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Abstract

RNA-guided recombinase (RGR) is a fusion protein composed of nuclease-null or dead Cas9 (dCas9)
and ‘hyperactivated’ recombinase. RNA-guided recombinases platforms are potentially valuable tools for
basic research and genome editing. The platform recombines a typical target site that comprises of a
degenerate recombinase site, flanked by a 5 to 6-base pair spacer sequences and this whole central region
is flanked by two guide RNA-specified DNA sequences or Cas9 binding sites which is followed by
protospacer adjacent motifs (PAMs). Here we have constructed a detailed map of target sites for RNA-
guided recombinase platforms based on hyperactivated recombinase Beta throughout the buffalo genome.
Firstly, Chromosome wise sequence data of buffalo genome was retrieved from NCBI. Then we designed
search pattern for recombinase Beta with spacer length six. RGR target sites were located using this
search pattern through Fuzznuc program of Emboss package. The result reveals 426 potential RGR target
sites in buffalo genome for recombinase Beta with spacer length six. Out of these 207 RGR target sites
lie in genic region and 263 RGR target sites in intergenic region. This work represent a step towards
bringing genetic improvement in buffalo and livestock breeding as these RGR target sites provide
potential of being utilized for specific genomic integration, deletion or inversion.

Keywords: Buffalo genome, RNA-guided recombinase target sites, genome editing, hyperactivated
recombinase, fuzznuc, emboss

Introduction

Efficient, precise and programmable genome editing remains a longstanding goal of
researchers across the globe. In the recent years, advancement in genome engineering is
reshaping fundamental biological research and biotechnology by making it possible for
researchers to introduce custom changes into genomes of any organism. The majority of DNA
modification strategies involves the formation of DNA double-stranded breaks (DSBs) or
paired single-stranded DNA breaks, which are then processed through endogenous non
homologous end joining (NHEJ) or homology directed repair (HDR) (Sander et al. 2014,
Brookhouser et al. 2017) 12531, Site-specific endonucleases based genome editing tools such as
Zinc Finger Nucleases (ZFN), Transcription activator-like effector nucleases (TALEN) and
Clustered Regularly Interspersed Short Palindromic Repeats -associated protein 9 have
emerged as powerful and versatile tools that have drastically improved the ease of targeted
DNA modifications. However, it has become apparent that these customizable nucleases are
constrained by variety of factors including potentially mutagenic off-target effects (Gabriel et
al. 2011, Fu et al. 2013) [ 8 and their reliance upon cellular repair machinery for editing after
formation of DNA DSBs and it may function erratically at some occasions (Orthwein et al.
2015, lhry et al. 2018, Haapaniemi et al. 2018) [?218.17],

As a valid alternative site specific recombinases are also powerful tools for genome
engineering. They have the enzymatic machinery to perform transient DNA cleavage, strand
exchange, and religation without the use of high energy cofactors, or DNA replication and also
these processes does not depend upon the cellular DSB repair machinery (Grindley et al. 2006)
1161, The super family of recombinase can be subdivided into two basic categories: i) tyrosine
(Flp, Cre, and A integrase) (Grainge and Jayaram 1999) 1% and ii) serine recombinases (Hin
invertase, sin resolvase and Gin invertase) (Smith and Thorpe 2002) 271,

Tyrosine and serine recombinases such as Cre, Flp andyC31 integrasehave been widely used
to catalyze the recombination of exogenous DNA into model organisms (Turan et al. 2013,
Gaj et al. 2004) % 131, However, the use ofsite specific recombinases has been limited by their
intrinsic, non-programmable DNA sequence specificity.
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Recombination using these enzymes at endogenous DNA
sequences only occurs at ‘pseudo-sites’ that resemble the
recombinase’s natural DNA recognition sequence or at
genomic sequences for which the recombinase has been
experimentally evolved (Karpinski et al. 2016, Buchholz et
al. 2001, Thyagarajan et al. 2001) (194 29],

To circumvent this, recombinases have been retargeted by
fusing catalytic-domains to zinc finger or transcription
activator—like DNA-binding domains (Akopian et al. 2003,
Gersbach et al. 2011, Mercer et al. 2012) I 4 21, However
these techniques require complex addition of heterologous
DNA-binding domains to re-target the sequences of interest.
More recently, CRISPR-Cas9 technology has also been
modified to base it on recombinase action instead of nuclease
action. This recombinase-Cas9 (recCas9) was created via
fusion of dCas9 with hyperactivated Gin invertase (Chaikind
et al. 2016) 1. Another RNA-guided recombinase (RGR)
called integrase Cas9 (iCas9) was also generated which was
developed through the fusion of dCas9 with the catalytic
domain of Tn3 resolvase (Standage-Beier et al. 2019) [,
Currently, these few RGR platform based on hyperactivated
recombinase are available, morehyperactivated recombinases
have been evaluated as part of Zinc Finger Recombinase
platforms (Gaj et al. 2013, Sirk et al. 2014) [t 261, 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)
1. RGR target sites for the RGR platforms based on the
hyperactivated recombinases other than Gin () 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) 1. Sirk et al. (2014) 81 has reported
the core sequence for hyperactivated recombinase Beta as:
NNNV NNR GT WW AC YNN BNNN where N=A, T, C, or
G; V=A, C,or G; B=T, C, or G; R=Aor G; Y=T or C; W=A
orT.

Here, in present study we have prepared a detailed map of
target sites for RNA-guided recombinase platforms
throughout the buffalo genome and we have also reported
genes in context to RGR target sites in entire buffalo genome.
Our RGR platform was designed to base on hyperactivated
recombinase Beta with spacer length six.

Material and Methods

RNA-guided recombinase platform operates on a typical
recognition sites that comprised of the minimalpseudo-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. 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. Where N=A, T, C, or
G; V=A, C,or G; B=T, C,or G; R=A or G; Y=T or C; W=A
orT.

To accomplish our objective firstly, chromosome wise whole
genomic sequence data was retrieved from NCBI (Bubalus
bubalis UOA_WB_1). 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 (6
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bases), guide RNA binding site (25 bases) and PAM
sequences at both the ends. Designed search pattern was as
follows:
CCIATCG][ATCG][ATCG][ATCG][ATCG][ATCG][ATCG
J[ATCG][ATCG][ATCG][ATCG][ATCG][ATCG][ATCG][
ATCG][ATCG][ATCG][ATCG][ATCG][ATCG][ATCG][A
TCG][ATCG][ATCG][ATCG][ATCG][ATCG][ATCG][ATC
G][ATCG][ACG][ATCG][ATCG][AG]GTI[AT][AT]ACITC]
[ATCG][ATCG][TCG][ATCG][ATCG][ATCG][ATCG][AT
CG][ATCG][ATCG][ATCG][ATCG][ATCG][ATCG][ATC
G][ATCG][ATCG][ATCG][ATCG][ATCG][ATCG][ATCG]
[ATCG][ATCG][ATCG][ATCG][ATCG][ATCG][ATCG][A
TCG][ATCG][ATCG][ATCG]GG

Searching for appropriate target sites was done using Fuzznuc
program of Emboss package. Genomic sequence data and
search pattern was loaded to it individually for each
chromosome and target Sites for RNA-guided Recombinase
were identified throughout the buffalo genome. All identified
RNA guided recombinase target sites were converted into
Fasta format. By using Blast of NCBI (National Center for
Biotechnology Information),Fasta sequences were mapped
against RefSeq Genome Database (Refseq genomes) of
Bubalus bubalis (Taxid: 89462) for highly similar sequences.
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.

Results and Discussion

Beta recombinase is a member of resolvase or invertase
family under Serine recombinase category and it is obtained
from plasmid Streptococcus pyogenes “PSM19035” (Rojo
and Alonso 1994) 241 It requires a host-encoded accessory
factor such as HU or eukaryotic HMG1 proteins, Hbsu
(Alonso et al. 1995) @ and recognize a 90-bp specific
sequence, six with only two binding sites (Canosa et al. 1996)
BBl Mutant variations of Beta recombinases having the ability
to recognize target sites apart from their earlier targets have
also been isolated (Sirk et al. 2014) %61, The core target
sequence of wild type beta recombinase is given as:
CAATAGAGTATACTTATTTC and the core sequence for
hyperactivated recombinase Beta is: NNNV NNR GT WW
AC YNN BNNN where N=A, T, C, or G; V=A, C, or G;
B=T, C, or G; R=A or G; Y=T or C; W=A or T (Sirk et al.
2014) [61, The structure of RGR platform based on
hyperactivated recombinase Gin with the degenerate
sequence: CCN (30- 31)-AAASSWWSSTTT-N (30-31)-GG,
where Wis Aor T, S is G or C, and N is any nucleotide was
used as search pattern to identify potential target sites in
human genome by Chaikind et al. 2016 1. In the present
investigation to identify potential target sites in buffalo
genome we used previous finding that characterized
hyperactivated recombinase Beta (Sirk et al. 2014) [?%1. Using
this information, we searched the buffalo genome for sites
that contained CCN (26-27)- NNNV NNR GT WW AC YNN
BNNN -N(26-27)-GG, Where N=A, T, C, or G; V=A, C, or
G;B=T,C,orG; R=AorG; Y=T or C; W=A or T. The N(26-
27) includes the N of the NGG protospacer adjacent motif
(PAM), the 20-base pair Cas9 binding site, a 6-base pair
spacing between the Cas9 and the core target sites.

Scanning search pattern for the entire genome using Fuzznuc
program of Emboss package reveals 426 potential RNA-
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guided recombinase target sites in buffalo genomeand the
presence of target sites were found on all the chromosomes.
Chromosome wise number of RGR target sites in buffalo
genome is listed in Table 1. The highest number of target sites
were found to be located on chromosome 3 (48 target sites)
and the lowest number of target sites were found to be located
on chromosome 16 as well as 24 (7 target sites each). On X-
chromosome 21 RGR targets sites were found to be located.
There is a report of identification of approximately 450
potential loci in the human genome of RNA-guided
recombinase based on Gin recombinase by Chaikind et al.
2016, such that location of RGR target sites lies on all the
chromosomes of human genome. Chaikind et al. (2016) 8
have done the target site searching with the help of
Bioconductor, an open-source bioinformatics package using
the R statistical programming (Gentleman et al. 2004) 3,
More recently Pathak et al. 2020 [» have identified 436
RNA-guidedrecombinase target sites in Bos taurus genome by
using dreg program of Emboss package.

Using Blast of NCBI all the identified target sites sequences
were mapped against RefSeq Genome Database of Bubalus
bubalis (Taxid: 89462) for highly similar sequences to
determine whether these RGR target sites are present within
any gene or not. Our investigation reveals that 207 RGR
target sites lie in genic region and 263 in intergenic region.
RGR target sites lying within genic region along with their
gene features has been shown in Table 2.Similarly, Pathak et
al. 2019 B2 has also found RGR target sites to be located both
in genic region as well as intergenic region in case of Bos
taurus genome. Their findings show that the total number of
target sites located in genic and intergenic regions was 173
and 263, respectively (Pathak et al. 2019) 2. Chaikind et al.
(2016) 1 also searched ENSEMBL (Release 81) to identify
which predicted recCas9 target sites fall within annotated
genes.

https://www.thepharmajournal.com

The identified 426 buffalo genomic sites for recCas9 could be
significantly expanded by replacing the hyperactivated Beta
recombinase catalytic domain with other natural or manmade
small serine recombinases that recognize different core
sequences. Furthermore, recent work altering Cas9 PAM
binding specificity, as well as the recent discovery of
numerous Cas9 orthologs, opens up the possibility of
increasing the number of potential recCas9 sites (Kleinstiver
et al. 2015, Esvelt et al. 2013, Zetsche et al. 2015) 207311,
Extending the approach we can use the RGR platform based
on hyperactivated Beta recombinase to construct tools that
can be capable of specific, seamless genome modification viz.
integration, deletion and inversion of the identified target sites
of the genome map prepared. 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, Gershach et al. 2011, Sirk et al. 2014)
[21, 11, 13, 10, 14, 26] - 7inc Finger Recombinase with diverse
collection of hyperactivated recombinase Gin has been
reported for genome modifications (Gaj et al. 2013) 'Y, And
that ZFR architecture is capable to recombine target sequence
with extreme specificity and achieved human cells DNA
integration into targeted loci (Gaj et al. 2013) ('Y, Chaikind et
al. (2016) [ designed a RGR that operates in mammalian
cells, by fusing a dCas9 with hyperactive Gin recombinase
and the said RGR proved capable of in situ deletion across
two genomic sites. No indels or other DNA modifying
products were detected as the RGR catalyzes recombination
directly (Chaikind et al. 2016) [¢]. Standage-Beier et al. (2019)
(281 generated a RGR named as integrase Cas9 (iCas9) by
merging dCas9 into the catalytic domain of Tn3 resolvase
derived from transposon Tn3. They have demonstrated iCas9
targets deletion and integration of DNA in both yeast and
human cells.

Table 1: Chromosome wise number of RGR target sites in buffalo genome

Chromosome no,| Size (MB) No. of target sites | Chromosome no. | Size (MB) | No. of target sites
1 202.11 21 13 90.5 11
2 188.95 35 14 83.51 18
3 175.63 48 15 82.16 8
4 165.35 20 16 84.65 7
5 127.68 19 17 73.31 10
6 120.64 25 18 65.93 19
7 117.22 19 19 71.84 10
8 119.77 16 20 68.86 15
9 110.24 20 21 60.88 13
10 104.52 10 22 62.06 10
11 102.29 20 23 51.76 9
12 106.43 15 24 42.45 7
13 90.5 11 X 143.53 21
14 83.51 18 Total 426
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Table 2: Locations, Sequences and features of RGR target sites identified in genic region of buffalo genome

Chr no| Start position| End position RGR target site sequence Target site feature
1 194249830 194249907 CCTGTGACGACATAGCCTTCTTTGACATCCAAACCAGTTTAC Dual specificity tyrosine
CAGGTCAGACTGATTGATACCTTTCTCCTAGGCTGG phosphorylation regulated kinase
1 189243507 189243584 CCAAAAGAAAGACAGGGAGCCAAATGTTCACAGCAGGTTT |Ubiquitin Conjugating Enzyme E2
ACCTGTAACAGCCAAGAAAACTAGAAACAACCCAAAGG G2
CCCCACTGTAACACAGCAGAACCTCACCTTAACGCGGTATA .
1| 173491460 | 173491537 CCTGCAAAGATCCCATTTCCAATTAAAGCCATTTAGG Calsyntenin-2
1 132028651 132028728 CCTATATCCTACCAATGAATAGAGACAGAATAAATGGTATA| Peroxisomal Biogenesis Factor 5
CTATTTGGAAGCAAAGCTTAGGGGAACTATTTGGGGG Like
1 108876834 108876911 CCACCACTTGCTAACCAAATGATGTTCAGCAAGGCAGTAAA|Rho GTPase-activating protein 31
CTTCTCTCAGATCCTCAATTCTCACTGTAAAATGAGG isoform X2
1 125181 125258 CCAAGAGCAAAATTTTATGTCCCAAGTTTAGAAGTGGTATA| Zinc finger protein 385D isoform
CTTGGTGTCTTCTTATATTCCAGTGACTAGAATTCGG X3
CCGCTTTGCTGAAGAGGAATCTGGGGGTTTATAGAGGTTAA
2 186555754 186555831 CTGACAGGTCCAAGGCCTCACAGCAGGAGGTAGATGG Taste 1 receptor member 2
CCAGGTACAGTGATTTTTTTTCACCCAGGATTGGTGGTAAA .
2 182137224 182137301 CTGAGGCAGGAGGCCTTAGGCTGCTGGTGGCCTTAGS E2F transcription factor 2
2 178929292 178929369 CCCCATTTGTAAAGGAGGACCCTGCGGTCTGGAGAGGTTAA| Solute carrier family 9 member
CTACTTACCCAGGGTCACACGCACCAGAAAGTGGAGG Al
CCTCCTAAGGAGGGGCCTGCTAGATCTGGCCACATAGTAAA .
2 | 178692500 | 178692577 CCTTTGTGTTGCCTCATTTTGTTCAGTCATGAAATGG WASP family member 2
CCCCCATAAAGGAAAGGGCAGATTAGGAGAAAGTAAGTTA . N
2 168534858 168534935 ACTTAGCCATAAAAGGAGTATTTAGAGATCATTCTAGG Mitochondrial fission factor
CCTCCTCAGCACCAGAACTCCGCAAGAATTTAAGCAGTAAA
2 | 162697268 | 162697345 |7 o0 A CCAGATTCTGCCTGAGTGCACTTTAATGCCAGG EPH receptor Ad
CCAAGACAGAGCAATATTTAAAATTATAAAGAATCAGTTTA .
2 149644844 149644921 CCAAGAGGAAATAATCCTAAATATATATGCGTTTAGG Parathyroid hormone 2 receptor
2 146742335 146742412 CCAATTTTGCAAATCACATTTTGTGGCTGAAAATTGGTTTAC|Par-3 family cell polarity regulator
TGCGCCCATCCCATTTTGGAGGCCAGACTTCCCTGG beta
5 129590404 129590481 CCAAAATACTGCAGATTGAGTGGTTTAAAAACCGAAGTTTA| Contactin associated protein
CTCTCTCACAGTTCTCAAGACTAGATGTCCAAGATGG family member 5
2 125948991 125949068 CCCTCCACTGCTAGCCTCCTGCCCAGCAGACAGCTGGTAAA| Cytoplasmic linker associated
CTGAGCTGCTCCCCACCAGTGAGTAGCAATCCACAGG protein 1
2 114240718 114240795 CCTACTCCAGGGGATCTTACATCTGTGAAGGGGGAAGTTAA| Minichromosome maintenance
CTTATTATATTACATAGGCCTTCTGTTTTTTTTGTGG complex component 6
5 105022213 105022290 CCTGGTGTTATTTGAAAAGGAATCCTTCCCAAGAAAGTTTA | Glycosyltransferase like domain
CTGCCAGGGAAGGAAGATCCTCGCAGTAAGGAGTTGG containing 1
CCTAGGCTTGACACACACCTTCAGGGTGGAACCCAGGTTTA .
2 | 90305364 | 90305441 CTGTTTACTTGGCTTAGAAGTCTCACTTTCATTTTGG Plakophilin 4
CCTGCACTGTGGCAGGGAGAGGGTGGTAACCTGTTAGTAAA . .
2 | 62280500 | 62280577 |7 oroTGAAAAGTTAAACAGCAGTAAATGACAGGGCTGG Integrin subunit alpha v/
5 56842340 56842417 CCTTGATTTCCCTCTCAAGCTACTGAGAATCCCTAAGTATAC UDP-glucose glycoprotein
TGAGATTTTTTTTCTGTCTATACATTGCTTTTGGGG glucosyltransferase 1
2 25797969 25798046 CCAGATTCAAGCACACAGACCCTTTGGAATTTAAAAGTTTA | Neurogenic locus notch homolog
CCCTTGATCTCTACAGGGGCGAGTTTCCCTCAGTAGG receptor 4 isoform X3
CCTGTGTCTTTTATTCCATCCCTCCCATCGCCACCAGTTTAC .
2 15891284 15891361 TCTCTCCTCTCCTACCTCTTCCTTGATGCCTGCTGG Uncharacterized LOC112579558
CCCATATATTTGAATAAGTGTACTTAATTCAACCCAGTTAAC .
3 | 168639618 | 168639695 | 7oA AAAAAAAAAAACAGAAGACATTAAGAAGAGG Astrotactin 2
CCCCAAAACCACATGCTCGTTTCTCCAAGTCTGGAAGTAAA .
3 | 168182482 | 168182559 | ™ 1 17CTCAAGCCAGGCCCGAAGGATGGGGGTCTGAGG Pappalysin 1
CCTGAGGTTTTTGGTTAAAAAAATGTGGTATCATCAGTAAA .
3 | 168146774 | 168146851 |~ oy ATAACTCTCCACACCCCACCCTGAGCAGCTCTGG Pappalysin 1
CCCTGACCCTGGACTGTCTTGTGATACACAGTGTAAGTTAA .
3 166555750 166555827 CCACCATCCACTCAGTTGCCCAAGCCAGAAACCTAGG Transmembrane protein 268
CCTCCCAGCCTGGACACCTTCGCTGAGCTCCAGTTGGTATA . .
3 165882126 165882203 CTAGCTTGGGGTAGATGAAGCTGGAAGCCCAGAGGGG Zinc finger protein 618
3 162011588 162011665 CCCCCGGGGGGCTTAAGAATGCAGTTAAGTTTCCTGGTTTA | LOW QUALITY PROTEIN: A-
CCCTGAGTTAAGCAGAAATCTTCACCTGGCCAGGTGG kinase anchor protein 2
3 161642114 161642191 CCACTGGTTCCATGTTTTAAGTTACTTCCAGGCTTGGTTTAC |Protein tyrosine phosphatase non-
TTTTGGCCGAATGACCACCCCGTCTAATGATCATGG receptor type 3
3 161431684 161431761 CCAAGCTTAATCATAAATACAACAAAGCAGATGCCAGTTTA| Erythrocyte membrane protein
CCTGGGAAGGACCACGGTGGGTTAGGACACAGGTGGG band 4.1 like 4B
3 147415387 147415464 CCAGTGGGTGTTTATTCTTGTTTTTCACATCAGGAAGTAAAC|Constitutive coactivator of PPAR-
TTGCCTTTTATTTCAGGTGGGGATCCCAAACCCTGG gamma-like protein 1
3 137191457 137191534 CCACACTGTCTTGGCAGTCAGAGGGAAGGCTCCAAAGTTAA Epoxide hydrolase 2

CCTGTTCCTCTCTCAGGAGACAGGGAGGCCCACCAGG
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CCTGGTTCCAGGCTAATGCCAGGGAGCCCACACTGAGTAAA

Phosphatidylethanolamine binding

3 132673447 132673524 CTCCTGCTAAGTGCCAAGTGCTGTGTCCACGGGAAGG protein 4
3 109972266 109972343 CCAGCCATCAGTGACCCAAAGTGCACACTATAAGAGGTATA|Transient receptor potential cation
CTCTGAGTTCTGAACTGAGCAAACAGTTACAGAGAGG channel subfamily M member 3
CCATGTACCAGATCGGTGAAGGCAGCCGGAATGAAAGTTA
3 | 92869118 | 92869195 |\ CCAGGGGAGGGGAAGTGGTGGTGTTCCAGGAAGATGG Nuclear factor | B
CCAATGCAGTATTTTCACAGGTCTTTTTAAGGAAGAGTTTAC .
3 88787519 88787596 TTTTGCAAAGAATGAAAGCCACGAAGAGAAGCTTGG ADAMTS like 1
CCTTCCTGTTCACTACCATTGTGGGCTGTCCTCAGGGTTAAC . .
3 | 88422306 | 88422383 TGCTGTAACCATTAGCTTGCTCCTCCTGACCAAAGG Low Quality Adamts like 1
CCTTCTTCACAGTCCAACTGTTTTCTCTAATTAGAGGTATAC .
3 70398089 70398166 TCAGCCATTTTTAAAAATGCTTCAGATTAAAACTGG Squalene synthase isoform X3
3 49445120 49445197 CCTTCTGGGAAAGCTGGCTTCTTCCCAGTGTGATGAGTTTAC| Hepatocyte nuclear factor-1 beta
TGAGGTTGGTGTGGTGCCTGTGTAGACAGAGCGTGG (HNF-1B)
CCACTAGGGCGACCGTCGGTAAGGCTTCGGGACTCGGTTTA . . .
3 | 48349018 | 4834909 | 1 CTGATTATGATGACGAGGAAGACGAGGAGGAGG Zinc finger protein 830
3 45477460 45477537 CCTACAGGGCCCCTGTACTGCCCAGAGGAGAAAGAGGTAA | Mitochondrial Rho GTPase 1
ACCCTCCATCCCATCAGACCATGTTAGTAAGGACTGGG isoform X5
CCAGAGGCAGTATGTTTCAATTACTGTTAAAAATGGGTATA R .
3 39579224 39579301 CTTCCTGAATGAAGATGCTCCATGGCCTCGGGGCTGG RAP1 GTPase activating protein 2
CCTCCTCGTCTTGGCTTGCCCCCACTTTGCAGATAGGTAAAC - .
3 | 39025695 | 39025772 |77 5 ACACCCCACACAGGTTGACACAGCGTCGAGCGGG Tax1 binding protein 3
3 31254696 31254773 CCCCGTGCTTTACCCCACACCTGGACATAGTAGCTGGTTTAC|Protoheme IX farnesyltransferase,
TGAGGGGGTATCTGATTCAAACAGTCTCTGCTTGGG mitochondrial
CCATAGAAGTTTGCTAGGAGGGCAGGGACATGGGCAGTTTA .
3 | 28978744 | 28978821 CCTGGGCTAAAGCTTGGAGGCTGGACTGTGGGGCTGG Myosin XVA
Beta-1,4 N-
CCGAGGTATCAGAGAAATCCCAAGGTAGATAAACTGGTAT N
3 | 25950061 | 25950138 | = AT AAGAATGTCATAGCAAGCTCTGTGAGAATGTTTGG acew'ga'a‘:}:g?gr‘r's%'(t{ans‘(erase 2
3 24872095 24872172 CCCAGACAGGGTTGGGCTCCTTCTGAGCTGGAACAAGTTAA|  Proline-rich protein 15-like
CCATTGACTGGGGTGGAGGTGGAAGGCTGGAAGCGGG protein isoform X1
3 18253214 18253291 CCTGCATCAGCCAGCTTTGCCAACTCAGGCAAGTTAGTAAA| Pleckstrin homology and RUN
CCTTTCTGACCTTGATGTCCTCATCTGTAAAATGGGG domain containing M1
3 8229263 8229340 CCCTGCGGGCAGGACGTTGTCTCCGGTGGCCAGAAAGTTAA Progressive rod-cone degeneration
CTCTTCCCTCTTCTGAAGCCATGTGGCCTTTAGAAGG protein
CCTGTGGCTGTTATAGATGGCCTTCCATCTCACTCAGTTTAC .
4 | 129286944 | 129287021 CTGTAAACACTCTATGTGGATCCCATATGGGATTGG Ryanodine receptor 2
CCATTAAGCAAAGAAATAGAAGCTTCTAAAGTAGGAGTTTA .
4 128361803 128361880 CTGGGTTGAACTGCAAATGCTCCTGAGATTTTCCTGG G protein-coupled receptor 137B
4 126489093 126489170 CCTACATGGACACATCATAATGACTCAAAGTCCATAGTTTA| Solute carrier family 35 member
CTTTCAGATTCCCTCTTGGTACCGTACGTCCTATGGG F3
4 125991190 125991267 CCCATAGAATGCGCAACACCAAGAGTGAACCCCGAGGTAA | Potassium channel subfamily K
ACTCTGGACGTCTGGTCCTAATGATATGTCAGTGTAGG member 1
4 124110946 124111023 CCAGCATCCCAGAGAGTGTTAGCTGTCACCGCAGGGGTTAA| Disrupted in schizophrenia 1
CTGGGCTCCTCTAAAGCAGATAGGGTACTCAGATGGG protein isoform X2
CCACTTCACTGCTCAGGGCCATGAAAACCTCCCTTGGTTAA .
4 114273622 114273699 CCCTTAACCTCATTAAGGCTCTTTGCTAAACAGAAGG Bardet-Biedl syndrome 10
4 110944916 110944993 CCTAGAGCCACTGTGATGTCTGCAACGATTTTAAGAGTAAA| PRKC apoptosis WT1 regulator
CCTGTTTGAGAGTATCTTTGTGGCTCAGACAGTAAGG protein
SWI/SNF related, matrix
4 63064718 63064795 CCTGTTGCAAGAACTATTACTAGGACAAAGGGGATGGTAAA|  associated, actin dependent
CTGGGGGCTCTGCCAAGCCAGTAACACCCCAGCCAGG  |regulator of chromatin subfamily ¢
member 2
CCTTTTCCTGGGATGTGTTCTACAAAAAATGAGGAAGTAAA
4 | 52232173 | 52232250 |7 oy A A GAAAGGGGAAAATAAGAGATCCAGGAAGCAGGG Host cell factor C2
4 47738765 47738842 CCTGGAACTCAGGAAAGAGCTCTACTTACTATCCTAGTTTA LARGE xylosyl- and
CTGTTCAAGGATACAACTTAGGAACATGGTATGGTGG glucuronyltransferase 1
CCCAAATTATTCCACTTTACAGGTGAGCAAACAATAGTTAA .
4 22486925 22487002 CTAATTTTTAAAGAAAGGTTAAGAAATTGTTCCCAGG LDL receptor related protein 6
CCCGCTTGTCACCTGGCAGCTGGGGAGGTGGTAATGGTTAA .
5 | 100789301 | 100789378 CCTGGGAGAGTGCTCCATCTTCCTCTGGTGTCCTTGG Neuron navigator 2
CCAAGGAGAAGAACTCACATGACTCTTTTTCCATAGGTTAA .
5 91914839 91914916 CTCTCAATGGCOTTTTTTTAAAATTATTTTTTATAGG Uncharacterized LOC112585287
CCAGCGGCCTCAGCAGTCCCAGAGTTTGTGCCATGAGTATA .
5 51767190 51767267 CCCTGGTGGAGACTTTTTATGTTTGGCACTGTGCCGG Poly(ADP-ribose) polymerase 1
CCAGCCCGGGGGAAGAGGCCCCCTGAGCCTCACACAGTAA . .
5 49433811 49433888 ACCCCTGTGCATTCCCAACCAGGTGGGTGGCATCTGGG Kinesin family member 26B
5 47500111 47500188 CCAGAGAGGAGGCAACCAACCTGGAGGCAGAAGAAAGTTA|Serologically defined colon cancer|

ACTTTCTTTGTTCCCTTTTTGCTTTCTCTTCGCCCTGG

antigen 8 isoform X5
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CCCCTGGAGGACTCATGGAAAGTAGGTGGAGGAACAGTTT

5 | 43853867 | 43853944 | 4\ AAGCCTAAGCAGAAAAGGGGAGCCAGAGGAGAAGG Selectin P
5 36157315 36157392 CCAATATATAAACACAACTTCAGGGGAAAGGGGAAAGTTT | Arginine-glutamic acid dipeptide
ACTGACCACTCATCAATTCAGAAAGCAGGAGGGTGTGG repeats protein isoform X3
CCGAGGTGGACGGGAATGCGGGCGCCGAGGTGAAGGGTTA .
5 | 31422453 | 31422530 |7 A\ C1GCGCCTCTGCCAAGCCCATCCTGCAGCGGGGGCGG PRISET domain 16
CCTCAACAGGTCATACGAAAGTGTGCCAAAGGCCTAGTTAA . .
5 15101085 15101162 CCCTTTTCTCATTCCTGAATTTGCCTCAGTTTCCAGS Niban apoptosis regulator 1
5 2126668 2126745 CCTTTCGCCTTTCTCCTTCCCCCTTTCTCCAGCAAAGTAAAC| Nuclear receptor subfamily 5
TCTTCACTTAGCCCCAGAGAGGTGCGGAGAGGTAGG group A member 2
CCAGATGGTTGTTTCTGTTGTTTCAAACTTTCAAAAGTAAAC .
6 119791576 119791653 TTATGGAGACATCTACCTCCCTGGTGGCTCAGATGG Uncharacterized LOC112577668
Low Quality Protein: transient
CCCGGAGCACCGACGTGTCCTACGCCGAGAGCGTGAGTTAA . .
6 113105366 113105443 CCGCGTCCCCTCCAACACGCAGTTAAGGTTCTTTGGG receptor pot_entlal cation channel
subfamily M member 8
CCATTTTCACAGTAGAGAACTCAGAGGTTCAGAGAGGTTAA . .
6 | 112257239 | 112257316 | ™" 15 CCTCAGCCAAGGTCACACAGCCTGTAAGCGGTGG Ephexin-1-like
6 90683672 90683749 CCCATTTTGTAGGTGAGAAATTTGAGGCACACAGAGGTTAA| Ubiquitin carboxyl-terminal
CTACTTGTCCAAATTCACAAGCCTTGTTACAGCAGGG hydrolase 24 isoform X1
6 19643462 19643539 CCCTGTGAGAATAATCAGGTTATTCAAGGAAAATCAGTTTA |Aryl hydrocarbon receptor nuclear
CCATGCCCTGGGAGATGATAATGGGAAGATAGGATGG translocator
CCGTAAGCTTCCATTTATATGAACTATCCAGAATAAGTAAA .
6 16334349 16334426 CCTACAGAGACAGAAAAGTGGATCAGCGTTACACGGG Integrator complex subunit 3
CCTCCCCAAGACTCAGGTTAGGGGCCGGGCGGGACAGTTAA .
6 | 15179522 | 15179599 7ot 6 AGAGGGGGAGCGGTGCCAACCGGGCGTCCAGG Ephrin Al
CCATCACACAGATGAGGAGATTGAGGCTTGGGCGAGGTTA .
6 14375900 14375977 ACTGATTTGCTCAAGGCCACGCAGCAGACATGTGACGG Ucharacterized LOC112585542
CCCACCTGAAAAGTTGATAAATGTCCCAAGAAGGTGGTATA . . .
6 9212398 9212475 CTTGCTCATTTCTCTTCTGTCCTTTCCAGAACTCTGG Peroxisomal biogenesis factor 19
6 8142415 g142407 |CCTGATGTCACTGTGACGCGGGATAAAGCTACAGGGGTTAA) 1 u'\i'rfc‘)'gg ﬂiﬁg&‘l}%‘i”a&iem )
CTCTGTGGAGAACAGGACCAGAAACCATCATTGCCGG q mitochondrial P '
6 844435 844512 CCATTAGGAAGATGGCTAAGTCCCATGGATTTCGAAGTAAA| LOW QUALITY PROTEIN:
CTTTTTTCATTCCTAATTAGTCCTAATTATTCCTGGG adenylatecyclase type 10
CCAGGCCATGTCAGTGAAAACCCAGAAACCTAACAAGTAT
6 84ldz1 841498 ACCTCCAGGGAATTTCCACGTTCTTTTTTCTATTATGG Adenylatecyclase 10
CCAGTCTCCTGTGTCTCCTGCACTGGCAGGCAGATAGTTTAC .
6 237229 237306 CACTGAACTACCTGGGAAGCCCCCTAATTAGTATGG T-box transcription factor 19
CCTCCGGGAAACCAAGGAATGGCTGAGTGCCACTTAGTAAA .
7 91911815 91911892 CCCTGGGACCTCTTGTCATGGAGCTTAGAGAGGCAGS Collagen type XXV alpha 1 chain
7 76503998 76504075 CCAATTAGGAAATCAATTAGGACCTTAGAAATGGTAGTTTA| Potassium voltage-gated channel
CTGTCCTAATTTCAATCAGCCCACAGCTAACATGAGG interacting protein 4
7 71093609 71093686 CCAGATTAAAGAAGACTGCAAAGTGAGGACACCTGGGTAT | Stromal interaction molecule 2
ACTTGCATACTCATTATCAGGACCAAAAGCAAAGCTGG isoform X2
7 59195826 59195903 CCCATCATAAAATGACCTCATAGCCAAATATAAAGGGTATA| Transmembrane protein 156
CCATCAATTCTAGAAAGCCCAGTTTGTCATTTATTGG isoform X5
CCATCTGGTTCCAGAAAGAATTTACTGAGGTTATTAGTATA . .
7 31003228 31003305 CTCCTAGTTTTGGAAGGAACATGAAAACTATTTCTGG Solute carrier family 4 member 4
7 29958280 29958357 CCCTTTTCACATATGATGAAACTGAGACTTTGGGAAGTTAA| ADAM metallopeptidase with
CTGTTTCTTAGAGGTGGACTCAGTGCTCAGACTTGGG thrombospondin type 1 motif 3
7 26325500 26325577 CCTACATAGACACATCACAATCACCCCAAGTTCATGGTTTA| Coiled-coil domain-containing
CCTTGGGGTTTATTCTTGGTGTGGTACTATTCTATGG protein 158 isoform X7
7 15317672 15317749 CCCCTAAAGTCTGTCCTCTGTACATTTTTTTAACAAGTTTAC Hydroxysteroid 17-beta
TTGGCTGTGTCGTGTCTTCATAGCAGCACGGGGGGG dehydrogenase 11
7 297791 297798 CCGGGGCCCACATCTCCGCCTGTCTGGGCTCTGAGAGTTAA Polvcomb aroun ring finger 3
CCTCCTGCTGGACTTGGAGGTCTCGCTGCGGCCTGGG ycomb group ring fing
o | 116433055 | 116433130 |CCCCACAAGTTCCAGAGTTTTGTTTTTAATCTGGCAGTTTAC D'pe‘)t'%'t?i‘;'g‘)igg?;'r?ﬁse"'ke
TGGTAAATGTGCAGTGAGTCCAGGCTGTCTATTTGG P X2
8 106169221 106169298 CCCGAGTTATTGAGCTGCAGCTTCTTAGAACTCAGGGTAAA | T cell receptor beta variable 6-1-
CTGGCCGTCTTGGGGCCTGGAAGCTTTGAAGTTCTGG like
CCTCAGCTCAATAGGAACACAGAAGTGTTCACAGAAGTAA
8 103023694 103023771 ACTTCTTGCTTGAAGGGAGCTGGGAAAAAATTCTTTGG Thromboxane A synthase 1
CCACTTGCAGAGTACTTACTCTATTGCAAAAGCAAGGTAAA .
8 90888347 90888424 CTGTCCTTCTGTGAGGAGGGAGATCTTTACTTGGAGG Glutamate metabotropic receptor 8
8 67987412 67987489 CCCCCCAGTTATTTTTCTAAAACATGGAACATATCAGTTTAC| Juxtaposed with another zinc
TCCTTCTAAGGCTCTCTATTGGAGAACATTTGGAGG finger protein 1 isoform X3
8 66715809 66715886 CCTCCCCAAACCTTACTTCTCTCAACTGTGAAATGGGTAAA Chimerin 2

CTCCTACTATGAAGGCGCTCGTTAGCACTAAAGAAGG
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CCTTTCCACTGTGGCCATTTCTGCCCTGGAGGACTGGTTTAC

8 63981841 | 63981918 CACTCCTTATGTGCCCAGGCAAAATTGTTTTTTAGG Phosphodiesterase 1C
CCCAAGAGCAAGGGCTAATTTTGACCAGTGAAAGTGGTTAA —
8 59733675 59733752 CCCTTTGGCACATCCTCTTCTGCTGCTGTTTATGAGS Engulfment and cell motility 1
9 99337528 99337605 CCGTGACTATAGTTTCCTGCACCTCCTGAAGCCTCAGTTTAC Coiled-coil and C2 domain
CCTCTCTGTGAAATGGGCATAAATGTTTGGAGGAGG containing 1A
CCGGGCATCCTTGTTGAACAGAGCCTGGGCTTGGGAGTTAA . . -
9 96447088 96447165 CCAGGTCAAAGTCTGAGCCTCCATCCCCCTATTTAGG Ribonucleoprotein, PTB binding 1
o | 01435899 | 91435076 |CCCATTGGAGACTTGACAAAACTGAGGCTCAGAGAGGTTTA| tﬁxfﬂgﬁ;m;&ﬁﬂ;‘;t_
CTCCCTTACCCAAGGTCACGCAACTCCACCCAGTTGG yCliC Spon: .
binding protein 3-like protein 3
CCTGCCCGAGTCCACCACGTGCAGCTCACTTCCCTGGTAAA . .
9 90293683 | 90293760 CCTGGGACCATGTGTCTCCAAAGACCTGGGCCATGGG G protein subunit gamma 7
CCTGGACTGTCTGCGGCTAGGCAGCTTGGAAGCCCAGTTTA -
9 66035753 | 66035830 CCCTCCCTGGCTCATTCCAGCTGACAGGCTGTAAAGG Follistatin like 4
o | 65576887 | 65576064 |CCTCTTCTTCATTGGGTTTTTGGGAAGAATGAGTTGGTTAAC] Voltage dependent anion channel
TTCCACTGTGCGGAAGGGTGCATGATATGGAGAAGG 1
CCTGGAATAATGCCCATGGCTAACAATAAAGAAATAGTTAA .
9 | 57843021 | 57843098 T AAGCTATCATOTATCT A TCOATCCATTOAACT GG | Uncharacterized L OC102395002
o | 46317865 | 46317942 |CCTGGTATCGTGTGGAGCTCAATTTCAAACCTGAAAGTAAA| Glutamate receptor 1 isoform X2
CTCAGTGAGCCTGACTACTCATGCATCAGAGTGCTGG
9 29688873 29688950 CCTGGTCGGTCTGTCAATTTGAACATTTAGTGCCAAGTAAA| Ras protein specific guanine
CTGCCTGCTAGAACAAGAAATGAACACTCTTCACAGG nucleotide releasing factor 2
CCTGAAAATCTAATTCCAGATTGACTTCACAAGAAAGTTTA .
9 15747113 15747190 CTGGTTTATGTATTTGAGAAACCCAGCAATAGCATGG Avrylsulfatase family member K
CCCAATCCCTCCCAGCATCAGAGTCTTTTCCAATGAGTAAA
10 | 60662062 | 60662139 CTCTTTGGACACCCAGGACTGATTTCCTTTAGAATGG Autophagy related 5
CCAGGGGTCTGAAACATCCTGGGTGCTAAATTGATGGTTTA . )
10 51514780 51514857 CTGGTATTAATGTTAGTTTTTATTTTCCAAGCAGAGG Kelch like family member 32
CCTCACAAGTTTACTAACCAGGGGTCATGCACAGAGGTTTA .
10 | 27008958 | 27009035 |~ o penAGTCANCTOOAACGAAGAAGATCOCAAGTGG | Uncharacterized LOC112587399
10 1755474 175555, | CCOAGGAGGGGGAGGGGAGGGCGGCACCTCACCTGAGTTT | Afadin, adherens junction
ACCCGGGGCAGGTACGCGGGGACGGCGGGGCTGGCAGG formation factor
CCTGAGCAAGACATGACTATGGATGAGCTAGCCTTGGTTAA .
11 | 100462745 | 100462822 T COOTCACECGOTOTCAAGTGTCOCTCCGTETOTGG, | Uncharacterized LOC102399489
CCCTGAAGTCTGGAAAAACAATGAGCTTAAAACAAGGTAA —
11| 81432102 | 81432179 ACTCTCCCACTCTTTATCCACCTTTCCCATTCTTTAGG Zinc finger homeobox 2
1 80879037 80879114 CCTGGCTGTTTGCTTCACACAGTTCACTTCCCATAAGTTTAC |Low-density lipoprotein receptor-
CCAGAAAAGAATAGGGGAAAAGAGAGGCCATCTGGG related protein 10 isoform X2
CCTCAGTAAAGTCGTAAAATTCTTTAGAACTAGCAAGTAAA .
11 | 74449726 | 74449803 CTGTTCATGACTAGATAGTCTTGCCCTACTCACTTGG Ryanadine receptor 3
11 | 65105287 | 65105364 |CCACCTCCTGAATTCTGCCCTGCTTTCAGCAAAGCAGTTAACIES biquitin-protein ligase UBRL
CTTCTCAATTGTGATATCATGATGTACATTCTCAGG isoform X2
1 57991216 57991293 CCATTAGTCCTCATCGGACAAGTTCTGGTCCAGGGAGTAAA |Ornithine decarboxylase antizyme
CCATGAACATCACATCTGGTCGAGAGGGGACACAGGG 2
CCGTATGATCCCATTTATATGAAATACCCAACCTAGGTAAA -
11| 57694972 | 57695049 | ™ oo ATGGCGGTAGGAGGCCGATGAGTGTTTGCCAGCGG Casein kinase 1 gamma 1
i | arssss | ar1gesie I CCCGTGACTCAAGTGAGCCCACAGCACCCTGAGTGAGTAAA Lg\é‘t’e%%ﬁ(';';msﬁagg'c’\“
CTTAGTTCCCTTGGGACTGGCCTCCTTCACTGGCGGG
CCCTAGGTGAAGAACTGTTAATCTTGTTAAATCAAGGTTAA .
11| 31313854 | 31813981 | ™ 0o A GAACCAGGAGCTGAGAGTTGACCATACCTGGGG Reticulon 1
CCAGGATTTTTGTGGTTTCTTCTGCCTGGGACCAAAGTAAAC .. -
11 22754549 22754626 CCTCTTGGCTGGTGGAATGGGAGAAAGAGGAGGAGG ZFP36 ring finger protein like 1
1 15918164 15918241 CCTGACTCTCACCTGAGCTCAGGGGAAGGGAAGTGGGTAA | Intraflagellar transport protein 43
ACCTGCCTAGTGACCCCAGCCTGGAAGCTGATCCGGGG homolog isoform X2
1 318417 318494 CCTGATATGACTGGCAACTGGAGATAAGCTGAACAGGTAA | Eukaryotic translation initiation
ACTGATTTTAATAAAGGGCTTAAGACAGGCTATCAGGG factor 3 subunit J
CCGCCGTTCTCAACCCTGCTCGGCCTCGCGCCGGGGGTTAA .
12| 101928343 | 101928420 | ™ - 16 CCTCCATGCCTCGGCTCCACAGTCGGCCGAGGG Senataxin
CCATGACCCCAGGGGTCAGCGCCCAGGCCCCAGAGAGTTTA )
12| 101777180 | 101777257 ™ oo AAAGTTCTAGAAGCATCATCCAAGGGGGAGGG Netrin G2
12 98163462 98163539 CCCAAGAGGACAGCAGGCTGTTGGAAGGGATCCAAAGTAA| Family with sequence similarity
ACTTGCTGGCTTTGACCCAGGAATGGTCCAAACCCAGG 102 member A
12 71978874 71978951 CCTGCACCAACACATCACAATCACTCAAAGTCCATAGTTTA| General transcription factor 3C
CCTTTGGGTTCACTCTTACTGTGGTACATTTTATGGG polypeptide 2
CCGGAGAAGAACTGTATGAACTGGGCTTTGCCAGGGGTAA -
12 | 70171452 | 70171529 |y AT OGAGGOTGACCOAGGAGAGG | ALK receptor tyrosine kinase
12 | 38676614 | 38676691 |CCTACAGTGATAGATCCTAATCACTCAAAATCCACAGTTTA| Coiled-coil domain containing
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CCTTGGGGTCCATTCTTGGTGTTGCACATTCTATGGG

85A

CCTGTTCCTTTGACTAATAGTTTTATGGTGCCCAGAGTTAAC

12 27778957 27779034 CATTAAAGTCAAGCTATTTACATGCGCAAGACATGG Protein kinase C epsilon
CCCAGCCTGAACTTGTTCAAGCCAACAGAGAAACGAGTTAA N
12 10546916 10546993 CCCTGGGGGAAGGTGCAGCAAAGGGAGTCTGTCTGGS Tetmethylcytosinedioxygenase 3
CCTGGTATCAGAGGGTAGCCTCTGCCCACCACCAAAGTTTA . L
12 2935495 2935572 CTGGGCACCTACTCTGTGCCTGGTTGGCACAGGCAGS Tyrosine-protein kinase ZAP-70
CCCTCCCTTATCAGTTGGGTAACTTTGAGCTGGCTAGTTAAC . . .
13 67499132 67499209 CTCCAGAGACTAGAAGTGCCATCTGTAAAATGAGGG Proline and serine rich 1
13 63027374 63027451 CCATGACAGGGAGCATCATAACTTGTCATGTGCTGGGTTTA |StAR related lipid transfer domain
CTCTGCTTGGGGGAGTAAGGGAAAGTTCAACAGAGGG containing 13
13 18160059 18160136 CCTAAAGCCCTAAACTGGGCCAAAACCTTAATAGTAGTAAA| Multidrug resistance-associated
CTTGGTTCTCTCCTCCCAACTACATGACACTACCAGG protein 4-like
13 17182573 17182650 CCAGGTAGTGTCCTGTAGTTGGATACAGAGAACCAAGTTTA| Multidrug resistance-associated
CTATTAAGCTTTCTGTACAGCTTAGAAAAGGCTGAGG protein 4-like
CCAGGGTATCAGGAAGCACAGTTGGACTTGGTGACAGTTAA . . .
13 11564561 11564638 CTGGTCGTTTATCTTTTCAGAAGACAAAACTATAGGG Serine/threonine kinase 24
13 699743 699820 CCCGATGACGTCTGCGGGGGGCGGGGGGGGGGGACAGTAA MCF.2 cell line derived
ACCCGGGGCTGAGATCAGGGAGCAGAGGGGCCCCGTGG transforming sequence like
CCGGCCACGAGGGACCCAGCAGAGGGCACGTGGCGAGTTA .
13 396268 396345 ACCCCCCTTTCAGGACTCTCACAAGACTGGCGCCTCGG Transcription factor Dp-1
CCAAAAAATACTTTTTAAATCATCTCTTACGTGCCAGTTAAC .
14 | 66024198 | 66024275 TGTGTACTGAGGATAAAAAGATGAACAACTCCTGGG Ablinteractor 1
14 60130230 60130307 CCCCTGCCCCACCACCATGATCTTTTTAAACCCTGAGTTAAC| Phosphatidylinositol 5-phosphate
TGATTTCATGGCTTTATCACCCAGAAGCTGCAATGG 4-kinase type-2 alpha
CCCACTGCCCTGCAAGTTTCAACCAGAAAGAAGGAAGTTTA
14 | 58668568 | 58668645 |7 A AGAGAAGCATTTCCCAGCCTGGAGAACCCCAAGG KIAA1217 ortholog
CCAGGGCGTGCAGGCTTCAGTAGTTGTGGTACACAGGTTTA . ..
14 55218348 55218425 CCTGCCCCGAGGCATGTGGAATATTCCTGGACCAGGG FERM domain containing 4A
14 44641839 44641916 CCTGGAAACCTGGGTTCCCTGGATCTTGACTGAACAGTAAA|  Sodium/potassium/calcium
CTTTCCAGGTGGTTCTGAGAAGACCCTAAGATGGAGG exchanger 3 isoform X1
CCTAACAAATACAGTACAAATACAGTAGTGGCCCCAGTTTA .
14 | 37483266 | 37483343 CTGTGTCCCAGTCCTCACTGTGTTGATTGTGTAGTGG WD repeat domain 37
14 36628556 36628633 CCATATGTCCTTCCCCAGCCCCCTTCCTGAGTCTAAGTTTAC| Ras association domain family
TCATCCTGTATCCATTTCTGTAGAGCCTGTTTTGGG member 2
CCCAAAGACTTGGGGGCTCACATGGGTCAGGACTAAGTTAA - .
14 24915449 24915526 CTCAGCCTAGGCTGAGAAGGCGCTGAGGCTAAGCAGG CCCTC-binding factor like
14 17302101 17302178 CCTAACCCTGCCCCTATTGTGTAACCCAGGTCATGGGTATA SRC proto-oncogene, non-
CCACTCTGAGCTTCAGTTTTCACATCTATAAAATGGG receptor tyrosine kinase
15 29953124 22953201 CCATCATTCCTACATTGTGGTGTGTCAGTAAACCCGGTTAAC| Zinc finger protein, FOG family
CCACATTTGTTCAACAATAGCTATGTTACAGATGGG member 2
16 70880112 70880189 CCTGCAGACATCTCCACAACTTCTGGGCTCTAAAAAGTTAA |Mastermind-like protein 2 isoform
CCACTGTAGTGGTGCAAAGTATGTGTGTCTGGGGAGG X2
CCTCATATGTCATGATTACTTACATTTCAAAGAAAAGTTTAC - .
16 39711205 39711282 TTTTAATTTTTTTGGCCATACCGTGCAGTTTGCAGS PPFIA binding protein 2
16 18139493 18139570 CCAACGAGACTATGACAGCCATGAGGGGAGGGCTGGGTTT | Low density lipoprotein receptor
ACTGGTCTACCTTCTATACTCACTGCCCCAGACAAAGG class A domain containing 3
16 7648674 7648751 CCTGCTTGGCACCTCACCCAAAGCCTCTCTGGGTCAGTATA | ADP-ribosylation factor GTPase-
CCAGCTGGCAGGAGTGGGGTGCCTTGGGAGAGGGTGG activating protein 2 isoform X1
17 57451145 57451222 CCATCTCATACCAGTCATAATGGCTGCCATCCAAAAGTTTA Inositol polyphosphate-4-
CTAACAATAAATGCTGGAGAGGGTGTGGAGAAAAGGG phosphatase type |1 B
17 21586363 21586440 CCAGAGAACGGAGTTCCAATTCCTGGATGGAAAAGGGTTTA| Nuclear receptor corepressor 2
CTTTGAGTCTTTTCCCGGTGCAGGTCCGCAGCTGAGG isoform X3
17 20656816 20656893 CCCTATTCTCCACTAGACAGATGAGCTGGCATCCAAGTTAA M-phase phosphoprotein 9
CTCACATATTTACATATTTTTTAAGAGAGAAAGGTGG isoform X3
17 9008477 9008554 CCCTGGCACATTGTAAATGTTAGAGAGTTGAAAAAAGTTAA|  Ubiquitin carboxyl-terminal
CTAGTCAAAGGAGGGGGGTGCAGATATTCCAGAGAGG hydrolase 30 isoform X1
17 120627 120704 CCCAGCGCCAGGGCAGTGGTGAGGGCTGAGGAGGGGGTAT| Coiled-coil domain-containing
ACCTATGGTGCTGACTGCAGCACCCCCGCCCCCCAGGG protein 188 isoform X3
CCGCGGAGTCCGAAGTCCGGAAGGGCCATGGAGTGGGTAA .
18 | 56735494 | 56735571 | A C ATCCCCACGCCCAGGGGATCGGTGGGCGAGGTTGG Synaptotagmin 3
18 51961202 51961279 CCCACATTTTGAATGAAGTAACTGAGATCCAGAGAGGTTAA|SMGHY nonsense mediated mRNA
CCGGCTTGCCCAAGGTCACACAGCCATTAAGTGGTGG decay factor
18 49817513 49817590 CCAGCTGTACCTAGCAGTGGGATCTTGGGCAAGTCAGTTAA| RAB4B, member RAS oncogene
CCTTTCAAGACCTCCGTTTTCTCATCTGGAAAATGGG family
CCGCTGAGTTTCATGATGGTTTACTATACAGTAACAGTTAA .
18 | 35619157 | 35619234 | 7 oy A ATACAGCCCTTTAAAGAGGAAATGAAGTGGGAGG Cadherin 3
18 16321038 16321115 CCACTGTTTTACCCCAAGATAAGGGCATAGAAGAAGGTTAA| LOW QUALITY PROTEIN: lon

CTGTGCAGTTCCAGCAGGAAGGATTTGTGGGACAGGG

protease homolog 2, peroxisomal
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CCTTGGCAGCATGGGGCTTCCCTTAAAAAATAGTAGGTAAA

18 11272429 11272506 CTTTGGCAAAAACAGCAGCCACGTAGTCTTCTGAAGG Gsel coiled-coil protein
CCTCGCACCTGTTTTAAGTTACATGGTCTTGGGCAAGTAAA )
18 6801880 6801957 CTAGCTIACTECTACATCC T TAGGGETTCCCoTaT G, | Uncharacterized LOC112580196
CCAGGCATGCGATGAGTGCTCAGCAGAGGTTACTGGGTTTA .
18 1859064 1859141 CTCCGAGTCAGGCTTCTGCTGATGGCCCTTTGCCCGG Fatty acid 2-hydroxylase
19 | 70812642 | 70812719 | CCCCATTTCTGAGCCCCTGCACTGGTGTCACAGAGAGTTTA|  Lysophosphatidylcholine
CTTCCTGGACGGCAGCCTGGTTTCCCGAACACCCTGG acyltransferase 1
CCTGACAGGTCAGGAGATTCTCCTATCAGGTAATTAGTAAA .
19| 61196547 | 61196624 | "~ 116 AGGTAGCTGGCAAGATCTTCCTTTCTGAGGGG Catenin delta 2
CCACCCTGCTCACCGTCGACAATCAGGGTGATGTCAGTAAA L )
19| 31324188 | 31324265 CCGGTCCTGCTCTCGCTGTTCATTCAATCGGTCCAGG Zinc finger protein 131
CCTCAAGCATCTACCCCCATAACCAGAGCCTGCCTAGTTTA : —
19 3729711 3729788 CTACTTTGTGCTCTCACCAACACCTCTGACTTTACGG Serine/threonine kinase 10
20 | 62204379 | 62204456 |CCATTTCCTTTCATTATATACTCTCAGAGGTTAAGGGTATAC| Leucine-rich repeat-containing
TAATAATGTCATTGACTGCTTCCTAATAACAAGTGG protein 28
CCGACCTCCAGCGAAAGGCAAGGCACAGAGCTGAGGGTTT . )
20 53223260 53223337 ACTTCCCAGCTAAGGCTGGAGATGCCACGTGGGCEGGE A-kinase anchor protein 13
20 50403192 50403269 CCTCTTGATGGCTTTGTGAAAGTCTTTTGTTCCTGGGTTAAC| Neurotrophic receptor tyrosine
CCCTTTTGTCTCATGGGACTCGCCTTGGTCTTGAGG kinase 3
CCTTGTTTATTGAACCAGTTCCCTTTTAATAGATAAGTAAAC . .
20 47588107 47588184 TTGCCTGTTTTGAGACCACTTTTGAAGGAACTCTGG BLM RecQ like helicase
CCTGACCCATTTCAGTATTACTGTACCTGACTGATAGTAAAC .
20 | 33583272 | 33583349 TATTOCTOATCAAACT TIATCAACT TAACCTAATGE Uncharacterized LOC112580847
20 | 4957010 4957087 |CCCCAGTTTAGCTGCTGTGTTATCTTGGGCTGGCCGGTTAAC] Coiled-coil domain containing
CCCTCTGTGCCTCTCTCCTCATGGGTCAAGCGGGGG 85C
CCTCCAGTCATCAAAATACTAGCAAACTGTCAGAAGGTAAA )
20 | 4572055 4572132 CTTTTCTGAAGGAAACAATGTGGACCAATAGGAGAGG Enah/Vasp-like
21 56552856 56552933 CCCAAGTGTGAAAACAATACGCTGTGATTAGGATTGGTTTA Raf-1 proto-oncogene,
CCCAGGGTCGTGGTAGTTTGGACTCGTTTTGCCTGGG serine/threonine kinase
CCTTTAGGAATATTATTATTCCCATTTTAGAGAAGAGTAAA .
21 | 43149058 | 43149135 CTGACTTTCAGAAAGACATTTAGTAACTTTCCCAAGG Filamin B
21 | 28370731 | 28370808 |CCTTTGACTATTTCGTTTCTGCATGTTCTTCTCTGAGTAAACT| LOW QUALITY PROTEIN: E3
AATTCTTCGGCTGAAGTTTTTCCACAAACAGAAGG ubiquitin-protein ligase PDZRN3
CCACTGAGTTCATGGTAATTTGTTAGGACAGCAGTAGTAAA . .
21 10214522 10214599 CCAATACATATCTCAAGTTGCAAAACTCCAATTGAGG SH3 and cysteine rich domain
CCAATGCCTGGTTTATCACCAAGACTGTAGTTAACAGTAAA — )
22 29307342 29307419 CCTCTGCGTTTCACTGTGGTGGTCTCAGCCTCTGGGG Laminin subunit alpha 3
CCAGGGGCCTCAGGAAGACTTGAGCGGAGATACCGAGTTT
22 | 29065116 | 29065193 | " Ao CTCTTTGATTTTTTTGGCCACACTGAGCAGCTTGG Regulator of MON1-CCZ1
CCACAAACTCTACTTCCTTCTCCACACCATGGACAAGTAAA .
22 | 18897287 | 18897364 |~ 1 oTAAGCCCAGGCAGTAAGCACAGCCCCAGGGAGG Nucleoporin SEH1
CCTTCCAATTGACTGAGCCTGGGAAAGAGCCAGTGAGTATA :
22 3898070 3898147 CTTATTTTTCTCAGAAAGCTTATTTGTAATTTACTGG Protein ERGIC-53
CCAGGCAACTGGGAGTGCAGGTGCGGTCAGCTGAAGGTAT . .
23 46254355 46254432 ACTCGGATCTCCGAGGTCACGCTGTCCTCTGATAGCGG Dedicator of cytokinesis 1
CCTGGTGACCCATATCCCTGCATTCCTGATTTGTCGGTAAAC )
23 | 40286805 | 40286882 TGACACTGATCACTGCAGTCACATGATAGCCCAGGG WD repeat domain 11
23 | 22541083 | 22541160 |CCACTACTTACTAACTGTGTGAGCCTGGACAAATCAGTTAA|  UPF0668 protein C100r776
CTTTTCAGTGCTTCATTTTTCTCATCTATACAATGGG homolog isoform X3
CCCTGATCCAGGAAGATGCCATGTGCCTTGGAGCAGGTAAA -
23 | 17557615 | 17557692 CCCATGTGCCTGTTGAACCTGTGCTCTAGAGCTAGGG Tolloid like 2
23 | g544543 6544620 | CCTOATCTCCAGGGAGGGAAAAGAGCTAGAGAGTGAGTTA Putative ?gé‘]f(’)?:nc‘;rim'dase c
ACCACCCATGGCCAGTGATTTAATCAATCATGGCCAGG
23 | s1s3168 6153245 |CCTGTTTCAACCTACAGTTTTATTTTGAGCAAGTTGGTTAAC cGMP-dependent protein kinase 1
TTCTCTGTGCCTCACTTTCTCTATCTGAAGAAATGG isoform X2
24 20921873 20921950 CCTATAGATACTAAAAAGTCCTACCAGGTGCAAGAAGTTAA|Protein kinase C beta type isoform
CTACCCAGTGACCAGACTTTAGCCATGACATACGTGG X1
24 19187581 19187658 CCTATGACTGTCCTGTTACTGGAGCAGATCATAATAGTTAA | Heparan sulfate-glucosamine 3-
CTGTCTGGAATGCTAAGGTGATAACTGGGTATTGTGG sulfotransferase 4
CCAAGATGTGCCAGTTATCGGGCGGCGCTGCCCCCAGTTTA )
24 15355962 15356039 CCACGGCGGAGCCAGAGCAGCCTCCCTGGATGCCTGG Lysine acetyltransferase 8
Polypeptide N-
CCCAATCCCTCCCAGCATCAGAGTCTTTTCCAATGAGTTAAC :
24 13422197 13422274 TCTTCGCATGAGGTGGCCAACCCTTGGACTGCAAGG acetylgalactosaln;lnyItransferase
oa | 4300879 4302056 |CCTBGACTCCCAGGGCCTGCCTGCGTCTGCCTGTGGGTTTAC (o yhec e e

CAAGGTTGGAGAACTGATTTGCCTCCTGGTTTGTGG

~ 4100 ™~
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x [ e | ramarsso |0 eS| Comoves et Tomaa 3
X 122910380 122910457 CCTIg¥g¢g2%g£gé¥¢ﬁggé¥ég?ﬁé}rgg.?g}r?ﬁgggTAc Teneurintransmembrane protein 1
X 85312670 85312747 CC'é?ﬁz$%?g:;éggé‘ggﬁ‘ﬁ?ﬁgE:gE{?{gl@é ::\g(;lgAA Collagen type IV alpha 5 chain
X 81764248 81764325 CCCCCATTTCACAAATGAGGAAATAGGATCAGGCAAGTTAA Transient receptor potential cation
CTTGTATGCCTGATATTGTACAGCTAGTAAATGGTGG channel subfamily C member 5
X | e | oues [(CSSCTICAMCATACAACARCCTCTATICACACASTATA s sofom 1.
x| oo | oo [ CCIPAACCOMCCEATSCTITTACASCRACTCCCTATTITAL  oysropnsfom
x| oo | smamsr | CAAAACTOACTTCORCCACSONTOMCCCORETAL newrotain i
Conclusion P. An unbiased genome-wide analysis of zinc-finger

Implementation of RGR platform based on hyperactivated
recombinase Betaas a tool for genome modificationrequires a
detailed map of RGR target sites throughout the buffalo
genome. The present map envisages the complete information
regarding location of RGR target sites in buffalo genome and
these RGR target sites may prove especially useful for
targeted manipulation of DNA viz. integration, deletion and
inversion to bring genetic improvement in buffalo genome.
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