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METHODS AND COMPOSITIONS FOR GENOMIC INTEGRATION 

CROSS REFERENCE

[0001] This application claims the benefit of priority to U.S. Provisional Application No. 63/187,117, 

filed on May 11, 2021, U.S. Provisional Application No. 63/254,791, filed on October 12, 2021, and U.S. 

Provisional Application No. 63/274,907, filed on November 2, 2021, each of which is hereby incorporated 

by reference in its entirety. 

BACKGROUND

[0002]  Cell therapy is a rapidly developing field for addressing difficult to treat diseases, such as cancer, 

persistent infections and certain diseases that are refractory to other forms of treatment. Cell therapy often 

utilizes cells that are engineered ex vivo and administered to an organism to correct deficiencies within the 

body. An effective and reliable system for manipulation of a cell’s genome is crucial, in the sense that 

when the engineered cell is administered into an organism, it functions optimally and with prolonged 

efficacy. Likewise, reliable mechanisms of genetic manipulation form the cornerstone in the success of 

gene therapy. However, severe deficiencies exist in methods for delivering nucleic acid cargo (e.g., large 

cargo) in a therapeutically safe and effective manner. Viral delivery mechanisms are frequently used to 

deliver large nucleic acid cargo in a cell but are tied to safety issues and cannot be used to express the cargo 

in some cell types. Additionally, subjecting a cell to repeated gene manipulation can affect cell health, 

induce alterations of cell cycle and render the cell unsuitable for therapeutic use. Advancements are 

continually sought in the area for efficacious delivery and stabilization of an exogenously introduced 

genetic material for therapeutic purposes. 

SUMMARY 

[0003] Provided herein is a pharmaceutical composition comprising a therapeutically effective 

amount of one or more polynucleic acids, or at least one vector encoding the one or more polynucleic 

acids, the one or more polynucleic acids comprising: a mobile genetic element comprising a sequence 

encoding a polypeptide; and an insert sequence, wherein the insert sequence comprises a sequence 

that is a reverse complement of a sequence encoding an exogenous therapeutic polypeptide, wherein 

the polypeptide encoded by the sequence of the mobile genetic element promotes integration of the 

insert sequence into a genome of a cell; and wherein the pharmaceutical composition is substantially 

non-immunogenic to a human subject.

[0003a] In one aspect, provided herein is a of modifying a population of human cells, comprising 

contacting the population with one or more polynucleic acids comprising: 

(a) a mobile genetic element, wherein the mobile genetic element comprises a sequence 

encoding LINE-1 polypeptides comprising: 

(i). a human ORF1p or a functional fragment thereof, and 

(ii). a human ORF2p or a functional fragment thereof, wherein the human ORF2p or 

functional fragment thereof comprises two NLSs that are the same or different; 
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(b) an insert sequence, wherein the insert sequence is a reverse complement of a sequence 

comprising a gene or a fragment thereof, wherein the polypeptides encoded by the sequence 

of the mobile genetic element promotes integration of the sequence comprising the gene or the 

fragment thereof into a genome of a cell of the population of human cells via target-primed 

reverse transcription (TPRT), 

wherein the one or more polynucleic acids comprise one or more mRNA molecules, and wherein the 

sequence comprising the gene or fragment thereof integrates into the genome at a locus that is not a 

ribosomal RNA locus. 

[0003b] In another aspect, provided herein is a composition comprising one or more polynucleic acids 

comprising one or more mRNA molecules, comprising: 

(a) a 5’UTR sequence; 

(b) a mobile genetic element, wherein the mobile genetic element comprises a sequence 

encoding LINE-1 polypeptides comprising: 

(i). a human ORF1p or a functional fragment thereof, and 

(ii). a human ORF2p or a functional fragment thereof, wherein the human ORF2p or 

functional fragment thereof comprises 2 NLSs that are the same or different; 

(c) insert sequence, wherein the insert sequence is a reverse complement of a sequence 

comprising a gene or a fragment thereof; and 

(d) a 3’UTR sequence downstream of the insert sequence. 

[0003c] In another aspect, provided herein is a method of expressing an exogenous human therapeutic 

polypeptide encoded by an exogenous sequence from a site-specifically integrated genomic DNA 

sequence of a target human cell, the method comprising: 

(a) contacting a composition to the target human cell, the composition comprising an RNA 

molecule encoding a Cas nickase and one or more RNA molecules, wherein the target human 

cell uptakes the one or more RNA molecules, and wherein the one or more RNA molecules 

comprise a first RNA molecule comprising an RNA sequence encoding a Cas nickase and a 

second RNA molecule comprising an RNA sequence that comprises: 

(i). a sequence that is a reverse complement of a DNA sequence that encodes  the 

exogenous human therapeutic polypeptide; and 

(ii). a mobile genetic element, wherein the mobile genetic element comprises an RNA 

sequence encoding a polypeptide with target-primed reverse transcription (TPRT) activity, 

wherein the polypeptide with TPRT activity comprises an endonuclease with a mutation 

that abrogates endonuclease activity of the endonuclease domain; 

(b) translating the RNA sequence encoding the polypeptide with TPRT activity and translating 

the RNA sequence encoding the Cas nickase; 
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(c) nicking the genomic DNA site of the target human cell via the Cas nickase translated in 

(b); 

(d) reverse transcribing the sequence that is the reverse complement of the DNA sequence that 

encodes the human therapeutic polypeptide via the TPRT activity of the polypeptide with 

TPRT activity translated in (b), thereby producing a DNA sequence encoding the exogenous 

human therapeutic polypeptide; 

(e) integrating the DNA sequence encoding the exogenous human therapeutic polypeptide 

produced in (d) into a genomic DNA site of the target human cell; and 

(f) expressing the exogenous human therapeutic polypeptide in the target human cell, wherein 

the exogenous human therapeutic polypeptide is expressed from the DNA sequence integrated 

into the genomic DNA of the target human cell in (e). 

[0003d] In another aspect, provided herein is a composition comprising: 

(i). an RNA molecule encoding a Cas nickase and 

(ii). one or more RNA molecules, wherein the target human cell uptakes the one or more RNA 

molecules, and wherein the one or more RNA molecules comprise a first RNA molecule 

comprising an RNA sequence encoding a Cas nickase and a second RNA molecule comprising 

an RNA sequence that comprises: 

(a) a sequence that is a reverse complement of a DNA sequence that encodes the 

exogenous human therapeutic polypeptide; and 

(b) a mobile genetic element, wherein the mobile genetic element comprises an RNA 

sequence encoding a polypeptide with target-primed reverse transcription (TPRT) activity, 

wherein the polypeptide with TPRT activity comprises an endonuclease with a mutation that 

abrogates endonuclease activity of the endonuclease domain.

[0004] In some embodiments, the polypeptide encoded by the sequence of the mobile genetic 

element comprises one or more long interspersed nuclear element (LINE) polypeptides, wherein the 

one or more LINE polypeptides comprises: human ORF1p or a functional fragment thereof, and 

human ORF2p or a functional fragment thereof. 

[0005] In some embodiments, the insert sequence stably integrates and/or is retrotransposed into the 

genome of a human cell.
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that is a reverse complement of a 5’ UTR sequence is downstream of the sequence that is a reverse 

complement of a sequence encoding an exogenous therapeutic polypeptide, (iii) the sequence that is 

a reverse complement of a 3’ UTR sequence is upstream of the sequence that is a reverse 

complement of a sequence encoding an exogenous therapeutic polypeptide, and (iv) the sequence 

that is a reverse complement of a poly A sequence is upstream of the sequence that is a reverse 

complement of a 3’ UTR sequence and downstream of the sequence of the mobile genetic encoding 

a polypeptide. In some embodiments, the promoter sequence of the first expression cassette is 

different from the promoter sequence of the second expression cassette. In some embodiments, the 

one or more LINE polypeptides comprises a first LINE polypeptide comprising the human ORF1p 

or functional fragment thereof and a second LINE polypeptide comprising the human ORF2p or 

functional fragment thereof, wherein the first LINE polypeptide and the second LINE polypeptide 

are translated from different open reading frames (ORFs). In some embodiments, the one or more 

polynucleic acids comprises a first polynucleic acid molecule encoding the human ORF1p or 

functional fragment thereof and a second polynucleic acid molecule encoding the human ORF2p or 

functional fragment thereof. In some embodiments, the one or more polynucleic acids comprises a 5’ 

UTR sequence and a 3’ UTR sequence, wherein the 5’ UTR comprises a 5' UTR from LINE-1 or a 

sequence with at least 80% sequence identity to 

ACUCCUCCCCAUCCUCUCCCUCUGUCCCUCUGUCCCUCUGACCCUGCACUGUCCCAGC

ACC (SEQ ID NO: 51); and/or the 3’ UTR comprises a 3' UTR from LINE-1 or a sequence with at 

least 80% sequence identity to 

CAGGACACAGCCUUGGAUCAGGACAGAGACUUGGGGGCCAUCCUGCCCCUCCAACCC

GACAUGUGUACCUCAGCUUUUUCCCUCACUUGCAUCAAUAAAGCUUCUGUGUUUGGA

ACAG (SEQ ID NO: 52). In some embodiments, the sequence encoding the exogenous therapeutic 

polypeptide does not comprise introns. In some embodiments, the polypeptide encoded by the 

sequence of the mobile genetic element comprises a C-terminal nuclear localization signal (NLS), an 

N-terminal NLS or both. In some embodiments, the sequence encoding the exogenous polypeptide is 

not in frame with a sequence encoding the ORF1p or functional fragment thereof and/or is not in 

frame with a sequence encoding the ORF2p or functional fragment thereof. In some embodiments, 

the one or more polynucleic acids comprises a sequence encoding a nuclease domain, a nuclease 

domain that is not derived from ORF2p, a megaTAL nuclease domain, a TALEN domain, a Cas9 

domain, a Cas6 domain, a Cas7 domain, a Cas8 domain, a zinc finger binding domain from an R2 

retroelement, or a DNA binding domain that binds to repeat sequences. In some embodiments, the 

one or more polynucleic acids comprises a sequence encoding the nuclease domain, wherein the 

nuclease domain does not have nuclease activity or comprises a mutation that reduces activity of the 

nuclease domain compared to the nuclease domain without the mutation. In some embodiments, the 

ORF2p or functional fragment thereof lacks endonuclease activity or comprises a mutation selected 

from the  
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specification, the specification is intended to supersede and/or take precedence over any such contradictory 

material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The novel features of the invention are set forth with particularity in the appended claims. A better 

understanding of the features and advantages of the present invention will be obtained by reference to the 

following detailed description that sets forth illustrative embodiments, in which the principles of the 

invention are utilized, and the accompanying drawings (also "FIG." herein), of which: 

[0016] FIG. 1A illustrates a general mechanism of action of retrotransposons. (I) is a schematic 

representing the overall lifecycle of an autonomous retrotransposon. (II) LINE-1 retrotransposon comprises 

LINE-1 elements, which encode two proteins ORF1p and ORF2p that are expressed as mRNAs. The 

bicistronic mRNA is translated into the two proteins, and when ORF2p is translated by a read-through 

event by the ribosome, it binds the 3’end of its own mRNA through the poly A tail (III). ORF2p cleaves at 

a consensus sequence TAAAA, where the poly A at the 3’ end of the mRNA hybridizes and primes the 

reverse transcriptase activity of the ORF2 protein. The protein reverse-transcribes the mRNA back into 

DNA leading to an insertion of the LINE-1 sequence back into a new location in the genome (IV).  

[0017] FIG. 1B is an illustration of a schematic diagram of an mRNA construct that comprises a genetic 

payload (left) that can be designed for integration into the genome (right). 

[0018] FIG. 1C illustrates various exemplary designs for integrating an mRNA encoding a transgene 

into the genome of a cell. GFP shown here in a box is an exemplary transgene.  

[0019] FIG. 1D illustrates various exemplary designs for integrating an mRNA encoding a transgene 

into the genome of a cell. GFP shown here in a box is an exemplary transgene.  

[0020] FIG. 1E is an illustration a schematic of the LINE-1 retrotransposition cycle showing the 

mechanism of action of the LINE transposons and introduction of a transgene cargo into a retrotransposon 

cite. LINE-1 retrotransposons are genomic sequences that encode for two proteins, ORF1 and ORF2. These 

elements are transcribed and translated into proteins that form an RNA-protein complex with the LINE-1 

mRNA, ORF1 trimers, and ORF2, a reverse-transcriptase endonuclease. This complex translocates back 

into the nuclease where it cleaves DNA at a 5’-TTTT N-3’ motif and is primed for reverse-transcription of 

the LINE-1 RNA by the ORF2 protein by making an RNA-DNA hybrid with the poly A tail of the mRNA 

and the resected cleaved DNA. Reverse-transcription of the LINE-1 into cDNA leads to a new LINE-1 

integration event.  

[0021] FIG. 2A illustrates three exemplary designs for expressing an exemplary transgene GFP by stably 

incorporating the sequence encoding GFP using the constructs. Expected GFP expression levels at 72 hours 

are shown on the right side.  

[0022] FIG. 2B illustrates three exemplary designs for expressing an exemplary transgene GFP by stably 

incorporating the sequence encoding RFP, RFP and GFP or ORF2p and GFP using the constructs. Expected 

GFP and RFP expression levels at 72 hours are shown on the right side. 

[0023] FIG. 3A illustrates an exemplary diagram of conventional circRNA structure and formation.
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[0024] FIG. 3B illustrates two views of an exemplary RL-GAAA tectoRNA motif designs. FIG. 3B 

discloses SEQ ID NOS 111-112, respectively, in order of appearance.
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[0025] FIG. 3C illustrates exemplary structures of chip-flow piece RNAs as platforms for testing 

potential tectoRNA. 

[0026] FIG. 4A illustrates an exemplary schematic showing ORF2p binding to an ORF2 poly A region. 

[0027] FIG. 4B illustrates an exemplary schematic showing how a fusion of ORF2p with an MS2 RNA 

binding domain binds to an MS2 binding RNA sequence in the 3’UTR of an mRNA encoding the ORF2 

an increase specificity. 

[0028] FIG. 4C illustrates exemplary designs of retrotransposon systems for stably integrating a nucleic 

acid into the genome of a cell at specific sites. The upper panel shows a design using an ORFp2-MegaTAL 

DNA binding domain fusion where the DNA binding and endonuclease activity of ORF2p is mutated to 

be inactive. The middle panel shows a chimeric ORF2p where the endonuclease domain has been replaced 

with a high specificity and high-fidelity nuclease domain of another protein. The lower panel shows a 

fusion of a DNA binding domain of a heterologous protein with ORF2p such that the fusion protein binds 

to ORF2 binding site as well additional DNA sequences in the vicinity of the ORF2 site. 

[0029] FIG. 5 illustrates exemplary constructs (I) – (X) for integrating an mRNA encoding a transgene 

into the genome of a cell. 

[0030] FIG. 6A illustrates an exemplary construct with a sequence encoding ORF1p for integrating an 

mRNA encoding a transgene into the genome of a cell. 

[0031] FIG. 6B illustrates an exemplary construct without a sequence encoding ORF1p for integrating 

an mRNA encoding a transgene into the genome of a cell. 

[0032] FIG. 7A illustrates exemplary methods of improving mRNA half-life by inhibiting degradation 

by 5’-3’ exonucleases, such as XRN1, or 3’-5’ exosomal degradation, by introducing structures 

corresponding to a G-quadruplex, or, a pseudoknot (SEQ ID NOS 113) in the 5’UTR; and/or xrRNAs, a 

triplex motifs (SEQ ID NOS 74, 54, and 53, respectively, in order of appearance) and/or a non-A nucleotide 

residues in the 3’UTR. 

[0033] FIG. 7B illustrates an exemplary schematic of a myeloid cell expressing a transgene encoding a 

chimeric receptor that binds a cancer cell and induces anti-cancer activity. 

[0034] FIG. 7C shows expected results of introducing bulk or purified RNA encoding a chimeric 

receptor that binds a cancer cell as described in FIG. 7B on increased and prolonged expression of the 

chimeric receptors.  

[0035] FIG. 8A shows an exemplary plasmid design and expected LINE-1 mRNA transcript with a cargo 

nucleic acid sequence. The plasmid has a LINE-1 sequence (comprising ORF1 and ORF2 protein encoding 

sequences) and a cargo sequence which is a nucleic acid sequence encoding GFP, where the coding 

sequence of GFP is interrupted with an intron. The GFP is not expressed until the sequence is integrated in 

the genome and the intron is spliced. 

[0036] FIG. 8B shows exemplary results showing successful integration of the mRNA transcript 

encoded by the plasmid shown in FIG. 8A and expression of GFP relative to mock-transfected cells (fold 
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increase in mean fluorescence intensity of GFP positive cells is shown). Mock transfected cells were 

transfected by the vector lacking the GFP cargo sequence.  

[0037] FIG. 8C shows exemplary flow cytometry results from the results shown in FIG. 8B. 
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[00153] In some embodiments, the one or more polynucleic acids comprises a 5’ UTR sequence and a 3’ 

UTR sequence, wherein (a) the 5’ UTR comprises a 5' UTR from LINE-1 or a sequence with at least 80% 

sequence identity to  

ACUCCUCCCCAUCCUCUCCCUCUGUCCCUCUGUCCCUCUGACCCUGCACUGUCCCAGCACC 

(SEQ ID NO: 51); and/or (b) the 3’ UTR comprises a 3' UTR from LINE-1 or a sequence with at least 80% 

sequence identity to 

CAGGACACAGCCUUGGAUCAGGACAGAGACUUGGGGGCCAUCCUGCCCCUCCAACCCGAC

AUGUGUACCUCAGCUUUUUCCCUCACUUGCAUCAAUAAAGCUUCUGUGUUUGGAACAG 

(SEQ ID NO: 52). 

[00154] In some embodiments, the sequence encoding the exogenous therapeutic polypeptide does not 

comprise introns. 

[00155] In some embodiments, the polypeptide encoded by the sequence of the mobile genetic element 

comprises a C-terminal nuclear localization signal (NLS), an N-terminal NLS or both. 

[00156] In some embodiments, the sequence encoding the exogenous polypeptide is not in frame with a 

sequence encoding the ORF1p or functional fragment thereof and/or is not in frame with a sequence 

encoding the ORF2p or functional fragment thereof. 

[00157] In some embodiments, the one or more polynucleic acids comprises a sequence encoding a 

nuclease domain, a nuclease domain that is not derived from ORF2p, a megaTAL nuclease domain, a 

TALEN domain, a Cas9 domain, a Cas6 domain, a Cas7 domain, a Cas8 domain, a zinc finger binding 

domain from an R2 retroelement, or a DNA binding domain that binds to repeat sequences. 

[00158] In some embodiments, the one or more polynucleic acids comprises a sequence encoding the 

nuclease domain, wherein the nuclease domain does not have nuclease activity or comprises a mutation 

that reduces activity of the nuclease domain compared to the nuclease domain without the mutation. 

[00159] In some embodiments, the ORF2p or functional fragment thereof lacks endonuclease activity or 

comprises a mutation selected from the group consisting of S228P and Y1180A, and/or wherein the ORF1p 

or functional fragment comprises a K3R mutation. 

[00160] In some embodiments, the insert sequence comprises a sequence that is a reverse complement of 

a sequence encoding two or more exogenous therapeutic polypeptides. 

[00161] In some embodiments, the one or more polynucleic acids comprises one or more polyribonucleic 

acids, wherein the exogenous therapeutic polypeptide is a receptor selected from the group consisting of a 

chimeric antigen receptor (CAR) and a T cell receptor (TCR), and wherein the pharmaceutical composition 

is formulated for systemic administration to a human subject.  

[00162] In some embodiments, the one or more polynucleic acids (i) are formulated in a nanoparticle 

selected from the group consisting of a lipid nanoparticle and a polymeric nanoparticle; and/or (ii) 

comprises one or more polynucleic acids selected from the group consisting of glycosylated RNAs, circular 

RNAs and self-replicating RNAs. 

[00163] Also provided herein is a method of treating a disease or condition in a human subject in need 

thereof comprising administering a pharmaceutical composition described herein to the human subject.  
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that exhibits a transferred transposon end sequence as follows: 5' AGATGTGTATAAGAGACAG 3' (SEQ 

ID NO: 55), and a non-transferred strand that exhibits a "non-transferred transposon end sequence" as 

follows: (5' CTGTCTCTTATACACATCT 3 ' (SEQ ID NO: 56). The 3'-end of a transferred strand is joined 

or transferred to target DNA in an in vitro transposition reaction. The non-transferred strand, which exhibits 

a transposon end sequence that is complementary to the transferred transposon end sequence, is not joined 

or transferred to the target DNA in an in vitro transposition reaction.  

[00286] In some embodiments, the transferred strand and non-transferred strand are covalently joined. For 

example, in some embodiments, the transferred and non-transferred strand sequences are provided on a 

single oligonucleotide, e.g., in a hairpin configuration. As such, although the free end of the non-transferred 

strand is not joined to the target DNA directly by the transposition reaction, the non-transferred strand 

becomes attached to the DNA fragment indirectly, because the non-transferred strand is linked to the 

transferred strand by the loop of the hairpin structure. As used herein an "cleavage domain" refers to a 

nucleic acid sequence that is susceptible to cleavage by an agent, e.g., an enzyme. 

[00287] A "restriction site domain" means a tag domain that exhibits a sequence for the purpose of 

facilitating cleavage using a restriction endonuclease. For example, in some embodiments, the restriction 

site domain is used to generate di-tagged linear ssDNA fragments. In some embodiments, the restriction 

site domain is used to generate a compatible double-stranded 5'-end in the tag domain so that this end can 

be ligated to another DNA molecule using a template-dependent DNA ligase. In some embodiments, the 

restriction site domain in the tag exhibits the sequence of a restriction site that is present only rarely, if at 

all, in the target DNA (e.g., a restriction site for a rare-cutting restriction endonuclease such as NotI or 

AscI).  

[00288] As used herein, the term "recombinant nucleic acid molecule" refers to a recombinant DNA 

molecule or a recombinant RNA molecule. A recombinant nucleic acid molecule is any nucleic acid 

molecule containing joined nucleic acid molecules from different original sources and not naturally 

attached together. Recombinant RNA molecules include RNA molecules transcribed from recombinant 

DNA molecules. A recombinant nucleic acid may be synthesized in the laboratory. A recombinant nucleic 

acid can be prepared by using recombinant DNA technology by using enzymatic modification of DNA, 

such as enzymatic restriction digestion, ligation, and DNA cloning. A recombinant DNA may be 

transcribed in vitro, to generate a messenger RNA (mRNA), the recombinant mRNA may be isolated, 

purified and used to transfect a cell. A recombinant nucleic acid may encode a protein or a polypeptide. A 

recombinant nucleic acid, under suitable conditions, can be incorporated into a living cell, and can be 

expressed inside the living cell. As used herein, "expression" of a nucleic acid usually refers to transcription 

and/or translation of the nucleic acid. The product of a nucleic acid expression is usually a protein but can 

also be an mRNA. Detection of an mRNA encoded by a recombinant nucleic acid in a cell that has 

incorporated the recombinant nucleic acid, is considered positive proof that the nucleic acid is "expressed" 

in the cell. The process of inserting or incorporating a nucleic acid into a cell can be via transformation, 

transfection or transduction. Transformation is the process of uptake of foreign nucleic acid by a bacterial 

cell. This process is adapted for propagation of plasmid DNA, protein production, and other applications. 
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[00361] In some embodiments, the retrotransposon may comprise a SINE or LINE element. In some 

embodiments, the retrotransposon comprises a SINE or LINE stem loop structure, such as an Alu element. 

[00362] In some embodiments, the retrotransposon is a LINE-1 (L1) retrotransposon. In some 

embodiments, the retrotransposon is human LINE-1. Human LINE-1 sequences are abundant in the human 

genome. There are approximately 13,224 total human L1s, of which 480 are active, which make up about 

3.6%. Therefore, human L1 proteins are well tolerated and non-immunogenic in humans. Moreover, a tight 

regulation of random transposition in human ensures that random transposase activity will not be triggered 

by introduction of the L1 system as described herein. In addition, the retrotransposable constructs designed 

herein may comprise targeted and specific incorporation of the insert sequence. In some embodiments, the 

retrotransposable genetic element may comprise designs intended to overcome the silencing machinery 

actively prevalent in human cells, while being careful that random integration resulting in genomic 

instability is not initiated. 

[00363] Accordingly, the retrotransposable constructs may comprise a sequence encoding a human 

LINE-1 ORF1 protein; and a human LINE-1 ORF2 protein. In some embodiments, the construct 

comprises a nucleic acid sequence encoding an ORF1p protein with at least 80%, at least 81%, at least 

82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at 

least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, 

at least 98%, at least 99%, or 100% sequence identity to 

MGKKQNRKTGNSKTQSASPPPKERSSSPATEQSWMENDFDELREEGFRRSNYSELREDIQTKGK

EVENFEKNLEECITRITNTEKCLKELMELKTKARELREECRSLRSRCDQLEERVSAMEDEMNEM

KREGKFREKRIKRNEQSLQEIWDYVKRPNLRLIGVPESDVENGTKLENTLQDIIQENFPNLARQA

NVQIQEIQRTPQRYSSRRATPRHIIVRFTKVEMKEKMLRAAREKGRVTLKGKPIRLTVDLSAETL

QARREWGPIFNILKEKNFQPRISYPAKLSFISEGEIKYFIDKQMLRDFVTTRPALKELLKEALNME

RNNRYQPLQNHAKM (SEQ ID NO: 57). In some embodiments, the construct comprises a nucleic acid  

sequence with at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 

86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 

94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence identity to  

atgggcaagaagcaaaatcgcaagacggggaattccaagacacaatccgctagcccaccacctaaagagcgttctagctcccctgctactgagcagtc

ctggatggaaaacgacttcgatgaactccgggaagagggatttaggcgatccaactattcagaactccgcgaagatatccagacaaaggggaaggaa

gtcgagaatttcgagaagaacctcgaggagtgcatcacccgtatcacaaacactgagaaatgtctcaaagaactcatggaacttaagacaaaagccag

ggagcttcgagaggagtgtcggagtctgagatccaggtgtgaccagctcgaggagcgcgtgagcgcgatggaagacgagatgaacgagatgaaaa

gagagggcaaattcagggagaagcgcattaagaggaacgaacagagtctgcaggagatttgggattacgtcaagaggcctaacctgcggttgatcgg

cgtccccgagagcgacgtagaaaacgggactaaactggagaatacacttcaagacatcattcaagaaaattttccaaacctggctcggcaagctaatgt

gcaaatccaagagatccaacgcacaccccagcggtatagctctcggcgtgccacccctaggcatattatcgtgcgctttactaaggtggagatgaaaga

gaagatgctgcgagccgctcgggaaaagggaagggtgactttgaagggcaaacctattcggctgacggttgaccttagcgccgagacactccaggca

cgccgggaatggggccccatctttaatatcctgaaggagaagaacttccagccacgaatctcttaccctgcaaagttgagttttatctccgagggtgagat

taagtatttcatcgataaacagatgctgcgagacttcgtgacaactcgcccagctctcaaggaactgctcaaagaggctcttaatatggagcgcaataata

gatatcaacccttgcagaaccacgcaaagatgtga (SEQ ID NO: 58). 
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[00364] In some embodiments, the construct comprises a nucleic acid sequence encoding an ORF2p protein 

with at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 

87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 

95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence identity to 

MTGSNSHITILTLNINGLNSAIKRHRLASWIKSQDPSVCCIQETHLTCRDTHRLKIKGWRKIYQANG

KQKKAGVAILVSDKTDFKPTKIKRDKEGHYIMVKGSIQQEELTILNIYAPNTGAPRFIKQVLSDLQR

DLDSHTLIMGDFNTPLSTLDRSTRQKVNKDTQELNSALHQADLIDIYRTLHPKSTEYTFFSAPHHTY

SKIDHIVGSKALLSKCKRTEIITNYLSDHSAIKLELRIKNLTQSRSTTWKLNNLLLNDYWVHNEMK

AEIKMFFETNENKDTTYQNLWDAFKAVCRGKFIALNAYKRKQERSKIDTLTSQLKELEKQEQTHS

KASRRQEITKIRAELKEIETQKTLQKINESRSWFFERINKIDRPLARLIKKKREKNQIDTIKNDKGDIT

TDPTEIQTTIREYYKHLYANKLENLEEMDTFLDTYTLPRLNQEEVESLNRPITGSEIVAIINSLPTKKS

PGPDGFTAEFYQRYMEELVPFLLKLFQSIEKEGILPNSFYEASIILIPKPGRDTTKKENFRPISLMNID

AKILNKILANRIQQHIKKLIHHDQVGFIPGMQGWFNIRKSINVIQHINRAKDKNHMIISIDAEKAFDK

IQQPFMLKTLNKLGIDGTYFKIIRAIYDKPTANIILNGQKLEAFPLKTGTRQGCPLSPLLFNIVLEVLA

RAIRQEKEIKGIQLGKEEVKLSLFADDMIVYLENPIVSAQNLLKLISNFSKVSGYKINVQKSQAFLY

TNNRQTESQIMGELPFVIASKRIKYLGIQLTRDVKDLFKENYKPLLKEIKEDTNKWKNIPCSWVGRI

NIVKMAILPKVIYRFNAIPIKLPMTFFTELEKTTLKFIWNQKRARIAKSILSQKNKAGGITLPDFKLY

YKATVTKTAWYWYQNRDIDQWNRTEPSEIMPHIYNYLIFDKPEKNKQWGKDSLFNKWCWENWL

AICRKLKLDPFLTPYTKINSRWIKDLNVKPKTIKTLEENLGITIQDIGVGKDFMSKTPKAMATKDKI

DKWDLIKLKSFCTAKETTIRVNRQPTTWEKIFATYSSDKGLISRIYNELKQIYKKKTNNPIKKWAK

DMNRHFSKEDIYAAKKHMKKCSSSLAIREMQIKTTMRYHLTPVRMAIIKKSGNNRCWRGCGEIGT

LLHCWWDCKLVQPLWKSVWRFLRDLELEIPFDPAIPLLGIYPNEYKSCCYKDTCTRMFIAALFTIA

KTWNQPKCPTMIDWIKKMWHIYTMEYYAAIKNDEFISFVGTWMKLETIILSKLSQEQKTKHRIFSL

IGGN (SEQ ID NO: 59). In some embodiments, the construct comprises a nucleic acid sequence with at least 

80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 

88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 

96%, at least 97%, at least 98%, at least 99%, or 100% sequence identity to 

atgaccggctctaactcacatatcaccatccttacacttaacattaacggcctcaactcagctatcaagcgccatcggctggccagctggatcaaatcacagg

atccaagcgtttgttgcatccaagagacccacctgacctgtagagatactcaccgcctcaagatcaagggatggcgaaagatttatcaggcgaacggtaag

cagaagaaagccggagtcgcaattctggtctcagacaagacggatttcaagcccaccaaaattaagcgtgataaggaaggtcactatattatggtgaaagg

cagcatacagcaggaagaacttaccatattgaacatctacgcgccaaacaccggcgcacctcgctttatcaaacaggtcctgtccgatctgcagcgagatct

ggattctcatacgttgattatgggtgatttcaatacaccattgagcaccctggatcgcagcaccaggcaaaaggtaaataaagacacgcaagagctcaatag

cgcactgcatcaggcagatctcattgatatttatcgcactcttcatcctaagagtaccgagtacacattcttcagcgccccacatcatacatactcaaagatcga

tcatatcgtcggctcaaaggctctgctgtcaaagtgcaagcgcacagagataattacaaattacctgtcagatcatagcgcgatcaagctcgagctgagaat

caagaacctgacccagagccggagtaccacttggaagcttaataacctgctgctcaacgattattgggtccacaatgagatgaaggcagagattaaaatgtt

cttcgaaacaaatgagaataaggatactacctatcaaaacctttgggatgcctttaaggccgtctgcagaggcaagttcatcgccctcaacgcctataaaaga

aaacaagagagatctaagatcgatactctcacctctcagctgaaggagttggagaaacaggaacagacccactccaaggcgtcaagacggcaggagatc

acaaagattcgcgccgagttgaaagagatcgaaacccaaaagactcttcagaaaattaacgagtctcgtagttggttctt
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cgagcggattaataagatagacagacctctggcacgactgattaagaagaagcgcgaaaagaaccagattgataccatcaagaacgacaagggcgacat

cactactgacccgaccgagatccagaccactattcgggagtattataagcatttgtatgctaacaagcttgagaacctggaagagatggacacttttctggata

cctatactctgccacggcttaatcaagaggaagtcgagtccctcaaccgcccaattacaggaagcgagattgtggccataattaactccctgccgacaaaga

aatctcctggtccggacgggtttacagctgagttttatcaacggtatatggaagagcttgtaccgtttctgctcaagctctttcagtctatagaaaaggaaggca

tcttgcccaattccttctacgaagcttctataatacttattcccaaaccaggacgcgataccacaaagaaggaaaacttccggcccattagtctcatgaatatcg

acgctaaaatattgaacaagattctcgccaacagaatccaacaacatattaagaaattgatacatcacgaccaggtggggtttatacctggcatgcagggctg

gtttaacatccggaagagtattaacgtcattcaacacattaatagagctaaggataagaatcatatgatcatctctatagacgcggaaaaggcattcgataaga

ttcagcagccatttatgctcaagactctgaacaaactcggcatcgacggaacatattttaagattattcgcgcaatttacgataagccgactgctaacattatcct

taacggccaaaagctcgaggcctttccgctcaagactggaacccgccaaggctgtcccctctccccgcttttgtttaatattgtactcgaggtgctggctagg

gctattcgtcaagagaaagagattaaagggatacagctcgggaaggaagaggtcaagctttccttgttcgccgatgatatgattgtgtacctggagaatccta

ttgtgtctgctcagaaccttcttaaacttatttctaactttagcaaggtcagcggctataagattaacgtccagaaatctcaggcctttctgtacacaaataatcga

cagaccgaatcccagataatgggtgagcttccgtttgtcatagccagcaaaaggataaagtatctcggaatccagctgacacgagacgttaaagatttgttta

aggaaaattacaagcctctcctgaaagagattaaggaagatactaataagtggaagaatatcccctgttcatgggttggcagaatcaacatagtgaagatgg

caatacttcctaaagtgatatatcgctttaacgccatcccaattaaactgcctatgaccttctttacggagctcgagaaaacaacccttaaatttatatggaatcaa

aagagagcaagaatagcgaagtccatcttgagccagaagaataaggccggtgggattactttgcctgattttaagttgtattataaagccacagtaactaaga

cagcctggtattggtatcagaatagagacatcgaccagtggaatcggaccgaaccatcagagataatgccccacatctataattaccttatattcgataagcc

agaaaagaataaacagtggggcaaagacagcctcttcaacaagtggtgttgggagaattggctggccatatgccggaaactcaagctcgacccctttctta

caccctacactaaaatcaacagtaggtggatcaaggacttgaatgtcaagccaaagactataaagacactggaagagaatcttgggatcacaatacaagat

ataggcgtcggcaaagattttatgtcaaagacgcccaaggccatggccactaaggataagattgataagtgggaccttattaagctcaaaagcttctgtactg

ccaaggagaccacgatcagagttaataggcagcccactacatgggaaaagattttcgccacttattcatcagataaggggttgataagcagaatatataacg

agctgaagcagatctacaagaagaaaacgaataatcccatcaagaagtgggcaaaagatatgaacaggcattttagcaaagaggatatctacgccgcgaa

gaagcatatgaagaagtgtagttcaagcttggccattcgtgagatgcagattaagacgaccatgcgataccaccttaccccagtgaggatggcaattatcaa

gaaatctggcaataatagatgttggcggggctgtggcgagattggcaccctgctccattgctggtgggattgcaagctggtgcagccgctttggaaatcagt

ctggcgctttctgagggacctcgagcttgagattcccttcgatcccgcaattcccttgctcggaatctatcctaacgaatacaagagctgttgttacaaggatac

gtgtacccggatgttcatcgcggccttgtttacgatagctaagacgtggaatcagcctaagtgccccacaatgatcgattggatcaagaaaatgtggcatattt

ataccatggagtattacgcagcaattaagaatgacgaatttatttccttcgttgggacctggatgaagctggagactattattctgagcaagctgtctcaggagc

aaaagacaaagcatagaatcttctctctcattggtggtaactaa (SEQ ID NO: 60). 

[00365] In some embodiments, the construct comprises a nucleic acid sequence encoding an ORF2p protein 

with at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 

87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 

95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence identity to 

MVIGTYISIITLNVNGLNAPTKRHRLAEWIQKQDPYICCLQETHFRPRDTYRLKVRGWKKIFHANG

NQKKAGVAILISDKIDFKIKNVTRDKEGHYIMIQGSIQEEDITIINIYAPNIGAPQYIRQLLTAIKEEID

SNTIIVGDFNTSLTPMDRSSKMKINKETEALNDTIDQIDLIDIYRTFHPKTADYTFFSSAHGTFSRIDH

ILGHKSSLSKFKKIEIISSIFSDHNAMRLEMNHREKNVKKTNTWRLNNTLLNNQEITEEIKQEIKKYL

ETNDNENTTTQNLWDAAKAVLRGKFIAIQAYLKKQEKSQVNNLTLHLKKLEKEEQTKPKVSRRK

EIIKIRAEINEIETKKTIAKINKTKSWFFEKINKIDKPLARLIKKKRERTQINKIRNEKGEVTTDTAEIQ

NILRDYYKQLYANKMDNLEEMDKFLERYNLPRLNQEETENINRPITSNEIETVIKNL 
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PTNKSPGPDGFTGEFYQTFREELTPILLKLFQKIAEEGTLPNSFYEATITLIPKPDKDTTKKENYRPI

SLMNIDAKILNKILANRIQQHIKRIIHHDQVGFIPGMQGFFNIRKSINVIHHINKLKKKNHMIISIDA

EKAFDKIQHPFMIKTLQKVGIEGTYLNIIKAIYDKPTANIILNGEKLKAFPLRSGTRQGCPLSPLLF

NIVLEVLATAIREEKEIKGIQIGKEEVKLSLFADDMILYIENPKTATRKLLELINEYGKVAGYKINA

QKSLAFLYTNDEKSEREIMETLPFTIATKRIKYLGINLPKETKDLYAENYKTLMKEIKDDTNRWR

DIPCSWIGRINIVKMSILPKAIYRFNAIPIKLPMAFFTELEQIILKFVWRHKRPRIAKAVLRQKNGA

GGIRLPDFRLYYKATVIKTIWYWHKNRNIDQWNKIESPEINPRTYGQLIYDKGGKDIQWRKDSLF

NKWCWENWTATCKRMKLEYSLTPYTKINSKWIRDLNIRLDTIKLLEENIGRTLFDINHSKIFFDPP

PRVMEIKTKINKWDLMKLQSFCTAKETINKTKRQPSEWEKIFANESTDKGLISKIYKQLIQLNIKE

TNTPIQKWAEDLNRHFSKEDIQTATKHMKRCSTSLIIREMQIKTTMRYHLTPVRMGIIRKSTNNK

CWRGCGEKGTLLHCWWECKLIQPLWRTIWRFLKKLKIELPYDPAIPLLGIYPEKTVIQKDTCTR

MFIAALFTIARSWKQPKCPSTDEWIKKMWYIYTMEYYSAIKRNEIGSFLETWMDLETVIQSEVSQ

KEKNKYRILTHICGTWKNGTDEPVCRTEIETQM (SEQ ID NO: 61). In some embodiments, the 

construct comprises a nucleic acid sequence with at least 80%, at least 81%, at least 82%, at least 83%, at 

least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, 

at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, 

or 100% sequence identity to 

atggtcataggaacatacatatcgataattaccttaaacgtgaatggattaaatgccccaaccaaaagacatagactggctgaatggatacaaaaacaag

acccatatatatgctgtctacaagagacccacttcagacctagggacacatacagactgaaagtgaggggatggaaaaagatattccatgcaaatggaa

atcaaaagaaagctggagtagctatactcatatcagataaaatagactttaaaataaagaatgttacaagagacaaggaaggacactacataatgatcca

gggatcaatccaagaagaagatataacaattataaatatatatgcacccaacataggagcacctcaatacataaggcaactgctaacagctataaaagag

gaaatcgacagtaacacaataatagtgggggactttaacacctcacttacaccaatggacagatcatccaaaatgaaaataaataaggaaacagaagctt

taaatgacacaatagaccagatagatttaattgatatatataggacattccatccaaaaacagcagattacacgttcttctcaagtgcgcacggaacattctc

caggatagatcacatcttgggtcacaaatcaagcctcagtaaatttaagaaaattgaaatcatatcaagcatcttttctgaccacaacgctatgagattagaa

atgaatcacagggaaaaaaacgtaaaaaagacaaacacatggaggctaaacaatacgttactaaataaccaagagatcactgaagaaatcaaacagga

aataaaaaaatacctagagacaaatgacaatgaaaacacgacgacccaaaacctatgggatgcagcaaaagcggttctaagagggaagtttatagctat

acaagcctacctaaagaaacaagaaaaatctcaagtaaacaatctaaccttacacctaaagaaactagagaaagaagaacaaacaaaacccaaagtta

gcagaaggaaagaaatcataaagatcagagcagaaataaatgaaatagaaacaaagaaaacaatagcaaagatcaataaaactaaaagttggttctttg

agaagataaacaaaattgataagccattagccagactcatcaagaaaaagagggagaggactcaaatcaataaaatcagaaatgaaaaaggagaagtt

acaacagacaccgcagaaatacaaaacatcctaagagactactacaagcaactttatgccaataaaatggacaacctggaagaaatggacaaattctta

gaaaggtataaccttccaagactgaaccaggaagaaacagaaaatatcaacagaccaatcacaagtaatgaaattgaaactgtgattaaaaatcttccaa

caaacaaaagtccaggaccagatggcttcacaggtgaattctatcaaacatttagagaagagctaacacccatccttctcaaactcttccaaaaaattgca

gaagaaggaacactcccaaactcattctatgaggccaccatcaccctgataccaaaaccagacaaagacactacaaaaaaagaaaattacagaccaat

atcactgatgaatatagatgcaaaaatcctcaacaaaatactagcaaacagaatccaacaacacattaaaaggatcatacaccacgatcaagtgggattta

tcccagggatgcaaggattcttcaatatacgcaaatcaatcaatgtgatacaccatattaacaaattgaagaagaaaaaccatatgatcatctcaatagatg

cagaaaaagcttttgacaaaattcaacacccatttatgataaaaactctccagaaagtgggcatagagggaacctacctcaacataataaaggccatatat

gacaaacccacagcaaacatcattctcaatggtgaaaaactgaaagcatttcctctaagatcaggaacgagacaaggatgtccactctcaccactattatt

caacatagttctggaagtcctagccacggcaatcagagaagaaaaagaaataaaaggaatacaaattggaaaagaagaagtaaaactgtcactgtttgc
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ggatgacatgatactatacatagagaatcctaaaactgccaccagaaaactgctagagctaattaatgaatatggtaaagttgcaggttacaaaattaatgc

acagaaatctcttgcattcctatacactaatgatgaaaaatctgaaagagaaattatggaaacactcccatttaccattgcaacaaaaagaataaaataccta

ggaataaacctacctaaggagacaaaagacctgtatgcagaaaactataagacactgatgaaagaaattaaagatgataccaacagatggagagatata

ccatgttcttggattggaagaatcaacattgtgaaaatgagtatactacccaaagcaatctacagattcaatgcaatccctatcaaattaccaatggcatttttt

acggagctagaacaaatcatcttaaaatttgtatggagacacaaaagaccccgaatagccaaagcagtcttgaggcaaaaaaatggagctggaggaat

cagactccctgacttcagactatactacaaagctacagtaatcaagacaatatggtactggcacaaaaacagaaacatagatcaatggaacaagatagaa

agcccagagattaacccacgcacctatggtcaactaatctatgacaaaggaggcaaagatatacaatggagaaaagacagtctcttcaataagtggtgct

gggaaaactggacagccacatgtaaaagaatgaaattagaatactccctaacaccatacacaaaaataaactcaaaatggattagagacctaaatataag

actggacactataaaactcttagaggaaaacataggaagaacactctttgacataaatcacagcaagatctttttcgatccacctcctagagtaatggaaat

aaaaacaaaaataaacaagtgggacctaatgaaacttcaaagcttttgcacagcaaaggaaaccataaacaagacgaaaagacaaccctcagaatggg

agaaaatatttgcaaatgaatcaacggacaaaggattaatctccaaaatatataaacagctcattcagctcaatatcaaagaaacaaacaccccaatccaa

aaatgggcagaagacctaaatagacatttctccaaagaagacatacagacggccacgaagcacatgaaaagatgctcaacatcactaattattagagaa

atgcaaatcaaaactacaatgaggtatcacctcactcctgttagaatgggcatcatcagaaaatctacaaacaacaaatgctggagagggtgtggagaaa

agggaaccctcttgcactgttggtgggaatgtaaattgatacagccactatggagaacaatatggaggttccttaaaaaactaaaaatagaattaccatatg

acccagcaatcccactactgggcatatacccagagaaaaccgtaattcaaaaagacacatgcacccgaatgttcattgcagcactatttacaatagccag

gtcatggaagcaacctaaatgcccatcgacagacgaatggataaagaagatgtggtacatatatacaatggaatattactcagccataaaaaggaacga

aattgggtcatttttagagacgtggatggatctagagactgtcatacagagtgaagtaagtcagaaagagaaaaacaaatatcgtatattaacgcatatatg

tggaacctggaaaaatggtacagatgaaccggtctgcaggacagaaattgagacacaaatgtaa (SEQ ID NO: 62). 

[00366] In some embodiments, the construct comprises a nucleic acid sequence encoding a nuclear 

localization sequence with at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, 

at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, 

at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence identity 

to PAAKRVKLD (SEQ ID NO: 63). In some embodiments, the nuclear localization sequence is fused to 

the ORF2p sequence. In some embodiments, the construct comprises a nucleic acid sequence encoding a 

flag tag having the sequence DYKDDDDK (SEQ ID NO: 64). In some embodiments, the flag tag is fused 

to the ORF2p sequence. In some embodiments, the flag tag is fused to the nuclear localization sequence. 

[00367] In some embodiments, the construct comprises a nucleic acid sequence encoding an MS2 coat 

protein with at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, 

at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, 

at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence identity to 

ASNFTQFVLVDNGGTGDVTVAPSNFANGIAEWISSNSRSQAYKVTCSVRQSSAQNRKYTIKVEV

PKGAWRSYLNMELTIPIFATNSDCELIVKAMQGLLKDGNPIPSAIAANSGIYAMASNFTQFVLVD

NGGTGDVTVAPSNFANGIAEWISSNSRSQAYKVTCSVRQSSAQNRKYTIKVEVPKGAWRSYLN

MELTIPIFATNSDCELIVKAMQGLLKDGNPIPSAIAANSGIY (SEQ ID NO: 65). In some 

embodiments, the MS2 coat protein sequence is fused to the ORF2p sequence. 

[00368] In some embodiments, the transgene may comprise a flanking sequence which comprises an Alu 

ORF2p recognition sequence. 
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85%, about 80%, about 75%, about 70%, about 65%, about 60%, or about 50% of the ORF2 endonuclease 

domain is deleted.  

[00397] In some embodiments, an additional nuclease domain is inserted into the ORF2 protein sequence. 

In some embodiments, ORF2 endonuclease domain is deleted, and is replaced with an endonuclease 

domain from a heterologous protein. In some embodiments, the ORF2 endonuclease is partially deleted 

and replaced with an endonuclease domain from a heterologous protein. The endonuclease domain from a 

heterologous protein may be a mega-TAL nuclease domain. The endonuclease domain from a heterologous 

protein may be a TALENs. The endonuclease domain from a heterologous protein may be a Cas9 loaded 

with a specific gRNA for a locus.  

[00398] In some embodiments, the endonuclease is an endonuclease that has (i) a specific target on the 

genome and (ii) it creates a 5’-P and a 3’-OH terminus at the cleavage site. 

[00399] In some embodiments, the additional endonuclease domain from a heterologous protein is an 

endonuclease domain from a related retrotransposon.  

[00400] In some embodiments, the endonuclease domain from a heterologous protein may comprise a 

bacterial endonuclease engineered for targeting a specific site. In some embodiments, the endonuclease 

domain from a heterologous protein may comprise a domain of a homing endonuclease or a fragment 

thereof. In some embodiments, the endonuclease is a homing endonuclease. In some embodiments, the 

homing endonuclease is an engineered LAGLIDADG homing endonucleases (LHEs) (“LAGLIDADG” 

disclosed as SEQ ID NO: 66) or a fragment thereof. In some embodiments, additional endonucleases may 

be a restriction endonuclease, Cre, Cas TAL or fragments thereof. In some embodiments, the endonuclease 

may comprise a Group II intron encoded protein (ribozyme) or a fragment thereof.  

[00401] An engineered or modified L1-ORF2p as discussed in the preceding paragraphs, that is endowed 

with specific DNA targeting capability due to the additional/heterologous endonuclease is expected to be 

highly advantageous in driving targeted stable integration of a transgene into the genome. The engineered 

L1-ORF2p can generate much reduced off-target effects when expressed in a cell than using a native, non-

engineered L1-ORF2p. In some embodiments, the engineered L1-ORF2p generates no off-target effect.  

[00402] In some embodiments, the engineered or modified L1-ORF2p targets a recognition site that is 

other than the usual (Py)n↓(Pu)n site. In some embodiments, engineered L1-ORF2p targets a recognition 

site that comprises the (Py)n↓(Pu)n site, for example, TTTT/AA site, such as a hybrid target site. In some 

embodiments, the engineered L1-ORF2p targets a recognition site having at least one nucleotide in addition 

to the conventional L1-ORF2 (Py)n↓(Pu)n site, for example TTTT/AAG, or TTTT/AAC, or TTTT/AAT, 

TTTT/AAA, GTTTT/AA, CTTTT/AA, ATTTT/AA, or TTTTT/AA. In some embodiments, the 

engineered L1-ORF2p targets a recognition site that is in addition to the conventional L1-ORF2p 

(Py)n↓(Pu)n site. In some embodiments, the engineered L1-ORF2p targets a recognition site that is other 

than to the conventional L1-ORF2p (Py)n↓(Pu)n site. In some embodiments, the engineered L1-ORF2p 

targets a recognition site that is 4, 5, 6, 7, 8, 9, 10 or more nucleotides long. In some embodiments, the 

engineered or modified L1-ORF2p recognition site may be 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more 

nucleotides. 
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(CAS 912444-00-9); Camptothecin (CPT) (CAS 7689-03-4); Irinotecan (CAS 100286-90-6); 

Topotecan (Hycamtin® GlaxoSmithKline) (CAS 123948-87-8); NSC 19630 (CAS 72835-26-8); NSC 

617145 (CAS 203115-63-3); ML216 (CAS 1430213-30-1); 6-hydroxyDL- dopa (CAS 21373-30-8); D-

103; D-G23; DIDS (CAS 67483-13-0); B02 (CAS 1290541-46-6); RI-1 (CAS 415713-60-9); RI-2 (CAS 

1417162-36-7); Streptonigrin (SN) (CAS 3930-19-6).  

III. Nucleic Acid Cargo: 

A. Transgene 

[00449] In one aspect the transgene or noncoding sequence that is the heterologous nucleic acid sequence 

to be inserted within the genome of a cell is delivered as an mRNA. The mRNA may comprise greater than 

about 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 

1900, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000, 10,000 bases. In some embodiments, the mRNA 

may be more than 10,000 bases long. In some embodiments, the mRNA may be about 11,000 bases long. 

In some embodiments, the mRNA may be about 12,000 bases long. In some embodiments, the mRNA 

comprises a transgene sequence that encodes a fusion protein. In some embodiments, the nucleic acid is 

delivered as a plasmid. 

[00450] In some embodiments, the nucleic acid is delivered in the cell by transfection. In some 

embodiments, the nucleic acid is delivered in the cell by electroporation. In some embodiments, the 

transfection or electroporation is repeated more than once to enhance incorporation of the nucleic acid into 

the cell. 

[00451] Contemplated herein are retrotransposon mediated stable integration of a recombinant nucleic 

acid encoding a phagocytic or tethering receptor (PR) fusion protein (CFP). In some embodiments, the 

CFPs comprise: a PR subunit comprising: a transmembrane domain, and an intracellular domain 

comprising an intracellular signaling domain; and an extracellular domain comprising an antigen binding 

domain specific to an antigen of a target cell; wherein the transmembrane domain and the extracellular 

domain are operatively linked.  

[00452] In some embodiments, the nucleic acid comprises a sequence encoding a chimeric fusion 

protein (CFP), the CFP comprising an extracellular domain comprising a CD5 binding domain, and a 

transmembrane domain operatively linked to the extracellular domain. In some embodiments, the CD5 

binding domain is a CD5 binding protein, such as an antigen binding fragment of an antibody, a Fab 

fragment, an scFv domain or an sdAb domain. In some embodiments, wherein the CD5 binding domain 

comprises an scFv comprising (i) a variable heavy chain (VH) sequence with at least 90% sequence 

identity to EIQLVQSGGGLVKPGGSVRISCAASGYTFTNYGMNWVRQAPGKGLEWMGWINTHTG 

EPTYADSFKGRFTFSLDDSKNTAYLQINSLRAEDTAVYFCTRRGYDWYFDVWGQGTTVTV (SEQ 

ID NO: 1); and (ii) a variable light chain (VL) sequence with at least 90% sequence identity to 

DIQMTQSPSSLSASVGDRVTITCRASQDINSYLSWFQQKPGKAPKTLIYRANRLESGVPSRFSGSG

SGTDYTLTISSLQYEDFGIYYCQQYDESPWTFGGGTKLEIK (SEQ ID NO: 2). In some 

embodiments, the CFP further comprises an intracellular domain, wherein the intracellular domain 

comprises one or more intracellular  
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signaling domains, and wherein a wild-type protein comprising the intracellular domain does not 

comprise the extracellular domain. In some embodiments, the one or more intracellular signaling 

domains comprises a phagocytic signaling domain. In some embodiments, the phagocytosis signaling 

domain comprises an intracellular signaling domain derived from a receptor other than Megf10, MerTk, 

FcαR, and Bai1. In some embodiments, the phagocytosis signaling domain comprises an intracellular 

signaling domain derived from FcγR, FcαR or FcεR. In some embodiments, the phagocytosis signaling 

domain comprises an intracellular signaling domain with at least 90% sequence identity to 

LYCRRLKIQVRKAAITSYEKSDGVYTGLSTRNQETYETLKHEKPP (SEQ ID NO: 67). In some 

embodiments, the one or more intracellular signaling domains further comprises a proinflammatory 

signaling domain. In some embodiments, the proinflammatory signaling domain comprises a PI3-kinase 

(PI3K) recruitment domain. In some embodiments, the proinflammatory signaling domain comprises a 

sequence with at least 90% sequence identity to YEDMRGILYAAPQLRSIRGQPGPNHEEDADSY 

ENM (SEQ ID NO: 4). In some embodiments, the proinflammatory signaling domain is derived from an 

intracellular signaling domain of CD40. In some embodiments, the proinflammatory signaling domain 

comprises a sequence with at least 90% sequence identity to KVAKKPTNKAPHPKQEPQEINFPDDLP 

GSNTAAPVQETLHGCQPVTQEDGKESRISVQERQ (SEQ ID NO: 68). In some embodiments, the 

transmembrane domain comprises a CD8 transmembrane domain. In some embodiments, the 

transmembrane domain comprises a sequence with at least 90% sequence identity to 

IYIWAPLAGTCGVLLLSLVIT (SEQ ID NO: 6). In some embodiments, the extracellular domain 

further comprises a hinge domain derived from CD8, wherein the hinge domain is operatively linked to 

the transmembrane domain and the CD5 binding domain. In some embodiments, the extracellular domain 

comprises a sequence with at least 90% sequence identity to ALSNSIMYFSHFVPVFLPAKPTTTPAPR 

PPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLD (SEQ ID NO: 7). In some embodiments, the CFP 

comprises an extracellular domain comprising a scFv that specifically binds CD5, and a hinge domain 

derived from CD8; a hinge domain derived from CD28 or at least a portion of an extracellular domain 

from CD68; a CD8 transmembrane domain, a CD28 transmembrane domain or a CD68 transmembrane 

domain; and an intracellular domain comprising at least two intracellular signaling domains, wherein the 

at least two intracellular signaling domains comprise: a first intracellular signaling domain derived from 

FcγR or FcεR, and a second intracellular signaling domain comprising a PI3K recruitment domain, or 

derived from CD40. In some embodiments, the recombinant polynucleic acid is an mRNA or circRNA. 

In some embodiments, the nucleic acid is delivered into a myeloid cell. In some embodiments, the 

nucleic acid is delivered into a CD14+ cell, a CD14+CD16- cell, an M0 macrophage, an M2 macrophage, 

an M1 macrophage or a mosaic myeloid cell/macrophage. In some embodiments, the fusion protein 

comprises a sequence with at least 90% sequence identity to 

EIQLVQSGGGLVKPGGSVRISCAASGYTFTNYGMNWVRQAPGKGLEWMGWINTHTGEPTYAD

SFKGRFTFSLDDSKNTAYLQINSLRAEDTAVYFCTRRGYDWYFDVWGQGTTVTVSSGGGGSGG

GGSGGGGSDIQMTQSPSSLSASVGDRVTITCRASQDINSYLSWFQQKPGKAPKTLIYRANRLESG

VPSRFSGSGSGTDYTLTISSLQYEDFGIYYCQQYDESPWTFGGGTKLEIKSGGGGSGALSNSIMYF
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SHFVPVFLPAKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDIYIWAPLAGTCGV

LLLSLVITLYCRRLKIQVRKAAITSYEKSDGVYTGLSTRNQETYETLKHEKPPQGSGSYEDMRGI

LYAAPQLRSIRGQPGPNHEEDADSYENM (SEQ ID NO: 69). In some embodiments, the fusion 

protein comprises a sequence with at least 90% sequence identity to 

EIQLVQSGGGLVKPGGSVRISCAASGYTFTNYGMNWVRQAPGKGLEWMGWINTHTGEPTYAD

SFKGRFTFSLDDSKNTAYLQINSLRAEDTAVYFCTRRGYDWYFDVWGQGTTVTVSSGGGGSGG

GGSGGGGSDIQMTQSPSSLSASVGDRVTITCRASQDINSYLSWFQQKPGKAPKTLIYRANRLESG

VPSRFSGSGSGTDYTLTISSLQYEDFGIYYCQQYDESPWTFGGGTKLEIKSGGGGSGALSNSIMYF

SHFVPVFLPAKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDIYIWAPLAGTCGV

LLLSLVITLYCRLKIQVRKAAITSYEKSDGVYTGLSTRNQETYETLKHEKPPQKKVAKKPTNKAP

HPKQEPQEINFPDDLPGSNTAAPVQETLHGCQPVTQEDGKESRISVQERQ (SEQ ID NO: 70) or 

EIQLVQSGGGLVKPGGSVRISCAASGYTFTNYGMNWVRQAPGKGLEWMGWINTHTGEPTYAD

SFKGRFTFSLDDSKNTAYLQINSLRAEDTAVYFCTRRGYDWYFDVWGQGTTVTVSSGGGGSGG

GGSGGGGSDIQMTQSPSSLSASVGDRVTITCRASQDINSYLSWFQQKPGKAPKTLIYRANRLESG

VPSRFSGSGSGTDYTLTISSLQYEDFGIYYCQQYDESPWTFGGGTKLEIKSGGGGSGALSNSIMYF

SHFVPVFLPAKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDIYIWAPLAGTCGV

LLLSLVITLYCRRLKIQVRKAAITSYEKSDGVYTGLSTRNQETYETLKHEKPPQKKVAKKPTNKA

PHPKQEPQEINFPDDLPGSNTAAPVQETLHGCQPVTQEDGKESRISVQERQ (SEQ ID NO: 71). 

[00453] In some embodiments, the fusion protein is a transmembrane protein, an intracellular protein or 

an intracellular protein. In one embodiment the fusion protein is directed to enhancing the function of an 

immune cell, e.g., a myeloid cell, selected from monocyte, macrophages dendritic cells or precursors 

thereof. In one embodiment the fusion protein augments a cellular function of an immune cell, such as 

phagocytosis. The disclosure is not limited by the transgenes that can be expressed using the methods and 

compositions described. The transgenes indicated in this section are exemplary. 

[00454] Provided herein are exemplary transgene candidates, for stable integration into the genome of a 

phagocytic cell. In one embodiment the transgene is a recombinant nucleic acid encoding a phagocytic 

receptor (PR) fusion protein (CFP). The recombinant nucleic acid has a PR subunit comprising: (i) a 

transmembrane domain, and (ii) an intracellular domain comprising a phagocytic receptor intracellular 

signaling domain; and an extracellular antigen binding domain specific to an antigen of a target cell; 

wherein the transmembrane domain and the extracellular antigen binding domain are operatively linked 

such that antigen binding to the target by the extracellular antigen binding domain of the fused receptor 

activated in the intracellular signaling domain of the phagocytic receptor. In some embodiments, the 

recombinant nucleic acid encodes a chimeric antigen receptor. In some embodiments, the chimeric antigen 

receptor is a chimeric antigen receptor (phagocytosis) (CAR-P). In some embodiments, the fusion protein 

is a recombinant protein for locking anti-phagocytic signals. In some embodiments, the fusion protein is a 

phagocytosis enhancing chimeric protein. In some embodiments, the chimeric protein has intracellular 

domains comprising active phagocytosis signal transduction domains. In some embodiments, the chimeric 

protein enhances the phagocytic potential by enhancing the inflammatory potential of the phagocytic cell 
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ICD of human MARCO having an amino acid sequence: 

MRNKKILKEDELLSETQQAAFHQIAMEPFEINVPKPKRRNGVNF (SEQ ID NO: 72). In some 

embodiments, the PSR subunit comprises a variant which is at least 70%, 75%, 80%, 85%, 90% or 95% 

identical to the intracellular domain of MARCO. 

[00462] In some embodiments, for example, the PSR (phagocytic scavenger receptor) comprises a 

transmembrane region of human MARCO.  

[00463] In some embodiments, the recombinant nucleic acid encodes an intracellular domain of human 

SRA1. The PSR subunit comprises an intracellular domain having a 50 amino acid ICD of human SRA1 

having an amino acid sequence: MEQWDHFHNQQEDTDSCSESVKFDARSMTA 

LLPPNPKNSPSLQEKLKSFK (SEQ ID NO: 73). In some embodiments, the PSR subunit comprises a 

variant which is at least 70%, 75%, 80%, 85%, 90% or 95% identical to the intracellular domain of 

human SRA1. The intracellular region of SRA has a phosphorylation site. 

[00464] In some embodiments, the PSR comprises a transmembrane region of human SRA1. 

[00465] In some embodiments, for example, the recombinant nucleic acid comprises an intracellular 

domain of CD36. In some embodiments, the recombinant nucleic acid comprises a TM domain of CD36. 

Naturally occurring full length CD36 has two TM domains and two short intracellular domains, and an 

extracellular domain of CD36 binds to oxidized LDL. Both of the intracellular domains contain pairs of 

cysteines that are fatty acid acylated. It lacks known signaling domains (e.g. kinase, phosphatase, g-protein 

binding, or scaffolding domains). N-terminal cytoplasmic domain is extremely short (5–7 amino acid 

residues) and is closely associated with the internal leaflet of the plasma membrane. The carboxy-terminal 

domain contains 13 amino acids, containing a CXCX5K motif homologous to a region in the intracellular 

domain of CD4 and CD8 that is known to interact with signaling molecules. The intracellular domain of 

CD36 is capable of assembling a signaling complex that activates lyn kinases, MAP kinases and Focal 

Adhesion Kinases (FAK), and inactivation of src homology 2-containing phosphotyrosine phosphatase 

(SHP-2). Members of the guanine nucleotide exchange factors (GEFs) have been identified as potential 

key signaling intermediates.  

[00466] In some embodiments, the recombinant nucleic acid encodes for example, an intracellular domain 

of human SCARA3. In some embodiments, the PSR subunit comprises a variant which is at least 70%, 

75%, 80%, 85%, 90% or 95% identical to the intracellular domain of human SCARA3. In some 

embodiments, the PSR comprises the TM domain of SCARA3. In some embodiments, the TM domains 

are about 20-30 amino acids long.  

[00467] Scavenger receptors may occur as homo or hetero dimers. MARCO, for example occurs as a 

homo trimer. 

[00468] In some embodiments, the TM domain or the ICD domain of the PSP is not derived from FcR, 

Megf10, Bai1 or MerTK. In some embodiments, the ICD of the PSR does not comprise a CD3 zeta 

intracellular domain. 

[00469] In some embodiments, the intracellular domain and transmembrane domains are derived from 

FcR beta. 
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PR at the extracellular domain. In some embodiments, the binding domain (e.g., scFv) and the extracellular 

domain of the PR are linked via a linker.  

[00533] In some embodiments, the ECD antigen binding domain can bind to an intracellular antigen. In 

some embodiments, the intracellular antigen is a cancer antigen. 

[00534] In some embodiments, the extracellular antigen binding domain binds to the target ligand with an 

affinity of less than 1000 nM. In some embodiments, the extracellular antigen binding domain binds to the 

target ligand with an affinity of less than 500 nM. In some embodiments, the extracellular antigen binding 

domain binds to the target ligand with an affinity of less than 450 nM. In some embodiments, the 

extracellular antigen binding domain binds to the target ligand with an affinity of less than 400 nM. In 

some embodiments, the extracellular antigen binding domain binds to the target ligand with an affinity of 

less than 350 nM. In some embodiments, the extracellular antigen binding domain binds to the target ligand 

with an affinity of less than 250 nM. In some embodiments, the extracellular antigen binding domain binds 

to the target ligand with an affinity of less than 200 nM. In some embodiments, the extracellular antigen 

binding domain binds to the target ligand with an affinity of less than 100 nM. In some embodiments, the 

extracellular antigen binding domain binds to the target ligand with an affinity ranging between than 200 

nM to 1000 nM. In some embodiments, the extracellular antigen binding domain binds to the target ligand 

with an affinity ranging between than 300 nM to 1.5 mM. In some embodiments, the antigen binding 

domain binds to the target ligand with an affinity > 200 nM, > 300 nM or >500 nM. 

Peptide Linker 

[00535] In some embodiments, the extracellular antigen binding domains, scFvs are linked to the TM 

domain or other extracellular domains by a linker. In some embodiments, where there are more than one 

scfv at the extracellular antigen binding domain the more than scfvs are linked with each other by linkers.  

[00536] In some embodiments, the linkers are flexible. In some embodiments, the linkers comprise a hinge 

region. Linkers are usually short peptide sequences. In some embodiments, the linkers are stretches of 

Glycine and one or more Serine residues. Other amino acids preferred for short peptide linkers include but 

are not limited to threonine (Thr), serine (Ser), proline (Pro), glycine (Gly), aspartic acid (Asp), lysine 

(Lys), glutamine (Gln), asparagine (Asn), and alanine (Ala) arginine (Arg), phenylalanine (Phe), glutamic 

acid (Glu). Of these Pro, Thr, and Gln are frequently used amino acids for natural linkers. Pro is a unique 

amino acid with a cyclic side chain which causes a very restricted conformation. Pro-rich sequences are 

used as interdomain linkers, including the linker between the lipoyl and E3 binding domain in pyruvate 

dehydrogenase (GA2PA3PAKQEA3PAPA2KAEAPA3PA2KA (SEQ ID NO: 75)). For the purpose of the 

disclosure, the empirical linkers may be flexible linkers, rigid linkers, and cleavable linkers. Sequences 

such as (G4S)x (where x is multiple copies of the moiety, designated as 1, 2, 3, 4, and so on) (SEQ ID NO: 

76) comprise a flexible linker sequence. Other flexible sequences used herein include several repeats of 

glycine, e.g., (Gly)6 (SEQ ID NO: 77) or (Gly)8 (SEQ ID NO: 78). On the other hand, a rigid linker may 

be used, for example, a linker (EAAAK)x, where x is an integer, 1, 2, 3, 4 etc. (SEQ ID NO: 79) gives rise 

to a rigid linker. 
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[00537] In some embodiments, the linker comprises at least 2, or at least 3 amino acids. In some 

embodiments, the linker comprises 4 amino acids. In some embodiments, the linker comprises 5 amino 
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(graphically represented in FIG. 4A and 4B, and FIG. 24, construct SEQ ID NO: 15). The fused protein 

will specifically attach to the MS2-binding structural motif in the 3’ UTR, and therefore any non-specific 

binding and retrotransposition is minimized (FIG. 24). GFP expression is monitored after transfection into 

HEK293T cells. Following a similar design, the ORF is fused with the protein binding sequences shown 

in left column of Table 3 below, combined with a cognate sequence inserted in the 3’UTR region of the 

ORF2 shown in the corresponding right column in the same row. 

Table 3 - Exemplary list of elements to enhance translation efficiency and stability of the LINE-1 

proteins and increased expression of LINE-1 proteins. 

Elements to be fused with the LINE-1 ORF2 3’ UTR sequence recognizable by the element  

PP7 coat protein PP7 

Streptavidin S1m aptamer 

Tobramycin Tobramycin aptamer 

[00681] V. Modifying the endonuclease function of the retrotransposon. In this example, the constructs 

are modified to test increase in GFP expression as follows. In a first experimental set, the LINE-1 plasmid 

GFP is cut at the 3’end of the endonuclease coding sequence of ORF2, and a sequence encoding the DNA 

binding domain (DBD) of a heterologous zinc finger protein (ZFP) is inserted. In another experimental set, 

the endonuclease domain is fused with a CRISPR nuclease. A variety of nucleases can be tested by 

modifying the LINE-1 plasmid GFP ORF by creating a fusion protein using DNA binding domains and 

cleavage domain as shown in a non-exhaustive list in Table 4, In addition, two ORF-2 domains are encoded 

in one set to facilitate dimerization. The construct that has higher GFP expression than the ORF2 

endonuclease can be further selected. The plasmid designs are graphically represented in FIG. 25. GFP 

expression is monitored after transfection of the plasmids into HEK293T cells, and the set that yielded 

best. 

Table 4 - Exemplary non-exhaustive list of additional DNA cleavage domains/enzymes that can be fused 

to or inserted in place of LINE-1 endonuclease. 

Gene /Enzyme Description 

Fokl Class II endonuclease from Flavobacterium okeanokoites, recognition and 

cleavage sequence are separated by a few nucleotides; recognizes DNA 

sequence 5-GGATG-3’

Restriction enzymes,  e.g., HindII, EcoR1, BamH1 

LAGLIDADG family 

nuclease A 

(“LAGLIDADG” 

disclosed as SEQ ID 

NO: 66) 

Intron encoded homing proteins found in various genera including bacteria 



-138a- 

GIY-YIG  This domain is found in the amino terminal region of exonuclease abc subunit 

c (uvrC), bacteriophage T4, endonuclease segA, segB, seg C, seg D, and seg E 

and group I introns of fungi and phage. 

His-Cys box  Homing endonucleases containing two clusters of conserved histidine and 

cysteine residues over a 100 amino acid region. 



-194- 

the sequence encoding ORF1 of a LINE1-GFP construct (FIG. 55A), (iii) ORF2-N, in which an NLS 

was inserted at the N-terminal end of the sequence encoding ORF2 of a LINE1-GFP construct (FIG. 

56A); (iv) ORF2-N, in which an SV40 NLS and a linker was inserted at the N-terminal end of the 

sequence encoding ORF2 of a LINE1-GFP construct (FIG. 57A); and (v) ORF2-C in which an NLS was 

inserted at the C-terminal end of the sequence encoding ORF2 of a LINE1-GFP construct (FIG. 58A). In 

each case, retrotransposition using the LINE GFP NLS constructs was measured in number of GFP 

insertions per cell (genome). 

[00714] Table 12A details sequences relevant to the constructs in tests described for FIGs 54A-55C. 

Table 12A 

NLS Amino acid sequence and nucleic acid sequence

(#3) SV40 NLS 
PKKKRKV (SEQ ID NO: 80)  

ccaaagaagaagcggaaggtc (SEQ ID NO: 81) 

(#4) SV40 NLS + Linker 

(linker sequence underlined) 

PKKKRKVGGGS (SEQ ID NO: 82) 

ccaaagaagaagcggaaggtcggcggcggcagc (SEQ ID NO: 83) 

(#5) Nucleoplasmin NLS 
KRPAATKKAGQAKKKK (SEQ ID NO: 84) 

aaaaggccggcggccacgaaaaaggccggccaggcaaaaaagaaaaag (SEQ ID NO: 85) 

(#6) Nucleoplasmin NLS 

+Linker 

(linker sequence underlined) 

KRPAATKKAGQAKKKKGGGS (SEQ ID NO: 86) 

aaaaggccggcggccacgaaaaaggccggccaggcaaaaaagaaaaagggcggcggcagc (SEQ 

ID NO: 87) 

[00715] As shown in FIGs 54B-54C and FIGs 55B-55C, NLS insertions at N-terminal and C-terminal 

of ORF1 sequence abolishes retrotransposition activity of the LINE-1 constructs. On the other hand, each 

of the constructs shown in FIGs. 56A-58C showed some improvement in retrotransposition, with 

insertion of the NLS in either ORF2 N or C terminal.  

[00716] Table 12B details sequences relevant to the constructs in tests described for FIGs 56-56C.

Table 12B

NLS Amino acid sequence and nucleic acid sequence

(#3) SV40 NLS PKKKRKV (SEQ ID NO: 80) 

ccaaagaagaagcggaaggtc (SEQ ID NO: 81) 

(#4) Nucleoplasmin NLS KRPAATKKAGQAKKKK (SEQ ID NO: 84) 

aaaaggccggcggccacgaaaaaggccggccaggcaaaaaagaaaaag (SEQ ID NO: 85) 

(#5) Linker + 

Nucleoplasmin NLS (linker 

sequence underlined) 

GGGSKRPAATKKAGQAKKKK (SEQ ID NO: 88) 

ggcggcggcagcaaaaggccggcggccacgaaaaaggccggccaggcaaaaaagaaaaag (SEQ 

ID NO: 89) 
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[00717] With insertion of an NLS at the N terminal end of ORF2 sequence, about 2-fold increase in 

number of insertions per cell. (FIGs. 56B, and 56C). However, using the SV40 NLS with the addition of 

a linker sequence shown in Table 12C, increases the number of GFP integrations by about 3.5 folds 

(FIGs. 57B and 57C).  

[00718] Table 12C details sequences relevant to the constructs in tests described for FIGs 57-57C.

Table 12C

NLS Amino acid sequence and nucleic acid sequence 

(#4a) SV40 NLS + Linker 

(linker sequence underlined) 

PKKKRKVGGGS (SEQ ID NO: 82) 

ccaaagaagaagcggaaggtcggcggcggcagc (SEQ ID NO: 83) 

[00719] However, surprisingly, insertion of the NLS at the ORF2 C terminus increases the 

retrotransposition by about 5 fold (FIG. 58B-58C).  

[00720] Table 12D details sequences relevant to the constructs in tests described for FIGs 58A-58C.

Table 12D

[00721] Insertion of both the SV40 NLS and Nucleoplasmin NLS C-terminal to ORF2 leads to >5% 

GFP positive cells compared to less than 2% in cells that were electroporated with a LINE1-GFP mRNA 

construct without an NLS sequence. These results indicate that the ORF2 modifications with NLS 

increases retrotransposition efficiency. Most significantly, insertion at the C-terminal provides higher 

increase in retrotransposition of LINE1 elements.  

[00722] Exemplary plasmids used for these experiments are shown in Table 13. 

NLS Amino acid sequence and nucleic acid sequence 

(#3) SV40 NLS PKKKRKV (SEQ ID NO: 80) 

ccaaagaagaagcggaaggtc (SEQ ID NO: 81) 

(#4) Linker + SV40 

NLS 

GGGSPKKKRKV (SEQ ID NO: 90) 

ggcggcggcagcccaaagaagaagcggaaggtc (SEQ ID NO: 91) 

(#5) Nucleoplasmin 

NLS 

KRPAATKKAGQAKKKK (SEQ ID NO: 84) 

aaaaggccggcggccacgaaaaaggccggccaggcaaaaaagaaaaag (SEQ ID NO: 85) 

(#6) Linker + 

Nucleoplasmin NLS 

GGGSKRPAATKKAGQAKKKK (SEQ ID NO: 88) 

ggcggcggcagcaaaaggccggcggccacgaaaaaggccggccaggcaaaaaagaaaaag (SEQ ID 

NO: 89) 
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gccgtcgccgatgggggtgttctgctggtagtggtcggcgagctgcacgctgccgtcctcgatgttg
tggcggatcttgaagttcaccttgatgccgttcttctgcttgtcggccatgatatagacgttgtggc
tgttgtagttgtactccagcttgtgccccaggatgttgccgtcctccttgaagtcgatgcccttcag
ctcgatgcggttcaccagggtgtcgccctcgaacttcacctcggcgcgggtcttgtagttgccgtcg
tccttgaagaagatggtgcgctcctggacgtagccttcgggcatggcggacttgaagaagtcgtgct
gcttcatgtggtcggggtagcggctgaagcactgcacgccgtaggtcagggtggtcacgagggtggg
ccagggcacgggcagcttgccggtggtgcagatgaacttcagggtcagcttgccgtaggtggcatcg
ccctcgccctcgccggacacgctgaacttgtggccgtttacgtcgccgtccagctcgaccaggatgg
gcaccaccccggtgaacagctcctcgcccttgctcaccatggtggcgggatctgacggttcactaaa
ccagctctgcttatatagacctcccaccgtacacgcctaccgcccatttgcgtcaatggggcggagt
tgttacgacattttggaaagtcccgttgattttggtgccaaaacaaactcccattgacgtcaatggg
gtggagacttggaaatccccgtgagtcaaaccgctatccacgcccattgatgtactgccaaaaccgc
atcaccatggtaatagcgatgactaatacgtagatgtactgccaagtaggaaagtcccataaggtca
tgtactgggcataatgccaggcgggccatttaccgtcattgacgtcaatagggggcgtacttggcat
atgatacacttgatgtactgccaagtgggcagtttaccgtaaatactccacccattgacgtcaatgg
aaagtccctattggcgttactatgggaacatacgtcattattgacgtcaatgggcgggggtcgttgg
gcggtcagccaggcgggccatttaccgtaagttatgtaacgGGCCTGCTGCCGGCTCTGCGGCCTCT
TCCGCGTCTTCGCCTTCGCCCTCAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCCTGTCTAG
CTTGACTGACTGAGATACAGCGTACCTTCAGCTCACAGACATGATAAGATACATTGATGAGTTTGGA
CAAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTAT
TTGTAACCATTATAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGT
TCAGGGGGAGGTGTGGGAGGTTTTTTAAAGCAAGTAAAACCTCTACAAATGTGGTATTGGCCCATCT
CTATCGGTATCGTAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGTTTTTTGTGCCCCTC
GGGCCGGATTGCTATCTACCGGCATTGGCGCAGAAAAAAATGCCTGATGCGACGCTGCGCGTCTTAT
ACTCCCACATATGCCAGATTCAGCAACGGATACGGCTTCCCCAACTTGCCCACTTCCATACGTGTCC
TCCTTACCAGAAATTTATCCTTAAGGTCGTCAGCTATCCTGCAGGCGATCTCTCGATTTCGATCAAG
ACATTCCTTTAATGGTCTTTTCTGGACACCACTAGGGGTCAGAAGTAGTTCATCAAACTTTCTTCCC
TCCCTAATCTCATTGGTTACCTTGGGCTATCGAAACTTAATTAAGCGATCTGCATCTCAATTAGTCA
GCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTC
CGCCCCATCGCTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATT
CCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAGGAGGTAGCCAACATGATTGA
ACAAGATGGATTGCACGCAGGTTCTCCCGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCA
CAACAGACAATCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTT
TTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTCCAGGACGAGGCAGCGCGGCTATCGTGGCT
GGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACTGGCTG
CTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATCCA
TCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGC
GAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGAC
GAAGAGCATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGGATGCCCGACGGCG
AGGATCTCGTCGTGACCCACGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTC
TGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGT
GATATTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTC
CCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTAGTATGTAAGCCCTGTGCC
TTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACT
CCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTC
TGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGA
TGCGGTGGGCTCTATGGTTAATTAACCAGTCAAGTCAGCTACTTGGCGAGATCGACTTGTCTGGGTT
TCGACTACGCTCAGAATTGCGTCAGTCAAGTTCGATCTGGTCCTTGCTATTGCACCCGTTCTCCGAT
TACGAGTTTCATTTAAATCATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCG
TTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGA
GGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTC
TCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTT
TCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGC
ACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGT
AAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGC
GGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCT
GCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCAC
CGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAA
GATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGG
TCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAAT
CTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCA
GCGATCTGTCTATTTCGTTCATCCATAGTTGCATTTAAATTTCCGAACTCTCCAAGGCCCTCGTCGG
AAAATCTTCAAAC (SEQ ID NO: 92) 
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ccggtggtgcagatgaacttcagggtcagcttgccgtaggtggcatcgccctcgccctcgccggaca
cgctgaacttgtggccgtttacgtcgccgtccagctcgaccaggatgggcaccaccccggtgaacag
ctcctcgcccttgctcaccatggtggcgggatctgacggttcactaaaccagctctgcttatataga
cctcccaccgtacacgcctaccgcccatttgcgtcaatggggcggagttgttacgacattttggaaa
gtcccgttgattttggtgccaaaacaaactcccattgacgtcaatggggtggagacttggaaatccc
cgtgagtcaaaccgctatccacgcccattgatgtactgccaaaaccgcatcaccatggtaatagcga
tgactaatacgtagatgtactgccaagtaggaaagtcccataaggtcatgtactgggcataatgcca
ggcgggccatttaccgtcattgacgtcaatagggggcgtacttggcatatgatacacttgatgtact
gccaagtgggcagtttaccgtaaatactccacccattgacgtcaatggaaagtccctattggcgtta
ctatgggaacatacgtcattattgacgtcaatgggcgggggtcgttgggcggtcagccaggcgggcc
atttaccgtaagttatgtaacgGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGC
CCTCAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCCTGTCTAGCTTGACTGACTGAGATACA
GCGTACCTTCAGCTCACAGACATGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGC
AGTGAAAAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTG
CAATAAACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAG
GTTTTTTAAAGCAAGTAAAACCTCTACAAATGTGGTATTGGCCCATCTCTATCGGTATCGTAGCATA
ACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGTTTTTTGTGCCCCTCGGGCCGGATTGCTATCTAC
CGGCATTGGCGCAGAAAAAAATGCCTGATGCGACGCTGCGCGTCTTATACTCCCACATATGCCAGAT
TCAGCAACGGATACGGCTTCCCCAACTTGCCCACTTCCATACGTGTCCTCCTTACCAGAAATTTATC
CTTAAGGTCGTCAGCTATCCTGCAGGCGATCTCTCGATTTCGATCAAGACATTCCTTTAATGGTCTT
TTCTGGACACCACTAGGGGTCAGAAGTAGTTCATCAAACTTTCTTCCCTCCCTAATCTCATTGGTTA
CCTTGGGCTATCGAAACTTAATTAAGCGATCTGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCC
TAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATCGCTGACTAAT
TTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGC
TTTTTTGGAGGCCTAGGCTTTTGCAAAGGAGGTAGCCAACATGATTGAACAAGATGGATTGCACGCA
GGTTCTCCCGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCT
CTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTC
CGGTGCCCTGAATGAACTCCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCT
TGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGG
GGCAGGATCTCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCG
GCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGA
GCACGTACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCG
CGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGGATGCCCGACGGCGAGGATCTCGTCGTGACCCA
CGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGC
CGGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTG
GCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGC
CTTCTATCGCCTTCTTGACGAGTTCTTCTAGTATGTAAGCCCTGTGCCTTCTAGTTGCCAGCCATCT
GTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAAT
AAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCA
GGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGTT
AATTAACCAGTCAAGTCAGCTACTTGGCGAGATCGACTTGTCTGGGTTTCGACTACGCTCAGAATTG
CGTCAGTCAAGTTCGATCTGGTCCTTGCTATTGCACCCGTTCTCCGATTACGAGTTTCATTTAAATC
ATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATA
GGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGG
ACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCG
CTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTA
GGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCC
CGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCA
CTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGA
AGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGT
TACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTT
TTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTA
CGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAG
GATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAA
ACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTT
CATCCATAGTTGCATTTAAATTTCCGAACTCTCCAAGGCCCTCGTCGGAAAATCTTCAAACCTTTCG
TCCGATCCATCTTGCAGGCTACCTCTCGAACGAACTATCGCAAGTCTCTTGGCCGGCCTTGCGCCTT
GGCTATTGCTTGGCAGCGCCTATCGCCAGGTATTACTCCAATCCCGAATATCCGAGATCGGGATCAC
CCGAGAGAAGTTCAACCTACATCCTCAATCCCGATCTATCCGAGATCCGAGGAATATCGAAATCGGG
GCGCGCCTGGTGTACCGAGAACGAT (SEQ ID NO: 93) 

>RET-
004 
LINE1-

TCGAAATCGGGGCGCGCCTGGTGTACCGAGAACGATCCTCTCAGTGCGAGTCTCGACGATCCATATC
GTTGCTTGGCAGTCAGCCAGTCGGAATCCAGCTTGGGACCCAGGAAGTCCAATCGTCAGATATTGTA
CTCAAGCCTGGTCACGGCAGCGTACCGATCTGTTTAAACCTAGATATTGATAGTCTGATCGGTCAAC
GTATAATCGAGTCCTAGCTTTTGCAAACATCTATCAAGAGACAGGATCAGCAGGAGGCTTTCGCATG



-204- 

cctaccgcccatttgcgtcaatggggcggagttgttacgacattttggaaagtcccgttgattttgg
tgccaaaacaaactcccattgacgtcaatggggtggagacttggaaatccccgtgagtcaaaccgct
atccacgcccattgatgtactgccaaaaccgcatcaccatggtaatagcgatgactaatacgtagat
gtactgccaagtaggaaagtcccataaggtcatgtactgggcataatgccaggcgggccatttaccg
tcattgacgtcaatagggggcgtacttggcatatgatacacttgatgtactgccaagtgggcagttt
accgtaaatactccacccattgacgtcaatggaaagtccctattggcgttactatgggaacatacgt
cattattgacgtcaatgggcgggggtcgttgggcggtcagccaggcgggccatttaccgtaagttat
gtaacgGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGTCGGA
TCTCCCTTTGGGCCGCCTCCCCGCCTGTCTAGCTTGACTGACTGAGATACAGCGTACCTTCAGCTCA
CAGACATGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAATGCTT
TATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCAATAAACAAGTTAAC
AACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTAAAGCAAGT
AAAACCTCTACAAATGTGGTATTGGCCCATCTCTATCGGTATCGTAGCATAACCCCTTGGGGCCTCT
AAACGGGTCTTGAGGGGTTTTTTGTGCCCCTCGGGCCGGATTGCTATCTACCGGCATTGGCGCAGAA
AAAAATGCCTGATGCGACGCTGCGCGTCTTATACTCCCACATATGCCAGATTCAGCAACGGATACGG
CTTCCCCAACTTGCCCACTTCCATACGTGTCCTCCTTACCAGAAATTTATCCTTAAGGTCGTCAGCT
ATCCTGCAGGCGATCTCTCGATTTCGATCAAGACATTCCTTTAATGGTCTTTTCTGGACACCACTAG
GGGTCAGAAGTAGTTCATCAAACTTTCTTCCCTCCCTAATCTCATTGGTTACCTTGGGCTATCGAAA
CTTAATTAAGCGATCTGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCC
GCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATCGCTGACTAATTTTTTTTATTTATGCA
GAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAG
GCTTTTGCAAAGGAGGTAGCCAACATGATTGAACAAGATGGATTGCACGCAGGTTCTCCCGCCGCTT
GGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGTGTT
CCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAA
CTCCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCG
ACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTC
ATCTCACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTT
GATCCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGG
AAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACTGTT
CGCCAGGCTCAAGGCGCGGATGCCCGACGGCGAGGATCTCGTCGTGACCCACGGCGATGCCTGCTTG
CCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGG
ACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGGCTGA
CCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTT
GACGAGTTCTTCTAGTATGTAAGCCCTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCC
CCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGC
ATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAG
GATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGTTAATTAACCAGTCAAGT
CAGCTACTTGGCGAGATCGACTTGTCTGGGTTTCGACTACGCTCAGAATTGCGTCAGTCAAGTTCGA
TCTGGTCCTTGCTATTGCACCCGTTCTCCGATTACGAGTTTCATTTAAATCATGTGAGCAAAAGGCC
AGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGA
CGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAG
GCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGT
CCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGT
GTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTA
TCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTG
GTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTA
CGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGA
GTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGC
AGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCA
GTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATC
CTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTT
ACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCATT
TAAATTTCCGAACTCTCCAAGGCCCTCGTCGGAAAATCTTCAAACCTTTCGTCCGATCCATCTTGCA
GGCTACCTCTCGAACGAACTATCGCAAGTCTCTTGGCCGGCCTTGCGCCTTGGCTATTGCTTGGCAG
CGCCTATCGCCAGGTATTACTCCAATCCCGAATATCCGAGATCGGGATCACCCGAGAGAAGTTCAAC
CTACATCCTCAATCCCGATCTATCCGAGATCCGAGGAATA (SEQ ID NO: 94) 

RET-
005 
LINE1-
GFP 
ORF1-C 
Linker_
Nucleop

TATCGAAATCGGGGCGCGCCTGGTGTACCGAGAACGATCCTCTCAGTGCGAGTCTCGACGATCCATA
TCGTTGCTTGGCAGTCAGCCAGTCGGAATCCAGCTTGGGACCCAGGAAGTCCAATCGTCAGATATTG
TACTCAAGCCTGGTCACGGCAGCGTACCGATCTGTTTAAACCTAGATATTGATAGTCTGATCGGTCA
ACGTATAATCGAGTCCTAGCTTTTGCAAACATCTATCAAGAGACAGGATCAGCAGGAGGCTTTCGCA
TGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGC
TCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCGCGAGTGGGTTACATC
GAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGCTTTCCAATGATGA
GCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGG
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cgggccatttaccgtcattgacgtcaatagggggcgtacttggcatatgatacacttgatgtactgc
caagtgggcagtttaccgtaaatactccacccattgacgtcaatggaaagtccctattggcgttact
atgggaacatacgtcattattgacgtcaatgggcgggggtcgttgggcggtcagccaggcgggccat
ttaccgtaagttatgtaacgGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCC
TCAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCCTGTCTAGCTTGACTGACTGAGATACAGC
GTACCTTCAGCTCACAGACATGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAG
TGAAAAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCA
ATAAACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGT
TTTTTAAAGCAAGTAAAACCTCTACAAATGTGGTATTGGCCCATCTCTATCGGTATCGTAGCATAAC
CCCTTGGGGCCTCTAAACGGGTCTTGAGGGGTTTTTTGTGCCCCTCGGGCCGGATTGCTATCTACCG
GCATTGGCGCAGAAAAAAATGCCTGATGCGACGCTGCGCGTCTTATACTCCCACATATGCCAGATTC
AGCAACGGATACGGCTTCCCCAACTTGCCCACTTCCATACGTGTCCTCCTTACCAGAAATTTATCCT
TAAGGTCGTCAGCTATCCTGCAGGCGATCTCTCGATTTCGATCAAGACATTCCTTTAATGGTCTTTT
CTGGACACCACTAGGGGTCAGAAGTAGTTCATCAAACTTTCTTCCCTCCCTAATCTCATTGGTTACC
TTGGGCTATCGAAACTTAATTAAGCGATCTGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTA
ACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATCGCTGACTAATTT
TTTTTATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTT
TTTTGGAGGCCTAGGCTTTTGCAAAGGAGGTAGCCAACATGATTGAACAAGATGGATTGCACGCAGG
TTCTCCCGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCT
GATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCG
GTGCCCTGAATGAACTCCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTG
CGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGG
CAGGATCTCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGC
GGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGC
ACGTACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCG
CCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGGATGCCCGACGGCGAGGATCTCGTCGTGACCCACG
GCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCG
GCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGC
GGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGCCT
TCTATCGCCTTCTTGACGAGTTCTTCTAGTATGTAAGCCCTGTGCCTTCTAGTTGCCAGCCATCTGT
TGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAA
AATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGG
ACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGTTAA
TTAACCAGTCAAGTCAGCTACTTGGCGAGATCGACTTGTCTGGGTTTCGACTACGCTCAGAATTGCG
TCAGTCAAGTTCGATCTGGTCCTTGCTATTGCACCCGTTCTCCGATTACGAGTTTCATTTAAATCAT
GTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGG
CTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGAC
TATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCT
TACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGG
TATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCG
ACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACT
GGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAG
TGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTA
CCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTT
TGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACG
GGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGA
TCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAAC
TTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCA
TCCATAGTTGCATTTAAATTTCCGAACTCTCCAAGGCCCTCGTCGGAAAATCTTCAAACCTTTCGTC
CGATCCATCTTGCAGGCTACCTCTCGAACGAACTATCGCAAGTCTCTTGGCCGGCCTTGCGCCTTGG
CTATTGCTTGGCAGCGCCTATCGCCAGGTATTACTCCAATCCCGAATATCCGAGATCGGGATCACCC
GAGAGAAGTTCAACCTACATCCTCAATCCCGATCTATCCGAGATCCGAGGAA(SEQ ID NO: 95) 

RET-
006 
LINE1-
GFP 
ORF1-N 
SV40 
NLS 

GTCGGAAAATCTTCAAACCTTTCGTCCGATCCATCTTGCAGGCTACCTCTCGAACGAACTATCGCAA
GTCTCTTGGCCGGCCTTGCGCCTTGGCTATTGCTTGGCAGCGCCTATCGCCAGGTATTACTCCAATC
CCGAATATCCGAGATCGGGATCACCCGAGAGAAGTTCAACCTACATCCTCAATCCCGATCTATCCGA
GATCCGAGGAATATCGAAATCGGGGCGCGCCTGGTGTACCGAGAACGATCCTCTCAGTGCGAGTCTC
GACGATCCATATCGTTGCTTGGCAGTCAGCCAGTCGGAATCCAGCTTGGGACCCAGGAAGTCCAATC
GTCAGATATTGTACTCAAGCCTGGTCACGGCAGCGTACCGATCTGTTTAAACCTAGATATTGATAGT
CTGATCGGTCAACGTATAATCGAGTCCTAGCTTTTGCAAACATCTATCAAGAGACAGGATCAGCAGG
AGGCTTTCGCATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTT
CCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCGCGAG
TGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGCTT
TCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAA
GAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTATTCACCAGTCACAGAAA
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acccattgacgtcaatggaaagtccctattggcgttactatgggaacatacgtcattattgacgtca
atgggcgggggtcgttgggcggtcagccaggcgggccatttaccgtaagttatgtaacgGGCCTGCT
GCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGTCGGATCTCCCTTTGGGCC
GCCTCCCCGCCTGTCTAGCTTGACTGACTGAGATACAGCGTACCTTCAGCTCACAGACATGATAAGA
TACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATTTGTGAAATTT
GTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCAATAAACAAGTTAACAACAACAATTGCAT
TCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTAAAGCAAGTAAAACCTCTACAAA
TGTGGTATTGGCCCATCTCTATCGGTATCGTAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAG
GGGTTTTTTGTGCCCCTCGGGCCGGATTGCTATCTACCGGCATTGGCGCAGAAAAAAATGCCTGATG
CGACGCTGCGCGTCTTATACTCCCACATATGCCAGATTCAGCAACGGATACGGCTTCCCCAACTTGC
CCACTTCCATACGTGTCCTCCTTACCAGAAATTTATCCTTAAGGTCGTCAGCTATCCTGCAGGCGAT
CTCTCGATTTCGATCAAGACATTCCTTTAATGGTCTTTTCTGGACACCACTAGGGGTCAGAAGTAGT
TCATCAAACTTTCTTCCCTCCCTAATCTCATTGGTTACCTTGGGCTATCGAAACTTAATTAAGCGAT
CTGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGC
CCAGTTCCGCCCATTCTCCGCCCCATCGCTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGC
CTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAGGA
GGTAGCCAACATGATTGAACAAGATGGATTGCACGCAGGTTCTCCCGCCGCTTGGGTGGAGAGGCTA
TTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGC
AGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTCCAGGACGAGGC
AGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAA
GCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTC
CTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCTG
CCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTTGTC
GATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGG
CGCGGATGCCCGACGGCGAGGATCTCGTCGTGACCCACGGCGATGCCTGCTTGCCGAATATCATGGT
GGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGAC
ATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGC
TTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTA
GTATGTAAGCCCTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTG
ACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGA
GTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAA
TAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGTTAATTAACCAGTCAAGTCAGCTACTTGGCGA
GATCGACTTGTCTGGGTTTCGACTACGCTCAGAATTGCGTCAGTCAAGTTCGATCTGGTCCTTGCTA
TTGCACCCGTTCTCCGATTACGAGTTTCATTTAAATCATGTGAGCAAAAGGCCAGCAAAAGGCCAGG
AACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAA
ATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGG
AAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCT
TCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCT
CCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCG
TCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGC
AGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAA
GAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTG
ATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGA
AAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACT
CACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAA
ATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATC
AGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCATTTAAATTTCCGAACT
CTCCAAGGCCCTC (SEQ ID NO: 96) 

RET-
007 
LINE1-
GFP 
ORF1-N 
SV40 
NLS 
Linker 

GGAAAATCTTCAAACCTTTCGTCCGATCCATCTTGCAGGCTACCTCTCGAACGAACTATCGCAAGTC
TCTTGGCCGGCCTTGCGCCTTGGCTATTGCTTGGCAGCGCCTATCGCCAGGTATTACTCCAATCCCG
AATATCCGAGATCGGGATCACCCGAGAGAAGTTCAACCTACATCCTCAATCCCGATCTATCCGAGAT
CCGAGGAATATCGAAATCGGGGCGCGCCTGGTGTACCGAGAACGATCCTCTCAGTGCGAGTCTCGAC
GATCCATATCGTTGCTTGGCAGTCAGCCAGTCGGAATCCAGCTTGGGACCCAGGAAGTCCAATCGTC
AGATATTGTACTCAAGCCTGGTCACGGCAGCGTACCGATCTGTTTAAACCTAGATATTGATAGTCTG
ATCGGTCAACGTATAATCGAGTCCTAGCTTTTGCAAACATCTATCAAGAGACAGGATCAGCAGGAGG
CTTTCGCATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCT
GTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCGCGAGTGG
GTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGCTTTCC
AATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAG
CAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTATTCACCAGTCACAGAAAAGC
ATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGC
GGCCAACTTACTTCTGACAACGATTGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGG
GATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTG
ACACCACGATGCCTGTAGCAATGGCAACAACCTTGCGTAAACTATTAACTGGCGAACTACTTACTCT
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ATGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATTT
GTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCAATAAACAAGTTAACAACAA
CAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTAAAGCAAGTAAAAC
CTCTACAAATGTGGTATTGGCCCATCTCTATCGGTATCGTAGCATAACCCCTTGGGGCCTCTAAACG
GGTCTTGAGGGGTTTTTTGTGCCCCTCGGGCCGGATTGCTATCTACCGGCATTGGCGCAGAAAAAAA
TGCCTGATGCGACGCTGCGCGTCTTATACTCCCACATATGCCAGATTCAGCAACGGATACGGCTTCC
CCAACTTGCCCACTTCCATACGTGTCCTCCTTACCAGAAATTTATCCTTAAGGTCGTCAGCTATCCT
GCAGGCGATCTCTCGATTTCGATCAAGACATTCCTTTAATGGTCTTTTCTGGACACCACTAGGGGTC
AGAAGTAGTTCATCAAACTTTCTTCCCTCCCTAATCTCATTGGTTACCTTGGGCTATCGAAACTTAA
TTAAGCGATCTGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCC
TAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATCGCTGACTAATTTTTTTTATTTATGCAGAGGC
CGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTT
TGCAAAGGAGGTAGCCAACATGATTGAACAAGATGGATTGCACGCAGGTTCTCCCGCCGCTTGGGTG
GAGAGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGTGTTCCGGC
TGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTCCA
GGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTT
GTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTC
ACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCC
GGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCC
GGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCA
GGCTCAAGGCGCGGATGCCCGACGGCGAGGATCTCGTCGTGACCCACGGCGATGCCTGCTTGCCGAA
TATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGC
TATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCT
TCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGA
GTTCTTCTAGTATGTAAGCCCTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTG
CCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGC
ATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTG
GGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGTTAATTAACCAGTCAAGTCAGCT
ACTTGGCGAGATCGACTTGTCTGGGTTTCGACTACGCTCAGAATTGCGTCAGTCAAGTTCGATCTGG
TCCTTGCTATTGCACCCGTTCTCCGATTACGAGTTTCATTTAAATCATGTGAGCAAAAGGCCAGCAA
AAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGC
ATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTT
TCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCC
TTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGG
TCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGG
TAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAAC
AGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCT
ACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGG
TAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATT
ACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGA
ACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTT
AAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAA
TGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCATTTAAAT
TTCCGAACTCTCCAAGGCCCTCGTC (SEQ ID NO: 97) 

RET-
008 
LINE1-
GFP 
ORF1-N 
Nucleop
lasmin 
NLS 

GGAAAATCTTCAAACCTTTCGTCCGATCCATCTTGCAGGCTACCTCTCGAACGAACTATCGCAAGTC
TCTTGGCCGGCCTTGCGCCTTGGCTATTGCTTGGCAGCGCCTATCGCCAGGTATTACTCCAATCCCG
AATATCCGAGATCGGGATCACCCGAGAGAAGTTCAACCTACATCCTCAATCCCGATCTATCCGAGAT
CCGAGGAATATCGAAATCGGGGCGCGCCTGGTGTACCGAGAACGATCCTCTCAGTGCGAGTCTCGAC
GATCCATATCGTTGCTTGGCAGTCAGCCAGTCGGAATCCAGCTTGGGACCCAGGAAGTCCAATCGTC
AGATATTGTACTCAAGCCTGGTCACGGCAGCGTACCGATCTGTTTAAACCTAGATATTGATAGTCTG
ATCGGTCAACGTATAATCGAGTCCTAGCTTTTGCAAACATCTATCAAGAGACAGGATCAGCAGGAGG
CTTTCGCATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCT
GTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCGCGAGTGG
GTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGCTTTCC
AATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAG
CAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTATTCACCAGTCACAGAAAAGC
ATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGC
GGCCAACTTACTTCTGACAACGATTGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGG
GATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTG
ACACCACGATGCCTGTAGCAATGGCAACAACCTTGCGTAAACTATTAACTGGCGAACTACTTACTCT
AGCTTCCCGGCAACAGTTGATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCG
GCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCA
TTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGC
AACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACCG
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TGGGGCCTCTAAACGGGTCTTGAGGGGTTTTTTGTGCCCCTCGGGCCGGATTGCTATCTACCGGCAT
TGGCGCAGAAAAAAATGCCTGATGCGACGCTGCGCGTCTTATACTCCCACATATGCCAGATTCAGCA
ACGGATACGGCTTCCCCAACTTGCCCACTTCCATACGTGTCCTCCTTACCAGAAATTTATCCTTAAG
GTCGTCAGCTATCCTGCAGGCGATCTCTCGATTTCGATCAAGACATTCCTTTAATGGTCTTTTCTGG
ACACCACTAGGGGTCAGAAGTAGTTCATCAAACTTTCTTCCCTCCCTAATCTCATTGGTTACCTTGG
GCTATCGAAACTTAATTAAGCGATCTGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTC
CGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATCGCTGACTAATTTTTTT
TATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTT
GGAGGCCTAGGCTTTTGCAAAGGAGGTAGCCAACATGATTGAACAAGATGGATTGCACGCAGGTTCT
CCCGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATG
CCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGC
CCTGAATGAACTCCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCA
GCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGG
ATCTCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCT
GCATACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGT
ACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAG
CCGAACTGTTCGCCAGGCTCAAGGCGCGGATGCCCGACGGCGAGGATCTCGTCGTGACCCACGGCGA
TGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTG
GGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCG
AATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTA
TCGCCTTCTTGACGAGTTCTTCTAGTATGTAAGCCCTGTGCCTTCTAGTTGCCAGCCATCTGTTGTT
TGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATG
AGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAG
CAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGTTAATTAA
CCAGTCAAGTCAGCTACTTGGCGAGATCGACTTGTCTGGGTTTCGACTACGCTCAGAATTGCGTCAG
TCAAGTTCGATCTGGTCCTTGCTATTGCACCCGTTCTCCGATTACGAGTTTCATTTAAATCATGTGA
GCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCC
GCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATA
AAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACC
GGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATC
TCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCG
CTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCA
GCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGT
GGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTT
CGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTT
TGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGT
CTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTT
CACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGG
TCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCA
TAGTTGCATTTAAATTTCCGAACTCTCCAAGGCCCTCGTC (SEQ ID NO: 98) 

RET-
009 
LINE1-
GFP 
ORF1-N 
Nucleop
lasmin 
NLS 
Linker 

CAAACCTTTCGTCCGATCCATCTTGCAGGCTACCTCTCGAACGAACTATCGCAAGTCTCTTGGCCGG
CCTTGCGCCTTGGCTATTGCTTGGCAGCGCCTATCGCCAGGTATTACTCCAATCCCGAATATCCGAG
ATCGGGATCACCCGAGAGAAGTTCAACCTACATCCTCAATCCCGATCTATCCGAGATCCGAGGAATA
TCGAAATCGGGGCGCGCCTGGTGTACCGAGAACGATCCTCTCAGTGCGAGTCTCGACGATCCATATC
GTTGCTTGGCAGTCAGCCAGTCGGAATCCAGCTTGGGACCCAGGAAGTCCAATCGTCAGATATTGTA
CTCAAGCCTGGTCACGGCAGCGTACCGATCTGTTTAAACCTAGATATTGATAGTCTGATCGGTCAAC
GTATAATCGAGTCCTAGCTTTTGCAAACATCTATCAAGAGACAGGATCAGCAGGAGGCTTTCGCATG
AGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTC
ACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCGCGAGTGGGTTACATCGA
ACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGCTTTCCAATGATGAGC
ACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTC
GCCGCATACACTATTCTCAGAATGACTTGGTTGAGTATTCACCAGTCACAGAAAAGCATCTTACGGA
TGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTA
CTTCTGACAACGATTGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAA
CTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGAT
GCCTGTAGCAATGGCAACAACCTTGCGTAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGG
CAACAGTTGATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGG
CTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACT
GGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGAT
GAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACCGATTCTAGGTG
CATTGGCGCAGAAAAAAATGCCTGATGCGACGCTGCGCGTCTTATACTCCCACATATGCCAGATTCA
GCAACGGATACGGCTTCCCCAACTTGCCCACTTCCATACGTGTCCTCCTTACCAGAAATTTATCCTT
AAGATCGTTTAAACTCGACTCTGGCTCTATCGAATCTCCGTCGTTTCGAGCTTACGCGAACAGCCGT
GGCGCTCATTTGCTCGTCGGGCATCGAATCTCGTCAGCTATCGTCAGCTTACCTTTTTGGCAGCGAT
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GGACACCACTAGGGGTCAGAAGTAGTTCATCAAACTTTCTTCCCTCCCTAATCTCATTGGTTACCTT
GGGCTATCGAAACTTAATTAAGCGATCTGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAAC
TCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATCGCTGACTAATTTTT
TTTATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTT
TTGGAGGCCTAGGCTTTTGCAAAGGAGGTAGCCAACATGATTGAACAAGATGGATTGCACGCAGGTT
CTCCCGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGA
TGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGT
GCCCTGAATGAACTCCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCG
CAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCA
GGATCTCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGG
CTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCAC
GTACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCC
AGCCGAACTGTTCGCCAGGCTCAAGGCGCGGATGCCCGACGGCGAGGATCTCGTCGTGACCCACGGC
GATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGC
TGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGG
CGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTC
TATCGCCTTCTTGACGAGTTCTTCTAGTATGTAAGCCCTGTGCCTTCTAGTTGCCAGCCATCTGTTG
TTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAA
TGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGAC
AGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGTTAATT
AACCAGTCAAGTCAGCTACTTGGCGAGATCGACTTGTCTGGGTTTCGACTACGCTCAGAATTGCGTC
AGTCAAGTTCGATCTGGTCCTTGCTATTGCACCCGTTCTCCGATTACGAGTTTCATTTAAATCATGT
GAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCT
CCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTA
TAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTA
CCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTA
TCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGAC
CGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGG
CAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTG
GTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACC
TTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTG
TTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGG
GTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATC
TTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTT
GGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATC
CATAGTTGCATTTAAATTTCCGAACTCTCCAAGGCCCTCGTCGGAAAATCTT(SEQ ID NO: 99) 

RET-
010 
LINE1-
GFP 
ORF2-N 
SV40-
NLS 

GGGGCGCGCCTGGTGTACCGAGAACGATCCTCTCAGTGCGAGTCTCGACGATCCATATCGTTGCTTG
GCAGTCAGCCAGTCGGAATCCAGCTTGGGACCCAGGAAGTCCAATCGTCAGATATTGTACTCAAGCC
TGGTCACGGCAGCGTACCGATCTGTTTAAACCTAGATATTGATAGTCTGATCGGTCAACGTATAATC
GAGTCCTAGCTTTTGCAAACATCTATCAAGAGACAGGATCAGCAGGAGGCTTTCGCATGAGTATTCA
ACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAA
ACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCGCGAGTGGGTTACATCGAACTGGATC
TCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGCTTTCCAATGATGAGCACTTTTAA
AGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATA
CACTATTCTCAGAATGACTTGGTTGAGTATTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGA
CAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGAC
AACGATTGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTT
GATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAG
CAATGGCAACAACCTTGCGTAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAGTT
GATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGG
TTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAG
ATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAA
TAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACCGATTCTAGGTGCATTGGCG
CAGAAAAAAATGCCTGATGCGACGCTGCGCGTCTTATACTCCCACATATGCCAGATTCAGCAACGGA
TACGGCTTCCCCAACTTGCCCACTTCCATACGTGTCCTCCTTACCAGAAATTTATCCTTAAGATCGT
TTAAACTCGACTCTGGCTCTATCGAATCTCCGTCGTTTCGAGCTTACGCGAACAGCCGTGGCGCTCA
TTTGCTCGTCGGGCATCGAATCTCGTCAGCTATCGTCAGCTTACCTTTTTGGCAGCGATCGCGGCTC
CCGACATCTTGGACCATTAGCTCCACAGGTATCTTCTTCCCTCTAGTGGTCATAACAGCAGCTTCAG
CTACCTCTCAATTCAAAAAACCCCTCAAGACCCGTTTAGAGGCCCCAAGGGGTTATGCTATCAATCG
TTGCGTTACACACACAAAAAACCAACACACATCCATCTTCGATGGATAGCGATTTTATTATCTAACT
GCTGATCGAGTGTAGCCAGATCTAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAG
TTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGA
CGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGA
GTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATT
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CACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTA
TTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATCCATCA
TGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGCGAA
ACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAA
GAGCATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGGATGCCCGACGGCGAGG
ATCTCGTCGTGACCCACGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGG
ATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGAT
ATTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCG
ATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTAGTATGTAAGCCCTGTGCCTTC
TAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCC
ACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGG
GGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGC
GGTGGGCTCTATGGTTAATTAACCAGTCAAGTCAGCTACTTGGCGAGATCGACTTGTCTGGGTTTCG
ACTACGCTCAGAATTGCGTCAGTCAAGTTCGATCTGGTCCTTGCTATTGCACCCGTTCTCCGATTAC
GAGTTTCATTTAAATCATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTG
CTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGT
GGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCC
TGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCT
CATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACG
AACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAG
ACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGT
GCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCG
CTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGC
TGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGAT
CCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCA
TGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTA
AAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCG
ATCTGTCTATTTCGTTCATCCATAGTTGCATTTAAATTTCCGAACTCTCCAAGGCCCTCGTCGGAAA
ATCTTCAAACCTTTCGTCCGATCCATCTTGCAGGCTACCTCTCGAACGAACTATCGCAAGTCTCTTG
GCCGGCCTTGCGCCTTGGCTATTGCTTGGCAGCGCCTATCGCCAGGTATTACTCCAATCCCGAATAT
CCGAGATCGGGATCACCCGAGAGAAGTTCAACCTACATCCTCAATCCCGATCTATCCGAGATCCGAG
GAATATCGAAATC (SEQ ID NO: 100) 

ret-011-
line1-
gfp-
orf2-n-
sv40-
nls-
linker 

TGGCCGGCCTTGCGCCTTGGCTATTGCTTGGCAGCGCCTATCGCCAGGTATTACTCCAATCCCGAAT
ATCCGAGATCGGGATCACCCGAGAGAAGTTCAACCTACATCCTCAATCCCGATCTATCCGAGATCCG
AGGAATATCGAAATCGGGGCGCGCCTGGTGTACCGAGAACGATCCTCTCAGTGCGAGTCTCGACGAT
CCATATCGTTGCTTGGCAGTCAGCCAGTCGGAATCCAGCTTGGGACCCAGGAAGTCCAATCGTCAGA
TATTGTACTCAAGCCTGGTCACGGCAGCGTACCGATCTGTTTAAACCTAGATATTGATAGTCTGATC
GGTCAACGTATAATCGAGTCCTAGCTTTTGCAAACATCTATCAAGAGACAGGATCAGCAGGAGGCTT
TCGCATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTT
TTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCGCGAGTGGGTT
ACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGCTTTCCAAT
GATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAA
CTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTATTCACCAGTCACAGAAAAGCATC
TTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGC
CAACTTACTTCTGACAACGATTGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGAT
CATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACA
CCACGATGCCTGTAGCAATGGCAACAACCTTGCGTAAACTATTAACTGGCGAACTACTTACTCTAGC
TTCCCGGCAACAGTTGATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCC
CTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTG
CAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAAC
TATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACCGATT
CTAGGTGCATTGGCGCAGAAAAAAATGCCTGATGCGACGCTGCGCGTCTTATACTCCCACATATGCC
AGATTCAGCAACGGATACGGCTTCCCCAACTTGCCCACTTCCATACGTGTCCTCCTTACCAGAAATT
TATCCTTAAGATCGTTTAAACTCGACTCTGGCTCTATCGAATCTCCGTCGTTTCGAGCTTACGCGAA
CAGCCGTGGCGCTCATTTGCTCGTCGGGCATCGAATCTCGTCAGCTATCGTCAGCTTACCTTTTTGG
CAGCGATCGCGGCTCCCGACATCTTGGACCATTAGCTCCACAGGTATCTTCTTCCCTCTAGTGGTCA
TAACAGCAGCTTCAGCTACCTCTCAATTCAAAAAACCCCTCAAGACCCGTTTAGAGGCCCCAAGGGG
TTATGCTATCAATCGTTGCGTTACACACACAAAAAACCAACACACATCCATCTTCGATGGATAGCGA
TTTTATTATCTAACTGCTGATCGAGTGTAGCCAGATCTAGTAATCAATTACGGGGTCATTAGTTCAT
AGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACG
ACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTG
ACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCA
AGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCT
TATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGCTGATGCGGTT
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TTGCTCCTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCCGGC
TACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGT
CTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGC
TCAAGGCGCGGATGCCCGACGGCGAGGATCTCGTCGTGACCCACGGCGATGCCTGCTTGCCGAATAT
CATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTAT
CAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCC
TCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTT
CTTCTAGTATGTAAGCCCTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCT
TCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATT
GTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGA
AGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGTTAATTAACCAGTCAAGTCAGCTACT
TGGCGAGATCGACTTGTCTGGGTTTCGACTACGCTCAGAATTGCGTCAGTCAAGTTCGATCTGGTCC
TTGCTATTGCACCCGTTCTCCGATTACGAGTTTCATTTAAATCATGTGAGCAAAAGGCCAGCAAAAG
GCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATC
ACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCC
CCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTT
CTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCG
TTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAA
CTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGG
ATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACA
CTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAG
CTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACG
CGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACG
AAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAA
TTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGC
TTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCATTTAAATTTC
CGAACTCTCCAAGGCCCTCGTCGGAAAATCTTCAAACCTTTCGTCCGATCCATCTTGCAGGCTACCT
CTCGAACGAACTATCGCAAGTCTCT (SEQ ID NO: 101) 

RET-
012 
LINE1-
GFP 
ORF2-N 
Nucleop
lasmin-
NLS 

GACGATCCATATCGTTGCTTGGCAGTCAGCCAGTCGGAATCCAGCTTGGGACCCAGGAAGTCCAATC
GTCAGATATTGTACTCAAGCCTGGTCACGGCAGCGTACCGATCTGTTTAAACCTAGATATTGATAGT
CTGATCGGTCAACGTATAATCGAGTCCTAGCTTTTGCAAACATCTATCAAGAGACAGGATCAGCAGG
AGGCTTTCGCATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTT
CCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCGCGAG
TGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGCTT
TCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAA
GAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTATTCACCAGTCACAGAAA
AGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACAC
TGCGGCCAACTTACTTCTGACAACGATTGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATG
GGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGC
GTGACACCACGATGCCTGTAGCAATGGCAACAACCTTGCGTAAACTATTAACTGGCGAACTACTTAC
TCTAGCTTCCCGGCAACAGTTGATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGC
TCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTA
TCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCA
GGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAA
CCGATTCTAGGTGCATTGGCGCAGAAAAAAATGCCTGATGCGACGCTGCGCGTCTTATACTCCCACA
TATGCCAGATTCAGCAACGGATACGGCTTCCCCAACTTGCCCACTTCCATACGTGTCCTCCTTACCA
GAAATTTATCCTTAAGATCGTTTAAACTCGACTCTGGCTCTATCGAATCTCCGTCGTTTCGAGCTTA
CGCGAACAGCCGTGGCGCTCATTTGCTCGTCGGGCATCGAATCTCGTCAGCTATCGTCAGCTTACCT
TTTTGGCAGCGATCGCGGCTCCCGACATCTTGGACCATTAGCTCCACAGGTATCTTCTTCCCTCTAG
TGGTCATAACAGCAGCTTCAGCTACCTCTCAATTCAAAAAACCCCTCAAGACCCGTTTAGAGGCCCC
AAGGGGTTATGCTATCAATCGTTGCGTTACACACACAAAAAACCAACACACATCCATCTTCGATGGA
TAGCGATTTTATTATCTAACTGCTGATCGAGTGTAGCCAGATCTAGTAATCAATTACGGGGTCATTA
GTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGC
CCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTT
CCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCAT
ATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACA
TGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGCTGAT
GCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCAC
CCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACA
ACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTGG
TTTAGTGAACCGTCAGATCAGATCTTTGTCGATCCTACCATCCACTCGACACACCCGCCAGCGGCCG
CTAATACGACTCACTATAGGGAGAAGTACTGCCACCATGGGCAAGAAGCAAAATCGCAAGACGGGGA
ATTCCAAGACACAATCCGCTAGCCCACCACCTAAAGAGCGTTCTAGCTCCCCTGCTACTGAGCAGTC
CTGGATGGAAAACGACTTCGATGAACTCCGGGAAGAGGGATTTAGGCGATCCAACTATTCAGAACTC
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CTATCGCCTTCTTGACGAGTTCTTCTAGTATGTAAGCCCTGTGCCTTCTAGTTGCCAGCCATCTGTT
GTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAA
ATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGA
CAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGTTAAT
TAACCAGTCAAGTCAGCTACTTGGCGAGATCGACTTGTCTGGGTTTCGACTACGCTCAGAATTGCGT
CAGTCAAGTTCGATCTGGTCCTTGCTATTGCACCCGTTCTCCGATTACGAGTTTCATTTAAATCATG
TGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGC
TCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACT
ATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTT
ACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGT
ATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGA
CCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTG
GCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGT
GGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTAC
CTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTT
GTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGG
GGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGAT
CTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACT
TGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCAT
CCATAGTTGCATTTAAATTTCCGAACTCTCCAAGGCCCTCGTCGGAAAATCTTCAAACCTTTCGTCC
GATCCATCTTGCAGGCTACCTCTCGAACGAACTATCGCAAGTCTCTTGGCCGGCCTTGCGCCTTGGC
TATTGCTTGGCAGCGCCTATCGCCAGGTATTACTCCAATCCCGAATATCCGAGATCGGGATCACCCG
AGAGAAGTTCAACCTACATCCTCAATCCCGATCTATCCGAGATCCGAGGAATATCGAAATCGGGGCG
CGCCTGGTGTACCGAGAACGATCCTCTCAGTGCGAGTCTC (SEQ ID NO: 102) 

RET-
013 
LINE1-
GFP 
ORF2-N 
Nucleop
lasmin 
NLS 
Linker 

AGATCCGAGGAATATCGAAATCGGGGCGCGCCTGGTGTACCGAGAACGATCCTCTCAGTGCGAGTCT
CGACGATCCATATCGTTGCTTGGCAGTCAGCCAGTCGGAATCCAGCTTGGGACCCAGGAAGTCCAAT
CGTCAGATATTGTACTCAAGCCTGGTCACGGCAGCGTACCGATCTGTTTAAACCTAGATATTGATAG
TCTGATCGGTCAACGTATAATCGAGTCCTAGCTTTTGCAAACATCTATCAAGAGACAGGATCAGCAG
GAGGCTTTCGCATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCT
TCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCGCGA
GTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGCT
TTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCA
AGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTATTCACCAGTCACAGAA
AAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACA
CTGCGGCCAACTTACTTCTGACAACGATTGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACAT
GGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAG
CGTGACACCACGATGCCTGTAGCAATGGCAACAACCTTGCGTAAACTATTAACTGGCGAACTACTTA
CTCTAGCTTCCCGGCAACAGTTGATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCG
CTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGT
ATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTC
AGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTA
ACCGATTCTAGGTGCATTGGCGCAGAAAAAAATGCCTGATGCGACGCTGCGCGTCTTATACTCCCAC
ATATGCCAGATTCAGCAACGGATACGGCTTCCCCAACTTGCCCACTTCCATACGTGTCCTCCTTACC
AGAAATTTATCCTTAAGATCGTTTAAACTCGACTCTGGCTCTATCGAATCTCCGTCGTTTCGAGCTT
ACGCGAACAGCCGTGGCGCTCATTTGCTCGTCGGGCATCGAATCTCGTCAGCTATCGTCAGCTTACC
TTTTTGGCAGCGATCGCGGCTCCCGACATCTTGGACCATTAGCTCCACAGGTATCTTCTTCCCTCTA
GTGGTCATAACAGCAGCTTCAGCTACCTCTCAATTCAAAAAACCCCTCAAGACCCGTTTAGAGGCCC
CAAGGGGTTATGCTATCAATCGTTGCGTTACACACACAAAAAACCAACACACATCCATCTTCGATGG
ATAGCGATTTTATTATCTAACTGCTGATCGAGTGTAGCCAGATCTAGTAATCAATTACGGGGTCATT
AGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCG
CCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTT
TCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCA
TATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTAC
ATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGCTGA
TGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCA
CCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAAC
AACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTG
GTTTAGTGAACCGTCAGATCAGATCTTTGTCGATCCTACCATCCACTCGACACACCCGCCAGCGGCC
GCTAATACGACTCACTATAGGGAGAAGTACTGCCACCATGGGCAAGAAGCAAAATCGCAAGACGGGG
AATTCCAAGACACAATCCGCTAGCCCACCACCTAAAGAGCGTTCTAGCTCCCCTGCTACTGAGCAGT
CCTGGATGGAAAACGACTTCGATGAACTCCGGGAAGAGGGATTTAGGCGATCCAACTATTCAGAACT
CCGCGAAGATATCCAGACAAAGGGGAAGGAAGTCGAGAATTTCGAGAAGAACCTCGAGGAGTGCATC
ACCCGTATCACAAACACTGAGAAATGTCTCAAAGAACTCATGGAACTTAAGACAAAAGCCAGGGAGC
TTCGAGAGGAGTGTCGGAGTCTGAGATCCAGGTGTGACCAGCTCGAGGAGCGCGTGAGCGCGATGGA
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GGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGG
CTCTATGGTTAATTAACCAGTCAAGTCAGCTACTTGGCGAGATCGACTTGTCTGGGTTTCGACTACG
CTCAGAATTGCGTCAGTCAAGTTCGATCTGGTCCTTGCTATTGCACCCGTTCTCCGATTACGAGTTT
CATTTAAATCATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCG
TTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAA
ACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCC
GACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGC
TCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCC
CCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGA
CTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACA
GAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGC
TGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAG
CGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTG
ATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGAT
TATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTAT
ATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGT
CTATTTCGTTCATCCATAGTTGCATTTAAATTTCCGAACTCTCCAAGGCCCTCGTCGGAAAATCTTC
AAACCTTTCGTCCGATCCATCTTGCAGGCTACCTCTCGAACGAACTATCGCAAGTCTCTTGGCCGGC
CTTGCGCCTTGGCTATTGCTTGGCAGCGCCTATCGCCAGGTATTACTCCAATCCCGAATATCCGAGA
TCGGGATCACCCGAGAGAAGTTCAACCTACATCCTCAATCCCGATCTATCCG(SEQ ID NO:103) 

RET-
014 
LINE1-
GFP 
ORF2-C 
SV40-
NLS 

AGAACGATCCTCTCAGTGCGAGTCTCGACGATCCATATCGTTGCTTGGCAGTCAGCCAGTCGGAATC
CAGCTTGGGACCCAGGAAGTCCAATCGTCAGATATTGTACTCAAGCCTGGTCACGGCAGCGTACCGA
TCTGTTTAAACCTAGATATTGATAGTCTGATCGGTCAACGTATAATCGAGTCCTAGCTTTTGCAAAC
ATCTATCAAGAGACAGGATCAGCAGGAGGCTTTCGCATGAGTATTCAACATTTCCGTGTCGCCCTTA
TTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGA
TGCTGAAGATCAGTTGGGTGCGCGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTT
GAGAGTTTTCGCCCCGAAGAACGCTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGG
TATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTT
GGTTGAGTATTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGT
GCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATTGGAGGACCGAAGG
AGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCT
GAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACCTTGCGT
AAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAGTTGATAGACTGGATGGAGGCGG
ATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGG
AGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATC
GTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAG
GTGCCTCACTGATTAAGCATTGGTAACCGATTCTAGGTGCATTGGCGCAGAAAAAAATGCCTGATGC
GACGCTGCGCGTCTTATACTCCCACATATGCCAGATTCAGCAACGGATACGGCTTCCCCAACTTGCC
CACTTCCATACGTGTCCTCCTTACCAGAAATTTATCCTTAAGATCGTTTAAACTCGACTCTGGCTCT
ATCGAATCTCCGTCGTTTCGAGCTTACGCGAACAGCCGTGGCGCTCATTTGCTCGTCGGGCATCGAA
TCTCGTCAGCTATCGTCAGCTTACCTTTTTGGCAGCGATCGCGGCTCCCGACATCTTGGACCATTAG
CTCCACAGGTATCTTCTTCCCTCTAGTGGTCATAACAGCAGCTTCAGCTACCTCTCAATTCAAAAAA
CCCCTCAAGACCCGTTTAGAGGCCCCAAGGGGTTATGCTATCAATCGTTGCGTTACACACACAAAAA
ACCAACACACATCCATCTTCGATGGATAGCGATTTTATTATCTAACTGCTGATCGAGTGTAGCCAGA
TCTAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTAC
GGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTT
CCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCC
ACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATG
GCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTA
TTAGTCATCGCTATTACCATGCTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTG
ACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCA
ACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGG
TGGGAGGTCTATATAAGCAGAGCTGGTTTAGTGAACCGTCAGATCAGATCTTTGTCGATCCTACCAT
CCACTCGACACACCCGCCAGCGGCCGCTAATACGACTCACTATAGGGAGAAGTACTGCCACCATGGG
CAAGAAGCAAAATCGCAAGACGGGGAATTCCAAGACACAATCCGCTAGCCCACCACCTAAAGAGCGT
TCTAGCTCCCCTGCTACTGAGCAGTCCTGGATGGAAAACGACTTCGATGAACTCCGGGAAGAGGGAT
TTAGGCGATCCAACTATTCAGAACTCCGCGAAGATATCCAGACAAAGGGGAAGGAAGTCGAGAATTT
CGAGAAGAACCTCGAGGAGTGCATCACCCGTATCACAAACACTGAGAAATGTCTCAAAGAACTCATG
GAACTTAAGACAAAAGCCAGGGAGCTTCGAGAGGAGTGTCGGAGTCTGAGATCCAGGTGTGACCAGC
TCGAGGAGCGCGTGAGCGCGATGGAAGACGAGATGAACGAGATGAAAAGAGAGGGCAAATTCAGGGA
GAAGCGCATTAAGAGGAACGAACAGAGTCTGCAGGAGATTTGGGATTACGTCAAGAGGCCTAACCTG
CGGTTGATCGGCGTCCCCGAGAGCGACGTAGAAAACGGGACTAAACTGGAGAATACACTTCAAGACA
TCATTCAAGAAAATTTTCCAAACCTGGCTCGGCAAGCTAATGTGCAAATCCAAGAGATCCAACGCAC
ACCCCAGCGGTATAGCTCTCGGCGTGCCACCCCTAGGCATATTATCGTGCGCTTTACTAAGGTGGAG
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TAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTA
CCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTA
TCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGAC
CGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGG
CAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTG
GTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACC
TTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTG
TTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGG
GTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATC
TTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTT
GGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATC
CATAGTTGCATTTAAATTTCCGAACTCTCCAAGGCCCTCGTCGGAAAATCTTCAAACCTTTCGTCCG
ATCCATCTTGCAGGCTACCTCTCGAACGAACTATCGCAAGTCTCTTGGCCGGCCTTGCGCCTTGGCT
ATTGCTTGGCAGCGCCTATCGCCAGGTATTACTCCAATCCCGAATATCCGAGATCGGGATCACCCGA
GAGAAGTTCAACCTACATCCTCAATCCCGATCTATCCGAGATCCGAGGAATATCGAAATCGGGGCGC
GCCTGGTGTACCG (SEQ ID NO: 104) 

RET-
015 
LINE1-
GFP 
ORF2-
C_Linke
r_SV40-
NLS 

TCGACGATCCATATCGTTGCTTGGCAGTCAGCCAGTCGGAATCCAGCTTGGGACCCAGGAAGTCCAA
TCGTCAGATATTGTACTCAAGCCTGGTCACGGCAGCGTACCGATCTGTTTAAACCTAGATATTGATA
GTCTGATCGGTCAACGTATAATCGAGTCCTAGCTTTTGCAAACATCTATCAAGAGACAGGATCAGCA
GGAGGCTTTCGCATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCC
TTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCGCG
AGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGC
TTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGC
AAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTATTCACCAGTCACAGA
AAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAAC
ACTGCGGCCAACTTACTTCTGACAACGATTGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACA
TGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGA
GCGTGACACCACGATGCCTGTAGCAATGGCAACAACCTTGCGTAAACTATTAACTGGCGAACTACTT
ACTCTAGCTTCCCGGCAACAGTTGATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGC
GCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGG
TATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGT
CAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGT
AACCGATTCTAGGTGCATTGGCGCAGAAAAAAATGCCTGATGCGACGCTGCGCGTCTTATACTCCCA
CATATGCCAGATTCAGCAACGGATACGGCTTCCCCAACTTGCCCACTTCCATACGTGTCCTCCTTAC
CAGAAATTTATCCTTAAGATCGTTTAAACTCGACTCTGGCTCTATCGAATCTCCGTCGTTTCGAGCT
TACGCGAACAGCCGTGGCGCTCATTTGCTCGTCGGGCATCGAATCTCGTCAGCTATCGTCAGCTTAC
CTTTTTGGCAGCGATCGCGGCTCCCGACATCTTGGACCATTAGCTCCACAGGTATCTTCTTCCCTCT
AGTGGTCATAACAGCAGCTTCAGCTACCTCTCAATTCAAAAAACCCCTCAAGACCCGTTTAGAGGCC
CCAAGGGGTTATGCTATCAATCGTTGCGTTACACACACAAAAAACCAACACACATCCATCTTCGATG
GATAGCGATTTTATTATCTAACTGCTGATCGAGTGTAGCCAGATCTAGTAATCAATTACGGGGTCAT
TAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACC
GCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACT
TTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATC
ATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTA
CATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGCTG
ATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCC
ACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAA
CAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCT
GGTTTAGTGAACCGTCAGATCAGATCTTTGTCGATCCTACCATCCACTCGACACACCCGCCAGCGGC
CGCTAATACGACTCACTATAGGGAGAAGTACTGCCACCATGGGCAAGAAGCAAAATCGCAAGACGGG
GAATTCCAAGACACAATCCGCTAGCCCACCACCTAAAGAGCGTTCTAGCTCCCCTGCTACTGAGCAG
TCCTGGATGGAAAACGACTTCGATGAACTCCGGGAAGAGGGATTTAGGCGATCCAACTATTCAGAAC
TCCGCGAAGATATCCAGACAAAGGGGAAGGAAGTCGAGAATTTCGAGAAGAACCTCGAGGAGTGCAT
CACCCGTATCACAAACACTGAGAAATGTCTCAAAGAACTCATGGAACTTAAGACAAAAGCCAGGGAG
CTTCGAGAGGAGTGTCGGAGTCTGAGATCCAGGTGTGACCAGCTCGAGGAGCGCGTGAGCGCGATGG
AAGACGAGATGAACGAGATGAAAAGAGAGGGCAAATTCAGGGAGAAGCGCATTAAGAGGAACGAACA
GAGTCTGCAGGAGATTTGGGATTACGTCAAGAGGCCTAACCTGCGGTTGATCGGCGTCCCCGAGAGC
GACGTAGAAAACGGGACTAAACTGGAGAATACACTTCAAGACATCATTCAAGAAAATTTTCCAAACC
TGGCTCGGCAAGCTAATGTGCAAATCCAAGAGATCCAACGCACACCCCAGCGGTATAGCTCTCGGCG
TGCCACCCCTAGGCATATTATCGTGCGCTTTACTAAGGTGGAGATGAAAGAGAAGATGCTGCGAGCC
GCTCGGGAAAAGGGAAGGGTGACTTTGAAGGGCAAACCTATTCGGCTGACGGTTGACCTTAGCGCCG
AGACACTCCAGGCACGCCGGGAATGGGGCCCCATCTTTAATATCCTGAAGGAGAAGAACTTCCAGCC
ACGAATCTCTTACCCTGCAAAGTTGAGTTTTATCTCCGAGGGTGAGATTAAGTATTTCATCGATAAA
CAGATGCTGCGAGACTTCGTGACAACTCGCCCAGCTCTCAAGGAACTGCTCAAAGAGGCTCTTAATA
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GTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTA
CGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGA
GTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGC
AGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCA
GTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATC
CTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTT
ACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCATT
TAAATTTCCGAACTCTCCAAGGCCCTCGTCGGAAAATCTTCAAACCTTTCGTCCGATCCATCTTGCA
GGCTACCTCTCGAACGAACTATCGCAAGTCTCTTGGCCGGCCTTGCGCCTTGGCTATTGCTTGGCAG
CGCCTATCGCCAGGTATTACTCCAATCCCGAATATCCGAGATCGGGATCACCCGAGAGAAGTTCAAC
CTACATCCTCAATCCCGATCTATCCGAGATCCGAGGAATATCGAAATCGGGGCGCGCCTGGTGTACC
GAGAACGATCCTCTCAGTGCGAGTC (SEQ ID NO: 105) 

ret-016-
line1-
gfp-
orf2-
c_nucleo
plasmin-
nls 

ACCGAGAACGATCCTCTCAGTGCGAGTCTCGACGATCCATATCGTTGCTTGGCAGTCAGCCAGTCGG
AATCCAGCTTGGGACCCAGGAAGTCCAATCGTCAGATATTGTACTCAAGCCTGGTCACGGCAGCGTA
CCGATCTGTTTAAACCTAGATATTGATAGTCTGATCGGTCAACGTATAATCGAGTCCTAGCTTTTGC
AAACATCTATCAAGAGACAGGATCAGCAGGAGGCTTTCGCATGAGTATTCAACATTTCCGTGTCGCC
CTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAA
AAGATGCTGAAGATCAGTTGGGTGCGCGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGAT
CCTTGAGAGTTTTCGCCCCGAAGAACGCTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGC
GCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATG
ACTTGGTTGAGTATTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATG
CAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATTGGAGGACCG
AAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGG
AGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACCTT
GCGTAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAGTTGATAGACTGGATGGAG
GCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAAT
CTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCG
TATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAG
ATAGGTGCCTCACTGATTAAGCATTGGTAACCGATTCTAGGTGCATTGGCGCAGAAAAAAATGCCTG
ATGCGACGCTGCGCGTCTTATACTCCCACATATGCCAGATTCAGCAACGGATACGGCTTCCCCAACT
TGCCCACTTCCATACGTGTCCTCCTTACCAGAAATTTATCCTTAAGATCGTTTAAACTCGACTCTGG
CTCTATCGAATCTCCGTCGTTTCGAGCTTACGCGAACAGCCGTGGCGCTCATTTGCTCGTCGGGCAT
CGAATCTCGTCAGCTATCGTCAGCTTACCTTTTTGGCAGCGATCGCGGCTCCCGACATCTTGGACCA
TTAGCTCCACAGGTATCTTCTTCCCTCTAGTGGTCATAACAGCAGCTTCAGCTACCTCTCAATTCAA
AAAACCCCTCAAGACCCGTTTAGAGGCCCCAAGGGGTTATGCTATCAATCGTTGCGTTACACACACA
AAAAACCAACACACATCCATCTTCGATGGATAGCGATTTTATTATCTAACTGCTGATCGAGTGTAGC
CAGATCTAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAAC
TTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTA
TGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACT
GCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTA
AATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTA
CGTATTAGTCATCGCTATTACCATGCTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGG
TTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAA
ATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGT
ACGGTGGGAGGTCTATATAAGCAGAGCTGGTTTAGTGAACCGTCAGATCAGATCTTTGTCGATCCTA
CCATCCACTCGACACACCCGCCAGCGGCCGCTAATACGACTCACTATAGGGAGAAGTACTGCCACCA
TGGGCAAGAAGCAAAATCGCAAGACGGGGAATTCCAAGACACAATCCGCTAGCCCACCACCTAAAGA
GCGTTCTAGCTCCCCTGCTACTGAGCAGTCCTGGATGGAAAACGACTTCGATGAACTCCGGGAAGAG
GGATTTAGGCGATCCAACTATTCAGAACTCCGCGAAGATATCCAGACAAAGGGGAAGGAAGTCGAGA
ATTTCGAGAAGAACCTCGAGGAGTGCATCACCCGTATCACAAACACTGAGAAATGTCTCAAAGAACT
CATGGAACTTAAGACAAAAGCCAGGGAGCTTCGAGAGGAGTGTCGGAGTCTGAGATCCAGGTGTGAC
CAGCTCGAGGAGCGCGTGAGCGCGATGGAAGACGAGATGAACGAGATGAAAAGAGAGGGCAAATTCA
GGGAGAAGCGCATTAAGAGGAACGAACAGAGTCTGCAGGAGATTTGGGATTACGTCAAGAGGCCTAA
CCTGCGGTTGATCGGCGTCCCCGAGAGCGACGTAGAAAACGGGACTAAACTGGAGAATACACTTCAA
GACATCATTCAAGAAAATTTTCCAAACCTGGCTCGGCAAGCTAATGTGCAAATCCAAGAGATCCAAC
GCACACCCCAGCGGTATAGCTCTCGGCGTGCCACCCCTAGGCATATTATCGTGCGCTTTACTAAGGT
GGAGATGAAAGAGAAGATGCTGCGAGCCGCTCGGGAAAAGGGAAGGGTGACTTTGAAGGGCAAACCT
ATTCGGCTGACGGTTGACCTTAGCGCCGAGACACTCCAGGCACGCCGGGAATGGGGCCCCATCTTTA
ATATCCTGAAGGAGAAGAACTTCCAGCCACGAATCTCTTACCCTGCAAAGTTGAGTTTTATCTCCGA
GGGTGAGATTAAGTATTTCATCGATAAACAGATGCTGCGAGACTTCGTGACAACTCGCCCAGCTCTC
AAGGAACTGCTCAAAGAGGCTCTTAATATGGAGCGCAATAATAGATATCAACCCTTGCAGAACCACG
CAAAGATGTGAGACAGCCGTCAGACCATCAAGACTAGGAAGAAACTGCATCAACTAATGAGCAAAAT
CACCAGCTAACATCATAGTATACATGACCGGCTCTAACTCACATATCACCATCCTTACACTTAACAT
TAACGGCCTCAACTCAGCTATCAAGCGCCATCGGCTGGCCAGCTGGATCAAATCACAGGATCCAAGC
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CTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGG
GATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTT
AAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCAC
CTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCATTTAAATTTCCGAACTCTCCAAGGCC
CTCGTCGGAAAATCTTCAAACCTTTCGTCCGATCCATCTTGCAGGCTACCTCTCGAACGAACTATCG
CAAGTCTCTTGGCCGGCCTTGCGCCTTGGCTATTGCTTGGCAGCGCCTATCGCCAGGTATTACTCCA
ATCCCGAATATCCGAGATCGGGATCACCCGAGAGAAGTTCAACCTACATCCTCAATCCCGATCTATC
CGAGATCCGAGGAATATCGAAATCGGGGCGCGCCTGGTGT (SEQ ID NO: 106) 

RET-
017 
LINE1-
GFP 
ORF2-
C_Linke
r_Nucle
oplasmi
n-NLS 

CCGAGAACGATCCTCTCAGTGCGAGTCTCGACGATCCATATCGTTGCTTGGCAGTCAGCCAGTCGGA
ATCCAGCTTGGGACCCAGGAAGTCCAATCGTCAGATATTGTACTCAAGCCTGGTCACGGCAGCGTAC
CGATCTGTTTAAACCTAGATATTGATAGTCTGATCGGTCAACGTATAATCGAGTCCTAGCTTTTGCA
AACATCTATCAAGAGACAGGATCAGCAGGAGGCTTTCGCATGAGTATTCAACATTTCCGTGTCGCCC
TTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAA
AGATGCTGAAGATCAGTTGGGTGCGCGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATC
CTTGAGAGTTTTCGCCCCGAAGAACGCTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCG
CGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGA
CTTGGTTGAGTATTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGC
AGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATTGGAGGACCGA
AGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGA
GCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACCTTG
CGTAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAGTTGATAGACTGGATGGAGG
CGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATC
TGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGT
ATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGA
TAGGTGCCTCACTGATTAAGCATTGGTAACCGATTCTAGGTGCATTGGCGCAGAAAAAAATGCCTGA
TGCGACGCTGCGCGTCTTATACTCCCACATATGCCAGATTCAGCAACGGATACGGCTTCCCCAACTT
GCCCACTTCCATACGTGTCCTCCTTACCAGAAATTTATCCTTAAGATCGTTTAAACTCGACTCTGGC
TCTATCGAATCTCCGTCGTTTCGAGCTTACGCGAACAGCCGTGGCGCTCATTTGCTCGTCGGGCATC
GAATCTCGTCAGCTATCGTCAGCTTACCTTTTTGGCAGCGATCGCGGCTCCCGACATCTTGGACCAT
TAGCTCCACAGGTATCTTCTTCCCTCTAGTGGTCATAACAGCAGCTTCAGCTACCTCTCAATTCAAA
AAACCCCTCAAGACCCGTTTAGAGGCCCCAAGGGGTTATGCTATCAATCGTTGCGTTACACACACAA
AAAACCAACACACATCCATCTTCGATGGATAGCGATTTTATTATCTAACTGCTGATCGAGTGTAGCC
AGATCTAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACT
TACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTAT
GTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTG
CCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAA
ATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTAC
GTATTAGTCATCGCTATTACCATGCTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGT
TTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAA
TCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTA
CGGTGGGAGGTCTATATAAGCAGAGCTGGTTTAGTGAACCGTCAGATCAGATCTTTGTCGATCCTAC
CATCCACTCGACACACCCGCCAGCGGCCGCTAATACGACTCACTATAGGGAGAAGTACTGCCACCAT
GGGCAAGAAGCAAAATCGCAAGACGGGGAATTCCAAGACACAATCCGCTAGCCCACCACCTAAAGAG
CGTTCTAGCTCCCCTGCTACTGAGCAGTCCTGGATGGAAAACGACTTCGATGAACTCCGGGAAGAGG
GATTTAGGCGATCCAACTATTCAGAACTCCGCGAAGATATCCAGACAAAGGGGAAGGAAGTCGAGAA
TTTCGAGAAGAACCTCGAGGAGTGCATCACCCGTATCACAAACACTGAGAAATGTCTCAAAGAACTC
ATGGAACTTAAGACAAAAGCCAGGGAGCTTCGAGAGGAGTGTCGGAGTCTGAGATCCAGGTGTGACC
AGCTCGAGGAGCGCGTGAGCGCGATGGAAGACGAGATGAACGAGATGAAAAGAGAGGGCAAATTCAG
GGAGAAGCGCATTAAGAGGAACGAACAGAGTCTGCAGGAGATTTGGGATTACGTCAAGAGGCCTAAC
CTGCGGTTGATCGGCGTCCCCGAGAGCGACGTAGAAAACGGGACTAAACTGGAGAATACACTTCAAG
ACATCATTCAAGAAAATTTTCCAAACCTGGCTCGGCAAGCTAATGTGCAAATCCAAGAGATCCAACG
CACACCCCAGCGGTATAGCTCTCGGCGTGCCACCCCTAGGCATATTATCGTGCGCTTTACTAAGGTG
GAGATGAAAGAGAAGATGCTGCGAGCCGCTCGGGAAAAGGGAAGGGTGACTTTGAAGGGCAAACCTA
TTCGGCTGACGGTTGACCTTAGCGCCGAGACACTCCAGGCACGCCGGGAATGGGGCCCCATCTTTAA
TATCCTGAAGGAGAAGAACTTCCAGCCACGAATCTCTTACCCTGCAAAGTTGAGTTTTATCTCCGAG
GGTGAGATTAAGTATTTCATCGATAAACAGATGCTGCGAGACTTCGTGACAACTCGCCCAGCTCTCA
AGGAACTGCTCAAAGAGGCTCTTAATATGGAGCGCAATAATAGATATCAACCCTTGCAGAACCACGC
AAAGATGTGAGACAGCCGTCAGACCATCAAGACTAGGAAGAAACTGCATCAACTAATGAGCAAAATC
ACCAGCTAACATCATAGTATACATGACCGGCTCTAACTCACATATCACCATCCTTACACTTAACATT
AACGGCCTCAACTCAGCTATCAAGCGCCATCGGCTGGCCAGCTGGATCAAATCACAGGATCCAAGCG
TTTGTTGCATCCAAGAGACCCACCTGACCTGTAGAGATACTCACCGCCTCAAGATCAAGGGATGGCG
AAAGATTTATCAGGCGAACGGTAAGCAGAAGAAAGCCGGAGTCGCAATTCTGGTCTCAGACAAGACG
GATTTCAAGCCCACCAAAATTAAGCGTGATAAGGAAGGTCACTATATTATGGTGAAAGGCAGCATAC
AGCAGGAAGAACTTACCATATTGAACATCTACGCGCCAAACACCGGCGCACCTCGCTTTATCAAACA
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TCTCCAAGGCCCTCGTCGGAAAATCTTCAAACCTTTCGTCCGATCCATCTTGCAGGCTACCTCTCGA
ACGAACTATCGCAAGTCTCTTGGCCGGCCTTGCGCCTTGGCTATTGCTTGGCAGCGCCTATCGCCAG
GTATTACTCCAATCCCGAATATCCGAGATCGGGATCACCCGAGAGAAGTTCAACCTACATCCTCAAT
CCCGATCTATCCGAGATCCGAGGAATATCGAAATCGGGGCGCGCCTGGTGTA(SEQ ID NO:107) 

RET-
018 
LINE1-
GFP 
ORF2-
N_SV40
_NLS_L
inker 
ORF2-
C_Nucle
oplasmi
n_NLS 

TGGCCGGCCTTGCGCCTTGGCTATTGCTTGGCAGCGCCTATCGCCAGGTATTACTCCAATCCCGAAT
ATCCGAGATCGGGATCACCCGAGAGAAGTTCAACCTACATCCTCAATCCCGATCTATCCGAGATCCG
AGGAATATCGAAATCGGGGCGCGCCTGGTGTACCGAGAACGATCCTCTCAGTGCGAGTCTCGACGAT
CCATATCGTTGCTTGGCAGTCAGCCAGTCGGAATCCAGCTTGGGACCCAGGAAGTCCAATCGTCAGA
TATTGTACTCAAGCCTGGTCACGGCAGCGTACCGATCTGTTTAAACCTAGATATTGATAGTCTGATC
GGTCAACGTATAATCGAGTCCTAGCTTTTGCAAACATCTATCAAGAGACAGGATCAGCAGGAGGCTT
TCGCATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTT
TTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCGCGAGTGGGTT
ACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGCTTTCCAAT
GATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAA
CTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTATTCACCAGTCACAGAAAAGCATC
TTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGC
CAACTTACTTCTGACAACGATTGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGAT
CATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACA
CCACGATGCCTGTAGCAATGGCAACAACCTTGCGTAAACTATTAACTGGCGAACTACTTACTCTAGC
TTCCCGGCAACAGTTGATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCC
CTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTG
CAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAAC
TATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACCGATT
CTAGGTGCATTGGCGCAGAAAAAAATGCCTGATGCGACGCTGCGCGTCTTATACTCCCACATATGCC
AGATTCAGCAACGGATACGGCTTCCCCAACTTGCCCACTTCCATACGTGTCCTCCTTACCAGAAATT
TATCCTTAAGATCGTTTAAACTCGACTCTGGCTCTATCGAATCTCCGTCGTTTCGAGCTTACGCGAA
CAGCCGTGGCGCTCATTTGCTCGTCGGGCATCGAATCTCGTCAGCTATCGTCAGCTTACCTTTTTGG
CAGCGATCGCGGCTCCCGACATCTTGGACCATTAGCTCCACAGGTATCTTCTTCCCTCTAGTGGTCA
TAACAGCAGCTTCAGCTACCTCTCAATTCAAAAAACCCCTCAAGACCCGTTTAGAGGCCCCAAGGGG
TTATGCTATCAATCGTTGCGTTACACACACAAAAAACCAACACACATCCATCTTCGATGGATAGCGA
TTTTATTATCTAACTGCTGATCGAGTGTAGCCAGATCTAGTAATCAATTACGGGGTCATTAGTTCAT
AGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACG
ACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTG
ACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCA
AGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCT
TATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGCTGATGCGGTT
TTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATT
GACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCG
CCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTGGTTTAGT
GAACCGTCAGATCAGATCTTTGTCGATCCTACCATCCACTCGACACACCCGCCAGCGGCCGCTAATA
CGACTCACTATAGGGAGAAGTACTGCCACCATGGGCAAGAAGCAAAATCGCAAGACGGGGAATTCCA
AGACACAATCCGCTAGCCCACCACCTAAAGAGCGTTCTAGCTCCCCTGCTACTGAGCAGTCCTGGAT
GGAAAACGACTTCGATGAACTCCGGGAAGAGGGATTTAGGCGATCCAACTATTCAGAACTCCGCGAA
GATATCCAGACAAAGGGGAAGGAAGTCGAGAATTTCGAGAAGAACCTCGAGGAGTGCATCACCCGTA
TCACAAACACTGAGAAATGTCTCAAAGAACTCATGGAACTTAAGACAAAAGCCAGGGAGCTTCGAGA
GGAGTGTCGGAGTCTGAGATCCAGGTGTGACCAGCTCGAGGAGCGCGTGAGCGCGATGGAAGACGAG
ATGAACGAGATGAAAAGAGAGGGCAAATTCAGGGAGAAGCGCATTAAGAGGAACGAACAGAGTCTGC
AGGAGATTTGGGATTACGTCAAGAGGCCTAACCTGCGGTTGATCGGCGTCCCCGAGAGCGACGTAGA
AAACGGGACTAAACTGGAGAATACACTTCAAGACATCATTCAAGAAAATTTTCCAAACCTGGCTCGG
CAAGCTAATGTGCAAATCCAAGAGATCCAACGCACACCCCAGCGGTATAGCTCTCGGCGTGCCACCC
CTAGGCATATTATCGTGCGCTTTACTAAGGTGGAGATGAAAGAGAAGATGCTGCGAGCCGCTCGGGA
AAAGGGAAGGGTGACTTTGAAGGGCAAACCTATTCGGCTGACGGTTGACCTTAGCGCCGAGACACTC
CAGGCACGCCGGGAATGGGGCCCCATCTTTAATATCCTGAAGGAGAAGAACTTCCAGCCACGAATCT
CTTACCCTGCAAAGTTGAGTTTTATCTCCGAGGGTGAGATTAAGTATTTCATCGATAAACAGATGCT
GCGAGACTTCGTGACAACTCGCCCAGCTCTCAAGGAACTGCTCAAAGAGGCTCTTAATATGGAGCGC
AATAATAGATATCAACCCTTGCAGAACCACGCAAAGATGTGAGACAGCCGTCAGACCATCAAGACTA
GGAAGAAACTGCATCAACTAATGAGCAAAATCACCAGCTAACATCATAGTATACATGccaaagaaga
agcggaaggtcggcggcggcagcACCGGCTCTAACTCACATATCACCATCCTTACACTTAACATTAA
CGGCCTCAACTCAGCTATCAAGCGCCATCGGCTGGCCAGCTGGATCAAATCACAGGATCCAAGCGTT
TGTTGCATCCAAGAGACCCACCTGACCTGTAGAGATACTCACCGCCTCAAGATCAAGGGATGGCGAA
AGATTTATCAGGCGAACGGTAAGCAGAAGAAAGCCGGAGTCGCAATTCTGGTCTCAGACAAGACGGA
TTTCAAGCCCACCAAAATTAAGCGTGATAAGGAAGGTCACTATATTATGGTGAAAGGCAGCATACAG
CAGGAAGAACTTACCATATTGAACATCTACGCGCCAAACACCGGCGCACCTCGCTTTATCAAACAGG
TCCTGTCCGATCTGCAGCGAGATCTGGATTCTCATACGTTGATTATGGGTGATTTCAATACACCATT
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GTCGGAAAATCTTCAAACCTTTCGTCCGATCCATCTTGCAGGCTACCTCTCGAACGAACTATCGCAA
GTCTCT (SEQ ID NO: 108) 

ret-028-
line1-
orf1-t2a-
orf2-
n_sv40_
nls_link
er-gfp 

TGGCCGGCCTTGCGCCTTGGCTATTGCTTGGCAGCGCCTATCGCCAGGTATTACTCCAATCCCGAAT
ATCCGAGATCGGGATCACCCGAGAGAAGTTCAACCTACATCCTCAATCCCGATCTATCCGAGATCCG
AGGAATATCGAAATCGGGGCGCGCCTGGTGTACCGAGAACGATCCTCTCAGTGCGAGTCTCGACGAT
CCATATCGTTGCTTGGCAGTCAGCCAGTCGGAATCCAGCTTGGGACCCAGGAAGTCCAATCGTCAGA
TATTGTACTCAAGCCTGGTCACGGCAGCGTACCGATCTGTTTAAACCTAGATATTGATAGTCTGATC
GGTCAACGTATAATCGAGTCCTAGCTTTTGCAAACATCTATCAAGAGACAGGATCAGCAGGAGGCTT
TCGCATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTT
TTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCGCGAGTGGGTT
ACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGCTTTCCAAT
GATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAA
CTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTATTCACCAGTCACAGAAAAGCATC
TTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGC
CAACTTACTTCTGACAACGATTGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGAT
CATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACA
CCACGATGCCTGTAGCAATGGCAACAACCTTGCGTAAACTATTAACTGGCGAACTACTTACTCTAGC
TTCCCGGCAACAGTTGATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCC
CTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTG
CAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAAC
TATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACCGATT
CTAGGTGCATTGGCGCAGAAAAAAATGCCTGATGCGACGCTGCGCGTCTTATACTCCCACATATGCC
AGATTCAGCAACGGATACGGCTTCCCCAACTTGCCCACTTCCATACGTGTCCTCCTTACCAGAAATT
TATCCTTAAGATCGTTTAAACTCGACTCTGGCTCTATCGAATCTCCGTCGTTTCGAGCTTACGCGAA
CAGCCGTGGCGCTCATTTGCTCGTCGGGCATCGAATCTCGTCAGCTATCGTCAGCTTACCTTTTTGG
CAGCGATCGCGGCTCCCGACATCTTGGACCATTAGCTCCACAGGTATCTTCTTCCCTCTAGTGGTCA
TAACAGCAGCTTCAGCTACCTCTCAATTCAAAAAACCCCTCAAGACCCGTTTAGAGGCCCCAAGGGG
TTATGCTATCAATCGTTGCGTTACACACACAAAAAACCAACACACATCCATCTTCGATGGATAGCGA
TTTTATTATCTAACTGCTGATCGAGTGTAGCCAGATCTAGTAATCAATTACGGGGTCATTAGTTCAT
AGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACG
ACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTG
ACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCA
AGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCT
TATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGCTGATGCGGTT
TTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATT
GACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCG
CCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTGGTTTAGT
GAACCGTCAGATCAGATCTTTGTCGATCCTACCATCCACTCGACACACCCGCCAGCGGCCGCTAATA
CGACTCACTATAGGGAGAAGTACTGCCACCATGGGCAAGAAGCAAAATCGCAAGACGGGGAATTCCA
AGACACAATCCGCTAGCCCACCACCTAAAGAGCGTTCTAGCTCCCCTGCTACTGAGCAGTCCTGGAT
GGAAAACGACTTCGATGAACTCCGGGAAGAGGGATTTAGGCGATCCAACTATTCAGAACTCCGCGAA
GATATCCAGACAAAGGGGAAGGAAGTCGAGAATTTCGAGAAGAACCTCGAGGAGTGCATCACCCGTA
TCACAAACACTGAGAAATGTCTCAAAGAACTCATGGAACTTAAGACAAAAGCCAGGGAGCTTCGAGA
GGAGTGTCGGAGTCTGAGATCCAGGTGTGACCAGCTCGAGGAGCGCGTGAGCGCGATGGAAGACGAG
ATGAACGAGATGAAAAGAGAGGGCAAATTCAGGGAGAAGCGCATTAAGAGGAACGAACAGAGTCTGC
AGGAGATTTGGGATTACGTCAAGAGGCCTAACCTGCGGTTGATCGGCGTCCCCGAGAGCGACGTAGA
AAACGGGACTAAACTGGAGAATACACTTCAAGACATCATTCAAGAAAATTTTCCAAACCTGGCTCGG
CAAGCTAATGTGCAAATCCAAGAGATCCAACGCACACCCCAGCGGTATAGCTCTCGGCGTGCCACCC
CTAGGCATATTATCGTGCGCTTTACTAAGGTGGAGATGAAAGAGAAGATGCTGCGAGCCGCTCGGGA
AAAGGGAAGGGTGACTTTGAAGGGCAAACCTATTCGGCTGACGGTTGACCTTAGCGCCGAGACACTC
CAGGCACGCCGGGAATGGGGCCCCATCTTTAATATCCTGAAGGAGAAGAACTTCCAGCCACGAATCT
CTTACCCTGCAAAGTTGAGTTTTATCTCCGAGGGTGAGATTAAGTATTTCATCGATAAACAGATGCT
GCGAGACTTCGTGACAACTCGCCCAGCTCTCAAGGAACTGCTCAAAGAGGCTCTTAATATGGAGCGC
AATAATAGATATCAACCCTTGCAGAACCACGCAAAGATGggctccggcgagggcaggggaagCcttc
taacatgcggggacgtggaggaaaatcccggcccaGGTAGCGGCccaaagaagaagcggaaggtcgg
cggcggcagcACCGGCTCTAACTCACATATCACCATCCTTACACTTAACATTAACGGCCTCAACTCA
GCTATCAAGCGCCATCGGCTGGCCAGCTGGATCAAATCACAGGATCCAAGCGTTTGTTGCATCCAAG
AGACCCACCTGACCTGTAGAGATACTCACCGCCTCAAGATCAAGGGATGGCGAAAGATTTATCAGGC
GAACGGTAAGCAGAAGAAAGCCGGAGTCGCAATTCTGGTCTCAGACAAGACGGATTTCAAGCCCACC
AAAATTAAGCGTGATAAGGAAGGTCACTATATTATGGTGAAAGGCAGCATACAGCAGGAAGAACTTA
CCATATTGAACATCTACGCGCCAAACACCGGCGCACCTCGCTTTATCAAACAGGTCCTGTCCGATCT
GCAGCGAGATCTGGATTCTCATACGTTGATTATGGGTGATTTCAATACACCATTGAGCACCCTGGAT
CGCAGCACCAGGCAAAAGGTAAATAAAGACACGCAAGAGCTCAATAGCGCACTGCATCAGGCAGATC
TCATTGATATTTATCGCACTCTTCATCCTAAGAGTACCGAGTACACATTCTTCAGCGCCCCACATCA
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gacgttgtggctgttgtagttgtactccagcttgtgccccaggatgttgccgtcctccttgaagtcg
atgcccttcagctcgatgcggttcaccagggtgtcgccctcgaacttcacctcggcgcgggtcttgt
agttgccgtcgtccttgaagaagatggtgcgctcctggacgtagccttcgggcatggcggacttgaa
gaagtcgtgctgcttcatgtggtcggggtagcggctgaagcactgcacgccgtaggtcagggtggtc
acgagggtgggccagggcacgggcagcttgccggtggtgcagatgaacttcagggtcagcttgccgt
aggtggcatcgccctcgccctcgccggacacgctgaacttgtggccgtttacgtcgccgtccagctc
gaccaggatgggcaccaccccggtgaacagctcctcgcccttgctcaccatggtggcgggatctgac
ggttcactaaaccagctctgcttatatagacctcccaccgtacacgcctaccgcccatttgcgtcaa
tggggcggagttgttacgacattttggaaagtcccgttgattttggtgccaaaacaaactcccattg
acgtcaatggggtggagacttggaaatccccgtgagtcaaaccgctatccacgcccattgatgtact
gccaaaaccgcatcaccatggtaatagcgatgactaatacgtagatgtactgccaagtaggaaagtc
ccataaggtcatgtactgggcataatgccaggcgggccatttaccgtcattgacgtcaatagggggc
gtacttggcatatgatacacttgatgtactgccaagtgggcagtttaccgtaaatactccacccatt
gacgtcaatggaaagtccctattggcgttactatgggaacatacgtcattattgacgtcaatgggcg
ggggtcgttgggcggtcagccaggcgggccatttaccgtaagttatgtaacgGGCCTGCTGCCGGCT
CTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCC
CGCCTGTCTAGCTTGACTGACTGAGATACAGCGTACCTTCAGCTCACAGACATGATAAGATACATTG
ATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATTTGTGAAATTTGTGATGC
TATTGCTTTATTTGTAACCATTATAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTCATTTT
ATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTAAAGCAAGTAAAACCTCTACAAATGTGGTA
TTGGCCCATCTCTATCGGTATCGTAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGTTTT
TTGTGCCCCTCGGGCCGGATTGCTATCTACCGGCATTGGCGCAGAAAAAAATGCCTGATGCGACGCT
GCGCGTCTTATACTCCCACATATGCCAGATTCAGCAACGGATACGGCTTCCCCAACTTGCCCACTTC
CATACGTGTCCTCCTTACCAGAAATTTATCCTTAAGGTCGTCAGCTATCCTGCAGGCGATCTCTCGA
TTTCGATCAAGACATTCCTTTAATGGTCTTTTCTGGACACCACTAGGGGTCAGAAGTAGTTCATCAA
ACTTTCTTCCCTCCCTAATCTCATTGGTTACCTTGGGCTATCGAAACTTAATTAAGCGATCTGCATC
TCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTC
CGCCCATTCTCCGCCCCATCGCTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCGGCC
TCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAGGAGGTAGCC
AACATGATTGAACAAGATGGATTGCACGCAGGTTCTCCCGCCGCTTGGGTGGAGAGGCTATTCGGCT
ATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCG
CCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTCCAGGACGAGGCAGCGCGG
CTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAA
GGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCCTGCCGA
GAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTC
GACCACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTTGTCGATCAGG
ATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGGAT
GCCCGACGGCGAGGATCTCGTCGTGACCCACGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAAT
GGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGT
TGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGG
TATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTAGTATGTA
AGCCCTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGG
AAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTG
TCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGG
CATGCTGGGGATGCGGTGGGCTCTATGGTTAATTAACCAGTCAAGTCAGCTACTTGGCGAGATCGAC
TTGTCTGGGTTTCGACTACGCTCAGAATTGCGTCAGTCAAGTTCGATCTGGTCCTTGCTATTGCACC
CGTTCTCCGATTACGAGTTTCATTTAAATCATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTA
AAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACG
CTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCC
CTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAA
GCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCT
GGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAG
TCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGA
GGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGT
ATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGC
AAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAG
GATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTA
AGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGT
TTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGG
CACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCATTTAAATTTCCGAACTCTCCAAG
GCCCTCGTCGGAAAATCTTCAAACCTTTCGTCCGATCCATCTTGCAGGCTACCTCTCGAACGAACTA
TCGCAAGTCTCT (SEQ ID NO: 109) 
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gcacgggcagcttgccggtggtgcagatgaacttcagggtcagcttgccgtaggtggcatcgccctc
gccctcgccggacacgctgaacttgtggccgtttacgtcgccgtccagctcgaccaggatgggcacc
accccggtgaacagctcctcgcccttgctcaccatggtggcgggatctgacggttcactaaaccagc
tctgcttatatagacctcccaccgtacacgcctaccgcccatttgcgtcaatggggcggagttgtta
cgacattttggaaagtcccgttgattttggtgccaaaacaaactcccattgacgtcaatggggtgga
gacttggaaatccccgtgagtcaaaccgctatccacgcccattgatgtactgccaaaaccgcatcac
catggtaatagcgatgactaatacgtagatgtactgccaagtaggaaagtcccataaggtcatgtac
tgggcataatgccaggcgggccatttaccgtcattgacgtcaatagggggcgtacttggcatatgat
acacttgatgtactgccaagtgggcagtttaccgtaaatactccacccattgacgtcaatggaaagt
ccctattggcgttactatgggaacatacgtcattattgacgtcaatgggcgggggtcgttgggcggt
cagccaggcgggccatttaccgtaagttatgtaacgGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGC
GTCTTCGCCTTCGCCCTCAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCCTGTCTAGCTTGA
CTGACTGAGATACAGCGTACCTTCAGCTCACAGACATGATAAGATACATTGATGAGTTTGGACAAAC
CACAACTAGAATGCAGTGAAAAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTA
ACCATTATAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGG
GGGAGGTGTGGGAGGTTTTTTAAAGCAAGTAAAACCTCTACAAATGTGGTATTGGCCCATCTCTATC
GGTATCGTAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGTTTTTTGTGCCCCTCGGGCC
GGATTGCTATCTACCGGCATTGGCGCAGAAAAAAATGCCTGATGCGACGCTGCGCGTCTTATACTCC
CACATATGCCAGATTCAGCAACGGATACGGCTTCCCCAACTTGCCCACTTCCATACGTGTCCTCCTT
ACCAGAAATTTATCCTTAAGGTCGTCAGCTATCCTGCAGGCGATCTCTCGATTTCGATCAAGACATT
CCTTTAATGGTCTTTTCTGGACACCACTAGGGGTCAGAAGTAGTTCATCAAACTTTCTTCCCTCCCT
AATCTCATTGGTTACCTTGGGCTATCGAAACTTAATTAAGCGATCTGCATCTCAATTAGTCAGCAAC
CATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCC
CATCGCTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGA
AGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAGGAGGTAGCCAACATGATTGAACAAG
ATGGATTGCACGCAGGTTCTCCCGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACA
GACAATCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTC
AAGACCGACCTGTCCGGTGCCCTGAATGAACTCCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCA
CGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATT
GGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATCCATCATG
GCTGATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGCGAAAC
ATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGA
GCATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGGATGCCCGACGGCGAGGAT
CTCGTCGTGACCCACGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGAT
TCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATAT
TGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGAT
TCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTAGTATGTAAGCCCTGTGCCTTCTA
GTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCAC
TGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGG
GGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGG
TGGGCTCTATGGTTAATTAACCAGTCAAGTCAGCTACTTGGCGAGATCGACTTGTCTGGGTTTCGAC
TACGCTCAGAATTGCGTCAGTCAAGTTCGATCTGGTCCTTGCTATTGCACCCGTTCTCCGATTACGA
GTTTCATTTAAATCATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCT
GGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGG
CGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTG
TTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCA
TAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAA
CCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGAC
ACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGC
TACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCT
CTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTG
GTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCC
TTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATG
AGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAA
GTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGAT
CTGTCTATTTCGTTCATCCATAGTTGCATTTAAATTTCCGAACTCTCCAAGGCCCTCGTCGGAAAAT
CTTCAAACCTTTCGTCCGATCCATCTTGCAGGCTACCTCTCGAACGAACTATCGCAAGTCTCTTGGC
CGGCCTTGCGCCTTGGCTATTGCTTGGCAGCGCCTATCGCCAGGTATTACTCCAATCCCGAATATCC
GAGATCGGGATCACCCGAGAGAAGTTCAACCTACATCCTCAATCCCGATCTATCCGAGATCCGAGGA
ATATCGAAATCGGGGCGCGCCTGGTGT (SEQ ID NO: 110) 


