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ENHANCED hAT FAMILY TRANSPOSON-MEDIATED GENETRANSFER AND 
ASSOCIATED COMPOSITIONS, SYSTEMS, AND METHODS 

CROSS-REFERENCE 

100011 This application claimsthe benefit of U.S. Provisional Application No. 62/435,522, 

filed December 16, 2016, which application is incorporated herein by reference in its entirety.  

BACKGROUND OF THE INVENTION 

[0002] Transposable genetic elements, also called transposons, are segments of DNA that can 

be mobilized from one genomic location to another within a single cell. Transposons can be 

divided into two major groups according to their mechanism of transposition: transposition can 

occur (1) via reverse transcription of an RNA intermediate for elements tenned retrotransposons, 

and (2) via direct transposition of DNA flanked by terminal inverted repeats (TIRs) for DNA 

transposons. Active transposons encode one or more proteins that are required for transposition.  

The natural active DNA transposons harbor a transposase enzyne gene.  

[0003] DNA transposons in the hAT family are widespread in plants and animals. A number 

of active hAT transposon systems have been identified and found to be functional, including but 

not limited to, the Hermes transposon, Ac transposon, hobo transposon, and theTol2 transposon.  

The hAT family is composed of two families that have been classified as the AC subfamily and 

the Buster subfamily, based on the primary sequence of their transposases. Members of the hAT 

family belong to Class II transposable elements. Class I mobile elements use a cut and paste 

mechanism of transposition. hAT elements share similar transposases, short terminal inverted 

repeats, and an eight base-pairs duplication of genomic target.  

SUMMARY OF THE INVENTION 

[0004] One aspect ofthe present disclosure provides amutant TcBustertransposase, 

comprising an amino acid sequence at least 70% identical to full-length SEQ ID NO: I and 

having one or more amino acid substitutions that increase a net charge at a neutral pH in 

comparison to SEQ ID NO: 1. In some embodiments, the mutant TcBuster transposase has 

increased transposition efficiency in comparison to a wild-type TcBuster transposase having 

amino acid sequence SEQ ID NO: 1.  

100051 Another aspect of the present disclosure provides a mutant TcBuster transposase, 

comprisinganaminoacid sequence at least 70% identical to full-length SEQ ID NO: 1 and 

having one more amino acid substitutions in a DNA Binding and Oigomerization domain; an 

insertion domain; a Zn-BED domain; or a combination thereof In some embodiments, the 
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mutant TcBuster transposase has increased transposition efficiency in comparison to a wild-type 

TcBuster transposase having amino acid sequence SEQ ID NO: 1.  

[0006] Yet another aspect of the present disclosure provides a mutant TcBuster transposase 

comprising anamino acid sequence at least 70% identical to full-length SEQ ID NO: I and 

having one or more amino acid substitutions from Table 1.  

[0007] In some embodiments, a mutant TcBuster transposase comprises one or more amino 

acid substitutions that increase a net charge at a neutral pH within orin proximity to a cataltic 

domain in comparison to SEQID NO: 1. In some embodiments, the mutant TcBuster 

transposase comprises one or more amino acid substitutions that increase a net charge at a 

neutral pH in comparison to SEQID NO: 1, and the one or more amino acids are locatedin 

proximity to D223, D289, or E589, when numbered in accordance to SEQ ID NO: 1. In some 

embodiments, the proximity is a distance of about 80, 75, 70, 60, 50, 40, 30, 20, 10, or 5 amino 

acids. In some embodiments, the proximity is a distance of about 70 to 80 amino acids.  

[0008] In some embodiments, the amino acid sequence ofthe mutant TcBuster transposase is at 

least 80%, at least 90%, at least 95%, at least 98%, or at least 99% identical to fill-length SEQ 

ID NO: 1.  

100091 In some embodiments, the one or more amino acid substitutions comprise a substitution 

to a lysine or an arginine. In some embodiments, the one or more amino acid substitutions 

comprise a substitution of an aspartic acid or a glutamic acid to a neutral amino acid, a lysine or 

anarginine. In some embodiments, the mutant TcBuster transposase comprises one or more 

amino acid substitutions from Table 4. In some embodiments, the mutant TcBuster transposase 

comprises one or more amino acid substitutions from Table 2. In some embodiments, the 

mutant TcBuster transposase comprises one or more amino acid substitutions from Table 3. In 

some embodiments, the mutant TcBuster transposase comprises amino acid substitutions V377T, 

E469K, and D189A, when numberedin accordance with SEQ ID NO: 1. In some embodiments, 

the mutant TcBuster transposase comprises amino acid substitutions K573Eand E578L, when 

numbered in accordance with SEQ ID NO: 1. In some embodiments, the mutant TcBuster 

transposase comprises amino acid substitution 1452K, when numbered in accordance with SEQ 

ID NO: 1. In some embodiments, the mutant TcBuster transposase comprises amino acid 

substitution A358K, when numbered in accordance with SEQ ID NO: 1. In some embodiments, 

the mutant TcBuster transposase comprises amino acid substitution V297K, when numbered in 

accordance with SEQ ID NO: 1. In some embodiments, the mutantTcBuster transposase 

conprisesaminoacid substitution N85S, when numbered in accordance with SEQ ID NO: 1. In 

some embodiments, the mutant TcBuster transposase comprises amino acid substitutions 1452F, 
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V377T, E469K, and DI89A, when numbered in accordance with SEQ ID NO: 1. In some 

embodiments, the mutant TcBuster transposase comprises amino acid substitutions A358K.  

V377T, E469K, and D189A, when numbered in accordance with SEQ ID NO: 1. In sone 

embodiments, the mutant TcBuster transposase comprises amino acid substitutions V377T, 

E469K, D189A, K573E and E578L, when numbered in accordance with SEQID NO: 1.  

[0010] In some embodiments, the transposition efficiency is measured by an assay that 

comprises introducing the mutant TcBuster transposase and a TcBuster transposon containing a 

reporter cargo cassette into a population of cells, and detecting transposition of the reporter cargo 

cassette in genome of the population of cells.  

[0011] Yet another aspect of the present disclosure provides a fusion transposase comprising a 

TcBuster transposase sequence and a DNA sequence specific binding domain. In some 

embodiments, the TcBuster transposase sequence has at least 70% identity to full-length SEQID 

NO: 1.  

[0012] In some embodiments, the DNA sequence specific binding domain comprises a TALE 

domain, zinc fingerdomain, AAV Rep DNA-bindingdomain, oranycombinationthereof. In 

some embodiments, the DNA sequence specific bindingdomain comprises aTALEdomain.  

100131 In some embodiments, the TcBuster transposase sequence has at least 80%. at least 

90%, at least 95%, at least 98%, or at least 99% identity to full-length SEQ ID NO: 1. In some 

embodiments, theTcBuster transposase sequence comprises one or more amino acid 

substitutions that increase a net charge at a neutral p1 in comparison to SEQID NO: 1. In some 

embodiments, the TcBuster transposase sequence comprises one or more amino acid 

substitutions in a DNA Bindingand Oligomerization domain; an insertion domain; a Zn-BED 

domain:oracombinationthereof. In some embodiments,the TcBuster transposase sequence 

comprises one or more amino acid substitutions from Table 1. In some embodinents, the 

TcBuster transposase sequence has increased transposition efficiency in comparison to a wild

type TcBuster transposase having amino acid sequence SEQID NO: 1. In some embodiments, 

the TcBuster transposase sequence comprises one or more amino acid substitutions that increase 

a net charge at a neutral pH within or in proximity to a catalytic domain in comparison to SEQ 

ID NO: 1. In some embodiments, theTcBuster transposase sequence comprises one or more 

amino acid substitutions that increase a net charge at a neutral pH in comparison to SEQ ID NO: 

1, and the one or more amino acid substitutions are located in proximity to D223, D289, or E589, 

when numbered in accordance to SEQID NO: 1. In some embodiments, the proxiinit is a 

distance of about 80, 75, 70, 60, 50, 40, 30, 20, 10, or 5 anino acids. In some embodiments, the 

proximity is a distance of about 70 to 80 amino acids. In some embodiments, the TcBuster 
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transposase sequence comprises one or more amino acid substitutions from Table 2. In some 

embodiments, theTcBuster transposase sequence comprises one or moreamino acid substitutions 

from Table 3. In some embodiments, the TcBuster transposase sequence comprises amino acid 

substitutions V377T, E469K, and D189A, when numbered in accordance with SEQ ID NO: 1. In 

some embodiments, the TcBuster transposase sequence comprises amino acid substitutions K573E 

and E578L, when numbered in accordance with SEQID NO: 1. In some embodiments, the 

TeBuster transposase sequence comprises amino acid substitution 1452K, when numbered in 

accordance with SEQ ID NO: 1. In some embodiments, the TeBuster transposase sequence 

comprises amino acid substitution A358K, when numbered in accordance with SEQ ID NO: 1.  

In some embodiments, the TcBuster transposase sequence comprises amino acid substitution 

V297K, when numbered in accordance with SEQ ID NO: 1. In some ebodiments, the TeBuster 

transposase sequence comprises amino acid substitution N85S. when numbered in accordance 

with SEQ ID NO: 1. In some embodiments, the TcBuster transposase sequence comprises amino 

acid substitutions 1452F, V377T, E469K, and D189A, when numbered in accordance with SEQ 

ID NO: 1. In some embodiments, the TcBuster transposase sequence comprises amino acid 

substitutions A358K, V377T, E469K, and D189A, when numbered inaccordance with SEQ ID 

NO: 1. In some embodiments, the TcBuster transposase sequence comprises amino acid 

substitutions V377T, E469K, Dl89A, K573E and E578L, when numbered in accordance with 

SEQ ID NO: 1. In sonie nibodiments, theTcBuster transposase sequence has 100% identity to 

full-length SEQ ID NO: 1.  

[0014] In some embodiments of a fusion transposase, the TcBustertransposase sequence and 

the DNA sequence specific binding domain are separated by a linker. In some embodiments, the 

linker comprises at least 3, at least 4. at least 5, at least 6, at least 7, at least 8, at least 9. at least 

10, at least 15, at least 20, or at least 50 amino acids. In soic embodiments, the linker comprises 

SEQ ID NO: 9.  

[0015] Yet another aspect of the present disclosure provides apolynucleotide that codes forthe 

mutant TcBuster transposase as described herein.  

[0016] Yet another aspect of the present disclosure provides a polynucleotide that codes for the 

fusion transposase as described herein.  

[0017] In some embodiments, the polynucleotide comprises DNA that encodes the mutant 

TcBuster transposase or the fusion transposase. In some embodiments, the polynucleotide 

comprises messenger RNA (mRNA) that encodes the mutantTcBuster transposase or the fusion 

transposase. In some embodiments, the mRNA is chemically modified. In some embodiments, 

the polynucleotide comprises nucleic acid sequence encoding for a transposon recognizable by 
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the mutant TeBuster transposase or the fusion transposase. In some embodiments, the 

polynucleotide is present in a DNA vector. In some embodiments, the DNA vector comprises a 

mini-circle plasmid.  

100181 Yet another aspect of the present disclosure provides a cell producing the mutant 

TcBuster transposase or fusion transposase as described herein. Yet another aspect of the 

present disclosure provides a cell containing the polynucleotide as described herein.  

[0019] Yet another aspect of the present disclosure provides a method comprising: introducing 

into a cell the mutant TcBuster transposase as described herein and a transposon recognizable by 

the mutant TeBuster transposase.  

[0020] Yet another aspect of the present disclosure provides a method comprising: introducing 

into a cell the fusion transposase as described herein and a transposon recognizable by the fusion 

transposase.  

[0021] In some embodiments of a method, the introducing comprises contacting the cell with a 

polinucleotide encoding the mutant TcBuster transposase or the fusion transposase. In some 

embodiments, the polynucleotide comprises DNA that encodes the mutant TcBuster transposase 

orthe fusion transposase. In some embodiments, the polynucleotide comprises nessenger RNA 

(mRNA) that encodes the mutant TeBuster transposase or the fusion transposase. In some 

embodiments, the mRNA is chemically modified.  

[0022] In some embodimentsof amethod, the introducing comprises contacting the cell with a 

DNA vector that contains the transposon. In some embodiments,the DNA vectorcomprisesa 

mini-circle plasmid. In some embodiments, the introducing comprises contacting the cell with a 

plasmid vector that contains both the transposon and the polynucleotide encoding the mutant 

TcBuster transposase or the fusion transposase. In some embodiments, the introducing 

comprises contacting the cell with the mutant TcBuster transposase or the fusion transposase as a 

purified protein.  

[0023] In some embodiments of a method, the transposon comprises a cargo cassette positioned 

between two inverted repeats. In some embodiments, a left inverted repeat of the two inverted 

repeats comprises a sequence having at least 50%, at least 60%, at least 80%, at least 90%, at 

least 95%, at least 98%. or at least 99% identityto SEQ ID NO: 3. In some embodiments, a left 

inverted repeat of the two inverted repeats comprises SEQ ID NO: 3. In some embodiments, a 

right inverted repeat of the two inverted repeats comprises a sequence having at least 50%, at 

least 60%. at least 80%, at least 90%, at least 95%, at least 98%, or at least 99% identity to SEQ 

ID NO: 4. In some embodiments, a right inverted repeat of the two inverted repeats comprises 

SEQID NO: 4. In some embodiments, a left inverted repeat of the two inverted repeats
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comprises a sequence having at least 50%, at least 60%, at least 80%, at least 90%, at least 95%, 

at least 98%. orat least 99% identityto SEQ ID NO: . In some embodiments, a left inverted 

repeat of the two inverted repeats comprises SEQ ID NO: 5. In some embodiments, a right 

inverted repeat of the two inverted repeats comprises a sequence having at least 50%, at least 

60%. at least 80%, at least 90%, at least 95%, at least 98%. or at least 99% identity to SEQ ID 

NO: 6. In some embodiments, a right inverted repeat of the two inverted repeats comprises SEQ 

ID NO: 6. In some embodiments, the cargo cassette comprises a promoter selected from the 

group consisting of CMV, EFS, MND, EFict, CAGCs, PGK, UBC, U6, HI, and Cumate. In 

some embodiments, the cargo cassette comprises a CMV promoter. In some embodiments, the 

cargo cassette is present in a forward direction. In some embodiments, the cargo cassette is 

present in a reverse direction. In some embodiments, the cargo cassette comprises a transgene.  

In some embodiments, the transgene codes for a protein selected from the group consisting of: a 

cellular receptor, an immunological checkpoint protein, a cytokine, and any combination thereof 

In some embodiments, the transgene codes for a cellular receptor selected from the group 

consisting of a T cell receptor (TCR), a B cell receptor (BCR), a chimeric antigen receptor 

(CAR), or any combination thereof. In some embodiments, the introducing comprises 

transfecting the cell with the aid of electroporation, microinjection, calcium phosphate 

precipitation, cationic polymers, dendrimers, liposome, microprjectile bombardment, fugene, 

direct sonic loading, cell squeezing, optical transfection, protoplast fusion, impalefection, 

magnetofection, nucleofection, or any combination thereof In some embodiments, the 

introducing comprises electroporating the cell.  

[0024] In some embodiments of a method, the cell is a primary cell isolated from a subject. In 

some embodiments, the subject is a human. In some embodiments, the subject is a patient with a 

disease. In some embodiments, the subject has been diagnosed with cancer or tumor. In some 

embodiments, the cell is isolated from blood of the subject. In sonic embodiments, the cell 

comprises a primary immune cell. In some embodiments, the cell comprises a primary 

leukocyte. In some embodiments, the cell comprises a primary T cell. In some embodiments, 

the primary T cell comprises a gamma delta T cell, a helper T cell, a memory T cell, a natural 

killer T cell, an effectorT cell, or any combination thereof In some embodiments, the primary 

immune cell comprises a CD3+ cell. In some embodiments, the cell comprises astem cell. In 

some embodiments, the stem cell is selected from the group consisting of embryonic stem cell, 

hematopoitic stem cell, epidermal stem cell, epithelial stem cell, bronchoalveolar stem cell, 

mammary stem cell, mesenchymal stem cell, intestine stem cell, endothelial stem cell, neural 
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stem cell, olfactory adult stem cell, neural crest stem cell, testicular cell, and any combination 

thereof. In some embodiments, the stem cell comprises induced pluripotentstem cell.  

[0025] Yet another aspect of the present disclosure provides a method of treatment, 

comprising:(a)introducing into a cell a transposon and the mutant TcBuster transposase or the 

fusion transposase as described herein, which recognize the transposon, thereby generating a 

genetically modified cell; (b) administering the genetically modified cell to patient in need of 

the treatment. In some embodiments, the genetically modified cell comprises a transgene 

introduced by the transposon. In some embodiments, the patient has been diagnosed with cancer 

ortumor. In some embodiments, the administering comprisestransfusingthe genetically 

modified cell into blood vessels of the patient.  

100261 Yet another aspect of the present disclosure provides a system for genome editing, 

comprising: the mutant TcBuster transposase or fusion transposase as described herein, and a 

transposon recognizable by the mutant TcBuster transposase or the fusion transposase.  

[0027] Yet anotheraspect of the present disclosure provides a system forgenome editing, 

comprising: the polynucleotide encoding a mutant TcBuster transposase or fusion transposase as 

described herein, and a transposon recognizable by the mutant TcBuster transposase or the 

fusion transposase.  

100281 In some embodiments of a system, the polyncleotide comprises DNA that encodes the 

mutant TcBuster transposase or the fusion transposase. In some embodiments, the 

polyinucleotide comprises messenger RNA (mRNA) that encodes the mutant TcBuster 

transposase or the fusion transposase. In some embodiments., the mRNA is chemically modified.  

In some embodiments, the transposon is present in a DNA vector. In some embodiments, the 

DNA vector comprises a mini-circle plasmid. In some embodiments, the polynucleotide and the 

transposon are present in a same plasmid. In some embodiments, the transposon comprises a 

cargo cassette positioned between two inverted repeats. In some embodiments, a left inverted 

repeat of the two inverted repeats comprises a sequence having at least 50%, at least 60%. at 

least 80%, at least 90%, at least 95%, at least 98%, or at least 99% identity to SEQ ID NO: 3. In 

some embodiments, a left inverted repeat of the two inverted repeats comprises SEQ ID NO: 3.  

In some embodiments, a right inverted repeat of the two inverted repeats comprises a sequence 

having at least 50%, at least 60%, at least 80%, at least 90%, at least 95%, at least 98%. or at 

least 99% identity to SEQ ID NO: 4. In some embodiments, a right inverted repeat of the two 

inverted repeats comprises SEQ ID NO: 4. In some embodiments, a left inverted repeat of the 

two inverted repeats comprises a sequence having at least 50%, at least 60%, at least 80%, at 

least 90%, at least 95%, at least 98%. or at least 99% identity to SEQ ID NO 5. In some
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embodiments, a left inverted repeat of the two inverted repeats comprises SEQ ID NO: 5. In 

some embodiments, a right inverted repeat of the two inverted repeats comprises a sequence 

having at least 50%. at least 60%, at least 80%, at least 90%, at least 95%, at least 98%. or at 

least 99% identity to SEQ ID NO: 6. In some embodiments, a right inverted repeat of the two 

inverted repeats comprises SEQ ID NO: 6. In some embodiments, the cargo cassette conprises a 

promoter selected from the group consisting of CMV, EFS, MND, EFIox, CAGCs, PGK, UBC, 

U6, H., and Cumate. In some embodiments, the cargo cassette comprises a CMV promoter. In 

some embodiments, the cargo cassette comprises a transgene. II some embodiments, the 

transgene codes for a protein selected from the group consisting of: a cellular receptor, an 

immunological checkpoint protein, a cytokine, and any combination thereof. Insome 

embodiments, the transgene codes for a cellular receptor selected from the group consisting of: a 

T cell receptor (TCR), a B cell receptor (BCR), a chimeric antigen receptor (CAR), or any 

combinationthereof. In some embodiments, the cargo cassette is present in forward direction.  

In some embodiments, the cargo cassette is present in a reverse direction.  

INCORPORATION BY REFERENCE 

[0029] All publications, patents, and patent applications mentioned i this specification are 

herein incorporated by reference to the same extent as if each individual publication, patent, or 

patentapplication was specifically and individually indicated to be incorporated by reference.  

To the extent that a tern incorporated by reference conflicts with a term defined herein, this 

specification controls.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] 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 of which: 

[0031] Fig. I shows the transposition efficiency of several exemplary TcBuster transposon 

vector constructs, as measured by percent of mCherry positive cells in cells that were transfected 

with wild-type (WT) TeBuster transposase and the exemplary TcBuster transposons.  

[0032] Fig.2 shows nucleotide sequence comparison ofexemplaryTcBuster IR/DR-sequence 

I and sequence 2.  

100331 Fig. 3A shows representative bright-field and fluorescent images of HEK-293T cells 2 

weeks after transfection with exemplary TcBuster transposon Tn-8 (containing puro-mCherry 
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cassette; illustrated in Fig. 1) and WITcBuster transposase or V596A mutant transposase 

(containing V596A substitution). The transfected cells were plated in 6-well plate with I tg/mL 

puromycin 2 days posttransfection, and were fixed and stained 2 weeks posttransfection with 

crystal violet for colony quantification. Fig. 3B shows representative pictures of the transfected 

cell colonies in 6-well plate 2 weeks posttransfection. Fig. 3C is a graph showing the 

quantification of colonies per each transfection condition 2 weeks posttransfection.  

[0034] Fig. 4 depicts the amino acid sequence alignment of TcBustertransposase versus a 

number of transposases in AC subfamily, withonly regions of amino acid conservation being 

shown.  

[0035] Fig. 5 depicts the amino acid sequence aigniiment ofTcBuster transposase versus a 

number of other transposase members in Buster subfamily. Certain exemplary amino acid 

substitutions are indicated above the protein sequences, along with the percentage shown on top 

of the alignment is the percentage of other Buster subfamily members that contain the amino 

acid that is contemplated being substituted into the TcBuster sequence, and the percentage 

shown below is the percentage of other Buster subfamily members that contain the canonical 

TcBuster amino acid at that position.  

[0036] Fig. 6 shows a vector map of an exemplary expression vector pcDNA-DEST40 that was 

used to test TcBuster transposase mutants.  

[0037] Fig. 7 is agraph quantifying thetranspositionefficiency of exemplaryTcBuster 

transposase mutants, as measured by percent of mCherry positive cells in HEK-293T cells that 

were transfected with TcBuster transposon Tn-8 (illustrated in Fig.I) with the exemplary 

transposase mutants.  

[0038] Fig.8 depicts one exemplary fusion transposase that contains a DNA sequence specific 

binding domain and a TcBuster transposase sequence joined by an optional linker.  

[0039] Fig. 9 is a graph quantifying the transposition efficiency of exemplary TcBuster 

transposases containing different tags as measured by percent of mCherrv positive cells in HEK

293T cells that were transfected with TcBuster transposon Tn-8 (illustrated in Fig. 1) with the 

exemplary transposases containing the tags.  

100401 Fig. 10A is a graph quantifying the transposition efficiencyof exemplaryTcBuster 

transposition systems in human CD3+ T cells as measured by percent of GFP positive cells. Fig.  

IOB is a graph quantifying viability of the transfected T cells 2 and 7 days post-transfection by 

flow cytometry. Data is relative to pulse control.  

[0041] Fig.11 shows amino acid sequence of wild-typeTcBuster transposase with certain 

amino acids annotated (SEQ ID NO: 1).  
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[0042] Fig. 12 shows amino acid sequence ofmutantTcBustertransposase containing amino 

acidsubstitutionsD189A/V377T/E469K(SEQIDNO: 78).  

[0043] Fig. 13 shows amino acid sequence of mutant TcBuster transposase containing amino 

acid substitutions DI89A/V377T/E469K/I452K(SEQ ID NO: 79).  

[0044] Fig. 14 shows amino acid sequence of mutant TcBuster transposase containing amino 

acid substitutions D189A/V377T/E469K/N85S (SEQ ID NO: 80).  

[0045] Fig. 15 shows amino acid sequence ofmutantTcBustertransposase containing amino 

acid substitutions D189A/V377T/E469K/A358K (SEQ ID NO: 81).  

[0046] Fig. 16 shows amino acid sequence of mutant TcBuster transposase containing amino 

acid substitutions DI89A/V377T/E469K/K573E/E578L (SEQ ID NO: 13).  

DETAILED DESCRIPTION OF THE INVENTION 

[0047] Overview 

[0048] DNA transposons can translocate via a non-replicative, 'cut-and-paste' mechanism.  

This requires recognition of the two terminal inverted repeats by a catalytic enzyme, i.e.  

transposase, which can cleave its target and consequently release the DNA transposon from its 

donor template. Upon excision, the DNA transposons may subsequently integrate into the 

acceptor DNA that is cleaved by the same transposase. In some of their natural configurations, 

DNA transposons are flanked by two inverted repeats and maycontain a gene encoding a 

transposase that catalyzes transposition.  

[0049] For genome editing applications with DNA transposons, it is desirable to design a 

transposon to develop a binary system based on two distinct plasmids whereby the transposase is 

physically separated from the transposon DNA containing the gene of interest flanked by the 

inverted repeats. Co-delivery of the transposon and transposase plasmids into the target cells 

enables transposition via a conventional cut-and-paste mechanism.  

[0050] TcBuster is a member of the hAT family of DNA transposons. Other members of the 

family include Sleeping Beauty and PiggBac. Discussed herein are various devices, systems and 

methods relating to synergistic approaches to enhance gene transfer into human hematopoietic 

and immune system cells using hAT famiilytransposon components. The present disclosure 

relates to improved hAT transposases, transposon vector sequences, transposase delivery 

methods, and transposon delivery methods. In one implementation, the present study identified 

specific, universal sites for making hyperactive hAT transposases. In another implementation, 

methods for making minimally sized hAT transposon vector inverted terminal repeats (ITRs) 

that conserve genomic space are described. In another implementation, improved methods to 
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deliver hATfrmily transposases as chemically modified in vitro transcribed mRNAs are 

described. In another implementation, methods to deliver AT family transposon vectors as 

"miniature"circles of DNA are described, in which virtually all prokaryotic sequences have been 

removed by a recombination method. In another implementation, methods to fuse DNA 

sequencespecificbindindomains using transcription activator-like (TAL) domains fused to the 

hAT transposases are described. These improvements, individuallyor in combination, can yield 

unexpectedly high levels of gene transfer to the cell types in question and improvements in the 

delivery of transposon vectors to sequences of interest.  

[0051] Mutant TeBuster Transposase 

[0052] One aspect of the present disclosure provides amutant TcBuster transposase. Amutant 

TcBuster transposase may comprise one or more amino acid substitutions in comparison to a 

wild-type TeBuster transposase (SEQ ID NO: 1).  

[0053] A mutant TcBuster transposase can comprise an amino acid sequence having at least 

70% sequence identity to full length sequence of a wild-type TcBuster transposase (SEQ ID NO: 

1). In some embodiments, a mutant TBuster transposase can comprise an amino acid sequence 

having at least 40%. at least 50%. at least 60%, at least 70%, at least 80%, at least 90%. at least 

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

sequence of a wild-type TcBuster transposase (SEQ ID NO: 1). In some cases. a mutant 

TcBuster transposase can comprise an amino acid sequence having at least 98%. at least 98.5%, 

at least 99% at least 99.1%, at least 99.2%, at least 993%, at least 99.4%, at least 99.5% at least 

99.6%, at least 99.7%, at least 99.8%, at least 99.9%., orat least 99.95% sequence identityto full 

length sequence of a wild-type TcBuster transposase (SEQ ID NO: 1).  

[0054] A mutantTcBustertransposase can compise an amino acid sequencehaving,atleast 

one amino acid different from full length sequence of a wild-type TcBuster transposase (SEQ ID 

NO: 1). In some embodiments, a mutantTcBuster transposase can comprise an amino acid 

sequence having at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 

9, at least 10, or more amino acids different from fll length sequence of a wild-type TcBuster 

transposase (SEQ ID NO: 1). In some cases, a mutant TcBuster transposase can comprise an 

amino acid sequence having at least 5, at least 10, at least 20, at least 30, at least 40, at least 50, 

at least 60, at least 70, at least 80, at least 90, at least 100, at least 200, or at least 300 amino acid 

different from full length sequence of a wild-type TeBuster transposase (SEQ ID NO. I). In 

some cases. a mutant TeBuster transposase can comprise an amino acid sequence having at most 

3, at most 6, at most 12, at most 25, at most 35, at most 45, at most 55, at most 65, at most 75, at 
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most 85, at most 95, at most 150, at most 250, orat most 350 amino acid different from full 

length sequence of a wild-type'TcBuster transposase (SEQ ID NO: 1).  

[0055] AsshowninFig.4,typically, a wild-type TeBuster transposase can be regarded as 

compriingfrom Nterminusto Cterminus, aZnF-BEDdomain (amino acids 76-98), a DNA 

Binding and Oligomerization domain (amino acids 112-213), a first Catalytic domain (amino 

acids 213-312), an Insertion domain (amino acids 312-543), and a second Catalytic domain 

(amino acids 583-620), as well as at least four inter-domain regions in between these annotated 

domains. Unless indicated otherwise, numerical references to amino acids, as used herein, are 

all in accordance to SEQ ID NO: 1. A mutant TcBuster transposase can comprise one or more 

amino acid substitutions in any one of these domains, or any combination thereof Insome 

cases, a mutant TcBuster transposase can comprise one or more amino acid substitutions in ZnF

BED domain, a DNA Binding and Oligomerization domain, a first CataMic domain, an 

Insertion domain, or a combination thereof. A mutant TcBuster transposase can comprise one or 

more amino acid substitutions in at least one of the two catalytic domains.  

[0056] An exemplary mutant TcBuster transposase can comprise one or more amino acid 

substitutions from Table 1. Sometimes, a mutant TcBuster transposase can comprise at least one 

of the amino acid substitutions from Table 1. A mutant TcBuster transposase can comprise at 

least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at 

least 20, at least 30, or more of the amino acid substitutions from Table I 

Table 1 

Amino Acid of Wild-type 
TcBuster Transposase (SEQ ID Amino Acid Substitution 

NO: 1) 

Q82 Q82E 
N85 N85S 

D99 D99A 

D132 D132A 

Q151 Q151S 
Q151 Q151A 
E153 E153K 

E153 E153R 

A154 A154P 

Y155 Y155H 

E159 E159A 

T171 T 17 1R T17 I T'7 IR 

K177 K177E 

D183 D183K 
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D183 D183R 

D189 D189A 
T191 T191E 
S193 S191K 

S193 S193R 
Y01[ Y20OIA 

F202 F202D 

F7202 17202K 

N23 C2031 
C203 C203V 
Q221 Q221T 
0222 M2221, 
1223 1223Q 
E224 E 224 0 
S225 S225W 
D227 D227A 

R2 1)9 R239H 

1724 3 E243A 

E7247 E7247K 

P257 P257K 

P257 P2 5R 

Q258 0258T 

E7263 E263A 

E7263' E263K 

E7263 E7263R 

E27,4 E274K 

17274 17274R 

S278 S278K 

N281 N281E7 
L 282 L282K 

L,282 1,282R 

K 292 K292P 

N12 9 ,1 V297K 

K21)9 K299S 
A'103 A303T 

H322 H32217 
A332 A332S 

-- ---- ----- ----- ----- ---A ----- ----5 8- --- --- -- ------ ------ ------ ------- ------ ------ ----
A358 A358E 
A358 A358K 

D376 D376A 
V377 V3"!7T 

L380 L38ON 
1398 1398D 

1398 U98S 

1398 1-398K 
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F400 F400L 

V431 V431L 

S447 S447E 

N450 N450K 

N450 N450R 

1452 1452F 

E469 E469K 

K469 K469K 

P510 P510D 

P510 P51ON 

E517 E517R 

R536 R536S 

V553 V553S 

P554 P554T 

P559 P559D 

P559 P559S 

P559 P559K 

K573 K573E 

E578 E5781, 

K590 K590T 

Y595 Y595L 

V596 V596A 

T598 T5981 

K599 K599A 

Q615 Q615A 
T618 T618K 

T618 T618K 

T618 T618R 

D622 D622K 

D622 D622R 

E5275 E5275K 

100571 An exemplary mutant TcBuster transposase comprises one ormore amino acid 

substitutions, or combinations of substitutions, from Table 2. Sometimes, a mutant TeBuster 

transposase can comprise at least one of the amino acid substitutions, or combinations of 

substitutions, from Table 2. A mutant TcBuster transposase can comprise at least 2, at least 3, at 

least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 20, at least 30, or 

more of the amino acid substitutions, or combinationsof substitutions, from Table 2.  
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Table 2 

IAmino Acid of Wild-type 
ITeBuster Transposase (SEQ Ainino Acid Substitution 
I1IDNO: 1) 

V37 7and E469 V377T/E 469K 

V377, E469, and R536S \''7/469K/R536S 

A332 A332S 
V553 and P554 V551S/P554T 

E517 E51'7R, 

K/299 K299S 

Q615 and T618 Q615A,T6]SK 

S2'78 S278K 
A303 A303T 

P510 P510D 

P510 P51ON 

N281 N281S 

N2'81 N281E 
K590 K590T 

E527f P5275K 
Q258 Q258T 
E247 E247K 

S44.7 1,447E 
N 8 N85S 

V2 97 V297K 

A158 A358K 

1452 145/2F 

V377, E469, D189 V 3 7 TTE46 9 K/D18 9A 

K57 1, E578 K5'73E/F5'78L 
14152V377, E469, D189 1 52 F!1/37 T E169 KiD 18 9A 
A3 58, V377,PE469, D189 A3 5SK /V3 - 7'/Tp469 'D/D18 QA 

K573,L578,V377P46(,D 189 K57'±',L:58IL377/13,469K/DI 89A 

T171 '1'71R 

D183 D183R 

S193 S19')R 
P254;7 P257K 
E263 E263R 

1282 1,282K 

T618 T6 18 K 

D622 D622R 
E153 P153K 

N450 N450K 

T1J71 TI7IK 
D183 1)3K 

S193 S193K 
P257 P257R 
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E263 E263K 

L282 L282R 

T618 T618R 

D622 D622K 

E153 E153R 

N450 N450R 

E247 E274, V297,A358 E247K1E2'74K/V297K/A358K 

100581 An exemplary mutant TcBuster transposase comprises one or more amino acid 

substitutions, orcombinationsof substitutions, from Table 3. Sometimes,a mutant TcBuster 

transposase can comprise at least one of the amino acid substitutions, or combinations of 

substitutions, from Table 3. A mutant TcBuster transposase can comprise at least 2, at least 3, at 

least 4, at least 5, at least 6. at least 7, at least 8, at least 9, at least 10, at least 20, at least 30, or 

more of the amino acid substitutions, or combinations of substitutions, from Table 3.  

Table 3 

Amino Acid of Wild-type 
TcBuster Transposase Amino Acid Substitutions 
(SEQ ID NO: 1) 

V377 and E469 V377T/E469K 

V377, E469, and R536S V377T/E469K/R536S 

A332 A332S 

V553 and P554 V553S/P554T 

E517 E517R 

K299 K299S 

Q615 andT618 Q615A/T618K 

S278 S278K 

A303 A303T 

P510 P510D 

P510 P5ION 

N281 N281S 

N281 N281E 

K590 K590T 

E5275 E5275K 

Q258 Q258T 

E247 E247K 

S447 S447E 

N85 N85S 

V297 V297K 

A358 A358K 

1452 1452F 

V3'77, E469, D189 V377T/E469K/D189A 

K573. E578 K573E/E578L 
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[0059] Hyperactive mutant TeBuster transposase 

[0060] Another aspect of the present disclosure is to provide ahyperactive mutant'TcBuster 

transposase. A "hyperactive" mutant TcBuster transposase, as used herein, can refer to any 

mutant TcBuster transposase that has increased transposition efficiency as compared to a wild

type TcBuster transposase having amino acid sequence SEQID NO: I.  

[0061] In some embodiments, a hyperactive mutant TcBuster transposase mayhave increased 

transposition efficiency under certain situations as compared to a wild-type TcBuster transposase 

having amino acid sequence SEQ ID NO: 1. For example, the hyperactive mutant TcBuster 

transposase may have better transposition efficiency than the wild-type TcBuster transposase 

when being used to catalyze transposition of transposons having particular types of inverted 

repeat sequences. It is possible that with some other transposons having other types of inverted 

repeat sequences, the hyperactive mutant TeBuster transposase does not have increased 

transposition efficiency in comparison to the wild-type TcBuster transposase. In some other 

non-limiting examples, the hyperactive mutant TcBuster transposase may have increased 

transpositioefficiencyin comparison to a wild-type TcBuster transposase having amino acid 

sequence SEQID NO: 1, under certain transfection conditions. Without being limited, when 

compared to a wild-type TcBuster transposase, a hyperactive mutant TcBuster transposase may 

have better transposition efficiency when the temperature is higher than normal cell culture 

temperature; a hyperactive mutant TcBuster transposase may have better transposition efficiency 

in a relative acidic or basic aqueous medium; a hyperactive mutant TcBuster transposase may 

have better transposition efficiency when a particular type of transfection technique (e.g.  

electroporation) is performed.  

[0062] Transposition efficiency can be measured bythe percent of successful transposition 

events occurring in a population of host cells normalized by the amount of transposon and 

transposase introduced into the population of host cells. In many instances, when the 

transposition efficiency of two or more transposases is compared, the same transposon construct 

is paired with each of the two or more transposases for transfection of the host cells under same 

or similar transfection conditions. The amount of transpositioneventsinthehostcellscanbe 

examined byvariousapproaches. For example, the transposon construct may be designed to 

contain a reporter gene positioned between the inverted repeats, and transfected cells positive for 

the reporter gene can be counted as the cells where successful transposition events occurs, which 

can give an estimate of the amount of the transposition events. Another non-limiting example 

includes sequencing of the host cell genome to examine the insertion of the cassette cargo of the 

transposon. In some embodiments, when the transposition efficiency of two or more different 
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transposons is compared, the same transposase can be paired with each of the different 

transposons for transfection of the host cells under same or similar transfection conditions.  

Similar approaches can be utilized for the measurement of transposition efficiency. Other 

methods known to one skilled in the art may also be implemented for the comparison of 

transposition efficiency.  

[0063] Also provided herein are methodsofobtaining ahyperactive mutantTcBuster 

transposase.  

[0064] One exemplary method can comprise systemically mutating amino acids of TcBuster 

transposase to increase a net charge of the amino acid sequence. Sometimes, the method can 

comprise performing systematic alanine scanning to mutate aspartic acid (D) or glutamic acid 

(E), which are negatively charged at a neutral pH, to alanine residues. A method can comprise 

performing systemic mutation to lysing (K) or arginine (R) residues, which are positively 

charged at a neutral p1.  

[0065] Withoutwishing to be bound byaparticulartheory, increase in a net charge of the 

amino acid sequence at a neutral pH may increase the transposition efficiency of the TcBuster 

transposase. Particularly, when the net charge is increased in proximity to a catalytic domainof 

the transposase, the transposition efficiency is expected to increase. It can be contemplated that 

positivelycharged amino acids can form points of contact with DNA target and allow the 

catalytic domains to act on the DNA target Itmayalsobecontemplatedthatlossofthese 

positively charged amino acids can decrease either excision or integration activity in 

transposases.  

[0066] Fig.11 depictsthe W'TTcBustertransposase amino acid sequence, highlightingamino 

acids that may be points of contact with DNA In Fig. 11, large bold lettering indicates catalytic 

triad amino acids; lettering with boxes indicates amino acids that when substituted to a positive 

charged amino acid increases transposition; italicized and lowercased lettering indicates positive 

charged amino acids that when substituted to a different amino acid decreases transposition; bold 

italicized and underlined indicates amino acids that when substituted to apositive charged amino 

acid increases transposition, and when substituted to a negative charged amino acid decreases 

transposition; underlined lettering indicates amino acids that could be positive charged amino 

acids based on protein sequence alignment to the Buster subfamily.  

100671 A mutant TcBustertransposase can comprise one or more amino acid substitutions that 

increase a net charge at a neutral pH in comparison to SEQ ID NO: 1. Sometimes, a mutant 

TcBuster transposase comprising one or more amino acid substitutions that increase a net charge 

at a neutral p1- in comparison to SEQID NO: I can be hyperactive. Sometimes, the mutant 
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TcBuster transposase can comprise one or more substitutions to a positively charged amino acid, 

such as, but not limited to, lysine (K) or arginine (R). A mutant'TcBuster transposase can 

comprise one or more substitutions of a negatively charged amino acid, such as, but not limited 

to, aspartic acid (D) or glutamic acid (E), with a neutral amino acid, or a positively charged 

amino acid.  

[0068] One non-limiting example includes amutant TcBustertransposasethat comprises one 

or more amino acid substitutions that increase a net charge at a neutral p-I within or in proximity 

to a catalytic domain in comparison to SEQ ID NO: 1. The catalytic domain can be the first 

catalytic domain or the second catalytic domain. The catalytic domain can also includeboth 

catalytic domains of the transposase.  

100691 Anexemplarymethod of thepresentdisclosure can comprise mutating amino acids that 

are predicted to be in close proximity to, or to make direct contactwith, the DNA. These amino 

acids can be substituted amino acids identified as being conserved in other member(s) of the 

hAT family (e.g., other members of the Buster and/or Ac subfamiiies). The amino acids 

predicted to be in close proximity to, or to make direct contact with, the DNA can be identified.  

for example, by reference to a crystal stmcture, predicted structures, mutational analysis, 

functional analysis, alignment with other members of the hAT family, or any other suitable 

method.  

[0070] Withoutwishingto be bound byaparticulartheory, TcBustertransposase, like other 

members of the hAT transposase family, has a DDE motif, which may be the active site that 

catalyzes the movement of the transposon. It is contemplated that D223, D289, and E589make 

up the active site, which is a triad of acidic residues. The DDE motif may coordinate divalent 

metal ions and can be important in the catalytic reaction. In some embodiments, a mutant 

TcBuster transposase can comprise one or more amno acid substitutions that increase a net 

charge at a neutral pH in comparison to SEQ ID NO: 1. and the one or more amino acids are 

located in proximity to D223, D289, or E589, when numbered in accordance to SEQ ID NO: 1.  

[0071] In certain embodiments, mutant TcBuster transposase as provided herein does not 

comprise any disruption of the catalytic triad, i.e. D223, D289, or E589. A mutant TcBuster 

transposase may not comprise any amino acid substitution at D223, D289, or E589. A mutant 

TcBuster transposase may comprises amino acid substitution at D223, D289, or E589, but such 

substitution does not disrupt the catalytic activity contributed by the catalytic triad.  

100721 In some cases, the term "proximity" can refer to a measurement of a linear distance in 

the primary structure of the transposase. For instance, the distance between D223 and D289 in 

the primary structure of a wild-type TcBuster transposase is 66 amino acids. In certain 
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embodiments, the proximity can refer to a distance of about 70 to 80 amino acids. In many 

cases. the proximity can refer to a distance of about 80, 75, 70, 60, 50, 40, 30, 20, 10, or 5 amino 

acids.  

100731 In some cases, the term "proximity" can referto a measurement of a spatial relationship 

in the secondaryor tertiary structure of the transposase, i.e. when the transposase folds into its 

three dimensional configurations. Protein secondary structure can refer to three dimensional 

form of local segments of proteins. Common secondary structural elements include alpha 

helices, beta sheets, beta turns and omega loops. Secondary structure elements may form as an 

intermediate before the protein folds into its three dimensional tertiary structure. Protein tertiary 

structure can refer tothe three dimensional shape of a protein. Protein tertiary structure may 

exhibit dynamic configurational change under physiological or other conditions. The tertiary 

structure will have a single polypeptide chain "backbone" with one or more protein secondary 

structures, the protein domains. Amino acid side chains may interact and bond in a number of 

ways. The interactions and bonds of side chains within a particular protein determine its tertiary 

structure. In many implementations, the proximity can refer to a distance of about IA, about 2A, 

about 5A, about 8A, about 10A, about 15A. about 20A, about 25A, about 30A, about35A., about 

40A, about 50A, about 60,. about 70A, about 80A, about 90A, or about 100A.  

100741 A neutral pH can be a pH value around 7. Sometimes, a neutral p-I can be a pH value 

between 6.9 and 7.1, between 6.8 and 7.2, between 6.7 and7.3, between 6.6 and 7.4, between 6.5 

and 7.5, between 6.4 and 76, between 6.3 and 7.7, between 6.2-7.8, between 6.1-7.9, between 

6.0-8.0, between 5-8, or in a range derived therefrom.  

[0075] Non-limiting exemplarymutant TcBustertransposasesthatcompriseone or more anino 

acid substitutions that increase a net charge at a neutral pH in comparison to SEQ ID NO: 1 

include TcBuster transposases comprising at least one of the combinations of amino acid 

substitutions from Table 4. A mutantTcBuster transposase can comprise at least 2. at least 3, at 

least 4, at least 5, at least 6, at least 7, at least 8. at least 9, at least 10, at least 20, at least 30, or 

more of the amino acid substitutions from Table 4.  

[0076] Insome embodiments, amutant TeBustertransposase cancomprise one ormore amino 

acid substitutions thatincrease a net charge at a non-neutralpHincomparisontoSEQIDNO:1 

In some cases, the net charge is increased within or in proximity to a catalytic domain at a non

neutral pH. In many cases, the net charge is increased in proximity to D223, D289, or E589, at a 

non-neutral pH. The non-neutral pH can be a pH value lower than 7, lower than 6.5, lower than 

6, lower than 5.5, lower than 5, lower than 4.5, lower than 4, lower than 3.5, lower than 3, lower 

than 2.5, lower than2, lower than I.S, or lower than 1. The non-neutral p-I can also be a pH 
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value higher than 7, higher than 7.5, higher than 8, higher than 8.5, higher than 9, higher than 

9.5, or higher than 10.  

Table 4 

Amino Acid of Wild-type 
TcBuster Transposase Amino Acid Substitutions 
(SEQ ID NO: 1) 

E247 E247K 
E274 E274K 
V297 V297K 
A358 A358K 
S278 S278K 
E247 E247R 
E274 E274R 
V297 V297R 
A358 A358R 
S278 S278R 
T171 T171R 
D183 D183R 
S193 S193R 
P257 P257K 
E263 E263R 
L282 L282K 
T618 T618K 
D622 D622R 
E153 E153K 
N450 N450K 
T171 T171K 
D183 D183K 
S193 S193K 
P257 P257R 
E263 E263K 
L282 L282R 
T618 T618R 
D)622 D622K 
E153 E153R 
N450 N450R 

100771 In one exemplary embodiment, amethod can comprise systemically mutating amino 

acids in the DNA Binding and Oligomerization domain. Withoutwishing to be bound by a 

particular theory, mutation in the DNA Binding and Oligonerization domain may increase the 

binding affinity to DNA target and promote oligomerization activity of the transposase, which 

consequentially may promote transposition efficiency. More specifically, the method can 

comprise systemically mutating amino acids one by one within or in proximity to the DNA 
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Binding and Oligomerization domain (e.g., amino acid 112 to 213). The method can also 

comprise mutating more than one amino acid within or in proximity to the DNA Binding and 

Oligomerization domain. The method can also comprise mutating one or more amino acids 

within or in proximity to the DNA Binding and Oligomerization domain, together with one or 

more aminoacidsoutside the DNA Bindingand Oigomerization domain.  

[0078] In some embodiments, the method can comprise performing rational replacement of 

selective amino acid residues based on multiple sequence alignments of TcBuster with other 

hAT family transposases (Ac, Hennes, Hobo, Tag2, Tam3. Hennes, Restless and Tol2) or with 

other members of Buster subfamily (e~g., AeBusterl, AeBuster2, AeBuster3, BtBusterl, 

BtBuster2, CfBustrl, and CfBuster2). Without being bound by a certain theory, conservancy of 

certain amino acids among other hAT family transposases, especially among the active ones, 

may indicate their importance for the catalytic activity of the transposases. Therefore, 

replacement of unconserved amino acids in wild-type TcBuster sequence (SEQ ID NO: 1) with 

conserved amino acids among other hAT family may yield hyperactive mutant TcBuster 

transposase. The method may comprise obtaining sequences of TcBuster as well as other hAT 

family transposases; aligning the sequences and identifying the amino acids inTcBuster 

transposase with a different conserved counterpart among the other hAT family transposases; 

performing site-directed mutagenesis to produce mutant TcBuster transposase harboring the 

mutation(s).  

[0079] A hyperactive mutantTcBustertransposase can comprise oneorimore amino acid 

substitutions based on alignment to other members of Buster subfamily or other members of 

hAT family. In many cases, the one or more amino acid substitutions can be substitutions of 

conserved amino acid for the unconserved amino acid in wild-type TcBuster sequence (SEQ ID 

NO: 1). Non-limiting examples of mutant TcBuster transposases include TcBuster transposases 

comprising at least one of the amino acid substitutions from Table 5. A mutantTcBuster 

transposase can comprise at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, 

at least 9, at least 10, at least 20, at least 30, or more of the amino acid substitutions from Table 

5.  

[0080] Another exemplary method can comprise systemically mutating acidic amino acids to 

basic amino acids and identifying hyperactive mutant transposase.  

100811 In some cases, mutant TcBuster transposase can comprise amino acid substitutions 

V377T, E469KandD189A. A mutant TcBuster transposase can comprise amino acid 

substitutions K573EandE578L AmutantTcBustertransposasecancompriseanmino acid 

substitution 1452K. A mutant TcBuster transposase can comprise amino acid substitution 
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A3-58K. A mutant TcBuster transposase can comprise amino acid substitution V297K. A 

mutant TcBuster transposase cancomprise amino acid substitutionN85S Amutant TcBuster 

transposasecancomprise amino acidsibstitutionsN85S,V377T,E469K, andD189A. Amutant 

TcBuster transposase can comprise amino acid substitutions 1452F, V377T. E469K, nd D189A.  

A mutant TcBuster transposase can comprise amino acid substitutions A358K V377T. E469K, 

andD189A. A mutant'TcBustertransposase can comprise amino acid substitutionsV377T, 

E469K, D189A, K573E and E578L.  

Table 5 

Amino Acid of Wild-type 
TcBuster Transposase Amino Acid Substitution 

(SEQ ID NO: 1) 

Q151 Q151S 
Q151 Q151A 
A154 A154P 

Q615 Q615A 

V553 V553S 

Y155 Y155H 

Y201 Y201A 

F202 F202D 

F202 F202K 

C203 C2031 

C203 C203V 

F400 F400L 

1398 1398D 

1398 1398S 

1398 1398K 

V431 V431L 

P559 P559D 

P559 P559S 

P559 P559K 

M2 22 _ M222, 

[0082] Fusion Transposase 

[0083] Another aspect of the present invention provides a fusion transposase. The fusion 

transposase can comprise a TcBuster transposase sequence and a DNA sequence specific binding 

domain.  

[0084] The TcBustertransposase sequence of a fusion transposase can comprise an amino acid 

sequence of any of the mutant TcBuster transposases as described herein. The TeBuster 
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transposase sequence of a fusion transposase can also comprise an amino acid sequence of a 

wild-type TcBuster transposase having amino acid sequence SEQ ID NO: 1.  

[0085] A DNA sequence specific binding domain as described herein can refer to a protein 

domain that is adapted to bind to a DNA molecule at a sequence region ("target sequence") 

containing a specific sequence motif. For instance, an exemplary DNA sequence specific 

binding domain may selectively bind to a sequence motif TATA, while another exemplary DNA 

sequencespecific binding domain may selectively bind to a different sequence motif 

ATGCNTAGAT (N denotes any one of A, T, G, and C).  

[0086] A fusion transposase as provided herein may direct sequence specific insertion of the 

transposon. For instance, a DNA sequence specific binding domain may guide the fusion 

tmnsposase to bind to a target sequence based on the binding specificity of the binding domain.  

Being bound to or restricted to a certain sequence region may spatially limit the interaction 

between the fusion transposase and the transposon, thereby limiting the catalyzed transposition 

to a sequence region in proximity to the target sequence. Depending on the size, three

dimensional configuration, and sequence binding affinity of the DNA binding domain, as well as 

the spatial relationship between the DNA binding domain and the TcBuster transposase 

sequence, and the flexibility of the connection between the two domains, the distance of the 

actualtranspositionsitetothetarget sequence may vary. Proper design of the fusion transposase 

configuration can direct the transposition to a desirable target genomic region.  

[0087] Atarget genomicregion fortransposition canbe any particulargenomic region, 

depending on application purposes. For instance, sometimes, it is desirable to avoid 

transcription start sites for the transposition, which may cause undesirable, or even harmful, 

change in expression level of certain important endogenous gene(s) of the cell. A fusion 

transposase may contain a DNA sequence specific binding domain that can target the 

transposition to a safe harbor of the host genome. Non-limiting examples of safe harbors can 

include HPRT, AAVS site (e.g. AAVS1, AAVS2, ETC.), CCR5. orRosa26. Safe harbor sites 

can generally refer to sites for transgene insertion whose use exert little to none disrupting effects 

on genome integrity of the cell or cellular health and functions.  

[0088] A DNA sequence specific binding domainmaybe derived from, orbe a variant of any 

DNA binding protein that has sequence-specificity. In many instances, a DNA sequence specific 

binding domain may comprise an amino acid sequence at least 40%, at least 50%, at least 60%, 

at least70%, at least 80%, at least 90%, at least 95%, at least 98%, at least 99% or 100% 

identical to a naturally occurring sequence-specific DNA binding protein. A DNA sequence 

specific binding domain may comprise anamino acid sequence at least 70% identical to a 
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naturally occurring sequence-specific DNA binding protein. Non-limiting examples of a 

naturallyoccurring sequence-specific DNA binding protein include, but not limited to, 

transcription factors from various origins, specific-sequence nucleases, and viral replication 

proteins. A naturally occurring sequence-specific DNA binding protein can also be any other 

protein having the specific binding capability from various origins. Selection and prediction of 

DNA binding proteins can be conducted by various approaches, including, but not limited to, 

using computational prediction databases available online, like DP-Bind 

(http://lcg.rit.albany.edu/dp-bind/) or DNABIND (http://dnabind.szialab.org/) 

[0089] The term "transcription factor" can refer to a protein that controls the rate of 

transcription of genetic information from DNA to messenger DNA, by binding to a specific 

DNA sequence. A transcription factor that can be used in a fusion transposase described herein 

can be based on a prokaryotic transcription factor or a eukaryotic transcription factor, as long as 

it confers sequence specificity when binding to the target DNA molecule. Transcription factor 

prediction databases such as DBD (http://www.transcriptionfactor.org) may be used for selection 

of appropriate transcription factor for application of the disclosure herein.  

[0090] A DNA sequence specific binding domain as used herein cancomprise one or more 

DNA binding domain from a naturally occurring transcription factor. Non-limiting examples of 

DNA binding domains of transcription factors include DNA binding domains that belong to 

families like basic helix-loop-helix, basic-leucine zipper (bZIP), C-terminal effector domain of 

the bipartite response regulators, AP2/ERF/GCC box, helix-turn-helix, homeodomain proteins, 

lambda repressor-like, srf-like (serum response factor), paired box, winged helix, zinc fingers, 

multi-domain Cys2His2 (C2H2) zinc fingers, Zn2/Cvs6, or Zn2/Cys8 nuclear receptor zinc 

finger.  

[0091] A DNA sequence specific binding domain can bean artificially engineered amino acid 

sequence that binds to specific DNA sequences. Non-limiting examples of such artificially 

designed amino acid sequence include sequences created based on frameworks like transcription 

activator like effector nucleases (TALEs) DNA binding domain, zinc finger nucleases, adeno 

associated virus (AAV) Rep protein, and any other suitable DNA binding proteins as described 

herein.  

[0092] Natural TALEs are proteins secreted by Xanthomonas bacteria to aid the infection of 

plant species. Natural TALEs can assist infections by binding to specific DNA sequences and 

activating the expression of hostgenes. In general, TALE proteins consist of a central repeat 

domain, which determines the DNA targeting specificityand can be rapidly synthesized de novo.  

TALEs have a modular DNA-binding domain (DBD) containing repetitive sequences of 
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residues. In some TALEs, each repeat region contains 34 amino acids. The term "TALE 

domain" as used herein can refer to the modular DBDof TALEs. A pair of residues at the 12th 

and 13th position of each repeat region can determine the nucleotide specificity and are referred 

to as the repeat variable diresidue (RVD). The last repeat region, termed the half-repeat, is 

typically truncated to 20 amino acids. Combining these repeat regions allows synthesizing 

sequence-specific syntheticTALEs. The C-terminus typicallycontains a nuclear localization 

signal (NLS), which directs a TALE to the nucleus, as well as a functional domain that 

modulates transcription, such as an acidic activation domain (AD). The endogenous NLS can be 

replaced by an organism-specific localization signal. For example, anNLS derived from the 

simian virus 40 large T-antigen can be used in mammalian cells. The RVDs HD, NG, NI, and 

NN target C, T, A, and G/A, respectively. A list of RVDs and their binding preferences under 

certain circumstances for nucleotides can be found in Table 6. AdditionalTALE RVDs can also 

be used for custom degenerate TALE-DNA interactions. For example, NA has high affinity for 

all fourbases of DNA. Additionally, N*, where* isan RVD with a deletionin the 13th residue, 

can accommodate all letters of DNA including methylated cytosine. Also S* may have the 

ability to bind toany DNA nucleotide.  

100931 A number of online tools are available for designing TALEs to target a specific DNA 

sequence, for example TALE-NT (https://tale-nt.cac.cornell.edu/), Mojo hand 

(http://www.talendesign.org/). Commercially available kits may also assist in creatingcustom 

assembly of TALE repeat regions between the Nand C-terminus of the protein. Thesemethods 

can be used to assemble custom DBDs, which are then cloned into an expression vector 

containing a functional domain, e.g. TcBuster transposase sequence.  

Table 6 RVD Binding Preference 

nucleotides 

RVD A G C T 

NN medium medium 
NK weak 
NI medium 
NG | _weak 

HD medium 
NS weak medium weak weak 
NG weak 
N* weak weak 
HN weak medium 
NT weak medium 
NP weak weak nd-um 
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NH medium 

SN weak 

SH weak 
NA weak strong weak weak 

IG weak 
H* poor poor weak poor 

ND weak 

HI medium 

HG weak 

NC w-eak 
NQ weak 

SS weak 

SN weak 

S* | medium medium strong medium 

NV, weak medium poor poor 

HH poor poor poor poor 

G poroor por_ poor poor 

100941 TALEs can be synthesized de novo in the laboratory, for example, by combining 

digestion and ligation steps in a Golden Gate reaction with type II restriction enzynes.  

Alternatively, TALE can be assembled by a number of different approaches, including, but not 

limited to, Ligation-Independent Cloning (LIC), Fast Ligation-based Automatable Solid-phase 

High-throughput (FLASH) assembly, and Iterative-Capped Assembly (ICA).  

[0095] Zinc fingers (ZF) are ~30 amino acids that can bind to a limited combination of3 

nucleotides. The CH2 ZF domain may be the most common type of ZF and appears to be one 

of the most abundantly expressed proteins in eukarvotic cells. ZFs are small, functional and 

independently folded domains coordinated with zinc molecules in their structure. Amino acids 

in each ZF can have affinity towards specific nucleotides, causing each finger to selectively 

recognize 3--4 nucleotides of DNA. Multiple ZFs can be arranged into a tandem array and 

recognize a set of nucleotides on the DNA. By using a combination of different zinc fingers, a 

unique DNA sequence within the genome can be targeted. DifferentZFPsofvarious lengths can 

be generated, which may allow for recognition of almost any desired DNA sequence out of the 

possible 64 triplet subsites.  

[0096] Zinc fingers to be used in connection with the present disclosure can be created using 

established modular assembly fingers, such as a set of modular assembly finger domains 

developed by Barbas and colleagues, and also another set of modular assembly finger domains 

byToolGen. Both set of domains cover all 3 bp GNN, mostANN, many CNN and some TNN 

triplets (where N can be any of the four nucleotides). Both have a different set of fingers, which 

allows for searching and coding different ZF modules as needed. A combinatorial selection
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based oligomerized pool engineering (OPEN) strategy can also be employed to minimize 

context-dependent effects of modular assembly involving the position of a finger in the protein 

and the sequence of neighboring fingers. OPEN ZF arrays are publicly available from the Zinc 

Finger Consortium Database.  

[0097] AAV Rep DNA-binding domain is another DNA sequence specific binding domain that 

can be used in connection with the subject matterof the present disclosure. Viral cis -acting 

inverted terminal repeats (ITRs), and the trans-acting viral Rep proteins (Rep) are believed to be 

the factors mediating preferential integration of AAV into AAVS Isite of the host genome in the 

absence of a helper virus. AAV Rep protein can bind to specific DNA sequence in the AAVSI 

site. Therefore, a site-specific DNA-binding domain can be fused together with a TcBuster 

transposase domain as described herein.  

100981 Afusiontransposaseasprovidedhereincan comprisea TcBustertransposase sequence 

and a tag sequence. A tag sequence as provide herein can refer to any protein sequence that can 

be used as a detection tag of the fusion protein, such as, but not limited to, reporter proteins and 

affinity tags that can be recognized by antibodies. Reporter proteins include, but not limited to.  

fluorescent proteins (e.g. GFP, RFP, mCherry, YFP), P -galactosidase (p-gal), alkaline 

phosphatase (AP), chloramphenicol acetyl transferase (CAT), horseradish peroxidase (HRP).  

Non-limiting examples of affinity tags include polyhistidine (His tag), Glutathione S-Transferase 

(GST), Maltose Binding Protein (MBP), Calmodulin Binding Peptide (CBP), intein-chitin 

binding domain (intein-CBD), Streptavidin/Biotin-based tags, Epitope tags like FLAG, HA, c

mye, T7, Glu-Glu and many others.  

100991 A fusion transposase as provided herein can comprise a TcBuster trarnsposase sequence 

and a DNA sequence specific binding domain or atag sequence fused together without any 

intermediate sequence (e.g., "back-to-back"). In some cases, a fusion transposase as provided 

herein can comprise a TcBuster transposase sequence and a DNA sequence specific binding 

domain or a tag sequence joined by a linker sequence. Fig.8 is a schematic of an exemplary 

fusion transposase that comprises a DNA sequence specific binding domain and aTcBuster 

transposasesequence,joined by a linker, In an exemplary fusion transposase, alinkermay serve 

primarily as a spacer between the first and second polypeptides. A linker can be a short amino 

acid sequence to separate multiple domains in a single polypeptide. A linker sequence can 

comprise linkers occurring in natural multi-domain proteins. In some instances, a linker 

sequence can comprise linkers artificially created. The choice of linker sequence may be based 

on the application of the fusion transposase. A linker sequence can comprise 3, 4, 5, 6, 7, 8, 9, 

10, ormore amino acids. In some embodiments, the linker sequence maycomprise at least 3, at 
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least 4, at least 5, at least 6. at least 7, at least 8, at least 9, at least 10, at least 15, at least 20, or at 

least 50 amino acids. In some embodiments, the linker sequence can comprise at most 4, at most 

5, at most 6, at most 7, at most 8, at most 9, at most 10, at most 11, at most 12, at most 15, at 

most 20, at most 30, at most 40, at most 50, or at most 100 amino acids. In certain cases, it may 

be desirable to use flexible linker sequences, such as, but not limited to, stretches of Gly and Ser 

residues ("GS" linker) like (GGGGS)n (n=2-8), (Gly)s,GSAGSAAGSGEF (GGGGS)4 .  

Sometimes, it may be desirable to use rigid linker sequences, such as, but not limited to, 

(EAAAK)n (n=2-7), Pro-rich sequences like (XP)n, with X designating any amino acid.  

[00100] In an exemplary fusion transposase provided herein, a TBuster transposase sequence 

can be fused to the N-terminus of a DNA sequence specific binding domain or a tag sequence.  

Alternatively, a TcBuster transposase sequence can be fused to the C-terminus of a DNA 

sequence specific binding domain or a tag sequence. In some embodiments, a third domain 

sequence or more of other sequences can be present in between the TcBuster transposase and the 

DNA sequence specific binding domain or the tag sequence, depending on the application of the 

fusion transposase.  

[001011 TcBuster Transposon 

1001021 Another aspect of the present disclosure provides a TcBuster transposon that comprises 

a cassette cargo positioned between two inverted repeats. A TcBuster transposon can be 

recognized by aTcBuster transposase as described herein, e.g., a TcBuster transposase can 

recognize the TcBuster transposon and catalyze transposition of the TcBuster transposon into a 

DNA sequence.  

[00103] The terms "inverted repeats", "terminal inverted repeats", "inverted terminal repeats", 

as used interchangeably herein, can refer to short sequence repeats flanking the transposase gene 

in a natural transposon or a cassette cargo in an artificially engineered transposon. Thetwo 

inverted repeats are generally required forthe mobilizationofthe transposonin the presence of a 

corresponding transposase. Inverted repeats as described herein may contain one or more direct 

repeat (DR) sequences. These sequences usually are embedded in the terminal inverted repeats 

(TIRs) of the elements. The term "cargo cassette" as used herein can refer to a nucleotide 

sequence other than a native nucleotide sequence between the inverted repeats that contains the 

TcBuster transposase gene. A cargo cassette can be artificially engineered.  

1001041 A transposon described herein may contain a cargo cassette flanked by IR/DR 

sequences. In some embodiments, at least one of the repeats contains at least one direct repeat.  

As shown in Figs. I and 2 a transposon may containa cargo cassette flanked by IRDRL-Seql 

(SEQ ID NO: 3) and IRDR-R-Seq (SEQID NO: 4). In many cases, a left inverted repeat can 
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comprise a sequence at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 

90%, at least 95%, at least 98%, at least 99%., or 100% identical to IRDR-L-SeqI (SEQ ID NO: 

3). Sometimes, a right inverted repeat can comprise a sequence at least 40% at least 50%, at 

least 60%. at least 70%, at least 80%, at least 90%, at least 95%, at least 98%, at least 99%, or 

100% identical to IRDR-R-Seq I (SEQ ID NO: 4). In other cases, a right inverted repeat can 

comprise a sequence at least 40%, at least 50%. at least 60%, at least 70%, at least 80%, at least 

90%, at least 95%, at least 98%, at least 99%, or 100% identical to IRDR-L-Seq I(SEQ ID NO: 

3). Sometimes, a left inverted repeat can comprise a sequence at least 40%, at least 50%, at least 

60% at least 70%, at least 80%, at least 90%, at least 95%, at least 98%, at least 99% or 100% 

identical to IRDR-R-Seql (SEQID NO: 4). The terms "left" and "right", as used herein, can 

refer to the 5' and 3' sides ofthe cargo cassette on the sense strand of the double strand 

transposon, respectively. It is also possible that a transposon may contain a cargo cassette 

flanked by IRDR-L-Seq2 (SEQ ID NO: 5) and IRDR-R-Seq2 (SEQID NO: 6). In many cases, a 

left inverted repeat can comprise a sequence at least 40%, at least 50%, at least 60%, at least 

70%, at least 80%, at least 90%. at least 95%, at least 98%, at least 99%, or 100% identical to 

IRDR-L-Seq2 (SEQID NO: 5). Sometimes, a rightinverted repeat can comprise a sequence at 

least 40%. at least 50%, at least 60%, at least 70%, at least 80%. at least 90%, at least 95%, at 

least 98%. at least 99%, or 100% identical to IRDR-R-Seq2 (SEQ ID NO: 6). In other cases, a 

right inverted repeat can comprise a sequence at least 40%, at least 50%. at least 60%. at least 

70%,atleast 80%,at least90%, atleast95%, atleast98%, atleast99%,or100%identicalto 

IRDR-L-Seq2 (SEQID NO: 5). Sometimes a left inverted repeat can comprise a sequence at 

least 40%, at least 50%. at least 60%, at least 70%, at least 80%, at least 90%, at least 95%. at 

least 98%,at least 99%, or 100% identical to IRDR-R-Seq2 (SEQ ID NO: 6). A transposon may 

contain a cargo cassette flanked by two inverted repeats that have different nucleotide sequences 

than the ones given in Fig. 2, or a combinationof the various sequences known to one skilled in 

theart. At least one ofthe two inverted repeats ofatransposon described herein may contain a 

sequence that is at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, 

at least 95%, at least 98%, at least 99%, or 100% identical to any one of SEQID NOs: 3-6. At 

least one of inverted repeats of a transposon described herein may contain a sequence that is at 

least 80% identical to SEQ ID NO: 3 or 4. At least one of inverted repeats of a transposon 

described herein may contain a sequence that is at least 80% identical to SEQID NO: 5 or 6.  

The choice of inverted repeat sequences may vary depending on the expected transposition 

efficiency, the type of cell to be modified, the transposase to use, and many other factors.  
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[00105] In many implementations, minimally sized transposon vector inverted terminal repeats 

that conserve genomic space may be used. The ITRs of hATfamily transposons diverge greatly 

with differences in right-hand and left-hand ITRs. In many cases, smaller ITRs consisting ofjust 

100-200 nucleotides are as active as the longer native ITRs in hAT transposon vectors. These 

sequences may be consistently reduced while mediating hAT family transposition. These shorter 

ITRs can conserve genomic space within hAT transposon vectors.  

[00106] iThe inverted repeats of a transposon provided herein can be about 50 to 2000 

nucleotides, about 50 to 1000 nucleotides, about 50 to 800 nucleotides, about 50 to 600 

nucleotides, about 50 to 500 nucleotides, about 50 to 400 nucleotides, about 50 to 350 

nucleotides, about 50 to 300 nucleotides, about 50 to 250 nucleotides, about 50 to 200 

nucleotides, about 50 to 180 nucleotides, about 50 to 160 nucleotides, about 50 to 140 

nucleotides, about 50 to 120 nucleotides, about 50 to 110 nucleotides, about 50 to 100 

nucleotides. about 50 to 90 nucleotides, about 50 to 80 nucleotides, about 50 to 70 nucleotides, 

about 50 to 60 nucleotides, about 75 to 750 nucleotides, about 75 to 450 nucleotides, about 75 to 

325 nucleotides, about 75 to 250 nucleotides, about 75 to 150 nucleotides, about 75 to 95 

nucleotides, about 100 to 500 nucleotides, about 100 to 400 nucleotides, about 100 to 350 

nucleotides, about 100 to 300 nucleotides, about 100 to 250 nucleotides, about 100 to 220 

nucleotides, about 100 to 200 nucleotides, or in any range derived therefrom.  

[00107] In some cases, a cargo cassette can comprise a promoter, atransgene, or a combination 

thereof In cargo cassettes comprising both a promoter and atransgene, the expression of the 

transgene can be directed by the promoter. A promotercanbeanytpeofpromoter available to 

one skilled in the art. Non-limiting examples of the promoters that can be used in aTcBuster 

transposon include EFS, CMV, MND, EFla, CAGGs. PGK, UBC, U6, HI,and Cunate. The 

choice of a promoter to be used in a TcBuster transposition would depend on a number of 

factors, such as, but not limited to, the expression efficiency of the promoter, the type of cell to 

be genetically modified, and the desired transgene expression level.  

[00108] A transgene in a TcBuster transposon can be any gene of interestand available to one 

skilled in the art. A transgene can be derived from, or a variant of, a gene in nature, or can be 

artificially designed. A transgcne can be of the same species origin as the cell to be modified, or 

from different species. A transgene can be a prokaryotic gene, or a eukarotic gene. Sometimes, 

a transgene can be a gene derived from a non-human animal, aplant, or ahuman being. A 

transgene can comprise introns. Alternatively, a transgene may have introns removed or not 

present.  
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[00109] In some embodiments, a transgene can code for a protein. Exemplary proteins include.  

but are not limited to. a cellular receptor, an immunological checkpoint protein, a cytokine, or 

any combination thereof. Sometimes, a cellular receptor as described herein can include, but not 

limited to a T cell receptor (TCR), a B cell receptor (BCR), a chimeric antigen receptor (CAR), 

or any combination thereof 

[00110] A cargo cassette as described herein may not contain a transgene coding for any type of 

protein product, but that is useful for other purposes. For instance, a cargo cassette may be used 

for creating frameshift in the insertion site, for example, when it is inserted in an exon of a gene 

in the host genome. This may lead to a truncation of the gene product or a null mutation.  

Sometimes, a cargo cassette may be used for replacing an endogenous genomic sequence with an 

exogenous nucleotide sequence, thereby modifying the host genome.  

1001111 A transposon described herein may have a cargo cassette in either forward or reverse 

direction. In many cases, a cargo cassette has its own directionality. For instance, a cargo 

cassette containing a transgene would have a 5' to 3' coding sequence. A cargo cassette 

containing a promoter and a gene insertion would have promoter on the 5' site of the gene 

insertion. The term "forward direction", as used herein, can refer to the situation where a cargo 

cassette maintains its directionality on the sense strand of the double strand transposon. The 

term "reverse direction", as used herein, can refer to the situation where a cargo cassette 

maintains its directionality on the antisense strand of the doublestrand transposon.  

[00112] Systems for Genone Editing and Methods of Use 

[00113] Another aspect of the present disclosure provides a system for genome editing. A 

systemcan comprisea TcBustertransposaseandaTeBustertransposon. Asystem can be used 

to edit a genome of a host cell, disrupting or modifyingan endogenous genomic region of the 

host cell, inserting an exogenous gene into the host genome, replacing an endogenous nucleotide 

sequence with an exogenous nucleotide sequence or any combination thereof 

[00114] A system for genome editing can comprise a mutant TcBuster transposase or fusion 

transposase as described herein, and a transposon recognizable by the mutant TcBuster 

transposase or the fusion transposase. A mutant TcBuster transposase or the fusion transposase 

can be provided as a purified protein. Protein production and purification technologies are 

known to one skilled in the art. The purified protein can be kept in a different container than the 

tmnsposon, or they can be kept in the same container.  

1001151 In many cases, a system for genome editing can comprise a polnucleotide encoding a 

mutant TcBuster transposase or fusion transposase as described herein, and a transposon 

recognizable by the mutant TcBuster transposase or the fusion transposase. Sometimes, a 
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polynucleotide of the system can comprise DNA that encodes the mutant TcBuster transposase 

orthe fusion transposase. Alternatively or additionally, a polynucleotide of the system can 

comprise messenger RNA (mRNA) that encodes the mutant TBuster transposase or the fusion 

transposase. The mRNA can be produced by a number of approaches well known to one of 

ordinary skills in the art, such as, but not limited to, in vivo transcription and RNA purification, 

in vitro transcription, and de novo synthesis. In many cases, the mRNA can be chemically 

modified. The chemically modified mRNA may be resistant to degradation than unmodified or 

natural mRNAs or may degrade more quickly. In many cases, the chemical modification of the 

nRNA may render the mRNA being translated with more efficiency. Chemical modificationof 

nRNAs can be performed with well-known technologies available to one skilled in the art, or by 

commercial vendors.  

1001161 For many applications, safety dictates that the duration of hAT transposase expression 

be only long enough to mediate safe transposon delivery. Moreover, a pulse of hAT transposase 

expression that coincides with the height of transposon vector levels can achieve maximal gene 

delivery. The implementations are made using available technologies for the in vitro 

transcription of RNA molecules from DNA plasmid templates. The RNA molecules can be 

synthesized using a variety of methods for in vitro (e.g., cell free) transcription from a DNA 

copy. Methods to do this have been described and are commercially available. For example, the 

mMessage Machine in vitro transcription kit available through life technologies.  

[00117] There are also a number of companies that can perform in vitro transcription on a fee for 

service basis. We have also found that that chemically modified RNAs for hATexpression work 

especially well for gene transfer. These chemically modified RNAs do not induce cellular 

immune responses and RNA generated using proprietary methods that also avoid the cellular 

immune response. These RNA preparations remove RNA dimers (Clean-Cap) and cellular 

reactivity (pseudouridine incorporation) produce better transient gene expression in human'T 

cells withouttoxicity in ourhands (data not shown). The RNA moleculescan be introduced into 

cells using any of many described methods for RNA transfection, which is usually non-toxic to 

most cells. Methods to do this have been described and are commercially available. For 

example, the Amaxa nucleofector, Neon electroporator, and the Maxcyte platforms.  

[00118] A transposon as described herein may be present in an expression vector. In many 

cases, the expression vector can be DNA plasmid. Sometimes, the expression vector can be a 

mini-circle vector. The term "mini-circle vector" as used herein can refer to small circular 

plasmid derivative that is free of most, if not all, prokaryotic vector parts (e.g., control sequences 

or non-functional sequences of prokaryotic origin). Under circumstances, the toxicity to the cells 
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created by transfection or electroporation can be mitigated by using the "mini-circles" as 

described herein.  

[00119] A mini-circle vector can be prepared by well-known molecular cloning technologies 

available. First, a'parental plasmid'(bacterial plasmid with insertion, such as transposon 

construct) in bacterial, such as E. coil, can be produced, which can be followed by induction of a 

site-specific recombinase. These steps can then be followed bythe excisionof prokaryotic 

vector parts via two recombinase-target sequences at both ends of the insert, as well as recovery 

of the resulting mini-circle vector. The purified mini-circle can be transferred into the recipient 

cell by transfection or lipofection and into a differentiated tissue by, for instance, jet injection. A 

min-circle containing TeBuster transposon can have a size about 1.5kb, about 2 kb, about 2.2 

kb, about 2.4 kb, about 2.6 kb, about 2.8 kb, about 3 kb. about 3.2 kb, about 3.4 kb, about 3.6 kb, 

about 3.8 kb, about 4 kb, about 4.2 kb, about 4.4 kb, about 4.6 kb, about 4.8 kb, about 5 kb, 

about 5.2 kb, about 5.4 kb, about 5.6 kb about 5.8 kb, about 6 kb, about 6.5 kb, about 7 kb, 

about 8 kb, about 9 kb, about 10 kb, about 12 kb, about 25 kb, about 50 kb, or a value between 

anytwoofthesenumbers. Soinetimes,a mini-circlecontaining TcBustertransposonasprovided 

herein can have a size at most2.1 kb, at most3.1 kb, atmost4.1 kb, atmost4.5 kb, at most 5.1 

kb, at most 5.5 kb, at most 6.5 kb, at most 7.5 kb. at most 8.5 kb, at most 9.5 kb, at most I Ikb, at 

most 13 kb, at most 15 kb, at most 3 )kb, or at most 60 kb.  

[00120] In certain embodiments, a system as described herein may contain a polynucleotide 

encoding a mutant TcBuster transposase or fusion transposase as described herein, and a 

transposon, which are present in a same expression vector, e.g. plasmid.  

[00121] Yet another aspect of the present disclosure provides a method of genetic engineering.  

A method of genetic engineering can comprise introducing into a cell a TcBuster transposase and 

a transposon recognizable by the TcBuster transposase. A method of genetic engineering can 

also be performed in a cell-free environment. A method of genetic engineering in a cell-free 

environment can comprise combining a TcBuster transposase, a transposon recognizable bythe 

transposase, and a target nucleic acid into a container, such as a well or tube.  

[00122] A method described herein can comprises introducing into a cell a mutant TcBuster 

transposase provided herein and a transposon recognizable bythe mutantTcBuster transposase.  

A method of genome editing can comprise. introducing into a cell a fusion transposase provided 

herein and a transposon recognizable by the fusion transposase.  

1001231 The mutant TcBuster transposase or the fusion transposase can be introduced into the 

cell either as a protein or via a polynucleotide that encodes for the mutant TcBuster transposase 
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or the fusion transposase. The polynucileotide, as discussed above, can comprise a DNA or an 

mRNA that encodes the mutant'TcBuster transposase or the fusion transposase.  

[00124] In many instances, the TcBuster transposase or the fusion transposase can be transfected 

into a host cell as a protein, and the concentration of the protein can be at least 0.05nM. at least 

0.1 nM, at least 0.2 nM, at least 0.5 nM, at least 1 nM, at least 2 nM, at least 5 nM, at least 10 

nM, at least 50 nM. at least 100 nM, at least 200 nM, at least 500 nM, at least I M, at least 2 

M, at least 5 M. at least 7.5 M, at least 10 M, at least 15 M, at least 20 M, at least 25 

PM, at least 50 M, at least 100 pM, at least 200 iM, at least 500 PM, or at least 1 pM.  

Sometimes, the concentration of the protein can be around I M to around 50 Mk, around 2 M 

to around 25 M, around 5 M to around 12.5 M, or around 7.5 M to around 10 M.  

[00125] In many cases, the TeBuster transposase or the fusion transposase can be transfected 

into a host cell through a polynucleotide, and the concentration of the polynucleotide can be at 

least about 5 ng/ml, 10 ng/mi, 20 ng/mil, 40 ng/ml 50 ng/ml, 60 ng/ml, 80 ng/ml, 100 ng/mi, 120 

ng/ml, 150 ng/ml, 180 ng/ml, 200 ng/ml, 220 ng/mi, 250 ng/mI, 280 ng/mL 300 ng/mil, 500 

ng/ml, 750 ng/ml,1 g /mil, 2 g /mil, 3 g /mil, 5 pg/ml, 50 g/ml, 100 tg/ml, 150 pg/m, 200 

ptg/ml, 250 g/ml300 g/ml, 350 g/mil, 400 g/ml, 450 g/ml, 500 pg/mi, 550 g/ml, 600 

g/ml, 650 tg/ml, 700 ig/ml, 750 ig/ml, or 800 pg/ml. Sometimes, the concentration of the 

polynucleotide can be between about 5-25 jg/mil, 25-50 Rg/ml, 50-100 Rg/ml, 100-150 ig/ml, 

150-200 pg/ml, 200-250 g/ml, 250-500 tg/ml, 5-800 tg/ml, 200-800 g/ml, 250-800 ig/ml, 

400-800 jg/ml, 500-800 g/ml, or any range derivable therein. In many cases, the transposon is 

present in a separate expression vector than the transposase, and the concentration of the 

transposon can be at least about 5 ng/ml, 10 g/mil, 20 ng/ml, 40 ng/ml, 50 ng/ml, 60 ng/ml, 80 

ng/ml, 100 ng/ml, 120 ng/ml, 150 ng/mi, 180 ng/mL 200 ng/ml, 220 ng/ml, 250 ng/ml, 280 

ng/ml, 300 ng/mL 500 ng/ml, 750 ng/ml, 1 g/mil, 2 g /mI, 3 g /ml, 5 ig/ml, 50 pg/mil. 100 

Ig/ml, 150 ug/ml, 200 jig/ml, 250 tg/ml, 300 pg/ml, 350 pg/ml, 400 g/ml, 450 pg/ml, 500 

ig/ml, 550 g/ml, 600 jg/ml, 650 g/ml, 700 pg/ml, 750 jg/ml, or 800 g/ml. Sometimes, the 

concentration ofthe transposon can be between about5-25 pg/ml, 25-50 g/mil, 50-100 pg/mIl, 

100-150 g/nl, 150-200 Ig/ml, 200-250 g/ml, 250-500 pg/ml, 5-800 g/ml, 200-800 pg/ml, 

250-800 g/ml, 400-800 pg/ml, 500-800 g/ml, or ani range derivable therein. It is possible the 

ratio of the transposon versus the polynucleotide coding for the transposase is at most 10000, at 

most 5000, at most 1000, at most 500, at most 200, at most 100, at most 50, at most 20, at most 

10, at most 5, at most 2, at most 1, at most 0.1, at most 0.05, at most 0.01, at most 0.001, at most 

0.0001, or any number in between any two thereof 
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[00126] In some other cases. the transposon and the polynucleotide coding for the transposase 

are present in the same expression vector, and the concentration of the expression vector 

containing both transposon and the polinucleotide encoding transposase can be at least about 5 

ng/ml10ng/ml,20ng/ml,40ng/nil, 50 ng/ml 60 ngiml, 80 ng/il, 100 ng/ml, 120 ng/ml, 150 

ng/ml, 180 ng/ml, 200 ng/il, 220 ng/ml, 250 ng/m, 280 ng/ml, 300 ng/ml, 500 ng/inl, 750 

ng/ml, 1 g /ml, 2 g /ml, 3 3 g/ml, 5 g/ml, 50 g/ml, 100 g/ml, 150 g/ml 200 g/ml, 250 

ug/nl, 300 pg/ml, 350 g/ml, 400 pg/ml, 450 ig/ml 500 g/ml, 550 g/ml, 600 g/ml, 650 

ig/ml, 700 pg/ml, 750 jg/ml, or 800 pg/ml. Sometimes, the concentration of the expression 

vector containing both transposon and the polynucleotide encoding transposase can be between 

about 5-25 g/ml, 25-50 g/mt.50-100 ig/ml, 100-150 ig/ml, 150-200 ig/ml, 200-250 pg/ml, 

250-500 pg/'ml, 5-800 ig/ml, 200-800 jg/ml, 250-800 g/ml, 400-800 jg/ml, 500-800 jg/ml, or 

any range derivable therein.  

[00127] In some cases, the amount of polynucleic acids that may be introduced into the cell by 

electroporation may be varied to optimize transfection efficiency and/or cell viability. In some 

cases, less than about 100 pg of nucleic acid may be added to each cell sample (e.g., one or more 

cells being ciectroporated). In some cases, at least about 100 pg. at least about 200 pg, at least 

about 300 pg, at least about 400 pg, at least about 500 pg, at least about 600 pg, at least about 

700 pg, at least about 800 pg, at least about 900 pg, at least about 1 microgram, at least about 1.5 

g, at least about 2 g. at least about 2.5 g, at least about 3 g, at least about 3.5 g, at least 

about 4 ig, at least about 4.5 ig, at least about 5 g, at least about 5.5 g, at least about 6 Ig, at 

least about 6.5 g, at least about 7 pg, at least about 7.5 g, at least about 8 g, at least about 8.5 

ig, at least about 9 ig, at least about 9.5 jg, at least about 10 g, at least about 11 g, at least 

about 12 ug, at least about 13 g, at least about 14 g, at least about 15 pg, at least about 20 g, 

at least about 25 g, at least about 30 g, at least about 35 g, t leastabout40g,atleast about 

45 g, or at least about 50 ug, of nucleic acid may be added to each cell sample (e.g., one or 

more cells being electroporated). For example, microgram of dsDNA may be added to each 

cell sample for electroporation. In some cases, the amount of polnucleic acids (e.g., dsDNA) 

required for optimal transfection efficiency and/or cell viability may be specific to the cell type.  

[00128] The subject matter disclosed herein may find use in genomne editing of a wide range of 

various types of host cells. In preferred embodiments, the host cells may be from eukaryotic 

organisms. In some embodiments, the cells may be from a mammal origin. In some 

embodiments, the cells may be from a human origin.  

[00129] In general, the cells may be from an immortalized cell line or primary cells.  
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[00130] The terms "cell line" and "immortalized cell line", as used herein interchangeably, can 

refer to a population of cells from an organism which would normally not proliferate indefinitely 

but, due to mutation, may have evaded normal cellular senescence and instead can keep 

undergoing division. The subject matter provided herein may find use in a range of common 

established cell lines, including, but not limited to, human BC-i cells, human BJAB cells, human 

IM-9 cells, human Jiyoye cells, human K-562 cells, human LCL cells, mouse MPC- Icells, 

human Raji cells, human Ramos cells, mouse Ramos cells, human RPM18226 cells, human RS4

11 cells, human SKW6.4 cells, human Dendritic cells, mouse P815 cells, mouse RBL-2H3 cells, 

human HL-60 cells, human NAMALWA cells, human Macrophage cells, mouse RAW 264.7 

cells, human KG- cells, mouse M cells, human PBMC cells, mouse BW5147 (T200-A)5.2 

cells, human CCRF-CEM cells, mouse EL4 cells, human Jurkat cells, human SCID.adh cells, 

human U-937 cells or any combination of cells thereof.  

[00131] The term "primary cells" and its grammatical equivalents, as used herein, can refer to 

cells taken directly from an organism, typically living tissue of a multicellular organism, such as 

animals or plants. In many cases, primary cells may be established for growth in vitro. In some 

cases, primary cells may be just removed from the organism and have not been established for 

growth in vitro yet before the transfection. In some embodiments, the primary cells can also be 

expanded in vitro, i.e. primary cells may also include progeny cells that are generated from 

proliferation of the cells taken directly from an organism. In these cases, the progeny cells do 

not exhibit the indefinite proliferative property as cells in established cell lines. For instance, the 

host cells may be human primary T cells, while prior to the transfection, the T cells have been 

exposed to stimulatory factor(s) that may result in T cell proliferation and expansion of the cell 

population.  

[00132] The cells to be genetically modified may be primary cells from tissues or organs, such 

as, but not limited to, brain, lung, liver, heart, spleen, pancreas, small intestine, large intestine, 

skeletal muscle, smooth muscle, skin, bones, adipose tissues, hairs, thyroid, trachea, gall bladder, 

kidney, ureter, bladder, aorta, vein, esophagus, diaphragm, stomach, rectum, adrenal glands, 

bronchi, ears, eyes, retina, genitals, hypothalamus, larynx, nose, tongue, spinal cord, or ureters, 

uterus, ovary, testis, and anycombinationthereof In certain embodiments,the cells may 

include, but not limited to, henatocte, trichocyte, keratinocyte, gonadotrope, corticotrope, 

thyrotrope, somatotrope, lactotroph, chromaffin cell, parafollicular cell, glomus cell, melanocyte, 

nevus cell, merkel cell, odontoblast, cementoblast, corneal keratocvte, retina muller cell, retinal 

pigment epithelium cell, neuron, glia, ependymocyte, pinealocyte, pneumocyte, clara cell, 

goblet cell, G cell, D cell, Enterochromaffin-like cell, gastric chief cell, parietal cell, foveolar 
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cell. K cell, D cell, I cell, paneth cell, enterocyte, microfold cell, hepatocyte, hepatic stellate cell, 

cholecystocyte, centroacinar cell, pancreatic stellate cell, pancreatic a cell, pancreatic cell, 

pancreatic 6 cell, pancreatic F cell, pancreatic e cell, thyroid parathyroid, oxyphil cell, urothelial 

cell, osteoblast, osteocyte, chondroblast, chondrocyte, fibroblast, fibrocyte, myoblast, myocyte, 

myosatellite cell, tendon cell, cardiac muscle cell, lipoblast, adipocyte, interstitial cell of cajal, 

angioblast, endothelial cell, mesangial cell, juxtaglomerular cell, macula densa cell, stromal cell, 

interstitial cell, telocyte, simple epithelial cell, podocyte, kidney proximal tubule brush border 

cell, sertoli cell, leydig cell, granulosa cell, peg cell, germ cell, spermatozoon ovum., lymphocyte, 

mycloid cell, endothelial progenitor cell, endothelial stem cell, angioblast, mesoangioblast, 

pericyte mural cell, and any combination thereof. In many instances, the cell to be modified may 

be a stem cell, such as, but not limited to, embryonic stem cell, hematopoietic stem cell, 

epidermalstem cell, epithelial stem cell, bronchoalveolar stem cell, mammary stem cell, 

mesenchymal stem cell, intestine stem cell, endothelial stem cell, neural stem cell, olfactory 

adult stem cell, neural crest stem cell, testicular cell, and any combination thereof Sometimes, 

the cell can be an induced pluripotent stem cell that is derived from any type of tissue.  

[00133] In some embodiments, the cell to be genetically modified may be a mammalian cell. In 

some embodiments, the cell may be an immune cell. Non-limiting examples of the cell can 

include a B cell, a basophil, a dendritic cell, an eosinophil, a gamma delta T cell, a granulocyte, a 

helper'Tcell, a Langerhans cell, a lymphoid cell, an innate lymphoid cell (ILC), a macrophage, a 

mast cell, a megakaryocyte, a memory T cell, a monocyte, a myeloid cell, a natural killer T cell, 

a neutrophil, a precursor cell, a plasma cell, a progenitor cell, a regulatoryT-cell, a T cell, a 

thymocyte, any differentiated or de-differentiated cell thereof, or any mixture or combination of 

cells thereof In certain cases, the cell may be a T cell. In some embodiments, the cell may be a 

primary T cell. In certain cases, the cell may be an antigen-presenting cell (APC). In some 

embodiments, the cell maybe aprimaryAPC. The APCs in connection with the present 

disclosure may be a dendritic cell, macrophage, B cell, other non-professional APCs, or any 

combination thereof.  

[00134] In some embodiments, the cell may be an ILC (innate lynphoid cell), and the ILC can 

be a group I ILC, a group 2 ILC, or a group 3 ILC. Group I ILCs may generally be described as 

cells controlled by the T-bet transcription factor, secreting type-I cytokines such as IFN-gamnma 

and TNF-alpha in response to intracellular pathogens. Group 2 ILCs may generally be described 

as cells relying on the GATA-3 and ROR-alpha transcription factors, producing type-2 cytokines 

in response to extracellular parasite infections. Group 3 ILCs may generally be described as 

cells controlled by the ROR-gamma t transcription factor, and produce IL-17 and/or IL-22.  
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[00135] In some embodiments, the cell may be a cell that is positive or negative for a given 

factor. In some embodiments, a cell may be a CD3+ cell, CD3- cell, a CD5+ cell, CD5- cell, a 

CD7+ cell, CD7- cell, a CD14+ cell, CD14- cell, CD8+ cell, a CD8- cell, a CD03+ cell, 

CD103- cell, CDIlb+ cell, CDI1b- cell, a BDCAI+ cell, a BDCAI- cell, an L-selectin+ cell, an 

L-selectin- cell, a CD25+, a CD25- cell, a CD27+, a CD27- cell, a CD28- cell, CD28- cell, a 

CD44+ cell, a CD44- cell, a CD56+ cell, a CD56- cell, a CD57 cell, a CD57- cell, a CD62L+I

cell, a CD62L- cell, a CD69+ cell, a CD69- cell, a CD45RO+ cell, a CD45RO- cell, a CD127+ 

cell, a CD127- cell, a CD132- cell, a CD132- cell, an IL-7+ cell, an IL-7- cell,an IL-15I cell, an 

iL-15- cell, a lectin-like receptor Glpositive cell, a lectin-like receptor G negative cell, or an 

differentiated or de-differentiated cell thereof The examples of factors expressed by cells is not 

intended to be limiting, and a person having skill in the art will appreciate that the cell may be 

positive or negative foray factor known in the art. In some embodiments, the cellmay be 

positive for two or more factors. For example, the cell maybe CD4+ and CD8+. Insome 

embodiments, the cell may be negative for two or more factors. For example, the cell may be 

CD25-, CD44-, and CD69-. In some embodiments, the cell may be positive for one or more 

factors, and negative for one or more factors. For example, a cell maybe CD4+ and CD8-.  

1001361 It should be understood that cells used in any of the methods disclosed herein may be a 

mixture (e.g., two or more different cells) of any of the cells disclosed herein. For example, a 

method of the present disclosure may comprise cells, and the cells are a mixture of CD4+ cells 

andCD8+cells. Inanotherexample, a methodofthepresent disclosure maycomprise cells, and 

the cells are a mixture of CD4+ cells and naive cells.  

[00137] As provided herein, the transposase and the transposon can be introduced in to a cell 

through a number of approaches. The tenn "transfection" and its grammatical equivalents as 

used herein can generally refer to a process whereby nucleic acids are introduced into eukaryotic 

cells. The transfection methods that can be used in connection with the subject matter can 

include, but not limited to, electroporation, microinjection, calcium phosphate precipitation, 

cationic polymers, dendrimers, liposome, microprojectile bombardment, fugene, direct sonic 

loading, cell squeezing, optical transfection, protoplast fusion, impalefection, magnetofection, 

nucleofection, or any combination thereof In many cases, the transposase and transposon 

described herein can be transfected into a host cell through electroporation. Sometimes, 

tmnsfection can also be done through a variant of electroporation method, such as nucleofection 

(also known as NucleofectorT'M technology). The term electroporationn" and its grammatical 

equivalents as used herein can refer to a process whereby an electrical field is applied to cells in 

order to increase the permeability of the cell membrane, allowing chemicals, drugs, or DNA to 
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be introduced into the cell. During electroporation, the electric filed is often provided in the form 

of "pulses" of very brief time periods, e.g. 5 milliseconds, 10 milliseconds, and 50 milliseconds.  

As understood by those skilled in the art., electroporation temporarily opens up pores in a cell's 

outer membrane by use of pulsed rotating electric fields. Methods and apparatus used for 

electroporation in vitro and in vivo are also well known. Various electric parameters can be 

selected dependent on the cell type being electroporated and physical characteristics of the 

molecules that are to be taken up by the cell, such as pulse intensity, pulse length, number of 

pulses).  

[00138] Applications 

[00139] The subject matter, e.g., the compositions (e.g., mutant TcBuster transposases, fusion 

transposases, TcBuster transposons), systems and methods, provided herein may find use in a 

wide range of applications relating to genome editing, in various aspects of modern life.  

[00140] Under certain circumstances, advantages of the subject matter described herein may 

include, but not limited to, reduced costs, regulatory consideration, lower immunogenicity and 

less complexity. In some cases, a significant advantage of the present disclosure is the high 

transpositionefficiency. Another advantage of the present disclosure, in many cases, is that the 

transposition system provided herein can be "tunable", e.g., transposition can be designed to 

target select genomic region rather than random insertion.  

[00141] One non-limiting example is related to create genetically modified cells for research and 

clinical applications. For example, as discussed above, genetically modified T cells can be 

created using the subject matter provided herein, which may find use in helping people fighting 

against a variety of diseases, such as, but not limited to, cancer and infectious disease.  

[00142] One particular example includes generation of genetically modified primary leukocytes 

using the methods provided herein, and administering the genetically modified primary 

leukocytesto apatient in need thereof The generation ofgenetically modified primary 

leukocytes can include introducing into a leukocyte a transposon and a mutant TcBuster 

transposase or the fusion transposase as described herein, which can recognize the transposon, 

thereby generating a genetically modified leukocyte. In many cases, the transposon may 

comprise a transgene. The transgene can be a cellular receptor, an immunological checkpoint 

protein, a cytokine, and any combination thereof. Sometimes, a cellular receptor can include, but 

not limited to a T cell receptor (TCR), a B cell receptor (BCR), a chimeric antigen receptor 

(CAR), or any combination thereof In some other cases, the transposon and the transposase are 

designed to delete or modify an endogenous gene, for instance, a cytokine, an immunological 

checkpoint protein, an oncogene, or any combination thereof Thegenetic modification of the 
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primary leukocvtes can be designed to facilitate immunity against an infectious pathogen or 

cancer cells that render the patient in diseased state.  

[00143] Another non-limiting example is related to create genetically modified organisms for 

agriculture, food production, medicine, and pharmaceutics. The species that can be genetically 

modified span a wide range, including, but not limited to, plantsand animals. The genetically 

modifiedorganisms suchasgenetically modified crops or livestock, may be modified in a 

certain aspect of their physiological properties. Examples in food crops include resistance to 

certain pests, diseases, or environmental conditions, reduction of spoilage, or resistance to 

chemical treatments (eg. resistance to a herbicide), or improving the nutrient profile of the crop.  

Examples in non-food crops include production of pharmaceutical agents, biofiuels, and other 

industrially useful goods, as well as for bioremediation. Examples in livestock include resistance 

to certain parasites, production of certain nutrition elements, increase in growth rate, and 

increase in milk production.  

[00144] The term "about" and its grammatical equivalents in relation to a reference numerical 

value and its grammatical equivalents as used herein can include a range of values plus or minus 

10% from that value. For example, the amount "about 10" includes amounts from 9 to I1. The 

term "about" in relation to a reference numerical value can also include a range of values plus or 

minus 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or i% from that value.  

EXAMPLES 

[00145] The examples below further illustrate the described embodiments without limiting the 

scope of this disclosure.  

[00146] EXAMPLE 1. MATERIALS AND METHODS 

[00147] This example describes several methods utilized for generation and evaluation of 

exemplary mutantTcBuster transposases.  

[00148] Site DirectedMtagenesisforTcBuster mutantpreparation 

[00149] Putative hyperactive TcBuster (TcB) transposase mutants were identified by nucleotide 

sequence and amino acid alignment of hAT and buster subfamilies. The Q5 site-directed 

mutagenesis kit (New England BioLabs) was used for all site-directed mutagenesis. Following 

PCR mutagenesis, PCR products were purified with GeneJET PCR purification kit (Thenno 

Fisher Scientific). A 20uL ligation reaction of purified PCRproducts was performed using T4 

DNA ligase (New England BioLabs). 5uL of ligation reaction was used for transformation in 

DIOBeta cells. Direct colony sequencing through Sequetech was used to confirm the presence 
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of desired mutations. DNA for confirmed mutations was prepped using ZymoPURE plasmid 

miniprep kits (Zymo Research).  

[00150] Measuring transection efficiency in HEK-293T cells 

1001511 HEK-293T cells were plated at 300,000 cells per well of a 6 well plate one day prior to 

transfection. Cells were transfected with 500ng transposon carrying Cherry-puromycin 

cassette and 62.5ngTcB transposase using TransITX2 reagent per manufacturer's instructions 

(Mirus Blo). Two days post-transfection, cells were re-plated with puromycin (lug/mL) at a 

density of 3,000 cells/well of a 6 well plate in triplicate in DMEM complete media., or re-plated 

without puronyinselection. Stable integration of the transgene was assessed bycolony 

counting of puromcin treated cells (each cell that survived drug selection formed a colony) or 

flow cytometry. For colony counting, two weeks post-puromycin selection, DMEM complete + 

puromycin media was removed. Cells were washed with IX PBS and cells were stained with ix 

crystal violet solution for 10 minutes. Plates were washed twice with PBS and colonies counted.  

[00152] For flow cytometry analysis, stable integration of the transgene was assessed by 

detection of mCherry fluorescence in cells grown without drug selection. Transfected cells were 

harvested at indicated time points post-transfection, washed 1X with PBS and resuspended in 

200uL RDFII buffer for analysis. Cells were analyzed using Novocyte (Acea Biosciences) and 

mCherry expression was assessed using the PE-Texas red channel.  

[00153] Screening of TcB transposase mutants in HEK-293T cells 

[00154] HEK-293T cells were plated at 75,000 cells per well of a24 well plate one day prior to 

transfection. Cells were transfected with 500ng transposon and 125ng transposase using TransIT 

X2 reagent in duplicate per manufacturer's instructions (Mirus Bio). Stable integration of the 

transgene was assessed by detection of mCherry fluorescence. Cells were harvested at 14 days 

post-transfection, washed 1X with PBS and resuspended in 200uL RDFII buffer. Cells were 

analyzed using Novocyte (Acea Biosciences) and mCherry expression was assessed using the 

PE-Texas red channel.  

[00155] Transfection of TcBuster transposon and transposase in CD3- T-cells 

[00156] CD3+ T-cells were enriched and cryopreserved from leukopaks 

(StemCeliTechnologies). CD3- T-cells were thawed and activated using CD3/CD28 Dynabeads 

(TiermoFisher) for 2 days in X-Vivo -15 media supplemented with human serum and IL-2, IL

15 and IL-7 cytokines. Prior to transfection, CD3/CD28 beads were removed, cells washed and 

electroporated using Neon Transfection system (ThermoFisher) with TcBuster transposon (mini

circle carrying TeBusterand Sleeping beauty IR/DRs and GFP cargo) and TcBuster or Sleeping 

Beauty transposases in RNA form. As a viability control, cells were "pulse" electroporated 
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without DNA or RNA. Electroporated cells were expanded for 21 days post-transfection and 

viability stable integration of GFP cargo was assessed by flow cytometry. Viability was 

measured by SSC-A vs FSC-A and standardized to pulse only control, and GFP expression was 

assessed using FITC channel on days 2, 7, 14 and 21.  

1001571 EXAMPLE 2. EXEMPLARY TRANSPOSON CONSTRUCTS 

[00158] The aim of thisstudywas to examine transposition efficiency of different exemplary 

TcBuster transposon constructs. Inventors compared 10 TcBuster (TcB) tnsposon (Tni) 

configurations (Fig. 1A) to testtheir transposition efficiency in mammalian cells. These 10TcB 

Tns differed in the promoter used (EFS vs CMV), IR/DR sequence and direction of the 

transposon cargo. The transposons each contained an identical cassette coding for mCherry 

linked by 2A to a drug-resistance gene, puromycin, so that transfected cells could be identified 

by fluorescence and/or selection with puromycin. HEK-293T cells were transfected with one of 

the 10 TcB Tns and TcB wild-type transposase (ratio of I transposon: I transposase). Stable 

integration of the transgene was assessed by flow cytometry by detection of mCherry 

fluorescence for 10-30 days post-transfection (Fig. 1B).  

[00159] It was found that, under experimental conditions, stable expressionof the transgene 

mCherry was greatly enhanced using the CMV promoter compared to EFS. Transposition 

appeared to only occur when sequence IlR/DRs was used. It was also found that transcription 

of the cargo in the reverse direction promoted greater transposition activity compared to the 

forward direction.  

[00160] TcB Tn-8 showed the greatest transposition efficiency among the test 10 Tns by flow 

cytometr. To confirm the transposition efficiency of TcBTn-8, HEK-293T cells were 

transfected with TcBTn-8 with WT transposase or V596A mutant transposase. Twodayspost

transfection, cells were re-plated with puromycin (lug/mL) at a density of 3,000 cells/well of a 6 

well plate in triplicate in DMEM complete media. After selection for two weeks, each cell that 

survived drug selection formed a colony, which was assessed for mCherry expression (Fig. 3A) 

and counted to confirm stable integration of the transgene (Figs. 3B-C). Transposition 

efficiency of TcB-Tn 8 was confirmed by expression of mCherry and puromycin resistant 

colonies in HEIK-293T cells.  

[001611 EXAMPLE 3. EXEMPLARY TRANSPOSASE MUTANTS 

1001621 The aim of this study was to generate TcBuster transposase mutants and examine their 

transposition efficiency.  

[00163] To this end, inventors have generated a consensus sequence by comparing cDNA and 

amino acid sequences of wild-type TcB transposase to other similar transposases. For the 
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comparison, sleeping beauty was resurrected bythe alignment of 13 similar transposases and 

SPIN bv the alignmentof SPIN like transposases from 8 separate organisms. SPIN and 

TcBuster are a part of the abundant hAT family of transposases.  

1001641 The hAT transposon family consists of two subfamilies: AC, such as has hobo, hermes, 

andToi2, and the Buster subfamily, such as SPIN and TcBuster. Amino acid sequence of 

TcBuster was aligned to amino acid sequences of both AC and Buster subfamily members to 

identify key amino acids that are not conserved inTcBuster that may be targets of hyperactive 

substitutions. Alignient ofTcBuster to the AC subfamily members Hennes, Hobo, Tag2.  

Tam3, Herves, Restless, and Tol2 allowed us to identify amino acids within areas of high 

conservation that could be substituted in TcBuster (Fig. 4). Further, sequence alignment of 

TcBuster to the Buster subfamily led to a larger number of candidate amino acids that may be 

substituted (Fig. 5). Candidate TcB transposase mutants were generated using oligoniucleotides 

comprising site mutations as listed in Table 7. The mutants were then sequence verified, cloned 

into pCDNA-DEST40 expression vector (Fig. 6) and mini-prepped prior to transfection.  

Table 7 

Amino Acid SEQ 
Substitutions i Oligo Name Oligonucleotide Sequence (5' -3) ID 

NO 
TCB Q82E Q82E iFW GATTTGCGAGgAGGTAGTCAAC 14 

I_____ FWD 1 

TCB Q82E Q82E REV ACACAAAGTCCGTTGGGC 15 IREV 1 

A358E TCBA358E CGCGTCTTCGaaTTGCTGTGTGAC 16 

TCBA358E 
A358E REV CGCATTCAACGGCCGAGA 

A358S TCBA38S GCGCGTCTTCagTTTGCTGTGTGACG 
FWD i8 
ITCBA358S 

A358S REV CATTCAACGGCCGAGAC 
______REV 1 

'TCBA358K A358K i GCGCGTCTTCaagTTGCTGTGTGACG 
FWD 20 
TCBA358K 

A358K GCATTCAACGGCCGAGAC 
REV 21 

'TCBS447FI 
S447E FD CAAGGTAAATgagCGCATTAACAGTATTAAATC 

TCBS447E 
S44IB7E R AAGATTGTGCTATTCGGC 23 

1452F iCBI452F CATTAACAGTtTTAAATCAAAGTTGAAG 
IFWD 24 
TCBI452F 

1452F REV CGGCTATTTACCTTGAAG 25 

TCBN281E N281E CATCCCATGGgaaCTGTGTTACC 2 
FWD 2)6 

N281E TCBN2 [E GAGTGCTTTTCGAAATAGG 27 
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REX 

1223Q TCJ)Q CGGTCTTGCAcagCTGCTTGTGTTTG 2 

1223Q')' 12Q GCAAC-ATCTGTTGACTCG 2 
REV 
1TCBP5 [OD P5 IOD iW GTYVTTTTCCAgatACGTGTAAT AATATCTCCTG 30 

P5IO IPIOD TCCAGAAAGGTGTTCTTAAG 3 RLV 

P5 ION ICLP'RN GTTTT'CCAaaiACGTIGTIAtVAA~ATCTCC 3 

P51ON TCPi O TCCAG.AAAGGTGTTCTTAAG 3 

E517,R ICE'7 CTCCTIGGGTGcpgAAI'CCTTTICAYAT'G 
FWD___ 34 

TCBF517R 
E517R RF ATATTATTACACGTAGGTGO 3 

TCBK590T 
K590T iE TGAAATTGCACAG 37T' 

K590T D TCGGTCTCgCATCCTC 3 

TCBN885S 

N885S iTC'GCAAATC'ACACAAAGTC 3 

ITC'BS]O9D S109D FOi TAAAGGCAAGgacGAATACTTCAAAAGAAAATGTAAC 

TCBS-109D S 109D RF TAAAGGCAA~oacGAATAC'TTC'AAAAGA AAATGTAAC' 

TCBK 13SF KI3SF E GGACGATAACgagyAACCTCCTGA 4 

KI3SE TCBK135E 
___________ RL\ CTTACGTATCGCTICAAAAGTATfG 4 

D99A Ic13D99AF ACGCCATTT"-IGgcaACAAAGCAT'IC 44 

D99A Ic13D99A R TTICAGCSTTTGGCCGGGTTA 45 

D132A TcB-Dl32A-F ATACGTAAGGf-caGATAACAAGAACC 46 

D132A TcB-D13A-R CGCTCAAAAGTATGCTTC 47 

E159A ~i TL-15(A-F TACCAT.GCGgcgAAGTT"IG.LT'CAAG 48 

E159A T-B-E159A-R TkTGCCTCGCCCTGTTTA 49 

D189A TcB-DI89A-F CCCCCTGTCCgcaACGACTATTTC 50 

D189A IcB-DI89A-R ACGAGANTCAACTTTGCTC S1 

D227A 'ITcB-D227A-F CGAGTCAACAf-caGTTGCCGGTC S'2 

D227A IcI3D2'27A-R TCCATCTGCAGCGTAAAC S 

E243A 'IWLBE-'43A-F GTIACATAC-AgcaAGCTC'T"TTTG S 

E243A 'ITcBFE24-3A-R CTAACAAACACAAGCAGG S5S5 

V377T TcB-V3-7T-F TCATACC'GAAacgAGGTGGC'TGTC S6 
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V377T TcB-V377T-R AGAAGAAGATTTTTATGCAGG 57 

S225W TB-S2'25W-F GATGGACGAGtgACAGATGTTGC 58 

S225W TcB-S225W-R TGCAGCGTAAACCCACAT 59 

Y]55F TcB-Y155F-F GGGCGAGGCAtttACCATAGCGG 60 

Y155F TcB-Y155F-R TGTTTAGCTATTCTCAAACTGACGAGATAAG 61 

D132A TcB-D132A-F ATACGTAAGGgcaGATAACAAGAACC 62 

D132A TcB-D132A-R CGCTCAAAAGTATGCTTC 63 

E159A T-B-E159A-F TACCATAGCGgcgAAGTTGATCAAG 64 

E159A TcB-E[59A-R TATGCCTCGCCCTGTTTA 65 

D189A TcB-D189A-F CCCCCTGTCCgcaACGACTATTTC 66 

D189A TcB-D189A-R ACGAGATCAACTTTGCTC 67 

D227A TcB-D227A-F CGAGTCAACAgcaGTTGCCGGTC 68 

D227A |TcB-D227A-R TCCATCTGCAGCGTAAAC 69 

E243A TcB-E243A-F GTACATACATgcaAGCTCTTTTG 70 

E243A TcB-EF243A-R CTAACAAACACAAGCAGG 71 

V377T TcB-V377T-F TCATACCGAAacgAGGTGGCTGTC 72 

V377T TcB-V377T-R AGAAGAAGATTTTTATGCAGG 73 

S224W TcB-S224W-F GATGGACGAGtggACAGATGTTGC 74 

S224W 'TcB-S224W-R TGCAGCGTAAACCCACAT 75 

Y155F TcB-Y155F-F GGGCGAGGCAtttACCATAGCGG 76 

Yi55F TcB-Y155F-R TGTTTAGCTATTCTCAAACTGACGAGATAAG 77 

[00165] To examine the transposition efficiency of the TcB transposase mutants, HEK-293T 

cells were transfected with TcB Tn-8 (mCherry-puromycin cassette) with WT transposase or 

V596A mutant transposase, or the candidate transposase mutants in duplicate. Cellsweregrown 

in DMEM complete (without drug selection) and mCherry expression was assessed by flow 

cytometry on Day 14 post-transfection. Over 20 TcB transposase mutants were identified that 

had transposition efficiency greater than the wild-type transposase (Fig. 7). It was discovered 

that among these examined mutants, one mutant transposase containing a combination of three 

amino acid substitutions, DI89A, V377T, and E469K. led to a substantial increase in 

transposition activity, as compared to mutants containing respective single substitutions.  

Mutants with high transposition activity also included, among others, K573E/E578L, 1452F.  

A358K, V297K, N85S, S447E. E247K, and Q258T.  

[00166] Among these examined mutants, it was discovered that most of substitutions to a 

positively charged amino acid, such as Lysine (K) or Arginine (R), in proximity to one of the 
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catalytic triad amino acids (D234, D289, and E589) increased transposition. In addition, 

removal of a positive charge, or addition of a negative charge decreased transposition. These 

datasuggests that amino acids close to the catalytic domain may help promote the transposition 

activity of TcB, in particular, when these amino acids are mutated to positively charged amino 

acids.  

[00167] The amino acid sequence of the hyperactiveTcBuster mutant D189A/V377T/E469K 

(SEQ ID NO: 78) is illustrated in Fig. 12. Further mutational analysis of this mutant will be 

performed. As illustrated in Fig.13, the TcBustermutant D189A/V377T/E469K11452F (SEQ ID 

NO: 79) will be constructed. As illustrated in Fig. 14, the TcBuster mutant 

D189A/V377T/E469K/N85S (SEQ ID NO: 80) will be constructed. As illustrated in Fig. 15,the 

Tc Buster mutant D189A/V377T/E469K/S58K (SEQID NO: 81) will be constructed. As 

illustrated in Fig. 16, the Tc Buster mutant D189A/V377T/E469K/K573E/E578L (SEQ ID NO: 

13) will be constructed. In each of Figs. 12-16, the domains of TcBuster are indicated as 

follows: ZnF -BED (lowercase lettering), DNA Binding/oligomization domain (bold lettering), 

catalytic domain (underlined lettering), and insertion domain (italicized lettering); the core 

D189A/V377T/E469K substitutions are indicated in larger, bold, italicized, and underlined 

letters; and the additional substitutions are indicated in large, bold letters. Each of these 

constructs will be tested as already described and are anticipated to show hyperactivity in 

comparison to the wild type TcBuster.  

[00168] EXAMPLE 4. EXEMPLARY FUSION TRANSPOSASE CONTAINING TAG 

[00169] The aim of this study was to generate and examine the transposition efficiency of fusion 

TcBuster transposases. As an example, protein tag, GST or PEST domain, was fused to N

terminus of TcBuster transposase to generate fusion TcBuster transposases. A flexible tinker 

GGSGGSCGSGGSTS (SEQ ID NO: 9), which was encoded by SEQ ID NO: 10, was used to 

separate the GST domain / PEST domain from TcBuster transposase. The presence of this 

flexibility linker may minimize non-specific interaction in the fusion protein, thus increasing its 

activity. The exemplary fusion transposases were transfected with TcB Tn- 8 as described above 

and transposition efficiency was measured by mCherry expression on Day 14 by flow cytometry.  

Transposition efficiency was not affected by taggingof GFP or PEST'domain (Fig. 9), 

suggesting that fusing the transposase DNA binding domains to directintegration of TcBuster 

cargo to select genomic sites, such as safe harbor sites, could be a viable option for TcBuster 

allowing for a safer integration profile.  
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[001701 EXAMPLE 5. EXEMPLARY FUSION TRANSPOSASE COMPRISING TALE 

DOMAIN 

[00171 The aim of this study is to generate a fusion TBuster transposase comprising a TALE 

domain and to examine the transposition activity of the fusion transposase. A TALE sequence 

(SEQ ID NO: 11) is designed to target human AAVS I(hAAVS1) site of human genoine. The 

TALE sequence is thus fused to N-terminus of a wild-typeTcBuster transposase (SEQ ID NO: 

1) to generate a fusion transposase. A flexible linker Gly4Ser2, which is encoded by SEQ ID 

NO: 12, is used to separate the TALE domain and the TcBuster transposase sequence. The 

exemplary fusion transposase has an amino acid sequence SEQ ID NO: 8.  

[00172] The exemplary fusion transposase will be transfected with a TeB Tn-8 as described 

above into Hela cells with the aid of electroporation. TheTcB Tn-8 comprises a reporter gene 

mCherry. The transfection efficiency can be examined by flow cytoetry 2 days post

transfection that counts mCherry-positive cells. Furthermore next-generation sequencing will 

be performed to assess the mCherry gene insertion site in the genome. It is expected that the 

designed TALEsequence can mediate the target insertion of the mCherry gene at a genomic site 

near hAAVS site.  

[00173] EXAMPLE 6. TRANSPOSITION EFFICIENCY IN PRIMARY HUMAN T

CELLS 

[00174] The aim of this study was to developTcBuster transposon system to engineer primary 

CD3- T cells. To this end, inventors incorporated an exemplary TcBuster transposon carrying a 

GFP transgene into a mini-circle plasmid. Activated CD3+ T cells were electroporated with TcB 

mini-circle transposon and RNA transposases, such as WI TcBuster transposase, and select 

exemplary mutants as described in Example 2. The transgene expression was monitored for 21 

days post-electroporation by flow cytometry.  

[00175] It was found that transposition of the TcB transposon was improved nearly two folds 

using the exemplarymutants, V377T/E469K and V377T/E469K/D189A, 14dayspost

transfection compared to the WT TcBuster transposase and V596A mutant transposase (Fig.  

10A). Further, mean transposition efficiencywith the hyperactive mutants V377T/E469K and 

V377T/E469KDI89A was two (mean = 20.2) and three (mean = 24.1) times more efficient 

compared to SB11 (mean = 8.4), respectively.  

1001761 Next, the viability of CD3- T cells was assessed two days post- electroporation with the 

mini-circle TcB transposon and RNA transposase. It was found that viability was moderately 

decreased when CD3+ T-cells were transfected with TcB mini-circle and RNA transposase; 

however, the cells quickly recovered viability by Day 7 (Fig. 10B). These experiments 
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demonstrate the competency of the TcBuster transposon system, according to some 

embodiments of the present disclosure, in cellular engineeringof primaryT cells.  

[00177] EXAMPLE 7. GENERATION OF CHIMERIC ANTIGEN RECEPTOR

MODIFIED T CELLS FOR TREATMENT OF CANCER PATIENT 

[00178] A mini-circle plasmid containing aforementionedTcBTn-8 construct can be designed 

to harbor a chimeric antigen receptor (CAR) gene between the inverted repeats of the transposon.  

The CAR can be designed to have specificity for the B-cell antigen CD19, coupled with CD137 

(a costimulatory receptor in T cells [4-IBB]) and CD3-zeta (a signal-transduction component of 

the T-cellantigen receptor) signaling domains.  

[00179] Autologous T cells will be obtained from peripheral blood of a patient with cancer, for 

example, leukemia. The T cells can be isolated by losing the red blood cells and depleting the 

monocytes by centrifugation through a PERCOLL" gradient. CD3+ T cells can be isolated by 

flow cytometry using anti-CD3/anti-CD28-conjugated beads, such as DYNABEAD M-450 

CD3/CD28T. The isolated T cells will be cultured under standard conditions according to GMP 

guidance.  

[00180] Genetic modification of the primary Tcells will be conducted using a mutantTcBuster 

tmnsposase (SEQID NO: 13) comprising amino acid substitutions V377T, E469K, D189A, 

K573E and E578L and the TBuster Tn-8 transposase comprising the CAR, as described above.  

The Tcells will be electroporated in the presenceof the mutant TcBuster transposase and the 

CAR-containing Tn-8 transposase. Following transfection, T cells will be treated with 

immunosumulatory reagents (such as anti-CD3 antibody and IL-2, IL-7, and IL-15) for 

activation and expansion. Validation of the transfection will be performed by next-generation 

sequencing 2 weeks post-transfection. The transfection efficiency and transgene load in the 

transfected T cells can be determined to assist the design oftreatment regimen. Certain measure 

will also be taken to eliminate any safety concern if risky transgene insertion site is uncovered by 

the sequencing results.  

[00181] Infusion of the chimeric antigen receptor modified T cells (CAR-T cells) back to the 

cancer patient will start after validation of transgene insertion and in vitro expansion of the CAR

T'cells to a clinically desirable level.  

[00182] The infusion dose will be determinedbyanumberof factors, including, butnot limited 

to, the stage of the cancer, the treatment history of the patient, and the CBC (complete blood cell 

count) and vital signs of the patient on the day of treatment. Infusion dose may be escalated or 

deescalated depending on the progression of the disease, the repulsion reaction of the patient, 

and many other medical factors. In the meantime, during the treatment regimen, quantitative 
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polymerase-chain-reaction (qPCR) analysis will be performed to detect chimeric antigen 

receptorTcells in blood and bone marrow. The qPCR analysis can be utilized to make medical 

decision regarding the dosing strategy and other treatment plans.  

Table 8 Amino Acid and Nucleotide Sequences 

Sequence Amino Acid Sequence Or Nucleotide Sequence (SEQ ID NO) 

Description 

Wild-type TcBuster (access ron number : ABF20545) 

transposase MMLNWLKSGKLESQSQEQSSCYLENSNCLPPTLDSTDI.GEENKAGTTSRKKRKYDED 

YLNFGFTWTGDKDEPNGLCVICEQVrNNKSSLNPAKLKRHLDTKHPTLKGKSEYFKRKC 

NELNQKKHTERYVRDDNKNKLLKASYLVSLRIAKQGEAYTIAEKLTKPCTKDLTTCVF 

GEKFASKVDLVPLSDTTISRRTEDMSYFCEAVLVNRLKNAKCGFTLQrMDESTDvAGLA 

ILLVFVRYKHESSFEEDMLFCKALPEQTTGEETFNLLNAYFEKHSIPWNLCYTICTDG 

AKAlv[VGVKGVTARIKKLVPDIKASHCCLHRHALAVKRTPNALHEVLNDAVKMTNFIK 

SRPLNARVFALLCDDLGSLHKNLLLHTEVWLSRKLRFERDEIRIFEEEFA 

GKLNDTSWLQNKLAYIADIFSYLNEVNLSLQGPNSTIEKVNSPINSIKSKLKLWEECIT 

KNNT E CFPrTLNDFLETSN'ALDPNLKSNTLEHLNGLKNTELEYEPPTNNISWVENPF 

NECGNVDTLPTKEREQLIDIRTDTTLKSSVPDGIPTFWIKLMDEFPETSKRAVKELM 

PF T TYLCEKSESVYVATKTKYRNRLDAEDDMRLQLTTIHPDTDNLCKNKQAQKSH 

(SEQ ID KO: 0) 

Wild-type TcBuster atgatgttgaattggetgaaaagtggaaagcttgaaagtcaatcacaggaacagagt 

tra3sposase cctgctaccttgagaactc'aactgcetgccaccaacg'ctcgattctacaaaLLat 

cggtgaag aacaaagetggCotcaccCtctcCaagaageCCggaaatatgacgaggoac 

tt t gaacttcggcttttacatgactgcacaagatgacccaacgactttg'tg 

tgatttgcgacaggtacgtcaacaattcctcacttaacccg'accaaactgaaacgcca 

ttggacacaaogcatccgacgettaaaggcaaogaqgaatacttcaaaagaaaatgt 

aacgagctcaatcaaaagaacatacttutgagcgatacgtaagggacoataacaaga 

a cc tcctaaagcttct tatccotgcagat t-tgagaatagctaaacagggcgaggcata 

taccatagcggagaagttgatcaagccttgcaccaagg'atctgjacaacttgegtattI 

ggaaaaattcgcgagcaaagttgatctcgtccccctg'tccgacacgactatttcaa 

ggpgaatcgaagacatuagttactctgtgaagccgtgctggtgaaaggttgaaaaac 

tgctaaatgtggtttacgctgcauatggacgagtcaacagaugttgccggtcttgca 

a'ucctgtgatttgttaggtacatacatgaaagctcttttgaguaggatatgttgt 

tctgqcaaagcacttcccactcaacgarqacagqqaggagattLt caatettctcaaLgc 

ctattqaaaag'cactccatcccatggaatctgtgqttaccacatttg'ccacagacg'gt 

gccaaggcaatggtaggagttattaaaggagtcatagegagaataaaaaaactcgtcc 

ctgatataaaagctagccactattgcctgcatcgccacgctttggctataaagcgaat 

accgaatgcattacacgaggtgctcaatgacgctgttaaaatgatcaacttcatcaag 

tctaggcgtgaatgegcgcgtettcgctttgctgtgtgacgatttggggagcctge 

ataaaaatcttcttctt:cataccgaagtgjoaggtggetogtctagaggaaagg tgctgac 

ccgattttjgggaactgao'agatgaaattagaattttct-tcaacgaaagggaatttgcc 
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gggaaattgaacgacaccagttggttcaaaatttgcatatatagctgacatattca 

gtttatcaataafttaatcuttcctgcaagggccaatagcacaatcttcaaggt 

aaaagcgcat-acagattaataaattaagtttgggaagagtgtataacg 

aaaaataacactagtgttttgcgaaactcaacatttttt-ggaaact-tcaaacacta 

cgttggatccaaaacctgaaotctaatattttcjaacatccaacactttaagaaca 

catttctgagtattttcacatacgtgtaataatatatcctaggtggagaatccttta 

aatgaatgcggtaacgtgatacactcccaataaaagagaagaacaattgattgaca 

acggacatgatacgacattgaaaatcutattcgtactgataggataaaaccattctg 

gataaaactgatggacgaatttaaagaaattagcaaaaagaatgtcaaggccatg 

cca ttttaa ccacttaccttetgagaaatcattttcgtetat-gtagcacaaaaa 

caaaatatcgaaatagacttgatgctgaagacgatatgcgactccaacttactactat 

cc atccag aca tttgacaacctttlo'taacaacaagcaoctcag aaatcccactga 

(SEQ ID NO: 2) 

IRDR-L-Seql Cagtqetettcaacetttqcatcgqqggaacctttgegagatatttttetttat 

gaacccttcatttagtaatacacccagatgagattttagggacagctacgttgactt 

gttacgaacaaggtaagcccgtgtttggtataaccaagggcatggtaaagacatat 

tcqggcgtt-gtgacaatttaccQaacaactccagcqcgggaagccgatatcggct

g aacgaa *-,ttgta go gggcggt -acttgggtgatatcaatcat cactt-ectt cccg,, 

t accaaat tt taagagagaca c ctggat-ctacacgtaatctgattgcacc 

tagatcaataagcaccaaggc gttgcctcatgcttgaggagattgatgagcqcgg 

tggcaatgccctgactccggtgctcgcggagactgcaagatcatagatata 

(SEQ ID NO: 3) 

IRDR-R-SeqI >gatatcaagcttatagataccgtcgaactaagatttctgaacgattataggetagg 

aaaaaaaaatacaatttattttaaaactgtaagttaacttactttgcttgtctaa 

accaaaaacaacaacaaaacataaaaaacracagttacaatatttttaaaaattaa 

ggttaagtqaagtgtaagtcaact-atgacaatggataacatgtttcaacat-gaaacta 

cgattgacgcatgtgcattctgaagagagcga aoaacgtctctgaatLtgaagca 

atgact cgcg'gaa ccccgaaagc ct ttgggtggaa ccct agggt tccgcggaacaCagq 

qata aqa&c taq 

(SEQ ID NO: 4) 

IRDR-L-Seq2 catacggagttttaaacttegccjatecgaggaaccctttgagagatattt 

tttatggaaccattcatttagtaatacacccagatgagattttagggacagctacg 

ttgacttgttacaaacaaggtgagcccgtgtttaataataaaaactctaaataagat 

:aaa ttgcatttatttaaacaaactttaaacaaaaagataaatattccaaataaala 

taatatataaaataaaaaataaaaattaatactttt-ttgcgcttgcttat-tattgca 

caaattatcaatataggatatctgttgtttttt 

(SEQ ID NO: 5) 

IRDR-R-Seq2 Gagaccaattcacatcatatttctaacgattt-aggttaaaatcaaacaaaatacaa 

tttatuttaaaaatgtaagttaactuacctttgettgtataaacataaaacaacaaa 

aaactacgaccacaagtacagttacatattttgaaaattaaggttaagtgcagtata 

agtcaactatgcaatggataacatgtttcaacatgaaaactccagattacgeaatga 
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cgaaagcctttggtggaaccctaaggtt ccacggaacacaggttaaagaacactg 

(SEQ ID NO: 

pcDNA-DEST 40 gacggatcgggagatectcccgatcccctatggegcactccagtacaat ctgtcctga 

tgccgcatagttaagccagtatctgctccctgctatgtgttggaggtcactgaatag 

tg cgcgagcaaaatttaagctacaacaag gcaaggct-tgaccg acaattgcatgaaga 

au~ctgctuagcggttaggocgttt~cgctcttccatgtacgggccaatataccg 

ugacattgattattgact agttatta ataaa caattacggggtcattagtt cat 

agcccatatatggagttccgcgttacataactuacggtaaatggcccgcctagctgac 

cgcccaacgacccccgcccattacgtcaataatgacatatgt tcccatagtaacgcc 

aatag ggactt tccattacgtcaatgggtggagtatttacgigtaaactgcccacttg 

gcagtacatcaagtgtatcatatgccaagtacqccccctat-tgacgtcaatgacggta 

aatgqcccgcctcgcattatgcccaqtacatgaccttatgqgactttctoctacttggca 

aatgggcgt ggataacggtttgactcacggggatttcaagtc tccaccccataacg 

tcaatgggagtttttttggcaccaaaat caacagactttccaaaatgtcgtaacaa 

ctccgccccattgacqcaaatqqcggtaggcgtgtacggtggqaggtctatataaqc 

aqagctctctggctaactagagaacccactgcttact-ggcttategaaatt-aatacqa 

ctccttagggaccagcggtgttaactatcacaatttgtacaaaaaa 

gctaaacgagaaacgtaaaatgatataaatatcaattaataaattagattttgcata 

aaaaacacactacataatactgtaaaacacacactatccagtcctat ggcggccgca 

ttag qcaccccaggctttacactttatgcttccggctcgtataattogtggattttga 

gttaqqatccggcgagatt t-tcaggagct aaggaagctaaaatggaqaaaaaaatcac 

tggatataccacc gttgatatat cccaat ggcat-cgtaaagaacatt ttgaggcattt 

cagtcagttgctcaattacctataaccagacgttcagctggatatacggcctttt 

taaagaccgtaaaaaaaaataagcacaagttttat ccgcctttattcacattcttgc 

ccgccatgaatgctcat ccggaattccgtatgcaatgaaagacggtgagctggt 

atatgggatagtgttcaccctt t-tacaccgttttcoatgagcaaactgaaacgttt t

catcgcttcggataataccacagat ttccggctttctacacatat-attcgca 

a gatgtggcgtgttacootgaaaatgtacct cctatS-ccctaa.ajggtttat-t-gagaa t 

augtttttcgt ctcagccaatcctgqqtagttt caccagttutgattutaaacgtgq 

ccaatatggacaacttcttcYccccgttttcaccatgggcaaatattataccaaggs 

cgacaaggtgctsgaugccgtggcattcagattcatcatgccgtctgtsgatagctt c 

catgt cggagaatgcttaataattacaacatactgcatgagtg~cagggacgg 

cgtaa.agatctggatcaggettact.aaagacagataa.catatac tatttgcgcc 

tgattttgcggtataa-ga Latatactgtaugtatacccg a tgtcaaaaaga 

ggtgt t atgaagcacgtattacagtgacagttgacacgacagctat cagtact 

caaggcastaagatgtcaatatetccggtetggtaagcacaaccaacagaataaag 

cocg- tctcatagcgaacgetggaaageggaaaatcaaaaagggatggetgaggt 

c qcccggtt -attgaaatgaa ct ct tgctgacgagaacagggact)ggtgaaat

gcaqt tt agtttaccctataaaaagag agc cttatcgt ctgt ttqgtgtgta 
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cagagtgatattattgacagcaccggg gacggatggtgatccccctggccagtgcac 

gtctgctgtcagataaagtctcccgtgaactttacccggtggtgcatatcggggatga 

aagctggcgcatgatgaccacgatatggccagttgccggtctcgttatcggggaa 

gaagtqgctgatctcagccacgcgaaaatgacatcaaaaacgccattaacctgatgt 

tct gggaata taaat gtcagctccg t tata cacaccag t ctgaeaggtcga ccata 

g t ga c tgg at a tgt tgtgt t t taca gt at t a t g t agt c t gtt t tt t at gca ,a aat t a 

atttaatatattgatatttatatcattttagtttctgttcagctttcttgtacaaa 

gtggttgatetagagggcccgcggttcgaaggtaagcctatccctaaccctctcctcg 

gtctcgattetacgcgtaccgtcatcatcaccatcaecattgagtttaaaccgctg 

a tecagcetcat gt gecet tectacgt tge(:cagc attt tugtt togacc ctec cc gt 

ccttccttgaccctggaaggtgccactcccactgtcctttctaataaaatgaggaaa 

t a4- gcaeo ttga t a g g t cat -. c - tg g g g tgggca gg a .:o'eateaeccattgte-tagtaco'gt. tetattt.gag t-guto'gca ,ga 

caacaagggggaggattgggaagacaatagcaggcatgctggggatgeggtgggetct 

atggctLatgaggcggaaaagaaccagctggggctctagggggtatccccacgcgccct 

t geca g cg cccL aa g a'ec ctcct ttcg ct t tet tcct tec ttt c tacgec acgt tec 

geceggct tte e ccgtc gct ct aa atcg gg g gecet tt ag gg"t acgast tta gt 

ctttacggcacctcg a ccaaaaacttga ttagggtgatggttcacg t gggcc 

atgccctga agaocggt ttttcgccctttgacgttggagtccagttctttaatagt 

g ga etcttgttccaaactggaaeaacactcaaccctatctcggtctattcttttgatt 

t a t aagg g attt t cca t tcgct at tg tt aaa a a tag c gateta aa a 

atttaaaoaattaattctgtggaatgtgtgtcagttagggtgtggaaagtccccag 

gctccccagcaggcagaagtatgcataaacatgcatctcaattagtcagcaaccag tg 

tggaaag tccccaggctccccaagagcagaagtatacaaagcatgcatctcaattag 

tcagcaaccatagtaccgcccctaactccg a c c ctaactccgccca gtt 

ccgcccattctcegccccatggataeatttt- tttat t-tatgcagaggccgaggc 

cgc tcctgc-ttaagctattccagaa gtat g q ctt ttggaggcctaggc 

t t tjc aaaacetcc c gagct t g t atgatc c-a t~ t ttcggatct g a t caaga gaecag 

gatga ggaatgtttcgcatattgaacaa ga tga t tca cgcagttcteggccgc 

ttgggtggagaggctattcggctatgactgggcacaac agacaatcggctgctctgat 

gc egccg tg ttccgegtcagcgcaggggcgcccggtcttt tttacaagaccgacc 

tgccggtgccctgaatgaactgcaggacgaggcagcogcg ctatcgtggctggccae 

g aagg gag tt cct tgacgacactogt gctaog aeg tt gt ac taacgg ggaa ag gaatg g 

c t getat tg gg cgatagt gceg ggg caga cteceet a t ct ca 'c ttagetec ct gaa 

agaaagtatccatcatggctgatgcaatgcggcggctgcatacgcttgatccggctac 

ctgcccattcgaaccaaagagaaacatcgcatgagcgagcacgta ctcggatggaa 

gccggtcttgtcgatcaggatgatctggacgaagagcatcagggg csa -agccg 

a a c tg t It cg c c atg g ct c aa g g cg cg c a tg cc cg a c gg og a g ga t cc- c g t aqta eca 

t g gg a t g c c. g cIt t g ceg a a ta t catg gg tqg a aa at gg a c ag c tt t t ct gga t t- at c 

g aet g tcgeceg gact ggg t g tageggae gcta tagg aca t agecg t t ggat acecca 

atattgctgaagagcttggcggcgaatgggctgaccgcttcctcgt gctttacggtat 
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cg ccg ct c ccgat tcg cagogca tcg c t t cta t cg c ctt ct tga cgag tt ct t ct ga 

gcgggacttggggttcgcgaaatgaccgaccaagcgacgcccaacctgccatcacga 

gatttcgattccacgccgccttctatgaaaggttgggcttcggaatcgttttccggg 

acgccggctggatgatcctccagcgcggggatctcatgctggagttctcgcccacc 

caaet tg ttta tt g cagctt g g t :taea aataaag caatagaca tcacaa a t, t tc 

acaaataaagcatttttttcactgcattctagtgt caaa tc ataa 

tatcttatcatgtctgtataccgtcgacctctagctagagcttggcgtaatcatggtc 

atagctgtttcctgtgaaattgttatccgctcacaattccacacaacatacgagcc 

ggaagcataaagtgtaaagcctggggtgcctaatgagtgagctaactcacattaattg 

acat cg gccaa cgocggga gaaggt t tgt a ttg gge t c t cg tc tecg 

c cac t ga ctcgct gcctca tcg tcg g ctgcg g cga gecgg taC t c act cea caa 

aggcggtaatacggttatcca cagaatcaggggataacgcaggaaagaacatgtgagc 

a a aagg cca g caa a agg c cagga a ccg taaaa a gg cc gcg ttg ctgg og t tt tt cca t 

ag g( geecc cct gaog ao gUatL c aa aaat cg agt c aa gtcg agg tjgc ga a 

a ccega ceag gaet at aa ag at cca g gjgt tc c cc tg aagcet cg etqg cgct c 

tcctgttccgaccctgccgcttaceggatactgt cgccttttctcctcgggaagc 

gtggcgtttctcatagetcaegctgtaggta ttcagttcggttaggtcgttcgct 

ccaagctgggctgtgtgcacgaacccccgt tcag ccgaccgctgcgccttatccgg 

taaetatcgtcttgagtccaaccggtaagacacgacttatcgccactggcagcagcc 

acgg t aa(cag ga t aegcaa ga g gte a ; gcgt gcta ca g agt t ct tga agt 

g gtagg c ctaata og t a ct ag aaa ca gta tt t g gtatect gcgect ct gctga a 

gccagttaccetcgaa agagttggtagctcttgatccggcaaacaaaccaccgct 

ggtagcggtggtt tttgtttg ca a agcagattacgcgcagaaaaaaaggatctc 

aagaagatcctttga tcttttcta cggggtctgacgctcagtggaacgaaaactcacg 

ttaagggattt gtcatgagattatcaaaaa g gatcttcactagatccttttaaat 

taaaaatgaagtt t c a atc t aaagta- tagtaa g t aaa ct-t ggtctacaagtt 

a ccaa tagc tt aat c agtrgage acct a tc caj g ctet g tct at t tcg ttea t cca t 

agtt gec c tga ctcccctcgtgtagata ctacgatacgggagggcttaccatctgc 

cccagtgctgcaatgataccgcgagacccacgctcaccggetccagatttatcagcaa 

taaaccagccagccgaagg gccagcgcagaagtggtcctgcaactttatccgcctc 

catccagtctattaattgttgccgggaagctagagtaagtagttcgccagttaatagt 

t ggcttcattcagctccggttgcacaeatcaaggcgagttacatgatcccccatgtt 

gtgcaaaaaagcggttagctccttcggtcctccgatcgttgtcagaagtaagttggcc 

gcagtgttateactcatggttatggcagcactgcataattctcttactgtcatgccat 

ccgtaagatgct tctgtgactggtgagtactcaaccaagtcattctgagaatagtg 

a gcag a act t taa a agt gct c atca tt cggaa aa cg ttet tcgg gggaa aaetect ca a 

ggatcttacctgttgagatccagttcgatgtaacccactcgtgcacccaactgatc 

ttcagcatcttttactttcaccagcgtttctgggtgagcaaaaacaggaaggcaaaat 
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gccacaaaaaagggaataagggcgacacggaaatgttaaatactcatactcttccttt 

ttcaatattattgaagcatttatcagggttattgtctcatgagcaaatacatatttga 

atatatttaaaaaaataaacaaataqggttccgcgcacatttcccccgaaaagtgcca 

cctgacgtc 

(SEQ ID NO: 7) 

FusionTransposase atgetcgaqatggatccctccgacgcttcgccggccggcaggggatctacgcacge 

containing wild-type taggetacaatcagcagagaagagaagatcaaacogaaggagogttcgacagtggo 

gcagcacca ogaggcact-ggtagcccatgggttta cacacgcg cacatcgttgcgt-TcBuster sequence 

aTAEA ag cca aca cccggacagegtt agaaa ctcg cct gtca cgt atcagca ca taat cacaga and TALE DNA
cgttgccagaaacgacacacgaaaacatcgttggcgtcagcaaacagtggtccggcgc 

binding domain 
a cg cg cc c t gg ag g c ct t g tt ga c t g a t g ct g tg ag c tt a g a gg a c t c c t t t caa 

targeting human 

AAVSI ccgtacacgcc tggagaaagca c t-g accgggct c tcTGacCCCAGACCA 

GGTAGT CGCAAT CGCGTCAAACGGAGGGAAAGCCAAGCCCCTGGAAACCGT GCAAAGG 

TT GTTGCCOGGTCCTOT TGTTCAAGACCAOCCTTACP.CCACAAGT CGGGCCATTG 

CAT CCCACGACGGT GGCAAAC AGGCCT TT GACGAGCTTCAGAGACTTCT CCAGTTOCT 

CT GTCAACCCACGGGCTGACT CCCGAT CAAGT TGTAGCGATTGCGTCGCAT GAOCA 

GAAACAAGCATTGGAGACTTCCAACGGCTCCT TCCCGTGTT TGTCAAGCCCCACG 

GCTTTGACG-CCT GCACAAGT GGTCGCCAT CGCCT CCAATATTCG-CGTAAAGCAGC GCT 

GGAAACAGTATCAGCGCCTGCT GCCT GTACTGT GCCAGGATCAT GGACTGACGGCCAAG 

CTGGCOGGGGGCGCCCCCGCGT GGCGGGGCCCCAAGGCCGCCGATAAATTCGCCG 

CCAC~agatgttaattgtgaaaatggaaacttgaaagtcaatcacaggaaca 

gag tucog ct1-acottagqa a ct ct1-a aot gi-c cgccacc aao-g ct cgqattct acaga t 

attat cgataaaaaca a t a acaaagctcqtacca tctcgcaaaaaacqa aaatatgaca 

agga c t-a tctgaao tteggq Ltttaac c tgggacaagg`-Iagagocccaarcigga ct 

tgtgt t cg gacgtagtca a caatt cet catc aa Cc gccaaactgaaa 

cga ttgacc a a aatcogcg aaagg c caggoaiat ac o gaa 

caaCaac c c ocgaa ot c t t a c t; og cag t tg a gaatag o aaa cag ggag 

at att gga gaaaaattcg c aaagt gatctcgtccc- qt ccacacgactat 

tt aagcatg gaag gttat~ c tttg accgtg tggtga cggtg 

aaa aaTctaa aLg g gg acTgocagaugacgagToaa caga-tccgg,,tc 

ttcLacctgocLgtgtL t g t gcataca taaa Lc t tuTg a atat 

ttgttcaaagatocccgcaaggaggtcaett 
aatccatceaaagaocc4ocaggattggtacacttgcca 

EL cd c c I- c, ca cV 

acggt ca ggaq a tt aaa cagt ca tagcgaga at aaaa aaact 

Gog o Vtaa aage agcc gtt gct O t gctgcct a tggegtag cgaata? c cgaatgca .tta 
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ct gac cgac tttt ggga actga g agat ga aat taga a t tt t caa cga a agga t 

ttgcegggaatgacgcacattgttgeaaaatttggca-tatatagetgacat 

attcgttatctgaatgaagtg L L Ltaatt-tcctc aa a aLttc 

ta aaacacstgtgttange gaactaag ttgaa-. a tcaaa 

cactcgjt tgga tc caaac ctga ag etaat a t tt ca a c g gt t taag 

aacacct.t egat ttt ccac ctacgt gt aat aa tatt ctggtgaga 

c- t t c aa t g aa t a g tcgat c t c c ca at aaaaa aggga acaat t ga t 

1tg aca ta cg gactg-a T-aogacat L gaaa T- ctt-' cat- tggcougT- qat--ggt -a L aggacc-fa 

tietgga!caa ateu ag t atagcacaaacagctg1caaagaga 

tcatgccatttgtaaccacttacct cttgaaateatttttccgtctatgtagccaC 

aaaaaCaaatUateaaa tagae tg L ctaagacatatq cactccaa ctt act 

atatttcatagacattg'acacetttgtaacaacaagcaggctcagaa~tIeccact 

gia 

(SEQ ID NO: 8) 

Flexible linker GGSGSGGSGGST S 

(Example 4) (SEQ ID NO: 9) 

Flexible liner GCAGGTAGGGCGGTAGTGGGGGCCCC;TGGGAGCGGCACCTCA 

(Example4) (SEQ TD NO: 10) 

TALE domain atg caga t a tccecgacgeteLgcaggccgaecaggtggatctacgacgc 

targetinghAAVSI t ca acaqtcagca g - caagagaagat caeaaaaaatgegtcgacagtc 

site(Exmple5)caagcatgotqggccatgggtttacacaccgcacatcgttgcgetc site (Example 5) 
agcaatccccggcaegttagggacctcgctgtcaagtatcagcacataatcacgg 

cgtt ccagaugeacacccgaagacatcgttggcgtcggcaaacagtgcagecgc 

acggccctggaaaccttgttgactgatgctggtgagcttaaaggacctcctttacaa 

cutgataclagcagqcttctgaaaatcgccaagagggtggu~~caccgcggtcgagg 

ccgtacacgcectggagaaatgactgacggggctcccttaacCTGACCCAGACCA 

GG-TAGTCGCAATCGCGCAAACGGAGGGGGAAAGCAACCCTGGAAACCGTGCAAAGG 

TTFIIGTT.rPGCCGGTrCCTTTGT,"-,Cr.CAAG ACCAC-.GGCCTTACACCGGAGCAA.GTC 'GT-G GCCATTIIG 

CATCCCACGACGGTGGCAAACAGGCT(TTGAGACGTTCAGAGACTTCTCCCAGTTCT 

CTGTCAAGCCCCCGGCCTGACTCCCCGATCAGITTGTAGCGATTCTCCATGACGGA 

GGGPAACAAGCATT GGAGACTGTCCAACGGCTCTTOCCCTGTTGTGTCAAGCCCACG 

GTTTGACGCCTGCACAAGITGGTCCCATCGCCTCCAATATTGGCGGTAAGCAGGCGCT 

GGAAAGACACCACACCCTC.CTCTACTGTGCCAGCATCATCGACTGAC 

(SEQ ID NO: 11) 

Flexible liner GGCCAAGCTGGCCGGGGGCGCCCCCGCCGTGGGCGGGGGCCCCAAGGCCGCCGATAAA 

(Example 5) C TCCCCCAC 

(SEQ ID NO: 12) 

Mutant TeBuster MIEMLNKSGKLESQSQ 

transposase YLNNCGTWT DKDENGLCVICEQVVNNSSLNALKRLDTKHTLKGSEYKRKC 

eontaidigV377T. NELNQKKHT FRYDNNLLKASYLVSTLRTAKQBEAYTIAEKL IKPCTKDLET TCVF 
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E469K, D189A, GEKFASKVDLVPLSATT ISRRIEDMSYCEAVLVNRLKNAK CGTLMDESTDVAGLA 

K5'73E and E578L ILLVFVRYT HESSEEDMLFCKALPTQTTGEBEFNLLNAYFEKHSIPWNLCYHTICTDG 

AKANWGVIKGVIARIKKLVEDIKASHCCLHRHALAVKRIPNALHEVLNDAVKMINFIK 

SRPLNARVALLCDDLGSLHKNLLLHTETRWLSRGKVLTRFWELRDEIRIFFNEREFA 

GKLNDTSWLQNLAYTADIFSYLNEVNLSLQGPNSTIFKVNSRINSIKSKLKLWEECIT 

KNNTKCFANLNDFLETSNTALDPNLKSNILEHLNGLNTFELEY~fPPTCNNISWVENPF 

NECGNVDTLPTKEREQLIDIRTDTTLKSSVPDGIGPFWKLMDEFPEISERAVKLLM 

PF'VTTYLCEKSFSVYVATKTKYRNRLDAEDDMRLQLTTIHPDIDNLCNNKQAQKSH 

(SEQ ID NO: 13) 

[00183] While preferred embodiments of the present invention have been shown and described 

herein, it will be obvious to those skilled in the art that such embodiments are provided by way 

of example only. Numerous variations, changes, and substitutions will now occur to those 

skilled in the art without departing from the invention. It should be understood that various 

alternatives to the embodiments of the invention described herein may be employed in practicing 

theinvention. It is intended that the following claims define the scope of the invention and that 

methodsand structures within the scopeof these claims and their equivalents be covered thereby.  
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CLAIMS 

WHAT IS CLAIMED IS: 

1. A mutant TcBuster transposase comprising an amino acid sequence having at least 80% 

identical to full-length SEQ ID NO: 1 and at least one amino acid substitution selected from 

Q82E, N85S, D99A, D132A, Q151S, Q151A, E153K, E153R, A154P, Y155H, E159A, T171K, 

T171R, K177E, D183K, D183R, D189A, T191E, S193K, S193R, Y201A, F202D, F202K, 

C2031, C203V, Q221T, M222L, 1223Q, E224G, S225W, D227A, R239H, E243A, E247K, 

P257K, P257R, Q258T, E263A, E263K, E263R, E274K, E274R, S278K, N281E, L282K, 

L282R, K292P, V297K, K2995, A303T, H322E, A332S, A358E, A358K, A358S, D376A, 

V377T, L380N, 1398D, 1398S, 1398K, F400L, V431L, S447E, N450K, N450R, 1452F, E469K, 

P510D, P510N, E517R, R536S, V553S, P554T, P559D, P559S, P559K, K573E, E578L, K590T, 

Y595L, T5981, K599A, Q615A, T618K, T618R, D622K, and D622R, or any combination 

thereof, when numbered in accordance with SEQ ID NO: 1, wherein the mutant TcBuster 

transposase has increased transposition efficiency in comparison to a wild-type TcBuster 

transposase having amino acid sequence SEQ ID NO: 1.  

2. The mutant TcBuster transposase of claim 1, wherein the amino acid sequence of the 

mutant TcBuster transposase is at least 90%, at least 95%, at least 98%, or at least 99% identical 

to full-length SEQ ID NO: 1.  

3. The mutant TcBuster transposase of claim 1 or claim 2, comprising amino acid 

substitution N85S.  

4. The mutant TcBuster transposase of any one of claims 1-3, comprising amino acid 

substitution D99A.  

5. The mutant TcBuster transposase of any one of claims 1 to 4, comprising amino acid 

substitution E247K.  

6. The mutant TcBuster transposase of any one of claims I to 5, comprising amino acid 

substitution V377T.  
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7. The mutant TcBuster transposase of any one of claims 1 to 6, comprising amino acid 

substitution E469K.  

8. The mutant TcBuster transposase of any one of claims I to 7, comprising at least two 

amino acid substitutions selected from N85S, D99A, E247K, V377T, and E469K.  

9. The mutant TcBuster transposase of any one of claims 1 to 7, comprising at least three 

amino acid substitutions selected from N85S, D99A, E247K, V377T, and E469K.  

10. The mutant TcBuster transposase of any one of claims I to 7, comprising at least four 

amino acid substitutions selected from N85S, D99A, E247K, V377T, and E469K.  

11. The mutant TcBuster transposase of any one of claims 1 to 7, comprising at least five 

amino acid substitutions selected from N85S, D99A, E247K, V377T, and E469K.  

12. The mutant TcBuster transposase of any one of claims I to 11, wherein the transposition 

efficiency is measured by an assay that comprises introducing the mutant TcBuster transposase 

and a TcBuster transposon containing a reporter cargo cassette into a population of cells, and 

detecting transposition of the reporter cargo cassette in genome of the population of cells.  

13. A method of treatment, wherein the method comprises: 

(a) introducing into a cell a transposon and the mutant TcBuster transposase of any one of 

claims 1-11, which recognizes the transposon, thereby generating a genetically modified cell; 

and 

(b) administering the genetically modified cell to a patient in need of the treatment.  

14. The method of claim 13, wherein the genetically modified cell comprises a transgene 

introduced by the transposon.  

15. The method of claim 13 or claim 14, wherein the patient has been diagnosed with cancer 

or tumor.  

16. The method of any one of claims 13 to 15, wherein the administering comprises 

transfusing the genetically modified cell into blood vessels of the patient.  
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17. A system for genome editing, wherein the system comprises the mutant TcBuster 

transposase of any one of claims 1-11, and a transposon recognizable by the mutant TcBuster 

transposase.  

18. A system for genome editing, wherein the system comprises a polynucleotide encoding a 

mutant TcBuster transposase of any one of claims 1-11, and a transposon recognizable by the 

mutant TcBuster transposase 

19. The system of claim 18, wherein the polynucleotide comprises DNA that encodes the 

mutant TcBuster transposase.  

20. The system of claim 18 or claim 19, wherein the polynucleotide comprises messenger 

RNA (mRNA) that encodes the mutant TcBuster transposase.  

21. The system of claim 20, wherein the mRNA is chemically modified.  

22. The system of any one of claims 18 to 21, wherein the transposon is present in a DNA 

vector.  

23. The system of claim 22, wherein the DNA vector comprises a mini-circle plasmid.  

24. The system of any one of claims 18 to 23, wherein the polynucleotide and the transposon 

are present in the same plasmid.  

25. The system of any one of claims 18 to 24, wherein the transposon comprises a cargo 

cassette positioned between two inverted repeats.  

26. The system of claim 25, wherein a left inverted repeat of the two inverted repeats 

comprises a sequence having at least 50%, at least 60%, at least 80%, at least 90%, at least 95%, 

at least 98%, or at least 99% identity to SEQ ID NO: 3.  

27. The system of claim 25 or claim 26, wherein a left inverted repeat of the two inverted 

repeats comprises SEQ ID NO: 3.  
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28. The system of any one of claims 25 to 27, wherein a right inverted repeat of the two 

inverted repeats comprises a sequence having at least 50%, at least 60%, at least 80%, at least 

90%, at least 95%, at least 98%, or at least 99% identity to SEQ ID NO: 4.  

29. The system of any one of claims 25 to 28, wherein a right inverted repeat of the two 

inverted repeats comprises SEQ ID NO: 4.  

30. The system of claim 25, wherein a left inverted repeat of the two inverted repeats 

comprises a sequence having at least 50%, at least 60%, at least 80%, at least 90%, at least 95%, 

at least 98%, or at least 99% identity to SEQ ID NO: 5.  

31. The system of claim 25 or claim 30, wherein a left inverted repeat of the two inverted 

repeats comprises SEQ ID NO: 5.  

32. The system of any one of claims 25, 30, or 31, wherein a right inverted repeat of the two 

inverted repeats comprises a sequence having at least 50%, at least 60%, at least 80%, at least 

90%, at least 95%, at least 98%, or at least 99% identity to SEQ ID NO: 6.  

33. The system of any one of claims 25, 30 or 31, wherein a right inverted repeat of the two 

inverted repeats comprises SEQ ID NO: 6.  

34. The system of any one of claims 25 to 33, wherein the cargo cassette comprises a 

promoter selected from the group consisting of: CMV, EFS, MND, EFla, CAGCs, PGK, UBC, 

U6, HI, and Cumate.  

35. The system of any one of claims 25 to 33, wherein the cargo cassette comprises a CMV 

promoter.  

36. The system of any one of claims 25 to 35, wherein the cargo cassette comprises a 

transgene.  

37. The system of claim 36, wherein the transgene codes for a protein selected from the 

group consisting of: a cellular receptor, an immunological checkpoint protein, a cytokine, and 

any combination thereof.  

61



38. The system of claim 36 or 37, wherein the transgene codes for a cellular receptor selected 

from the group consisting of: a T cell receptor (TCR), a B cell receptor (BCR), a chimeric 

antigen receptor (CAR), or any combination thereof.  

39. The system of any one of claims 25 to 38, wherein the cargo cassette is present in a 

forward direction.  

40. The system of any one of claims 25 to 38, wherein the cargo cassette is present in a 

reverse direction.  

41. Use of the mutant TcBuster transposase of any one of claims 1-11 in the manufacture of a 

medicament for treating a patient in need thereof, wherein the treatment comprises: 

(a) introducing into a cell a transposon and the mutant TcBuster transposase, which 

recognizes the transposon, thereby generating a genetically modified cell; and 

(b) administering the genetically modified cell to the patient.  
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