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ABSTRACT 

Damage to the mechanosensory hair cells of the inner ear causes permanent 

hearing loss in millions of people each year.  Although some vertebrate species can 

regenerate hair cells, mammals lack any regenerative capacity.  A core goal of the 

hearing research field is to efficiently stimulate hair cell regeneration in mammals to 

prevent hearing loss.  In recent years, many crucial factors that play a role in hair cell 

development have been discovered.  The transcription factor Atoh1 is known to be 

necessary and sufficient for hair cell development in embryonic mouse inner ear and thus 

represents the standard in hair cell regeneration strategies.  However, evidence suggests 

that overexpression of Atoh1 alone is unable to drive hair cell-like cell transformation in 

vitro, suggesting that additional factors may be required.  Multiple cell type-specific 

factors, including microRNAs (miRNAs) and transcription factors (TFs) that regulate 

gene expression, have been used in prior studies to drive cell transformation in iPSC and 

neuronal cell generation.  Specific miRNAs have been shown to be required for hair cell 

development including, miRNA-183 family members (miR-183, miR-96, and miR-182).  

Additionally, other transcription factors including Pou4f3 and Gfi1 are necessary for hair 

cell maintenance and survival.  Our goal is to test whether a combination of hair cell TFs 

and miRNAs can generate hair cell-like cells more efficiently than Atoh1 alone.  To 

ultimately examine this question, our immediate objective was to construct and validate 

an array of expression vectors that deliver various combinations of Atoh1, Pou4f3, Gfi1, 

and the miRNA-183 family.  A novel expression vector was previously developed that 

would deliver both hair cell miRNAs and TFs from a single transcript.  The transcript 

produces miRNA-183 family members from an intron and individual transcription factors 
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(Atoh1, Pou4f3, and Gfi1) and red fluorescent protein from a single open reading frame 

by ribosome-mediated cleavage of intervening viral 2A peptide elements.  From this 

parent vector we derived a series of eight plasmid vectors that deliver different 

combinations of the hair cell factors to ultimately assess which factors enhance the ability 

of Atoh1 to promote hair cell-like cell differentiation.  Plasmid vectors were transfected 

into mouse otic precursor cells and general protein expression was confirmed by 

visualization of RFP fluorescence, which demonstrated decreased levels of plasmid 

expression in transfections of larger constructs.  Transfected cell total RNA was analyzed 

via qRT-PCR methodologies and validated increased levels of miRNA-183 family 

detection.  Six plasmid vectors were converted to Adenovirus vectors to develop a more 

efficient delivery method.  Adenoviral expression efficiency was validated by both 

visualization of RFP fluorescence and subsequent flow cytometric analysis of infected 

HEK293 cells, which confirmed earlier observations of decreased expression efficiency 

of larger constructs.  qRT-PCR analysis of infected cell total RNA further verified 

miRNA-183 family member processing.  Detection of TFs via western blot analysis 

indicated protein processing was occurring, although cleavage at one 2A peptide 

appeared to be relatively inefficient.  Phalloidin staining of transfected mouse otic 

precursor cells did not reveal noticeable morphological changes in actin structure after 48 

hours.  However, the construction and validation of these vectors will offer valuable tools 

for studying the combined effects of hair cell factors in various cell culture models.  A 

successful combination of such factors that improves hair cell differentiation will 

facilitate in vitro study of hair cell development and is likely to enhance regenerative 

strategies for hair cell replacement and hearing restoration. 
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I. INTRODUCTION 

 

A. Hearing loss 

 Over 5% of the global population, or approximately 360 million people, suffers 

from hearing loss caused by a multitude of factors such as aging, exposure to extreme 

noise, infection, genetic causes, or use of ototoxic drugs (WHO 2013).  Roughly 30% of 

people over the age of 65 and almost 50% of people over 75 have a hearing loss (NIDCD 

2013).  Hearing loss has doubled in the United States over the past few decades and 

prevalence rates are likely to continue growing due to regular exposure to excessive 

sound (ASHA 2013).   

 The two main types of hearing loss are conductive hearing loss, which is caused 

by a disruption in conduction of sound through the outer or middle ear, and sensorineural 

hearing loss, which arises due to auditory nerve damage or damage to the inner ear hair 

cells of the organ of Corti (Figure 1) or the auditory nerve (CDC 2011).  Conductive 

hearing loss often involves a decrease in sound level that can be corrected either 

surgically or through the use of hearing aids.  Conversely, sensorineural hearing loss 

cannot be surgically or medically corrected.  Cochlear implants are the only treatment for 

severe to profound sensorineural hearing loss in humans (ASHA 2013).   

 One prevalent form of sensorineural hearing loss is referred to as noise-induced 

hearing loss (NIHL), which is caused by exposure to excessive noise that permanently 

damages cochlear hair cells (NIDCD 2013).  Approximately 15% of American adults 

aged 20-69 (26 million people) suffer from permanent NIHL (NIDCD 2013).  Although 

other vertebrate organisms such as birds can naturally regenerate damaged auditory hair 

cells (Stone and Cotanche 2007), mammals lack the ability (Collado et al. 2008).  A  
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FIGURE 1. 

 

 

 

Figure 1.  Auditory hair cells of the mammalian inner ear.  The mammalian inner ear 

(A) consists of the cochlear and vestibular systems, both of which contain 

mechanosensory hair cells that are named for the bundles of stereocilia on their apical 

surfaces.  Auditory hair cells are housed in the organ of Corti within the spiral-shaped 

cochlea (CO).  The sensory epithelia of the inner ear are highlighted.  A cross section of 

the organ of Corti (B) shows supporting cells (blue) surrounding two distinct types of 

cochlear hair cells (red): one row of inner hair cells (sound perception, IHC) and three 

rows of outer hair cells (sound amplification, OHCs).  Ion channels are opened when 

sound waves deflect the stereociliary bundles of hair cells, leading to the depolarization 

of these cells.  AC, anterior crista; HC, horizontal crista; PC, posterior crista; U, utricular 

macula; S, saccular macula; IPhC, inner phalangeal cell; IPC, inner pillar cell; OPC, 

outer pillar cell; DCs; Deiters’ cells.   
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fundamental goal in the current hearing research field is to discover a means of efficiently 

stimulating cochlear hair cell regeneration in mammals to counteract the deleterious 

effects of hearing loss due to hair cell death.   

 

B. Avian hair cell regeneration 

 Methods for hair cell regeneration have been explored in some non-mammalian 

vertebrates that retain the ability to naturally regenerate hair cells.  One salient example is 

the avian sensory epithelium (Jorgensen and Mathiesen 1988), which has been shown to 

directly regenerate lost hair cells from the surrounding supporting cells via two distinct 

approaches (Figure 2).  Damaged hair cells are initially replaced through the 

transdifferentiation of a nearby supporting cell directly into a new hair cell (Adler and 

Raphael 1996; Roberson et al. 2004).  Later on, a second mechanism for hair cell 

regeneration is observed, where supporting cells mitotically divide into two daughter 

cells: one that gives rise to a new hair cell and one that remains a supporting cell (Bhave 

et al.1995; Stone et al. 1999).  This latter process undoubtedly helps to preserve the 

complex cytoarchitecture of the inner ear. However, instances of vast hair cell death seem 

to trigger a higher rate of direct transdifferentiation of supporting cells into hair cells 

(Roberson et al. 2004).  Physiological studies have shown that these newly regenerated 

hair cells provide partial to full hearing recovery in birds (Chen et al. 2001).  The 

methods of spontaneous hair cell regeneration in birds can serve as insightful models for 

potential hair cell regeneration therapies in mammals.   
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FIGURE 2. 

 

 

 

 

 

Figure 2.  Avian hair cell regeneration.  In the avian model, hair cells (HCs) are 

naturally regenerated from supporting cells (SCs) through two processes.  One method 

involves supporting cell transdifferentiation directly into a hair cell.  Another process 

entails supporting cell reentry into cell cycle and division to give rise to one hair cell and 

one supporting cell.   
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C. Stem cells as a model for hair cell regeneration 

 Stem cells, which can be guided to differentiate into different cell types, can serve 

as a potential model for studying hair cell regeneration.  Various laboratories have tested 

the ability of a number of different types of stem cells to differentiate into hair cell-like 

cells after implantation into the inner ear (Hu et al. 2005; Jeon et al. 2007; Li et al. 2004).  

One study revealed that mouse embryonic stem cells (ESCs) could be guided towards a 

hair cell-like fate by growing embryoid bodies in stromal cell-conditioned medium for 

two weeks (Ouji et al. 2012).  While promising, the isolation of a substantial number of 

embryonic or adult stem cells was problematic.   

 A more apt therapeutic model may be induced pluripotent stem cells (iPSCs), 

which can be derived from a patient’s mature somatic cells (Takahashi and Yamanaka 

2006; Takahashi et al. 2007; Yu et al. 2007; Park et al. 2008; Lowry et al. 2008; Welstead 

et al. 2008; Somers et al. 2010) and thus, can theoretically avoid any histoincompatibility 

issues (Guha et al. 2013) that are often seen in the introduction of foreign cells into a 

body.  Despite minor epigenetic differences, iPSCs and ESCs seem to have comparable 

potentials for differentiation in vitro (Christodoulou et al. 2011).  The great utility of 

iPSCs in regenerative medicine has already been demonstrated in a number of 

laboratories.  Human sickle cell anemia was successfully treated in a mouse model using 

hematopoietic stem cells originating from iPSCs (Hanna et al. 2007).  IPSC-derived 

hepatic cells were successfully used to repopulate the livers of mice with liver cirrhosis 

(Liu et al. 2011).  More relevantly, both ESCs and iPSCs were treated with different 

combinations of factors in order to produce a minute number of hair cell-like cells 

(Oshima et al. 2010).  Although transplantation of newly generated hair cells poses an 
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entirely new question, there is much value in exploring further techniques or 

combinations of factors to more efficiently drive hair cell-like cell differentiation from 

stem cells.   

 

D. Atoh1 

 Atonal Homolog 1 (Atoh1), also known as mouse atonal homolog 1 (Math1), is a 

basic helix-loop-helix transcription factor (TF) expressed in the sensory epithelia of the 

inner ear (Bermingham et al. 1999).  Expression of Atoh1 seems to be largely 

upregulated in avian supporting cells after hair cell damage (Lewis et al. 2012).  Atoh1 

has been shown to be necessary for mammalian hair cell development in that Atoh1-null 

mice failed to produce hair cells in both the cochlea and vestibule of the inner ear 

(Bermingham et al. 1999; Woods et al. 2004).  Many studies have also demonstrated that 

Atoh1 seems to be contextually sufficient (Lin et al. 2012) for mammalian hair cell 

development, where the overexpression of Atoh1 in the embryonic and neonatal inner 

ears of mammals induced ectopic hair cell development (Zheng and Gao 2000; Shou et 

al. 2003; Kawamoto et al. 2003; Izumikawa et al. 2005; Gubbels et al. 2008; Yang et al. 

2013).  Following hair cell destruction with neomycin treatment of rat vestibule, Atoh1 

transduction was able to drive the production of hair cell-like cells (Xu et al. 2012).  

Recently, one study showed that the in vivo inhibition of the Notch signaling pathway in 

mice caused an upregulation of Atoh1 and the subsequent transdifferentiation of 

supporting cells to replace acoustically damaged hair cells (Mizutari et al. 2013).  Atoh1 

has thus been shown to be an important factor in hair cell development and will likely be 
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included in any combination of factors that seeks to induce hair cell regeneration in 

mammals.   

 

E. Additional factors for hair cell development and maintenance 

 Although essential for hair cell development, Atoh1 is not sufficient for 

maintenance of hair cell function (Shou et al. 2003); consequently, additional factors may 

be required to help drive more efficient hair cell regeneration and maintenance.  The co-

expression of multiple factors to drive cell differentiation is not a novel idea.  One 

common example is the generation of iPSCs, where four factors (Oct4, Sox2, Klf4, and c-

Myc) are co-expressed to revert a cell to a pluripotent state (Takahashi and Yamanaka 

2006; Takahashi et al. 2007; Yu et al. 2007; Park et al. 2008; Welstead et al. 2008).  

Interestingly, the co-expression of the four pluripotency factors along with stem cell-

specific microRNAs (miRNAs) was able to generate iPSCs more efficiently (Judson et al. 

2009; Bao et al. 2013).  Moreover, one study showed that fibroblasts could be 

transformed into neurons through the delivery of a combination of both neuronal 

miRNAs and TFs; however, neither miRNAs nor TFs alone were able to drive this 

transformation (Yoo et al. 2011).  These data support the idea that a combination of both 

hair cell-specific miRNAs and TFs can drive hair cell-like cell differentiation more 

efficiently than Atoh1 alone.   

 

F. MicroRNAs 

 miRNAs are about 22 nucleotides in length and have the ability to post-

transcriptionally silence gene expression through translational repression or degradation 
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of target mRNAs (Huntzinger and Izaurralde 2011; Pasquinelli 2012).  About one fifth of 

human genes are estimated to be regulated by miRNAs (Xie et al. 2005), suggesting they 

play a substantial role in gene regulation.  Animal miRNAs bind to complementary sites 

primarily found in the 3’ untranslated regions (UTRs) of their mRNA targets (Slack et al. 

2000; Lai 2002; Bentwich 2005; Friedman et al. 2009). However, there are a few cases 

where miRNA target sites lie within the coding regions of their targets (Tay et al. 2008).  

The genes for noncoding miRNAs are frequently found in genomic clusters, which often 

contain related miRNAs (Lagos-Quintana et al. 2001; Lee and Ambros 2001; Altuvia et 

al. 2005), indicating that multiple miRNAs may be generated from a single primary 

transcript.  A number of miRNA clusters are also evolutionarily conserved across species, 

strongly suggesting that they play an important role in some aspect of development 

(Pasquinelli et al. 2000; Lagos-Quintana et al. 2001; Lee and Ambros 2001; Griffiths-

Jones et al. 2008).  Studies have shown that a number of miRNAs are present in the 

mammalian inner ear and may contribute to proper development of the sensory epithelia 

(Weston et al. 2006; Friedman et a. 2009).  Interestingly, mice with a Dicer conditional 

knockout (CKO) that depletes the inner ear of all miRNAs showed considerable inner ear 

deformations  (Soukup et al. 2009; Friedman et al. 2009). Moreover, areas with the most 

residual miRNA expression correlated with more advanced hair cell development 

(Soukup et al. 2009).   

 miRNAs are processed into their mature forms by a complex pathway (Bartel 

2004).  Briefly, most primary miRNA (pri-miRNA) transcripts, which form hairpin 

structures, are produced by RNA Polymerase II transcription of miRNA genes (Lee et al. 

2004; Cai et al. 2004).  The DiGeorge Syndrome Critical Region 8 protein (DGCR8), 
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which complexes with the RNase III enzyme Drosha (Gregory et al. 2004; Han et al. 

2004; Landthaler et al. 2004; Pawlicki and Steitz 2008), contains a binding domain that 

recognizes and binds the double-stranded pri-miRNA hairpin (Han et al. 2004; Pawlicki 

and Steitz 2008) and allows Drosha cleavage of the pri-miRNA into a precursor-miRNA 

(pre-miRNA) stem loop structure (Lee et al. 2003).  The 3’ 2-base pair overhang of the 

pre-miRNA, a result of Drosha processing, is recognized by Exportin 5, which in 

conjunction with Ran-GTP transfers the pre-miRNA out of the nucleus (Yi et al. 2003; 

Lund et al. 2004).  In the cytoplasm, another RNase III enzyme called Dicer recognizes 

the double stranded pre-miRNA and cleaves the hairpin, yielding the mature 

miRNA:miRNA* duplex (Lee et al. 2003).  Transactivating response RNA-Binding 

Protein (TRBP), which is complexed with Dicer, recruits an Argonaute protein to the 

Dicer-miRNA complex (Chendrimada et al. 2005; Gregory et al. 2005).  The mature 

miRNA strand with weaker base pairing at its 5’ end enters the Argonaute protein to form 

the RNA-Induced Silencing Complex (RISC) (Schwarz et al. 2003; Khvorova et al. 

2003), whereas the opposite strand (miRNA*) is rapidly degraded (Filipowicz et al. 

2008).  The miRNA acts as a guide for the RISC to bind and silence target mRNAs 

through complimentary base pairing (Elbashir et al. 2001; Lai 2002; Lewis et al. 2003).   

 

G.  MicroRNA-183 family members 

 The miRNA-183 family cluster, which include miR-183, miR-96, and miR-182, is 

found within a ~4.2 kilobase stretch of chromosome 7 in humans.  All three miRNAs are 

derived from a single RNA transcript and processed into individual mature miRNAs 

(Weston et al. 2006; Xu et al. 2007; Saini et al. 2008).  miRNA-183 family members,  



10 

 

FIGURE 3. 

 

 

 

 

 

FIGURE 3. miRNA-183 family conservation in humans and mice. The figure shows 

mature miRNA-183 family member sequences for Homo sapiens (hsa) and Mus musculus 

(mmu).  Seed sequences are highlighted in red.  Sequences were retrieved from 

mirbase.org.   
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which are highly conserved amongst diverse species (Pierce et al. 2008), share deep 

sequence homology amongst each other (Figure 3), suggesting a possible overlap in 

targets.  In the mouse inner ear, miRNA-183 family members are highly expressed in 

both the sensory neurons and the cochlear and vestibular mechanosensory hair cells 

(Weston et al. 2006; Soukup et al. 2009; Weston et al. 2011).  Expression of this family 

of miRNAs in hair cells was also found to begin around the time of hair cell specification 

(Weston et al. 2011).  One study in zebrafish showed that the knockdown of miRNA-183 

family members with antisense morpholino oligonucleotides caused a reduction in 

number of inner ear hair cells. Conversely, overexpression of miRNA-183 family 

members using synthesized miRNA duplexes resulted in otocyst duplication and ectopic 

hair cell formation (Li et al. 2010).   

 Mutations in miR-96 have been known to cause progressive hearing loss in both 

mice and humans.  The diminuendo mutant mouse model has a single base change in the 

miR-96 seed sequence, the region of a miRNA that corresponds to nucleotides 2-8 and 

plays a crucial role in target recognition (Lewis et al. 2005), which led to progressive 

hearing loss in heterozygotes and profound hearing loss in homozygotes.  Microarray 

data indicated that novel targets with a newfound complementarity to the altered seed 

sequence were downregulated, while original targets were upregulated (Lewis et al. 

2009).  Two separate point mutations in the miR-96 seed sequence have also resulted in 

decreased mRNA targeting and non-syndromic progressive hearing loss in humans 

(Mencía et al. 2009).  Another human mutation, which led to non-syndromic inherited 

hearing loss, was found to occur in the miR-96* strand, which likely caused a 

destabilization in the stem loop that negatively affected pre-miRNA processing (Soldà et 
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al. 2012).  These mutations further demonstrate that miRNA-183 family members may be 

a key component in efficiently driving hair cell differentiation.   

  

H. Pou4f3 

 Similar to the expression pattern of Atoh1 in the inner ear, Pou4f3 (aka Brn3c or 

Brn3.1) is also expressed solely in the mechanosensory hair cells around E12.5 in mice 

(Xiang et al. 1997; Xiang et al. 1998).  Pou4f3, a class IV POU domain TF, has been 

shown to be crucial for hair cell maintenance and survival in mice (Erkman et al. 1996; 

Xiang et al. 1997; Keithley et al. 1999) and was even found to persist in inner ear hair 

cells well into adulthood (Xiang et al. 1997).  Evidence also suggests that Pou4f3 may 

not be required for initial hair cell specification, but plays a crucial role in proper hair cell 

maturation; Pou4f3-null mice were deaf and suffered from impaired balance due to the 

development of hair cells that lacked apical stereocilia bundles and underwent apoptosis 

after birth (Xiang et al. 1998).  Moreover, mice that are heterozygous for a Pou4f3 

mutation seem to be phenotypically and physiologically identical to wild type mice, 

suggesting one intact copy of Pou4f3 is sufficient for proper hair cell maintenance 

(Keithley et al. 1999).  A rare mutation in Pou4f3 was discovered to cause an autosomal 

dominant nonsyndromic progressive hearing loss (DFNA15) in humans (Vahava et al. 

1998; Weiss et al. 2003).  Pou4f3, which has been shown to be an important factor for 

proper hair cell development and maintenance, may be effective in assisting Atoh1 and 

miRNA-183 family members in efficiently driving cells towards a hair cell-like cell fate.   
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I. Gfi1 

 Growth Factor Independence 1 (Gfi1) is a zinc-finger transcription factor that acts 

as a transcriptional repressor through binding with an N-terminal SNAG domain (Grimes 

et al. 1996).  Gfi1, which has been shown to function downstream of Atoh1 in the 

intestine (Shroyer et al. 2005), is initially expressed in the sensory epithelia of the mouse 

inner ear around E12.5, but is later found solely in the hair cells and neurons (Wallis et al. 

2003).  One study found that mice with a mutation in Pou4f3 showed considerably 

decreased Gfi1 expression, suggesting that both of these TFs have similar expression 

patterns. Likewise, mice with a mutation in Gfi1 showed hair cell degeneration that was 

also seen in Pou4f3 mutant mice (Hertzano et al. 2004).  Like Pou4f3 mutants, Gfi1 

mutant mice suffer from balance impairments and deafness due to the development of 

disorganized inner ear hair cells that eventually undergo apoptosis around birth (Wallis et 

al. 2003).  Evidence suggests that Gfi1 may be a downstream target of Pou4f3 and may 

possibly be responsible for the Pou4f3 mutant mouse phenotype (Hertzano et al. 2004).  

Gfi1 has been shown to be vital for hair cell survival and might thus aid in efficiently 

driving hair cell-like cell differentiation when co-expressed with Atoh1, miRNA-183 

family members, and Pou4f3.   

 

J. Goal and approach 

 We hypothesized that a combination of important hair cell factors (Atoh1, 

miRNA-183 family, Pou4f3, Gfi1) can drive hair cell-like cell differentiation more 

efficiently than Atoh1 alone.  Our laboratory previously designed and constructed a 

plasmid vector (p183APGT) that contained an EF-1α human promoter driving 
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transcription of intronic miRNA-183 family members followed by the exonic 

transcription factors Atoh1, Pou4f3, Gfi1, and a Red Fluorescent Protein (RFP) reporter 

in a single open reading frame (ORF).  Since a large number of miRNAs naturally reside 

within introns (Lin et al. 2003; Ying and Lin 2004), the p183APGT vector was designed 

to contain intronic miRNA-183 family members that are expected to be spliced out while 

mRNA processing occurs (Bushati and Cohen 2007; Kim et al. 2007), thus leaving the 

remainder of the mRNA transcript intact.  Atoh1, Pou4f3, and Gfi1 were individually 

tagged on the N-terminus (Myc, HA, and FLAG, respectively) for future protein analysis.  

The TFs and the RFP reporter gene, tandem double Tomato, were each separated by a 

unique picornaviral 2A peptide sequence, a cis-acting hydrolase element (CHYSEL) that 

is believed to cause a “ribosomal skip” that results in the release of any translated protein 

followed by sustained translation (Ryan and Drew 1994; Donnelly et al. 2001).  A 

number of studies show that 2A peptide sequences can be effectively utilized to express 

multiple, discrete proteins from a single mRNA transcript (Szymczak et al. 2004; 

Chinnasamy et al. 2006; Hasegawa et al. 2007; Tang et al. 2009; Gao et al. 2012), 

although 2A ‘cleavage’ efficiencies can vary (Kim et al. 2011).  2A peptide sequences 

have even been used to successfully generate iPSCs (Kaji et al. 2009; Woltjen et al. 2009; 

Yusa et al. 2009).   

 Our goal was to derive from the parent expression vector, p183APGT, an array of 

polycistronic vectors containing different combinations of factors that could be utilized in 

future research to address which combination would most effectively drive hair cell-like 

cell differentiation.  Additionally, proper miRNA and protein processing would need to 

be validated.  To begin, we used PCR recombination methods to yield four different 
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combinations of TFs, including the parent vector.  Next, we used restriction enzyme 

digestion to remove the miRNA-183 family members from the intron of the four vectors, 

thus yielding four additional vectors.  All eight vectors were sequence verified.  In order 

to generally validate protein expression through visualization of RFP fluorescence, each 

of the eight vectors were transfected into immortalized mouse otic precursor cells (IMO-

2B1 cells).  In order to validate miRNA processing, total RNA was collected from 

transfected IMO-2B1 cells and analyzed via SYBR Green and TaqMan qRT-PCR 

techniques.  Effects of plasmid vectors on the cytomorphology of transfected cells were 

assessed using Phalloidin staining to evaluate any changes in F-actin structure.   

 In order to maximize efficiency of vector delivery, we contracted the construction 

and production of six of the eight plasmid vectors as adenovirus vectors (Vector Biolabs), 

which are nonenveloped, icosahedral viruses that have a double stranded DNA genome 

(San Martín 2012).  Adenoviruses interact with a cell’s surface through the Coxsackie-

adenovirus receptor (CAR) (Bergelson et al. 1997; Tomko et al. 1997), which leads to 

internalization via receptor-mediated endocytosis (Greber et al. 1993), translocation of 

the viral genome to the nucleus, and expression of the viral DNA using host machinery 

(Hall et al. 2010).  In previous studies, adenoviruses have been utilized to efficiently 

overexpress Atoh1 in mammalian inner ears, both in vitro and in vivo (Shou et al. 2003; 

Izumikawa et al. 2008; Han et al. 2012; Yang et al. 2013).  One laboratory was able to 

infect acoustically damaged mammalian hair cells with Atoh1 in order to regenerate 

damaged stereocilia bundles, which eventually led to an improvement in hearing 

thresholds (Yang et al. 2012).  All six adenoviral vectors were infected into Human 

Embryonic Kidney 293 (HEK293) cells in order to validate fluorescence.  In order to 
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assess cell transduction efficiency, infected HEK293 cells were fixed and analyzed via 

Flow Cytometry.  miRNA-183 family member processing was again confirmed by 

analyzing total RNA collected from infected HEK293 cells with SYBR Green qRT-PCR.  

Finally, protein processing was examined using western blot methods to analyze total 

protein from infected HEK293 cells.   
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II. MATERIALS AND METHODS 

A. Parent expression vector  

 The parent expression vector (Figure 4) was co-designed by Dr. Garrett Soukup 

and Dr. Kirk Beisel of the Creighton University School of Medicine.  The vector was 

assembled by Jason Pecka of Dr. Beisel’s Lab.  The miRNAs and transcription factors 

were cloned into the miRNASelectTM pEGP-miR cloning vector (Cell Biolabs), which 

contained a strong mammalian EF-1α promoter driving transcription of a Human β-

globin intron with cloning sites for insertion of precursor miRNA sequences, and a GFP-

Puro fusion marker followed by an SV40 polyadenylation signal and an Ampicillin 

resistance gene.  The GFP-Puro marker was replaced with a single cassette containing the 

three Mus musculus transcription factors (TFs) Atoh1 (NM_007500), Pou4f3 

(NM_138945), and Gfi1 (GenBank: AK089065.1, Riken #E430038C21, BioSource 

LifeSciences), and a tandem double (td) Tomato Red Fluorescent Protein (Clonetech).  

The three transcription factors were individually tagged in the following order: 3x Myc-

Atoh1, 3x HA-Pou4f3, and 3x FLAG-Gfi1.  The four proteins were each separated by a 

unique 2A peptide sequence in the following order:  P2 (porcine enterovirus 1 serotype 

1), A2 (autocleavage site FMDV type O), and T2A (thosea asigna virus).  The precursor 

miRNA-183 family members were cloned into the intron using BamHI and NheI 

restriction enzyme cut sites.  The parent vector was referred to as p183APGT to signify 

that the vector contained miRNA-183 family members, Atoh1, Pou4f3, Gfi1, and the 

Tomato reporter gene.  The entire coding region of the p183APGT parent vector was 

sequenced by the Creighton University Molecular Biology Core Facility using primers 

specially designed for this construct (Table 1). 
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FIGURE 4. 

 

 

 

 

 

FIGURE 4. Parent expression vector. A schematic diagram of the parent expression 

vector, p183APGT, that combines miRNA-183 family members within an intron and 

encodes three tagged transcription factors (Atoh1, Pou4f3, Gfi1) and red fluorescent 

protein (RFP; double Tomato) separated by unique viral 2A ‘cleavage’ peptides.   

 

  



19 

 

TABLE 1. 

 

 

 

 

Primer Name Primer Sequence 

1F GAATAGTAGACATAATAGCAACAGAC 

2F GGGAGAACCGTATATAAGTGC 

3F CGCTGTGAGCAATCATGTG 

4F TCATGTTCATACCTCTTATCTTCC 

5F CCAGTATCTGCTGCATTCTC 

6F GCTGCAGACTCCCAATG 

7F TCTCATTACAGTGACTCTGATG 

8F GCCCTGCACTTCTACCTC 

9F GCTCAGCCAGAGCACC 

10F CTCCTGTCAAACAAACTCTTAAC 

11F CGCTCATTCCTGGTCAAG 

12R AGGTGTGTTTCTTCATATCTGAC 

13F GACCCTTTGCGTGCG 

14R CCATGTTGTTGTCCTCGG 

15F CGGCAGCTCCGGCAC 

16R AGGTGTGTTTCTTCATATCTGAC 

 

 

TABLE 1. Sequencing primers for expression vector sequence verification.  The 

table lists the names and sequences of the designed primers used for sequence 

verification of the plasmid expression vectors.  Primers are marked as forward or reverse 

primers with an F or R in the primer name, respectively.   
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B. Transcription factor deletion 

 Different sets of PCR primers (Table 2, Figure 5) were designed in order to PCR 

amplify around specific genes in the p183APGT parent vector in order to omit them and 

form new constructs that would deliver new combinations of transcription factors.  

Primer sets, which contained one forward and one reverse primer, were designed to share 

a 15-nucleotide overlap in order to allow proper recombination of the linear PCR 

products.  The new plasmids were all named after the proteins they encoded and whether 

or not they contained the miRNA-183 family members (Table 3).  p183APT, p183AT, 

and p183T were all generated using the Herculase II Fusion DNA Polymerase Kit 

(Agilent Technologies).  Each PCR reaction contained 10 µL of 5x Herculase II Reaction 

Buffer, 0.5 µL of 25mM dNTP mix, 25 ng of template DNA (p183APGT), 5 µL of 1 µM 

specific forward primer, 5 µL of 1 µM specific reverse primer, 1 µL of Herculase II 

Fusion DNA Polymerase, and DEPC-treated water up to a final 50 µL volume.  p183APT 

and p183AT were generated using the following PCR program: one step at 95 °C for 2 

min followed by 25 cycles at 95 °C for 20 s, 60 °C for 20 s, and 72 °C for 4 min, and a 

final step at 72 °C for 3 min.  p183T was generated using the following PCR program: 

one step at 95 °C for 2 min followed by 25 cycles at 95 °C for 20 s, 55 °C for 20 s, and 

72 °C for 3 min, and a final step at 72 °C for 3 min.  All three linearized constructs were 

gel purified using the Wizard® SV Gel and PCR Clean-Up System (Promega), which 

required dissolving the DNA-containing gel slice in Membrane Binding Solution at 50 

°C, followed by vacuum filtration washing steps and elution with nuclease free water.  

DNA concentration was measured using a NanoDrop® ND-1000 spectrophotometer 

(Thermo Scientific).  Purified DNA was stored at 4 °C until needed.   
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TABLE 2.   

 

 

Oligonucleotide Names Oligonucleotide Sequences 

PCR Primers to Delete 

Pou4f3 

 

pAGT-F GAGGCCAGTTTAGGAGGTTCCGGACTCAGATCC 

pAGT-R TCCTAAACTGGCCTCATCAGAGTCACTGTAATG 

  

PCR Primers to Delete  

Gfi1 

 

pAPT-F GGAGGTGAGGGCAGAGGAAGTCTTCTAACATGC 

pAPT-R TCTGCCCTCACCTCCTAATCGATGGACAGCAGAG 

  

PCR Primers to Delete  

Pou4f3/Gfi1 

 

pAT-F AGTGGAGAGGGCAGAGGAAGTCTTCTAACATGC 

pAT-R TCTGCCCTCTCCACTGGCCTCATCAGAGTC 

  

PCR Primers to Delete  

Atoh1/Pou4f3/Gfi1 

 

pT-F GAGGATCTTGAGGGCAGAGGAAGTCTTCTAACATGC 

pT-R GCCCTCAAGATCCTCTTCTGAGATGAGTTTTTGTTCTCC 

 

 

 

TABLE 2. PCR primers for TF deletion. This table lists the names and sequences of 

the primers used for TF deletion from the parent expression vector via PCR amplification 

and recombination methods.  Primers are discernible as forward or reverse by their name 

(F or R, respectively).  Those primers used for attempted p183AGT construction are 

shown in red.   
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FIGURE 5. 

 

 
 

 

FIGURE 5. Development of various expression vectors. A linearized representation of 

the parent expression vector (p183APGT) indicating both the primers and restriction 

enzymes that were used to develop additional vectors. PCR amplification and 

recombination, and traditional restriction enzyme digestion and ligation methodologies 

were used to construct vectors expressing various transcription factors with or without the 

miRNAs. Arrows mark PCR primer design locations along the vector.  Vector names 

shown in black denote the constructs produced by PCR amplification with the 

corresponding primers (black arrows).  Vector names shown in red signify attempted 

vector construction with the corresponding primers (red arrows).  Vector names shown in 

blue represent the constructs produced by EcoRI and NheI digestion and subsequent 

oligonucleotide linker ligation.   
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TABLE 3.  

 

 

 

 

Vector Nomenclature Expressed Components 

 

pmiR/TF 

 

Ad-miR/TF 

miR-183 family 

(183) 

Atoh1 

(A) 

Pou4f3 

(P) 

Gfi1 

(G) 

RFP 

(T) 

pT Ad-T     + 

p183T Ad-183T +    + 

pAT Ad-AT  +   + 

p183AT Ad-183AT + +   + 

pAPT -  + +  + 

p183APT - + + +  + 

pAPGT Ad-APGT  + + + + 

p183APGT Ad-183APGT + + + + + 

 

 

TABLE 3. Constructed plasmid and adenoviral expression vectors.  This table 

outlines the nomenclature of each plasmid/adenoviral expression vectors and each factor 

contained within. 

 

  



24 

 

 Linear DNA was recircularized using the In-Fusion® HD Cloning Kit (Clontech). 

In accordance with the manufacture’s protocol, 100 ng of linear DNA was added to 2 µL 

of 5x In-Fusion HD Enzyme Premix and water up to a 10 µL total volume.  The reaction 

was incubated at 50 °C for 15 min, followed by cooling on ice.  2.5 µL of recombined 

plasmid DNA was used to transform StellarTM Competent Bacterial Cells (Clonetech).  

Recombined plasmid DNA was added to a pre-thawed 50 µL aliquot of StellarTM 

bacterial cells, which were then stored on ice for an additional 30 min.  Bacterial cells 

were then heat shocked at 42 °C for 45 s and immediately placed on ice for 1-2 min.  

Heat shocked cells were combined with 500 µL of 37 °C SOC media and shaken at 37 °C 

for 1 h at 250 rpm.  150 µL of transformed cells were plated on ampicillin plates and 

incubated overnight at 37 °C.  Colonies were picked and grown in small-scale broth 

cultures overnight at 37 °C while shaking at 250 rpm.  Plasmid DNA was isolated from 

broth cultures using the PureYieldTM Plasmid Miniprep System (Promega).  Plasmid 

concentration was measured using the NanoDrop® ND-1000 spectrophotometer (Thermo 

Scientific) and DNA was stored at 4 °C until needed.  Plasmid DNA was analyzed by 

restriction digestion in order to validate expected fragment sizes via agarose gel 

electrophoresis.   

 Plasmid DNA that showed the expected fragment sizes was sequenced by the 

Creighton University Molecular Biology Core Facility with the previously designed 

sequencing primers that were necessary to get full sequencing coverage of the coding 

region (Table 4).  Once a plasmid vector was sequence verified, a large-scale bacterial 

culture was grown overnight at 37 °C using the original bacterial colony from a backup 

plate.  Plasmid DNA was isolated from cells using the PureYieldTM Plasmid Midiprep 
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System (Promega).  Plasmid concentration was measured using the NanoDrop® ND-

1000 spectrophotometer (Thermo Scientific) and DNA was stored at -20 °C. 

 

C. miRNA-183 family member deletion 

 miRNA-183 family members were enzymatically digested out of the introns of 

the four plasmid vectors p183APGT, p183APT, p183AT, and p183T in order to create 

four new vectors: pAPGT, pAPT, pAT, and pT.  Plasmids were digested with the 

restriction enzymes Nhe1-High Fidelity (HF) and EcoRI-HF in order to remove the 

miRNAs (Figure 5).  Each digestion reaction contained 4 µg of plasmid DNA, 6 µL of 

enzyme specific buffer (Buffer 2, New England BioLabs), 1 µL of BSA, 2 µL of Nhe1-

HF, 2 µL of EcoRI-HF, and water up to a 60 µL final volume.  Reactions were incubated 

at 37 °C for 40 min and DNA fragments were analyzed using gel electrophoresis.  After 

expected fragment sizes were verified, the desired DNA band was excised and gel 

purified using the Wizard® SV Gel and PCR Clean-Up System (Promega).   

 Two oligonucleotides (IDT), one sense (AATTGCAGTGTTTAAACAGCTC) 

and one antisense (CTAGGAGCTGTTTAAACACTGC), were designed to have an 18-

bp overlap and 4-nucleotide 5’ overhangs that were complimentary to the Nhe1-HF and 

EcoRI-HF cut sites on the linearized vectors lacking miRNAs.  The two oligonucleotides, 

which were 5’-phosphorylated, were combined to form a linker insert that can join the 

linear ends of the vectors.  The linker was designed to have a PmeI restriction enzyme 

site in order to validate proper linker ligation with restriction digestion.  The two 

oligonucleotides were combined in a reaction at 95 °C for 5 min which included 2 µL of 

a 10x PCR Buffer with MgCl2, 2 µL of 1 µM sense oligonucleotide, 2 µL of 1 µM  
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TABLE 4. 

 

 

Sequencing 

Primer 

p183APGT p183APT p183AT p183T pAPGT pAPT pAT pT 

1F + + + +     

2F + + + + + + + + 

3F + + + +     

4F + + +      

5F + + +      

6F + + +      

7F + +       

8F + +       

9F + +       

10F +        

11F +        

12R +        

13F +        

14R + + + +     

15F + + + +     

16R + + + +     

 

Table 4. Sequencing primers for individual plasmid vector sequence validation.  

This table outlines which sequencing primers were used to sequence the full array of 

plasmid expression vectors.  Vectors that underwent PCR amplification and 

recombination (p183APT, p183AT, p183T) were sequenced across the entire open 

reading frame to ensure polymerase fidelity.  Plasmids that had miRNA-183 family 

members enzymatically digested out of the intron were sequence verified across the 

enzyme cut sites to ensure proper insertion of the oligonucleotide linker.   
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antisense oligonucleotide, and water up to a final volume of 20 µL.  An online ligation 

calculator (http://www.insilico.uni-duesseldorf.de/Lig_Input.html) was used to calculate 

the amounts of vector and insert linker DNA to add to the ligation reaction to obtain a 1:3 

molar ratio of vector:insert.  A ligation reaction consisted of 1 µL of T4 Ligase (New 

England BioLabs), 2 µL of T4 Ligase Buffer, 150 ng of linearized vector DNA, the 

calculated amount of insert linker DNA, and water up to a final volume of 20 µL total.  

Ligation reactions were incubated at room temperature for over 1 h before transformation 

into bacterial cells.   

5 µL of ligation reaction was used to transform StellarTM Competent Bacterial 

Cells (Clontech).  150 µL of transformed cells was grown on an ampicillin plate 

overnight at 37 °C.  The next day, surviving colonies were picked and grown in small-

scale broth cultures overnight at 37 °C.  Plasmid DNA was isolated from bacterial cells 

using the PureYieldTM Plasmid Miniprep System (Promega).  Plasmid concentration was 

measured using the NanoDrop® ND-1000 spectrophotometer (Thermo Scientific) and 

DNA was stored at 4 °C until needed.  Plasmid DNA isolated from single bacterial 

colonies was digested with PmeI (New England BioLabs) and AatII (New England 

BioLabs) and analyzed by agarose gel electrophoresis.  A single DNA plasmid that 

yielded expected DNA fragments was sequenced by the Creighton University Molecular 

Biology Core Facility with previously designed sequencing primers necessary for 

coverage across the Nhe1-HF and EcoRI-HF cut sites in the intron.  Single colonies that 

yielded sequence-verified plasmid DNA were grown in large-scale cultures by picking 

those specific colonies from the backup plate.  Plasmid DNA was isolated from these 

cells using the PureYieldTM Plasmid Midiprep System (Promega).  Plasmid concentration 
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was measured using the NanoDrop® ND-1000 spectrophotometer (Thermo Scientific) 

and DNA was stored at -20 °C.   

 

D. Cell culture conditions 

 Immortomouse Otocyst (IMO) 2B1 cells were obtained from Dr. Kate Barald’s 

laboratory at the University of Michigan.  IMO-2B1 cells were derived from the early 

otocyst of Immortomouse at E9.5.  IMO-2B1 cells were shown to express prosensory 

markers but not hair cell specific markers (Germiller et al. 2004).  These cells contain a 

temperature-sensitive Simian Virus 40 large T antigen, which is regulated by a γ-

interferon-sensitive promoter (Jat et al. 1991).  Proliferative conditions for IMO-2B1 

cells require both the presence of γ-interferon to drive expression of the SV40 large T 

antigen and 33 °C to stabilize the large T antigen.  Thus, IMO-2B1 cells were cultured at 

33 °C in T25 tissue culture flasks (CytoOne) in media containing Minimum Essential 

Media (MEM, Gibco), 10% Fetal Bovine Serum (FBS, Gibco), 1% penicillin-

streptomycin-amphotericin (Cellgro), 1% Glutamax (Gibco), and 20 ng/mL γ-interferon 

(Gibco).  Cells were thawed from liquid nitrogen stocks and passaged biweekly up to 35 

passages before disposal.  During cell passaging, cells were washed with Hanks Salt 

Solution (Gibco) before trypsinization with 1x Trypsin (Cellgro).  Trypsin was 

inactivated with fresh media and trypsinized cells were collected and centrifuged to 

obtain a cell pellet.  The media-trypsin mixture was decanted, the cell pellet was 

resuspended in fresh media, and a fraction of the cells were plated in a fresh T25 flask.   

 Human Embryonic Kidney (HEK) 293 cells were obtained from The American 

Type Culture Collection.  HEK293 cells were cultured at 37°C in T75 tissue culture 
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flasks (CytoOne) in media containing DMEM (Gibco), 10% FBS (Gibco), 1x MEM 

nonessential amino acids (Cellgro), and 1% penicillin-streptomycin-amphotericin 

(Cellgro).  Cells were thawed from liquid nitrogen stocks and passaged biweekly up to 60 

passages before disposal.  During passaging, cells were first trypsinized with 1x trypsin 

(Cellgro).  Trypsin was inactivated with fresh media and the trypsinized cells were 

pelleted via centrifugation.  The media-trypsin mixture was decanted, the cell pellet was 

resuspended in fresh media, and a fraction of the cells were plated in a fresh T75 flask.   

 

E. IMO-2B1 cell transfection 

 After reaching 60-70% confluence, IMO-2B1 cells were transfected using 

LipofectamineTM 2000 transfection reagent (Invitrogen).  The proportion of plasmid 

DNA to LipofectamineTM 2000 reagent was optimized in order to maximize transfection 

efficiency and minimize cytotoxicity.  When transfecting cells on a 24-well plate 

(Corning) or a 4-well slide chamber (LAB-TEK), each well received 400 ng of plasmid 

DNA and 1 µL of LipofectamineTM 2000 reagent.  Transfections were conducted as 

specified in the LipofectamineTM 2000 protocol.  Plasmid DNA and LipofectamineTM 

2000 were diluted into separate tubes with 25 µL of 1x OPTI-MEM Reduced Serum 

Media (Gibco) before combining in a single tube.  The entire mixture was added to cells 

after 20 min.  Transfected IMO-2B1 cells were kept at 33°C for 48 h after transfection.  

Transfection was confirmed 48 h post-transfection by visualization of red fluorescent 

protein (RFP) reporter using the EVOS fl digital inverted fluorescence microscope 

(AMG).   
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F. Adenoviral vectors 

 Six plasmid vectors (p183APGT, p183AT, p183T, pAPGT, pAT, and pT) were 

converted to adenoviral vectors by Vector Biolabs.  According to the Vector Biolabs 

website, the gene of interest (GOI) was cloned into a shuttle vector and the entire 

expression cassette was transferred into the adenovirus genome vector.  The recombinant 

genome vector containing the inserted cassette was linearized and transfected into 

HEK293 cells for amplification.  Viruses were concentrated in a viral storage buffer.  

Various different titration methods, such as the plaque formation assay, were used to 

assess the final plaque-forming unit (PFU) concentration of each adenovirus (Vector 

Biolabs).  High Titer adenoviral stocks were received from Vector Biolabs and serially 

diluted to a stock concentration of 108 plaque-forming units per mL (PFU/mL) in DMEM 

containing 10% FBS and stored at -80 °C.   

 

G. HEK293 cell infection 

 Adenoviral vectors were diluted to a working concentration of 107 PFU/mL in 

DMEM containing 10% FBS.  Single aliquots of each 107 PFU/mL adenoviral vector 

were stored at 4 °C for up to one month before disposal.  IMO-2B1 cells showed no 

fluorescence after attempted infections, so HEK293 cells were used for infections since 

the adenoviruses were amplified using these cells.  HEK293 cells were infected after 

reaching 90-100% confluence.  When infecting cells in a 24-well plate, 50 µL of 107 

PFU/mL adenovirus was added to 450 µL of media in the well, yielding a final virus 

concentration of 106 PFU/mL.  When infecting cells in a 12-well plate, 100 µL of 107 

PFU/mL adenovirus was added to 900 µL of media in the well, also yielding a final virus 
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concentration of 106 PFU/mL.  Infected HEK293 cells were maintained at 37 °C for 24-

72 h after infection.  Infection was validated 48 and 72 h post-infection by visualization 

of RFP reporter using the EVOS fl digital inverted fluorescence microscope (AMG).   

 

H. Total RNA isolation 

 At 48 h post-transfection of IMO-2B1 cells or post-infection of HEK293 cells, 

cells were washed once with cold 1x PBS and then trypsinized for 3 min.  Trypsin was 

inactivated with an equal amount of fresh media and cells were pelleted at 2000 rpm and 

resuspended in 1x PBS.  Total RNA was isolated from transfected/infected cells using the 

mirVanaTM miRNA Isolation Kit (Ambion).  Briefly, the miRVanaTM protocol involved 

lysing cells, extracting RNA with Acid-Phenol: Chloroform, and purifying the RNA with 

a series of washes.  Total RNA was eluted with 100 µL of 95 °C Elution Solution 

(Ambion). RNA concentration was measured using a NanoDrop® ND-1000 

spectrophotometer (Thermo Scientific).  Total RNA was stored at -20 °C until needed for 

qPCR.     

 

I. SYBR Green qRT-PCR 

 Poly(A) tailing and reverse transcription (RT) of total RNA samples into 

complimentary DNA (cDNA) were conducted using the NCodeTM VILOTM miRNA 

cDNA Synthesis Kit (Invitrogen).  Total RNA (450ng from transfected IMO-2B1 cells 

and 600ng from infected HEK293 cells) was mixed with 4 µL of 5x Reaction Mix, 2 µL 

of 10x SuperScript® Enzyme Mix, and DEPC-treated water up to a final volume of 20 

µL.  Reactions were gently mixed and incubated at 37 °C for 1 h.  Reactions were then 
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terminated for 5 min at 95 °C.  Undiluted cDNA was stored at -20 °C until needed for 

qPCR.   

 Quantitative PCR (qPCR) was conducted using the EXPRESS SYBR® 

GreenERTM miRNA qRT-PCR Kit (Invitrogen).  Two technical replicates of three 

discrete biological replicates for each of four transfection/infection conditions were 

performed on a MicroAmp® Fast Optical 96-well plate (Applied Biosystems) for each 

RNA examined (U6, miR-21, miR-183, miR-96, and miR-182), yielding 120 total qPCR 

reactions.  Each 20 µL cDNA sample was diluted 1:2 in Diethylpyrocarbonate (DEPC)-

treated water in order to yield 40 µL of usable cDNA.  The qPCR reactions consisted of 

10 µL of EXPRESS SYBR® GreenERTM qPCR Supermix Universal, 0.4 µL of 10 µM 

miRNA-specific forward primer (IDT, Table 5), 0.4 µL of 10 µM Universal qPCR 

Primer, 0.04 µL Reference Dye, 2 µL of diluted cDNA, and DEPC-treated water up to a 

final 20 µL reaction volume.  The 96-well plate was covered with an Optical Adhesive 

Cover (Applied Biosystems) and gently mixed.  Reactions were collected at the bottom of 

the plate via brief centrifugation.  qPCR was performed in a 7500 Fast Dx Real-Time 

PCR instrument (Applied Biosystems), where samples were initially warmed for 20 s at 

95 °C, followed by 40 cycles of incubation at 95 °C for 3 s and 60 °C for 30 s. Melt curve 

data was also collected for each qPCR reaction product after the amplification cycles 

were completed. 

 

J. TaqMan qRT-PCR 

 Total RNA was reverse transcribed according to the TaqMan® Small RNA 

Assays protocol (Life Technologies).  Each biological replicate required a separate RT 
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TABLE 5. 

 

 

 

 

miRNA/snRNA Primer Sequence 

U6 GCAAATTCGTGAAGCGTTCCAT 

miR-21 CGGTAGCTTATCAGACTGATGTTGA 

miR-183 GGTATGGCACTGGTAGAATTCACT 

miR-96 TGGCACTAGCACATTTTTGCT 

miR-182 CTTGGCAATGGTACAACTCACA 

 

 

TABLE 5.  Primers for miRNA detection by SYBR Green qRT-PCR.  Contained in 

this table are previously designed DNA oligonucleotide primer sequences used for SYBR 

Green qRT-PCR detection of the corresponding miRNAs.  U6 snRNA detection levels 

were used as an endogenous control.   
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reaction for each specific RNA detection.  Since there were three biological replicates of 

four transfection conditions (p183APGT, p183T, pAPGT, and pT) along with five RNAs 

to detect (U6, miR-21, miR-183, miR-96, and miR-182), 60 RT reactions were set up.  

Each 15 µL RT reaction contained 7 µL master mix (0.15 µL 100 mM dNTPs, 1 µL 

MultiScribeTM Reverse Transcriptase, 1.5 µL 10x Reverse Transcription Buffer, 0.19 µL 

RNase Inhibitor, and 4.16 µL Nuclease-Free Water), 30 ng of total RNA in a final 

volume of 5 µL, and 3 µL of 5x RT primer from each assay set (Life Technologies).  RT 

reactions  

were incubated on ice for 5 min before placing on a thermal cycler for the following 

program: 30 min at 16 °C, 30 min at 42 °C, 5 min at 85 °C, and held at 4 °C.  Completed 

RT reactions were stored at -20 °C until needed for qPCR.   

 qPCR reactions were also set up according to the TaqMan® Small RNA Assays 

protocol (Life Technologies).  Since there were 60 RT reactions that would be done in 

technical triplicates, 180 qPCR reactions were set up.  A single 20 µL qPCR reaction 

contained 1 µL of 20x TaqMan® Small RNA Assay, 1.33 µL of RT reaction product, 10 

µL of 2x TaqMan® Universal PCR Master Mix II without UNG, and 7.67 µL of 

Nuclease-Free Water.  qPCR reactions were set up in a 96-well plate, covered with a 

microplate cover (Applied Biosystems), and gently mixed.  Reactions were collected at 

the bottom of the plate via brief centrifugation.  qPCR was performed in a 7500 Fast Dx 

Real-Time PCR instrument (Applied Biosystems), where samples were first warmed to 

95 °C for 10 min followed by 40 cycles of incubation at 95 °C for 15 s and 60 °C for 60 

s.   
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K. qRT-PCR analysis 

 The 7500 Fast Dx Real-Time PCR instrument Software (Applied Biosystems) 

measured the threshold cycle of detection (CT).  IMO-2B1 cells were transfected with 

p183APGT, p183T, pAPGT, or pT, whereas HEK293 cells were infected with the four 

adenoviral counterparts.  For each vector, ΔCT values were generated by subtracting 

control U6 CT values from corresponding experimental CT values (miR-21, miR-183, 

miR-96, and miR-182).  ΔCT values were averaged to yield a single ΔCT value for each 

detected miRNA. Standard deviation was calculated for each set of ΔCT values and a 

two-tailed, type 2 Student’s t-test was applied to compare each set of experimental ΔCT 

values to control pT ΔCT values.  Single ΔΔCT values for each detected miRNA were 

calculated by subtracting the control pT average ΔCT value from the corresponding 

experimental average ΔCT value.  Standard deviation was calculated for ΔΔCT values 

using the following equation: 

√((control pT ΔCT std dev)2 + (experimental ΔCT std dev)2). 

Fold change was calculated for each detected miRNA using the equation 2(−𝛥𝛥𝐶𝑡).  

Standard deviation for fold change was calculated using the equation 2(−𝛥𝛥𝐶𝑇 𝑠𝑡𝑑 𝑑𝑒𝑣).  

Results for each detected miRNA were deemed significant if p ≤ 0.001.  HEK293 cell 

total RNA isolation and EXPRESS SYBR® GreenERTM miRNA qRT-PCR analysis were 

performed by Dr. Michael Ebeid.   

 

L. Fluorescence-activated flow cytometry  

 HEK293 cells were infected with each of the six adenoviral vectors in separate 

12-well plate wells and incubated at 37 °C for 48 h.  During collection of infected cells, 
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media was removed and replaced with 1 mL 1x PBS.  Cell adhesion was physically 

disrupted by pipetting the 1x PBS up and down repeatedly.  Resuspended cells were 

transferred to 1.5 mL tubes and pelleted by brief centrifugation.  1x PBS was removed 

and 750 µL of 4% PFA was added to the pellet, followed by immediate pipetting up and 

down and vortexing in order to resuspend the cells in the fixative.  The fixed cells were 

transferred to a 5 mL culture tube and an extra 750 µL of 4% PFA was added to yield a 

final suspension volume of 1.5 mL.  Infected HEK293 cells were fixed for 24 h before 

analysis by the Creighton University Flow Cytometry Core Facility for fluorescence-

activated flow cytometric analysis of adenoviral vector expression efficiency using a 

FACSAria instrument (BD Biosciences).  Approximate expression efficiency was 

assessed from 10,000 total counted events by first identifying the population of singlet 

cells, then determining the percentage of those events that were RFP positive above 

uninfected control background.  Of the 10,000 total events counted, the number of single 

cell events was typically ~8,000.  RFP fluorescence was detected using a 610/20 nm 

band-pass filter.   

 

M. Total protein collection and Bradford assay 

 Infected HEK293 cell adhesion was physically disrupted by pipetting up and 

down with cold 1x PBS.  Suspended cells were transferred to 1.5 mL tubes and pelleted 

via brief centrifugation.  Cells were resuspended via vortexing in 100 µL of cell lysis 

buffer.  The lysis buffer contained 10 mL working lysis buffer (10 mL 0.5 M Tris, 15 mL 

5 M NaCl, 50 mL Glycerol, 5 mL Triton-X, 1 mL 0.5 M EDTA, water to 500 mL), 100 

µL 1 M Sodium Fluoride, 20 µL 0.5 M EGTA, 100 µL 0.2 M Na3VO4, and 200 µL 
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prediluted protease inhibitor (Roche, Cat # 04693132001).  Cell lysates were centrifuged 

at 4 °C for 15 min at 14,000 xg.  Supernatant containing total protein was transferred to a 

new 1.5 mL tube for further analysis.   

Protein concentration was determined via Bradford Assay in a 96-well plate.  

Protein Assay Dye (Bio-Rad) was diluted 1:5 in water to make enough solution to fill the 

necessary amount of wells with 200 µL of diluted dye.  2.5 µL of the water negative 

control, Bovine Serum Albumin (BSA) standards (0.2 µg/µL, 0.5 µg/µL, 1.0 µg/µL, 1.5 

µg/µL, 2.0 µg/µL, and 3.0 µg/µL), and cell lysate were added to triplicate wells 

containing the diluted protein assay dye.  Since the sample protein was most likely 

greater than the 0.2-3.0 µg/µL range of the BSA standards, only 1 µL of each cell lysate 

was added to triplicate wells containing the diluted protein assay dye. Absorbance values 

were later multiplied by 2.5 in order to account for the difference in starting volume.  A 

Modulus TM microplate reader (Turner Biosystems) was used to measure absorbance of 

all wells containing protein assay dye.   

Triplicate absorbance values were averaged, and the average absorbance of the 

negative control was subtracted from the average absorbance for each cell lysate in order 

to determine absorbance above background.  The BSA standard absorbance values were 

plotted to generate a trend line, and the approximate concentration of each cell lysate was 

determined from the average absorbance value using the trendline equation.  Total 

protein samples were aliquotted and stored at -80 °C.   
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N. Western blot 

 Three 12-well plate wells of HEK293 cells were infected with Ad-183APGT, one 

12-well plate well of HEK293 cells were infected with Ad-183AT, and one 12-well plate 

well of HEK293 cells was left uninfected.  In order to visualize protein accumulation 

across 72 h after infection, protein was collected from infected cells at three separate time 

points.  Total protein was collected from the uninfected well of HEK293 cells 24 h post-

infection.  Total protein was collected from Ad-183AT infected HEK293 cells at 48 h 

post-infection, while protein was collected from Ad-183APGT infected HEK293 cells at 

24, 48, and 72 h post-infection.   

 Total protein samples were run on 4-20% Mini-PROTEAN® TGXTM Precast 

polyacrylamide gels (Bio-Rad).  Approximately 5-8 µg of total protein collected from 

uninfected and Ad-183APGT infected HEK293 cells, and 0.5 µg of total protein 

collected from Ad-183AT infected HEK293 cells were mixed with lysis buffer up to 5 

µL.  Then 5 µL of 2x Laemmli Sample Buffer (Bio-Rad) with 5% β-mercaptoethanol 

(Sigma) was added to the protein/lysis buffer solution.  The 10 µL sample mixtures were 

heated at 95 °C for 5 min before loading the entire volumes into separate SDS-PAGE gel 

wells.  A Precision Plus ProteinTM KaleidoscopeTM Standards ladder (Bio Rad) was used 

to approximate apparent protein molecular weights.  Gels were run at 200 V for about 35 

min in 1x Tris/Glycine/SDS Running Buffer (Bio-Rad).  Gels were transferred to a 

nitrocellulose membrane using the iBlot® 7-Minute Blotting System (Invitrogen).  

Membranes containing transferred protein were trimmed and immediately washed with 

1x PBS three times for 10 min.  In order to verify a proper transfer of protein from the 

gel, membranes were stained with Ponceau S staining solution (Sigma) for 5 min, 
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followed by washing with 5% acetic acid twice for 10 min.  The stained membranes were 

imaged, and the ponceau stain was then rinsed off by washing the membranes with 1x 

PBS twice for 10 min.  Membranes were then blocked overnight in 5% milk (Kroger) 

diluted in 1x PBS at 4 °C while rocking.   

 For visualizing Myc-tagged Atoh1 or HA-tagged Pou4f3, the blocking solution 

was decanted and the membrane was washed with 1x PBS three times for 5 min.  

Membranes were incubated overnight at 4 °C with either a monoclonal mouse Anti-Myc 

primary antibody (ABM) or a monoclonal mouse anti-HA primary antibody (Covance) 

diluted 1:1000 in a solution containing 3% BSA in 1x PBS.  The membrane was washed 

three times for 10 min with 1% milk in 1x PBS.  The blot was then incubated for 1 h with 

a goat anti-mouse HRP-conjugated secondary antibody (Santa Cruz) diluted 1:4000 in 

1% milk.  The membrane was subsequently rinsed three times with 1% milk for 10 min.  

Visualization of FLAG-tagged Gfi1 used an altered procedure which included probing 

the 5% milk-blocked membrane overnight at 4 °C with a monoclonal mouse HRP 

conjugated anti-FLAG primary antibody (GenScript).  The primary antibody was diluted 

1:1000 in a dilution buffer containing 0.2 g BSA powder diluted in 20 mL washing 

buffer.  The washing buffer contained 0.05% Tween® 20 (Sigma) in 1x PBS.  The 

probed blot was then washed with washing buffer four times for 10 min.   

 Bound HRP was detected using the SuperSignal® West Femto Maximum 

Sensitivity Substrate kit (Thermo Scientific), which required washing the blot with a 1:1 

mix of SuperSignal® West Femto Luminol/Enhancer Solution (Thermo Scientific) and 

SuperSignal® West Femto Stable Peroxide Buffer (Thermo Scientific).  Blots were 
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detected with the Femto kit solution for 1 min and chemiluminescence was detected 

using the ChemiDocTM XRS+ Molecular Imager® (Bio-Rad).   

 

O. Phalloidin staining 

 Transfected IMO-2B1 cells were fixed 48 h post-transfection in 4-well slide 

chambers (LAB-TEK).  IMO-2B1 cells were observed to lose adherence to the culture 

surface when washed with 1x PBS before fixation.  Consequently, in order to preserve 

proper cell adherence to the culture surface, 4% Paraformaldehyde (PFA) was first added 

in a 1:1 volume ratio to media in the well.  Cells were fixed in 4% PFA for 15 min and 

then washed three times in 1x PBS for 5 min.  Fixed cells were stored in 1x PBS at 4 °C.   

 Fixed cells were incubated for 30 min with a blocking/permeabilization solution 

containing 0.1% Triton X-100 (Fisher Scientific) in 1x PBS.  Permeabilized cells were 

then incubated with Alexa Fluor® 488 Phalloidin (Invitrogen) diluted 1:200 in 1x PBS 

for 1 h.  Stained cells were washed three times for 5 min with 1x PBS.  The chambers 

were separated from the culture slides and cells were mounted with 1 drop of 

Vectashield® Mounting Medium with DAPI (Vector Laboratories).  Stained slides were 

covered with 24 x 50 mm glass coverslips (Fisher Scientific) and the sides were sealed 

with clear nail polish.  Slides were covered and stored at 4 °C.  Phalloidin stained cells 

were imaged at the Creighton University Confocal Microscopy Core Facility using a 

LSM 510-META NLO multi-photon Confocal Microscope (Zeiss).   
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III. RESULTS  

A. Plasmid expression vector construction and validation 

A1. Construction and sequence verification of an array of vectors to deliver various 

combinations of Atoh1, miRNA-183 family, Pou4f3, and Gfi1 

 In order to test whether a combination of hair cell factors could drive hair cell-like 

cell differentiation better than Atoh1 alone, a parent plasmid vector (p183APGT) 

containing a set of hair cell factors and an RFP reporter gene, tandem double Tomato, 

was previously developed (Figure 4).  The miRNA-183 family members were placed 

within an intron, while the four protein-coding regions were placed in a single ORF and 

separated by unique 2A peptide sequences to allow for the translation and release of 

individual proteins.  To ultimately assess the efficacy of different combinations of Atoh1, 

miRNA-183 family, Pou4f3, and Gfi1 in driving hair cell-like cell differentiation, we 

utilized the parent construct to derive an array of seven additional vectors (p183APT, 

p183AT, p183T, pAPGT, pAPT, pAT, pT), each of which contained a different set of 

factors (Table 4).  The additional vectors were developed using a combination of PCR 

recombination and restriction enzyme digestion methods (Figure 5).  All eight expression 

vectors were successfully sequence verified by the Creighton University Molecular 

Biology Core Facility (see Appendix for validated sequences).  After sequence 

verification, we sought to validate both miRNA and TF processing in cells.   
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A2. Visualization of RFP fluorescence in transfected cells by fluorescence 

microscopy 

 The presence of RFP fluorescence in transfected cells would suggest that 

translation was proceeding to the end of the open reading frame due to the RFP’s 

terminal location.  Using the EVOS fl digital inverted fluorescence microscope, we 

observed RFP fluorescence in IMO-2B1 cells that were transfected with each of the eight 

expression vectors.  Fluorescence was assessed 48 h post transfection.  While little 

variation was seen amongst transfection replicates, a gradient of fluorescence intensity 

and transfection efficiency was observed for the different transfection conditions.  

Transfections with plasmid vectors containing less transcription factors yielded more 

RFP positive cells as well as more intensely bright cells, while transfections with plasmid 

vectors containing a larger number of transcription factors yielded a lower amount of less 

brightly fluorescing cells.  Surprisingly, transfections with vectors that lacked intronic 

miRNA-183 family members also yielded a lower amount of less brightly fluorescing 

cells than did transfections with their counterparts containing miRNAs (Figure 6).  

 

A3. Validation of miRNA processing from plasmid expression vectors via qRT-PCR 

 In order to validate mature miRNA-183 family expression in cells, we first 

collected total RNA from p183APGT, pAPGT, p183T, and pT transfected mouse otic 

precursor IMO-2B1 cells 48 h post-transfection, which was analyzed using the SYBR® 

GreenERTM qRT-PCR assay (Invitrogen).  Detection levels of the spliceosomal RNA U6 

and miRNAs (miR-21, miR-183, miR-96, and miR-182) were measured to normalize 

miRNA expression to U6, a non-coding small nuclear RNA (snRNA) that is found in all  
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FIGURE 6. 

 

 

FIGURE 6. Fluorescence Validation of plasmid vector transfection.  All eight 

plasmid expression vectors were transfected into otic-precursor IMO-2B1 cells.  

Fluorescent images represent a confluent layer of cells 48 h post-transfection.  Pictures 

were taken on a EVOS fl digital inverted fluorescence microscope with RFP laser 

intensity set to 80%.  Corresponding Bright field images are shown below each 

fluorescent image.  Scale bar represents 400 µm.   
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eukaryotic cells.  miR-21 is abundantly expressed in IMO-2B1 cells and thus, served as a 

positive control to monitor relative miRNA fluctuation in response to transfection. 

  Compared to pT transfected cells, pAPGT transfected cells showed a slight but 

significant decrease in miR-21 detection as well as significant increases in detection of 

miR-96 and miR-182.  Since the pAPGT vector contains no intronic miRNA-183 family 

members, the significant increases in detection of miR-96 and miR-182 were unexpected.  

p183APGT and p183T transfections yielded substantial and significant increases in 

detection levels of miRNA-183 family members, while miR-21 was detected at similar 

levels (Figure 7).  A trend emerged for the p183APGT and p183T transfections that 

revealed that miR-183 detection showed the highest fold increase, followed by miR-182 

and miR-96, respectively.  Although significant, the ~3 fold increase in detection of miR-

96 for the p183APGT and p183T transfections was notably less substantial than the fold 

increase in detection of miR-183 and miR-182, which were at least 29 fold greater.  Since 

a ~2.5 fold increase in detection of miR-96 was also seen in pAPGT transfected cells, we 

were not certain if the ~3 fold increase in detection of miR-96 seen in p183APGT and 

p183T transfections was real or simply an artifact.  Therefore, we utilized another qRT-

PCR methodology in order to assess whether the trend in miR-96 detection would persist.   

 The TaqMan® Small RNA qRT-PCR Assay (Invitrogen) was used to analyze 

total RNA collected from IMO-2B1 cells 48 h after transfection with the p183APGT, 

pAPGT, p183T, and pT vectors.  Like the SYBR® GreenERTM analysis, detection levels 

were measured for miR-21, miR-183, miR-96, and miR-182 and normalized to detection 

levels of U6 RNA. 
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FIGURE 7.  

 

 

 

 
 

 

 

FIGURE 7. SYBR Green qRT-PCR validation of miRNA-183 family processing in 

plasmid vectors.  Graph shows fold changes in detection of miR-21, miR-183, miR-96, 

and miR-182 in total RNA collected from p183APGT, pAPGT, and p183T transfections 

relative to the pT transfection.  miRNA detection levels were normalized to the snRNA 

U6.  The displayed relative fold changes are graphed on a logarithmic scale.  Statistically 

significant differences were determined using a two-tailed, type 2 Student’s t-test 

(p<0.001) and are indicated by asterisks.   
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 Compared to pT transfected cells, pAPGT transfections showed no statistically 

significant change in detection of miR-21, miR-183, miR-96, or miR-182.  Moreover, 

p183APGT transfected cells showed a significant decrease in detection of miR-21 and a 

significant increase in detection of miR-182, while p183T transfections only showed 

significant increases in detection of miR-183 and miR-182 (Figure 8).  We observed that 

the overall fold changes in detection levels of all four miRNAs were lower than observed 

using the previous SYBR Green qRT-PCR assay.  A further surprising result of the 

p183APGT transfection was that miR-183 detection showed no significant increase.  

Both the SYBR Green and Taqman assays confirmed that the fold increase of miR-96 

detection in p183APGT and p183T transfections is slight, if not absent.  Nonetheless, the 

combination of qRT-PCR results suggests miR-183 and miR-182, and to a lesser extent 

miR-96, are being processed out of the intron.  Before further analysis of protein 

processing, we sought to increase the expression and delivery efficiency of these plasmid 

vectors by converting them to adenoviral vectors.   

 

B. Adenoviral expression vector validation 

 The use of adenoviruses as a delivery system for our expression vectors ensured 

an effective delivery method that would allow the transient co-expression of hair cell 

factors in a wide variety of tissues.  We contracted a Vector Biolabs to package six out of 

eight plasmid expression vectors (p183APGT, p183AT, p183T, pAPGT, pAT, pT) into 

replication-deficient type 5 adenoviruses.  We initially sought to validate intronic miRNA 

and TF processing in cells.   
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FIGURE 8. 

 

 

 

 

FIGURE 8. Taqman qRT-PCR validation of miRNA-183 family processing in 

plasmid vectors.  Fold changes in detection of miR-21, miR-183, miR-96, and miR-182 

in total RNA isolated from IMO-2B1 cells transfected with p183APGT, pAPGT, and 

p183T compared to cells transfected with pT.  Detection levels were normalized to U6.  

Fold changes are displayed on a logarithmic scale and statistical significance (*) was 

determined using a two-tailed, type 2 Student’s t-test (p<0.001).   
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B1. Validation of RFP fluorescence in infected cells using fluorescence microscopy 

 We attempted to infect mouse otic precursor IMO-2B1 cells with the adenoviral 

vectors. Unfortunately, red fluorescence was not detected up to 4 days post-infection 

(data not shown), which suggested proper transduction had not occurred.  Since our 

immediate goal was to simply validate the adenoviral vectors, we continued adenoviral 

vector validation experiments in HEK293 cells, which were known to be easily infected 

due to the fact that these viruses were originally amplified in these cells.   

 RFP fluorescence in infected HEK293 cells was visualized 48 h post-infection 

using an EVOS fl digital inverted fluorescence microscope.  After initial inspection, all 

six adenoviral vector infections produced a large number of RFP positive HEK293 cells, 

which confirmed proper transduction had occurred.  Moreover, the RFP fluorescence 

intensity trends seen with plasmid transfections were consistent with adenoviral 

infections. Ad-183T and Ad-T infections produced the brightest fluorescent cells, Ad-

183AT and Ad-AT infections yielded slightly less brightly fluorescent cells, and Ad-

183APGT and Ad-APGT consistently produced the least fluorescent cells. (Figure 9A).  

By adjusting image contrast, Ad-183APGT and Ad-APGT infected HEK293 cells were 

more easily visualized (Figure 9B).  This observation demonstrated that delivery 

efficiency of our larger adenoviral vectors exhibits a vast improvement over transfection 

efficiency of our plasmid vectors, especially with the larger constructs.  In order to more 

fully comprehend these observations, we analyzed infected HEK293 cells using 

fluorescence-activated cell sorting (FACS) analysis.   
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FIGURE 9. 
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FIGURE 9. Fluorescence visualization of adenoviral vector infection.  (A) Images of 

HEK293 cells were taken 48 h post-infection with each of the six adenoviral vectors.  

Pictures were taken on an EVOS fl digital inverted fluorescence microscope with RFP 

laser intensity set to 10%.  Bright field images are shown for corresponding fluorescent 

images.  (B) Images for Ad-183APGT and Ad-APGT infection with enhanced contrast to 

help visualize RFP fluorescence.  The scale bar represents 400 µm.   
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B2. Flow cytometric analysis of adenoviral vector expression efficiency 

 HEK293 cells were infected with each of the six adenoviral vectors and fixed in 

suspension at 48 h post-infection.  RFP fluorescence intensity was measured by passing 

single infected cells through a FACSAria instrument (BD Biosciences) and detecting 

RFP fluorescence using a 610/20 nm band-pass filter.  Transduction and expression 

efficiencies of each adenoviral vector were assessed by determining the percentage of 

~8000 single cell events that were RFP positive relative to uninfected control.  Two 

separate replicates were done for each adenoviral vector infection and values for percent 

RFP positive and mean fluorescence intensity were averaged.   

 We observed that the flow cytometry results were consistent with the fluorescence 

intensity trends we had previously observed in fluorescence microscopy images of cell 

transfections and transductions.  Ad-183AT, Ad-AT, Ad-183T, and Ad-T infections 

seemed to have comparable percentages of RFP positive cells. However, relative mean 

fluorescence is slightly reduced in Ad-183AT and Ad-AT infected cells, which is 

consistent with fluorescence microscopy images of RFP positive cells.  Yet another 

consistent observation is that Ad-183APGT and Ad-APGT infection, which are quite 

comparable to one another, show a lower transduction efficiency and/or mean 

fluorescence intensity than the remaining four adenoviral vectors (Figure 10).  

Interestingly, there no longer seemed to be a noticeable drop in fluorescence intensity in 

cells infected with vectors lacking miRNAs compared to constructs containing them, as 

was observed in plasmid transfections and which suggests that miRNA-183 family 

removal from the intron may not cause a decrease in expression efficiency in adenoviral 

vectors.  The FACS analysis results, combined with our visual inspection of RFP  
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FIGURE 10. 

 
 

 

 

 

Vector % 

RFP+ 

Mean 

Fluorescence 

Intensity 

Relative Mean  

Fluorescence Intensity 

Uninfected 1.2 871 <1% 

Ad-183APGT 22.1 3760 16% 

Ad-APGT 20.2 3791 16% 

Ad-183AT 73.5 18444 78% 

Ad-AT 58.8 15329 65% 

Ad-183T 58.7 22223 94% 

Ad-T 66.3 23646 100% 

B. 
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FIGURE 10. Flow cytometric analysis of HEK293 Infection.  HEK293 cells were 

infected with each of eight constructs and fixed in suspension 48 h post-infection.  (A) 

Graphs depict representations of flow cytometric analysis, where the threshold for RFP 

fluorescence was defined based on analysis of background levels of fluorescence 

detection in uninfected control cells.  Graphs show cell count versus RFP fluorescence 

intensity, as detected by a 610/20 nm band-pass filter.  (B) The table outlines the average 

percent RFP positive cells and mean fluorescence intensity values for duplicate HEK293 

infections with each vector (n=2).  Relative mean fluorescence intensity is normalized to 

Ad-T infection.   
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fluorescence intensity, suggested that our adenoviral vectors will ultimately offer an 

efficient delivery method for the hair cell factors.  

 

B3. qRT-PCR validation of miRNA-183 family processing in adenoviral vector 

infections 

 Although qRT-PCR analyses were already utilized to validate intronic miRNA 

processing in our plasmid expression vectors, we wanted to verify that this was consistent 

in the adenoviral vectors.  HEK293 cells were infected with the Ad-183APGT, Ad-

APGT, Ad-183T, and Ad-T vectors and total RNA was isolated 48 h post-infection.  

SYBR Green qRT-PCR was used to analyze the total RNA and measure detection levels 

of miR-21, miR-183, miR-96, and miR-182, which were normalized to spliceosomal 

snRNA U6.   

 We observed that Ad-183APGT and Ad-183T infections both showed the largest 

fold increase in miR-183 detection, a slightly lower fold increase in detection of miR-

182, and a consistently lower fold increase in miR-96 detection.  It is important to note 

that a consistent trend remains among SYBR Green analyses of cells transfected or 

infected with constructs containing the miRNA-183 family members. miR-183 and miR-

182 appear to have higher increases in detection levels than does miR-96 (Figure 11).  

However, overall fold increases in SYBR Green detection of miRNA-183 family 

members were lower than those seen in transfected IMO-2B1 total RNA, except for miR-

96 levels, which were slightly elevated.  Ad-APGT infected cells showed a significant 

fold decrease in miR-21 and significant increases in detection of miR-96 and miR-182, 

although these increases were generally lower than those seen in Ad-183APGT and 
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FIGURE 11. 

 

 

 

 

 

FIGURE 11. SYBR Green qRT-PCR validation of miRNA-183 family processing in 

adenoviral vectors.  The graph presents relative fold changes in detection of miR-21, 

miR-183, miR-96, and miR-182 in total RNA collected from Ad-183APGT, Ad-APGT, 

and Ad-183T infections relative to the Ad-T infection.  miRNA detection levels were 

normalized to U6 RNA.  Relative fold changes are displayed on a logarithmic scale.  

Statistically significant differences (*) were determined using a two-tailed, type 2 

Student’s t-test (p<0.001).  SYBR Green analysis of infected HEK293 cell total RNA 

was performed by Dr. Michael Ebeid.   
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Ad-183T infections.  These results further validate that the adenoviral vectors containing 

miRNAs are successfully producing mature miRNA-183 family members in infected 

cells.  Our next goal was to validate that the hair cells TFs were being individually 

processed from the open reading frame using western blotting methods.   

 

B4. Western blot analysis of protein processing 

 Visualization of RFP positive infected cells was not sufficient for determining 

whether each of the three downstream hair cell-specific TFs was released individually.  

The parent expression vector, Ad-183APGT, contains a total of three unique 2A peptides 

that separate the four proteins found in the single ORF.  By utilizing western blotting to 

check the approximate size of the tagged proteins, we were able to assess whether Atoh1, 

Pou4f3, and Gfi1 were being individually processed.  HEK293 cells were infected with 

the Ad-183APGT vector and total protein was collected at 24, 48, and 72 h post-infection 

in order to assess whether or not there was an accumulation of detectible protein. 

Uninfected control protein was isolated from uninfected HEK293 cells 24 h after the 

other samples were infected.  Blots were incubated with anti-Myc, anti-HA, and anti-

FLAG antibodies to determine if Myc-tagged Atoh1, HA-tagged Pou4f3, and FLAG-

tagged Gfi1 were being individually processed.   

 When detecting Myc-tagged Atoh1, uninfected control protein showed a light 

band at ~37 kDa that likely represents endogenous Myc (Tworkowski et al. 2002) or 

another protein that cross reacts with the anti-Myc antibody.  Expectedly, the ~37 kDa 

band persists at 24, 48, and 72 h post-infection time points.  We also observed higher 

(110 kDa) and lower (~55 kDa) molecular weight major products that are consistent with 
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an uncleaved Atoh1-Pou4f3 fusion product and cleaved Atoh1 product, respectively.  

However, the apparent molecular weights of these bands were slightly higher than the 

calculated sizes for these products.  We also detected minor unknown products (Figure 

12A).  The relative intensities of the bands representing cleaved Atoh1 versus an 

uncleaved Atoh1-Pou4f3 fusion product suggested that cleavage at the first 2A peptide 

was occurring inefficiently.  Western blot results for HA-tag and FLAG-tag detection 

may help further understand these observations.   

 In regards to detection of HA-tagged Pou4f3, the overall banding pattern was 

similar to that of the Myc-tagged Atoh1 detection.  At 72 h post-infection, we observed 

major products at ~110 kDa and ~55 kDa, along with minor unknown products (Figure 

12B).  If we were truly observing Atoh1-Pou4f3 fusion products, we would expect to 

observe such similar results.  However, the observation that there is a slight increase in 

size for the ~55 kDa band compared to Myc detection suggests that the product 

represents correctly cleaved HA-tagged Pou4f3 protein.  Moreover, the results support 

the notion that the ~55 kDa band in the Myc detection may indicate correctly cleaved 

Myc-Atoh1, while the band at ~110 kDa seen in both Myc and HA detections may 

represent uncleaved Atoh1/Pou4f3 fusion protein.   

 The banding pattern observed on the FLAG-Gfi1 blot similarly shows bands that 

are consistent with cleaved and uncleaved products.  However, the lower molecular 

weight ~65 kDa cleaved product is much more intense than the higher molecular weight 

~120 kDa uncleaved product (Figure 12C).  These results are consistent with the 

expected ~58 kDa FLAG-Gfi1 product and a fusion product with RFP that would have a 

molecular weight of ~113 kDa, and they suggest that the 2A peptides flanking Gfi1 are  
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FIGURE 12. 
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FIGURE 12. Western Blot analysis of protein processing in adenoviral vectors.  

Total protein was isolated from both uninfected HEK293 cells and those infected with the 

Ad-183APGT vector 24, 48, and 72 h post infection.  Western blots were incubated with 

anti-Myc (A), anti-HA (B), or anti-FLAG (C) antibodies to validate processing of Atoh1, 

Pou4f3, or Gfi1, respectively.  Expected sizes of the tagged proteins are provided.  

Arrows are used to highlight bands that represent predicted higher molecular weight 

uncleaved fusion products and lower molecular weight cleaved proteins.   
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functioning more efficiently than the 2A peptide between Atoh1 and Pou4f3. 

 Altogether, our western blot results suggested that there was inefficient cleavage 

at the initial P2 2A cleavage site that separates Atoh1 and Pou4f3.  We predicted that 

total protein collected from HEK293 cells infected with the Ad-183AT vector, which has 

an alternate 2A peptide (T2A) following Atoh1, would yield band intensities that favored 

a Myc-tagged Atoh1 cleavage product, thus suggesting the P2 2A peptide does indeed 

appear to be cleaving inefficiently.  We analyzed total protein collected from HEK293 

cells infected with either the Ad-183APGT or Ad-183AT vectors.  Detection of Myc-

tagged Atoh1 revealed similar banding patterns for both protein samples.  However, the 

Ad-183AT total protein showed a band representing an Atoh1 cleavage product that was 

much more intense than the band representing a higher molecular weight uncleaved 

Atoh1-RFP fusion product.  This was in stark contrast to Ad-183APGT total protein, 

which showed band intensities that heavily favored the uncleaved Atoh1-Pou4f3 fusion 

product (Figure 13).  This result suggested that it is most likely the P2 2A peptide that 

may be causing inefficient separation of Atoh1 and Pou4f3 in the larger vectors (Ad-

183APGT and Ad-APGT).  Together, these western blot studies validate that protein 

processing, although inefficient in some cases, is occurring for all three TFs. 

Although it was not our immediate goal to analyze the effects of these vectors in 

tissues, we sought to quickly assess whether these vectors had any substantial 

morphological effects on otic precursor IMO-2B1 cells, which represent a better model 

than HEK293 cells for assessing the effects of co-expression of important mouse hair cell 

factors.   
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FIGURE 13. 

 

 

 

Figure 13.  Western blot analysis of P2 2A peptide cleavage efficiency.  Total protein 

was isolated from uninfected HEK293 cells and those infected with the Ad-183APGT 

and Ad-183AT vectors.  Western blot shows Myc-tagged Atoh1 detection.  Expected size 

of cleaved Atoh1 protein is provided.  Arrows are used to indicate higher and lower 

molecular weight products that likely represent an uncleaved fusion product and cleaved 

Atoh1 protein, respectively.   
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C. Visualization of morphological changes in transfected cells using confocal 

microscopy 

 Since we were previously unable to infect mouse otic precursor IMO-2B1 cells, 

we alternatively transfected these cells with the plasmid expression vectors in order to 

observe whether there were any notable changes in cell morphology.  In an effort to 

evaluate any basic morphological changes in actin structure occurring as a result of 

vector transfection, IMO-2B1 cells were transfected with each of the eight plasmid 

expression vectors, fixed after 48 h, and stained with Phalloidin, which binds F-actin and 

which is enriched in hair cell stereocilia.  RFP positive cells were evaluated for any 

perceptible morphological changes in F-actin structure using an LSM 510-Meta NLO 

multi-photon Confocal Microscope (Zeiss).  We attempted to observe morphological 

changes in F-actin structure, ranging from a more epithelial phenotype to the presence of 

elementary stereocilia.  Unfortunately, no notable morphological changes were identified 

in IMO-2B1 cells transfected with any of the eight expression vectors (Figure 14).   

 

 

 

 

 

 

 

 

 



63 

 

FIGURE 14.  

 

 

 

 

FIGURE 14. Phalloidin staining of transfected IMO-2B1 cells.  IMO-2B1 cells were 

transfected with each of the eight constructs in 4-well slide chambers and fixed 48 h post-

transfection.  Fixed cells were incubated with Alexa Fluor® 488-conjugated Phalloidin.  

Cells were mounted with mounting medium containing DAPI.  Pictures were taken using 

an LSM 510-META NLO multi-photon Confocal Microscope.  Red represents RFP 

positive transfected cells, green represents Phalloidin stained F-actin, and blue represents 

nuclear DAPI staining. 
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IV. DISCUSSION 

 

A. Expression vectors for the co-expression of hair cell factors 

 Various studies have demonstrated the efficacy of the overexpression of multiple 

factors in driving cell transformation.  Most notably, somatic cells have been successfully 

reprogrammed to a pluripotent state by overexpressing stem cell-specific factors 

(Takahashi and Yamanaka 2006; Takahashi et al. 2007; Yu et al. 2007; Park et al. 2008; 

Lowry et al. 2008; Welstead et al. 2008; Somers et al. 2010).  Moreover, efficiency of 

this process was enhanced by the addition of stem cell-specific miRNAs (Judson et al. 

2009).  Likewise, fibroblasts were directly transdifferentiated into neuronal cells through 

the overexpression of neuronal TFs and miRNAs (Yoo et al. 2011).  Together, these data 

suggest that a combination of hair cell specific TFs and miRNAs may have the ability to 

drive iPSCs and even terminally differentiated cells towards a hair cell-like cell fate. 

However, this concept has not been thoroughly studied.   

 Atoh1 has been shown to be both necessary (Bermingham et al. 1999; Woods et 

al. 2004) and sufficient (Kawamoto et al. 2003; Izumikawa et al. 2005; Lin et al. 2012) 

for hair cell development, and it has thus been utilized by itself to inefficiently drive hair 

cell-like cell differentiation (Zheng and Gao 2000; Shou et al. 2003; Kawamoto et al. 

2003; Izumikawa et al. 2005; Gubbels et al. 2008).  However, evidence demonstrates that 

Atoh1 alone lacks the ability to transform mesenchymal stem cells into hair cells in vitro 

(Lin et al. 2012), demonstrating that hair cell regeneration caused by Atoh1 

overexpression may be dependent on the context of the inner ear.  It can therefore be 

inferred that additional hair cell factors may be necessary for proper in vitro hair cell-like 

cell transformation. 
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 Atoh1’s effectiveness in driving hair cell differentiation may be enhanced by hair 

cell specific miRNAs, such as the miRNA-183 family, which have been shown to play a 

key role in hair cell development (Lewis et al., 2009; Friedman et al., 2009; Mencia et al., 

2009; Soukup et al., 2009; Li et al., 2010; Weston et al., 2011).  Furthermore, Atoh1 has 

also been shown to lack the ability to maintain proper hair cell function (Shou et al. 

2003).  Therefore, hair cell specific TFs that are understood to be important in hair cell 

maintenance and survival, such as Pou4f3 (Erkman et al. 1996; Xiang et al. 1997; 

Keithley et al. 1999; Vahava et al. 1998; Weiss et al. 2003) and Gfi1 (Hertzano et al. 

2004; Wallis et al. 2003), may be crucial for sustaining transformed hair cell-like cells.  

The combination of these hair cell differentiation, maintenance, and survival TFs and 

miRNAs may have the ability to efficiently drive hair cell-like cell differentiation in a 

variety of cell populations.   

 

B. Vector construction and sequence validation 

 We previously designed and constructed a parent plasmid expression vector that 

would theoretically deliver intronic miRNA-183 family members and Atoh1, Pou4f3, 

Gfi1, and an RFP reporter in a single ORF.  Proteins were separated by unique 2A 

peptides in order to allow for their translation and subsequent individual release.  We 

used DNA sequencing to validate the sequence of the parent vector, which was then used 

to derive an assortment of expression vectors that contained different combinations of 

these hair cell factors.  Including the parent vector, we constructed eight plasmid 

expression vectors in total (p183APGT, p183APT, p183AT, p183T, pAPGT, pAPT, 

pAT, and pT), which were all successfully sequence verified using DNA sequencing.  We 
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attempted but were ultimately unable to generate the p183AGT and pAGT vectors. This 

may be due to the relatively high GC richness of the Gfi1 gene, which has been known to 

cause complications in PCR amplification (Mamedov et al. 2008).  Nevertheless, the 

eight successfully constructed plasmid expression vectors will offer a broad range of 

combinations to test.   

 Although transfection has been verified as a worthwhile delivery technique, it has 

been shown to yield relatively low delivery efficiency while also causing some 

cytotoxicity (Yamano et al. 2010).  On the other hand, viral delivery has been shown to 

offer high transduction efficiency along with minimal cytotoxicity and broad tropism 

(Stone et al. 2000; Vannucci et al. 2013).  Unlike other viruses, adenoviruses contain a 

double stranded linear genome that fails to integrate into the host genome (San Martin 

2012).  These non-enveloped icosahedral viruses have been successfully exploited 

numerous times to deliver the hair cell TF, Atoh1, to tissues (Shou et al. 2003; 

Izumikawa et al. 2008; Han et al. 2012; Yang et al. 2012).  We converted six plasmid 

vectors into adenoviral vectors (Ad-183APGT, Ad-183AT, Ad-183T, Ad-APGT, Ad-AT, 

and Ad-T).  We selected these six vectors because they would allow us to evaluate 

cellular effects caused by Atoh1 alone, Atoh1 in combination with miRNAs, Atoh1 in 

combination with other TFs, and Atoh1 in combination with both miRNAs and other 

TFs.  Vectors were packaged into type 5 adenoviruses, which should theoretically offer a 

more efficient delivery mechanism than transfection with minimal cytotoxicity.   
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C. Verification and analysis of vector expression in cells 

 Visualization of RFP fluorescence in cells transfected/infected with each 

plasmid/adenoviral vector confirmed that each vector was successfully delivered to cells 

and translation was occurring to the end of the ORF.  Although we observed RFP 

fluorescence in transfected IMO-2B1 cells, we did not detect any RFP fluorescence in 

these mouse otic precursor cells when infected with the adenoviral vectors, suggesting 

that these cells were not capable of being infected with the adenoviral vectors.  IMO-2B1 

cell membranes might be CAR-deficient, which would hinder the natural process of 

adenoviral infection (Bergelson et al. 1997; Tomko et al. 1997).  If IMO-2B1 cells truly 

lack the adenoviral surface receptor, future research may be able to increase adenoviral 

transduction efficacy in these cells by incubating the viral particles at 37 °C prior to 

infection (Kossila et al. 2002).  Consequently, we alternatively validated adenoviral 

expression vectors in HEK293 cells, which were easily transduced. 

 In cells transfected with plasmid expression vectors, we observed a possible 

decrease in transfection efficiency with the larger vectors.  This observation is consistent 

with evidence that suggests larger plasmids are increasingly more difficult to transfect 

into cells than smaller plasmids (Kreiss et al. 1999).  We also observed a similar trend in 

fluorescence intensity that was consistent among both transfected and infected cells, 

where delivery of larger vectors yielded lower intensity fluorescent cells than did delivery 

of smaller vectors.  This observation suggested that the larger expression vectors might 

have decreased expression efficiency in cells relative to the smaller, less complex vectors.  

Our RFP fluorescence intensity observations were supported by flow cytometric analysis 

of RFP fluorescence in HEK293 cells infected with the six adenoviral vectors.  
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Generally, our largest adenoviral vectors (Ad-183APGT and Ad-APGT) seemed to yield 

RFP positive cells that were about one-sixth as intense as cells infected with the smallest 

vector that yielded the highest fluorescence intensity cells (Ad-T).  These values were 

consistent with the fluorescence intensity trend observed by fluorescence microscopy.  

One recent study that explored the efficiency of different 2A peptides found that as the 

number of genes in the expression cassette increased, the number of cells expressing the 

reporter genes decreased (Gao et al. 2012).  A number of studies have also suggested that 

when utilizing 2A peptides in order to produce multiple polypeptides from a single 

transcript, the relationship between the number of genes in the expression cassette and 

efficiency of expression is inversely proportional (Chinnasamy et al. 2006; Hasegawa et 

al. 2007; Gao et al. 2012).  The possibility of decreased expression of TFs in our larger 

constructs will undoubtedly need to be taken into account in future studies. 

 

D. Validation of intronic miRNA-183 family member processing 

 qRT-PCR analysis of transfected or infected cells largely suggested that miRNA-

183 family members were appropriately processed out of the intron.  Although SYBR 

Green and Taqman qRT-PCR analyses of transfected cells were somewhat conflicting, 

the result might simply be due to differences in the methodologies and the quality of 

probe sets.  Compared to SYBR Green assays, TaqMan qRT-PCR assays have overall 

been shown to be more specific but also to yield lower detection levels (Cao and Shockey 

2012).  This may suggest that the TaqMan method, while possibly more selective than 

SYBR Green assays, may not be as sensitive.   
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 SYBR Green qRT-PCR analyses showed similar trends in RNA detection from 

transfected or infected cells.  Cells transfected or infected with vectors containing the 

intronic miRNA-183 family showed significantly increased levels of detection for all 

three family members when compared to control transfected or infected cells.  While 

overall fold increases in miR-183 detection were lower in infected HEK293 cells 

compared to transfected IMO-2B1 cells, the result most likely reflects differences in the 

transcriptomes of these different cell types.  Generally, miR-96 was detected at less 

substantial fold increases than were both miR-183 and miR-182.  The decreased detection 

of miR-96 might be caused by the quality of primers.  The extremely short length of 

mature miRNAs causes substantial limitations in designing primer sets for qPCR (Benes 

and Castoldi 2010).  It is interesting to note that miR-96 has a very AU-rich 3’ end that 

could hinder detection of the miRNA, since primers have been shown to bind with a 

higher affinity to GC-rich sequences (van Rooij 2011).  Alternatively, miR-96 is 

embedded between miR-183 and miR-182, which might lead to a reduced efficiency in 

processing considering the non-native context of the miRNAs.  Therefore, miR-96 might 

be less detectible and/or processed less efficiently than miR-183 and miR-182.   

 qRT-PCR analysis also suggested that cells transfected or infected with 

pAPGT/Ad-APGT showed significant fold changes in miRNA-183 family members.  

This result was unexpected considering the vectors lack intronic miRNA-183 family 

members.  Any real changes in the detection of these miRNAs might be caused by the 

introduction of the TFs Atoh1, Pou4f3, and Gfi1 to these cells.  Therefore, the increased 

detection levels of these hair cell miRNAs might provide some indication that the 
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combination of transcription factors altered the transcriptome of these cells in a way that 

is characteristic of hair cell-like cell differentiation.   

 

E. Validation of individual processing of transcription factors 

 Western blot analysis validated that Atoh1, Pou4f3, and Gfi1 were individually 

processed in cells infected with the Ad-183APGT vector.  Although the apparent 

molecular weights of the cleaved and uncleaved fusion products were slightly larger than 

predicted, there are many factors such as protein charge or post-translational modification 

that can affect protein migration.  We noted a consistent banding pattern in western blot 

detection of the N-terminally tagged TFs.  In addition to some unknown products, we 

observed higher and lower molecular weight products that were consistent with 

uncleaved fusion products and cleaved products, respectively.  Interestingly, this banding 

pattern has been observed in previous research with 2A peptides.  One study measured 

the relative cleavage efficiency of different 2A peptides and similarly found that each 2A 

peptide yielded a lower molecular weight “cleaved” band and a larger molecular weight 

“uncleaved” band representing a fusion product.  Moreover, for each of these major 

products there appeared to be lower molecular weight minor products (i.e. additional 

bands) that were suggested to represent byproducts of 2A peptide activity (Kim et al. 

2011). 

 Relative band intensities of uncleaved fusion products and cleaved products 

suggested variation in cleavage efficiency among the three unique 2A peptides in the 

vector.  The western blot results indicated that cleavage at the first 2A peptide (P2) was 

quite inefficient compared to the other two downstream 2A peptides, which were both 
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verified to cleave efficiently by detection of FLAG-tagged Gfi1.  While Myc-tag 

detection results generally supported this rationale, HA-tag detection suggested a more 

even ratio between the corresponding Pou4f3 cleavage product and the Atoh1-Pou4f3 

uncleaved fusion product.  However, it is important to note the position of the epitopes 

within the fusion products.  In regards to Myc-tag detection, both the cleaved Atoh1 and 

uncleaved Atoh1-Pou4f3 products have N-terminal Myc-tags that should be equally 

accessible to the anti-Myc antibody and therefore should accurately reflect relative 

protein accumulation.  On the other hand, cleaved Pou4f3 has an N-terminal HA-tag 

whereas uncleaved Atoh1-Pou4f3 fusion product contains an internal HA-tag that might 

be less assessable to the anti-HA antibody.  Therefore, it is possible that the relative 

apparent band intensity in the HA-tag blot might be somewhat skewed in favor of cleaved 

Pou4f3 product, which would mask the inefficiency of the P2 2A peptide.  Inefficient 

cleavage at the first 2A peptide in the Ad-183APGT vector was further confirmed by 

detection of Myc-tagged Atoh1 in cells infected with the Ad-183AT vector, which has a 

different T2A 2A peptide separating Atoh1 and RFP. Here, band intensities heavily 

favored the cleaved Atoh1 product rather than the uncleaved Atoh1-RFP fusion product.  

Therefore, the inefficient cleavage at the P2 2A peptide in the larger vectors may need to 

be addressed in the future.   

 

F. Preliminary investigation of morphological changes in transfected cells 

 In order to observe notable morphological changes in transfected mouse otic 

precursor IMO-2B1 cells, we used Phalloidin staining to visualize F-actin, which is 

located in cell cytoskeletons and enriched in hair cell stereocilia.  However, we did not 
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perceive any notable morphological changes in cells transfected with any of our vectors.  

The result was somewhat expected considering that exposure to relatively lower 

expression efficiency plasmids for only 48 h might not allow adequate time for 

substantial morphological changes to take place.  In natural avian hair cell regeneration, 

new hair cells initially appear 3-4 days after acoustic trauma (Cotanche 1987; Girod et al. 

1989).  In future studies that look at the effects of our adenoviral vectors in iPSCs, it may 

be necessary to permit a longer differentiation period in order to visualize morphological 

changes.   

 

G. Utilization of expression vectors in future studies 

 Altogether our validation studies suggest that the vectors largely function as 

anticipated with few exceptions.  First, our qRT-PCR results suggest that miR-96 might 

be processed less efficiently than miR-183 and miR-182.  If miR-96 is truly not being 

appropriately processed from the intron, the vectors can still serve as useful reagents for 

studying the effects of co-expression of important hair cell factors.  Considering the 

sequence homolog of the miRNAs, especially within their seed regions, miRNA-183 

family members have been shown to have overlapping targets (Xu et al. 2007) that might 

allow miR-182 to compensate for any loss or reduction in miR-96 (Li et al. 2010).   

 Western blot analysis of protein processing suggested that inefficient cleavage is 

occurring at the first 2A peptide (P2) in the Ad-183APGT vector.  This finding does not 

necessarily weaken the utility of vectors containing the P2 2A peptide, as an Atoh1-

Pou4f3 fusion product might retain the functionality of each protein.  Nevertheless, it 

would be advantageous to replace the P2 2A peptide sequence using PCR amplification 
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and recombination methods.  Other 2A peptides have been shown to have highly efficient 

cleavage in cells and would serve as suitable replacements (Gao et al. 2012).  Instead of 

completely replacing the P2 2A peptide, it might be possible to improve its cleavage 

efficiency by adding a short three-amino acid linker between the upstream protein and the 

2A peptide (Szymczak et al. 2004).  This linker theoretically provides enough space 

between the protein and 2A peptide to enable more efficient cleavage (Holst et al. 2006).   

 The potential applications of these adenoviral expression vectors are numerous.  

Clearly, the vectors offer a method of studying the effects of important hair cell factors in 

combination with Atoh1, a notion that has not been thoroughly studied.  Induced 

pluripotent stem cells, which might help avoid histocompatibility issues (Guha et al. 

2013), have the greatest therapeutic potential as a cell model.  One way to assess 

anticipated effects of adenoviral vector infection in iPSCs is to utilize 

immunofluorescence methods, which would involve using antibodies against common 

hair cell factors, such as Myosin VIIA, Myosin VI, or Espin to indicate potential hair 

cell-like cell differentiation.  Microarray analysis of total RNA collected from infected 

iPSCs can also offer valuable insight to overall changes in gene expression profiles.  A 

previous study showed that iPSCs can be driven towards a hair cell-like cell fate by first 

guiding them to an ectodermal fate and then culturing them under differentiation 

conditions that include certain growth factors, although the efficiency of hair cell-like cell 

differentiation was extremely low (Oshima et al. 2010).  Similar studies that include 

infections with our adenoviral vectors might show increased effectiveness in hair cell-like 

cell generation.  Although there does not appear to be any notable and swift 

morphological changes in mouse otic precursor cells as a result of vector transfection, 
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initial results of iPSC infections conducted in our laboratory has produced some 

promising results.  Phalloidin staining of Ad-183AT infected iPSCs have shown a 

population of RFP positive cells that display F-actin rich projections (Figure 15), which is 

very promising for the future utility of these expression vectors.   
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FIGURE 15. 

 

 

 

 

 

 

FIGURE 15. Phalloidin Staining of infected iPSCs.  Mouse iPSCs were infected with 

Ad-T, Ad-AT, Ad-183T, or Ad-183AT adenoviral vectors.  Cells were fixed 72 h post-

infection and images were captured using an EVOS fl digital inverted fluorescence 

microscope.  Red designates RFP positive infected cells, green indicates Phalloidin 

staining of F-actin, and blue represents nuclear DAPI staining.  The asterisk denotes RFP 

positive cells with F-actin rich projections.  iPSC infection and analysis was performed 

by Tim Hallman.   
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V. APPENDIX 

 

 

This appendix contains the entire sequence for each of the eight plasmid expression 

vectors (p183APGT, p183APT, p183AT, p183T, pAPGT, pAPT, pAT, pT), which 

have been sequence verified from EF-1α Promoter to SV40 PolyA. 

 

 

 

Expression Vector Sequence Key 

EF-1α Promoter 

Human β-globin Intron 

miRNA-183 Family Members 

3xMyc TAG 

Atoh1 protein 

2A Peptide (P2 = Porcine enterovirus 1 serotype 1) 

| = 2A Release Sites 

3xHA TAG 

Pou4f3 protein 

2A Peptide (A2 = autocleavage site FMDV type O) 

3xFLAG TAG 

Gfi1 protein 

2A Peptide (T2A = Thosea asigna virus) 

tdTomato Protein 

SV40 PolyA 

Amp Resistance Gene 
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p183APGT Sequence (9092 bp) 
 
CCCAACTTTTAAAAGAAAAGGGGGGATTGGGGGGTACAGTGCAGGGGAAAGAATAGTAG

ACATAATAGCAACAGACATACAAACTAAAGAATTACAAAAACAAATTACAAAATTCAAA

ATTTTATCGATGCCTCCCCGTCACCACCCCCCCCAACCCGCCCCGACCGGAGCTGAGAG

TAATTCATACAAAAGGACTCGCCCCTGCCTTGGGGAATCCCAGGGACCGTCGTTAAACT

CCCACTAACGTAGAACCCAGAGATCGCTGCGTTCCCGCCCCCTCACCCGCCCGCTCTCG

TCATCACTGAGGTGGAGAAGAGCATGCGTGAGGCTCCGGTGCCCGTCAGTGGGCAGAGC

GCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCC

TAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTT

TCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTC

GCAACGGGTTTGCCGCCAGAACACAGGTACACATATTGACCAAATCAGGGTAATTTTGC

ATTTGTAATTTTAAAAAATGCTTTCTTCTTTTAATATACTTTTTTGTTTATCTTATTTC

TAATACTTTCCCTAATCTCTTTCTTTCAGGGCAATAATGATACAATGTATCATGCCTCT

TTGCACCATTCTAAAGAATAACAGTGATAATTTCTGGGTTAAGGCAATAGCCGATTAGT

TCTCGAGGATCCTCCTGTCCTGTGTATGGCACTGGTAGAATTCACTGTGAACAGTCTCA

GTCAGTGAATTACCGAAGGGCCATAAACAGAGCAGAGGCCTGTTCCAGTACCATCTGCT

TGGCCGATTTTGGCACTAGCACATTTTTGCTTGTGTCTCTCCGCTGTGAGCAATCATGT

GTAGTGCCAATATGGGAAAAGCGGGCTGCTGCGGCCACGGCCTCCCACCATTTTTGGCA

ATGGTAGAACTCACACCGGTAAGGTAATGGGACCCGGTGGTTCTAGACTTGCCAACTAT

GGTGTAAGTGGCTAGCTCGAGCTTTTGGAGAATATTTCTGCATATAAATATTTCTGCAT

ATAAATTGTAACTGATGTAAGAGGTTTCATATTGCTAATAGCAGCTACAATCCAGCTAC

CATTCTGCTTTTATTTTATGGTTGGGATAAGGCTGGATTATTCTGAGTCCAAGCTAGGC

CCTTTTGCTAATCATGTTCATACCTCTTATCTTCCTCCCACAGCTCCTGGGCAACGTGC

TGGTCTGTGTGCTGGCCCATCACTTTGGCAAAGCACTAGTGCGATGGAACAAAAACTCA

TCTCAGAAGAGGATCTGGGAGGCGAACAAAAACTCATCTCAGAAGAGGATCTGGGCGGA

GAACAAAAACTCATCTCAGAAGAGGATCTTATGTCCCGCCTGCTGCATGCAGAAGAGTG

GGCTGAGGTAAAAGAGTTGGGGGACCACCATCGCCATCCCCAGCCGCACCACGTCCCGC

CGCTGACGCCACAGCCACCTGCTACCCTGCAGGCGAGAGACCTTCCCGTCTACCCGGCA

GAACTGTCCCTCCTGGATAGCACCGACCCACGCGCCTGGCTGACTCCCACTTTGCAGGG

CCTCTGCACGGCACGCGCCGCCCAGTATCTGCTGCATTCTCCCGAGCTGGGTGCCTCCG

AGGCCGCGGCGCCCCGGGACGAGGCTGACAGCCAGGGTGAGCTGGTAAGGAGAAGCGGC

TGTGGCGGCCTCAGCAAGAGCCCCGGGCCCGTCAAAGTACGGGAACAGCTGTGCAAGCT

GAAGGGTGGGGTTGTAGTGGACGAGCTTGGCTGCAGCCGCCAGCGAGCCCCTTCCAGCA

AACAGGTGAATGGGGTACAGAAGCAAAGGAGGCTGGCAGCAAACGCAAGGGAACGGCGC

AGGATGCACGGGCTGAACCACGCCTTCGACCAGCTGCGCAACGTTATCCCGTCCTTCAA

CAACGACAAGAAGCTGTCCAAATATGAGACCCTACAGATGGCCCAGATCTACATCAACG

CTCTGTCGGAGTTGCTGCAGACTCCCAATGTCGGAGAGCAACCGCCGCCGCCCACAGCT

TCCTGCAAAAATGACCACCATCACCTTCGCACCGCCTCCTCCTATGAAGGAGGTGCGGG

CGCCTCTGCGGTAGCTGGGGCTCAGCCAGCCCCGGGAGGGGGCCCGAGACCTACCCCGC

CCGGGCCTTGCCGGACTCGCTTCTCAGGCCCAGCTTCCTCTGGGGGTTACTCGGTGCAG

CTGGACGCTTTGCACTTCCCAGCCTTCGAGGACAGGGCCCTAACAGCGATGATGGCACA

GAAGGACCTGTCGCCTTCGCTGCCCGGGGGCATCCTGCAGCCTGTACAGGAGGACAACA

GCAAAACATCTCCCAGATCCCACAGAAGTGACGGAGAGTTTTCCCCCCACTCTCATTAC
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AGTGACTCTGATGAGGCCAGTGGAGCCACGAAGCAAGCAGGAGATGTTGAAGAAAACCC

CGGG|CCTATGATCTTTTACCCATACGATGTTCCTGACTATGCGGGCTATCCGTATGAC

GTCCCGGACTATGCAGGATCCTATCCATATGACGTTCCAGATTACGCTATGGCCATGAA

CGCCAAGCACCGTTTCGGCATGCACCCCGTACTGCAAGAACCCAAATTCTCCAGCCTAC

ACTCCGGCTCTGAGGCCATGCGCCGAGTTTGTCTCCCAGCCCCGCAGCTGCAGGGTAAT

ATATTTGGAAGCTTTGATGAGAGCCTGCTGGCACGCGCCGAAGCTCTGGCGGCGGTGGA

TATCGTCTCCCACGGCAAGAACCATCCGTTCAAGCCCGACGCCACCTACCATACCATGA

GCAGCGTGCCCTGCACTTCTACCTCGCCCACGGTGCCCATCTCTCACCCGGCTGCACTC

ACCTCGCACCCGCATCACGCGGTACATCAGGGCCTCGAGGGCGACTTACTTGAGCACAT

CTCGCCCACGCTGAGCGTGAGTGGCCTAGGGGCCCCGGAGCACTCGGTGATGCCGGCGC

AGATCCACCCGCATCATCTAGGCGCCATGGGCCACTTGCATCAGGCCATGGGCATGAGT

CACCCGCATGCCGTAGCACCGCACAGTGCCATGCCCGCGTGTCTCAGCGATGTGGAGTC

AGACCCTCGAGAGCTGGAAGCGTTCGCCGAGCGCTTCAAGCAGAGGCGCATCAAGTTGG

GGGTCACCCAGGCGGACGTGGGCGCGGCTTTAGCCAATCTTAAGATCCCCGGTGTGGGC

TCGCTCAGCCAGAGCACCATCTGCAGGTTCGAGTCTCTTACTCTGTCGCACAACAACAT

GATCGCTCTCAAGCCGGTCCTCCAGGCCTGGCTGGAGGAGGCCGAGGCCGCCTACCGAG

AGAAGAACAGCAAGCCAGAGCTCTTCAACGGCAGTGAGCGTAAGCGCAAACGCACGTCC

ATCGCCGCGCCAGAGAAGCGCTCACTCGAAGCCTATTTCGCCATCCAGCCACGTCCTTC

ATCCGAGAAGATCGCGGCCATCGCGGAGAAACTGGACCTTAAAAAGAATGTGGTGAGGG

TCTGGTTCTGTAACCAGAGACAGAAACAGAAACGAATGAAATACTCTGCTGTCCATCGA

TTAGGAGGTTCCGGACTCAGATCCGGGGATCTCAAAATTGTCGCTCCTGTCAAACAAAC

TCTTAACTTTGATTTACTCAAACTGGCTGGGGATGTAGAAAGCAATCCAGGT|CCACTC

GGAGGGATGGACTACAAAGACCATGACGGTGATTATAAAGATCATGACATCGACTACAA

GGATGACGATGACAAGGGCATGTGGCGGCAGCGGGCTTCTGGAGGCCTCCTTCTGAGCG

CCTTGCCTTCAGCTCCCGAATTTCCAGCCTCAGATGACCAGGGGAAGCCTGGCGGGCCG

CTGTGCCAGGAGCGTGCCGCCCCGCCCCCTGGACGCCAGCTGCAGCACGAGAACTCAGA

GTATCCGAGGGTCCAAACATTCGTCCAGCGGCTGACCACCATGCCGCGCTCATTCCTGG

TCAAGAGCAAGAAGGCGCACAGCTACCACCAGCCGCGTTCTCCGGGGCCGGACTACTCC

CTGCGCCTGGAGACCGTGCCTGCGCCGGGCAGAGCAGAGGGCGGCGCTGTGAGTGCAGG

CGAGTCGAAAATGGAGCCCCGAGAGCGTTTGTCCCCCGACTCTCAGCTTACCGAGGCTC

CCGACAGGGCCTCCGCGTCCCCCAACAGCTGCGAAGGCAGCGTTTGTGACCCCTGCTCC

GAGTTCGAGGACTTTTGGAGGCCCCCTTCTCCCTCCGTGTCTCCAGCGTCGGAGAAGTC

ACTGTGCCGCTCTCTGGACGAAGCCCAGCCCTACACGCTGCCTTTCAAGCCCTATGCAT

GGAGCGGTCTTGCCGGGTCTGACCTGCGGCACCTGGTGCAGAGCTATCGGCAGTGCAGC

GCGCTGGAGCGCAGCGCGGGCCTGAGCCTCTTCTGCGAGCGCGGCTCGGAGCCGGGCCG

CCCGGCAGCGCGCTACGGCCCCGAGCAGGCTGCGGGCGGAGCCGGTGCGGGACAGCCAG

GGAGCTGCGGGGCCGCCGGGGGCGCCACCAGCGCTGCGGGCCTGGGGCTTTACGGCGAC

TTCGCGCCTGCGGCGGCCGGGCTGTACGAGCGGCCGAGCACAGCAGCAGGCCGGCTGTA

CCAAGATCATGGCCACGAGCTGCACGCGGACAAGAGCGTGGGCGTCAAGGTGGAGTCGG

AGCTGCTTTGCACCCGTCTGCTGCTGGGCGGCGGCTCCTACAAATGCATCAAATGCAGC

AAGGTGTTCTCCACACCGCACGGGCTGGAGGTGCACGTGCGCCGGTCCCACAGCGGCAC

AAGACCCTTTGCGTGCGAGATGTGCGGCAAGACCTTTGGGCACGCGGTGAGCCTGGAGC

AACACAAGGCAGTGCACTCACAGGAACGCAGCTTTGACTGTAAGATCTGTGGCAAGAGC

TTCAAGAGGTCATCCACGCTGTCCACACATCTGCTCATTCACTCGGACACCCGGCCCTA
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TCCCTGTCAGTACTGTGGCAAAAGGTTCCACCAGAAGTCAGATATGAAGAAACACACCT

TCATCCACACAGGTGAGAAGCCCCACAAATGCCAGGTGTGCGGCAAAGCCTTCAGTCAG

AGCTCCAACCTCATCACTCATAGCAGAAAGCACACAGGCTTCAAGCCCTTTGGCTGTGA

CCTGTGTGGGAAGGGCTTCCAGAGGAAGGTGGATCTCAGGAGGCACCGAGAGACTCAGC

ATGGACTCAAAGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAAT

CCCGGC|CCTGCCACCATGGTGAGCAAGGGCGAGGAGGTCATCAAAGAGTTCATGCGCT

TCAAGGTGCGCATGGAGGGCTCCATGAACGGCCACGAGTTCGAGATCGAGGGCGAGGGC

GAGGGCCGCCCCTACGAGGGCACCCAGACCGCCAAGCTGAAGGTGACCAAGGGCGGCCC

CCTGCCCTTCGCCTGGGACATCCTGTCCCCCCAGTTCATGTACGGCTCCAAGGCGTACG

TGAAGCACCCCGCCGACATCCCCGATTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAG

TGGGAGCGCGTGATGAACTTCGAGGACGGCGGTCTGGTGACCGTGACCCAGGACTCCTC

CCTGCAGGACGGCACGCTGATCTACAAGGTGAAGATGCGCGGCACCAACTTCCCCCCCG

ACGGCCCCGTAATGCAGAAGAAGACCATGGGCTGGGAGGCCTCCACCGAGCGCCTGTAC

CCCCGCGACGGCGTGCTGAAGGGCGAGATCCACCAGGCCCTGAAGCTGAAGGACGGCGG

CCACTACCTGGTGGAGTTCAAGACCATCTACATGGCCAAGAAGCCCGTGCAACTGCCCG

GCTACTACTACGTGGACACCAAGCTGGACATCACCTCCCACAACGAGGACTACACCATC

GTGGAACAGTACGAGCGCTCCGAGGGCCGCCACCACCTGTTCCTGGGGCATGGCACCGG

CAGCACCGGCAGCGGCAGCTCCGGCACCGCCTCCTCCGAGGACAACAACATGGCCGTCA

TCAAAGAGTTCATGCGCTTCAAGGTGCGCATGGAGGGCTCCATGAACGGCCACGAGTTC

GAGATCGAGGGCGAGGGCGAGGGCCGCCCCTACGAGGGCACCCAGACCGCCAAGCTGAA

GGTGACCAAGGGCGGCCCCCTGCCCTTCGCCTGGGACATCCTGTCCCCCCAGTTCATGT

ACGGCTCCAAGGCGTACGTGAAGCACCCCGCCGACATCCCCGATTACAAGAAGCTGTCC

TTCCCCGAGGGCTTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGTCTGGTGAC

CGTGACCCAGGACTCCTCCCTGCAGGACGGCACGCTGATCTACAAGGTGAAGATGCGCG

GCACCAACTTCCCCCCCGACGGCCCCGTAATGCAGAAGAAGACCATGGGCTGGGAGGCC

TCCACCGAGCGCCTGTACCCCCGCGACGGCGTGCTGAAGGGCGAGATCCACCAGGCCCT

GAAGCTGAAGGACGGCGGCCACTACCTGGTGGAGTTCAAGACCATCTACATGGCCAAGA

AGCCCGTGCAACTGCCCGGCTACTACTACGTGGACACCAAGCTGGACATCACCTCCCAC

AACGAGGACTACACCATCGTGGAACAGTACGAGCGCTCCGAGGGCCGCCACCACCTGTT

CCTGTACGGCATGGACGAGCTGTACAAGTAGGCGGCCGCAATCTAGACCAAACTTGTTT

ATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGC

ATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATG

TCTGTGATCAGGTACCAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATG

ATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCC

TATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCT

GATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTC

GCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCT

GGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGG

ATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATG

AGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGA

GCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCA

CAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACC

ATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCT

AACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGG
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AGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCA

ACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATT

AATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGG

CTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATT

GCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAG

TCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTA

AGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTT

CATTTTTAATTAAAAAGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATC

CCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATC

TTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGC

TACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACT

GGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCA

CCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAG

TGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTA

CCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGA

GCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGC

TTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAG

CGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCG

CCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGA

AAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCAC

ATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTG

AGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAG

CGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGC

AGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGT

GAGTTAGCTC 
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p183APT Sequence (7436 bp) 

 
CCCAACTTTTAAAAGAAAAGGGGGGATTGGGGGGTACAGTGCAGGGGAAAGAATAGTAG

ACATAATAGCAACAGACATACAAACTAAAGAATTACAAAAACAAATTACAAAATTCAAA

ATTTTATCGATGCCTCCCCGTCACCACCCCCCCCAACCCGCCCCGACCGGAGCTGAGAG

TAATTCATACAAAAGGACTCGCCCCTGCCTTGGGGAATCCCAGGGACCGTCGTTAAACT

CCCACTAACGTAGAACCCAGAGATCGCTGCGTTCCCGCCCCCTCACCCGCCCGCTCTCG

TCATCACTGAGGTGGAGAAGAGCATGCGTGAGGCTCCGGTGCCCGTCAGTGGGCAGAGC

GCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCC

TAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTT

TCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTC

GCAACGGGTTTGCCGCCAGAACACAGGTACACATATTGACCAAATCAGGGTAATTTTGC

ATTTGTAATTTTAAAAAATGCTTTCTTCTTTTAATATACTTTTTTGTTTATCTTATTTC

TAATACTTTCCCTAATCTCTTTCTTTCAGGGCAATAATGATACAATGTATCATGCCTCT

TTGCACCATTCTAAAGAATAACAGTGATAATTTCTGGGTTAAGGCAATAGCCGATTAGT

TCTCGAGGATCCTCCTGTCCTGTGTATGGCACTGGTAGAATTCACTGTGAACAGTCTCA

GTCAGTGAATTACCGAAGGGCCATAAACAGAGCAGAGGCCTGTTCCAGTACCATCTGCT

TGGCCGATTTTGGCACTAGCACATTTTTGCTTGTGTCTCTCCGCTGTGAGCAATCATGT

GTAGTGCCAATATGGGAAAAGCGGGCTGCTGCGGCCACGGCCTCCCACCATTTTTGGCA

ATGGTAGAACTCACACCGGTAAGGTAATGGGACCCGGTGGTTCTAGACTTGCCAACTAT

GGTGTAAGTGGCTAGCTCGAGCTTTTGGAGAATATTTCTGCATATAAATATTTCTGCAT

ATAAATTGTAACTGATGTAAGAGGTTTCATATTGCTAATAGCAGCTACAATCCAGCTAC

CATTCTGCTTTTATTTTATGGTTGGGATAAGGCTGGATTATTCTGAGTCCAAGCTAGGC

CCTTTTGCTAATCATGTTCATACCTCTTATCTTCCTCCCACAGCTCCTGGGCAACGTGC

TGGTCTGTGTGCTGGCCCATCACTTTGGCAAAGCACTAGTGCGATGGAACAAAAACTCA

TCTCAGAAGAGGATCTGGGAGGCGAACAAAAACTCATCTCAGAAGAGGATCTGGGCGGA

GAACAAAAACTCATCTCAGAAGAGGATCTTATGTCCCGCCTGCTGCATGCAGAAGAGTG

GGCTGAGGTAAAAGAGTTGGGGGACCACCATCGCCATCCCCAGCCGCACCACGTCCCGC

CGCTGACGCCACAGCCACCTGCTACCCTGCAGGCGAGAGACCTTCCCGTCTACCCGGCA

GAACTGTCCCTCCTGGATAGCACCGACCCACGCGCCTGGCTGACTCCCACTTTGCAGGG

CCTCTGCACGGCACGCGCCGCCCAGTATCTGCTGCATTCTCCCGAGCTGGGTGCCTCCG

AGGCCGCGGCGCCCCGGGACGAGGCTGACAGCCAGGGTGAGCTGGTAAGGAGAAGCGGC

TGTGGCGGCCTCAGCAAGAGCCCCGGGCCCGTCAAAGTACGGGAACAGCTGTGCAAGCT

GAAGGGTGGGGTTGTAGTGGACGAGCTTGGCTGCAGCCGCCAGCGAGCCCCTTCCAGCA

AACAGGTGAATGGGGTACAGAAGCAAAGGAGGCTGGCAGCAAACGCAAGGGAACGGCGC

AGGATGCACGGGCTGAACCACGCCTTCGACCAGCTGCGCAACGTTATCCCGTCCTTCAA

CAACGACAAGAAGCTGTCCAAATATGAGACCCTACAGATGGCCCAGATCTACATCAACG

CTCTGTCGGAGTTGCTGCAGACTCCCAATGTCGGAGAGCAACCGCCGCCGCCCACAGCT

TCCTGCAAAAATGACCACCATCACCTTCGCACCGCCTCCTCCTATGAAGGAGGTGCGGG

CGCCTCTGCGGTAGCTGGGGCTCAGCCAGCCCCGGGAGGGGGCCCGAGACCTACCCCGC

CCGGGCCTTGCCGGACTCGCTTCTCAGGCCCAGCTTCCTCTGGGGGTTACTCGGTGCAG

CTGGACGCTTTGCACTTCCCAGCCTTCGAGGACAGGGCCCTAACAGCGATGATGGCACA

GAAGGACCTGTCGCCTTCGCTGCCCGGGGGCATCCTGCAGCCTGTACAGGAGGACAACA

GCAAAACATCTCCCAGATCCCACAGAAGTGACGGAGAGTTTTCCCCCCACTCTCATTAC
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AGTGACTCTGATGAGGCCAGTGGAGCCACGAAGCAAGCAGGAGATGTTGAAGAAAACCC

CGGG|CCTATGATCTTTTACCCATACGATGTTCCTGACTATGCGGGCTATCCGTATGAC

GTCCCGGACTATGCAGGATCCTATCCATATGACGTTCCAGATTACGCTATGGCCATGAA

CGCCAAGCACCGTTTCGGCATGCACCCCGTACTGCAAGAACCCAAATTCTCCAGCCTAC

ACTCCGGCTCTGAGGCCATGCGCCGAGTTTGTCTCCCAGCCCCGCAGCTGCAGGGTAAT

ATATTTGGAAGCTTTGATGAGAGCCTGCTGGCACGCGCCGAAGCTCTGGCGGCGGTGGA

TATCGTCTCCCACGGCAAGAACCATCCGTTCAAGCCCGACGCCACCTACCATACCATGA

GCAGCGTGCCCTGCACTTCTACCTCGCCCACGGTGCCCATCTCTCACCCGGCTGCACTC

ACCTCGCACCCGCATCACGCGGTACATCAGGGCCTCGAGGGCGACTTACTTGAGCACAT

CTCGCCCACGCTGAGCGTGAGTGGCCTAGGGGCCCCGGAGCACTCGGTGATGCCGGCGC

AGATCCACCCGCATCATCTAGGCGCCATGGGCCACTTGCATCAGGCCATGGGCATGAGT

CACCCGCATGCCGTAGCACCGCACAGTGCCATGCCCGCGTGTCTCAGCGATGTGGAGTC

AGACCCTCGAGAGCTGGAAGCGTTCGCCGAGCGCTTCAAGCAGAGGCGCATCAAGTTGG

GGGTCACCCAGGCGGACGTGGGCGCGGCTTTAGCCAATCTTAAGATCCCCGGTGTGGGC

TCGCTCAGCCAGAGCACCATCTGCAGGTTCGAGTCTCTTACTCTGTCGCACAACAACAT

GATCGCTCTCAAGCCGGTCCTCCAGGCCTGGCTGGAGGAGGCCGAGGCCGCCTACCGAG

AGAAGAACAGCAAGCCAGAGCTCTTCAACGGCAGTGAGCGTAAGCGCAAACGCACGTCC

ATCGCCGCGCCAGAGAAGCGCTCACTCGAAGCCTATTTCGCCATCCAGCCACGTCCTTC

ATCCGAGAAGATCGCGGCCATCGCGGAGAAACTGGACCTTAAAAAGAATGTGGTGAGGG

TCTGGTTCTGTAACCAGAGACAGAAACAGAAACGAATGAAATACTCTGCTGTCCATCGA

TTAGGAGGTGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCCCGG

C|CCTGCCACCATGGTGAGCAAGGGCGAGGAGGTCATCAAAGAGTTCATGCGCTTCAAG

GTGCGCATGGAGGGCTCCATGAACGGCCACGAGTTCGAGATCGAGGGCGAGGGCGAGGG

CCGCCCCTACGAGGGCACCCAGACCGCCAAGCTGAAGGTGACCAAGGGCGGCCCCCTGC

CCTTCGCCTGGGACATCCTGTCCCCCCAGTTCATGTACGGCTCCAAGGCGTACGTGAAG

CACCCCGCCGACATCCCCGATTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGA

GCGCGTGATGAACTTCGAGGACGGCGGTCTGGTGACCGTGACCCAGGACTCCTCCCTGC

AGGACGGCACGCTGATCTACAAGGTGAAGATGCGCGGCACCAACTTCCCCCCCGACGGC

CCCGTAATGCAGAAGAAGACCATGGGCTGGGAGGCCTCCACCGAGCGCCTGTACCCCCG

CGACGGCGTGCTGAAGGGCGAGATCCACCAGGCCCTGAAGCTGAAGGACGGCGGCCACT

ACCTGGTGGAGTTCAAGACCATCTACATGGCCAAGAAGCCCGTGCAACTGCCCGGCTAC

TACTACGTGGACACCAAGCTGGACATCACCTCCCACAACGAGGACTACACCATCGTGGA

ACAGTACGAGCGCTCCGAGGGCCGCCACCACCTGTTCCTGGGGCATGGCACCGGCAGCA

CCGGCAGCGGCAGCTCCGGCACCGCCTCCTCCGAGGACAACAACATGGCCGTCATCAAA

GAGTTCATGCGCTTCAAGGTGCGCATGGAGGGCTCCATGAACGGCCACGAGTTCGAGAT

CGAGGGCGAGGGCGAGGGCCGCCCCTACGAGGGCACCCAGACCGCCAAGCTGAAGGTGA

CCAAGGGCGGCCCCCTGCCCTTCGCCTGGGACATCCTGTCCCCCCAGTTCATGTACGGC

TCCAAGGCGTACGTGAAGCACCCCGCCGACATCCCCGATTACAAGAAGCTGTCCTTCCC

CGAGGGCTTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGTCTGGTGACCGTGA

CCCAGGACTCCTCCCTGCAGGACGGCACGCTGATCTACAAGGTGAAGATGCGCGGCACC

AACTTCCCCCCCGACGGCCCCGTAATGCAGAAGAAGACCATGGGCTGGGAGGCCTCCAC

CGAGCGCCTGTACCCCCGCGACGGCGTGCTGAAGGGCGAGATCCACCAGGCCCTGAAGC

TGAAGGACGGCGGCCACTACCTGGTGGAGTTCAAGACCATCTACATGGCCAAGAAGCCC

GTGCAACTGCCCGGCTACTACTACGTGGACACCAAGCTGGACATCACCTCCCACAACGA
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GGACTACACCATCGTGGAACAGTACGAGCGCTCCGAGGGCCGCCACCACCTGTTCCTGT

ACGGCATGGACGAGCTGTACAAGTAGGCGGCCGCAATCTAGACCAAACTTGTTTATTGC

AGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTT

TTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGT

GATCAGGTACCAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGATAAT

AATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTT

GTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAA

ATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCT

TATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGA

AAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTC

AACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCAC

TTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAAC

TCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAA

AAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAG

TGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCG

CTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTG

AATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAAC

GTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAG

ACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGC

TGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGC

ACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGG

CAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCAT

TGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTT

TTAATTAAAAAGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTA

ACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTT

GAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCA

GCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTT

CAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCACCACT

TCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCT

GCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGA

TAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAA

CGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCC

GAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCAC

GAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACC

TCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAAC

GCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTT

CTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTG

ATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAA

GAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTG

GCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTGAGTT

AGCTC 
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p183AT Sequence (6272 bp) 
 

CCCAACTTTTAAAAGAAAAGGGGGGATTGGGGGGTACAGTGCAGGGGAAAGAATAGTAG

ACATAATAGCAACAGACATACAAACTAAAGAATTACAAAAACAAATTACAAAATTCAAA

ATTTTATCGATGCCTCCCCGTCACCACCCCCCCCAACCCGCCCCGACCGGAGCTGAGAG

TAATTCATACAAAAGGACTCGCCCCTGCCTTGGGGAATCCCAGGGACCGTCGTTAAACT

CCCACTAACGTAGAACCCAGAGATCGCTGCGTTCCCGCCCCCTCACCCGCCCGCTCTCG

TCATCACTGAGGTGGAGAAGAGCATGCGTGAGGCTCCGGTGCCCGTCAGTGGGCAGAGC

GCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCC

TAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTT

TCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTC

GCAACGGGTTTGCCGCCAGAACACAGGTACACATATTGACCAAATCAGGGTAATTTTGC

ATTTGTAATTTTAAAAAATGCTTTCTTCTTTTAATATACTTTTTTGTTTATCTTATTTC

TAATACTTTCCCTAATCTCTTTCTTTCAGGGCAATAATGATACAATGTATCATGCCTCT

TTGCACCATTCTAAAGAATAACAGTGATAATTTCTGGGTTAAGGCAATAGCCGATTAGT

TCTCGAGGATCCTCCTGTCCTGTGTATGGCACTGGTAGAATTCACTGTGAACAGTCTCA

GTCAGTGAATTACCGAAGGGCCATAAACAGAGCAGAGGCCTGTTCCAGTACCATCTGCT

TGGCCGATTTTGGCACTAGCACATTTTTGCTTGTGTCTCTCCGCTGTGAGCAATCATGT

GTAGTGCCAATATGGGAAAAGCGGGCTGCTGCGGCCACGGCCTCCCACCATTTTTGGCA

ATGGTAGAACTCACACCGGTAAGGTAATGGGACCCGGTGGTTCTAGACTTGCCAACTAT

GGTGTAAGTGGCTAGCTCGAGCTTTTGGAGAATATTTCTGCATATAAATATTTCTGCAT

ATAAATTGTAACTGATGTAAGAGGTTTCATATTGCTAATAGCAGCTACAATCCAGCTAC

CATTCTGCTTTTATTTTATGGTTGGGATAAGGCTGGATTATTCTGAGTCCAAGCTAGGC

CCTTTTGCTAATCATGTTCATACCTCTTATCTTCCTCCCACAGCTCCTGGGCAACGTGC

TGGTCTGTGTGCTGGCCCATCACTTTGGCAAAGCACTAGTGCGATGGAACAAAAACTCA

TCTCAGAAGAGGATCTGGGAGGCGAACAAAAACTCATCTCAGAAGAGGATCTGGGCGGA

GAACAAAAACTCATCTCAGAAGAGGATCTTATGTCCCGCCTGCTGCATGCAGAAGAGTG

GGCTGAGGTAAAAGAGTTGGGGGACCACCATCGCCATCCCCAGCCGCACCACGTCCCGC

CGCTGACGCCACAGCCACCTGCTACCCTGCAGGCGAGAGACCTTCCCGTCTACCCGGCA

GAACTGTCCCTCCTGGATAGCACCGACCCACGCGCCTGGCTGACTCCCACTTTGCAGGG

CCTCTGCACGGCACGCGCCGCCCAGTATCTGCTGCATTCTCCCGAGCTGGGTGCCTCCG

AGGCCGCGGCGCCCCGGGACGAGGCTGACAGCCAGGGTGAGCTGGTAAGGAGAAGCGGC

TGTGGCGGCCTCAGCAAGAGCCCCGGGCCCGTCAAAGTACGGGAACAGCTGTGCAAGCT

GAAGGGTGGGGTTGTAGTGGACGAGCTTGGCTGCAGCCGCCAGCGAGCCCCTTCCAGCA

AACAGGTGAATGGGGTACAGAAGCAAAGGAGGCTGGCAGCAAACGCAAGGGAACGGCGC

AGGATGCACGGGCTGAACCACGCCTTCGACCAGCTGCGCAACGTTATCCCGTCCTTCAA

CAACGACAAGAAGCTGTCCAAATATGAGACCCTACAGATGGCCCAGATCTACATCAACG

CTCTGTCGGAGTTGCTGCAGACTCCCAATGTCGGAGAGCAACCGCCGCCGCCCACAGCT

TCCTGCAAAAATGACCACCATCACCTTCGCACCGCCTCCTCCTATGAAGGAGGTGCGGG

CGCCTCTGCGGTAGCTGGGGCTCAGCCAGCCCCGGGAGGGGGCCCGAGACCTACCCCGC

CCGGGCCTTGCCGGACTCGCTTCTCAGGCCCAGCTTCCTCTGGGGGTTACTCGGTGCAG

CTGGACGCTTTGCACTTCCCAGCCTTCGAGGACAGGGCCCTAACAGCGATGATGGCACA

GAAGGACCTGTCGCCTTCGCTGCCCGGGGGCATCCTGCAGCCTGTACAGGAGGACAACA

GCAAAACATCTCCCAGATCCCACAGAAGTGACGGAGAGTTTTCCCCCCACTCTCATTAC
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AGTGACTCTGATGAGGCCAGTGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGT

GGAGGAGAATCCCGGC|CCTGCCACCATGGTGAGCAAGGGCGAGGAGGTCATCAAAGAG

TTCATGCGCTTCAAGGTGCGCATGGAGGGCTCCATGAACGGCCACGAGTTCGAGATCGA

GGGCGAGGGCGAGGGCCGCCCCTACGAGGGCACCCAGACCGCCAAGCTGAAGGTGACCA

AGGGCGGCCCCCTGCCCTTCGCCTGGGACATCCTGTCCCCCCAGTTCATGTACGGCTCC

AAGGCGTACGTGAAGCACCCCGCCGACATCCCCGATTACAAGAAGCTGTCCTTCCCCGA

GGGCTTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGTCTGGTGACCGTGACCC

AGGACTCCTCCCTGCAGGACGGCACGCTGATCTACAAGGTGAAGATGCGCGGCACCAAC

TTCCCCCCCGACGGCCCCGTAATGCAGAAGAAGACCATGGGCTGGGAGGCCTCCACCGA

GCGCCTGTACCCCCGCGACGGCGTGCTGAAGGGCGAGATCCACCAGGCCCTGAAGCTGA

AGGACGGCGGCCACTACCTGGTGGAGTTCAAGACCATCTACATGGCCAAGAAGCCCGTG

CAACTGCCCGGCTACTACTACGTGGACACCAAGCTGGACATCACCTCCCACAACGAGGA

CTACACCATCGTGGAACAGTACGAGCGCTCCGAGGGCCGCCACCACCTGTTCCTGGGGC

ATGGCACCGGCAGCACCGGCAGCGGCAGCTCCGGCACCGCCTCCTCCGAGGACAACAAC

ATGGCCGTCATCAAAGAGTTCATGCGCTTCAAGGTGCGCATGGAGGGCTCCATGAACGG

CCACGAGTTCGAGATCGAGGGCGAGGGCGAGGGCCGCCCCTACGAGGGCACCCAGACCG

CCAAGCTGAAGGTGACCAAGGGCGGCCCCCTGCCCTTCGCCTGGGACATCCTGTCCCCC

CAGTTCATGTACGGCTCCAAGGCGTACGTGAAGCACCCCGCCGACATCCCCGATTACAA

GAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCG

GTCTGGTGACCGTGACCCAGGACTCCTCCCTGCAGGACGGCACGCTGATCTACAAGGTG

AAGATGCGCGGCACCAACTTCCCCCCCGACGGCCCCGTAATGCAGAAGAAGACCATGGG

CTGGGAGGCCTCCACCGAGCGCCTGTACCCCCGCGACGGCGTGCTGAAGGGCGAGATCC

ACCAGGCCCTGAAGCTGAAGGACGGCGGCCACTACCTGGTGGAGTTCAAGACCATCTAC

ATGGCCAAGAAGCCCGTGCAACTGCCCGGCTACTACTACGTGGACACCAAGCTGGACAT

CACCTCCCACAACGAGGACTACACCATCGTGGAACAGTACGAGCGCTCCGAGGGCCGCC

ACCACCTGTTCCTGTACGGCATGGACGAGCTGTACAAGTAGGCGGCCGCAATCTAGACC

AAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCA

CAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTA

TCTTATCATGTCTGTGATCAGGTACCAAAGGGCCTCGTGATACGCCTATTTTTATAGGT

TAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGC

GCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGA

CAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACA

TTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACC

CAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTAC

ATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTT

TCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACG

CCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTAC

TCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGC

TGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGAC

CGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGT

TGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGT

AGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCC

GGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCG

GCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCG
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CGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACA

CGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCC

TCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGA

TTTAAAACTTCATTTTTAATTAAAAAGATCTAGGTGAAGATCCTTTTTGATAATCTCAT

GACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGA

TCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAA

AAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCC

GAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGT

AGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATC

CTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAG

ACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGC

CCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAA

AGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGG

AACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTG

TCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGG

AGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCC

TTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCG

CCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTG

AGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGAT

TCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACG

CAATTAATGTGAGTTAGCTC 

 

 

 

  



87 

 

p183T Sequence (5216 bp)  

 

CCCAACTTTTAAAAGAAAAGGGGGGATTGGGGGGTACAGTGCAGGGGAAAGAATAGTAG

ACATAATAGCAACAGACATACAAACTAAAGAATTACAAAAACAAATTACAAAATTCAAA

ATTTTATCGATGCCTCCCCGTCACCACCCCCCCCAACCCGCCCCGACCGGAGCTGAGAG

TAATTCATACAAAAGGACTCGCCCCTGCCTTGGGGAATCCCAGGGACCGTCGTTAAACT

CCCACTAACGTAGAACCCAGAGATCGCTGCGTTCCCGCCCCCTCACCCGCCCGCTCTCG

TCATCACTGAGGTGGAGAAGAGCATGCGTGAGGCTCCGGTGCCCGTCAGTGGGCAGAGC

GCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCC

TAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTT

TCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTC

GCAACGGGTTTGCCGCCAGAACACAGGTACACATATTGACCAAATCAGGGTAATTTTGC

ATTTGTAATTTTAAAAAATGCTTTCTTCTTTTAATATACTTTTTTGTTTATCTTATTTC

TAATACTTTCCCTAATCTCTTTCTTTCAGGGCAATAATGATACAATGTATCATGCCTCT

TTGCACCATTCTAAAGAATAACAGTGATAATTTCTGGGTTAAGGCAATAGCCGATTAGT

TCTCGAGGATCCTCCTGTCCTGTGTATGGCACTGGTAGAATTCACTGTGAACAGTCTCA

GTCAGTGAATTACCGAAGGGCCATAAACAGAGCAGAGGCCTGTTCCAGTACCATCTGCT

TGGCCGATTTTGGCACTAGCACATTTTTGCTTGTGTCTCTCCGCTGTGAGCAATCATGT

GTAGTGCCAATATGGGAAAAGCGGGCTGCTGCGGCCACGGCCTCCCACCATTTTTGGCA

ATGGTAGAACTCACACCGGTAAGGTAATGGGACCCGGTGGTTCTAGACTTGCCAACTAT

GGTGTAAGTGGCTAGCTCGAGCTTTTGGAGAATATTTCTGCATATAAATATTTCTGCAT

ATAAATTGTAACTGATGTAAGAGGTTTCATATTGCTAATAGCAGCTACAATCCAGCTAC

CATTCTGCTTTTATTTTATGGTTGGGATAAGGCTGGATTATTCTGAGTCCAAGCTAGGC

CCTTTTGCTAATCATGTTCATACCTCTTATCTTCCTCCCACAGCTCCTGGGCAACGTGC

TGGTCTGTGTGCTGGCCCATCACTTTGGCAAAGCACTAGTGCGATGGAACAAAAACTCA

TCTCAGAAGAGGATCTGGGAGGCGAACAAAAACTCATCTCAGAAGAGGATCTGGGCGGA

GAACAAAAACTCATCTCAGAAGAGGATCTTGAGGGCAGAGGAAGTCTTCTAACATGCGG

TGACGTGGAGGAGAATCCCGGC|CCTGCCACCATGGTGAGCAAGGGCGAGGAGGTCATC

AAAGAGTTCATGCGCTTCAAGGTGCGCATGGAGGGCTCCATGAACGGCCACGAGTTCGA

GATCGAGGGCGAGGGCGAGGGCCGCCCCTACGAGGGCACCCAGACCGCCAAGCTGAAGG

TGACCAAGGGCGGCCCCCTGCCCTTCGCCTGGGACATCCTGTCCCCCCAGTTCATGTAC

GGCTCCAAGGCGTACGTGAAGCACCCCGCCGACATCCCCGATTACAAGAAGCTGTCCTT

CCCCGAGGGCTTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGTCTGGTGACCG

TGACCCAGGACTCCTCCCTGCAGGACGGCACGCTGATCTACAAGGTGAAGATGCGCGGC

ACCAACTTCCCCCCCGACGGCCCCGTAATGCAGAAGAAGACCATGGGCTGGGAGGCCTC

CACCGAGCGCCTGTACCCCCGCGACGGCGTGCTGAAGGGCGAGATCCACCAGGCCCTGA

AGCTGAAGGACGGCGGCCACTACCTGGTGGAGTTCAAGACCATCTACATGGCCAAGAAG

CCCGTGCAACTGCCCGGCTACTACTACGTGGACACCAAGCTGGACATCACCTCCCACAA

CGAGGACTACACCATCGTGGAACAGTACGAGCGCTCCGAGGGCCGCCACCACCTGTTCC

TGGGGCATGGCACCGGCAGCACCGGCAGCGGCAGCTCCGGCACCGCCTCCTCCGAGGAC

AACAACATGGCCGTCATCAAAGAGTTCATGCGCTTCAAGGTGCGCATGGAGGGCTCCAT

GAACGGCCACGAGTTCGAGATCGAGGGCGAGGGCGAGGGCCGCCCCTACGAGGGCACCC

AGACCGCCAAGCTGAAGGTGACCAAGGGCGGCCCCCTGCCCTTCGCCTGGGACATCCTG

TCCCCCCAGTTCATGTACGGCTCCAAGGCGTACGTGAAGCACCCCGCCGACATCCCCGA
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TTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGATGAACTTCGAGG

ACGGCGGTCTGGTGACCGTGACCCAGGACTCCTCCCTGCAGGACGGCACGCTGATCTAC

AAGGTGAAGATGCGCGGCACCAACTTCCCCCCCGACGGCCCCGTAATGCAGAAGAAGAC

CATGGGCTGGGAGGCCTCCACCGAGCGCCTGTACCCCCGCGACGGCGTGCTGAAGGGCG

AGATCCACCAGGCCCTGAAGCTGAAGGACGGCGGCCACTACCTGGTGGAGTTCAAGACC

ATCTACATGGCCAAGAAGCCCGTGCAACTGCCCGGCTACTACTACGTGGACACCAAGCT

GGACATCACCTCCCACAACGAGGACTACACCATCGTGGAACAGTACGAGCGCTCCGAGG

GCCGCCACCACCTGTTCCTGTACGGCATGGACGAGCTGTACAAGTAGGCGGCCGCAATC

TAGACCAAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAA

ATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATC

AATGTATCTTATCATGTCTGTGATCAGGTACCAAAGGGCCTCGTGATACGCCTATTTTT

ATAGGTTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAA

ATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTC

ATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTAT

TCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTG

CTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTG

GGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGA

ACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTA

TTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTT

GAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATG

CAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCG

GAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTT

GATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGAT

GCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAG

CTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTG

CGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGG

GTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTA

TCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATA

GGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTA

GATTGATTTAAAACTTCATTTTTAATTAAAAAGATCTAGGTGAAGATCCTTTTTGATAA

TCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAG

AAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAA

ACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCT

TTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGT

AGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTG

CTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGA

CTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCA

CACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTA

TGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAG

GGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATA

GTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGG

GGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTG

CTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTA

TTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAG



89 

 

TCAGTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTG

GCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGC

GCAACGCAATTAATGTGAGTTAGCTC 
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pAPGT Sequence (8846 bp) 

CCCAACTTTTAAAAGAAAAGGGGGGATTGGGGGGTACAGTGCAGGGGAAAGAATAGTAG

ACATAATAGCAACAGACATACAAACTAAAGAATTACAAAAACAAATTACAAAATTCAAA

ATTTTATCGATGCCTCCCCGTCACCACCCCCCCCAACCCGCCCCGACCGGAGCTGAGAG

TAATTCATACAAAAGGACTCGCCCCTGCCTTGGGGAATCCCAGGGACCGTCGTTAAACT

CCCACTAACGTAGAACCCAGAGATCGCTGCGTTCCCGCCCCCTCACCCGCCCGCTCTCG

TCATCACTGAGGTGGAGAAGAGCATGCGTGAGGCTCCGGTGCCCGTCAGTGGGCAGAGC

GCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCC

TAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTT

TCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTC

GCAACGGGTTTGCCGCCAGAACACAGGTACACATATTGACCAAATCAGGGTAATTTTGC

ATTTGTAATTTTAAAAAATGCTTTCTTCTTTTAATATACTTTTTTGTTTATCTTATTTC

TAATACTTTCCCTAATCTCTTTCTTTCAGGGCAATAATGATACAATGTATCATGCCTCT

TTGCACCATTCTAAAGAATAACAGTGATAATTTCTGGGTTAAGGCAATAGCCGATTAGT

TCTCGAGGATCCTCCTGTCCTGTGTATGGCACTGGTAGAATTGCAGTGTTTAAACAGCT

CCTAGCTCGAGCTTTTGGAGAATATTTCTGCATATAAATATTTCTGCATATAAATTGTA

ACTGATGTAAGAGGTTTCATATTGCTAATAGCAGCTACAATCCAGCTACCATTCTGCTT

TTATTTTATGGTTGGGATAAGGCTGGATTATTCTGAGTCCAAGCTAGGCCCTTTTGCTA

ATCATGTTCATACCTCTTATCTTCCTCCCACAGCTCCTGGGCAACGTGCTGGTCTGTGT

GCTGGCCCATCACTTTGGCAAAGCACTAGTGCGATGGAACAAAAACTCATCTCAGAAGA

GGATCTGGGAGGCGAACAAAAACTCATCTCAGAAGAGGATCTGGGCGGAGAACAAAAAC

TCATCTCAGAAGAGGATCTTATGTCCCGCCTGCTGCATGCAGAAGAGTGGGCTGAGGTA

AAAGAGTTGGGGGACCACCATCGCCATCCCCAGCCGCACCACGTCCCGCCGCTGACGCC

ACAGCCACCTGCTACCCTGCAGGCGAGAGACCTTCCCGTCTACCCGGCAGAACTGTCCC

TCCTGGATAGCACCGACCCACGCGCCTGGCTGACTCCCACTTTGCAGGGCCTCTGCACG

GCACGCGCCGCCCAGTATCTGCTGCATTCTCCCGAGCTGGGTGCCTCCGAGGCCGCGGC

GCCCCGGGACGAGGCTGACAGCCAGGGTGAGCTGGTAAGGAGAAGCGGCTGTGGCGGCC

TCAGCAAGAGCCCCGGGCCCGTCAAAGTACGGGAACAGCTGTGCAAGCTGAAGGGTGGG

GTTGTAGTGGACGAGCTTGGCTGCAGCCGCCAGCGAGCCCCTTCCAGCAAACAGGTGAA

TGGGGTACAGAAGCAAAGGAGGCTGGCAGCAAACGCAAGGGAACGGCGCAGGATGCACG

GGCTGAACCACGCCTTCGACCAGCTGCGCAACGTTATCCCGTCCTTCAACAACGACAAG

AAGCTGTCCAAATATGAGACCCTACAGATGGCCCAGATCTACATCAACGCTCTGTCGGA

GTTGCTGCAGACTCCCAATGTCGGAGAGCAACCGCCGCCGCCCACAGCTTCCTGCAAAA

ATGACCACCATCACCTTCGCACCGCCTCCTCCTATGAAGGAGGTGCGGGCGCCTCTGCG

GTAGCTGGGGCTCAGCCAGCCCCGGGAGGGGGCCCGAGACCTACCCCGCCCGGGCCTTG

CCGGACTCGCTTCTCAGGCCCAGCTTCCTCTGGGGGTTACTCGGTGCAGCTGGACGCTT

TGCACTTCCCAGCCTTCGAGGACAGGGCCCTAACAGCGATGATGGCACAGAAGGACCTG

TCGCCTTCGCTGCCCGGGGGCATCCTGCAGCCTGTACAGGAGGACAACAGCAAAACATC

TCCCAGATCCCACAGAAGTGACGGAGAGTTTTCCCCCCACTCTCATTACAGTGACTCTG

ATGAGGCCAGTGGAGCCACGAAGCAAGCAGGAGATGTTGAAGAAAACCCCGGG|CCTAT

GATCTTTTACCCATACGATGTTCCTGACTATGCGGGCTATCCGTATGACGTCCCGGACT

ATGCAGGATCCTATCCATATGACGTTCCAGATTACGCTATGGCCATGAACGCCAAGCAC

CGTTTCGGCATGCACCCCGTACTGCAAGAACCCAAATTCTCCAGCCTACACTCCGGCTC

TGAGGCCATGCGCCGAGTTTGTCTCCCAGCCCCGCAGCTGCAGGGTAATATATTTGGAA

GCTTTGATGAGAGCCTGCTGGCACGCGCCGAAGCTCTGGCGGCGGTGGATATCGTCTCC

CACGGCAAGAACCATCCGTTCAAGCCCGACGCCACCTACCATACCATGAGCAGCGTGCC
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CTGCACTTCTACCTCGCCCACGGTGCCCATCTCTCACCCGGCTGCACTCACCTCGCACC

CGCATCACGCGGTACATCAGGGCCTCGAGGGCGACTTACTTGAGCACATCTCGCCCACG

CTGAGCGTGAGTGGCCTAGGGGCCCCGGAGCACTCGGTGATGCCGGCGCAGATCCACCC

GCATCATCTAGGCGCCATGGGCCACTTGCATCAGGCCATGGGCATGAGTCACCCGCATG

CCGTAGCACCGCACAGTGCCATGCCCGCGTGTCTCAGCGATGTGGAGTCAGACCCTCGA

GAGCTGGAAGCGTTCGCCGAGCGCTTCAAGCAGAGGCGCATCAAGTTGGGGGTCACCCA

GGCGGACGTGGGCGCGGCTTTAGCCAATCTTAAGATCCCCGGTGTGGGCTCGCTCAGCC

AGAGCACCATCTGCAGGTTCGAGTCTCTTACTCTGTCGCACAACAACATGATCGCTCTC

AAGCCGGTCCTCCAGGCCTGGCTGGAGGAGGCCGAGGCCGCCTACCGAGAGAAGAACAG

CAAGCCAGAGCTCTTCAACGGCAGTGAGCGTAAGCGCAAACGCACGTCCATCGCCGCGC

CAGAGAAGCGCTCACTCGAAGCCTATTTCGCCATCCAGCCACGTCCTTCATCCGAGAAG

ATCGCGGCCATCGCGGAGAAACTGGACCTTAAAAAGAATGTGGTGAGGGTCTGGTTCTG

TAACCAGAGACAGAAACAGAAACGAATGAAATACTCTGCTGTCCATCGATTAGGAGGTT

CCGGACTCAGATCCGGGGATCTCAAAATTGTCGCTCCTGTCAAACAAACTCTTAACTTT

GATTTACTCAAACTGGCTGGGGATGTAGAAAGCAATCCAGGT|CCACTCGGAGGGATGG

ACTACAAAGACCATGACGGTGATTATAAAGATCATGACATCGACTACAAGGATGACGAT

GACAAGGGCATGTGGCGGCAGCGGGCTTCTGGAGGCCTCCTTCTGAGCGCCTTGCCTTC

AGCTCCCGAATTTCCAGCCTCAGATGACCAGGGGAAGCCTGGCGGGCCGCTGTGCCAGG

AGCGTGCCGCCCCGCCCCCTGGACGCCAGCTGCAGCACGAGAACTCAGAGTATCCGAGG

GTCCAAACATTCGTCCAGCGGCTGACCACCATGCCGCGCTCATTCCTGGTCAAGAGCAA

GAAGGCGCACAGCTACCACCAGCCGCGTTCTCCGGGGCCGGACTACTCCCTGCGCCTGG

AGACCGTGCCTGCGCCGGGCAGAGCAGAGGGCGGCGCTGTGAGTGCAGGCGAGTCGAAA

ATGGAGCCCCGAGAGCGTTTGTCCCCCGACTCTCAGCTTACCGAGGCTCCCGACAGGGC

CTCCGCGTCCCCCAACAGCTGCGAAGGCAGCGTTTGTGACCCCTGCTCCGAGTTCGAGG

ACTTTTGGAGGCCCCCTTCTCCCTCCGTGTCTCCAGCGTCGGAGAAGTCACTGTGCCGC

TCTCTGGACGAAGCCCAGCCCTACACGCTGCCTTTCAAGCCCTATGCATGGAGCGGTCT

TGCCGGGTCTGACCTGCGGCACCTGGTGCAGAGCTATCGGCAGTGCAGCGCGCTGGAGC

GCAGCGCGGGCCTGAGCCTCTTCTGCGAGCGCGGCTCGGAGCCGGGCCGCCCGGCAGCG

CGCTACGGCCCCGAGCAGGCTGCGGGCGGAGCCGGTGCGGGACAGCCAGGGAGCTGCGG

GGCCGCCGGGGGCGCCACCAGCGCTGCGGGCCTGGGGCTTTACGGCGACTTCGCGCCTG

CGGCGGCCGGGCTGTACGAGCGGCCGAGCACAGCAGCAGGCCGGCTGTACCAAGATCAT

GGCCACGAGCTGCACGCGGACAAGAGCGTGGGCGTCAAGGTGGAGTCGGAGCTGCTTTG

CACCCGTCTGCTGCTGGGCGGCGGCTCCTACAAATGCATCAAATGCAGCAAGGTGTTCT

CCACACCGCACGGGCTGGAGGTGCACGTGCGCCGGTCCCACAGCGGCACAAGACCCTTT

GCGTGCGAGATGTGCGGCAAGACCTTTGGGCACGCGGTGAGCCTGGAGCAACACAAGGC

AGTGCACTCACAGGAACGCAGCTTTGACTGTAAGATCTGTGGCAAGAGCTTCAAGAGGT

CATCCACGCTGTCCACACATCTGCTCATTCACTCGGACACCCGGCCCTATCCCTGTCAG

TACTGTGGCAAAAGGTTCCACCAGAAGTCAGATATGAAGAAACACACCTTCATCCACAC

AGGTGAGAAGCCCCACAAATGCCAGGTGTGCGGCAAAGCCTTCAGTCAGAGCTCCAACC

TCATCACTCATAGCAGAAAGCACACAGGCTTCAAGCCCTTTGGCTGTGACCTGTGTGGG

AAGGGCTTCCAGAGGAAGGTGGATCTCAGGAGGCACCGAGAGACTCAGCATGGACTCAA

AGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCCCGGC|CCT

GCCACCATGGTGAGCAAGGGCGAGGAGGTCATCAAAGAGTTCATGCGCTTCAAGGTGCG

CATGGAGGGCTCCATGAACGGCCACGAGTTCGAGATCGAGGGCGAGGGCGAGGGCCGCC

CCTACGAGGGCACCCAGACCGCCAAGCTGAAGGTGACCAAGGGCGGCCCCCTGCCCTTC

GCCTGGGACATCCTGTCCCCCCAGTTCATGTACGGCTCCAAGGCGTACGTGAAGCACCC

CGCCGACATCCCCGATTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCG
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TGATGAACTTCGAGGACGGCGGTCTGGTGACCGTGACCCAGGACTCCTCCCTGCAGGAC

GGCACGCTGATCTACAAGGTGAAGATGCGCGGCACCAACTTCCCCCCCGACGGCCCCGT

AATGCAGAAGAAGACCATGGGCTGGGAGGCCTCCACCGAGCGCCTGTACCCCCGCGACG

GCGTGCTGAAGGGCGAGATCCACCAGGCCCTGAAGCTGAAGGACGGCGGCCACTACCTG

GTGGAGTTCAAGACCATCTACATGGCCAAGAAGCCCGTGCAACTGCCCGGCTACTACTA

CGTGGACACCAAGCTGGACATCACCTCCCACAACGAGGACTACACCATCGTGGAACAGT

ACGAGCGCTCCGAGGGCCGCCACCACCTGTTCCTGGGGCATGGCACCGGCAGCACCGGC

AGCGGCAGCTCCGGCACCGCCTCCTCCGAGGACAACAACATGGCCGTCATCAAAGAGTT

CATGCGCTTCAAGGTGCGCATGGAGGGCTCCATGAACGGCCACGAGTTCGAGATCGAGG

GCGAGGGCGAGGGCCGCCCCTACGAGGGCACCCAGACCGCCAAGCTGAAGGTGACCAAG

GGCGGCCCCCTGCCCTTCGCCTGGGACATCCTGTCCCCCCAGTTCATGTACGGCTCCAA

GGCGTACGTGAAGCACCCCGCCGACATCCCCGATTACAAGAAGCTGTCCTTCCCCGAGG

GCTTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGTCTGGTGACCGTGACCCAG

GACTCCTCCCTGCAGGACGGCACGCTGATCTACAAGGTGAAGATGCGCGGCACCAACTT

CCCCCCCGACGGCCCCGTAATGCAGAAGAAGACCATGGGCTGGGAGGCCTCCACCGAGC

GCCTGTACCCCCGCGACGGCGTGCTGAAGGGCGAGATCCACCAGGCCCTGAAGCTGAAG

GACGGCGGCCACTACCTGGTGGAGTTCAAGACCATCTACATGGCCAAGAAGCCCGTGCA

ACTGCCCGGCTACTACTACGTGGACACCAAGCTGGACATCACCTCCCACAACGAGGACT

ACACCATCGTGGAACAGTACGAGCGCTCCGAGGGCCGCCACCACCTGTTCCTGTACGGC

ATGGACGAGCTGTACAAGTAGGCGGCCGCAATCTAGACCAAACTTGTTTATTGCAGCTT

ATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCA

CTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGTGATCA

GGTACCAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGATAATAATGG

TTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTA

TTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCT

TCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTC

CCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTA

AAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAG

CGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTA

AAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGT

CGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCA

TCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATA

ACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTT

TTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGA

AGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGC

GCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGG

ATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTT

TATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGG

GGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACT

ATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTA

ACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAAT

TAAAAAGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTG

AGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGAT

CCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGT

GGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCA

GAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAG

AACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGC
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CAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGG

CGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACC

TACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGG

GAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGG

AGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGA

CTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAG

CAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTC

CTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACC

GCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCG

CCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACG

ACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTGAGTTAGCTC 
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pAPT Sequence (7190 bp) 

 
CCCAACTTTTAAAAGAAAAGGGGGGATTGGGGGGTACAGTGCAGGGGAAAGAATAGTAG

ACATAATAGCAACAGACATACAAACTAAAGAATTACAAAAACAAATTACAAAATTCAAA

ATTTTATCGATGCCTCCCCGTCACCACCCCCCCCAACCCGCCCCGACCGGAGCTGAGAG

TAATTCATACAAAAGGACTCGCCCCTGCCTTGGGGAATCCCAGGGACCGTCGTTAAACT

CCCACTAACGTAGAACCCAGAGATCGCTGCGTTCCCGCCCCCTCACCCGCCCGCTCTCG

TCATCACTGAGGTGGAGAAGAGCATGCGTGAGGCTCCGGTGCCCGTCAGTGGGCAGAGC

GCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCC

TAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTT

TCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTC

GCAACGGGTTTGCCGCCAGAACACAGGTACACATATTGACCAAATCAGGGTAATTTTGC

ATTTGTAATTTTAAAAAATGCTTTCTTCTTTTAATATACTTTTTTGTTTATCTTATTTC

TAATACTTTCCCTAATCTCTTTCTTTCAGGGCAATAATGATACAATGTATCATGCCTCT

TTGCACCATTCTAAAGAATAACAGTGATAATTTCTGGGTTAAGGCAATAGCCGATTAGT

TCTCGAGGATCCTCCTGTCCTGTGTATGGCACTGGTAGAATTGCAGTGTTTAAACAGCT

CCTAGCTCGAGCTTTTGGAGAATATTTCTGCATATAAATATTTCTGCATATAAATTGTA

ACTGATGTAAGAGGTTTCATATTGCTAATAGCAGCTACAATCCAGCTACCATTCTGCTT

TTATTTTATGGTTGGGATAAGGCTGGATTATTCTGAGTCCAAGCTAGGCCCTTTTGCTA

ATCATGTTCATACCTCTTATCTTCCTCCCACAGCTCCTGGGCAACGTGCTGGTCTGTGT

GCTGGCCCATCACTTTGGCAAAGCACTAGTGCGATGGAACAAAAACTCATCTCAGAAGA

GGATCTGGGAGGCGAACAAAAACTCATCTCAGAAGAGGATCTGGGCGGAGAACAAAAAC

TCATCTCAGAAGAGGATCTTATGTCCCGCCTGCTGCATGCAGAAGAGTGGGCTGAGGTA

AAAGAGTTGGGGGACCACCATCGCCATCCCCAGCCGCACCACGTCCCGCCGCTGACGCC

ACAGCCACCTGCTACCCTGCAGGCGAGAGACCTTCCCGTCTACCCGGCAGAACTGTCCC

TCCTGGATAGCACCGACCCACGCGCCTGGCTGACTCCCACTTTGCAGGGCCTCTGCACG

GCACGCGCCGCCCAGTATCTGCTGCATTCTCCCGAGCTGGGTGCCTCCGAGGCCGCGGC

GCCCCGGGACGAGGCTGACAGCCAGGGTGAGCTGGTAAGGAGAAGCGGCTGTGGCGGCC

TCAGCAAGAGCCCCGGGCCCGTCAAAGTACGGGAACAGCTGTGCAAGCTGAAGGGTGGG

GTTGTAGTGGACGAGCTTGGCTGCAGCCGCCAGCGAGCCCCTTCCAGCAAACAGGTGAA

TGGGGTACAGAAGCAAAGGAGGCTGGCAGCAAACGCAAGGGAACGGCGCAGGATGCACG

GGCTGAACCACGCCTTCGACCAGCTGCGCAACGTTATCCCGTCCTTCAACAACGACAAG

AAGCTGTCCAAATATGAGACCCTACAGATGGCCCAGATCTACATCAACGCTCTGTCGGA

GTTGCTGCAGACTCCCAATGTCGGAGAGCAACCGCCGCCGCCCACAGCTTCCTGCAAAA

ATGACCACCATCACCTTCGCACCGCCTCCTCCTATGAAGGAGGTGCGGGCGCCTCTGCG

GTAGCTGGGGCTCAGCCAGCCCCGGGAGGGGGCCCGAGACCTACCCCGCCCGGGCCTTG

CCGGACTCGCTTCTCAGGCCCAGCTTCCTCTGGGGGTTACTCGGTGCAGCTGGACGCTT

TGCACTTCCCAGCCTTCGAGGACAGGGCCCTAACAGCGATGATGGCACAGAAGGACCTG

TCGCCTTCGCTGCCCGGGGGCATCCTGCAGCCTGTACAGGAGGACAACAGCAAAACATC

TCCCAGATCCCACAGAAGTGACGGAGAGTTTTCCCCCCACTCTCATTACAGTGACTCTG

ATGAGGCCAGTGGAGCCACGAAGCAAGCAGGAGATGTTGAAGAAAACCCCGGG|CCTAT

GATCTTTTACCCATACGATGTTCCTGACTATGCGGGCTATCCGTATGACGTCCCGGACT

ATGCAGGATCCTATCCATATGACGTTCCAGATTACGCTATGGCCATGAACGCCAAGCAC

CGTTTCGGCATGCACCCCGTACTGCAAGAACCCAAATTCTCCAGCCTACACTCCGGCTC



95 

 

TGAGGCCATGCGCCGAGTTTGTCTCCCAGCCCCGCAGCTGCAGGGTAATATATTTGGAA

GCTTTGATGAGAGCCTGCTGGCACGCGCCGAAGCTCTGGCGGCGGTGGATATCGTCTCC

CACGGCAAGAACCATCCGTTCAAGCCCGACGCCACCTACCATACCATGAGCAGCGTGCC

CTGCACTTCTACCTCGCCCACGGTGCCCATCTCTCACCCGGCTGCACTCACCTCGCACC

CGCATCACGCGGTACATCAGGGCCTCGAGGGCGACTTACTTGAGCACATCTCGCCCACG

CTGAGCGTGAGTGGCCTAGGGGCCCCGGAGCACTCGGTGATGCCGGCGCAGATCCACCC

GCATCATCTAGGCGCCATGGGCCACTTGCATCAGGCCATGGGCATGAGTCACCCGCATG

CCGTAGCACCGCACAGTGCCATGCCCGCGTGTCTCAGCGATGTGGAGTCAGACCCTCGA

GAGCTGGAAGCGTTCGCCGAGCGCTTCAAGCAGAGGCGCATCAAGTTGGGGGTCACCCA

GGCGGACGTGGGCGCGGCTTTAGCCAATCTTAAGATCCCCGGTGTGGGCTCGCTCAGCC

AGAGCACCATCTGCAGGTTCGAGTCTCTTACTCTGTCGCACAACAACATGATCGCTCTC

AAGCCGGTCCTCCAGGCCTGGCTGGAGGAGGCCGAGGCCGCCTACCGAGAGAAGAACAG

CAAGCCAGAGCTCTTCAACGGCAGTGAGCGTAAGCGCAAACGCACGTCCATCGCCGCGC

CAGAGAAGCGCTCACTCGAAGCCTATTTCGCCATCCAGCCACGTCCTTCATCCGAGAAG

ATCGCGGCCATCGCGGAGAAACTGGACCTTAAAAAGAATGTGGTGAGGGTCTGGTTCTG

TAACCAGAGACAGAAACAGAAACGAATGAAATACTCTGCTGTCCATCGATTAGGAGGTG

AGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCCCGGC|CCTGCCAC

CATGGTGAGCAAGGGCGAGGAGGTCATCAAAGAGTTCATGCGCTTCAAGGTGCGCATGG

AGGGCTCCATGAACGGCCACGAGTTCGAGATCGAGGGCGAGGGCGAGGGCCGCCCCTAC

GAGGGCACCCAGACCGCCAAGCTGAAGGTGACCAAGGGCGGCCCCCTGCCCTTCGCCTG

GGACATCCTGTCCCCCCAGTTCATGTACGGCTCCAAGGCGTACGTGAAGCACCCCGCCG

ACATCCCCGATTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGATG

AACTTCGAGGACGGCGGTCTGGTGACCGTGACCCAGGACTCCTCCCTGCAGGACGGCAC

GCTGATCTACAAGGTGAAGATGCGCGGCACCAACTTCCCCCCCGACGGCCCCGTAATGC

AGAAGAAGACCATGGGCTGGGAGGCCTCCACCGAGCGCCTGTACCCCCGCGACGGCGTG

CTGAAGGGCGAGATCCACCAGGCCCTGAAGCTGAAGGACGGCGGCCACTACCTGGTGGA

GTTCAAGACCATCTACATGGCCAAGAAGCCCGTGCAACTGCCCGGCTACTACTACGTGG

ACACCAAGCTGGACATCACCTCCCACAACGAGGACTACACCATCGTGGAACAGTACGAG

CGCTCCGAGGGCCGCCACCACCTGTTCCTGGGGCATGGCACCGGCAGCACCGGCAGCGG

CAGCTCCGGCACCGCCTCCTCCGAGGACAACAACATGGCCGTCATCAAAGAGTTCATGC

GCTTCAAGGTGCGCATGGAGGGCTCCATGAACGGCCACGAGTTCGAGATCGAGGGCGAG

GGCGAGGGCCGCCCCTACGAGGGCACCCAGACCGCCAAGCTGAAGGTGACCAAGGGCGG

CCCCCTGCCCTTCGCCTGGGACATCCTGTCCCCCCAGTTCATGTACGGCTCCAAGGCGT

ACGTGAAGCACCCCGCCGACATCCCCGATTACAAGAAGCTGTCCTTCCCCGAGGGCTTC

AAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGTCTGGTGACCGTGACCCAGGACTC

CTCCCTGCAGGACGGCACGCTGATCTACAAGGTGAAGATGCGCGGCACCAACTTCCCCC

CCGACGGCCCCGTAATGCAGAAGAAGACCATGGGCTGGGAGGCCTCCACCGAGCGCCTG

TACCCCCGCGACGGCGTGCTGAAGGGCGAGATCCACCAGGCCCTGAAGCTGAAGGACGG

CGGCCACTACCTGGTGGAGTTCAAGACCATCTACATGGCCAAGAAGCCCGTGCAACTGC

CCGGCTACTACTACGTGGACACCAAGCTGGACATCACCTCCCACAACGAGGACTACACC

ATCGTGGAACAGTACGAGCGCTCCGAGGGCCGCCACCACCTGTTCCTGTACGGCATGGA

CGAGCTGTACAAGTAGGCGGCCGCAATCTAGACCAAACTTGTTTATTGCAGCTTATAAT

GGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCA

TTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGTGATCAGGTAC
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CAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCT

TAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTT

CTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAAT

AATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTT

TTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGA

TGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTA

AGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTT

CTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCG

CATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTA

CGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACT

GCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCA

CAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCA

TACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAA

CTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGA

GGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTG

CTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCA

GATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGA

TGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGT

CAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTAAAA

AGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTT

TCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTT

TTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTT

GTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCG

CAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTC

TGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTG

GCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAG

CGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACAC

CGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAA

AGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTT

CCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGA

GCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACG

CGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCG

TTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCG

CCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCCAA

TACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGG

TTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTGAGTTAGCTC 
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pAT Sequence (6026 bp) 

 

CCCAACTTTTAAAAGAAAAGGGGGGATTGGGGGGTACAGTGCAGGGGAAAGAATAGTAG

ACATAATAGCAACAGACATACAAACTAAAGAATTACAAAAACAAATTACAAAATTCAAA

ATTTTATCGATGCCTCCCCGTCACCACCCCCCCCAACCCGCCCCGACCGGAGCTGAGAG

TAATTCATACAAAAGGACTCGCCCCTGCCTTGGGGAATCCCAGGGACCGTCGTTAAACT

CCCACTAACGTAGAACCCAGAGATCGCTGCGTTCCCGCCCCCTCACCCGCCCGCTCTCG

TCATCACTGAGGTGGAGAAGAGCATGCGTGAGGCTCCGGTGCCCGTCAGTGGGCAGAGC

GCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCC

TAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTT

TCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTC

GCAACGGGTTTGCCGCCAGAACACAGGTACACATATTGACCAAATCAGGGTAATTTTGC

ATTTGTAATTTTAAAAAATGCTTTCTTCTTTTAATATACTTTTTTGTTTATCTTATTTC

TAATACTTTCCCTAATCTCTTTCTTTCAGGGCAATAATGATACAATGTATCATGCCTCT

TTGCACCATTCTAAAGAATAACAGTGATAATTTCTGGGTTAAGGCAATAGCCGATTAGT

TCTCGAGGATCCTCCTGTCCTGTGTATGGCACTGGTAGAATTGCAGTGTTTAAACAGCT

CCTAGCTCGAGCTTTTGGAGAATATTTCTGCATATAAATATTTCTGCATATAAATTGTA

ACTGATGTAAGAGGTTTCATATTGCTAATAGCAGCTACAATCCAGCTACCATTCTGCTT

TTATTTTATGGTTGGGATAAGGCTGGATTATTCTGAGTCCAAGCTAGGCCCTTTTGCTA

ATCATGTTCATACCTCTTATCTTCCTCCCACAGCTCCTGGGCAACGTGCTGGTCTGTGT

GCTGGCCCATCACTTTGGCAAAGCACTAGTGCGATGGAACAAAAACTCATCTCAGAAGA

GGATCTGGGAGGCGAACAAAAACTCATCTCAGAAGAGGATCTGGGCGGAGAACAAAAAC

TCATCTCAGAAGAGGATCTTATGTCCCGCCTGCTGCATGCAGAAGAGTGGGCTGAGGTA

AAAGAGTTGGGGGACCACCATCGCCATCCCCAGCCGCACCACGTCCCGCCGCTGACGCC

ACAGCCACCTGCTACCCTGCAGGCGAGAGACCTTCCCGTCTACCCGGCAGAACTGTCCC

TCCTGGATAGCACCGACCCACGCGCCTGGCTGACTCCCACTTTGCAGGGCCTCTGCACG

GCACGCGCCGCCCAGTATCTGCTGCATTCTCCCGAGCTGGGTGCCTCCGAGGCCGCGGC

GCCCCGGGACGAGGCTGACAGCCAGGGTGAGCTGGTAAGGAGAAGCGGCTGTGGCGGCC

TCAGCAAGAGCCCCGGGCCCGTCAAAGTACGGGAACAGCTGTGCAAGCTGAAGGGTGGG

GTTGTAGTGGACGAGCTTGGCTGCAGCCGCCAGCGAGCCCCTTCCAGCAAACAGGTGAA

TGGGGTACAGAAGCAAAGGAGGCTGGCAGCAAACGCAAGGGAACGGCGCAGGATGCACG

GGCTGAACCACGCCTTCGACCAGCTGCGCAACGTTATCCCGTCCTTCAACAACGACAAG

AAGCTGTCCAAATATGAGACCCTACAGATGGCCCAGATCTACATCAACGCTCTGTCGGA

GTTGCTGCAGACTCCCAATGTCGGAGAGCAACCGCCGCCGCCCACAGCTTCCTGCAAAA

ATGACCACCATCACCTTCGCACCGCCTCCTCCTATGAAGGAGGTGCGGGCGCCTCTGCG

GTAGCTGGGGCTCAGCCAGCCCCGGGAGGGGGCCCGAGACCTACCCCGCCCGGGCCTTG

CCGGACTCGCTTCTCAGGCCCAGCTTCCTCTGGGGGTTACTCGGTGCAGCTGGACGCTT

TGCACTTCCCAGCCTTCGAGGACAGGGCCCTAACAGCGATGATGGCACAGAAGGACCTG

TCGCCTTCGCTGCCCGGGGGCATCCTGCAGCCTGTACAGGAGGACAACAGCAAAACATC

TCCCAGATCCCACAGAAGTGACGGAGAGTTTTCCCCCCACTCTCATTACAGTGACTCTG

ATGAGGCCAGTGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAAT

CCCGGC|CCTGCCACCATGGTGAGCAAGGGCGAGGAGGTCATCAAAGAGTTCATGCGCT

TCAAGGTGCGCATGGAGGGCTCCATGAACGGCCACGAGTTCGAGATCGAGGGCGAGGGC

GAGGGCCGCCCCTACGAGGGCACCCAGACCGCCAAGCTGAAGGTGACCAAGGGCGGCCC
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CCTGCCCTTCGCCTGGGACATCCTGTCCCCCCAGTTCATGTACGGCTCCAAGGCGTACG

TGAAGCACCCCGCCGACATCCCCGATTACAAGAAGCTGTCCTTCCCCGAGGGCTTCAAG

TGGGAGCGCGTGATGAACTTCGAGGACGGCGGTCTGGTGACCGTGACCCAGGACTCCTC

CCTGCAGGACGGCACGCTGATCTACAAGGTGAAGATGCGCGGCACCAACTTCCCCCCCG

ACGGCCCCGTAATGCAGAAGAAGACCATGGGCTGGGAGGCCTCCACCGAGCGCCTGTAC

CCCCGCGACGGCGTGCTGAAGGGCGAGATCCACCAGGCCCTGAAGCTGAAGGACGGCGG

CCACTACCTGGTGGAGTTCAAGACCATCTACATGGCCAAGAAGCCCGTGCAACTGCCCG

GCTACTACTACGTGGACACCAAGCTGGACATCACCTCCCACAACGAGGACTACACCATC

GTGGAACAGTACGAGCGCTCCGAGGGCCGCCACCACCTGTTCCTGGGGCATGGCACCGG

CAGCACCGGCAGCGGCAGCTCCGGCACCGCCTCCTCCGAGGACAACAACATGGCCGTCA

TCAAAGAGTTCATGCGCTTCAAGGTGCGCATGGAGGGCTCCATGAACGGCCACGAGTTC

GAGATCGAGGGCGAGGGCGAGGGCCGCCCCTACGAGGGCACCCAGACCGCCAAGCTGAA

GGTGACCAAGGGCGGCCCCCTGCCCTTCGCCTGGGACATCCTGTCCCCCCAGTTCATGT

ACGGCTCCAAGGCGTACGTGAAGCACCCCGCCGACATCCCCGATTACAAGAAGCTGTCC

TTCCCCGAGGGCTTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGTCTGGTGAC

CGTGACCCAGGACTCCTCCCTGCAGGACGGCACGCTGATCTACAAGGTGAAGATGCGCG

GCACCAACTTCCCCCCCGACGGCCCCGTAATGCAGAAGAAGACCATGGGCTGGGAGGCC

TCCACCGAGCGCCTGTACCCCCGCGACGGCGTGCTGAAGGGCGAGATCCACCAGGCCCT

GAAGCTGAAGGACGGCGGCCACTACCTGGTGGAGTTCAAGACCATCTACATGGCCAAGA

AGCCCGTGCAACTGCCCGGCTACTACTACGTGGACACCAAGCTGGACATCACCTCCCAC

AACGAGGACTACACCATCGTGGAACAGTACGAGCGCTCCGAGGGCCGCCACCACCTGTT

CCTGTACGGCATGGACGAGCTGTACAAGTAGGCGGCCGCAATCTAGACCAAACTTGTTT

ATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGC

ATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATG

TCTGTGATCAGGTACCAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATG

ATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCC

TATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCT

GATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTC

GCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCT

GGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGG

ATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATG

AGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGA

GCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCA

CAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACC

ATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCT

AACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGG

AGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCA

ACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATT

AATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGG

CTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATT

GCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAG

TCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTA

AGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTT

CATTTTTAATTAAAAAGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATC
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CCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATC

TTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGC

TACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACT

GGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCA

CCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAG

TGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTA

CCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGA

GCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGC

TTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAG

CGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCG

CCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGA

AAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCAC

ATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTG

AGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAG

CGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGC

AGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGT

GAGTTAGCTC 
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pT Sequence (4970 bp) 

 

CCCAACTTTTAAAAGAAAAGGGGGGATTGGGGGGTACAGTGCAGGGGAAAGAATAGTAG

ACATAATAGCAACAGACATACAAACTAAAGAATTACAAAAACAAATTACAAAATTCAAA

ATTTTATCGATGCCTCCCCGTCACCACCCCCCCCAACCCGCCCCGACCGGAGCTGAGAG

TAATTCATACAAAAGGACTCGCCCCTGCCTTGGGGAATCCCAGGGACCGTCGTTAAACT

CCCACTAACGTAGAACCCAGAGATCGCTGCGTTCCCGCCCCCTCACCCGCCCGCTCTCG

TCATCACTGAGGTGGAGAAGAGCATGCGTGAGGCTCCGGTGCCCGTCAGTGGGCAGAGC

GCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCC

TAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTT

TCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTC

GCAACGGGTTTGCCGCCAGAACACAGGTACACATATTGACCAAATCAGGGTAATTTTGC

ATTTGTAATTTTAAAAAATGCTTTCTTCTTTTAATATACTTTTTTGTTTATCTTATTTC

TAATACTTTCCCTAATCTCTTTCTTTCAGGGCAATAATGATACAATGTATCATGCCTCT

TTGCACCATTCTAAAGAATAACAGTGATAATTTCTGGGTTAAGGCAATAGCCGATTAGT

TCTCGAGGATCCTCCTGTCCTGTGTATGGCACTGGTAGAATTGCAGTGTTTAAACAGCT

CCTAGCTCGAGCTTTTGGAGAATATTTCTGCATATAAATATTTCTGCATATAAATTGTA

ACTGATGTAAGAGGTTTCATATTGCTAATAGCAGCTACAATCCAGCTACCATTCTGCTT

TTATTTTATGGTTGGGATAAGGCTGGATTATTCTGAGTCCAAGCTAGGCCCTTTTGCTA

ATCATGTTCATACCTCTTATCTTCCTCCCACAGCTCCTGGGCAACGTGCTGGTCTGTGT

GCTGGCCCATCACTTTGGCAAAGCACTAGTGCGATGGAACAAAAACTCATCTCAGAAGA

GGATCTGGGAGGCGAACAAAAACTCATCTCAGAAGAGGATCTGGGCGGAGAACAAAAAC

TCATCTCAGAAGAGGATCTTGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAG

GAGAATCCCGGC|CCTGCCACCATGGTGAGCAAGGGCGAGGAGGTCATCAAAGAGTTCA

TGCGCTTCAAGGTGCGCATGGAGGGCTCCATGAACGGCCACGAGTTCGAGATCGAGGGC

GAGGGCGAGGGCCGCCCCTACGAGGGCACCCAGACCGCCAAGCTGAAGGTGACCAAGGG

CGGCCCCCTGCCCTTCGCCTGGGACATCCTGTCCCCCCAGTTCATGTACGGCTCCAAGG

CGTACGTGAAGCACCCCGCCGACATCCCCGATTACAAGAAGCTGTCCTTCCCCGAGGGC

TTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGTCTGGTGACCGTGACCCAGGA

CTCCTCCCTGCAGGACGGCACGCTGATCTACAAGGTGAAGATGCGCGGCACCAACTTCC

CCCCCGACGGCCCCGTAATGCAGAAGAAGACCATGGGCTGGGAGGCCTCCACCGAGCGC

CTGTACCCCCGCGACGGCGTGCTGAAGGGCGAGATCCACCAGGCCCTGAAGCTGAAGGA

CGGCGGCCACTACCTGGTGGAGTTCAAGACCATCTACATGGCCAAGAAGCCCGTGCAAC

TGCCCGGCTACTACTACGTGGACACCAAGCTGGACATCACCTCCCACAACGAGGACTAC

ACCATCGTGGAACAGTACGAGCGCTCCGAGGGCCGCCACCACCTGTTCCTGGGGCATGG

CACCGGCAGCACCGGCAGCGGCAGCTCCGGCACCGCCTCCTCCGAGGACAACAACATGG

CCGTCATCAAAGAGTTCATGCGCTTCAAGGTGCGCATGGAGGGCTCCATGAACGGCCAC

GAGTTCGAGATCGAGGGCGAGGGCGAGGGCCGCCCCTACGAGGGCACCCAGACCGCCAA

GCTGAAGGTGACCAAGGGCGGCCCCCTGCCCTTCGCCTGGGACATCCTGTCCCCCCAGT

TCATGTACGGCTCCAAGGCGTACGTGAAGCACCCCGCCGACATCCCCGATTACAAGAAG

CTGTCCTTCCCCGAGGGCTTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGTCT

GGTGACCGTGACCCAGGACTCCTCCCTGCAGGACGGCACGCTGATCTACAAGGTGAAGA

TGCGCGGCACCAACTTCCCCCCCGACGGCCCCGTAATGCAGAAGAAGACCATGGGCTGG

GAGGCCTCCACCGAGCGCCTGTACCCCCGCGACGGCGTGCTGAAGGGCGAGATCCACCA
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GGCCCTGAAGCTGAAGGACGGCGGCCACTACCTGGTGGAGTTCAAGACCATCTACATGG

CCAAGAAGCCCGTGCAACTGCCCGGCTACTACTACGTGGACACCAAGCTGGACATCACC

TCCCACAACGAGGACTACACCATCGTGGAACAGTACGAGCGCTCCGAGGGCCGCCACCA

CCTGTTCCTGTACGGCATGGACGAGCTGTACAAGTAGGCGGCCGCAATCTAGACCAAAC

TTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAA

TAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTT

ATCATGTCTGTGATCAGGTACCAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAAT

GTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGG

AACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAAT

AACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTC

CGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGA

AACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCG

AACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCA

ATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGG

GCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCAC

CAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCC

ATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAA

GGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGG

AACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCA

ATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCA

ACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCC

TTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGT

ATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGAC

GGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCAC

TGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTA

AAACTTCATTTTTAATTAAAAAGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACC

AAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAA

AGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAAC

CACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAG

GTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTT

AGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGT

TACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGA

TAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAG

CTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCG

CCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACA

GGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGG

GTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCC

TATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTT

GCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTT

TGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCG

AGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCAT

TAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAAT

TAATGTGAGTTAGCTC  
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