAGTGCTG
AAGAATTATAAAGGAAAAGG

GAATAGGAGTGGGAGTGGAGG

RGR Target site sequence

End
position
93795846
141818021
145858650
147676626
14456402
15723387
73505132
103320047

Start
position
93795771
141817946
145858575
147676551
14456327
15723312
73505057
103319972

Table 2: Sequences of RNA guided recombinase target sites identified in genic region of bovine genome.

Ch
No
1
1
1
1
2
2
2
2
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guide recombinase platform based on hyperactivated
recombinase Beta.

CONCLUSION

Implementation of RGR platform for genome modification
requires a detailed map of RGR target sites based on
hyperactivated recombinase Betathroughout the bovine
genome. RGR target sites are located widely in genome
andthese RGR target sites can be utilized for targeted
manipulation of DNA viz. integration, deletion and inversion.
The present map envisages the complete information
regarding location of RGR target sites in bovine genome.
As site specific recombinase mediated genome editing is
more safer alternative of genome modification, this
information may be utilized for editing of genome by using
RNA-guided recombinase platform.
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