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OPTIMIZED LENTIVIRAL VECTOR FOR XLA GENE THERAPY 

INCORPORATION BY REFERENCE TO ANY PRIORITY APPLICATIONS 

[0001] The present application claims the benefit of priority to U.S. Provisional 

Patent Application No. 62/488,523, filed April 21, 2017. The entire disclosure of the 

aforementioned application is expressly incorporated by reference in its entirety.  

REFERENCE TO FEDERAL FUNDING 
[0002] This invention was made with support under grant number A1084457, 

awarded by the NIH National Institute of Allergy and Infectious Diseases.  

REFERENCE TO SEQUENCE LISTING 
[0003] The present application is being filed along with a Sequence Listing in 

electronic format. The Sequence Listing is provided as a file entitled Sequence Listing 

SCRI.148WO.txt, created April 17, 2018 which is 140 kb in size. The information is the 

electronic format of the Sequence Listing is incorporated herein by reference in its entirety.  

FIELD OF THE INVENTION 

[0004] Aspects of the present invention concern compositions and methods for 

treating, inhibiting or ameliorating X linked agammaglobulinemia (XLA) in subjects that 

have been identified or selected as being ones that would benefit from a therapy to treat, 

inhibit, or ameliorate XLA. Exemplary aspects include constructs and methods for gene 

therapy, which restore or increase Bruton's tyrosine kinase (BTK) expression.  

BACKGROUND OF THE INVENTION 

[0005] X linked agammaglobulinemia (XLA) is a rare X-linked genetic disorder 

resulting from mutations in the Bruton's tyrosine kinase (BTK) gene. These mutations 

contribute to the failure of afflicted individuals to generate mature B cells and the inability of 

these B cells to respond to B cell antigen receptor engagement, as well as, other cellular 

signals. Affected males are unable to generate protective antibody responses to pathogen 
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challenge and eventually succumb to viral or bacterial infection. Current therapy has not 

changed for over 5 decades and consists of immunoglobulin replacement and targeted anti

microbial agents. Despite this therapy, XLA subjects continue to suffer from chronic 

infections and are at an increased risk for a range of morbid or life-threatening complications.  

In rare settings, XLA subjects have been treated with stem cell transplantation without 

conditioning or using reduced intensity conditioning with variable outcomes. The need for 

more therapies to inhibit, treat, or ameliorate XLA is manifest.  

SUMMARY OF THE INVENTION 

[0006] Based upon iterative design and testing of candidate promoter, insulator, 

and enhancer elements and human codon-optimized BTK cDNA constructs, an identified 

novel lentiviral-based (LV) vector construct that mediates sustained BTK expression in B 

and myeloid cells derived from (murine or human) hematopoietic stem cells has been 

manufactured and is described in the alternatives herein. Following ex vivo transduction and 

transplantation into BTK deficient hosts, these alternatives have been shown to surprisingly 

sustain BTK expression and rescue B cell development. As shown in one of the exemplary 

alternatives herein, the constructs set forth herein utilize a truncated ubiquitous chromatin 

opening element (UCOE) element, a conserved enhancer element derived from intronic 

regions within the human BTK locus in association with the human BTK proximal promoter 

to drive expression of a human codon-optimized BTK cDNA.  

[0007] LV vectors using this construct in mouse gene therapy experiments 

mediate sustained BTK expression in B and myeloid cells in primary and secondary 

transplant recipients and rescue B cell development and function without evidence of viral 

toxicity. Thus, this construct represents a unique LV vector for gene therapy treatment, 

inhibition, or amelioration of human XLA.  

[0008] In a first aspect, a polynucleotide for sustained Bruton's tyrosine kinase 

(BTK) expression, the polynucleotide comprising: a first sequence encoding an ubiquitous 

chromatin opening element (UCOE), a second sequence encoding a promoter and a third 

sequence encoding BTK. In some alternatives, the UCOE is 2kb, 1.5kb, 1kb, 0.75kb, 0.5kb 

or 0.25 kb or any number of kilobases in between a range defined by any two afore 

mentioned values. In some alternatives, the first sequence comprises the nucleic acid 

sequence set forth in SEQ ID NO: 1, and/or SEQ ID NO: 2. In some alternatives, the 
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promoter is a BTK promoter. In some alternatives, the BTK promoter comprises the nucleic 

acid sequence set forth in SEQ ID NO: 5. In some alternatives, the third sequence is codon 

optimized for expression in humans. In some alternatives, the third sequence comprises the 

sequence set forth in SEQ ID NO: 6 or SEQ ID NO: 7. In some alternatives, the promoter is a 

B cell specific promoter. In some alternatives, the B cell specific promoter comprises the B 

cell specific promoter B29. In some alternatives, the B29 promoter sequence comprises a 

sequence set forth in SEQ ID NO: 46. In some alternatives, the B cell specific promoter is an 

endogenous promoter. In some alternatives, the polypeptide further comprises one or more 

enhancer elements. In some alternatives, the one or more enhancer elements comprises at 

least one DNase Hypersensitive Site (DHS). In some alternatives, the DNase Hypersensitive 

Site is DNase Hypersensitive Site 1 (DHS1), DNase Hypersensitive Site 2, (DHS2) DNase 

Hypersensitive Site 3 (DHS3), DNase Hypersensitive Site 4 (DHS4) and/or DNase 

Hypersensitive Site 5 (DHS5). In some alternatives, the DNase Hypersensitive Site 

comprises a sequence set forth in SEQ ID NO: 3. In some alternatives, the one or more 

enhancer elements comprise at least one intronic region. In some alternatives, the at least one 

intronic region is from a human BTK locus that is in association with a human BTK proximal 

promoter. In some alternatives, the at least one intronic region is intron 4, intron 5 and/or 

intron 13 of the human BTK locus that is in association with the human BTK proximal 

promoter. In some alternatives, the intronic region comprises the sequence set forth in SEQ 

ID NO: 9 (intron 4), SEQ ID NO: 10 (intron 5) and/or SEQ ID NO: 11 (intron 13). In some 

alternatives, the one or more enhancer elements comprise the sequence set forth in SEQ ID 

NO: 4, SEQ ID NO: 14 or SEQ ID NO: 15. In some alternatives, the UCOE is in a reverse 

orientation or forward orientation. In some alternatives, the UCOE is in a forward 

orientation. In some alternatives, the one or more enhancer elements comprises the sequences 

set forth in SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19 and/or SEQ 

ID NO: 20. In some alternatives, the polynucleotide further comprises a gene upstream of a 

BTK promoter. In some alternatives, the gene upstream of a BTK promoter is a BTK 

enhancer. In some alternatives, the BTK enhancer comprises the sequence set forth in SEQ 

ID NO: 21 or SEQ ID NO: 22. In some alternatives, 0.7UCOE comprises a sequence set 

forth in SEQ ID NO: 2. In some alternatives, the enhancer comprises a sequence set forth in 

SEQ ID NO: 3 or 4.  
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[0009] In a second aspect a vector for sustaining BTK expression in cells is 

provided, the vector comprising: a first sequence encoding an ubiquitous chromatin opening 

element (UCOE), a second sequence encoding a promoter, and a third sequence encoding 

BTK. In some alternatives, the first sequence comprises the nucleic acid sequence set forth in 

SEQ ID NO: 1, and/or SEQ ID NO: 2. In some alternatives, the promoter is a BTK promoter.  

In some alternatives, the promoter comprises the nucleic acid sequence set forth in SEQ ID 

NO: 5. In some alternatives, the third sequence is codon optimized for expression in humans.  

In some alternatives, the third sequence comprises the sequence set forth in SEQ ID NO: 6 or 

SEQ ID NO: 7. In some alternatives, the vector further comprises a B cell specific promoter.  

In some alternatives, the B cell specific promoter comprises the B cell specific promoter B29.  

In some alternatives, the B29 promoter sequence comprises a sequence set forth in SEQ ID 

NO: 46. In some alternatives, the B cell specific promoter is an endogenous promoter. In 

some alternatives, the vector further comprises one or more enhancer elements. In some 

alternatives, the one or more enhancer elements comprise at least one intronic region. In 

some alternatives, the one or more enhancer elements comprises a DNase Hypersensitive Site 

(DHS). In some alternatives, the DNase Hypersensitive Site is DNase Hypersensitive Site 1 

(DHS1), DNase Hypersensitive Site 2, (DHS2) DNase Hypersensitive Site 3 (DHS3), DNase 

Hypersensitive Site 4 (DHS4) and/or DNase Hypersensitive Site 5 (DHS5). In some 

alternatives, the DNase Hypersensitive Site comprises a sequence set forth in SEQ ID NO: 3.  

In some alternatives, the at least one intronic region is from a human BTK locus that is in 

association with a human BTK proximal promoter. In some alternatives, the at least one 

intronic region is intron 4 intron 5 and/or intron 13 of the human BTK locus that is in 

association with the human BTK proximal promoter. In some alternatives, the intronic region 

comprises the sequence set forth in SEQ ID NO: 9 (intron 4), SEQ ID NO: 10 (intron 5) 

and/or SEQ ID NO: 11 (intron 13). In some alternatives, the one or more enhancer elements 

comprise the sequence set forth in SEQ ID NO: 4, SEQ ID NO: 14 or SEQ ID NO: 15. In 

some alternatives, the UCOE is in a reverse orientation or forward orientation. In some 

alternatives, the UCOE is in a forward orientation. In some alternatives, the vector is a 

lentiviral-based vector of a B lineage specific lentiviral vector. In some alternatives, the cells 

are B cells. In some alternatives, the cells are myeloid cells. In some alternatives, the cells are 

hematopoietic stem cells. In some alternatives, the cells are CD34+ hematopoietic stem cells.  
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In some alternatives, the one or more enhancer elements comprises the sequences set forth in 

SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19 and/or SEQ ID NO: 20.  

In some alternatives, the polynucleotide further comprises a gene upstream of a BTK 

promoter. In some alternatives, the gene upstream of a BTK promoter is a BTK enhancer. In 

some alternatives, the BTK enhancer comprises the sequence set forth in SEQ ID NO: 21 or 

SEQ ID NO: 22. In some alternatives, 0.7UCOE comprises a sequence set forth in SEQ ID 

NO: 2. In some alternatives, the enhancer comprises a sequence set forth in SEQ ID NO: 3 or 

4.  

[0010] In a third aspect, a cell for expression of BTK is provided, wherein the cell 

comprises a polynucleotide, which comprises a first sequence encoding a UCOE, a second 

sequence encoding a promoter and a third sequence encoding BTK. In some alternatives, the 

polynucleotide is in a vector. In some alternatives, the vector is a lentiviral vector. In some 

alternatives, the cell is a B cell. In some alternatives, the cells are a myeloid cell. In some 

alternatives, the cell is a hematopoietic stem cell. In some alternatives, the cell is a CD34+ 

hematopoietic stem cell. In some alternatives, 0.7UCOE comprises a sequence set forth in 

SEQ ID NO: 2. In some alternatives, the enhancer comprises a sequence set forth in SEQ ID 

NO: 3 or 4.  

[0011] In a fourth aspect, methods of promoting or increasing B cell survival, 

proliferation and/or differentiation in a subject in need thereof are provided, wherein the 

method comprises administering the cells of any one of the alternatives herein to the subject 

or cells comprising the polynucleotide of any one of the alternatives herein or the vector of 

any one of the alternatives herein to the subject in need and, optionally identifying or 

selecting the subject as one that would benefit from receiving a therapy that would promote 

B cell survival, proliferation and/or differentiation in advance of administering the cells 

and/or, optionally, measuring B cell survival, proliferation and/or differentiation in said 

subject or in a biological sample obtained from said subject after receiving the administration 

of the cells. In some alternatives, the cells are from the subject and, wherein the cells are 

genetically modified by introducing the polynucleotide of any one of the alternatives herein 

or the vector of any one of the alternatives herein into the cells. In some alternatives, the 

administering is performed by adoptive cell transfer. In some alternatives, the cells are B 

cells. In some alternatives, the cells are myeloid cells. In some alternatives, the cells are 
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hematopoietic stem cells. In some alternatives, the cells are CD34+ hematopoietic stem cells.  

In some alternatives, the subject is male. In some alternatives, the subject is suffering from 

XLA. In some alternatives, the subject is selected to receive immunoglobulin replacement 

therapy. In some alternatives, the subject is selected to receive targeted anti-microbial agents.  

In some alternatives, 0.7UCOE comprises a sequence set forth in SEQ ID NO: 2. In some 

alternatives, the enhancer comprises a sequence set forth in SEQ ID NO: 3 or 4.  

[0012] In a fifth aspect, methods of treating, inhibiting, or ameliorating X linked 

agammaglobulinemia (XLA) or disease symptoms associated with XLA in a subject in need 

thereof are provided, wherein the methods comprise administering the cell of any one of the 

alternatives herein to the subject or a cell comprising the polynucleotide of any one of the 

alternatives herein or the vector of any one of the alternatives herein to the subject in need and, 

optionally identifying or selecting the subject as one that would benefit from receiving a 

therapy for XLA or disease symptoms associated with XLA and/or, optionally, measuring an 

improvement in the progression of XLA or an improvement in a disease symptom associated 

with XLA in said subject. In some alternatives, the cell is from the subject, wherein the cell is 

genetically modified by introducing the polynucleotide of any one of the alternatives herein or 

the vector of any one of the alternatives herein into the cell. In some alternatives, the 

administering is performed by adoptive cell transfer. In some alternatives, the cell is a B cell.  

In some alternatives, the cells are myeloid cells. In some alternatives, the cells are 

hematopoietic stem cells. In some alternatives, the cells are CD34+ hematopoietic stem cells.  

In some alternatives, the subject is male. In some alternatives, the subject is selected to receive 

immunoglobulin replacement therapy. In some alternatives, the subject is selected to receive 

targeted anti-microbial agents. In some alternatives, 0.7UCOE comprises a sequence set forth 

in SEQ ID NO: 2. In some alternatives, the enhancer comprises a sequence set forth in SEQ 

ID NO: 3 or 4.  

[0012a] In a sixth aspect there is provided a polynucleotide for sustained Bruton's 

tyrosine kinase (BTK) expression, the polynucleotide comprising: 

(i) a first sequence encoding a ubiquitous chromatin opening element (UCOE), wherein 

the UCOE consists of a fragment from a human CBX3 gene, wherein the fragment comprises 

an exon 1 and an alternative exon 1 of the CBX3 gene, and a 3' end of the alternative exon 1, 

and wherein the UCOE has a length in a range from 0.668 kb to 1 kb; 
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(ii) a second sequence encoding a BTK promoter; and 

(iii) a third sequence encoding BTK.  

[0012b] In a seventh aspect there is provided a vector comprising a polynucleotide of 

the sixth aspect. In an eighth aspect there is provided a cell comprising a polynucleotide of the 

sixth aspect or a vector of the seventh aspect. In a ninth aspect there is provided a 

pharmaceutical composition comprising a cell of the eighth aspect and a pharmaceutically 

acceptable carrier.  

[0012c] In a tenth aspect there is provided a method of promoting B cell survival, 

proliferation and/or differentiation in a subject in need thereof, the method comprising 

administering the cell of the eighth aspect or the pharmaceutical composition of the ninth 

aspect to the subject.  

[0012d] In an eleventh aspect there is provided a method of treating, inhibiting, or 

ameliorating X linked agammaglobulinemia (XLA) in a subject in need thereof, the method 

comprising administering the cell of the eighth aspect or the pharmaceutical composition of 

the ninth aspect to the subject.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Figure 1 shows the optimized gene delivery platform for XLA.  

[0014] Figure 2 shows methods for optimizing lentiviral vectors for gene therapy 

for XLA.  
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[0015] Figure 3 shows the methods for the preclinical models for the therapy 

plan.  

[0016] Figure 4 shows BTK expression in lymphocyte subsets: BTK expression 

in bone marrow (BM), spleen (SP) and peritoneal fluid (PF) B cells, monocytes and 

neutrophils from XLA mice transplanted with lentiviral vector 0.7UCOE or with 0.7UCOE

14,5 expressing human BTK, as measured by flow cytometry and expressed as percent of the 

control BTK' population.  

[0017] Figure 5 shows rescue of B cell development and function. Analysis of 

BTK expression in B subsets from primary recipients. Splenic B cell subsets (right panel) are 

represented in order from least to more mature subsets: early B cell development (pre B cell, 

pro B cell, immature and mature B cell) to late B cell development (transitionall (TI), 

transitional 2 (T2), marginal zone precursor (MZP), marginal zone (MZ) and follicular 

mature (FM).  

[0018] Figure 6 shows both vectors 0.7 UCOE.BTKp. BTK and 0.7UCOE 1-4,5 

BTKp. BTK rescue B cell development and function. (A) Absolute counts for splenic B cells 

(Right panel). (B) B cell proliferation in response to IgM stimulation. Naive B cells were 

stimulated with soluble IgM. The percentage of BTK+ B cells proliferating at 72 hours is 

shown as normalized to WT Mock.  

[0019] Figure 7 shows responses to immunization with T-dependent antigens and 

autoantibody production. (A) Cumulative data for the levels of NP-specific IgG in serum 

from treated mice immunized with NP-CGG in Alum was detected by ELISA and measured 

relative to an IgG standard. ELISAs were used to detect levels of high-affinity NP-IgG 

before (-) and after primary (10) immunization, as well as following re-challenge or (20) 

secondary immunization.(B) Levels of anti-dsDNA IgG and IgG2c in serum from treated 

mice were measured by ELISA at the end point of the experiment depicted as absorbance 

readings (0D450). Serum from autoimmune WAS-/- chimeric mice are used as positive 

control (black triangles).  

[0020] Figure 8 shows viral integration number per cell. (A) Average viral 

integration number per cell in total BM and in splenic CD43- (B cell) vs. CD43+ (non B) 

cells in primary transplant mice as measured by qPCR. (B) Percent BTK+ B cells divided by 

average number of viral integrations in CD43- splenic B cell population in primary transplant 
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mice. Data represent mean SEM from 6 independent experiments, n = 9 (WT Mock), 10 

(XLA Mock) 16 (0.7UCOE.BTKp),14 (0.7UCOE.INT4,5 BTKp).  

[0021] Figure 9 shows expression profiles of four LV constructs and rescue of B 

cell development and function in primary recipient mice. (9A) Schematic of the lentiviral 

constructs with RRL backbone used to express human BTK in murine cells with the BTK 

promoter (BTKp), a 1.5kb ubiquitous chromatin opening element (UCOE) or Ep enhancer, 

and codon-optimized human BTK cDNA (co). (9B) BTK marking in bone marrow, spleen, 

peritoneal B and myeloid cells from gene therapy treated mice was determined by flow 

cytometry and is shown as percent of the population that is BTK+. (Data represent mean 

SEM from 10 independent experiments, n = 14 (WT Mock), 12 (KO Mock), 5 (BTKp), 24 

(1.5kb.UCOE.BTKp), 18 (1.5kb.UCOE.BTKp.co), 21 (Ep.BTKp). (9C-9E) B cells (B220+) 

in the bone marrow, spleen, and peritoneum were stained for surface markers indicative of B 

cell subsets and analyzed for counts or percentage of live lymphocytes: (9C) Early B cell 

development: Pro-B (CD43+, IgM-), Pre-B (CD43-, IgM-, IgD-), Immature (CD43-, IgM+ 

IgD-), and Mature (CD43-, IgM+, IgD+); (9D) late B cell development: transitional TI 

(CD24hi, CD21-), transitional T2 (CD24hi, CD21int), marginal zone/precursor MZ/MZP 

(CD24hi, CD21hi), and follicular FM (CD24int, CD21int); (9E) peritoneum B cells: B2 

(B220hi), Bib (B2201o, CD5-), and Bla (B2201o, CD5+). Data represent mean SEM from 

10 independent experiments with n (BM,SP,PE) = 11,13,14 (WT Mock); 10,11,10 (KO 

Mock); 5,5,5 (BTKp); 20,21,22 (UCOE.BTKP); 14,14,17 (UCOE.BTKp.co); 18,19,20 

(Ept.BTKp) (9F) Total splenocytes from treated mice were stimulated with media alone, anti

murine IgM, LPS or PMA/Ionomycin and proliferation was measured by incorporation of 

3H-thymidine, depicted as the counts per minute (cpm) averaged from 3 replicate wells. Data 

represent mean SEM from 5 independent experiments, n = 10 (WT Mock), 7 (KO Mock), 5 

(BTKp), 13 (1.5kbUCOE.BTKp), 9 (1.5 kbUCOE.BTKp.co), 10 (Ep.BTKp). (9G-9H) Total 

serum IgG (9G) and IgM (9H) in serum from treated mice was measured by ELISA. Data 

represent mean SEM from 4 independent experiments, n = 9 (WT Mock), 10 (KO Mock), 2 

(BTKp), 19 (1.5kb.UCOE.BTKp), 14 (1.5kbUCOE.BTKp.co), 16 (Ep.BTKp). (91) Levels of 

NP-specific IgG in serum from treated mice immunized with NP-CGG in Alum, measured by 

ELISA and expressed relative to an IgG standard. ELISAs were used to detect levels of low

affinity (Supp) and high-affinity (i) NP-IgG before (-) and after (+) immunization, as well as 
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following later re-challenge (++). Data represent mean SEM from 5 independent 

experiments with n = 9 (WT Mock), 10 (KO Mock), 2 (BTKp), 19 (1.5.UCOE.BTKp), 14 

(1.5kb.UCOE.BTKp.co), 16 (E p.BTKp). ***P <.001; **P= .001-.01; *P = .01-.05, between 

total B cells or B cell subsets from the indicated experimental group and KO Mock group.  

[0022] Figure 10 shows Ep.BTKp gene therapy treated mice develop broad 

specificity IgG autoreactive antibodies. Levels of anti-dsDNA IgG (a) in serum from treated 

mice were measured by ELISA prior to any immunizations and are depicted as absorbance 

readings (OD450). Data represent mean SEM from 10 independent experiments, n = 18 

(WT Mock), 16 (KO Mock), 6 (BTKp), 30 (1.5kb.UCOE.BTKp), 18 (1.5 

kb.UCOE.BTKp.co), 29 (Ep.BTKp), 2 (WASp control). (b) Anti-dsDNA IgG subclasses 

IgG2c and IgG3 were measured by ELISA from Ep.BTKp mice (n=23). (c) Subclasses of 

anti-dsDNA IgG in sera from 9 Ep.BTKp treated mice were measured by ELISA. ***P < 

.001; **P = .001-.01; *P = .01-.05, between the indicated experimental groups.  

[0023] Figure 11 shows 1.5kbUCOE.BTKp and 1.5kbUCOE.BTKp.co lead to 

sustained BTK expression with lower copy numbers in primary and secondary recipients.  

Splenic granulocytes (CD1lb+, GRihi) from secondary transplant mice were evaluated for 

%BTK+ cells by flow cytometry. (a) Graphical analysis of %BTK+ granulocytes in 

secondary transplant recipients. Data represent mean SEM from 3 independent experiments 

with n = 3 (WT Mock), 2 (KO Mock), 3 (BTKp), 8 (1.5.UCOE.BTKp), 7 (Ep.BTKp). (b) 

Percent BTK+ granulocytes divided by average number of viral integrations in splenocytes 

from primary transplant mice. (c-d) Average viral integrations per cell in bone marrow (c) 

and splenocytes (d) from primary and secondary transplant mice measured by qPCR. Data 

represent mean SEM from 8 primary and 3 secondary transplant experiments with n 

(primary and secondary)= 5, 3 (BTKp); 18, 8 (UCOE.BTKp); 10, 1 (UCOE.BTKp.co); 18, 7 

(Ep.BTKp). ***P < .001; **P = .001-.01; *P = .01-.05, between the indicated experimental 

groups.  

[0024] Figure 12 shows restoration of BTK expression in affected hematopoietic 

lineages and B cell development in gene therapy mice treated with 0.7kb UCOE.BTKp.co 

LV. The proportion of BTK+ cells and numerical reconstitution of B cell subsets was 

assessed at 16-25 weeks post-transplant. (a) Schematic diagram of a lentiviral construct with 

RRL backbone expressing codon optimized human BTK with a 0.7 kb ubiquitous chromatin 
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opening element (UCOE). (b-c) Percent of BTK+ cells in bone marrow (b) and splenic (c) 

lymphocyte subsets (Neutrophils, Monocytes, B cells and T cells) from gene therapy treated 

groups, determined by flow cytometry. Data represent mean SD from 7 unique 

experiments, n = 13 (WT Mock), 12 (KO Mock), 36 (0.7kb.UCOE.BTKp.co). (d) 

Representative flow plots of BTK expression in splenic Neutrophils (CD11b+ GR+), 

Monocytes (CD11b+), B cells (B220+) and T cells (CD4+CD8+), (e) BTK expression in 

Peritoneal B cells (CD19+) and B cell subsets Bla (CD5- CD43+), Bb (CD5+ CD43+) and 

B2 (CD5- CD43-). Representative data from 7 unique experiments with SD and n = 2 (WT 

Mock), 2 (KO Mock), 8 (0.7kb.UCOE.BTKp.co). (f) Rescue of B cell development by Btk 

expression in the subsets, as measured by flow cytometry. Early B cell development: Pro-B 

(CD43+, IgM-), Pre-B (CD43-, IgM-, IgD-), Immature (CD43-, IgM+ IgD-), and Mature 

(CD43-, IgM+, IgD+); and late B cell development: transitional TI (CD24hi, CD21-), 

transitional T2 (CD24hi, CD21int), marginal zone/precursor MZ/MZP (CD24hi, CD21hi), 

and follicular FM (CD24int, CD2Iint). Cumulative data from 7 independent experiments, n = 

13 (WT Mock), 12 (KO Mock), 36 (0.7kb.UCOE.BTKp.co). (g-h) Total cell counts of the B 

cell subsets from in BM (g) and Spleen (h). (i) B cell subsets as percent of total lymphocyte 

population in peritoneal fluid. Data represent mean SD from 2 independent experiments, n 

=4 (WT Mock), 4 (KO Mock), 11 (0.7 kbUCOE.BTK.co) The * represent significant 

difference between KO Mock and 0.7 kb.UCOE.BTK.co. P value was determined using the 

One way Anova: Sidak test: ***P <.001; **P= .001-.01; *P= .01-.05.  

[0025] Figure 13 shows reconstitution of B cell function following 

0.7.UCOE.Bkp.co LV gene therapy in primary recipients. Assays of B cell function after 16

25 weeks post bone marrow transplantation. Bars show the mean SD (a) The percentage 

of B cells (CD43- splenocyte) that underwent > 1 cell division 72 hours after incubation with 

anti-mouse IgM antibodies, LPS or P/I (as measured by CFSE dilution and read out by flow 

cytometry). Representative data from one independent experiment; n = 4 (WT Mock), 3 (KO 

Mock), and 5 (0.7.UCOE.BTKp.BTK.co). (b) Flow cytometry analysis showing CFSE 

labeled B cells (CD43- splenocytes) 72 hours post-IgM stimulation, gated on live and B220+ 

populations (working on the flow plot). (c) Levels of high-affinity NP-specific IgG in serum 

from treated mice immunized with NP-CGG in Alum, measured by ELISA. The values are 

measured before (-) and post (+) immunization as well as following re-challenge (++). Data 
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represent 7 independent experiments with n = 11 (WT Mock), 10 (KO Mock), 13 (0.7 

kb.UCOE.BTKp.co) in primary immunization (+) and n= 3 (WT Mock), 3 (KO Mock), 3 

(0.7 kb.UCOE.BTKp.co) for re- challenge (++). (d) Total IgG and IgM and (e) anti-dsDNA 

antibody levels in the serum of immunized primary recipients as determined by ELISA 16

25 weeks post-transplant. Data are from 7 independent experiments; n = 10 (WT Mock), 8 

(KO Mock) and 26 (0.7.UCOE.BTKp.BTK.co.). Serum from 2 autoimmune WAS chimera 

with high serum anti-DNA antibodies was run as a positive control (e). P value was 

determined using the One way Anova: Sidak test: ***P <.001; **P= .001-.01; *P= .01-.05.  

[0026] Figure 14 shows VCN and BTK expression are maintained after serial 

passage of gene therapy-treated bone marrow cells into secondary TBK-/- recipients. Percent 

of BTK+ expressing cells within affected lineages of the BM (a) and spleen (b) of secondary 

recipients 16 weeks post-transplantation with BM from primary recipients was measured by 

flow cytometry. Data represents two individual experiments; n = 4 (WT Mock), 4 (KO 

Mock), 19 (0.7 UCOE.BTKp.BTKco). (c) Viral copy number (VCN) determined by qPCR of 

gDNA extracted from total BM and splenic B (CD43- ) and non-B (CD43+) cells of primary 

recipients. (d) VCN of total BM and splenic cells from secondary recipient mice; each dot 

represents a single animal. Data are from 7 unique experiments for primary (n=21 

0.7.UCOE.BTKp.BTK.co) and secondary recipients (n = 11 0.7.UCOE.BTKp.BTK.co ) (e) 

Splenic gDNA from primary and secondary recipients was assessed for methylation. n for 

primary recipients = 2( BTKp.BTK), 5 (1.5kb UCOE.BTKp.BTK), 6 ( Eu.BTKp.BTK.), 6 

(0.7kb.UCOE.BTKp.co). n for secondary recipients = 4 (1.5kb.UCOE.BTKp.BTK) and 6 

(0.7 UCOE.BTKp.co). In all panels the mean SD value are shown; P values comparing the 

means of KO Mock to 0.7.UCOE.BTKp.BTK.co. P value was determined using the One way 

Anova: Sidak test: ***P <.001; **P =.001-.01; *P =.01-.05.  

[0027] Figure 15 shows 0.7UCOE.BTKp.co leads to sustained BTK expression 

and lower copy numbers in XLA CD34 cells. XLA and control CD34 cells were transduced 

with 0.7UCOE.BTKp.co at various multiplicities of infection (MOI) and cultured in vitro for 

15 days. (a) Schematic diagram of the lentiviral transduction protocol of healthy and XLA 

CD34 cells. Cells were stimulated for 48hr in SCGM media supplemented with 100ng of 

human TPO, SCF and Flt3. Cells were transduced with 0.7UCOE.BTKp.co and grown in 

culture for 15 days. At day 15 cells were analyzed for BTK expression and VCN. (b) 
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Representative flow plots of BTK staining in CD34 cells from an XLA patient 15 days post

transduction at various MOIs. (c) Viability of transduced cells after 24 hr transduction, 

determined by flow cytometry. (d) Viral copy number (VCN) determined by qPCR of gDNA 

extracted from total cells collected after 15 days in culture. Data represent mean SD from 3 

unique experiments done in duplicate wells. Each dot represents an individual donor, either 

healthy or XLA.  

[0028] Figure 16 shows the BTK promoter mimics BTK's endogenous 

expression pattern in mice.(a-b) Bone marrow, spleen, peritoneal wash, peripheral blood and 

thymus were collected from a wildtype mouse and cells were stained for B, myeloid, T and 

NK cell markers, intracellular BTK and read on a flow cytometer. Samples from the various 

tissues are designated by the shape of the symbol, as outlined in the legend. The percent of 

cells that are BTK+ is shown for each subset (a), as well as the median fluorescence intensity 

of BTK+ cells (b). (c) Schematic of lentiviral constructs with RRL backbone, Ep enhancer 

and human BTK cDNA, under control of either the B29 promoter (top panel) or the 

endogenous BTK promoter BTKp (bottom panel). (d-e) Bone marrow, spleen and peritoneal 

cells were collected from Ep.B29 or Ep.BTKp gene therapy treated KO mice and stained 

with markers for B (CD11b-, B220+), myeloid (CD1lb+) and T (CD11b-, CD3+) cells, 

intracellular BTK, and analyzed by flow cytometry. (d) The percent of cells that are BTK+.  

(e) The median fluorescence intensity of BTK staining in indicated cell populations. Data 

represent mean SEM from 2 independent experiments with n=4 (EpB29) and n=5 

(EpBTKp). ***P <.001; **P= .001-.01; *P= .01-.05, between Ep.B29 and Ep.BTKp.  

[0029] Figure 17 shows (a) Schematic of lentiviral constructs under control of 

the BTK promoter with Ep enhancer and human BTK cDNA, either wild type of codon

optimized, with a T2A-linked GFP. (b) Chicken BTK-/- DT40 cells were transduced with 

BTK-GFP or coBTK-GFP constructs; histograms show GFP and BTK expression. (c) BTK

GFP and coBTK-GFP transduced cells were stained with an Indo-1 Ester AM fluorescent 

dye and stimulated with anti-IgM; calcium mobilization was monitored via flow cytometry.  

[0030] Figure 18 shows (a) Representative plots of BTK expression by flow 

cytometry in peripheral blood B cells and myeloid cells from gene therapy-treated KO mice.  

(b) BTK marking in bone marrow, spleen, peritoneal B and myeloid cells from gene therapy 

treated mice was determined by flow cytometry and the median fluorescence intensity of the 
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BTK+ cells is shown. (Data represent mean SEM from 10 independent experiments, n = 14 

(WT Mock), 12 (KO Mock), 5 (BTKp), 24 (1.5kb.UCOE.BTKp), 18 

(1.5kb.UCOE.BTKp.co), 21 (Ep.BTKp). (c) Representative flow cytometry plots from bone 

marrow of gene therapy treated mice, stained with markers for early B cell development. (d) 

Graphs depict the percentage of B cells following Hardy fractions of decreasing maturity: Fr 

I (IgMlo, IgDhi), Fr II (IgMhi, IgDhi), FrIII (IgMhi, IgDlo), each ring represents one mouse 

and the mean percent of B cells in each fraction is shown inside the graphic. Data represent 

mean SEM from 11 independent experiments, n = 18 (WT Mock), 14 (KO Mock), 7 

(BTKp), 43 (1.5 kb.UCOE.BTKp), 18 (1.5kb.UCOE.BTKp.co), 23 (Ep.BTKp). (e-f) Levels 

of NP-specific IgG in serum from treated mice before (-) and after (+) immunization with 

NP-CGG in Alum were measured by ELISA and expressed relative to an IgG standard. Low

affinity NP-specific antibodies are shown for all groups (e) and for individual mice (f). Data 

represent mean SEM from 5 independent experiments with n = 9 (WT Mock), 10 (KO 

Mock), 2 (BTKp), 19 (1.5.UCOE.BTKp), 14 (1.5kb.UCOE.BTKp.co), 16 (Ep.BTKp). (g) 

Levels of TNP-specific IgM in serum from treated mice immunized with TNP-Ficol, 

measured by ELISA and expressed relative to an IgM standard. Data represent mean SEM 

from 3 independent experiments with n = 4 (WT), 6 (WT Mock), 4 (KO), 3 (KO Mock), 14 

(UCOE.BTKp). ***P < .001; **P = .001-.01; *P = .01-.05, between the indicated 

experimental group and KO Mock group.  

[0031] Figure 19 shows (a) Survival curve of Ep.BTKp primary transplant mice 

with high and low anti-dsDNA IgG titers, compared to controls. (b) Correlation of BTK MFI 

of BTK+ cells and Anti-dsDNA IgG titers as measured by flow cytometry and ELISA, 

respectively, in Ep.BTKp primary transplant mice.  

[0032] Figure 20 shows sera from WT Mock (4), 1.5kb.UCOE.BTKp (4) and 

Ept.BTKp (8) mice were analyzed by autoantigen array for levels of IgM and IgG reactive to 

88 murine antigens. Data from each row was subject to z-transformation and Z-scores are 

displayed on a colorimetric scale from lowest reactivity (red) to highest (blue).  

[0033] Figure 21 shows the development of B cells and the pathway in which the 

enzyme BTK is involved.  

[0034] Figure 22 shows development of the optimal BTK LV gene therapy 

vector.  
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[0035] Figure 23 shows LV vectors containing the BTK endogenous promoters.  

As shown, the 2 kb CBX3-HNRPA2B1 element- UCOE 1.5- eliminates the A2 promoter but 

retains the CBX3 in reverse orientation.  

[0036] Figure 24 shows the development of LV vectors containing the BTK 

endogenous promoter. As shown, Ep associated with higher level Btk MFI in B cells.  

[0037] Figure 25 shows the results from a FACs assay of LV vectors containing 

the Btk endogenous promoter.  

[0038] Figure 26 shows the expression of BTK in myeloid cells that were 

obtained from splenocytes of treated mice.  

[0039] Figure 27 shows the results of BTK expression in B cells in which the LV 

expressing the BTK comprises a B cell specific promoter Ep.B29.  

[0040] Figure 28 shows BTK expression in B cells and monocytes from the 

lentiviral vector comprising the promoter region BTKpro.BTK 

[0041] Figure 29 shows BTK expression in B cells and monocytes from the 

lentiviral vector comprising the promoter region BTKpro.BTK and the ubiquitous chromatin 

opening element (UCOE).  

[0042] Figure 30 shows BTK expression in B cells and monocytes from the 

lentiviral vector comprising the promoter region Ep.BTKpro.BTK (BTK promoter) and 

huBTK.  

[0043] Figure 31 shows the expression profile of BTK of several BTK promoters 

in B cells and myeloid cells of the bone marrow, spleen and peritoneum.  

[0044] Figure 32 shows the expression profile of BTK of several BTK promoters 

in B cells and myeloid cells of the bone marrow, spleen and peritoneum. The vectors used 

were: WT mock, DKO mock, BTKp, UCOEBTKp, UCOE.BTKp.co and EpBTKp.  

[0045] Figure 33 shows B Cell Development Restoration of Mature B Cell 

Subsets. The black colored regions show that more mature peripheral B cell populations.  

[0046] Figure 34 shows B Cell Development Numerical Reconstitution of B Cell 

Populations (bone marrow, spleen and Peritoneum). As shown, the data summarize findings 

from up to 40 recipient mice per vector and similar numbers of controls.  

[0047] Figure 35 shows B cell proliferation in cells expressing four different 

types of lentiviral vectors (mock wt, DKO mock, lentiviral vector with UCOE.BTKp and 
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lentiviral vector Ep.BTKp). The vital dye dilution vs Btk stain showed that UCOE led to very 

similar results to the WT mice in the experiments.  

[0048] Figure 36 shows B cell proliferation in cells with the following vectors: 

WT, WT mock, DKO, DKO mock, UCOE.BTKp and Ep.BTKp.  

[0049] Figure 37 shows the results of IgM and IgG production in cells with the 

following vectors: WT, WT mock, DKO, DKO mock, BTKp, UCOE.BTKp and Ep.BTKp.  

The bottom panel shows T independent immune responses in cells with the following 

vectors: WT, WT mock, DKO, DKO mock, UCOE.BTKp, WT-0 and KO-0. It is noted that 

the Ep IgG levels actually slightly above WT mock recipients.  

[0050] Figure 38 shows T-dependent immune responses in cells with the 

following vectors: WT, WT mock, DKO, DKO mock, BTKp, UCOE.BTKp, UCOE.BTKp.co, 

WT-0, Ep.BTKp and KO-0.  

[0051] Figure 39 shows T-dependent immunization: affinity maturation. Affinity 

maturation for individual UCOE animals and controls led to very similar results.  

[0052] Figure 40 shows evidence for auto-antibody production.  

[0053] Figure 41 shows evidence for auto-antibody production using a heat map 

of cells that have the vectors WT mock, UCOE.BTKp and Ep.BTKp. This was performed for 

testing the production of IgM and IgG.  

[0054] Figure 42 shows association of antibody levels and percent mouse 

survival with BTK expression.  

[0055] Figure 43 shows long-term stem cell marking in neutrophils with BTK 

expression in secondary recipient mice.  

[0056] Figure 44 shows evidence for long-term stem cell marking in VCN in 

primary and secondary recipients that have the vectors: mock, BTKp, UCOE.BTKp, 

UCOE.BTKp.co, and Ep.BTKp.  

[0057] Figure 45 shows the impact of LV therapy on long-term survival.  

[0058] Figure 46 shows the summary of testing of alternative enhancer elements 

within BTK promoter LV.  

[0059] Figure 47 shows that 0.7UCOE.BTKp and 0.7UCOE.IE.BTKp rescue 

BTK expression and splenic B cell counts.  
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[0060] Figure 48 shows that 0.7UCOE.BTKp and 0.7UCOE.IE.BTKp rescue 

B cell function.  

[0061] Figure 49 shows that 0.7UCOE.IE exhibits an improved safety profile 

over 0.7UCOE.  

[0062] Figure 50 shows new BTK constructs with DNase Hypersensitive Sites.  

[0063] Figure 51 shows the identification of DNase Hypersensitive sites.  

[0064] Figure 52 shows a schematic of the constructs that were evaluated for 

BTK expression in cells.  

[0065] Figure 53 shows in vivo comparison of DHS constructs to 0.7UCOE and 

0.7UCOE.IE.  

[0066] Figure 54 shows peripheral blood lymphocyte distribution in B cells, T 

cells, monocytes and neutrophils 15 weeks post-transplant. BTK reconstitution was also 

shown in lymphocyte subsets in cells with the following vectors: KO unirradiated, KO Mock, 

0.7 UCOE, 0.7 UCOE.IE, 0.7 UCOEDHS4, 0.7 UCOE.DHS12, 0.7 UCOE.DHS124, 0.7 

UCOEl-5, WT mock and WT unirradiated.  

[0067] Figure 55 shows BTK experimental summary in cells with the vectors: 

KO Mock, 0.7 UCOE, 0.7 UCOE.IE, 0.7 UCOEDHS4, 0.7 UCOE.DHS12, 0.7 

UCOE.DHS124, 0.7 UCOE1-5 and WT mock.  

[0068] Figure 56 shows BTK expression in cells with vectors with either the 

UCOE element or DHS4 element.  

[0069] Figure 57 shows BTK expression experiments with cells that have the 

following vectors: 0.7UCOE.BTKp.coBTK, KO Mock, 0.7 UCOE, DHS4, DHS1-5 and WT 

Mock.  

[0070] Figure 58 shows peripheral blood lymphocyte distribution-12 weeks 

post transplantation with cells with the following vectors: KO Mock, WT Mock, 0.7 UCOE, 

DHS4 and DHS1-5.  

[0071] Figure 59 shows 6 week and 12 week peripheral blood lymphocyte 

distribution in B cells, monocytes and neutrophils that have the following vectors: KO 

unirradiated, KO Mock, 0.7 UCOE, DHS4, DHS1-5, WT Mock, and WT unirradiated.  
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[0072] Figure 60 shows 6 week and 12 week BTK expression in B cells, 

monocytes and neutrophils that have the following vectors: KO unirradiated, KO Mock, 0.7 

UCOE, DHS4, DHS1-5, WT Mock, and WT unirradiated.  

[0073] Figure 61 shows that BTK is expressed across cell subsets after a 12 week 

bleed following cell transplantation.  

[0074] Figure 62 shows the experimental set up for the in vitro comparison of 

original coBTK (codon optimized BTK) vs new coBTK.  

[0075] Figure 63 shows in vitro Comparison-TBK Lineage Negative Cells, 

Volume Matched Virus (day 7 BTK stain).  

[0076] Figure 64 shows the percent BTK expression in cells that received 

different concentrations of the lentivirus vectors for BTK expression. The vectors used were 

the following: KO Mock, 0.7 UCOE, DHS4, 0.7 UCOE.newcoBTK, 0.7 UCOE.newcoBTK, 

and WT spleen.  

[0077] Figure 65 shows in vivo comparison of original vs new coBTK.  

[0078] Figure 66 shows additional techniques for optimizing the UCOE elements 

to increase or enhance BTK expression.  

[0079] Figure 67 shows additional techniques for optimizing the UCOE elements 

to increase or enhance BTK expression for the 1.5kb UCOE.  

[0080] Figure 68 shows 0.7UCOE.BTKp vs. 0.7UCOEfwd.BTKp: in vitro test 

with matched volume virus.  

[0081] Figure 69 shows an outline for finalizing the clinical BTK LV construct.  

[0082] Figure 70 shows an outline for finalizing the clinical BTK LV construct 

and planned final in vivo testing for a codon optimized BTK.  

[0083] Figure 71 is a table showing approved apheresis of XLA patient's stem 

cells.  

[0084] Figure 72 shows a human chimera in NSG.  

[0085] Figure 73 shows human lymphocyte reconstitution in B cells of the bone 

marrow and the spleen.  

[0086] Figure 74 shows phenotype of engrafted XLA stem cell (spleen) such as 

the expression of IgD and IgM.  
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[0087] Figure 75 shows a phenotype of engrafted XLA stem cell (spleen) such as 

the expression of CD24 and CD38.  

[0088] Figure 76 shows B cell developmental block (BM) indicating that there is 

an equivalent number of % ProB cells between the XLA group and the healthy group.  

[0089] Figure 77 shows B cell developmental block (BM) indicating that patients 

with XLA have a significantly higher % pre-B cells compared to a healthy control.  

[0090] Figure 78 shows B cell developmental block (BM) indicating that patients 

with XLA have cells that are blocked at the Pre B cell stage. These Pre B cells are able to 

migrate into the spleen. CD179a/CD179b surrogate light chain is disulfide-linked to 

membrane-bound Ig mu heavy chain in association with a signal transducer CD79a/CD79b 

heterodimer to form a B cell receptor-like structure, so-called preB cell receptor (preBCR).  

[0091] Figure 79 shows a B cell developmental block (BM). Development of 

XLA B cells are blocked at Pre B cell stage. Pre B cells are able to migrate to the spleen.  

[0092] Figure 80 shows that that B cells function by Ca2 flux. However, the 

XLA B cells are unable to flux with IgM as compared to the control cells.  

[0093] Figure 81 shows the block of the pathway in B cell development, in which 

XLA causes the B cell development to be blocked at the Pre B cell stage.  

[0094] Figure 82 shows an outline of the results and conclusions from the 

experiments.  

[0095] Figure 83 shows a diagram outlining the human lentiviral transduction of 

stem cells.  

[0096] Figure 84 shows a diagram outlining preclinical modeling- human HSC.  

[0097] Figure 85 shows results from the Human lentiviral transduction of Stem 

cells. As shown there is 70% viability with 0.7UCOE.BTKp.BTK compare to DHS4.  

[0098] Figure 86 shows BTK expression at D15 with XLA P2. As shown, in a 

non-selective environment 0.7 UCOE.BTKpBTK leads to higher expression of BTK 

compare to DHS4.  

[0099] Figure 87 shows an outline of the conclusion from the experiments and 

follow up experiments.  
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[0100] Figure 88 shows preclinical modeling for Human HSC. For these 

experiments, CD34+ cells are transduced with either mock vector or the vector: 

UCOE.BTKp.co.  

[0101] Figure 89 shows preclinical modeling- Human HSC. Cells were 

transduced with the vector UCOE.BTKpro.co-opBTK (UCOE.BTKp.co) GFP.  

[0102] Figure 90 shows a diagram of the experimental methods for transduction 

of the NSG recipient mice.  

[0103] Figure 91 shows the results from the transformed recipient mice: % GFP 

expression, viral copy expression in the cells of the bone marrow and the spleen, as well as, 

the expression in B cells and the myeloid cells.  

[0104] Figure 92 shows the analysis to identify conserved non-coding sequences 

by comparing mouse and human BTK gene sequences and all the vectors that are tested for 

expression of BTK. The regions identified and located were within the BTK promoter, 

upstream from the BTK promoter and proximal to the neighboring gene (BTK enhancer or 

BTKe), within part of intron 1, introns 4, 5, and 13.  

[0105] Figure 93 shows results from truncation of 1.5kb UCOE to 0.7kb and 

identification of potential DNA enhancer elements may improve titer and BTK expression in 

Lentiviral constructs. (a) Truncation of 1.5kb Ubiquitous Chromatin Opening Element 

(UCOE) to 0.7kb. The UCOE element spans a large, CpG-rich region across the divergently 

transcribed promoter regions for the housekeeping genes CBX3 and HNRPA2B1, and has 

traditionally been truncated to a 1.5-2.2kb region by various groups for use in protein 

expression constructs. The 1.5kb UCOE used here starts at Exon 1 of CBX3 and spans past 

CBX3 Alternate Exon 1. Truncation of this region to 0.7kb eliminates the region downstream 

of Alt. Ex. 1. (b) DNaseI Hypersensitive sites (DHS) from intronic regions of the BTK gene 

were identified from the ENCODE database and visualized using the UCSC Genome 

Browser on Human Feb. 2009 (GRCh37/hgl9) Assembly. Five DHS were identified, and 

were labeled consecutively as DHS1, DHS2, DHS3, DHS4, and DHS5 (blue boxes).  

ENCODE Genome Segmentation identified a predicted Enhancer element around DHS4 

(yellow box). Exons are shown as black boxes. The sequence length is noted beneath each 

DHS. Various combinations of these DHS sequences were cloned into the 

0.7UCOE.BTKp.coBTK construct and tested in vitro (data not shown). (c) An in vitro 
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transduction experiment of murine (TBK) lineage negative cells was performed to compare 

BTK expression levels in two versions of codon-optimized BTK: coBTK (Figures 1-2), and a 

codon-optimized BTK published by Staal et al. (Leukemia 2010), denoted here as co2BTK.  

Representative flow plots show BTK expression at 7 days post-transduction. (d) Based on the 

results of the in vitro testing of the DHS constructs and the coBTK vs co2BTK comparison, 

four constructs were identified to test in vivo. Shown here are diagrams of the lentiviral 

constructs with RRL backbone expressing either version of codon optimized human BTK 

(coBTK or co2BTK) with a 0.7 kb ubiquitous chromatin opening element (0.7UCOE), with 

or without addition of DHS4 downstream of the 0.7UCOE element.  

[0106] Figure 94 shows restoration of BTK expression in affected hematopoietic 

lineages and B cell development in gene therapy mice treated with 0.7UCOE vectors. The 

proportion of BTK+ cells and numerical reconstitution of B and myeloid cell subsets was 

assessed at 19-23 weeks post-transplant. (Figure 94A) Representative flow plots showing 

intracellular BTK staining in splenic B cells at endpoint analysis. (b-d) Percent of BTK+ 

cells in bone marrow (Figure 94B), spleen (Figure 94C), and peritoneal (Figure 94D) 

lymphocyte subsets from gene therapy treated groups, determined by flow cytometry. Cell 

subsets are defined as Neutrophils (CD11b+ GR1+), Monocytes (CD11b+), and B cells 

(B220+). (Figure 94E-F) Stacked bars show the average counts of B cell subsets in bone 

marrow (Figure 94E), spleen (Figure 94F), and peritoneum (Figure 94G). Early B cell 

development (bone marrow): Pro+Pre-B (IgM-, IgD-), Immature (IgM+ IgD-), and Mature 

(IgM+, IgD+). Late B cell development (spleen): transitional TI (CD24hi, CD21-), 

transitional T2 (CD24hi, CD21int), marginal zone/precursor MZ/MZP (CD24hi, CD21hi), 

and follicular FM (CD24int, CD21int). Peritoneal B cell subsets: B1 (IgM+ CD43+), and B2 

(CD43-). (Figure 94H) Rescue of BTK expression in B cell subsets, measured by flow 

cytometry. (Figure 941) BTK+ MFI across B cell development, normalized to WT Mock in 

each individual experiment. Data represent mean SD from 4 unique experiments, n = 13 

(WT Mock), 13 (KO Mock), 11 (0.7UCOE.BTKp.co), 11 (0.7UCOE.BTKp.co2), 16 

(0.7UCOE.DHS4.BKTp.co), 11 (0.7UCOE.DHS4.BKTp.co2), and 6 (0.7UCOE.DHS1

5.BTKp.co). P value was determined using the One way Anova: Sidak test: ***P < .001; **P 

=.001-.01; *P = .01-.05.  

-20-



WO 2018/195297 PCT/US2018/028331 

[0107] Figure 95 shows restoration of B cell function in vivo and in vitro. (Figure 

95A) Mice were immunized with NP-CGG in Alum at 12 weeks post-transplant. Levels of 

NP-specific IgG in serum from immunized mice was measured by ELISA and expressed 

relative to an IgG standard. High-affinity NP-IgG was measured from serum prior to (-) and 

10 days following primary immunization (1). One month following primary challenge, mice 

were re-challenged with NP-CGG in PBS and serum was collected 10 days later (2). (Figure 

95B-C) Total serum IgG (Figure 95B) and IgM (Figure 95C) in serum from treated mice was 

measured by ELISA and endpoint analysis (21-23 weeks post-transplant). (Figure 95D-F) At 

endpoint analysis, B cells were isolated from splenocytes by CD43- magnetic separation, 

labeled with Cell Trace Violet and stimulated in vitro with IgM, LPS, or a media control.  

(Figure 95D) The percentage of BTK+ B cells that underwent > 1 cell division 72 hours after 

incubation with anti-mouse IgM antibodies, LPS or media only (read out by flow cytometry).  

(Figure 95E) BTK+ MFI of cells after each division (DO-D4), normalized to WT Mock.  

(Figure 95F) Representative flow plots showing BTK staining and Cell Trace dilution in B 

cells 72 hours post-IgM stimulation, gated on live and B220+ BTK+ cells. Data represent 

mean SD from 4 unique experiments, n = 13 (WT Mock), 13 (KO Mock), 11 

(0.7UCOE.BTKp.co), 11 (0.7UCOE.BTKp.co2), 16 (0.7UCOE.DHS4.BKTp.co), 11 

(0.7UCOE.DHS4.BKTp.co2), and 6 (0.7UCOE.DHS1-5.BTKp.co). P value was determined 

using the One way Anova: Sidaktest: ***P <.001; **P =.001-.01; *P =.01-.05.  

[0108] Figure 96 shows vector safety considerations. (Figure 96A-B) Levels of 

anti-dsDNA IgG (Figure 96A) and anti-dsDNA IgG2c (Figure 96B) in serum from treated 

mice were measured by ELISA and are depicted as absorbance readings (OD450). Serum 

from the known autoimmune-prone WAS chimeric mouse model and mice treated with 

Eu.BTKp were included as positive controls. (Figure 96C) Genomic DNA was isolated from 

total bone marrow and spleen at endpoint analysis and the number of viral integrations per 

cell (VCN) was quantified by qPCR. Data represent mean SD from 4 unique experiments, 

n = 13 (WT Mock), 13 (KO Mock), 11 (0.7UCOE.BTKp.co), 11 (0.7UCOE.BTKp.co2),16 

(0.7UCOE.DHS4.BKTp.co), 11 (0.7UCOE.DHS4.BKTp.co2), and 6 (0.7UCOE.DHS1

5.BTKp.co). P value was determined using the One way Anova: Sidak test: ***P < .001; **P 

=.001-.01; *P = .01-.05.  

[0109] Figure 97 shows a schematic of a transfection protocol.  
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[0110] Figure 98 shows equivalent bone marrow engraftment of human 

hematopoietic cells between treatment groups. Human stem cells from XLA patient, either 

with or without gene therapy treatments, engrafted into the bone marrow equivalently as 

those from a healthy donor. 98A. Representative flow plots showing various markers of 

human immune cells including human and mouse CD45 (a marker for hematopoietic cells) 

CD33 (myeloid cells) and CD19 (B cells), CD4 and CD8 (T cells). Human hematopoietic 

cells are hCD45+ and mCD45- from total live BM cells; CD33 and CD19 markers were 

analyzed from hCD45+gate; CD4 and CD8 were analyzed from the CD33-CD19- gate. 98B 

and 98C. % human CD45 and total number of hCD45 cells engrafted in BM; n= 4 for each 

cohort (XLA3, XLA3+LV 0.7UCOE.BTKp.BTKco2, XLA3 + LV 

0.7UCOE.DHS4.BTKp.BTKco2, and healthy donor).  

[0111] Figure 99 shows Pre-clinical modeling XLA3: Spleen analysis 12 weeks 

post-transplant.  

[0112] Figure 100 shows Pre-clinical modeling XLA3: Spleen analysis 12 weeks 

post-transplant and results of mouse recipients of XLA3 HSC treated with gene therapy using 

0.7UCOE.BTKp BTKco2 or 0.7UCOE.DHS4.BTKp.BTKco2.  

[0113] Figure 101 shows representative flow plot for B cell development subsets 

in spleen. A typical gating strategy for identifying human B cell developmental subsets is 

shown for each gene therapy cohort (listed at right). Markers used in each panel are shown at 

bottom (Hist = histogram); predecessor gates are shown at the top of each column if used.  

[0114] Figure 102 shows that recipients of LV transduced XLA3 HSC (using 

0.7UCOE.BTKp.BTKco2 or 0.7UCOE.DHS4 BTKp.BTKco2 ) have an increased proportion 

of splenic immature B cells (including CD19+CD24+CD38+ B cells and 

CD19+CD24+CD38+IgM+ cells) compared to XLA controls. Graphs summarize the results 

from flow cytometry shown in Figure 4, looking at specific subpopulations of immature B 

cells. A,% of Immature B cells (CD24+ CD38+ ) in the spleen; B, % of immature B cells 

that are IgM+; C- D, Total number of immature B cells (CD24+ CD38+) and 

CD24+hCD38+ IgM+ cells in the spleen; E, overlay of CD10 histogram, showing the mean 

fluorescence intensity MFI shift in CD10 compared to healthy donor. n= 4 for each cohort; 

***P = 0.0004; **P =0.0044; *P= 0.4 by one way ANOVA.  
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[0115] Figure 103 shows that recipients of LV transduced XLA HSC 

(0.7UCOE.BTKp.BTKco2 or 0.7UCOE.DHS4 BTKp.BTKco2 ) have increased proportions 

of mature B cells (CD19+CD24OwCD38owgM* and IgD*) compared to XLA controls.  

104A-C, % of mature B cells (hCD241OwhCD381Ow) and the percent of mature B cells that are 

IgM* and IgM*IgD+ in the spleen, respectively; 103D-F, Total number of splenic mature B 

cells and mature B cells that are IgM* and IgM*IgD*, respectively; 103G, histogram overlay 

of CD10, showing similar MFI of CD1O as that of a healthy donor. N = 4 for each cohort; 

***P= 0.0004; **P=0.0044; * P= 0.4 by one way ANOVA.  

[0116] Figure 104 shows a representative flow plot for B cell development 

subsets in the bone marrow.  

[0117] Figure 105 shows that recipients of LV transduced XLA HSC (using 

0.7UCOE BTKp BTKco2 or DHS4 BTKpBTK.co2 ) exhibit an increased proportion of 

CD19+CD24+CD38+IgM immature B cells compared to XLA controls.  

[0118] Figure 106 shows that recipients of LV transduced XLA HSC (using LV 

0.7UCOE BTKp BTKco2 or LV 0.7UCOE.DHS4 BTKp.BTK.co2) exhibit gene marking of 

0.2-2 viral copy number (VCN)/cell in vivo.  

[0119] Figure 107 shows that recipients of XLA3 HSC that received gene 

therapy with LV 0.7UCOE.BTKp.BTKco2 or 0.7UCOE.DHS4.BTK.pBTKco2 produce B 

cells that secrete IgM in vivo.  

[0120] Figure 108 shows that recipients of XLA3 HSC transduced with LV 

0.7UCOE.BTKp.BTKco2 or 0.7UCOE.DHS4.BTKp.BTKco2 exhibit a restored capacity for 

B cells to flux calcium in response to B cell receptor (BCR) engagement.  

[0121] Figure 109 shows the B cell differentiation protocol.  

[0122] Figure 110 shows a representative flow plot for in vitro B cell class 

switching.  

[0123] Figure 111 shows that recipients of LV transduced XLA HSC (using 

0.7UCOE BTKp BTKco2 or DHS4 BTKpBTK.co2) generate B cells that are capable of 

responding to cytokine and T-cell dependent signals leading to antibody secretion.  

Definitions 
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[0124] Unless defined otherwise, all technical and scientific terms used herein 

have the same meaning as commonly understood by one of ordinary skill in the art to which 

the invention pertains.  

[0125] As used herein, "a" or "an" may mean one or more than one.  

[0126] "About" as used herein when referring to a measurable value is meant to 

encompass variations of 20% or 10%, more preferably +5%, even more preferably ±1%, 

and still more preferably 0.1 % from the specified value.  

[0127] "Polynucleotide," as described herein refers to "nucleic acid" or "nucleic 

acid molecule," such as deoxyribonucleic acid (DNA) or ribonucleic acid (RNA), 

oligonucleotides, fragments generated by the polymerase chain reaction (PCR), and 

fragments generated by any of ligation, scission, endonuclease action, and exonuclease 

action. Nucleic acid molecules can be composed of monomers that are naturally-occurring 

nucleotides (such as DNA and RNA), or analogs of naturally-occurring nucleotides (e.g, 

enantiomeric forms of naturally-occurring nucleotides), or a combination of both. Modified 

nucleotides can have alterations in sugar moieties and/or in pyrimidine or purine base 

moieties. Sugar modifications include, for example, replacement of one or more hydroxyl 

groups with halogens, alkyl groups, amines, and azido groups, or sugars can be 

functionalized as ethers or esters. Moreover, the entire sugar moiety can be replaced with 

sterically and electronically similar structures, such as aza-sugars and carbocyclic sugar 

analogs. Examples of modifications in a base moiety include alkylated purines and 

pyrimidines, acylated purines or pyrimidines, or other well-known heterocyclic substitutes.  

Nucleic acid monomers can be linked by phosphodiester bonds or analogs of such linkages.  

Analogs of phosphodiester linkages include phosphorothioate, phosphorodithioate, 

phosphoroselenoate, phosphorodiselenoate, phosphoroanilothioate, phosphoranilidate, 

phosphoramidate, and the like. The term "nucleic acid molecule" also includes so-called 

"peptide nucleic acids," which comprise naturally-occurring or modified nucleic acid bases 

attached to a polyamide backbone. Nucleic acids can be either single stranded or double 

stranded. In some alternatives, a nucleic acid sequence encoding a fusion protein is provided.  

In some alternatives, the nucleic acid is RNA or DNA.  

[0128] Coding for" or "encoding" have their plain and ordinary meaning when 

read in light of the specification, and may include but is not limited to, for example, the 
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property of specific sequences of nucleotides in a polynucleotide, such as a gene, a cDNA, or 

an mRNA, to serve as templates for synthesis of other macromolecules such as a defined 

sequence of amino acids. Thus, a gene codes for a protein if transcription and translation of 

mRNA corresponding to that gene produces the protein in a cell or other biological system.  

[0129] "Bruton's tyrosine kinase," (BTK) has its plain and ordinary meaning 

when read in light of the specification, and may include but is not limited to, for example, an 

enzyme that in humans is encoded by the BTK gene. BTK is a kinase that plays a crucial role 

in B-cell development. For example, BTK plays a crucial role in B cell maturation as well as 

mast cell activation through the high-affinity IgE receptor. Mutations in the BTK gene are 

implicated in the primary immunodeficiency disease X-linked agammaglobulinemia 

(Bruton's agammaglobulinemia); sometimes abbreviated to XLA. Patients with XLA have 

normal pre-B cell populations in their bone marrow but these cells fail to mature and enter 

the circulation.  

[0130] "X-linked agammaglobulinemia," (XLA) as described herein is a genetic 

disorder that affects the body's ability to fight infection. As the form of agammaglobulinemia 

that is X-linked, it is much more common in males. In people with XLA, the white blood cell 

formation process does not generate mature B cells, which manifests as a complete or near

complete lack of proteins called gamma globulins, including antibodies, in their bloodstream.  

X-linked agammaglobulinemia (XLA) is characterized by recurrent bacterial infections in 

affected males in the first two years of life. Recurrent otitis is the most common infection 

prior to diagnosis. Conjunctivitis, sinopulmonary infections, diarrhea, and skin infections are 

also frequently seen. Approximately 60% of individuals with XLA are recognized as having 

immunodeficiency when they develop a severe, life-threatening infection such as pneumonia, 

empyema, meningitis, sepsis, cellulitis, or septic arthritis.  

[0131] A "promoter" is a region of DNA that initiates transcription of a specific 

gene. The promoters can be located near the transcription start site of a gene, on the same 

strand and upstream on the DNA (the 5'region of the sense strand). The promoter can be a 

conditional, inducible or a constitutive promoter. The promoter can be specific for bacterial, 

mammalian or insect cell protein expression. In some alternatives, wherein a nucleic acid 

encoding a fusion protein is provided, the nucleic acid further comprises a promoter 
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sequence. In some alternatives, the promoter is specific for mammalian protein expression. In 

some alternatives, the promoter is a conditional, inducible or a constitutive promoter.  

[0132] "Ubiquitous chromatin opening elements (UCOE)" as described herein 

are regulatory elements that are derived from promoter-containing CpG islands of 

ubiquitously expressed housekeeping genes. It was proposed that regulatory elements from 

such promoters possess a chromatin-remodeling function allowing the maintenance of 

chromatin in a permissive configuration resulting in high and consistent expression of genes 

in their proximity. Although originally relatively large (up to 16 kb), new, smaller, synthetic 

UCOEs can lead to high expression of the transgene. Ubiquitous chromatin elements and 

their functions is described in Figure 1. In some alternatives, 0.7UCOE comprises a 

sequence set forth in SEQ ID NO: 2. In some alternatives, the enhancer comprises a sequence 

set forth in SEQ ID NO: 3 or 4.  

[0133] "Codon optimization" has its plain and ordinary meaning when read in 

light of the specification, and may include but is not limited to, for example, the design 

process of altering codons to codons known to increase maximum protein expression 

efficiency. In some alternatives, codon optimization for expression in human is preferred, 

wherein codon optimization can be performed by using algorithms that are known to those 

skilled in the art so as to create synthetic genetic transcripts optimized for high mRNA and 

protein yield in humans. Programs containing algorithms for codon optimization in humans 

are readily available. Such programs can include, for example, OptimumGene' or 

GeneGPS@ algorithms. Additionally human codon optimized sequences can be obtained 

commercially, for example, from Integrated DNA Technologies.  

[0134] Optimization can also be performed to reduce the occurrence of secondary 

structure in a polynucleotide. In some alternatives of the method, optimization of the 

sequences in the vector can also be performed to reduce the total GC/AT ratio. Strict codon 

optimization can lead to unwanted secondary structure or an undesirably high GC content 

that leads to secondary structure. As such, the secondary structures affect transcriptional 

efficiency. Programs such as GeneOptimizer can be used after codon usage optimization, for 

secondary structure avoidance and GC content optimization. These additional programs can 

be used for further optimization and troubleshooting after an initial codon optimization to 

limit secondary structures that can occur after the first round of optimization. Alternative 
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programs for optimization are readily available. In some alternatives of the method, the 

vector comprises sequences that are optimized for secondary structure avoidance and/or the 

sequences are optimized to reduce the total GC/AT ratio and/or the sequences are optimized 

for expression in humans. In some alternatives herein, the gene encoding BTK is codon 

optimized. In some alternatives, the codon optimized BTK comprises a sequence set forth in 

SEQ ID NO: 6 or SEQ ID NO: 7.  

[0135] "Enhancer elements," as described herein, are short regions of DNA that 

can be bound by proteins (activators) to increase the likelihood that transcription of a 

particular gene will occur. The activators can also be referred to as transcription factors.  

Enhancers can be either cis-acting, or Trans-acting (acting away from the gene) and can be 

located up to 1 Mbp (1,000,000 bp) away from the gene and can be upstream or downstream 

from the start site, and either in the forward or backward direction. The size of an enhancer 

can be ofa size 50, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 

1400 or 1500 bp or any number of base pairs in between a range defined by any two 

aforementioned values.  

[0136] "Dnase I hypersensitive site" as described herein, is a region of chromatin 

that is sensitive to cleavage by the DNase I enzyme. In these specific regions of the genome, 

chromatin has lost its condensed structure, exposing the DNA and making it accessible. This 

raises the availability of DNA to degradation by enzymes, such as DNase I. These accessible 

chromatin zones are functionally related to transcriptional activity, since this remodeled state 

is necessary for the binding of proteins such as transcription factors. As described in the 

alternatives herein is "Dnase I hypersensitive site 4" (DHS4). DHS4 is an enhancer element 

that is located at -18 kb from a c-globin promoter and can include binding sites for both 

erythroid specific and ubiquitous proteins and plays an important role as a regulatory 

element. In some alternatives herein, the vector for expression of BTK comprises at least 

one DNase Hypersensitive Site. In some alternatives, the DNase Hypersensitive Site is 

DNase Hypersensitive Site 1 (DHS1), DNase Hypersensitive Site 2, (DHS2) DNase 

Hypersensitive Site 3 (DHS3), DNase Hypersensitive Site 4 (DHS4) and/or DNase 

Hypersensitive Site 5 (DHS5).  

[0137] "Intron" as described herein, is any nucleotide sequence within a gene 

that is removed by RNA splicing during maturation of the final RNA product. In some 
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alternatives of the vector herein, the vector comprises at least one intronic region. In some 

alternatives, the at least one intronic region is from a human BTK locus that is in association 

with a human BTK proximal promoter.  

[0138] "Vector," "Expression vector" or "construct" is a nucleic acid used to 

introduce heterologous nucleic acids into a cell that has regulatory elements to provide 

expression of the heterologous nucleic acids in the cell. Vectors include but are not limited to 

plasmid, minicircles, yeast, and viral genomes. In some alternatives, the vector is a viral 

vector. In some alternatives, the viral vector is a lentiviral vector.  

[0139] "B cells" as described herein are a type of white blood cell of the 

lymphocyte subtype. They are also known as B lymphocytes. B cells can function in the 

humoral immunity component of the adaptive immune system by secreting antibodies.  

Additionally, B cells present antigen (they are also classified as professional antigen

presenting cells (APCs) and secrete cytokines. In some alternatives of the cells provided 

herein, the cells are B cells.  

[0140] "Myeloid cells" has its plain and ordinary meaning when read in light of 

the specification, and may include but is not limited to, for example, a granulocyte or 

monocyte precursor cell in bone marrow or spinal cord, or a resemblance to those found in 

the bone marrow or spinal cord. The myeloid cell lineage includes circulating monocytic 

cells in the peripheral blood and the cell populations that they become following maturation, 

differentiation, and/or activation. These populations include non-terminally differentiated 

myeloid cells, myeloid derived suppressor cells, and differentiated macrophages.  

Differentiated macrophages include non-polarized and polarized macrophages, resting and 

activated macrophages. Without being limiting, the myeloid lineage can also include 

granulocytic precursors, polymorphonuclear derived suppressor cells, differentiated 

polymorphonuclear white blood cells, neutrophils, granulocytes, basophils, eosinophils, 

monocytes, macrophages, microglia, myeloid derived suppressor cells, dendritic cells and 

erythrocytes. For example, microglia can differentiate from myeloid progenitor cells. In some 

alternatives of the cells provided herein, the cells are myeloid cells.  

[0141] "Hematopoietic stem cells" or "HSC" as described herein, are precursor 

cells that can give rise to myeloid cells such as, for example, macrophages, monocytes, 

macrophages, neutrophils, basophils, eosinophils, erythrocytes, megakaryocytes/platelets, 
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dendritic cells and lymphoid lineages (such as, for example, T-cells, B-cells, NK-cells).  

HSCs have a heterogeneous population in which three classes of stem cells exist, which are 

distinguished by their ratio of lymphoid to myeloid progeny in the blood (L/M). In some 

alternatives of the cells provided herein, the cells are hematopoietic stem cells. "Subject" or 

"patient," have their plain and ordinary meaning when read in light of the specification, and 

may include but is not limited to, for example, any organism upon which the alternatives 

described herein may be used or administered, e.g, for experimental, diagnostic, 

prophylactic, and/or therapeutic purposes. Subjects or patients include, for example, animals.  

In some alternatives, the subject is mice, rats, rabbits, non-human primates, and humans. In 

some alternatives, the subject is a cow, sheep, pig, horse, dog, cat, primate or a human. In 

some alternatives, the subject is a human male.  

[0142] "Adoptive cellular therapy" or "adoptive cell transfer," as described 

herein refers to the transfer of cells, most commonly immune-derived cells, back into the 

same patient or into a new recipient host with the goal of transferring the immunologic 

functionality and characteristics into the new host. In some alternatives, adoptive cellular 

therapy or adoptive cell transfer comprises administering cells for expression of BTK to a 

subject in need.  

DETAILED DESCRIPTION 

[0143] BTK is expressed in both B cells and myeloid cells where it also 

contributes to normal functional responses in both lineages. Failure to express BTK leads to 

XLA. Conversely, overexpression of activated or wild type BTK can lead to cell 

transformation and/or developmental blockade ("Early arrest in B cell development in 

transgenic mice that express the E41K Bruton's tyrosine kinase mutant under the control of 

the CD19 promoter region" J Immunol. 1999 Jun 1;162(11):6526-33; "Correction of B-cell 

development in Btk-deficient mice using lentiviral vectors with codon-optimized human 

BTK." Leukemia. 2010 Sep;24(9):1617-30; incorporated by reference in their entireties 

herein) and dysregulated expression of wild-type BTK can promote autoantibody production 

and increase the risk for autoimmunity ("Enhanced Expression of Bruton's Tyrosine Kinase 

in B Cells Drives Systemic Autoimmunity by Disrupting T Cell Homeostasis." J Immunol.  
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2016 Jul 1;197(1):58-67; incorporated by reference in its entirety herein). Thus, safe and 

successful clinical gene therapy in XLA requires restoration of BTK expression in each cell 

lineage that normally expresses the protein as well as tightly regulated expression that does 

not lead to overexpression in developmental subsets that do not normally express the protein

and where expression might promote altered cell function. To address this challenge, 

candidate viral vectors in murine XLA animal models and novel human cell models using 

HSC derived from human subjects with XLA were comprehensively assessed, as described 

in the alternatives herein. Based upon iterative design and testing of candidate promoter, 

insulator, and enhancer elements and human codon-optimized BTK cDNA constructs, a 

novel lentiviral-based (LV) vector construct that mediates sustained BTK expression in B 

and myeloid cells derived from (murine or human) hematopoietic stem cells following ex 

vivo transduction and transplantation into BTK deficient hosts has been identified and is 

shown in the alternatives herein. The unique constructs of the alternatives herein, utilize a 

truncated UCOE element, a conserved enhancer element derived from intronic regions within 

the human BTK locus in association with the human BTK proximal promoter to drive 

expression of a human codon-optimized BTK cDNA. The optimal LV vectors of the one of 

the exemplary alternatives, is referred to as 0.7 UCOE.DHS4.BTKpro.coBTK. As part of the 

research described in the alternatives, a series of surprising and unpredicted results leading to 

this construct choice were identified, as shown: 1) the LV containing the BTK minimal 

promoter alone were not sufficient to restore B cell development or function as shown in 

several alternatives; 2) the LV utilizing the Ep enhancer element (with either a B lineage 

restricted promoter or the BTK minimal promoter) lead to development of high titer 

autoantibodies including pathogenic class-switched IgG isotypes indicating that this enhancer 

created significant safety concerns as shown in several alternatives; 3) silencing of LV vector 

expression for multiple candidate LV platforms in secondary recipient animals was observed 

which led to utilization of a UCOE element to resist such silencing; 4) low titers with use of a 

large UCOE element was observed and therefore led to designing and testing of a novel 

truncated 0.7kb element that would lead to improved titer and function and retained 

resistance to silencing; 5) bioinformatic tools were utilized to identify and test multiple 

potential candidate enhancer elements derived from the BTK locus and after significant 

analysis this was used to identify an optimal element, DHS4, that lead to increased BTK 

-30-



WO 2018/195297 PCT/US2018/028331 

expression in vivo without reducing viral titer; 6) alternative human codon-optimized BTK 

cDNAs were tested and led to an identified construct that best restores BTK expression; 7) 

HSC was collected from multiple adult subjects with XLA and it was shown that when 

transplanted into immune deficient NSG mice these stem cells recapitulate the B cell 

developmental defects seen in XLA subjects and 8) in several alternatives herein, it was 

shown that XLA HSC can be efficiently transduced using the alternative optimized LV 

constructs described herein.  

[0144] X-linked agammaglobulinemia (XLA) is a hereditary X-linked 

immunodeficiency disorder caused by a mutation in the BTK gene (Bruton's Tyrosine 

Kinase). This disease affects approximately 1 in 100,000 males. The clinical manifestations 

can include: lack mature B cells and serum immunoglobulins, susceptibility to lung, sinus, 

and skin infections with encapsulated bacteria, risks for sudden death due to bacteria sepsis, 

chronic and systemic infections with enteroviruses, chronic inflammatory bowel disease and 

increased risk for malignancy such as colon and other types of cancer.  

[0145] The current treatment options for XLA can include lifelong pooled human 

immunoglobulin (IVIg or SCIg) every 3-4 weeks. However these treatments are expensive 

and the current treatments can also lead to risk for infection and sudden death.  

[0146] The candidates for gene therapy can include those with single gene 

hematopoietic disorder.  

[0147] Bruton's Tyrosine Kinase (BTK) is a cytoplasmic non-receptor protein 

tyrosine kinase whose main role is in B cell receptor signaling pathway. BTK promotes B 

cell survival, proliferation and differentiation. BTK can maintain sustained calcium signal 

following BCR (B cell receptor) engagement and promotes NFKB activation. Furthermore, 

BTK also plays role in cytokine, growth factor, and TLR signaling pathways. A role for BTK 

is shown in Figure 21, where BTK leads to the development of the B cells. As shown, XLA 

leads to a block at the Pre-B cell stage. BTK is expressed in B and myeloid lineages, and not 

expressed in T cells. The expression profile of endogenous BTK is shown in Figure 16.  

[0148] No other investigators have described use of the BTK promoter or any of 

the additional modifications of the alternatives herein, in association with the BTK in LV 

vectors. While the BTK promoter and the BTK first intron have been partially evaluated in 

previous studies of promoter function, no group has described or tested candidate enhancer 
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elements derived from the human BTK locus including the DHS4 element or others 

("Analysis of the Bruton's tyrosine kinase gene promoter reveals critical PU.1 and SP Isites." 

Blood. 1996 Feb 1;87(3):1036-44; "Cell specific expression of human Bruton's 

agammaglobulinemia tyrosine kinase gene (Btk) is regulated by Sp- and Spi-1/PU.1-family 

members." Oncogene. 1996 Nov 7;13(9):1955-64; "Large-scale comparative sequence 

analysis of the human and murine Bruton's tyrosine kinase loci reveals conserved regulatory 

domains." Genome Res. 1997 Apr;7(4):315-29.; "Synergistic activation of the human Btk 

promoter by transcription factors Spl/3 and PU.." Biochem Biophys Res Commun. 1999 

Jun 7;259(2):364-9; "Btk expression is controlled by Oct and BOB.1/OBF.1." Nucleic Acids 

Res. 2006 Mar 31;34(6):1807-15; "Proteasome-dependent autoregulation of Bruton tyrosine 

kinase (Btk) promoter via NF-kappaB." Blood. 2008 May 1;111(9):4617-26.; all references 

hereby expressly incorporated by reference in their entireties).  

[0149] An independently derived codon-optimized BTK cDNA has been 

identified ("Correction of B-cell development in Btk-deficient mice using lentiviral vectors 

with codon-optimized human BTK." Leukemia. 2010 Sep;24(9):1617-30' incorporated by 

reference in its entirety). Other investigators have studied the use of UCOE element alone or 

in association with a lineage specific or ubiquitous promoter in LV vectors but none have 

applied this technology to BTK ("Lentiviral vectors containing an enhancer-less ubiquitously 

acting chromatin opening element (UCOE) provide highly reproducible and stable transgene 

expression in hematopoietic cells." Blood. 2007 Sep 1;110(5):1448-57.; "A ubiquitous 

chromatin opening element (UCOE) confers resistance to DNA methylation-mediated 

silencing of lentiviral vectors." Mol Ther. 2010 Sep;18(9):1640-9; "Physiological regulation 

of transgene expression by a lentiviral vector containing the A2UCOE linked to a myeloid 

promoter." Gene Ther. 2012 Oct;19(10):1018-29; "Correction of murine Rag2 severe 

combined immunodeficiency by lentiviral gene therapy using a codon-optimized RAG2 

therapeutic transgene." Mol Ther. 2012 Oct;20(10):1968-80; "Promoter and lineage 

independent anti-silencing activity of the A2 ubiquitous chromatin opening element for 

optimized human pluripotent stem cell-based gene therapy." Biomaterials. 2014 

Feb;35(5):1531-42.; "A ubiquitous chromatin opening element prevents transgene silencing 

in pluripotent stem cells and their differentiated progeny." Stem Cells. 2013 Mar;31(3):488

99; "Lentiviral MGMT(P140K)-mediated in vivo selection employing a ubiquitous 
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chromatin opening element (A2UCOE) linked to a cellular promoter." Biomaterials. 2014 

Aug;35(25):7204-13; "Detailed comparison of retroviral vectors and promoter configurations 

for stable and high transgene expression in human induced pluripotent stem cells." Gene 

Ther. 2017 Mar 27; all references hereby expressly incorporated by reference in their 

entireties herein).  

[0150] The optimized lentiviral vectors, as described in the alternatives herein, 

will be used in gene therapy for subjects with X-linked agammaglobulinemia (XLA) 

designed to lead to long-term curative therapy for this disease. Shown in Figure 22 is an 

exemplary alternative in the development of the optimal BTK lentiviral gene therapy vector.  

This alternative would lead to a safe viral delivery platform and the expression of desired 

lineages with optimal levels of protein expression.  

[0151] In some alternatives, the optimized BTK lentiviral vector comprises a 

ubiquitous chromatin opening element (UCOE). The UCOE can provide stable expression of 

transgenes regardless of integration site and can also confer resistance to silencing in an 

adjacent promoter (see Figure 1).  

[0152] The optimized LV vectors for BTK expression were also shown to 

increase BTK expression in cells. A few exemplary vectors that were used in several 

alternatives are shown in Figure 23. As shown in Figure 24, the lentiviral vectors 

comprising EpBTKp promoters also had an increase of BTK in myeloid cells.  

[0153] Cells transduced with DKO mock, BTKp, UCOE.BTKp and Ep.BTKp 

were tested for BTK expression. As shown in the FACS assay, incorporation of Ep into the 

LV vector for BTK expression was also shown to boost BTK expression the most in both B 

cells and myeloid cells as compared to the BTKp promoter alone and with the UCOE 

elements. (Figure 25). The results of the BTK expression in the transduced cells are 

comparable to the wild type cells that express the BTK naturally as shown in Figure 26, 

which shows the comparison between a knock out cell and wild type cell in both B cells and 

monocytes.  

[0154] It is contemplated that this LV vector will lead to curative therapy, in 

particular XLA gene therapy.  

[0155] In the alternatives described herein, the gene delivery platform was 

specialized for XLA therapy. This would allow restoration of endogenous BTK expression in 
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B cells and myeloid cells, and rescue of immunological responses in those suffering from 

XLA. The vector safety profile was further evaluated. Previously investigated lentiviral 

vectors for XLA included those with promoter and transcription elements such as the BTK 

minimal promoter, the Ig heavy chain p intronic enhancer, as well as the 1.5 kb ubiquitous 

chromatin opening element. However, as shown in the alternatives herein, there were further 

modifications needed in order to improve the BTK expression in B and myeloid cells.  

Optimization of the gene delivery platform for XLA 
[0156] In order to improve the lentiviral vector for gene therapy, several steps 

were taken, as shown in the alternatives herein: 1) improvement of viral titer by decreasing 

the size of the UCOE element to 0.7 kb; 2) identifying transcriptional elements within the 

endogenous human BTK that would improve expression in B and myeloid cells and test the 

expression with conserved non-coding sequences (CNS) that are included upstream from the 

BTK promoter (Figure 1). The lentiviral vectors tested in the pre-clinical models in the 

alternatives described herein include 0.7 UCOE.BTKp.BTK and 0.7 UCOE.I

4,5.BTKp.BTK. (see Figure 2). As shown in Figure 3, blood was taken from XLA mice, in 

which Lin negative cells were harvested. The cells were then transduced with LC-huBTK

LV. The cells were then administered to the XLA mice, which were analyzed at 20-25 weeks 

post cell transfer. The BTK expression was analyzed by flow cytometry. A secondary 

cellular transfer was also performed for long term repopulation of the stem cells (See Figure 

3). A schematic showing the preclinical murine model for XLA gene therapy is shown in 

Figure 3.  

[0157] Both vectors (.7UCOE and 0.7UCOE-14,5) expressing human BTK, 

restored BTK expression to affected hematopoietic cells, rescued B cell development and 

function and restored immune responses (Figures 4-7). However it was shown that 

0.7UCOE.I-45.BTIpBTK expressed BTK as effectively as 0.7UCOE.BTKp.BTK, but with 

fewer viral integrations (Figure 8). Thus several conclusions were drawn.  

[0158] The LV vector that included conserved BTK regulatory elements (derived 

from BTK introns 4 and 5) in association with the endogenous BTK improves BTK 
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expression per viral integration. Also 0.7UCOE.14,5.BTKpBTK LV comprises an efficient 

candidate for XLA gene therapy.  

[0159] For expanded pre-clinical studies the following are performed: a) murine 

modeling to fully evaluate toxicity, safety and efficacy (including use of secondary 

transplantation and integration site analysis); b) in-vitro immortalization and transactivation 

assays; c) refine genetic elements within introns 4 and 5 for improving BTK expression in B 

and myeloid cells; and d) evaluation of 0.7UCOE.I-4,5.BTKp.BTK in healthy control and 

XLA subject CD34+ stem cells in vitro and in NSG recipient mice.  

Improved safety and efficacy of lentiviral gene therapy in a murine XLA model using a 
UCOE-insulated BTK promoter 

[0160] Experiments were performed in order to optimize the safety and efficacy 

of a lentiviral gene therapy in mice using a UCOE insulated BTK promoter. For the 

experiments several vector constructs were used: WT Mock, KO Mock, BTKp, 

1.5.UCOE.BTKp, and Ep.BTKp.  

[0161] Shown in Figure 9 are the expression profiles of four LV constructs and 

rescue of B cell development and function in primary recipient mice. The vectors used were 

BTKpro.BTK, 1.5UCOE.BTKpro.BTK, 1.5UCOE.BTKpro.coBTK (human codon optimized 

BTK) and Ep.BTKpro.BTK. The vector, the Ep.BTKp.hBTK was shown to increase BTK 

expression in all cells as shown in Figure 9. The vector, the Ep.BTKp.hBTK was also shown 

to increase IgG expression in all cells as shown in Figure 10. Increased BTK expression was 

also seen for the vector Ep.BTKp.hBTK in granulocytes, bone marrow and spleen B cells as 

seen in Figure 11. The 1.5kbUCOE.BTKp and 1.5kbUCOE.BTKp.co vectors were shown to 

lead to sustained BTK expression with lower copy numbers in primary and secondary 

recipients (Figure 11).  

[0162] Restoration of BTK expression was shown in affected hematopoietic 

lineages and B cell development in gene therapy mice treated with 0.7kb 

UCOE.BTKpro.coBTK LV (Figure 12).  

[0163] Proliferation of B cells, increase of IgM and IgG secretion were also seen 

in cells following 0.7.UCOE.BTK.co LV gene therapy in primary recipients (Figure 12).  

[0164] Reconstitution of B cell function was also seen following 

0.7.UCOE.Bkp.co LV gene therapy in primary recipients (Figure 13).  
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[0165] VCN and BTK expression are maintained after serial passage of gene 

therapy-treated bone marrow cells into secondary TBK-1- recipients (Figure 14). As shown, 

cells transduced with the 0.7UCOE.BTKp.co led to expression of BTK in the neutrophils, 

monocytes, B cells of the bone marrow and the spleen. Methylation of DNA was also 

measured, which is a modification for suppressing gene transcription.  

[0166] The vector 0.7UCOE.BTKp.co was shown to lead to sustained BTK 

expression and lower copy numbers in XLA CD34 cells (Figure 15). XLA and control CD34 

cells were transduced with 0.7UCOE.BTKp.co at various multiplicities of infection (MOI) 

and cultured in vitro for 15 days. As shown, the XLA transduced cells had similar viability as 

the healthy control cells.  

[0167] The BTK promoter in the lentiviral vectors were also used to evaluate 

BTK expression in wild type mice. As shown, the BTK promoter mimics BTK's endogenous 

expression pattern in mice (Figure 16).  

[0168] The Ep promoter was then tested for expression enhancement in the 

lentiviral vectors. Two vectors were tested, which had the Ep promoter as shown in Figure 

17 panel a (Ep enhancer and human BTK cDNA, either wild type or human codon

optimized, with a T2A-linked GFP). Chicken BTK-/- DT40 cells were transduced with BTK

GFP or coBTK-GFP constructs; histograms show GFP and BTK expression (Figure 17 panel 

b). BTK-GFP and coBTK-GFP transduced cells were stained with an Indo-1 Ester AM 

fluorescent dye and stimulated with anti-IgM; calcium mobilization was monitored via flow 

cytometry. As shown, lentiviral constructs under control of the BTK promoter with Ep 

enhancer and human BTK cDNA led to controlled expression of the BTK-GFP in the 

chicken cells.  

[0169] Representative plots of BTK expression after flow cytometry of peripheral 

blood B cells and myeloid cells from gene therapy-treated KO mice was also performed 

(Figure 18). The vectors tested were: WT Mock, KO Mock, BTKp, 1.5kb.UCOE.BTKp, 

1.5kb.UCOE.BTKp.co, and Ep.BTKp. Shown in Figure 18 panel c are the representative 

flow cytometry plots from bone marrow of gene therapy treated mice, stained with markers 

for early B cell development. Figure 18 panel d shows graphs that depict the percentage of B 

cells following Hardy fractions of decreasing maturity: Fr I (IgMlo, IgDhi), Fr II (IgMhi, 

IgDhi), FrIII (IgMhi, IgDlo), each ring represents one mouse and the mean percent of B cells 
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in each fraction is shown inside the graphic. Data represent mean SEM from 11 

independent experiments, n = 18 (WT Mock), 14 (KO Mock), 7 (BTKp), 43 (1.5 

kb.UCOE.BTKp), 18 (1.5kb.UCOE.BTKp.co), 23 (Ep.BTKp). As shown, the vector with the 

Ep. enhancer led to the higher expression of BTK in both the B cells and the myeloid cells as 

well as an increase in IgG secretion.  

[0170] As shown in Figure 19, Ep.BTKp primary transplant mice also had 

increased survival as compared to the control XLA mice treated with cells that were 

transduced with the mock vectors.  

[0171] Sera from the mice treated with the cells transduced with the WT Mock, 

1.5kb.UCOE.BTKp and Ep.BTKp vectors were analyzed by autoantigen array for levels of 

IgM and IgG reactive to 88 murine antigens. Data from each row was subject to z

transformation and Z-scores are displayed on a colorimetric scale from lowest reactivity (red) 

to highest (blue). As shown in Figure 20, the sera with the most reactivity were from the 

cells transduced with lentiviral vectors that had the Ep promoter (Ep.BTKp.) 

Designing vectors for increasing BTK expression in B cells and monocytes 
[0172] B cell specific promoters were also examined for their influence on BTK 

production. In an exemplary alternative, a lentivector was manufactured, which comprised 

the Ep enhancer element and a B cell specific promoter, B29, fused to a gene encoding 

human BTK (huBTK) (Figure 27). As shown, the vector led to an increase of BTK 

expression in B cells; however, the BTK expression in the monocyte was comparable to the 

knockout cells (Figure 27).  

[0173] The BTK promoter region was also examined in another alternative, to 

evaluate the influence of the BTK promoter in a lentiviral vector for BTK expression. As 

shown in Figure 28, a lentiviral vector was manufactured, which comprised the BTK 

promoter (BTKpro) fused to the gene encoding human BTK (huBTK). As shown, the BTK 

promoter led to increased BTK expression in B cells. However, BTK expression was not 

comparable to the expression in wild type cells. In the monocytes, the lentiviral vector 

comprising the BTK promoter region was unable to lead to increased expression of BTK and 

the expression of BTK was comparable to the knock out cells.  
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[0174] A lentiviral vector was manufactured, which comprised a ubiquitous 

chromatin opening element and a BTK promoter (BTKpro) fused to a gene encoding human 

BTK (Figure 29). As shown, the enhancer element along with the promoter led to increase of 

BTK expression in both B cells, as well as, monocytes. However, the expression was not 

comparable to the expression in the wild type cells.  

[0175] A lentiviral vector was manufactured, which comprised a Ep enhancer and 

a BTK promoter (BTKpro) fused to a gene encoding human BTK (Figure 30). As shown, the 

enhancer element along with the promoter led to increase of BTK expression in both B cells 

and monocytes. The results show that the expression BTK in the transduced cells exceeded 

the amounts of BTK in the wild type cells. The data shows that the Ep enhancer led to the 

most BTK expression of the vectors that were tested.  

[0176] Provided below are exemplary constructs used herein: 

1. 0.7UCOE.BTKp.coBTK.  
2. 0.7UCOEfwd.BTKp.coBTK 
3. 0.7UCOE.DHS4.BTKp.coBTK 
4. 0.7UCOEfwd.DHS4.BTKp.coBTK 
5. 0.7UCOE.IE.BTKp.coBTK 
6. 0.7UCOEfwd.IE.BTKp.coBTK 
7. 0.7UCOE.BTKp.co2BTK 
8. 0.7UCOEfwd.BTKp.co2BTK 
9. 0.7UCOE.DHS4.BTKp.co2BTK 
10. 0.7UCOEfwd.DHS4.BTKp.co2BTK 
11. 0.7UCOE.IE.BTKp.co2BTK 
12. 0.7UCOEfwd.IE.BTKp.co2BTK 

Generally, these constructs represent various iterations of 3 different elements (0.7UCOE, 
Enhancer, or BTK coding sequence, all having the same BTK promoter): 

0.7UCOE: ENHANCER: PROMOTER BTK human codon 
optimization: 

0.7UCOE 0.7UCOEfwd none DHS4 IE BTKp coBTK co2BTK 

Human Codon optimized BTK 
[0177] Human codon optimization of the gene encoding BTK was performed.  

Human codon optimization can be performed by using algorithms that are known to those 

skilled in the art so as to create synthetic genetic transcripts optimized for high mRNA and 

protein yield in humans. As shown in Figure 17, two constructs were tested for their ability 

to lead to increased BTK expression in cells. The lentiviral constructs comprised the Ep 
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element and the BTK promoter region. The genes for expression were BTK and a human 

codon optimized BTK, both fused to GFP gene transcripts. As shown in Figure 17, human 

codon optimized BTK led to an increase in GFP (MFI 2288), as well as, an increase in GFP.  

Expression Profiles of the BTK lentiviral vector 
[0178] The expression profile of several vectors were examined: WT mock, DKO 

mock, BTKp (BTK promoter), UCOE. BTKp (ubiquitous chromatin opening element plus 

BTK promoter), UCOE.BTKp.co (ubiquitous chromatin opening element, BTK promoter 

plus human codon optimized BTK) and Ep.BTKp (Ep element plus BTK promoter). As 

shown in Figure 31 and 32, the lentiviral vector for BTK expression with the Ep element and 

BTK promoter led to the highest expression of BTK in bone marrow, spleen and peritoneum 

from the B cells and the myeloid cells.  

B cell development and restoration of mature B cell subsets 
[0179] The restoration of mature B cell subsets were also examined in the cells 

transduced with the vectors: WT mock, DKO mock, BTKp (BTK promoter), UCOE. BTKp 

(ubiquitous chromatin opening element plus BTK promoter), UCOE.BTKp.co (ubiquitous 

chromatin opening element, BTK promoter plus codon optimized BTK) and Ep.BTKp (Ep 

element plus BTK promoter). In XLA, development stops at the pre B cell. Accordingly, the 

cells were examined for further development, in which development of the B cell is 

dependent on the levels of BTK. As shown, the lentivector comprising the Ep element plus 

BTK promoter for BTK expression led to cells that were of the mature peripheral B cell 

population, indicating that the levels of BTK produced from the transduced cell would lead 

to restoration of mature B cell subsets in the mice (Figure 33).  

[0180] The numerical reconstitution of B cell populations were also examined in 

BTK deficient mice that were administered cells expressing BTK. The cells were transduced 

with the following vectors: WT mock, DKO mock, BTKp (BTK promoter), UCOE. BTKp 

(ubiquitous chromatin opening element plus BTK promoter), UCOE.BTKp.co (ubiquitous 

chromatin opening element, BTK promoter plus human codon optimized BTK) and Ep.BTKp 

(Ep element plus BTK promoter). Shown in Figure 34 are the data that summarize the 

finding from 40 recipient mice that received the transduced cells for BTK expression. Mice 

that received the cells that were transduced with the BTK expression vector comprising 
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UCOE.BTKp.co, Ep.BTKp or UCOE. BTKp were able to develop mature B cells in the bone 

marrow, spleen and peritoneum. Accordingly, aspects of the invention concern a lentiviral 

vector that comprises ubiquitous chromatin opening element, BTK promoter, and human 

codon optimized BTK, which can be used in methods to promote mature B cell development 

in subjects suffering from XLA.  

[0181] B cell proliferation was also shown in mice that were treated with cells 

transduced with the lentiviral vectors that comprised the ubiquitous chromatin opening 

element and BTK promoter (UCOE.BTKp) and a lentiviral vector that comprise the Ep 

element fused to the BTK promoter region (Ep.BTKp) (Figure 35). Controls include the WT 

mock as well as the DKO mock cells. Fluorescence activated cell sorting was performed on 

the cells using anti-IgM antibodies. As shown, the cells with expressing BTK from the two 

lentiviral vectors UCOE.BTKp and Ep.BTKp had expression of IgM, which is a basic 

antibody produced by B cells.  

[0182] The cells were also treated with PMA and lonomycin. PMA is used for 

activating PKC, while lonomycin, is used to trigger calcium release, which is needed for 

NFAT signaling (Figure 35).  

[0183] As shown in Figure 36, the cells that were transduced with the two 

lentiviral vectors UCOE.BTKp and Ep.BTKp had an increase in cell division as compared to 

the wild type, when treated with anti-IgM and PMA/Ionomycin. Additionally, these cells 

were also shown to have an increase in total IgM and IgG secretion as compared to the 

vectors that had only the BTK promoter and the BTK promoter with the UCOE element 

(Figure 37).  

T cell dependent immune responses 
[0184] The transduced cells were administered to mice and further tested for T 

cell dependent immune responses. The cells were transduced with the following lentiviral 

vectors: WT mock, DKO, DKO mock, BTKp, UCOE.BTKp, and UCOE.BTKp.co (human 

codon optimized BTK), Ep.BTKp.co (human codon optimized BTK), and Ep.BTKp. T cell 

immune responses were then evaluated. As shown, the cells transduced with Ep.BTKp 

lentiviral vectors led to increased IgG and IgM expression (Figure 38 -41).  
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[0185] The antibody levels were also associated with BTK expression, as well as, 

survival of the mice. As shown in Figure 42, mice that were administered cells transduced 

with Ep.BTKp lentiviral vectors led to increased mouse survival, as compared to the mice 

that were administered the DKO mock cells.  

[0186] BTK expression was also evaluated in neutrophils and secondary recipient 

mice. As shown in Figure 43, administered cells transduced with Ep.BTKp lentiviral 

vectors led to increased BTK expression in secondary recipient mice. However, there was 

increased viral copy number in secondary recipients in mice that were administered the viral 

vector BTKp (Figure 44). Evaluation of the lentiviral therapy on long term survival provided 

evidence that the vectors UCOE.BTKp.co, UCOE.BTKp and Ep.BTKp led to increased 

mouse survival.  

[0187] Overall the BTK promoter studies demonstrated that the BTK promoters 

in the lentiviral vectors exhibit significant BTK expression in B and myeloid cells.  

UCOE.BTKpro and Ep.BTKpro rescue B cell development, absolute B cell numbers, B cell 

proliferation, and immune responses. Myeloid expression is also rescued with 

UCOE.BTKpro and Ep.BTKpro. Unexpectedly, Ep-containing vectors lead to high-titer 

autoantibody production, thus, making them potentially unsafe for clinical use. UCOE-Btkp

Btk vectors exhibit functional rescue at much lower viral copy number compared with non

UCOE vectors. UCOE-Btkp-Btk vectors exhibit sustained marking in both murine and 

human HSC. Thus, the UCOE.BTKp-coBTK lentiviral vector represents an improved and 

unique clinical vector platform for additional modification.  

Alternative enhancer elements 
[0188] Alternative enhancer elements within the BTK promoter were evaluated 

for their abilities to improve BTK expression in cells. The lentiviral constructs used are 

shown in Figure 46. As shown, the 1.5kb UCOE gave improvement over the BTK promoter 

in B cells. However, additional improvement was sought for decreasing the large vector size 

and the low viral titers (Figure 46).  

[0189] The 1.5 kb UCOE was truncated to 0.7UCOE to create the lentiviral 

vector 0.7UCOE.BTKp (Figure 2). Potential human BTK enhancer elements were also added 
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to create 0.7UCOE.IE.BTKp as shown in Figure 2. The intronic regions included intron 4 

and 5 from a human BTK locus that is in association with a human BTK proximal promoter.  

[0190] The 0.7UCOE.BTKp and 0.7UCOE.IE.BTKp were transduced into cells 

and the methods outlined in Figure 3 were used for administering the cells into the mouse.  

As shown in Figure 47, the cells transduced with 0.7UCOE.BTKp and 0.7UCOE.IE.BTKp 

rescue BTK expression and splenic B cell counts. The cells were also shown to rescue B cell 

function (Figure 48).  

[0191] The cells transduced with 0.7UCOE.IE exhibited an improved safety 

profile over 0.7UCOE, as well (see Figure 49). As shown, 0.7UCOE and 0.7UCOE.IE both 

produce low autoantibody titers compared to autoimmune controls (and previous non-Btk 

promoter vectors, while 0.7UCOE.IE exhibits similar efficacy with few viral integrations per 

cell.  

Testing of BTK constructs comprising DNase Hypersensitive sites 
[0192] Lentiviral constructs for expression of BTK were designed with DNase 

Hypersensitive sites (Figure 50). The vectors were the following: 0.7UCOE.BTKp.coBTK 

(0.7 UCOE enhancer, BTK promoter, and human codon optimized BTK) and 

0.7UCOE.IE4,5,.BTKp.coBTK (0.7UCOE element, intron 4 and 5 of the human BTK locus 

that is in association with the human BTK proximal promoter, BTK promoter and the human 

codon optimized BTK).  

[0193] The DNAse hypersensitivity sites were identified as shown in Figure 51.  

[0194] Base on the identification of the introns and the DNAse hypersensitivity 

sites, constructs with candidate introns and DNAse hypersensitive sites were constructed 

(Figure 52). Constructs were the following: 0.7UCOE.BTKp.coBTK, 

0.7UCOE.IE.BTKp.coBTK, 0.7UCOE.DHS4.BTKp.coBTK, 

0.7UCOE.DHS1,2.BTKp.coBTK,0.7UCOE.DHS1,2,4.BTKp.coBTK,and0.7UCOE.DHS1

5.BTKp.coBTK.  

[0195] In vivo comparisons of the DHS constructs to the 0.7UCOE and 

0.7UCOE.IE vectors were performed. In an experimental set up, 40ul virus per 1x10 6 cells 

(optimized for matched viral count numbers (VCN) for an overnight transduction. This was 

followed by RO injection of 1x106 cells/condition into TBKBP mice (900 rads irradiation 
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prior to transplant). As shown, the cells that were transduced with the 

0.7UCOE.BTKp.coBTK led to higher expression of BTK with higher VCN (Figure 53).  

[0196] After 15 weeks post-transplant, B cell development was evaluated and a 

peripheral blood lymphocyte distribution was examined. As shown in Figure 54, the cells 

transduced with the vectors led to an increase of B cells over the KO mock cells with 

0.7UCOE lentivector showing an increase in B cells. However, higher levels of BTK 

reconstitution in lymphocyte subsets was seen with cells transduced with the lentiviral vector 

comprising the 0.7UCOE elements.  

[0197] Experiments were performed to compare the lentiviral constructs, which 

had the UCOE and intronic elements to the new DHS constructs. The volumes were matched 

for 40uL virus/million cells. As shown in Figure 55, the input VCN was increased in the 

cells transduced with the lentiviral vector comprising the 0.7UCOE element, as compared to 

the vectors comprising the DHS elements. There was also no significant difference in BTK 

expression between UCOE and DHS4 in these experiments; however the BTK/VCN of 

DHS4 was significantly higher than UCOE in spleen (Figure 56).  

[0198] In another alternative, BTK expression in vivo was examined using the 

following vectors: 0.7UCOE.BTKp.coBTK, 0.7UCOE.DHS4.BTKp.coBTK and 

0.7UCOE.DHS-5.BTKp.coBTK. For the experiment, Lin-cells were harvested from TBK 

donor mice. For the transduction: a matched volume was achieved bylOul virus/million cells 

(target: matched input VCN of -3, as predicted by in vitro test) followed by a 16 hour 

transduction, 4x10e 6 cells/ml in SCGM transduction media (mSCF, mTPO) + polybrene. The 

cells were then transplanted in which 1.5x10e 6 cells were administered per mouse (recipients: 

TBK, 900 rads irradiation) (Figure 57). As shown in Figure 57, cells transduced with the 

0.6UCOE construct had a higher VCN; however the levels of BTK expression were similar 

to the lentiviral construct comprising the DHS4 element. Additionally, analysis of the 

peripheral blood lymphocyte distribution at 12 weeks showed that cell transduced with the 

lentiviral vectors 0.7UCOE, 0.7UCOE.DHS4 and 0.7UCOE.DHS1-4 had an increase in B 

cells indicating that the lentiviral vectors allowed expression of BTK thus leading to mature 

B cell development in the mice (Figure 58). The 6 week peripheral blood lymphocyte 

distribution is shown in Figure 59. As shown, the cells expressing BTK from 0.7UCOE, 

0.7UCOE.DHS4 and 0.7UCOE.DHS1-4 had an increase in B cell production (Figure 59).  
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Additionally, BTK expression was shown in the B cells, monocytes and neutrophils at the 

evaluation at 6 weeks and 12 weeks in mice that were administered the cells comprising the 

0.7UCOE, 0.7UCOE.DHS4 and 0.7UCOE.DHS1-4 lentiviral vectors (Figure 60). At the 12 

week bleed experiments, BTK was shown to be expressed across all the subsets (Figure 61).  

Testing alternative Human Codon Optimized BTK Constructs 
[0199] Experiments were performed to examine the effect of human codon 

optimized BTK constructs on cellular expression of BTK. Human codon optimized BTK is 

described in Ng et al. ("Correction of B cell development in Btk-deficient mice using 

lentiviral vectors with codon-optimized human BTK." Leukemia. 2010 Sep;24(9):1617-30; 

incorporated by reference in its entirety).  

[0200] The objective of the following experiments was to compare the BTK 

expression/staining of two different versions of human codon optimized BTK. The set-up 

included: Isolated Lin- cells from TBK mice, Transduction media: complete SCGM + mSCF 

+ mTPO + polybrene, addition of 5, 10, or 20ul virus to 1x106 cells (4x106 cells/ml), 7-day 

in vitro culture, then BTK stain and VCN at Day 7. The lentiviral constructs were: 

0.7UCOE.BTKp.coBTK (Titer: 1.17E*09), 0.7UCOE.DHS4.BTKp.coBTK (Titer: 1.09E+09) 

0.7UCOE.BTKp.newcoBTK (Titer: 1.81E*° 8), and 0.7UCOE.DHS4.BTKp.newcoBTK 

(Titer: 1.13E+08) (Figure 62).  

[0201] As shown in Figure 63, BTK expression was increased in the cells 

transduced with the 0.7COE.newcoBTK and the DHS4.newcoBTK at 5, 10 and 20 uL of 

virus additions. Increased MFI was also shown for the cells that were transduced with 

.7COE.newcoBTK and the DHS4.newcoBTK at 5, 10 and 20 uL of virus additions (Figure 

64). The optimal viral copy number/cell was shown in cells that were transduced with lOuL 

additions of both .7COE.newcoBTK and the DHS4.newcoBTK lentiviral vectors (Figure 

64).  

[0202] In vivo comparison of original vs new human codon optimized BTK is 

also contemplated. The experimental groups include: 0.7UCOE.BTKp.coBTK (Titer: 

1.17E*0 9) (5 mice), 0.7UCOE.DHS4.BTKp.coBTK (Titer: 1.09E*0 9) (5 mice), 

0.7UCOE.BTKp.newcoBTK (Titer: 1.81E++O 8) (5 mice), 0.7UCOE.DHS4.BTKp.newcoBTK 

(Titer: 1.13E+ 8) (5 mice), KO Mock (3 mice), WT Mock (5 mice) and Unirradiated controls 
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(1 mouse). Transduction set-up includes: Volume match with lOul/million cells (for 

consistency with current in vivo experiments) (Figure7l).  

Testing alternative orientations with the UCOE elements in the lentiviral vector 

[0203] Experiments were performed to examine the effect of UCOE element 

orientation on cellular expression of BTK (Figure 66). Constructs were manufactured as 

shown in Figure 67, to evaluate whether the orientation of the UCOE would affect the 

expression of BTK.  

[0204] For the experiments, 4 lentiviral vectors were tested: KO mock, 

0.7UCOE.BTKp (7.52E+07 ), 0.7UCOEfwd.BTKp col4 (6.79E+° 8), 0.7UCOEfwd.BTKp col6 

(1.79E+09), and WT mock. As shown in Figure 68, the levels of BTK between the lentiviral 

vectors 0.7UCOE.BTKp (7.52E+07), 0.7UCOEfwd.BTKp col4 (6.79E*°8% 

0.7UCOEfwd.BTKp col6 (1.79E+09) were similar, however VCN was increased at increased 

volume of virus.  

[0205] As shown from the experiments, the BTK promoter is a robust promoter.  

In regards to the UCOE elements, 0.7kb UCOE effectively prevents silencing of BTK 

expression and leads to increased vector titer. Furthermore, placing the UCOE in the forward 

orientation increases titer significantly, but does not alter BTK expression. This indicates that 

the reverse UCOE orientation performs equivalent to high titer constructs. In regards to 

enhancer elements, it was shown that 0.7UCOE.IE.Btkp exhibits rescue of BTK expression 

function with fewer viral integrations compared to 0.7UCOE.Btkp and the addition of 

smaller enhancer elements (DHS sites) has not increased titer compared to larger IE 

construct.  

[0206] UCOE in the forward orientation increases IE titer by >1 log indicating 

that the forward orientation of the UCOE will increase titer in all constructs.  

[0207] For example, it was shown that 0.7UCOE.DHS4.Btkp exhibits increased 

BTK expression in B and myeloid cells as compared to 0.7UCOE.IE.Btkpro indicating that 

0.7UCOE.DHS4.Btkp vector is a particularly robust vector.  

[0208] In regards to the human codon optimized BTK, the new construct leads to 

a significant increase in BTK expression as compared to the previous co-Btk construct.  
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Testing IG, IM and NP specific I/M Human HSC studies-control and XLA subjects: 

[0209] The rescue of B cell development and function of XLA cells in vivo were 

examined using a lentiviral vector. The experiments were performed to evaluate whether it 

would be feasible to recapitulate XLA patient's B cell phenotype in NSG mice. Also 

contemplated was whether the methods would rescue the B cell development in vivo by 

transducing XLA stem cells with the clinical LV vector. Shown in Figure 71Figure 71 is a 

table of XLA patients selected to receive therapy.  

[0210] The XLA B cell phenotype in the periphery include a markedly reduced 

percentage of B cells, higher percentage of transition/ immature B cells (CD38+ CD24+ 

CD1O high), and a lack of mature B cells (CD38- CD24- CD1Ow).  

[0211] The human chimera in NSG was shown in patient XLA P2, P3 and P4 in 

Figure 72. As shown, there was an equivalent engraftment of hCD45 cells in bone marrow, 

however, a significantly lower percentage of differentiated hCD45 cells were in the 

periphery.  

[0212] For the human lymphocyte reconstitution, the percentage of B cells was 

equivalent in bone marrow, however, a significantly lower percentage in spleen with a 

relative increase in myeloid and T cells was seen in all XLA patients P2, P3 and P4 (Figure 

73).  

[0213] The phenotype of the engrafted XLA stem cell (spleen) is shown in 

Figure 74 for patients XLA P2, P3 and P4. As shown, the patients exhibited low levels of 

mature B cells; however, the patients had similar levels of immature B cells (Figure 75).  

[0214] The phenotype of the engrafted XLA stem cell (spleen) is shown in 

Figure 76 for patients XLA P2, P3 and P4. As shown, the patients exhibited equivalent %Pro 

B cell between the XLA and healthy group.  

[0215] The B cell developmental block was examined for all XLA patients. As 

shown in Figure 77, BTK allows development of Pro B cell to a mature B cell. The cells 

were analyzed for hCD19+, CD22+ and CD179a+. As shown, the XLA patients had a 

significantly higher percentage of pre-B cells as compared to the healthy control. These XLA 

B cells are thus blocked at the Pre B cell stage in which they are then able to migrate to the 

spleen (Figure 78 and 85).  
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[0216] The B cell function by Ca 2was also examined in the XLA cells (Figure 

80. As shown, the XLA B cells were not able to flux with IgM as compared to the control.  

[0217] From the evaluation of the XLA B cells, it was shown the XLA cells have 

B cell development blocked at the Pre B cell stage (Figure 81).  

[0218] As shown, XLA patients have a lower number and percentage of B cells in 

spleen. Additionally, the B cell development is arrested at the pre-B cell stage in the bone 

marrow. The next step was to recapitulate the XLA patient's B cell phenotype in NSG mice 

to examine the effects of the BTK expressing lentiviral vector system.  

[0219] Human lentiviral transduction of stem cells was performed with the 

following vectors: 0.7 UCOE.BTKp.coBTK and 0.7UCOE.DHS4.BTKp.coBTK according 

to the methods shown in Figure 83 and 90.  

[0220] The human lentiviral transduction of the stem cells led to 70% viability 

with the 0.7UCOEBTKp.BTK, as compared to the vector with the DNAse hypersensitivity 

site 4 region (Figure 85).  

[0221] BTK expression was also seen in the cells derived from patient XLA P2 

transduced with the 0.7UCOE.BTK.pBTK lentiviral vector. As shown in a non-selective 

environment, 0.7UCOE.BTKpBK leads to a higher expression of BTK, as compared to the 

lentiviral vector comprising the DNAse hypersensitivity site 4 region (Figure 86).  

[0222] In view of the above experimentation, it was concluded that the XLA stem 

cells transduced with 0.7UCOE.BTKp.BTK and 0.7UCOE. DHS4.BTKp.BTK at MOIO, 

leads to clinically relevant viral copy 1-2. As such, it is contemplated that lentiviral 

transduction of XLA stem cells in vivo will lead to rescue of B cell development.  

Preclinical modeling of Human HSC 
[0223] The preclinical modeling of human HSC was examined using a lentiviral 

vector expressing human codon optimized BTK fused to a GFP protein, which was self

cleavable with a T2A linker (See Figure 88). As shown, the test construct comprises the 

UCOE element, a BTK promoter, a human codon optimized BTK gene, as well as, the T2A

GFP marker protein. In vitro transduction of the CD34+ HSC indicated an increase of GFP in 

the cells transduced with the lentivector (Figure 88). Cells were then administered to NSG 
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recipient mice as shown in Figure 90. In vivo analysis after 6 months showed that there was 

an increase in B cells, as well as, myeloid cells (Figure 89 and 97).  

[0224] Further tests are contemplated with constructs as shown in Figure 92. A 

bioinformatics approach was undertaken utilizing the ENCODE genome-wide database 

information on regulatory markers in specific cell lineages. The flow of the discovery was 

the use of conserved non-coding sequence information to identify candidate enhancers 

[0225] In effort to improve tissue specific BTK expression, conserved non-coding 

sequences were identified by comparing human vs. mouse non-coding sequences and 

identifying areas that are highly conserved. Conserved non-coding sequences were cloned in 

front of BTKp and see if they improve the expression in conjunction with the BTK promoter 

(BTKp). The first pass read-out used GFP reporter to track expression- improved expression 

would increase the GFP signal or "MFI". Introns 4 and 5 were identified as improving MFI, 

as well as a contig of introns 4, 5, and 13. GFP was encoded by the sequence set forth in 

SEQ ID NO: 8. Sequences that are shown in Set 1 of Figure 92 are in SEQ ID NO's 23-30.  

The tested sequences that encoded the GFP are set forth in SEQ ID NO's: 31, 32, and 36-40.  

[0226] The contig containing introns 4, 5 and 13 vs. a contig with introns 4 and 5 

only were next tested again in vitro with GFP. The Intron 4,5 together had better MFI.  

[0227] Intron 4 and 5 contig were tested in vivo in mouse gene therapy model, 

calling it intronic enhancer 4, 5 or IE4-5. These studies used the enhancer/promoter elements 

to drive expression of a codon-optimized human BTK coding sequence, and showed that 

inclusion of IE4-5 improved expression of BTK per viral copy number.  

[0228] The polypeptides that encode the sequences for the BTK for expression 

are set forth in SEQ ID NO's 33-35, and 41-45.  

Refining candidate enhancers using information from encode database 
[0229] [0228] To more narrowly define DNA elements mediating enhancer 

activities in IE4-5, the ENCODE database was used to find DNase hypersensitive sites 

located in these introns, and one was found in each intron that were both in B cells and in 

myeloid cells, but not always present in non-relevant tissues. These were called DHS 4 and 

5, and were 725 bp and 1077 bp less than the sizes of the previous intronic regions that were 

included. There were also DNase hypersensitive sites in B and myeloid cells identified 
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within intron 1 (DHS1, 2, and 3) that were also for testing, due to some evidence that intron 1 

may improve MFI in vitro. DHS 3 and 4 were identified as having properties of 

transcriptional enhancers in B cells by the ENCODE segmentation analysis; DHS5 was 

identified as a CTCF binding site/candidate insulator.  

[0230] Various combinations of DHS sites 1 through 5 were also tested.  

[0231] As shown in Figure 92, "1kb" and "3kb" are non-conserved intron 1 

sequences to control for the size of the enhancers.  

Truncation of 1.5kb UCOE to 0.7kb and identification of potential DNA enhancer 
elements may improve titer and BTK expression in Lentiviral constructs.  

[0232] Shown in Figure 93A, are the results from truncation of 1.5kb Ubiquitous 

Chromatin Opening Element (UCOE) to 0.7kb. The UCOE element spans a large, CpG-rich 

region across the divergently transcribed promoter regions for the housekeeping genes CBX3 

and HNRPA2B1, and has traditionally been truncated to a 1.5-2.2kb region by various 

groups for use in protein expression constructs. The 1.5kb UCOE used here starts at Exon 1 

of CBX3 and spans past CBX3 Alternate Exon 1. Truncation of this region to 0.7kb 

eliminates the region downstream of Alt. Ex. 1. (93B) DNaseI Hypersensitive sites (DHS) 

from intronic regions of the BTK gene were identified from the ENCODE database and 

visualized using the UCSC Genome Browser on Human Feb. 2009 (GRCh37/hgl9) 

Assembly. Five DHS were identified, and were labeled consecutively as DHS1, DHS2, 

DHS3, DHS4, and DHS5 (blue boxes). ENCODE Genome Segmentation identified a 

predicted Enhancer element around DHS4 (yellow box). Exons are shown as black boxes.  

The sequence length is noted beneath each DHS. Various combinations of these DHS 

sequences were cloned into the 0.7UCOE.BTKp.coBTK construct and tested in vitro as 

follows (data not shown). Murine Btk-/-Tec-/-bone marrow cells were transduced with LV 

containing the various expression cassettes shown below. Mean fluorescence intensity of 

transgene expression was then compared by flow cytometry. (93C) An in vitro transduction 

experiment of murine (TBK) lineage negative cells was performed to compare BTK 

expression levels in two versions of codon-optimized BTK: coBTK (Figures 1-2), and a 

codon-optimized BTK published by Staal et al. (Leukemia 2010), denoted here as co2BTK.  

Representative flow plots show BTK expression at 7 days post-transduction. (93D) Based on 
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the results of our in vitro testing of the DHS constructs and the coBTK vs co2BTK 

comparison, we identified four constructs to test in vivo. Shown here are diagrams of the 

lentiviral constructs with RRL backbone expressing either version of codon optimized human 

BTK (coBTK or co2BTK) with a 0.7 kb ubiquitous chromatin opening element (0.7UCOE), 

with or without addition of DHS4 downstream of the 0.7UCOE element.  

[0233] Shown in Figure 94: are the results from restoration of BTK expression in 

affected hematopoietic lineages and B cell development in gene therapy mice treated with 

0.7UCOE vectors. The proportion of BTK+ cells and numerical reconstitution of B and 

myeloid cell subsets was assessed at 19-23 weeks post-transplant. (Figure 94A) 

Representative flow plots showing intracellular BTK staining in splenic B cells at endpoint 

analysis. (Figure 94B-D) Percent of BTK+ cells in bone marrow (Figure 94B), spleen 

(Figure 94C), and peritoneal (Figure 94D) lymphocyte subsets from gene therapy treated 

groups, determined by flow cytometry. Cell subsets are defined as Neutrophils (CD1lb+ 

GR1+), Monocytes (CD1lb+), and B cells (B220+). (Figure 94E-F) Stacked bars show the 

average counts of B cell subsets in bone marrow (Figure 94E), spleen (Figure 94F), and 

peritoneum (Figure 94G. Early B cell development (bone marrow): Pro+Pre-B (IgM-, IgD-), 

Immature (IgM+ IgD-), and Mature (IgM+, IgD+). Late B cell development (spleen): 

transitional TI (CD24hi, CD21-), transitional T2 (CD24hi, CD21int), marginal 

zone/precursor MZ/MZP (CD24hi, CD21hi), and follicular FM (CD24int, CD21int).  

Peritoneal B cell subsets: B1 (IgM+ CD43+), and B2 (CD43-). (Figure 94H) Rescue of BTK 

expression in B cell subsets, measured by flow cytometry. (Figure 941) BTK+ MFI across B 

cell development, normalized to WT Mock in each individual experiment. Data represent 

mean SD from 4 unique experiments, n = 13 (WT Mock), 13 (KO Mock), 11 

(0.7UCOE.BTKp.co), 11 (0.7UCOE.BTKp.co2), 16 (0.7UCOE.DHS4.BKTp.co), 11 

(0.7UCOE.DHS4.BKTp.co2), and 6 (0.7UCOE.DHS1-5.BTKp.co). P value was determined 

using the One way Anova: Sidaktest: ***P <.001; **P =.001-.01; *P =.01-.05.  

[0234] Figure 95 shows the restoration of B cell function in vivo and in vitro.  

(Figure 95A) Mice were immunized with NP-CGG in Alum at 12 weeks post-transplant.  

Levels of NP-specific IgG in serum from immunized mice was measured by ELISA and 

expressed relative to an IgG standard. High-affinity NP-IgG was measured from serum prior 

to (-) and 10 days following primary immunization (1°). One month following primary 
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challenge, mice were re-challenged with NP-CGG in PBS and serum was collected 10 days 

later (2). (Figure 95B-C) Total serum IgG (Figure 95B) and IgM (Figure 95C) in serum 

from treated mice was measured by ELISA and endpoint analysis (21-23 weeks post

transplant). (Figure 95D-F) At endpoint analysis, B cells were isolated from splenocytes by 

CD43- magnetic separation, labeled with Cell Trace Violet and stimulated in vitro with IgM, 

LPS, or a media control. (Figure 95D) The percentage of BTK+ B cells that underwent > 1 

cell division 72 hours after incubation with anti-mouse IgM antibodies, LPS or media only 

(read out by flow cytometry). (Figure 95E) BTK+ MFI of cells after each division (DO-D4), 

normalized to WT Mock. (Figure 95F) Representative flow plots showing BTK staining and 

Cell Trace dilution in B cells 72 hours post-IgM stimulation, gated on live and B220+ BTK+ 

cells. Data represent mean SD from 4 unique experiments, n = 13 (WT Mock), 13 (KO 

Mock), 11 (0.7UCOE.BTKp.co), 11 (0.7UCOE.BTKp.co2),16 (0.7UCOE.DHS4.BKTp.co), 

11 (0.7UCOE.DHS4.BKTp.co2), and 6 (0.7UCOE.DHS1-5.BTKp.co). P value was 

determined using the One way Anova: Sidak test: ***P <.001; **P= .001-.01; *P= .01-.05.  

[0235] Figure 96 shows some vector safety considerations. Levels of anti-dsDNA 

IgG (Figure 96A) and anti-dsDNA IgG2c (Figure 96B) in serum from treated mice were 

measured by ELISA and are depicted as absorbance readings (OD450). Serum from the 

known autoimmune-prone WAS chimeric mouse model and mice treated with Eu.BTKp 

were included as positive controls. (Figure 96C) Genomic DNA was isolated from total bone 

marrow and spleen at endpoint analysis and the number of viral integrations per cell (VCN) 

was quantified by qPCR. Data represent mean SD from 4 unique experiments, n = 13 (WT 

Mock), 13 (KO Mock), 11 (0.7UCOE.BTKp.co), 11 (0.7UCOE.BTKp.co2), 16 

(0.7UCOE.DHS4.BKTp.co), 11 (0.7UCOE.DHS4.BKTp.co2), and 6 (0.7UCOE.DHS1

5.BTKp.co). P value was determined using the One way Anova: Sidak test: ***P < .001; **P 

=.001-.01; *P = .01-.05.  

Pre-clinical modeling LV vectors in human HSC from XLA patients 
[0236] The aim of the following experiments was to determine if gene therapy 

vectors can rescue the development of B cells from XLA HSCs when transplanted into 

immunodeficient NSG mice. CD34 cell source: XLA Patient 3 (missense mutation) and 

healthy donor #15. The transduction protocol comprises one hit of LV after a 48 hour 
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prestimulation in SCGM (TPO, FLT3 and SCF at 1Ong/ml) The MOI used: 5. The 

lentivirus used was 0.7 UCOE. BTKp.BTK .co2 (titer: 7 X 108) and DHS4.co2 (titer: 1 X 

101) 

[0237] Experimental mice: 4 mice = Healthy donor #15 (HD) 

[0238] 3 mice = XLA P3 mock treated (XLAP3) 

[0239] 5 mice = 0.7 UCOE.BTKp.BTK.co2 (0.7UCOE) 

[0240] 4 mice = 0.7 UCOE.DHS4.BTKp.BTK.co2 (DHS4) 

[0241] Analyzed at: 12 week post transfer (Figure 97).  

[0242] Shown in Figure 98 are the results from an equivalent bone marrow 

engraftment of human hematopoietic cells between treatment groups. Human stem cells 

from XLA patient, either with or without gene therapy treatments, engrafted into the bone 

marrow equivalently as those from a healthy donor. Representative flow plots showing 

various markers of human immune cells including human and mouse CD45 (a marker for 

hematopoietic cells) CD33 (myeloid cells) and CD19 (B cells), CD4 and CD8 (T cells).  

Human hematopoietic cells are hCD45+ and mCD45- from total live BM cells; CD33 and 

CD19 markers were analyzed from hCD45+gate; CD4 and CD8 were analyzed from the 

CD33-CD19- gate. Figures 98B and 98C. % human CD45 and total number of hCD45 cells 

engrafted in BM; n= 4 for each cohort (XLA3, XLA3+LV 0.7UCOE.BTKp.BTKco2, XLA3 

+ LV 0.7UCOE.DHS4.BTKp.BTKco2, and healthy donor).  

[0243] Shown in Figure 99, are the results of mouse recipients of XLA3 HSC 

given gene therapy using 0.7UCOE.BTKp BTKco2 or 0.7UCOE.DHS4.BTKp.BTKco2 

showing significantly increased numbers of splenic human hematopoietic cells. Figure 99A.  

Representative flow plots showing markers of human immune cells including human and 

mouse CD45 (a marker for hematopoietic cells) CD33 (myeloid cells) and CD19 (B cells), 

CD4 and CD8 (T cells). Human hematopoietic cells are both hCD45+ and mCD45-; CD33 

and CD19 markers were analyzed from the hCD45+gate; CD4 and CD8 were analyzed from 

the CD33-CD19- gate. Figures 99B and 99C: % and total number of splenic cells that were 

hCD45+. n= 4 for each cohort; ** P = 0.004 by one way ANOVA. Shown in Figure 100, 

are the results of recipients of LV transduced XLA HSC (using 0.7UCOE BTKp BTKco2 or 

DHS4 BTKpBTK.co2 ), which exhibit an increased proportion of splenic B cells (CD19+ 

cells) relative to non-treated XLA patient cells Here the results from flow cytometry shown 
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in Figure 2 are summarized, looking at specific categories of human immune cells: A-C, % 

of human CD45+ cells in the spleen that are B cells (CD19+), myeloid cells (CD33+) and T 

cells (CD4+ or CD8+); D-F, Total number of human CD45+ cells in the spleen that are B 

cells (CD19+), myeloid cells (CD33+) and T cells (CD4+ or CD8+); n= 4 for each cohort.  

**P =0.0044 by one way ANOVA.  

[0244] Shown in Figure 101, is a representative flow plot for B cell development 

subsets in spleen. A typical gating strategy for identifying human B cell developmental 

subsets is shown for each gene therapy cohort (listed at right). Markers used in each panel 

are shown at bottom (Hist = histogram); predecessor gates are shown at the top of each 

column if used. Human CD24 and hCD38 cells were gated from human CD19+cells.  

Immature B cells (hCD24+hCD38+) are IgM+ IgD - CD10high; mature B cells (CD24low 

CD38low) are IgM+IgD+ CD10 low.  

[0245] Shown in Figure 102 are the results of recipients of LV transduced XLA3 

HSC (using 0.7UCOE.BTKp.BTKco2 or 0.7UCOE.DHS4 BTKp.BTKco2). As shown, the 

recipients have an increased proportion of splenic immature B cells (including 

CD19+CD24+CD38+ B cells and CD19+CD24+CD38+IgM+ cells) compared to XLA 

controls. Graphs summarize the results from flow cytometry shown in Figure 4, looking at 

specific subpopulations of immature B cells. A,% of Immature B cells (CD24+ CD38+ ) in 

the spleen; B, % of immature B cells that are IgM+; C- D, Total number of immature B cells 

(CD24+ CD38+ ) and CD24+hCD38+ IgM+ cells in the spleen; E, overlay of CD10 

histogram , showing the mean fluorescence intensity MFI shift in CD10 compared to healthy 

donor. n= 4 for each cohort; ***P = 0.0004; **P =0.0044; *P= 0.4 by one way ANOVA.  

[0246] As shown in Figure 103, recipients of LV transduced XLA HSC 

(0.7UCOE.BTKp.BTKco2 or 0.7UCOE.DHS4 BTKp.BTKco2 ) have increased proportions 

of mature B cells (CD19+CD24OwCD38owgM* and IgD*) compared to XLA controls.  

Figures 104A-C, % of mature B cells (hCD241OwhCD38°Ow) and the percent of mature B cells 

that are IgM* and IgM*IgD* in the spleen, respectively; Figures 103D-F, Total number of 

splenic mature B cells and mature B cells that are IgM* and IgM*IgD*, respectively; Figure 

103G, histogram overlay of CD10, showing similar MFI of CD1O as that of a healthy donor.  

N = 4 for each cohort; ***P= 0.0004; **P=0.0044; * P= 0.4 by one way ANOVA.  
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[0247] Shown in Figure 104 is a representative flow plot for B cell development 

subsets in the bone marrow. Flow plots and gating strategy for identifying human B cell 

developmental subsets in the bone marrow is shown for each gene therapy cohort (listed at 

right). Markers used in each panel are shown at bottom (Hist = histogram); predecessor gates 

are shown at the top of each column if used. Human CD24 and hCD38 cells were gated from 

human CD19 + cells. Immature B cells in the bone marrow (hCD24+hCD38+) are IgM+ IgD 

- CD10high.  

[0248] As shown in Figure 105, recipients of LV transduced XLA HSC (using 

0.7UCOE BTKp BTKco2 or DHS4 BTKpBTK.co2 ) exhibit an increased proportion of 

CD19+CD24*CD38MIgM* immature B cells compared to XLA controls. Graphs summarize 

flow analysis based on gating strategy shown in figure 7. Each dot represents individual 

mice A-D, Percent and number of immature B cells (CD24*CD38*) and immature B cells 

that are IgM*, respectively; E, Overlay of CD10 histogram showing the MFI shift in CD10 

compared to healthy donor. Blue color represents individual mice treated with LV 

0.7.UCOE.BTKp.BTKco2, and orange color individual mice treated with LV 

0,7UCOE.DHS4.UCOE.BTKp.BTKco2. n= 4 for each cohort. Statistical significance were 

determined by one way ANOVA; ***P= 0.0004; **P=0.0044; * P= 0.4.  

[0249] As shown in Figure 106, recipients of LV transduced XLA HSC (using 

LV 0.7UCOE BTKp BTKco2 or LV 0.7UCOE.DHS4 BTKp.BTK.co2) exhibit gene marking 

of 0.2-2 viral copy number (VCN)/cell in vivo. The number of viral integrations per cell 

were calculated in BM (A) and Spleen (B), as well as the original CD34 cells prior to 

transplantation (C) as determined by quantitative PCR. No significant difference between 

0.7UCOE.Co2.BTKp.BTK and DHS4.BTKp.BTKCo2. Each dot represents individual mice 

(N= 4 for each in A and B; N= 1 in C) 

[0250] As shown in Figure 107, recipients of XLA3 HSC that received gene 

therapy with LV 0.7UCOE.BTKp.BTKco2 or 0.7UCOE.DHS4.BTK.pBTKco2 produce B 

cells that secrete IgM in vivo. Total IgM levels were quantified by ELISA from serum 

obtained 12 weeks post- transplant. The value of IgM (pg/mL) were determined using a 

human IgM standard. Each dot represents the result from an individual mouse; N = 4 for 

each cohort.  
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[0251] As shown in Figure 108, recipients of XLA3 HSC transduced with LV 

0.7UCOE.BTKp.BTKco2 or 0.7UCOE.DHS4.BTKp.BTKco2 exhibit a restored capacity for 

B cells to flux calcium in response to B cell receptor (BCR) engagement. Pooled 5 x 106 

total splenic cells from mice within each cohort were analyzed for their ability to flux 

calcium in response to BCR signaling, an important event downstream of BTK activation.  

Figure 108A, provides a representative flow plots showing the gating strategy for human 

CD19+ cells evaluated for the calcium flux. Figure 108B provides a kinetic analysis of 

intracellular calcium levels by flow cytometry after BCR engagement with human IgM 

antibodies.  

[0252] Shown in Figure 110, is a representative flow plot for in vitro B cell class 

switching. Splenic cells from recipient mice were cultured in B cell differentiation protocol 

(previous slide) then stained for markers allowing the identification of plasma B cells. Media 

supernatant was also collected for determining human IgM and IgG levels by ELISA.  

[0253] As shown in Figure 111, recipients of LV transduced XLA HSC (using 

0.7UCOE BTKp BTKco2 or DHS4 BTKpBTK.co2) generate B cells that are capable of 

responding to cytokine and T-cell dependent signals leading to antibody secretion. 0.5x 106 

total splenic cells (pooled from mice in each cohort) were cultured in IMDM + 10% FBS + 

2-mercaptoethanol media. In Phase I cells were cultured for 7 days with MegaCD40L 

(100ng/ml) + CpG ODN 2006 (1pg/ml) + IL-2 (50ng/ml) + IL-10 (50ng/ml) + IL-15 

(1Ong/ml). After phase I cells were washed with PBS 2x and cultured for 3 days in Phasell 

media (IMDM+ 10% FBS + BME supplemented with IL-2 (50ng/ml) + L-6 (50ng/ml) + 

IL-10 (50ng/ml) + IL-15 (1Ong/ml), then switched to Phase III media (IMDM+ 10% FBS + 

BME supplemented with TL-6 (50ng/ml) + IL-15 (1Ong/ml) + IFN-a 2B (100U/ml) for 4 

days. At this time point media supernatants were collected and the levels of human IgG (A) 

and IgM (B) were determined by ELISA using a human IgM and IgG standard.  

Additional alternatives 
[0254] As described herein, a polynucleotide for sustained Bruton's tyrosine 

kinase (BTK) expression is provided. The polynucleotide can comprise a first sequence 

encoding a ubiquitous chromatin opening element (UCOE), a second sequence encoding a 

promoter and a third sequence encoding BTK. In some alternatives, the UCOE is 2kb, 1.5kb, 
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1kb, 0.75kb, 0.5kb or 0.25 kb or any number of kilobases in between a range defined by any 

two afore mentioned values. In some alternatives, the first sequence comprises the nucleic 

acid sequence set forth in SEQ ID NO: 1, and/or SEQ ID NO: 2. In some alternatives, the 

promoter is a BTK promoter. In some alternatives, the BTK promoter comprises the nucleic 

acid sequence set forth in SEQ ID NO: 5. In some alternatives, the third sequence is codon 

optimized for expression in humans. In some alternatives, the third sequence comprises the 

sequence set forth in SEQ ID NO: 6 or SEQ ID NO: 7. In some alternatives, the promoter is a 

B cell specific promoter. In some alternatives, the B cell specific promoter comprises the B 

cell specific promoter, B29. In some alternatives, the B29 promoter sequence comprises a 

sequence set forth in SEQ ID NO: 46. In some alternatives, the B cell specific promoter is an 

endogenous promoter. In some alternatives, the polypeptide further comprises one or more 

enhancer elements. In some alternatives, the one or more enhancer elements comprise at least 

one DNase Hypersensitive Site (DHS). In some alternatives, the DNase Hypersensitive Site 

is DNase Hypersensitive Site 1 (DHS1), DNase Hypersensitive Site 2, (DHS2) DNase 

Hypersensitive Site 3 (DHS3), DNase Hypersensitive Site 4 (DHS4) and/or DNase 

Hypersensitive Site 5 (DHS5). In some alternatives, the DNase Hypersensitive Site 

comprises a sequence set forth in SEQ ID NO: 3. In some alternatives, the one or more 

enhancer elements comprise at least one intronic region. In some alternatives, the at least one 

intronic region is from a human BTK locus that is in association with a human BTK proximal 

promoter. In some alternatives, the at least one intronic region is intron 4, intron 5 and/or 

intron 13 of the human BTK locus that is in association with the human BTK proximal 

promoter. In some alternatives, the intronic region comprises the sequence set forth in SEQ 

ID NO: 9 (intron 4), SEQ ID NO: 10 (intron 5) and/or SEQ ID NO: 11 (intron 13). In some 

alternatives, the one or more enhancer elements comprise the sequence set forth in SEQ ID 

NO: 4, SEQ ID NO: 14 or SEQ ID NO: 15. In some alternatives, the UCOE is in a reverse 

orientation or forward orientation. In some alternatives, the UCOE is in a forward 

orientation. In some alternatives, the one or more enhancer elements comprises the sequences 

set forth in SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19 and/or SEQ 

ID NO: 20. In some alternatives, the polynucleotide further comprises a gene upstream of a 

BTK promoter. In some alternatives, the gene upstream of a BTK promoter is a BTK 

enhancer. In some alternatives, the BTK enhancer comprises the sequence set forth in SEQ 
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ID NO: 21 or SEQ ID NO: 22. In some alternatives, the polypeptide comprises a sequence 

set forth in SEQ ID NO's: 33, 34, 35, 41, 42, 43, 44 or 45. In some alternatives, 0.7UCOE 

comprises a sequence set forth in SEQ ID NO: 1. In some alternatives, 0.7UCOE comprises a 

sequence set forth in SEQ ID NO: 2. In some alternatives, the enhancer comprises a sequence 

set forth in SEQ ID NO: 3 or 4.  

[0255] A vector for sustaining BTK expression in cells is also provided. The 

vector can comprise a first sequence encoding an ubiquitous chromatin opening element 

(UCOE), a second sequence encoding a promoter, and a third sequence encoding BTK. In 

some alternatives, the first sequence comprises the nucleic acid sequence set forth in SEQ ID 

NO: 1, and/or SEQ ID NO: 2. In some alternatives, the promoter is a BTK promoter. In some 

alternatives, the promoter comprises the nucleic acid sequence set forth in SEQ ID NO: 5. In 

some alternatives, the third sequence is codon optimized for expression in humans. In some 

alternatives, the third sequence comprises the sequence set forth in SEQ ID NO: 6 or SEQ ID 

NO: 7. In some alternatives, the vector further comprises a B cell specific promoter. In some 

alternatives, the B cell specific promoter comprises the B cell specific promoter, B29. In 

some alternatives, the B29 promoter sequence comprises a sequence set forth in SEQ ID NO: 

46. In some alternatives, the B cell specific promoter is an endogenous promoter. In some 

alternatives, the vector further comprises one or more enhancer elements. In some 

alternatives, the one or more enhancer elements comprise at least one intronic region. In 

some alternatives, the one or more enhancer elements comprise a DNase Hypersensitive Site 

(DHS). In some alternatives, the DNase Hypersensitive Site is DNase Hypersensitive Site 1 

(DHS1), DNase Hypersensitive Site 2, (DHS2) DNase Hypersensitive Site 3 (DHS3), DNase 

Hypersensitive Site 4 (DHS4) and/or DNase Hypersensitive Site 5 (DHS5). In some 

alternatives, the DNase Hypersensitive Site comprises a sequence set forth in SEQ ID NO: 3.  

In some alternatives, the at least one intronic region is from a human BTK locus that is in 

association with a human BTK proximal promoter. In some alternatives, the at least one 

intronic region is intron 4 intron 5 and/or intron 13of the human BTK locus that is in 

association with the human BTK proximal promoter. In some alternatives, the intronic region 

comprises the sequence set forth in SEQ ID NO: 9 (intron 4), SEQ ID NO: 10 (intron 5) 

and/or SEQ ID NO: 11 (intron 13). In some alternatives, the one or more enhancer elements 

comprise the sequence set forth in SEQ ID NO: 4, SEQ ID NO: 14 or SEQ ID NO: 15. In 
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some alternatives, the UCOE is in a reverse orientation or forward orientation. In some 

alternatives, the UCOE is in a forward orientation. In some alternatives, the vector is a 

lentiviral-based vector of a B lineage specific lentiviral vector. In some alternatives, the cells 

are B cells. In some alternatives, the cells are myeloid cells. In some alternatives, the cells are 

hematopoietic stem cells. In some alternatives, the cells are CD34+ hematopoietic stem cells.  

In some alternatives, the one or more enhancer elements comprise the sequences set forth in 

SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19 and/or SEQ ID NO: 20.  

In some alternatives, the polynucleotide further comprises a gene upstream of a BTK 

promoter. In some alternatives, the gene upstream of a BTK promoter is a BTK enhancer. In 

some alternatives, the BTK enhancer comprises the sequence set forth in SEQ ID NO: 21 or 

SEQ ID NO: 22. In some alternatives, the polypeptide or vector comprises a sequence set 

forth in SEQ ID NO's: 33, 34, 35, 41, 42, 43, 44 or 45. In some alternatives, 0.7UCOE 

comprises a sequence set forth in SEQ ID NO: 2. In some alternatives, the enhancer 

comprises a sequence set forth in SEQ ID NO: 3 or 4.  

[0256] In some alternatives, a cell for expression of BTK is provided, the cell 

comprising: a polynucleotide, which comprises a first sequence encoding an ubiquitous 

chromatin opening element (UCOE), a second sequence encoding a promoter and a third 

sequence encoding BTK. In some alternatives, the polynucleotide is in a vector. The vector 

can comprise a first sequence encoding a ubiquitous chromatin opening element (UCOE), a 

second sequence encoding a promoter, and a third sequence encoding BTK. In some 

alternatives, the first sequence comprises the nucleic acid sequence set forth in SEQ ID NO: 

1, and/or SEQ ID NO: 2. In some alternatives, the promoter is a BTK promoter. In some 

alternatives, the promoter comprises the nucleic acid sequence set forth in SEQ ID NO: 5 In 

some alternatives, the third sequence is codon optimized for expression in humans. In some 

alternatives, the third sequence comprises the sequence set forth in SEQ ID NO: 6 or SEQ ID 

NO: 7. In some alternatives, the vector further comprises a B cell specific promoter. In some 

alternatives, the B cell specific promoter comprises the B cell specific promoter, B29. In 

some alternatives, the B29 promoter sequence comprises a sequence set forth in SEQ ID NO: 

46. In some alternatives, the B cell specific promoter is an endogenous promoter. In some 

alternatives, the vector further comprises one or more enhancer elements. In some 

alternatives, the one or more enhancer elements comprise at least one intronic region. In 
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some alternatives, the one or more enhancer elements comprises a DNase Hypersensitive Site 

(DHS). In some alternatives, the DNase Hypersensitive Site is DNase Hypersensitive Site 1 

(DHS1), DNase Hypersensitive Site 2, (DHS2) DNase Hypersensitive Site 3 (DHS3), DNase 

Hypersensitive Site 4 (DHS4) and/or DNase Hypersensitive Site 5 (DHS5). In some 

alternatives, the DNase Hypersensitive Site comprises a sequence set forth in SEQ ID NO: 3.  

In some alternatives, the at least one intronic region is from a human BTK locus that is in 

association with a human BTK proximal promoter. In some alternatives, the at least one 

intronic region is intron 4 intron 5 and/or intron 13 of the human BTK locus that is in 

association with the human BTK proximal promoter. In some alternatives, the intronic region 

comprises the sequence set forth in SEQ ID NO: 9 (intron 4), SEQ ID NO: 10 (intron 5) 

and/or SEQ ID NO: 11 (intron 13). In some alternatives, the one or more enhancer elements 

comprise the sequence set forth in SEQ ID NO: 4 (SEQ ID NO: 4: intron 4-5), SEQ ID NO: 

14 or SEQ ID NO: 15. In some alternatives, the UCOE is in a reverse orientation or forward 

orientation. In some alternatives, the UCOE is in a forward orientation. In some alternatives, 

the vector is a lentiviral-based vector of a B lineage specific lentiviral vector. In some 

alternatives, the cells are B cells. In some alternatives, the cells are myeloid cells. In some 

alternatives, the cells are hematopoietic stem cells. In some alternatives, the cells are CD34+ 

hematopoietic stem cells. In some alternatives, the one or more enhancer elements comprises 

the sequences set forth in SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 

19 and/or SEQ ID NO: 20. In some alternatives, the polynucleotide further comprises a gene 

upstream of a BTK promoter. In some alternatives, the gene upstream of a BTK promoter is a 

BTK enhancer. In some alternatives, the BTK enhancer comprises the sequence set forth in 

SEQ ID NO: 21 or SEQ ID NO: 22. In some alternatives, the vector is a lentiviral vector. In 

some alternatives, the cell is a B cell. In some alternatives, the cells are myeloid cells. In 

some alternatives, the cell is a hematopoietic stem cell. In some alternatives, the cell is a 

CD34+ hematopoietic stem cell. In some alternatives, 0.7UCOE comprises a sequence set 

forth in SEQ ID NO: 2. In some alternatives, the enhancer comprises a sequence set forth in 

SEQ ID NO: 3 or 4.  

[0257] In some alternatives, a method of promoting B cell survival, proliferation 

and/or differentiation in a subject in need thereof is provided, the method comprising 

administering the cell of any one of the alternatives herein to the subject or a cell comprising 
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the polynucleotide of any one of the alternatives herein or the vector of any one of the 

alternatives herein to the subject in need and, optionally identifying the subject as one that 

would benefit from receiving a therapy that would promote B cell survival, proliferation 

and/or differentiation in advance of administering the cell and/or, optionally, measuring B 

cell survival, proliferation and/or differentiation in said subject or in a biological sample 

obtained from said subject. The vector can comprise a first sequence encoding a ubiquitous 

chromatin opening element (UCOE), a second sequence encoding a promoter, and a third 

sequence encoding BTK. In some alternatives, the first sequence comprises the nucleic acid 

sequence set forth in SEQ ID NO: 1, and/or SEQ ID NO: 2. In some alternatives, the 

promoter is a BTK promoter. In some alternatives, the promoter comprises the nucleic acid 

sequence set forth in SEQ ID NO: 5. In some alternatives, the third sequence is codon 

optimized for expression in humans. In some alternatives, the third sequence comprises the 

sequence set forth in SEQ ID NO: 6 or SEQ ID NO: 7. In some alternatives, the vector 

further comprises a B cell specific promoter. In some alternatives, the B cell specific 

promoter comprises the B cell specific promoter, B29. In some alternatives, the B29 

promoter sequence comprises a sequence set forth in SEQ ID NO: 46. In some alternatives, 

the B cell specific promoter is an endogenous promoter. In some alternatives, the vector 

further comprises one or more enhancer elements. In some alternatives, the one or more 

enhancer elements comprise at least one intronic region. In some alternatives, the one or 

more enhancer elements comprise a DNase Hypersensitive Site (DHS). In some alternatives, 

the DNase Hypersensitive Site is DNase Hypersensitive Site 1 (DHS1), DNase 

Hypersensitive Site 2, (DHS2) DNase Hypersensitive Site 3 (DHS3), DNase Hypersensitive 

Site 4 (DHS4) and/or DNase Hypersensitive Site 5 (DHS5). In some alternatives, the DNase 

Hypersensitive Site comprises a sequence set forth in SEQ ID NO: 3. In some alternatives, 

the at least one intronic region is from a human BTK locus that is in association with a 

human BTK proximal promoter. In some alternatives, the at least one intronic region is intron 

4 intron 5 and/or intron 13of the human BTK locus that is in association with the human 

BTK proximal promoter. In some alternatives, the intronic region comprises the sequence set 

forth in SEQ ID NO: 9 (intron 4), SEQ ID NO: 10 (intron 5) and/or SEQ ID NO: 11 (intron 

13). In some alternatives, the one or more enhancer elements comprise the sequence set forth 

in SEQ ID NO: 4 (SEQ ID NO: 4: intron 4-5), SEQ ID NO: 14 or SEQ ID NO: 15. In some 
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alternatives, the UCOE is in a reverse orientation or forward orientation. In some 

alternatives, the UCOE is in a forward orientation. In some alternatives, the vector is a 

lentiviral-based vector of a B lineage specific lentiviral vector. In some alternatives, the cells 

are B cells. In some alternatives, the cells are myeloid cells. In some alternatives, the cells are 

hematopoietic stem cells. In some alternatives, the cells are CD34+ hematopoietic stem cells.  

In some alternatives, the one or more enhancer elements comprises the sequences set forth in 

SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19 and/or SEQ ID NO: 20.  

In some alternatives, the polynucleotide further comprises a gene upstream of a BTK 

promoter. In some alternatives, the gene upstream of a BTK promoter is a BTK enhancer. In 

some alternatives, the BTK enhancer comprises the sequence set forth in SEQ ID NO: 21 or 

SEQ ID NO: 22. In some alternatives, the cell is from the subject and, wherein the cell is 

genetically modified by introducing the polynucleotide or the vector of any one of 

alternatives described above into the cell. In some alternatives, the administering is 

performed by adoptive cell transfer. In some alternatives, the cell is a B cell. In some 

alternatives, the cells are myeloid cells. In some alternatives, the cell is a hematopoietic stem 

cell. In some alternatives, the cell is a CD34+ hematopoietic stem cell. In some alternatives, 

the subject is male. In some alternatives, the subject is suffering from X linked 

agammaglobulinemia (XLA). In some alternatives, the subject is selected to receive 

immunoglobulin replacement therapy. In some alternatives, the subject is selected to receive 

targeted anti-microbial agents. In some alternatives, the polypeptide or vector comprises a 

sequence set forth in SEQ ID NO's: 33, 34, 35, 41, 42, 43, 44 or 45. In some alternatives, the 

polypeptide or vector comprises a sequence set forth in SEQ ID NO's: 33, 34, 35, 41, 42, 43, 

44 or 45. In some alternatives, 0.7UCOE comprises a sequence set forth in SEQ ID NO: 2. In 

some alternatives, the enhancer comprises a sequence set forth in SEQ ID NO: 3 or 4.  

[0258] In some alternatives, a method of treating, inhibiting, or ameliorating X 

linked agammaglobulinemia (XLA) or disease symptoms associated with XLA in a subject in 

need thereof is provided, the method comprising: administering the cell of any one of the 

alternatives herein to the subject or a cell comprising the polynucleotide of any one of the 

alternatives herein or the vector of any one of the alternatives herein to the subject in need 

and, optionally identifying the subject as one that would benefit from receiving a therapy for 

XLA or disease symptoms associated with XLA and/or, optionally, measuring an 
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improvement in the progression of XLA or an improvement in a disease symptom associated 

with XLA in said subject. The vector can comprise a first sequence encoding a ubiquitous 

chromatin opening element (UCOE), a second sequence encoding a promoter, and a third 

sequence encoding BTK. In some alternatives, the first sequence comprises the nucleic acid 

sequence set forth in SEQ ID NO: 1 and/or SEQ ID NO: 2. In some alternatives, the 

promoter is a BTK promoter. In some alternatives, the promoter comprises the nucleic acid 

sequence set forth in SEQ ID NO: 5. In some alternatives, the third sequence is codon 

optimized for expression in humans. In some alternatives, the third sequence comprises the 

sequence set forth in SEQ ID NO: 6 or SEQ ID NO: 7. In some alternatives, the vector 

further comprises a B cell specific promoter. In some alternatives, the B cell specific 

promoter comprises the B cell specific promoter, B29. In some alternatives, the B29 

promoter sequence comprises a sequence set forth in SEQ ID NO: 46. In some alternatives, 

the B cell specific promoter is an endogenous promoter. In some alternatives, the vector 

further comprises one or more enhancer elements. In some alternatives, the one or more 

enhancer elements comprise at least one intronic region. In some alternatives, the one or 

more enhancer elements comprise a DNase Hypersensitive Site (DHS). In some alternatives, 

the DNase Hypersensitive Site is DNase Hypersensitive Site 1 (DHS1), DNase 

Hypersensitive Site 2, (DHS2) DNase Hypersensitive Site 3 (DHS3), DNase Hypersensitive 

Site 4 (DHS4) and/or DNase Hypersensitive Site 5 (DHS5). In some alternatives, the DNase 

Hypersensitive Site comprises a sequence set forth in SEQ ID NO: 3. In some alternatives, 

the at least one intronic region is from a human BTK locus that is in association with a 

human BTK proximal promoter. In some alternatives, the at least one intronic region is intron 

4 intron 5 and/or intron 13of the human BTK locus that is in association with the human 

BTK proximal promoter. In some alternatives, the intronic region comprises the sequence set 

forth in SEQ ID NO: 9 (intron 4), SEQ ID NO: 10 (intron 5) and/or SEQ ID NO: 11 (intron 

13). In some alternatives, the one or more enhancer elements comprise the sequence set forth 

in SEQ ID NO: 4 (SEQ ID NO: 4: intron 4-5), SEQ ID NO: 14 or SEQ ID NO: 15. In some 

alternatives, the UCOE is in a reverse orientation or forward orientation. In some 

alternatives, the UCOE is in a forward orientation. In some alternatives, the vector is a 

lentiviral-based vector of a B lineage specific lentiviral vector. In some alternatives, the cells 

are B cells. In some alternatives, the cells are myeloid cells. In some alternatives, the cells are 
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hematopoietic stem cells. In some alternatives, the cells are CD34+ hematopoietic stem cells.  

In some alternatives, the one or more enhancer elements comprises the sequences set forth in 

SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19 and/or SEQ ID NO: 20.  

In some alternatives, the polynucleotide further comprises a gene upstream of a BTK 

promoter. In some alternatives, the gene upstream of a BTK promoter is a BTK enhancer. In 

some alternatives, the BTK enhancer comprises the sequence set forth in SEQ ID NO: 21 or 

SEQ ID NO: 22. In some alternatives, the vector is a lentiviral-based vector of a B lineage 

specific lentiviral vector. In some alternatives, the cells are B cells. In some alternatives, the 

cells are myeloid cells. In some alternatives, the cells are hematopoietic stem cells. In some 

alternatives, the cells are CD34+ hematopoietic stem cells. In some alternatives, the cell is 

from the subject, wherein the cell is genetically modified by introducing the polynucleotide 

of any one of the alternatives herein or the vector of any one of the alternatives herein into 

the cell. In some alternatives, the administering is performed by adoptive cell transfer. In 

some alternatives, the cell is a B cell. In some alternatives, the cells are myeloid cells. In 

some alternatives, the cell is a hematopoietic stem cell. In some alternatives, the cell is a 

CD34+ hematopoietic stem cell. In some alternatives, the subject is male. In some 

alternatives, the subject is selected to receive immunoglobulin replacement therapy. In some 

alternatives, the subject is selected to receive targeted anti-microbial agents. In some 

alternatives, the polypeptide or vector comprises a sequence set forth in SEQ ID NO's: 33, 

34, 35, 41, 42, 43, 44 or 45. In some alternatives, 0.7UCOE comprises a sequence set forth in 

SEQ ID NO: 2. In some alternatives, the enhancer comprises a sequence set forth in SEQ ID 

NO: 3 or 4.  

Sequences 
[0259] Listed below are sequences used in the alternatives herein: 

0.7UCOE: ENHANCER: PR BTK codon 

OMOTER optimization: 

0 0.7 I BTK co co 

.7UCOE UCOEfwd one HS4 E4-5 p BTK 2BTK 

>0.7UCOE (SEQ ID NO: 1) 
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[0260] ( SEQ ID # 1) 

Cgcgtgtggcatctgaagcaccaccagcgagcgagagctagagagaaggaaagccaccgacttcaccgcctccgagctgctccg 

ggtcgcgggtctgcagcgtctccggccctccgcgcctacagctcaagccacatccgaagggggagggagccgggagctgcgcgc 

ggggccgctggggggaggggtggcaccgcccacgccgggcggccacgaagggcggggcagcgggcgcgcgcccggcggg 

gggaggggccgcgcgccgcgcccgctgggaattggggccctagggggagggcggaggcgccgacgaccgcggcacttaccgt 

tcgcggcgtggcgcccggtggtccccaaggggagggaagggggaggcggggcgaggacagtgaccggagtctcctcagcggt 

ggcttttctgcttggcagcctcagcggctggcgccaaaaccggactccgcccacttcctcgcccctgcggtgcgagggtgtggaatc 

ctccagacgctgggggagggggagttgggagcttaaaaactagtacccctttgggaccactttcagcagcgaactctcctgtacacca 

ggggtcagttccacagacgcgggccaggggtgggtcattgcggcgtgaacaataatttgactagaagttgattcgggtgttt 

>0.7UCOEfwd (SEQ ID NO: 2) 

[0261] (SEQ ID NO: 2) 

Cgcaaacacccgaatcaacttctagtcaaattattgttcacgccgcaatgacccacccctggcccgcgtctgtggaactgacccctgg 

tgtacaggagagttcgctgctgaaagtggtcccaaaggggtactagtttttaagctcccaactccccctcccccagcgtctggaggatt 

ccacaccctcgcaccgcaggggcgaggaagtgggcggagtccggttttggcgccagccgctgaggctgccaagcagaaaagcca 

ccgctgaggagactccggtcactgtcctcgccccgcctcccccttccctccccttggggaccaccgggcgccacgccgcgaacggt 

aagtgccgcggtcgtcggcgcctccgccctccccctagggccccaattcccagcgggcgcggcgcgcggcccctccccccgccg 

ggcgcgcgcccgctgccccgcccttcgtggccgcccggcgtgggcggtgccacccctccccccagcggccccgcgcgcagctc 

ccggctccctcccccttcggatgtggcttgagctgtaggcgcggagggccggagacgctgcagacccgcgacccggagcagctcg 

gaggcggtgaagtcggtggctttccttctctctagctctcgctcgctggtggtgcttcagatgccacac 

>DHS4 

[0262] (SEQ ID NO: 3) 

aattctatcatagtgtgtcttgtctatgataactgcattgagaaagatgctctgcttgttgagtgagcatttcacttccttctggttctgactatc 

tgtctaatagtggtcatgtgggttgaaaagatagaaaaggggagtagtattaggaagttcagtatgaggaagacttattagacttatgcat 

aaacctaaattctgttgtaatctggaagagctgaagtgccacatatgcatctgtttaggagagcaagaactacaaatttggtcttcagtttg 

gcttgcttacatcctgagaactctgtaggccacatgtcgtgaatatagcagcctctgcaacagtgaaagccagaaaaggaagtggaaa 

gtctcaggggagggggctttctgtcatggatttatgagcacagcaagactaacaagcaaaaagaaaaatgtaaaaggatcttgttcgt 

>IE4-5 
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[0263] (SEQ ID NO: 4) 

acatctttgagcttcagtttcctcatctgtaaataggggaataatacatacttcttaaggctactgcaaagatcaaataagtaatacatttga 

agcacttgggacagagcctgctacatagtaagtgctcattaagtgttagttatcattgttgttgtttttaggccaaggttgttgtgaaaattaa 

atgagataatatataaaaggtatttagctcaatatctggcacatagcaataattgaatagatgatccttcatcttcgttcctcctgttccctttc 

agtttgaaagacttggctaatataattttgaccaaccaaacttgcattcaagggagtgtacaaggctggtatagccagccagtgagtatc 

agaatctaaatgtttattaagacaaagggctgtcatgcaataacccaaccataccattatcagtctgccatccttcctgtttctctaggcag 

cctttcctgatgtcaactcaaccagttaatctctcagtcacttgacatgtggctatatatacacacaaatatgtgtgcatgcatcctgtgctg 

caagcatttacagtcaagtttatctgaacacactgtatggttgatgtgaaatgctgaaactgttcaagtttaggtcctcacaaagcaagga 

atatgaaatatttccttgggaaatatttatccacaacaaagagatgtacagtgctttcgtatacagtgatttacagttttccatgtgcttttacat 

gtattattacttcatttgatccttacaacaaccccagaggtagatgtggcatgaattaccattattctcctttgagaagaagaaactgagcat 

caaagaagcttgttggccttcttgccagaaatcacccagtttgtaaatggtaaaagagggcttgaaaccaggttctctgactctgacttca 

agcactctcatacatcatctatttaattttttggagctaggtattttatacttaggattctaaatattgcataaccattgaatgccacaccaccct 

tgtattcagtgcaaaaaatgggacttttcttaataaatagagaaatggaggtgcctaaaattacaaaattgcactagagagatagtgatag 

aactgggaaactcttagtctaatattttatcttttattcatatgatggaatactaagctcaatggcagaatcttcagtcagcaatggtgttcag 

gttatgtgaactatctgaaggattcctgaactcttcatatctaggaatgtagcgtttaaaagctcttagaatttttcatactcttaggtcctcct 

gacttgtgcttcaattcatgcataaacttattttataaggtctccgtctgcccttgctggagataacatttttgtttatccaacaaagggtatttt 

atcttattattaaattctgactttgtatagaagagaaatgaagtgataatctatataaattaagtcttgattagtacatatgggttattcacttgg 

ataatatggagtaaaattttaattcatggctaattacctccacctccactacctagtggcctcccctcaccaatattagccaaaataaatcaa 

atttggaactacaaacctacttcaaaaagggtaaggtatataataagcaatatcatcaagtcaaatagtatttttttaaccatgtacaaggc 

atcatgctaggtgttacgaagatgcatgaaatatataagatgtggttccaaccctcacagagtttatagacatcacataataaattctgaag 

tcaaatataaattaatttaaaattatctgctgttcagcattgttcactagtgcagccaaacaatgtcatcttgttgaaaggcattggtagtaaa 

aactgtgtctgaaatacccctctttcaaaggtttcgtaaatttgatatagtcagggacacgaacaagatccttttacatttttctttttgcttgtt 

agtcttgctgtgctcataaatccatgacagaaagccccctcccctgagactttccacttccttttctggctttcactgttgcagaggctgcta 

tattcacgacatgtggcctacagagttctcaggatgtaagcaagccaaactgaagaccaaatttgtagttcttgctctcctaaacagatgc 

atatgtggcacttcagctcttccagattacaacagaatttaggtttatgcataagtctaataagtcttcctcatactgaacttcctaatactact 

ccccttttctatcttttcaacccacatgaccactattagacagatagtcagaaccagaaggaagtgaaatgctcactcaacaagcagagc 

atctttctcaatgcagttatcatagacaagacacactatgatagaattggtgctgctatgtattctttttga 

>BTKp 

[0264] (SEQ ID NO: 5) 

Tgcatttcctaggagaatccctgggggaatcattgcagttggagcataatgtagggggcccctgagaaaacctccaggcttcaagtg 
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acatacctagtctgctttaccggtttacaggactcaagagaaaggtggacattgagagttaatccctgaggccaaatcttaaatggagaa 

agtcaacatccacagaaaatggggaagggcacaagtatttctgtgggcttatattccgacatttttatctgtaggggaaaaatgctttctta 

gaaaatgactcagcacggggaagtcttgtctctacctctgtcttgttttgtcctttggggtcccttcactatcaagttcaactgtgtgtccctg 

agactcctctgccccggaggacaggagactcgaaaaacgctcttcctggccagtctctttgctctgtgtctgccagcccccagcatctc 

tcctctttcctgtaagcccctctccctgtgctgactgtcttcatagtactttaggtatgttgtccctttacctctgggaggatagcttgatgacc 

tgtctgctcaggccagccccatctagagtctcagtggccccagtcatgttgagaaaggttctttcaaagatagactcaagatagtagtgt 

cagaggtcccaagcaaatgaagggcggggacagttgagggggtggaatagggacggcagcagggaaccagatagcatgctgct 

gagaagaaaaaaagacattggtttaggtcaggaagcaaaaaaagggaactgagtggctgtgaaagggtggggtttgctcagactgtc 

cttcctctctggactgtaagaattagtctc 

>coBTK 

[0265] (SEQ ID NO: 6) 

atggccgctgtgatcctggagagcattttcctgaagaggtcccagcagaaaaagaaaacctctcccctgaactttaagaaaagactgtt 

cctgctgacagtgcacaagctgtcttactatgagtacgactttgagcggggccgccgaggatcaaaaaaggggagcatcgatgtgga 

gaagattacatgcgtggagaccgtggtccctgaaaagaatccaccccctgagaggcagatcccaagacggggcgaggagtcctct 

gagatggagcagattagtatcattgagcgcttcccctatccttttcaggtggtgtacgacgagggaccactgtatgtgttctcacccaca 

gaggagctgagaaagaggtggattcaccagctgaagaacgtgattagatacaatagcgatctggtgcagaagtatcacccttgtttttg 

gatcgacgggcagtacctgtgctgttcccagacagctaagaacgctatgggatgccagattctggaaaatcggaacggatctctgaaa 

ccagggagttcacaccgcaagaccaaaaagcccctgcctccaacacccgaggaggatcagatcctgaaaaagcctctgccacccg 

agcctgctgcagccccagtcagcacttccgaactgaaaaaggtggtggctctgtatgactacatgcccatgaatgctaacgatctgca 

gctgagaaagggcgacgagtatttcattctggaagagtctaatctgccttggtggagggccagagataagaacggacaggaggggt 

acatcccatctaattatgtgaccgaggctgaggactctattgagatgtacgagtggtatagcaagcacatgacacggtcccaggctga 

gcagctgctgaagcaggagggcaaagagggagggtttatcgtgcgcgattctagtaaggccggcaaatacactgtgtcagtgttcgc 

taagagcaccggagacccccagggcgtgatcagacactatgtggtgtgttccacacctcagtctcagtactatctggctgagaagcac 

ctgtttagtacaatcccagagctgattaactaccaccagcacaattctgccggcctgatcagcaggctgaagtatcccgtctcccagca 

gaacaaaaatgctccttctaccgctggactggggtacggcagttgggagattgatccaaaggacctgacattcctgaaggagctggg 

aactgggcagtttggcgtggtgaagtatggaaaatggagagggcagtacgatgtggccatcaagatgatcaaggagggctcaatga 

gcgaggacgagttcatcgaggaggctaaggtcatgatgaacctgtcccacgagaaactggtgcagctgtatggagtgtgcaccaag 

cagcggcccatttttatcattacagagtacatggctaatgggtgtctgctgaactatctgcgcgagatgagacacagattccagacaca 

gcagctgctggaaatgtgcaaggatgtgtgtgaggctatggagtacctggagtctaagcagtttctgcaccgggacctggctgctcgc 

aattgcctggtgaacgatcagggcgtggtgaaggtgagtgacttcggactgtcaaggtatgtgctggatgacgagtacaccagctccg 
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tgggctctaagtttcctgtgagatggtctccacccgaggtgctgatgtatagcaagttctcctctaagagcgatatctgggcctttggcgt 

gctgatgtgggaaatctacagcctgggcaagatgccttacgagcggttcacaaattccgagacagctgagcacatcgcccagggcct 

gcgcctgtaccggccacatctggcctctgagaaggtgtacaccatcatgtacagctgttggcacgagaaggccgacgagagaccca 

cattcaagatcctgctgtccaacattctagatgtgatggacgaggagagctga 

>co2BTK 

[0266] (SEQ ID NO: 7) 

atggccgccgtgatcctggaaagcatcttcctgaagcggagccagcagaagaagaaaaccagccccctgaacttcaagaagcggct 

gttcctgctgaccgtgcacaagctgtcctactacgagtacgacttcgagcggggcagacggggcagcaagaagggcagcatcgac 

gtcgagaagatcacctgcgtggagaccgtggtgcccgagaagaacccccctcccgagcggcagatccccagacggggcgagga 

aagcagcgagatggaacagatcagcatcatcgagcggttcccttacccattccaagtggtgtacgacgagggccccctgtacgtgttc 

agccccaccgaggaactgcggaagcggtggattcaccagctgaagaacgtgatccggtacaacagcgacctggtgcagaagtacc 

acccctgcttttggatcgacggccagtacctgtgctgcagccagaccgccaagaacgctatgggctgccagattctggaaaaccgga 

acggcagcctgaagcccggcagcagccacagaaagaccaagaagcccctgccccccacccccgaagaggaccagatctgaag 

aagcctctgcctcccgagcccgccgctgcacctgtgagcaccagcgagctgaagaaagtggtggccctgtacgactacatgcccat 

gaacgccaacgacctgcagctgcggaagggcgacgagtacttcatcctggaagaaagcaacctgccctggtggcgggccaggga 

caagaacggccaggaaggctacatccccagcaactacgtgaccgaggccgaggactccatcgagatgtacgagtggtacagcaag 

cacatgaccagaagccaggccgaacagctgctgaagcaggaaggcaaagagggcggcttcatcgtccgggacagcagcaaggc 

cggcaagtacaccgtgagcgtgttcgccaagagcaccggcgacccccagggcgtgatccggcactacgtggtgtgcagcaccccc 

cagagccagtactacctggccgagaagcacctgttcagcaccatccccgagctgatcaactatcaccagcacaacagcgctggact 

gatttctcggctgaagtaccccgtgtcccagcagaacaaaaacgcccccagcacagccggcctgggctacggcagctgggagatc 

gaccccaaggacctgaccttcctgaaagagctgggcaccggccagttcggcgtggtgaagtacggcaagtggaggggccagtacg 

acgtggccatcaagatgatcaaggaaggcagcatgagcgaggacgagttcatcgaggaagccaaagtgatgatgaacctgagcca 

cgagaagctggtgcagctgtacggcgtgtgcaccaagcagcggcccatcttcatcatcaccgagtacatggccaacggctgcctgct 

gaactacctgcgggagatgcggcacaggttccagacacagcagctgctcgaaatgtgcaaggacgtgtgcgaggctatggaatacc 

tggaatccaagcagttcctgcaccgggacctggccgccagaaactgcctggtgaacgaccagggggtggtgaaggtgtccgacttc 

ggcctgagcagatacgtgctggacgacgagtacaccagcagcgtgggcagcaagttccccgtgcggtggagcccccctgaggtgc 

tgatgtacagcaagttcagcagcaagagcgacatctgggccttcggcgtgctgatgtgggagatctacagcctgggcaagatgccct 

acgagcggttcaccaacagcgagaccgccgagcacatcgcccagggcctgcggctgtacaggccccacctggccagcgagaag 
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gtgtacaccatcatgtacagctgctggcacgagaaggccgacgagaggcccaccttcaagatcctgctgtccaacatcctggacgtg 

atggacgaggaaagctga 

-68-



WO 2018/195297 PCT/US2018/028331 

[0267] Sequence elements relative to Figure 92 (if not already shown above)

these are constructs that were tested as part of the process of identifying the above sequences 

as our top candidates for clinical gene therapy vectors: 

>GFP 

[0268] (SEQ ID NO: 8) 

atggtgagcaagggcgaggagctgttcaccggggtggtgcccatcctggtcgagctggacggcgacgtaaacggccacaagttca 

gcgtgtccggcgagggcgagggcgatgccacctacggcaagctgaccctgaagttcatctgcaccaccggcaagctgcccgtgcc 

ctggcccaccctcgtgaccaccctgacctacggcgtgcagtgcttcagccgctaccccgaccacatgaagcagcacgacttcttcaa 

gtccgccatgcccgaaggctacgtccaggagcgcaccatcttcttcaaggacgacggcaactacaagacccgcgccgaggtgaag 

ttcgagggcgacaccctggtgaaccgcatcgagctgaagggcatcgacttcaaggaggacggcaacatcctggggcacaagctgg 

agtacaactacaacagccacaacgtctatatcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatccgccacaac 

atcgaggacggcagcgtgcagctcgccgaccactaccagcagaacacccccatcggcgacggccccgtgctgtgcccgacaac 

cactacctgagcacccagtccgccctgagcaaagaccccaacgagaagcgcgatcacatggtcctgctggagttcgtgaccgccgc 

cgggatcactctcggcatggacgagctgtacaagtaa 

>Intron 4 

[0269] (SEQ ID NO: 9) 

ctcaaaaagaatacatagcagcaccaattctatcatagtgtgtcttgtctatgataactgcattgagaaagatgctctgcttgttgagtgag 

catttcacttccttctggttctgactatctgtctaatagtggtcatgtgggttgaaaagatagaaaaggggagtagtattaggaagttcagta 

tgaggaagacttattagacttatgcataaacctaaattctgttgtaatctggaagagctgaagtgccacatatgcatctgtttaggagagc 

aagaactacaaatttggtcttcagtttggcttgcttacatcctgagaactctgtaggccacatgtcgtgaatatagcagcctctgcaacagt 

gaaagccagaaaaggaagtggaaagtctcaggggagggggctttctgtcatggatttatgagcacagcaagactaacaagcaaaaa 

gaaaaatgtaaaaggatcttgttcgtgtccctgactatatcaaatttacgaaacctttgaaagaggggtatttcagacacagtttttactacc 

aatgcctttcaacaagatgacattgtttggctgcactagtgaacaatgctgaacagcagataattttaaattaatttatatttgacttcagaat 

ttattatgtgatgtctataaactctgtgagggttggaaccacatcttatatatttcatgcatcttcgtaacacctagcatgatgccttgtacatg 

gttaaaaaaatactatttgacttgatgatattgcttattatataccttaccctttttgaagtaggtttgtagttccaaatttgatttattttggctaat 

attggtgaggggaggccactaggtagtggaggtggaggtaattagccatgaattaaaattttactccatattatccaagtgaataaccca 

tatgtactaatcaagacttaatttatatagattatcacttcatttctcttctatacaaagtcagaatttaataataagataaaataccctttgttgg 

ataaacaaaaatgttatctccagcaagggcagacggagaccttataaaataagtttatgcatgaattgaagcacaagtcaggaggacct 
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aagagtatgaaaaattctaagagcttttaaacgctacattcctagatatgaagagttcaggaatccttcagatagttcacataacctgaac 

accattgctgactgaagattctgcc 

>Intron 5 

[0270] (SEQ ID NO: 10) 

Ccatcatatgaataaaagataaaatattagactaagagtttcccagttctatcactatctctctagtgcaattttgtaattttaggcacctcca 

tttctctatttattaagaaaagtcccattttttgcactgaatacaagggtggtgtggcattcaatggttatgcaatatttagaatcctaagtata 

aaatacctagctccaaaaaattaaatagatgatgtatgagagtgcttgaagtcagagtcagagaacctggtttcaagccctcttttaccatt 

tacaaactgggtgatttctggcaagaaggccaacaagcttctttgatgctcagtttcttcttctcaaaggagaataatggtaattcatgcca 

catctacctctggggttgttgtaaggatcaaatgaagtaataatacatgtaaaagcacatggaaaactgtaaatcactgtatacgaaagc 

actgtacatctctttgttgtggataaatatttcccaaggaaatatttcatattccttgctttgtgaggacctaaacttgaacagtttcagcatttc 

acatcaaccatacagtgtgttcagataaacttgactgtaaatgcttgcagcacaggatgcatgcacacatatttgtgtgtatatatagccac 

atgtcaagtgactgagagattaactggttgagttgacatcaggaaaggctgcctagagaaacaggaaggatggcagactgataatggt 

atggttgggttattgcatgacagccctttgtcttaataaacatttagattctgatactcactggctggctataccagccttgtacactcccttg 

aatgcaagtttggttggtcaaaattatattagccaagtctttcaaactgaaagggaacaggaggaacgaagatgaaggatcatctattca 

attattgctatgtgccagatattgagctaaataccttttatatattatctcatttaattttcacaacaaccttggcctaaaaacaacaacaatgat 

aactaacacttaatgagcacttactatgtagcaggctctgtcccaagtgcttcaaatgtattacttatttgatctttgcagtagccttaagaag 

tatgtattattcccctatttacagatgaggaaactgaagctcaaagatgt 

>Intron 13 

[0271] (SEQ ID NO: 11) 

ggtagggtggactggccagttgcaaaaactacctttgctggccttgccttagggagtgtccttgaggtacactgttctgcagcagctgc 

ctcaaggacgctcaagacagatccaagcaaaagttattcactgattttcttcctctagtggctacgactgggactgcaaaaacatagatt 

cataaagggctttgtcgttgtcttgggtctttttgtcttttatttttaattgtgggaaaattttcagtactatccctgagttcattaactaccatcac 

taacataatcataaagggatttggggaggttgcttagtctatcttcttgccttatggccaccttgaacctaaaattcccagattcctctaacc 

aatgaatcccgtttctgagattgacttaagcaaagacagattagtacttctaaaaatttcccttttactagttttcctatttctaccccagtagg 

gatttttgtctattgtaagaattatacattcatgaccccaaagaatcacaccaagacttta 

>1kb 

[0272] 
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>CONTIG 

[0273] (SEQ ID NO: 14) 

tcaaaaagaatacatagcagcaccaattctatcatagtgtgtcttgtctatgataactgcattgagaaagatgctctgcttgttgagtgagc 

atttcacttccttctggttctgactatctgtctaatagtggtcatgtgggttgaaaagatagaaaaggggagtagtattaggaagttcagtat 

gaggaagacttattagacttatgcataaacctaaattctgttgtaatctggaagagctgaagtgccacatatgcatctgtttaggagagca 

agaactacaaatttggtcttcagtttggcttgcttacatcctgagaactctgtaggccacatgtcgtgaatatagcagcctctgcaacagtg 

aaagccagaaaaggaagtggaaagtctcaggggagggggctttctgtcatggatttatgagcacagcaagactaacaagcaaaaag 

aaaaatgtaaaaggatcttgttcgtgtccctgactatatcaaatttacgaaacctttgaaagaggggtatttcagacacagtttttactacca 

atgcctttcaacaagatgacattgtttggctgcactagtgaacaatgctgaacagcagataattttaaattaatttatatttgacttcagaattt 

attatgtgatgtctataaactctgtgagggttggaaccacatcttatatatttcatgcatcttcgtaacacctagcatgatgccttgtacatgg 

ttaaaaaaatactatttgacttgatgatattgettattatatacettaccetttttgaagtaggtttgtagttccaaatttgatttattttggetaatat 

tggtgaggggaggccactaggtagtggaggtggaggtaattagccatgaattaaaattttactccatattatccaagtgaataacccata 

tgtactaatcaagacttaatttatatagattatcacttcatttctcttctatacaaagtcagaatttaataataagataaaataccctttgttggat 

aaacaaaaatgttatctccagcaagggcagacggagaccttataaaataagtttatgcatgaattgaagcacaagtcaggaggaccta 

agagtatgaaaaattctaagagcttttaaacgctacattcctagatatgaagagttcaggaatccttcagatagttcacataacctgaaca 

ccattgctgactgaagattctgccattgagcttagtattccatcatatgaataaaagataaaatattagactaagagtttcccagttctatca 

ctatctctctagtgcaattttgtaattttaggcacctccatttctctatttattaagaaaagtcccattttttgcactgaatacaagggtggtgtg 

gcattcaatggttatgcaatatttagaatcctaagtataaaatacctagctccaaaaaattaaatagatgatgtatgagagtgcttgaagtc 

agagtcagagaacctggtttcaagccctcttttaccatttacaaactgggtgatttctggcaagaaggccaacaagcttctttgatgctca 

gtttcttcttctcaaaggagaataatggtaattcatgccacatctacctctggggttgttgtaaggatcaaatgaagtaataatacatgtaaa 

agcacatggaaaactgtaaatcactgtatacgaaagcactgtacatctctttgttgtggataaatatttcccaaggaaatatttcatattcctt 

gctttgtgaggacctaaacttgaacagtttcagcatttcacatcaaccatacagtgtgttcagataaacttgactgtaaatgcttgcagcac 

aggatgcatgcacacatatttgtgtgtatatatagccacatgtcaagtgactgagagattaactggttgagttgacatcaggaaaggctg 

cctagagaaacaggaaggatggcagactgataatggtatggttgggttattgcatgacagccctttgtcttaataaacatttagattctgat 

actcactggctggctataccagccttgtacactcccttgaatgcaagtttggttggtcaaaattatattagccaagtctttcaaactgaaag 

ggaacaggaggaacgaagatgaaggatcatctattcaattattgctatgtgccagatattgagctaaataccttttatatattatctcattta 

attttcacaacaaccttggcctaaaaacaacaacaatgataactaacacttaatgagcacttactatgtagcaggctctgtcccaagtgct 

tcaaatgtattacttatttgatctttgcagtagccttaagaagtatgtattattcccctatttacagatgaggaaactgaagctcaaagatgtta 

tccttatttctctggggtagggtggactggccagttgcaaaaactacctttgctggccttgccttagggagtgtccttgaggtacactgttc 

tgcagcagctgcctcaaggacgctcaagacagatccaagcaaaagttattcactgattttcttcctctagtggctacgactgggactgca 

aaaacatagattcataaagggctttgtcgttgtcttgggtctttttgtcttttatttttaattgtgggaaaattttcagtactatccctgagttcatt 
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aactaccatcactaacataatcataaagggatttggggaggttgcttagtctatcttcttgccttatggccaccttgaacctaaaattccca 

gattcctctaaccaatgaatcccgtttctgagattgacttaagcaaagacagattagtacttctaaaaatttcccttttactagttttcctatttc 

taccccagtagggatttttgtctattgtaagaattatacattcatgaccccaaagaatcacaccaagacttta 

>revCONTIG 

[0274] (SEQ ID NO: 15) 

taacaataaagtcttggtgtgattctttggggtcatgaatgtataattcttacaatagacaaaaatccctactggggtagaaataggaaaac 

tagtaaaagggaaatttttagaagtactaatctgtctttgcttaagtcaatctcagaaacgggattcattggttagaggaatctgggaatttt 

aggttcaaggtggccataaggcaagaagatagactaagcaacctccccaaatccctttatgattatgttagtgatggtagttaatgaact 

cagggatagtactgaaaattttcccacaattaaaaataaaagacaaaaagacccaagacaacgacaaagccctttatgaatctatgttttt 

gcagtcccagtcgtagccactagaggaagaaaatcagtgaataacttttgcttggatctgtcttgagcgtccttgaggcagctgctgca 

gaacagtgtacctcaaggacactccctaaggcaaggccagcaaaggtagtttttgcaactggccagtccaccctaccccagagaaat 

aaggataacatctttgagcttcagtttcctcatctgtaaataggggaataatacatacttcttaaggctactgcaaagatcaaataagtaata 

catttgaagcacttgggacagagcctgctacatagtaagtgctcattaagtgttagttatcattgttgttgtttttaggccaaggttgttgtga 

aaattaaatgagataatatataaaaggtatttagctcaatatctggcacatagcaataattgaatagatgatccttcatcttcgttcctcctgtt 

ccctttcagtttgaaagacttggctaatataattttgaccaaccaaacttgcattcaagggagtgtacaaggctggtatagccagccagtg 

agtatcagaatctaaatgtttattaagacaaagggctgtcatgcaataacccaaccataccattatcagtctgccatccttcctgtttctcta 

ggcagcctttcctgatgtcaactcaaccagttaatctctcagtcacttgacatgtggctatatatacacacaaatatgtgtgcatgcatcct 

gtgctgcaagcatttacagtcaagtttatctgaacacactgtatggttgatgtgaaatgctgaaactgttcaagtttaggtcctcacaaagc 

aaggaatatgaaatatttccttgggaaatatttatccacaacaaagagatgtacagtgctttcgtatacagtgatttacagttttccatgtgct 

tttacatgtattattacttcatttgatccttacaacaaccccagaggtagatgtggcatgaattaccattattctcctttgagaagaagaaact 

gagcatcaaagaagcttgttggccttcttgccagaaatcacccagtttgtaaatggtaaaagagggcttgaaaccaggttctctgactct 

gacttcaagcactctcatacatcatctatttaattttttggagctaggtattttatacttaggattctaaatattgcataaccattgaatgccaca 

ccacccttgtattcagtgcaaaaaatgggacttttcttaataaatagagaaatggaggtgcctaaaattacaaaattgcactagagagata 

gtgatagaactgggaaactcttagtctaatattttatcttttattcatatgatggaatactaagctcaatggcagaatcttcagtcagcaatgg 

tgttcaggttatgtgaactatctgaaggattcctgaactcttcatatctaggaatgtagcgtttaaaagctcttagaatttttcatactcttaggt 

cctcctgacttgtgcttcaattcatgcataaacttattttataaggtctccgtctgcccttgctggagataacatttttgtttatccaacaaagg 

gtattttatcttattattaaattctgactttgtatagaagagaaatgaagtgataatctatataaattaagtcttgattagtacatatgggttattc 

acttggataatatggagtaaaattttaattcatggctaattacctccacctccactacctagtggcctcccctcaccaatattagccaaaata 

aatcaaatttggaactacaaacctacttcaaaaagggtaaggtatataataagcaatatcatcaagtcaaatagtatttttttaaccatgtac 

aaggcatcatgctaggtgttacgaagatgcatgaaatatataagatgtggttccaaccctcacagagtttatagacatcacataataaatt 
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ctgaagtcaaatataaattaatttaaaattatctgctgttcagcattgttcactagtgcagccaaacaatgtcatcttgttgaaaggcattggt 

agtaaaaactgtgtctgaaatacccctctttcaaaggtttcgtaaatttgatatagtcagggacacgaacaagatccttttacatttttcttttt 

gcttgttagtcttgctgtgctcataaatccatgacagaaagccccctcccctgagactttccacttccttttctggctttcactgttgcagag 

gctgctatattcacgacatgtggcctacagagttctcaggatgtaagcaagccaaactgaagaccaaatttgtagttcttgctctcctaaa 

cagatgcatatgtggcacttcagctcttccagattacaacagaatttaggtttatgcataagtctaataagtcttcctcatactgaacttccta 

atactactccccttttctatcttttcaacccacatgaccactattagacagatagtcagaaccagaaggaagtgaaatgctcactcaacaa 

gcagagcatctttctcaatgcagttatcatagacaagacacactatgatagaattggtgctgctatgtattctttttga 

[0275] 

>ABCD 

[0276] (SEQ ID NO: 16 ) 

ctggggtatggcaggggctgggcagcagcagcaatgtaccttgcttgggacccctaaaaaccagagagacagcatggctggtgcc 

atttatcagctagtggaggaggctgacggagggtgggagtgtcatcagcacaaggccctggcagtcccttctggtgattagagaggc 

cgaaagggtcctttccgacaagggctgagggtgggcggaacaggaagagaaaaatgtgacatgaggtgaccatccgaacaggtag 

caaatgttagaaaggggtacctctggcaaacttagtggaaaagtaatattgcagggagcagtcagataaaaacaagcccttctgtcaa 

atagtgcttgaagactcaatagggatacatgggtcaatgaagcctttagaaaaagaaatactaagaggcagattctctgagaacatggt 

aaaagctcacgctccacgttatgaagttgacctttgtgagctagggaaaggcctggctaggccagggtgtaggctacctgccttgagc 

tgtaccaggccaaatgtcgccagggtcagagctggcttattaaaggactgtgtggaagctgtgccaacctcgtggtaacaatgggtaa 

aagactgggccaggagaaagcagcctctgcctcagcccagacagtgcggccaacccttgaggttgtggcaaaggtttctcctcttac 

cattgccctccatgtgcatggcttgcttttctcttgtcttcattatttctcctttcctttcctcggatccacgcgtgaattctttgtaaactccttat 

ggtgcgaactaatgtaactttccatccagttatgggggattggtgcaattttaaattatcactatgatttgctatttccatttgagcaaatttcct 

atagagtttcctttcagtggactagacccatatcaggaagtgacttaggtataaagggaagatacagctttcgaaaaccaaagtttgggc 

gttctccaaagagttatcagatacccccttctacacccacaatgatctgattgctgagatctgattgctaactactgaaaataaggaagaa 

ctagaattttcagtgacacagtgctcagcaagaagctagaaaagaggccttgacatatttgactccaaagctacttggttatgcatgaag 

ccatctggggaggggaaggaggagggagaactcctctgaggaccctgaaacaattgggccacgtgtgactttcagtttctatggaga 

ttcatgtgcagtggctgagggcaatctgagagcattggaaacccagaagctttaaacgcgtaggaaagacagggaatggccagaatc 

ttcctagccaattgagtagtgctttcaaggagaaatcaagagaaaacactacttcttggatattttggctaagtagtcatttgaagtacagtt 

gactggttattttattttaaatcatatctcatagactcttcccaatcataggctggctgtgtagttttctgaattttgctctggtattcttcttcttttt 

tttttttatttttattttttattttttttttgagactccaggctggagtgcagtgtcacgatcttggctcactgcaacctccgcctcccgagttcaa 

gcgattctcctgcctcagcctcctgagttgctgggactacaggcgcctgtcaccacgcccggctaattttttgtattttaatagagacggg 

atttcaccatgttggccaggctggtctctaactcctgacctcaagtgatccgccagcctcagcctcccaaagtgctgggattacgggcat 

gagccactgcgcctggacttattattcttaatagtattttatcttatgagcgaagataagagcccaagatggtttagtttactgattctgcaa 
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gtgctatttctattaattccttggcatactgcagtttgtatgatggctgcactcttgttaataagcttcgtctttctgaattctgttgctccatagg 

gagctgggaggctgcaaaaggtggccctgtaaaaatctttgcatttataatttaataattacagaccccagtgggacaatgtttgaaaaat 

tatattcaccgtctaggaaattgggaactgaaagtccaatatctgcctcagtggagttctggcacctgcattatcccttctgggtatatcaa 

gatcaacagctgcacagatacttttgcttttcacagattctacacatatcatataaaggtgaatagtgtaaagctacctctacaccttaccaa 

gcacacagg 

>DCBA 

[0277] (SEQ ID NO: 17) 

cctgtgtgcttggtaaggtgtagaggtagctttacactattcacctttatatgatatgtgtagaatctgtgaaaagcaaaagtatctgtgcag 

ctgttgatcttgatatacccagaagggataatgcaggtgccagaactccactgaggcagatattggactttcagttcccaatttcctagac 

ggtgaatataatttttcaaacattgtcccactggggtctgtaattattaaattataaatgcaaagatttttacagggccaccttttgcagcctc 

ccagctccctatggagcaacagaattcagaaagacgaagcttattaacaagagtgcagccatcatacaaactgcagtatgccaagga 

attaatagaaatagcacttgcagaatcagtaaactaaaccatcttgggctcttatcttcgctcataagataaaatactattaagaataataag 

tccaggcgcagtggctcatgcccgtaatcccagcactttgggaggctgaggctggcggatcacttgaggtcaggagttagagaccag 

cctggccaacatggtgaaatcccgtctctattaaaatacaaaaaattagccgggcgtggtgacaggcgcctgtagtcccagcaactca 

ggaggctgaggcaggagaatcgcttgaactcgggaggcggaggttgcagtgagccaagatcgtgacactgcactccagcctggag 

tctcaaaaaaaaaataaaaaataaaaataaaaaaaaaaaagaagaagaataccagagcaaaattcagaaaactacacagccagcta 

tgattgggaagagtctatgagatatgatttaaaataaaataaccagtcaactgtacttcaaatgactacttagccaaaatatccaagaagt 

agtgttttctcttgatttctccttgaaagcactactcaattggctaggaagattctggccattccctgtctttcctacgcgtttaaagcttctgg 

gtttccaatgctctcagattgccctcagccactgcacatgaatctccatagaaactgaaagtcacacgtggcccaattgtttcagggtcct 

cagaggagttctccctcctccttcccctccccagatggcttcatgcataaccaagtagctttggagtcaaatatgtcaaggcctcttttcta 

gcttcttgctgagcactgtgtcactgaaaattctagttcttccttattttcagtagttagcaatcagatctcagcaatcagatcattgtgggtgt 

agaagggggtatctgataactctttggagaacgcccaaactttggttttcgaaagctgtatcttccctttatacctaagtcacttcctgatat 

gggtctagtccactgaaaggaaactctataggaaatttgctcaaatggaaatagcaaatcatagtgataatttaaaattgcaccaatcccc 

cataactggatggaaagttacattagttcgcaccataaggagtttacaaagaattcacgcgtggatccgaggaaaggaaaggagaaat 

aatgaagacaagagaaaagcaagccatgcacatggagggcaatggtaagaggagaaacctttgccacaacctcaagggttggccg 

cactgtctgggctgaggcagaggctgctttctcctggcccagtcttttacccattgttaccacgaggttggcacagcttccacacagtcct 

ttaataagccagctctgaccctggcgacatttggcctggtacagctcaaggcaggtagcctacaccctggcctagccaggcctttccct 

agctcacaaaggtcaacttcataacgtggagcgtgagcttttaccatgttctcagagaatctgcctcttagtatttctttttctaaaggcttca 

ttgacccatgtatccctattgagtcttcaagcactatttgacagaagggcttgtttttatctgactgctccctgcaatattacttttccactaagt 

ttgccagaggtacccctttctaacatttgctacctgttcggatggtcacctcatgtcacatttttctcttcctgttccgcccaccctcagccctt 
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gtcggaaaggaccctttcggcctctctaatcaccagaagggactgccagggccttgtgctgatgacactcccaccctccgtcagcctc 

ctccactagctgataaatggcaccagccatgctgtctctctggtttttaggggtcccaagcaaggtacattgctgctgctgcccagcccc 

tgccataccccag 

>AB 

[0278] (SEQ ID NO: 18) 

ctggggtatggcaggggctgggcagcagcagcaatgtaccttgcttgggacccctaaaaaccagagagacagcatggctggtgcc 

atttatcagctagtggaggaggctgacggagggtgggagtgtcatcagcacaaggccctggcagtcccttctggtgattagagaggc 

cgaaagggtcctttccgacaagggctgagggtgggcggaacaggaagagaaaaatgtgacatgaggtgaccatccgaacaggtag 

caaatgttagaaaggggtacctctggcaaacttagtggaaaagtaatattgcagggagcagtcagataaaaacaagcccttctgtcaa 

atagtgcttgaagactcaatagggatacatgggtcaatgaagcctttagaaaaagaaatactaagaggcagattctctgagaacatggt 

aaaagctcacgctccacgttatgaagttgacctttgtgagctagggaaaggcctggctaggccagggtgtaggctacctgccttgagc 

tgtaccaggccaaatgtcgccagggtcagagctggcttattaaaggactgtgtggaagctgtgccaacctcgtggtaacaatgggtaa 

aagactgggccaggagaaagcagcctctgcctcagcccagacagtgcggccaacccttgaggttgtggcaaaggtttctcctcttac 

cattgccctccatgtgcatggcttgcttttctcttgtcttcattatttctcctttcctttcctcggatccacgcgtgaattctttgtaaactccttat 

ggtgcgaactaatgtaactttccatccagttatgggggattggtgcaattttaaattatcactatgatttgctatttccatttgagcaaatttcct 

atagagtttcctttcagtggactagacccatatcaggaagtgacttaggtataaagggaagatacagctttcgaaaaccaaagtttgggc 

gttctccaaagagttatcagatacccccttctacacccacaatgatctgattgctgagatctgattgctaactactgaaaataaggaagaa 

ctagaattttcagtgacacagtgctcagcaagaagctagaaaagaggccttgacatatttgactccaaagctacttggttatgcatgaag 

ccatctggggaggggaaggaggagggagaactcctctgaggaccctgaaacaattgggccacgtgtgactttcagtttctatggaga 

ttcatgtgcagtggctgagggcaatctgagagcattggaaacccagaagctttaa 

>A 

[0279] (SEQ ID NO: 19) 

ctggggtatggcaggggctgggcagcagcagcaatgtaccttgcttgggacccctaaaaaccagagagacagcatggctggtgcc 

atttatcagctagtggaggaggctgacggagggtgggagtgtcatcagcacaaggccctggcagtcccttctggtgattagagaggc 

cgaaagggtcctttccgacaagggctgagggtgggcggaacaggaagagaaaaatgtgacatgaggtgaccatccgaacaggtag 

caaatgttagaaaggggtacctctggcaaacttagtggaaaagtaatattgcagggagcagtcagataaaaacaagcccttctgtcaa 

atagtgcttgaagactcaatagggatacatgggtcaatgaagcctttagaaaaagaaatactaagaggcagattctctgagaacatggt 

aaaagctcacgctccacgttatgaagttgacctttgtgagctagggaaaggcctggctaggccagggtgtaggctacctgccttgagc 

tgtaccaggccaaatgtcgccagggtcagagctggcttattaaaggactgtgtggaagctgtgccaacctcgtggtaacaatgggtaa 
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aagactgggccaggagaaagcagcctctgcctcagcccagacagtgcggccaacccttgaggttgtggcaaaggtttctcctcttac 

cattgccctccatgtgcatggcttgcttttctcttgtcttcattatttctcctttcctttcctc 

>B 

[0280] (SEQ ID NO: 20) 

gaattctttgtaaactccttatggtgcgaactaatgtaactttccatccagttatgggggattggtgcaattttaaattatcactatgatttgcta 

tttccatttgagcaaatttcctatagagtttcctttcagtggactagacccatatcaggaagtgacttaggtataaagggaagatacagcttt 

cgaaaaccaaagtttgggcgttctccaaagagttatcagatacccccttctacacccacaatgatctgattgctgagatctgattgctaac 

tactgaaaataaggaagaactagaattttcagtgacacagtgctcagcaagaagctagaaaagaggccttgacatatttgactccaaag 

ctacttggttatgcatgaagccatctggggaggggaaggaggagggagaactcctctgaggaccctgaaacaattgggccacgtgt 

gactttcagtttctatggagattcatgtgcagtggctgagggcaatctgagagcattggaaacccagaagctttaa 

>BTKe 

[0281] (SEQ ID NO: 21) 

tccatcacctactagatatatcagtgcagtgaaaacttcgctaaactaacgctatacctatatcatgaagtgtgtggactagagacaagtg 

catatccttacggcaattaactgggaaacgtcaaatagtaactaccactcacctttttccggaaaatcggcttagtttgcccaccatagcc 

actctgcttcctgtcataacgccgctttcctgggaaaacgaattggtatttgttataaaatactgaagatcagcaagtaagtcttacaggttt 

tatcttaatttcgcagcagaaatattaacgctcaagccaggcgtggagggagagagacccggactcgtatgttattctacaacacaaat 

gtcacattaacaccaaattatgcggaatccatcttaccctgggcgtacagagaatccttgcccttcttgtactgtgtcactttatggggttg 

gtgcttgccacacttcttacagaaagtccggcgggttttagggacgttaacctagtaaagaaacagttcagaacgtgcaatgttatttgac 

cacaatggcacaacgccctaccttacccagctaaagctgaggcactccaggaggactcctcattacttgctacctctgactacagggt 

gggccagccccatgtgcttcaagcagagcttcctccctccgtcgagccccaaagagggaagagacctcattaactccacccccggct 

aactctacctctttgaacccatcacttcaattcctggccccgtagcccggtccctttagggttgatcccggcaagattgggttgctctgata 

tatcgagtccacacaggagcctggacccatcccggcatagcacgggcgacgaagggggggaaagattaagctggatgttactcgg 

cccccaccagcaagtcctaccatgcttgcgtgagcgctatcggcgcggaaagaaagaaaccgcgaggcaaacggaagtatatagg 

aggttcccgatcgcacttcctcatgggagtcggtaggagcaatcatagagtgtaaggctcagcgcagcgccctcgggcggctgaga 

ggactcagttcggagccgcgggcgggagcttaaggaaggactccgcctaaagggtggtccactcaccccgacttcctcccgcccc 

gcagctttcaacgtttcgtcactttatctcttttggtggactctgctacgtagtggcgttcagtgaagggagcagtgtttttcccagatcctct 

ggcctccccgtccccgagggaagccaggactagggtcgaatgaaggggtcctccacctccacgttccattcctgttccacctcaagg 

tcactgggaacacctttcgcagcaaactgctaattcaatgaagacctggagggagccaattgttccagttcatctatcacatggccagtt 
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ggtccattcaacaaatggttattggatgcccattatgtggcaggcactgttccgggggagaggtacagtaatctaataggcttataaatgt 

gcaattatgaactaagtactttgaagaaaaggaacaatgattggcattaaagcagcacccttctgttgagggagtaagtcagcagctcta 

ggttctgaaaagtgacaatgaaattgtttggctcctgt 

>BTKeAMyc 

[0282] (SEQ ID NO: 22) 

tgttactcggcccccaccagcaagtcctaccatgcttgcgtgagcgctatcggcgcggaaagaaagaaaccgcgaggcaaacgga 

agtatataggaggttcccgatcgcacttcctcatgggagtcggtaggagcaatcatagagtgtaaggctcagcgcagcgccctcggg 

cggctgagaggactcagttcggagccgcgggcgggagcttaaggaaggactccgcctaaagggtggtccactcaccccgacttcct 

cccgccccgcagctttcaacgtttcgtcactttatctcttttggtggactctgctacgtagtggcgttcagtgaagggagcagtgtttttccc 

agatcctctggcctccccgtccccgagggaagccaggactagggtcgaatgaaggggtcctccacctccacgttccattcctgttcca 

cctcaaggtcactgggaacacctttcgcagcaaactgctaattcaatgaagacctggagggagccaattgttccagttcatctatcacat 

ggccagttggtccattcaacaaatggttattggatgcccattatgtggcaggcactgttccgggggagaggtacagtaatctaataggct 

tataaatgtgcaattatgaactaagtactttgaagaaaaggaacaatgattggcattaaagcagcacccttctgttgagggagtaagtca 

gcagctctaggttctgaaaagtgacaatgaaattgtttggctcctgt 

[0283] The sequences of gene expression cassettes below are cloned into pRRL 

backbone of pRRLSIN.cppt.PGK-GFP.WPRE [PGK-GFP removed] Addgene #12252; 

[0284] The nucleic acid comprising the promoter with GFP sequence is below 

(BTKp.GFP): (SEQ ID NO: 23) 

[0285] 

gcatttcctaggagaatccctgggggaatcattgcagttggagcataatgtagggggcccctgagaaaac 

ctccaggcttcaagtgacatacctagtctgctttaccggtttacaggactcaagagaaaggtggacattgagagttaatccctgaggcc 

aaatcttaaatggagaaagtcaacatccacagaaaatggggaagggcacaagtatttctgtgggcttatattccgacatttttatctgtag 

gggaaaaatgctttcttagaaaatgactcagcacggggaagtcttgtctctacctctgtcttgttttgtcctttggggtcccttcactatcaa 

gttcaactgtgtgtccctgagactcctctgccccggaggacaggagactcgaaaaacgctcttcctggccagtctctttgctctgtgtct 

gccagcccccagcatctctcctctttcctgtaagcccctctccctgtgctgactgtcttcatagtactttaggtatgttgtccctttacctctg 

ggaggatagcttgatgacctgtctgctcaggccagccccatctagagtctcagtggccccagtcatgttgagaaaggttctttcaaagat 

agactcaagatagtagtgtcagaggtcccaagcaaatgaagggcggggacagttgagggggtggaatagggacggcagcaggga 

accagatagcatgctgctgagaagaaaaaaagacattggtttaggtcaggaagcaaaaaaagggaactgagtggctgtgaaagggt 
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ggggtttgctcagactgtccttcctctctggactgtaagaattagtctcgaggccaccatggtgagcaagggcgaggagctgttcaccg 

gggtggtgcccatcctggtcgagctggacggcgacgtaaacggccacaagttcagcgtgtccggcgagggcgagggcgatgcca 

cctacggcaagctgaccctgaagttcatctgcaccaccggcaagctgcccgtgccctggcccaccctcgtgaccaccctgacctacg 

gcgtgcagtgcttcagccgctaccccgaccacatgaagcagcacgacttcttcaagtccgccatgcccgaaggctacgtccaggag 

cgcaccatcttcttcaaggacgacggcaactacaagacccgcgccgaggtgaagttcgagggcgacaccctggtgaaccgcatcg 

agctgaagggcatcgacttcaaggaggacggcaacatcctggggcacaagctggagtacaactacaacagccacaacgtctatatc 

atggccgacaagcagaagaacggcatcaaggtgaacttcaagatccgccacaacatcgaggacggcagcgtgcagctcgccgac 

cactaccagcagaacacccccatcggcgacggccccgtgctgctgcccgacaaccactacctgagcacccagtcgccctgagca 

aagaccccaacgagaagcgcgatcacatggtcctgctggagttcgtgaccgccgccgggatcactctcggcatggacgagctgtac 

aagtaa 

INT4.BTKp.GFP (SEQ ID NO: 24) 
GCATTTCCTAGGAGAATCCCTGGGGGAATCATTGCAGTTGGAGCATAATG 
TAGGGGGCCCCTCAAAAAGAATACATAGCAGCACCAATTCTATCATAGTG 
TGTCTTGTCTATGATAACTGCATTGAGAAAGATGCTCTGCTTGTTGAGTGA 
GCATTTCACTTCCTTCTGGTTCTGACTATCTGTCTAATAGTGGTCATGTGG 
GTTGAAAAGATAGAAAAGGGGAGTAGTATTAGGAAGTTCAGTATGAGGA 
AGACTTATTAGACTTATGCATAAACCTAAATTCTGTTGTAATCTGGAAGA 
GCTGAAGTGCCACATATGCATCTGTTTAGGAGAGCAAGAACTACAAATTT 
GGTCTTCAGTTTGGCTTGCTTACATCCTGAGAACTCTGTAGGCCACATGTC 
GTGAATATAGCAGCCTCTGCAACAGTGAAAGCCAGAAAAGGAAGTGGAA 
AGTCTCAGGGGAGGGGGCTTTCTGTCATGGATTTATGAGCACAGCAAGAC 
TAACAAGCAAAAAGAAAAATGTAAAAGGATCTTGTTCGTGTCCCTGACTA 
TATCAAATTTACGAAACCTTTGAAAGAGGGGTATTTCAGACACAGTTTTT 
ACTACCAATGCCTTTCAACAAGATGACATTGTTTGGCTGCACTAGTGAAC 
AATGCTGAACAGCAGATAATTTTAAATTAATTTATATTTGACTTCAGAATT 
TATTATGTGATGTCTATAAACTCTGTGAGGGTTGGAACCACATCTTATATA 
TTTCATGCATCTTCGTAACACCTAGCATGATGCCTTGTACATGGTTAAAAA 
AATACTATTTGACTTGATGATATTGCTTATTATATACCTTACCCTTTTTGAA 
GTAGGTTTGTAGTTCCAAATTTGATTTATTTTGGCTAATATTGGTGAGGGG 
AGGCCACTAGGTAGTGGAGGTGGAGGTAATTAGCCATGAATTAAAATTTT 
ACTCCATATTATCCAAGTGAATAACCCATATGTACTAATCAAGACTTAATT 
TATATAGATTATCACTTCATTTCTCTTCTATACAAAGTCAGAATTTAATAA 
TAAGATAAAATACCCTTTGTTGGATAAACAAAAATGTTATCTCCAGCAAG 
GGCAGACGGAGACCTTATAAAATAAGTTTATGCATGAATTGAAGCACAAG 
TCAGGAGGACCTAAGAGTATGAAAAATTCTAAGAGCTTTTAAACGCTACA 
TTCCTAGATATGAAGAGTTCAGGAATCCTTCAGATAGTTCACATAACCTG 
AACACCATTGCTGACTGAAGATTCTGCCGGGCCCCTGAGAAAACCTCCAG 
GCTTCAAGTGACATACCTAGTCTGCTTTACCGGTTTACAGGACTCAAGAG 
AAAGGTGGACATTGAGAGTTAATCCCTGAGGCCAAATCTTAAATGGAGAA 
AGTCAACATCCACAGAAAATGGGGAAGGGCACAAGTATTTCTGTGGGCTT 
ATATTCCGACATTTTTATCTGTAGGGGAAAAATGCTTTCTTAGAAAATGAC 
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TCAGCACGGGGAAGTCTTGTCTCTACCTCTGTCTTGTTTTGTCCTTTGGGG 
TCCCTTCACTATCAAGTTCAACTGTGTGTCCCTGAGACTCCTCTGCCCCGG 
AGGACAGGAGACTCGAAAAACGCTCTTCCTGGCCAGTCTCTTTGCTCTGT 
GTCTGCCAGCCCCCAGCATCTCTCCTCTTTCCTGTAAGCCCCTCTCCCTGT 
GCTGACTGTCTTCATAGTACTTTAGGTATGTTGTCCCTTTACCTCTGGGAG 
GATAGCTTGATGACCTGTCTGCTCAGGCCAGCCCCATCTAGAGTCTCAGT 
GGCCCCAGTCATGTTGAGAAAGGTTCTTTCAAAGATAGACTCAAGATAGT 
AGTGTCAGAGGTCCCAAGCAAATGAAGGGCGGGGACAGTTGAGGGGGTG 
GAATAGGGACGGCAGCAGGGAACCAGATAGCATGCTGCTGAGAAGAAAA 
AAAGACATTGGTTTAGGTCAGGAAGCAAAAAAAGGGAACTGAGTGGCTG 
TGAAAGGGTGGGGTTTGCTCAGACTGTCCTTCCTCTCTGGACTGTAAGAAT 
TAGTCTCGAGGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGG 
GTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTT 
CAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACC 
CTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCT 
CGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACC 
ACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTC 
CAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGC 
CGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAG 
GGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGT 
ACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAA 
CGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGC 
GTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCC 
CGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCA 
AAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACC 
GCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAA 

INT5.BTKp.GFP (SEQ ID NO: 25) 
GCATTTCCTAGGAGAATCCCTGGGGGAATCATTGCAGTTGGAGCATAATG 
TAGGGGGCCCCATCATATGAATAAAAGATAAAATATTAGACTAAGAGTTT 
CCCAGTTCTATCACTATCTCTCTAGTGCAATTTTGTAATTTTAGGCACCTCC 
ATTTCTCTATTTATTAAGAAAAGTCCCATTTTTTGCACTGAATACAAGGGT 
GGTGTGGCATTCAATGGTTATGCAATATTTAGAATCCTAAGTATAAAATA 
CCTAGCTCCAAAAAATTAAATAGATGATGTATGAGAGTGCTTGAAGTCAG 
AGTCAGAGAACCTGGTTTCAAGCCCTCTTTTACCATTTACAAACTGGGTGA 
TTTCTGGCAAGAAGGCCAACAAGCTTCTTTGATGCTCAGTTTCTTCTTCTC 
AAAGGAGAATAATGGTAATTCATGCCACATCTACCTCTGGGGTTGTTGTA 
AGGATCAAATGAAGTAATAATACATGTAAAAGCACATGGAAAACTGTAA 
ATCACTGTATACGAAAGCACTGTACATCTCTTTGTTGTGGATAAATATTTC 
CCAAGGAAATATTTCATATTCCTTGCTTTGTGAGGACCTAAACTTGAACAG 
TTTCAGCATTTCACATCAACCATACAGTGTGTTCAGATAAACTTGACTGTA 
AATGCTTGCAGCACAGGATGCATGCACACATATTTGTGTGTATATATAGC 
CACATGTCAAGTGACTGAGAGATTAACTGGTTGAGTTGACATCAGGAAAG 
GCTGCCTAGAGAAACAGGAAGGATGGCAGACTGATAATGGTATGGTTGG 
GTTATTGCATGACAGCCCTTTGTCTTAATAAACATTTAGATTCTGATACTC 
ACTGGCTGGCTATACCAGCCTTGTACACTCCCTTGAATGCAAGTTTGGTTG 
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GTCAAAATTATATTAGCCAAGTCTTTCAAACTGAAAGGGAACAGGAGGAA 
CGAAGATGAAGGATCATCTATTCAATTATTGCTATGTGCCAGATATTGAG 
CTAAATACCTTTTATATATTATCTCATTTAATTTTCACAACAACCTTGGCCT 
AAAAACAACAACAATGATAACTAACACTTAATGAGCACTTACTATGTAGC 
AGGCTCTGTCCCAAGTGCTTCAAATGTATTACTTATTTGATCTTTGCAGTA 
GCCTTAAGAAGTATGTATTATTCCCCTATTTACAGATGAGGAAACTGAAG 
CTCAAAGATGTTAGGGCCCCTGAGAAAACCTCCAGGCTTCAAGTGACATA 
CCTAGTCTGCTTTACCGGTTTACAGGACTCAAGAGAAAGGTGGACATTGA 
GAGTTAATCCCTGAGGCCAAATCTTAAATGGAGAAAGTCAACATCCACAG 
AAAATGGGGAAGGGCACAAGTATTTCTGTGGGCTTATATTCCGACATTTT 
TATCTGTAGGGGAAAAATGCTTTCTTAGAAAATGACTCAGCACGGGGAAG 
TCTTGTCTCTACCTCTGTCTTGTTTTGTCCTTTGGGGTCCCTTCACTATCAA 
GTTCAACTGTGTGTCCCTGAGACTCCTCTGCCCCGGAGGACAGGAGACTC 
GAAAAACGCTCTTCCTGGCCAGTCTCTTTGCTCTGTGTCTGCCAGCCCCCA 
GCATCTCTCCTCTTTCCTGTAAGCCCCTCTCCCTGTGCTGACTGTCTTCATA 
GTACTTTAGGTATGTTGTCCCTTTACCTCTGGGAGGATAGCTTGATGACCT 
GTCTGCTCAGGCCAGCCCCATCTAGAGTCTCAGTGGCCCCAGTCATGTTG 
AGAAAGGTTCTTTCAAAGATAGACTCAAGATAGTAGTGTCAGAGGTCCCA 
AGCAAATGAAGGGCGGGGACAGTTGAGGGGGTGGAATAGGGACGGCAGC 
AGGGAACCAGATAGCATGCTGCTGAGAAGAAAAAAAGACATTGGTTTAG 
GTCAGGAAGCAAAAAAAGGGAACTGAGTGGCTGTGAAAGGGTGGGGTTT 
GCTCAGACTGTCCTTCCTCTCTGGACTGTAAGAATTAGTCTCGAGGCCACC 
ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGT 
CGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAG 
GGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCAC 
CACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCT 
ACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGAC 
TTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTT 
CTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAG 
GGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGG 
AGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCA 
CAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAAC 
TTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCA 
CTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACA 
ACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAA 
GCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTC 
TCGGCATGGACGAGCTGTACAAGTAA 

INT13.BTKp.GFP (SEQ ID NO: 26) 
GCATTTCCTAGGAGAATCCCTGGGGGAATCATTGCAGTTGGAGCATAATG 
TAGGGGGCCCGGTAGGGTGGACTGGCCAGTTGCAAAAACTACCTTTGCTG 
GCCTTGCCTTAGGGAGTGTCCTTGAGGTACACTGTTCTGCAGCAGCTGCCT 
CAAGGACGCTCAAGACAGATCCAAGCAAAAGTTATTCACTGATTTTCTTC 
CTCTAGTGGCTACGACTGGGACTGCAAAAACATAGATTCATAAAGGGCTT 
TGTCGTTGTCTTGGGTCTTTTTGTCTTTTATTTTTAATTGTGGGAAAATTTT 
CAGTACTATCCCTGAGTTCATTAACTACCATCACTAACATAATCATAAAG 
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GGATTTGGGGAGGTTGCTTAGTCTATCTTCTTGCCTTATGGCCACCTTGAA 
CCTAAAATTCCCAGATTCCTCTAACCAATGAATCCCGTTTCTGAGATTGAC 
TTAAGCAAAGACAGATTAGTACTTCTAAAAATTTCCCTTTTACTAGTTTTC 
CTATTTCTACCCCAGTAGGGATTTTTGTCTATTGTAAGAATTATACATTCA 
TGACCCCAAAGAATCACACCAAGACTTTAGGGCCCCTGAGAAAACCTCCA 
GGCTTCAAGTGACATACCTAGTCTGCTTTACCGGTTTACAGGACTCAAGA 
GAAAGGTGGACATTGAGAGTTAATCCCTGAGGCCAAATCTTAAATGGAGA 
AAGTCAACATCCACAGAAAATGGGGAAGGGCACAAGTATTTCTGTGGGCT 
TATATTCCGACATTTTTATCTGTAGGGGAAAAATGCTTTCTTAGAAAATGA 
CTCAGCACGGGGAAGTCTTGTCTCTACCTCTGTCTTGTTTTGTCCTTTGGG 
GTCCCTTCACTATCAAGTTCAACTGTGTGTCCCTGAGACTCCTCTGCCCCG 
GAGGACAGGAGACTCGAAAAACGCTCTTCCTGGCCAGTCTCTTTGCTCTG 
TGTCTGCCAGCCCCCAGCATCTCTCCTCTTTCCTGTAAGCCCCTCTCCCTGT 
GCTGACTGTCTTCATAGTACTTTAGGTATGTTGTCCCTTTACCTCTGGGAG 
GATAGCTTGATGACCTGTCTGCTCAGGCCAGCCCCATCTAGAGTCTCAGT 
GGCCCCAGTCATGTTGAGAAAGGTTCTTTCAAAGATAGACTCAAGATAGT 
AGTGTCAGAGGTCCCAAGCAAATGAAGGGCGGGGACAGTTGAGGGGGTG 
GAATAGGGACGGCAGCAGGGAACCAGATAGCATGCTGCTGAGAAGAAAA 
AAAGACATTGGTTTAGGTCAGGAAGCAAAAAAAGGGAACTGAGTGGCTG 
TGAAAGGGTGGGGTTTGCTCAGACTGTCCTTCCTCTCTGGACTGTAAGAAT 
TAGTCTCGAGGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGG 
GTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTT 
CAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACC 
CTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCT 
CGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACC 
ACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTC 
CAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGC 
CGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAG 
GGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGT 
ACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAA 
CGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGC 
GTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCC 
CGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCA 
AAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACC 
GCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAA 

lkb.BTKp.GFP (SEQ ID NO: 27) 
GCATTTCCTAGGAGAATCCCTGGGGGAATCATTGCAGTTGGAGCATAATG 
TAGGGGGCCCAAACTGTAGTCTGTTAGCTCACCCTAGAAGAAGGAAATTC 
TAGAGTCAAGAGAAGTTAAGTTTTAGACAAGCTGGAAGTTGGAATATACT 
GGAGTTTAAGATCATTGACTCAATGAAAAAAAAAAAAGATTTGTCTGCAG 
TAAAACCAGAGTTTTAAAAATGATTAGAAATGGACCAGAAAAGAGATAA 
GGATAATGAGAAAGGGGGCTCTCTAAAACTATTTGGAACTGAAATTGGGA 
CAATGTTTCTGGAAACTATTTTGGCAGTATGTATCAAAATGCAAAATGCA 
CATACTTTTTTGACTCTGGAAATGATGCTTGTATAGAGATCCTAATAACAT 
GGGAAAATAATTAGGAATAATGTTAAATAAGAACATTAGATCTTTTTTTG 
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GAAAAAGGTACCTTGAACGGATGGATGGATGGATAGATACATACATACA 
TGCATACATACATACATAGATGTTACGAAAAATAGGTAAATTAACTGAAT 
GTGCAATATGATCTCAAATATTATAAGAAACACACACAGAAAAAAATGG 
AAGGAATATGCCGATATATTAATGCCTCTGGATGAGTTTATGAATGATTTT 
TTCTTTTTTATATCCCTGTACTTGACATATTTTCTACAATAAGCATGTTTTA 
TTTTACTATATTTTGTTTTATTTTGAGATGGGGGTCTCCCTATGTTTCTCAG 
GCTGACCTTGAACTCTTGGGCTCAAGCAATCCTCCAATATCAGCCTCCTGA 
GTAGCTGGGACTACAGGTGCACCCCACTGCACCCAGCTGCGTGTGTTATT 
TTGATATCGATGGAAAAAATAAATAAAATGTTTAAGCCAAGGAAAACAA 
AAACTAGGTTGAAAAAGAAGGCCAAAAGGGCACACAAGTCCAGAGTGAA 
AGACAGACACCCCAGCAGTCACCCTCAGAGCAGAGGGAGAATATTGAAA 
GTATTACCACTGATCTGATCTGGCACTGACTATAAACTTGCAGATTGGCTC 
TCTGGCTCTCCTTCCATCATCAGTTGGCCAGAAGGGCCCCTGAGAAAACC 
TCCAGGCTTCAAGTGACATACCTAGTCTGCTTTACCGGTTTACAGGACTCA 
AGAGAAAGGTGGACATTGAGAGTTAATCCCTGAGGCCAAATCTTAAATGG 
AGAAAGTCAACATCCACAGAAAATGGGGAAGGGCACAAGTATTTCTGTG 
GGCTTATATTCCGACATTTTTATCTGTAGGGGAAAAATGCTTTCTTAGAAA 
ATGACTCAGCACGGGGAAGTCTTGTCTCTACCTCTGTCTTGTTTTGTCCTTT 
GGGGTCCCTTCACTATCAAGTTCAACTGTGTGTCCCTGAGACTCCTCTGCC 
CCGGAGGACAGGAGACTCGAAAAACGCTCTTCCTGGCCAGTCTCTTTGCT 
CTGTGTCTGCCAGCCCCCAGCATCTCTCCTCTTTCCTGTAAGCCCCTCTCC 
CTGTGCTGACTGTCTTCATAGTACTTTAGGTATGTTGTCCCTTTACCTCTGG 
GAGGATAGCTTGATGACCTGTCTGCTCAGGCCAGCCCCATCTAGAGTCTC 
AGTGGCCCCAGTCATGTTGAGAAAGGTTCTTTCAAAGATAGACTCAAGAT 
AGTAGTGTCAGAGGTCCCAAGCAAATGAAGGGCGGGGACAGTTGAGGGG 
GTGGAATAGGGACGGCAGCAGGGAACCAGATAGCATGCTGCTGAGAAGA 
AAAAAAGACATTGGTTTAGGTCAGGAAGCAAAAAAAGGGAACTGAGTGG 
CTGTGAAAGGGTGGGGTTTGCTCAGACTGTCCTTCCTCTCTGGACTGTAAG 
AATTAGTCTCGAGGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTCACCG 
GGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAA 
GTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTG 
ACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCAC 
CCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCG 
ACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTAC 
GTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCG 
CGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTG 
AAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGG 
AGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAA 
GAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGC 
AGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACG 
GCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTG 
AGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGT 
GACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAA 

CONTIG.BTKp.GFP (SEQ ID NO: 28) 
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GCATTTCCTAGGAGAATCCCTGGGGGAATCATTGCAGTTGGAGCATAATG 
TAGGGGGCCCCTCAAAAAGAATACATAGCAGCACCAATTCTATCATAGTG 
TGTCTTGTCTATGATAACTGCATTGAGAAAGATGCTCTGCTTGTTGAGTGA 
GCATTTCACTTCCTTCTGGTTCTGACTATCTGTCTAATAGTGGTCATGTGG 
GTTGAAAAGATAGAAAAGGGGAGTAGTATTAGGAAGTTCAGTATGAGGA 
AGACTTATTAGACTTATGCATAAACCTAAATTCTGTTGTAATCTGGAAGA 
GCTGAAGTGCCACATATGCATCTGTTTAGGAGAGCAAGAACTACAAATTT 
GGTCTTCAGTTTGGCTTGCTTACATCCTGAGAACTCTGTAGGCCACATGTC 
GTGAATATAGCAGCCTCTGCAACAGTGAAAGCCAGAAAAGGAAGTGGAA 
AGTCTCAGGGGAGGGGGCTTTCTGTCATGGATTTATGAGCACAGCAAGAC 
TAACAAGCAAAAAGAAAAATGTAAAAGGATCTTGTTCGTGTCCCTGACTA 
TATCAAATTTACGAAACCTTTGAAAGAGGGGTATTTCAGACACAGTTTTT 
ACTACCAATGCCTTTCAACAAGATGACATTGTTTGGCTGCACTAGTGAAC 
AATGCTGAACAGCAGATAATTTTAAATTAATTTATATTTGACTTCAGAATT 
TATTATGTGATGTCTATAAACTCTGTGAGGGTTGGAACCACATCTTATATA 
TTTCATGCATCTTCGTAACACCTAGCATGATGCCTTGTACATGGTTAAAAA 
AATACTATTTGACTTGATGATATTGCTTATTATATACCTTACCCTTTTTGAA 
GTAGGTTTGTAGTTCCAAATTTGATTTATTTTGGCTAATATTGGTGAGGGG 
AGGCCACTAGGTAGTGGAGGTGGAGGTAATTAGCCATGAATTAAAATTTT 
ACTCCATATTATCCAAGTGAATAACCCATATGTACTAATCAAGACTTAATT 
TATATAGATTATCACTTCATTTCTCTTCTATACAAAGTCAGAATTTAATAA 
TAAGATAAAATACCCTTTGTTGGATAAACAAAAATGTTATCTCCAGCAAG 
GGCAGACGGAGACCTTATAAAATAAGTTTATGCATGAATTGAAGCACAAG 
TCAGGAGGACCTAAGAGTATGAAAAATTCTAAGAGCTTTTAAACGCTACA 
TTCCTAGATATGAAGAGTTCAGGAATCCTTCAGATAGTTCACATAACCTG 
AACACCATTGCTGACTGAAGATTCTGCCATTGAGCTTAGTATTCCATCATA 
TGAATAAAAGATAAAATATTAGACTAAGAGTTTCCCAGTTCTATCACTAT 
CTCTCTAGTGCAATTTTGTAATTTTAGGCACCTCCATTTCTCTATTTATTAA 
GAAAAGTCCCATTTTTTGCACTGAATACAAGGGTGGTGTGGCATTCAATG 
GTTATGCAATATTTAGAATCCTAAGTATAAAATACCTAGCTCCAAAAAAT 
TAAATAGATGATGTATGAGAGTGCTTGAAGTCAGAGTCAGAGAACCTGGT 
TTCAAGCCCTCTTTTACCATTTACAAACTGGGTGATTTCTGGCAAGAAGGC 
CAACAAGCTTCTTTGATGCTCAGTTTCTTCTTCTCAAAGGAGAATAATGGT 
AATTCATGCCACATCTACCTCTGGGGTTGTTGTAAGGATCAAATGAAGTA 
ATAATACATGTAAAAGCACATGGAAAACTGTAAATCACTGTATACGAAAG 
CACTGTACATCTCTTTGTTGTGGATAAATATTTCCCAAGGAAATATTTCAT 
ATTCCTTGCTTTGTGAGGACCTAAACTTGAACAGTTTCAGCATTTCACATC 
AACCATACAGTGTGTTCAGATAAACTTGACTGTAAATGCTTGCAGCACAG 
GATGCATGCACACATATTTGTGTGTATATATAGCCACATGTCAAGTGACT 
GAGAGATTAACTGGTTGAGTTGACATCAGGAAAGGCTGCCTAGAGAAAC 
AGGAAGGATGGCAGACTGATAATGGTATGGTTGGGTTATTGCATGACAGC 
CCTTTGTCTTAATAAACATTTAGATTCTGATACTCACTGGCTGGCTATACC 
AGCCTTGTACACTCCCTTGAATGCAAGTTTGGTTGGTCAAAATTATATTAG 
CCAAGTCTTTCAAACTGAAAGGGAACAGGAGGAACGAAGATGAAGGATC 
ATCTATTCAATTATTGCTATGTGCCAGATATTGAGCTAAATACCTTTTATA 
TATTATCTCATTTAATTTTCACAACAACCTTGGCCTAAAAACAACAACAAT 
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GATAACTAACACTTAATGAGCACTTACTATGTAGCAGGCTCTGTCCCAAG 
TGCTTCAAATGTATTACTTATTTGATCTTTGCAGTAGCCTTAAGAAGTATG 
TATTATTCCCCTATTTACAGATGAGGAAACTGAAGCTCAAAGATGTTATCC 
TTATTTCTCTGGGGTAGGGTGGACTGGCCAGTTGCAAAAACTACCTTTGCT 
GGCCTTGCCTTAGGGAGTGTCCTTGAGGTACACTGTTCTGCAGCAGCTGCC 
TCAAGGACGCTCAAGACAGATCCAAGCAAAAGTTATTCACTGATTTTCTT 
CCTCTAGTGGCTACGACTGGGACTGCAAAAACATAGATTCATAAAGGGCT 
TTGTCGTTGTCTTGGGTCTTTTTGTCTTTTATTTTTAATTGTGGGAAAATTT 
TCAGTACTATCCCTGAGTTCATTAACTACCATCACTAACATAATCATAAAG 
GGATTTGGGGAGGTTGCTTAGTCTATCTTCTTGCCTTATGGCCACCTTGAA 
CCTAAAATTCCCAGATTCCTCTAACCAATGAATCCCGTTTCTGAGATTGAC 
TTAAGCAAAGACAGATTAGTACTTCTAAAAATTTCCCTTTTACTAGTTTTC 
CTATTTCTACCCCAGTAGGGATTTTTGTCTATTGTAAGAATTATACATTCA 
TGACCCCAAAGAATCACACCAAGACTTTAGGGCCCGTGAGAAAACCTCCA 
GGCTTCAAGTGACATACCTAGTCTGCTTTACCGGTTTACAGGACTCAAGA 
GAAAGGTGGACATTGAGAGTTAATCCCTGAGGCCAAATCTTAAATGGAGA 
AAGTCAACATCCACAGAAAATGGGGAAGGGCACAAGTATTTCTGTGGGCT 
TATATTCCGACATTTTTATCTGTAGGGGAAAAATGCTTTCTTAGAAAATGA 
CTCAGCACGGGGAAGTCTTGTCTCTACCTCTGTCTTGTTTTGTCCTTTGGG 
GTCCCTTCACTATCAAGTTCAACTGTGTGTCCCTGAGACTCCTCTGCCCCG 
GAGGACAGGAGACTCGAAAAACGCTCTTCCTGGCCAGTCTCTTTGCTCTG 
TGTCTGCCAGCCCCCAGCATCTCTCCTCTTTCCTGTAAGCCCCTCTCCCTGT 
GCTGACTGTCTTCATAGTACTTTAGGTATGTTGTCCCTTTACCTCTGGGAG 
GATAGCTTGATGACCTGTCTGCTCAGGCCAGCCCCATCTAGAGTCTCAGT 
GGCCCCAGTCATGTTGAGAAAGGTTCTTTCAAAGATAGACTCAAGATAGT 
AGTGTCAGAGGTCCCAAGCAAATGAAGGGCGGGGACAGTTGAGGGGGTG 
GAATAGGGACGGCAGCAGGGAACCAGATAGCATGCTGCTGAGAAGAAAA 
AAAGACATTGGTTTAGGTCAGGAAGCAAAAAAAGGGAACTGAGTGGCTG 
TGAAAGGGTGGGGTTTGCTCAGACTGTCCTTCCTCTCTGGACTGTAAGAAT 
TAGTCTCGAGGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGG 
GTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTT 
CAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACC 
CTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCT 
CGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACC 
ACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTC 
CAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGC 
CGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAG 
GGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGT 
ACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAA 
CGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGC 
GTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCC 
CGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCA 
AAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACC 
GCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAA 

3kb.BTKp.GFP (SEQ ID NO: 29) 
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GCATTTCCTAGGAGAATCCCTGGGGGAATCATTGCAGTTGGAGCATAATG 
TAGGGGGCCCAAACTGTAGTCTGTTAGCTCACCCTAGAAGAAGGAAATTC 
TAGAGTCAAGAGAAGTTAAGTTTTAGACAAGCTGGAAGTTGGAATATACT 
GGAGTTTAAGATCATTGACTCAATGAAAAAAAAAAAAGATTTGTCTGCAG 
TAAAACCAGAGTTTTAAAAATGATTAGAAATGGACCAGAAAAGAGATAA 
GGATAATGAGAAAGGGGGCTCTCTAAAACTATTTGGAACTGAAATTGGGA 
CAATGTTTCTGGAAACTATTTTGGCAGTATGTATCAAAATGCAAAATGCA 
CATACTTTTTTGACTCTGGAAATGATGCTTGTATAGAGATCCTAATAACAT 
GGGAAAATAATTAGGAATAATGTTAAATAAGAACATTAGATCTTTTTTTG 
GAAAAAGGTACCTTGAACGGATGGATGGATGGATAGATACATACATACA 
TGCATACATACATACATAGATGTTACGAAAAATAGGTAAATTAACTGAAT 
GTGCAATATGATCTCAAATATTATAAGAAACACACACAGAAAAAAATGG 
AAGGAATATGCCGATATATTAATGCCTCTGGATGAGTTTATGAATGATTTT 
TTCTTTTTTATATCCCTGTACTTGACATATTTTCTACAATAAGCATGTTTTA 
TTTTACTATATTTTGTTTTATTTTGAGATGGGGGTCTCCCTATGTTTCTCAG 
GCTGACCTTGAACTCTTGGGCTCAAGCAATCCTCCAATATCAGCCTCCTGA 
GTAGCTGGGACTACAGGTGCACCCCACTGCACCCAGCTGCGTGTGTTATT 
TTGATATCGATGGAAAAAATAAATAAAATGTTTAAGCCAAGGAAAACAA 
AAACTAGGTTGAAAAAGAAGGCCAAAAGGGCACACAAGTCCAGAGTGAA 
AGACAGACACCCCAGCAGTCACCCTCAGAGCAGAGGGAGAATATTGAAA 
GTATTACCACTGATCTGATCTGGCACTGACTATAAACTTGCAGATTGGCTC 
TCTGGCTCTCCTTCCATCATCAGTTGGCCAGAATATATTGTCGCTAATGCA 
AGACAAAAAGAGATGATGAATCACAGAGACCTAGAAGTTTCCAAAACCA 
CAGAAGAAAAATGTAAAATGCTAAAAACATAAGGCCAGGCGCGGTGGCT 
CAAGCCTGTAATCCCAGCATTTTGGGAGGCCGAGGCAGGTGTCATGGTGT 
GCGGCTGTAGTCCAAGCTACTCAGGAGGCTGAGGCAAGAGAATTGCTTGA 
AACTGGGAGGTAGCGATTGCAGTGAGCCAAGATTGCGCTACTGTACCGAA 
GCCTGGATGACAGAGCGAGACTCTGTCTCAAAAATAAATAAATAAATAA 
ATAAATAAATAAAACATGAACTGCTGTGGAAGAACCAGAGAGCCCTAAG 
GCCTCCTGTAAATGACTACAGCAGGAGAGTTTCCCTGGTCAGCATGCAGC 
TTTCGAAAATTGAGTTTGGCTTGATGCCTTCATCACAAATTTGGTCCCCTG 
TAGCCTTGACTATGAAGCTTATCATAAAATAATTGGGTTTCACTGGGGCCC 
GAACAAAAGCATCTTGGGAATTTAACAAGATTAAAGGTTGCTTTGTTGCT 
GTGGGTATGATTTTTTTTTCTTTTTTCTTTTTTTTTTTTTTTGAGACGGAGTC 
TGACTCTGTCACCCAGGCTGGAGTGCAGTGGCACGATCTCGGCTCACTGC 
AACCTCCGCCTCCTGGGTTCAAGCAATTCTCCTGCCTCAGCCTCCTGAGTA 
ACTGGGATTACAGGTGCGCGCCACCACGCCAGGCTAATTTTTGTATTTTTA 
GTAGAGACAGGGTTTCTCCATGTTGGTCAGGCTGGCTGCTCTCAAACTCCT 
GACCTTGCCATCCAGCCGCCTCAGCCTCCCAAAGTGCTGGGATTACAGGC 
ATGAGCTACCACACGTGGCCATATGTAAATTTTAAACATGTAAACCAATA 
CTGTATATCTTTTATAGATATTTACATCTGTAATGATAATATGAAAACGTA 
CCTAGGAATGATAAACACCAAATTCAAGATATTGGTAATCTCTAAGGAGG 
GAGAAGACTAAGATTTTGGAGTACATAAAGGGGTCTTGATTATATAGATA 
GTATTTCAGTTCTTAACACGTTCTCTTCTGGTCCCAAGGCCAAGGAATTCT 
CAATTGAAATCTCAGTTAGAACGTGAAGGATGCTTCTTGGGACTGGGAAG 
AGATTTTCCGTAGGCCAAATTTAACCTCCCACTAGAGATAGTTGATAATTC 
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TACCACATTTCATAGTGAAGCATCAGGAAGACAGGACTGAAAAGGCAAG 
AAGGAATGATGCAAATTGCATAGTCCAAAAGATAAGCTGGACCTAGGTTT 
GCCAGTTTGTCTAAGTAACTGAGAATTCATTCTGAGATCAAAAAATCAAA 
ATAATGTTCACAGCAGCATTGTTTATCACTGAAAGCAAACAACCTAAATG 
TCCATCAACAGGAGAATGAATAAATATATTGGAATGTATTCATCATATAG 
AATATTTTATGCATATAAAAATGAATTAAAACATATGAAGTAGAACTAGC 
CAGATAAATAAATCCTAACATATTATATTGAGGGGAAAAAAGCAAGTTGC 
TGGAGAATGTGTACCATATATATATATATAAATTTTCTTTTTTTTTTTTTTT 
TTTTTTCGCGACCGAGTTTCACTCTTGTTGCCCAGGCTGGAGTGCAATGGC 
AAGATCTCGGCTCACTGCAACCTCTGCCTCCCGGGTTCAAGGGATTCTCCC 
GCCTCAGCCTCCTGAGTAGCTGGGAGAGTAGCGTTGGCCCAGCTAGTTTT 
TGTATTTTTAGTAGAGACAGGGTTTCTCCATGTTGGTCAGGCTGGCTGCTC 
TCAAACTCCTGACCTTGTCATCCACCCGCCTCAGCCTCCCAAAGTGCTGGG 
ATTACAGGCCTGAGTTACCGCACGGGCCCCTGAGAAAACCTCCAGGCTTC 
AAGTGACATACCTAGTCTGCTTTACCGGTTTACAGGACTCAAGAGAAAGG 
TGGACATTGAGAGTTAATCCCTGAGGCCAAATCTTAAATGGAGAAAGTCA 
ACATCCACAGAAAATGGGGAAGGGCACAAGTATTTCTGTGGGCTTATATT 
CCGACATTTTTATCTGTAGGGGAAAAATGCTTTCTTAGAAAATGACTCAG 
CACGGGGAAGTCTTGTCTCTACCTCTGTCTTGTTTTGTCCTTTGGGGTCCCT 
TCACTATCAAGTTCAACTGTGTGTCCCTGAGACTCCTCTGCCCCGGAGGAC 
AGGAGACTCGAAAAACGCTCTTCCTGGCCAGTCTCTTTGCTCTGTGTCTGC 
CAGCCCCCAGCATCTCTCCTCTTTCCTGTAAGCCCCTCTCCCTGTGCTGAC 
TGTCTTCATAGTACTTTAGGTATGTTGTCCCTTTACCTCTGGGAGGATAGC 
TTGATGACCTGTCTGCTCAGGCCAGCCCCATCTAGAGTCTCAGTGGCCCC 
AGTCATGTTGAGAAAGGTTCTTTCAAAGATAGACTCAAGATAGTAGTGTC 
AGAGGTCCCAAGCAAATGAAGGGCGGGGACAGTTGAGGGGGTGGAATAG 
GGACGGCAGCAGGGAACCAGATAGCATGCTGCTGAGAAGAAAAAAAGAC 
ATTGGTTTAGGTCAGGAAGCAAAAAAAGGGAACTGAGTGGCTGTGAAAG 
GGTGGGGTTTGCTCAGACTGTCCTTCCTCTCTGGACTGTAAGAATTAGTCT 
CGAGGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTG 
CCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGT 
GTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAG 
TTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGAC 
CACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGA 
AGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAG 
CGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGT 
GAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATC 
GACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACT 
ACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCAT 
CAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAG 
CTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCT 
GCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACC 
CCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCC 
GGGATCACTCTCGGCATGGACGAGCTGTACAAGTAA 

revCONTIG.BTKp.GFP (SEQ ID NO: 30) 
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GCATTTCCTAGGAGAATCCCTGGGGGAATCATTGCAGTTGGAGCATAATG 
TAGGGGGCCCTAAAGTCTTGGTGTGATTCTTTGGGGTCATGAATGTATAAT 
TCTTACAATAGACAAAAATCCCTACTGGGGTAGAAATAGGAAAACTAGTA 
AAAGGGAAATTTTTAGAAGTACTAATCTGTCTTTGCTTAAGTCAATCTCAG 
AAACGGGATTCATTGGTTAGAGGAATCTGGGAATTTTAGGTTCAAGGTGG 
CCATAAGGCAAGAAGATAGACTAAGCAACCTCCCCAAATCCCTTTATGAT 
TATGTTAGTGATGGTAGTTAATGAACTCAGGGATAGTACTGAAAATTTTC 
CCACAATTAAAAATAAAAGACAAAAAGACCCAAGACAACGACAAAGCCC 
TTTATGAATCTATGTTTTTGCAGTCCCAGTCGTAGCCACTAGAGGAAGAA 
AATCAGTGAATAACTTTTGCTTGGATCTGTCTTGAGCGTCCTTGAGGCAGC 
TGCTGCAGAACAGTGTACCTCAAGGACACTCCCTAAGGCAAGGCCAGCA 
AAGGTAGTTTTTGCAACTGGCCAGTCCACCCTACCCCAGAGAAATAAGGA 
TAACATCTTTGAGCTTCAGTTTCCTCATCTGTAAATAGGGGAATAATACAT 
ACTTCTTAAGGCTACTGCAAAGATCAAATAAGTAATACATTTGAAGCACT 
TGGGACAGAGCCTGCTACATAGTAAGTGCTCATTAAGTGTTAGTTATCATT 
GTTGTTGTTTTTAGGCCAAGGTTGTTGTGAAAATTAAATGAGATAATATAT 
AAAAGGTATTTAGCTCAATATCTGGCACATAGCAATAATTGAATAGATGA 
TCCTTCATCTTCGTTCCTCCTGTTCCCTTTCAGTTTGAAAGACTTGGCTAAT 
ATAATTTTGACCAACCAAACTTGCATTCAAGGGAGTGTACAAGGCTGGTA 
TAGCCAGCCAGTGAGTATCAGAATCTAAATGTTTATTAAGACAAAGGGCT 
GTCATGCAATAACCCAACCATACCATTATCAGTCTGCCATCCTTCCTGTTT 
CTCTAGGCAGCCTTTCCTGATGTCAACTCAACCAGTTAATCTCTCAGTCAC 
TTGACATGTGGCTATATATACACACAAATATGTGTGCATGCATCCTGTGCT 
GCAAGCATTTACAGTCAAGTTTATCTGAACACACTGTATGGTTGATGTGA 
AATGCTGAAACTGTTCAAGTTTAGGTCCTCACAAAGCAAGGAATATGAAA 
TATTTCCTTGGGAAATATTTATCCACAACAAAGAGATGTACAGTGCTTTCG 
TATACAGTGATTTACAGTTTTCCATGTGCTTTTACATGTATTATTACTTCAT 
TTGATCCTTACAACAACCCCAGAGGTAGATGTGGCATGAATTACCATTAT 
TCTCCTTTGAGAAGAAGAAACTGAGCATCAAAGAAGCTTGTTGGCCTTCT 
TGCCAGAAATCACCCAGTTTGTAAATGGTAAAAGAGGGCTTGAAACCAGG 
TTCTCTGACTCTGACTTCAAGCACTCTCATACATCATCTATTTAATTTTTTG 
GAGCTAGGTATTTTATACTTAGGATTCTAAATATTGCATAACCATTGAATG 
CCACACCACCCTTGTATTCAGTGCAAAAAATGGGACTTTTCTTAATAAATA 
GAGAAATGGAGGTGCCTAAAATTACAAAATTGCACTAGAGAGATAGTGA 
TAGAACTGGGAAACTCTTAGTCTAATATTTTATCTTTTATTCATATGATGG 
AATACTAAGCTCAATGGCAGAATCTTCAGTCAGCAATGGTGTTCAGGTTA 
TGTGAACTATCTGAAGGATTCCTGAACTCTTCATATCTAGGAATGTAGCGT 
TTAAAAGCTCTTAGAATTTTTCATACTCTTAGGTCCTCCTGACTTGTGCTTC 
AATTCATGCATAAACTTATTTTATAAGGTCTCCGTCTGCCCTTGCTGGAGA 
TAACATTTTTGTTTATCCAACAAAGGGTATTTTATCTTATTATTAAATTCTG 
ACTTTGTATAGAAGAGAAATGAAGTGATAATCTATATAAATTAAGTCTTG 
ATTAGTACATATGGGTTATTCACTTGGATAATATGGAGTAAAATTTTAATT 
CATGGCTAATTACCTCCACCTCCACTACCTAGTGGCCTCCCCTCACCAATA 
TTAGCCAAAATAAATCAAATTTGGAACTACAAACCTACTTCAAAAAGGGT 
AAGGTATATAATAAGCAATATCATCAAGTCAAATAGTATTTTTTTAACCAT 
GTACAAGGCATCATGCTAGGTGTTACGAAGATGCATGAAATATATAAGAT 
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GTGGTTCCAACCCTCACAGAGTTTATAGACATCACATAATAAATTCTGAA 
GTCAAATATAAATTAATTTAAAATTATCTGCTGTTCAGCATTGTTCACTAG 
TGCAGCCAAACAATGTCATCTTGTTGAAAGGCATTGGTAGTAAAAACTGT 
GTCTGAAATACCCCTCTTTCAAAGGTTTCGTAAATTTGATATAGTCAGGGA 
CACGAACAAGATCCTTTTACATTTTTCTTTTTGCTTGTTAGTCTTGCTGTGC 
TCATAAATCCATGACAGAAAGCCCCCTCCCCTGAGACTTTCCACTTCCTTT 
TCTGGCTTTCACTGTTGCAGAGGCTGCTATATTCACGACATGTGGCCTACA 
GAGTTCTCAGGATGTAAGCAAGCCAAACTGAAGACCAAATTTGTAGTTCT 
TGCTCTCCTAAACAGATGCATATGTGGCACTTCAGCTCTTCCAGATTACAA 
CAGAATTTAGGTTTATGCATAAGTCTAATAAGTCTTCCTCATACTGAACTT 
CCTAATACTACTCCCCTTTTCTATCTTTTCAACCCACATGACCACTATTAG 
ACAGATAGTCAGAACCAGAAGGAAGTGAAATGCTCACTCAACAAGCAGA 
GCATCTTTCTCAATGCAGTTATCATAGACAAGACACACTATGATAGAATT 
GGTGCTGCTATGTATTCTTTTTGAGGGGCCCCTGAGAAAACCTCCAGGCTT 
CAAGTGACATACCTAGTCTGCTTTACCGGTTTACAGGACTCAAGAGAAAG 
GTGGACATTGAGAGTTAATCCCTGAGGCCAAATCTTAAATGGAGAAAGTC 
AACATCCACAGAAAATGGGGAAGGGCACAAGTATTTCTGTGGGCTTATAT 
TCCGACATTTTTATCTGTAGGGGAAAAATGCTTTCTTAGAAAATGACTCAG 
CACGGGGAAGTCTTGTCTCTACCTCTGTCTTGTTTTGTCCTTTGGGGTCCCT 
TCACTATCAAGTTCAACTGTGTGTCCCTGAGACTCCTCTGCCCCGGAGGAC 
AGGAGACTCGAAAAACGCTCTTCCTGGCCAGTCTCTTTGCTCTGTGTCTGC 
CAGCCCCCAGCATCTCTCCTCTTTCCTGTAAGCCCCTCTCCCTGTGCTGAC 
TGTCTTCATAGTACTTTAGGTATGTTGTCCCTTTACCTCTGGGAGGATAGC 
TTGATGACCTGTCTGCTCAGGCCAGCCCCATCTAGAGTCTCAGTGGCCCC 
AGTCATGTTGAGAAAGGTTCTTTCAAAGATAGACTCAAGATAGTAGTGTC 
AGAGGTCCCAAGCAAATGAAGGGCGGGGACAGTTGAGGGGGTGGAATAG 
GGACGGCAGCAGGGAACCAGATAGCATGCTGCTGAGAAGAAAAAAAGAC 
ATTGGTTTAGGTCAGGAAGCAAAAAAAGGGAACTGAGTGGCTGTGAAAG 
GGTGGGGTTTGCTCAGACTGTCCTTCCTCTCTGGACTGTAAGAATTAGTCT 
CGAGGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTG 
CCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGT 
GTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAG 
TTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGAC 
CACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGA 
AGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAG 
CGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGT 
GAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATC 
GACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACT 
ACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCAT 
CAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAG 
CTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCT 
GCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACC 
CCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCC 
GGGATCACTCTCGGCATGGACGAGCTGTACAAGTAA 
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IE.BTKp.GFP (SEQ ID NO: 31) 
GCATTTCCTAGGAGAATCCCTGGGGGAATCATTGCAGTTGGAGCATAATG 
TAGGGGGCCCACATCTTTGAGCTTCAGTTTCCTCATCTGTAAATAGGGGA 
ATAATACATACTTCTTAAGGCTACTGCAAAGATCAAATAAGTAATACATT 
TGAAGCACTTGGGACAGAGCCTGCTACATAGTAAGTGCTCATTAAGTGTT 
AGTTATCATTGTTGTTGTTTTTAGGCCAAGGTTGTTGTGAAAATTAAATGA 
GATAATATATAAAAGGTATTTAGCTCAATATCTGGCACATAGCAATAATT 
GAATAGATGATCCTTCATCTTCGTTCCTCCTGTTCCCTTTCAGTTTGAAAG 
ACTTGGCTAATATAATTTTGACCAACCAAACTTGCATTCAAGGGAGTGTA 
CAAGGCTGGTATAGCCAGCCAGTGAGTATCAGAATCTAAATGTTTATTAA 
GACAAAGGGCTGTCATGCAATAACCCAACCATACCATTATCAGTCTGCCA 
TCCTTCCTGTTTCTCTAGGCAGCCTTTCCTGATGTCAACTCAACCAGTTAA 
TCTCTCAGTCACTTGACATGTGGCTATATATACACACAAATATGTGTGCAT 
GCATCCTGTGCTGCAAGCATTTACAGTCAAGTTTATCTGAACACACTGTAT 
GGTTGATGTGAAATGCTGAAACTGTTCAAGTTTAGGTCCTCACAAAGCAA 
GGAATATGAAATATTTCCTTGGGAAATATTTATCCACAACAAAGAGATGT 
ACAGTGCTTTCGTATACAGTGATTTACAGTTTTCCATGTGCTTTTACATGT 
ATTATTACTTCATTTGATCCTTACAACAACCCCAGAGGTAGATGTGGCATG 
AATTACCATTATTCTCCTTTGAGAAGAAGAAACTGAGCATCAAAGAAGCT 
TGTTGGCCTTCTTGCCAGAAATCACCCAGTTTGTAAATGGTAAAAGAGGG 
CTTGAAACCAGGTTCTCTGACTCTGACTTCAAGCACTCTCATACATCATCT 
ATTTAATTTTTTGGAGCTAGGTATTTTATACTTAGGATTCTAAATATTGCA 
TAACCATTGAATGCCACACCACCCTTGTATTCAGTGCAAAAAATGGGACT 
TTTCTTAATAAATAGAGAAATGGAGGTGCCTAAAATTACAAAATTGCACT 
AGAGAGATAGTGATAGAACTGGGAAACTCTTAGTCTAATATTTTATCTTTT 
ATTCATATGATGGAATACTAAGCTCAATGGCAGAATCTTCAGTCAGCAAT 
GGTGTTCAGGTTATGTGAACTATCTGAAGGATTCCTGAACTCTTCATATCT 
AGGAATGTAGCGTTTAAAAGCTCTTAGAATTTTTCATACTCTTAGGTCCTC 
CTGACTTGTGCTTCAATTCATGCATAAACTTATTTTATAAGGTCTCCGTCT 
GCCCTTGCTGGAGATAACATTTTTGTTTATCCAACAAAGGGTATTTTATCT 
TATTATTAAATTCTGACTTTGTATAGAAGAGAAATGAAGTGATAATCTAT 
ATAAATTAAGTCTTGATTAGTACATATGGGTTATTCACTTGGATAATATGG 
AGTAAAATTTTAATTCATGGCTAATTACCTCCACCTCCACTACCTAGTGGC 
CTCCCCTCACCAATATTAGCCAAAATAAATCAAATTTGGAACTACAAACC 
TACTTCAAAAAGGGTAAGGTATATAATAAGCAATATCATCAAGTCAAATA 
GTATTTTTTTAACCATGTACAAGGCATCATGCTAGGTGTTACGAAGATGCA 
TGAAATATATAAGATGTGGTTCCAACCCTCACAGAGTTTATAGACATCAC 
ATAATAAATTCTGAAGTCAAATATAAATTAATTTAAAATTATCTGCTGTTC 
AGCATTGTTCACTAGTGCAGCCAAACAATGTCATCTTGTTGAAAGGCATT 
GGTAGTAAAAACTGTGTCTGAAATACCCCTCTTTCAAAGGTTTCGTAAATT 
TGATATAGTCAGGGACACGAACAAGATCCTTTTACATTTTTCTTTTTGCTT 
GTTAGTCTTGCTGTGCTCATAAATCCATGACAGAAAGCCCCCTCCCCTGA 
GACTTTCCACTTCCTTTTCTGGCTTTCACTGTTGCAGAGGCTGCTATATTCA 
CGACATGTGGCCTACAGAGTTCTCAGGATGTAAGCAAGCCAAACTGAAGA 
CCAAATTTGTAGTTCTTGCTCTCCTAAACAGATGCATATGTGGCACTTCAG 
CTCTTCCAGATTACAACAGAATTTAGGTTTATGCATAAGTCTAATAAGTCT 
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TCCTCATACTGAACTTCCTAATACTACTCCCCTTTTCTATCTTTTCAACCCA 
CATGACCACTATTAGACAGATAGTCAGAACCAGAAGGAAGTGAAATGCT 
CACTCAACAAGCAGAGCATCTTTCTCAATGCAGTTATCATAGACAAGACA 
CACTATGATAGAATTGGTGCTGCTATGTATTCTTTTTGAGGCCCCTGAGAA 
AACCTCCAGGCTTCAAGTGACATACCTAGTCTGCTTTACCGGTTTACAGGA 
CTCAAGAGAAAGGTGGACATTGAGAGTTAATCCCTGAGGCCAAATCTTAA 
ATGGAGAAAGTCAACATCCACAGAAAATGGGGAAGGGCACAAGTATTTC 
TGTGGGCTTATATTCCGACATTTTTATCTGTAGGGGAAAAATGCTTTCTTA 
GAAAATGACTCAGCACGGGGAAGTCTTGTCTCTACCTCTGTCTTGTTTTGT 
CCTTTGGGGTCCCTTCACTATCAAGTTCAACTGTGTGTCCCTGAGACTCCT 
CTGCCCCGGAGGACAGGAGACTCGAAAAACGCTCTTCCTGGCCAGTCTCT 
TTGCTCTGTGTCTGCCAGCCCCCAGCATCTCTCCTCTTTCCTGTAAGCCCCT 
CTCCCTGTGCTGACTGTCTTCATAGTACTTTAGGTATGTTGTCCCTTTACCT 
CTGGGAGGATAGCTTGATGACCTGTCTGCTCAGGCCAGCCCCATCTAGAG 
TCTCAGTGGCCCCAGTCATGTTGAGAAAGGTTCTTTCAAAGATAGACTCA 
AGATAGTAGTGTCAGAGGTCCCAAGCAAATGAAGGGCGGGGACAGTTGA 
GGGGGTGGAATAGGGACGGCAGCAGGGAACCAGATAGCATGCTGCTGAG 
AAGAAAAAAAGACATTGGTTTAGGTCAGGAAGCAAAAAAAGGGAACTGA 
GTGGCTGTGAAAGGGTGGGGTTTGCTCAGACTGTCCTTCCTCTCTGGACTG 
TAAGAATTAGTCTCGAGGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTC 
ACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCC 
ACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAA 
GCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGC 
CCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTAC 
CCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGG 
CTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGA 
CCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGA 
GCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAG 
CTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCA 
GAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGAC 
GGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCG 
ACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCC 
CTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTT 
CGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAA 

0.7UCOE.IE.BTKp.GFP (SEQ ID NO: 32) 
GCATTTCCTAGGAGAATCCCTGGGGGAATCATTGCAGTTGGAGCATAATG 
TAGGGGGCCGCGTGTGGCATCTGAAGCACCACCAGCGAGCGAGAGCTAG 
AGAGAAGGAAAGCCACCGACTTCACCGCCTCCGAGCTGCTCCGGGTCGCG 
GGTCTGCAGCGTCTCCGGCCCTCCGCGCCTACAGCTCAAGCCACATCCGA 
AGGGGGAGGGAGCCGGGAGCTGCGCGCGGGGCCGCCGGGGGGAGGGGT 
GGCACCGCCCACGCCGGGCGGCCACGAAGGGCGGGGCAGCGGGCGCGCG 
CCCGGCGGGGGGAGGGGCCGCGCGCCGCGCCCGCTGGGAATTGGGGCCC 
TAGGGGGAGGGCGGAGGCGCCGACGACCGCGGCACTTACCGTTCGCGGC 
GTGGCGCCCGGTGGTCCCCAAGGGGAGGGAAGGGGGAGGCGGGGCGAG 
GACAGTGACCGGAGTCTCCTCAGCGGTGGCTTTTCTGCTTGGCAGCCTCA 
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GCGGCTGGCGCCAAAACCGGACTCCGCCCACTTCCTCGCCCCTGCGGTGC 
GAGGGTGTGGAATCCTCCAGACGCTGGGGGAGGGGGAGTTGGGAGCTTA 
AAAACTAGTACCCCTTTGGGACCACTTTCAGCAGCGAACTCTCCTGTACA 
CCAGGGGTCAGTTCCACAGACGCGGGCCAGGGGTGGGTCATTGCGGCGT 
GAACAATAATTTGACTAGAAGTTGATTCGGGTGTTTGCGGCCCACATCTTT 
GAGCTTCAGTTTCCTCATCTGTAAATAGGGGAATAATACATACTTCTTAAG 
GCTACTGCAAAGATCAAATAAGTAATACATTTGAAGCACTTGGGACAGAG 
CCTGCTACATAGTAAGTGCTCATTAAGTGTTAGTTATCATTGTTGTTGTTTT 
TAGGCCAAGGTTGTTGTGAAAATTAAATGAGATAATATATAAAAGGTATT 
TAGCTCAATATCTGGCACATAGCAATAATTGAATAGATGATCCTTCATCTT 
CGTTCCTCCTGTTCCCTTTCAGTTTGAAAGACTTGGCTAATATAATTTTGA 
CCAACCAAACTTGCATTCAAGGGAGTGTACAAGGCTGGTATAGCCAGCCA 
GTGAGTATCAGAATCTAAATGTTTATTAAGACAAAGGGCTGTCATGCAAT 
AACCCAACCATACCATTATCAGTCTGCCATCCTTCCTGTTTCTCTAGGCAG 
CCTTTCCTGATGTCAACTCAACCAGTTAATCTCTCAGTCACTTGACATGTG 
GCTATATATACACACAAATATGTGTGCATGCATCCTGTGCTGCAAGCATTT 
ACAGTCAAGTTTATCTGAACACACTGTATGGTTGATGTGAAATGCTGAAA 
CTGTTCAAGTTTAGGTCCTCACAAAGCAAGGAATATGAAATATTTCCTTG 
GGAAATATTTATCCACAACAAAGAGATGTACAGTGCTTTCGTATACAGTG 
ATTTACAGTTTTCCATGTGCTTTTACATGTATTATTACTTCATTTGATCCTT 
ACAACAACCCCAGAGGTAGATGTGGCATGAATTACCATTATTCTCCTTTG 
AGAAGAAGAAACTGAGCATCAAAGAAGCTTGTTGGCCTTCTTGCCAGAAA 
TCACCCAGTTTGTAAATGGTAAAAGAGGGCTTGAAACCAGGTTCTCTGAC 
TCTGACTTCAAGCACTCTCATACATCATCTATTTAATTTTTTGGAGCTAGG 
TATTTTATACTTAGGATTCTAAATATTGCATAACCATTGAATGCCACACCA 
CCCTTGTATTCAGTGCAAAAAATGGGACTTTTCTTAATAAATAGAGAAAT 
GGAGGTGCCTAAAATTACAAAATTGCACTAGAGAGATAGTGATAGAACT 
GGGAAACTCTTAGTCTAATATTTTATCTTTTATTCATATGATGGAATACTA 
AGCTCAATGGCAGAATCTTCAGTCAGCAATGGTGTTCAGGTTATGTGAAC 
TATCTGAAGGATTCCTGAACTCTTCATATCTAGGAATGTAGCGTTTAAAAG 
CTCTTAGAATTTTTCATACTCTTAGGTCCTCCTGACTTGTGCTTCAATTCAT 
GCATAAACTTATTTTATAAGGTCTCCGTCTGCCCTTGCTGGAGATAACATT 
TTTGTTTATCCAACAAAGGGTATTTTATCTTATTATTAAATTCTGACTTTGT 
ATAGAAGAGAAATGAAGTGATAATCTATATAAATTAAGTCTTGATTAGTA 
CATATGGGTTATTCACTTGGATAATATGGAGTAAAATTTTAATTCATGGCT 
AATTACCTCCACCTCCACTACCTAGTGGCCTCCCCTCACCAATATTAGCCA 
AAATAAATCAAATTTGGAACTACAAACCTACTTCAAAAAGGGTAAGGTAT 
ATAATAAGCAATATCATCAAGTCAAATAGTATTTTTTTAACCATGTACAA 
GGCATCATGCTAGGTGTTACGAAGATGCATGAAATATATAAGATGTGGTT 
CCAACCCTCACAGAGTTTATAGACATCACATAATAAATTCTGAAGTCAAA 
TATAAATTAATTTAAAATTATCTGCTGTTCAGCATTGTTCACTAGTGCAGC 
CAAACAATGTCATCTTGTTGAAAGGCATTGGTAGTAAAAACTGTGTCTGA 
AATACCCCTCTTTCAAAGGTTTCGTAAATTTGATATAGTCAGGGACACGA 
ACAAGATCCTTTTACATTTTTCTTTTTGCTTGTTAGTCTTGCTGTGCTCATA 
AATCCATGACAGAAAGCCCCCTCCCCTGAGACTTTCCACTTCCTTTTCTGG 
CTTTCACTGTTGCAGAGGCTGCTATATTCACGACATGTGGCCTACAGAGTT 
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CTCAGGATGTAAGCAAGCCAAACTGAAGACCAAATTTGTAGTTCTTGCTC 
TCCTAAACAGATGCATATGTGGCACTTCAGCTCTTCCAGATTACAACAGA 
ATTTAGGTTTATGCATAAGTCTAATAAGTCTTCCTCATACTGAACTTCCTA 
ATACTACTCCCCTTTTCTATCTTTTCAACCCACATGACCACTATTAGACAG 
ATAGTCAGAACCAGAAGGAAGTGAAATGCTCACTCAACAAGCAGAGCAT 
CTTTCTCAATGCAGTTATCATAGACAAGACACACTATGATAGAATTGGTG 
CTGCTATGTATTCTTTTTGAGGCCCCTGAGAAAACCTCCAGGCTTCAAGTG 
ACATACCTAGTCTGCTTTACCGGTTTACAGGACTCAAGAGAAAGGTGGAC 
ATTGAGAGTTAATCCCTGAGGCCAAATCTTAAATGGAGAAAGTCAACATC 
CACAGAAAATGGGGAAGGGCACAAGTATTTCTGTGGGCTTATATTCCGAC 
ATTTTTATCTGTAGGGGAAAAATGCTTTCTTAGAAAATGACTCAGCACGG 
GGAAGTCTTGTCTCTACCTCTGTCTTGTTTTGTCCTTTGGGGTCCCTTCACT 
ATCAAGTTCAACTGTGTGTCCCTGAGACTCCTCTGCCCCGGAGGACAGGA 
GACTCGAAAAACGCTCTTCCTGGCCAGTCTCTTTGCTCTGTGTCTGCCAGC 
CCCCAGCATCTCTCCTCTTTCCTGTAAGCCCCTCTCCCTGTGCTGACTGTCT 
TCATAGTACTTTAGGTATGTTGTCCCTTTACCTCTGGGAGGATAGCTTGAT 
GACCTGTCTGCTCAGGCCAGCCCCATCTAGAGTCTCAGTGGCCCCAGTCA 
TGTTGAGAAAGGTTCTTTCAAAGATAGACTCAAGATAGTAGTGTCAGAGG 
TCCCAAGCAAATGAAGGGCGGGGACAGTTGAGGGGGTGGAATAGGGACG 
GCAGCAGGGAACCAGATAGCATGCTGCTGAGAAGAAAAAAAGACATTGG 
TTTAGGTCAGGAAGCAAAAAAAGGGAACTGAGTGGCTGTGAAAGGGTGG 
GGTTTGCTCAGACTGTCCTTCCTCTCTGGACTGTAAGAATTAGTCTCGAGG 
CCACCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATC 
CTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGG 
CGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCT 
GCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTG 
ACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCA 
CGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCA 
TCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTC 
GAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCA 
AGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAG 
CCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTG 
AACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCG 
ACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCC 
GACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACG 
AGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATC 
ACTCTCGGCATGGACGAGCTGTACAAGTAA 

0.7UCOE.BTKp.coBTK (SEQ ID NO: 33) 
CCGCGTGTGGCATCTGAAGCACCACCAGCGAGCGAGAGCTAGAGAGAAG 
GAAAGCCACCGACTTCACCGCCTCCGAGCTGCTCCGGGTCGCGGGTCTGC 
AGCGTCTCCGGCCCTCCGCGCCTACAGCTCAAGCCACATCCGAAGGGGGA 
GGGAGCCGGGAGCTGCGCGCGGGGCCGCTGGGGGGAGGGGTGGCACCGC 
CCACGCCGGGCGGCCACGAAGGGCGGGGCAGCGGGCGCGCGCCCGGCGG 
GGGGAGGGGCCGCGCGCCGCGCCCGCTGGGAATTGGGGCCCTAGGGGGA 
GGGCGGAGGCGCCGACGACCGCGGCACTTACCGTTCGCGGCGTGGCGCC 
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CGGTGGTCCCCAAGGGGAGGGAAGGGGGAGGCGGGGCGAGGACAGTGA 
CCGGAGTCTCCTCAGCGGTGGCTTTTCTGCTTGGCAGCCTCAGCGGCTGGC 
GCCAAAACCGGACTCCGCCCACTTCCTCGCCCCTGCGGTGCGAGGGTGTG 
GAATCCTCCAGACGCTGGGGGAGGGGGAGTTGGGAGCTTAAAAACTAGT 
ACCCCTTTGGGACCACTTTCAGCAGCGAACTCTCCTGTACACCAGGGGTC 
AGTTCCACAGACGCGGGCCAGGGGTGGGTCATTGCGGCGTGAACAATAAT 
TTGACTAGAAGTTGATTCGGGTGTTTGCGGCCGGGGCTAGCTACGACGCG 
TTCCGGAATTCGCCCTTGCATTTCCTAGGAGAATCCCTGGGGGAATCATTG 
CAGTTGGAGCATAATGTAGGGGGCCCCTGAGAAAACCTCCAGGCTTCAAG 
TGACATACCTAGTCTGCTTTACCGGTTTACAGGACTCAAGAGAAAGGTGG 
ACATTGAGAGTTAATCCCTGAGGCCAAATCTTAAATGGAGAAAGTCAACA 
TCCACAGAAAATGGGGAAGGGCACAAGTATTTCTGTGGGCTTATATTCCG 
ACATTTTTATCTGTAGGGGAAAAATGCTTTCTTAGAAAATGACTCAGCAC 
GGGGAAGTCTTGTCTCTACCTCTGTCTTGTTTTGTCCTTTGGGGTCCCTTCA 
CTATCAAGTTCAACTGTGTGTCCCTGAGACTCCTCTGCCCCGGAGGACAG 
GAGACTCGAAAAACGCTCTTCCTGGCCAGTCTCTTTGCTCTGTGTCTGCCA 
GCCCCCAGCATCTCTCCTCTTTCCTGTAAGCCCCTCTCCCTGTGCTGACTG 
TCTTCATAGTACTTTAGGTATGTTGTCCCTTTACCTCTGGGAGGATAGCTT 
GATGACCTGTCTGCTCAGGCCAGCCCCATCTAGAGTCTCAGTGGCCCCAG 
TCATGTTGAGAAAGGTTCTTTCAAAGATAGACTCAAGATAGTAGTGTCAG 
AGGTCCCAAGCAAATGAAGGGCGGGGACAGTTGAGGGGGTGGAATAGGG 
ACGGCAGCAGGGAACCAGATAGCATGCTGCTGAGAAGAAAAAAAGACAT 
TGGTTTAGGTCAGGAAGCAAAAAAAGGGAACTGAGTGGCTGTGAAAGGG 
TGGGGTTTGCTCAGACTGTCCTTCCTCTCTGGACTGTAAGAATTAGTCTCG 
AGAAAGAAGCCACCATGGCCGCTGTGATCCTGGAGAGCATTTTCCTGAAG 
AGGTCCCAGCAGAAAAAGAAAACCTCTCCCCTGAACTTTAAGAAAAGAC 
TGTTCCTGCTGACAGTGCACAAGCTGTCTTACTATGAGTACGACTTTGAGC 
GGGGCCGCCGAGGATCAAAAAAGGGGAGCATCGATGTGGAGAAGATTAC 
ATGCGTGGAGACCGTGGTCCCTGAAAAGAATCCACCCCCTGAGAGGCAG 
ATCCCAAGACGGGGCGAGGAGTCCTCTGAGATGGAGCAGATTAGTATCAT 
TGAGCGCTTCCCCTATCCTTTTCAGGTGGTGTACGACGAGGGACCACTGTA 
TGTGTTCTCACCCACAGAGGAGCTGAGAAAGAGGTGGATTCACCAGCTGA 
AGAACGTGATTAGATACAATAGCGATCTGGTGCAGAAGTATCACCCTTGT 
TTTTGGATCGACGGGCAGTACCTGTGCTGTTCCCAGACAGCTAAGAACGC 
TATGGGATGCCAGATTCTGGAAAATCGGAACGGATCTCTGAAACCAGGGA 
GTTCACACCGCAAGACCAAAAAGCCCCTGCCTCCAACACCCGAGGAGGA 
TCAGATCCTGAAAAAGCCTCTGCCACCCGAGCCTGCTGCAGCCCCAGTCA 
GCACTTCCGAACTGAAAAAGGTGGTGGCTCTGTATGACTACATGCCCATG 
AATGCTAACGATCTGCAGCTGAGAAAGGGCGACGAGTATTTCATTCTGGA 
AGAGTCTAATCTGCCTTGGTGGAGGGCCAGAGATAAGAACGGACAGGAG 
GGGTACATCCCATCTAATTATGTGACCGAGGCTGAGGACTCTATTGAGAT 
GTACGAGTGGTATAGCAAGCACATGACACGGTCCCAGGCTGAGCAGCTG 
CTGAAGCAGGAGGGCAAAGAGGGAGGGTTTATCGTGCGCGATTCTAGTA 
AGGCCGGCAAATACACTGTGTCAGTGTTCGCTAAGAGCACCGGAGACCCC 
CAGGGCGTGATCAGACACTATGTGGTGTGTTCCACACCTCAGTCTCAGTA 
CTATCTGGCTGAGAAGCACCTGTTTAGTACAATCCCAGAGCTGATTAACT 
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ACCACCAGCACAATTCTGCCGGCCTGATCAGCAGGCTGAAGTATCCCGTC 
TCCCAGCAGAACAAAAATGCTCCTTCTACCGCTGGACTGGGGTACGGCAG 
TTGGGAGATTGATCCAAAGGACCTGACATTCCTGAAGGAGCTGGGAACTG 
GGCAGTTTGGCGTGGTGAAGTATGGAAAATGGAGAGGGCAGTACGATGT 
GGCCATCAAGATGATCAAGGAGGGCTCAATGAGCGAGGACGAGTTCATC 
GAGGAGGCTAAGGTCATGATGAACCTGTCCCACGAGAAACTGGTGCAGCT 
GTATGGAGTGTGCACCAAGCAGCGGCCCATTTTTATCATTACAGAGTACA 
TGGCTAATGGGTGTCTGCTGAACTATCTGCGCGAGATGAGACACAGATTC 
CAGACACAGCAGCTGCTGGAAATGTGCAAGGATGTGTGTGAGGCTATGG 
AGTACCTGGAGTCTAAGCAGTTTCTGCACCGGGACCTGGCTGCTCGCAAT 
TGCCTGGTGAACGATCAGGGCGTGGTGAAGGTGAGTGACTTCGGACTGTC 
AAGGTATGTGCTGGATGACGAGTACACCAGCTCCGTGGGCTCTAAGTTTC 
CTGTGAGATGGTCTCCACCCGAGGTGCTGATGTATAGCAAGTTCTCCTCTA 
AGAGCGATATCTGGGCCTTTGGCGTGCTGATGTGGGAAATCTACAGCCTG 
GGCAAGATGCCTTACGAGCGGTTCACAAATTCCGAGACAGCTGAGCACAT 
CGCCCAGGGCCTGCGCCTGTACCGGCCACATCTGGCCTCTGAGAAGGTGT 
ACACCATCATGTACAGCTGTTGGCACGAGAAGGCCGACGAGAGACCCAC 
ATTCAAGATCCTGCTGTCCAACATTCTAGATGTGATGGACGAGGAGAGCT 
GA 

IE.BTKp.coBTK (SEQ ID NO: 34) 
GCATTTCCTAGGAGAATCCCTGGGGGAATCATTGCAGTTGGAGCATAATG 
TAGGGGGCCCACATCTTTGAGCTTCAGTTTCCTCATCTGTAAATAGGGGA 
ATAATACATACTTCTTAAGGCTACTGCAAAGATCAAATAAGTAATACATT 
TGAAGCACTTGGGACAGAGCCTGCTACATAGTAAGTGCTCATTAAGTGTT 
AGTTATCATTGTTGTTGTTTTTAGGCCAAGGTTGTTGTGAAAATTAAATGA 
GATAATATATAAAAGGTATTTAGCTCAATATCTGGCACATAGCAATAATT 
GAATAGATGATCCTTCATCTTCGTTCCTCCTGTTCCCTTTCAGTTTGAAAG 
ACTTGGCTAATATAATTTTGACCAACCAAACTTGCATTCAAGGGAGTGTA 
CAAGGCTGGTATAGCCAGCCAGTGAGTATCAGAATCTAAATGTTTATTAA 
GACAAAGGGCTGTCATGCAATAACCCAACCATACCATTATCAGTCTGCCA 
TCCTTCCTGTTTCTCTAGGCAGCCTTTCCTGATGTCAACTCAACCAGTTAA 
TCTCTCAGTCACTTGACATGTGGCTATATATACACACAAATATGTGTGCAT 
GCATCCTGTGCTGCAAGCATTTACAGTCAAGTTTATCTGAACACACTGTAT 
GGTTGATGTGAAATGCTGAAACTGTTCAAGTTTAGGTCCTCACAAAGCAA 
GGAATATGAAATATTTCCTTGGGAAATATTTATCCACAACAAAGAGATGT 
ACAGTGCTTTCGTATACAGTGATTTACAGTTTTCCATGTGCTTTTACATGT 
ATTATTACTTCATTTGATCCTTACAACAACCCCAGAGGTAGATGTGGCATG 
AATTACCATTATTCTCCTTTGAGAAGAAGAAACTGAGCATCAAAGAAGCT 
TGTTGGCCTTCTTGCCAGAAATCACCCAGTTTGTAAATGGTAAAAGAGGG 
CTTGAAACCAGGTTCTCTGACTCTGACTTCAAGCACTCTCATACATCATCT 
ATTTAATTTTTTGGAGCTAGGTATTTTATACTTAGGATTCTAAATATTGCA 
TAACCATTGAATGCCACACCACCCTTGTATTCAGTGCAAAAAATGGGACT 
TTTCTTAATAAATAGAGAAATGGAGGTGCCTAAAATTACAAAATTGCACT 
AGAGAGATAGTGATAGAACTGGGAAACTCTTAGTCTAATATTTTATCTTTT 
ATTCATATGATGGAATACTAAGCTCAATGGCAGAATCTTCAGTCAGCAAT 
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GGTGTTCAGGTTATGTGAACTATCTGAAGGATTCCTGAACTCTTCATATCT 
AGGAATGTAGCGTTTAAAAGCTCTTAGAATTTTTCATACTCTTAGGTCCTC 
CTGACTTGTGCTTCAATTCATGCATAAACTTATTTTATAAGGTCTCCGTCT 
GCCCTTGCTGGAGATAACATTTTTGTTTATCCAACAAAGGGTATTTTATCT 
TATTATTAAATTCTGACTTTGTATAGAAGAGAAATGAAGTGATAATCTAT 
ATAAATTAAGTCTTGATTAGTACATATGGGTTATTCACTTGGATAATATGG 
AGTAAAATTTTAATTCATGGCTAATTACCTCCACCTCCACTACCTAGTGGC 
CTCCCCTCACCAATATTAGCCAAAATAAATCAAATTTGGAACTACAAACC 
TACTTCAAAAAGGGTAAGGTATATAATAAGCAATATCATCAAGTCAAATA 
GTATTTTTTTAACCATGTACAAGGCATCATGCTAGGTGTTACGAAGATGCA 
TGAAATATATAAGATGTGGTTCCAACCCTCACAGAGTTTATAGACATCAC 
ATAATAAATTCTGAAGTCAAATATAAATTAATTTAAAATTATCTGCTGTTC 
AGCATTGTTCACTAGTGCAGCCAAACAATGTCATCTTGTTGAAAGGCATT 
GGTAGTAAAAACTGTGTCTGAAATACCCCTCTTTCAAAGGTTTCGTAAATT 
TGATATAGTCAGGGACACGAACAAGATCCTTTTACATTTTTCTTTTTGCTT 
GTTAGTCTTGCTGTGCTCATAAATCCATGACAGAAAGCCCCCTCCCCTGA 
GACTTTCCACTTCCTTTTCTGGCTTTCACTGTTGCAGAGGCTGCTATATTCA 
CGACATGTGGCCTACAGAGTTCTCAGGATGTAAGCAAGCCAAACTGAAGA 
CCAAATTTGTAGTTCTTGCTCTCCTAAACAGATGCATATGTGGCACTTCAG 
CTCTTCCAGATTACAACAGAATTTAGGTTTATGCATAAGTCTAATAAGTCT 
TCCTCATACTGAACTTCCTAATACTACTCCCCTTTTCTATCTTTTCAACCCA 
CATGACCACTATTAGACAGATAGTCAGAACCAGAAGGAAGTGAAATGCT 
CACTCAACAAGCAGAGCATCTTTCTCAATGCAGTTATCATAGACAAGACA 
CACTATGATAGAATTGGTGCTGCTATGTATTCTTTTTGAGGCCCCTGAGAA 
AACCTCCAGGCTTCAAGTGACATACCTAGTCTGCTTTACCGGTTTACAGGA 
CTCAAGAGAAAGGTGGACATTGAGAGTTAATCCCTGAGGCCAAATCTTAA 
ATGGAGAAAGTCAACATCCACAGAAAATGGGGAAGGGCACAAGTATTTC 
TGTGGGCTTATATTCCGACATTTTTATCTGTAGGGGAAAAATGCTTTCTTA 
GAAAATGACTCAGCACGGGGAAGTCTTGTCTCTACCTCTGTCTTGTTTTGT 
CCTTTGGGGTCCCTTCACTATCAAGTTCAACTGTGTGTCCCTGAGACTCCT 
CTGCCCCGGAGGACAGGAGACTCGAAAAACGCTCTTCCTGGCCAGTCTCT 
TTGCTCTGTGTCTGCCAGCCCCCAGCATCTCTCCTCTTTCCTGTAAGCCCCT 
CTCCCTGTGCTGACTGTCTTCATAGTACTTTAGGTATGTTGTCCCTTTACCT 
CTGGGAGGATAGCTTGATGACCTGTCTGCTCAGGCCAGCCCCATCTAGAG 
TCTCAGTGGCCCCAGTCATGTTGAGAAAGGTTCTTTCAAAGATAGACTCA 
AGATAGTAGTGTCAGAGGTCCCAAGCAAATGAAGGGCGGGGACAGTTGA 
GGGGGTGGAATAGGGACGGCAGCAGGGAACCAGATAGCATGCTGCTGAG 
AAGAAAAAAAGACATTGGTTTAGGTCAGGAAGCAAAAAAAGGGAACTGA 
GTGGCTGTGAAAGGGTGGGGTTTGCTCAGACTGTCCTTCCTCTCTGGACTG 
TAAGAATTAGTCTCGAGAAAGAAGCCACCATGGCCGCTGTGATCCTGGAG 
AGCATTTTCCTGAAGAGGTCCCAGCAGAAAAAGAAAACCTCTCCCCTGAA 
CTTTAAGAAAAGACTGTTCCTGCTGACAGTGCACAAGCTGTCTTACTATG 
AGTACGACTTTGAGCGGGGCCGCCGAGGATCAAAAAAGGGGAGCATCGA 
TGTGGAGAAGATTACATGCGTGGAGACCGTGGTCCCTGAAAAGAATCCAC 
CCCCTGAGAGGCAGATCCCAAGACGGGGCGAGGAGTCCTCTGAGATGGA 
GCAGATTAGTATCATTGAGCGCTTCCCCTATCCTTTTCAGGTGGTGTACGA 
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CGAGGGACCACTGTATGTGTTCTCACCCACAGAGGAGCTGAGAAAGAGGT 
GGATTCACCAGCTGAAGAACGTGATTAGATACAATAGCGATCTGGTGCAG 
AAGTATCACCCTTGTTTTTGGATCGACGGGCAGTACCTGTGCTGTTCCCAG 
ACAGCTAAGAACGCTATGGGATGCCAGATTCTGGAAAATCGGAACGGAT 
CTCTGAAACCAGGGAGTTCACACCGCAAGACCAAAAAGCCCCTGCCTCCA 
ACACCCGAGGAGGATCAGATCCTGAAAAAGCCTCTGCCACCCGAGCCTGC 
TGCAGCCCCAGTCAGCACTTCCGAACTGAAAAAGGTGGTGGCTCTGTATG 
ACTACATGCCCATGAATGCTAACGATCTGCAGCTGAGAAAGGGCGACGA 
GTATTTCATTCTGGAAGAGTCTAATCTGCCTTGGTGGAGGGCCAGAGATA 
AGAACGGACAGGAGGGGTACATCCCATCTAATTATGTGACCGAGGCTGA 
GGACTCTATTGAGATGTACGAGTGGTATAGCAAGCACATGACACGGTCCC 
AGGCTGAGCAGCTGCTGAAGCAGGAGGGCAAAGAGGGAGGGTTTATCGT 
GCGCGATTCTAGTAAGGCCGGCAAATACACTGTGTCAGTGTTCGCTAAGA 
GCACCGGAGACCCCCAGGGCGTGATCAGACACTATGTGGTGTGTTCCACA 
CCTCAGTCTCAGTACTATCTGGCTGAGAAGCACCTGTTTAGTACAATCCCA 
GAGCTGATTAACTACCACCAGCACAATTCTGCCGGCCTGATCAGCAGGCT 
GAAGTATCCCGTCTCCCAGCAGAACAAAAATGCTCCTTCTACCGCTGGAC 
TGGGGTACGGCAGTTGGGAGATTGATCCAAAGGACCTGACATTCCTGAAG 
GAGCTGGGAACTGGGCAGTTTGGCGTGGTGAAGTATGGAAAATGGAGAG 
GGCAGTACGATGTGGCCATCAAGATGATCAAGGAGGGCTCAATGAGCGA 
GGACGAGTTCATCGAGGAGGCTAAGGTCATGATGAACCTGTCCCACGAGA 
AACTGGTGCAGCTGTATGGAGTGTGCACCAAGCAGCGGCCCATTTTTATC 
ATTACAGAGTACATGGCTAATGGGTGTCTGCTGAACTATCTGCGCGAGAT 
GAGACACAGATTCCAGACACAGCAGCTGCTGGAAATGTGCAAGGATGTG 
TGTGAGGCTATGGAGTACCTGGAGTCTAAGCAGTTTCTGCACCGGGACCT 
GGCTGCTCGCAATTGCCTGGTGAACGATCAGGGCGTGGTGAAGGTGAGTG 
ACTTCGGACTGTCAAGGTATGTGCTGGATGACGAGTACACCAGCTCCGTG 
GGCTCTAAGTTTCCTGTGAGATGGTCTCCACCCGAGGTGCTGATGTATAGC 
AAGTTCTCCTCTAAGAGCGATATCTGGGCCTTTGGCGTGCTGATGTGGGA 
AATCTACAGCCTGGGCAAGATGCCTTACGAGCGGTTCACAAATTCCGAGA 
CAGCTGAGCACATCGCCCAGGGCCTGCGCCTGTACCGGCCACATCTGGCC 
TCTGAGAAGGTGTACACCATCATGTACAGCTGTTGGCACGAGAAGGCCGA 
CGAGAGACCCACATTCAAGATCCTGCTGTCCAACATTCTAGATGTGATGG 
ACGAGGAGAGCTGA 

0.7UCOE.IE.BTKp.coBTK (SEQ ID NO: 35) 
CCGCGTGTGGCATCTGAAGCACCACCAGCGAGCGAGAGCTAGAGAGAAG 
GAAAGCCACCGACTTCACCGCCTCCGAGCTGCTCCGGGTCGCGGGTCTGC 
AGCGTCTCCGGCCCTCCGCGCCTACAGCTCAAGCCACATCCGAAGGGGGA 
GGGAGCCGGGAGCTGCGCGCGGGGCCGCTGGGGGGAGGGGTGGCACCGC 
CCACGCCGGGCGGCCACGAAGGGCGGGGCAGCGGGCGCGCGCCCGGCGG 
GGGGAGGGGCCGCGCGCCGCGCCCGCTGGGAATTGGGGCCCTAGGGGGA 
GGGCGGAGGCGCCGACGACCGCGGCACTTACCGTTCGCGGCGTGGCGCC 
CGGTGGTCCCCAAGGGGAGGGAAGGGGGAGGCGGGGCGAGGACAGTGA 
CCGGAGTCTCCTCAGCGGTGGCTTTTCTGCTTGGCAGCCTCAGCGGCTGGC 
GCCAAAACCGGACTCCGCCCACTTCCTCGCCCCTGCGGTGCGAGGGTGTG 
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GAATCCTCCAGACGCTGGGGGAGGGGGAGTTGGGAGCTTAAAAACTAGT 
ACCCCTTTGGGACCACTTTCAGCAGCGAACTCTCCTGTACACCAGGGGTC 
AGTTCCACAGACGCGGGCCAGGGGTGGGTCATTGCGGCGTGAACAATAAT 
TTGACTAGAAGTTGATTCGGGTGTTTGCGGCCGGGGCTAGCACATCTTTG 
AGCTTCAGTTTCCTCATCTGTAAATAGGGGAATAATACATACTTCTTAAGG 
CTACTGCAAAGATCAAATAAGTAATACATTTGAAGCACTTGGGACAGAGC 
CTGCTACATAGTAAGTGCTCATTAAGTGTTAGTTATCATTGTTGTTGTTTTT 
AGGCCAAGGTTGTTGTGAAAATTAAATGAGATAATATATAAAAGGTATTT 
AGCTCAATATCTGGCACATAGCAATAATTGAATAGATGATCCTTCATCTTC 
GTTCCTCCTGTTCCCTTTCAGTTTGAAAGACTTGGCTAATATAATTTTGAC 
CAACCAAACTTGCATTCAAGGGAGTGTACAAGGCTGGTATAGCCAGCCAG 
TGAGTATCAGAATCTAAATGTTTATTAAGACAAAGGGCTGTCATGCAATA 
ACCCAACCATACCATTATCAGTCTGCCATCCTTCCTGTTTCTCTAGGCAGC 
CTTTCCTGATGTCAACTCAACCAGTTAATCTCTCAGTCACTTGACATGTGG 
CTATATATACACACAAATATGTGTGCATGCATCCTGTGCTGCAAGCATTTA 
CAGTCAAGTTTATCTGAACACACTGTATGGTTGATGTGAAATGCTGAAAC 
TGTTCAAGTTTAGGTCCTCACAAAGCAAGGAATATGAAATATTTCCTTGG 
GAAATATTTATCCACAACAAAGAGATGTACAGTGCTTTCGTATACAGTGA 
TTTACAGTTTTCCATGTGCTTTTACATGTATTATTACTTCATTTGATCCTTA 
CAACAACCCCAGAGGTAGATGTGGCATGAATTACCATTATTCTCCTTTGA 
GAAGAAGAAACTGAGCATCAAAGAAGCTTGTTGGCCTTCTTGCCAGAAAT 
CACCCAGTTTGTAAATGGTAAAAGAGGGCTTGAAACCAGGTTCTCTGACT 
CTGACTTCAAGCACTCTCATACATCATCTATTTAATTTTTTGGAGCTAGGT 
ATTTTATACTTAGGATTCTAAATATTGCATAACCATTGAATGCCACACCAC 
CCTTGTATTCAGTGCAAAAAATGGGACTTTTCTTAATAAATAGAGAAATG 
GAGGTGCCTAAAATTACAAAATTGCACTAGAGAGATAGTGATAGAACTG 
GGAAACTCTTAGTCTAATATTTTATCTTTTATTCATATGATGGAATACTAA 
GCTCAATGGCAGAATCTTCAGTCAGCAATGGTGTTCAGGTTATGTGAACT 
ATCTGAAGGATTCCTGAACTCTTCATATCTAGGAATGTAGCGTTTAAAAG 
CTCTTAGAATTTTTCATACTCTTAGGTCCTCCTGACTTGTGCTTCAATTCAT 
GCATAAACTTATTTTATAAGGTCTCCGTCTGCCCTTGCTGGAGATAACATT 
TTTGTTTATCCAACAAAGGGTATTTTATCTTATTATTAAATTCTGACTTTGT 
ATAGAAGAGAAATGAAGTGATAATCTATATAAATTAAGTCTTGATTAGTA 
CATATGGGTTATTCACTTGGATAATATGGAGTAAAATTTTAATTCATGGCT 
AATTACCTCCACCTCCACTACCTAGTGGCCTCCCCTCACCAATATTAGCCA 
AAATAAATCAAATTTGGAACTACAAACCTACTTCAAAAAGGGTAAGGTAT 
ATAATAAGCAATATCATCAAGTCAAATAGTATTTTTTTAACCATGTACAA 
GGCATCATGCTAGGTGTTACGAAGATGCATGAAATATATAAGATGTGGTT 
CCAACCCTCACAGAGTTTATAGACATCACATAATAAATTCTGAAGTCAAA 
TATAAATTAATTTAAAATTATCTGCTGTTCAGCATTGTTCACTAGTGCAGC 
CAAACAATGTCATCTTGTTGAAAGGCATTGGTAGTAAAAACTGTGTCTGA 
AATACCCCTCTTTCAAAGGTTTCGTAAATTTGATATAGTCAGGGACACGA 
ACAAGATCCTTTTACATTTTTCTTTTTGCTTGTTAGTCTTGCTGTGCTCATA 
AATCCATGACAGAAAGCCCCCTCCCCTGAGACTTTCCACTTCCTTTTCTGG 
CTTTCACTGTTGCAGAGGCTGCTATATTCACGACATGTGGCCTACAGAGTT 
CTCAGGATGTAAGCAAGCCAAACTGAAGACCAAATTTGTAGTTCTTGCTC 
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TCCTAAACAGATGCATATGTGGCACTTCAGCTCTTCCAGATTACAACAGA 
ATTTAGGTTTATGCATAAGTCTAATAAGTCTTCCTCATACTGAACTTCCTA 
ATACTACTCCCCTTTTCTATCTTTTCAACCCACATGACCACTATTAGACAG 
ATAGTCAGAACCAGAAGGAAGTGAAATGCTCACTCAACAAGCAGAGCAT 
CTTTCTCAATGCAGTTATCATAGACAAGACACACTATGATAGAATTGGTG 
CTGCTATGTATTCTTTTTGAACGCGTTCCGGAATTCGCCCTTGCATTTCCTA 
GGAGAATCCCTGGGGGAATCATTGCAGTTGGAGCATAATGTAGGGGGCCC 
CTGAGAAAACCTCCAGGCTTCAAGTGACATACCTAGTCTGCTTTACCGGTT 
TACAGGACTCAAGAGAAAGGTGGACATTGAGAGTTAATCCCTGAGGCCA 
AATCTTAAATGGAGAAAGTCAACATCCACAGAAAATGGGGAAGGGCACA 
AGTATTTCTGTGGGCTTATATTCCGACATTTTTATCTGTAGGGGAAAAATG 
CTTTCTTAGAAAATGACTCAGCACGGGGAAGTCTTGTCTCTACCTCTGTCT 
TGTTTTGTCCTTTGGGGTCCCTTCACTATCAAGTTCAACTGTGTGTCCCTGA 
GACTCCTCTGCCCCGGAGGACAGGAGACTCGAAAAACGCTCTTCCTGGCC 
AGTCTCTTTGCTCTGTGTCTGCCAGCCCCCAGCATCTCTCCTCTTTCCTGTA 
AGCCCCTCTCCCTGTGCTGACTGTCTTCATAGTACTTTAGGTATGTTGTCC 
CTTTACCTCTGGGAGGATAGCTTGATGACCTGTCTGCTCAGGCCAGCCCC 
ATCTAGAGTCTCAGTGGCCCCAGTCATGTTGAGAAAGGTTCTTTCAAAGA 
TAGACTCAAGATAGTAGTGTCAGAGGTCCCAAGCAAATGAAGGGCGGGG 
ACAGTTGAGGGGGTGGAATAGGGACGGCAGCAGGGAACCAGATAGCATG 
CTGCTGAGAAGAAAAAAAGACATTGGTTTAGGTCAGGAAGCAAAAAAAG 
GGAACTGAGTGGCTGTGAAAGGGTGGGGTTTGCTCAGACTGTCCTTCCTC 
TCTGGACTGTAAGAATTAGTCTCGAGAAAGAAGCCACCATGGCCGCTGTG 
ATCCTGGAGAGCATTTTCCTGAAGAGGTCCCAGCAGAAAAAGAAAACCTC 
TCCCCTGAACTTTAAGAAAAGACTGTTCCTGCTGACAGTGCACAAGCTGT 
CTTACTATGAGTACGACTTTGAGCGGGGCCGCCGAGGATCAAAAAAGGG 
GAGCATCGATGTGGAGAAGATTACATGCGTGGAGACCGTGGTCCCTGAAA 
AGAATCCACCCCCTGAGAGGCAGATCCCAAGACGGGGCGAGGAGTCCTC 
TGAGATGGAGCAGATTAGTATCATTGAGCGCTTCCCCTATCCTTTTCAGGT 
GGTGTACGACGAGGGACCACTGTATGTGTTCTCACCCACAGAGGAGCTGA 
GAAAGAGGTGGATTCACCAGCTGAAGAACGTGATTAGATACAATAGCGA 
TCTGGTGCAGAAGTATCACCCTTGTTTTTGGATCGACGGGCAGTACCTGTG 
CTGTTCCCAGACAGCTAAGAACGCTATGGGATGCCAGATTCTGGAAAATC 
GGAACGGATCTCTGAAACCAGGGAGTTCACACCGCAAGACCAAAAAGCC 
CCTGCCTCCAACACCCGAGGAGGATCAGATCCTGAAAAAGCCTCTGCCAC 
CCGAGCCTGCTGCAGCCCCAGTCAGCACTTCCGAACTGAAAAAGGTGGTG 
GCTCTGTATGACTACATGCCCATGAATGCTAACGATCTGCAGCTGAGAAA 
GGGCGACGAGTATTTCATTCTGGAAGAGTCTAATCTGCCTTGGTGGAGGG 
CCAGAGATAAGAACGGACAGGAGGGGTACATCCCATCTAATTATGTGACC 
GAGGCTGAGGACTCTATTGAGATGTACGAGTGGTATAGCAAGCACATGAC 
ACGGTCCCAGGCTGAGCAGCTGCTGAAGCAGGAGGGCAAAGAGGGAGGG 
TTTATCGTGCGCGATTCTAGTAAGGCCGGCAAATACACTGTGTCAGTGTTC 
GCTAAGAGCACCGGAGACCCCCAGGGCGTGATCAGACACTATGTGGTGT 
GTTCCACACCTCAGTCTCAGTACTATCTGGCTGAGAAGCACCTGTTTAGTA 
CAATCCCAGAGCTGATTAACTACCACCAGCACAATTCTGCCGGCCTGATC 
AGCAGGCTGAAGTATCCCGTCTCCCAGCAGAACAAAAATGCTCCTTCTAC 

-98-



WO 2018/195297 PCT/US2018/028331 

CGCTGGACTGGGGTACGGCAGTTGGGAGATTGATCCAAAGGACCTGACAT 
TCCTGAAGGAGCTGGGAACTGGGCAGTTTGGCGTGGTGAAGTATGGAAA 
ATGGAGAGGGCAGTACGATGTGGCCATCAAGATGATCAAGGAGGGCTCA 
ATGAGCGAGGACGAGTTCATCGAGGAGGCTAAGGTCATGATGAACCTGTC 
CCACGAGAAACTGGTGCAGCTGTATGGAGTGTGCACCAAGCAGCGGCCC 
ATTTTTATCATTACAGAGTACATGGCTAATGGGTGTCTGCTGAACTATCTG 
CGCGAGATGAGACACAGATTCCAGACACAGCAGCTGCTGGAAATGTGCA 
AGGATGTGTGTGAGGCTATGGAGTACCTGGAGTCTAAGCAGTTTCTGCAC 
CGGGACCTGGCTGCTCGCAATTGCCTGGTGAACGATCAGGGCGTGGTGAA 
GGTGAGTGACTTCGGACTGTCAAGGTATGTGCTGGATGACGAGTACACCA 
GCTCCGTGGGCTCTAAGTTTCCTGTGAGATGGTCTCCACCCGAGGTGCTGA 
TGTATAGCAAGTTCTCCTCTAAGAGCGATATCTGGGCCTTTGGCGTGCTGA 
TGTGGGAAATCTACAGCCTGGGCAAGATGCCTTACGAGCGGTTCACAAAT 
TCCGAGACAGCTGAGCACATCGCCCAGGGCCTGCGCCTGTACCGGCCACA 
TCTGGCCTCTGAGAAGGTGTACACCATCATGTACAGCTGTTGGCACGAGA 
AGGCCGACGAGAGACCCACATTCAAGATCCTGCTGTCCAACATTCTAGAT 
GTGATGGACGAGGAGAGCTGA 

ABCD.BTKp.GFP (SEQ ID NO: 36) 
TTTCCTAGGAGAATCCCTGGGGGAATCATTGCAGTTGGAGCATAATGTAG 
GGGGCCCGGATCCCTGGGGTATGGCAGGGGCTGGGCAGCAGCAGCAATG 
TACCTTGCTTGGGACCCCTAAAAACCAGAGAGACAGCATGGCTGGTGCCA 
TTTATCAGCTAGTGGAGGAGGCTGACGGAGGGTGGGAGTGTCATCAGCAC 
AAGGCCCTGGCAGTCCCTTCTGGTGATTAGAGAGGCCGAAAGGGTCCTTT 
CCGACAAGGGCTGAGGGTGGGCGGAACAGGAAGAGAAAAATGTGACATG 
AGGTGACCATCCGAACAGGTAGCAAATGTTAGAAAGGGGTACCTCTGGC 
AAACTTAGTGGAAAAGTAATATTGCAGGGAGCAGTCAGATAAAAACAAG 
CCCTTCTGTCAAATAGTGCTTGAAGACTCAATAGGGATACATGGGTCAAT 
GAAGCCTTTAGAAAAAGAAATACTAAGAGGCAGATTCTCTGAGAACATG 
GTAAAAGCTCACGCTCCACGTTATGAAGTTGACCTTTGTGAGCTAGGGAA 
AGGCCTGGCTAGGCCAGGGTGTAGGCTACCTGCCTTGAGCTGTACCAGGC 
CAAATGTCGCCAGGGTCAGAGCTGGCTTATTAAAGGACTGTGTGGAAGCT 
GTGCCAACCTCGTGGTAACAATGGGTAAAAGACTGGGCCAGGAGAAAGC 
AGCCTCTGCCTCAGCCCAGACAGTGCGGCCAACCCTTGAGGTTGTGGCAA 
AGGTTTCTCCTCTTACCATTGCCCTCCATGTGCATGGCTTGCTTTTCTCTTG 
TCTTCATTATTTCTCCTTTCCTTTCCTCGGATCCACGCGTGAATTCTTTGTA 
AACTCCTTATGGTGCGAACTAATGTAACTTTCCATCCAGTTATGGGGGATT 
GGTGCAATTTTAAATTATCACTATGATTTGCTATTTCCATTTGAGCAAATT 
TCCTATAGAGTTTCCTTTCAGTGGACTAGACCCATATCAGGAAGTGACTTA 
GGTATAAAGGGAAGATACAGCTTTCGAAAACCAAAGTTTGGGCGTTCTCC 
AAAGAGTTATCAGATACCCCCTTCTACACCCACAATGATCTGATTGCTGA 
GATCTGATTGCTAACTACTGAAAATAAGGAAGAACTAGAATTTTCAGTGA 
CACAGTGCTCAGCAAGAAGCTAGAAAAGAGGCCTTGACATATTTGACTCC 
AAAGCTACTTGGTTATGCATGAAGCCATCTGGGGAGGGGAAGGAGGAGG 
GAGAACTCCTCTGAGGACCCTGAAACAATTGGGCCACGTGTGACTTTCAG 
TTTCTATGGAGATTCATGTGCAGTGGCTGAGGGCAATCTGAGAGCATTGG 
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AAACCCAGAAGCTTTAAACGCGTAGGAAAGACAGGGAATGGCCAGAATC 
TTCCTAGCCAATTGAGTAGTGCTTTCAAGGAGAAATCAAGAGAAAACACT 
ACTTCTTGGATATTTTGGCTAAGTAGTCATTTGAAGTACAGTTGACTGGTT 
ATTTTATTTTAAATCATATCTCATAGACTCTTCCCAATCATAGGCTGGCTG 
TGTAGTTTTCTGAATTTTGCTCTGGTATTCTTCTTCTTTTTTTTTTTTATTTT 
TATTTTTTATTTTTTTTTTGAGACTCCAGGCTGGAGTGCAGTGTCACGATCT 
TGGCTCACTGCAACCTCCGCCTCCCGAGTTCAAGCGATTCTCCTGCCTCAG 
CCTCCTGAGTTGCTGGGACTACAGGCGCCTGTCACCACGCCCGGCTAATT 
TTTTGTATTTTAATAGAGACGGGATTTCACCATGTTGGCCAGGCTGGTCTC 
TAACTCCTGACCTCAAGTGATCCGCCAGCCTCAGCCTCCCAAAGTGCTGG 
GATTACGGGCATGAGCCACTGCGCCTGGACTTATTATTCTTAATAGTATTT 
TATCTTATGAGCGAAGATAAGAGCCCAAGATGGTTTAGTTTACTGATTCT 
GCAAGTGCTATTTCTATTAATTCCTTGGCATACTGCAGTTTGTATGATGGC 
TGCACTCTTGTTAATAAGCTTCGTCTTTCTGAATTCTGTTGCTCCATAGGG 
AGCTGGGAGGCTGCAAAAGGTGGCCCTGTAAAAATCTTTGCATTTATAAT 
TTAATAATTACAGACCCCAGTGGGACAATGTTTGAAAAATTATATTCACC 
GTCTAGGAAATTGGGAACTGAAAGTCCAATATCTGCCTCAGTGGAGTTCT 
GGCACCTGCATTATCCCTTCTGGGTATATCAAGATCAACAGCTGCACAGA 
TACTTTTGCTTTTCACAGATTCTACACATATCATATAAAGGTGAATAGTGT 
AAAGCTACCTCTACACCTTACCAAGCACACAGGGGGCCCCTGAGAAAACC 
TCCAGGCTTCAAGTGACATACCTAGTCTGCTTTACCGGTTTACAGGACTCA 
AGAGAAAGGTGGACATTGAGAGTTAATCCCTGAGGCCAAATCTTAAATGG 
AGAAAGTCAACATCCACAGAAAATGGGGAAGGGCACAAGTATTTCTGTG 
GGCTTATATTCCGACATTTTTATCTGTAGGGGAAAAATGCTTTCTTAGAAA 
ATGACTCAGCACGGGGAAGTCTTGTCTCTACCTCTGTCTTGTTTTGTCCTTT 
GGGGTCCCTTCACTATCAAGTTCAACTGTGTGTCCCTGAGACTCCTCTGCC 
CCGGAGGACAGGAGACTCGAAAAACGCTCTTCCTGGCCAGTCTCTTTGCT 
CTGTGTCTGCCAGCCCCCAGCATCTCTCCTCTTTCCTGTAAGCCCCTCTCC 
CTGTGCTGACTGTCTTCATAGTACTTTAGGTATGTTGTCCCTTTACCTCTGG 
GAGGATAGCTTGATGACCTGTCTGCTCAGGCCAGCCCCATCTAGAGTCTC 
AGTGGCCCCAGTCATGTTGAGAAAGGTTCTTTCAAAGATAGACTCAAGAT 
AGTAGTGTCAGAGGTCCCAAGCAAATGAAGGGCGGGGACAGTTGAGGGG 
GTGGAATAGGGACGGCAGCAGGGAACCAGATAGCATGCTGCTGAGAAGA 
AAAAAAGACATTGGTTTAGGTCAGGAAGCAAAAAAAGGGAACTGAGTGG 
CTGTGAAAGGGTGGGGTTTGCTCAGACTGTCCTTCCTCTCTGGACTGTAAG 
AATTAGTCTCGAGGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTCACCG 
GGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAA 
GTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTG 
ACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCAC 
CCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCG 
ACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTAC 
GTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCG 
CGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTG 
AAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGG 
AGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAA 
GAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGC 
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AGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACG 
GCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTG 
AGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGT 
GACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAA 

DBCA.BTKp.GFP (SEQ ID NO: 37) 
TTTCCTAGGAGAATCCCTGGGGGAATCATTGCAGTTGGAGCATAATGTAG 
GGGGCCCCCTGTGTGCTTGGTAAGGTGTAGAGGTAGCTTTACACTATTCA 
CCTTTATATGATATGTGTAGAATCTGTGAAAAGCAAAAGTATCTGTGCAG 
CTGTTGATCTTGATATACCCAGAAGGGATAATGCAGGTGCCAGAACTCCA 
CTGAGGCAGATATTGGACTTTCAGTTCCCAATTTCCTAGACGGTGAATATA 
ATTTTTCAAACATTGTCCCACTGGGGTCTGTAATTATTAAATTATAAATGC 
AAAGATTTTTACAGGGCCACCTTTTGCAGCCTCCCAGCTCCCTATGGAGC 
AACAGAATTCAGAAAGACGAAGCTTATTAACAAGAGTGCAGCCATCATA 
CAAACTGCAGTATGCCAAGGAATTAATAGAAATAGCACTTGCAGAATCAG 
TAAACTAAACCATCTTGGGCTCTTATCTTCGCTCATAAGATAAAATACTAT 
TAAGAATAATAAGTCCAGGCGCAGTGGCTCATGCCCGTAATCCCAGCACT 
TTGGGAGGCTGAGGCTGGCGGATCACTTGAGGTCAGGAGTTAGAGACCA 
GCCTGGCCAACATGGTGAAATCCCGTCTCTATTAAAATACAAAAAATTAG 
CCGGGCGTGGTGACAGGCGCCTGTAGTCCCAGCAACTCAGGAGGCTGAG 
GCAGGAGAATCGCTTGAACTCGGGAGGCGGAGGTTGCAGTGAGCCAAGA 
TCGTGACACTGCACTCCAGCCTGGAGTCTCAAAAAAAAAATAAAAAATAA 
AAATAAAAAAAAAAAAGAAGAAGAATACCAGAGCAAAATTCAGAAAAC 
TACACAGCCAGCCTATGATTGGGAAGAGTCTATGAGATATGATTTAAAAT 
AAAATAACCAGTCAACTGTACTTCAAATGACTACTTAGCCAAAATATCCA 
AGAAGTAGTGTTTTCTCTTGATTTCTCCTTGAAAGCACTACTCAATTGGCT 
AGGAAGATTCTGGCCATTCCCTGTCTTTCCTACGCGTTTAAAGCTTCTGGG 
TTTCCAATGCTCTCAGATTGCCCTCAGCCACTGCACATGAATCTCCATAGA 
AACTGAAAGTCACACGTGGCCCAATTGTTTCAGGGTCCTCAGAGGAGTTC 
TCCCTCCTCCTTCCCCTCCCCAGATGGCTTCATGCATAACCAAGTAGCTTT 
GGAGTCAAATATGTCAAGGCCTCTTTTCTAGCTTCTTGCTGAGCACTGTGT 
CACTGAAAATTCTAGTTCTTCCTTATTTTCAGTAGTTAGCAATCAGATCTC 
AGCAATCAGATCATTGTGGGTGTAGAAGGGGGTATCTGATAACTCTTTGG 
AGAACGCCCAAACTTTGGTTTTCGAAAGCTGTATCTTCCCTTTATACCTAA 
GTCACTTCCTGATATGGGTCTAGTCCACTGAAAGGAAACTCTATAGGAAA 
TTTGCTCAAATGGAAATAGCAAATCATAGTGATAATTTAAAATTGCACCA 
ATCCCCCATAACTGGATGGAAAGTTACATTAGTTCGCACCATAAGGAGTT 
TACAAAGAATTCACGCGTGGATCCGAGGAAAGGAAAGGAGAAATAATGA 
AGACAAGAGAAAAGCAAGCCATGCACATGGAGGGCAATGGTAAGAGGA 
GAAACCTTTGCCACAACCTCAAGGGTTGGCCGCACTGTCTGGGCTGAGGC 
AGAGGCTGCTTTCTCCTGGCCCAGTCTTTTACCCATTGTTACCACGAGGTT 
GGCACAGCTTCCACACAGTCCTTTAATAAGCCAGCTCTGACCCTGGCGAC 
ATTTGGCCTGGTACAGCTCAAGGCAGGTAGCCTACACCCTGGCCTAGCCA 
GGCCTTTCCCTAGCTCACAAAGGTCAACTTCATAACGTGGAGCGTGAGCT 
TTTACCATGTTCTCAGAGAATCTGCCTCTTAGTATTTCTTTTTCTAAAGGCT 
TCATTGACCCATGTATCCCTATTGAGTCTTCAAGCACTATTTGACAGAAGG 
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GCTTGTTTTTATCTGACTGCTCCCTGCAATATTACTTTTCCACTAAGTTTGC 
CAGAGGTACCCCTTTCTAACATTTGCTACCTGTTCGGATGGTCACCTCATG 
TCACATTTTTCTCTTCCTGTTCCGCCCACCCTCAGCCCTTGTCGGAAAGGA 
CCCTTTCGGCCTCTCTAATCACCAGAAGGGACTGCCAGGGCCTTGTGCTG 
ATGACACTCCCACCCTCCGTCAGCCTCCTCCACTAGCTGATAAATGGCAC 
CAGCCATGCTGTCTCTCTGGTTTTTAGGGGTCCCAAGCAAGGTACATTGCT 
GCTGCTGCCCAGCCCCTGCCATACCCCAGGGATCCGGGCCCCTGAGAAAA 
CCTCCAGGCTTCAAGTGACATACCTAGTCTGCTTTACCGGTTTACAGGACT 
CAAGAGAAAGGTGGACATTGAGAGTTAATCCCTGAGGCCAAATCTTAAAT 
GGAGAAAGTCAACATCCACAGAAAATGGGGAAGGGCACAAGTATTTCTG 
TGGGCTTATATTCCGACATTTTTATCTGTAGGGGAAAAATGCTTTCTTAGA 
AAATGACTCAGCACGGGGAAGTCTTGTCTCTACCTCTGTCTTGTTTTGTCC 
TTTGGGGTCCCTTCACTATCAAGTTCAACTGTGTGTCCCTGAGACTCCTCT 
GCCCCGGAGGACAGGAGACTCGAAAAACGCTCTTCCTGGCCAGTCTCTTT 
GCTCTGTGTCTGCCAGCCCCCAGCATCTCTCCTCTTTCCTGTAAGCCCCTC 
TCCCTGTGCTGACTGTCTTCATAGTACTTTAGGTATGTTGTCCCTTTACCTC 
TGGGAGGATAGCTTGATGACCTGTCTGCTCAGGCCAGCCCCATCTAGAGT 
CTCAGTGGCCCCAGTCATGTTGAGAAAGGTTCTTTCAAAGATAGACTCAA 
GATAGTAGTGTCAGAGGTCCCAAGCAAATGAAGGGCGGGGACAGTTGAG 
GGGGTGGAATAGGGACGGCAGCAGGGAACCAGATAGCATGCTGCTGAGA 
AGAAAAAAAGACATTGGTTTAGGTCAGGAAGCAAAAAAAGGGAACTGAG 
TGGCTGTGAAAGGGTGGGGTTTGCTCAGACTGTCCTTCCTCTCTGGACTGT 
AAGAATTAGTCTCGAGGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTC 
ACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCC 
ACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAA 
GCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGC 
CCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTAC 
CCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGG 
CTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGA 
CCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGA 
GCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAG 
CTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCA 
GAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGAC 
GGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCG 
ACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCC 
CTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTT 
CGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAA 

AB.BTKp.GFP (SEQ ID NO: 38) 
TTTCCTAGGAGAATCCCTGGGGGAATCATTGCAGTTGGAGCATAATGTAG 
GGGGCCCGGATCCCTGGGGTATGGCAGGGGCTGGGCAGCAGCAGCAATG 
TACCTTGCTTGGGACCCCTAAAAACCAGAGAGACAGCATGGCTGGTGCCA 
TTTATCAGCTAGTGGAGGAGGCTGACGGAGGGTGGGAGTGTCATCAGCAC 
AAGGCCCTGGCAGTCCCTTCTGGTGATTAGAGAGGCCGAAAGGGTCCTTT 
CCGACAAGGGCTGAGGGTGGGCGGAACAGGAAGAGAAAAATGTGACATG 
AGGTGACCATCCGAACAGGTAGCAAATGTTAGAAAGGGGTACCTCTGGC 

-102-



WO 2018/195297 PCT/US2018/028331 

AAACTTAGTGGAAAAGTAATATTGCAGGGAGCAGTCAGATAAAAACAAG 
CCCTTCTGTCAAATAGTGCTTGAAGACTCAATAGGGATACATGGGTCAAT 
GAAGCCTTTAGAAAAAGAAATACTAAGAGGCAGATTCTCTGAGAACATG 
GTAAAAGCTCACGCTCCACGTTATGAAGTTGACCTTTGTGAGCTAGGGAA 
AGGCCTGGCTAGGCCAGGGTGTAGGCTACCTGCCTTGAGCTGTACCAGGC 
CAAATGTCGCCAGGGTCAGAGCTGGCTTATTAAAGGACTGTGTGGAAGCT 
GTGCCAACCTCGTGGTAACAATGGGTAAAAGACTGGGCCAGGAGAAAGC 
AGCCTCTGCCTCAGCCCAGACAGTGCGGCCAACCCTTGAGGTTGTGGCAA 
AGGTTTCTCCTCTTACCATTGCCCTCCATGTGCATGGCTTGCTTTTCTCTTG 
TCTTCATTATTTCTCCTTTCCTTTCCTCGGATCCACGCGTGAATTCTTTGTA 
AACTCCTTATGGTGCGAACTAATGTAACTTTCCATCCAGTTATGGGGGATT 
GGTGCAATTTTAAATTATCACTATGATTTGCTATTTCCATTTGAGCAAATT 
TCCTATAGAGTTTCCTTTCAGTGGACTAGACCCATATCAGGAAGTGACTTA 
GGTATAAAGGGAAGATACAGCTTTCGAAAACCAAAGTTTGGGCGTTCTCC 
AAAGAGTTATCAGATACCCCCTTCTACACCCACAATGATCTGATTGCTGA 
GATCTGATTGCTAACTACTGAAAATAAGGAAGAACTAGAATTTTCAGTGA 
CACAGTGCTCAGCAAGAAGCTAGAAAAGAGGCCTTGACATATTTGACTCC 
AAAGCTACTTGGTTATGCATGAAGCCATCTGGGGAGGGGAAGGAGGAGG 
GAGAACTCCTCTGAGGACCCTGAAACAATTGGGCCACGTGTGACTTTCAG 
TTTCTATGGAGATTCATGTGCAGTGGCTGAGGGCAATCTGAGAGCATTGG 
AAACCCAGAAGCTTTAAACGCGTAGGGGCCCCTGAGAAAACCTCCAGGC 
TTCAAGTGACATACCTAGTCTGCTTTACCGGTTTACAGGACTCAAGAGAA 
AGGTGGACATTGAGAGTTAATCCCTGAGGCCAAATCTTAAATGGAGAAAG 
TCAACATCCACAGAAAATGGGGAAGGGCACAAGTATTTCTGTGGGCTTAT 
ATTCCGACATTTTTATCTGTAGGGGAAAAATGCTTTCTTAGAAAATGACTC 
AGCACGGGGAAGTCTTGTCTCTACCTCTGTCTTGTTTTGTCCTTTGGGGTC 
CCTTCACTATCAAGTTCAACTGTGTGTCCCTGAGACTCCTCTGCCCCGGAG 
GACAGGAGACTCGAAAAACGCTCTTCCTGGCCAGTCTCTTTGCTCTGTGTC 
TGCCAGCCCCCAGCATCTCTCCTCTTTCCTGTAAGCCCCTCTCCCTGTGCT 
GACTGTCTTCATAGTACTTTAGGTATGTTGTCCCTTTACCTCTGGGAGGAT 
AGCTTGATGACCTGTCTGCTCAGGCCAGCCCCATCTAGAGTCTCAGTGGC 
CCCAGTCATGTTGAGAAAGGTTCTTTCAAAGATAGACTCAAGATAGTAGT 
GTCAGAGGTCCCAAGCAAATGAAGGGCGGGGACAGTTGAGGGGGTGGAA 
TAGGGACGGCAGCAGGGAACCAGATAGCATGCTGCTGAGAAGAAAAAAA 
GACATTGGTTTAGGTCAGGAAGCAAAAAAAGGGAACTGAGTGGCTGTGA 
AAGGGTGGGGTTTGCTCAGACTGTCCTTCCTCTCTGGACTGTAAGAATTAG 
TCTCGAGGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTG 
GTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAG 
CGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTG 
AAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGT 
GACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACA 
TGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAG 
GAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGA 
GGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGC 
ATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACA 
ACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGG 
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CATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTG 
CAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGT 
GCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAG 
ACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCC 
GCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAA 

A.BTKp.GFP (SEQ ID NO: 39) 
TTTCCTAGGAGAATCCCTGGGGGAATCATTGCAGTTGGAGCATAATGTAG 
GGGGCCCGGATCCCTGGGGTATGGCAGGGGCTGGGCAGCAGCAGCAATG 
TACCTTGCTTGGGACCCCTAAAAACCAGAGAGACAGCATGGCTGGTGCCA 
TTTATCAGCTAGTGGAGGAGGCTGACGGAGGGTGGGAGTGTCATCAGCAC 
AAGGCCCTGGCAGTCCCTTCTGGTGATTAGAGAGGCCGAAAGGGTCCTTT 
CCGACAAGGGCTGAGGGTGGGCGGAACAGGAAGAGAAAAATGTGACATG 
AGGTGACCATCCGAACAGGTAGCAAATGTTAGAAAGGGGTACCTCTGGC 
AAACTTAGTGGAAAAGTAATATTGCAGGGAGCAGTCAGATAAAAACAAG 
CCCTTCTGTCAAATAGTGCTTGAAGACTCAATAGGGATACATGGGTCAAT 
GAAGCCTTTAGAAAAAGAAATACTAAGAGGCAGATTCTCTGAGAACATG 
GTAAAAGCTCACGCTCCACGTTATGAAGTTGACCTTTGTGAGCTAGGGAA 
AGGCCTGGCTAGGCCAGGGTGTAGGCTACCTGCCTTGAGCTGTACCAGGC 
CAAATGTCGCCAGGGTCAGAGCTGGCTTATTAAAGGACTGTGTGGAAGCT 
GTGCCAACCTCGTGGTAACAATGGGTAAAAGACTGGGCCAGGAGAAAGC 
AGCCTCTGCCTCAGCCCAGACAGTGCGGCCAACCCTTGAGGTTGTGGCAA 
AGGTTTCTCCTCTTACCATTGCCCTCCATGTGCATGGCTTGCTTTTCTCTTG 
TCTTCATTATTTCTCCTTTCCTTTCCTCGGATCCACGCGTAGGGGCCCCTGA 
GAAAACCTCCAGGCTTCAAGTGACATACCTAGTCTGCTTTACCGGTTTACA 
GGACTCAAGAGAAAGGTGGACATTGAGAGTTAATCCCTGAGGCCAAATCT 
TAAATGGAGAAAGTCAACATCCACAGAAAATGGGGAAGGGCACAAGTAT 
TTCTGTGGGCTTATATTCCGACATTTTTATCTGTAGGGGAAAAATGCTTTC 
TTAGAAAATGACTCAGCACGGGGAAGTCTTGTCTCTACCTCTGTCTTGTTT 
TGTCCTTTGGGGTCCCTTCACTATCAAGTTCAACTGTGTGTCCCTGAGACT 
CCTCTGCCCCGGAGGACAGGAGACTCGAAAAACGCTCTTCCTGGCCAGTC 
TCTTTGCTCTGTGTCTGCCAGCCCCCAGCATCTCTCCTCTTTCCTGTAAGCC 
CCTCTCCCTGTGCTGACTGTCTTCATAGTACTTTAGGTATGTTGTCCCTTTA 
CCTCTGGGAGGATAGCTTGATGACCTGTCTGCTCAGGCCAGCCCCATCTA 
GAGTCTCAGTGGCCCCAGTCATGTTGAGAAAGGTTCTTTCAAAGATAGAC 
TCAAGATAGTAGTGTCAGAGGTCCCAAGCAAATGAAGGGCGGGGACAGT 
TGAGGGGGTGGAATAGGGACGGCAGCAGGGAACCAGATAGCATGCTGCT 
GAGAAGAAAAAAAGACATTGGTTTAGGTCAGGAAGCAAAAAAAGGGAAC 
TGAGTGGCTGTGAAAGGGTGGGGTTTGCTCAGACTGTCCTTCCTCTCTGGA 
CTGTAAGAATTAGTCTCGAGGCCACCATGGTGAGCAAGGGCGAGGAGCT 
GTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACG 
GCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGG 
CAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCT 
GGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGC 
TACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGA 
AGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACA 
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AGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCAT 
CGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCAC 
AAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAA 
GCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAG 
GACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCG 
GCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCC 
GCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGG 
AGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAG 
TAA 

B.BTKp.GFP (SEQ ID NO: 40) 
TTTCCTAGGAGAATCCCTGGGGGAATCATTGCAGTTGGAGCATAATGTAG 
GGGGCCCGGATCCACGCGTGAATTCTTTGTAAACTCCTTATGGTGCGAAC 
TAATGTAACTTTCCATCCAGTTATGGGGGATTGGTGCAATTTTAAATTATC 
ACTATGATTTGCTATTTCCATTTGAGCAAATTTCCTATAGAGTTTCCTTTCA 
GTGGACTAGACCCATATCAGGAAGTGACTTAGGTATAAAGGGAAGATAC 
AGCTTTCGAAAACCAAAGTTTGGGCGTTCTCCAAAGAGTTATCAGATACC 
CCCTTCTACACCCACAATGATCTGATTGCTGAGATCTGATTGCTAACTACT 
GAAAATAAGGAAGAACTAGAATTTTCAGTGACACAGTGCTCAGCAAGAA 
GCTAGAAAAGAGGCCTTGACATATTTGACTCCAAAGCTACTTGGTTATGC 
ATGAAGCCATCTGGGGAGGGGAAGGAGGAGGGAGAACTCCTCTGAGGAC 
CCTGAAACAATTGGGCCACGTGTGACTTTCAGTTTCTATGGAGATTCATGT 
GCAGTGGCTGAGGGCAATCTGAGAGCATTGGAAACCCAGAAGCTTTAAA 
CGCGTAGGGGCCCCTGAGAAAACCTCCAGGCTTCAAGTGACATACCTAGT 
CTGCTTTACCGGTTTACAGGACTCAAGAGAAAGGTGGACATTGAGAGTTA 
ATCCCTGAGGCCAAATCTTAAATGGAGAAAGTCAACATCCACAGAAAATG 
GGGAAGGGCACAAGTATTTCTGTGGGCTTATATTCCGACATTTTTATCTGT 
AGGGGAAAAATGCTTTCTTAGAAAATGACTCAGCACGGGGAAGTCTTGTC 
TCTACCTCTGTCTTGTTTTGTCCTTTGGGGTCCCTTCACTATCAAGTTCAAC 
TGTGTGTCCCTGAGACTCCTCTGCCCCGGAGGACAGGAGACTCGAAAAAC 
GCTCTTCCTGGCCAGTCTCTTTGCTCTGTGTCTGCCAGCCCCCAGCATCTC 
TCCTCTTTCCTGTAAGCCCCTCTCCCTGTGCTGACTGTCTTCATAGTACTTT 
AGGTATGTTGTCCCTTTACCTCTGGGAGGATAGCTTGATGACCTGTCTGCT 
CAGGCCAGCCCCATCTAGAGTCTCAGTGGCCCCAGTCATGTTGAGAAAGG 
TTCTTTCAAAGATAGACTCAAGATAGTAGTGTCAGAGGTCCCAAGCAAAT 
GAAGGGCGGGGACAGTTGAGGGGGTGGAATAGGGACGGCAGCAGGGAA 
CCAGATAGCATGCTGCTGAGAAGAAAAAAAGACATTGGTTTAGGTCAGG 
AAGCAAAAAAAGGGAACTGAGTGGCTGTGAAAGGGTGGGGTTTGCTCAG 
ACTGTCCTTCCTCTCTGGACTGTAAGAATTAGTCTCGAGGCCACCATGGTG 
AGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCT 
GGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAG 
GGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGG 
CAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCG 
TGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTC 
AAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAA 
GGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGAC 
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ACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACG 
GCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGT 
CTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAG 
ATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCA 
GCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACT 
ACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGA 
TCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCA 
TGGACGAGCTGTACAAGTAA 

0.7UCOE.AB.BTKp.coBTK (SEQ ID NO: 41) 
TTTCCTAGGAGAATCCCTGGGGGAATCATTGCAGTTGGAGCATAATGTAG 
GGGGCCGCGTGTGGCATCTGAAGCACCACCAGCGAGCGAGAGCTAGAGA 
GAAGGAAAGCCACCGACTTCACCGCCTCCGAGCTGCTCCGGGTCGCGGGT 
CTGCAGCGTCTCCGGCCCTCCGCGCCTACAGCTCAAGCCACATCCGAAGG 
GGGAGGGAGCCGGGAGCTGCGCGCGGGGCCGCCGGGGGGAGGGGTGGC 
ACCGCCCACGCCGGGCGGCCACGAAGGGCGGGGCAGCGGGCGCGCGCCC 
GGCGGGGGGAGGGGCCGCGCGCCGCGCCCGCTGGGAATTGGGGCCCTAG 
GGGGAGGGCGGAGGCGCCGACGACCGCGGCACTTACCGTTCGCGGCGTG 
GCGCCCGGTGGTCCCCAAGGGGAGGGAAGGGGGAGGCGGGGCGAGGAC 
AGTGACCGGAGTCTCCTCAGCGGTGGCTTTTCTGCTTGGCAGCCTCAGCG 
GCTGGCGCCAAAACCGGACTCCGCCCACTTCCTCGCCCCTGCGGTGCGAG 
GGTGTGGAATCCTCCAGACGCTGGGGGAGGGGGAGTTGGGAGCTTAAAA 
ACTAGTACCCCTTTGGGACCACTTTCAGCAGCGAACTCTCCTGTACACCA 
GGGGTCAGTTCCACAGACGCGGGCCAGGGGTGGGTCATTGCGGCGTGAA 
CAATAATTTGACTAGAAGTTGATTCGGGTGTTTGCGGCCCTGGGGTATGG 
CAGGGGCTGGGCAGCAGCAGCAATGTACCTTGCTTGGGACCCCTAAAAAC 
CAGAGAGACAGCATGGCTGGTGCCATTTATCAGCTAGTGGAGGAGGCTGA 
CGGAGGGTGGGAGTGTCATCAGCACAAGGCCCTGGCAGTCCCTTCTGGTG 
ATTAGAGAGGCCGAAAGGGTCCTTTCCGACAAGGGCTGAGGGTGGGCGG 
AACAGGAAGAGAAAAATGTGACATGAGGTGACCATCCGAACAGGTAGCA 
AATGTTAGAAAGGGGTACCTCTGGCAAACTTAGTGGAAAAGTAATATTGC 
AGGGAGCAGTCAGATAAAAACAAGCCCTTCTGTCAAATAGTGCTTGAAGA 
CTCAATAGGGATACATGGGTCAATGAAGCCTTTAGAAAAAGAAATACTAA 
GAGGCAGATTCTCTGAGAACATGGTAAAAGCTCACGCTCCACGTTATGAA 
GTTGACCTTTGTGAGCTAGGGAAAGGCCTGGCTAGGCCAGGGTGTAGGCT 
ACCTGCCTTGAGCTGTACCAGGCCAAATGTCGCCAGGGTCAGAGCTGGCT 
TATTAAAGGACTGTGTGGAAGCTGTGCCAACCTCGTGGTAACAATGGGTA 
AAAGACTGGGCCAGGAGAAAGCAGCCTCTGCCTCAGCCCAGACAGTGCG 
GCCAACCCTTGAGGTTGTGGCAAAGGTTTCTCCTCTTACCATTGCCCTCCA 
TGTGCATGGCTTGCTTTTCTCTTGTCTTCATTATTTCTCCTTTCCTTTCCTCG 
GATCCACGCGTGAATTCTTTGTAAACTCCTTATGGTGCGAACTAATGTAAC 
TTTCCATCCAGTTATGGGGGATTGGTGCAATTTTAAATTATCACTATGATT 
TGCTATTTCCATTTGAGCAAATTTCCTATAGAGTTTCCTTTCAGTGGACTA 
GACCCATATCAGGAAGTGACTTAGGTATAAAGGGAAGATACAGCTTTCGA 
AAACCAAAGTTTGGGCGTTCTCCAAAGAGTTATCAGATACCCCCTTCTAC 
ACCCACAATGATCTGATTGCTGAGATCTGATTGCTAACTACTGAAAATAA 
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GGAAGAACTAGAATTTTCAGTGACACAGTGCTCAGCAAGAAGCTAGAAA 
AGAGGCCTTGACATATTTGACTCCAAAGCTACTTGGTTATGCATGAAGCC 
ATCTGGGGAGGGGAAGGAGGAGGGAGAACTCCTCTGAGGACCCTGAAAC 
AATTGGGCCACGTGTGACTTTCAGTTTCTATGGAGATTCATGTGCAGTGGC 
TGAGGGCAATCTGAGAGCATTGGAAACCCAGAAGCTTTAAGGCCCCTGAG 
AAAACCTCCAGGCTTCAAGTGACATACCTAGTCTGCTTTACCGGTTTACAG 
GACTCAAGAGAAAGGTGGACATTGAGAGTTAATCCCTGAGGCCAAATCTT 
AAATGGAGAAAGTCAACATCCACAGAAAATGGGGAAGGGCACAAGTATT 
TCTGTGGGCTTATATTCCGACATTTTTATCTGTAGGGGAAAAATGCTTTCT 
TAGAAAATGACTCAGCACGGGGAAGTCTTGTCTCTACCTCTGTCTTGTTTT 
GTCCTTTGGGGTCCCTTCACTATCAAGTTCAACTGTGTGTCCCTGAGACTC 
CTCTGCCCCGGAGGACAGGAGACTCGAAAAACGCTCTTCCTGGCCAGTCT 
CTTTGCTCTGTGTCTGCCAGCCCCCAGCATCTCTCCTCTTTCCTGTAAGCCC 
CTCTCCCTGTGCTGACTGTCTTCATAGTACTTTAGGTATGTTGTCCCTTTAC 
CTCTGGGAGGATAGCTTGATGACCTGTCTGCTCAGGCCAGCCCCATCTAG 
AGTCTCAGTGGCCCCAGTCATGTTGAGAAAGGTTCTTTCAAAGATAGACT 
CAAGATAGTAGTGTCAGAGGTCCCAAGCAAATGAAGGGCGGGGACAGTT 
GAGGGGGTGGAATAGGGACGGCAGCAGGGAACCAGATAGCATGCTGCTG 
AGAAGAAAAAAAGACATTGGTTTAGGTCAGGAAGCAAAAAAAGGGAACT 
GAGTGGCTGTGAAAGGGTGGGGTTTGCTCAGACTGTCCTTCCTCTCTGGA 
CTGTAAGAATTAGTCTCGAGAAAGAAGCCACCATGGCCGCTGTGATCCTG 
GAGAGCATTTTCCTGAAGAGGTCCCAGCAGAAAAAGAAAACCTCTCCCCT 
GAACTTTAAGAAAAGACTGTTCCTGCTGACAGTGCACAAGCTGTCTTACT 
ATGAGTACGACTTTGAGCGGGGCCGCCGAGGATCAAAAAAGGGGAGCAT 
CGATGTGGAGAAGATTACATGCGTGGAGACCGTGGTCCCTGAAAAGAATC 
CACCCCCTGAGAGGCAGATCCCAAGACGGGGCGAGGAGTCCTCTGAGAT 
GGAGCAGATTAGTATCATTGAGCGCTTCCCCTATCCTTTTCAGGTGGTGTA 
CGACGAGGGACCACTGTATGTGTTCTCACCCACAGAGGAGCTGAGAAAG 
AGGTGGATTCACCAGCTGAAGAACGTGATTAGATACAATAGCGATCTGGT 
GCAGAAGTATCACCCTTGTTTTTGGATCGACGGGCAGTACCTGTGCTGTTC 
CCAGACAGCTAAGAACGCTATGGGATGCCAGATTCTGGAAAATCGGAAC 
GGATCTCTGAAACCAGGGAGTTCACACCGCAAGACCAAAAAGCCCCTGC 
CTCCAACACCCGAGGAGGATCAGATCCTGAAAAAGCCTCTGCCACCCGAG 
CCTGCTGCAGCCCCAGTCAGCACTTCCGAACTGAAAAAGGTGGTGGCTCT 
GTATGACTACATGCCCATGAATGCTAACGATCTGCAGCTGAGAAAGGGCG 
ACGAGTATTTCATTCTGGAAGAGTCTAATCTGCCTTGGTGGAGGGCCAGA 
GATAAGAACGGACAGGAGGGGTACATCCCATCTAATTATGTGACCGAGG 
CTGAGGACTCTATTGAGATGTACGAGTGGTATAGCAAGCACATGACACGG 
TCCCAGGCTGAGCAGCTGCTGAAGCAGGAGGGCAAAGAGGGAGGGTTTA 
TCGTGCGCGATTCTAGTAAGGCCGGCAAATACACTGTGTCAGTGTTCGCT 
AAGAGCACCGGAGACCCCCAGGGCGTGATCAGACACTATGTGGTGTGTTC 
CACACCTCAGTCTCAGTACTATCTGGCTGAGAAGCACCTGTTTAGTACAAT 
CCCAGAGCTGATTAACTACCACCAGCACAATTCTGCCGGCCTGATCAGCA 
GGCTGAAGTATCCCGTCTCCCAGCAGAACAAAAATGCTCCTTCTACCGCT 
GGACTGGGGTACGGCAGTTGGGAGATTGATCCAAAGGACCTGACATTCCT 
GAAGGAGCTGGGAACTGGGCAGTTTGGCGTGGTGAAGTATGGAAAATGG 
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AGAGGGCAGTACGATGTGGCCATCAAGATGATCAAGGAGGGCTCAATGA 
GCGAGGACGAGTTCATCGAGGAGGCTAAGGTCATGATGAACCTGTCCCAC 
GAGAAACTGGTGCAGCTGTATGGAGTGTGCACCAAGCAGCGGCCCATTTT 
TATCATTACAGAGTACATGGCTAATGGGTGTCTGCTGAACTATCTGCGCG 
AGATGAGACACAGATTCCAGACACAGCAGCTGCTGGAAATGTGCAAGGA 
TGTGTGTGAGGCTATGGAGTACCTGGAGTCTAAGCAGTTTCTGCACCGGG 
ACCTGGCTGCTCGCAATTGCCTGGTGAACGATCAGGGCGTGGTGAAGGTG 
AGTGACTTCGGACTGTCAAGGTATGTGCTGGATGACGAGTACACCAGCTC 
CGTGGGCTCTAAGTTTCCTGTGAGATGGTCTCCACCCGAGGTGCTGATGTA 
TAGCAAGTTCTCCTCTAAGAGCGATATCTGGGCCTTTGGCGTGCTGATGTG 
GGAAATCTACAGCCTGGGCAAGATGCCTTACGAGCGGTTCACAAATTCCG 
AGACAGCTGAGCACATCGCCCAGGGCCTGCGCCTGTACCGGCCACATCTG 
GCCTCTGAGAAGGTGTACACCATCATGTACAGCTGTTGGCACGAGAAGGC 
CGACGAGAGACCCACATTCAAGATCCTGCTGTCCAACATTCTAGATGTGA 
TGGACGAGGAGAGCTGA 

AB.BTKp.coBTK (SEQ ID NO: 42) 
TTTCCTAGGAGAATCCCTGGGGGAATCATTGCAGTTGGAGCATAATGTAG 
GGGGCCCTGGGGTATGGCAGGGGCTGGGCAGCAGCAGCAATGTACCTTG 
CTTGGGACCCCTAAAAACCAGAGAGACAGCATGGCTGGTGCCATTTATCA 
GCTAGTGGAGGAGGCTGACGGAGGGTGGGAGTGTCATCAGCACAAGGCC 
CTGGCAGTCCCTTCTGGTGATTAGAGAGGCCGAAAGGGTCCTTTCCGACA 
AGGGCTGAGGGTGGGCGGAACAGGAAGAGAAAAATGTGACATGAGGTGA 
CCATCCGAACAGGTAGCAAATGTTAGAAAGGGGTACCTCTGGCAAACTTA 
GTGGAAAAGTAATATTGCAGGGAGCAGTCAGATAAAAACAAGCCCTTCT 
GTCAAATAGTGCTTGAAGACTCAATAGGGATACATGGGTCAATGAAGCCT 
TTAGAAAAAGAAATACTAAGAGGCAGATTCTCTGAGAACATGGTAAAAG 
CTCACGCTCCACGTTATGAAGTTGACCTTTGTGAGCTAGGGAAAGGCCTG 
GCTAGGCCAGGGTGTAGGCTACCTGCCTTGAGCTGTACCAGGCCAAATGT 
CGCCAGGGTCAGAGCTGGCTTATTAAAGGACTGTGTGGAAGCTGTGCCAA 
CCTCGTGGTAACAATGGGTAAAAGACTGGGCCAGGAGAAAGCAGCCTCT 
GCCTCAGCCCAGACAGTGCGGCCAACCCTTGAGGTTGTGGCAAAGGTTTC 
TCCTCTTACCATTGCCCTCCATGTGCATGGCTTGCTTTTCTCTTGTCTTCAT 
TATTTCTCCTTTCCTTTCCTCGGATCCACGCGTGAATTCTTTGTAAACTCCT 
TATGGTGCGAACTAATGTAACTTTCCATCCAGTTATGGGGGATTGGTGCA 
ATTTTAAATTATCACTATGATTTGCTATTTCCATTTGAGCAAATTTCCTATA 
GAGTTTCCTTTCAGTGGACTAGACCCATATCAGGAAGTGACTTAGGTATA 
AAGGGAAGATACAGCTTTCGAAAACCAAAGTTTGGGCGTTCTCCAAAGAG 
TTATCAGATACCCCCTTCTACACCCACAATGATCTGATTGCTGAGATCTGA 
TTGCTAACTACTGAAAATAAGGAAGAACTAGAATTTTCAGTGACACAGTG 
CTCAGCAAGAAGCTAGAAAAGAGGCCTTGACATATTTGACTCCAAAGCTA 
CTTGGTTATGCATGAAGCCATCTGGGGAGGGGAAGGAGGAGGGAGAACT 
CCTCTGAGGACCCTGAAACAATTGGGCCACGTGTGACTTTCAGTTTCTATG 
GAGATTCATGTGCAGTGGCTGAGGGCAATCTGAGAGCATTGGAAACCCAG 
AAGCTTTAAGGCCCCTGAGAAAACCTCCAGGCTTCAAGTGACATACCTAG 
TCTGCTTTACCGGTTTACAGGACTCAAGAGAAAGGTGGACATTGAGAGTT 
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AATCCCTGAGGCCAAATCTTAAATGGAGAAAGTCAACATCCACAGAAAAT 
GGGGAAGGGCACAAGTATTTCTGTGGGCTTATATTCCGACATTTTTATCTG 
TAGGGGAAAAATGCTTTCTTAGAAAATGACTCAGCACGGGGAAGTCTTGT 
CTCTACCTCTGTCTTGTTTTGTCCTTTGGGGTCCCTTCACTATCAAGTTCAA 
CTGTGTGTCCCTGAGACTCCTCTGCCCCGGAGGACAGGAGACTCGAAAAA 
CGCTCTTCCTGGCCAGTCTCTTTGCTCTGTGTCTGCCAGCCCCCAGCATCT 
CTCCTCTTTCCTGTAAGCCCCTCTCCCTGTGCTGACTGTCTTCATAGTACTT 
TAGGTATGTTGTCCCTTTACCTCTGGGAGGATAGCTTGATGACCTGTCTGC 
TCAGGCCAGCCCCATCTAGAGTCTCAGTGGCCCCAGTCATGTTGAGAAAG 
GTTCTTTCAAAGATAGACTCAAGATAGTAGTGTCAGAGGTCCCAAGCAAA 
TGAAGGGCGGGGACAGTTGAGGGGGTGGAATAGGGACGGCAGCAGGGA 
ACCAGATAGCATGCTGCTGAGAAGAAAAAAAGACATTGGTTTAGGTCAG 
GAAGCAAAAAAAGGGAACTGAGTGGCTGTGAAAGGGTGGGGTTTGCTCA 
GACTGTCCTTCCTCTCTGGACTGTAAGAATTAGTCTCGAGAAAGAAGCCA 
CCATGGCCGCTGTGATCCTGGAGAGCATTTTCCTGAAGAGGTCCCAGCAG 
AAAAAGAAAACCTCTCCCCTGAACTTTAAGAAAAGACTGTTCCTGCTGAC 
AGTGCACAAGCTGTCTTACTATGAGTACGACTTTGAGCGGGGCCGCCGAG 
GATCAAAAAAGGGGAGCATCGATGTGGAGAAGATTACATGCGTGGAGAC 
CGTGGTCCCTGAAAAGAATCCACCCCCTGAGAGGCAGATCCCAAGACGG 
GGCGAGGAGTCCTCTGAGATGGAGCAGATTAGTATCATTGAGCGCTTCCC 
CTATCCTTTTCAGGTGGTGTACGACGAGGGACCACTGTATGTGTTCTCACC 
CACAGAGGAGCTGAGAAAGAGGTGGATTCACCAGCTGAAGAACGTGATT 
AGATACAATAGCGATCTGGTGCAGAAGTATCACCCTTGTTTTTGGATCGA 
CGGGCAGTACCTGTGCTGTTCCCAGACAGCTAAGAACGCTATGGGATGCC 
AGATTCTGGAAAATCGGAACGGATCTCTGAAACCAGGGAGTTCACACCGC 
AAGACCAAAAAGCCCCTGCCTCCAACACCCGAGGAGGATCAGATCCTGA 
AAAAGCCTCTGCCACCCGAGCCTGCTGCAGCCCCAGTCAGCACTTCCGAA 
CTGAAAAAGGTGGTGGCTCTGTATGACTACATGCCCATGAATGCTAACGA 
TCTGCAGCTGAGAAAGGGCGACGAGTATTTCATTCTGGAAGAGTCTAATC 
TGCCTTGGTGGAGGGCCAGAGATAAGAACGGACAGGAGGGGTACATCCC 
ATCTAATTATGTGACCGAGGCTGAGGACTCTATTGAGATGTACGAGTGGT 
ATAGCAAGCACATGACACGGTCCCAGGCTGAGCAGCTGCTGAAGCAGGA 
GGGCAAAGAGGGAGGGTTTATCGTGCGCGATTCTAGTAAGGCCGGCAAA 
TACACTGTGTCAGTGTTCGCTAAGAGCACCGGAGACCCCCAGGGCGTGAT 
CAGACACTATGTGGTGTGTTCCACACCTCAGTCTCAGTACTATCTGGCTGA 
GAAGCACCTGTTTAGTACAATCCCAGAGCTGATTAACTACCACCAGCACA 
ATTCTGCCGGCCTGATCAGCAGGCTGAAGTATCCCGTCTCCCAGCAGAAC 
AAAAATGCTCCTTCTACCGCTGGACTGGGGTACGGCAGTTGGGAGATTGA 
TCCAAAGGACCTGACATTCCTGAAGGAGCTGGGAACTGGGCAGTTTGGCG 
TGGTGAAGTATGGAAAATGGAGAGGGCAGTACGATGTGGCCATCAAGAT 
GATCAAGGAGGGCTCAATGAGCGAGGACGAGTTCATCGAGGAGGCTAAG 
GTCATGATGAACCTGTCCCACGAGAAACTGGTGCAGCTGTATGGAGTGTG 
CACCAAGCAGCGGCCCATTTTTATCATTACAGAGTACATGGCTAATGGGT 
GTCTGCTGAACTATCTGCGCGAGATGAGACACAGATTCCAGACACAGCAG 
CTGCTGGAAATGTGCAAGGATGTGTGTGAGGCTATGGAGTACCTGGAGTC 
TAAGCAGTTTCTGCACCGGGACCTGGCTGCTCGCAATTGCCTGGTGAACG 
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ATCAGGGCGTGGTGAAGGTGAGTGACTTCGGACTGTCAAGGTATGTGCTG 
GATGACGAGTACACCAGCTCCGTGGGCTCTAAGTTTCCTGTGAGATGGTC 
TCCACCCGAGGTGCTGATGTATAGCAAGTTCTCCTCTAAGAGCGATATCT 
GGGCCTTTGGCGTGCTGATGTGGGAAATCTACAGCCTGGGCAAGATGCCT 
TACGAGCGGTTCACAAATTCCGAGACAGCTGAGCACATCGCCCAGGGCCT 
GCGCCTGTACCGGCCACATCTGGCCTCTGAGAAGGTGTACACCATCATGT 
ACAGCTGTTGGCACGAGAAGGCCGACGAGAGACCCACATTCAAGATCCT 
GCTGTCCAACATTCTAGATGTGATGGACGAGGAGAGCTGA 

BTKe.AB.BTKp.coBTK (SEQ ID NO: 43) 
TTTCCTAGGAGAATCCCTGGGGGAATCATTGCAGTTGGAGCATAATGTAG 
GGGGCCCTCCATCACCTACTAGATATATCAGTGCAGTGAAAACTTCGCTA 
AACTAACGCTATACCTATATCATGAAGTGTGTGGACTAGAGACAAGTGCA 
TATCCTTACGGCAATTAACTGGGAAACGTCAAATAGTAACTACCACTCAC 
CTTTTTCCGGAAAATCGGCTTAGTTTGCCCACCATAGCCACTCTGCTTCCT 
GTCATAACGCCGCTTTCCTGGGAAAACGAATTGGTATTTGTTATAAAATA 
CTGAAGATCAGCAAGTAAGTCTTACAGGTTTTATCTTAATTTCGCAGCAG 
AAATATTAACGCTCAAGCCAGGCGTGGAGGGAGAGAGACCCGGACTCGT 
ATGTTATTCTACAACACAAATGTCACATTAACACCAAATTATGCGGAATC 
CATCTTACCCTGGGCGTACAGAGAATCCTTGCCCTTCTTGTACTGTGTCAC 
TTTATGGGGTTGGTGCTTGCCACACTTCTTACAGAAAGTCCGGCGGGTTTT 
AGGGACGTTAACCTAGTAAAGAAACAGTTCAGAACGTGCAATGTTATTTG 
ACCACAATGGCACAACGCCCTACCTTACCCAGCTAAAGCTGAGGCACTCC 
AGGAGGACTCCTCATTACTTGCTACCTCTGACTACAGGGTGGGCCAGCCC 
CATGTGCTTCAAGCAGAGCTTCCTCCCTCCGTCGAGCCCCAAAGAGGGAA 
GAGACCTCATTAACTCCACCCCCGGCTAACTCTACCTCTTTGAACCCATCA 
CTTCAATTCCTGGCCCCGTAGCCCGGTCCCTTTAGGGTTGATCCCGGCAAG 
ATTGGGTTGCTCTGATATATCGAGTCCACACAGGAGCCTGGACCCATCCC 
GGCATAGCACGGGCGACGAAGGGGGGGAAAGATTAAGCTGGATGTTACT 
CGGCCCCCACCAGCAAGTCCTACCATGCTTGCGTGAGCGCTATCGGCGCG 
GAAAGAAAGAAACCGCGAGGCAAACGGAAGTATATAGGAGGTTCCCGAT 
CGCACTTCCTCATGGGAGTCGGTAGGAGCAATCATAGAGTGTAAGGCTCA 
GCGCAGCGCCCTCGGGCGGCTGAGAGGACTCAGTTCGGAGCCGCGGGCG 
GGAGCTTAAGGAAGGACTCCGCCTAAAGGGTGGTCCACTCACCCCGACTT 
CCTCCCGCCCCGCAGCTTTCAACGTTTCGTCACTTTATCTCTTTTGGTGGA 
CTCTGCTACGTAGTGGCGTTCAGTGAAGGGAGCAGTGTTTTTCCCAGATCC 
TCTGGCCTCCCCGTCCCCGAGGGAAGCCAGGACTAGGGTCGAATGAAGG 
GGTCCTCCACCTCCACGTTCCATTCCTGTTCCACCTCAAGGTCACTGGGAA 
CACCTTTCGCAGCAAACTGCTAATTCAATGAAGACCTGGAGGGAGCCAAT 
TGTTCCAGTTCATCTATCACATGGCCAGTTGGTCCATTCAACAAATGGTTA 
TTGGATGCCCATTATGTGGCAGGCACTGTTCCGGGGGAGAGGTACAGTAA 
TCTAATAGGCTTATAAATGTGCAATTATGAACTAAGTACTTTGAAGAAAA 
GGAACAATGATTGGCATTAAAGCAGCACCCTTCTGTTGAGGGAGTAAGTC 
AGCAGCTCTAGGTTCTGAAAAGTGACAATGAAATTGTTTGGCTCCTGTCT 
GGGGTATGGCAGGGGCTGGGCAGCAGCAGCAATGTACCTTGCTTGGGACC 
CCTAAAAACCAGAGAGACAGCATGGCTGGTGCCATTTATCAGCTAGTGGA 

-110-



WO 2018/195297 PCT/US2018/028331 

GGAGGCTGACGGAGGGTGGGAGTGTCATCAGCACAAGGCCCTGGCAGTC 
CCTTCTGGTGATTAGAGAGGCCGAAAGGGTCCTTTCCGACAAGGGCTGAG 
GGTGGGCGGAACAGGAAGAGAAAAATGTGACATGAGGTGACCATCCGAA 
CAGGTAGCAAATGTTAGAAAGGGGTACCTCTGGCAAACTTAGTGGAAAA 
GTAATATTGCAGGGAGCAGTCAGATAAAAACAAGCCCTTCTGTCAAATAG 
TGCTTGAAGACTCAATAGGGATACATGGGTCAATGAAGCCTTTAGAAAAA 
GAAATACTAAGAGGCAGATTCTCTGAGAACATGGTAAAAGCTCACGCTCC 
ACGTTATGAAGTTGACCTTTGTGAGCTAGGGAAAGGCCTGGCTAGGCCAG 
GGTGTAGGCTACCTGCCTTGAGCTGTACCAGGCCAAATGTCGCCAGGGTC 
AGAGCTGGCTTATTAAAGGACTGTGTGGAAGCTGTGCCAACCTCGTGGTA 
ACAATGGGTAAAAGACTGGGCCAGGAGAAAGCAGCCTCTGCCTCAGCCC 
AGACAGTGCGGCCAACCCTTGAGGTTGTGGCAAAGGTTTCTCCTCTTACC 
ATTGCCCTCCATGTGCATGGCTTGCTTTTCTCTTGTCTTCATTATTTCTCCT 
TTCCTTTCCTCGGATCCACGCGTGAATTCTTTGTAAACTCCTTATGGTGCG 
AACTAATGTAACTTTCCATCCAGTTATGGGGGATTGGTGCAATTTTAAATT 
ATCACTATGATTTGCTATTTCCATTTGAGCAAATTTCCTATAGAGTTTCCTT 
TCAGTGGACTAGACCCATATCAGGAAGTGACTTAGGTATAAAGGGAAGAT 
ACAGCTTTCGAAAACCAAAGTTTGGGCGTTCTCCAAAGAGTTATCAGATA 
CCCCCTTCTACACCCACAATGATCTGATTGCTGAGATCTGATTGCTAACTA 
CTGAAAATAAGGAAGAACTAGAATTTTCAGTGACACAGTGCTCAGCAAG 
AAGCTAGAAAAGAGGCCTTGACATATTTGACTCCAAAGCTACTTGGTTAT 
GCATGAAGCCATCTGGGGAGGGGAAGGAGGAGGGAGAACTCCTCTGAGG 
ACCCTGAAACAATTGGGCCACGTGTGACTTTCAGTTTCTATGGAGATTCAT 
GTGCAGTGGCTGAGGGCAATCTGAGAGCATTGGAAACCCAGAAGCTTTAA 
GGCCCCTGAGAAAACCTCCAGGCTTCAAGTGACATACCTAGTCTGCTTTA 
CCGGTTTACAGGACTCAAGAGAAAGGTGGACATTGAGAGTTAATCCCTGA 
GGCCAAATCTTAAATGGAGAAAGTCAACATCCACAGAAAATGGGGAAGG 
GCACAAGTATTTCTGTGGGCTTATATTCCGACATTTTTATCTGTAGGGGAA 
AAATGCTTTCTTAGAAAATGACTCAGCACGGGGAAGTCTTGTCTCTACCTC 
TGTCTTGTTTTGTCCTTTGGGGTCCCTTCACTATCAAGTTCAACTGTGTGTC 
CCTGAGACTCCTCTGCCCCGGAGGACAGGAGACTCGAAAAACGCTCTTCC 
TGGCCAGTCTCTTTGCTCTGTGTCTGCCAGCCCCCAGCATCTCTCCTCTTTC 
CTGTAAGCCCCTCTCCCTGTGCTGACTGTCTTCATAGTACTTTAGGTATGT 
TGTCCCTTTACCTCTGGGAGGATAGCTTGATGACCTGTCTGCTCAGGCCAG 
CCCCATCTAGAGTCTCAGTGGCCCCAGTCATGTTGAGAAAGGTTCTTTCAA 
AGATAGACTCAAGATAGTAGTGTCAGAGGTCCCAAGCAAATGAAGGGCG 
GGGACAGTTGAGGGGGTGGAATAGGGACGGCAGCAGGGAACCAGATAGC 
ATGCTGCTGAGAAGAAAAAAAGACATTGGTTTAGGTCAGGAAGCAAAAA 
AAGGGAACTGAGTGGCTGTGAAAGGGTGGGGTTTGCTCAGACTGTCCTTC 
CTCTCTGGACTGTAAGAATTAGTCTCGAGAAAGAAGCCACCATGGCCGCT 
GTGATCCTGGAGAGCATTTTCCTGAAGAGGTCCCAGCAGAAAAAGAAAA 
CCTCTCCCCTGAACTTTAAGAAAAGACTGTTCCTGCTGACAGTGCACAAG 
CTGTCTTACTATGAGTACGACTTTGAGCGGGGCCGCCGAGGATCAAAAAA 
GGGGAGCATCGATGTGGAGAAGATTACATGCGTGGAGACCGTGGTCCCTG 
AAAAGAATCCACCCCCTGAGAGGCAGATCCCAAGACGGGGCGAGGAGTC 
CTCTGAGATGGAGCAGATTAGTATCATTGAGCGCTTCCCCTATCCTTTTCA 
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GGTGGTGTACGACGAGGGACCACTGTATGTGTTCTCACCCACAGAGGAGC 
TGAGAAAGAGGTGGATTCACCAGCTGAAGAACGTGATTAGATACAATAG 
CGATCTGGTGCAGAAGTATCACCCTTGTTTTTGGATCGACGGGCAGTACCT 
GTGCTGTTCCCAGACAGCTAAGAACGCTATGGGATGCCAGATTCTGGAAA 
ATCGGAACGGATCTCTGAAACCAGGGAGTTCACACCGCAAGACCAAAAA 
GCCCCTGCCTCCAACACCCGAGGAGGATCAGATCCTGAAAAAGCCTCTGC 
CACCCGAGCCTGCTGCAGCCCCAGTCAGCACTTCCGAACTGAAAAAGGTG 
GTGGCTCTGTATGACTACATGCCCATGAATGCTAACGATCTGCAGCTGAG 
AAAGGGCGACGAGTATTTCATTCTGGAAGAGTCTAATCTGCCTTGGTGGA 
GGGCCAGAGATAAGAACGGACAGGAGGGGTACATCCCATCTAATTATGT 
GACCGAGGCTGAGGACTCTATTGAGATGTACGAGTGGTATAGCAAGCACA 
TGACACGGTCCCAGGCTGAGCAGCTGCTGAAGCAGGAGGGCAAAGAGGG 
AGGGTTTATCGTGCGCGATTCTAGTAAGGCCGGCAAATACACTGTGTCAG 
TGTTCGCTAAGAGCACCGGAGACCCCCAGGGCGTGATCAGACACTATGTG 
GTGTGTTCCACACCTCAGTCTCAGTACTATCTGGCTGAGAAGCACCTGTTT 
AGTACAATCCCAGAGCTGATTAACTACCACCAGCACAATTCTGCCGGCCT 
GATCAGCAGGCTGAAGTATCCCGTCTCCCAGCAGAACAAAAATGCTCCTT 
CTACCGCTGGACTGGGGTACGGCAGTTGGGAGATTGATCCAAAGGACCTG 
ACATTCCTGAAGGAGCTGGGAACTGGGCAGTTTGGCGTGGTGAAGTATGG 
AAAATGGAGAGGGCAGTACGATGTGGCCATCAAGATGATCAAGGAGGGC 
TCAATGAGCGAGGACGAGTTCATCGAGGAGGCTAAGGTCATGATGAACCT 
GTCCCACGAGAAACTGGTGCAGCTGTATGGAGTGTGCACCAAGCAGCGG 
CCCATTTTTATCATTACAGAGTACATGGCTAATGGGTGTCTGCTGAACTAT 
CTGCGCGAGATGAGACACAGATTCCAGACACAGCAGCTGCTGGAAATGT 
GCAAGGATGTGTGTGAGGCTATGGAGTACCTGGAGTCTAAGCAGTTTCTG 
CACCGGGACCTGGCTGCTCGCAATTGCCTGGTGAACGATCAGGGCGTGGT 
GAAGGTGAGTGACTTCGGACTGTCAAGGTATGTGCTGGATGACGAGTACA 
CCAGCTCCGTGGGCTCTAAGTTTCCTGTGAGATGGTCTCCACCCGAGGTG 
CTGATGTATAGCAAGTTCTCCTCTAAGAGCGATATCTGGGCCTTTGGCGTG 
CTGATGTGGGAAATCTACAGCCTGGGCAAGATGCCTTACGAGCGGTTCAC 
AAATTCCGAGACAGCTGAGCACATCGCCCAGGGCCTGCGCCTGTACCGGC 
CACATCTGGCCTCTGAGAAGGTGTACACCATCATGTACAGCTGTTGGCAC 
GAGAAGGCCGACGAGAGACCCACATTCAAGATCCTGCTGTCCAACATTCT 
AGATGTGATGGACGAGGAGAGCTGA 

BTKe.BTKp.coBTK (SEQ ID NO: 44) 
TTTCCTAGGAGAATCCCTGGGGGAATCATTGCAGTTGGAGCATAATGTAG 
GGGGCCCTCCATCACCTACTAGATATATCAGTGCAGTGAAAACTTCGCTA 
AACTAACGCTATACCTATATCATGAAGTGTGTGGACTAGAGACAAGTGCA 
TATCCTTACGGCAATTAACTGGGAAACGTCAAATAGTAACTACCACTCAC 
CTTTTTCCGGAAAATCGGCTTAGTTTGCCCACCATAGCCACTCTGCTTCCT 
GTCATAACGCCGCTTTCCTGGGAAAACGAATTGGTATTTGTTATAAAATA 
CTGAAGATCAGCAAGTAAGTCTTACAGGTTTTATCTTAATTTCGCAGCAG 
AAATATTAACGCTCAAGCCAGGCGTGGAGGGAGAGAGACCCGGACTCGT 
ATGTTATTCTACAACACAAATGTCACATTAACACCAAATTATGCGGAATC 
CATCTTACCCTGGGCGTACAGAGAATCCTTGCCCTTCTTGTACTGTGTCAC 
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TTTATGGGGTTGGTGCTTGCCACACTTCTTACAGAAAGTCCGGCGGGTTTT 
AGGGACGTTAACCTAGTAAAGAAACAGTTCAGAACGTGCAATGTTATTTG 
ACCACAATGGCACAACGCCCTACCTTACCCAGCTAAAGCTGAGGCACTCC 
AGGAGGACTCCTCATTACTTGCTACCTCTGACTACAGGGTGGGCCAGCCC 
CATGTGCTTCAAGCAGAGCTTCCTCCCTCCGTCGAGCCCCAAAGAGGGAA 
GAGACCTCATTAACTCCACCCCCGGCTAACTCTACCTCTTTGAACCCATCA 
CTTCAATTCCTGGCCCCGTAGCCCGGTCCCTTTAGGGTTGATCCCGGCAAG 
ATTGGGTTGCTCTGATATATCGAGTCCACACAGGAGCCTGGACCCATCCC 
GGCATAGCACGGGCGACGAAGGGGGGGAAAGATTAAGCTGGATGTTACT 
CGGCCCCCACCAGCAAGTCCTACCATGCTTGCGTGAGCGCTATCGGCGCG 
GAAAGAAAGAAACCGCGAGGCAAACGGAAGTATATAGGAGGTTCCCGAT 
CGCACTTCCTCATGGGAGTCGGTAGGAGCAATCATAGAGTGTAAGGCTCA 
GCGCAGCGCCCTCGGGCGGCTGAGAGGACTCAGTTCGGAGCCGCGGGCG 
GGAGCTTAAGGAAGGACTCCGCCTAAAGGGTGGTCCACTCACCCCGACTT 
CCTCCCGCCCCGCAGCTTTCAACGTTTCGTCACTTTATCTCTTTTGGTGGA 
CTCTGCTACGTAGTGGCGTTCAGTGAAGGGAGCAGTGTTTTTCCCAGATCC 
TCTGGCCTCCCCGTCCCCGAGGGAAGCCAGGACTAGGGTCGAATGAAGG 
GGTCCTCCACCTCCACGTTCCATTCCTGTTCCACCTCAAGGTCACTGGGAA 
CACCTTTCGCAGCAAACTGCTAATTCAATGAAGACCTGGAGGGAGCCAAT 
TGTTCCAGTTCATCTATCACATGGCCAGTTGGTCCATTCAACAAATGGTTA 
TTGGATGCCCATTATGTGGCAGGCACTGTTCCGGGGGAGAGGTACAGTAA 
TCTAATAGGCTTATAAATGTGCAATTATGAACTAAGTACTTTGAAGAAAA 
GGAACAATGATTGGCATTAAAGCAGCACCCTTCTGTTGAGGGAGTAAGTC 
AGCAGCTCTAGGTTCTGAAAAGTGACAATGAAATTGTTTGGCTCCTGTGG 
CCCCTGAGAAAACCTCCAGGCTTCAAGTGACATACCTAGTCTGCTTTACC 
GGTTTACAGGACTCAAGAGAAAGGTGGACATTGAGAGTTAATCCCTGAGG 
CCAAATCTTAAATGGAGAAAGTCAACATCCACAGAAAATGGGGAAGGGC 
ACAAGTATTTCTGTGGGCTTATATTCCGACATTTTTATCTGTAGGGGAAAA 
ATGCTTTCTTAGAAAATGACTCAGCACGGGGAAGTCTTGTCTCTACCTCTG 
TCTTGTTTTGTCCTTTGGGGTCCCTTCACTATCAAGTTCAACTGTGTGTCCC 
TGAGACTCCTCTGCCCCGGAGGACAGGAGACTCGAAAAACGCTCTTCCTG 
GCCAGTCTCTTTGCTCTGTGTCTGCCAGCCCCCAGCATCTCTCCTCTTTCCT 
GTAAGCCCCTCTCCCTGTGCTGACTGTCTTCATAGTACTTTAGGTATGTTG 
TCCCTTTACCTCTGGGAGGATAGCTTGATGACCTGTCTGCTCAGGCCAGCC 
CCATCTAGAGTCTCAGTGGCCCCAGTCATGTTGAGAAAGGTTCTTTCAAA 
GATAGACTCAAGATAGTAGTGTCAGAGGTCCCAAGCAAATGAAGGGCGG 
GGACAGTTGAGGGGGTGGAATAGGGACGGCAGCAGGGAACCAGATAGCA 
TGCTGCTGAGAAGAAAAAAAGACATTGGTTTAGGTCAGGAAGCAAAAAA 
AGGGAACTGAGTGGCTGTGAAAGGGTGGGGTTTGCTCAGACTGTCCTTCC 
TCTCTGGACTGTAAGAATTAGTCTCGAGAAAGAAGCCACCATGGCCGCTG 
TGATCCTGGAGAGCATTTTCCTGAAGAGGTCCCAGCAGAAAAAGAAAACC 
TCTCCCCTGAACTTTAAGAAAAGACTGTTCCTGCTGACAGTGCACAAGCT 
GTCTTACTATGAGTACGACTTTGAGCGGGGCCGCCGAGGATCAAAAAAGG 
GGAGCATCGATGTGGAGAAGATTACATGCGTGGAGACCGTGGTCCCTGAA 
AAGAATCCACCCCCTGAGAGGCAGATCCCAAGACGGGGCGAGGAGTCCT 
CTGAGATGGAGCAGATTAGTATCATTGAGCGCTTCCCCTATCCTTTTCAGG 
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TGGTGTACGACGAGGGACCACTGTATGTGTTCTCACCCACAGAGGAGCTG 
AGAAAGAGGTGGATTCACCAGCTGAAGAACGTGATTAGATACAATAGCG 
ATCTGGTGCAGAAGTATCACCCTTGTTTTTGGATCGACGGGCAGTACCTGT 
GCTGTTCCCAGACAGCTAAGAACGCTATGGGATGCCAGATTCTGGAAAAT 
CGGAACGGATCTCTGAAACCAGGGAGTTCACACCGCAAGACCAAAAAGC 
CCCTGCCTCCAACACCCGAGGAGGATCAGATCCTGAAAAAGCCTCTGCCA 
CCCGAGCCTGCTGCAGCCCCAGTCAGCACTTCCGAACTGAAAAAGGTGGT 
GGCTCTGTATGACTACATGCCCATGAATGCTAACGATCTGCAGCTGAGAA 
AGGGCGACGAGTATTTCATTCTGGAAGAGTCTAATCTGCCTTGGTGGAGG 
GCCAGAGATAAGAACGGACAGGAGGGGTACATCCCATCTAATTATGTGA 
CCGAGGCTGAGGACTCTATTGAGATGTACGAGTGGTATAGCAAGCACATG 
ACACGGTCCCAGGCTGAGCAGCTGCTGAAGCAGGAGGGCAAAGAGGGAG 
GGTTTATCGTGCGCGATTCTAGTAAGGCCGGCAAATACACTGTGTCAGTG 
TTCGCTAAGAGCACCGGAGACCCCCAGGGCGTGATCAGACACTATGTGGT 
GTGTTCCACACCTCAGTCTCAGTACTATCTGGCTGAGAAGCACCTGTTTAG 
TACAATCCCAGAGCTGATTAACTACCACCAGCACAATTCTGCCGGCCTGA 
TCAGCAGGCTGAAGTATCCCGTCTCCCAGCAGAACAAAAATGCTCCTTCT 
ACCGCTGGACTGGGGTACGGCAGTTGGGAGATTGATCCAAAGGACCTGAC 
ATTCCTGAAGGAGCTGGGAACTGGGCAGTTTGGCGTGGTGAAGTATGGAA 
AATGGAGAGGGCAGTACGATGTGGCCATCAAGATGATCAAGGAGGGCTC 
AATGAGCGAGGACGAGTTCATCGAGGAGGCTAAGGTCATGATGAACCTG 
TCCCACGAGAAACTGGTGCAGCTGTATGGAGTGTGCACCAAGCAGCGGCC 
CATTTTTATCATTACAGAGTACATGGCTAATGGGTGTCTGCTGAACTATCT 
GCGCGAGATGAGACACAGATTCCAGACACAGCAGCTGCTGGAAATGTGC 
AAGGATGTGTGTGAGGCTATGGAGTACCTGGAGTCTAAGCAGTTTCTGCA 
CCGGGACCTGGCTGCTCGCAATTGCCTGGTGAACGATCAGGGCGTGGTGA 
AGGTGAGTGACTTCGGACTGTCAAGGTATGTGCTGGATGACGAGTACACC 
AGCTCCGTGGGCTCTAAGTTTCCTGTGAGATGGTCTCCACCCGAGGTGCTG 
ATGTATAGCAAGTTCTCCTCTAAGAGCGATATCTGGGCCTTTGGCGTGCTG 
ATGTGGGAAATCTACAGCCTGGGCAAGATGCCTTACGAGCGGTTCACAAA 
TTCCGAGACAGCTGAGCACATCGCCCAGGGCCTGCGCCTGTACCGGCCAC 
ATCTGGCCTCTGAGAAGGTGTACACCATCATGTACAGCTGTTGGCACGAG 
AAGGCCGACGAGAGACCCACATTCAAGATCCTGCTGTCCAACATTCTAGA 
TGTGATGGACGAGGAGAGCTGA 

BTKeAMyc.BTKp.coBTK (SEQ ID NO: 45) 

[0286] 

TTTCCTAGGAGAATCCCTGGGGGAATCATTGCAGTTGGAGCATA 

ATGTAGGGGGCCCTGTTACTCGGCCCCCACCAGCAAGTCCTACCATGCTTGCGTG 

AGCGCTATCGGCGCGGAAAGAAAGAAACCGCGAGGCAAACGGAAGTATATAGG 

AGGTTCCCGATCGCACTTCCTCATGGGAGTCGGTAGGAGCAATCATAGAGTGTA 

AGGCTCAGCGCAGCGCCCTCGGGCGGCTGAGAGGACTCAGTTCGGAGCCGCGGG 

CGGGAGCTTAAGGAAGGACTCCGCCTAAAGGGTGGTCCACTCACCCCGACTTCC 
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TCCCGCCCCGCAGCTTTCAACGTTTCGTCACTTTATCTCTTTTGGTGGACTCTGCT 

ACGTAGTGGCGTTCAGTGAAGGGAGCAGTGTTTTTCCCAGATCCTCTGGCCTCCC 

CGTCCCCGAGGGAAGCCAGGACTAGGGTCGAATGAAGGGGTCCTCCACCTCCAC 

GTTCCATTCCTGTTCCACCTCAAGGTCACTGGGAACACCTTTCGCAGCAAACTGC 

TAATTCAATGAAGACCTGGAGGGAGCCAATTGTTCCAGTTCATCTATCACATGGC 

CAGTTGGTCCATTCAACAAATGGTTATTGGATGCCCATTATGTGGCAGGCACTGT 

TCCGGGGGAGAGGTACAGTAATCTAATAGGCTTATAAATGTGCAATTATGAACT 

AAGTACTTTGAAGAAAAGGAACAATGATTGGCATTAAAGCAGCACCCTTCTGTT 

GAGGGAGTAAGTCAGCAGCTCTAGGTTCTGAAAAGTGACAATGAAATTGTTTGG 

CTCCTGTGGCCCCTGAGAAAACCTCCAGGCTTCAAGTGACATACCTAGTCTGCTT 

TACCGGTTTACAGGACTCAAGAGAAAGGTGGACATTGAGAGTTAATCCCTGAGG 

CCAAATCTTAAATGGAGAAAGTCAACATCCACAGAAAATGGGGAAGGGCACAA 

GTATTTCTGTGGGCTTATATTCCGACATTTTTATCTGTAGGGGAAAAATGCTTTCT 

TAGAAAATGACTCAGCACGGGGAAGTCTTGTCTCTACCTCTGTCTTGTTTTGTCCT 

TTGGGGTCCCTTCACTATCAAGTTCAACTGTGTGTCCCTGAGACTCCTCTGCCCC 

GGAGGACAGGAGACTCGAAAAACGCTCTTCCTGGCCAGTCTCTTTGCTCTGTGTC 

TGCCAGCCCCCAGCATCTCTCCTCTTTCCTGTAAGCCCCTCTCCCTGTGCTGACTG 

TCTTCATAGTACTTTAGGTATGTTGTCCCTTTACCTCTGGGAGGATAGCTTGATGA 

CCTGTCTGCTCAGGCCAGCCCCATCTAGAGTCTCAGTGGCCCCAGTCATGTTGAG 

AAAGGTTCTTTCAAAGATAGACTCAAGATAGTAGTGTCAGAGGTCCCAAGCAAA 

TGAAGGGCGGGGACAGTTGAGGGGGTGGAATAGGGACGGCAGCAGGGAACCAG 

ATAGCATGCTGCTGAGAAGAAAAAAAGACATTGGTTTAGGTCAGGAAGCAAAA 

AAAGGGAACTGAGTGGCTGTGAAAGGGTGGGGTTTGCTCAGACTGTCCTTCCTCT 

CTGGACTGTAAGAATTAGTCTCGAGAAAGAAGCCACCATGGCCGCTGTGATCCT 

GGAGAGCATTTTCCTGAAGAGGTCCCAGCAGAAAAAGAAAACCTCTCCCCTGAA 

CTTTAAGAAAAGACTGTTCCTGCTGACAGTGCACAAGCTGTCTTACTATGAGTAC 

GACTTTGAGCGGGGCCGCCGAGGATCAAAAAAGGGGAGCATCGATGTGGAGAA 

GATTACATGCGTGGAGACCGTGGTCCCTGAAAAGAATCCACCCCCTGAGAGGCA 

GATCCCAAGACGGGGCGAGGAGTCCTCTGAGATGGAGCAGATTAGTATCATTGA 

GCGCTTCCCCTATCCTTTTCAGGTGGTGTACGACGAGGGACCACTGTATGTGTTC 

TCACCCACAGAGGAGCTGAGAAAGAGGTGGATTCACCAGCTGAAGAACGTGATT 
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AGATACAATAGCGATCTGGTGCAGAAGTATCACCCTTGTTTTTGGATCGACGGGC 

AGTACCTGTGCTGTTCCCAGACAGCTAAGAACGCTATGGGATGCCAGATTCTGG 

AAAATCGGAACGGATCTCTGAAACCAGGGAGTTCACACCGCAAGACCAAAAAG 

CCCCTGCCTCCAACACCCGAGGAGGATCAGATCCTGAAAAAGCCTCTGCCACCC 

GAGCCTGCTGCAGCCCCAGTCAGCACTTCCGAACTGAAAAAGGTGGTGGCTCTG 

TATGACTACATGCCCATGAATGCTAACGATCTGCAGCTGAGAAAGGGCGACGAG 

TATTTCATTCTGGAAGAGTCTAATCTGCCTTGGTGGAGGGCCAGAGATAAGAAC 

GGACAGGAGGGGTACATCCCATCTAATTATGTGACCGAGGCTGAGGACTCTATT 

GAGATGTACGAGTGGTATAGCAAGCACATGACACGGTCCCAGGCTGAGCAGCTG 

CTGAAGCAGGAGGGCAAAGAGGGAGGGTTTATCGTGCGCGATTCTAGTAAGGCC 

GGCAAATACACTGTGTCAGTGTTCGCTAAGAGCACCGGAGACCCCCAGGGCGTG 

ATCAGACACTATGTGGTGTGTTCCACACCTCAGTCTCAGTACTATCTGGCTGAGA 

AGCACCTGTTTAGTACAATCCCAGAGCTGATTAACTACCACCAGCACAATTCTGC 

CGGCCTGATCAGCAGGCTGAAGTATCCCGTCTCCCAGCAGAACAAAAATGCTCC 

TTCTACCGCTGGACTGGGGTACGGCAGTTGGGAGATTGATCCAAAGGACCTGAC 

ATTCCTGAAGGAGCTGGGAACTGGGCAGTTTGGCGTGGTGAAGTATGGAAAATG 

GAGAGGGCAGTACGATGTGGCCATCAAGATGATCAAGGAGGGCTCAATGAGCG 

AGGACGAGTTCATCGAGGAGGCTAAGGTCATGATGAACCTGTCCCACGAGAAAC 

TGGTGCAGCTGTATGGAGTGTGCACCAAGCAGCGGCCCATTTTTATCATTACAGA 

GTACATGGCTAATGGGTGTCTGCTGAACTATCTGCGCGAGATGAGACACAGATT 

CCAGACACAGCAGCTGCTGGAAATGTGCAAGGATGTGTGTGAGGCTATGGAGTA 

CCTGGAGTCTAAGCAGTTTCTGCACCGGGACCTGGCTGCTCGCAATTGCCTGGTG 

AACGATCAGGGCGTGGTGAAGGTGAGTGACTTCGGACTGTCAAGGTATGTGCTG 

GATGACGAGTACACCAGCTCCGTGGGCTCTAAGTTTCCTGTGAGATGGTCTCCAC 

CCGAGGTGCTGATGTATAGCAAGTTCTCCTCTAAGAGCGATATCTGGGCCTTTGG 

CGTGCTGATGTGGGAAATCTACAGCCTGGGCAAGATGCCTTACGAGCGGTTCAC 

AAATTCCGAGACAGCTGAGCACATCGCCCAGGGCCTGCGCCTGTACCGGCCACA 

TCTGGCCTCTGAGAAGGTGTACACCATCATGTACAGCTGTTGGCACGAGAAGGC 

CGACGAGAGACCCACATTCAAGATCCTGCTGTCCAACATTCTAGATGTGATGGA 

CGAGGAGAGCTGA 

[0287] SEQ ID NO: 46: The B29 promoter sequence: 
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[0288] 

AGGAGGGCCATCATGGCCAAGTTGACCAGTGCTGTCCCAGTGC 

TCACAGCCAGGGATGTGGCTGGAGCTGTTGAGTTCTGGACTGACAGGTTGGGGT 

TCTCCAGAGATTTTGTGGAGGATGACTTTGCAGGTGTGGTCAGAGATGATGTCAC 

CCTGTTCATCTCAGCAGTCCAGGACCAGGTGGTGCCTGACAACACCCTGGCTTGG 

GTGTGGGTGAGAGGACTGGATGAGCTGTATGCTGAGTGGAGTGAGGTGGTCTCC 

ACCAACTTCAGGGATGCCAGTGGCCCTGCCATGACAGAGATTGGAGAGCAGCCC 

TGGGGGAGAGAGTTTGCCCTGAGAGACCCAGCAGGCAACTGTGTGCACTTTGTG 

GCAGAGGAGCAGGACTGA 

[0289] It will be understood by those within the art that, in general, terms used 

herein, and especially in the appended claims (e.g, bodies of the appended claims) are 

generally intended as "open" terms (e.g, the term "including" should be interpreted as 

"including but not limited to," the term "having" should be interpreted as "having at least," 

the term "includes" should be interpreted as "includes but is not limited to," etc.). It will be 

further understood by those within the art that if a specific number of an introduced claim 

recitation is intended, such an intent will be explicitly recited in the claim, and in the absence 

of such recitation no such intent is present. For example, as an aid to understanding, the 

following appended claims may contain usage of the introductory phrases "at least one" and 

"one or more" to introduce claim recitations. However, the use of such phrases should not be 

construed to imply that the introduction of a claim recitation by the indefinite articles "a" or 

''an" limits any particular claim containing such introduced claim recitation to embodiments 

containing only one such recitation, even when the same claim includes the introductory 

phrases "one or more" or "at least one" and indefinite articles such as "a" or "an" (e.g, "a" 

and/or "an" should be interpreted to mean "at least one" or "one or more"); the same holds 

true for the use of definite articles used to introduce claim recitations. In addition, even if a 

specific number of an introduced claim recitation is explicitly recited, those skilled in the art 

will recognize that such recitation should be interpreted to mean at least the recited number 

(e.g, the bare recitation of "two recitations," without other modifiers, means at least two 

recitations, or two or more recitations). Furthermore, in those instances where a convention 

analogous to "at least one of A, B, and C, etc." is used, in general such a construction is 

intended in the sense one having skill in the art would understand the convention (e.g, " a 
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system having at least one of A, B, and C" would include but not be limited to systems that 

have A alone, B alone, C alone, A and B together, A and C together, B and C together, and/or 

A, B, and C together, etc.). In those instances where a convention analogous to "at least one of 

A, B, or C, etc." is used, in general such a construction is intended in the sense one having skill 

in the art would understand the convention (e.g, " a system having at least one of A, B, or C" 

would include but not be limited to systems that have A alone, B alone, C alone, A and B 

together, A and C together, B and C together, and/or A, B, and C together, etc.). It will be 

further understood by those within the art that virtually any disjunctive word and/or phrase 

presenting two or more alternative terms, whether in the description, claims, or drawings, 

should be understood to contemplate the possibilities of including one of the terms, either of 

the terms, or both terms. For example, the phrase "A or B" will be understood to include the 

possibilities of "A" or "B" or "A and B." 

[0290] In addition, where features or aspects of the disclosure are described in 

terms of Markush groups, those skilled in the art will recognize that the disclosure is also 

thereby described in terms of any individual member or subgroup of members of the Markush 

group.  

[0291] Throughout this specification and the claims which follow, unless the 

context requires otherwise, the word "comprise", and variations such as "comprises" or 

"comprising", will be understood to imply the inclusion of a stated integer or step or group of 

integers or steps but not the exclusion of any other integer or step or group of integers or steps.  

[0292] The reference in this specification to any prior publication (or information 

derived from it), or to any matter which is known, is not, and should not be taken as, an 

acknowledgement or admission or any form of suggestion that that prior publication (or 

information derived from it) or known matter forms part of the common general knowledge in 

the field of endeavour to which this specification relates.  
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WHAT IS CLAIMED IS: 

1. A polynucleotide for sustained Bruton's tyrosine kinase (BTK) expression, the 

polynucleotide comprising: 

(i) a first sequence encoding a ubiquitous chromatin opening element (UCOE), 

wherein the UCOE consists of a fragment from a human CBX3 gene, wherein the 

fragment comprises an exon 1 and an alternative exon 1 of the CBX3 gene, and a 3' 

end of the alternative exon 1, and wherein the UCOE has a length in a range from 0.668 

kb to 1 kb; 

(ii) a second sequence encoding a BTK promoter; and 

(iii) a third sequence encoding BTK.  

2. The polynucleotide of claim 1, wherein the UCOE has a length of 0.75 kb or 

less.  

3. The polynucleotide of any one of claims 1-3, wherein the UCOE lacks a cryptic 

splice acceptor site located between an exon 1 and an alternative exon 1 in a wild type CBX3 

gene.  

4. The polynucleotide of any one of claims 1-4, wherein the UCOE lacks a splice 

acceptor site located at the 3' end of exon 1 in the wild type CBX3 gene.  

5. The polynucleotide of claim 1 or 2, wherein the first sequence comprises the 

nucleotide sequence set forth in SEQ ID NO: 1 or SEQ ID NO: 2.  

6. The polynucleotide of any one of claims 1-5, wherein the BTK promoter 

comprises the nucleotide sequence set forth in SEQ ID NO: 5.  

7. The polynucleotide of any one of claims 1-6, wherein the third sequence is 

codon optimized for expression in humans.  

8. The polynucleotide of any one of claims 1-7, wherein the third sequence 

comprises the nucleotide sequence set forth in SEQ ID NO: 6 or SEQ ID NO: 7.  

9. A vector comprising the polynucleotide of any one of claims 1-8.  

10. The vector of claim 9, wherein the vector is a lentiviral-based vector.  

11. A cell comprising the polynucleotide of any one of claims 1-8 or the vector of 

claim 9 or 10.  

12. The cell of claim 11, wherein the cell is a B cell.  

13. The cell of claim 11, wherein the cell is a myeloid cell.  
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14. The cell of claim 11, wherein the cell is a hematopoietic stem cell.  

15. The cell of claim 11, wherein the cell is a CD34+ hematopoietic stem cell.  

16. A pharmaceutical composition comprising the cell of any one of claims 11-15, 

and a pharmaceutically acceptable carrier.  

17. A method of promoting B cell survival, proliferation and/or differentiation in a 

subject in need thereof, the method comprising administering the cell of any one of claims 11

15 or the pharmaceutical composition of claim 16 to the subject.  

18. The method of claim 17, wherein the subject has a BTK deficiency.  

19. A method of treating, inhibiting, or ameliorating X linked agammaglobulinemia 

(XLA) in a subject in need thereof, the method comprising administering the cell of any one 

of claims 11-15 or the pharmaceutical composition of claim 16 to the subject.  

20. The method of any one of claims 17-19, wherein the cell is derived from the 

subject.  

21. The method of any one of claim 17-20, wherein the administering is performed 

by adoptive cell transfer.  

22. Use of the cell of any one of claims 11-15 in the manufacture of a medicament 

for treating a subject having a BTK deficiency.  

23. The use of claim 22, wherein the subject has X linked agammaglobulinemia.  

24. An in vitro or ex vivo method of modifying a cell, comprising introducing into 

the cell the polynucleotide of any one of claims 1-8.  
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T-dependent Immunization-High Affinity NP-IgG

WT Mock

ns

KO Mock

2000

ns

0.7UCOE

1600

****

*

0.7UCOE.IE

1200 800

Pre-immunization (-)

400

Primary immunization (+)

0

Secondary immunization (++)

In Vitro B Cell Proliferation

PBS

100
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T

80 60 40 20 0
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0.7UCOE and 0.7UCOE.IE both produce low autoantibody titers compared to autoimmune controls

(and previous non-Btk promoter vectors):

2.0

Anti-dsDNA IgG

Anti-dsDNA IgG2c

WT Mock (n=11)

2.0

KO Mock (n=13)

1.5

1.5

0.7UCOE (n=23)

1.0

1.0

0.7UCOE.IE (n=15)

WAS-/- (n=2)

0.5

0.5

0.0

0.0

0.7UCOE.IE exhibits similar efficacy with fewer viral integrations per cell:

25

0.7UCOE (n=22)

100

0.7UCOE.IE drives

20

0.7UCOE.IE (n=12)

increased BTK

80

**

**

**

**

15

expression per

60

viral integration

10

compared with

40

5

0.7UCOE:

20

@

0

0

Total BM

B Cells

Non B

Spleen
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Development and testing of new BTK constructs

with DNase Hypersensitive Sites

673bp

796bp

1980bp

0.7UCOE

BTKp

coBTK

Vector Size: 9.6kb

Equivalent BTK expression and

function, but IE does SO at

1178bp 1226bp

lower VCN.

:0.7UCOE INT5 INT4

BTK

coBTK

Vector Size: 12kb

Next Steps:

Truncate Intronic Enhancer elements

Indentify other conserved enhancer elements to test

using updated ENCODE database

FIG. 50



Identification of DNase Hypersensitive Sites:

1

Exon:

2 3

4

5

6
Basic Gene Annotation Set from GENCODE Version 19

BTK

BTK

BTK

BTK

BTK

Transcription Levels Assayed by RNA-se on 9 Cell Lines from ENCODE

In(x+1) 50

0

Transcription

H3K27Ac

Mark

(Often

Found Near Active Regulatory Elements) on 7 cell lines from ENCODE

200

0

Layered H3K27Ac

DNase Hyper-

1

2

3

4

5

sensitive Sites:

334bp 409bp

353bp

453bp 149bp

DNase I Hypersensitive Site Master List (125 cell types) from Encode/Analysis

01

02

n2

09

01

b2

of

[27

22

04

014

B Cell Line:

OM12878 DNasel HS Uniform Peaks from ENCODE/Analysis

h1-hESC DNasel HS Uniform Peaks from Encode Analysis

K562 DNasel HS Uniform Peaks from Encode Analysis

I
HUVEC DNasel HS Uniform Peaks from Encode Analysis

HeLa-S3 DNasel HS Uniform Peaks from Encode Analysis

EepG2 DNasel HS Uniform Peaks from Encode Analysis

CD20+

A549 DNasel HS Uniform Peaks from Encode Analysis

(0

CD20+ B cell DNasel HS Uniform Peaks from ENCODE/Analysis

MCF-7 DNasel HS Uniform Peaks from ENCODE/Analysis

Monocytes-CD14+ DNasel HS Uniform Peaks from ENCODE/Analysis

Mobilized CD34+:

CD344 Mobilized DNasel HS Uniform Peaks from ENCODE/Analysis

NHEK DNasel HS Uniform Peaks from ENCODE/Analysis

FIG. 51-1



GM12878 Genome Segmentation by Combined Segway+ChromMMM from ENCODE Analysis

Promoter (TSS)

Enhacer (E)

B Cell Line:

Weak Enhacer (WE)

Transcribed (T)

Repressed (R)

Embryonic

H1-hESC Genome Segmentation by Combined Segway+ChromH MM from ENCODE/Analysis

stem Cell:

K562 Genome Segmentation by Combined Segway+ChromHMM from ENCODE/Analysis

INT4 INT4 1247 1178

Conserved Noncoding Sequence

Exon (R)

FIG. 51-2



Constructs Evaluated:

0.7UCOE.BTKp.coBTK

673bp 796bp

1980bp

20.7UCOE

BTKp

coBTK

Vector Size: 9.6kb

0.7UCOE.IE.BTKp.coBTK

1178bp

1226bp

20.7UCOE-

INT5

INT4

BTKp

coBTK

Vector Size: 12kb

New Constructs with Candidate DNase Hypersensitive Sites:

0.7UCOE.DHS4.BTKp.coBTK

453bp

20.7UCOE

DHS4:

BTKp

coBTK

Vector Size: 10kb

0.7UCOE.DHS1,2.BTKp.coBTK

334bp 409bp

C0.7UCOE

DHS1#DHS2:

BTKp

coBTK

Vector Size: 10.4kb

0.7UCOE.DHS1,2,4.BTKp.coBTK 334bp 409bp 453bp

20.7UCOE-

DHS1

DHS2:

DHS4

BTKp

coBTK

Vector Size: 10.8kb

0.7UCOE.DHS1-5.BTKp.coBTK

334bp 409bp 353bp 453bp 149bp

10.7UCOE-

DHS1

DHS2:DHS3:

DHS4:

DHS5:

BTKp

coBTK

Vector Size: 11.3kb

FIG. 52



In Vivio Comparison of DHS constructs to 0.7UCOE and 0.7UCOE.IE

Experiment #10 setup: 40ul virus per 1x10e6 cells (hope for matched VCN), overnight transduction

RO Injection of 1x10e6 cells/condition into TBKBP mice (900 rads irradiation prior to transplant)

LV Vector

Volumen Added

Titer

# of Mice

0.7UCOE.BTKp.coBTK

40ul per 1x10e6 cells

1.31E+08
4

0.7UCOE.IE.BTKp.coBTK

40ul per 1x10e6 cells

1.14E+08
4

0.7UCOE.DHS4.BTKp.coBTK

40ul per 1x10e6 cells

4.11E+07

4

0.7UCOE.DHS1,2.BTKp.coBTK

40ul per 1x10e6 cells

1.18E+08
4

0.7UCOE.DHS1,2,4.BTKp.coBTK

40ul per 1x10e6 cells

4.29E+07
3

0.7UCOE.DHS1-5.BTKp.coBTK

40ul per 1x10e6 cells

9.86E+07
3

KO Mock/WT Mock

2 each

Day 7 in vitro BTK stain and VCN:

100

6

80

4

60 40

2

20
0

0

FIG. 53



15 weeks post transplant

BTK Reconstitution in Limphocyte subsets

100

Peripheral blood lymphocyte distribution

80

KO Mock

WT Mock

B Cells

60

*

T Cells

B Monocytes

40

Neutrophils

20 0

0.7UCOE

0.7UCOE.IE

100 80

*

60

*

40

0.7UCOE.DHS4

0.7UCOE.DHS12

20

KO Unirradiated

0

KO Mock 0.7UCOE

100

0.7UCOE.IE

80

0.7UCOE.DHS4

0.7UCOE.DHS124 0.7UCOE.DHS1-5

0.7UCOE.DHS12

60

*

0.7UCOE.DHS124

40

0.7UCOE.DHS1-5

20

WT Mock

0

WT Unirradiated
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BTK Exp #10 Summary:

Compared UCOE and IE to new DHS constructs

Volume matched 40ul virus/million cells

Virus used in this experiment had lower titers than Exp #12

Input Viral Copy #

Output Viral Copy #

6

6

KO Mock
0.7UCOE

0.7UCOE.IE

4

4

0.7UCOE.DHS4

0.7UCOE.DHS12

T

0.7UCOE.DHS124

2

2

0.7UCOE.DHS1-5

WT Mock

0

0

BM

Spleen

LV Vector

Titer

0.7UCOE.BTKp

1.31E+08

0.7UCOE.IE.BTKp

1.14E+08

0.7UCOE.DHS4.BTKp

4.11E+07

0.7UCOE.DHS1,2.BTKp

1.18E+08

0.7UCOE.DHS1,2,4.BTK

4.29E+07

0.7UCOE.DHS1-5.BTKp

9.86E+07

FIG. 55
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BTK In Vivo #12:

LV

0.7UCOE.BTKp.coBTK

Titer

# of Mice

0.7UCOE

3.68E+09

6

20.7UCOE-

BTKp

coBTK

Vector Size: 9.6kb

0.7UCOE.DHS4

3.99E+08

6

0.7UCOE.DHS4.BTKp.coBTK

0.7UCOE.DHS1-5

9.86E+07

6

KO Mock/WT I Mock

3 ea

453bp

0.7UCOE

DHS4

BTKp

COBTK

Vector Size: 10kb

0.7UCOE.DHS1-5.BTKp.coBTK

334bp 409bp 353bp 453bp 149bp

20.7UCOE- DHS1: DHS2 DHS3: DHS4 DHS5: BTKp

coBTK

Vector Size: 11.3kb

Experiment set-up:

Harvested Lin-cells from TBK donor mice

Transduction:

Matched volume: 10ul virus/million cells (target: matched input VCN of ~3, as predicted by in

vitro test)

16hr transduction, 4x10e6 cells/ml in SCGM transduction media (mSCF, mTPO) to polybrene

Transplanted 1.5x10e6 cells/mouse (recipients: TBK, 900 rads irradiation)

FIG. 57-1



Day 7 In Vitro: BTK Staining and Input VCN

100

3

KO Mock
0.7UCOE

80

2
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Showing: 12 week bleed data
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Peripheral Blood Limphocyte Distribution-12 Weeks
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In vitro comparison of original coBTK vs new coBTK

Objective: compare the BTK expression/staining of two different versions

of codon optimized BTK

Set-up:

Isolated Lin-cells from TBK mice

Transduction media: complete SCGM + mSCF + mTPO + polybrene

Added 5, 10 or 20ul virus to 1x10e6 cells (4x10e6 cells/ml)

7-day in vitro culture, then BTK stain and VCN at Day 7

Lentiviral constructs:

0.7UCOE.BTKp.coBTK (Titer: 1.17E+09)

0.7UCOE.DHS4.BTKp.coBTK (Titer: 1.09E+09)

0.7UCOE.BTKp.newcoBTK (Titer: 1.81E+08)

0.7UCOE.DHS4.BTKp.newcoBTK (Titer: 1.13E+08)

FIG. 62
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65/131
In Vitro Comparison - TKB Lineage Negative Cells,

Volume Matched Virus (Day 7 BTK Stain)

5ul

250K 250K
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200K 31.5 200K 27.6
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In Vitro Comparison - TKB Lineage Negative Cells,

Volume Matched Virus (Day 7 BTK Stain)

10ul 20ul

250K 250K 250K

BTK+ BTK+ BTK+
200K 28.4 200K 27.4 200K 29.4

150K 150K 150K

100K 100K 100K

50K 50K 50K

0 0 0
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0 10 superscript(3)

104 105 -103 0
103 104 105 -103
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In Vitro Comparison - TKB Lineage Negative Cells,

Volume Matched Virus (Day 7 Stain)

5ul
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In Vitro Comparison - TKB Lineage Negative Cells,

Volume Matched Virus (Day 7 Stain)

10ul 20ul
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Experimental Groups:

0.7UCOE.BTKp.coBTK (Titer: 1.17E+09) - 5 mice

0.7UCOE.DHS4.BTKp.coBTK (Titer: 1.09E+09) END 5 mice

0.7UCOE.BTKp.newcoBTK (Titer: 1.81E+08) - 5 mice

0.7UCOE.DHS4.BTKp.newcoBTK (Titer: 1.13E+08) - 5 mice

KO Mock - 3 mice

WT Mock - 3 mice
Unirradiated controls - 1 each

Add or subtract mice from experimental groups?

Transduction Set-Up:

Volume match - 10ul/million cells (for consistency with current

in vivo experiments)

4

3 KO Mock
0.7UCOE

DHS4
2 I T

T 0.7UCOE.newcoBTK
0.7UCOE.newcoBTK

1

I WT Spleen

0

Vol. virus (ul):5 10 20 5 10 20 5 10 20 5 10 20

Input, BTK In Vivo #12

(Expected Matched VCN)

3

KO Mock
0.7UCOE

2
DHS4
DHS1-5

1 WT Mock

0

FIG. 65
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0.7UCOE.BTKp.coBTK is still a strong candidate for gene therapy,

but recently titers have decreased (from 10e9 to 10e7)

Currently, our UCOE element is in the "reverse orientation", which

may be decreasing titers due to antisense transcripts:

0.7UCOE BTKp coBTK Titer: 7.52E+07

By putting the UCOE in the forward orientation, titers have increased:

0.7UCOE BTKp coBTK Titer: 6.79E+08, 1.79E+09

FIG. 66
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1.5KB UCOE:

HNRPA2B1 CBX3 CBX3

alternative

Exon1 Exon1 Exon1 0.7UCOE

BsmBl Smal BsmBl

CBX3 (674 bp)

A2UCOE (1550 bp) Muller et. al, NAR 2015

CBX3 gene

mRNA mRNA
CBX3 gene

(NCBI):

mRNA

BTKp 0.7UCOE Current UCOE

Forward UCOE 0.7UCOE BTKp

Splice Donor

0.7UCOE BTKp
Cyptic Spline Acceptor

Muller UCOE

Exon 1 AltEx1

Forward UCOE+SNPs 0.7UCOE BTKp

FIG. 67
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0.7UCO.BTKp Vs. 0.7UCOEfwd. BTKp:

In Vitro Test With Matched Volume Virus
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Plans For Finalizing Clinical BTK LV Construct

Promoter:

BTK promoter is optimal promoter

UCOE elements:

0.7kb UCOE effectively prevents silencing of BTK expression and leads to increased vector titer

Placing the UCOE to the forward orientation increases titer significantly, but does not alter BTK

expression

This suggests that our current (reverse) UCOE performs equivalente to high titer constructs

Currently comparing both orientations in determining final vector choice

Enhancer Elements:

0.7UCOE.IE.Btkp exhibits rescue of Btk expression function with fewer viral integrations

compared to 0.7UCOE.Btkp

Addition of smaller enhancer elements (DHS sites) has not increased titer compared to larger

IE construct

However, UCOE (forward) increases IE titer by>1 log, suggesting that forward UCOE will increase

titer in all constructs.

0.7UCOE.DHS4.Btkp exhibits increased BTK expression in B and myeloid cells compared to

0.7UCOE.IE.Btkpro implying that 0.7UCOE.DHS4.Btkp vector is likely optimal

Codon Optimizer BTK:

Dutch construct leads to significant increase in BTK expression compared to our previous co-Btk

construct- and will be used in optimal vector

FIG. 69

BTK In Vivo #12:

Immunized with NP-CGG on 2/27, Day 7 bleed on 3/6

ELISA for total lgG, IgM, and NP-specific lgG/M

Possibly secondary immunization in March (3/27)

Sac in early-mid April, depending on immunization

BTK In Vivo #13:

(Comparing 0.7UCOE to 0.7UCOEfwd, 6 mice each)

12 week bleed and NP-CGG immunization on 3/8

New (Dutch) codon-optimized BTK:

Cloned into 0.7UCOE, 0.7UCOEfwd, and 0.7UCOE.DHS4

constructs

In vivo testing in progress

FIG. 70
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XLA Patient CD34+ HSC Cell Bank

Institutional Review Board (IRB) Approved Apheresis Of XLA Patient's Stem Cells.

BTK

Patient ID

Gender

Location

Type

cDNA

Protein

Sample

Apheresed

Comments

EXPRESSION

XLA P1

M

as

-

-

-

CD34

+

NIH

Presumed
None, Due

Presumed

To Non

Del

XLA P2

M

Intron 12

Splice

Sense

CD34,

Seattle

-

Exon 13

Varient

Mediated

PBMC

Children's

mRNA Decay

XLA P3

C. 1766A

M

Coding

Missence

p>E589G

CD34,

+

> G

PBMC

XLA P3 And

Seattle

XLA P4 Are

XLA P4

C. 1766A

Coding

Missence

p>E589G

CD34,

Children's

M

+

Relatives

>G

PBMC

FIG. 71



Human Chimera In NSG

BM

Control

XLA P2

Spleen

Control

XLA P2

hCD45

hCD45

hCD45

hCD45

56.4

60.0

47.4

12.6

hCD45

hCD45

BM

Spleen

100

100

Healthy Donor

XLA P2

80

80

XLA P3

A
A

XLA P4

60

60

40

40

***

20

20

***

0

0

Equivalent engraftment of hCD45 cells in BM, however significantly lower

percentage of differentiated hCD45 cells in the periphery.

n (HD=18, XLA P2=8, XLA P3=11, XLA P4=8)

Stat: one way ANOVA compare to HD

FIG. 72
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Human lymphocyte Reconstitution

Healthy donor

XLA P2

XLA P3

XLA P4

BM
100

80

60 ***

*** I
40

20

0
B cell Myeloid T cell

Spleen

100

80

60
***

*
40

***
20

HAND0
B cell Myeloid T cell

% B cells is equivalent in BM however significantly lower in spleen

with relative increase in myeloid and T cells

n (HD=18, XLA P2=8, XLA P3=11, XLA P4=8)

Stat: one way ANOVA compare to HD

FIG. 73
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Phenotype Of Engrafted XLA Stem Cell (Spleen)

Control

lgD1
IgM+IgD+ IgM+IgD++

37%
4%15.9%

IgM+ IgM+

25%47

IgM

Healthy Donor

XLA P2
100 XLA P3

XLA P4
80

60

**

40

20

0

100

80

60

40

20
****

0

n (HD=18, XLA P2=8, XLA P3=11, XLA P4=8)

Stat: one way ANOVA compare to HD

FIG. 74
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81/131Phenotype Of Engrafted XLA Stem Cell (Spleen)

Control PBMC

Trans

5%

Memo Naivo

38% 43%

Plasma

2%

CD38
Healthy Donor

XLA P2

XLA P3

XLA P4

**

100

80

60

40

20

0

100

80

60

***
******40

20
smart

XLA experimental 0 group has significantly higher B cell. percent of

immature B cell and lack mature

n (HD=18, XLA P2=8, XLA P3=11, XLA to HD P4=8)

Stat: one way ANOVA compare

FIG. 75
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Control

CD22+CD19 CD22-CD19

5(%) 94(%) CD22*CD19CD34+

17(%)

XLAP2

CD22+CD19 CD22-CD19

5(%) 93(%) CD22*CD19CC34

30(%)

002

CD19 CD34 CD179a

Stem
Pro B Pre B Imm kmature

Cell

EBTK EBTK

BTK:

Pro B cell CD22+ CD19- CD34+ CD179a- IgM- CD10-

FIG. 76-1
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Healthy Donor
100 XLA P2

XLA P3
80

XLA P4

60

40

20
040

0

Equivalent %Pro B cell between the XLA and healthy group.

n (HD=18, XLA P2=8, XLA P3=11, XLA P4=8)

Stat: one way ANOVA compare to HD

FIG. 76-2
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B Cell Developmental Block (BM)
Control

lgD+ IgM+IgD+
CD22+CD19 CD22+CD19 6.7 28.6%

5(%) 94(%) CD22+CD19-CD34CD179a+

8(%)

IgM+

52%

XLAP2

IgD+ IgM+IgD+
CD22+CD19 CD22-CD19

11% 3%
5(%) 93(%) CD22+CD19+CD34+CD179a+

18(%)

IgM+

24%
0023

go

CD19 CD179a IgM

Stem
Pro B Pre B Imm Emature

Cell

EBTK EBTK
BTK

Pro B cell CD22+ CD19+ CD34+/- CD179a+ IgM+ CD10 high

FIG. 77-1
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100 Healthy Donor

XLA P2
80

XLA P3

60 XLA P4

40
***

***

20

0

100

80

60

40

20

0

XLA has significantly higher % pre-B cells compared to healthy

control.

n(HD=18, XLA P2=8, XLA P3=11, XLA P4=8)

Stat: one way ANOVA compare to HD

FIG. 77-2
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B Cell Developmental Block (Spleen)

Pro B cell CD22+ CD19+ CD34+/- CD179a+ IgM+ CD10 high+

Control XLA P2

CD179a+ CD179a+
0.3% 25%

CD179a

Healthy Donor

XLA P2
100

XLA P3

80 XLA P4

60

40 ***

*** ***

AAA20

0 X2

Development of XLA B cells blocked at Pre B cell stage.

Pre B cells are able to migrate to spleen.

n (HD=18, XLA P2=8, XLA P3=11, XLA P4=8)

Stat: one way ANOVA compare to HD

FIG. 78
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B Cell Developmental Block (Spleen)

Pro B cell CD22+ CD19+ CD34+/- CD179a+ IgM+ CD10 high+

Control XLA P2

CD179a+ CD179a+
0.3% 25%

CD179a

Healthy Donor

XLA P2
100

XLA P3

80 XLA P4

60

40 ***

*** ***

AAA20

0 XA

Development of XLA B cells blocked at Pre B cell stage.

Pre B cells are able to migrate to spleen.

n (HD=18, XLA P2=8, XLA P3=11, XLA P4=8)

Stat: one way ANOVA compare to HD

FIG. 79
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Conclusion I:

B Cell Development

CLP Pro-B
H

Cd179a

Surr.L*

Iga/B

Large Pre-B
Pre- BCR

Small Pre-B
H H

L
H

lga/B Iga/B lga/B

Immature B
BCR BCR BCR

100

80

60

40
***

*** ***

20

0

XLA Cells have B cell blocked at Pre B cell.

FIG. 81
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Conclusion I:

°Are we able to recapitulate XLA patient's B cell phenotype in NSG mice?

Lower number and percentage of B cells in Spleen.

B cell development is arrest at pre B cell stage in BM.

Pre B cell are not able to differentiate into mature B cells.

Immature B cells from the bone marrow also migrate to spleen.

XLA splenic B cell are functionally impaired.

FIG. 82

Human Lentiviral Transduction of Stem Cells:

0.7UCOE.BTKp.coBTK titer:4x109vp/ml

673bp 796bp 1980bp

20.7UCOE- BTKp coBTK Vector Size: 9.6kb

0.7UCOE.DHS4.BTKp.coBTK Titer:3x108vp/ml

453bp

:0.7UCOE- IDHS4 BTKp coBTK Vector Size: 10kb

48hr 24hr Day 15

Healthy LV Transduction Washout LV BTK
Or XLA CD34 MOI: 5,10 and 20 Viability Expression

VCN

Media: SCGM (hSCF+hTPO+hFlt3+hIL6)

FIG. 83
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Preclinical Modeling-

Human HSC

D0

12hr

D1

huBtk-LV

Mobilized

PBSC-

Controls

and

0

XLA patients

CD34- + HSC

Transduction

NSG Recipient Mice

Enrichment From

MOI 5-10

(Sublethal Irradiation)

Aphereis Product

FIG. 84
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Human Lentiviral Transduction of Stem Cells:

Healthy Donor

XLA P2

XLA P3

XLA P4

0.7UCOE.BTKp.BTK DHS4.BTKp.BTK
100 100

80 80

60 60

40 40

20 20

0 0

Healthy XLA Healthy XLA

0.7UCOE.BTKp.BTK DHS4.BTKp.BTK
5 5

4 4

3 3

2 2

1 1

0 0

Healthy XLA Healthy XLA

70% viability with 0.7UCOE.BTKp BTK compare to DHS4.

Clinically relevant VCN 1-2 at MOI 10 and 20.

FIG. 85
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BTK Expression At D15 With XLA P2:

Isotype Control XLA P2

BTK BTK BTK
0.038 85.5 1.00

0.7UCOE.BTKp.BTK

MOI 5 MOI 10 MOI 20

BTK BTK BTK
12.1 12.4 11.9

DHS.BTKp.BTK MOI 10 MOI 20

BTK BTK
9.89 8.42

FIG. 86-1
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Conclusion II:

°Are we able to rescue the B cell development with lentiviral transduction

of XLA stem cells in-vivo?

XLA stem cells transduced with 0.7UCOE.BTKp.BTK and 0.7UCOE.

DHS4.BTKp.BTK at MOI10, leads to clinically relevant viral copy 1-2.

°In-vivo experiment: comparing B cell reconstitution and development with

0.7UCOE.BTKp.BTK and 0.7UCOE.DHS4.BTKp.BTK

FIG. 87
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Preclinical Modeling-

Human HSC

UCOE.BTKpro.co-opBTK (UCOE.BTKp.co) GFP

BTKpro
codon-optimized

UCOE T2A-GFP
human BTK

In Vitro Transduction of CD34+ HSC:

Input Culture

20 0.6

15
0.4

10

0.2

5

0 0.0

Mock UCOE.BTKp.co

250K 250K
(<FITC-A>) GFP: (<FITC-A>) GFP:

200K Geom. Mean= 2537 200K Geom. Mean= 5071

150K 150K

100K 100K

2.63 13

50K 50K

0 0 priping

0
102 103 104 105 0

102
103 104 105

<FITC-A>: GFP <FITC-A>: GFP
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Preclinical Modeling-

Human HSC

UCOE.BTKpro.co-opBTK (UCOE.BTKp.co) GFP

UCOE BTKpro
codon-optimized

T2A-GFP
human BTK

In Vivo Analysis At > 6 mo:

Human Cell

Engraftment B cells

105 105

104 104

40.5 23
103 10 3

102 102

0 0

0
102

10
3 104 105

0 102 103 104 105

<APC-Cy7-A>: hCD45&b2M <FITC-A>: GFP

Myeloid Cells Viral Copy Number
1.5

105 1.0

0.5

104 0.4

61.9

103 0.3

102 0.2

0 0.1

0 10 2 10 3 104 105
0.0

<FITC-A>: GFP
MOCK MOCK

UCO-BTK UCO-BTK

Bone Marrow Spleen

FIG. 89
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Preclinical Modeling-

Human HSC

D0

12hr

D1

huBtk-LV

Mobilized

PBSC-

Controls

and

0

(RULL

XLA Patient

CD34 to HSC

Transduction

NSG Recipient Mice

Enrichment From

MOI 5-10

(Sublethal Irradiation)

Aphereis Product

5-20wk

25-30wk

Bleed

Harvest Tissue
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Input Culture

20 0.6

15

0.4

10

0.2

5

0 0.0

Viral Copy at SAC Human Cell

1.5 Engraftment
1.0

0.5 105

0.4

104
40.5

0.3
10 superscript(3)

0.2

102

0.1 0

0.0 0 102 10 3 104 10 5

MOCK MOCK <APC-Cy7-A>: hCD45&b2M
UCO-BTK UCO-BTK

Bone Marrow Spleen

FIG. 91-1
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Mock UCOE.BTKp.co
250K (<FITC-A>) GFP: Geom. 250K (<FITC-A>) GFP: Geom.

Mean = 2537 Mean = 5071
200K 200K

150K 150K

100K 100K
2.63 13

50K 50K

0 0

0 10 2
103 104 105 0 102 103 104 105

<FITC-A>: GFP <FITC-A>: GFP

105

104

103

102

0

0 10 3 104 105

<PE-Cy7-A>: hCD19

B Cells Myeloid Cells

105 105

104 104

23 61.9

10 superscript(3)

103

102 102

0 0

0 102 103 104 105
0 102 103 104 105

<FITC-A>: GFP <FITC-A>: GFP
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gene
Alignment 1

exon
sequence 2 UTR
mock genomic (+) CNS
1-50201 mRNA
Criteria: 70%. 100 bp Repeats

Regions: 73 LINE
LTR

X-axis: sequence1 SINE
Resolution: 15 RNA
Window size: 100 bp DNA

Other

Sequencel hBTK:1- 47244

BTKe BTKp A B
RP130A hBTK

100k

Myc

50k
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gene
Alignment 1

exon
sequence 2 UTR
mock genomic (+) CNS
1-50201 mRNA
Criteria: 70%. 100 bp Repeats

Regions: 73 LINE
LTR

X-axis: sequence1 SINE
Resolution: 15 RNA
Window size: 100 bp DNA

Other

4 5
hBTK

100k

all
M

10/

50k
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13
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100k
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SET 1: TEST INTROS 4, 5, 13 (CONTIG = ALL 3)

Test 1:

BTKp GFP pRRL BTKp.GFP

4 BTKp GFP pRRLINT4.BTKp.GFF

5 BTKp GFP pRRL INT5.BTKp.GFP

13 BTKp GFP pRRLINT13.BTKp.GFP

1kb BTKp GFP pRRL 1kb.BTKp.GFP

CONTIG BTKp GFP pRRL CONTIG.BTKp.GFP

3kb BTKp GFP pRRL 3kb.BTKp.GFP

OLINOO BTKp GFP pRRL revCONTIG.BTKp.GFP

NOTE: "1kb" and "3kb" are non-conserved intron 1

sequences, to control for size or enhancer

Test 2:

BTKp GFP pRRL BTKp.GFP

4-5 BTKp GFP pRRL LINT4-5*.BTKp.GFF

UCOE 4-5 BTKp GFP pRRL 0.7UCOE.IE.BTKp.GFP

CONTIG BTKp GFP pRRL CONTIG.BTKp.GFP

* INT4-5 element aka "IE"

Test 3 (in mice):

UCOE BTKp BTK pRRL .0.7UCOE.BTKp.coBTK

4-5 BTKp BTK pRRL LIE.BTKp.coBTK

UCOE 4-5 BTKp BTK pRRL 0.7UCOE.IE.BTKp.coBTK

FIG. 92-3
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SET 2: TEST INTRON1 (4 segments: A, B, C and D)

BTKp GFP pRRLBTKp.GFP

4-5 BTKp GFP pRRL IE.BTKp.GFF

INT1: ABCD BTKp GFP pRRL ABCD.BTKp.GFP

DCBA BTKp GFP pRRL DCBA.BTKp.GFP

AB BTKp GFP pRRL AB.BTKp.GFP

A BTKp GFP pRRL A.BTKp.GFP

B BTKp GFP pRRL B.BTKp.GFP

SET 3: TEST UPSTREAM ENHANCERS (BTKe)

UCOE BTKp BTK pRRL 0.7UCOE.BTKp.coBTK

UCOE AB BTKp BTK pRRL 0.7UCOE.AB.BTKp.coBTK

AB BTKp BTK pRRLAB.BTKp.coBTK

BTKe AB BTK BTK pRRL BTKe.AB.BTKp.coBTK

BTKe BTKp BTK pRRL BTKe.BTKp.coBTK

BTKe BTKp BTK pRRL BTKeAMyc.BTKp.coBTK

FIG. 92-4
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Truncation of 1.5kb UCOE to 0.7kb

CBX3 HNRPA2B1

5kb
Alt.Ex1

Ex1

1.5kb UCOE
0.7kb UCOE 1kb

FIG. 93A

Identification of DNase Hypersensitive Sites

Exon 1 23 4 5

00
X K

DHS 12 3 4 5
Length (bp) 334 409 353 453 149

FIG. 93B
Comparison of BTK codon-optimization

coBTK co2BTK KO Mock
BTK+ BTK+ BTK+
27.6 37.3 0.53

FIG. 93C

0.7UCOE.coBTK (5.4kb)

0.7kb UCOE BTKp CO BTK

0.7UCOE.co2BTK (X.Xkb)

10.7kb UCOE BTKp co2BTK

0.7UCOE.DHS4.cc coBTK (X.Xkb)

DHS
0.7kb UCOE 4 BTKp CO BTK

0.7UCOE.DHS4.coBTK (X.Xkb)

DHS
0.7kb UCOE 4 BTKp co2BTK

0.7UCOE.DHS1-5.coBTK (X.Xkb)

DHS
0.7kb UCOE BTKp CO BTK

FIG. 93D
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Splenic B Cells (Representative Flow Plots)

KO Mock

KO Mock DHS4.coBTK DHS4.co2BTK WT Mock

0.7UCOE.BTKp.coBTK

0.7UCOE.BTKp.co2BTK

0.7UCOE.DHS4.BTKp.coBTK

0.7UCOE.DHS4.BTKp.co2BTK

0.7UCOE.DHS1-5.BTKp.coBTK

BTK

FIG. 94A
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WT Mock

KO Mock

0.7UCOE.BTKp.coBTK
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Methods: B Cell differentiation Protocol

3 $ Step plasma cell differentiation culture system:

Starting cells: 0.5 X 106 cells from NSG recipient spleen

Basic culture media throughout: IMDM + 10% FBS + BME-and cytokines

listed below:

(Phase I; 7 days) MegaCD40L(100 ng/mL) + CpG ODN 2006 (1)g/mL) +

IL-2 (50 ng/mL) + IL-10 (50 ng/ml) + IL-15 (10 ng/mL)

(Phase II; 3 days) IL-2 (50 ng/mL) + IL-6 (50 ng/mL) + IL-10 (50 ng/ml) +

IL-15 (10 ng/mL)

Phase III; 4 days) IL-6 (50 ng/mL) + IL-15 (10 ng/mL) + IFN-a 2B (100 U/mL)

Notes: Double the culture volume after Day 1 and maintain cell density at

1 X 106 cells/mL thereafter (or double culture volume every two days); PBS

wash before switching cytokines (especially between steps I and II).

FIG. 109
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2018_04_19_Sequence_Listing_SCRI_148WO.txt

                                SEQUENCE LISTING

<110> Rawlings, David J.
      Sommer, Karen

<120> OPTIMIZED LENTIVIRAL VECTOR FOR XLA GENE
  THERAPY

<130> SCRI.148WO

<150> 62/488523           
<151> 2017‐04‐21  

<160> 46

<170> FastSEQ for Windows Version 4.0

<210> 1
<211> 668
<212> DNA
<213> Artificial Sequence

<220> 
<223> >0.7UCOE

<400> 1
cgcgtgtggc atctgaagca ccaccagcga gcgagagcta gagagaagga aagccaccga 60
cttcaccgcc tccgagctgc tccgggtcgc gggtctgcag cgtctccggc cctccgcgcc 120
tacagctcaa gccacatccg aagggggagg gagccgggag ctgcgcgcgg ggccgctggg 180
gggaggggtg gcaccgccca cgccgggcgg ccacgaaggg cggggcagcg ggcgcgcgcc 240
cggcgggggg aggggccgcg cgccgcgccc gctgggaatt ggggccctag ggggagggcg 300
gaggcgccga cgaccgcggc acttaccgtt cgcggcgtgg cgcccggtgg tccccaaggg 360
gagggaaggg ggaggcgggg cgaggacagt gaccggagtc tcctcagcgg tggcttttct 420
gcttggcagc ctcagcggct ggcgccaaaa ccggactccg cccacttcct cgcccctgcg 480
gtgcgagggt gtggaatcct ccagacgctg ggggaggggg agttgggagc ttaaaaacta 540
gtaccccttt gggaccactt tcagcagcga actctcctgt acaccagggg tcagttccac 600
agacgcgggc caggggtggg tcattgcggc gtgaacaata atttgactag aagttgattc 660
gggtgttt                                                          668

<210> 2
<211> 668
<212> DNA
<213> Artificial Sequence

<220> 
<223> >0.7UCOEfwd

<400> 2
cgcaaacacc cgaatcaact tctagtcaaa ttattgttca cgccgcaatg acccacccct 60
ggcccgcgtc tgtggaactg acccctggtg tacaggagag ttcgctgctg aaagtggtcc 120
caaaggggta ctagttttta agctcccaac tccccctccc ccagcgtctg gaggattcca 180
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SEQUENCE LISTING

<110> Rawlings, David J.

Sommer, Karen

<120> OPTIMIZED LENTIVIRAL VECTOR FOR XLA GENE
THERAPY

<130> SCRI.148WC

<150> 62/488523

<151> 2017-04-21

<160> 46

<170> FastSEQ for Windows Version 4.0

<210> 1

<211> 668

<212> DNA
<213> Artificial Sequence

<220>

<223> >0.7UCOE

<400> 1

cgcgtgtggc atctgaagca ccaccagcga gcgagagcta gagagaagga aagccaccga 60
cttcaccgcc tccgagctgc tccgggtcgc gggtctgcag cgtctccggc cctccgcgcc 120
tacagctcaa gccacatccg aagggggagg gagccgggag ctgcgcgcgg ggccgctggg 180
gggaggggtg gcaccgccca cgccgggcgg ccacgaaggg cggggcagcg ggcgcgcgcc 240
cggcgggggg aggggccgcg cgccgcgccc gctgggaatt ggggccctag ggggagggcg 300
gaggcgccga cgaccgcggc acttaccgtt cgcggcgtgg cgcccggtgg tccccaaggg 360
gagggaaggg ggaggcgggg cgaggacagt gaccggagto tcctcagcgg tggcttttct 420
gcttggcagc ctcagcggct ggcgccaaaa ccggactccg cccacttcct cgcccctgcg 480
gtgcgagggt gtggaatcct ccagacgctg ggggagggggg agttgggagc ttaaaaacta 540

gtaccccttt gggaccactt tcagcagcga actctcctgt acaccagggg tcagttccac 600
agacgcgggc caggggtggg tcattgcggc gtgaacaata atttgactag aagttgatto 660
gggtgttt 668

<210> 2

<211> 668

<212> DNA
<213> Artificial Sequence

<220>

<223> >0.7UCOEfwd

<400> 2

cgcaaacacc cgaatcaact tctagtcaaa ttattgttca cgccgcaatg acccaccect 60
ggcccgcgtc tgtggaactg acccctggtg tacaggagag ttcgctgctg aaagtggtcc 120
caaaggggta ctagttttta agctcccaac tccccctccc ccagcgtctg gaggattcca 180
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caccctcgca ccgcaggggc gaggaagtgg gcggagtccg gttttggcgc cagccgctga 240
ggctgccaag cagaaaagcc accgctgagg agactccggt cactgtcctc gccccgcctc 300
ccccttccct ccccttgggg accaccgggc gccacgccgc gaacggtaag tgccgcggtc 360
gtcggcgcct ccgccctccc cctagggccc caattcccag cgggcgcggc gcgcggcccc 420
tccccccgcc gggcgcgcgc ccgctgcccc gcccttcgtg gccgcccggc gtgggcggtg 480
ccacccctcc ccccagcggc cccgcgcgca gctcccggct ccctccccct tcggatgtgg 540
cttgagctgt aggcgcggag ggccggagac gctgcagacc cgcgacccgg agcagctcgg 600
aggcggtgaa gtcggtggct ttccttctct ctagctctcg ctcgctggtg gtgcttcaga 660
tgccacac                                                          668

<210> 3
<211> 455
<212> DNA
<213> Artificial Sequence

<220> 
<223> >DHS4

<400> 3
aattctatca tagtgtgtct tgtctatgat aactgcattg agaaagatgc tctgcttgtt 60
gagtgagcat ttcacttcct tctggttctg actatctgtc taatagtggt catgtgggtt 120
gaaaagatag aaaaggggag tagtattagg aagttcagta tgaggaagac ttattagact 180
tatgcataaa cctaaattct gttgtaatct ggaagagctg aagtgccaca tatgcatctg 240
tttaggagag caagaactac aaatttggtc ttcagtttgg cttgcttaca tcctgagaac 300
tctgtaggcc acatgtcgtg aatatagcag cctctgcaac agtgaaagcc agaaaaggaa 360
gtggaaagtc tcaggggagg gggctttctg tcatggattt atgagcacag caagactaac 420
aagcaaaaag aaaaatgtaa aaggatcttg ttcgt                            455

<210> 4
<211> 2404
<212> DNA
<213> Artificial Sequence

<220> 
<223> >IE4‐5

<400> 4
acatctttga gcttcagttt cctcatctgt aaatagggga ataatacata cttcttaagg 60
ctactgcaaa gatcaaataa gtaatacatt tgaagcactt gggacagagc ctgctacata 120
gtaagtgctc attaagtgtt agttatcatt gttgttgttt ttaggccaag gttgttgtga 180
aaattaaatg agataatata taaaaggtat ttagctcaat atctggcaca tagcaataat 240
tgaatagatg atccttcatc ttcgttcctc ctgttccctt tcagtttgaa agacttggct 300
aatataattt tgaccaacca aacttgcatt caagggagtg tacaaggctg gtatagccag 360
ccagtgagta tcagaatcta aatgtttatt aagacaaagg gctgtcatgc aataacccaa 420
ccataccatt atcagtctgc catccttcct gtttctctag gcagcctttc ctgatgtcaa 480
ctcaaccagt taatctctca gtcacttgac atgtggctat atatacacac aaatatgtgt 540
gcatgcatcc tgtgctgcaa gcatttacag tcaagtttat ctgaacacac tgtatggttg 600
atgtgaaatg ctgaaactgt tcaagtttag gtcctcacaa agcaaggaat atgaaatatt 660
tccttgggaa atatttatcc acaacaaaga gatgtacagt gctttcgtat acagtgattt 720
acagttttcc atgtgctttt acatgtatta ttacttcatt tgatccttac aacaacccca 780
gaggtagatg tggcatgaat taccattatt ctcctttgag aagaagaaac tgagcatcaa 840
agaagcttgt tggccttctt gccagaaatc acccagtttg taaatggtaa aagagggctt 900
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caccctcgca ccgcaggggc gaggaagtgg gcggagtccg gttttggcgc cagccgctga 240
ggctgccaag cagaaaagcc accgctgagg agactccggt cactgtcctc gccccgcctc 300
ccccttccct ccccttgggg accaccgggc gccacgccgc gaacggtaag tgccgcggtc 360
gtcggcgcct ccgccctccc cctagggccc caattcccag cgggcgcggc gcgcggcccc 420
tccccccgcc gggcgcgcgc ccgctgcccc gcccttcgtg gccgcccggc gtgggcggtg 480
ccacccctcc ccccagcggc cccgcgcgca gctcccggct ccctccccct tcggatgtgg 540
cttgagctgt aggcgcggag ggccggagac gctgcagacc cgcgacccgg agcagctcgg 600
aggcggtgaa gtcggtggct ttccttctct ctagctctcg ctcgctggtg gtgcttcaga 660
tgccacac 668

<210> 3

<211> 455

<212> DNA
<213> Artificial Sequence

<220>

<223> >DHS4

<400> 3

aattctatca tagtgtgtct tgtctatgat aactgcattg agaaagatgc tctgcttgtt 60
gagtgagcat ttcacttcct tctggttctg actatctgtc taatagtggt catgtgggtt 120
gaaaagatag aaaaggggag tagtattagg aagttcagta tgaggaagac ttattagact 180
tatgcataaa cctaaattct gttgtaatct ggaagagctg aagtgccaca tatgcatctg 240
tttaggagag caagaactac aaatttggtc ttcagtttgg cttgcttaca tcctgagaac 300
tctgtaggcc acatgtcgtg aatatagcag cctctgcaac agtgaaagcc agaaaaggaa 360
gtggaaagtc tcaggggagg gggctttctg tcatggattt atgagcacag caagactaac 420
aagcaaaaag aaaaatgtaa aaggatcttg ttcgt 455

<210> 4

<211> 2404

<212> DNA
<213> Artificial Sequence

<220>

<223> >IE4-5

<400> 4

acatctttga gcttcagttt cctcatctgt aaatagggga ataatacata cttcttaagg 60
ctactgcaaa gatcaaataa gtaatacatt tgaagcactt gggacagage ctgctacata 120
gtaagtgctc attaagtgtt agttatcatt gttgttgttt ttaggccaag gttgttgtga 180
aaattaaatg agataatata taaaaggtat ttagctcaat atctggcaca tagcaataat 240
tgaatagatg atccttcatc ttcgttcctc ctgttccctt tcagtttgaa agacttggct 300
aatataattt tgaccaacca aacttgcatt caagggagtg tacaaggctg gtatagccag 360
ccagtgagta tcagaatcta aatgtttatt aagacaaagg gctgtcatgc aataacccaa 420
ccataccatt atcagtctgc catccttcct gtttctctag gcagcctttc ctgatgtcaa 480
ctcaaccagt taatctctca gtcacttgac atgtggctat atatacacac aaatatgtgt 540
gcatgcatcc tgtgctgcaa gcatttacag tcaagtttat ctgaacacac tgtatggttg 600
atgtgaaatg ctgaaactgt tcaagtttag gtcctcacaa agcaaggaat atgaaatatt 660
tccttgggaa atatttatcc acaacaaaga gatgtacagt gctttcgtat acagtgattt 720
acagttttcc atgtgctttt acatgtatta ttacttcatt tgatccttac aacaacccca 780
gaggtagatg tggcatgaat taccattatt ctcctttgag aagaagaaac tgagcatcaa 840
agaagcttgt tggccttctt gccagaaatc acccagtttg taaatggtaa aagagggctt 900
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gaaaccaggt tctctgactc tgacttcaag cactctcata catcatctat ttaatttttt 960
ggagctaggt attttatact taggattcta aatattgcat aaccattgaa tgccacacca 1020
cccttgtatt cagtgcaaaa aatgggactt ttcttaataa atagagaaat ggaggtgcct 1080
aaaattacaa aattgcacta gagagatagt gatagaactg ggaaactctt agtctaatat 1140
tttatctttt attcatatga tggaatacta agctcaatgg cagaatcttc agtcagcaat 1200
ggtgttcagg ttatgtgaac tatctgaagg attcctgaac tcttcatatc taggaatgta 1260
gcgtttaaaa gctcttagaa tttttcatac tcttaggtcc tcctgacttg tgcttcaatt 1320
catgcataaa cttattttat aaggtctccg tctgcccttg ctggagataa catttttgtt 1380
tatccaacaa agggtatttt atcttattat taaattctga ctttgtatag aagagaaatg 1440
aagtgataat ctatataaat taagtcttga ttagtacata tgggttattc acttggataa 1500
tatggagtaa aattttaatt catggctaat tacctccacc tccactacct agtggcctcc 1560
cctcaccaat attagccaaa ataaatcaaa tttggaacta caaacctact tcaaaaaggg 1620
taaggtatat aataagcaat atcatcaagt caaatagtat ttttttaacc atgtacaagg 1680
catcatgcta ggtgttacga agatgcatga aatatataag atgtggttcc aaccctcaca 1740
gagtttatag acatcacata ataaattctg aagtcaaata taaattaatt taaaattatc 1800
tgctgttcag cattgttcac tagtgcagcc aaacaatgtc atcttgttga aaggcattgg 1860
tagtaaaaac tgtgtctgaa atacccctct ttcaaaggtt tcgtaaattt gatatagtca 1920
gggacacgaa caagatcctt ttacattttt ctttttgctt gttagtcttg ctgtgctcat 1980
aaatccatga cagaaagccc cctcccctga gactttccac ttccttttct ggctttcact 2040
gttgcagagg ctgctatatt cacgacatgt ggcctacaga gttctcagga tgtaagcaag 2100
ccaaactgaa gaccaaattt gtagttcttg ctctcctaaa cagatgcata tgtggcactt 2160
cagctcttcc agattacaac agaatttagg tttatgcata agtctaataa gtcttcctca 2220
tactgaactt cctaatacta ctcccctttt ctatcttttc aacccacatg accactatta 2280
gacagatagt cagaaccaga aggaagtgaa atgctcactc aacaagcaga gcatctttct 2340
caatgcagtt atcatagaca agacacacta tgatagaatt ggtgctgcta tgtattcttt 2400
ttga                                                              2404

<210> 5
<211> 837
<212> DNA
<213> Artificial Sequence

<220> 
<223> >BTKp

<400> 5
tgcatttcct aggagaatcc ctgggggaat cattgcagtt ggagcataat gtagggggcc 60
cctgagaaaa cctccaggct tcaagtgaca tacctagtct gctttaccgg tttacaggac 120
tcaagagaaa ggtggacatt gagagttaat ccctgaggcc aaatcttaaa tggagaaagt 180
caacatccac agaaaatggg gaagggcaca agtatttctg tgggcttata ttccgacatt 240
tttatctgta ggggaaaaat gctttcttag aaaatgactc agcacgggga agtcttgtct 300
ctacctctgt cttgttttgt cctttggggt cccttcacta tcaagttcaa ctgtgtgtcc 360
ctgagactcc tctgccccgg aggacaggag actcgaaaaa cgctcttcct ggccagtctc 420
tttgctctgt gtctgccagc ccccagcatc tctcctcttt cctgtaagcc cctctccctg 480
tgctgactgt cttcatagta ctttaggtat gttgtccctt tacctctggg aggatagctt 540
gatgacctgt ctgctcaggc cagccccatc tagagtctca gtggccccag tcatgttgag 600
aaaggttctt tcaaagatag actcaagata gtagtgtcag aggtcccaag caaatgaagg 660
gcggggacag ttgagggggt ggaataggga cggcagcagg gaaccagata gcatgctgct 720
gagaagaaaa aaagacattg gtttaggtca ggaagcaaaa aaagggaact gagtggctgt 780
gaaagggtgg ggtttgctca gactgtcctt cctctctgga ctgtaagaat tagtctc    837

<210> 6
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gaaaccaggt tctctgactc tgacttcaag cactctcata catcatctat ttaatttttt 960
ggagctaggt attttatact taggattcta aatattgcat aaccattgaa tgccacacca 1020
cccttgtatt cagtgcaaaa aatgggactt ttcttaataa atagagaaat ggaggtgcct 1080
aaaattacaa aattgcacta gagagatagt gatagaactg ggaaactctt agtctaatat 1140
tttatctttt attcatatga tggaatacta agctcaatgg cagaatcttc agtcagcaat 1200
ggtgttcagg ttatgtgaac tatctgaagg attcctgaac tcttcatatc taggaatgta 1260
gcgtttaaaa gctcttagaa tttttcatac tcttaggtcc tcctgacttg tgcttcaatt 1320
catgcataaa cttattttat aaggtctccg tctgcccttg ctggagataa cattttgtt 1380
tatccaacaa agggtatttt atcttattat taaattctga ctttgtatag aagagaaatg 1440
aagtgataat ctatataaat taagtcttga ttagtacata tgggttattc acttggataa 1500
tatggagtaa aattttaatt catggctaat tacctccacc tccactacct agtggcctcc 1560
cctcaccaat attagccaaa ataaatcaaa tttggaacta caaacctact tcaaaaaggg 1620

taaggtatat aataagcaat atcatcaagt caaatagtat ttttttaacc atgtacaagg 1680
catcatgcta ggtgttacga agatgcatga aatatataag atgtggttcc aaccctcaca 1740
gagtttatag acatcacata ataaattctg aagtcaaata taaattaatt taaaattatc 1800
tgctgttcag cattgttcac tagtgcagcc aaacaatgtc atcttgttga aaggcattgg 1860
tagtaaaaac tgtgtctgaa atacccctct ttcaaaggtt tcgtaaattt gatatagtca 1920
gggacacgaa caagatcctt ttacattttt ctttttgctt gttagtcttg ctgtgctcat 1980
aaatccatga cagaaagccc cctcccctga gactttccac ttccttttct ggctttcact 2040
gttgcagagg ctgctatatt cacgacatgt ggcctacaga gttctcagga tgtaagcaag 2100
ccaaactgaa gaccaaattt gtagttcttg ctctcctaaa cagatgcata tgtggcactt 2160
cagctcttcc agattacaac agaatttagg tttatgcata agtctaataa gtcttcctca 2220
tactgaactt cctaatacta ctcccctttt ctatcttttc aacccacatg accactatta 2280
gacagatagt cagaaccaga aggaagtgaa atgctcactc aacaagcaga gcatctttct 2340
caatgcagtt atcatagaca agacacacta tgatagaatt ggtgctgcta tgtattcttt 2400
ttga 2404

<210> 5

<211> 837

<212> DNA

<213> Artificial Sequence

<220>

<223> >BTKp

<400> 5

tgcatttcct aggagaatcc ctgggggaat cattgcagtt ggagcataat gtagggggcc 60
cctgagaaaa cctccaggct tcaagtgaca tacctagtct gctttaccgg tttacaggad 120
tcaagagaaa ggtggacatt gagagttaat ccctgaggcc aaatcttaaa tggagaaagt 180
caacatccac agaaaatggg gaagggcaca agtatttctg tgggcttata ttccgacatt 240
tttatctgta ggggaaaaat gctttcttag aaaatgactc agcacgggga agtcttgtct 300
ctacctctgt cttgttttgt cctttggggt cccttcacta tcaagttcaa ctgtgtgtcc 360
ctgagactcc tctgccccgg aggacaggag actcgaaaaa cgctcttcct ggccagtctc 420
tttgctctgt gtctgccagc ccccagcatc tctcctcttt cctgtaagcc cctctccctg 480
tgctgactgt cttcatagta ctttaggtat gttgtccctt tacctctggg aggatagctt 540
gatgacctgt ctgctcaggc cagccccatc tagagtctca gtggccccag tcatgttgag 600
aaaggttctt tcaaagatag actcaagata gtagtgtcag aggtcccaag caaatgaagg 660

gcggggacag ttgagggggt ggaataggga cggcagcagg gaaccagata gcatgctgct 720
gagaagaaaa aaagacattg gtttaggtca ggaagcaaaa aaagggaact gagtggctgt 780
gaaagggtgg ggtttgctca gactgtcctt cctctctgga ctgtaagaat tagtctc 837

<210> 6
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<211> 1980
<212> DNA
<213> Artificial Sequence

<220> 
<223> >coBTK

<400> 6
atggccgctg tgatcctgga gagcattttc ctgaagaggt cccagcagaa aaagaaaacc 60
tctcccctga actttaagaa aagactgttc ctgctgacag tgcacaagct gtcttactat 120
gagtacgact ttgagcgggg ccgccgagga tcaaaaaagg ggagcatcga tgtggagaag 180
attacatgcg tggagaccgt ggtccctgaa aagaatccac cccctgagag gcagatccca 240
agacggggcg aggagtcctc tgagatggag cagattagta tcattgagcg cttcccctat 300
ccttttcagg tggtgtacga cgagggacca ctgtatgtgt tctcacccac agaggagctg 360
agaaagaggt ggattcacca gctgaagaac gtgattagat acaatagcga tctggtgcag 420
aagtatcacc cttgtttttg gatcgacggg cagtacctgt gctgttccca gacagctaag 480
aacgctatgg gatgccagat tctggaaaat cggaacggat ctctgaaacc agggagttca 540
caccgcaaga ccaaaaagcc cctgcctcca acacccgagg aggatcagat cctgaaaaag 600
cctctgccac ccgagcctgc tgcagcccca gtcagcactt ccgaactgaa aaaggtggtg 660
gctctgtatg actacatgcc catgaatgct aacgatctgc agctgagaaa gggcgacgag 720
tatttcattc tggaagagtc taatctgcct tggtggaggg ccagagataa gaacggacag 780
gaggggtaca tcccatctaa ttatgtgacc gaggctgagg actctattga gatgtacgag 840
tggtatagca agcacatgac acggtcccag gctgagcagc tgctgaagca ggagggcaaa 900
gagggagggt ttatcgtgcg cgattctagt aaggccggca aatacactgt gtcagtgttc 960
gctaagagca ccggagaccc ccagggcgtg atcagacact atgtggtgtg ttccacacct 1020
cagtctcagt actatctggc tgagaagcac ctgtttagta caatcccaga gctgattaac 1080
taccaccagc acaattctgc cggcctgatc agcaggctga agtatcccgt ctcccagcag 1140
aacaaaaatg ctccttctac cgctggactg gggtacggca gttgggagat tgatccaaag 1200
gacctgacat tcctgaagga gctgggaact gggcagtttg gcgtggtgaa gtatggaaaa 1260
tggagagggc agtacgatgt ggccatcaag atgatcaagg agggctcaat gagcgaggac 1320
gagttcatcg aggaggctaa ggtcatgatg aacctgtccc acgagaaact ggtgcagctg 1380
tatggagtgt gcaccaagca gcggcccatt tttatcatta cagagtacat ggctaatggg 1440
tgtctgctga actatctgcg cgagatgaga cacagattcc agacacagca gctgctggaa 1500
atgtgcaagg atgtgtgtga ggctatggag tacctggagt ctaagcagtt tctgcaccgg 1560
gacctggctg ctcgcaattg cctggtgaac gatcagggcg tggtgaaggt gagtgacttc 1620
ggactgtcaa ggtatgtgct ggatgacgag tacaccagct ccgtgggctc taagtttcct 1680
gtgagatggt ctccacccga ggtgctgatg tatagcaagt tctcctctaa gagcgatatc 1740
tgggcctttg gcgtgctgat gtgggaaatc tacagcctgg gcaagatgcc ttacgagcgg 1800
ttcacaaatt ccgagacagc tgagcacatc gcccagggcc tgcgcctgta ccggccacat 1860
ctggcctctg agaaggtgta caccatcatg tacagctgtt ggcacgagaa ggccgacgag 1920
agacccacat tcaagatcct gctgtccaac attctagatg tgatggacga ggagagctga 1980

<210> 7
<211> 1980
<212> DNA
<213> Artificial Sequence

<220> 
<223> >co2BTK

<400> 7
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<211> 1980

<212> DNA

<213> Artificial Sequence

<220>

<223> >COBTK

<400> 6

atggccgctg tgatcctgga gagcattttc ctgaagaggt cccagcagaa aaagaaaacc 60
tctcccctga actttaagaa aagactgttc ctgctgacag tgcacaagct gtcttactat 120
gagtacgact ttgagcgggg ccgccgagga tcaaaaaagg ggagcatcga tgtggagaag 180
attacatgcg tggagaccgt ggtccctgaa aagaatccac cccctgagag gcagatccca 240
agacggggcg aggagtcctc tgagatggag cagattagta tcattgagcg cttcccctat 300
ccttttcagg tggtgtacga cgagggacca ctgtatgtgt tctcacccac agaggagctg 360
agaaagaggt ggattcacca gctgaagaac gtgattagat acaatagcga tctggtgcag 420
aagtatcacc cttgtttttg gatcgacggg cagtacctgt gctgttccca gacagctaag 480
aacgctatgg gatgccagat tctggaaaat cggaacggat ctctgaaacc agggagttca 540
caccgcaaga ccaaaaagcc cctgcctcca acacccgagg aggatcagat cctgaaaaag 600
cctctgccac ccgagcctgc tgcagcccca gtcagcactt ccgaactgaa aaaggtggtg 660
gctctgtatg actacatgcc catgaatgct aacgatctgc agctgagaaa gggcgacgag 720
tatttcattc tggaagagtc taatctgcct tggtggaggg ccagagataa gaacggacag 780
gaggggtaca tcccatctaa ttatgtgacc gaggctgagg actctattga gatgtacgag 840
tggtatagca agcacatgac acggtcccag gctgagcagc tgctgaagca ggagggcaaa 900
gagggagggt ttatcgtgcg cgattctagt aaggccggca aatacactgt gtcagtgtto 960
gctaagagca ccggagacco ccagggcgtg atcagacact atgtggtgtg ttccacacct 1020
cagtctcagt actatctggc tgagaagcad ctgtttagta caatcccaga gctgattaac 1080
taccaccagc acaattctgc cggcctgatc agcaggctga agtatcccgt ctcccagcag 1140
aacaaaaatg ctccttctac cgctggactg gggtacggca gttgggagat tgatccaaag 1200
gacctgacat tcctgaagga gctgggaact gggcagtttg gcgtggtgaa gtatggaaaa 1260
tggagagggo agtacgatgt ggccatcaag atgatcaagg agggctcaat gagcgaggac 1320
gagttcatcg aggaggctaa ggtcatgatg aacctgtccc acgagaaact ggtgcagctg 1380
tatggagtgt gcaccaagca gcggcccatt tttatcatta cagagtacat ggctaatggg 1440
tgtctgctga actatctgcg cgagatgaga cacagattcc agacacagca gctgctggaa 1500
atgtgcaagg atgtgtgtga ggctatggag tacctggagt ctaagcagtt tctgcaccgg 1560
gacctggctg ctcgcaattg cctggtgaac gatcagggcg tggtgaaggt gagtgactto 1620
ggactgtcaa ggtatgtgct ggatgacgag tacaccagct ccgtgggctc taagtttcct 1680

gtgagatggt ctccacccga ggtgctgatg tatagcaagt tctcctctaa gagcgatato 1740
tgggcctttg gcgtgctgat gtgggaaatc tacagcctgg gcaagatgcc ttacgagcgg 1800

ttcacaaatt ccgagacage tgagcacatc gcccagggcc tgcgcctgta ccggccacat 1860
ctggcctctg agaaggtgta caccatcatg tacagctgtt ggcacgagaa ggccgacgag 1920
agacccacat tcaagatcct gctgtccaac attctagatg tgatggacga ggagagctga 1980

<210> 7

<211> 1980

<212> DNA
<213> Artificial Sequence

<220>

<223> >co2BTK

<400> 7
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atggccgccg tgatcctgga aagcatcttc ctgaagcgga gccagcagaa gaagaaaacc 60
agccccctga acttcaagaa gcggctgttc ctgctgaccg tgcacaagct gtcctactac 120
gagtacgact tcgagcgggg cagacggggc agcaagaagg gcagcatcga cgtcgagaag 180
atcacctgcg tggagaccgt ggtgcccgag aagaaccccc ctcccgagcg gcagatcccc 240
agacggggcg aggaaagcag cgagatggaa cagatcagca tcatcgagcg gttcccttac 300
ccattccaag tggtgtacga cgagggcccc ctgtacgtgt tcagccccac cgaggaactg 360
cggaagcggt ggattcacca gctgaagaac gtgatccggt acaacagcga cctggtgcag 420
aagtaccacc cctgcttttg gatcgacggc cagtacctgt gctgcagcca gaccgccaag 480
aacgctatgg gctgccagat tctggaaaac cggaacggca gcctgaagcc cggcagcagc 540
cacagaaaga ccaagaagcc cctgcccccc acccccgaag aggaccagat cctgaagaag 600
cctctgcctc ccgagcccgc cgctgcacct gtgagcacca gcgagctgaa gaaagtggtg 660
gccctgtacg actacatgcc catgaacgcc aacgacctgc agctgcggaa gggcgacgag 720
tacttcatcc tggaagaaag caacctgccc tggtggcggg ccagggacaa gaacggccag 780
gaaggctaca tccccagcaa ctacgtgacc gaggccgagg actccatcga gatgtacgag 840
tggtacagca agcacatgac cagaagccag gccgaacagc tgctgaagca ggaaggcaaa 900
gagggcggct tcatcgtccg ggacagcagc aaggccggca agtacaccgt gagcgtgttc 960
gccaagagca ccggcgaccc ccagggcgtg atccggcact acgtggtgtg cagcaccccc 1020
cagagccagt actacctggc cgagaagcac ctgttcagca ccatccccga gctgatcaac 1080
tatcaccagc acaacagcgc tggactgatt tctcggctga agtaccccgt gtcccagcag 1140
aacaaaaacg cccccagcac agccggcctg ggctacggca gctgggagat cgaccccaag 1200
gacctgacct tcctgaaaga gctgggcacc ggccagttcg gcgtggtgaa gtacggcaag 1260
tggaggggcc agtacgacgt ggccatcaag atgatcaagg aaggcagcat gagcgaggac 1320
gagttcatcg aggaagccaa agtgatgatg aacctgagcc acgagaagct ggtgcagctg 1380
tacggcgtgt gcaccaagca gcggcccatc ttcatcatca ccgagtacat ggccaacggc 1440
tgcctgctga actacctgcg ggagatgcgg cacaggttcc agacacagca gctgctcgaa 1500
atgtgcaagg acgtgtgcga ggctatggaa tacctggaat ccaagcagtt cctgcaccgg 1560
gacctggccg ccagaaactg cctggtgaac gaccaggggg tggtgaaggt gtccgacttc 1620
ggcctgagca gatacgtgct ggacgacgag tacaccagca gcgtgggcag caagttcccc 1680
gtgcggtgga gcccccctga ggtgctgatg tacagcaagt tcagcagcaa gagcgacatc 1740
tgggccttcg gcgtgctgat gtgggagatc tacagcctgg gcaagatgcc ctacgagcgg 1800
ttcaccaaca gcgagaccgc cgagcacatc gcccagggcc tgcggctgta caggccccac 1860
ctggccagcg agaaggtgta caccatcatg tacagctgct ggcacgagaa ggccgacgag 1920
aggcccacct tcaagatcct gctgtccaac atcctggacg tgatggacga ggaaagctga 1980

<210> 8
<211> 720
<212> DNA
<213> Artificial Sequence

<220> 
<223> >GFP

<400> 8
atggtgagca agggcgagga gctgttcacc ggggtggtgc ccatcctggt cgagctggac 60
ggcgacgtaa acggccacaa gttcagcgtg tccggcgagg gcgagggcga tgccacctac 120
ggcaagctga ccctgaagtt catctgcacc accggcaagc tgcccgtgcc ctggcccacc 180
ctcgtgacca ccctgaccta cggcgtgcag tgcttcagcc gctaccccga ccacatgaag 240
cagcacgact tcttcaagtc cgccatgccc gaaggctacg tccaggagcg caccatcttc 300
ttcaaggacg acggcaacta caagacccgc gccgaggtga agttcgaggg cgacaccctg 360
gtgaaccgca tcgagctgaa gggcatcgac ttcaaggagg acggcaacat cctggggcac 420
aagctggagt acaactacaa cagccacaac gtctatatca tggccgacaa gcagaagaac 480
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atggccgccg tgatcctgga aagcatcttc ctgaagcgga gccagcagaa gaagaaaacc 60
agccccctga acttcaagaa gcggctgttc ctgctgaccg tgcacaagct gtcctactac 120
gagtacgact tcgagcgggg cagacggggc agcaagaagg gcagcatcga cgtcgagaag 180
atcacctgcg tggagaccgt ggtgcccgag aagaaccccc ctcccgagcg gcagatcccc 240
agacggggcg aggaaagcag cgagatggaa cagatcagca tcatcgagcg gttcccttac 300
ccattccaag tggtgtacga cgagggcccc ctgtacgtgt tcagccccac cgaggaactg 360
cggaagcggt ggattcacca gctgaagaac gtgatccggt acaacagcga cctggtgcag 420
aagtaccacc cctgcttttg gatcgacggc cagtacctgt gctgcagcca gaccgccaag 480
aacgctatgg gctgccagat tctggaaaac cggaacggca gcctgaagcc cggcagcago 540
cacagaaaga ccaagaagcc cctgcccccc acccccgaag aggaccagat cctgaagaag 600
cctctgcctc ccgagcccgc cgctgcacct gtgagcacca gcgagctgaa gaaagtggtg 660
gccctgtacg actacatgcc catgaacgcc aacgacctgc agctgcggaa gggcgacgag 720
tacttcatcc tggaagaaag caacctgccc tggtggcggg ccagggacaa gaacggccag 780
gaaggctaca tccccagcaa ctacgtgacc gaggccgagg actccatcga gatgtacgag 840
tggtacagca agcacatgad cagaagccag gccgaacagc tgctgaagca ggaaggcaaa 900
gagggcggct tcatcgtccg ggacagcage aaggccggca agtacaccgt gagcgtgttc 960
gccaagagca ccggcgaccc ccagggcgtg atccggcact acgtggtgtg cagcaccccc 1020
cagagccagt actacctggc cgagaagcac ctgttcagca ccatccccga gctgatcaac 1080
tatcaccago acaacagcgc tggactgatt tctcggctga agtaccccgt gtcccagcag 1140
aacaaaaacg ccccccagcaa agccggcctg ggctacggca gctgggagat cgaccccaag 1200

gacctgacct tcctgaaaga gctgggcacc ggccagttcg gcgtggtgaa gtacggcaag 1260
tggaggggcc agtacgacgt ggccatcaag atgatcaagg aaggcagcat gagcgaggac 1320
gagttcatcg aggaagccaa agtgatgatg aacctgagcc acgagaagct ggtgcagctg 1380
tacggcgtgt gcaccaagca gcggcccatc ttcatcatca ccgagtacat ggccaacggc 1440
tgcctgctga actacctgcg ggagatgcgg cacaggttcc agacacagca gctgctcgaa 1500
atgtgcaagg acgtgtgcga ggctatggaa tacctggaat ccaagcagtt cctgcaccgg 1560
gacctggccg ccagaaactg cctggtgaac gaccagggggg tggtgaaggt gtccgacttc 1620

ggcctgagca gatacgtgct ggacgacgag tacaccagca gcgtgggcag caagttcccc 1680
gtgcggtgga gcccccctga ggtgctgatg tacagcaagt tcagcagcaa gagcgacatc 1740
tgggccttcg gcgtgctgat gtgggagatc tacagcctgg gcaagatgcc ctacgagcgg 1800
ttcaccaaca gcgagaccgc cgagcacatc gcccagggcc tgcggctgta caggccccac 1860
ctggccagcg agaaggtgta caccatcatg tacagctgct ggcacgagaa ggccgacgag 1920
aggcccacct tcaagatcct gctgtccaac atcctggacg tgatggacga ggaaagctga 1980

<210> 8

<211> 720

<212> DNA
<213> Artificial Sequence

<220>

<223> >GFP

<400> 8

atggtgagca agggcgagga gctgttcacc ggggtggtgc ccatcctggt cgagctggac 60
ggcgacgtaa acggccacaa gttcagcgtg tccggcgagg gcgagggcga tgccacctac 120
ggcaagctga ccctgaagtt catctgcacc accggcaagc tgcccgtgcc ctggcccacc 180
ctcgtgacca ccctgaccta cggcgtgcag tgcttcagcc gctaccccga ccacatgaag 240
cagcacgact tcttcaagtc cgccatgccc gaaggctacg tccaggagcg caccatcttc 300
ttcaaggacg acggcaacta caagacccgc gccgaggtga agttcgaggg cgacaccctg 360
gtgaaccgca tcgagctgaa gggcatcgad ttcaaggagg acggcaacat cctggggcac 420
aagctggagt acaactacaa cagccacaac gtctatatca tggccgacaa gcagaagaac 480
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ggcatcaagg tgaacttcaa gatccgccac aacatcgagg acggcagcgt gcagctcgcc 540
gaccactacc agcagaacac ccccatcggc gacggccccg tgctgctgcc cgacaaccac 600
tacctgagca cccagtccgc cctgagcaaa gaccccaacg agaagcgcga tcacatggtc 660
ctgctggagt tcgtgaccgc cgccgggatc actctcggca tggacgagct gtacaagtaa 720

<210> 9
<211> 1227
<212> DNA
<213> Artificial Sequence

<220> 
<223> >Intron 4

<400> 9
ctcaaaaaga atacatagca gcaccaattc tatcatagtg tgtcttgtct atgataactg 60
cattgagaaa gatgctctgc ttgttgagtg agcatttcac ttccttctgg ttctgactat 120
ctgtctaata gtggtcatgt gggttgaaaa gatagaaaag gggagtagta ttaggaagtt 180
cagtatgagg aagacttatt agacttatgc ataaacctaa attctgttgt aatctggaag 240
agctgaagtg ccacatatgc atctgtttag gagagcaaga actacaaatt tggtcttcag 300
tttggcttgc ttacatcctg agaactctgt aggccacatg tcgtgaatat agcagcctct 360
gcaacagtga aagccagaaa aggaagtgga aagtctcagg ggagggggct ttctgtcatg 420
gatttatgag cacagcaaga ctaacaagca aaaagaaaaa tgtaaaagga tcttgttcgt 480
gtccctgact atatcaaatt tacgaaacct ttgaaagagg ggtatttcag acacagtttt 540
tactaccaat gcctttcaac aagatgacat tgtttggctg cactagtgaa caatgctgaa 600
cagcagataa ttttaaatta atttatattt gacttcagaa tttattatgt gatgtctata 660
aactctgtga gggttggaac cacatcttat atatttcatg catcttcgta acacctagca 720
tgatgccttg tacatggtta aaaaaatact atttgacttg atgatattgc ttattatata 780
ccttaccctt tttgaagtag gtttgtagtt ccaaatttga tttattttgg ctaatattgg 840
tgaggggagg ccactaggta gtggaggtgg aggtaattag ccatgaatta aaattttact 900
ccatattatc caagtgaata acccatatgt actaatcaag acttaattta tatagattat 960
cacttcattt ctcttctata caaagtcaga atttaataat aagataaaat accctttgtt 1020
ggataaacaa aaatgttatc tccagcaagg gcagacggag accttataaa ataagtttat 1080
gcatgaattg aagcacaagt caggaggacc taagagtatg aaaaattcta agagctttta 1140
aacgctacat tcctagatat gaagagttca ggaatccttc agatagttca cataacctga 1200
acaccattgc tgactgaaga ttctgcc                                     1227

<210> 10
<211> 1163
<212> DNA
<213> Artificial Sequence

<220> 
<223> >Intron 5

<400> 10
ccatcatatg aataaaagat aaaatattag actaagagtt tcccagttct atcactatct 60
ctctagtgca attttgtaat tttaggcacc tccatttctc tatttattaa gaaaagtccc 120
attttttgca ctgaatacaa gggtggtgtg gcattcaatg gttatgcaat atttagaatc 180
ctaagtataa aatacctagc tccaaaaaat taaatagatg atgtatgaga gtgcttgaag 240
tcagagtcag agaacctggt ttcaagccct cttttaccat ttacaaactg ggtgatttct 300
ggcaagaagg ccaacaagct tctttgatgc tcagtttctt cttctcaaag gagaataatg 360

Page 6

2018_04_19_Sequence_Listing_SCRI_148W0.tx
ggcatcaagg tgaacttcaa gatccgccac aacatcgagg acggcagcgt gcagctcgcc 540
gaccactacc agcagaacao ccccatcggc gacggccccg tgctgctgcc cgacaaccao 600
tacctgagca cccagtccgc cctgagcaaa gaccccaacg agaagcgcga tcacatggto 660
ctgctggagt tcgtgaccgc cgccgggatc actctcggca tggacgagct gtacaagtaa 720

<210> 9

<211> 1227

<212> DNA

<213> Artificial Sequence

<220>

<223> >Intron 4

<400> 9

ctcaaaaaga atacatagca gcaccaattc tatcatagtg tgtcttgtct atgataactg 60
cattgagaaa gatgctctgc ttgttgagtg agcatttcac ttccttctgg ttctgactat 120
ctgtctaata gtggtcatgt gggttgaaaa gatagaaaag gggagtagta ttaggaagtt 180
cagtatgagg aagacttatt agacttatgo ataaacctaa attctgttgt aatctggaag 240
agctgaagtg ccacatatgo atctgtttag gagagcaaga actacaaatt tggtcttcag 300

tttggcttgc ttacatcctg agaactctgt aggccacatg tcgtgaatat agcagcctct 360
gcaacagtga aagccagaaa aggaagtgga aagtctcagg ggagggggct ttctgtcatg 420
gatttatgag cacagcaaga ctaacaagca aaaagaaaaa tgtaaaagga tcttgttcgt 480
gtccctgact atatcaaatt tacgaaacct ttgaaagagg ggtatttcag acacagtttt 540
tactaccaat gcctttcaac aagatgacat tgtttggctg cactagtgaa caatgctgaa 600
cagcagataa ttttaaatta atttatattt gacttcagaa tttattatgt gatgtctata 660
aactctgtga gggttggaac cacatcttat atatttcatg catcttcgta acacctagca 720
tgatgccttg tacatggtta aaaaaatact atttgacttg atgatattgc ttattatata 780
ccttaccctt tttgaagtag gtttgtagtt ccaaatttga tttattttgg ctaatattgg 840
tgaggggagg ccactaggta gtggaggtgg aggtaattag ccatgaatta aaattttact 900
ccatattato caagtgaata acccatatgt actaatcaag acttaattta tatagattat 960
cacttcattt ctcttctata caaagtcaga atttaataat aagataaaat accctttgtt 1020
ggataaacaa aaatgttatc tccagcaagg gcagacggag accttataaa ataagtttat 1080
gcatgaattg aagcacaagt caggaggacc taagagtatg aaaaattcta agagctttta 1140
aacgctacat tcctagatat gaagagttca ggaatccttc agatagttca cataacctga 1200
acaccattgo tgactgaaga ttctgcc 1227

<210> 10

<211> 1163

<212> DNA

<213> Artificial Sequence

<220>

<223> >Intron 5

<400> 10

ccatcatatg aataaaagat aaaatattag actaagagtt tcccagttct atcactatct 60
ctctagtgca attttgtaat tttaggcacc tccatttctc tatttattaa gaaaagtcco 120
attttttgca ctgaatacaa gggtggtgtg gcattcaatg gttatgcaat atttagaato 180
ctaagtataa aatacctagc tccaaaaaat taaatagatg atgtatgaga gtgcttgaag 240
tcagagtcag agaacctggt ttcaagccct cttttaccat ttacaaactg ggtgatttct 300
ggcaagaagg ccaacaagct tctttgatgo tcagtttctt cttctcaaag gagaataatg 360
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gtaattcatg ccacatctac ctctggggtt gttgtaagga tcaaatgaag taataataca 420
tgtaaaagca catggaaaac tgtaaatcac tgtatacgaa agcactgtac atctctttgt 480
tgtggataaa tatttcccaa ggaaatattt catattcctt gctttgtgag gacctaaact 540
tgaacagttt cagcatttca catcaaccat acagtgtgtt cagataaact tgactgtaaa 600
tgcttgcagc acaggatgca tgcacacata tttgtgtgta tatatagcca catgtcaagt 660
gactgagaga ttaactggtt gagttgacat caggaaaggc tgcctagaga aacaggaagg 720
atggcagact gataatggta tggttgggtt attgcatgac agccctttgt cttaataaac 780
atttagattc tgatactcac tggctggcta taccagcctt gtacactccc ttgaatgcaa 840
gtttggttgg tcaaaattat attagccaag tctttcaaac tgaaagggaa caggaggaac 900
gaagatgaag gatcatctat tcaattattg ctatgtgcca gatattgagc taaatacctt 960
ttatatatta tctcatttaa ttttcacaac aaccttggcc taaaaacaac aacaatgata 1020
actaacactt aatgagcact tactatgtag caggctctgt cccaagtgct tcaaatgtat 1080
tacttatttg atctttgcag tagccttaag aagtatgtat tattccccta tttacagatg 1140
aggaaactga agctcaaaga tgt                                         1163

<210> 11
<211> 526
<212> DNA
<213> Artificial Sequence

<220> 
<223> >Intron 13

<400> 11
ggtagggtgg actggccagt tgcaaaaact acctttgctg gccttgcctt agggagtgtc 60
cttgaggtac actgttctgc agcagctgcc tcaaggacgc tcaagacaga tccaagcaaa 120
agttattcac tgattttctt cctctagtgg ctacgactgg gactgcaaaa acatagattc 180
ataaagggct ttgtcgttgt cttgggtctt tttgtctttt atttttaatt gtgggaaaat 240
tttcagtact atccctgagt tcattaacta ccatcactaa cataatcata aagggatttg 300
gggaggttgc ttagtctatc ttcttgcctt atggccacct tgaacctaaa attcccagat 360
tcctctaacc aatgaatccc gtttctgaga ttgacttaag caaagacaga ttagtacttc 420
taaaaatttc ccttttacta gttttcctat ttctacccca gtagggattt ttgtctattg 480
taagaattat acattcatga ccccaaagaa tcacaccaag acttta                526

<210> 12

<220> 
<223> *

<400> 12
 000

<210> 13

<220> 
<223> *

<400> 13
 000

<210> 14
<211> 2947
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gtaattcatg ccacatctad ctctggggtt gttgtaagga tcaaatgaag taataataca 420
tgtaaaagca catggaaaac tgtaaatcad tgtatacgaa agcactgtad atctctttgt 480
tgtggataaa tatttcccaa ggaaatattt catattcctt gctttgtgag gacctaaact 540
tgaacagttt cagcatttca catcaaccat acagtgtgtt cagataaact tgactgtaaa 600
tgcttgcago acaggatgca tgcacacata tttgtgtgta tatatagcca catgtcaagt 660
gactgagaga ttaactggtt gagttgacat caggaaaggc tgcctagaga aacaggaagg 720
atggcagact gataatggta tggttgggtt attgcatgad agccctttgt cttaataaac 780
atttagatto tgatactcac tggctggcta taccagcctt gtacactccc ttgaatgcaa 840

gtttggttgg tcaaaattat attagccaag tctttcaaac tgaaagggaa caggaggaao 900
gaagatgaag gatcatctat tcaattattg ctatgtgcca gatattgago taaatacctt 960
ttatatatta tctcatttaa ttttcacaac aaccttggcc taaaaacaac aacaatgata 1020
actaacactt aatgagcact tactatgtag caggctctgt cccaagtgct tcaaatgtat 1080
tacttatttg atctttgcag tagccttaag aagtatgtat tattccccta tttacagatg 1140

aggaaactga agctcaaaga tgt 1163

<210> 11

<211> 526

<212> DNA

<213> Artificial Sequence

<220>

<223> >Intron 13

<400> 11

ggtagggtgg actggccagt tgcaaaaact acctttgctg gccttgcctt agggagtgtc 60
cttgaggtac actgttctgc agcagctgcc tcaaggacgc tcaagacaga tccaagcaaa 120
agttattcac tgattttctt cctctagtgg ctacgactgg gactgcaaaa acatagatto 180
ataaagggct ttgtcgttgt cttgggtctt tttgtctttt atttttaatt gtgggaaaat 240
tttcagtact atccctgagt tcattaacta ccatcactaa cataatcata aagggatttg 300
gggaggttgc ttagtctatc ttcttgcctt atggccacct tgaacctaaa attcccagat 360
tcctctaacc aatgaatccc gtttctgaga ttgacttaag caaagacaga ttagtactto 420
taaaaatttc ccttttacta gttttcctat ttctacccca gtagggattt ttgtctattg 480

taagaattat acattcatga ccccaaagaa tcacaccaag acttta 526

<210> 12

<220>

<223> *

<400> 12

000

<210> 13

<220>

<223> *

<400> 13

000

<210> 14

<211> 2947
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<212> DNA
<213> Artificial Sequence

<220> 
<223> >1Kb

<400> 14
tcaaaaagaa tacatagcag caccaattct atcatagtgt gtcttgtcta tgataactgc 60
attgagaaag atgctctgct tgttgagtga gcatttcact tccttctggt tctgactatc 120
tgtctaatag tggtcatgtg ggttgaaaag atagaaaagg ggagtagtat taggaagttc 180
agtatgagga agacttatta gacttatgca taaacctaaa ttctgttgta atctggaaga 240
gctgaagtgc cacatatgca tctgtttagg agagcaagaa ctacaaattt ggtcttcagt 300
ttggcttgct tacatcctga gaactctgta ggccacatgt cgtgaatata gcagcctctg 360
caacagtgaa agccagaaaa ggaagtggaa agtctcaggg gagggggctt tctgtcatgg 420
atttatgagc acagcaagac taacaagcaa aaagaaaaat gtaaaaggat cttgttcgtg 480
tccctgacta tatcaaattt acgaaacctt tgaaagaggg gtatttcaga cacagttttt 540
actaccaatg cctttcaaca agatgacatt gtttggctgc actagtgaac aatgctgaac 600
agcagataat tttaaattaa tttatatttg acttcagaat ttattatgtg atgtctataa 660
actctgtgag ggttggaacc acatcttata tatttcatgc atcttcgtaa cacctagcat 720
gatgccttgt acatggttaa aaaaatacta tttgacttga tgatattgct tattatatac 780
cttacccttt ttgaagtagg tttgtagttc caaatttgat ttattttggc taatattggt 840
gaggggaggc cactaggtag tggaggtgga ggtaattagc catgaattaa aattttactc 900
catattatcc aagtgaataa cccatatgta ctaatcaaga cttaatttat atagattatc 960
acttcatttc tcttctatac aaagtcagaa tttaataata agataaaata ccctttgttg 1020
gataaacaaa aatgttatct ccagcaaggg cagacggaga ccttataaaa taagtttatg 1080
catgaattga agcacaagtc aggaggacct aagagtatga aaaattctaa gagcttttaa 1140
acgctacatt cctagatatg aagagttcag gaatccttca gatagttcac ataacctgaa 1200
caccattgct gactgaagat tctgccattg agcttagtat tccatcatat gaataaaaga 1260
taaaatatta gactaagagt ttcccagttc tatcactatc tctctagtgc aattttgtaa 1320
ttttaggcac ctccatttct ctatttatta agaaaagtcc cattttttgc actgaataca 1380
agggtggtgt ggcattcaat ggttatgcaa tatttagaat cctaagtata aaatacctag 1440
ctccaaaaaa ttaaatagat gatgtatgag agtgcttgaa gtcagagtca gagaacctgg 1500
tttcaagccc tcttttacca tttacaaact gggtgatttc tggcaagaag gccaacaagc 1560
ttctttgatg ctcagtttct tcttctcaaa ggagaataat ggtaattcat gccacatcta 1620
cctctggggt tgttgtaagg atcaaatgaa gtaataatac atgtaaaagc acatggaaaa 1680
ctgtaaatca ctgtatacga aagcactgta catctctttg ttgtggataa atatttccca 1740
aggaaatatt tcatattcct tgctttgtga ggacctaaac ttgaacagtt tcagcatttc 1800
acatcaacca tacagtgtgt tcagataaac ttgactgtaa atgcttgcag cacaggatgc 1860
atgcacacat atttgtgtgt atatatagcc acatgtcaag tgactgagag attaactggt 1920
tgagttgaca tcaggaaagg ctgcctagag aaacaggaag gatggcagac tgataatggt 1980
atggttgggt tattgcatga cagccctttg tcttaataaa catttagatt ctgatactca 2040
ctggctggct ataccagcct tgtacactcc cttgaatgca agtttggttg gtcaaaatta 2100
tattagccaa gtctttcaaa ctgaaaggga acaggaggaa cgaagatgaa ggatcatcta 2160
ttcaattatt gctatgtgcc agatattgag ctaaatacct tttatatatt atctcattta 2220
attttcacaa caaccttggc ctaaaaacaa caacaatgat aactaacact taatgagcac 2280
ttactatgta gcaggctctg tcccaagtgc ttcaaatgta ttacttattt gatctttgca 2340
gtagccttaa gaagtatgta ttattcccct atttacagat gaggaaactg aagctcaaag 2400
atgttatcct tatttctctg gggtagggtg gactggccag ttgcaaaaac tacctttgct 2460
ggccttgcct tagggagtgt ccttgaggta cactgttctg cagcagctgc ctcaaggacg 2520
ctcaagacag atccaagcaa aagttattca ctgattttct tcctctagtg gctacgactg 2580
ggactgcaaa aacatagatt cataaagggc tttgtcgttg tcttgggtct ttttgtcttt 2640
tatttttaat tgtgggaaaa ttttcagtac tatccctgag ttcattaact accatcacta 2700
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<212> DNA
<213> Artificial Sequence

<220>

<223> >1Kb

<400> 14

tcaaaaagaa tacatagcag caccaattct atcatagtgt gtcttgtcta tgataactgc 60
attgagaaag atgctctgct tgttgagtga gcatttcact tccttctggt tctgactatc 120
tgtctaatag tggtcatgtg ggttgaaaag atagaaaagg ggagtagtat taggaagttc 180
agtatgagga agacttatta gacttatgca taaacctaaa ttctgttgta atctggaaga 240
gctgaagtgc cacatatgca tctgtttagg agagcaagaa ctacaaattt ggtcttcagt 300
ttggcttgct tacatcctga gaactctgta ggccacatgt cgtgaatata gcagcctctg 360
caacagtgaa agccagaaaa ggaagtggaa agtctcaggg gagggggctt tctgtcatgg 420
atttatgage acagcaagac taacaagcaa aaagaaaaat gtaaaaggat cttgttcgtg 480
tccctgacta tatcaaattt acgaaacctt tgaaagaggg gtatttcaga cacagttttt 540
actaccaatg cctttcaaca agatgacatt gtttggctgc actagtgaac aatgctgaac 600
agcagataat tttaaattaa tttatatttg acttcagaat ttattatgtg atgtctataa 660
actctgtgag ggttggaacc acatcttata tatttcatgc atcttcgtaa cacctagcat 720
gatgccttgt acatggttaa aaaaatacta tttgacttga tgatattgct tattatatac 780
cttacccttt ttgaagtagg tttgtagttc caaatttgat ttattttggc taatattggt 840
gaggggaggc cactaggtag tggaggtgga ggtaattago catgaattaa aattttactc 900
catattatcc aagtgaataa cccatatgta ctaatcaaga cttaatttat atagattatc 960
acttcatttc tcttctatac aaagtcagaa tttaataata agataaaata ccctttgttg 1020
gataaacaaa aatgttatct ccagcaaggg cagacggaga ccttataaaa taagtttatg 1080
catgaattga agcacaagtc aggaggacct aagagtatga aaaattctaa gagcttttaa 1140
acgctacatt cctagatatg aagagttcag gaatccttca gatagttcac ataacctgaa 1200
caccattgct gactgaagat tctgccattg agcttagtat tccatcatat gaataaaaga 1260
taaaatatta gactaagagt ttcccagttc tatcactatc tctctagtgc aattttgtaa 1320
ttttaggcac ctccatttct ctatttatta agaaaagtcc cattttttgc actgaataca 1380
agggtggtgt ggcattcaat ggttatgcaa tatttagaat cctaagtata aaatacctag 1440
ctccaaaaaa ttaaatagat gatgtatgag agtgcttgaa gtcagagtca gagaacctgg 1500
tttcaagccc tcttttacca tttacaaact gggtgatttc tggcaagaag gccaacaagc 1560
ttctttgatg ctcagtttct tcttctcaaa ggagaataat ggtaattcat gccacatcta 1620
cctctggggt tgttgtaagg atcaaatgaa gtaataatac atgtaaaagc acatggaaaa 1680
ctgtaaatca ctgtatacga aagcactgta catctctttg ttgtggataa atatttccca 1740
aggaaatatt tcatattcct tgctttgtga ggacctaaac ttgaacagtt tcagcatttc 1800
acatcaacca tacagtgtgt tcagataaac ttgactgtaa atgcttgcag cacaggatgc 1860
atgcacacat atttgtgtgt atatatagcc acatgtcaag tgactgagag attaactggt 1920
tgagttgaca tcaggaaagg ctgcctagag aaacaggaag gatggcagac tgataatggt 1980
atggttgggt tattgcatga cagccctttg tcttaataaa catttagatt ctgatactca 2040
ctggctggct ataccagcct tgtacactcc cttgaatgca agtttggttg gtcaaaatta 2100
tattagccaa gtctttcaaa ctgaaaggga acaggaggaa cgaagatgaa ggatcatcta 2160
ttcaattatt gctatgtgcc agatattgag ctaaatacct tttatatatt atctcattta 2220
attttcacaa caaccttggc ctaaaaacaa caacaatgat aactaacact taatgagcac 2280
ttactatgta gcaggctctg tcccaagtgc ttcaaatgta ttacttattt gatctttgca 2340
gtagccttaa gaagtatgta ttattcccct atttacagat gaggaaactg aagctcaaag 2400
atgttatcct tatttctctg gggtagggtg gactggccag ttgcaaaaac tacctttgct 2460
ggccttgcct tagggagtgt ccttgaggta cactgttctg cagcagctgc ctcaaggacg 2520
ctcaagacag atccaagcaa aagttattca ctgattttct tcctctagtg gctacgactg 2580
ggactgcaaa aacatagatt cataaagggc tttgtcgttg tcttgggtct ttttgtcttt 2640
tatttttaat tgtgggaaaa ttttcagtac tatccctgag ttcattaact accatcacta 2700
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acataatcat aaagggattt ggggaggttg cttagtctat cttcttgcct tatggccacc 2760
ttgaacctaa aattcccaga ttcctctaac caatgaatcc cgtttctgag attgacttaa 2820
gcaaagacag attagtactt ctaaaaattt cccttttact agttttccta tttctacccc 2880
agtagggatt tttgtctatt gtaagaatta tacattcatg accccaaaga atcacaccaa 2940
gacttta                                                           2947

<210> 15
<211> 2953
<212> DNA
<213> Artificial Sequence

<220> 
<223> >revCONTIG

<400> 15
taacaataaa gtcttggtgt gattctttgg ggtcatgaat gtataattct tacaatagac 60
aaaaatccct actggggtag aaataggaaa actagtaaaa gggaaatttt tagaagtact 120
aatctgtctt tgcttaagtc aatctcagaa acgggattca ttggttagag gaatctggga 180
attttaggtt caaggtggcc ataaggcaag aagatagact aagcaacctc cccaaatccc 240
tttatgatta tgttagtgat ggtagttaat gaactcaggg atagtactga aaattttccc 300
acaattaaaa ataaaagaca aaaagaccca agacaacgac aaagcccttt atgaatctat 360
gtttttgcag tcccagtcgt agccactaga ggaagaaaat cagtgaataa cttttgcttg 420
gatctgtctt gagcgtcctt gaggcagctg ctgcagaaca gtgtacctca aggacactcc 480
ctaaggcaag gccagcaaag gtagtttttg caactggcca gtccacccta ccccagagaa 540
ataaggataa catctttgag cttcagtttc ctcatctgta aataggggaa taatacatac 600
ttcttaaggc tactgcaaag atcaaataag taatacattt gaagcacttg ggacagagcc 660
tgctacatag taagtgctca ttaagtgtta gttatcattg ttgttgtttt taggccaagg 720
ttgttgtgaa aattaaatga gataatatat aaaaggtatt tagctcaata tctggcacat 780
agcaataatt gaatagatga tccttcatct tcgttcctcc tgttcccttt cagtttgaaa 840
gacttggcta atataatttt gaccaaccaa acttgcattc aagggagtgt acaaggctgg 900
tatagccagc cagtgagtat cagaatctaa atgtttatta agacaaaggg ctgtcatgca 960
ataacccaac cataccatta tcagtctgcc atccttcctg tttctctagg cagcctttcc 1020
tgatgtcaac tcaaccagtt aatctctcag tcacttgaca tgtggctata tatacacaca 1080
aatatgtgtg catgcatcct gtgctgcaag catttacagt caagtttatc tgaacacact 1140
gtatggttga tgtgaaatgc tgaaactgtt caagtttagg tcctcacaaa gcaaggaata 1200
tgaaatattt ccttgggaaa tatttatcca caacaaagag atgtacagtg ctttcgtata 1260
cagtgattta cagttttcca tgtgctttta catgtattat tacttcattt gatccttaca 1320
acaaccccag aggtagatgt ggcatgaatt accattattc tcctttgaga agaagaaact 1380
gagcatcaaa gaagcttgtt ggccttcttg ccagaaatca cccagtttgt aaatggtaaa 1440
agagggcttg aaaccaggtt ctctgactct gacttcaagc actctcatac atcatctatt 1500
taattttttg gagctaggta ttttatactt aggattctaa atattgcata accattgaat 1560
gccacaccac ccttgtattc agtgcaaaaa atgggacttt tcttaataaa tagagaaatg 1620
gaggtgccta aaattacaaa attgcactag agagatagtg atagaactgg gaaactctta 1680
gtctaatatt ttatctttta ttcatatgat ggaatactaa gctcaatggc agaatcttca 1740
gtcagcaatg gtgttcaggt tatgtgaact atctgaagga ttcctgaact cttcatatct 1800
aggaatgtag cgtttaaaag ctcttagaat ttttcatact cttaggtcct cctgacttgt 1860
gcttcaattc atgcataaac ttattttata aggtctccgt ctgcccttgc tggagataac 1920
atttttgttt atccaacaaa gggtatttta tcttattatt aaattctgac tttgtataga 1980
agagaaatga agtgataatc tatataaatt aagtcttgat tagtacatat gggttattca 2040
cttggataat atggagtaaa attttaattc atggctaatt acctccacct ccactaccta 2100
gtggcctccc ctcaccaata ttagccaaaa taaatcaaat ttggaactac aaacctactt 2160
caaaaagggt aaggtatata ataagcaata tcatcaagtc aaatagtatt tttttaacca 2220

Page 9

2018_04_19_Sequence_Listing_SCRI_148W0.xt
acataatcat aaagggattt ggggaggttg cttagtctat cttcttgcct tatggccacc 2760
ttgaacctaa aattcccaga ttcctctaac caatgaatcc cgtttctgag attgacttaa 2820
gcaaagacag attagtactt ctaaaaattt cccttttact agttttccta tttctacccc 2880
agtagggatt tttgtctatt gtaagaatta tacattcatg accccaaaga atcacaccaa 2940
gacttta 2947

<210> 15

<211> 2953

<212> DNA

<213> Artificial Sequence

<220>

<223> >revCONTIG

<400> 15

taacaataaa gtcttggtgt gattctttgg ggtcatgaat gtataattct tacaatagac 60
aaaaatccct actggggtag aaataggaaa actagtaaaa gggaaatttt tagaagtact 120
aatctgtctt tgcttaagtc aatctcagaa acgggattca ttggttagag gaatctggga 180
attttaggtt caaggtggcc ataaggcaag aagatagact aagcaacctc cccaaatccc 240
tttatgatta tgttagtgat ggtagttaat gaactcaggg atagtactga aaattttccc 300
acaattaaaa ataaaagaca aaaagaccca agacaacgac aaagcccttt atgaatctat 360
gtttttgcag tcccagtcgt agccactaga ggaagaaaat cagtgaataa cttttgcttg 420
gatctgtctt gagcgtcctt gaggcagctg ctgcagaaca gtgtacctca aggacactcc 480
ctaaggcaag gccagcaaag gtagtttttg caactggcca gtccacccta ccccagagaa 540

ataaggataa catctttgag cttcagtttc ctcatctgta aataggggaa taatacatac 600
ttcttaaggc tactgcaaag atcaaataag taatacattt gaagcacttg ggacagagcc 660
tgctacatag taagtgctca ttaagtgtta gttatcattg ttgttgtttt taggccaagg 720
ttgttgtgaa aattaaatga gataatatat aaaaggtatt tagctcaata tctggcacat 780
agcaataatt gaatagatga tccttcatct tcgttcctcc tgttcccttt cagtttgaaa 840
gacttggcta atataatttt gaccaaccaa acttgcatto aagggagtgt acaaggctgg 900
tatagccagc cagtgagtat cagaatctaa atgtttatta agacaaaggg ctgtcatgca 960
ataacccaac cataccatta tcagtctgcc atccttcctg tttctctagg cagcctttcc 1020
tgatgtcaac tcaaccagtt aatctctcag tcacttgaca tgtggctata tatacacaca 1080
aatatgtgtg catgcatcct gtgctgcaag catttacagt caagtttatc tgaacacact 1140
gtatggttga tgtgaaatgc tgaaactgtt caagtttagg tcctcacaaa gcaaggaata 1200
tgaaatattt ccttgggaaa tatttatcca caacaaagag atgtacagtg ctttcgtata 1260
cagtgattta cagttttcca tgtgctttta catgtattat tacttcattt gatccttaca 1320
acaaccccag aggtagatgt ggcatgaatt accattattc tcctttgaga agaagaaact 1380

gagcatcaaa gaagcttgtt ggccttcttg ccagaaatca cccagtttgt aaatggtaaa 1440
agagggcttg aaaccaggtt ctctgactct gacttcaagc actctcatac atcatctatt 1500
taattttttg gagctaggta ttttatactt aggattctaa atattgcata accattgaat 1560
gccacaccac ccttgtattc agtgcaaaaa atgggacttt tcttaataaa tagagaaatg 1620
gaggtgccta aaattacaaa attgcactag agagatagtg atagaactgg gaaactctta 1680
gtctaatatt ttatctttta ttcatatgat ggaatactaa gctcaattgc agaatcttca 1740
gtcagcaatg gtgttcaggt tatgtgaact atctgaagga ttcctgaact cttcatatct 1800
aggaatgtag cgtttaaaag ctcttagaat ttttcatact cttaggtcct cctgacttgt 1860
gcttcaattc atgcataaac ttattttata aggtctccgt ctgcccttgc tggagataac 1920
atttttgttt atccaacaaa gggtatttta tcttattatt aaattctgac tttgtataga 1980
agagaaatga agtgataatc tatataaatt aagtcttgat tagtacatat gggttattca 2040
cttggataat atggagtaaa attttaattc atggctaatt acctccacct ccactaccta 2100
gtggcctccc ctcaccaata ttagccaaaa taaatcaaat ttggaactac aaacctactt 2160
caaaaagggt aaggtatata ataagcaata tcatcaagtc aaatagtatt tttttaacca 2220
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tgtacaaggc atcatgctag gtgttacgaa gatgcatgaa atatataaga tgtggttcca 2280
accctcacag agtttataga catcacataa taaattctga agtcaaatat aaattaattt 2340
aaaattatct gctgttcagc attgttcact agtgcagcca aacaatgtca tcttgttgaa 2400
aggcattggt agtaaaaact gtgtctgaaa tacccctctt tcaaaggttt cgtaaatttg 2460
atatagtcag ggacacgaac aagatccttt tacatttttc tttttgcttg ttagtcttgc 2520
tgtgctcata aatccatgac agaaagcccc ctcccctgag actttccact tccttttctg 2580
gctttcactg ttgcagaggc tgctatattc acgacatgtg gcctacagag ttctcaggat 2640
gtaagcaagc caaactgaag accaaatttg tagttcttgc tctcctaaac agatgcatat 2700
gtggcacttc agctcttcca gattacaaca gaatttaggt ttatgcataa gtctaataag 2760
tcttcctcat actgaacttc ctaatactac tccccttttc tatcttttca acccacatga 2820
ccactattag acagatagtc agaaccagaa ggaagtgaaa tgctcactca acaagcagag 2880
catctttctc aatgcagtta tcatagacaa gacacactat gatagaattg gtgctgctat 2940
gtattctttt tga                                                    2953

<210> 16
<211> 2282
<212> DNA
<213> Artificial Sequence

<220> 
<223> >ABCD

<400> 16
ctggggtatg gcaggggctg ggcagcagca gcaatgtacc ttgcttggga cccctaaaaa 60
ccagagagac agcatggctg gtgccattta tcagctagtg gaggaggctg acggagggtg 120
ggagtgtcat cagcacaagg ccctggcagt cccttctggt gattagagag gccgaaaggg 180
tcctttccga caagggctga gggtgggcgg aacaggaaga gaaaaatgtg acatgaggtg 240
accatccgaa caggtagcaa atgttagaaa ggggtacctc tggcaaactt agtggaaaag 300
taatattgca gggagcagtc agataaaaac aagcccttct gtcaaatagt gcttgaagac 360
tcaataggga tacatgggtc aatgaagcct ttagaaaaag aaatactaag aggcagattc 420
tctgagaaca tggtaaaagc tcacgctcca cgttatgaag ttgacctttg tgagctaggg 480
aaaggcctgg ctaggccagg gtgtaggcta cctgccttga gctgtaccag gccaaatgtc 540
gccagggtca gagctggctt attaaaggac tgtgtggaag ctgtgccaac ctcgtggtaa 600
caatgggtaa aagactgggc caggagaaag cagcctctgc ctcagcccag acagtgcggc 660
caacccttga ggttgtggca aaggtttctc ctcttaccat tgccctccat gtgcatggct 720
tgcttttctc ttgtcttcat tatttctcct ttcctttcct cggatccacg cgtgaattct 780
ttgtaaactc cttatggtgc gaactaatgt aactttccat ccagttatgg gggattggtg 840
caattttaaa ttatcactat gatttgctat ttccatttga gcaaatttcc tatagagttt 900
cctttcagtg gactagaccc atatcaggaa gtgacttagg tataaaggga agatacagct 960
ttcgaaaacc aaagtttggg cgttctccaa agagttatca gataccccct tctacaccca 1020
caatgatctg attgctgaga tctgattgct aactactgaa aataaggaag aactagaatt 1080
ttcagtgaca cagtgctcag caagaagcta gaaaagaggc cttgacatat ttgactccaa 1140
agctacttgg ttatgcatga agccatctgg ggaggggaag gaggagggag aactcctctg 1200
aggaccctga aacaattggg ccacgtgtga ctttcagttt ctatggagat tcatgtgcag 1260
tggctgaggg caatctgaga gcattggaaa cccagaagct ttaaacgcgt aggaaagaca 1320
gggaatggcc agaatcttcc tagccaattg agtagtgctt tcaaggagaa atcaagagaa 1380
aacactactt cttggatatt ttggctaagt agtcatttga agtacagttg actggttatt 1440
ttattttaaa tcatatctca tagactcttc ccaatcatag gctggctgtg tagttttctg 1500
aattttgctc tggtattctt cttctttttt ttttttattt ttatttttta tttttttttt 1560
gagactccag gctggagtgc agtgtcacga tcttggctca ctgcaacctc cgcctcccga 1620
gttcaagcga ttctcctgcc tcagcctcct gagttgctgg gactacaggc gcctgtcacc 1680
acgcccggct aattttttgt attttaatag agacgggatt tcaccatgtt ggccaggctg 1740
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tgtacaaggc atcatgctag gtgttacgaa gatgcatgaa atatataaga tgtggttcca 2280
accctcacag agtttataga catcacataa taaattctga agtcaaatat aaattaattt 2340
aaaattatct gctgttcago attgttcact agtgcagcca aacaatgtca tcttgttgaa 2400
aggcattggt agtaaaaact gtgtctgaaa tacccctctt tcaaaggttt cgtaaatttg 2460

atatagtcag ggacacgaac aagatccttt tacatttttc tttttgcttg ttagtcttgc 2520
tgtgctcata aatccatgac agaaagcccc ctcccctgag actttccact tccttttctg 2580
gctttcactg ttgcagaggo tgctatattc acgacatgtg gcctacagag ttctcaggat 2640
gtaagcaagc caaactgaag accaaatttg tagttcttgc tctcctaaac agatgcatat 2700
gtggcacttc agctcttcca gattacaaca gaatttaggt ttatgcataa gtctaataag 2760
tcttcctcat actgaacttc ctaatactac tccccttttc tatcttttca acccacatga 2820
ccactattag acagatagtc agaaccagaa ggaagtgaaa tgctcactca acaagcagag 2880
catctttctc aatgcagtta tcatagacaa gacacactat gatagaattg gtgctgctat 2940
gtattctttt tga 2953

<210> 16

<211> 2282

<212> DNA

<213> Artificial Sequence

<220>

<223> >ABCD

<400> 16

ctggggtatg gcaggggctg ggcagcagca gcaatgtacc ttgcttggga cccctaaaaa 60
ccagagagad agcatggctg gtgccattta tcagctagtg gaggaggctg acggagggtg 120
ggagtgtcat cagcacaagg ccctggcagt cccttctggt gattagagag gccgaaaggg 180
tcctttccga caagggctga gggtgggcgg aacaggaaga gaaaaatgtg acatgaggtg 240
accatccgaa caggtagcaa atgttagaaa ggggtacctc tggcaaactt agtggaaaag 300
taatattgca gggagcagtc agataaaaac aagcccttct gtcaaatagt gcttgaagac 360
tcaataggga tacatgggtc aatgaagcct ttagaaaaag aaatactaag aggcagatto 420
tctgagaaca tggtaaaagc tcacgctcca cgttatgaag ttgacctttg tgagctaggg 480
aaaggcctgg ctaggccagg gtgtaggcta cctgccttga gctgtaccag gccaaatgtc 540
gccagggtca gagctggctt attaaaggac tgtgtggaag ctgtgccaac ctcgtggtaa 600
caatgggtaa aagactgggo caggagaaag cagcctctgc ctcagcccag acagtgcggc 660
caacccttga ggttgtggca aaggtttctc ctcttaccat tgccctccat gtgcatggct 720
tgcttttctc ttgtcttcat tatttctcct ttcctttcct cggatccacg cgtgaattct 780

ttgtaaactc cttatggtgc gaactaatgt aactttccat ccagttatgg gggattggtg 840
caattttaaa ttatcactat gatttgctat ttccatttga gcaaatttcc tatagagttt 900
cctttcagtg gactagaccc atatcaggaa gtgacttagg tataaaggga agatacagct 960
ttcgaaaacc aaagtttggg cgttctccaa agagttatca gataccccct tctacaccca 1020
caatgatctg attgctgaga tctgattgct aactactgaa aataaggaag aactagaatt 1080
ttcagtgaca cagtgctcag caagaagcta gaaaagaggc cttgacatat ttgactccaa 1140
agctacttgg ttatgcatga agccatctgg ggaggggaag gaggagggag aactcctctg 1200
aggaccctga aacaattggg ccacgtgtga ctttcagttt ctatggagat tcatgtgcag 1260
tggctgaggg caatctgaga gcattggaaa cccagaagct ttaaacgcgt aggaaagaca 1320
gggaatggcc agaatcttcc tagccaattg agtagtgctt tcaaggagaa atcaagagaa 1380
aacactactt cttggatatt ttggctaagt agtcatttga agtacagttg actggttatt 1440

ttattttaaa tcatatctca tagactcttc ccaatcatag gctggctgtg tagttttctg 1500
aattttgctc tggtattctt cttctttttt ttttttattt ttatttttta tttttttttt 1560
gagactccag gctggagtgc agtgtcacga tcttggctca ctgcaacctc cgcctcccga 1620
gttcaagcga ttctcctgcc tcagcctcct gagttgctgg gactacaggo gcctgtcacc 1680
acgcccggct aattttttgt attttaatag agacgggatt tcaccatgtt ggccaggctg 1740
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gtctctaact cctgacctca agtgatccgc cagcctcagc ctcccaaagt gctgggatta 1800
cgggcatgag ccactgcgcc tggacttatt attcttaata gtattttatc ttatgagcga 1860
agataagagc ccaagatggt ttagtttact gattctgcaa gtgctatttc tattaattcc 1920
ttggcatact gcagtttgta tgatggctgc actcttgtta ataagcttcg tctttctgaa 1980
ttctgttgct ccatagggag ctgggaggct gcaaaaggtg gccctgtaaa aatctttgca 2040
tttataattt aataattaca gaccccagtg ggacaatgtt tgaaaaatta tattcaccgt 2100
ctaggaaatt gggaactgaa agtccaatat ctgcctcagt ggagttctgg cacctgcatt 2160
atcccttctg ggtatatcaa gatcaacagc tgcacagata cttttgcttt tcacagattc 2220
tacacatatc atataaaggt gaatagtgta aagctacctc tacaccttac caagcacaca 2280
gg                                                                2282

<210> 17
<211> 2282
<212> DNA
<213> Artificial Sequence

<220> 
<223> >DCBA

<400> 17
cctgtgtgct tggtaaggtg tagaggtagc tttacactat tcacctttat atgatatgtg 60
tagaatctgt gaaaagcaaa agtatctgtg cagctgttga tcttgatata cccagaaggg 120
ataatgcagg tgccagaact ccactgaggc agatattgga ctttcagttc ccaatttcct 180
agacggtgaa tataattttt caaacattgt cccactgggg tctgtaatta ttaaattata 240
aatgcaaaga tttttacagg gccacctttt gcagcctccc agctccctat ggagcaacag 300
aattcagaaa gacgaagctt attaacaaga gtgcagccat catacaaact gcagtatgcc 360
aaggaattaa tagaaatagc acttgcagaa tcagtaaact aaaccatctt gggctcttat 420
cttcgctcat aagataaaat actattaaga ataataagtc caggcgcagt ggctcatgcc 480
cgtaatccca gcactttggg aggctgaggc tggcggatca cttgaggtca ggagttagag 540
accagcctgg ccaacatggt gaaatcccgt ctctattaaa atacaaaaaa ttagccgggc 600
gtggtgacag gcgcctgtag tcccagcaac tcaggaggct gaggcaggag aatcgcttga 660
actcgggagg cggaggttgc agtgagccaa gatcgtgaca ctgcactcca gcctggagtc 720
tcaaaaaaaa aataaaaaat aaaaataaaa aaaaaaaaga agaagaatac cagagcaaaa 780
ttcagaaaac tacacagcca gcctatgatt gggaagagtc tatgagatat gatttaaaat 840
aaaataacca gtcaactgta cttcaaatga ctacttagcc aaaatatcca agaagtagtg 900
ttttctcttg atttctcctt gaaagcacta ctcaattggc taggaagatt ctggccattc 960
cctgtctttc ctacgcgttt aaagcttctg ggtttccaat gctctcagat tgccctcagc 1020
cactgcacat gaatctccat agaaactgaa agtcacacgt ggcccaattg tttcagggtc 1080
ctcagaggag ttctccctcc tccttcccct ccccagatgg cttcatgcat aaccaagtag 1140
ctttggagtc aaatatgtca aggcctcttt tctagcttct tgctgagcac tgtgtcactg 1200
aaaattctag ttcttcctta ttttcagtag ttagcaatca gatctcagca atcagatcat 1260
tgtgggtgta gaagggggta tctgataact ctttggagaa cgcccaaact ttggttttcg 1320
aaagctgtat cttcccttta tacctaagtc acttcctgat atgggtctag tccactgaaa 1380
ggaaactcta taggaaattt gctcaaatgg aaatagcaaa tcatagtgat aatttaaaat 1440
tgcaccaatc ccccataact ggatggaaag ttacattagt tcgcaccata aggagtttac 1500
aaagaattca cgcgtggatc cgaggaaagg aaaggagaaa taatgaagac aagagaaaag 1560
caagccatgc acatggaggg caatggtaag aggagaaacc tttgccacaa cctcaagggt 1620
tggccgcact gtctgggctg aggcagaggc tgctttctcc tggcccagtc ttttacccat 1680
tgttaccacg aggttggcac agcttccaca cagtccttta ataagccagc tctgaccctg 1740
gcgacatttg gcctggtaca gctcaaggca ggtagcctac accctggcct agccaggcct 1800
ttccctagct cacaaaggtc aacttcataa cgtggagcgt gagcttttac catgttctca 1860
gagaatctgc ctcttagtat ttctttttct aaaggcttca ttgacccatg tatccctatt 1920
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gtctctaact cctgacctca agtgatccgc cagcctcago ctcccaaagt gctgggatta 1800
cgggcatgag ccactgcgcc tggacttatt attcttaata gtattttatc ttatgagcga 1860
agataagage ccaagatggt ttagtttact gattctgcaa gtgctatttc tattaattco 1920
ttggcatact gcagtttgta tgatggctgc actcttgtta ataagcttcg tctttctgaa 1980
ttctgttgct ccatagggag ctgggaggct gcaaaaggtg gccctgtaaa aatctttgca 2040
tttataattt aataattaca gaccccagtg ggacaatgtt tgaaaaatta tattcaccgt 2100
ctaggaaatt gggaactgaa agtccaatat ctgcctcagt ggagttctgg cacctgcatt 2160
atcccttctg ggtatatcaa gatcaacago tgcacagata cttttgcttt tcacagatto 2220
tacacatato atataaaggt gaatagtgta aagctacctc tacaccttac caagcacaca 2280

gg 2282

<210> 17

<211> 2282

<212> DNA

<213> Artificial Sequence

<220>

<223> >DCBA

<400> 17

cctgtgtgct tggtaaggtg tagaggtagc tttacactat tcacctttat atgatatgtg 60
tagaatctgt gaaaagcaaa agtatctgtg cagctgttga tcttgatata cccagaaggg 120
ataatgcagg tgccagaact ccactgaggo agatattgga ctttcagttc ccaatttcct 180
agacggtgaa tataattttt caaacattgt cccactgggg tctgtaatta ttaaattata 240
aatgcaaaga tttttacagg gccacctttt gcagcctccc agctccctat ggagcaacag 300
aattcagaaa gacgaagctt attaacaaga gtgcagccat catacaaact gcagtatgcc 360
aaggaattaa tagaaatagc acttgcagaa tcagtaaact aaaccatctt gggctcttat 420
cttcgctcat aagataaaat actattaaga ataataagtc caggcgcagt ggctcatgcc 480
cgtaatccca gcactttggg aggctgaggc tggcggatca cttgaggtca ggagttagag 540
accagcctgg ccaacatggt gaaatcccgt ctctattaaa atacaaaaaa ttagccgggo 600
gtggtgacag gcgcctgtag tcccagcaac tcaggaggct gaggcaggag aatcgcttga 660
actcgggagg cggaggttgo agtgagccaa gatcgtgaca ctgcactcca gcctggagto 720
tcaaaaaaaa aataaaaaat aaaaataaaa aaaaaaaaga agaagaatad cagagcaaaa 780
ttcagaaaac tacacagcca gcctatgatt gggaagagto tatgagatat gatttaaaat 840
aaaataacca gtcaactgta cttcaaatga ctacttagcc aaaatatcca agaagtagtg 900
ttttctcttg atttctcctt gaaagcacta ctcaattggc taggaagatt ctggccatto 960
cctgtctttc ctacgcgttt aaagcttctg ggtttccaat gctctcagat tgccctcago 1020

cactgcacat gaatctccat agaaactgaa agtcacacgt ggcccaattg tttcagggtc 1080
ctcagaggag ttctccctcc tccttcccct ccccagatgg cttcatgcat aaccaagtag 1140
ctttggagtc aaatatgtca aggcctcttt tctagcttct tgctgagcac tgtgtcactg 1200
aaaattctag ttcttcctta ttttcagtag ttagcaatca gatctcagca atcagatcat 1260
tgtgggtgta gaagggggta tctgataact ctttggagaa cgcccaaact ttggttttcg 1320
aaagctgtat cttcccttta tacctaagtc acttcctgat atgggtctag tccactgaaa 1380
ggaaactcta taggaaattt gctcaaatgg aaatagcaaa tcatagtgat aatttaaaat 1440
tgcaccaatc ccccataact ggatggaaag ttacattagt tcgcaccata aggagtttac 1500
aaagaattca cgcgtggatc cgaggaaagg aaaggagaaa taatgaagac aagagaaaag 1560
caagccatgc acatggaggg caatggtaag aggagaaacc tttgccacaa cctcaagggt 1620
tggccgcact gtctgggctg aggcagaggc tgctttctcc tggcccagtc ttttacccat 1680
tgttaccacg aggttggcac agcttccaca cagtccttta ataagccagc tctgaccctg 1740
gcgacatttg gcctggtaca gctcaaggca ggtagcctac accctggcct agccaggcct 1800
ttccctagct cacaaaggtc aacttcataa cgtggagcgt gagcttttac catgttctca 1860
gagaatctgc ctcttagtat ttctttttct aaaggcttca ttgacccatg tatccctatt 1920
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gagtcttcaa gcactatttg acagaagggc ttgtttttat ctgactgctc cctgcaatat 1980
tacttttcca ctaagtttgc cagaggtacc cctttctaac atttgctacc tgttcggatg 2040
gtcacctcat gtcacatttt tctcttcctg ttccgcccac cctcagccct tgtcggaaag 2100
gaccctttcg gcctctctaa tcaccagaag ggactgccag ggccttgtgc tgatgacact 2160
cccaccctcc gtcagcctcc tccactagct gataaatggc accagccatg ctgtctctct 2220
ggtttttagg ggtcccaagc aaggtacatt gctgctgctg cccagcccct gccatacccc 2280
ag                                                                2282

<210> 18
<211> 1304
<212> DNA
<213> Artificial Sequence

<220> 
<223> >AB

<400> 18
ctggggtatg gcaggggctg ggcagcagca gcaatgtacc ttgcttggga cccctaaaaa 60
ccagagagac agcatggctg gtgccattta tcagctagtg gaggaggctg acggagggtg 120
ggagtgtcat cagcacaagg ccctggcagt cccttctggt gattagagag gccgaaaggg 180
tcctttccga caagggctga gggtgggcgg aacaggaaga gaaaaatgtg acatgaggtg 240
accatccgaa caggtagcaa atgttagaaa ggggtacctc tggcaaactt agtggaaaag 300
taatattgca gggagcagtc agataaaaac aagcccttct gtcaaatagt gcttgaagac 360
tcaataggga tacatgggtc aatgaagcct ttagaaaaag aaatactaag aggcagattc 420
tctgagaaca tggtaaaagc tcacgctcca cgttatgaag ttgacctttg tgagctaggg 480
aaaggcctgg ctaggccagg gtgtaggcta cctgccttga gctgtaccag gccaaatgtc 540
gccagggtca gagctggctt attaaaggac tgtgtggaag ctgtgccaac ctcgtggtaa 600
caatgggtaa aagactgggc caggagaaag cagcctctgc ctcagcccag acagtgcggc 660
caacccttga ggttgtggca aaggtttctc ctcttaccat tgccctccat gtgcatggct 720
tgcttttctc ttgtcttcat tatttctcct ttcctttcct cggatccacg cgtgaattct 780
ttgtaaactc cttatggtgc gaactaatgt aactttccat ccagttatgg gggattggtg 840
caattttaaa ttatcactat gatttgctat ttccatttga gcaaatttcc tatagagttt 900
cctttcagtg gactagaccc atatcaggaa gtgacttagg tataaaggga agatacagct 960
ttcgaaaacc aaagtttggg cgttctccaa agagttatca gataccccct tctacaccca 1020
caatgatctg attgctgaga tctgattgct aactactgaa aataaggaag aactagaatt 1080
ttcagtgaca cagtgctcag caagaagcta gaaaagaggc cttgacatat ttgactccaa 1140
agctacttgg ttatgcatga agccatctgg ggaggggaag gaggagggag aactcctctg 1200
aggaccctga aacaattggg ccacgtgtga ctttcagttt ctatggagat tcatgtgcag 1260
tggctgaggg caatctgaga gcattggaaa cccagaagct ttaa                  1304

<210> 19
<211> 761
<212> DNA
<213> Artificial Sequence

<220> 
<223> >A

<400> 19
ctggggtatg gcaggggctg ggcagcagca gcaatgtacc ttgcttggga cccctaaaaa 60
ccagagagac agcatggctg gtgccattta tcagctagtg gaggaggctg acggagggtg 120
ggagtgtcat cagcacaagg ccctggcagt cccttctggt gattagagag gccgaaaggg 180
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gagtcttcaa gcactatttg acagaagggo ttgtttttat ctgactgctc cctgcaatat 1980
tacttttcca ctaagtttgc cagaggtacc cctttctaac atttgctacc tgttcggatg 2040
gtcacctcat gtcacatttt tctcttcctg ttccgcccac cctcagccct tgtcggaaag 2100
gaccctttcg gcctctctaa tcaccagaag ggactgccag ggccttgtgc tgatgacact 2160

cccaccctcc gtcagcctcc tccactagct gataaatggc accagccatg ctgtctctct 2220
ggtttttagg ggtcccaagc aaggtacatt gctgctgctg cccagcccct gccatacccc 2280

ag 2282

<210> 18

<211> 1304

<212> DNA
<213> Artificial Sequence

<220>

<223> >AB

<400> 18

ctggggtatg gcaggggctg ggcagcagca gcaatgtacc ttgcttggga cccctaaaaa 60
ccagagagad agcatggctg gtgccattta tcagctagtg gaggaggctg acggagggtg 120
ggagtgtcat cagcacaagg ccctggcagt cccttctggt gattagagag gccgaaaggg 180
tcctttccga caagggctga gggtgggcgg aacaggaaga gaaaaatgtg acatgaggtg 240
accatccgaa caggtagcaa atgttagaaa ggggtacctc tggcaaactt agtggaaaag 300
taatattgca gggagcagtc agataaaaac aagcccttct gtcaaatagt gcttgaagac 360
tcaataggga tacatgggtc aatgaagcct ttagaaaaag aaatactaag aggcagatto 420
tctgagaaca tggtaaaagc tcacgctcca cgttatgaag ttgacctttg tgagctaggg 480
aaaggcctgg ctaggccagg gtgtaggcta cctgccttga gctgtaccag gccaaatgto 540
gccagggtca gagctggctt attaaaggac tgtgtggaag ctgtgccaac ctcgtggtaa 600
caatgggtaa aagactgggo caggagaaag cagcctctgc ctcagcccag acagtgcggc 660
caacccttga ggttgtggca aaggtttctc ctcttaccat tgccctccat gtgcatggct 720
tgcttttctc ttgtcttcat tatttctcct ttcctttcct cggatccacg cgtgaattct 780
ttgtaaactc cttatggtgc gaactaatgt aactttccat ccagttatgg gggattggtg 840
caattttaaa ttatcactat gatttgctat ttccatttga gcaaatttcc tatagagttt 900
cctttcagtg gactagaccc atatcaggaa gtgacttagg tataaaggga agatacagct 960
ttcgaaaacc aaagtttggg cgttctccaa agagttatca gataccccct tctacaccca 1020
caatgatctg attgctgaga tctgattgct aactactgaa aataaggaag aactagaatt 1080
ttcagtgaca cagtgctcag caagaagcta gaaaagaggc cttgacatat ttgactccaa 1140
agctacttgg ttatgcatga agccatctgg ggaggggaag gaggagggag aactcctctg 1200
aggaccctga aacaattggg ccacgtgtga ctttcagttt ctatggagat tcatgtgcag 1260

tggctgaggg caatctgaga gcattggaaa cccagaagct ttaa 1304

<210> 19

<211> 761

<212> DNA

<213> Artificial Sequence

<220>

<223> >A

<400> 19

ctggggtatg gcaggggctg ggcagcagca gcaatgtacc ttgcttggga cccctaaaaa 60
ccagagagad agcatggctg gtgccattta tcagctagtg gaggaggctg acggagggtg 120

ggagtgtcat cagcacaagg ccctggcagt cccttctggt gattagagag gccgaaaggg 180
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tcctttccga caagggctga gggtgggcgg aacaggaaga gaaaaatgtg acatgaggtg 240
accatccgaa caggtagcaa atgttagaaa ggggtacctc tggcaaactt agtggaaaag 300
taatattgca gggagcagtc agataaaaac aagcccttct gtcaaatagt gcttgaagac 360
tcaataggga tacatgggtc aatgaagcct ttagaaaaag aaatactaag aggcagattc 420
tctgagaaca tggtaaaagc tcacgctcca cgttatgaag ttgacctttg tgagctaggg 480
aaaggcctgg ctaggccagg gtgtaggcta cctgccttga gctgtaccag gccaaatgtc 540
gccagggtca gagctggctt attaaaggac tgtgtggaag ctgtgccaac ctcgtggtaa 600
caatgggtaa aagactgggc caggagaaag cagcctctgc ctcagcccag acagtgcggc 660
caacccttga ggttgtggca aaggtttctc ctcttaccat tgccctccat gtgcatggct 720
tgcttttctc ttgtcttcat tatttctcct ttcctttcct c                     761

<210> 20
<211> 531
<212> DNA
<213> Artificial Sequence

<220> 
<223> >B

<400> 20
gaattctttg taaactcctt atggtgcgaa ctaatgtaac tttccatcca gttatggggg 60
attggtgcaa ttttaaatta tcactatgat ttgctatttc catttgagca aatttcctat 120
agagtttcct ttcagtggac tagacccata tcaggaagtg acttaggtat aaagggaaga 180
tacagctttc gaaaaccaaa gtttgggcgt tctccaaaga gttatcagat acccccttct 240
acacccacaa tgatctgatt gctgagatct gattgctaac tactgaaaat aaggaagaac 300
tagaattttc agtgacacag tgctcagcaa gaagctagaa aagaggcctt gacatatttg 360
actccaaagc tacttggtta tgcatgaagc catctgggga ggggaaggag gagggagaac 420
tcctctgagg accctgaaac aattgggcca cgtgtgactt tcagtttcta tggagattca 480
tgtgcagtgg ctgagggcaa tctgagagca ttggaaaccc agaagcttta a          531

<210> 21
<211> 1645
<212> DNA
<213> Artificial Sequence

<220> 
<223> >BTKe

<400> 21
tccatcacct actagatata tcagtgcagt gaaaacttcg ctaaactaac gctataccta 60
tatcatgaag tgtgtggact agagacaagt gcatatcctt acggcaatta actgggaaac 120
gtcaaatagt aactaccact cacctttttc cggaaaatcg gcttagtttg cccaccatag 180
ccactctgct tcctgtcata acgccgcttt cctgggaaaa cgaattggta tttgttataa 240
aatactgaag atcagcaagt aagtcttaca ggttttatct taatttcgca gcagaaatat 300
taacgctcaa gccaggcgtg gagggagaga gacccggact cgtatgttat tctacaacac 360
aaatgtcaca ttaacaccaa attatgcgga atccatctta ccctgggcgt acagagaatc 420
cttgcccttc ttgtactgtg tcactttatg gggttggtgc ttgccacact tcttacagaa 480
agtccggcgg gttttaggga cgttaaccta gtaaagaaac agttcagaac gtgcaatgtt 540
atttgaccac aatggcacaa cgccctacct tacccagcta aagctgaggc actccaggag 600
gactcctcat tacttgctac ctctgactac agggtgggcc agccccatgt gcttcaagca 660
gagcttcctc cctccgtcga gccccaaaga gggaagagac ctcattaact ccacccccgg 720
ctaactctac ctctttgaac ccatcacttc aattcctggc cccgtagccc ggtcccttta 780
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tcctttccga caagggctga gggtgggcgg aacaggaaga gaaaaatgtg acatgaggtg 240
accatccgaa caggtagcaa atgttagaaa ggggtacctc tggcaaactt agtggaaaag 300
taatattgca gggagcagto agataaaaac aagcccttct gtcaaatagt gcttgaagac 360
tcaataggga tacatgggtc aatgaagcct ttagaaaaag aaatactaag aggcagattc 420
tctgagaaca tggtaaaagc tcacgctcca cgttatgaag ttgacctttg tgagctaggg 480
aaaggcctgg ctaggccagg gtgtaggcta cctgccttga gctgtaccag gccaaatgto 540
gccagggtca gagctggctt attaaaggac tgtgtggaag ctgtgccaac ctcgtggtaa 600
caatgggtaa aagactgggc caggagaaag cagcctctgc ctcagcccag acagtgcggc 660
caacccttga ggttgtggca aaggtttctc ctcttaccat tgccctccat gtgcatggct 720
tgcttttctc ttgtcttcat tatttctcct ttcctttcct C 761

<210> 20

<211> 531

<212> DNA

<213> Artificial Sequence

<220>

<223> >B

<400> 20

gaattctttg taaactcctt atggtgcgaa ctaatgtaac tttccatcca gttatggggg 60
attggtgcaa ttttaaatta tcactatgat ttgctatttc catttgagca aatttcctat 120
agagtttcct ttcagtggad tagacccata tcaggaagtg acttaggtat aaagggaaga 180
tacagctttc gaaaaccaaa gtttgggcgt tctccaaaga gttatcagat acccccttct 240
acacccacaa tgatctgatt gctgagatct gattgctaac tactgaaaat aaggaagaac 300
tagaattttc agtgacacag tgctcagcaa gaagctagaa aagaggcctt gacatatttg 360
actccaaagc tacttggtta tgcatgaagc catctgggga ggggaaggag gagggagaao 420
tcctctgagg accctgaaac aattgggcca cgtgtgactt tcagtttcta tggagattca 480
tgtgcagtgg ctgagggcaa tctgagagca ttggaaaccc agaagcttta a 531

<210> 21

<211> 1645

<212> DNA
<213> Artificial Sequence

<220>

<223> >BTKe

<400> 21

tccatcacct actagatata tcagtgcagt gaaaacttcg ctaaactaac gctataccta 60
tatcatgaag tgtgtggact agagacaagt gcatatcctt acggcaatta actgggaaao 120
gtcaaatagt aactaccact cacctttttc cggaaaatcg gcttagtttg cccaccatag 180
ccactctgct tcctgtcata acgccgcttt cctgggaaaa cgaattggta tttgttataa 240
aatactgaag atcagcaagt aagtcttaca ggttttatct taatttcgca gcagaaatat 300
taacgctcaa gccaggcgtg gagggagaga gacccggact cgtatgttat tctacaacac 360
aaatgtcaca ttaacaccaa attatgcgga atccatctta ccctgggcgt acagagaato 420
cttgcccttc ttgtactgtg tcactttatg gggttggtgc ttgccacact tcttacagaa 480
agtccggcgg gttttaggga cgttaaccta gtaaagaaac agttcagaac gtgcaatgtt 540
atttgaccao aatggcacaa cgccctacct tacccagcta aagctgaggo actccaggag 600
gactcctcat tacttgctac ctctgactac agggtgggcc agccccatgt gcttcaagca 660
gagcttcctc cctccgtcga gccccaaaga gggaagagac ctcattaact ccacccccgg 720
ctaactctac ctctttgaac ccatcacttc aattcctggc cccgtagccc ggtcccttta 780
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gggttgatcc cggcaagatt gggttgctct gatatatcga gtccacacag gagcctggac 840
ccatcccggc atagcacggg cgacgaaggg ggggaaagat taagctggat gttactcggc 900
ccccaccagc aagtcctacc atgcttgcgt gagcgctatc ggcgcggaaa gaaagaaacc 960
gcgaggcaaa cggaagtata taggaggttc ccgatcgcac ttcctcatgg gagtcggtag 1020
gagcaatcat agagtgtaag gctcagcgca gcgccctcgg gcggctgaga ggactcagtt 1080
cggagccgcg ggcgggagct taaggaagga ctccgcctaa agggtggtcc actcaccccg 1140
acttcctccc gccccgcagc tttcaacgtt tcgtcacttt atctcttttg gtggactctg 1200
ctacgtagtg gcgttcagtg aagggagcag tgtttttccc agatcctctg gcctccccgt 1260
ccccgaggga agccaggact agggtcgaat gaaggggtcc tccacctcca cgttccattc 1320
ctgttccacc tcaaggtcac tgggaacacc tttcgcagca aactgctaat tcaatgaaga 1380
cctggaggga gccaattgtt ccagttcatc tatcacatgg ccagttggtc cattcaacaa 1440
atggttattg gatgcccatt atgtggcagg cactgttccg ggggagaggt acagtaatct 1500
aataggctta taaatgtgca attatgaact aagtactttg aagaaaagga acaatgattg 1560
gcattaaagc agcacccttc tgttgaggga gtaagtcagc agctctaggt tctgaaaagt 1620
gacaatgaaa ttgtttggct cctgt                                       1645

<210> 22
<211> 756
<212> DNA
<213> Artificial Sequence

<220> 
<223> >BTKe?Myc

<400> 22
tgttactcgg cccccaccag caagtcctac catgcttgcg tgagcgctat cggcgcggaa 60
agaaagaaac cgcgaggcaa acggaagtat ataggaggtt cccgatcgca cttcctcatg 120
ggagtcggta ggagcaatca tagagtgtaa ggctcagcgc agcgccctcg ggcggctgag 180
aggactcagt tcggagccgc gggcgggagc ttaaggaagg actccgccta aagggtggtc 240
cactcacccc gacttcctcc cgccccgcag ctttcaacgt ttcgtcactt tatctctttt 300
ggtggactct gctacgtagt ggcgttcagt gaagggagca gtgtttttcc cagatcctct 360
ggcctccccg tccccgaggg aagccaggac tagggtcgaa tgaaggggtc ctccacctcc 420
acgttccatt cctgttccac ctcaaggtca ctgggaacac ctttcgcagc aaactgctaa 480
ttcaatgaag acctggaggg agccaattgt tccagttcat ctatcacatg gccagttggt 540
ccattcaaca aatggttatt ggatgcccat tatgtggcag gcactgttcc gggggagagg 600
tacagtaatc taataggctt ataaatgtgc aattatgaac taagtacttt gaagaaaagg 660
aacaatgatt ggcattaaag cagcaccctt ctgttgaggg agtaagtcag cagctctagg 720
ttctgaaaag tgacaatgaa attgtttggc tcctgt                           756

<210> 23
<211> 1565
<212> DNA
<213> Artificial Sequence

<220> 
<223> >BTKp.GFP

<400> 23
gcatttccta ggagaatccc tgggggaatc attgcagttg gagcataatg tagggggccc 60
ctgagaaaac ctccaggctt caagtgacat acctagtctg ctttaccggt ttacaggact 120
caagagaaag gtggacattg agagttaatc cctgaggcca aatcttaaat ggagaaagtc 180
aacatccaca gaaaatgggg aagggcacaa gtatttctgt gggcttatat tccgacattt 240
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gggttgatcc cggcaagatt gggttgctct gatatatcga gtccacacag gagcctggad 840
ccatcccggc atagcacggg cgacgaaggg ggggaaagat taagctggat gttactcggc 900
ccccaccage aagtcctacc atgcttgcgt gagcgctatc ggcgcggaaa gaaagaaacc 960
gcgaggcaaa cggaagtata taggaggttc ccgatcgcac ttcctcatgg gagtcggtag 1020
gagcaatcat agagtgtaag gctcagcgca gcgccctcgg gcggctgaga ggactcagtt 1080
cggagccgcg ggcgggagct taaggaagga ctccgcctaa agggtggtcc actcaccccg 1140
acttcctccc gccccgcago tttcaacgtt tcgtcacttt atctcttttg gtggactctg 1200
ctacgtagtg gcgttcagtg aagggagcag tgtttttccc agatcctctg gcctccccgt 1260
ccccgaggga agccaggact agggtcgaat gaaggggtcc tccacctcca cgttccattc 1320
ctgttccacc tcaaggtcac tgggaacacc tttcgcagca aactgctaat tcaatgaaga 1380
cctggaggga gccaattgtt ccagttcatc tatcacatgg ccagttggtc cattcaacaa 1440
atggttattg gatgcccatt atgtggcagg cactgttccg ggggagaggt acagtaatct 1500
aataggctta taaatgtgca attatgaact aagtactttg aagaaaagga acaatgattg 1560
gcattaaagc agcacccttc tgttgaggga gtaagtcagc agctctaggt tctgaaaagt 1620

gacaatgaaa ttgtttggct cctgt 1645

<210> 22

<211> 756

<212> DNA
<213> Artificial Sequence

<220>

<223> >BTKe?Myc

<400> 22

tgttactcgg cccccaccag caagtcctac catgcttgcg tgagcgctat cggcgcggaa 60
agaaagaaac cgcgaggcaa acggaagtat ataggaggtt cccgatcgca cttcctcatg 120
ggagtcggta ggagcaatca tagagtgtaa ggctcagcgc agcgccctcg ggcggctgag 180
aggactcagt tcggagccgc gggcgggagc ttaaggaagg actccgccta aagggtggto 240
cactcacccc gacttcctcc cgccccgcag ctttcaacgt ttcgtcactt tatctctttt 300
ggtggactct gctacgtagt ggcgttcagt gaagggagca gtgtttttcc cagatcctct 360
ggcctccccg tccccgaggg aagccaggac tagggtcgaa tgaaggggtc ctccacctcc 420
acgttccatt cctgttccac ctcaaggtca ctgggaacac ctttcgcagc aaactgctaa 480
ttcaatgaag acctggaggg agccaattgt tccagttcat ctatcacatg gccagttggt 540
ccattcaaca aatggttatt ggatgcccat tatgtggcag gcactgttcc gggggagagg 600
tacagtaatc taataggctt ataaatgtgc aattatgaac taagtacttt gaagaaaagg 660
aacaatgatt ggcattaaag cagcaccctt ctgttgaggg agtaagtcag cagctctagg 720
ttctgaaaag tgacaatgaa attgtttggc tcctgt 756

<210> 23

<211> 1565

<212> DNA

<213> Artificial Sequence

<220>

<223> >BTKp.GFP

<400> 23

gcatttccta ggagaatcco tgggggaatc attgcagttg gagcataatg tagggggccc 60
ctgagaaaac ctccaggctt caagtgacat acctagtctg ctttaccggt ttacaggact 120
caagagaaag gtggacattg agagttaato cctgaggcca aatcttaaat ggagaaagtc 180
aacatccaca gaaaatgggg aagggcacaa gtatttctgt gggcttatat tccgacattt 240

Page 14



2018_04_19_Sequence_Listing_SCRI_148WO.txt
ttatctgtag gggaaaaatg ctttcttaga aaatgactca gcacggggaa gtcttgtctc 300
tacctctgtc ttgttttgtc ctttggggtc ccttcactat caagttcaac tgtgtgtccc 360
tgagactcct ctgccccgga ggacaggaga ctcgaaaaac gctcttcctg gccagtctct 420
ttgctctgtg tctgccagcc cccagcatct ctcctctttc ctgtaagccc ctctccctgt 480
gctgactgtc ttcatagtac tttaggtatg ttgtcccttt acctctggga ggatagcttg 540
atgacctgtc tgctcaggcc agccccatct agagtctcag tggccccagt catgttgaga 600
aaggttcttt caaagataga ctcaagatag tagtgtcaga ggtcccaagc aaatgaaggg 660
cggggacagt tgagggggtg gaatagggac ggcagcaggg aaccagatag catgctgctg 720
agaagaaaaa aagacattgg tttaggtcag gaagcaaaaa aagggaactg agtggctgtg 780
aaagggtggg gtttgctcag actgtccttc ctctctggac tgtaagaatt agtctcgagg 840
ccaccatggt gagcaagggc gaggagctgt tcaccggggt ggtgcccatc ctggtcgagc 900
tggacggcga cgtaaacggc cacaagttca gcgtgtccgg cgagggcgag ggcgatgcca 960
cctacggcaa gctgaccctg aagttcatct gcaccaccgg caagctgccc gtgccctggc 1020
ccaccctcgt gaccaccctg acctacggcg tgcagtgctt cagccgctac cccgaccaca 1080
tgaagcagca cgacttcttc aagtccgcca tgcccgaagg ctacgtccag gagcgcacca 1140
tcttcttcaa ggacgacggc aactacaaga cccgcgccga ggtgaagttc gagggcgaca 1200
ccctggtgaa ccgcatcgag ctgaagggca tcgacttcaa ggaggacggc aacatcctgg 1260
ggcacaagct ggagtacaac tacaacagcc acaacgtcta tatcatggcc gacaagcaga 1320
agaacggcat caaggtgaac ttcaagatcc gccacaacat cgaggacggc agcgtgcagc 1380
tcgccgacca ctaccagcag aacaccccca tcggcgacgg ccccgtgctg ctgcccgaca 1440
accactacct gagcacccag tccgccctga gcaaagaccc caacgagaag cgcgatcaca 1500
tggtcctgct ggagttcgtg accgccgccg ggatcactct cggcatggac gagctgtaca 1560
agtaa                                                             1565

<210> 24
<211> 2798
<212> DNA
<213> Artificial Sequence

<220> 
<223> INT4.BTKp.GFP

<400> 24
gcatttccta ggagaatccc tgggggaatc attgcagttg gagcataatg tagggggccc 60
ctcaaaaaga atacatagca gcaccaattc tatcatagtg tgtcttgtct atgataactg 120
cattgagaaa gatgctctgc ttgttgagtg agcatttcac ttccttctgg ttctgactat 180
ctgtctaata gtggtcatgt gggttgaaaa gatagaaaag gggagtagta ttaggaagtt 240
cagtatgagg aagacttatt agacttatgc ataaacctaa attctgttgt aatctggaag 300
agctgaagtg ccacatatgc atctgtttag gagagcaaga actacaaatt tggtcttcag 360
tttggcttgc ttacatcctg agaactctgt aggccacatg tcgtgaatat agcagcctct 420
gcaacagtga aagccagaaa aggaagtgga aagtctcagg ggagggggct ttctgtcatg 480
gatttatgag cacagcaaga ctaacaagca aaaagaaaaa tgtaaaagga tcttgttcgt 540
gtccctgact atatcaaatt tacgaaacct ttgaaagagg ggtatttcag acacagtttt 600
tactaccaat gcctttcaac aagatgacat tgtttggctg cactagtgaa caatgctgaa 660
cagcagataa ttttaaatta atttatattt gacttcagaa tttattatgt gatgtctata 720
aactctgtga gggttggaac cacatcttat atatttcatg catcttcgta acacctagca 780
tgatgccttg tacatggtta aaaaaatact atttgacttg atgatattgc ttattatata 840
ccttaccctt tttgaagtag gtttgtagtt ccaaatttga tttattttgg ctaatattgg 900
tgaggggagg ccactaggta gtggaggtgg aggtaattag ccatgaatta aaattttact 960
ccatattatc caagtgaata acccatatgt actaatcaag acttaattta tatagattat 1020
cacttcattt ctcttctata caaagtcaga atttaataat aagataaaat accctttgtt 1080
ggataaacaa aaatgttatc tccagcaagg gcagacggag accttataaa ataagtttat 1140
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ttatctgtag gggaaaaatg ctttcttaga aaatgactca gcacggggaa gtcttgtctc 300
tacctctgtc ttgttttgtc ctttggggtc ccttcactat caagttcaac tgtgtgtccc 360
tgagactcct ctgccccgga ggacaggaga ctcgaaaaac gctcttcctg gccagtctct 420
ttgctctgtg tctgccagcc cccagcatct ctcctctttc ctgtaagccc ctctccctgt 480
gctgactgtc ttcatagtac tttaggtatg ttgtcccttt acctctggga ggatagcttg 540
atgacctgtc tgctcaggcc agccccatct agagtctcag tggccccagt catgttgaga 600
aaggttcttt caaagataga ctcaagatag tagtgtcaga ggtcccaagc aaatgaaggg 660
cggggacagt tgagggggtg gaatagggad ggcagcaggg aaccagatag catgctgctg 720
agaagaaaaa aagacattgg tttaggtcag gaagcaaaaa aagggaactg agtggctgtg 780
aaagggtggg gtttgctcag actgtccttc ctctctggac tgtaagaatt agtctcgagg 840
ccaccatggt gagcaagggc gaggagctgt tcaccggggt ggtgcccatc ctggtcgago 900
tggacggcga cgtaaacggc cacaagttca gcgtgtccgg cgagggcgag ggcgatgcca 960
cctacggcaa gctgaccctg aagttcatct gcaccaccgg caagctgccc gtgccctggo 1020
ccaccctcgt gaccaccctg acctacggcg tgcagtgctt cagccgctac cccgaccaca 1080
tgaagcagca cgacttcttc aagtccgcca tgcccgaagg ctacgtccag gagcgcacca 1140
tcttcttcaa ggacgacggc aactacaaga cccgcgccga ggtgaagttc gagggcgaca 1200
ccctggtgaa ccgcatcgag ctgaagggca tcgacttcaa ggaggacggc aacatcctgg 1260
ggcacaagct ggagtacaac tacaacagcc acaacgtcta tatcatggcc gacaagcaga 1320
agaacggcat caaggtgaac ttcaagatcc gccacaacat cgaggacggc agcgtgcagc 1380
tcgccgacca ctaccagcag aacaccccca tcggcgacgg ccccgtgctg ctgcccgaca 1440
accactacct gagcacccag tccgccctga gcaaagaccc caacgagaag cgcgatcaca 1500
tggtcctgct ggagttcgtg accgccgccg ggatcactct cggcatggac gagctgtaca 1560
agtaa 1565

<210> 24

<211> 2798

<212> DNA
<213> Artificial Sequence

<220>

<223> INT4.BTKp.GFP

<400> 24

gcatttccta ggagaatccc tgggggaatc attgcagttg gagcataatg tagggggccc 60
ctcaaaaaga atacatagca gcaccaattc tatcatagtg tgtcttgtct atgataactg 120
cattgagaaa gatgctctgc ttgttgagtg agcatttcac ttccttctgg ttctgactat 180
ctgtctaata gtggtcatgt gggttgaaaa gatagaaaag gggagtagta ttaggaagtt 240
cagtatgagg aagacttatt agacttatgc ataaacctaa attctgttgt aatctggaag 300
agctgaagtg ccacatatgc atctgtttag gagagcaaga actacaaatt tggtcttcag 360
tttggcttgc ttacatcctg agaactctgt aggccacatg tcgtgaatat agcagcctct 420
gcaacagtga aagccagaaa aggaagtgga aagtctcagg ggagggggct ttctgtcatg 480
gatttatgag cacagcaaga ctaacaagca aaaagaaaaa tgtaaaagga tcttgttcgt 540
gtccctgact atatcaaatt tacgaaacct ttgaaagagg ggtatttcag acacagtttt 600
tactaccaat gcctttcaac aagatgacat tgtttggctg cactagtgaa caatgctgaa 660
cagcagataa ttttaaatta atttatattt gacttcagaa tttattatgt gatgtctata 720
aactctgtga gggttggaac cacatcttat atatttcatg catcttcgta acacctagca 780
tgatgccttg tacatggtta aaaaaatact atttgacttg atgatattgc ttattatata 840
ccttaccctt tttgaagtag gtttgtagtt ccaaatttga tttattttgg ctaatattgg 900
tgaggggagg ccactaggta gtggaggtgg aggtaattag ccatgaatta aaattttact 960
ccatattatc caagtgaata acccatatgt actaatcaag acttaattta tatagattat 1020
cacttcattt ctcttctata caaagtcaga atttaataat aagataaaat accctttgtt 1080
ggataaacaa aaatgttatc tccagcaagg gcagacggag accttataaa ataagtttat 1140
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gcatgaattg aagcacaagt caggaggacc taagagtatg aaaaattcta agagctttta 1200
aacgctacat tcctagatat gaagagttca ggaatccttc agatagttca cataacctga 1260
acaccattgc tgactgaaga ttctgccggg cccctgagaa aacctccagg cttcaagtga 1320
catacctagt ctgctttacc ggtttacagg actcaagaga aaggtggaca ttgagagtta 1380
atccctgagg ccaaatctta aatggagaaa gtcaacatcc acagaaaatg gggaagggca 1440
caagtatttc tgtgggctta tattccgaca tttttatctg taggggaaaa atgctttctt 1500
agaaaatgac tcagcacggg gaagtcttgt ctctacctct gtcttgtttt gtcctttggg 1560
gtcccttcac tatcaagttc aactgtgtgt ccctgagact cctctgcccc ggaggacagg 1620
agactcgaaa aacgctcttc ctggccagtc tctttgctct gtgtctgcca gcccccagca 1680
tctctcctct ttcctgtaag cccctctccc tgtgctgact gtcttcatag tactttaggt 1740
atgttgtccc tttacctctg ggaggatagc ttgatgacct gtctgctcag gccagcccca 1800
tctagagtct cagtggcccc agtcatgttg agaaaggttc tttcaaagat agactcaaga 1860
tagtagtgtc agaggtccca agcaaatgaa gggcggggac agttgagggg gtggaatagg 1920
gacggcagca gggaaccaga tagcatgctg ctgagaagaa aaaaagacat tggtttaggt 1980
caggaagcaa aaaaagggaa ctgagtggct gtgaaagggt ggggtttgct cagactgtcc 2040
ttcctctctg gactgtaaga attagtctcg aggccaccat ggtgagcaag ggcgaggagc 2100
tgttcaccgg ggtggtgccc atcctggtcg agctggacgg cgacgtaaac ggccacaagt 2160
tcagcgtgtc cggcgagggc gagggcgatg ccacctacgg caagctgacc ctgaagttca 2220
tctgcaccac cggcaagctg cccgtgccct ggcccaccct cgtgaccacc ctgacctacg 2280
gcgtgcagtg cttcagccgc taccccgacc acatgaagca gcacgacttc ttcaagtccg 2340
ccatgcccga aggctacgtc caggagcgca ccatcttctt caaggacgac ggcaactaca 2400
agacccgcgc cgaggtgaag ttcgagggcg acaccctggt gaaccgcatc gagctgaagg 2460
gcatcgactt caaggaggac ggcaacatcc tggggcacaa gctggagtac aactacaaca 2520
gccacaacgt ctatatcatg gccgacaagc agaagaacgg catcaaggtg aacttcaaga 2580
tccgccacaa catcgaggac ggcagcgtgc agctcgccga ccactaccag cagaacaccc 2640
ccatcggcga cggccccgtg ctgctgcccg acaaccacta cctgagcacc cagtccgccc 2700
tgagcaaaga ccccaacgag aagcgcgatc acatggtcct gctggagttc gtgaccgccg 2760
ccgggatcac tctcggcatg gacgagctgt acaagtaa                         2798

<210> 25
<211> 2735
<212> DNA
<213> Artificial Sequence

<220> 
<223> INT5.BTKp.GFP

<400> 25
gcatttccta ggagaatccc tgggggaatc attgcagttg gagcataatg tagggggccc 60
catcatatga ataaaagata aaatattaga ctaagagttt cccagttcta tcactatctc 120
tctagtgcaa ttttgtaatt ttaggcacct ccatttctct atttattaag aaaagtccca 180
ttttttgcac tgaatacaag ggtggtgtgg cattcaatgg ttatgcaata tttagaatcc 240
taagtataaa atacctagct ccaaaaaatt aaatagatga tgtatgagag tgcttgaagt 300
cagagtcaga gaacctggtt tcaagccctc ttttaccatt tacaaactgg gtgatttctg 360
gcaagaaggc caacaagctt ctttgatgct cagtttcttc ttctcaaagg agaataatgg 420
taattcatgc cacatctacc tctggggttg ttgtaaggat caaatgaagt aataatacat 480
gtaaaagcac atggaaaact gtaaatcact gtatacgaaa gcactgtaca tctctttgtt 540
gtggataaat atttcccaag gaaatatttc atattccttg ctttgtgagg acctaaactt 600
gaacagtttc agcatttcac atcaaccata cagtgtgttc agataaactt gactgtaaat 660
gcttgcagca caggatgcat gcacacatat ttgtgtgtat atatagccac atgtcaagtg 720
actgagagat taactggttg agttgacatc aggaaaggct gcctagagaa acaggaagga 780
tggcagactg ataatggtat ggttgggtta ttgcatgaca gccctttgtc ttaataaaca 840
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gcatgaattg aagcacaagt caggaggacc taagagtatg aaaaattcta agagctttta 1200
aacgctacat tcctagatat gaagagttca ggaatccttc agatagttca cataacctga 1260
acaccattgo tgactgaaga ttctgccggg cccctgagaa aacctccagg cttcaagtga 1320
catacctagt ctgctttacc ggtttacagg actcaagaga aaggtggaca ttgagagtta 1380
atccctgagg ccaaatctta aatggagaaa gtcaacatcc acagaaaatg gggaagggca 1440
caagtatttc tgtgggctta tattccgaca tttttatctg taggggaaaa atgctttctt 1500
agaaaatgac tcagcacggg gaagtcttgt ctctacctct gtcttgtttt gtcctttggg 1560
gtcccttcac tatcaagttc aactgtgtgt ccctgagact cctctgcccc ggaggacagg 1620
agactcgaaa aacgctcttc ctggccagtc tctttgctct gtgtctgcca gccccccagca 1680

tctctcctct ttcctgtaag cccctctccc tgtgctgact gtcttcatag tactttaggt 1740
atgttgtccc tttacctctg ggaggatagc ttgatgacct gtctgctcag gccagcccca 1800
tctagagtct cagtggcccc agtcatgttg agaaaggttc tttcaaagat agactcaaga 1860
tagtagtgtc agaggtccca agcaaatgaa gggcggggad agttgagggg gtggaatagg 1920
gacggcagca gggaaccaga tagcatgctg ctgagaagaa aaaaagacat tggtttaggt 1980
caggaagcaa aaaaagggaa ctgagtggct gtgaaagggt ggggtttgct cagactgtcc 2040
ttcctctctg gactgtaaga attagtctcg aggccaccat ggtgagcaag ggcgaggage 2100
tgttcaccgg ggtggtgccc atcctggtcg agctggacgg cgacgtaaac ggccacaagt 2160
tcagcgtgtc cggcgagggc gagggcgatg ccacctacgg caagctgacc ctgaagttca 2220
tctgcaccac cggcaagctg cccgtgccct ggcccaccct cgtgaccacc ctgacctacg 2280
gcgtgcagtg cttcagccgc taccccgacc acatgaagca gcacgacttc ttcaagtccg 2340
ccatgcccga aggctacgtc caggagcgca ccatcttctt caaggacgac ggcaactaca 2400
agacccgcgc cgaggtgaag ttcgagggcg acaccctggt gaaccgcatc gagctgaagg 2460
gcatcgactt caaggaggac ggcaacatcc tggggcacaa gctggagtac aactacaaca 2520
gccacaacgt ctatatcatg gccgacaago agaagaacgg catcaaggtg aacttcaaga 2580
tccgccacaa catcgaggad ggcagcgtgc agctcgccga ccactaccag cagaacaccc 2640
ccatcggcga cggccccgtg ctgctgcccg acaaccacta cctgagcaco cagtccgccc 2700
tgagcaaaga ccccaaccag aagcgcgatc acatggtcct gctggagttc gtgaccgccg 2760
ccgggatcac tctcggcatg gacgagctgt acaagtaa 2798

<210> 25

<211> 2735

<212> DNA
<213> Artificial Sequence

<220>

<223> INT5.BTKp.GFP

<400> 25

gcatttccta ggagaatccc tgggggaatc attgcagttg gagcataatg tagggggccc 60
catcatatga ataaaagata aaatattaga ctaagagttt cccagttcta tcactatctc 120
tctagtgcaa ttttgtaatt ttaggcacct ccatttctct atttattaag aaaagtccca 180
ttttttgcac tgaatacaag ggtggtgtgg cattcaatgg ttatgcaata tttagaatcc 240
taagtataaa atacctagct ccaaaaaatt aaatagatga tgtatgagag tgcttgaagt 300
cagagtcaga gaacctggtt tcaagccctc ttttaccatt tacaaactgg gtgatttctg 360
gcaagaaggc caacaagctt ctttgatgct cagtttcttc ttctcaaagg agaataatgg 420
taattcatgc cacatctacc tctggggttg ttgtaaggat caaatgaagt aataatacat 480
gtaaaagcac atggaaaact gtaaatcact gtatacgaaa gcactgtaca tctctttgtt 540

gtggataaat atttcccaag gaaatatttc atattccttg ctttgtgagg acctaaactt 600
gaacagtttc agcatttcac atcaaccata cagtgtgttc agataaactt gactgtaaat 660
gcttgcagca caggatgcat gcacacatat ttgtgtgtat atatagccac atgtcaagtg 720
actgagagat taactggttg agttgacato aggaaaggct gcctagagaa acaggaagga 780
tggcagactg ataatggtat ggttgggtta ttgcatgaca gccctttgtc ttaataaaca 840
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tttagattct gatactcact ggctggctat accagccttg tacactccct tgaatgcaag 900
tttggttggt caaaattata ttagccaagt ctttcaaact gaaagggaac aggaggaacg 960
aagatgaagg atcatctatt caattattgc tatgtgccag atattgagct aaataccttt 1020
tatatattat ctcatttaat tttcacaaca accttggcct aaaaacaaca acaatgataa 1080
ctaacactta atgagcactt actatgtagc aggctctgtc ccaagtgctt caaatgtatt 1140
acttatttga tctttgcagt agccttaaga agtatgtatt attcccctat ttacagatga 1200
ggaaactgaa gctcaaagat gttagggccc ctgagaaaac ctccaggctt caagtgacat 1260
acctagtctg ctttaccggt ttacaggact caagagaaag gtggacattg agagttaatc 1320
cctgaggcca aatcttaaat ggagaaagtc aacatccaca gaaaatgggg aagggcacaa 1380
gtatttctgt gggcttatat tccgacattt ttatctgtag gggaaaaatg ctttcttaga 1440
aaatgactca gcacggggaa gtcttgtctc tacctctgtc ttgttttgtc ctttggggtc 1500
ccttcactat caagttcaac tgtgtgtccc tgagactcct ctgccccgga ggacaggaga 1560
ctcgaaaaac gctcttcctg gccagtctct ttgctctgtg tctgccagcc cccagcatct 1620
ctcctctttc ctgtaagccc ctctccctgt gctgactgtc ttcatagtac tttaggtatg 1680
ttgtcccttt acctctggga ggatagcttg atgacctgtc tgctcaggcc agccccatct 1740
agagtctcag tggccccagt catgttgaga aaggttcttt caaagataga ctcaagatag 1800
tagtgtcaga ggtcccaagc aaatgaaggg cggggacagt tgagggggtg gaatagggac 1860
ggcagcaggg aaccagatag catgctgctg agaagaaaaa aagacattgg tttaggtcag 1920
gaagcaaaaa aagggaactg agtggctgtg aaagggtggg gtttgctcag actgtccttc 1980
ctctctggac tgtaagaatt agtctcgagg ccaccatggt gagcaagggc gaggagctgt 2040
tcaccggggt ggtgcccatc ctggtcgagc tggacggcga cgtaaacggc cacaagttca 2100
gcgtgtccgg cgagggcgag ggcgatgcca cctacggcaa gctgaccctg aagttcatct 2160
gcaccaccgg caagctgccc gtgccctggc ccaccctcgt gaccaccctg acctacggcg 2220
tgcagtgctt cagccgctac cccgaccaca tgaagcagca cgacttcttc aagtccgcca 2280
tgcccgaagg ctacgtccag gagcgcacca tcttcttcaa ggacgacggc aactacaaga 2340
cccgcgccga ggtgaagttc gagggcgaca ccctggtgaa ccgcatcgag ctgaagggca 2400
tcgacttcaa ggaggacggc aacatcctgg ggcacaagct ggagtacaac tacaacagcc 2460
acaacgtcta tatcatggcc gacaagcaga agaacggcat caaggtgaac ttcaagatcc 2520
gccacaacat cgaggacggc agcgtgcagc tcgccgacca ctaccagcag aacaccccca 2580
tcggcgacgg ccccgtgctg ctgcccgaca accactacct gagcacccag tccgccctga 2640
gcaaagaccc caacgagaag cgcgatcaca tggtcctgct ggagttcgtg accgccgccg 2700
ggatcactct cggcatggac gagctgtaca agtaa                            2735

<210> 26
<211> 2097
<212> DNA
<213> Artificial Sequence

<220> 
<223> INT13.BTKp.GFP

<400> 26
gcatttccta ggagaatccc tgggggaatc attgcagttg gagcataatg tagggggccc 60
ggtagggtgg actggccagt tgcaaaaact acctttgctg gccttgcctt agggagtgtc 120
cttgaggtac actgttctgc agcagctgcc tcaaggacgc tcaagacaga tccaagcaaa 180
agttattcac tgattttctt cctctagtgg ctacgactgg gactgcaaaa acatagattc 240
ataaagggct ttgtcgttgt cttgggtctt tttgtctttt atttttaatt gtgggaaaat 300
tttcagtact atccctgagt tcattaacta ccatcactaa cataatcata aagggatttg 360
gggaggttgc ttagtctatc ttcttgcctt atggccacct tgaacctaaa attcccagat 420
tcctctaacc aatgaatccc gtttctgaga ttgacttaag caaagacaga ttagtacttc 480
taaaaatttc ccttttacta gttttcctat ttctacccca gtagggattt ttgtctattg 540
taagaattat acattcatga ccccaaagaa tcacaccaag actttagggc ccctgagaaa 600
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tttagattct gatactcact ggctggctat accagccttg tacactccct tgaatgcaag 900
tttggttggt caaaattata ttagccaagt ctttcaaact gaaagggaac aggaggaacg 960
aagatgaagg atcatctatt caattattgc tatgtgccag atattgagct aaataccttt 1020
tatatattat ctcatttaat tttcacaaca accttggcct aaaaacaaca acaatgataa 1080

ctaacactta atgagcactt actatgtagc aggctctgtc ccaagtgctt caaatgtatt 1140
acttatttga tctttgcagt agccttaaga agtatgtatt attcccctat ttacagatga 1200
ggaaactgaa gctcaaagat gttagggccc ctgagaaaac ctccaggctt caagtgacat 1260
acctagtctg ctttaccggt ttacaggact caagagaaag gtggacattg agagttaatc 1320
cctgaggcca aatcttaaat ggagaaagtc aacatccaca gaaaatgggg aagggcacaa 1380
gtatttctgt gggcttatat tccgacattt ttatctgtag gggaaaaatg ctttcttaga 1440
aaatgactca gcacggggaa gtcttgtctc tacctctgtc ttgttttgtc ctttggggtc 1500
ccttcactat caagttcaac tgtgtgtccc tgagactcct ctgccccgga ggacaggaga 1560
ctcgaaaaac gctcttcctg gccagtctct ttgctctgtg tctgccagcc cccagcatct 1620
ctcctctttc ctgtaagccc ctctccctgt gctgactgtc ttcatagtac tttaggtatg 1680
ttgtcccttt acctctggga ggatagcttg atgacctgtc tgctcaggcc agccccatct 1740
agagtctcag tggccccagt catgttgaga aaggttcttt caaagataga ctcaagatag 1800
tagtgtcaga ggtcccaagc aaatgaaggg cggggacagt tgagggggtg gaatagggad 1860
ggcagcaggg aaccagatag catgctgctg agaagaaaaa aagacattgg tttaggtcag 1920
gaagcaaaaa aagggaactg agtggctgtg aaagggtggg gtttgctcag actgtccttc 1980
ctctctggac tgtaagaatt agtctcgagg ccaccatggt gagcaagggc gaggagctgt 2040
tcaccggggt ggtgcccatc ctggtcgagc tggacggcga cgtaaacggc cacaagttca 2100
gcgtgtccgg cgagggcgag ggcgatgcca cctacggcaa gctgaccctg aagttcatct 2160
gcaccaccgg caagctgccc gtgccctggc ccaccctcgt gaccaccctg acctacggcg 2220
tgcagtgctt cagccgctac cccgaccaca tgaagcagca cgacttcttc aagtccgcca 2280
tgcccgaagg ctacgtccag gagcgcacca tcttcttcaa ggacgacggc aactacaaga 2340
cccgcgccga ggtgaagttc gagggcgaca ccctggtgaa ccgcatcgag ctgaagggca 2400
tcgacttcaa ggaggacggc aacatcctgg ggcacaagct ggagtacaac tacaacagcc 2460
acaacgtcta tatcatggcc gacaagcaga agaacggcat caaggtgaac ttcaagatcc 2520
gccacaacat cgaggacggc agcgtgcagc tcgccgacca ctaccagcag aacaccccca 2580
tcggcgacgg ccccgtgctg ctgcccgaca accactacct gagcacccag tccgccctga 2640
gcaaagaccc caacgagaag cgcgatcaca tggtcctgct ggagttcgtg accgccgccg 2700

ggatcactct cggcatggad gagctgtaca agtaa 2735

<210> 26

<211> 2097

<212> DNA

<213> Artificial Sequence

<220>

<223> INT13.BTKp.GFP

<400> 26

gcatttccta ggagaatccc tgggggaatc attgcagttg gagcataatg tagggggccc 60
ggtagggtgg actggccagt tgcaaaaact acctttgctg gccttgcctt agggagtgtc 120
cttgaggtac actgttctgc agcagctgcc tcaaggacgc tcaagacaga tccaagcaaa 180
agttattcac tgattttctt cctctagtgg ctacgactgg gactgcaaaa acatagattc 240
ataaagggct ttgtcgttgt cttgggtctt tttgtctttt atttttaatt gtgggaaaat 300
tttcagtact atccctgagt tcattaacta ccatcactaa cataatcata aagggatttg 360
gggaggttgo ttagtctatc ttcttgcctt atggccacct tgaacctaaa attcccagat 420
tcctctaacc aatgaatccc gtttctgaga ttgacttaag caaagacaga ttagtacttc 480
taaaaatttc ccttttacta gttttcctat ttctacccca gtagggattt ttgtctattg 540
taagaattat acattcatga ccccaaagaa tcacaccaag actttagggc ccctgagaaa 600
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acctccaggc ttcaagtgac atacctagtc tgctttaccg gtttacagga ctcaagagaa 660
aggtggacat tgagagttaa tccctgaggc caaatcttaa atggagaaag tcaacatcca 720
cagaaaatgg ggaagggcac aagtatttct gtgggcttat attccgacat ttttatctgt 780
aggggaaaaa tgctttctta gaaaatgact cagcacgggg aagtcttgtc tctacctctg 840
tcttgttttg tcctttgggg tcccttcact atcaagttca actgtgtgtc cctgagactc 900
ctctgccccg gaggacagga gactcgaaaa acgctcttcc tggccagtct ctttgctctg 960
tgtctgccag cccccagcat ctctcctctt tcctgtaagc ccctctccct gtgctgactg 1020
tcttcatagt actttaggta tgttgtccct ttacctctgg gaggatagct tgatgacctg 1080
tctgctcagg ccagccccat ctagagtctc agtggcccca gtcatgttga gaaaggttct 1140
ttcaaagata gactcaagat agtagtgtca gaggtcccaa gcaaatgaag ggcggggaca 1200
gttgaggggg tggaataggg acggcagcag ggaaccagat agcatgctgc tgagaagaaa 1260
aaaagacatt ggtttaggtc aggaagcaaa aaaagggaac tgagtggctg tgaaagggtg 1320
gggtttgctc agactgtcct tcctctctgg actgtaagaa ttagtctcga ggccaccatg 1380
gtgagcaagg gcgaggagct gttcaccggg gtggtgccca tcctggtcga gctggacggc 1440
gacgtaaacg gccacaagtt cagcgtgtcc ggcgagggcg agggcgatgc cacctacggc 1500
aagctgaccc tgaagttcat ctgcaccacc ggcaagctgc ccgtgccctg gcccaccctc 1560
gtgaccaccc tgacctacgg cgtgcagtgc ttcagccgct accccgacca catgaagcag 1620
cacgacttct tcaagtccgc catgcccgaa ggctacgtcc aggagcgcac catcttcttc 1680
aaggacgacg gcaactacaa gacccgcgcc gaggtgaagt tcgagggcga caccctggtg 1740
aaccgcatcg agctgaaggg catcgacttc aaggaggacg gcaacatcct ggggcacaag 1800
ctggagtaca actacaacag ccacaacgtc tatatcatgg ccgacaagca gaagaacggc 1860
atcaaggtga acttcaagat ccgccacaac atcgaggacg gcagcgtgca gctcgccgac 1920
cactaccagc agaacacccc catcggcgac ggccccgtgc tgctgcccga caaccactac 1980
ctgagcaccc agtccgccct gagcaaagac cccaacgaga agcgcgatca catggtcctg 2040
ctggagttcg tgaccgccgc cgggatcact ctcggcatgg acgagctgta caagtaa    2097

<210> 27
<211> 2596
<212> DNA
<213> Artificial Sequence

<220> 
<223> 1kb.BTKp.GFP

<400> 27
gcatttccta ggagaatccc tgggggaatc attgcagttg gagcataatg tagggggccc 60
aaactgtagt ctgttagctc accctagaag aaggaaattc tagagtcaag agaagttaag 120
ttttagacaa gctggaagtt ggaatatact ggagtttaag atcattgact caatgaaaaa 180
aaaaaaagat ttgtctgcag taaaaccaga gttttaaaaa tgattagaaa tggaccagaa 240
aagagataag gataatgaga aagggggctc tctaaaacta tttggaactg aaattgggac 300
aatgtttctg gaaactattt tggcagtatg tatcaaaatg caaaatgcac atactttttt 360
gactctggaa atgatgcttg tatagagatc ctaataacat gggaaaataa ttaggaataa 420
tgttaaataa gaacattaga tctttttttg gaaaaaggta ccttgaacgg atggatggat 480
ggatagatac atacatacat gcatacatac atacatagat gttacgaaaa ataggtaaat 540
taactgaatg tgcaatatga tctcaaatat tataagaaac acacacagaa aaaaatggaa 600
ggaatatgcc gatatattaa tgcctctgga tgagtttatg aatgattttt tcttttttat 660
atccctgtac ttgacatatt ttctacaata agcatgtttt attttactat attttgtttt 720
attttgagat gggggtctcc ctatgtttct caggctgacc ttgaactctt gggctcaagc 780
aatcctccaa tatcagcctc ctgagtagct gggactacag gtgcacccca ctgcacccag 840
ctgcgtgtgt tattttgata tcgatggaaa aaataaataa aatgtttaag ccaaggaaaa 900
caaaaactag gttgaaaaag aaggccaaaa gggcacacaa gtccagagtg aaagacagac 960
accccagcag tcaccctcag agcagaggga gaatattgaa agtattacca ctgatctgat 1020
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acctccaggc ttcaagtgac atacctagtc tgctttaccg gtttacagga ctcaagagaa 660
aggtggacat tgagagttaa tccctgaggc caaatcttaa atggagaaag tcaacatcca 720
cagaaaatgg ggaagggcac aagtatttct gtgggcttat attccgacat ttttatctgt 780
aggggaaaaa tgctttctta gaaaatgact cagcacgggg aagtcttgtc tctacctctg 840
tcttgttttg tcctttgggg tcccttcact atcaagttca actgtgtgtc cctgagactc 900
ctctgccccg gaggacagga gactcgaaaa acgctcttcc tggccagtct ctttgctctg 960
tgtctgccag ccccccagcat ctctcctctt tcctgtaagc ccctctccct gtgctgactg 1020

tcttcatagt actttaggta tgttgtccct ttacctctgg gaggatagct tgatgacctg 1080
tctgctcagg ccagccccat ctagagtctc agtggcccca gtcatgttga gaaaggttct 1140
ttcaaagata gactcaagat agtagtgtca gaggtcccaa gcaaatgaag ggcggggaca 1200
gttgaggggg tggaataggg acggcagcag ggaaccagat agcatgctgc tgagaagaaa 1260
aaaagacatt ggtttaggto aggaagcaaa aaaagggaac tgagtggctg tgaaagggtg 1320
gggtttgctc agactgtcct tcctctctgg actgtaagaa ttagtctcga ggccaccatg 1380
gtgagcaagg gcgaggagct gttcaccggg gtggtgccca tcctggtcga gctggacggc 1440
gacgtaaacg gccacaagtt cagcgtgtcc ggcgagggcg agggcgatgc cacctacggc 1500
aagctgaccc tgaagttcat ctgcaccacc ggcaagctgc ccgtgccctg gcccaccctc 1560
gtgaccaccc tgacctacgg cgtgcagtgc ttcagccgct accccgacca catgaagcag 1620
cacgacttct tcaagtccgc catgcccgaa ggctacgtcc aggagcgcac catcttcttc 1680
aaggacgacg gcaactacaa gacccgcgcc gaggtgaagt tcgagggcga caccctggtg 1740
aaccgcatcg agctgaaggg catcgacttc aaggaggacg gcaacatcct ggggcacaag 1800
ctggagtaca actacaacag ccacaacgtc tatatcatgg ccgacaagca gaagaacggc 1860
atcaaggtga acttcaagat ccgccacaac atcgaggacg gcagcgtgca gctcgccgac 1920
cactaccagc agaacacccc catcggcgac ggccccgtgc tgctgcccga caaccactac 1980
ctgagcaccc agtccgccct gagcaaagac cccaaccaga agcgcgatca catggtcctg 2040
ctggagttcg tgaccgccgc cgggatcact ctcggcatgg acgagctgta caagtaa 2097

<210> 27

<211> 2596

<212> DNA
<213> Artificial Sequence

<220>

<223> 1kb.BTKp.GFP

<400> 27

gcatttccta ggagaatcco tgggggaatc attgcagttg gagcataatg tagggggccc 60
aaactgtagt ctgttagctc accctagaag aaggaaattc tagagtcaag agaagttaag 120
ttttagacaa gctggaagtt ggaatatact ggagtttaag atcattgact caatgaaaaa 180
aaaaaaagat ttgtctgcag taaaaccaga gttttaaaaa tgattagaaa tggaccagaa 240
aagagataag gataatgaga aagggggctc tctaaaacta tttggaactg aaattgggac 300
aatgtttctg gaaactattt tggcagtatg tatcaaaatg caaaatgcac atactttttt 360
gactctggaa atgatgcttg tatagagatc ctaataacat gggaaaataa ttaggaataa 420
tgttaaataa gaacattaga tctttttttg gaaaaaggta ccttgaacgg atggatggat 480
ggatagatac atacatacat gcatacatad atacatagat gttacgaaaa ataggtaaat 540
taactgaatg tgcaatatga tctcaaatat tataagaaac acacacagaa aaaaatggaa 600
ggaatatgcc gatatattaa tgcctctgga tgagtttatg aatgattttt tcttttttat 660
atccctgtac ttgacatatt ttctacaata agcatgtttt attttactat attttgtttt 720

attttgagat gggggtctcc ctatgtttct caggctgacc ttgaactctt gggctcaagc 780
aatcctccaa tatcagcctc ctgagtagct gggactacag gtgcacccca ctgcacccag 840
ctgcgtgtgt tattttgata tcgatggaaa aaataaataa aatgtttaag ccaaggaaaa 900
caaaaactag gttgaaaaag aaggccaaaa gggcacacaa gtccagagtg aaagacagac 960
accccagcag tcaccctcag agcagaggga gaatattgaa agtattacca ctgatctgat 1020
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ctggcactga ctataaactt gcagattggc tctctggctc tccttccatc atcagttggc 1080
cagaagggcc cctgagaaaa cctccaggct tcaagtgaca tacctagtct gctttaccgg 1140
tttacaggac tcaagagaaa ggtggacatt gagagttaat ccctgaggcc aaatcttaaa 1200
tggagaaagt caacatccac agaaaatggg gaagggcaca agtatttctg tgggcttata 1260
ttccgacatt tttatctgta ggggaaaaat gctttcttag aaaatgactc agcacgggga 1320
agtcttgtct ctacctctgt cttgttttgt cctttggggt cccttcacta tcaagttcaa 1380
ctgtgtgtcc ctgagactcc tctgccccgg aggacaggag actcgaaaaa cgctcttcct 1440
ggccagtctc tttgctctgt gtctgccagc ccccagcatc tctcctcttt cctgtaagcc 1500
cctctccctg tgctgactgt cttcatagta ctttaggtat gttgtccctt tacctctggg 1560
aggatagctt gatgacctgt ctgctcaggc cagccccatc tagagtctca gtggccccag 1620
tcatgttgag aaaggttctt tcaaagatag actcaagata gtagtgtcag aggtcccaag 1680
caaatgaagg gcggggacag ttgagggggt ggaataggga cggcagcagg gaaccagata 1740
gcatgctgct gagaagaaaa aaagacattg gtttaggtca ggaagcaaaa aaagggaact 1800
gagtggctgt gaaagggtgg ggtttgctca gactgtcctt cctctctgga ctgtaagaat 1860
tagtctcgag gccaccatgg tgagcaaggg cgaggagctg ttcaccgggg tggtgcccat 1920
cctggtcgag ctggacggcg acgtaaacgg ccacaagttc agcgtgtccg gcgagggcga 1980
gggcgatgcc acctacggca agctgaccct gaagttcatc tgcaccaccg gcaagctgcc 2040
cgtgccctgg cccaccctcg tgaccaccct gacctacggc gtgcagtgct tcagccgcta 2100
ccccgaccac atgaagcagc acgacttctt caagtccgcc atgcccgaag gctacgtcca 2160
ggagcgcacc atcttcttca aggacgacgg caactacaag acccgcgccg aggtgaagtt 2220
cgagggcgac accctggtga accgcatcga gctgaagggc atcgacttca aggaggacgg 2280
caacatcctg gggcacaagc tggagtacaa ctacaacagc cacaacgtct atatcatggc 2340
cgacaagcag aagaacggca tcaaggtgaa cttcaagatc cgccacaaca tcgaggacgg 2400
cagcgtgcag ctcgccgacc actaccagca gaacaccccc atcggcgacg gccccgtgct 2460
gctgcccgac aaccactacc tgagcaccca gtccgccctg agcaaagacc ccaacgagaa 2520
gcgcgatcac atggtcctgc tggagttcgt gaccgccgcc gggatcactc tcggcatgga 2580
cgagctgtac aagtaa                                                 2596

<210> 28
<211> 4519
<212> DNA
<213> Artificial Sequence

<220> 
<223> CONTIG.BTKp.GFP

<400> 28
gcatttccta ggagaatccc tgggggaatc attgcagttg gagcataatg tagggggccc 60
ctcaaaaaga atacatagca gcaccaattc tatcatagtg tgtcttgtct atgataactg 120
cattgagaaa gatgctctgc ttgttgagtg agcatttcac ttccttctgg ttctgactat 180
ctgtctaata gtggtcatgt gggttgaaaa gatagaaaag gggagtagta ttaggaagtt 240
cagtatgagg aagacttatt agacttatgc ataaacctaa attctgttgt aatctggaag 300
agctgaagtg ccacatatgc atctgtttag gagagcaaga actacaaatt tggtcttcag 360
tttggcttgc ttacatcctg agaactctgt aggccacatg tcgtgaatat agcagcctct 420
gcaacagtga aagccagaaa aggaagtgga aagtctcagg ggagggggct ttctgtcatg 480
gatttatgag cacagcaaga ctaacaagca aaaagaaaaa tgtaaaagga tcttgttcgt 540
gtccctgact atatcaaatt tacgaaacct ttgaaagagg ggtatttcag acacagtttt 600
tactaccaat gcctttcaac aagatgacat tgtttggctg cactagtgaa caatgctgaa 660
cagcagataa ttttaaatta atttatattt gacttcagaa tttattatgt gatgtctata 720
aactctgtga gggttggaac cacatcttat atatttcatg catcttcgta acacctagca 780
tgatgccttg tacatggtta aaaaaatact atttgacttg atgatattgc ttattatata 840
ccttaccctt tttgaagtag gtttgtagtt ccaaatttga tttattttgg ctaatattgg 900
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ctggcactga ctataaactt gcagattggc tctctggctc tccttccatc atcagttggo 1080
cagaagggcc cctgagaaaa cctccaggct tcaagtgaca tacctagtct gctttaccgg 1140
tttacaggac tcaagagaaa ggtggacatt gagagttaat ccctgaggcc aaatcttaaa 1200
tggagaaagt caacatccac agaaaatggg gaagggcaca agtatttctg tgggcttata 1260

ttccgacatt tttatctgta ggggaaaaat gctttcttag aaaatgactc agcacgggga 1320
agtcttgtct ctacctctgt cttgttttgt cctttggggt cccttcacta tcaagttcaa 1380
ctgtgtgtcc ctgagactcc tctgccccgg aggacaggag actcgaaaaa cgctcttcct 1440
ggccagtctc tttgctctgt gtctgccagc ccccagcatc tctcctcttt cctgtaagcc 1500
cctctccctg tgctgactgt cttcatagta ctttaggtat gttgtccctt tacctctggg 1560
aggatagctt gatgacctgt ctgctcaggc cagccccatc tagagtctca gtggccccag 1620
tcatgttgag aaaggttctt tcaaagatag actcaagata gtagtgtcag aggtcccaag 1680
caaatgaagg gcggggacag ttgagggggt ggaataggga cggcagcagg gaaccagata 1740
gcatgctgct gagaagaaaa aaagacattg gtttaggtca ggaagcaaaa aaagggaact 1800
gagtggctgt gaaagggtgg ggtttgctca gactgtcctt cctctctgga ctgtaagaat 1860
tagtctcgag gccaccatgg tgagcaaggg cgaggagctg ttcaccgggg tggtgcccat 1920
cctggtcgag ctggacggcg acgtaaacgg ccacaagttc agcgtgtccg gcgagggcga 1980
gggcgatgcc acctacggca agctgaccct gaagttcatc tgcaccaccg gcaagctgcc 2040
cgtgccctgg cccaccctcg tgaccaccct gacctacggc gtgcagtgct tcagccgcta 2100
ccccgaccac atgaagcagc acgacttctt caagtccgcc atgcccgaag gctacgtcca 2160
ggagcgcacc atcttcttca aggacgacgg caactacaag acccgcgccg aggtgaagtt 2220
cgagggcgac accctggtga accgcatcga gctgaagggc atcgacttca aggaggacgg 2280
caacatcctg gggcacaagc tggagtacaa ctacaacago cacaacgtct atatcatggc 2340
cgacaagcag aagaacggca tcaaggtgaa cttcaagatc cgccacaaca tcgaggacgg 2400
cagcgtgcag ctcgccgacc actaccagca gaacaccccc atcggcgacg gccccgtgct 2460
gctgcccgac aaccactacc tgagcaccca gtccgccctg agcaaagacc ccaacgagaa 2520
gcgcgatcac atggtcctgc tggagttcgt gaccgccgcc gggatcactc tcggcatgga 2580

cgagctgtac aagtaa 2596

<210> 28

<211> 4519

<212> DNA
<213> Artificial Sequence

<220>

<223> CONTIG.BTKp.GFP

<400> 28

gcatttccta ggagaatccc tgggggaatc attgcagttg gagcataatg tagggggccc 60
ctcaaaaaga atacatagca gcaccaattc tatcatagtg tgtcttgtct atgataactg 120
cattgagaaa gatgctctgc ttgttgagtg agcatttcac ttccttctgg ttctgactat 180
ctgtctaata gtggtcatgt gggttgaaaa gatagaaaag gggagtagta ttaggaagtt 240
cagtatgagg aagacttatt agacttatgc ataaacctaa attctgttgt aatctggaag 300
agctgaagtg ccacatatgo atctgtttag gagagcaaga actacaaatt tggtcttcag 360
tttggcttgc ttacatcctg agaactctgt aggccacatg tcgtgaatat agcagcctct 420
gcaacagtga aagccagaaa aggaagtgga aagtctcagg ggagggggct ttctgtcatg 480
gatttatgag cacagcaaga ctaacaagca aaaagaaaaa tgtaaaagga tcttgttcgt 540
gtccctgact atatcaaatt tacgaaacct ttgaaagagg ggtatttcag acacagtttt 600
tactaccaat gcctttcaac aagatgacat tgtttggctg cactagtgaa caatgctgaa 660
cagcagataa ttttaaatta atttatattt gacttcagaa tttattatgt gatgtctata 720
aactctgtga gggttggaac cacatcttat atatttcatg catcttcgta acacctagca 780
tgatgccttg tacatggtta aaaaaatact atttgacttg atgatattgc ttattatata 840
ccttaccctt tttgaagtag gtttgtagtt ccaaatttga tttattttgg ctaatattgg 900
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tgaggggagg ccactaggta gtggaggtgg aggtaattag ccatgaatta aaattttact 960
ccatattatc caagtgaata acccatatgt actaatcaag acttaattta tatagattat 1020
cacttcattt ctcttctata caaagtcaga atttaataat aagataaaat accctttgtt 1080
ggataaacaa aaatgttatc tccagcaagg gcagacggag accttataaa ataagtttat 1140
gcatgaattg aagcacaagt caggaggacc taagagtatg aaaaattcta agagctttta 1200
aacgctacat tcctagatat gaagagttca ggaatccttc agatagttca cataacctga 1260
acaccattgc tgactgaaga ttctgccatt gagcttagta ttccatcata tgaataaaag 1320
ataaaatatt agactaagag tttcccagtt ctatcactat ctctctagtg caattttgta 1380
attttaggca cctccatttc tctatttatt aagaaaagtc ccattttttg cactgaatac 1440
aagggtggtg tggcattcaa tggttatgca atatttagaa tcctaagtat aaaataccta 1500
gctccaaaaa attaaataga tgatgtatga gagtgcttga agtcagagtc agagaacctg 1560
gtttcaagcc ctcttttacc atttacaaac tgggtgattt ctggcaagaa ggccaacaag 1620
cttctttgat gctcagtttc ttcttctcaa aggagaataa tggtaattca tgccacatct 1680
acctctgggg ttgttgtaag gatcaaatga agtaataata catgtaaaag cacatggaaa 1740
actgtaaatc actgtatacg aaagcactgt acatctcttt gttgtggata aatatttccc 1800
aaggaaatat ttcatattcc ttgctttgtg aggacctaaa cttgaacagt ttcagcattt 1860
cacatcaacc atacagtgtg ttcagataaa cttgactgta aatgcttgca gcacaggatg 1920
catgcacaca tatttgtgtg tatatatagc cacatgtcaa gtgactgaga gattaactgg 1980
ttgagttgac atcaggaaag gctgcctaga gaaacaggaa ggatggcaga ctgataatgg 2040
tatggttggg ttattgcatg acagcccttt gtcttaataa acatttagat tctgatactc 2100
actggctggc tataccagcc ttgtacactc ccttgaatgc aagtttggtt ggtcaaaatt 2160
atattagcca agtctttcaa actgaaaggg aacaggagga acgaagatga aggatcatct 2220
attcaattat tgctatgtgc cagatattga gctaaatacc ttttatatat tatctcattt 2280
aattttcaca acaaccttgg cctaaaaaca acaacaatga taactaacac ttaatgagca 2340
cttactatgt agcaggctct gtcccaagtg cttcaaatgt attacttatt tgatctttgc 2400
agtagcctta agaagtatgt attattcccc tatttacaga tgaggaaact gaagctcaaa 2460
gatgttatcc ttatttctct ggggtagggt ggactggcca gttgcaaaaa ctacctttgc 2520
tggccttgcc ttagggagtg tccttgaggt acactgttct gcagcagctg cctcaaggac 2580
gctcaagaca gatccaagca aaagttattc actgattttc ttcctctagt ggctacgact 2640
gggactgcaa aaacatagat tcataaaggg ctttgtcgtt gtcttgggtc tttttgtctt 2700
ttatttttaa ttgtgggaaa attttcagta ctatccctga gttcattaac taccatcact 2760
aacataatca taaagggatt tggggaggtt gcttagtcta tcttcttgcc ttatggccac 2820
cttgaaccta aaattcccag attcctctaa ccaatgaatc ccgtttctga gattgactta 2880
agcaaagaca gattagtact tctaaaaatt tcccttttac tagttttcct atttctaccc 2940
cagtagggat ttttgtctat tgtaagaatt atacattcat gaccccaaag aatcacacca 3000
agactttagg gcccgtgaga aaacctccag gcttcaagtg acatacctag tctgctttac 3060
cggtttacag gactcaagag aaaggtggac attgagagtt aatccctgag gccaaatctt 3120
aaatggagaa agtcaacatc cacagaaaat ggggaagggc acaagtattt ctgtgggctt 3180
atattccgac atttttatct gtaggggaaa aatgctttct tagaaaatga ctcagcacgg 3240
ggaagtcttg tctctacctc tgtcttgttt tgtcctttgg ggtcccttca ctatcaagtt 3300
caactgtgtg tccctgagac tcctctgccc cggaggacag gagactcgaa aaacgctctt 3360
cctggccagt ctctttgctc tgtgtctgcc agcccccagc atctctcctc tttcctgtaa 3420
gcccctctcc ctgtgctgac tgtcttcata gtactttagg tatgttgtcc ctttacctct 3480
gggaggatag cttgatgacc tgtctgctca ggccagcccc atctagagtc tcagtggccc 3540
cagtcatgtt gagaaaggtt ctttcaaaga tagactcaag atagtagtgt cagaggtccc 3600
aagcaaatga agggcgggga cagttgaggg ggtggaatag ggacggcagc agggaaccag 3660
atagcatgct gctgagaaga aaaaaagaca ttggtttagg tcaggaagca aaaaaaggga 3720
actgagtggc tgtgaaaggg tggggtttgc tcagactgtc cttcctctct ggactgtaag 3780
aattagtctc gaggccacca tggtgagcaa gggcgaggag ctgttcaccg gggtggtgcc 3840
catcctggtc gagctggacg gcgacgtaaa cggccacaag ttcagcgtgt ccggcgaggg 3900
cgagggcgat gccacctacg gcaagctgac cctgaagttc atctgcacca ccggcaagct 3960
gcccgtgccc tggcccaccc tcgtgaccac cctgacctac ggcgtgcagt gcttcagccg 4020
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tgaggggagg ccactaggta gtggaggtgg aggtaattag ccatgaatta aaattttact 960
ccatattatc caagtgaata acccatatgt actaatcaag acttaattta tatagattat 1020
cacttcattt ctcttctata caaagtcaga atttaataat aagataaaat accctttgtt 1080
ggataaacaa aaatgttatc tccagcaagg gcagacggag accttataaa ataagtttat 1140
gcatgaattg aagcacaagt caggaggacc taagagtatg aaaaattcta agagctttta 1200
aacgctacat tcctagatat gaagagttca ggaatccttc agatagttca cataacctga 1260
acaccattgc tgactgaaga ttctgccatt gagcttagta ttccatcata tgaataaaag 1320
ataaaatatt agactaagag tttcccagtt ctatcactat ctctctagtg caattttgta 1380
attttaggca cctccatttc tctatttatt aagaaaagtc ccattttttg cactgaatad 1440
aagggtggtg tggcattcaa tggttatgca atatttagaa tcctaagtat aaaataccta 1500
gctccaaaaa attaaataga tgatgtatga gagtgcttga agtcagagto agagaacctg 1560
gtttcaagcc ctcttttacc atttacaaac tgggtgattt ctggcaagaa ggccaacaag 1620
cttctttgat gctcagtttc ttcttctcaa aggagaataa tggtaattca tgccacatct 1680
acctctgggg ttgttgtaag gatcaaatga agtaataata catgtaaaag cacatggaaa 1740
actgtaaatc actgtatacg aaagcactgt acatctcttt gttgtggata aatatttccc 1800
aaggaaatat ttcatattcc ttgctttgtg aggacctaaa cttgaacagt ttcagcattt 1860
cacatcaacc atacagtgtg ttcagataaa cttgactgta aatgcttgca gcacaggatg 1920
catgcacaca tatttgtgtg tatatatagc cacatgtcaa gtgactgaga gattaactgg 1980
ttgagttgac atcaggaaag gctgcctaga gaaacaggaa ggatggcaga ctgataatgg 2040
tatggttggg ttattgcatg acagcccttt gtcttaataa acatttagat tctgatactc 2100
actggctggc tataccagcc ttgtacactc ccttgaatgc aagtttggtt ggtcaaaatt 2160
atattagcca agtctttcaa actgaaaggg aacaggagga acgaagatga aggatcatct 2220
attcaattat tgctatgtgc cagatattga gctaaatacc ttttatatat tatctcattt 2280
aattttcaca acaaccttgg cctaaaaaca acaacaatga taactaacac ttaatgagca 2340
cttactatgt agcaggctct gtcccaagtg cttcaaatgt attacttatt tgatctttgc 2400
agtagcctta agaagtatgt attattcccc tatttacaga tgaggaaact gaagctcaaa 2460
gatgttatcc ttatttctct ggggtagggt ggactggcca gttgcaaaaa ctacctttgc 2520
tggccttgcc ttagggagtg tccttgaggt acactgttct gcagcagctg cctcaaggac 2580
gctcaagaca gatccaagca aaagttattc actgattttc ttcctctagt ggctacgact 2640
gggactgcaa aaacatagat tcataaaggg ctttgtcgtt gtcttgggtc tttttgtctt 2700
ttatttttaa ttgtgggaaa attttcagta ctatccctga gttcattaac taccatcact 2760
aacataatca taaagggatt tggggaggtt gcttagtcta tcttcttgcc ttatggccac 2820
cttgaaccta aaattcccag attcctctaa ccaatgaatc ccgtttctga gattgactta 2880
agcaaagaca gattagtact tctaaaaatt tcccttttac tagttttcct atttctaccc 2940
cagtagggat ttttgtctat tgtaagaatt atacattcat gaccccaaag aatcacacca 3000
agactttagg gcccgtgaga aaacctccag gcttcaagtg acatacctag tctgctttac 3060
cggtttacag gactcaagag aaaggtggac attgagagtt aatccctgag gccaaatctt 3120
aaatggagaa agtcaacatc cacagaaaat ggggaagggc acaagtattt ctgtgggctt 3180
atattccgac atttttatct gtaggggaaa aatgctttct tagaaaatga ctcagcacgg 3240
ggaagtcttg tctctacctc tgtcttgttt tgtcctttgg ggtcccttca ctatcaagtt 3300
caactgtgtg tccctgagac tcctctgccc cggaggacag gagactcgaa aaacgctctt 3360
cctggccagt ctctttgctc tgtgtctgcc agcccccago atctctcctc tttcctgtaa 3420
gcccctctcc ctgtgctgac tgtcttcata gtactttagg tatgttgtcc ctttacctct 3480
gggaggatag cttgatgacc tgtctgctca ggccagcccc atctagagtc tcagtggccc 3540
cagtcatgtt gagaaaggtt ctttcaaaga tagactcaag atagtagtgt cagaggtccc 3600
aagcaaatga agggcgggga cagttgaggg ggtggaatag ggacggcagc agggaaccag 3660
atagcatgct gctgagaaga aaaaaagaca ttggtttagg tcaggaagca aaaaaaggga 3720

actgagtggc tgtgaaaggg tggggtttgc tcagactgtc cttcctctct ggactgtaag 3780
aattagtctc gaggccacca tggtgagcaa gggcgaggag ctgttcaccg gggtggtgcc 3840
catcctggtc gagctggacg gcgacgtaaa cggccacaag ttcagcgtgt ccggcgaggg 3900
cgagggcgat gccacctacg gcaagctgac cctgaagttc atctgcacca ccggcaagct 3960
gcccgtgccc tggcccaccc tcgtgaccac cctgacctac ggcgtgcagt gcttcagccg 4020
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ctaccccgac cacatgaagc agcacgactt cttcaagtcc gccatgcccg aaggctacgt 4080
ccaggagcgc accatcttct tcaaggacga cggcaactac aagacccgcg ccgaggtgaa 4140
gttcgagggc gacaccctgg tgaaccgcat cgagctgaag ggcatcgact tcaaggagga 4200
cggcaacatc ctggggcaca agctggagta caactacaac agccacaacg tctatatcat 4260
ggccgacaag cagaagaacg gcatcaaggt gaacttcaag atccgccaca acatcgagga 4320
cggcagcgtg cagctcgccg accactacca gcagaacacc cccatcggcg acggccccgt 4380
gctgctgccc gacaaccact acctgagcac ccagtccgcc ctgagcaaag accccaacga 4440
gaagcgcgat cacatggtcc tgctggagtt cgtgaccgcc gccgggatca ctctcggcat 4500
ggacgagctg tacaagtaa                                              4519

<210> 29
<211> 4499
<212> DNA
<213> Artificial Sequence

<220> 
<223> 3kb.BTKp.GFP

<400> 29
gcatttccta ggagaatccc tgggggaatc attgcagttg gagcataatg tagggggccc 60
aaactgtagt ctgttagctc accctagaag aaggaaattc tagagtcaag agaagttaag 120
ttttagacaa gctggaagtt ggaatatact ggagtttaag atcattgact caatgaaaaa 180
aaaaaaagat ttgtctgcag taaaaccaga gttttaaaaa tgattagaaa tggaccagaa 240
aagagataag gataatgaga aagggggctc tctaaaacta tttggaactg aaattgggac 300
aatgtttctg gaaactattt tggcagtatg tatcaaaatg caaaatgcac atactttttt 360
gactctggaa atgatgcttg tatagagatc ctaataacat gggaaaataa ttaggaataa 420
tgttaaataa gaacattaga tctttttttg gaaaaaggta ccttgaacgg atggatggat 480
ggatagatac atacatacat gcatacatac atacatagat gttacgaaaa ataggtaaat 540
taactgaatg tgcaatatga tctcaaatat tataagaaac acacacagaa aaaaatggaa 600
ggaatatgcc gatatattaa tgcctctgga tgagtttatg aatgattttt tcttttttat 660
atccctgtac ttgacatatt ttctacaata agcatgtttt attttactat attttgtttt 720
attttgagat gggggtctcc ctatgtttct caggctgacc ttgaactctt gggctcaagc 780
aatcctccaa tatcagcctc ctgagtagct gggactacag gtgcacccca ctgcacccag 840
ctgcgtgtgt tattttgata tcgatggaaa aaataaataa aatgtttaag ccaaggaaaa 900
caaaaactag gttgaaaaag aaggccaaaa gggcacacaa gtccagagtg aaagacagac 960
accccagcag tcaccctcag agcagaggga gaatattgaa agtattacca ctgatctgat 1020
ctggcactga ctataaactt gcagattggc tctctggctc tccttccatc atcagttggc 1080
cagaatatat tgtcgctaat gcaagacaaa aagagatgat gaatcacaga gacctagaag 1140
tttccaaaac cacagaagaa aaatgtaaaa tgctaaaaac ataaggccag gcgcggtggc 1200
tcaagcctgt aatcccagca ttttgggagg ccgaggcagg tgtcatggtg tgcggctgta 1260
gtccaagcta ctcaggaggc tgaggcaaga gaattgcttg aaactgggag gtagcgattg 1320
cagtgagcca agattgcgct actgtaccga agcctggatg acagagcgag actctgtctc 1380
aaaaataaat aaataaataa ataaataaat aaaacatgaa ctgctgtgga agaaccagag 1440
agccctaagg cctcctgtaa atgactacag caggagagtt tccctggtca gcatgcagct 1500
ttcgaaaatt gagtttggct tgatgccttc atcacaaatt tggtcccctg tagccttgac 1560
tatgaagctt atcataaaat aattgggttt cactggggcc cgaacaaaag catcttggga 1620
atttaacaag attaaaggtt gctttgttgc tgtgggtatg attttttttt cttttttctt 1680
tttttttttt tttgagacgg agtctgactc tgtcacccag gctggagtgc agtggcacga 1740
tctcggctca ctgcaacctc cgcctcctgg gttcaagcaa ttctcctgcc tcagcctcct 1800
gagtaactgg gattacaggt gcgcgccacc acgccaggct aatttttgta tttttagtag 1860
agacagggtt tctccatgtt ggtcaggctg gctgctctca aactcctgac cttgccatcc 1920
agccgcctca gcctcccaaa gtgctgggat tacaggcatg agctaccaca cgtggccata 1980
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ctaccccgac cacatgaage agcacgactt cttcaagtcc gccatgcccg aaggctacgt 4080
ccaggagcgc accatcttct tcaaggacga cggcaactac aagacccgcg ccgaggtgaa 4140
gttcgagggc gacaccctgg tgaaccgcat cgagctgaag ggcatcgact tcaaggagga 4200
cggcaacatc ctggggcaca agctggagta caactacaac agccacaacg tctatatcat 4260
ggccgacaag cagaagaacg gcatcaaggt gaacttcaag atccgccaca acatcgagga 4320
cggcagcgtg cagctcgccg accactacca gcagaacacc cccatcggcg acggccccgt 4380
gctgctgccc gacaaccact acctgagcad ccagtccgcc ctgagcaaag accccaacga 4440
gaagcgcgat cacatggtcc tgctggagtt cgtgaccgcc gccgggatca ctctcggcat 4500

ggacgagctg tacaagtaa 4519

<210> 29

<211> 4499

<212> DNA

<213> Artificial Sequence

<220>

<223> 3kb.BTKp.GFP

<400> 29

gcatttccta ggagaatccc tgggggaatc attgcagttg gagcataatg tagggggccc 60
aaactgtagt ctgttagctc accctagaag aaggaaatta tagagtcaag agaagttaag 120
ttttagacaa gctggaagtt ggaatatact ggagtttaag atcattgact caatgaaaaa 180
aaaaaaagat ttgtctgcag taaaaccaga gttttaaaaa tgattagaaa tggaccagaa 240
aagagataag gataatgaga aagggggctc tctaaaacta tttggaactg aaattgggac 300
aatgtttctg gaaactattt tggcagtatg tatcaaaatg caaaatgcac atactttttt 360
gactctggaa atgatgcttg tatagagatc ctaataacat gggaaaataa ttaggaataa 420
tgttaaataa gaacattaga tctttttttg gaaaaaggta ccttgaacgg atggatggat 480
ggatagatac atacatacat gcatacatac atacatagat gttacgaaaa ataggtaaat 540
taactgaatg tgcaatatga tctcaaatat tataagaaac acacacagaa aaaaatggaa 600
ggaatatgcc gatatattaa tgcctctgga tgagtttatg aatgattttt tcttttttat 660
atccctgtac ttgacatatt ttctacaata agcatgtttt attttactat attttgtttt 720
attttgagat gggggtctcc ctatgtttct caggctgacc ttgaactctt gggctcaagc 780
aatcctccaa tatcagcctc ctgagtagct gggactacag gtgcacccca ctgcacccag 840
ctgcgtgtgt tattttgata tcgatggaaa aaataaataa aatgtttaag ccaaggaaaa 900
caaaaactag gttgaaaaag aaggccaaaa gggcacacaa gtccagagtg aaagacagac 960
accccagcag tcaccctcag agcagaggga gaatattgaa agtattacca ctgatctgat 1020
ctggcactga ctataaactt gcagattggc tctctggctc tccttccatc atcagttggc 1080
cagaatatat tgtcgctaat gcaagacaaa aagagatgat gaatcacaga gacctagaag 1140
tttccaaaac cacagaagaa aaatgtaaaa tgctaaaaac ataaggccag gcgcggtggc 1200
tcaagcctgt aatcccagca ttttgggagg ccgaggcagg tgtcatggtg tgcggctgta 1260

gtccaagcta ctcaggaggc tgaggcaaga gaattgcttg aaactgggag gtagcgattg 1320
cagtgagcca agattgcgct actgtaccga agcctggatg acagagcgag actctgtctc 1380
aaaaataaat aaataaataa ataaataaat aaaacatgaa ctgctgtgga agaaccagag 1440
agccctaagg cctcctgtaa atgactacag caggagagtt tccctggtca gcatgcagct 1500
ttcgaaaatt gagtttggct tgatgccttc atcacaaatt tggtcccctg tagccttgad 1560
tatgaagctt atcataaaat aattgggttt cactggggcc cgaacaaaag catcttggga 1620
atttaacaag attaaaggtt gctttgttgc tgtgggtatg attitttttt cttttttctt 1680

tttttttttt tttgagacgg agtctgactc tgtcacccag gctggagtgc agtggcacga 1740
tctcggctca ctgcaacctc cgcctcctgg gttcaagcaa ttctcctgcc tcagcctcct 1800
gagtaactgg gattacaggt gcgcgccacc acgccaggct aatttttgta tttttagtag 1860
agacagggtt tctccatgtt ggtcaggctg gctgctctca aactcctgac cttgccatcc 1920
agccgcctca gcctcccaaa gtgctgggat tacaggcatg agctaccaca cgtggccata 1980
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tgtaaatttt aaacatgtaa accaatactg tatatctttt atagatattt acatctgtaa 2040
tgataatatg aaaacgtacc taggaatgat aaacaccaaa ttcaagatat tggtaatctc 2100
taaggaggga gaagactaag attttggagt acataaaggg gtcttgatta tatagatagt 2160
atttcagttc ttaacacgtt ctcttctggt cccaaggcca aggaattctc aattgaaatc 2220
tcagttagaa cgtgaaggat gcttcttggg actgggaaga gattttccgt aggccaaatt 2280
taacctccca ctagagatag ttgataattc taccacattt catagtgaag catcaggaag 2340
acaggactga aaaggcaaga aggaatgatg caaattgcat agtccaaaag ataagctgga 2400
cctaggtttg ccagtttgtc taagtaactg agaattcatt ctgagatcaa aaaatcaaaa 2460
taatgttcac agcagcattg tttatcactg aaagcaaaca acctaaatgt ccatcaacag 2520
gagaatgaat aaatatattg gaatgtattc atcatataga atattttatg catataaaaa 2580
tgaattaaaa catatgaagt agaactagcc agataaataa atcctaacat attatattga 2640
ggggaaaaaa gcaagttgct ggagaatgtg taccatatat atatatataa attttctttt 2700
tttttttttt tttttttcgc gaccgagttt cactcttgtt gcccaggctg gagtgcaatg 2760
gcaagatctc ggctcactgc aacctctgcc tcccgggttc aagggattct cccgcctcag 2820
cctcctgagt agctgggaga gtagcgttgg cccagctagt ttttgtattt ttagtagaga 2880
cagggtttct ccatgttggt caggctggct gctctcaaac tcctgacctt gtcatccacc 2940
cgcctcagcc tcccaaagtg ctgggattac aggcctgagt taccgcacgg gcccctgaga 3000
aaacctccag gcttcaagtg acatacctag tctgctttac cggtttacag gactcaagag 3060
aaaggtggac attgagagtt aatccctgag gccaaatctt aaatggagaa agtcaacatc 3120
cacagaaaat ggggaagggc acaagtattt ctgtgggctt atattccgac atttttatct 3180
gtaggggaaa aatgctttct tagaaaatga ctcagcacgg ggaagtcttg tctctacctc 3240
tgtcttgttt tgtcctttgg ggtcccttca ctatcaagtt caactgtgtg tccctgagac 3300
tcctctgccc cggaggacag gagactcgaa aaacgctctt cctggccagt ctctttgctc 3360
tgtgtctgcc agcccccagc atctctcctc tttcctgtaa gcccctctcc ctgtgctgac 3420
tgtcttcata gtactttagg tatgttgtcc ctttacctct gggaggatag cttgatgacc 3480
tgtctgctca ggccagcccc atctagagtc tcagtggccc cagtcatgtt gagaaaggtt 3540
ctttcaaaga tagactcaag atagtagtgt cagaggtccc aagcaaatga agggcgggga 3600
cagttgaggg ggtggaatag ggacggcagc agggaaccag atagcatgct gctgagaaga 3660
aaaaaagaca ttggtttagg tcaggaagca aaaaaaggga actgagtggc tgtgaaaggg 3720
tggggtttgc tcagactgtc cttcctctct ggactgtaag aattagtctc gaggccacca 3780
tggtgagcaa gggcgaggag ctgttcaccg gggtggtgcc catcctggtc gagctggacg 3840
gcgacgtaaa cggccacaag ttcagcgtgt ccggcgaggg cgagggcgat gccacctacg 3900
gcaagctgac cctgaagttc atctgcacca ccggcaagct gcccgtgccc tggcccaccc 3960
tcgtgaccac cctgacctac ggcgtgcagt gcttcagccg ctaccccgac cacatgaagc 4020
agcacgactt cttcaagtcc gccatgcccg aaggctacgt ccaggagcgc accatcttct 4080
tcaaggacga cggcaactac aagacccgcg ccgaggtgaa gttcgagggc gacaccctgg 4140
tgaaccgcat cgagctgaag ggcatcgact tcaaggagga cggcaacatc ctggggcaca 4200
agctggagta caactacaac agccacaacg tctatatcat ggccgacaag cagaagaacg 4260
gcatcaaggt gaacttcaag atccgccaca acatcgagga cggcagcgtg cagctcgccg 4320
accactacca gcagaacacc cccatcggcg acggccccgt gctgctgccc gacaaccact 4380
acctgagcac ccagtccgcc ctgagcaaag accccaacga gaagcgcgat cacatggtcc 4440
tgctggagtt cgtgaccgcc gccgggatca ctctcggcat ggacgagctg tacaagtaa  4499

<210> 30
<211> 4519
<212> DNA
<213> Artificial Sequence

<220> 
<223> revCONTIG.BTKp.GFP

<400> 30
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tgtaaatttt aaacatgtaa accaatactg tatatctttt atagatattt acatctgtaa 2040
tgataatatg aaaacgtacc taggaatgat aaacaccaaa ttcaagatat tggtaatctc 2100
taaggaggga gaagactaag attttggagt acataaaggg gtcttgatta tatagatagt 2160
atttcagttc ttaacacgtt ctcttctggt cccaaggcca aggaattctc aattgaaato 2220

tcagttagaa cgtgaaggat gcttcttggg actgggaaga gattttccgt aggccaaatt 2280
taacctccca ctagagatag ttgataattc taccacattt catagtgaag catcaggaag 2340
acaggactga aaaggcaaga aggaatgatg caaattgcat agtccaaaag ataagctgga 2400
cctaggtttg ccagtttgtc taagtaactg agaattcatt ctgagatcaa aaaatcaaaa 2460
taatgttcac agcagcattg tttatcactg aaagcaaaca acctaaatgt ccatcaacag 2520
gagaatgaat aaatatattg gaatgtatto atcatataga atattttatg catataaaaa 2580
tgaattaaaa catatgaagt agaactagcc agataaataa atcctaacat attatattga 2640
ggggaaaaaa gcaagttgct ggagaatgtg taccatatat atatatataa attttctttt 2700
tttttttttt tttttttcgc gaccgagttt cactcttgtt gcccaggctg gagtgcaatg 2760
gcaagatctc ggctcactgc aacctctgcc tcccgggttc aagggattct cccgcctcag 2820
cctcctgagt agctgggaga gtagcgttgg cccagctagt ttttgtattt ttagtagaga 2880
cagggtttct ccatgttggt caggctggct gctctcaaac tcctgacctt gtcatccacc 2940
cgcctcagcc tcccaaagtg ctgggattac aggcctgagt taccgcacgg gccccctgaga 3000

aaacctccag gcttcaagtg acatacctag tctgctttac cggtttacag gactcaagag 3060
aaaggtggac attgagagtt aatccctgag gccaaatctt aaatggagaa agtcaacatc 3120
cacagaaaat ggggaagggc acaagtattt ctgtgggctt atattccgac atttttatct 3180
gtaggggaaa aatgctttct tagaaaatga ctcagcacgg ggaagtcttg tctctacctc 3240
tgtcttgttt tgtcctttgg ggtcccttca ctatcaagtt caactgtgtg tccctgagac 3300
tcctctgccc cggaggacag gagactcgaa aaacgctctt cctggccagt ctctttgctc 3360
tgtgtctgcc agcccccago atctctcctc tttcctgtaa gccccctctcc ctgtgctgac 3420

tgtcttcata gtactttagg tatgttgtcc ctttacctct gggaggatag cttgatgaco 3480
tgtctgctca ggccagcccc atctagagtc tcagtggccc cagtcatgtt gagaaaggtt 3540
ctttcaaaga tagactcaag atagtagtgt cagaggtccc aagcaaatga agggcgggga 3600
cagttgaggg ggtggaatag ggacggcage agggaaccag atagcatgct gctgagaaga 3660
aaaaaagaca ttggtttagg tcaggaagca aaaaaaggga actgagtggc tgtgaaaggg 3720
tggggtttgc tcagactgtc cttcctctct ggactgtaag aattagtctc gaggccacca 3780
tggtgagcaa gggcgaggag ctgttcaccg gggtggtgcc catcctggtc gagctggacg 3840
gcgacgtaaa cggccacaag ttcagcgtgt ccggcgaggg cgagggcgat gccacctacg 3900
gcaagctgac cctgaagttc atctgcacca ccggcaagct gcccgtgccc tggcccaccc 3960
tcgtgaccad cctgacctac ggcgtgcagt gcttcagccg ctaccccgac cacatgaago 4020
agcacgactt cttcaagtcc gccatgcccg aaggctacgt ccaggagcgc accatcttct 4080
tcaaggacga cggcaactac aagacccgcg ccgaggtgaa gttcgagggc gacaccctgg 4140

tgaaccgcat cgagctgaag ggcatcgact tcaaggagga cggcaacato ctggggcaca 4200
agctggagta caactacaac agccacaacg tctatatcat ggccgacaag cagaagaacg 4260
gcatcaaggt gaacttcaag atccgccaca acatcgagga cggcagcgtg cagctcgccg 4320
accactacca gcagaacacc cccatcggcg acggccccgt gctgctgccc gacaaccact 4380
acctgagcad ccagtccgcc ctgagcaaag accccaacga gaagcgcgat cacatggtcc 4440
tgctggagtt cgtgaccgcc gccgggatca ctctcggcat ggacgagctg tacaagtaa 4499

<210> 30

<211> 4519

<212> DNA
<213> Artificial Sequence

<220>

<223> revCONTIG.BTKp.

<400> 30
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gcatttccta ggagaatccc tgggggaatc attgcagttg gagcataatg tagggggccc 60
taaagtcttg gtgtgattct ttggggtcat gaatgtataa ttcttacaat agacaaaaat 120
ccctactggg gtagaaatag gaaaactagt aaaagggaaa tttttagaag tactaatctg 180
tctttgctta agtcaatctc agaaacggga ttcattggtt agaggaatct gggaatttta 240
ggttcaaggt ggccataagg caagaagata gactaagcaa cctccccaaa tccctttatg 300
attatgttag tgatggtagt taatgaactc agggatagta ctgaaaattt tcccacaatt 360
aaaaataaaa gacaaaaaga cccaagacaa cgacaaagcc ctttatgaat ctatgttttt 420
gcagtcccag tcgtagccac tagaggaaga aaatcagtga ataacttttg cttggatctg 480
tcttgagcgt ccttgaggca gctgctgcag aacagtgtac ctcaaggaca ctccctaagg 540
caaggccagc aaaggtagtt tttgcaactg gccagtccac cctaccccag agaaataagg 600
ataacatctt tgagcttcag tttcctcatc tgtaaatagg ggaataatac atacttctta 660
aggctactgc aaagatcaaa taagtaatac atttgaagca cttgggacag agcctgctac 720
atagtaagtg ctcattaagt gttagttatc attgttgttg tttttaggcc aaggttgttg 780
tgaaaattaa atgagataat atataaaagg tatttagctc aatatctggc acatagcaat 840
aattgaatag atgatccttc atcttcgttc ctcctgttcc ctttcagttt gaaagacttg 900
gctaatataa ttttgaccaa ccaaacttgc attcaaggga gtgtacaagg ctggtatagc 960
cagccagtga gtatcagaat ctaaatgttt attaagacaa agggctgtca tgcaataacc 1020
caaccatacc attatcagtc tgccatcctt cctgtttctc taggcagcct ttcctgatgt 1080
caactcaacc agttaatctc tcagtcactt gacatgtggc tatatataca cacaaatatg 1140
tgtgcatgca tcctgtgctg caagcattta cagtcaagtt tatctgaaca cactgtatgg 1200
ttgatgtgaa atgctgaaac tgttcaagtt taggtcctca caaagcaagg aatatgaaat 1260
atttccttgg gaaatattta tccacaacaa agagatgtac agtgctttcg tatacagtga 1320
tttacagttt tccatgtgct tttacatgta ttattacttc atttgatcct tacaacaacc 1380
ccagaggtag atgtggcatg aattaccatt attctccttt gagaagaaga aactgagcat 1440
caaagaagct tgttggcctt cttgccagaa atcacccagt ttgtaaatgg taaaagaggg 1500
cttgaaacca ggttctctga ctctgacttc aagcactctc atacatcatc tatttaattt 1560
tttggagcta ggtattttat acttaggatt ctaaatattg cataaccatt gaatgccaca 1620
ccacccttgt attcagtgca aaaaatggga cttttcttaa taaatagaga aatggaggtg 1680
cctaaaatta caaaattgca ctagagagat agtgatagaa ctgggaaact cttagtctaa 1740
tattttatct tttattcata tgatggaata ctaagctcaa tggcagaatc ttcagtcagc 1800
aatggtgttc aggttatgtg aactatctga aggattcctg aactcttcat atctaggaat 1860
gtagcgttta aaagctctta gaatttttca tactcttagg tcctcctgac ttgtgcttca 1920
attcatgcat aaacttattt tataaggtct ccgtctgccc ttgctggaga taacattttt 1980
gtttatccaa caaagggtat tttatcttat tattaaattc tgactttgta tagaagagaa 2040
atgaagtgat aatctatata aattaagtct tgattagtac atatgggtta ttcacttgga 2100
taatatggag taaaatttta attcatggct aattacctcc acctccacta cctagtggcc 2160
tcccctcacc aatattagcc aaaataaatc aaatttggaa ctacaaacct acttcaaaaa 2220
gggtaaggta tataataagc aatatcatca agtcaaatag tattttttta accatgtaca 2280
aggcatcatg ctaggtgtta cgaagatgca tgaaatatat aagatgtggt tccaaccctc 2340
acagagttta tagacatcac ataataaatt ctgaagtcaa atataaatta atttaaaatt 2400
atctgctgtt cagcattgtt cactagtgca gccaaacaat gtcatcttgt tgaaaggcat 2460
tggtagtaaa aactgtgtct gaaatacccc tctttcaaag gtttcgtaaa tttgatatag 2520
tcagggacac gaacaagatc cttttacatt tttctttttg cttgttagtc ttgctgtgct 2580
cataaatcca tgacagaaag ccccctcccc tgagactttc cacttccttt tctggctttc 2640
actgttgcag aggctgctat attcacgaca tgtggcctac agagttctca ggatgtaagc 2700
aagccaaact gaagaccaaa tttgtagttc ttgctctcct aaacagatgc atatgtggca 2760
cttcagctct tccagattac aacagaattt aggtttatgc ataagtctaa taagtcttcc 2820
tcatactgaa cttcctaata ctactcccct tttctatctt ttcaacccac atgaccacta 2880
ttagacagat agtcagaacc agaaggaagt gaaatgctca ctcaacaagc agagcatctt 2940
tctcaatgca gttatcatag acaagacaca ctatgataga attggtgctg ctatgtattc 3000
tttttgaggg gcccctgaga aaacctccag gcttcaagtg acatacctag tctgctttac 3060
cggtttacag gactcaagag aaaggtggac attgagagtt aatccctgag gccaaatctt 3120
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gcatttccta ggagaatccc tgggggaatc attgcagttg gagcataatg tagggggccc 60
taaagtcttg gtgtgattct ttggggtcat gaatgtataa ttcttacaat agacaaaaat 120
ccctactggg gtagaaatag gaaaactagt aaaagggaaa tttttagaag tactaatctg 180
tctttgctta agtcaatctc agaaacggga ttcattggtt agaggaatct gggaatttta 240
ggttcaaggt ggccataagg caagaagata gactaagcaa cctccccaaa tccctttatg 300
attatgttag tgatggtagt taatgaactc agggatagta ctgaaaattt tcccacaatt 360
aaaaataaaa gacaaaaaga cccaagacaa cgacaaagcc ctttatgaat ctatgttttt 420
gcagtcccag tcgtagccac tagaggaaga aaatcagtga ataacttttg cttggatctg 480
tcttgagcgt ccttgaggca gctgctgcag aacagtgtac ctcaaggaca ctccctaagg 540
caaggccagc aaaggtagtt tttgcaactg gccagtccad cctaccccag agaaataagg 600
ataacatctt tgagcttcag tttcctcatc tgtaaatagg ggaataatac atacttctta 660
aggctactgo aaagatcaaa taagtaatac atttgaagca cttgggacag agcctgctac 720
atagtaagtg ctcattaagt gttagttatc attgttgttg tttttaggcc aaggttgttg 780
tgaaaattaa atgagataat atataaaagg tatttagctc aatatctggc acatagcaat 840
aattgaatag atgatccttc atcttcgttc ctcctgttcc ctttcagttt gaaagacttg 900
gctaatataa ttttgaccaa ccaaacttgc attcaaggga gtgtacaagg ctggtatago 960
cagccagtga gtatcagaat ctaaatgttt attaagacaa agggctgtca tgcaataacc 1020
caaccatacc attatcagtc tgccatcctt cctgtttctc taggcagcct ttcctgatgt 1080
caactcaacc agttaatctc tcagtcactt gacatgtggc tatatataca cacaaatatg 1140
tgtgcatgca tcctgtgctg caagcattta cagtcaagtt tatctgaaca cactgtatgg 1200
ttgatgtgaa atgctgaaac tgttcaagtt taggtcctca caaagcaagg aatatgaaat 1260
atttccttgg gaaatattta tccacaacaa agagatgtac agtgctttcg tatacagtga 1320
tttacagttt tccatgtgct tttacatgta ttattacttc atttgatcct tacaacaacc 1380
ccagaggtag atgtggcatg aattaccatt attctccttt gagaagaaga aactgagcat 1440
caaagaagct tgttggcctt cttgccagaa atcacccagt ttgtaaatgg taaaagaggg 1500
cttgaaacca ggttctctga ctctgacttc aagcactctc atacatcatc tatttaattt 1560
tttggagcta ggtattttat acttaggatt ctaaatattg cataaccatt gaatgccaca 1620
ccacccttgt attcagtgca aaaaatggga cttttcttaa taaatagaga aatggaggtg 1680
cctaaaatta caaaattgca ctagagagat agtgatagaa ctgggaaact cttagtctaa 1740
tattttatct tttattcata tgatggaata ctaagctcaa tggcagaato ttcagtcagc 1800
aatggtgttc aggttatgtg aactatctga aggattcctg aactcttcat atctaggaat 1860
gtagcgttta aaagctctta gaatttttca tactcttagg tcctcctgac ttgtgcttca 1920
attcatgcat aaacttattt tataaggtct ccgtctgccc ttgctggaga taacattttt 1980
gtttatccaa caaagggtat tttatcttat tattaaatto tgactttgta tagaagagaa 2040
atgaagtgat aatctatata aattaagtct tgattagtac atatgggtta ttcacttgga 2100
taatatggag taaaatttta attcatggct aattacctcc acctccacta cctagtggcc 2160
tcccctcacc aatattagcc aaaataaatc aaatttggaa ctacaaacct acttcaaaaa 2220
gggtaaggta tataataagc aatatcatca agtcaaatag tattttttta accatgtaca 2280
aggcatcatg ctaggtgtta cgaagatgca tgaaatatat aagatgtggt tccaaccctc 2340
acagagttta tagacatcad ataataaatt ctgaagtcaa atataaatta atttaaaatt 2400
atctgctgtt cagcattgtt cactagtgca gccaaacaat gtcatcttgt tgaaaggcat 2460
tggtagtaaa aactgtgtct gaaatacccc tctttcaaag gtttcgtaaa tttgatatag 2520
tcagggacac gaacaagatc cttttacatt tttctttttg cttgttagtc ttgctgtgct 2580
cataaatcca tgacagaaag ccccctcccc tgagactttc cacttccttt tctggctttc 2640
actgttgcag aggctgctat attcacgaca tgtggcctac agagttctca ggatgtaago 2700
aagccaaact gaagaccaaa tttgtagttc ttgctctcct aaacagatgc atatgtggca 2760
cttcagctct tccagattac aacagaattt aggtttatgo ataagtctaa taagtcttcc 2820

tcatactgaa cttcctaata ctactcccct tttctatctt ttcaacccac atgaccacta 2880
ttagacagat agtcagaacc agaaggaagt gaaatgctca ctcaacaagc agagcatctt 2940
tctcaatgca gttatcatag acaagacaca ctatgataga attggtgctg ctatgtatto 3000
tttttgaggg gccccctgaga aaacctccag gcttcaagtg acatacctag tctgctttac 3060

cggtttacag gactcaagag aaaggtggac attgagagtt aatccctgag gccaaatctt 3120
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aaatggagaa agtcaacatc cacagaaaat ggggaagggc acaagtattt ctgtgggctt 3180
atattccgac atttttatct gtaggggaaa aatgctttct tagaaaatga ctcagcacgg 3240
ggaagtcttg tctctacctc tgtcttgttt tgtcctttgg ggtcccttca ctatcaagtt 3300
caactgtgtg tccctgagac tcctctgccc cggaggacag gagactcgaa aaacgctctt 3360
cctggccagt ctctttgctc tgtgtctgcc agcccccagc atctctcctc tttcctgtaa 3420
gcccctctcc ctgtgctgac tgtcttcata gtactttagg tatgttgtcc ctttacctct 3480
gggaggatag cttgatgacc tgtctgctca ggccagcccc atctagagtc tcagtggccc 3540
cagtcatgtt gagaaaggtt ctttcaaaga tagactcaag atagtagtgt cagaggtccc 3600
aagcaaatga agggcgggga cagttgaggg ggtggaatag ggacggcagc agggaaccag 3660
atagcatgct gctgagaaga aaaaaagaca ttggtttagg tcaggaagca aaaaaaggga 3720
actgagtggc tgtgaaaggg tggggtttgc tcagactgtc cttcctctct ggactgtaag 3780
aattagtctc gaggccacca tggtgagcaa gggcgaggag ctgttcaccg gggtggtgcc 3840
catcctggtc gagctggacg gcgacgtaaa cggccacaag ttcagcgtgt ccggcgaggg 3900
cgagggcgat gccacctacg gcaagctgac cctgaagttc atctgcacca ccggcaagct 3960
gcccgtgccc tggcccaccc tcgtgaccac cctgacctac ggcgtgcagt gcttcagccg 4020
ctaccccgac cacatgaagc agcacgactt cttcaagtcc gccatgcccg aaggctacgt 4080
ccaggagcgc accatcttct tcaaggacga cggcaactac aagacccgcg ccgaggtgaa 4140
gttcgagggc gacaccctgg tgaaccgcat cgagctgaag ggcatcgact tcaaggagga 4200
cggcaacatc ctggggcaca agctggagta caactacaac agccacaacg tctatatcat 4260
ggccgacaag cagaagaacg gcatcaaggt gaacttcaag atccgccaca acatcgagga 4320
cggcagcgtg cagctcgccg accactacca gcagaacacc cccatcggcg acggccccgt 4380
gctgctgccc gacaaccact acctgagcac ccagtccgcc ctgagcaaag accccaacga 4440
gaagcgcgat cacatggtcc tgctggagtt cgtgaccgcc gccgggatca ctctcggcat 4500
ggacgagctg tacaagtaa                                              4519

<210> 31
<211> 3974
<212> DNA
<213> Artificial Sequence

<220> 
<223> IE.BTKp.GFP

<400> 31
gcatttccta ggagaatccc tgggggaatc attgcagttg gagcataatg tagggggccc 60
acatctttga gcttcagttt cctcatctgt aaatagggga ataatacata cttcttaagg 120
ctactgcaaa gatcaaataa gtaatacatt tgaagcactt gggacagagc ctgctacata 180
gtaagtgctc attaagtgtt agttatcatt gttgttgttt ttaggccaag gttgttgtga 240
aaattaaatg agataatata taaaaggtat ttagctcaat atctggcaca tagcaataat 300
tgaatagatg atccttcatc ttcgttcctc ctgttccctt tcagtttgaa agacttggct 360
aatataattt tgaccaacca aacttgcatt caagggagtg tacaaggctg gtatagccag 420
ccagtgagta tcagaatcta aatgtttatt aagacaaagg gctgtcatgc aataacccaa 480
ccataccatt atcagtctgc catccttcct gtttctctag gcagcctttc ctgatgtcaa 540
ctcaaccagt taatctctca gtcacttgac atgtggctat atatacacac aaatatgtgt 600
gcatgcatcc tgtgctgcaa gcatttacag tcaagtttat ctgaacacac tgtatggttg 660
atgtgaaatg ctgaaactgt tcaagtttag gtcctcacaa agcaaggaat atgaaatatt 720
tccttgggaa atatttatcc acaacaaaga gatgtacagt gctttcgtat acagtgattt 780
acagttttcc atgtgctttt acatgtatta ttacttcatt tgatccttac aacaacccca 840
gaggtagatg tggcatgaat taccattatt ctcctttgag aagaagaaac tgagcatcaa 900
agaagcttgt tggccttctt gccagaaatc acccagtttg taaatggtaa aagagggctt 960
gaaaccaggt tctctgactc tgacttcaag cactctcata catcatctat ttaatttttt 1020
ggagctaggt attttatact taggattcta aatattgcat aaccattgaa tgccacacca 1080

Page 24

2018_04_19_Sequence_Listing_SCRI_148W0.txt
aaatggagaa agtcaacatc cacagaaaat ggggaagggc acaagtattt ctgtgggctt 3180
atattccgac atttttatct gtaggggaaa aatgctttct tagaaaatga ctcagcacgg 3240
ggaagtcttg tctctacctc tgtcttgttt tgtcctttgg ggtcccttca ctatcaagtt 3300
caactgtgtg tccctgagac tcctctgccc cggaggacag gagactcgaa aaacgctctt 3360
cctggccagt ctctttgctc tgtgtctgcc agcccccago atctctcctc tttcctgtaa 3420
gcccctctcc ctgtgctgac tgtcttcata gtactttagg tatgttgtcc ctttacctct 3480
gggaggatag cttgatgacc tgtctgctca ggccagcccc atctagagtc tcagtggccc 3540
cagtcatgtt gagaaaggtt ctttcaaaga tagactcaag atagtagtgt cagaggtcco 3600
aagcaaatga agggcgggga cagttgaggg ggtggaatag ggacggcagc agggaaccag 3660
atagcatgct gctgagaaga aaaaaagaca ttggtttagg tcaggaagca aaaaaaggga 3720
actgagtggc tgtgaaaggg tggggtttgc tcagactgtc cttcctctct ggactgtaag 3780
aattagtctc gaggccacca tggtgagcaa gggcgaggag ctgttcaccg gggtggtgcc 3840
catcctggtc gagctggacg gcgacgtaaa cggccacaag ttcagcgtgt ccggcgaggg 3900
cgagggcgat gccacctacg gcaagctgac cctgaagttc atctgcacca ccggcaagct 3960
gcccgtgccc tggcccaccc tcgtgaccac cctgacctac ggcgtgcagt gcttcagccg 4020
ctaccccgac cacatgaagc agcacgactt cttcaagtcc gccatgcccg aaggctacgt 4080
ccaggagcgc accatcttct tcaaggacga cggcaactac aagacccgcg ccgaggtgaa 4140
gttcgagggo gacaccctgg tgaaccgcat cgagctgaag ggcatcgact tcaaggagga 4200
cggcaacatc ctggggcaca agctggagta caactacaac agccacaacg tctatatcat 4260
ggccgacaag cagaagaacg gcatcaaggt gaacttcaag atccgccaca acatcgagga 4320
cggcagcgtg cagctcgccg accactacca gcagaacacc cccatcggcg acggccccgt 4380
gctgctgccc gacaaccact acctgagcad ccagtccgcc ctgagcaaag accccaacga 4440
gaagcgcgat cacatggtcc tgctggagtt cgtgaccgcc gccgggatca ctctcggcat 4500

ggacgagctg tacaagtaa 4519

<210> 31

<211> 3974

<212> DNA

<213> Artificial Sequence

<220>

<223> IE.BTKp.GFP

<400> 31

gcatttccta ggagaatccc tgggggaatc attgcagttg gagcataatg tagggggccc 60
acatctttga gcttcagttt cctcatctgt aaatagggga ataatacata cttcttaagg 120
ctactgcaaa gatcaaataa gtaatacatt tgaagcactt gggacagage ctgctacata 180
gtaagtgctc attaagtgtt agttatcatt gttgttgttt ttaggccaag gttgttgtga 240

aaattaaatg agataatata taaaaggtat ttagctcaat atctggcaca tagcaataat 300
tgaatagatg atccttcatc ttcgttcctc ctgttccctt tcagtttgaa agacttggct 360
aatataattt tgaccaacca aacttgcatt caagggagtg tacaaggctg gtatagccag 420
ccagtgagta tcagaatcta aatgtttatt aagacaaagg gctgtcatgc aataacccaa 480
ccataccatt atcagtctgc catccttcct gtttctctag gcagcctttc ctgatgtcaa 540
ctcaaccagt taatctctca gtcacttgac atgtggctat atatacacac aaatatgtgt 600
gcatgcatcc tgtgctgcaa gcatttacag tcaagtttat ctgaacacac tgtatggttg 660
atgtgaaatg ctgaaactgt tcaagtttag gtcctcacaa agcaaggaat atgaaatatt 720
tccttgggaa atatttatcc acaacaaaga gatgtacagt gctttcgtat acagtgattt 780
acagttttcc atgtgctttt acatgtatta ttacttcatt tgatccttac aacaacccca 840
gaggtagatg tggcatgaat taccattatt ctcctttgag aagaagaaac tgagcatcaa 900
agaagcttgt tggccttctt gccagaaatc acccagtttg taaatggtaa aagagggctt 960
gaaaccaggt tctctgactc tgacttcaag cactctcata catcatctat ttaatttttt 1020
ggagctaggt attttatact taggattcta aatattgcat aaccattgaa tgccacacca 1080
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cccttgtatt cagtgcaaaa aatgggactt ttcttaataa atagagaaat ggaggtgcct 1140
aaaattacaa aattgcacta gagagatagt gatagaactg ggaaactctt agtctaatat 1200
tttatctttt attcatatga tggaatacta agctcaatgg cagaatcttc agtcagcaat 1260
ggtgttcagg ttatgtgaac tatctgaagg attcctgaac tcttcatatc taggaatgta 1320
gcgtttaaaa gctcttagaa tttttcatac tcttaggtcc tcctgacttg tgcttcaatt 1380
catgcataaa cttattttat aaggtctccg tctgcccttg ctggagataa catttttgtt 1440
tatccaacaa agggtatttt atcttattat taaattctga ctttgtatag aagagaaatg 1500
aagtgataat ctatataaat taagtcttga ttagtacata tgggttattc acttggataa 1560
tatggagtaa aattttaatt catggctaat tacctccacc tccactacct agtggcctcc 1620
cctcaccaat attagccaaa ataaatcaaa tttggaacta caaacctact tcaaaaaggg 1680
taaggtatat aataagcaat atcatcaagt caaatagtat ttttttaacc atgtacaagg 1740
catcatgcta ggtgttacga agatgcatga aatatataag atgtggttcc aaccctcaca 1800
gagtttatag acatcacata ataaattctg aagtcaaata taaattaatt taaaattatc 1860
tgctgttcag cattgttcac tagtgcagcc aaacaatgtc atcttgttga aaggcattgg 1920
tagtaaaaac tgtgtctgaa atacccctct ttcaaaggtt tcgtaaattt gatatagtca 1980
gggacacgaa caagatcctt ttacattttt ctttttgctt gttagtcttg ctgtgctcat 2040
aaatccatga cagaaagccc cctcccctga gactttccac ttccttttct ggctttcact 2100
gttgcagagg ctgctatatt cacgacatgt ggcctacaga gttctcagga tgtaagcaag 2160
ccaaactgaa gaccaaattt gtagttcttg ctctcctaaa cagatgcata tgtggcactt 2220
cagctcttcc agattacaac agaatttagg tttatgcata agtctaataa gtcttcctca 2280
tactgaactt cctaatacta ctcccctttt ctatcttttc aacccacatg accactatta 2340
gacagatagt cagaaccaga aggaagtgaa atgctcactc aacaagcaga gcatctttct 2400
caatgcagtt atcatagaca agacacacta tgatagaatt ggtgctgcta tgtattcttt 2460
ttgaggcccc tgagaaaacc tccaggcttc aagtgacata cctagtctgc tttaccggtt 2520
tacaggactc aagagaaagg tggacattga gagttaatcc ctgaggccaa atcttaaatg 2580
gagaaagtca acatccacag aaaatgggga agggcacaag tatttctgtg ggcttatatt 2640
ccgacatttt tatctgtagg ggaaaaatgc tttcttagaa aatgactcag cacggggaag 2700
tcttgtctct acctctgtct tgttttgtcc tttggggtcc cttcactatc aagttcaact 2760
gtgtgtccct gagactcctc tgccccggag gacaggagac tcgaaaaacg ctcttcctgg 2820
ccagtctctt tgctctgtgt ctgccagccc ccagcatctc tcctctttcc tgtaagcccc 2880
tctccctgtg ctgactgtct tcatagtact ttaggtatgt tgtcccttta cctctgggag 2940
gatagcttga tgacctgtct gctcaggcca gccccatcta gagtctcagt ggccccagtc 3000
atgttgagaa aggttctttc aaagatagac tcaagatagt agtgtcagag gtcccaagca 3060
aatgaagggc ggggacagtt gagggggtgg aatagggacg gcagcaggga accagatagc 3120
atgctgctga gaagaaaaaa agacattggt ttaggtcagg aagcaaaaaa agggaactga 3180
gtggctgtga aagggtgggg tttgctcaga ctgtccttcc tctctggact gtaagaatta 3240
gtctcgaggc caccatggtg agcaagggcg aggagctgtt caccggggtg gtgcccatcc 3300
tggtcgagct ggacggcgac gtaaacggcc acaagttcag cgtgtccggc gagggcgagg 3360
gcgatgccac ctacggcaag ctgaccctga agttcatctg caccaccggc aagctgcccg 3420
tgccctggcc caccctcgtg accaccctga cctacggcgt gcagtgcttc agccgctacc 3480
ccgaccacat gaagcagcac gacttcttca agtccgccat gcccgaaggc tacgtccagg 3540
agcgcaccat cttcttcaag gacgacggca actacaagac ccgcgccgag gtgaagttcg 3600
agggcgacac cctggtgaac cgcatcgagc tgaagggcat cgacttcaag gaggacggca 3660
acatcctggg gcacaagctg gagtacaact acaacagcca caacgtctat atcatggccg 3720
acaagcagaa gaacggcatc aaggtgaact tcaagatccg ccacaacatc gaggacggca 3780
gcgtgcagct cgccgaccac taccagcaga acacccccat cggcgacggc cccgtgctgc 3840
tgcccgacaa ccactacctg agcacccagt ccgccctgag caaagacccc aacgagaagc 3900
gcgatcacat ggtcctgctg gagttcgtga ccgccgccgg gatcactctc ggcatggacg 3960
agctgtacaa gtaa                                                   3974

<210> 32
<211> 4647
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cccttgtatt cagtgcaaaa aatgggactt ttcttaataa atagagaaat ggaggtgcct 1140
aaaattacaa aattgcacta gagagatagt gatagaactg ggaaactctt agtctaatat 1200
tttatctttt attcatatga tggaatacta agctcaatgg cagaatcttc agtcagcaat 1260
ggtgttcagg ttatgtgaac tatctgaagg attcctgaac tcttcatatc taggaatgta 1320
gcgtttaaaa gctcttagaa tttttcatac tcttaggtcc tcctgacttg tgcttcaatt 1380
catgcataaa cttattttat aaggtctccg tctgcccttg ctggagataa cattttgtt 1440
tatccaacaa agggtatttt atcttattat taaattctga ctttgtatag aagagaaatg 1500
aagtgataat ctatataaat taagtcttga ttagtacata tgggttattc acttggataa 1560
tatggagtaa aattttaatt catggctaat tacctccacc tccactacct agtggcctcc 1620
cctcaccaat attagccaaa ataaatcaaa tttggaacta caaacctact tcaaaaaggg 1680
taaggtatat aataagcaat atcatcaagt caaatagtat ttttttaacc atgtacaagg 1740
catcatgcta ggtgttacga agatgcatga aatatataag atgtggttcc aaccctcaca 1800
gagtttatag acatcacata ataaattctg aagtcaaata taaattaatt taaaattatc 1860
tgctgttcag cattgttcac tagtgcagcc aaacaatgtc atcttgttga aaggcattgg 1920
tagtaaaaac tgtgtctgaa atacccctct ttcaaaggtt tcgtaaattt gatatagtca 1980
gggacacgaa caagatcctt ttacattttt ctttttgctt gttagtcttg ctgtgctcat 2040
aaatccatga cagaaagccc cctcccctga gactttccac ttccttttct ggctttcact 2100
gttgcagagg ctgctatatt cacgacatgt ggcctacaga gttctcagga tgtaagcaag 2160
ccaaactgaa gaccaaattt gtagttcttg ctctcctaaa cagatgcata tgtggcactt 2220
cagctcttcc agattacaac agaatttagg tttatgcata agtctaataa gtcttcctca 2280
tactgaactt cctaatacta ctcccctttt ctatcttttc aacccacatg accactatta 2340
gacagatagt cagaaccaga aggaagtgaa atgctcactc aacaagcaga gcatctttct 2400
caatgcagtt atcatagaca agacacacta tgatagaatt ggtgctgcta tgtattcttt 2460
ttgaggcccc tgagaaaacc tccaggcttc aagtgacata cctagtctgc tttaccggtt 2520
tacaggactc aagagaaagg tggacattga gagttaatcc ctgaggccaa atcttaaatg 2580
gagaaagtca acatccacag aaaatgggga agggcacaag tatttctgtg ggcttatatt 2640
ccgacatttt tatctgtagg ggaaaaatgc tttcttagaa aatgactcag cacggggaag 2700
tcttgtctct acctctgtct tgttttgtcc tttggggtcc cttcactato aagttcaact 2760
gtgtgtccct gagactcctc tgccccggag gacaggagac tcgaaaaacg ctcttcctgg 2820
ccagtctctt tgctctgtgt ctgccagccc ccagcatctc tcctctttcc tgtaagcccc 2880
tctccctgtg ctgactgtct tcatagtact ttaggtatgt tgtcccttta cctctgggag 2940
gatagcttga tgacctgtct gctcaggcca gccccatcta gagtctcagt ggccccagto 3000
atgttgagaa aggttctttc aaagatagac tcaagatagt agtgtcagag gtcccaagca 3060
aatgaagggc ggggacagtt gagggggtgg aatagggacg gcagcaggga accagatage 3120
atgctgctga gaagaaaaaa agacattggt ttaggtcagg aagcaaaaaa agggaactga 3180
gtggctgtga aagggtgggg tttgctcaga ctgtccttcc tctctggact gtaagaatta 3240
gtctcgaggc caccatggtg agcaagggcg aggagctgtt caccggggtg gtgcccatcc 3300
tggtcgagct ggacggcgac gtaaacggcc acaagttcag cgtgtccggc gagggcgagg 3360
gcgatgccac ctacggcaag ctgaccctga agttcatctg caccaccggc aagctgcccg 3420
tgccctggcc caccctcgtg accaccctga cctacggcgt gcagtgcttc agccgctacc 3480
ccgaccacat gaagcagcad gacttcttca agtccgccat gcccgaaggc tacgtccagg 3540
agcgcaccat cttcttcaag gacgacggca actacaagac ccgcgccgag gtgaagttcg 3600
agggcgacac cctggtgaac cgcatcgagc tgaagggcat cgacttcaag gaggacggca 3660
acatcctggg gcacaagctg gagtacaact acaacagcca caacgtctat atcatggccg 3720
acaagcagaa gaacggcatc aaggtgaact tcaagatccg ccacaacatc gaggacggca 3780
gcgtgcagct cgccgaccad taccagcaga acacccccat cggcgacggc cccgtgctgc 3840
tgcccgacaa ccactacctg agcacccagt ccgccctgag caaagacccc aacgagaage 3900
gcgatcacat ggtcctgctg gagttcgtga ccgccgccgg gatcactctc ggcatggacg 3960

agctgtacaa gtaa 3974

<210> 32

<211> 4647
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<212> DNA
<213> Artificial Sequence

<220> 
<223> 0.7UCOE.IE.BTKp.GFP

<400> 32
gcatttccta ggagaatccc tgggggaatc attgcagttg gagcataatg tagggggccg 60
cgtgtggcat ctgaagcacc accagcgagc gagagctaga gagaaggaaa gccaccgact 120
tcaccgcctc cgagctgctc cgggtcgcgg gtctgcagcg tctccggccc tccgcgccta 180
cagctcaagc cacatccgaa gggggaggga gccgggagct gcgcgcgggg ccgccggggg 240
gaggggtggc accgcccacg ccgggcggcc acgaagggcg gggcagcggg cgcgcgcccg 300
gcggggggag gggccgcgcg ccgcgcccgc tgggaattgg ggccctaggg ggagggcgga 360
ggcgccgacg accgcggcac ttaccgttcg cggcgtggcg cccggtggtc cccaagggga 420
gggaaggggg aggcggggcg aggacagtga ccggagtctc ctcagcggtg gcttttctgc 480
ttggcagcct cagcggctgg cgccaaaacc ggactccgcc cacttcctcg cccctgcggt 540
gcgagggtgt ggaatcctcc agacgctggg ggagggggag ttgggagctt aaaaactagt 600
acccctttgg gaccactttc agcagcgaac tctcctgtac accaggggtc agttccacag 660
acgcgggcca ggggtgggtc attgcggcgt gaacaataat ttgactagaa gttgattcgg 720
gtgtttgcgg cccacatctt tgagcttcag tttcctcatc tgtaaatagg ggaataatac 780
atacttctta aggctactgc aaagatcaaa taagtaatac atttgaagca cttgggacag 840
agcctgctac atagtaagtg ctcattaagt gttagttatc attgttgttg tttttaggcc 900
aaggttgttg tgaaaattaa atgagataat atataaaagg tatttagctc aatatctggc 960
acatagcaat aattgaatag atgatccttc atcttcgttc ctcctgttcc ctttcagttt 1020
gaaagacttg gctaatataa ttttgaccaa ccaaacttgc attcaaggga gtgtacaagg 1080
ctggtatagc cagccagtga gtatcagaat ctaaatgttt attaagacaa agggctgtca 1140
tgcaataacc caaccatacc attatcagtc tgccatcctt cctgtttctc taggcagcct 1200
ttcctgatgt caactcaacc agttaatctc tcagtcactt gacatgtggc tatatataca 1260
cacaaatatg tgtgcatgca tcctgtgctg caagcattta cagtcaagtt tatctgaaca 1320
cactgtatgg ttgatgtgaa atgctgaaac tgttcaagtt taggtcctca caaagcaagg 1380
aatatgaaat atttccttgg gaaatattta tccacaacaa agagatgtac agtgctttcg 1440
tatacagtga tttacagttt tccatgtgct tttacatgta ttattacttc atttgatcct 1500
tacaacaacc ccagaggtag atgtggcatg aattaccatt attctccttt gagaagaaga 1560
aactgagcat caaagaagct tgttggcctt cttgccagaa atcacccagt ttgtaaatgg 1620
taaaagaggg cttgaaacca ggttctctga ctctgacttc aagcactctc atacatcatc 1680
tatttaattt tttggagcta ggtattttat acttaggatt ctaaatattg cataaccatt 1740
gaatgccaca ccacccttgt attcagtgca aaaaatggga cttttcttaa taaatagaga 1800
aatggaggtg cctaaaatta caaaattgca ctagagagat agtgatagaa ctgggaaact 1860
cttagtctaa tattttatct tttattcata tgatggaata ctaagctcaa tggcagaatc 1920
ttcagtcagc aatggtgttc aggttatgtg aactatctga aggattcctg aactcttcat 1980
atctaggaat gtagcgttta aaagctctta gaatttttca tactcttagg tcctcctgac 2040
ttgtgcttca attcatgcat aaacttattt tataaggtct ccgtctgccc ttgctggaga 2100
taacattttt gtttatccaa caaagggtat tttatcttat tattaaattc tgactttgta 2160
tagaagagaa atgaagtgat aatctatata aattaagtct tgattagtac atatgggtta 2220
ttcacttgga taatatggag taaaatttta attcatggct aattacctcc acctccacta 2280
cctagtggcc tcccctcacc aatattagcc aaaataaatc aaatttggaa ctacaaacct 2340
acttcaaaaa gggtaaggta tataataagc aatatcatca agtcaaatag tattttttta 2400
accatgtaca aggcatcatg ctaggtgtta cgaagatgca tgaaatatat aagatgtggt 2460
tccaaccctc acagagttta tagacatcac ataataaatt ctgaagtcaa atataaatta 2520
atttaaaatt atctgctgtt cagcattgtt cactagtgca gccaaacaat gtcatcttgt 2580
tgaaaggcat tggtagtaaa aactgtgtct gaaatacccc tctttcaaag gtttcgtaaa 2640
tttgatatag tcagggacac gaacaagatc cttttacatt tttctttttg cttgttagtc 2700
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<212> DNA
<213> Artificial Sequence

<220>

<223> 0.7UCOE.IE.BTKp.GFP

<400> 32

gcatttccta ggagaatccc tgggggaatc attgcagttg gagcataatg tagggggccg 60
cgtgtggcat ctgaagcacc accagcgage gagagctaga gagaaggaaa gccaccgact 120
tcaccgcctc cgagctgctc cgggtcgcgg gtctgcagcg tctccggccc tccgcgccta 180
cagctcaagc cacatccgaa gggggaggga gccgggagct gcgcgcgggg ccgccggggg 240
gaggggtggc accgcccacg ccgggcggcc acgaagggcg gggcagcggg cgcgcgcccg 300
gcggggggag gggccgcgcg ccgcgcccgc tgggaattgg ggccctaggg ggagggcgga 360
ggcgccgacg accgcggcac ttaccgttcg cggcgtggcg cccggtggtc cccaagggga 420
gggaaggggg aggcggggcg aggacagtga ccggagtctc ctcagcggtg gcttttctgc 480
ttggcagcct cagcggctgg cgccaaaacc ggactccgcc cacttcctcg cccctgcggt 540
gcgagggtgt ggaatcctcc agacgctggg ggagggggag ttgggagctt aaaaactagt 600
acccctttgg gaccactttc agcagcgaac tctcctgtac accaggggtc agttccacag 660
acgcgggcca ggggtgggtc attgcggcgt gaacaataat ttgactagaa gttgattcgg 720
gtgtttgcgg cccacatctt tgagcttcag tttcctcatc tgtaaatagg ggaataatac 780
atacttctta aggctactgc aaagatcaaa taagtaatac atttgaagca cttgggacag 840
agcctgctac atagtaagtg ctcattaagt gttagttatc attgttgttg tttttaggcc 900
aaggttgttg tgaaaattaa atgagataat atataaaagg tatttagctc aatatctggc 960
acatagcaat aattgaatag atgatccttc atcttcgttc ctcctgttcc ctttcagttt 1020
gaaagacttg gctaatataa ttttgaccaa ccaaacttgc attcaaggga gtgtacaagg 1080
ctggtatagc cagccagtga gtatcagaat ctaaatgttt attaagacaa agggctgtca 1140
tgcaataacc caaccatacc attatcagtc tgccatcctt cctgtttctc taggcagcct 1200
ttcctgatgt caactcaacc agttaatctc tcagtcactt gacatgtggc tatatataca 1260
cacaaatatg tgtgcatgca tcctgtgctg caagcattta cagtcaagtt tatctgaaca 1320
cactgtatgg ttgatgtgaa atgctgaaac tgttcaagtt taggtcctca caaagcaagg 1380
aatatgaaat atttccttgg gaaatattta tccacaacaa agagatgtac agtgctttcg 1440
tatacagtga tttacagttt tccatgtgct tttacatgta ttattacttc atttgatcct 1500
tacaacaacc ccagaggtag atgtggcatg aattaccatt attctccttt gagaagaaga 1560
aactgagcat caaagaagct tgttggcctt cttgccagaa atcacccagt ttgtaaatgg 1620
taaaagaggg cttgaaacca ggttctctga ctctgacttc aagcactctc atacatcatc 1680
tatttaattt tttggagcta ggtattttat acttaggatt ctaaatattg cataaccatt 1740
gaatgccaca ccacccttgt attcagtgca aaaaatggga cttttcttaa taaatagaga 1800
aatggaggtg cctaaaatta caaaattgca ctagagagat agtgatagaa ctgggaaact 1860
cttagtctaa tattttatct tttattcata tgatggaata ctaagctcaa tggcagaato 1920
ttcagtcagc aatggtgttc aggttatgtg aactatctga aggattcctg aactcttcat 1980
atctaggaat gtagcgttta aaagctctta gaatttttca tactcttagg tcctcctgac 2040
ttgtgcttca attcatgcat aaacttattt tataaggtct ccgtctgccc ttgctggaga 2100
taacattttt gtttatccaa caaagggtat tttatcttat tattaaattc tgactttgta 2160
tagaagagaa atgaagtgat aatctatata aattaagtct tgattagtac atatgggtta 2220
ttcacttgga taatatggag taaaatttta attcatggct aattacctcc acctccacta 2280
cctagtggcc tcccctcacc aatattagcc aaaataaatc aaatttggaa ctacaaacct 2340
acttcaaaaa gggtaaggta tataataagc aatatcatca agtcaaatag tattttttta 2400

accatgtaca aggcatcatg ctaggtgtta cgaagatgca tgaaatatat aagatgtggt 2460
tccaaccctc acagagttta tagacatcad ataataaatt ctgaagtcaa atataaatta 2520
atttaaaatt atctgctgtt cagcattgtt cactagtgca gccaaacaat gtcatcttgt 2580
tgaaaggcat tggtagtaaa aactgtgtct gaaatacccc tctttcaaag gtttcgtaaa 2640
tttgatatag tcagggacac gaacaagatc cttttacatt tttctttttg cttgttagtc 2700
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ttgctgtgct cataaatcca tgacagaaag ccccctcccc tgagactttc cacttccttt 2760
tctggctttc actgttgcag aggctgctat attcacgaca tgtggcctac agagttctca 2820
ggatgtaagc aagccaaact gaagaccaaa tttgtagttc ttgctctcct aaacagatgc 2880
atatgtggca cttcagctct tccagattac aacagaattt aggtttatgc ataagtctaa 2940
taagtcttcc tcatactgaa cttcctaata ctactcccct tttctatctt ttcaacccac 3000
atgaccacta ttagacagat agtcagaacc agaaggaagt gaaatgctca ctcaacaagc 3060
agagcatctt tctcaatgca gttatcatag acaagacaca ctatgataga attggtgctg 3120
ctatgtattc tttttgaggc ccctgagaaa acctccaggc ttcaagtgac atacctagtc 3180
tgctttaccg gtttacagga ctcaagagaa aggtggacat tgagagttaa tccctgaggc 3240
caaatcttaa atggagaaag tcaacatcca cagaaaatgg ggaagggcac aagtatttct 3300
gtgggcttat attccgacat ttttatctgt aggggaaaaa tgctttctta gaaaatgact 3360
cagcacgggg aagtcttgtc tctacctctg tcttgttttg tcctttgggg tcccttcact 3420
atcaagttca actgtgtgtc cctgagactc ctctgccccg gaggacagga gactcgaaaa 3480
acgctcttcc tggccagtct ctttgctctg tgtctgccag cccccagcat ctctcctctt 3540
tcctgtaagc ccctctccct gtgctgactg tcttcatagt actttaggta tgttgtccct 3600
ttacctctgg gaggatagct tgatgacctg tctgctcagg ccagccccat ctagagtctc 3660
agtggcccca gtcatgttga gaaaggttct ttcaaagata gactcaagat agtagtgtca 3720
gaggtcccaa gcaaatgaag ggcggggaca gttgaggggg tggaataggg acggcagcag 3780
ggaaccagat agcatgctgc tgagaagaaa aaaagacatt ggtttaggtc aggaagcaaa 3840
aaaagggaac tgagtggctg tgaaagggtg gggtttgctc agactgtcct tcctctctgg 3900
actgtaagaa ttagtctcga ggccaccatg gtgagcaagg gcgaggagct gttcaccggg 3960
gtggtgccca tcctggtcga gctggacggc gacgtaaacg gccacaagtt cagcgtgtcc 4020
ggcgagggcg agggcgatgc cacctacggc aagctgaccc tgaagttcat ctgcaccacc 4080
ggcaagctgc ccgtgccctg gcccaccctc gtgaccaccc tgacctacgg cgtgcagtgc 4140
ttcagccgct accccgacca catgaagcag cacgacttct tcaagtccgc catgcccgaa 4200
ggctacgtcc aggagcgcac catcttcttc aaggacgacg gcaactacaa gacccgcgcc 4260
gaggtgaagt tcgagggcga caccctggtg aaccgcatcg agctgaaggg catcgacttc 4320
aaggaggacg gcaacatcct ggggcacaag ctggagtaca actacaacag ccacaacgtc 4380
tatatcatgg ccgacaagca gaagaacggc atcaaggtga acttcaagat ccgccacaac 4440
atcgaggacg gcagcgtgca gctcgccgac cactaccagc agaacacccc catcggcgac 4500
ggccccgtgc tgctgcccga caaccactac ctgagcaccc agtccgccct gagcaaagac 4560
cccaacgaga agcgcgatca catggtcctg ctggagttcg tgaccgccgc cgggatcact 4620
ctcggcatgg acgagctgta caagtaa                                     4647

<210> 33
<211> 3541
<212> DNA
<213> Artificial Sequence

<220> 
<223> 0.7UCOE.BTKp.coBTK

<400> 33
ccgcgtgtgg catctgaagc accaccagcg agcgagagct agagagaagg aaagccaccg 60
acttcaccgc ctccgagctg ctccgggtcg cgggtctgca gcgtctccgg ccctccgcgc 120
ctacagctca agccacatcc gaagggggag ggagccggga gctgcgcgcg gggccgctgg 180
ggggaggggt ggcaccgccc acgccgggcg gccacgaagg gcggggcagc gggcgcgcgc 240
ccggcggggg gaggggccgc gcgccgcgcc cgctgggaat tggggcccta gggggagggc 300
ggaggcgccg acgaccgcgg cacttaccgt tcgcggcgtg gcgcccggtg gtccccaagg 360
ggagggaagg gggaggcggg gcgaggacag tgaccggagt ctcctcagcg gtggcttttc 420
tgcttggcag cctcagcggc tggcgccaaa accggactcc gcccacttcc tcgcccctgc 480
ggtgcgaggg tgtggaatcc tccagacgct gggggagggg gagttgggag cttaaaaact 540
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ttgctgtgct cataaatcca tgacagaaag ccccctcccc tgagactttd cacttccttt 2760
tctggctttc actgttgcag aggctgctat attcacgaca tgtggcctac agagttctca 2820

ggatgtaage aagccaaact gaagaccaaa tttgtagttc ttgctctcct aaacagatgo 2880
atatgtggca cttcagctct tccagattac aacagaattt aggtttatgo ataagtctaa 2940
taagtcttcc tcatactgaa cttcctaata ctactcccct tttctatctt ttcaacccac 3000
atgaccacta ttagacagat agtcagaacc agaaggaagt gaaatgctca ctcaacaago 3060
agagcatctt tctcaatgca gttatcatag acaagacaca ctatgataga attggtgctg 3120
ctatgtattc tttttgaggc ccctgagaaa acctccaggc ttcaagtgac atacctagtc 3180
tgctttaccg gtttacagga ctcaagagaa aggtggacat tgagagttaa tccctgaggc 3240
caaatcttaa atggagaaag tcaacatcca cagaaaatgg ggaagggcac aagtatttct 3300
gtgggcttat attccgacat ttttatctgt aggggaaaaa tgctttctta gaaaatgact 3360
cagcacgggg aagtcttgtc tctacctctg tcttgttttg tcctttgggg tcccttcact 3420
atcaagttca actgtgtgtc cctgagactc ctctgccccg gaggacagga gactcgaaaa 3480
acgctcttcc tggccagtct ctttgctctg tgtctgccag ccccccagcat ctctcctctt 3540

tcctgtaagc ccctctccct gtgctgactg tcttcatagt actttaggta tgttgtccct 3600
ttacctctgg gaggatagct tgatgacctg tctgctcagg ccagccccat ctagagtctc 3660
agtggcccca gtcatgttga gaaaggttct ttcaaagata gactcaagat agtagtgtca 3720

gaggtcccaa gcaaatgaag ggcggggaca gttgaggggg tggaataggg acggcagcag 3780
ggaaccagat agcatgctgc tgagaagaaa aaaagacatt ggtttaggtc aggaagcaaa 3840
aaaagggaac tgagtggctg tgaaagggtg gggtttgctc agactgtcct tcctctctgg 3900
actgtaagaa ttagtctcga ggccaccatg gtgagcaagg gcgaggagct gttcaccggg 3960
gtggtgccca tcctggtcga gctggacggc gacgtaaacg gccacaagtt cagcgtgtcc 4020

ggcgagggcg agggcgatgc cacctacggc aagctgaccc tgaagttcat ctgcaccacc 4080
ggcaagctgc ccgtgccctg gcccaccctc gtgaccaccc tgacctacgg cgtgcagtgc 4140
ttcagccgct accccgacca catgaagcag cacgacttct tcaagtccgc catgcccgaa 4200
ggctacgtcc aggagcgcac catcttcttc aaggacgacg gcaactacaa gacccgcgcc 4260
gaggtgaagt tcgagggcga caccctggtg aaccgcatcg agctgaaggg catcgacttc 4320
aaggaggacg gcaacatcct ggggcacaag ctggagtaca actacaacag ccacaacgtc 4380
tatatcatgg ccgacaagca gaagaacggc atcaaggtga acttcaagat ccgccacaac 4440
atcgaggacg gcagcgtgca gctcgccgac cactaccago agaacacccc catcggcgac 4500

ggccccgtgc tgctgcccga caaccactac ctgagcaccc agtccgccct gagcaaagac 4560
cccaaccaga agcgcgatca catggtcctg ctggagttcg tgaccgccgc cgggatcact 4620

ctcggcatgg acgagctgta caagtaa 4647

<210> 33

<211> 3541

<212> DNA
<213> Artificial Sequence

<220>

<223> 0.7UCOE.BTKp.coBTK

<400> 33

ccgcgtgtgg catctgaagc accaccagcg agcgagagct agagagaagg aaagccaccg 60
acttcaccgc ctccgagctg ctccgggtcg cgggtctgca gcgtctccgg ccctccgcgc 120
ctacagctca agccacatcc gaagggggag ggagccggga gctgcgcgcg gggccgctgg 180
ggggaggggt ggcaccgccc acgccgggcg gccacgaagg gcggggcago gggcgcgcgc 240

ccggcggggg gaggggccgc gcgccgcgcc cgctgggaat tggggcccta gggggagggc 300
ggaggcgccg acgaccgcgg cacttaccgt tcgcggcgtg gcgcccggtg gtccccaagg 360
ggagggaagg gggaggcggg gcgaggacag tgaccggagt ctcctcagcg gtggcttttc 420
tgcttggcag cctcagcggc tggcgccaaa accggactcc gcccacttcc tcgcccctgc 480
ggtgcgaggg tgtggaatcc tccagacgct gggggagggg gagttgggag cttaaaaact 540
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agtacccctt tgggaccact ttcagcagcg aactctcctg tacaccaggg gtcagttcca 600
cagacgcggg ccaggggtgg gtcattgcgg cgtgaacaat aatttgacta gaagttgatt 660
cgggtgtttg cggccggggc tagctacgac gcgttccgga attcgccctt gcatttccta 720
ggagaatccc tgggggaatc attgcagttg gagcataatg tagggggccc ctgagaaaac 780
ctccaggctt caagtgacat acctagtctg ctttaccggt ttacaggact caagagaaag 840
gtggacattg agagttaatc cctgaggcca aatcttaaat ggagaaagtc aacatccaca 900
gaaaatgggg aagggcacaa gtatttctgt gggcttatat tccgacattt ttatctgtag 960
gggaaaaatg ctttcttaga aaatgactca gcacggggaa gtcttgtctc tacctctgtc 1020
ttgttttgtc ctttggggtc ccttcactat caagttcaac tgtgtgtccc tgagactcct 1080
ctgccccgga ggacaggaga ctcgaaaaac gctcttcctg gccagtctct ttgctctgtg 1140
tctgccagcc cccagcatct ctcctctttc ctgtaagccc ctctccctgt gctgactgtc 1200
ttcatagtac tttaggtatg ttgtcccttt acctctggga ggatagcttg atgacctgtc 1260
tgctcaggcc agccccatct agagtctcag tggccccagt catgttgaga aaggttcttt 1320
caaagataga ctcaagatag tagtgtcaga ggtcccaagc aaatgaaggg cggggacagt 1380
tgagggggtg gaatagggac ggcagcaggg aaccagatag catgctgctg agaagaaaaa 1440
aagacattgg tttaggtcag gaagcaaaaa aagggaactg agtggctgtg aaagggtggg 1500
gtttgctcag actgtccttc ctctctggac tgtaagaatt agtctcgaga aagaagccac 1560
catggccgct gtgatcctgg agagcatttt cctgaagagg tcccagcaga aaaagaaaac 1620
ctctcccctg aactttaaga aaagactgtt cctgctgaca gtgcacaagc tgtcttacta 1680
tgagtacgac tttgagcggg gccgccgagg atcaaaaaag gggagcatcg atgtggagaa 1740
gattacatgc gtggagaccg tggtccctga aaagaatcca ccccctgaga ggcagatccc 1800
aagacggggc gaggagtcct ctgagatgga gcagattagt atcattgagc gcttccccta 1860
tccttttcag gtggtgtacg acgagggacc actgtatgtg ttctcaccca cagaggagct 1920
gagaaagagg tggattcacc agctgaagaa cgtgattaga tacaatagcg atctggtgca 1980
gaagtatcac ccttgttttt ggatcgacgg gcagtacctg tgctgttccc agacagctaa 2040
gaacgctatg ggatgccaga ttctggaaaa tcggaacgga tctctgaaac cagggagttc 2100
acaccgcaag accaaaaagc ccctgcctcc aacacccgag gaggatcaga tcctgaaaaa 2160
gcctctgcca cccgagcctg ctgcagcccc agtcagcact tccgaactga aaaaggtggt 2220
ggctctgtat gactacatgc ccatgaatgc taacgatctg cagctgagaa agggcgacga 2280
gtatttcatt ctggaagagt ctaatctgcc ttggtggagg gccagagata agaacggaca 2340
ggaggggtac atcccatcta attatgtgac cgaggctgag gactctattg agatgtacga 2400
gtggtatagc aagcacatga cacggtccca ggctgagcag ctgctgaagc aggagggcaa 2460
agagggaggg tttatcgtgc gcgattctag taaggccggc aaatacactg tgtcagtgtt 2520
cgctaagagc accggagacc cccagggcgt gatcagacac tatgtggtgt gttccacacc 2580
tcagtctcag tactatctgg ctgagaagca cctgtttagt acaatcccag agctgattaa 2640
ctaccaccag cacaattctg ccggcctgat cagcaggctg aagtatcccg tctcccagca 2700
gaacaaaaat gctccttcta ccgctggact ggggtacggc agttgggaga ttgatccaaa 2760
ggacctgaca ttcctgaagg agctgggaac tgggcagttt ggcgtggtga agtatggaaa 2820
atggagaggg cagtacgatg tggccatcaa gatgatcaag gagggctcaa tgagcgagga 2880
cgagttcatc gaggaggcta aggtcatgat gaacctgtcc cacgagaaac tggtgcagct 2940
gtatggagtg tgcaccaagc agcggcccat ttttatcatt acagagtaca tggctaatgg 3000
gtgtctgctg aactatctgc gcgagatgag acacagattc cagacacagc agctgctgga 3060
aatgtgcaag gatgtgtgtg aggctatgga gtacctggag tctaagcagt ttctgcaccg 3120
ggacctggct gctcgcaatt gcctggtgaa cgatcagggc gtggtgaagg tgagtgactt 3180
cggactgtca aggtatgtgc tggatgacga gtacaccagc tccgtgggct ctaagtttcc 3240
tgtgagatgg tctccacccg aggtgctgat gtatagcaag ttctcctcta agagcgatat 3300
ctgggccttt ggcgtgctga tgtgggaaat ctacagcctg ggcaagatgc cttacgagcg 3360
gttcacaaat tccgagacag ctgagcacat cgcccagggc ctgcgcctgt accggccaca 3420
tctggcctct gagaaggtgt acaccatcat gtacagctgt tggcacgaga aggccgacga 3480
gagacccaca ttcaagatcc tgctgtccaa cattctagat gtgatggacg aggagagctg 3540
a                                                                 3541
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agtacccctt tgggaccact ttcagcagcg aactctcctg tacaccaggg gtcagttcca 600

cagacgcggg ccaggggtgg gtcattgcgg cgtgaacaat aatttgacta gaagttgatt 660
cgggtgtttg cggccggggc tagctacgac gcgttccgga attcgccctt gcatttccta 720
ggagaatccc tgggggaatc attgcagttg gagcataatg tagggggccc ctgagaaaac 780
ctccaggctt caagtgacat acctagtctg ctttaccggt ttacaggact caagagaaag 840
gtggacattg agagttaatc cctgaggcca aatcttaaat ggagaaagtc aacatccaca 900
gaaaatgggg aagggcacaa gtatttctgt gggcttatat tccgacattt ttatctgtag 960
gggaaaaatg ctttcttaga aaatgactca gcacggggaa gtcttgtctc tacctctgtc 1020
ttgttttgtc ctttggggtc ccttcactat caagttcaac tgtgtgtccc tgagactcct 1080
ctgccccgga ggacaggaga ctcgaaaaac gctcttcctg gccagtctct ttgctctgtg 1140
tctgccagcc cccagcatct ctcctctttc ctgtaagccc ctctccctgt gctgactgtc 1200
ttcatagtac tttaggtatg ttgtcccttt acctctggga ggatagcttg atgacctgtc 1260
tgctcaggcc agccccatct agagtctcag tggccccagt catgttgaga aaggttcttt 1320
caaagataga ctcaagatag tagtgtcaga ggtcccaagc aaatgaaggg cggggacagt 1380
tgagggggtg gaatagggad ggcagcaggg aaccagatag catgctgctg agaagaaaaa 1440
aagacattgg tttaggtcag gaagcaaaaa aagggaactg agtggctgtg aaagggtggg 1500
gtttgctcag actgtccttc ctctctggac tgtaagaatt agtctcgaga aagaagccac 1560
catggccgct gtgatcctgg agagcatttt cctgaagagg tcccagcaga aaaagaaaac 1620
ctctcccctg aactttaaga aaagactgtt cctgctgaca gtgcacaago tgtcttacta 1680
tgagtacgac tttgagcggg gccgccgagg atcaaaaaag gggagcatcg atgtggagaa 1740
gattacatgc gtggagaccg tggtccctga aaagaatcca ccccctgaga ggcagatcco 1800

aagacggggc gaggagtect ctgagatgga gcagattagt atcattgage gcttccccta 1860
tccttttcag gtggtgtacg acgagggacc actgtatgtg ttctcaccca cagaggagct 1920

gagaaagagg tggattcacc agctgaagaa cgtgattaga tacaatagcg atctggtgca 1980
gaagtatcac ccttgttttt ggatcgacgg gcagtacctg tgctgttccc agacagctaa 2040
gaacgctatg ggatgccaga ttctggaaaa tcggaacgga tctctgaaac cagggagtto 2100

acaccgcaag accaaaaagc ccctgcctcc aacacccgag gaggatcaga tcctgaaaaa 2160
gcctctgcca cccgagcctg ctgcagcccc agtcagcact tccgaactga aaaaggtggt 2220
ggctctgtat gactacatgc ccatgaatgc taacgatctg cagctgagaa agggcgacga 2280
gtatttcatt ctggaagagt ctaatctgcc ttggtggagg gccagagata agaacggaca 2340

ggaggggtac atcccatcta attatgtgac cgaggctgag gactctattg agatgtacga 2400
gtggtatagc aagcacatga cacggtccca ggctgagcag ctgctgaagc aggagggcaa 2460

agagggaggg tttatcgtgc gcgattctag taaggccggc aaatacactg tgtcagtgtt 2520
cgctaagagc accggagacc cccagggcgt gatcagacao tatgtggtgt gttccacacc 2580
tcagtctcag tactatctgg ctgagaagca cctgtttagt acaatcccag agctgattaa 2640
ctaccaccag cacaattctg ccggcctgat cagcaggctg aagtatcccg tctcccagca 2700
gaacaaaaat gctccttcta ccgctggact ggggtacggc agttgggaga ttgatccaaa 2760
ggacctgaca ttcctgaagg agctgggaac tgggcagttt ggcgtggtga agtatggaaa 2820
atggagaggg cagtacgatg tggccatcaa gatgatcaag gagggctcaa tgagcgagga 2880
cgagttcatc gaggaggcta aggtcatgat gaacctgtcc cacgagaaac tggtgcagct 2940

gtatggagtg tgcaccaagc agcggcccat ttttatcatt acagagtaca tggctaatgg 3000
gtgtctgctg aactatctgc gcgagatgag acacagatto cagacacage agctgctgga 3060
aatgtgcaag gatgtgtgtg aggctatgga gtacctggag tctaagcagt ttctgcaccg 3120

ggacctggct gctcgcaatt gcctggtgaa cgatcagggc gtggtgaagg tgagtgactt 3180
cggactgtca aggtatgtgc tggatgacga gtacaccago tccgtgggct ctaagtttcc 3240
tgtgagatgg tctccacccg aggtgctgat gtatagcaag ttctcctcta agagcgatat 3300
ctgggccttt ggcgtgctga tgtgggaaat ctacagcctg ggcaagatgc cttacgagcg 3360
gttcacaaat tccgagacag ctgagcacat cgcccagggc ctgcgcctgt accggccaca 3420
tctggcctct gagaaggtgt acaccatcat gtacagctgt tggcacgaga aggccgacga 3480

gagacccaca ttcaagatcc tgctgtccaa cattctagat gtgatggacg aggagagctg 3540

a 3541
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<220> 
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<400> 34
gcatttccta ggagaatccc tgggggaatc attgcagttg gagcataatg tagggggccc 60
acatctttga gcttcagttt cctcatctgt aaatagggga ataatacata cttcttaagg 120
ctactgcaaa gatcaaataa gtaatacatt tgaagcactt gggacagagc ctgctacata 180
gtaagtgctc attaagtgtt agttatcatt gttgttgttt ttaggccaag gttgttgtga 240
aaattaaatg agataatata taaaaggtat ttagctcaat atctggcaca tagcaataat 300
tgaatagatg atccttcatc ttcgttcctc ctgttccctt tcagtttgaa agacttggct 360
aatataattt tgaccaacca aacttgcatt caagggagtg tacaaggctg gtatagccag 420
ccagtgagta tcagaatcta aatgtttatt aagacaaagg gctgtcatgc aataacccaa 480
ccataccatt atcagtctgc catccttcct gtttctctag gcagcctttc ctgatgtcaa 540
ctcaaccagt taatctctca gtcacttgac atgtggctat atatacacac aaatatgtgt 600
gcatgcatcc tgtgctgcaa gcatttacag tcaagtttat ctgaacacac tgtatggttg 660
atgtgaaatg ctgaaactgt tcaagtttag gtcctcacaa agcaaggaat atgaaatatt 720
tccttgggaa atatttatcc acaacaaaga gatgtacagt gctttcgtat acagtgattt 780
acagttttcc atgtgctttt acatgtatta ttacttcatt tgatccttac aacaacccca 840
gaggtagatg tggcatgaat taccattatt ctcctttgag aagaagaaac tgagcatcaa 900
agaagcttgt tggccttctt gccagaaatc acccagtttg taaatggtaa aagagggctt 960
gaaaccaggt tctctgactc tgacttcaag cactctcata catcatctat ttaatttttt 1020
ggagctaggt attttatact taggattcta aatattgcat aaccattgaa tgccacacca 1080
cccttgtatt cagtgcaaaa aatgggactt ttcttaataa atagagaaat ggaggtgcct 1140
aaaattacaa aattgcacta gagagatagt gatagaactg ggaaactctt agtctaatat 1200
tttatctttt attcatatga tggaatacta agctcaatgg cagaatcttc agtcagcaat 1260
ggtgttcagg ttatgtgaac tatctgaagg attcctgaac tcttcatatc taggaatgta 1320
gcgtttaaaa gctcttagaa tttttcatac tcttaggtcc tcctgacttg tgcttcaatt 1380
catgcataaa cttattttat aaggtctccg tctgcccttg ctggagataa catttttgtt 1440
tatccaacaa agggtatttt atcttattat taaattctga ctttgtatag aagagaaatg 1500
aagtgataat ctatataaat taagtcttga ttagtacata tgggttattc acttggataa 1560
tatggagtaa aattttaatt catggctaat tacctccacc tccactacct agtggcctcc 1620
cctcaccaat attagccaaa ataaatcaaa tttggaacta caaacctact tcaaaaaggg 1680
taaggtatat aataagcaat atcatcaagt caaatagtat ttttttaacc atgtacaagg 1740
catcatgcta ggtgttacga agatgcatga aatatataag atgtggttcc aaccctcaca 1800
gagtttatag acatcacata ataaattctg aagtcaaata taaattaatt taaaattatc 1860
tgctgttcag cattgttcac tagtgcagcc aaacaatgtc atcttgttga aaggcattgg 1920
tagtaaaaac tgtgtctgaa atacccctct ttcaaaggtt tcgtaaattt gatatagtca 1980
gggacacgaa caagatcctt ttacattttt ctttttgctt gttagtcttg ctgtgctcat 2040
aaatccatga cagaaagccc cctcccctga gactttccac ttccttttct ggctttcact 2100
gttgcagagg ctgctatatt cacgacatgt ggcctacaga gttctcagga tgtaagcaag 2160
ccaaactgaa gaccaaattt gtagttcttg ctctcctaaa cagatgcata tgtggcactt 2220
cagctcttcc agattacaac agaatttagg tttatgcata agtctaataa gtcttcctca 2280
tactgaactt cctaatacta ctcccctttt ctatcttttc aacccacatg accactatta 2340
gacagatagt cagaaccaga aggaagtgaa atgctcactc aacaagcaga gcatctttct 2400
caatgcagtt atcatagaca agacacacta tgatagaatt ggtgctgcta tgtattcttt 2460
ttgaggcccc tgagaaaacc tccaggcttc aagtgacata cctagtctgc tttaccggtt 2520
tacaggactc aagagaaagg tggacattga gagttaatcc ctgaggccaa atcttaaatg 2580
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<210> 34

<211> 5240
<212> DNA
<213> Artificial Sequence

<220>

<223> IE.BTKp.coBTK

<400> 34

gcatttccta ggagaatccc tgggggaato attgcagttg gagcataatg tagggggccc 60
acatctttga gcttcagttt cctcatctgt aaatagggga ataatacata cttcttaagg 120
ctactgcaaa gatcaaataa gtaatacatt tgaagcactt gggacagage ctgctacata 180
gtaagtgctc attaagtgtt agttatcatt gttgttgttt ttaggccaag gttgttgtga 240
aaattaaatg agataatata taaaaggtat ttagctcaat atctggcaca tagcaataat 300
tgaatagatg atccttcatc ttcgttcctc ctgttccctt tcagtttgaa agacttggct 360
aatataattt tgaccaacca aacttgcatt caagggagtg tacaaggctg gtatagccag 420
ccagtgagta tcagaatcta aatgtttatt aagacaaagg gctgtcatgc aataacccaa 480
ccataccatt atcagtctgc catccttcct gtttctctag gcagcctttc ctgatgtcaa 540
ctcaaccagt taatctctca gtcacttgac atgtggctat atatacacac aaatatgtgt 600
gcatgcatcc tgtgctgcaa gcatttacag tcaagtttat ctgaacacac tgtatggttg 660
atgtgaaatg ctgaaactgt tcaagtttag gtcctcacaa agcaaggaat atgaaatatt 720
tccttgggaa atatttatcc acaacaaaga gatgtacagt gctttcgtat acagtgattt 780
acagttttcc atgtgctttt acatgtatta ttacttcatt tgatccttac aacaacccca 840
gaggtagatg tggcatgaat taccattatt ctcctttgag aagaagaaac tgagcatcaa 900
agaagcttgt tggccttctt gccagaaatc acccagtttg taaatggtaa aagagggctt 960
gaaaccaggt tctctgactc tgacttcaag cactctcata catcatctat ttaatttttt 1020
ggagctaggt attttatact taggattcta aatattgcat aaccattgaa tgccacacca 1080
cccttgtatt cagtgcaaaa aatgggactt ttcttaataa atagagaaat ggaggtgcct 1140
aaaattacaa aattgcacta gagagatagt gatagaactg ggaaactctt agtctaatat 1200
tttatctttt attcatatga tggaatacta agctcaatgg cagaatctto agtcagcaat 1260
ggtgttcagg ttatgtgaac tatctgaagg attcctgaac tcttcatatc taggaatgta 1320
gcgtttaaaa gctcttagaa tttttcatac tcttaggtcc tcctgacttg tgcttcaatt 1380
catgcataaa cttattttat aaggtctccg tctgcccttg ctggagataa cattttgtt 1440
tatccaacaa agggtatttt atcttattat taaattctga ctttgtatag aagagaaatg 1500
aagtgataat ctatataaat taagtcttga ttagtacata tgggttatto acttggataa 1560
tatggagtaa aattttaatt catggctaat tacctccacc tccactacct agtggcctcc 1620
cctcaccaat attagccaaa ataaatcaaa tttggaacta caaacctact tcaaaaaggg 1680
taaggtatat aataagcaat atcatcaagt caaatagtat ttttttaacc atgtacaagg 1740
catcatgcta ggtgttacga agatgcatga aatatataag atgtggttcc aaccctcaca 1800
gagtttatag acatcacata ataaattctg aagtcaaata taaattaatt taaaattatc 1860
tgctgttcag cattgttcac tagtgcagcc aaacaatgtc atcttgttga aaggcattgg 1920
tagtaaaaac tgtgtctgaa atacccctct ttcaaaggtt tcgtaaattt gatatagtca 1980
gggacacgaa caagatcctt ttacattttt ctttttgctt gttagtcttg ctgtgctcat 2040
aaatccatga cagaaagccc cctcccctga gactttccac ttccttttct ggctttcact 2100
gttgcagagg ctgctatatt cacgacatgt ggcctacaga gttctcagga tgtaagcaag 2160
ccaaactgaa gaccaaattt gtagttcttg ctctcctaaa cagatgcata tgtggcactt 2220
cagctcttcc agattacaac agaatttagg tttatgcata agtctaataa gtcttcctca 2280
tactgaactt cctaatacta ctcccctttt ctatcttttc aacccacatg accactatta 2340
gacagatagt cagaaccaga aggaagtgaa atgctcactc aacaagcaga gcatctttct 2400
caatgcagtt atcatagaca agacacacta tgatagaatt ggtgctgcta tgtattcttt 2460
ttgaggcccc tgagaaaacc tccaggcttc aagtgacata cctagtctgc tttaccggtt 2520
tacaggactc aagagaaagg tggacattga gagttaatcc ctgaggccaa atcttaaatg 2580
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gagaaagtca acatccacag aaaatgggga agggcacaag tatttctgtg ggcttatatt 2640
ccgacatttt tatctgtagg ggaaaaatgc tttcttagaa aatgactcag cacggggaag 2700
tcttgtctct acctctgtct tgttttgtcc tttggggtcc cttcactatc aagttcaact 2760
gtgtgtccct gagactcctc tgccccggag gacaggagac tcgaaaaacg ctcttcctgg 2820
ccagtctctt tgctctgtgt ctgccagccc ccagcatctc tcctctttcc tgtaagcccc 2880
tctccctgtg ctgactgtct tcatagtact ttaggtatgt tgtcccttta cctctgggag 2940
gatagcttga tgacctgtct gctcaggcca gccccatcta gagtctcagt ggccccagtc 3000
atgttgagaa aggttctttc aaagatagac tcaagatagt agtgtcagag gtcccaagca 3060
aatgaagggc ggggacagtt gagggggtgg aatagggacg gcagcaggga accagatagc 3120
atgctgctga gaagaaaaaa agacattggt ttaggtcagg aagcaaaaaa agggaactga 3180
gtggctgtga aagggtgggg tttgctcaga ctgtccttcc tctctggact gtaagaatta 3240
gtctcgagaa agaagccacc atggccgctg tgatcctgga gagcattttc ctgaagaggt 3300
cccagcagaa aaagaaaacc tctcccctga actttaagaa aagactgttc ctgctgacag 3360
tgcacaagct gtcttactat gagtacgact ttgagcgggg ccgccgagga tcaaaaaagg 3420
ggagcatcga tgtggagaag attacatgcg tggagaccgt ggtccctgaa aagaatccac 3480
cccctgagag gcagatccca agacggggcg aggagtcctc tgagatggag cagattagta 3540
tcattgagcg cttcccctat ccttttcagg tggtgtacga cgagggacca ctgtatgtgt 3600
tctcacccac agaggagctg agaaagaggt ggattcacca gctgaagaac gtgattagat 3660
acaatagcga tctggtgcag aagtatcacc cttgtttttg gatcgacggg cagtacctgt 3720
gctgttccca gacagctaag aacgctatgg gatgccagat tctggaaaat cggaacggat 3780
ctctgaaacc agggagttca caccgcaaga ccaaaaagcc cctgcctcca acacccgagg 3840
aggatcagat cctgaaaaag cctctgccac ccgagcctgc tgcagcccca gtcagcactt 3900
ccgaactgaa aaaggtggtg gctctgtatg actacatgcc catgaatgct aacgatctgc 3960
agctgagaaa gggcgacgag tatttcattc tggaagagtc taatctgcct tggtggaggg 4020
ccagagataa gaacggacag gaggggtaca tcccatctaa ttatgtgacc gaggctgagg 4080
actctattga gatgtacgag tggtatagca agcacatgac acggtcccag gctgagcagc 4140
tgctgaagca ggagggcaaa gagggagggt ttatcgtgcg cgattctagt aaggccggca 4200
aatacactgt gtcagtgttc gctaagagca ccggagaccc ccagggcgtg atcagacact 4260
atgtggtgtg ttccacacct cagtctcagt actatctggc tgagaagcac ctgtttagta 4320
caatcccaga gctgattaac taccaccagc acaattctgc cggcctgatc agcaggctga 4380
agtatcccgt ctcccagcag aacaaaaatg ctccttctac cgctggactg gggtacggca 4440
gttgggagat tgatccaaag gacctgacat tcctgaagga gctgggaact gggcagtttg 4500
gcgtggtgaa gtatggaaaa tggagagggc agtacgatgt ggccatcaag atgatcaagg 4560
agggctcaat gagcgaggac gagttcatcg aggaggctaa ggtcatgatg aacctgtccc 4620
acgagaaact ggtgcagctg tatggagtgt gcaccaagca gcggcccatt tttatcatta 4680
cagagtacat ggctaatggg tgtctgctga actatctgcg cgagatgaga cacagattcc 4740
agacacagca gctgctggaa atgtgcaagg atgtgtgtga ggctatggag tacctggagt 4800
ctaagcagtt tctgcaccgg gacctggctg ctcgcaattg cctggtgaac gatcagggcg 4860
tggtgaaggt gagtgacttc ggactgtcaa ggtatgtgct ggatgacgag tacaccagct 4920
ccgtgggctc taagtttcct gtgagatggt ctccacccga ggtgctgatg tatagcaagt 4980
tctcctctaa gagcgatatc tgggcctttg gcgtgctgat gtgggaaatc tacagcctgg 5040
gcaagatgcc ttacgagcgg ttcacaaatt ccgagacagc tgagcacatc gcccagggcc 5100
tgcgcctgta ccggccacat ctggcctctg agaaggtgta caccatcatg tacagctgtt 5160
ggcacgagaa ggccgacgag agacccacat tcaagatcct gctgtccaac attctagatg 5220
tgatggacga ggagagctga                                             5240

<210> 35
<211> 5941
<212> DNA
<213> Artificial Sequence

Page 30

2018_04_19_Sequence_Listing_SCRI_148W0.txt

gagaaagtca acatccacag aaaatgggga agggcacaag tatttctgtg ggcttatatt 2640
ccgacatttt tatctgtagg ggaaaaatgc tttcttagaa aatgactcag cacggggaag 2700
tcttgtctct acctctgtct tgttttgtcc tttggggtcc cttcactatc aagttcaact 2760
gtgtgtccct gagactcctc tgccccggag gacaggagac tcgaaaaacg ctcttcctgg 2820
ccagtctctt tgctctgtgt ctgccagccc ccagcatctc tcctctttcc tgtaagcccc 2880
tctccctgtg ctgactgtct tcatagtact ttaggtatgt tgtcccttta cctctgggag 2940
gatagcttga tgacctgtct gctcaggcca gccccatcta gagtctcagt ggccccagtc 3000
atgttgagaa aggttctttc aaagatagad tcaagatagt agtgtcagag gtcccaagca 3060
aatgaagggc ggggacagtt gagggggtgg aatagggacg gcagcaggga accagatago 3120
atgctgctga gaagaaaaaa agacattggt ttaggtcagg aagcaaaaaa agggaactga 3180
gtggctgtga aagggtgggg tttgctcaga ctgtccttcc tctctggact gtaagaatta 3240
gtctcgagaa agaagccacc atggccgctg tgatcctgga gagcattttc ctgaagaggt 3300
cccagcagaa aaagaaaacc tctcccctga actttaagaa aagactgttc ctgctgacag 3360
tgcacaagct gtcttactat gagtacgact ttgagcgggg ccgccgagga tcaaaaaagg 3420
ggagcatcga tgtggagaag attacatgcg tggagaccgt ggtccctgaa aagaatccac 3480
cccctgagag gcagatccca agacggggcg aggagtcctc tgagatggag cagattagta 3540
tcattgagcg cttcccctat ccttttcagg tggtgtacga cgagggacca ctgtatgtgt 3600
tctcacccac agaggagctg agaaagaggt ggattcacca gctgaagaac gtgattagat 3660
acaatagcga tctggtgcag aagtatcacc cttgtttttg gatcgacggg cagtacctgt 3720
gctgttccca gacagctaag aacgctatgg gatgccagat tctggaaaat cggaacggat 3780
ctctgaaacc agggagttca caccgcaaga ccaaaaagcc cctgcctcca acacccgagg 3840
aggatcagat cctgaaaaag cctctgccac ccgagcctgc tgcagcccca gtcagcactt 3900
ccgaactgaa aaaggtggtg gctctgtatg actacatgcc catgaatgct aacgatctgc 3960
agctgagaaa gggcgacgag tatttcattc tggaagagtc taatctgcct tggtggaggg 4020
ccagagataa gaacggacag gaggggtaca tcccatctaa ttatgtgacc gaggctgagg 4080
actctattga gatgtacgag tggtatagca agcacatgac acggtcccag gctgagcagc 4140
tgctgaagca ggagggcaaa gagggagggt ttatcgtgcg cgattctagt aaggccggca 4200
aatacactgt gtcagtgttc gctaagagca ccggagaccc ccagggcgtg atcagacact 4260
atgtggtgtg ttccacacct cagtctcagt actatctggc tgagaagcac ctgtttagta 4320
caatcccaga gctgattaac taccaccago acaattctgc cggcctgatc agcaggctga 4380
agtatcccgt ctcccagcag aacaaaaatg ctccttctac cgctggactg gggtacggca 4440
gttgggagat tgatccaaag gacctgacat tcctgaagga gctgggaact gggcagtttg 4500
gcgtggtgaa gtatggaaaa tggagagggc agtacgatgt ggccatcaag atgatcaagg 4560
agggctcaat gagcgaggad gagttcatcg aggaggctaa ggtcatgatg aacctgtccc 4620
acgagaaact ggtgcagctg tatggagtgt gcaccaagca gcggcccatt tttatcatta 4680
cagagtacat ggctaatggg tgtctgctga actatctgcg cgagatgaga cacagattcc 4740
agacacagca gctgctggaa atgtgcaagg atgtgtgtga ggctatggag tacctggagt 4800
ctaagcagtt tctgcaccgg gacctggctg ctcgcaattg cctggtgaac gatcagggcg 4860
tggtgaaggt gagtgacttc ggactgtcaa ggtatgtgct ggatgacgag tacaccagct 4920
ccgtgggctc taagtttcct gtgagatggt ctccacccga ggtgctgatg tatagcaagt 4980
tctcctctaa gagcgatato tgggcctttg gcgtgctgat gtgggaaatc tacagcctgg 5040
gcaagatgcc ttacgagcgg ttcacaaatt ccgagacage tgagcacatc gcccagggcc 5100
tgcgcctgta ccggccacat ctggcctctg agaaggtgta caccatcatg tacagctgtt 5160
ggcacgagaa ggccgacgag agacccacat tcaagatcct gctgtccaac attctagatg 5220

tgatggacga ggagagctga 5240

<210> 35

<211> 5941

<212> DNA

<213> Artificial Sequence
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<400> 35
ccgcgtgtgg catctgaagc accaccagcg agcgagagct agagagaagg aaagccaccg 60
acttcaccgc ctccgagctg ctccgggtcg cgggtctgca gcgtctccgg ccctccgcgc 120
ctacagctca agccacatcc gaagggggag ggagccggga gctgcgcgcg gggccgctgg 180
ggggaggggt ggcaccgccc acgccgggcg gccacgaagg gcggggcagc gggcgcgcgc 240
ccggcggggg gaggggccgc gcgccgcgcc cgctgggaat tggggcccta gggggagggc 300
ggaggcgccg acgaccgcgg cacttaccgt tcgcggcgtg gcgcccggtg gtccccaagg 360
ggagggaagg gggaggcggg gcgaggacag tgaccggagt ctcctcagcg gtggcttttc 420
tgcttggcag cctcagcggc tggcgccaaa accggactcc gcccacttcc tcgcccctgc 480
ggtgcgaggg tgtggaatcc tccagacgct gggggagggg gagttgggag cttaaaaact 540
agtacccctt tgggaccact ttcagcagcg aactctcctg tacaccaggg gtcagttcca 600
cagacgcggg ccaggggtgg gtcattgcgg cgtgaacaat aatttgacta gaagttgatt 660
cgggtgtttg cggccggggc tagcacatct ttgagcttca gtttcctcat ctgtaaatag 720
gggaataata catacttctt aaggctactg caaagatcaa ataagtaata catttgaagc 780
acttgggaca gagcctgcta catagtaagt gctcattaag tgttagttat cattgttgtt 840
gtttttaggc caaggttgtt gtgaaaatta aatgagataa tatataaaag gtatttagct 900
caatatctgg cacatagcaa taattgaata gatgatcctt catcttcgtt cctcctgttc 960
cctttcagtt tgaaagactt ggctaatata attttgacca accaaacttg cattcaaggg 1020
agtgtacaag gctggtatag ccagccagtg agtatcagaa tctaaatgtt tattaagaca 1080
aagggctgtc atgcaataac ccaaccatac cattatcagt ctgccatcct tcctgtttct 1140
ctaggcagcc tttcctgatg tcaactcaac cagttaatct ctcagtcact tgacatgtgg 1200
ctatatatac acacaaatat gtgtgcatgc atcctgtgct gcaagcattt acagtcaagt 1260
ttatctgaac acactgtatg gttgatgtga aatgctgaaa ctgttcaagt ttaggtcctc 1320
acaaagcaag gaatatgaaa tatttccttg ggaaatattt atccacaaca aagagatgta 1380
cagtgctttc gtatacagtg atttacagtt ttccatgtgc ttttacatgt attattactt 1440
catttgatcc ttacaacaac cccagaggta gatgtggcat gaattaccat tattctcctt 1500
tgagaagaag aaactgagca tcaaagaagc ttgttggcct tcttgccaga aatcacccag 1560
tttgtaaatg gtaaaagagg gcttgaaacc aggttctctg actctgactt caagcactct 1620
catacatcat ctatttaatt ttttggagct aggtatttta tacttaggat tctaaatatt 1680
gcataaccat tgaatgccac accacccttg tattcagtgc aaaaaatggg acttttctta 1740
ataaatagag aaatggaggt gcctaaaatt acaaaattgc actagagaga tagtgataga 1800
actgggaaac tcttagtcta atattttatc ttttattcat atgatggaat actaagctca 1860
atggcagaat cttcagtcag caatggtgtt caggttatgt gaactatctg aaggattcct 1920
gaactcttca tatctaggaa tgtagcgttt aaaagctctt agaatttttc atactcttag 1980
gtcctcctga cttgtgcttc aattcatgca taaacttatt ttataaggtc tccgtctgcc 2040
cttgctggag ataacatttt tgtttatcca acaaagggta ttttatctta ttattaaatt 2100
ctgactttgt atagaagaga aatgaagtga taatctatat aaattaagtc ttgattagta 2160
catatgggtt attcacttgg ataatatgga gtaaaatttt aattcatggc taattacctc 2220
cacctccact acctagtggc ctcccctcac caatattagc caaaataaat caaatttgga 2280
actacaaacc tacttcaaaa agggtaaggt atataataag caatatcatc aagtcaaata 2340
gtattttttt aaccatgtac aaggcatcat gctaggtgtt acgaagatgc atgaaatata 2400
taagatgtgg ttccaaccct cacagagttt atagacatca cataataaat tctgaagtca 2460
aatataaatt aatttaaaat tatctgctgt tcagcattgt tcactagtgc agccaaacaa 2520
tgtcatcttg ttgaaaggca ttggtagtaa aaactgtgtc tgaaataccc ctctttcaaa 2580
ggtttcgtaa atttgatata gtcagggaca cgaacaagat ccttttacat ttttcttttt 2640
gcttgttagt cttgctgtgc tcataaatcc atgacagaaa gccccctccc ctgagacttt 2700
ccacttcctt ttctggcttt cactgttgca gaggctgcta tattcacgac atgtggccta 2760
cagagttctc aggatgtaag caagccaaac tgaagaccaa atttgtagtt cttgctctcc 2820
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<400> 35

ccgcgtgtgg catctgaagc accaccagcg agcgagagct agagagaagg aaagccaccg 60
acttcaccgc ctccgagctg ctccgggtcg cgggtctgca gcgtctccgg ccctccgcgc 120
ctacagctca agccacatcc gaagggggag ggagccggga gctgcgcgcg gggccgctgg 180

ggggaggggt ggcaccgccc acgccgggcg gccacgaagg gcggggcago gggcgcgcgc 240
ccggcggggg gaggggccgc gcgccgcgcc cgctgggaat tggggcccta gggggagggc 300
ggaggcgccg acgaccgcgg cacttaccgt tcgcggcgtg gcgcccggtg gtccccaagg 360
ggagggaagg gggaggcggg gcgaggacag tgaccggagt ctcctcagcg gtggcttttc 420
tgcttggcag cctcagcggo tggcgccaaa accggactcc gcccacttcc tcgcccctgc 480
ggtgcgaggg tgtggaatcc tccagacgct gggggagggg gagttgggag cttaaaaact 540
agtacccctt tgggaccact ttcagcagcg aactctcctg tacaccaggg gtcagttcca 600

cagacgcggg ccaggggtgg gtcattgcgg cgtgaacaat aatttgacta gaagttgatt 660
cgggtgtttg cggccggggc tagcacatct ttgagcttca gtttcctcat ctgtaaatag 720
gggaataata catacttctt aaggctactg caaagatcaa ataagtaata catttgaagc 780
acttgggaca gagcctgcta catagtaagt gctcattaag tgttagttat cattgttgtt 840
gtttttaggc caaggttgtt gtgaaaatta aatgagataa tatataaaag gtatttagct 900
caatatctgg cacatagcaa taattgaata gatgatcctt catcttcgtt cctcctgttc 960
cctttcagtt tgaaagactt ggctaatata attttgacca accaaacttg cattcaaggg 1020
agtgtacaag gctggtatag ccagccagtg agtatcagaa tctaaatgtt tattaagaca 1080
aagggctgtc atgcaataac ccaaccatac cattatcagt ctgccatcct tcctgtttct 1140
ctaggcagcc tttcctgatg tcaactcaac cagttaatct ctcagtcact tgacatgtgg 1200
ctatatatad acacaaatat gtgtgcatgc atcctgtgct gcaagcattt acagtcaagt 1260
ttatctgaac acactgtatg gttgatgtga aatgctgaaa ctgttcaagt ttaggtcctc 1320
acaaagcaag gaatatgaaa tatttccttg ggaaatattt atccacaaca aagagatgta 1380
cagtgctttc gtatacagtg atttacagtt ttccatgtgc ttttacatgt attattactt 1440
catttgatcc ttacaacaac cccagaggta gatgtggcat gaattaccat tattctcctt 1500
tgagaagaag aaactgagca tcaaagaagc ttgttggcct tcttgccaga aatcacccag 1560
tttgtaaatg gtaaaagagg gcttgaaacc aggttctctg actctgactt caagcactct 1620
catacatcat ctatttaatt ttttggagct aggtatttta tacttaggat tctaaatatt 1680
gcataaccat tgaatgccac accacccttg tattcagtgc aaaaaatggg acttttctta 1740
ataaatagag aaatggaggt gcctaaaatt acaaaattgc actagagaga tagtgataga 1800
actgggaaac tcttagtcta atattttatc ttttattcat atgatggaat actaagctca 1860
atggcagaat cttcagtcag caatggtgtt caggttatgt gaactatctg aaggattcct 1920
gaactcttca tatctaggaa tgtagcgttt aaaagctctt agaatttttc atactcttag 1980
gtcctcctga cttgtgcttc aattcatgca taaacttatt ttataaggtc tccgtctgcc 2040
cttgctggag ataacatttt tgtttatcca acaaagggta ttttatctta ttattaaatt 2100

ctgactttgt atagaagaga aatgaagtga taatctatat aaattaagtc ttgattagta 2160
catatgggtt attcacttgg ataatatgga gtaaaatttt aattcatggc taattacctc 2220
cacctccact acctagtggc ctcccctcac caatattagc caaaataaat caaatttgga 2280
actacaaacc tacttcaaaa agggtaaggt atataataag caatatcatc aagtcaaata 2340
gtattttttt aaccatgtac aaggcatcat gctaggtgtt acgaagatgc atgaaatata 2400
taagatgtgg ttccaaccct cacagagttt atagacatca cataataaat tctgaagtca 2460
aatataaatt aatttaaaat tatctgctgt tcagcattgt tcactagtgc agccaaacaa 2520
tgtcatcttg ttgaaaggca ttggtagtaa aaactgtgtc tgaaataccc ctctttcaaa 2580
ggtttcgtaa atttgatata gtcagggaca cgaacaagat ccttttacat ttttcttttt 2640
gcttgttagt cttgctgtgc tcataaatcc atgacagaaa gccccctccc ctgagacttt 2700
ccacttcctt ttctggcttt cactgttgca gaggctgcta tattcacgac atgtggccta 2760
cagagttctc aggatgtaag caagccaaac tgaagaccaa atttgtagtt cttgctctcc 2820
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taaacagatg catatgtggc acttcagctc ttccagatta caacagaatt taggtttatg 2880
cataagtcta ataagtcttc ctcatactga acttcctaat actactcccc ttttctatct 2940
tttcaaccca catgaccact attagacaga tagtcagaac cagaaggaag tgaaatgctc 3000
actcaacaag cagagcatct ttctcaatgc agttatcata gacaagacac actatgatag 3060
aattggtgct gctatgtatt ctttttgaac gcgttccgga attcgccctt gcatttccta 3120
ggagaatccc tgggggaatc attgcagttg gagcataatg tagggggccc ctgagaaaac 3180
ctccaggctt caagtgacat acctagtctg ctttaccggt ttacaggact caagagaaag 3240
gtggacattg agagttaatc cctgaggcca aatcttaaat ggagaaagtc aacatccaca 3300
gaaaatgggg aagggcacaa gtatttctgt gggcttatat tccgacattt ttatctgtag 3360
gggaaaaatg ctttcttaga aaatgactca gcacggggaa gtcttgtctc tacctctgtc 3420
ttgttttgtc ctttggggtc ccttcactat caagttcaac tgtgtgtccc tgagactcct 3480
ctgccccgga ggacaggaga ctcgaaaaac gctcttcctg gccagtctct ttgctctgtg 3540
tctgccagcc cccagcatct ctcctctttc ctgtaagccc ctctccctgt gctgactgtc 3600
ttcatagtac tttaggtatg ttgtcccttt acctctggga ggatagcttg atgacctgtc 3660
tgctcaggcc agccccatct agagtctcag tggccccagt catgttgaga aaggttcttt 3720
caaagataga ctcaagatag tagtgtcaga ggtcccaagc aaatgaaggg cggggacagt 3780
tgagggggtg gaatagggac ggcagcaggg aaccagatag catgctgctg agaagaaaaa 3840
aagacattgg tttaggtcag gaagcaaaaa aagggaactg agtggctgtg aaagggtggg 3900
gtttgctcag actgtccttc ctctctggac tgtaagaatt agtctcgaga aagaagccac 3960
catggccgct gtgatcctgg agagcatttt cctgaagagg tcccagcaga aaaagaaaac 4020
ctctcccctg aactttaaga aaagactgtt cctgctgaca gtgcacaagc tgtcttacta 4080
tgagtacgac tttgagcggg gccgccgagg atcaaaaaag gggagcatcg atgtggagaa 4140
gattacatgc gtggagaccg tggtccctga aaagaatcca ccccctgaga ggcagatccc 4200
aagacggggc gaggagtcct ctgagatgga gcagattagt atcattgagc gcttccccta 4260
tccttttcag gtggtgtacg acgagggacc actgtatgtg ttctcaccca cagaggagct 4320
gagaaagagg tggattcacc agctgaagaa cgtgattaga tacaatagcg atctggtgca 4380
gaagtatcac ccttgttttt ggatcgacgg gcagtacctg tgctgttccc agacagctaa 4440
gaacgctatg ggatgccaga ttctggaaaa tcggaacgga tctctgaaac cagggagttc 4500
acaccgcaag accaaaaagc ccctgcctcc aacacccgag gaggatcaga tcctgaaaaa 4560
gcctctgcca cccgagcctg ctgcagcccc agtcagcact tccgaactga aaaaggtggt 4620
ggctctgtat gactacatgc ccatgaatgc taacgatctg cagctgagaa agggcgacga 4680
gtatttcatt ctggaagagt ctaatctgcc ttggtggagg gccagagata agaacggaca 4740
ggaggggtac atcccatcta attatgtgac cgaggctgag gactctattg agatgtacga 4800
gtggtatagc aagcacatga cacggtccca ggctgagcag ctgctgaagc aggagggcaa 4860
agagggaggg tttatcgtgc gcgattctag taaggccggc aaatacactg tgtcagtgtt 4920
cgctaagagc accggagacc cccagggcgt gatcagacac tatgtggtgt gttccacacc 4980
tcagtctcag tactatctgg ctgagaagca cctgtttagt acaatcccag agctgattaa 5040
ctaccaccag cacaattctg ccggcctgat cagcaggctg aagtatcccg tctcccagca 5100
gaacaaaaat gctccttcta ccgctggact ggggtacggc agttgggaga ttgatccaaa 5160
ggacctgaca ttcctgaagg agctgggaac tgggcagttt ggcgtggtga agtatggaaa 5220
atggagaggg cagtacgatg tggccatcaa gatgatcaag gagggctcaa tgagcgagga 5280
cgagttcatc gaggaggcta aggtcatgat gaacctgtcc cacgagaaac tggtgcagct 5340
gtatggagtg tgcaccaagc agcggcccat ttttatcatt acagagtaca tggctaatgg 5400
gtgtctgctg aactatctgc gcgagatgag acacagattc cagacacagc agctgctgga 5460
aatgtgcaag gatgtgtgtg aggctatgga gtacctggag tctaagcagt ttctgcaccg 5520
ggacctggct gctcgcaatt gcctggtgaa cgatcagggc gtggtgaagg tgagtgactt 5580
cggactgtca aggtatgtgc tggatgacga gtacaccagc tccgtgggct ctaagtttcc 5640
tgtgagatgg tctccacccg aggtgctgat gtatagcaag ttctcctcta agagcgatat 5700
ctgggccttt ggcgtgctga tgtgggaaat ctacagcctg ggcaagatgc cttacgagcg 5760
gttcacaaat tccgagacag ctgagcacat cgcccagggc ctgcgcctgt accggccaca 5820
tctggcctct gagaaggtgt acaccatcat gtacagctgt tggcacgaga aggccgacga 5880
gagacccaca ttcaagatcc tgctgtccaa cattctagat gtgatggacg aggagagctg 5940
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taaacagatg catatgtggc acttcagctc ttccagatta caacagaatt taggtttatg 2880
cataagtcta ataagtcttc ctcatactga acttcctaat actactcccc ttttctatct 2940
tttcaaccca catgaccact attagacaga tagtcagaac cagaaggaag tgaaatgctc 3000
actcaacaag cagagcatct ttctcaatgc agttatcata gacaagacac actatgatag 3060
aattggtgct gctatgtatt ctttttgaac gcgttccgga attcgccctt gcatttccta 3120
ggagaatccc tgggggaatc attgcagttg gagcataatg tagggggccc ctgagaaaac 3180
ctccaggctt caagtgacat acctagtctg ctttaccggt ttacaggact caagagaaag 3240
gtggacattg agagttaato cctgaggcca aatcttaaat ggagaaagtc aacatccaca 3300
gaaaatgggg aagggcacaa gtatttctgt gggcttatat tccgacattt ttatctgtag 3360
gggaaaaatg ctttcttaga aaatgactca gcacggggaa gtcttgtctc tacctctgtc 3420
ttgttttgtc ctttggggtc ccttcactat caagttcaac tgtgtgtccc tgagactcct 3480
ctgccccgga ggacaggaga ctcgaaaaac gctcttcctg gccagtctct ttgctctgtg 3540
tctgccagcc cccagcatct ctcctctttc ctgtaagccc ctctccctgt gctgactgtc 3600
ttcatagtac tttaggtatg ttgtcccttt acctctggga ggatagcttg atgacctgtc 3660
tgctcaggcc agccccatct agagtctcag tggccccagt catgttgaga aaggttcttt 3720

caaagataga ctcaagatag tagtgtcaga ggtcccaagc aaatgaaggg cggggacagt 3780
tgagggggtg gaatagggad ggcagcaggg aaccagatag catgctgctg agaagaaaaa 3840
aagacattgg tttaggtcag gaagcaaaaa aagggaactg agtggctgtg aaagggtggg 3900
gtttgctcag actgtccttc ctctctggac tgtaagaatt agtctcgaga aagaagccac 3960
catggccgct gtgatcctgg agagcatttt cctgaagagg tcccagcaga aaaagaaaac 4020
ctctcccctg aactttaaga aaagactgtt cctgctgaca gtgcacaago tgtcttacta 4080
tgagtacgac tttgagcggg gccgccgagg atcaaaaaag gggagcatcg atgtggagaa 4140
gattacatgc gtggagaccg tggtccctga aaagaatcca ccccctgaga ggcagatccc 4200
aagacggggc gaggagtect ctgagatgga gcagattagt atcattgago gcttccccta 4260
tccttttcag gtggtgtacg acgagggacc actgtatgtg ttctcaccca cagaggagct 4320
gagaaagagg tggattcacc agctgaagaa cgtgattaga tacaatagcg atctggtgca 4380
gaagtatcac ccttgttttt ggatcgacgg gcagtacctg tgctgttccc agacagctaa 4440
gaacgctatg ggatgccaga ttctggaaaa tcggaacgga tctctgaaac cagggagttc 4500
acaccgcaag accaaaaagc ccctgcctcc aacacccgag gaggatcaga tcctgaaaaa 4560
gcctctgcca cccgagcctg ctgcagcccc agtcagcact tccgaactga aaaaggtggt 4620
ggctctgtat gactacatgo ccatgaatgc taacgatctg cagctgagaa agggcgacga 4680
gtatttcatt ctggaagagt ctaatctgcc ttggtggagg gccagagata agaacggaca 4740
ggaggggtac atcccatcta attatgtgac cgaggctgag gactctattg agatgtacga 4800
gtggtatago aagcacatga cacggtccca ggctgagcag ctgctgaagc aggagggcaa 4860
agagggaggg tttatcgtgc gcgattctag taaggccggc aaatacactg tgtcagtgtt 4920
cgctaagagc accggagacc cccagggcgt gatcagacac tatgtggtgt gttccacacc 4980

tcagtctcag tactatctgg ctgagaagca cctgtttagt acaatcccag agctgattaa 5040
ctaccaccag cacaattctg ccggcctgat cagcaggctg aagtatcccg tctcccagca 5100
gaacaaaaat gctccttcta ccgctggact ggggtacggc agttgggaga ttgatccaaa 5160
ggacctgaca ttcctgaagg agctgggaac tgggcagttt ggcgtggtga agtatggaaa 5220
atggagaggg cagtacgatg tggccatcaa gatgatcaag gagggctcaa tgagcgagga 5280
cgagttcatc gaggaggcta aggtcatgat gaacctgtcc cacgagaaac tggtgcagct 5340
gtatggagtg tgcaccaago agcggcccat ttttatcatt acagagtaca tggctaatgg 5400
gtgtctgctg aactatctgc gcgagatgag acacagatto cagacacage agctgctgga 5460
aatgtgcaag gatgtgtgtg aggctatgga gtacctggag tctaagcagt ttctgcaccg 5520
ggacctggct gctcgcaatt gcctggtgaa cgatcagggc gtggtgaagg tgagtgactt 5580
cggactgtca aggtatgtgc tggatgacga gtacaccagc tccgtgggct ctaagtttcc 5640

tgtgagatgg tctccacccg aggtgctgat gtatagcaag ttctcctcta agagcgatat 5700
ctgggccttt ggcgtgctga tgtgggaaat ctacagcctg ggcaagatgo cttacgagcg 5760
gttcacaaat tccgagacag ctgagcacat cgcccagggc ctgcgcctgt accggccaca 5820
tctggcctct gagaaggtgt acaccatcat gtacagctgt tggcacgaga aggccgacga 5880
gagacccaca ttcaagatcc tgctgtccaa cattctagat gtgatggacg aggagagctg 5940
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a                                                                 5941

<210> 36
<211> 3856
<212> DNA
<213> Artificial Sequence

<220> 
<223> ABCD.BTKp.GFP

<400> 36
tttcctagga gaatccctgg gggaatcatt gcagttggag cataatgtag ggggcccgga 60
tccctggggt atggcagggg ctgggcagca gcagcaatgt accttgcttg ggacccctaa 120
aaaccagaga gacagcatgg ctggtgccat ttatcagcta gtggaggagg ctgacggagg 180
gtgggagtgt catcagcaca aggccctggc agtcccttct ggtgattaga gaggccgaaa 240
gggtcctttc cgacaagggc tgagggtggg cggaacagga agagaaaaat gtgacatgag 300
gtgaccatcc gaacaggtag caaatgttag aaaggggtac ctctggcaaa cttagtggaa 360
aagtaatatt gcagggagca gtcagataaa aacaagccct tctgtcaaat agtgcttgaa 420
gactcaatag ggatacatgg gtcaatgaag cctttagaaa aagaaatact aagaggcaga 480
ttctctgaga acatggtaaa agctcacgct ccacgttatg aagttgacct ttgtgagcta 540
gggaaaggcc tggctaggcc agggtgtagg ctacctgcct tgagctgtac caggccaaat 600
gtcgccaggg tcagagctgg cttattaaag gactgtgtgg aagctgtgcc aacctcgtgg 660
taacaatggg taaaagactg ggccaggaga aagcagcctc tgcctcagcc cagacagtgc 720
ggccaaccct tgaggttgtg gcaaaggttt ctcctcttac cattgccctc catgtgcatg 780
gcttgctttt ctcttgtctt cattatttct cctttccttt cctcggatcc acgcgtgaat 840
tctttgtaaa ctccttatgg tgcgaactaa tgtaactttc catccagtta tgggggattg 900
gtgcaatttt aaattatcac tatgatttgc tatttccatt tgagcaaatt tcctatagag 960
tttcctttca gtggactaga cccatatcag gaagtgactt aggtataaag ggaagataca 1020
gctttcgaaa accaaagttt gggcgttctc caaagagtta tcagataccc ccttctacac 1080
ccacaatgat ctgattgctg agatctgatt gctaactact gaaaataagg aagaactaga 1140
attttcagtg acacagtgct cagcaagaag ctagaaaaga ggccttgaca tatttgactc 1200
caaagctact tggttatgca tgaagccatc tggggagggg aaggaggagg gagaactcct 1260
ctgaggaccc tgaaacaatt gggccacgtg tgactttcag tttctatgga gattcatgtg 1320
cagtggctga gggcaatctg agagcattgg aaacccagaa gctttaaacg cgtaggaaag 1380
acagggaatg gccagaatct tcctagccaa ttgagtagtg ctttcaagga gaaatcaaga 1440
gaaaacacta cttcttggat attttggcta agtagtcatt tgaagtacag ttgactggtt 1500
attttatttt aaatcatatc tcatagactc ttcccaatca taggctggct gtgtagtttt 1560
ctgaattttg ctctggtatt cttcttcttt ttttttttta tttttatttt ttattttttt 1620
tttgagactc caggctggag tgcagtgtca cgatcttggc tcactgcaac ctccgcctcc 1680
cgagttcaag cgattctcct gcctcagcct cctgagttgc tgggactaca ggcgcctgtc 1740
accacgcccg gctaattttt tgtattttaa tagagacggg atttcaccat gttggccagg 1800
ctggtctcta actcctgacc tcaagtgatc cgccagcctc agcctcccaa agtgctggga 1860
ttacgggcat gagccactgc gcctggactt attattctta atagtatttt atcttatgag 1920
cgaagataag agcccaagat ggtttagttt actgattctg caagtgctat ttctattaat 1980
tccttggcat actgcagttt gtatgatggc tgcactcttg ttaataagct tcgtctttct 2040
gaattctgtt gctccatagg gagctgggag gctgcaaaag gtggccctgt aaaaatcttt 2100
gcatttataa tttaataatt acagacccca gtgggacaat gtttgaaaaa ttatattcac 2160
cgtctaggaa attgggaact gaaagtccaa tatctgcctc agtggagttc tggcacctgc 2220
attatccctt ctgggtatat caagatcaac agctgcacag atacttttgc ttttcacaga 2280
ttctacacat atcatataaa ggtgaatagt gtaaagctac ctctacacct taccaagcac 2340
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a 5941

<210> 36

<211> 3856

<212> DNA

<213> Artificial Sequence

<220>

<223> ABCD.BTKp.GFP

<400> 36

tttcctagga gaatccctgg gggaatcatt gcagttggag cataatgtag ggggcccgga 60
tccctggggt atggcagggg ctgggcagca gcagcaatgt accttgcttg ggacccctaa 120
aaaccagaga gacagcatgg ctggtgccat ttatcagcta gtggaggagg ctgacggagg 180
gtgggagtgt catcagcaca aggccctggc agtcccttct ggtgattaga gaggccgaaa 240
gggtcctttc cgacaagggc tgagggtggg cggaacagga agagaaaaat gtgacatgag 300
gtgaccatcc gaacaggtag caaatgttag aaaggggtac ctctggcaaa cttagtggaa 360
aagtaatatt gcagggagca gtcagataaa aacaagccct tctgtcaaat agtgcttgaa 420
gactcaatag ggatacatgg gtcaatgaag cctttagaaa aagaaatact aagaggcaga 480
ttctctgaga acatggtaaa agctcacgct ccacgttatg aagttgacct ttgtgagcta 540
gggaaaggcc tggctaggcc agggtgtagg ctacctgcct tgagctgtac caggccaaat 600
gtcgccaggg tcagagctgg cttattaaag gactgtgtgg aagctgtgcc aacctcgtgg 660
taacaategg taaaagactg ggccaggaga aagcagcctc tgcctcagcc cagacagtgc 720
ggccaaccct tgaggttgtg gcaaaggttt ctcctcttac cattgccctc catgtgcatg 780
gcttgctttt ctcttgtctt cattatttct cctttccttt cctcggatcc acgcgtgaat 840
tctttgtaaa ctccttatgg tgcgaactaa tgtaactttc catccagtta tgggggattg 900
gtgcaatttt aaattatcac tatgatttgc tatttccatt tgagcaaatt tcctatagag 960
tttcctttca gtggactaga cccatatcag gaagtgactt aggtataaag ggaagataca 1020
gctttcgaaa accaaagttt gggcgttctc caaagagtta tcagataccc ccttctacac 1080
ccacaatgat ctgattgctg agatctgatt gctaactact gaaaataagg aagaactaga 1140
attttcagtg acacagtgct cagcaagaag ctagaaaaga ggccttgaca tatttgactc 1200
caaagctact tggttatgca tgaagccatc tggggagggg aaggaggagg gagaactcct 1260

ctgaggaccc tgaaacaatt gggccacgtg tgactttcag tttctatgga gattcatgtg 1320
cagtggctga gggcaatctg agagcattgg aaacccagaa gctttaaacg cgtaggaaag 1380
acagggaatg gccagaatct tcctagccaa ttgagtagtg ctttcaagga gaaatcaaga 1440
gaaaacacta cttcttggat attttggcta agtagtcatt tgaagtacag ttgactggtt 1500
attttatttt aaatcatatc tcatagactc ttcccaatca taggctggct gtgtagtttt 1560
ctgaattttg ctctggtatt cttcttcttt ttttttttta tttttatttt ttattttttt 1620
tttgagactc caggctggag tgcagtgtca cgatcttggc tcactgcaac ctccgcctcc 1680
cgagttcaag cgattctcct gcctcagcct cctgagttgc tgggactaca ggcgcctgtc 1740
accacgcccg gctaattttt tgtattttaa tagagacggg atttcaccat gttggccagg 1800
ctggtctcta actcctgacc tcaagtgatc cgccagcctc agcctcccaa agtgctggga 1860
ttacgggcat gagccactgo gcctggactt attattctta atagtatttt atcttatgag 1920
cgaagataag agcccaagat ggtttagttt actgattctg caagtgctat ttctattaat 1980
tccttggcat actgcagttt gtatgatggc tgcactcttg ttaataagct tcgtctttct 2040
gaattctgtt gctccatagg gagctgggag gctgcaaaag gtggccctgt aaaaatcttt 2100
gcatttataa tttaataatt acagacccca gtgggacaat gtttgaaaaa ttatattcac 2160
cgtctaggaa attgggaact gaaagtccaa tatctgcctc agtggagttc tggcacctgc 2220
attatccctt ctgggtatat caagatcaac agctgcacag atacttttgc ttttcacaga 2280
ttctacacat atcatataaa ggtgaatagt gtaaagctac ctctacacct taccaagcad 2340
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acagggggcc cctgagaaaa cctccaggct tcaagtgaca tacctagtct gctttaccgg 2400
tttacaggac tcaagagaaa ggtggacatt gagagttaat ccctgaggcc aaatcttaaa 2460
tggagaaagt caacatccac agaaaatggg gaagggcaca agtatttctg tgggcttata 2520
ttccgacatt tttatctgta ggggaaaaat gctttcttag aaaatgactc agcacgggga 2580
agtcttgtct ctacctctgt cttgttttgt cctttggggt cccttcacta tcaagttcaa 2640
ctgtgtgtcc ctgagactcc tctgccccgg aggacaggag actcgaaaaa cgctcttcct 2700
ggccagtctc tttgctctgt gtctgccagc ccccagcatc tctcctcttt cctgtaagcc 2760
cctctccctg tgctgactgt cttcatagta ctttaggtat gttgtccctt tacctctggg 2820
aggatagctt gatgacctgt ctgctcaggc cagccccatc tagagtctca gtggccccag 2880
tcatgttgag aaaggttctt tcaaagatag actcaagata gtagtgtcag aggtcccaag 2940
caaatgaagg gcggggacag ttgagggggt ggaataggga cggcagcagg gaaccagata 3000
gcatgctgct gagaagaaaa aaagacattg gtttaggtca ggaagcaaaa aaagggaact 3060
gagtggctgt gaaagggtgg ggtttgctca gactgtcctt cctctctgga ctgtaagaat 3120
tagtctcgag gccaccatgg tgagcaaggg cgaggagctg ttcaccgggg tggtgcccat 3180
cctggtcgag ctggacggcg acgtaaacgg ccacaagttc agcgtgtccg gcgagggcga 3240
gggcgatgcc acctacggca agctgaccct gaagttcatc tgcaccaccg gcaagctgcc 3300
cgtgccctgg cccaccctcg tgaccaccct gacctacggc gtgcagtgct tcagccgcta 3360
ccccgaccac atgaagcagc acgacttctt caagtccgcc atgcccgaag gctacgtcca 3420
ggagcgcacc atcttcttca aggacgacgg caactacaag acccgcgccg aggtgaagtt 3480
cgagggcgac accctggtga accgcatcga gctgaagggc atcgacttca aggaggacgg 3540
caacatcctg gggcacaagc tggagtacaa ctacaacagc cacaacgtct atatcatggc 3600
cgacaagcag aagaacggca tcaaggtgaa cttcaagatc cgccacaaca tcgaggacgg 3660
cagcgtgcag ctcgccgacc actaccagca gaacaccccc atcggcgacg gccccgtgct 3720
gctgcccgac aaccactacc tgagcaccca gtccgccctg agcaaagacc ccaacgagaa 3780
gcgcgatcac atggtcctgc tggagttcgt gaccgccgcc gggatcactc tcggcatgga 3840
cgagctgtac aagtaa                                                 3856

<210> 37
<211> 3856
<212> DNA
<213> Artificial Sequence

<220> 
<223> DBCA.BTKp.GFP

<400> 37
tttcctagga gaatccctgg gggaatcatt gcagttggag cataatgtag ggggccccct 60
gtgtgcttgg taaggtgtag aggtagcttt acactattca cctttatatg atatgtgtag 120
aatctgtgaa aagcaaaagt atctgtgcag ctgttgatct tgatataccc agaagggata 180
atgcaggtgc cagaactcca ctgaggcaga tattggactt tcagttccca atttcctaga 240
cggtgaatat aatttttcaa acattgtccc actggggtct gtaattatta aattataaat 300
gcaaagattt ttacagggcc accttttgca gcctcccagc tccctatgga gcaacagaat 360
tcagaaagac gaagcttatt aacaagagtg cagccatcat acaaactgca gtatgccaag 420
gaattaatag aaatagcact tgcagaatca gtaaactaaa ccatcttggg ctcttatctt 480
cgctcataag ataaaatact attaagaata ataagtccag gcgcagtggc tcatgcccgt 540
aatcccagca ctttgggagg ctgaggctgg cggatcactt gaggtcagga gttagagacc 600
agcctggcca acatggtgaa atcccgtctc tattaaaata caaaaaatta gccgggcgtg 660
gtgacaggcg cctgtagtcc cagcaactca ggaggctgag gcaggagaat cgcttgaact 720
cgggaggcgg aggttgcagt gagccaagat cgtgacactg cactccagcc tggagtctca 780
aaaaaaaaat aaaaaataaa aataaaaaaa aaaaagaaga agaataccag agcaaaattc 840
agaaaactac acagccagcc tatgattggg aagagtctat gagatatgat ttaaaataaa 900
ataaccagtc aactgtactt caaatgacta cttagccaaa atatccaaga agtagtgttt 960
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acagggggcc cctgagaaaa cctccaggct tcaagtgaca tacctagtct gctttaccgg 2400
tttacaggac tcaagagaaa ggtggacatt gagagttaat ccctgaggcc aaatcttaaa 2460
tggagaaagt caacatccac agaaaatggg gaagggcaca agtatttctg tgggcttata 2520
ttccgacatt tttatctgta ggggaaaaat gctttcttag aaaatgactc agcacgggga 2580

agtcttgtct ctacctctgt cttgttttgt cctttggggt cccttcacta tcaagttcaa 2640
ctgtgtgtcc ctgagactcc tctgccccgg aggacaggag actcgaaaaa cgctcttcct 2700
ggccagtctc tttgctctgt gtctgccagc ccccagcatc tctcctcttt cctgtaagcc 2760
cctctccctg tgctgactgt cttcatagta ctttaggtat gttgtccctt tacctctggg 2820
aggatagctt gatgacctgt ctgctcaggo cagccccatc tagagtctca gtggccccag 2880
tcatgttgag aaaggttctt tcaaagatag actcaagata gtagtgtcag aggtcccaag 2940
caaatgaagg gcggggacag ttgagggggt ggaataggga cggcagcagg gaaccagata 3000
gcatgctgct gagaagaaaa aaagacattg gtttaggtca ggaagcaaaa aaagggaact 3060
gagtggctgt gaaagggtgg ggtttgctca gactgtcctt cctctctgga ctgtaagaat 3120
tagtctcgag gccaccatgg tgagcaaggg cgaggagctg ttcaccgggg tggtgcccat 3180
cctggtcgag ctggacggcg acgtaaacgg ccacaagttc agcgtgtccg gcgagggcga 3240
gggcgatgcc acctacggca agctgaccct gaagttcatc tgcaccaccg gcaagctgcc 3300
cgtgccctgg cccaccctcg tgaccaccct gacctacggc gtgcagtgct tcagccgcta 3360
ccccgaccac atgaagcagc acgacttctt caagtccgcc atgcccgaag gctacgtcca 3420
ggagcgcacc atcttcttca aggacgacgg caactacaag acccgcgccg aggtgaagtt 3480
cgagggcgac accctggtga accgcatcga gctgaagggc atcgacttca aggaggacgg 3540
caacatcctg gggcacaago tggagtacaa ctacaacagc cacaacgtct atatcatggc 3600
cgacaagcag aagaacggca tcaaggtgaa cttcaagatc cgccacaaca tcgaggacgg 3660
cagcgtgcag ctcgccgacc actaccagca gaacaccccc atcggcgacg gccccgtgct 3720
gctgcccgac aaccactacc tgagcaccca gtccgccctg agcaaagacc ccaacgagaa 3780
gcgcgatcad atggtcctgc tggagttcgt gaccgccgcc gggatcactc tcggcatgga 3840
cgagctgtac aagtaa 3856

<210> 37

<211> 3856

<212> DNA

<213> Artificial Sequence

<220>

<223> DBCA.BTKp.GFP

<400> 37

tttcctagga gaatccctgg gggaatcatt gcagttggag cataatgtag ggggccccct 60
gtgtgcttgg taaggtgtag aggtagcttt acactattca cctttatatg atatgtgtag 120
aatctgtgaa aagcaaaagt atctgtgcag ctgttgatct tgatataccc agaagggata 180
atgcaggtgc cagaactcca ctgaggcaga tattggactt tcagttccca atttcctaga 240
cggtgaatat aatttttcaa acattgtccc actggggtct gtaattatta aattataaat 300
gcaaagattt ttacagggcc accttttgca gcctcccago tccctatgga gcaacagaat 360
tcagaaagac gaagcttatt aacaagagtg cagccatcat acaaactgca gtatgccaag 420
gaattaatag aaatagcact tgcagaatca gtaaactaaa ccatcttggg ctcttatctt 480
cgctcataag ataaaatact attaagaata ataagtccag gcgcagtggc tcatgcccgt 540
aatcccagca ctttgggagg ctgaggctgg cggatcactt gaggtcagga gttagagacc 600
agcctggcca acatggtgaa atcccgtctc tattaaaata caaaaaatta gccgggcgtg 660
gtgacaggcg cctgtagtcc cagcaactca ggaggctgag gcaggagaat cgcttgaact 720
cgggaggcgg aggttgcagt gagccaagat cgtgacactg cactccagcc tggagtctca 780
aaaaaaaaat aaaaaataaa aataaaaaaa aaaaagaaga agaataccag agcaaaattc 840
agaaaactac acagccagcc tatgattggg aagagtctat gagatatgat ttaaaataaa 900
ataaccagtc aactgtactt caaatgacta cttagccaaa atatccaaga agtagtgttt 960
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tctcttgatt tctccttgaa agcactactc aattggctag gaagattctg gccattccct 1020
gtctttccta cgcgtttaaa gcttctgggt ttccaatgct ctcagattgc cctcagccac 1080
tgcacatgaa tctccataga aactgaaagt cacacgtggc ccaattgttt cagggtcctc 1140
agaggagttc tccctcctcc ttcccctccc cagatggctt catgcataac caagtagctt 1200
tggagtcaaa tatgtcaagg cctcttttct agcttcttgc tgagcactgt gtcactgaaa 1260
attctagttc ttccttattt tcagtagtta gcaatcagat ctcagcaatc agatcattgt 1320
gggtgtagaa gggggtatct gataactctt tggagaacgc ccaaactttg gttttcgaaa 1380
gctgtatctt ccctttatac ctaagtcact tcctgatatg ggtctagtcc actgaaagga 1440
aactctatag gaaatttgct caaatggaaa tagcaaatca tagtgataat ttaaaattgc 1500
accaatcccc cataactgga tggaaagtta cattagttcg caccataagg agtttacaaa 1560
gaattcacgc gtggatccga ggaaaggaaa ggagaaataa tgaagacaag agaaaagcaa 1620
gccatgcaca tggagggcaa tggtaagagg agaaaccttt gccacaacct caagggttgg 1680
ccgcactgtc tgggctgagg cagaggctgc tttctcctgg cccagtcttt tacccattgt 1740
taccacgagg ttggcacagc ttccacacag tcctttaata agccagctct gaccctggcg 1800
acatttggcc tggtacagct caaggcaggt agcctacacc ctggcctagc caggcctttc 1860
cctagctcac aaaggtcaac ttcataacgt ggagcgtgag cttttaccat gttctcagag 1920
aatctgcctc ttagtatttc tttttctaaa ggcttcattg acccatgtat ccctattgag 1980
tcttcaagca ctatttgaca gaagggcttg tttttatctg actgctccct gcaatattac 2040
ttttccacta agtttgccag aggtacccct ttctaacatt tgctacctgt tcggatggtc 2100
acctcatgtc acatttttct cttcctgttc cgcccaccct cagcccttgt cggaaaggac 2160
cctttcggcc tctctaatca ccagaaggga ctgccagggc cttgtgctga tgacactccc 2220
accctccgtc agcctcctcc actagctgat aaatggcacc agccatgctg tctctctggt 2280
ttttaggggt cccaagcaag gtacattgct gctgctgccc agcccctgcc ataccccagg 2340
gatccgggcc cctgagaaaa cctccaggct tcaagtgaca tacctagtct gctttaccgg 2400
tttacaggac tcaagagaaa ggtggacatt gagagttaat ccctgaggcc aaatcttaaa 2460
tggagaaagt caacatccac agaaaatggg gaagggcaca agtatttctg tgggcttata 2520
ttccgacatt tttatctgta ggggaaaaat gctttcttag aaaatgactc agcacgggga 2580
agtcttgtct ctacctctgt cttgttttgt cctttggggt cccttcacta tcaagttcaa 2640
ctgtgtgtcc ctgagactcc tctgccccgg aggacaggag actcgaaaaa cgctcttcct 2700
ggccagtctc tttgctctgt gtctgccagc ccccagcatc tctcctcttt cctgtaagcc 2760
cctctccctg tgctgactgt cttcatagta ctttaggtat gttgtccctt tacctctggg 2820
aggatagctt gatgacctgt ctgctcaggc cagccccatc tagagtctca gtggccccag 2880
tcatgttgag aaaggttctt tcaaagatag actcaagata gtagtgtcag aggtcccaag 2940
caaatgaagg gcggggacag ttgagggggt ggaataggga cggcagcagg gaaccagata 3000
gcatgctgct gagaagaaaa aaagacattg gtttaggtca ggaagcaaaa aaagggaact 3060
gagtggctgt gaaagggtgg ggtttgctca gactgtcctt cctctctgga ctgtaagaat 3120
tagtctcgag gccaccatgg tgagcaaggg cgaggagctg ttcaccgggg tggtgcccat 3180
cctggtcgag ctggacggcg acgtaaacgg ccacaagttc agcgtgtccg gcgagggcga 3240
gggcgatgcc acctacggca agctgaccct gaagttcatc tgcaccaccg gcaagctgcc 3300
cgtgccctgg cccaccctcg tgaccaccct gacctacggc gtgcagtgct tcagccgcta 3360
ccccgaccac atgaagcagc acgacttctt caagtccgcc atgcccgaag gctacgtcca 3420
ggagcgcacc atcttcttca aggacgacgg caactacaag acccgcgccg aggtgaagtt 3480
cgagggcgac accctggtga accgcatcga gctgaagggc atcgacttca aggaggacgg 3540
caacatcctg gggcacaagc tggagtacaa ctacaacagc cacaacgtct atatcatggc 3600
cgacaagcag aagaacggca tcaaggtgaa cttcaagatc cgccacaaca tcgaggacgg 3660
cagcgtgcag ctcgccgacc actaccagca gaacaccccc atcggcgacg gccccgtgct 3720
gctgcccgac aaccactacc tgagcaccca gtccgccctg agcaaagacc ccaacgagaa 3780
gcgcgatcac atggtcctgc tggagttcgt gaccgccgcc gggatcactc tcggcatgga 3840
cgagctgtac aagtaa                                                 3856

<210> 38
<211> 2886
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tctcttgatt tctccttgaa agcactactc aattggctag gaagattctg gccattccct 1020
gtctttccta cgcgtttaaa gcttctgggt ttccaatgct ctcagattgc cctcagccac 1080
tgcacatgaa tctccataga aactgaaagt cacacgtggc ccaattgttt cagggtcctc 1140
agaggagttc tccctcctcc ttcccctccc cagatggctt catgcataac caagtagctt 1200

tggagtcaaa tatgtcaagg cctcttttct agcttcttgc tgagcactgt gtcactgaaa 1260
attctagttc ttccttattt tcagtagtta gcaatcagat ctcagcaatc agatcattgt 1320
gggtgtagaa gggggtatct gataactctt tggagaacgc ccaaactttg gttttcgaaa 1380
gctgtatctt ccctttatac ctaagtcact tcctgatatg ggtctagtcc actgaaagga 1440
aactctatag gaaatttgct caaatggaaa tagcaaatca tagtgataat ttaaaattgc 1500
accaatcccc cataactgga tggaaagtta cattagttcg caccataagg agtttacaaa 1560
gaattcacgc gtggatccga ggaaaggaaa ggagaaataa tgaagacaag agaaaagcaa 1620
gccatgcaca tggagggcaa tggtaagagg agaaaccttt gccacaacct caagggttgg 1680
ccgcactgtc tgggctgagg cagaggctgc tttctcctgg cccagtcttt tacccattgt 1740
taccacgagg ttggcacagc ttccacacag tcctttaata agccagctct gaccctggcg 1800
acatttggcc tggtacagct caaggcaggt agcctacacc ctggcctagc caggcctttc 1860
cctagctcac aaaggtcaac ttcataacgt ggagcgtgag cttttaccat gttctcagag 1920
aatctgcctc ttagtatttc tttttctaaa ggcttcattg acccatgtat ccctattgag 1980
tcttcaagca ctatttgaca gaagggcttg tttttatctg actgctccct gcaatattac 2040
ttttccacta agtttgccag aggtacccct ttctaacatt tgctacctgt tcggatggtc 2100
acctcatgtc acatttttct cttcctgttc cgcccaccct cagcccttgt cggaaaggac 2160
cctttcggcc tctctaatca ccagaaggga ctgccagggc cttgtgctga tgacactccc 2220
accctccgtc agcctcctcc actagctgat aaatggcacc agccatgctg tctctctggt 2280
ttttaggggt cccaagcaag gtacattgct gctgctgccc agcccctgcc ataccccagg 2340
gatccgggcc cctgagaaaa cctccaggct tcaagtgaca tacctagtct gctttaccgg 2400
tttacaggad tcaagagaaa ggtggacatt gagagttaat ccctgaggcc aaatcttaaa 2460
tggagaaagt caacatccac agaaaatggg gaagggcaca agtatttctg tgggcttata 2520
ttccgacatt tttatctgta ggggaaaaat gctttcttag aaaatgactc agcacgggga 2580
agtcttgtct ctacctctgt cttgttttgt cctttggggt cccttcacta tcaagttcaa 2640
ctgtgtgtcc ctgagactcc tctgccccgg aggacaggag actcgaaaaa cgctcttcct 2700
ggccagtctc tttgctctgt gtctgccagc ccccagcatc tctcctcttt cctgtaagcc 2760
cctctccctg tgctgactgt cttcatagta ctttaggtat gttgtccctt tacctctggg 2820
aggatagctt gatgacctgt ctgctcaggc cagccccatc tagagtctca gtggccccag 2880
tcatgttgag aaaggttctt tcaaagatag actcaagata gtagtgtcag aggtcccaag 2940
caaatgaagg gcggggacag ttgagggggt ggaataggga cggcagcagg gaaccagata 3000
gcatgctgct gagaagaaaa aaagacattg gtttaggtca ggaagcaaaa aaagggaact 3060
gagtggctgt gaaagggtgg ggtttgctca gactgtcctt cctctctgga ctgtaagaat 3120
tagtctcgag gccaccatgg tgagcaaggg cgaggagctg ttcaccgggg tggtgcccat 3180
cctggtcgag ctggacggcg acgtaaacgg ccacaagttc agcgtgtccg gcgagggcga 3240
gggcgatgcc acctacggca agctgaccct gaagttcatc tgcaccaccg gcaagctgcc 3300
cgtgccctgg cccaccctcg tgaccaccct gacctacggc gtgcagtgct tcagccgcta 3360

ccccgaccac atgaagcagc acgacttctt caagtccgcc atgcccgaag gctacgtcca 3420
ggagcgcacc atcttcttca aggacgacgg caactacaag acccgcgccg aggtgaagtt 3480
cgagggcgac accctggtga accgcatcga gctgaagggc atcgacttca aggaggacgg 3540
caacatcctg gggcacaagc tggagtacaa ctacaacagc cacaacgtct atatcatggc 3600
cgacaagcag aagaacggca tcaaggtgaa cttcaagatc cgccacaaca tcgaggacgg 3660
cagcgtgcag ctcgccgacc actaccagca gaacaccccc atcggcgacg gccccgtgct 3720
gctgcccgac aaccactacc tgagcaccca gtccgccctg agcaaagacc ccaacgagaa 3780
gcgcgatcad atggtcctgc tggagttcgt gaccgccgcc gggatcactc tcggcatgga 3840

cgagctgtac aagtaa 3856

<210> 38

<211> 2886
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<212> DNA
<213> Artificial Sequence

<220> 
<223> AB.BTKp.GFP

<400> 38
tttcctagga gaatccctgg gggaatcatt gcagttggag cataatgtag ggggcccgga 60
tccctggggt atggcagggg ctgggcagca gcagcaatgt accttgcttg ggacccctaa 120
aaaccagaga gacagcatgg ctggtgccat ttatcagcta gtggaggagg ctgacggagg 180
gtgggagtgt catcagcaca aggccctggc agtcccttct ggtgattaga gaggccgaaa 240
gggtcctttc cgacaagggc tgagggtggg cggaacagga agagaaaaat gtgacatgag 300
gtgaccatcc gaacaggtag caaatgttag aaaggggtac ctctggcaaa cttagtggaa 360
aagtaatatt gcagggagca gtcagataaa aacaagccct tctgtcaaat agtgcttgaa 420
gactcaatag ggatacatgg gtcaatgaag cctttagaaa aagaaatact aagaggcaga 480
ttctctgaga acatggtaaa agctcacgct ccacgttatg aagttgacct ttgtgagcta 540
gggaaaggcc tggctaggcc agggtgtagg ctacctgcct tgagctgtac caggccaaat 600
gtcgccaggg tcagagctgg cttattaaag gactgtgtgg aagctgtgcc aacctcgtgg 660
taacaatggg taaaagactg ggccaggaga aagcagcctc tgcctcagcc cagacagtgc 720
ggccaaccct tgaggttgtg gcaaaggttt ctcctcttac cattgccctc catgtgcatg 780
gcttgctttt ctcttgtctt cattatttct cctttccttt cctcggatcc acgcgtgaat 840
tctttgtaaa ctccttatgg tgcgaactaa tgtaactttc catccagtta tgggggattg 900
gtgcaatttt aaattatcac tatgatttgc tatttccatt tgagcaaatt tcctatagag 960
tttcctttca gtggactaga cccatatcag gaagtgactt aggtataaag ggaagataca 1020
gctttcgaaa accaaagttt gggcgttctc caaagagtta tcagataccc ccttctacac 1080
ccacaatgat ctgattgctg agatctgatt gctaactact gaaaataagg aagaactaga 1140
attttcagtg acacagtgct cagcaagaag ctagaaaaga ggccttgaca tatttgactc 1200
caaagctact tggttatgca tgaagccatc tggggagggg aaggaggagg gagaactcct 1260
ctgaggaccc tgaaacaatt gggccacgtg tgactttcag tttctatgga gattcatgtg 1320
cagtggctga gggcaatctg agagcattgg aaacccagaa gctttaaacg cgtaggggcc 1380
cctgagaaaa cctccaggct tcaagtgaca tacctagtct gctttaccgg tttacaggac 1440
tcaagagaaa ggtggacatt gagagttaat ccctgaggcc aaatcttaaa tggagaaagt 1500
caacatccac agaaaatggg gaagggcaca agtatttctg tgggcttata ttccgacatt 1560
tttatctgta ggggaaaaat gctttcttag aaaatgactc agcacgggga agtcttgtct 1620
ctacctctgt cttgttttgt cctttggggt cccttcacta tcaagttcaa ctgtgtgtcc 1680
ctgagactcc tctgccccgg aggacaggag actcgaaaaa cgctcttcct ggccagtctc 1740
tttgctctgt gtctgccagc ccccagcatc tctcctcttt cctgtaagcc cctctccctg 1800
tgctgactgt cttcatagta ctttaggtat gttgtccctt tacctctggg aggatagctt 1860
gatgacctgt ctgctcaggc cagccccatc tagagtctca gtggccccag tcatgttgag 1920
aaaggttctt tcaaagatag actcaagata gtagtgtcag aggtcccaag caaatgaagg 1980
gcggggacag ttgagggggt ggaataggga cggcagcagg gaaccagata gcatgctgct 2040
gagaagaaaa aaagacattg gtttaggtca ggaagcaaaa aaagggaact gagtggctgt 2100
gaaagggtgg ggtttgctca gactgtcctt cctctctgga ctgtaagaat tagtctcgag 2160
gccaccatgg tgagcaaggg cgaggagctg ttcaccgggg tggtgcccat cctggtcgag 2220
ctggacggcg acgtaaacgg ccacaagttc agcgtgtccg gcgagggcga gggcgatgcc 2280
acctacggca agctgaccct gaagttcatc tgcaccaccg gcaagctgcc cgtgccctgg 2340
cccaccctcg tgaccaccct gacctacggc gtgcagtgct tcagccgcta ccccgaccac 2400
atgaagcagc acgacttctt caagtccgcc atgcccgaag gctacgtcca ggagcgcacc 2460
atcttcttca aggacgacgg caactacaag acccgcgccg aggtgaagtt cgagggcgac 2520
accctggtga accgcatcga gctgaagggc atcgacttca aggaggacgg caacatcctg 2580
gggcacaagc tggagtacaa ctacaacagc cacaacgtct atatcatggc cgacaagcag 2640
aagaacggca tcaaggtgaa cttcaagatc cgccacaaca tcgaggacgg cagcgtgcag 2700
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<212> DNA
<213> Artificial Sequence

<220>

<223> AB.BTKp.GFP

<400> 38

tttcctagga gaatccctgg gggaatcatt gcagttggag cataatgtag ggggcccgga 60
tccctggggt atggcagggg ctgggcagca gcagcaatgt accttgcttg ggacccctaa 120
aaaccagaga gacagcatgg ctggtgccat ttatcagcta gtggaggagg ctgacggagg 180
gtgggagtgt catcagcaca aggccctggc agtcccttct ggtgattaga gaggccgaaa 240
gggtcctttc cgacaagggc tgagggtggg cggaacagga agagaaaaat gtgacatgag 300
gtgaccatcc gaacaggtag caaatgttag aaaggggtac ctctggcaaa cttagtggaa 360
aagtaatatt gcagggagca gtcagataaa aacaagccct tctgtcaaat agtgcttgaa 420
gactcaatag ggatacatgg gtcaatgaag cctttagaaa aagaaatact aagaggcaga 480
ttctctgaga acatggtaaa agctcacgct ccacgttatg aagttgacct ttgtgagcta 540

gggaaaggcc tggctaggcc agggtgtagg ctacctgcct tgagctgtac caggccaaat 600
gtcgccaggg tcagagctgg cttattaaag gactgtgtgg aagctgtgcc aacctcgtgg 660
taacaatggg taaaagactg ggccaggaga aagcagcctc tgcctcagcc cagacagtgc 720
ggccaaccct tgaggttgtg gcaaaggttt ctcctcttac cattgccctc catgtgcatg 780
gcttgctttt ctcttgtctt cattatttct cctttccttt cctcggatcc acgcgtgaat 840
tctttgtaaa ctccttatgg tgcgaactaa tgtaactttc catccagtta tgggggattg 900
gtgcaatttt aaattatcac tatgatttgc tatttccatt tgagcaaatt tcctatagag 960
tttcctttca gtggactaga cccatatcag gaagtgactt aggtataaag ggaagataca 1020
gctttcgaaa accaaagttt gggcgttctc caaagagtta tcagataccc ccttctacac 1080
ccacaatgat ctgattgctg agatctgatt gctaactact gaaaataagg aagaactaga 1140
attttcagtg acacagtgct cagcaagaag ctagaaaaga ggccttgaca tatttgactc 1200
caaagctact tggttatgca tgaagccatc tggggagggg aaggaggagg gagaactcct 1260
ctgaggaccc tgaaacaatt gggccacgtg tgactttcag tttctatgga gattcatgtg 1320
cagtggctga gggcaatctg agagcattgg aaacccagaa gctttaaacg cgtaggggcc 1380
cctgagaaaa cctccaggct tcaagtgaca tacctagtct gctttaccgg tttacaggac 1440
tcaagagaaa ggtggacatt gagagttaat ccctgaggcc aaatcttaaa tggagaaagt 1500
caacatccac agaaaatggg gaagggcaca agtatttctg tgggcttata ttccgacatt 1560
tttatctgta ggggaaaaat gctttcttag aaaatgactc agcacgggga agtcttgtct 1620
ctacctctgt cttgttttgt cctttggggt cccttcacta tcaagttcaa ctgtgtgtcc 1680
ctgagactcc tctgccccgg aggacaggag actcgaaaaa cgctcttcct ggccagtctc 1740
tttgctctgt gtctgccagc ccccagcatc tctcctcttt cctgtaagcc cctctccctg 1800
tgctgactgt cttcatagta ctttaggtat gttgtccctt tacctctggg aggatagctt 1860
gatgacctgt ctgctcaggc cagccccatc tagagtctca gtggccccag tcatgttgag 1920
aaaggttctt tcaaagatag actcaagata gtagtgtcag aggtcccaag caaatgaagg 1980
gcggggacag ttgagggggt ggaataggga cggcagcagg gaaccagata gcatgctgct 2040
gagaagaaaa aaagacattg gtttaggtca ggaagcaaaa aaagggaact gagtggctgt 2100
gaaagggtgg ggtttgctca gactgtcctt cctctctgga ctgtaagaat tagtctcgag 2160
gccaccatgg tgagcaaggg cgaggagctg ttcaccgggg tggtgcccat cctggtcgag 2220
ctggacggcg acgtaaacgg ccacaagttc agcgtgtccg gcgagggcga gggcgatgcc 2280
acctacggca agctgaccct gaagttcatc tgcaccaccg gcaagctgcc cgtgccctgg 2340
cccaccctcg tgaccaccct gacctacggc gtgcagtgct tcagccgcta ccccgaccac 2400
atgaagcagc acgacttctt caagtccgcc atgcccgaag gctacgtcca ggagcgcacc 2460
atcttcttca aggacgacgg caactacaag acccgcgccg aggtgaagtt cgagggcgac 2520
accctggtga accgcatcga gctgaagggc atcgacttca aggaggacgg caacatcctg 2580
gggcacaagc tggagtacaa ctacaacago cacaacgtct atatcatggc cgacaagcag 2640
aagaacggca tcaaggtgaa cttcaagatc cgccacaaca tcgaggacgg cagcgtgcag 2700
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ctcgccgacc actaccagca gaacaccccc atcggcgacg gccccgtgct gctgcccgac 2760
aaccactacc tgagcaccca gtccgccctg agcaaagacc ccaacgagaa gcgcgatcac 2820
atggtcctgc tggagttcgt gaccgccgcc gggatcactc tcggcatgga cgagctgtac 2880
aagtaa                                                            2886

<210> 39
<211> 2349
<212> DNA
<213> Artificial Sequence

<220> 
<223> A.BTKp.GFP

<400> 39
tttcctagga gaatccctgg gggaatcatt gcagttggag cataatgtag ggggcccgga 60
tccctggggt atggcagggg ctgggcagca gcagcaatgt accttgcttg ggacccctaa 120
aaaccagaga gacagcatgg ctggtgccat ttatcagcta gtggaggagg ctgacggagg 180
gtgggagtgt catcagcaca aggccctggc agtcccttct ggtgattaga gaggccgaaa 240
gggtcctttc cgacaagggc tgagggtggg cggaacagga agagaaaaat gtgacatgag 300
gtgaccatcc gaacaggtag caaatgttag aaaggggtac ctctggcaaa cttagtggaa 360
aagtaatatt gcagggagca gtcagataaa aacaagccct tctgtcaaat agtgcttgaa 420
gactcaatag ggatacatgg gtcaatgaag cctttagaaa aagaaatact aagaggcaga 480
ttctctgaga acatggtaaa agctcacgct ccacgttatg aagttgacct ttgtgagcta 540
gggaaaggcc tggctaggcc agggtgtagg ctacctgcct tgagctgtac caggccaaat 600
gtcgccaggg tcagagctgg cttattaaag gactgtgtgg aagctgtgcc aacctcgtgg 660
taacaatggg taaaagactg ggccaggaga aagcagcctc tgcctcagcc cagacagtgc 720
ggccaaccct tgaggttgtg gcaaaggttt ctcctcttac cattgccctc catgtgcatg 780
gcttgctttt ctcttgtctt cattatttct cctttccttt cctcggatcc acgcgtaggg 840
gcccctgaga aaacctccag gcttcaagtg acatacctag tctgctttac cggtttacag 900
gactcaagag aaaggtggac attgagagtt aatccctgag gccaaatctt aaatggagaa 960
agtcaacatc cacagaaaat ggggaagggc acaagtattt ctgtgggctt atattccgac 1020
atttttatct gtaggggaaa aatgctttct tagaaaatga ctcagcacgg ggaagtcttg 1080
tctctacctc tgtcttgttt tgtcctttgg ggtcccttca ctatcaagtt caactgtgtg 1140
tccctgagac tcctctgccc cggaggacag gagactcgaa aaacgctctt cctggccagt 1200
ctctttgctc tgtgtctgcc agcccccagc atctctcctc tttcctgtaa gcccctctcc 1260
ctgtgctgac tgtcttcata gtactttagg tatgttgtcc ctttacctct gggaggatag 1320
cttgatgacc tgtctgctca ggccagcccc atctagagtc tcagtggccc cagtcatgtt 1380
gagaaaggtt ctttcaaaga tagactcaag atagtagtgt cagaggtccc aagcaaatga 1440
agggcgggga cagttgaggg ggtggaatag ggacggcagc agggaaccag atagcatgct 1500
gctgagaaga aaaaaagaca ttggtttagg tcaggaagca aaaaaaggga actgagtggc 1560
tgtgaaaggg tggggtttgc tcagactgtc cttcctctct ggactgtaag aattagtctc 1620
gaggccacca tggtgagcaa gggcgaggag ctgttcaccg gggtggtgcc catcctggtc 1680
gagctggacg gcgacgtaaa cggccacaag ttcagcgtgt ccggcgaggg cgagggcgat 1740
gccacctacg gcaagctgac cctgaagttc atctgcacca ccggcaagct gcccgtgccc 1800
tggcccaccc tcgtgaccac cctgacctac ggcgtgcagt gcttcagccg ctaccccgac 1860
cacatgaagc agcacgactt cttcaagtcc gccatgcccg aaggctacgt ccaggagcgc 1920
accatcttct tcaaggacga cggcaactac aagacccgcg ccgaggtgaa gttcgagggc 1980
gacaccctgg tgaaccgcat cgagctgaag ggcatcgact tcaaggagga cggcaacatc 2040
ctggggcaca agctggagta caactacaac agccacaacg tctatatcat ggccgacaag 2100
cagaagaacg gcatcaaggt gaacttcaag atccgccaca acatcgagga cggcagcgtg 2160
cagctcgccg accactacca gcagaacacc cccatcggcg acggccccgt gctgctgccc 2220
gacaaccact acctgagcac ccagtccgcc ctgagcaaag accccaacga gaagcgcgat 2280
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ctcgccgacc actaccagca gaacaccccc atcggcgacg gccccgtgct gctgcccgac 2760
aaccactacc tgagcaccca gtccgccctg agcaaagacc ccaacgagaa gcgcgatcad 2820
atggtcctgc tggagttcgt gaccgccgcc gggatcactc tcggcatgga cgagctgtac 2880
aagtaa 2886

<210> 39

<211> 2349

<212> DNA
<213> Artificial Sequence

<220>

<223> A.BTKp.GFF

<400> 39

tttcctagga gaatccctgg gggaatcatt gcagttggag cataatgtag ggggcccgga 60
tccctggggt atggcagggg ctgggcagca gcagcaatgt accttgcttg ggacccctaa 120
aaaccagaga gacagcatgg ctggtgccat ttatcagcta gtggaggagg ctgacggagg 180
gtgggagtgt catcagcaca aggccctggc agtcccttct ggtgattaga gaggccgaaa 240
gggtcctttc cgacaagggc tgagggtggg cggaacagga agagaaaaat gtgacatgag 300
gtgaccatcc gaacaggtag caaatgttag aaaggggtac ctctggcaaa cttagtggaa 360
aagtaatatt gcagggagca gtcagataaa aacaagccct tctgtcaaat agtgcttgaa 420
gactcaatag ggatacatgg gtcaatgaag cctttagaaa aagaaatact aagaggcaga 480
ttctctgaga acatggtaaa agctcacgct ccacgttatg aagttgacct ttgtgagcta 540
gggaaaggcc tggctaggcc agggtgtagg ctacctgcct tgagctgtac caggccaaat 600
gtcgccaggg tcagagctgg cttattaaag gactgtgtgg aagctgtgcc aacctcgtgg 660
taacaatggg taaaagactg ggccaggaga aagcagcctc tgcctcagcc cagacagtgc 720
ggccaaccct tgaggttgtg gcaaaggttt ctcctcttac cattgccctc catgtgcatg 780
gcttgctttt ctcttgtctt cattatttct cctttccttt cctcggatco acgcgtaggg 840
gcccctgaga aaacctccag gcttcaagtg acatacctag tctgctttac cggtttacag 900
gactcaagag aaaggtggad attgagagtt aatccctgag gccaaatctt aaatggagaa 960
agtcaacatc cacagaaaat ggggaagggc acaagtattt ctgtgggctt atattccgad 1020
atttttatct gtaggggaaa aatgctttct tagaaaatga ctcagcacgg ggaagtcttg 1080
tctctacctc tgtcttgttt tgtcctttgg ggtcccttca ctatcaagtt caactgtgtg 1140
tccctgagac tcctctgccc cggaggacag gagactcgaa aaacgctctt cctggccagt 1200
ctctttgctc tgtgtctgcc agcccccagc atctctcctc tttcctgtaa gccccctctco 1260

ctgtgctgac tgtcttcata gtactttagg tatgttgtcc ctttacctct gggaggatag 1320
cttgatgacc tgtctgctca ggccagcccc atctagagtc tcagtggccc cagtcatgtt 1380
gagaaaggtt ctttcaaaga tagactcaag atagtagtgt cagaggtccc aagcaaatga 1440
agggcgggga cagttgaggg ggtggaatag ggacggcago agggaaccag atagcatgct 1500
gctgagaaga aaaaaagaca ttggtttagg tcaggaagca aaaaaaggga actgagtggc 1560
tgtgaaaggg tggggtttgc tcagactgtc cttcctctct ggactgtaag aattagtctc 1620
gaggccacca tggtgagcaa gggcgaggag ctgttcaccg gggtggtgcc catcctggtc 1680
gagctggacg gcgacgtaaa cggccacaag ttcagcgtgt ccggcgaggg cgagggcgat 1740
gccacctacg gcaagctgac cctgaagttc atctgcacca ccggcaagct gcccgtgccc 1800
tggcccaccc tcgtgaccac cctgacctac ggcgtgcagt gcttcagccg ctaccccgac 1860
cacatgaage agcacgactt cttcaagtcc gccatgcccg aaggctacgt ccaggagcgc 1920
accatcttct tcaaggacga cggcaactac aagacccgcg ccgaggtgaa gttcgagggc 1980
gacaccctgg tgaaccgcat cgagctgaag ggcatcgact tcaaggagga cggcaacato 2040
ctggggcaca agctggagta caactacaac agccacaacg tctatatcat ggccgacaag 2100
cagaagaacg gcatcaaggt gaacttcaag atccgccaca acatcgagga cggcagcgtg 2160
cagctcgccg accactacca gcagaacacc cccatcggcg acggccccgt gctgctgccc 2220
gacaaccact acctgagcad ccagtccgcc ctgagcaaag accccaacga gaagcgcgat 2280
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cacatggtcc tgctggagtt cgtgaccgcc gccgggatca ctctcggcat ggacgagctg 2340
tacaagtaa                                                         2349

<210> 40
<211> 2119
<212> DNA
<213> Artificial Sequence

<220> 
<223> B.BTKp.GFP

<400> 40
tttcctagga gaatccctgg gggaatcatt gcagttggag cataatgtag ggggcccgga 60
tccacgcgtg aattctttgt aaactcctta tggtgcgaac taatgtaact ttccatccag 120
ttatggggga ttggtgcaat tttaaattat cactatgatt tgctatttcc atttgagcaa 180
atttcctata gagtttcctt tcagtggact agacccatat caggaagtga cttaggtata 240
aagggaagat acagctttcg aaaaccaaag tttgggcgtt ctccaaagag ttatcagata 300
cccccttcta cacccacaat gatctgattg ctgagatctg attgctaact actgaaaata 360
aggaagaact agaattttca gtgacacagt gctcagcaag aagctagaaa agaggccttg 420
acatatttga ctccaaagct acttggttat gcatgaagcc atctggggag gggaaggagg 480
agggagaact cctctgagga ccctgaaaca attgggccac gtgtgacttt cagtttctat 540
ggagattcat gtgcagtggc tgagggcaat ctgagagcat tggaaaccca gaagctttaa 600
acgcgtaggg gcccctgaga aaacctccag gcttcaagtg acatacctag tctgctttac 660
cggtttacag gactcaagag aaaggtggac attgagagtt aatccctgag gccaaatctt 720
aaatggagaa agtcaacatc cacagaaaat ggggaagggc acaagtattt ctgtgggctt 780
atattccgac atttttatct gtaggggaaa aatgctttct tagaaaatga ctcagcacgg 840
ggaagtcttg tctctacctc tgtcttgttt tgtcctttgg ggtcccttca ctatcaagtt 900
caactgtgtg tccctgagac tcctctgccc cggaggacag gagactcgaa aaacgctctt 960
cctggccagt ctctttgctc tgtgtctgcc agcccccagc atctctcctc tttcctgtaa 1020
gcccctctcc ctgtgctgac tgtcttcata gtactttagg tatgttgtcc ctttacctct 1080
gggaggatag cttgatgacc tgtctgctca ggccagcccc atctagagtc tcagtggccc 1140
cagtcatgtt gagaaaggtt ctttcaaaga tagactcaag atagtagtgt cagaggtccc 1200
aagcaaatga agggcgggga cagttgaggg ggtggaatag ggacggcagc agggaaccag 1260
atagcatgct gctgagaaga aaaaaagaca ttggtttagg tcaggaagca aaaaaaggga 1320
actgagtggc tgtgaaaggg tggggtttgc tcagactgtc cttcctctct ggactgtaag 1380
aattagtctc gaggccacca tggtgagcaa gggcgaggag ctgttcaccg gggtggtgcc 1440
catcctggtc gagctggacg gcgacgtaaa cggccacaag ttcagcgtgt ccggcgaggg 1500
cgagggcgat gccacctacg gcaagctgac cctgaagttc atctgcacca ccggcaagct 1560
gcccgtgccc tggcccaccc tcgtgaccac cctgacctac ggcgtgcagt gcttcagccg 1620
ctaccccgac cacatgaagc agcacgactt cttcaagtcc gccatgcccg aaggctacgt 1680
ccaggagcgc accatcttct tcaaggacga cggcaactac aagacccgcg ccgaggtgaa 1740
gttcgagggc gacaccctgg tgaaccgcat cgagctgaag ggcatcgact tcaaggagga 1800
cggcaacatc ctggggcaca agctggagta caactacaac agccacaacg tctatatcat 1860
ggccgacaag cagaagaacg gcatcaaggt gaacttcaag atccgccaca acatcgagga 1920
cggcagcgtg cagctcgccg accactacca gcagaacacc cccatcggcg acggccccgt 1980
gctgctgccc gacaaccact acctgagcac ccagtccgcc ctgagcaaag accccaacga 2040
gaagcgcgat cacatggtcc tgctggagtt cgtgaccgcc gccgggatca ctctcggcat 2100
ggacgagctg tacaagtaa                                              2119

<210> 41
<211> 4809
<212> DNA
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cacatggtcc tgctggagtt cgtgaccgcc gccgggatca ctctcggcat ggacgagctg 2340
tacaagtaa 2349

<210> 40

<211> 2119

<212> DNA
<213> Artificial Sequence

<220>

<223> B.BTKp.GFF

<400> 40

tttcctagga gaatccctgg gggaatcatt gcagttggag cataatgtag ggggcccgga 60
tccacgcgtg aattctttgt aaactcctta tggtgcgaac taatgtaact ttccatccag 120
ttatggggga ttggtgcaat tttaaattat cactatgatt tgctatttcc atttgagcaa 180
atttcctata gagtttcctt tcagtggact agacccatat caggaagtga cttaggtata 240
aagggaagat acagctttcg aaaaccaaag tttgggcgtt ctccaaagag ttatcagata 300
cccccttcta cacccacaat gatctgattg ctgagatctg attgctaact actgaaaata 360
aggaagaact agaattttca gtgacacagt gctcagcaag aagctagaaa agaggccttg 420
acatatttga ctccaaagct acttggttat gcatgaagcc atctggggag gggaaggagg 480
agggagaact cctctgagga ccctgaaaca attgggccac gtgtgacttt cagtttctat 540
ggagattcat gtgcagtggc tgagggcaat ctgagagcat tggaaaccca gaagctttaa 600
acgcgtaggg gcccctgaga aaacctccag gcttcaagtg acatacctag tctgctttac 660
cggtttacag gactcaagag aaaggtggad attgagagtt aatccctgag gccaaatctt 720
aaatggagaa agtcaacatc cacagaaaat ggggaagggc acaagtattt ctgtgggctt 780
atattccgac atttttatct gtaggggaaa aatgctttct tagaaaatga ctcagcacgg 840
ggaagtcttg tctctacctc tgtcttgttt tgtcctttgg ggtcccttca ctatcaagtt 900
caactgtgtg tccctgagac tcctctgccc cggaggacag gagactcgaa aaacgctctt 960
cctggccagt ctctttgctc tgtgtctgcc agcccccago atctctcctc tttcctgtaa 1020
gcccctctcc ctgtgctgac tgtcttcata gtactttagg tatgttgtcc ctttacctct 1080
gggaggatag cttgatgacc tgtctgctca ggccagcccc atctagagto tcagtggccc 1140
cagtcatgtt gagaaaggtt ctttcaaaga tagactcaag atagtagtgt cagaggtcco 1200
aagcaaatga agggcgggga cagttgaggg ggtggaatag ggacggcagc agggaaccag 1260
atagcatgct gctgagaaga aaaaaagaca ttggtttagg tcaggaagca aaaaaaggga 1320
actgagtggc tgtgaaaggg tggggtttgc tcagactgtc cttcctctct ggactgtaag 1380
aattagtctc gaggccacca tggtgagcaa gggcgaggag ctgttcaccg gggtggtgcc 1440
catcctggtc gagctggacg gcgacgtaaa cggccacaag ttcagcgtgt ccggcgaggg 1500
cgagggcgat gccacctacg gcaagctgac cctgaagttc atctgcacca ccggcaagct 1560
gcccgtgccc tggcccaccc tcgtgaccac cctgacctac ggcgtgcagt gcttcagccg 1620
ctaccccgac cacatgaage agcacgactt cttcaagtcc gccatgcccg aaggctacgt 1680
ccaggagcgc accatcttct tcaaggacga cggcaactac aagacccgcg ccgaggtgaa 1740
gttcgagggc gacaccctgg tgaaccgcat cgagctgaag ggcatcgact tcaaggagga 1800
cggcaacatc ctggggcaca agctggagta caactacaac agccacaacg tctatatcat 1860
ggccgacaag cagaagaacg gcatcaaggt gaacttcaag atccgccaca acatcgagga 1920
cggcagcgtg cagctcgccg accactacca gcagaacacc cccatcggcg acggccccgt 1980
gctgctgccc gacaaccact acctgagcad ccagtccgcc ctgagcaaag accccaacga 2040
gaagcgcgat cacatggtcc tgctggagtt cgtgaccgcc gccgggatca ctctcggcat 2100

ggacgagctg tacaagtaa 2119

<210> 41

<211> 4809

<212> DNA
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<213> Artificial Sequence

<220> 
<223> 0.7UCOE.AB.BTKp.coBTK

<400> 41
tttcctagga gaatccctgg gggaatcatt gcagttggag cataatgtag ggggccgcgt 60
gtggcatctg aagcaccacc agcgagcgag agctagagag aaggaaagcc accgacttca 120
ccgcctccga gctgctccgg gtcgcgggtc tgcagcgtct ccggccctcc gcgcctacag 180
ctcaagccac atccgaaggg ggagggagcc gggagctgcg cgcggggccg ccggggggag 240
gggtggcacc gcccacgccg ggcggccacg aagggcgggg cagcgggcgc gcgcccggcg 300
gggggagggg ccgcgcgccg cgcccgctgg gaattggggc cctaggggga gggcggaggc 360
gccgacgacc gcggcactta ccgttcgcgg cgtggcgccc ggtggtcccc aaggggaggg 420
aagggggagg cggggcgagg acagtgaccg gagtctcctc agcggtggct tttctgcttg 480
gcagcctcag cggctggcgc caaaaccgga ctccgcccac ttcctcgccc ctgcggtgcg 540
agggtgtgga atcctccaga cgctggggga gggggagttg ggagcttaaa aactagtacc 600
cctttgggac cactttcagc agcgaactct cctgtacacc aggggtcagt tccacagacg 660
cgggccaggg gtgggtcatt gcggcgtgaa caataatttg actagaagtt gattcgggtg 720
tttgcggccc tggggtatgg caggggctgg gcagcagcag caatgtacct tgcttgggac 780
ccctaaaaac cagagagaca gcatggctgg tgccatttat cagctagtgg aggaggctga 840
cggagggtgg gagtgtcatc agcacaaggc cctggcagtc ccttctggtg attagagagg 900
ccgaaagggt cctttccgac aagggctgag ggtgggcgga acaggaagag aaaaatgtga 960
catgaggtga ccatccgaac aggtagcaaa tgttagaaag gggtacctct ggcaaactta 1020
gtggaaaagt aatattgcag ggagcagtca gataaaaaca agcccttctg tcaaatagtg 1080
cttgaagact caatagggat acatgggtca atgaagcctt tagaaaaaga aatactaaga 1140
ggcagattct ctgagaacat ggtaaaagct cacgctccac gttatgaagt tgacctttgt 1200
gagctaggga aaggcctggc taggccaggg tgtaggctac ctgccttgag ctgtaccagg 1260
ccaaatgtcg ccagggtcag agctggctta ttaaaggact gtgtggaagc tgtgccaacc 1320
tcgtggtaac aatgggtaaa agactgggcc aggagaaagc agcctctgcc tcagcccaga 1380
cagtgcggcc aacccttgag gttgtggcaa aggtttctcc tcttaccatt gccctccatg 1440
tgcatggctt gcttttctct tgtcttcatt atttctcctt tcctttcctc ggatccacgc 1500
gtgaattctt tgtaaactcc ttatggtgcg aactaatgta actttccatc cagttatggg 1560
ggattggtgc aattttaaat tatcactatg atttgctatt tccatttgag caaatttcct 1620
atagagtttc ctttcagtgg actagaccca tatcaggaag tgacttaggt ataaagggaa 1680
gatacagctt tcgaaaacca aagtttgggc gttctccaaa gagttatcag ataccccctt 1740
ctacacccac aatgatctga ttgctgagat ctgattgcta actactgaaa ataaggaaga 1800
actagaattt tcagtgacac agtgctcagc aagaagctag aaaagaggcc ttgacatatt 1860
tgactccaaa gctacttggt tatgcatgaa gccatctggg gaggggaagg aggagggaga 1920
actcctctga ggaccctgaa acaattgggc cacgtgtgac tttcagtttc tatggagatt 1980
catgtgcagt ggctgagggc aatctgagag cattggaaac ccagaagctt taaggcccct 2040
gagaaaacct ccaggcttca agtgacatac ctagtctgct ttaccggttt acaggactca 2100
agagaaaggt ggacattgag agttaatccc tgaggccaaa tcttaaatgg agaaagtcaa 2160
catccacaga aaatggggaa gggcacaagt atttctgtgg gcttatattc cgacattttt 2220
atctgtaggg gaaaaatgct ttcttagaaa atgactcagc acggggaagt cttgtctcta 2280
cctctgtctt gttttgtcct ttggggtccc ttcactatca agttcaactg tgtgtccctg 2340
agactcctct gccccggagg acaggagact cgaaaaacgc tcttcctggc cagtctcttt 2400
gctctgtgtc tgccagcccc cagcatctct cctctttcct gtaagcccct ctccctgtgc 2460
tgactgtctt catagtactt taggtatgtt gtccctttac ctctgggagg atagcttgat 2520
gacctgtctg ctcaggccag ccccatctag agtctcagtg gccccagtca tgttgagaaa 2580
ggttctttca aagatagact caagatagta gtgtcagagg tcccaagcaa atgaagggcg 2640
gggacagttg agggggtgga atagggacgg cagcagggaa ccagatagca tgctgctgag 2700
aagaaaaaaa gacattggtt taggtcagga agcaaaaaaa gggaactgag tggctgtgaa 2760
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<213> Artificial Sequence

<220>

<223> 0.7UCOE.AB.BTKp.coBT

<400> 41

tttcctagga gaatccctgg gggaatcatt gcagttggag cataatgtag ggggccgcgt 60
gtggcatctg aagcaccacc agcgagcgag agctagagag aaggaaagcc accgacttca 120
ccgcctccga gctgctccgg gtcgcgggtc tgcagcgtct ccggccctcc gcgcctacag 180
ctcaagcccac atccgaaggg ggagggagcc gggagctgcg cgcggggccg ccggggggag 240

gggtggcacc gcccacgccg ggcggccacg aagggcgggg cagcgggcgc gcgcccggcg 300
gggggagggg ccgcgcgccg cgcccgctgg gaattggggc cctaggggga gggcggaggc 360
gccgacgaco gcggcactta ccgttcgcgg cgtggcgccc ggtggtcccc aaggggaggg 420
aagggggagg cggggcgagg acagtgaccg gagtctcctc agcggtggct tttctgcttg 480
gcagcctcag cggctggcgc caaaaccgga ctccgcccac ttcctcgccc ctgcggtgcg 540
agggtgtgga atcctccaga cgctggggga gggggagttg ggagcttaaa aactagtacc 600
cctttgggac cactttcagc agcgaactct cctgtacacc aggggtcagt tccacagacg 660
cgggccaggg gtgggtcatt gcggcgtgaa caataatttg actagaagtt gattcgggtg 720
tttgcggccc tggggtatgg caggggctgg gcagcagcag caatgtacct tgcttgggac 780
ccctaaaaac cagagagaca gcatggctgg tgccatttat cagctagtgg aggaggctga 840
cggagggtgg gagtgtcatc agcacaaggc cctggcagtc ccttctggtg attagagagg 900
ccgaaagggt cctttccgac aagggctgag ggtgggcgga acaggaagag aaaaatgtga 960
catgaggtga ccatccgaac aggtagcaaa tgttagaaag gggtacctct ggcaaactta 1020
gtggaaaagt aatattgcag ggagcagtca gataaaaaca agcccttctg tcaaatagtg 1080
cttgaagact caatagggat acatgggtca atgaagcctt tagaaaaaga aatactaaga 1140
ggcagattct ctgagaacat ggtaaaagct cacgctccac gttatgaagt tgacctttgt 1200
gagctaggga aaggcctggc taggccaggg tgtaggctac ctgccttgag ctgtaccagg 1260
ccaaatgtcg ccagggtcag agctggctta ttaaaggact gtgtggaagc tgtgccaacc 1320
tcgtggtaac aatgggtaaa agactgggcc aggagaaage agcctctgcc tcagcccaga 1380
cagtgcggcc aacccttgag gttgtggcaa aggtttctcc tcttaccatt gccctccatg 1440
tgcatggctt gcttttctct tgtcttcatt atttctcctt tcctttcctc ggatccacgc 1500
gtgaattctt tgtaaactcc ttatggtgcg aactaatgta actttccatc cagttatggg 1560
ggattggtgc aattttaaat tatcactatg atttgctatt tccatttgag caaatttcct 1620
atagagtttc ctttcagtgg actagaccca tatcaggaag tgacttaggt ataaagggaa 1680
gatacagctt tcgaaaacca aagtttgggc gttctccaaa gagttatcag ataccccctt 1740
ctacacccac aatgatctga ttgctgagat ctgattgcta actactgaaa ataaggaaga 1800

actagaattt tcagtgacac agtgctcagc aagaagctag aaaagaggcc ttgacatatt 1860
tgactccaaa gctacttggt tatgcatgaa gccatctggg gaggggaagg aggagggaga 1920
actcctctga ggaccctgaa acaattgggc cacgtgtgac tttcagtttc tatggagatt 1980
catgtgcagt ggctgagggc aatctgagag cattggaaac ccagaagctt taaggcccct 2040
gagaaaacct ccaggcttca agtgacatac ctagtctgct ttaccggttt acaggactca 2100
agagaaaggt ggacattgag agttaatccc tgaggccaaa tcttaaatgg agaaagtcaa 2160
catccacaga aaatggggaa gggcacaagt atttctgtgg gcttatattc cgacattttt 2220
atctgtaggg gaaaaatgct ttcttagaaa atgactcagc acggggaagt cttgtctcta 2280
cctctgtctt gttttgtcct ttggggtccc ttcactatca agttcaactg tgtgtccctg 2340
agactcctct gccccggagg acaggagact cgaaaaacgc tcttcctggc cagtctcttt 2400
gctctgtgtc tgccagcccc cagcatctct cctctttcct gtaagcccct ctccctgtgc 2460
tgactgtctt catagtactt taggtatgtt gtccctttac ctctgggagg atagcttgat 2520
gacctgtctg ctcaggccag ccccatctag agtctcagtg gccccagtca tgttgagaaa 2580
ggttctttca aagatagact caagatagta gtgtcagagg tcccaagcaa atgaagggcg 2640
gggacagttg agggggtgga atagggacgg cagcagggaa ccagatagca tgctgctgag 2700
aagaaaaaaa gacattggtt taggtcagga agcaaaaaaa gggaactgag tggctgtgaa 2760
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agggtggggt ttgctcagac tgtccttcct ctctggactg taagaattag tctcgagaaa 2820
gaagccacca tggccgctgt gatcctggag agcattttcc tgaagaggtc ccagcagaaa 2880
aagaaaacct ctcccctgaa ctttaagaaa agactgttcc tgctgacagt gcacaagctg 2940
tcttactatg agtacgactt tgagcggggc cgccgaggat caaaaaaggg gagcatcgat 3000
gtggagaaga ttacatgcgt ggagaccgtg gtccctgaaa agaatccacc ccctgagagg 3060
cagatcccaa gacggggcga ggagtcctct gagatggagc agattagtat cattgagcgc 3120
ttcccctatc cttttcaggt ggtgtacgac gagggaccac tgtatgtgtt ctcacccaca 3180
gaggagctga gaaagaggtg gattcaccag ctgaagaacg tgattagata caatagcgat 3240
ctggtgcaga agtatcaccc ttgtttttgg atcgacgggc agtacctgtg ctgttcccag 3300
acagctaaga acgctatggg atgccagatt ctggaaaatc ggaacggatc tctgaaacca 3360
gggagttcac accgcaagac caaaaagccc ctgcctccaa cacccgagga ggatcagatc 3420
ctgaaaaagc ctctgccacc cgagcctgct gcagccccag tcagcacttc cgaactgaaa 3480
aaggtggtgg ctctgtatga ctacatgccc atgaatgcta acgatctgca gctgagaaag 3540
ggcgacgagt atttcattct ggaagagtct aatctgcctt ggtggagggc cagagataag 3600
aacggacagg aggggtacat cccatctaat tatgtgaccg aggctgagga ctctattgag 3660
atgtacgagt ggtatagcaa gcacatgaca cggtcccagg ctgagcagct gctgaagcag 3720
gagggcaaag agggagggtt tatcgtgcgc gattctagta aggccggcaa atacactgtg 3780
tcagtgttcg ctaagagcac cggagacccc cagggcgtga tcagacacta tgtggtgtgt 3840
tccacacctc agtctcagta ctatctggct gagaagcacc tgtttagtac aatcccagag 3900
ctgattaact accaccagca caattctgcc ggcctgatca gcaggctgaa gtatcccgtc 3960
tcccagcaga acaaaaatgc tccttctacc gctggactgg ggtacggcag ttgggagatt 4020
gatccaaagg acctgacatt cctgaaggag ctgggaactg ggcagtttgg cgtggtgaag 4080
tatggaaaat ggagagggca gtacgatgtg gccatcaaga tgatcaagga gggctcaatg 4140
agcgaggacg agttcatcga ggaggctaag gtcatgatga acctgtccca cgagaaactg 4200
gtgcagctgt atggagtgtg caccaagcag cggcccattt ttatcattac agagtacatg 4260
gctaatgggt gtctgctgaa ctatctgcgc gagatgagac acagattcca gacacagcag 4320
ctgctggaaa tgtgcaagga tgtgtgtgag gctatggagt acctggagtc taagcagttt 4380
ctgcaccggg acctggctgc tcgcaattgc ctggtgaacg atcagggcgt ggtgaaggtg 4440
agtgacttcg gactgtcaag gtatgtgctg gatgacgagt acaccagctc cgtgggctct 4500
aagtttcctg tgagatggtc tccacccgag gtgctgatgt atagcaagtt ctcctctaag 4560
agcgatatct gggcctttgg cgtgctgatg tgggaaatct acagcctggg caagatgcct 4620
tacgagcggt tcacaaattc cgagacagct gagcacatcg cccagggcct gcgcctgtac 4680
cggccacatc tggcctctga gaaggtgtac accatcatgt acagctgttg gcacgagaag 4740
gccgacgaga gacccacatt caagatcctg ctgtccaaca ttctagatgt gatggacgag 4800
gagagctga                                                         4809

<210> 42
<211> 4136
<212> DNA
<213> Artificial Sequence

<220> 
<223> AB.BTKp.coBTK

<400> 42
tttcctagga gaatccctgg gggaatcatt gcagttggag cataatgtag ggggccctgg 60
ggtatggcag gggctgggca gcagcagcaa tgtaccttgc ttgggacccc taaaaaccag 120
agagacagca tggctggtgc catttatcag ctagtggagg aggctgacgg agggtgggag 180
tgtcatcagc acaaggccct ggcagtccct tctggtgatt agagaggccg aaagggtcct 240
ttccgacaag ggctgagggt gggcggaaca ggaagagaaa aatgtgacat gaggtgacca 300
tccgaacagg tagcaaatgt tagaaagggg tacctctggc aaacttagtg gaaaagtaat 360
attgcaggga gcagtcagat aaaaacaagc ccttctgtca aatagtgctt gaagactcaa 420
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agggtggggt ttgctcagac tgtccttcct ctctggactg taagaattag tctcgagaaa 2820
gaagccacca tggccgctgt gatcctggag agcattttcc tgaagaggtc ccagcagaaa 2880
aagaaaacct ctcccctgaa ctttaagaaa agactgttcc tgctgacagt gcacaagctg 2940
tcttactatg agtacgactt tgagcggggc cgccgaggat caaaaaaggg gagcatcgat 3000

gtggagaaga ttacatgcgt ggagaccgtg gtccctgaaa agaatccacc ccctgagagg 3060
cagatcccaa gacggggcga ggagtcctct gagatggagc agattagtat cattgagcgc 3120
ttcccctatc cttttcaggt ggtgtacgad gagggaccac tgtatgtgtt ctcacccaca 3180
gaggagctga gaaagaggtg gattcaccag ctgaagaacg tgattagata caatagcgat 3240
ctggtgcaga agtatcaccc ttgtttttgg atcgacgggc agtacctgtg ctgttcccag 3300
acagctaaga acgctatggg atgccagatt ctggaaaatc ggaacggatc tctgaaacca 3360
gggagttcac accgcaagao caaaaagccc ctgcctccaa cacccgagga ggatcagato 3420
ctgaaaaago ctctgccacc cgagcctgct gcagccccag tcagcactto cgaactgaaa 3480
aaggtggtgg ctctgtatga ctacatgccc atgaatgcta acgatctgca gctgagaaag 3540
ggcgacgagt atttcattct ggaagagtct aatctgcctt ggtggagggc cagagataag 3600
aacggacagg aggggtacat cccatctaat tatgtgaccg aggctgagga ctctattgag 3660
atgtacgagt ggtatagcaa gcacatgaca cggtcccagg ctgagcagct gctgaagcag 3720
gagggcaaag agggagggtt tatcgtgcgc gattctagta aggccggcaa atacactgtg 3780
tcagtgttcg ctaagagcad cggagacccc cagggcgtga tcagacacta tgtggtgtgt 3840
tccacacctc agtctcagta ctatctggct gagaagcacc tgtttagtac aatcccagag 3900
ctgattaact accaccagca caattctgcc ggcctgatca gcaggctgaa gtatcccgtc 3960
tcccagcaga acaaaaatgc tccttctacc gctggactgg ggtacggcag ttgggagatt 4020
gatccaaagg acctgacatt cctgaaggag ctgggaactg ggcagtttgg cgtggtgaag 4080
tatggaaaat ggagagggca gtacgatgtg gccatcaaga tgatcaagga gggctcaatg 4140
agcgaggacg agttcatcga ggaggctaag gtcatgatga acctgtccca cgagaaactg 4200
gtgcagctgt atggagtgtg caccaagcag cggcccattt ttatcattac agagtacatg 4260
gctaatgggt gtctgctgaa ctatctgcgc gagatgagac acagattcca gacacagcag 4320
ctgctggaaa tgtgcaagga tgtgtgtgag gctatggagt acctggagtc taagcagttt 4380
ctgcaccggg acctggctgc tcgcaattgc ctggtgaacg atcagggcgt ggtgaaggtg 4440
agtgacttcg gactgtcaag gtatgtgctg gatgacgagt acaccagctc cgtgggctct 4500
aagtttcctg tgagatggtc tccacccgag gtgctgatgt atagcaagtt ctcctctaag 4560
agcgatatct gggcctttgg cgtgctgatg tgggaaatct acagcctggg caagatgcct 4620
tacgagcggt tcacaaattc cgagacagct gagcacatcg cccagggcct gcgcctgtac 4680
cggccacatc tggcctctga gaaggtgtac accatcatgt acagctgttg gcacgagaag 4740
gccgacgaga gacccacatt caagatcctg ctgtccaaca ttctagatgt gatggacgag 4800
gagagctga 4809

<210> 42

<211> 4136

<212> DNA

<213> Artificial Sequence

<220>

<223> AB.BTKp. COBTK

<400> 42

tttcctagga gaatccctgg gggaatcatt gcagttggag cataatgtag ggggccctgg 60
ggtatggcag gggctgggca gcagcagcaa tgtaccttgc ttgggacccc taaaaaccag 120
agagacagca tggctggtgc catttatcag ctagtggagg aggctgacgg agggtgggag 180
tgtcatcagc acaaggccct ggcagtccct tctggtgatt agagaggccg aaagggtcct 240
ttccgacaag ggctgagggt gggcggaaca ggaagagaaa aatgtgacat gaggtgacca 300
tccgaacagg tagcaaatgt tagaaagggg tacctctggc aaacttagtg gaaaagtaat 360
attgcaggga gcagtcagat aaaaacaagc ccttctgtca aatagtgctt gaagactcaa 420
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tagggataca tgggtcaatg aagcctttag aaaaagaaat actaagaggc agattctctg 480
agaacatggt aaaagctcac gctccacgtt atgaagttga cctttgtgag ctagggaaag 540
gcctggctag gccagggtgt aggctacctg ccttgagctg taccaggcca aatgtcgcca 600
gggtcagagc tggcttatta aaggactgtg tggaagctgt gccaacctcg tggtaacaat 660
gggtaaaaga ctgggccagg agaaagcagc ctctgcctca gcccagacag tgcggccaac 720
ccttgaggtt gtggcaaagg tttctcctct taccattgcc ctccatgtgc atggcttgct 780
tttctcttgt cttcattatt tctcctttcc tttcctcgga tccacgcgtg aattctttgt 840
aaactcctta tggtgcgaac taatgtaact ttccatccag ttatggggga ttggtgcaat 900
tttaaattat cactatgatt tgctatttcc atttgagcaa atttcctata gagtttcctt 960
tcagtggact agacccatat caggaagtga cttaggtata aagggaagat acagctttcg 1020
aaaaccaaag tttgggcgtt ctccaaagag ttatcagata cccccttcta cacccacaat 1080
gatctgattg ctgagatctg attgctaact actgaaaata aggaagaact agaattttca 1140
gtgacacagt gctcagcaag aagctagaaa agaggccttg acatatttga ctccaaagct 1200
acttggttat gcatgaagcc atctggggag gggaaggagg agggagaact cctctgagga 1260
ccctgaaaca attgggccac gtgtgacttt cagtttctat ggagattcat gtgcagtggc 1320
tgagggcaat ctgagagcat tggaaaccca gaagctttaa ggcccctgag aaaacctcca 1380
ggcttcaagt gacataccta gtctgcttta ccggtttaca ggactcaaga gaaaggtgga 1440
cattgagagt taatccctga ggccaaatct taaatggaga aagtcaacat ccacagaaaa 1500
tggggaaggg cacaagtatt tctgtgggct tatattccga catttttatc tgtaggggaa 1560
aaatgctttc ttagaaaatg actcagcacg gggaagtctt gtctctacct ctgtcttgtt 1620
ttgtcctttg gggtcccttc actatcaagt tcaactgtgt gtccctgaga ctcctctgcc 1680
ccggaggaca ggagactcga aaaacgctct tcctggccag tctctttgct ctgtgtctgc 1740
cagcccccag catctctcct ctttcctgta agcccctctc cctgtgctga ctgtcttcat 1800
agtactttag gtatgttgtc cctttacctc tgggaggata gcttgatgac ctgtctgctc 1860
aggccagccc catctagagt ctcagtggcc ccagtcatgt tgagaaaggt tctttcaaag 1920
atagactcaa gatagtagtg tcagaggtcc caagcaaatg aagggcgggg acagttgagg 1980
gggtggaata gggacggcag cagggaacca gatagcatgc tgctgagaag aaaaaaagac 2040
attggtttag gtcaggaagc aaaaaaaggg aactgagtgg ctgtgaaagg gtggggtttg 2100
ctcagactgt ccttcctctc tggactgtaa gaattagtct cgagaaagaa gccaccatgg 2160
ccgctgtgat cctggagagc attttcctga agaggtccca gcagaaaaag aaaacctctc 2220
ccctgaactt taagaaaaga ctgttcctgc tgacagtgca caagctgtct tactatgagt 2280
acgactttga gcggggccgc cgaggatcaa aaaaggggag catcgatgtg gagaagatta 2340
catgcgtgga gaccgtggtc cctgaaaaga atccaccccc tgagaggcag atcccaagac 2400
ggggcgagga gtcctctgag atggagcaga ttagtatcat tgagcgcttc ccctatcctt 2460
ttcaggtggt gtacgacgag ggaccactgt atgtgttctc acccacagag gagctgagaa 2520
agaggtggat tcaccagctg aagaacgtga ttagatacaa tagcgatctg gtgcagaagt 2580
atcacccttg tttttggatc gacgggcagt acctgtgctg ttcccagaca gctaagaacg 2640
ctatgggatg ccagattctg gaaaatcgga acggatctct gaaaccaggg agttcacacc 2700
gcaagaccaa aaagcccctg cctccaacac ccgaggagga tcagatcctg aaaaagcctc 2760
tgccacccga gcctgctgca gccccagtca gcacttccga actgaaaaag gtggtggctc 2820
tgtatgacta catgcccatg aatgctaacg atctgcagct gagaaagggc gacgagtatt 2880
tcattctgga agagtctaat ctgccttggt ggagggccag agataagaac ggacaggagg 2940
ggtacatccc atctaattat gtgaccgagg ctgaggactc tattgagatg tacgagtggt 3000
atagcaagca catgacacgg tcccaggctg agcagctgct gaagcaggag ggcaaagagg 3060
gagggtttat cgtgcgcgat tctagtaagg ccggcaaata cactgtgtca gtgttcgcta 3120
agagcaccgg agacccccag ggcgtgatca gacactatgt ggtgtgttcc acacctcagt 3180
ctcagtacta tctggctgag aagcacctgt ttagtacaat cccagagctg attaactacc 3240
accagcacaa ttctgccggc ctgatcagca ggctgaagta tcccgtctcc cagcagaaca 3300
aaaatgctcc ttctaccgct ggactggggt acggcagttg ggagattgat ccaaaggacc 3360
tgacattcct gaaggagctg ggaactgggc agtttggcgt ggtgaagtat ggaaaatgga 3420
gagggcagta cgatgtggcc atcaagatga tcaaggaggg ctcaatgagc gaggacgagt 3480
tcatcgagga ggctaaggtc atgatgaacc tgtcccacga gaaactggtg cagctgtatg 3540
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tagggataca tgggtcaatg aagcctttag aaaaagaaat actaagaggc agattctctg 480
agaacatggt aaaagctcac gctccacgtt atgaagttga cctttgtgag ctagggaaag 540
gcctggctag gccagggtgt aggctacctg ccttgagctg taccaggcca aatgtcgcca 600
gggtcagagc tggcttatta aaggactgtg tggaagctgt gccaacctcg tggtaacaat 660
gggtaaaaga ctgggccagg agaaagcagc ctctgcctca gcccagacag tgcggccaac 720
ccttgaggtt gtggcaaagg tttctcctct taccattgcc ctccatgtgc atggcttgct 780
tttctcttgt cttcattatt tctcctttcc tttcctcgga tccacgcgtg aattctttgt 840
aaactcctta tggtgcgaac taatgtaact ttccatccag ttatggggga ttggtgcaat 900
tttaaattat cactatgatt tgctatttcc atttgagcaa atttcctata gagtttcctt 960
tcagtggact agacccatat caggaagtga cttaggtata aagggaagat acagctttcg 1020
aaaaccaaag tttgggcgtt ctccaaagag ttatcagata cccccttcta cacccacaat 1080
gatctgattg ctgagatctg attgctaact actgaaaata aggaagaact agaattttca 1140
gtgacacagt gctcagcaag aagctagaaa agaggccttg acatatttga ctccaaagct 1200
acttggttat gcatgaagcc atctggggag gggaaggagg agggagaact cctctgagga 1260
ccctgaaaca attgggccac gtgtgacttt cagtttctat ggagattcat gtgcagtggc 1320
tgagggcaat ctgagagcat tggaaaccca gaagctttaa ggcccctgag aaaacctcca 1380
ggcttcaagt gacataccta gtctgcttta ccggtttaca ggactcaaga gaaaggtgga 1440
cattgagagt taatccctga ggccaaatct taaatggaga aagtcaacat ccacagaaaa 1500
tggggaaggg cacaagtatt tctgtgggct tatattccga catttttatc tgtaggggaa 1560
aaatgctttc ttagaaaatg actcagcacg gggaagtctt gtctctacct ctgtcttgtt 1620
ttgtcctttg gggtcccttc actatcaagt tcaactgtgt gtccctgaga ctcctctgcc 1680
ccggaggaca ggagactcga aaaacgctct tcctggccag tctctttgct ctgtgtctgc 1740
cagcccccag catctctcct ctttcctgta agcccctctc cctgtgctga ctgtcttcat 1800
agtactttag gtatgttgtc cctttacctc tgggaggata gcttgatgac ctgtctgctc 1860
aggccagccc catctagagt ctcagtggcc ccagtcatgt tgagaaaggt tctttcaaag 1920
atagactcaa gatagtagtg tcagaggtcc caagcaaatg aagggcgggg acagttgagg 1980
gggtggaata gggacggcag cagggaacca gatagcatgc tgctgagaag aaaaaaagac 2040
attggtttag gtcaggaage aaaaaaaggg aactgagtgg ctgtgaaagg gtggggtttg 2100
ctcagactgt ccttcctctc tggactgtaa gaattagtct cgagaaagaa gccaccatgg 2160
ccgctgtgat cctggagagc attttcctga agaggtccca gcagaaaaag aaaacctctc 2220
ccctgaactt taagaaaaga ctgttcctgc tgacagtgca caagctgtct tactatgagt 2280
acgactttga gcggggccgc cgaggatcaa aaaaggggag catcgatgtg gagaagatta 2340
catgcgtgga gaccgtggtc cctgaaaaga atccaccccc tgagaggcag atcccaagac 2400
ggggcgagga gtcctctgag atggagcaga ttagtatcat tgagcgcttc ccctatcctt 2460
ttcaggtggt gtacgacgag ggaccactgt atgtgttctc acccacagag gagctgagaa 2520
agaggtggat tcaccagctg aagaacgtga ttagatacaa tagcgatctg gtgcagaagt 2580
atcacccttg tttttggatc gacgggcagt acctgtgctg ttcccagaca gctaagaacg 2640
ctatgggatg ccagattctg gaaaatcgga acggatctct gaaaccaggg agttcacacc 2700
gcaagaccaa aaagcccctg cctccaacac ccgaggagga tcagatcctg aaaaagcctc 2760
tgccacccga gcctgctgca gccccagtca gcacttccga actgaaaaag gtggtggctc 2820
tgtatgacta catgcccatg aatgctaacg atctgcagct gagaaagggc gacgagtatt 2880
tcattctgga agagtctaat ctgccttggt ggagggccag agataagaac ggacaggagg 2940
ggtacatccc atctaattat gtgaccgagg ctgaggactc tattgagatg tacgagtggt 3000
atagcaagca catgacacgg tcccaggctg agcagctgct gaagcaggag ggcaaagagg 3060
gagggtttat cgtgcgcgat tctagtaagg ccggcaaata cactgtgtca gtgttcgcta 3120
agagcaccgg agacccccag ggcgtgatca gacactatgt ggtgtgttcc acacctcagt 3180
ctcagtacta tctggctgag aagcacctgt ttagtacaat cccagagctg attaactacc 3240
accagcacaa ttctgccggc ctgatcagca ggctgaagta tcccgtctcc cagcagaaca 3300
aaaatgctcc ttctaccgct ggactggggt acggcagttg ggagattgat ccaaaggacc 3360
tgacattcct gaaggagctg ggaactgggc agtttggcgt ggtgaagtat ggaaaatgga 3420
gagggcagta cgatgtggcc atcaagatga tcaaggaggg ctcaatgagc gaggacgagt 3480
tcatcgagga ggctaaggtc atgatgaacc tgtcccacga gaaactggtg cagctgtatg 3540
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gagtgtgcac caagcagcgg cccattttta tcattacaga gtacatggct aatgggtgtc 3600
tgctgaacta tctgcgcgag atgagacaca gattccagac acagcagctg ctggaaatgt 3660
gcaaggatgt gtgtgaggct atggagtacc tggagtctaa gcagtttctg caccgggacc 3720
tggctgctcg caattgcctg gtgaacgatc agggcgtggt gaaggtgagt gacttcggac 3780
tgtcaaggta tgtgctggat gacgagtaca ccagctccgt gggctctaag tttcctgtga 3840
gatggtctcc acccgaggtg ctgatgtata gcaagttctc ctctaagagc gatatctggg 3900
cctttggcgt gctgatgtgg gaaatctaca gcctgggcaa gatgccttac gagcggttca 3960
caaattccga gacagctgag cacatcgccc agggcctgcg cctgtaccgg ccacatctgg 4020
cctctgagaa ggtgtacacc atcatgtaca gctgttggca cgagaaggcc gacgagagac 4080
ccacattcaa gatcctgctg tccaacattc tagatgtgat ggacgaggag agctga     4136

<210> 43
<211> 5782
<212> DNA
<213> Artificial Sequence

<220> 
<223> BTKe.AB.BTKp.coBTK

<400> 43
tttcctagga gaatccctgg gggaatcatt gcagttggag cataatgtag ggggccctcc 60
atcacctact agatatatca gtgcagtgaa aacttcgcta aactaacgct atacctatat 120
catgaagtgt gtggactaga gacaagtgca tatccttacg gcaattaact gggaaacgtc 180
aaatagtaac taccactcac ctttttccgg aaaatcggct tagtttgccc accatagcca 240
ctctgcttcc tgtcataacg ccgctttcct gggaaaacga attggtattt gttataaaat 300
actgaagatc agcaagtaag tcttacaggt tttatcttaa tttcgcagca gaaatattaa 360
cgctcaagcc aggcgtggag ggagagagac ccggactcgt atgttattct acaacacaaa 420
tgtcacatta acaccaaatt atgcggaatc catcttaccc tgggcgtaca gagaatcctt 480
gcccttcttg tactgtgtca ctttatgggg ttggtgcttg ccacacttct tacagaaagt 540
ccggcgggtt ttagggacgt taacctagta aagaaacagt tcagaacgtg caatgttatt 600
tgaccacaat ggcacaacgc cctaccttac ccagctaaag ctgaggcact ccaggaggac 660
tcctcattac ttgctacctc tgactacagg gtgggccagc cccatgtgct tcaagcagag 720
cttcctccct ccgtcgagcc ccaaagaggg aagagacctc attaactcca cccccggcta 780
actctacctc tttgaaccca tcacttcaat tcctggcccc gtagcccggt ccctttaggg 840
ttgatcccgg caagattggg ttgctctgat atatcgagtc cacacaggag cctggaccca 900
tcccggcata gcacgggcga cgaagggggg gaaagattaa gctggatgtt actcggcccc 960
caccagcaag tcctaccatg cttgcgtgag cgctatcggc gcggaaagaa agaaaccgcg 1020
aggcaaacgg aagtatatag gaggttcccg atcgcacttc ctcatgggag tcggtaggag 1080
caatcataga gtgtaaggct cagcgcagcg ccctcgggcg gctgagagga ctcagttcgg 1140
agccgcgggc gggagcttaa ggaaggactc cgcctaaagg gtggtccact caccccgact 1200
tcctcccgcc ccgcagcttt caacgtttcg tcactttatc tcttttggtg gactctgcta 1260
cgtagtggcg ttcagtgaag ggagcagtgt ttttcccaga tcctctggcc tccccgtccc 1320
cgagggaagc caggactagg gtcgaatgaa ggggtcctcc acctccacgt tccattcctg 1380
ttccacctca aggtcactgg gaacaccttt cgcagcaaac tgctaattca atgaagacct 1440
ggagggagcc aattgttcca gttcatctat cacatggcca gttggtccat tcaacaaatg 1500
gttattggat gcccattatg tggcaggcac tgttccgggg gagaggtaca gtaatctaat 1560
aggcttataa atgtgcaatt atgaactaag tactttgaag aaaaggaaca atgattggca 1620
ttaaagcagc acccttctgt tgagggagta agtcagcagc tctaggttct gaaaagtgac 1680
aatgaaattg tttggctcct gtctggggta tggcaggggc tgggcagcag cagcaatgta 1740
ccttgcttgg gacccctaaa aaccagagag acagcatggc tggtgccatt tatcagctag 1800
tggaggaggc tgacggaggg tgggagtgtc atcagcacaa ggccctggca gtcccttctg 1860
gtgattagag aggccgaaag ggtcctttcc gacaagggct gagggtgggc ggaacaggaa 1920
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gagtgtgcac caagcagcgg cccattttta tcattacaga gtacatggct aatgggtgtc 3600
tgctgaacta tctgcgcgag atgagacaca gattccagac acagcagctg ctggaaatgt 3660
gcaaggatgt gtgtgaggct atggagtacc tggagtctaa gcagtttctg caccgggaco 3720
tggctgctcg caattgcctg gtgaacgatc agggcgtggt gaaggtgagt gacttcggac 3780
tgtcaaggta tgtgctggat gacgagtaca ccagctccgt gggctctaag tttcctgtga 3840
gatggtctcc acccgaggtg ctgatgtata gcaagttctc ctctaagagc gatatctggg 3900
cctttggcgt gctgatgtgg gaaatctaca gcctgggcaa gatgccttac gagcggttca 3960
caaattccga gacagctgag cacatcgccc agggcctgcg cctgtaccgg ccacatctgg 4020
cctctgagaa ggtgtacacc atcatgtaca gctgttggca cgagaaggcc gacgagagac 4080
ccacattcaa gatcctgctg tccaacattc tagatgtgat ggacgaggag agctga 4136

<210> 43

<211> 5782

<212> DNA
<213> Artificial Sequence

<220>

<223> BTKe.AB.BTKp.coBTK

<400> 43

tttcctagga gaatccctgg gggaatcatt gcagttggag cataatgtag ggggccctcc 60
atcacctact agatatatca gtgcagtgaa aacttcgcta aactaacgct atacctatat 120
catgaagtgt gtggactaga gacaagtgca tatccttacg gcaattaact gggaaacgtc 180
aaatagtaac taccactcac ctttttccgg aaaatcggct tagtttgccc accatagcca 240
ctctgcttcc tgtcataacg ccgctttcct gggaaaacga attggtattt gttataaaat 300
actgaagatc agcaagtaag tcttacaggt tttatcttaa tttcgcagca gaaatattaa 360
cgctcaagcc aggcgtggag ggagagagac ccggactcgt atgttattct acaacacaaa 420
tgtcacatta acaccaaatt atgcggaatc catcttaccc tgggcgtaca gagaatcctt 480
gcccttcttg tactgtgtca ctttatgggg ttggtgcttg ccacacttct tacagaaagt 540
ccggcgggtt ttagggacgt taacctagta aagaaacagt tcagaacgtg caatgttatt 600
tgaccacaat ggcacaacgc cctaccttac ccagctaaag ctgaggcact ccaggaggac 660
tcctcattac ttgctacctc tgactacagg gtgggccagc cccatgtgct tcaagcagag 720
cttcctccct ccgtcgagcc ccaaagaggg aagagacctc attaactcca cccccggcta 780
actctacctc tttgaaccca tcacttcaat tcctggcccc gtagcccggt ccctttaggg 840
ttgatcccgg caagattggg ttgctctgat atatcgagtc cacacaggag cctggaccca 900
tcccggcata gcacgggcga cgaagggggg gaaagattaa gctggatgtt actcggccco 960
caccagcaag tcctaccatg cttgcgtgag cgctatcggc gcggaaagaa agaaaccgcg 1020
aggcaaacgg aagtatatag gaggttcccg atcgcacttc ctcatgggag tcggtaggag 1080
caatcataga gtgtaaggct cagcgcagcg ccctcgggcg gctgagagga ctcagttcgg 1140
agccgcgggc gggagcttaa ggaaggactc cgcctaaagg gtggtccact caccccgact 1200
tcctcccgcc ccgcagcttt caacgtttcg tcactttatc tcttttggtg gactctgcta 1260
cgtagtggcg ttcagtgaag ggagcagtgt ttttcccaga tcctctggcc tccccgtccc 1320
cgagggaagc caggactagg gtcgaatgaa ggggtcctcc acctccacgt tccattcctg 1380
ttccacctca aggtcactgg gaacaccttt cgcagcaaac tgctaattca atgaagacct 1440
ggagggagcc aattgttcca gttcatctat cacatggcca gttggtccat tcaacaaatg 1500
gttattggat gcccattatg tggcaggcac tgttccgggg gagaggtaca gtaatctaat 1560
aggettataa atgtgcaatt atgaactaag tactttgaag aaaaggaaca atgattggca 1620
ttaaagcagc acccttctgt tgagggagta agtcagcagc tctaggttct gaaaagtgac 1680
aatgaaattg tttggctcct gtctggggta tggcaggggc tgggcagcag cagcaatgta 1740
ccttgcttgg gacccctaaa aaccagagag acagcatggc tggtgccatt tatcagctag 1800
tggaggaggc tgacggaggg tgggagtgtc atcagcacaa ggccctggca gtcccttctg 1860
gtgattagag aggccgaaag ggtcctttcc gacaagggct gagggtgggc ggaacaggaa 1920
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gagaaaaatg tgacatgagg tgaccatccg aacaggtagc aaatgttaga aaggggtacc 1980
tctggcaaac ttagtggaaa agtaatattg cagggagcag tcagataaaa acaagccctt 2040
ctgtcaaata gtgcttgaag actcaatagg gatacatggg tcaatgaagc ctttagaaaa 2100
agaaatacta agaggcagat tctctgagaa catggtaaaa gctcacgctc cacgttatga 2160
agttgacctt tgtgagctag ggaaaggcct ggctaggcca gggtgtaggc tacctgcctt 2220
gagctgtacc aggccaaatg tcgccagggt cagagctggc ttattaaagg actgtgtgga 2280
agctgtgcca acctcgtggt aacaatgggt aaaagactgg gccaggagaa agcagcctct 2340
gcctcagccc agacagtgcg gccaaccctt gaggttgtgg caaaggtttc tcctcttacc 2400
attgccctcc atgtgcatgg cttgcttttc tcttgtcttc attatttctc ctttcctttc 2460
ctcggatcca cgcgtgaatt ctttgtaaac tccttatggt gcgaactaat gtaactttcc 2520
atccagttat gggggattgg tgcaatttta aattatcact atgatttgct atttccattt 2580
gagcaaattt cctatagagt ttcctttcag tggactagac ccatatcagg aagtgactta 2640
ggtataaagg gaagatacag ctttcgaaaa ccaaagtttg ggcgttctcc aaagagttat 2700
cagatacccc cttctacacc cacaatgatc tgattgctga gatctgattg ctaactactg 2760
aaaataagga agaactagaa ttttcagtga cacagtgctc agcaagaagc tagaaaagag 2820
gccttgacat atttgactcc aaagctactt ggttatgcat gaagccatct ggggagggga 2880
aggaggaggg agaactcctc tgaggaccct gaaacaattg ggccacgtgt gactttcagt 2940
ttctatggag attcatgtgc agtggctgag ggcaatctga gagcattgga aacccagaag 3000
ctttaaggcc cctgagaaaa cctccaggct tcaagtgaca tacctagtct gctttaccgg 3060
tttacaggac tcaagagaaa ggtggacatt gagagttaat ccctgaggcc aaatcttaaa 3120
tggagaaagt caacatccac agaaaatggg gaagggcaca agtatttctg tgggcttata 3180
ttccgacatt tttatctgta ggggaaaaat gctttcttag aaaatgactc agcacgggga 3240
agtcttgtct ctacctctgt cttgttttgt cctttggggt cccttcacta tcaagttcaa 3300
ctgtgtgtcc ctgagactcc tctgccccgg aggacaggag actcgaaaaa cgctcttcct 3360
ggccagtctc tttgctctgt gtctgccagc ccccagcatc tctcctcttt cctgtaagcc 3420
cctctccctg tgctgactgt cttcatagta ctttaggtat gttgtccctt tacctctggg 3480
aggatagctt gatgacctgt ctgctcaggc cagccccatc tagagtctca gtggccccag 3540
tcatgttgag aaaggttctt tcaaagatag actcaagata gtagtgtcag aggtcccaag 3600
caaatgaagg gcggggacag ttgagggggt ggaataggga cggcagcagg gaaccagata 3660
gcatgctgct gagaagaaaa aaagacattg gtttaggtca ggaagcaaaa aaagggaact 3720
gagtggctgt gaaagggtgg ggtttgctca gactgtcctt cctctctgga ctgtaagaat 3780
tagtctcgag aaagaagcca ccatggccgc tgtgatcctg gagagcattt tcctgaagag 3840
gtcccagcag aaaaagaaaa cctctcccct gaactttaag aaaagactgt tcctgctgac 3900
agtgcacaag ctgtcttact atgagtacga ctttgagcgg ggccgccgag gatcaaaaaa 3960
ggggagcatc gatgtggaga agattacatg cgtggagacc gtggtccctg aaaagaatcc 4020
accccctgag aggcagatcc caagacgggg cgaggagtcc tctgagatgg agcagattag 4080
tatcattgag cgcttcccct atccttttca ggtggtgtac gacgagggac cactgtatgt 4140
gttctcaccc acagaggagc tgagaaagag gtggattcac cagctgaaga acgtgattag 4200
atacaatagc gatctggtgc agaagtatca cccttgtttt tggatcgacg ggcagtacct 4260
gtgctgttcc cagacagcta agaacgctat gggatgccag attctggaaa atcggaacgg 4320
atctctgaaa ccagggagtt cacaccgcaa gaccaaaaag cccctgcctc caacacccga 4380
ggaggatcag atcctgaaaa agcctctgcc acccgagcct gctgcagccc cagtcagcac 4440
ttccgaactg aaaaaggtgg tggctctgta tgactacatg cccatgaatg ctaacgatct 4500
gcagctgaga aagggcgacg agtatttcat tctggaagag tctaatctgc cttggtggag 4560
ggccagagat aagaacggac aggaggggta catcccatct aattatgtga ccgaggctga 4620
ggactctatt gagatgtacg agtggtatag caagcacatg acacggtccc aggctgagca 4680
gctgctgaag caggagggca aagagggagg gtttatcgtg cgcgattcta gtaaggccgg 4740
caaatacact gtgtcagtgt tcgctaagag caccggagac ccccagggcg tgatcagaca 4800
ctatgtggtg tgttccacac ctcagtctca gtactatctg gctgagaagc acctgtttag 4860
tacaatccca gagctgatta actaccacca gcacaattct gccggcctga tcagcaggct 4920
gaagtatccc gtctcccagc agaacaaaaa tgctccttct accgctggac tggggtacgg 4980
cagttgggag attgatccaa aggacctgac attcctgaag gagctgggaa ctgggcagtt 5040
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gagaaaaatg tgacatgagg tgaccatccg aacaggtagc aaatgttaga aaggggtacc 1980
tctggcaaac ttagtggaaa agtaatattg cagggagcag tcagataaaa acaagccctt 2040
ctgtcaaata gtgcttgaag actcaatagg gatacatggg tcaatgaagc ctttagaaaa 2100
agaaatacta agaggcagat tctctgagaa catggtaaaa gctcacgctc cacgttatga 2160
agttgacctt tgtgagctag ggaaaggcct ggctaggcca gggtgtaggc tacctgcctt 2220
gagctgtacc aggccaaatg tcgccagggt cagagctggc ttattaaagg actgtgtgga 2280
agctgtgcca acctcgtggt aacaatgggt aaaagactgg gccaggagaa agcagcctct 2340
gcctcagccc agacagtgcg gccaaccctt gaggttgtgg caaaggtttc tcctcttacc 2400
attgccctcc atgtgcatgg cttgcttttc tcttgtcttc attatttctc ctttcctttd 2460
ctcggatcca cgcgtgaatt ctttgtaaac tccttatggt gcgaactaat gtaactttcc 2520
atccagttat gggggattgg tgcaatttta aattatcact atgatttgct atttccattt 2580
gagcaaattt cctatagagt ttcctttcag tggactagac ccatatcagg aagtgactta 2640
ggtataaagg gaagatacag ctttcgaaaa ccaaagtttg ggcgttctcc aaagagttat 2700
cagatacccc cttctacacc cacaatgatc tgattgctga gatctgattg ctaactactg 2760
aaaataagga agaactagaa ttttcagtga cacagtgctc agcaagaage tagaaaagag 2820
gccttgacat atttgactcc aaagctactt ggttatgcat gaagccatct ggggagggga 2880
aggaggaggg agaactcctc tgaggaccct gaaacaattg ggccacgtgt gactttcagt 2940
ttctatggag attcatgtgc agtggctgag ggcaatctga gagcattgga aacccagaag 3000
ctttaaggcc cctgagaaaa cctccaggct tcaagtgaca tacctagtct gctttaccgg 3060
tttacaggac tcaagagaaa ggtggacatt gagagttaat ccctgaggcc aaatcttaaa 3120
tggagaaagt caacatccac agaaaatggg gaagggcaca agtatttctg tgggcttata 3180
ttccgacatt tttatctgta ggggaaaaat gctttcttag aaaatgactc agcacgggga 3240
agtcttgtct ctacctctgt cttgttttgt cctttggggt cccttcacta tcaagttcaa 3300
ctgtgtgtcc ctgagactcc tctgccccgg aggacaggag actcgaaaaa cgctcttcct 3360
ggccagtctc tttgctctgt gtctgccagc ccccagcatc tctcctcttt cctgtaagcc 3420
cctctccctg tgctgactgt cttcatagta ctttaggtat gttgtccctt tacctctggg 3480
aggatagctt gatgacctgt ctgctcaggc cagccccatc tagagtctca gtggccccag 3540
tcatgttgag aaaggttctt tcaaagatag actcaagata gtagtgtcag aggtcccaag 3600

caaatgaagg gcggggacag ttgagggggt ggaataggga cggcagcagg gaaccagata 3660
gcatgctgct gagaagaaaa aaagacattg gtttaggtca ggaagcaaaa aaagggaact 3720
gagtggctgt gaaagggtgg ggtttgctca gactgtcctt cctctctgga ctgtaagaat 3780
tagtctcgag aaagaagcca ccatggccgc tgtgatcctg gagagcattt tcctgaagag 3840

gtcccagcag aaaaagaaaa cctctcccct gaactttaag aaaagactgt tcctgctgac 3900
agtgcacaag ctgtcttact atgagtacga ctttgagcgg ggccgccgag gatcaaaaaa 3960

ggggagcatc gatgtggaga agattacatg cgtggagacc gtggtccctg aaaagaatcc 4020
accccctgag aggcagatcc caagacgggg cgaggagtcc tctgagatgg agcagattag 4080
tatcattgag cgcttcccct atccttttca ggtggtgtac gacgagggac cactgtatgt 4140
gttctcaccc acagaggage tgagaaagag gtggattcac cagctgaaga acgtgattag 4200
atacaatage gatctggtgc agaagtatca cccttgtttt tggatcgacg ggcagtacct 4260
gtgctgttcc cagacagcta agaacgctat gggatgccag attctggaaa atcggaacgg 4320
atctctgaaa ccagggagtt cacaccgcaa gaccaaaaag cccctgcctc caacacccga 4380
ggaggatcag atcctgaaaa agcctctgcc acccgagcct gctgcagccc cagtcagcaa 4440
ttccgaactg aaaaaggtgg tggctctgta tgactacatg cccatgaatg ctaacgatct 4500
gcagctgaga aagggcgacg agtatttcat tctggaagag tctaatctgc cttggtggag 4560
ggccagagat aagaacggac aggaggggta catcccatct aattatgtga ccgaggctga 4620
ggactctatt gagatgtacg agtggtatag caagcacatg acacggtccc aggctgagca 4680
gctgctgaag caggagggca aagagggagg gtttatcgtg cgcgattcta gtaaggccgg 4740
caaatacact gtgtcagtgt tcgctaagag caccggagac ccccagggcg tgatcagaca 4800
ctatgtggtg tgttccacac ctcagtctca gtactatctg gctgagaagc acctgtttag 4860
tacaatccca gagctgatta actaccacca gcacaattct gccggcctga tcagcaggct 4920
gaagtatccc gtctcccagc agaacaaaaa tgctccttct accgctggac tggggtacgg 4980
cagttgggag attgatccaa aggacctgac attcctgaag gagctgggaa ctgggcagtt 5040
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tggcgtggtg aagtatggaa aatggagagg gcagtacgat gtggccatca agatgatcaa 5100
ggagggctca atgagcgagg acgagttcat cgaggaggct aaggtcatga tgaacctgtc 5160
ccacgagaaa ctggtgcagc tgtatggagt gtgcaccaag cagcggccca tttttatcat 5220
tacagagtac atggctaatg ggtgtctgct gaactatctg cgcgagatga gacacagatt 5280
ccagacacag cagctgctgg aaatgtgcaa ggatgtgtgt gaggctatgg agtacctgga 5340
gtctaagcag tttctgcacc gggacctggc tgctcgcaat tgcctggtga acgatcaggg 5400
cgtggtgaag gtgagtgact tcggactgtc aaggtatgtg ctggatgacg agtacaccag 5460
ctccgtgggc tctaagtttc ctgtgagatg gtctccaccc gaggtgctga tgtatagcaa 5520
gttctcctct aagagcgata tctgggcctt tggcgtgctg atgtgggaaa tctacagcct 5580
gggcaagatg ccttacgagc ggttcacaaa ttccgagaca gctgagcaca tcgcccaggg 5640
cctgcgcctg taccggccac atctggcctc tgagaaggtg tacaccatca tgtacagctg 5700
ttggcacgag aaggccgacg agagacccac attcaagatc ctgctgtcca acattctaga 5760
tgtgatggac gaggagagct ga                                          5782

<210> 44
<211> 4478
<212> DNA
<213> Artificial Sequence

<220> 
<223> BTKe.BTKp.coBTK

<400> 44
tttcctagga gaatccctgg gggaatcatt gcagttggag cataatgtag ggggccctcc 60
atcacctact agatatatca gtgcagtgaa aacttcgcta aactaacgct atacctatat 120
catgaagtgt gtggactaga gacaagtgca tatccttacg gcaattaact gggaaacgtc 180
aaatagtaac taccactcac ctttttccgg aaaatcggct tagtttgccc accatagcca 240
ctctgcttcc tgtcataacg ccgctttcct gggaaaacga attggtattt gttataaaat 300
actgaagatc agcaagtaag tcttacaggt tttatcttaa tttcgcagca gaaatattaa 360
cgctcaagcc aggcgtggag ggagagagac ccggactcgt atgttattct acaacacaaa 420
tgtcacatta acaccaaatt atgcggaatc catcttaccc tgggcgtaca gagaatcctt 480
gcccttcttg tactgtgtca ctttatgggg ttggtgcttg ccacacttct tacagaaagt 540
ccggcgggtt ttagggacgt taacctagta aagaaacagt tcagaacgtg caatgttatt 600
tgaccacaat ggcacaacgc cctaccttac ccagctaaag ctgaggcact ccaggaggac 660
tcctcattac ttgctacctc tgactacagg gtgggccagc cccatgtgct tcaagcagag 720
cttcctccct ccgtcgagcc ccaaagaggg aagagacctc attaactcca cccccggcta 780
actctacctc tttgaaccca tcacttcaat tcctggcccc gtagcccggt ccctttaggg 840
ttgatcccgg caagattggg ttgctctgat atatcgagtc cacacaggag cctggaccca 900
tcccggcata gcacgggcga cgaagggggg gaaagattaa gctggatgtt actcggcccc 960
caccagcaag tcctaccatg cttgcgtgag cgctatcggc gcggaaagaa agaaaccgcg 1020
aggcaaacgg aagtatatag gaggttcccg atcgcacttc ctcatgggag tcggtaggag 1080
caatcataga gtgtaaggct cagcgcagcg ccctcgggcg gctgagagga ctcagttcgg 1140
agccgcgggc gggagcttaa ggaaggactc cgcctaaagg gtggtccact caccccgact 1200
tcctcccgcc ccgcagcttt caacgtttcg tcactttatc tcttttggtg gactctgcta 1260
cgtagtggcg ttcagtgaag ggagcagtgt ttttcccaga tcctctggcc tccccgtccc 1320
cgagggaagc caggactagg gtcgaatgaa ggggtcctcc acctccacgt tccattcctg 1380
ttccacctca aggtcactgg gaacaccttt cgcagcaaac tgctaattca atgaagacct 1440
ggagggagcc aattgttcca gttcatctat cacatggcca gttggtccat tcaacaaatg 1500
gttattggat gcccattatg tggcaggcac tgttccgggg gagaggtaca gtaatctaat 1560
aggcttataa atgtgcaatt atgaactaag tactttgaag aaaaggaaca atgattggca 1620
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tggcgtggtg aagtatggaa aatggagagg gcagtacgat gtggccatca agatgatcaa 5100
ggagggctca atgagcgagg acgagttcat cgaggaggct aaggtcatga tgaacctgtc 5160
ccacgagaaa ctggtgcago tgtatggagt gtgcaccaag cagcggccca tttttatcat 5220
tacagagtac atggctaatg ggtgtctgct gaactatctg cgcgagatga gacacagatt 5280

ccagacacag cagctgctgg aaatgtgcaa ggatgtgtgt gaggctatgg agtacctgga 5340
gtctaagcag tttctgcacc gggacctggc tgctcgcaat tgcctggtga acgatcaggg 5400
cgtggtgaag gtgagtgact tcggactgtc aaggtatgtg ctggatgacg agtacaccag 5460
ctccgtgggc tctaagtttc ctgtgagatg gtctccaccc gaggtgctga tgtatagcaa 5520
gttctcctct aagagcgata tctgggcctt tggcgtgctg atgtgggaaa tctacagcct 5580
gggcaagatg ccttacgagc ggttcacaaa ttccgagaca gctgagcaca tcgcccaggg 5640
cctgcgcctg taccggccac atctggcctc tgagaaggtg tacaccatca tgtacagctg 5700
ttggcacgag aaggccgacg agagacccac attcaagato ctgctgtcca acattctaga 5760
tgtgatggac gaggagagct ga 5782

<210> 44

<211> 4478

<212> DNA

<213> Artificial Sequence

<220>

<223> BTKe.BTKp.coBTK

<400> 44

tttcctagga gaatccctgg gggaatcatt gcagttggag cataatgtag ggggccctcc 60
atcacctact agatatatca gtgcagtgaa aacttcgcta aactaacgct atacctatat 120
catgaagtgt gtggactaga gacaagtgca tatccttacg gcaattaact gggaaacgto 180
aaatagtaac taccactcac ctttttccgg aaaatcggct tagtttgccc accatagcca 240
ctctgcttcc tgtcataacg ccgctttcct gggaaaacga attggtattt gttataaaat 300
actgaagatc agcaagtaag tcttacaggt tttatcttaa tttcgcagca gaaatattaa 360
cgctcaagcc aggcgtggag ggagagagac ccggactcgt atgttattct acaacacaaa 420
tgtcacatta acaccaaatt atgcggaatc catcttaccc tgggcgtaca gagaatcctt 480
gcccttcttg tactgtgtca ctttatgggg ttggtgcttg ccacacttct tacagaaagt 540
ccggcgggtt ttagggacgt taacctagta aagaaacagt tcagaacgtg caatgttatt 600
tgaccacaat ggcacaacgc cctaccttac ccagctaaag ctgaggcact ccaggaggad 660
tcctcattac ttgctacctc tgactacagg gtgggccagc cccatgtgct tcaagcagag 720
cttcctccct ccgtcgagcc ccaaagaggg aagagacctc attaactcca cccccggcta 780
actctacctc tttgaaccca tcacttcaat tcctggcccc gtagcccggt ccctttaggg 840
ttgatcccgg caagattggg ttgctctgat atatcgagtc cacacaggag cctggaccca 900
tcccggcata gcacgggcga cgaagggggg gaaagattaa gctggatgtt actcggcccc 960
caccagcaag tcctaccatg cttgcgtgag cgctatcggc gcggaaagaa agaaaccgcg 1020
aggcaaacgg aagtatatag gaggttcccg atcgcacttc ctcatgggag tcggtaggag 1080
caatcataga gtgtaaggct cagcgcagcg ccctcgggcg gctgagagga ctcagttcgg 1140
agccgcgggc gggagcttaa ggaaggactc cgcctaaagg gtggtccact caccccgact 1200
tcctcccgcc ccgcagcttt caacgtttcg tcactttatc tcttttggtg gactctgcta 1260
cgtagtggcg ttcagtgaag ggagcagtgt ttttcccaga tcctctggcc tccccgtccc 1320
cgagggaage caggactagg gtcgaatgaa ggggtcctcc acctccacgt tccattcctg 1380
ttccacctca aggtcactgg gaacaccttt cgcagcaaac tgctaattca atgaagacct 1440
ggagggagcc aattgttcca gttcatctat cacatggcca gttggtccat tcaacaaatg 1500
gttattggat gcccattatg tggcaggcad tgttccgggg gagaggtaca gtaatctaat 1560
aggcttataa atgtgcaatt atgaactaag tactttgaag aaaaggaaca atgattggca 1620
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ttaaagcagc acccttctgt tgagggagta agtcagcagc tctaggttct gaaaagtgac 1680
aatgaaattg tttggctcct gtggcccctg agaaaacctc caggcttcaa gtgacatacc 1740
tagtctgctt taccggttta caggactcaa gagaaaggtg gacattgaga gttaatccct 1800
gaggccaaat cttaaatgga gaaagtcaac atccacagaa aatggggaag ggcacaagta 1860
tttctgtggg cttatattcc gacattttta tctgtagggg aaaaatgctt tcttagaaaa 1920
tgactcagca cggggaagtc ttgtctctac ctctgtcttg ttttgtcctt tggggtccct 1980
tcactatcaa gttcaactgt gtgtccctga gactcctctg ccccggagga caggagactc 2040
gaaaaacgct cttcctggcc agtctctttg ctctgtgtct gccagccccc agcatctctc 2100
ctctttcctg taagcccctc tccctgtgct gactgtcttc atagtacttt aggtatgttg 2160
tccctttacc tctgggagga tagcttgatg acctgtctgc tcaggccagc cccatctaga 2220
gtctcagtgg ccccagtcat gttgagaaag gttctttcaa agatagactc aagatagtag 2280
tgtcagaggt cccaagcaaa tgaagggcgg ggacagttga gggggtggaa tagggacggc 2340
agcagggaac cagatagcat gctgctgaga agaaaaaaag acattggttt aggtcaggaa 2400
gcaaaaaaag ggaactgagt ggctgtgaaa gggtggggtt tgctcagact gtccttcctc 2460
tctggactgt aagaattagt ctcgagaaag aagccaccat ggccgctgtg atcctggaga 2520
gcattttcct gaagaggtcc cagcagaaaa agaaaacctc tcccctgaac tttaagaaaa 2580
gactgttcct gctgacagtg cacaagctgt cttactatga gtacgacttt gagcggggcc 2640
gccgaggatc aaaaaagggg agcatcgatg tggagaagat tacatgcgtg gagaccgtgg 2700
tccctgaaaa gaatccaccc cctgagaggc agatcccaag acggggcgag gagtcctctg 2760
agatggagca gattagtatc attgagcgct tcccctatcc ttttcaggtg gtgtacgacg 2820
agggaccact gtatgtgttc tcacccacag aggagctgag aaagaggtgg attcaccagc 2880
tgaagaacgt gattagatac aatagcgatc tggtgcagaa gtatcaccct tgtttttgga 2940
tcgacgggca gtacctgtgc tgttcccaga cagctaagaa cgctatggga tgccagattc 3000
tggaaaatcg gaacggatct ctgaaaccag ggagttcaca ccgcaagacc aaaaagcccc 3060
tgcctccaac acccgaggag gatcagatcc tgaaaaagcc tctgccaccc gagcctgctg 3120
cagccccagt cagcacttcc gaactgaaaa aggtggtggc tctgtatgac tacatgccca 3180
tgaatgctaa cgatctgcag ctgagaaagg gcgacgagta tttcattctg gaagagtcta 3240
atctgccttg gtggagggcc agagataaga acggacagga ggggtacatc ccatctaatt 3300
atgtgaccga ggctgaggac tctattgaga tgtacgagtg gtatagcaag cacatgacac 3360
ggtcccaggc tgagcagctg ctgaagcagg agggcaaaga gggagggttt atcgtgcgcg 3420
attctagtaa ggccggcaaa tacactgtgt cagtgttcgc taagagcacc ggagaccccc 3480
agggcgtgat cagacactat gtggtgtgtt ccacacctca gtctcagtac tatctggctg 3540
agaagcacct gtttagtaca atcccagagc tgattaacta ccaccagcac aattctgccg 3600
gcctgatcag caggctgaag tatcccgtct cccagcagaa caaaaatgct ccttctaccg 3660
ctggactggg gtacggcagt tgggagattg atccaaagga cctgacattc ctgaaggagc 3720
tgggaactgg gcagtttggc gtggtgaagt atggaaaatg gagagggcag tacgatgtgg 3780
ccatcaagat gatcaaggag ggctcaatga gcgaggacga gttcatcgag gaggctaagg 3840
tcatgatgaa cctgtcccac gagaaactgg tgcagctgta tggagtgtgc accaagcagc 3900
ggcccatttt tatcattaca gagtacatgg ctaatgggtg tctgctgaac tatctgcgcg 3960
agatgagaca cagattccag acacagcagc tgctggaaat gtgcaaggat gtgtgtgagg 4020
ctatggagta cctggagtct aagcagtttc tgcaccggga cctggctgct cgcaattgcc 4080
tggtgaacga tcagggcgtg gtgaaggtga gtgacttcgg actgtcaagg tatgtgctgg 4140
atgacgagta caccagctcc gtgggctcta agtttcctgt gagatggtct ccacccgagg 4200
tgctgatgta tagcaagttc tcctctaaga gcgatatctg ggcctttggc gtgctgatgt 4260
gggaaatcta cagcctgggc aagatgcctt acgagcggtt cacaaattcc gagacagctg 4320
agcacatcgc ccagggcctg cgcctgtacc ggccacatct ggcctctgag aaggtgtaca 4380
ccatcatgta cagctgttgg cacgagaagg ccgacgagag acccacattc aagatcctgc 4440
tgtccaacat tctagatgtg atggacgagg agagctga                         4478

<210> 45
<211> 3589
<212> DNA
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ttaaagcagc acccttctgt tgagggagta agtcagcago tctaggttct gaaaagtgac 1680
aatgaaattg tttggctcct gtggcccctg agaaaacctc caggcttcaa gtgacatacc 1740
tagtctgctt taccggttta caggactcaa gagaaaggtg gacattgaga gttaatccct 1800
gaggccaaat cttaaatgga gaaagtcaac atccacagaa aatggggaag ggcacaagta 1860
tttctgtggg cttatattcc gacattttta tctgtagggg aaaaatgctt tcttagaaaa 1920
tgactcagca cggggaagtc ttgtctctac ctctgtcttg ttttgtcctt tggggtccct 1980
tcactatcaa gttcaactgt gtgtccctga gactcctctg ccccggagga caggagactc 2040
gaaaaacgct cttcctggcc agtctctttg ctctgtgtct gccagccccc agcatctctc 2100
ctctttcctg taagcccctc tccctgtgct gactgtcttc atagtacttt aggtatgttg 2160
tccctttacc tctgggagga tagcttgatg acctgtctgc tcaggccagc cccatctaga 2220
gtctcagtgg ccccagtcat gttgagaaag gttctttcaa agatagactc aagatagtag 2280
tgtcagaggt cccaagcaaa tgaagggcgg ggacagttga gggggtggaa tagggacggc 2340
agcagggaac cagatagcat gctgctgaga agaaaaaaag acattggttt aggtcaggaa 2400
gcaaaaaaag ggaactgagt ggctgtgaaa gggtggggtt tgctcagact gtccttcctc 2460
tctggactgt aagaattagt ctcgagaaag aagccaccat ggccgctgtg atcctggaga 2520
gcattttcct gaagaggtcc cagcagaaaa agaaaacctc tcccctgaac tttaagaaaa 2580
gactgttcct gctgacagtg cacaagctgt cttactatga gtacgacttt gagcggggcc 2640
gccgaggatc aaaaaagggg agcatcgatg tggagaagat tacatgcgtg gagaccgtgg 2700
tccctgaaaa gaatccaccc cctgagaggc agatcccaag acggggcgag gagtcctctg 2760
agatggagca gattagtatc attgagcgct tcccctatcc ttttcaggtg gtgtacgacg 2820
agggaccact gtatgtgttc tcacccacag aggagctgag aaagaggtgg attcaccagc 2880
tgaagaacgt gattagatac aatagcgatc tggtgcagaa gtatcaccct tgtttttgga 2940
tcgacgggca gtacctgtgc tgttcccaga cagctaagaa cgctatggga tgccagattc 3000
tggaaaatcg gaacggatct ctgaaaccag ggagttcaca ccgcaagacc aaaaagcccc 3060
tgcctccaac acccgaggag gatcagatcc tgaaaaagcc tctgccaccc gagcctgctg 3120
cagccccagt cagcacttcc gaactgaaaa aggtggtggc tctgtatgac tacatgccca 3180
tgaatgctaa cgatctgcag ctgagaaagg gcgacgagta tttcattctg gaagagtcta 3240
atctgccttg gtggagggcc agagataaga acggacagga ggggtacatc ccatctaatt 3300
atgtgaccga ggctgaggad tctattgaga tgtacgagtg gtatagcaag cacatgacac 3360
ggtcccaggc tgagcagctg ctgaagcagg agggcaaaga gggagggttt atcgtgcgcg 3420
attctagtaa ggccggcaaa tacactgtgt cagtgttcgc taagagcacc ggagaccccc 3480
agggcgtgat cagacactat gtggtgtgtt ccacacctca gtctcagtac tatctggctg 3540
agaagcacct gtttagtaca atcccagage tgattaacta ccaccagcaa aattctgccg 3600
gcctgatcag caggctgaag tatcccgtct cccagcagaa caaaaatgct ccttctaccg 3660
ctggactggg gtacggcagt tgggagattg atccaaagga cctgacattc ctgaaggagc 3720
tgggaactgg gcagtttggc gtggtgaagt atggaaaatg gagagggcag tacgatgtgg 3780
ccatcaagat gatcaaggag ggctcaatga gcgaggacga gttcatcgag gaggctaagg 3840
tcatgatgaa cctgtcccac gagaaactgg tgcagctgta tggagtgtgc accaagcage 3900
ggcccatttt tatcattaca gagtacatgg ctaatgggtg tctgctgaac tatctgcgcg 3960
agatgagaca cagattccag acacagcage tgctggaaat gtgcaaggat gtgtgtgagg 4020
ctatggagta cctggagtct aagcagtttc tgcaccggga cctggctgct cgcaattgcc 4080
tggtgaacga tcagggcgtg gtgaaggtga gtgacttcgg actgtcaagg tatgtgctgg 4140
atgacgagta caccagctcc gtgggctcta agtttcctgt gagatggtct ccacccgagg 4200
tgctgatgta tagcaagttc tcctctaaga gcgatatctg ggcctttggc gtgctgatgt 4260
gggaaatcta cagcctgggc aagatgcctt acgagcggtt cacaaattcc gagacagctg 4320
agcacatcgc ccagggcctg cgcctgtacc ggccacatct ggcctctgag aaggtgtaca 4380
ccatcatgta cagctgttgg cacgagaagg ccgacgagag acccacattc aagatcctgc 4440

tgtccaacat tctagatgtg atggacgagg agagctga 4478

<210> 45

<211> 3589

<212> DNA
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<213> Artificial Sequence

<220> 
<223> BTKe?Myc.BTKp.coBTK

<400> 45
tttcctagga gaatccctgg gggaatcatt gcagttggag cataatgtag ggggccctgt 60
tactcggccc ccaccagcaa gtcctaccat gcttgcgtga gcgctatcgg cgcggaaaga 120
aagaaaccgc gaggcaaacg gaagtatata ggaggttccc gatcgcactt cctcatggga 180
gtcggtagga gcaatcatag agtgtaaggc tcagcgcagc gccctcgggc ggctgagagg 240
actcagttcg gagccgcggg cgggagctta aggaaggact ccgcctaaag ggtggtccac 300
tcaccccgac ttcctcccgc cccgcagctt tcaacgtttc gtcactttat ctcttttggt 360
ggactctgct acgtagtggc gttcagtgaa gggagcagtg tttttcccag atcctctggc 420
ctccccgtcc ccgagggaag ccaggactag ggtcgaatga aggggtcctc cacctccacg 480
ttccattcct gttccacctc aaggtcactg ggaacacctt tcgcagcaaa ctgctaattc 540
aatgaagacc tggagggagc caattgttcc agttcatcta tcacatggcc agttggtcca 600
ttcaacaaat ggttattgga tgcccattat gtggcaggca ctgttccggg ggagaggtac 660
agtaatctaa taggcttata aatgtgcaat tatgaactaa gtactttgaa gaaaaggaac 720
aatgattggc attaaagcag cacccttctg ttgagggagt aagtcagcag ctctaggttc 780
tgaaaagtga caatgaaatt gtttggctcc tgtggcccct gagaaaacct ccaggcttca 840
agtgacatac ctagtctgct ttaccggttt acaggactca agagaaaggt ggacattgag 900
agttaatccc tgaggccaaa tcttaaatgg agaaagtcaa catccacaga aaatggggaa 960
gggcacaagt atttctgtgg gcttatattc cgacattttt atctgtaggg gaaaaatgct 1020
ttcttagaaa atgactcagc acggggaagt cttgtctcta cctctgtctt gttttgtcct 1080
ttggggtccc ttcactatca agttcaactg tgtgtccctg agactcctct gccccggagg 1140
acaggagact cgaaaaacgc tcttcctggc cagtctcttt gctctgtgtc tgccagcccc 1200
cagcatctct cctctttcct gtaagcccct ctccctgtgc tgactgtctt catagtactt 1260
taggtatgtt gtccctttac ctctgggagg atagcttgat gacctgtctg ctcaggccag 1320
ccccatctag agtctcagtg gccccagtca tgttgagaaa ggttctttca aagatagact 1380
caagatagta gtgtcagagg tcccaagcaa atgaagggcg gggacagttg agggggtgga 1440
atagggacgg cagcagggaa ccagatagca tgctgctgag aagaaaaaaa gacattggtt 1500
taggtcagga agcaaaaaaa gggaactgag tggctgtgaa agggtggggt ttgctcagac 1560
tgtccttcct ctctggactg taagaattag tctcgagaaa gaagccacca tggccgctgt 1620
gatcctggag agcattttcc tgaagaggtc ccagcagaaa aagaaaacct ctcccctgaa 1680
ctttaagaaa agactgttcc tgctgacagt gcacaagctg tcttactatg agtacgactt 1740
tgagcggggc cgccgaggat caaaaaaggg gagcatcgat gtggagaaga ttacatgcgt 1800
ggagaccgtg gtccctgaaa agaatccacc ccctgagagg cagatcccaa gacggggcga 1860
ggagtcctct gagatggagc agattagtat cattgagcgc ttcccctatc cttttcaggt 1920
ggtgtacgac gagggaccac tgtatgtgtt ctcacccaca gaggagctga gaaagaggtg 1980
gattcaccag ctgaagaacg tgattagata caatagcgat ctggtgcaga agtatcaccc 2040
ttgtttttgg atcgacgggc agtacctgtg ctgttcccag acagctaaga acgctatggg 2100
atgccagatt ctggaaaatc ggaacggatc tctgaaacca gggagttcac accgcaagac 2160
caaaaagccc ctgcctccaa cacccgagga ggatcagatc ctgaaaaagc ctctgccacc 2220
cgagcctgct gcagccccag tcagcacttc cgaactgaaa aaggtggtgg ctctgtatga 2280
ctacatgccc atgaatgcta acgatctgca gctgagaaag ggcgacgagt atttcattct 2340
ggaagagtct aatctgcctt ggtggagggc cagagataag aacggacagg aggggtacat 2400
cccatctaat tatgtgaccg aggctgagga ctctattgag atgtacgagt ggtatagcaa 2460
gcacatgaca cggtcccagg ctgagcagct gctgaagcag gagggcaaag agggagggtt 2520
tatcgtgcgc gattctagta aggccggcaa atacactgtg tcagtgttcg ctaagagcac 2580
cggagacccc cagggcgtga tcagacacta tgtggtgtgt tccacacctc agtctcagta 2640
ctatctggct gagaagcacc tgtttagtac aatcccagag ctgattaact accaccagca 2700
caattctgcc ggcctgatca gcaggctgaa gtatcccgtc tcccagcaga acaaaaatgc 2760
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<213> Artificial Sequence

<220>

<223> BTKe?Myc.BTKp.coBTK

<400> 45

tttcctagga gaatccctgg gggaatcatt gcagttggag cataatgtag ggggccctgt 60
tactcggccc ccaccagcaa gtcctaccat gcttgcgtga gcgctatcgg cgcggaaaga 120
aagaaaccgc gaggcaaacg gaagtatata ggaggttccc gatcgcactt cctcatggga 180
gtcggtagga gcaatcatag agtgtaaggo tcagcgcago gccctcgggc ggctgagagg 240
actcagttcg gagccgcggg cgggagctta aggaaggact ccgcctaaag ggtggtccad 300
tcaccccgac ttcctcccgc cccgcagctt tcaacgtttc gtcactttat ctcttttggt 360
ggactctgct acgtagtggc gttcagtgaa gggagcagtg tttttcccag atcctctggc 420
ctccccgtcc ccgagggaag ccaggactag ggtcgaatga aggggtcctc cacctccacg 480
ttccattcct gttccacctc aaggtcactg ggaacacctt tcgcagcaaa ctgctaattc 540
aatgaagacc tggagggago caattgttcc agttcatcta tcacatggcc agttggtcca 600
ttcaacaaat ggttattgga tgcccattat gtggcaggca ctgttccggg ggagaggtac 660
agtaatctaa taggettata aatgtgcaat tatgaactaa gtactttgaa gaaaaggaac 720
aatgattggc attaaagcag cacccttctg ttgagggagt aagtcagcag ctctaggttc 780
tgaaaagtga caatgaaatt gtttggctcc tgtggcccct gagaaaacct ccaggcttca 840
agtgacatac ctagtctgct ttaccggttt acaggactca agagaaaggt ggacattgag 900
agttaatccc tgaggccaaa tcttaaatgg agaaagtcaa catccacaga aaatggggaa 960
gggcacaagt atttctgtgg gcttatattc cgacattttt atctgtaggg gaaaaatgct 1020
ttcttagaaa atgactcagc acggggaagt cttgtctcta cctctgtctt gttttgtcct 1080
ttggggtccc ttcactatca agttcaactg tgtgtccctg agactcctct gccccggagg 1140
acaggagact cgaaaaacgo tcttcctggc cagtctcttt gctctgtgtc tgccagcccc 1200
cagcatctct cctctttcct gtaagcccct ctccctgtgc tgactgtctt catagtactt 1260
taggtatgtt gtccctttac ctctgggagg atagcttgat gacctgtctg ctcaggccag 1320
ccccatctag agtctcagtg gccccagtca tgttgagaaa ggttctttca aagatagact 1380
caagatagta gtgtcagagg tcccaagcaa atgaagggcg gggacagttg agggggtgga 1440
atagggacgg cagcagggaa ccagatagca tgctgctgag aagaaaaaaa gacattggtt 1500
taggtcagga agcaaaaaaa gggaactgag tggctgtgaa agggtggggt ttgctcagac 1560
tgtccttcct ctctggactg taagaattag tctcgagaaa gaagccacca tggccgctgt 1620
gatcctggag agcattttcc tgaagaggtc ccagcagaaa aagaaaacct ctcccctgaa 1680
ctttaagaaa agactgttcc tgctgacagt gcacaagctg tcttactatg agtacgactt 1740
tgagcggggc cgccgaggat caaaaaaggg gagcatcgat gtggagaaga ttacatgcgt 1800

ggagaccgtg gtccctgaaa agaatccacc ccctgagagg cagatcccaa gacggggcga 1860
ggagtcctct gagatggagc agattagtat cattgagcgc ttcccctatc cttttcaggt 1920

ggtgtacgac gagggaccac tgtatgtgtt ctcacccaca gaggagctga gaaagaggtg 1980
gattcaccag ctgaagaacg tgattagata caatagcgat ctggtgcaga agtatcaccc 2040
ttgtttttgg atcgacgggc agtacctgtg ctgttcccag acagctaaga acgctatggg 2100
atgccagatt ctggaaaatc ggaacggatc tctgaaacca gggagttcac accgcaagac 2160
caaaaagccc ctgcctccaa cacccgagga ggatcagato ctgaaaaagc ctctgccacc 2220
cgagcctgct gcagccccag tcagcacttc cgaactgaaa aaggtggtgg ctctgtatga 2280
ctacatgccc atgaatgcta acgatctgca gctgagaaag ggcgacgagt atttcattct 2340
ggaagagtct aatctgcctt ggtggagggc cagagataag aacggacagg aggggtacat 2400
cccatctaat tatgtgaccg aggctgagga ctctattgag atgtacgagt ggtatagcaa 2460

gcacatgaca cggtcccagg ctgagcagct gctgaagcag gagggcaaag agggagggtt 2520
tatcgtgcgc gattctagta aggccggcaa atacactgtg tcagtgttcg ctaagagcad 2580
cggagacccc cagggcgtga tcagacacta tgtggtgtgt tccacacctc agtctcagta 2640
ctatctggct gagaagcacc tgtttagtac aatcccagag ctgattaact accaccagca 2700
caattctgcc ggcctgatca gcaggctgaa gtatcccgtc tcccagcaga acaaaaatgc 2760
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tccttctacc gctggactgg ggtacggcag ttgggagatt gatccaaagg acctgacatt 2820
cctgaaggag ctgggaactg ggcagtttgg cgtggtgaag tatggaaaat ggagagggca 2880
gtacgatgtg gccatcaaga tgatcaagga gggctcaatg agcgaggacg agttcatcga 2940
ggaggctaag gtcatgatga acctgtccca cgagaaactg gtgcagctgt atggagtgtg 3000
caccaagcag cggcccattt ttatcattac agagtacatg gctaatgggt gtctgctgaa 3060
ctatctgcgc gagatgagac acagattcca gacacagcag ctgctggaaa tgtgcaagga 3120
tgtgtgtgag gctatggagt acctggagtc taagcagttt ctgcaccggg acctggctgc 3180
tcgcaattgc ctggtgaacg atcagggcgt ggtgaaggtg agtgacttcg gactgtcaag 3240
gtatgtgctg gatgacgagt acaccagctc cgtgggctct aagtttcctg tgagatggtc 3300
tccacccgag gtgctgatgt atagcaagtt ctcctctaag agcgatatct gggcctttgg 3360
cgtgctgatg tgggaaatct acagcctggg caagatgcct tacgagcggt tcacaaattc 3420
cgagacagct gagcacatcg cccagggcct gcgcctgtac cggccacatc tggcctctga 3480
gaaggtgtac accatcatgt acagctgttg gcacgagaag gccgacgaga gacccacatt 3540
caagatcctg ctgtccaaca ttctagatgt gatggacgag gagagctga             3589

<210> 46
<211> 387
<212> DNA
<213> Artificial Sequence

<220> 
<223> *

<400> 46
aggagggcca tcatggccaa gttgaccagt gctgtcccag tgctcacagc cagggatgtg 60
gctggagctg ttgagttctg gactgacagg ttggggttct ccagagattt tgtggaggat 120
gactttgcag gtgtggtcag agatgatgtc accctgttca tctcagcagt ccaggaccag 180
gtggtgcctg acaacaccct ggcttgggtg tgggtgagag gactggatga gctgtatgct 240
gagtggagtg aggtggtctc caccaacttc agggatgcca gtggccctgc catgacagag 300
attggagagc agccctgggg gagagagttt gccctgagag acccagcagg caactgtgtg 360
cactttgtgg cagaggagca ggactga                                     387

Page 47

2018_04_19_Sequence_Listing_SCRI_148W0.txt
tccttctacc gctggactgg ggtacggcag ttgggagatt gatccaaagg acctgacatt 2820
cctgaaggag ctgggaactg ggcagtttgg cgtggtgaag tatggaaaat ggagagggca 2880
gtacgatgtg gccatcaaga tgatcaagga gggctcaatg agcgaggacg agttcatcga 2940
ggaggctaag gtcatgatga acctgtccca cgagaaactg gtgcagctgt atggagtgtg 3000
caccaagcag cggcccattt ttatcattac agagtacatg gctaatgggt gtctgctgaa 3060
ctatctgcgc gagatgagac acagattcca gacacagcag ctgctggaaa tgtgcaagga 3120
tgtgtgtgag gctatggagt acctggagtc taagcagttt ctgcaccggg acctggctgc 3180
tcgcaattgo ctggtgaacg atcagggcgt ggtgaaggtg agtgacttcg gactgtcaag 3240
gtatgtgctg gatgacgagt acaccagctc cgtgggctct aagtttcctg tgagatggtc 3300
tccacccgag gtgctgatgt atagcaagtt ctcctctaag agcgatatct gggcctttgg 3360
cgtgctgatg tgggaaatct acagcctggg caagatgcct tacgagcggt tcacaaattc 3420
cgagacagct gagcacatcg cccagggcct gcgcctgtac cggccacatc tggcctctga 3480
gaaggtgtac accatcatgt acagctgttg gcacgagaag gccgacgaga gacccacatt 3540

caagatcctg ctgtccaaca ttctagatgt gatggacgag gagagctga 3589

<210> 46

<211> 387

<212> DNA

<213> Artificial Sequence

<220>

<223> *

<400> 46

aggagggcca tcatggccaa gttgaccagt gctgtcccag tgctcacagc cagggatgtg 60
gctggagctg ttgagttctg gactgacagg ttggggttct ccagagattt tgtggaggat 120
gactttgcag gtgtggtcag agatgatgtc accctgttca tctcagcagt ccaggaccag 180
gtggtgcctg acaacaccct ggcttgggtg tgggtgagag gactggatga gctgtatgct 240
gagtggagtg aggtggtctc caccaacttc agggatgcca gtggccctgc catgacagag 300
attggagage agccctggggg gagagagttt gccctgagag acccagcagg caactgtgtg 360

cactttgtgg cagaggagca ggactga 387
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