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Abstract

Directed evolution is a powerful technique to expand chemical space in biological
systems. In particular, this method has been used to develop cellular machinery to enable
genetic code expansion (GCE), the incorporation of unnatural amino acids (UAAs) into
proteins during the translation process. GCE relies on evolving an aminoacyl tRNA
synthetase (aaRS) and tRNA pair from a different domain of life to incorporate a UAA into
proteins in their new host, as these evolutionarily distant pairs are less likely to be cross-
reactive with host pairs. The aaRS and tRNA must meet a number of conditions to be useful
for GCE: the pair must be orthogonal (non-cross-reactive) to the host’s native aaRS/tRNA
pairs in order to ensure site-specific UAA incorporation; the aaRS must have an active site
suited to accept the shape of the UAA; and the tRNA must cooperate with the host
ribosome, elongation and release factors, and other translational machinery to efficiently
incorporate the UAA into the protein.

Numerous aaRS/tRNA pairs have been evolved to allow incorporation of diverse
UAAs in bacteria due to the tractable nature of these organisms for directed evolution
experiments. While an aaRS evolved in bacteria to charge a novel UAA can be used in

eukaryotes, tRNAs cannot be evolved for GCE in bacteria and then used in eukaryotes



because they will not have evolved in the presence of the correct translational machinery.
It is necessary to evolve tRNAs directly in their host cells. Unfortunately for researchers
working on GCE in mammalian cells, it is difficult to perform directed evolution on small
gene products in these hosts. Transformation efficiency in mammalian cells is poor, and
transient transfection yields heterogeneous DNA distribution to target cells, making
selection based on performance of individual library members impossible. Viruses are an
ideal DNA delivery vector for mammalian cells, as production of recombinant viruses
allows control over library member generation, and viruses can be delivered with exquisite
copy number control. The Chatterjee lab recently developed a platform, Virus-Assisted
Directed Evolution of tRNAs (VADER), using adeno-associated virus (AAV) to evolve
tRNAs for GCE directly in mammalian cells.

While VADER is the first directed evolution platform that allows the evolution of
small gene products in mammalian cells, its efficiency is limited by its continued reliance
on transient transfection to deliver non-library DNA that is necessary for the production of
rAAV. To overcome this limitation, baculovirus delivery vectors were developed to boost
DNA delivery and AAV capsid production to improve virus production efficiency during
selections. VADER allows the evolution of tRNAs to incorporate certain UAAs, but the
technique relies on installing a UAA into the AAV capsid, which is sensitive to disruption
caused by slight modifications in structure. To expand the scope of VADER to evolve
tRNAs for UAAs that cannot be incorporated into the AAV capsid, an alternate selection
handle (Assembly Activating Protein, or AAP) was deleted from the genome and provided

in trans to incorporate 5-hydroxytryptophan (SHTP). Incorporating the UAA into this



flexible protein allows UAA-dependent production of AAV and expands the scope of

tRNAs that can be evolved in mammalian cells.
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Chapter 1

Introduction



1.1 Directed evolution

Directed evolution is a method to engineer gene products by a controlled process
similar to artificial selection, in which a gene for the biomolecule of interest is modified
over subsequent rounds of mutagenesis followed by selection for a desired feature.!? This
method of engineering is useful in chemistry because it allows researchers to bypass
rational catalyst design' to achieve a number of important goals. Through directed
evolution, researchers have expanded chemical space in biological systems,’= developed
novel methods to create therapeutics,’ and developed novel functions in biological
catalysts.” Directed evolution is a valuable technique to rapidly develop new chemistries
in biological systems.

1.1.1 Methods to evolve gene targets

There are two major approaches to directed evolution: screening and selection. In
both methods, the investigator generates a library of variants, usually via random
mutagenesis of a particular region of interest in the target gene.>!® When using a screening
method to search for active variants, or “hits,” the result of an assay is directly tied to the
target gene’s desired function. Screening thereby allows straightforward interpretation of
the results of the experiment. However, because a researcher must perform the assay to test
each library member individually, the size of the test library is restricted to the number of
iterations it is feasible for the researcher to perform. This limitation may prevent
investigators from testing and accessing the best possible hits. Unlike in a screening
system, a directed evolution experiment using selection requires that the performance of
each library member is tied to the survival of an organism or the propagation of a virus. It

is necessary for a researcher to develop a selection scheme to provide this link between



propagation and the activity of the library member. While developing such a scheme can
be a complex process, this technique allows for a much larger library size because it is not
necessary to manually test the performance of each individual library member.
Nonfunctional library members will not appear as outputs of each round of selection, and
over multiple rounds, the best hits can become enriched in the output, linking desired
function with evolutionary fitness.

1.1.2 The state of the field of directed evolution in mammalian cells

Directed evolution schemes exist to engineer target gene products in bacteria, yeast,
and phages,'!"!® but a variety of constraints prevents such schemes from being widely used
directly in mammalian cells. Transformation efficiency in bacteria allows the creation of
large libraries in bacterial cells, where each cell contains only one library member.
Mammalian cells exhibit poor transformation efficiency,!” so transient transfection is often
used to introduce foreign DNA into mammalian cells. Transient transfection using such
reagents as polyethylenimine results in an extremely heterogeneous distribution of plasmid
DNA into target cells, such that some cells receive multiple copies of the plasmid of interest
and some cells receive none. Such a plasmid distribution cannot ensure that cells each
receive only one library member, making directed evolution impossible because the cell’s
output phenotype could be the result of the activity of any of a number of library members.
Unlike bacteria and yeast, mammalian cells do not amplify and maintain foreign DNA, so
retrieving the sequences of successful library members is technically challenging.

Different methods have been developed to circumvent the impracticality of
introducing a DNA library by transformation. Wang and Tsien developed a method of

directed evolution in B-cells relying on somatic hypermutation.® RNA viral vectors such



as Sindbis virus'® and human immunodeficiency virus (HIV)-1'°

with naturally high
genome replication error rates, as well as DNA viruses such as adenovirus with viral
polymerases evolved to be more error prone,>’ have been used to deliver the DNA for
directed evolution to the host cells. These methods successfully allowed the evolution of a
variety of biomolecules of interest, such as a new fluorescent protein,® GPCRs,'® and
transcription factors.!®2° However, the utility of the techniques using somatic
hypermutation and the viral vectors previously described are limited to the evolution of
large genes. The generation of library members in these techniques rely on error-prone
DNA replication in either the genome of the host cell or the viral vectors themselves, such
that the mutation frequency required to successfully target small genes would be lethal for
the host cell or would prevent replication of the viral vector by damaging other areas of
their genomes. In addition, such overall random mutagenesis may not yield improved hits
as efficiently as a library mutated in a target area, because random mutagenesis cannot
specifically focus on the active site of an enzyme to change its substrate specificity.!® These
limitations have thus far inhibited the development of directed evolution schemes in
mammalian cells.

1.2 Unnatural amino acid incorporation in proteins in mammalian cells

1.2.1 How to incorporate unnatural amino acids into proteins

Directed evolution is a useful technique to develop tools that permit the
incorporation of unnatural amino acids (UAAs) into proteins via translation. Introducing
UAAs site-specifically into proteins allows for expanded chemical space beyond the
limited functionalities of the 20 canonical amino acids, so an important goal for research

in chemical biology is to incorporate UAAs with high efficiency into proteins of interest.



Unfortunately, while cell-free protein production techniques such as solid-state synthesis
allow tight control over the placement of a UAA, these methods are expensive and have
low yields. Therefore, in order to efficiently incorporate UAAs into proteins, it is necessary
to do so during the translation process. To achieve this goal, researchers must evolve
translational machinery in the target organism to optimize UAA incorporation within the
cell. Directed evolution of this machinery has allowed researchers to incorporate multiple

types of UAAs into proteins in both bacteria and eukaryotic cells, including bio-orthogonal

24,25 26-28

conjugation handles,?!2* fluorescent probes, photo-crosslinkers, photocaged

29,30 31,32

groups,””~” and residues mimicking post-translational modifications.

Introducing a UAA into proteins via translation requires the host cell to have an
aminoacyl-tRNA synthetase (aaRS) and tRNA pair that can work with the native
translation machinery to incorporate the amino acid at a specific site in a protein. Such
aaRS/tRNA pairs must be orthogonal to the native translational machinery: that is, they
must not cross-react with any of the existing cellular machinery. The orthogonal aaRS must
accept only the UAA, and none of the natural amino acids, whereas native synthetases must
not charge the UAA, or else that UAA’s incorporation into proteins will not be site-
specific. Native synthetases should not be able to charge the orthogonal tRNA with any
natural amino acids, nor should the orthogonal aaRS be able to charge a native tRNA with
a UAA. The orthogonal tRNA must only incorporate the UAA in response to a blank
codon, typically one of the stop codons (often the amber stop codon TAG) or a quadruplet

codon.!” If all of these conditions are met, a cell should be able to incorporate a UAA in

response to the appropriate blank codon.



Typically, aaRS/tRNA pairs are taken from a distantly related domain of life and
introduced into the host organism to maximize the chance that they are orthogonal in the
host species.!” aaRS/tRNA pairs from archaea and eukaryotes are typically orthogonal in
bacteria, and pairs from bacteria are typically orthogonal in eukaryotes, due to the distant
evolutionary relationship between these domains of organisms. The pyrrolysyl aaRS/tRNA
pair from methanogenic archaea in the family Methanosarcinaceae naturally incorporates
pyrrolysine in response to the TAG codon, and this pair is naturally orthogonal in both
bacteria and eukaryotes because TAG is a stop codon for species in those domains.>

When aaRS/tRNA pairs are incorporated into new hosts, they may not function
optimally with the native translational machinery, or they may not incorporate a desired
UAA into proteins, so it is necessary to evolve these pairs to optimize their performance
and UAA incorporation. Evolution of either the tRNA or the aaRS can be done in bacteria
via a two-step selection scheme.!” During the positive selection step, cells with a blank
codon in a gene for antibiotic resistance are transformed with the aaRS/tRNA pair and
grown in the presence of antibiotics and the UAA; only cells that receive a functional
aaRS/tRNA pair can grow. In the negative selection step, bacteria with a blank codon in a
toxic gene are transformed with the aaRS/tRNA pair but are not grown with the UAA.
Cells that receive a library member that does not incorporate a natural amino acid in
response to the blank codon survive; in this manner, aaRS/tRNA pairs that are active and
orthogonal are identified. A similar two-step selection system is used in yeast, where the
UAA must be incorporated in a transcriptional activator for necessary metabolic genes
during the positive selection, and the negative selection uses a blank codon-containing

URA3 gene and 5-FOA to weed out library members that incorporate natural amino acids



in response to the blank codon.!” These two-step selection schemes have allowed the
successful evolution of a number of aaRS/tRNA pairs for the incorporation of UAAs into
proteins at the translational level.

1.2.2 UAA incorporation in mammalian cells

Many more UAAs have been incorporated in bacteria than in eukaryotes because it
is easier to perform directed evolution in bacteria than in eukaryotes.!”**3 Only a subset
of those UAAs that have been incorporated in eukaryotes have been used in mammalian
cells. Directed evolution techniques are not available for evolving aaRS/tRNA pairs in
mammalian cells due to the above-described technical limitations of performing directed
evolution in mammalian cells, so aaRS/tRNA pairs are often evolved in yeast and then
used in mammalian cells.!!* A recent platform developed by Italia et al.’®> allows the
evolution of bacterial synthetases in Escherichia coli with Altered Translational Machinery
(ATM) to select for new synthetase variants that can be imported into mammalian cells in
order to incorporate UAAs which were previously unavailable in these systems. While the
ATM platform has the potential to vastly expand the number of synthetases and UAAs that
can be used in mammalian cells, it does not solve every problem for UAA incorporation in
mammalian cells, as the synthetase is not the only piece of cellular machinery involved in
translation.

In order to site-specifically incorporate a UAA, an evolved synthetase need only
interact with its tRNA and the UAA, making evolution of synthetases for use in eukaryotes
a relatively simple problem to solve using the ATM platform or by performing directed
evolution in yeast. However, the tRNA in question must interact with the host ribosome

and elongation factors to install its UAA in the protein containing the blank codon. The



translational machinery in mammals with which the tRNA must interact is highly divergent
from that of bacteria, and is even divergent between yeast and mammalian cells, which are
both eukaryotes. The activity of the orthogonal tRNA can be the limiting component in
UAA incorporation in proteins in mammalian cells.*® It is therefore necessary to evolve the
tRNA directly in mammalian cells to improve its performance in incorporating UAAs into
proteins in mammalian cells.

1.3 Adeno-associated virus as a tool for DNA delivery & directed evolution

1.3.1 Viruses can be used to transduce mammalian cells

In order to evolve tRNAs in mammalian cells to optimize UAA incorporation,
researchers need robust selection schemes that can take place directly in mammalian cells.
As discussed above, delivering DNA to mammalian cells is the major challenge in
developing successful selection schemes for directed evolution. Transformation efficiency
is poor in mammalian cells,!” and transient transfection provides a highly heterogeneous
distribution of DNA to target cells so as to render impossible any selection scheme in which
a cell’s phenotype is based on the genotype of a single library member that it receives. An
additional complication is that, unlike bacteria and viruses, mammalian cells do not
maintain plasmids, so retrieving the library members after a round of selection is difficult.
Any DNA delivery method for directed evolution in mammalian cells must overcome these
obstacles.

One DNA delivery vector that circumvents each of these challenges is the virus.
Because viruses have evolved to enter and transduce cells, any virus that can infect
mammalian cells can overcome the problem of poor transformation efficiency in these

cells. Mammalian viruses have also evolved to amplify and package their genetic material



within the host cell, in this case the mammalian cells that otherwise do not maintain or
amplify foreign DNA. This feature allows researchers to retrieve library members after
each round of selection and then store them in a relatively stable state; use them to infect
new cells for subsequent rounds of selection; or characterize their sequences. Modern
molecular cloning techniques make producing recombinant viruses relatively simple, so
scientists can add the gene for their biomolecule of interest to the virus genome or replace
one of its components with a library member. It is also a straightforward and precise
process to titer a virus, so it is possible to have exquisite control over the copy number of
virus delivered to cells. These features of viruses allow researchers to deliver at most one
library member to host cells during a selection, and also allow them to retrieve and
characterize DNA after the selection.

Multiple viruses have been used to deliver DNA to mammalian cells for chemical
biology experiments. Adeno-associated virus (AAV) has been widely used as a DNA
delivery vector because it is replication-deficient, which gives it a favorably biosafety
profile for lab work.>”38 While it is easy to produce rAAV, its small genome capacity limits
the sizes of the genes of the biomolecules of interest it can carry as cargo.>**? Autographa
californica multicapsid nucleopolyhedrovirus (AcMNPV, or baculovirus) is a virus that
infects insect cells but has been modified to include the vesicular stomatitis virus G
glycoprotein (VSV-Q) in its envelope, which allows it to enter any cell that expresses the
mammalian low-density lipoprotein receptor (LDL-R).**~%¢ Baculovirus has an essentially
unlimited capacity for recombination in its double-stranded DNA genome due to its capsid
assembly process, which makes it an attractive delivery vector for large genetic cargos.*’

Sindbis virus and HIV-1 are RNA viruses with relatively large genomes that, as previously



discussed, have been used for directed evolution experiments that rely on the error-prone
polymerases of these RNA viruses. Adenovirus (Ad) also has a larger cargo capacity, as
well as a stable double-stranded DNA genome. HIV, Sindbis virus, and Ad all require
additional safety protocols for handling in the lab, as these viruses are all human pathogens.

1.3.2 AAV as a facile tool for mammalian cell transduction

One of the most popular viruses for use in chemical biology experiments is AAV.
AAV is a small, non-enveloped virus from the family Parvoviridae, with a single-stranded
DNA genome approximately 5 kb in length.?* The genome consists of three open reading
frames (ORFs) flanked by two inverted terminal repeats (ITRs) that act as origins of
replication and packaging signals.**#°
The ORF Rep codes for four non-structural proteins responsible for AAV DNA

replication and packaging.’%->3

One of these proteins, Rep78, induces apoptosis by
activating caspase-3,°* so the AAV genome cannot be stably integrated into mammalian
cells during rAAV production. Cap codes for the three structural proteins of the capsid,
VPI1, VP2, and VP3 are present in the capsid in a 1:1:10 ratio.’” The capsid proteins fit
tightly together, restricting the size of the cargo in recombinant AAV (rAAV) to strictly 5
kb or smaller and limiting structural modifications to the capsid. The constraints on rAAV
cargo size and AAV’s genome toxicity result in the need for AAV genes to be delivered
separately from the recombinant cargo during rAAV production.

AAV’s third ORF codes for the nonstructural protein Assembly Activating Protein
(AAP), which is required for capsid assembly, and whose gene sits within Cap in a different

reading frame with the weak CTG start codon.* Its ORF occurring in the same mRNA as

the Cap proteins facilitates the timely expression of all proteins required for the capsid
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assembly process. AAP contains threonine/serine rich regions between these termini that

allow these regions to be quite flexible,>>¢

which may provide opportunity for
manipulation.

AAV is a replication-deficient virus and requires a co-infection of a helper virus
(typically adenovirus, but sometimes herpesvirus or baculovirus) to replicate within
mammalian cells.’®>7-% The regions of adenovirus that are required for AAV replication
are: VA, E2A, and E4.%° Ad DNA-binding protein, which is coded for in the E2A gene,
increases the processivity of AAV DNA replication.>® Proteins from the E4 ORF and the
VA RNA genes promote the second strand synthesis of AAV.>” Without second strand
synthesis, AAV cannot replicate. While AAV was discovered as a contaminant in Ad
purifications,*® adenovirus is not the only helper virus for AAV. Both herpes simplex virus
1 and 2 (HSV-1 and HSV-2) provide complete helper functions for AAV by allowing Rep
gene expression and recruiting AAV DNA to replication centers.’”->” Baculovirus can also
act as a helper virus for AAV, but the mechanisms by which it does so are unknown.?’

Because it is replication deficient, AAV is an attractive target for use in clinical
research and gene therapies due to its inability to cause harm to researchers and patients.>’
Production of rAAYV is also facile, as Rep proteins will package any genes into the capsid
as long as they sit within the ITRs and are 5kb or less. AAV is therefore a useful tool to

use in transducing mammalian cells.

1.3.3 An AAV-based selection scheme for mammalian cells

Virus-Assisted Directed Evolution of tRNAs (VADER), a new directed evolution
technique developed by Kelemen et al.,%! uses rAAV with wild-type capsids to deliver a

library of pyrrolysyl tRNA variants to mammalian cells. In that study, the authors infect
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cells at a multiplicity of infection (MOI) of less than one virus per cell so that each cell
receives at most one library member. They provide the other genes via transient
transfection that AAV needs to replicate and produce a UAA-containing capsid (AdHelper,
Rep, and a TAG-containing Cap), as well as the UAA azidolysine (AzK) in the cell media.
Only cells that received an active tRNA are able to incorporate an amino acid into response
to the TAG codon within Cap, and these tRNAs are enriched during this positive selection.
The newly packaged capsids of viruses containing an orthogonal tRNA contain the azide
functional group, but those containing cross-reactive tRNAs contain only canonical amino
acids. The negative selection step in this scheme consists of a bio-orthogonal capture, in
which the virus capsids are conjugated to DBCO-biotin and are then captured on a
streptavidin resin and released by exposure to light. The hits resulting from this selection
can be amplified, sequenced, and further characterized to determine their activity in
relation to the wild-type tRNA. In that paper, the authors identify a tRNA, A2, that exhibits
more than 300% improved activity over the wild-type pyrrolysyl tRNA via transient
transfection.

VADER fills an important gap in the field of directed evolution, in that this
technique makes it possible to perform selections directly in mammalian cells in order to
optimize UAA-incorporating tRNA function in the intended host. This technique ensures
that each cell receives at most one library member, which has been generated in a controlled
fashion by molecular cloning. VADER does not rely on somatic hypermutation, which
allows VADER to evolve small gene products such as tRNAs. As discussed previously,
viruses such as AAV evolved to amplify themselves inside the host cell, so as long as the

infected cell receives the other genes necessary for AAV replication in trans, the cell will
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maintain and replicate the library member enough to retrieve and characterize hits from the
selection.

However groundbreaking this technique is, there are still limitations to VADER.
While hits can be retrieved from each round of selection using this method, it is necessary
to re-amplify, re-clone, and re-package the output virus from each round of selection before
proceeding to successive rounds of selection. Each of these steps is labor-intensive and
takes considerable time. The negative selection from VADER also relies on capturing the
output virus using a bio-orthogonal conjugation handle incorporated into the virus capsid,
which consists of tightly-fitted proteins that may not tolerate perturbation by all UAAs of
interest.%-%% Indeed, the AAV2 capsid does not tolerate the insertion of several UAAs of
interest to researchers, including 5-hydroxytryptophan (unpublished data). It is necessary
to modify the established VADER technique to improve the efficiency of the workflow,
and so that it does not rely on UAA insertion into the AAV capsid in order to perform
selections on tRNAs for such UAAs that the AAV capsid does not tolerate.
1.4 Expanding the scope of viral vectors in the field of directed evolution

In this thesis, I present work to enhance directed evolution platforms in mammalian
cells. I demonstrate that it is possible to re-amplify rAAV using recombinant baculoviruses
to streamline the workflow between rounds of selection. This modification to the VADER
method allows researchers to proceed more quickly between rounds of selection, making
it possible to arrive at an optimized evolutionary solution faster than if re-cloning the
selection output was necessary after every round.

In addition to using these baculovirus vectors to streamline the current VADER

process, I also demonstrate that it is possible to evolve tRNAs using only the positive
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selection scheme from VADER without incorporating a UAA into the AAV capsid.
Instead, I incorporate the UAA of interest into the essential protein AAP. The termini of
AAP are highly structured and do not tolerate modifications, but the flexible
threonine/serine rich region in the middle of the protein tolerates modifications and even
large insertions.>®%° This region of AAP is therefore an ideal location to modify with UAAs
that would not be tolerated in the virus capsid, and since AAP is essential to AAV
replication,®® I demonstrate that I can use it as a selection handle to evolve tRNAs.
Although a negative selection is not possible with this system because there is no bio-
conjugation handle in the AAV capsid here, I show here that the positive selection from
VADER is sufficient to evolve a tRNA to incorporate 5-hydroxytrypotphan into proteins
in mammalian cells.

Additionally, I present multiple baculovirus vectors that make use of VADER-
evolved pyrrolysyl tRNAs to improve the incorporation of diverse UAAs into proteins in
mammalian cells. These vectors demonstrate that the tRNAs evolved using the VADER
platform suppress TAG stop codons at higher levels than do the wild-type pyrrolysyl
tRNA, to a higher degree than previously reported when comparing tRNA performances
via transient transfection. Using baculovirus allows the delivery of tRNAs to cells at a
controlled level, such that researchers can deliver far fewer copies of the tRNA per cell
than is possible using transient transfection. These experiments demonstrate that the
evolved tRNA’s improvements are especially evident at low copy numbers. I have also
incorporated different evolved synthetases into these baculovirus vectors to allow for the

incorporation of diverse UAAs, and I have optimized the expression of the protein of
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interest by changing the promoter for the aaRS*¢ and adding a nuclear export sequence to
the terminus of the aaRS to ensure that it localizes to the cytosol.

The use of selections in chemical biology research is not limited to evolving gene
products. In this thesis, I demonstrate the utility of AAV-based selections to discover
protein binding partners in the mammalian proteome. Using packaged rAAV as the output,
I show here the development of a two-hybrid selection platform in which the association
of bait and prey proteins is necessary to drive transcription of VP1, an AAV capsid protein
that is essential to produce infectious virus.®® The gene for the prey protein is inserted into
the rAAV genome, and the genome will only be repackaged into an AAV capsid if the prey
and bait proteins associate, leading to the transcription of the essential VP1 protein. Any
virus which is produced will only be infectious if the bait and prey proteins associate, so
this system can be used to select for prey-binding partners to any particular bait within the
mammalian proteome.

In summary, I demonstrate in this thesis the utility of selection schemes in
mammalian cells; I furthermore enhance and expand their applications within current
systems. I have developed viral vectors that will be useful to the larger scientific
community for stop codon suppression and UAA incorporation. The modifications and
enhancements I have made to a protocol for a selection scheme in mammalian cells will
make the process more efficient and generalizable. Finally, the two-hybrid system that I
have developed based on infectious virus production will allow high-throughput scanning
of the human proteome for protein binding partners. These developments expand the scope

of directed evolution in mammalian cells.
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Chapter 2

Baculovirus vectors to amplify AAV during directed evolution
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2.1 Introduction

The principles of directed evolution and the limitations of performing selections
directly in mammalian cells are outlined in detail in Chapter 1. This chapter deals with the
use of viruses instead of transient transfection to transduce mammalian cells to boost the
amplification of library members during and after selections.

2.1.1 Directed evolution in mammalian cells

Directed evolution is a highly important tool in chemical biology that allows
researchers to access new chemistries in biological contexts.!”> While this technique is
highly developed in bacteria, yeast, and phages,®!? the controlled evolution of small gene
products in mammalian cells was not possible until relatively recently, due to specific
restrictions on working with mammalian cells. Because of poor transformation efficiency
in mammalian cells,’ researchers usually introduce foreign DNA into mammalian cells via
transient transfection. Unfortunately, this system does not permit the controlled
introduction of one library member per cell due to the heterogeneous distribution of DNA
uptake during transient transfection. Somatic hypermutation can be used to generate
libraries within mammalian cells,!? but its reliance on random mutagenesis may not yield
the kind of targeted libraries that researchers often prefer.® This technique is also limited
to large gene products because the mutational frequency necessary to generate a library via
this method in a small gene product would kill the host cell.

It is relatively simple to transform yeast and bacteria, both of which also maintain
and amplify plasmid DNA. Researchers may therefore generate a randomized library via
established cloning methods and transform this library into either bacteria or yeast. These

cells will have at most one library member per cell, and the researcher may proceed with
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selections on this transformed library and retrieve the DNA afterwards for sequence
characterization. Mammalian cells, on the other hand, do not maintain foreign DNA as
readily, so it is challenging to retrieve and sequence the DNA from any selections
undertaken in mammalian cells.

2.1.2 Using viruses to transduce mammalian cells

A solution that overcomes all of these challenges of performing selections in
mammalian cells is to transduce the cells with viruses, rather than relying on
transformation, transient transfection, or somatic hypermutation. While mammalian cells
do not naturally maintain foreign DNA, viruses evolved to replicate themselves within their
host cells, so mammalian viruses should be able to amplify their own genetic material once
they infect the cell. Retrieving and characterizing the library members becomes simple. It
is also possible to control the copy number of viruses delivered to the host cell, as one need
only infect cells with a titered virus at a level of fewer than one virus per cell, to ensure
that each cell has at most one library member when selection begins. Finally, since
recombinant viruses are easy to produce via molecular cloning, it is possible to generate a
library of small gene products that would be inaccessible to directed evolution via somatic
hypermutation, or even continuous evolution techniques using viral vectors that depend
upon error-prone polymerases.!*'® Viruses are the ideal vector for directed evolution of
small gene products in mammalian cells.

Adeno-associated virus (AAV) is an excellent virus for use in mammalian cell-
based directed evolution experiments. AAV is a small, non-enveloped virus from the
family Parvoviridae with a 5kb single-stranded DNA genome.!” This genome consists of

three open reading frames (ORFs). The ORF Rep codes for four nonstructural proteins
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expressed from the p5 and p19 promoters that replicate and package the genome into the
capsid.!82! Cap is expressed from the constitutively active p40 promoter and codes for the
three capsid proteins VP1, VP2, and VP3.2223 Assembly Activating Protein (AAP) is also
expressed from the p40 promoter, from a weak CTG start codon in a different reading
frame from the capsid proteins.?*2* All of these genes are flanked by two inverted terminal
repeats (ITRs) that act as origins of replication and packaging signals.!’->2¢ AAV is a
replication deficient virus that requires helper genes from adenovirus, baculovirus, or
herpesvirus to replicate inside mammalian cells.>’° These genes can be provided by
transient transfection to eliminate the need for coinfection by a helper virus during AAV
production.?!

AAV is of particular interest to researchers for its potential uses for gene therapies
due to its low immunogenicity and lack of cytotoxicity due to being replication
deficient.?*3? This replication deficiency and low toxicity to human and animal subjects
makes AAYV an attractive vector to use in directed evolution applications as well. rAAV is
simple to create: any genes up to Skb can be packaged inside an AAV capsid as its single-
stranded DNA genome as long as they sit within the ITRs. Since it is easy and relatively
safe to manipulate rAAV, this virus was the vector of choice for Virus-Assisted Directed
Evolution of tRNAs (VADER).??

2.1.3 VADER: an AAV-based directed evolution platform

VADER is a technique that relies on AAV as a vector to deliver libraries of small
gene products to cells.’® In this work, a library of mutant pyrrolysyl tRNAs (PytR) was
packaged along with a fluorescent reporter into wild type AAV capsids. Since it is simple

to measure an infective titer for this virus by flow cytometry, it is possible to infect a
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population of cells at a multiplicity of infection (MOI) less than 1, such that each cell will
be infected by at most one virus. This level of control is necessary to ensure that one cell
does not receive 2 or more library members. The authors provided AdHelper, helper genes
from adenovirus that AAV needs to replicate,?!-3* along with Rep and Cap with a T454TAG
mutation. They also added the unnatural amino acid (UAA) azidolysine (AzK) into the cell
media, so that any cell that received a virus containing an active PytR variant would
produce AAV with AzK in the capsid. This exposed AzK allowed the authors to conjugate
the virus to DBCO-biotin and perform a pulldown on a streptavidin resin to capture only
virus that contained AzK in the capsid. The pulldown excluded all viruses that had cross-
reactive PytR library members that incorporated canonical amino acids in response to the
TAG codon in Cap. The active library members could be re-amplified out of the AAV
genome and re-cloned into plasmids for sequencing, further characterization, and transient
transfection into mammalian cells to produce AAV for subsequent rounds of selection.
Re-cloning the outputs of each round of selection is necessary because after the
negative selection’s streptavidin pulldown and photo-release, there are so few viral
particles remaining that if one were to proceed directly to the next round of selection with
those output viruses, there would be too few cells both infected and transfected to undergo
another round of selection. Indeed, it is necessary to concentrate the output virus to even
proceed with re-cloning.®* While re-cloning the output virus is desirable for sequencing
and testing hits in transient transfection experiments, it is a time-consuming and labor-
intensive process that delays further selections. It is therefore necessary to develop a
procedure to re-amplify output AAV between rounds of selection that does not depend on

re-cloning the library.
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While VADER is an important new technique in the field of directed evolution,
there are limitations to the protocol. During the positive selection, cells are infected with a
library of tRNA-containing rAAV, and then transfected with plasmids containing the other
genes necessary to replicate and repackage rAAV. This system limits the amplification of
rAAV in multiple ways. Not every cell which is infected by a library member-containing
virus will receive the transfected plasmids because of the heterogeneous distribution of
DNA during transient transfection.’-37 Transfection reagents like PEI (Figure 2.1) block
the entry of viruses into cells, so it is possible that not every library member makes it into
a cell to undergo selection, which creates the additional drawback of possibly missing
highly active variants during selection. With more complex selections involving more
genetic cargo, it might be necessary to use multiple plasmids to deliver all the necessary
DNA, and transfection efficiency drops with each additional plasmid used. If researchers
wish to optimize this selection system, it will be necessary to break its dependence on

transient transfection.
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Figure 2.1. Structure of polyethylenimine (PEI)

2.1.4 DNA delivery by baculovirus
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While AAV is a small virus with strictly limited cargo capacity, other viruses are
not so limited in the amount of recombinant DNA they can package. Baculovirus is one
such virus that has a much larger cargo capacity. The Autographa californica multicapsid
nucleopolyhedrovirus (AcMNPV), the most commonly used baculovirus, has a large
double stranded circular genome almost 134kb in length.>®# Since this virus infects
insects, it will replicate in insect cells but not in mammalian cells, and therefore poses
minimal risk to human researchers, a feature which makes this virus useful in laboratory
settings.’® Baculovirus has a large, potentially unlimited cargo capacity of at least 38kb of
DNA,; this large cargo capacity is likely due to its capsid assembly process, which seems
to extend to accommodate extra DNA.*! This feature makes it an attractive vector to deliver
DNA to mammalian cells.

Recombinant baculovirus is relatively simple to produce. Because the virus genome
is so large, direct cloning into it is difficult; therefore, shuttle plasmids containing the genes
of interest can be transformed into Escherichia coli cells which maintain a bacmid
containing the rest of the baculovirus genome. The shuttle plasmid undergoes
recombination with the bacmid, resulting in a recombinant bacmid that can be isolated and

transfected into insect cells.3842

Recombinant baculovirus are typically grown in Sf9 or
S21AE cells derived from Spodoptera frugiperda ovarian tissue, which can be
conveniently cultured either in suspension or adherent.>® Even though baculovirus with a
wild type envelope can infect mammalian cells, transduction efficiency is low. Barsoum et
al. engineered a baculovirus vector to express the vesicular stomatitis virus G glycoprotein

(VSV-Q) in its envelope, which allows the virus to enter any cell that expresses the low

density lipoprotein receptor (LDL-R).** This modification greatly improves baculovirus
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transduction in mammalian cells by improving viral entry into cells by augmenting gp46-
mediated endosomal release.***> Recombinant baculovirus with their large cargo capacities
have become useful and facile vectors for research in mammalian cells.

It is possible to produce rAAV on a large scale in Sf9 cells using baculovirus to
provide helper genes as well as the AAV genes.***® Sf9 cells can be co-infected with two
recombinant baculoviruses: one containing the rAAV genome containing the genes of
interest, and the other containing helper genes along with Rep and Cap.*® Since Sf9 cells
can be grown in suspension to scale up production, this system allows the production of
high titer rAAV. This system provides a model for approaching rAAV re-amplification.
The output of VADER selections cannot be re-amplified in Sf9 cells, as AAV does not
infect insect cells efficiently, but it is possible to use recombinant baculovirus to re-amplify
AAV in mammalian cells because of the VSV-G modification that allows baculovirus to
infect mammalian cells.

Here I present a method to efficiently re-amplify rAAV in mammalian cells using
baculovirus vectors to provide AdHelper genes and the AAV genes Rep and Cap. 1
demonstrate the utility of co-infection with baculovirus over transient transfection to
produce rAAV during the positive selection process in VADER and to re-amplify rAAV
in mammalian cells after a round of selection. In addition, I show that the expression of
capsid proteins from their endogenous promoters expressed from baculovirus vectors limits
the re-amplification of rAAV and provide an engineered baculovirus vector to overcome
this limitation.

2.2 Results and Discussion

2.2.1 Determining the effects of addition of PEI on AAV infection
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A drawback of the VADER protocols of infecting cells with rAAV containing the
tRNA library and then providing the other genes necessary to make AAV via transient
transfection is that the presence of PEI or other transfection reagents blocks AAV entry
into the cell. This limitation prevents researchers from ensuring that all library members
enter cells and are subject to selection, so the best hits from a randomized library could
potentially be missed. Transfection with more plasmids is also less efficient; as such,
optimizing complex selections using transient transfection would also be more difficult. In
order to prevent these problems, dependence on transient transfection during selections
must be reduced.

To quantify the effect of PEI on AAV infection efficiency, I infected HEK-293
cells with rAAV-GFP at either 1 or 5 MOI, and added PEI simultaneously, 4 hours later
(to simulate VADER’s transfection protocol), or not at all (Figures 2.2 and 2.3). Pictures
of infected cells expressing the GFP carried as cargo in the rAAV genome show that the
addition of PEI inhibits viral transduction of HEK cells (Figure 2.2). Delaying the addition
of PEI improves infectivity, but it does not rescue it to the levels achieved when PEI is not
added. Using GFP fluorescence as a proxy for infection efficiency, it appears that an MOI
of 5, and adding the PEI 4 hours after infection, is necessary to achieve infection results
similar to those when using an MOI of 1, without PEI (Figure 2.3). The addition of PEI

clearly inhibits transduction of mammalian cells by AAV.
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Figure 2.2. The effects of PEI on transduction by rAAV. HEK-293T cells were infected
with rAAV-GFP at either 1 or 5 MOI. Cells also received no PEI, PEI at the time of
infection (t = 0), or PEI 4 hours post-infection (t + 4hrs).
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Figure 2.3. The effects of PEI on GFP production in infected cells. Cells infected with
rAAV-GFP and treated with PEI were lysed, and GFP fluorescence was measured.

2.2.2 Comparing pAcBac vectors to original rAAV production plasmids

In order to improve the efficiency of rAAV transduction of mammalian cells during
directed evolution experiments, it is necessary to provide the other genes (AdHelper, Rep,
and Cap) necessary to make rAAV by a means other than transient transfection.

Baculovirus vectors present a promising solution to this problem because of their
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practically unlimited cargo capacity, their favorable biosafety profile, and the ease with
which they can be manipulated to deliver cargo to mammalian cells.

I prepared baculovirus vector shuttle plasmids containing these genes and
compared the production of infective rAAYV via original infection with rAAV and transient
transfection using the original pHelper and pIDT-MbPyIRS-RC2wt plasmids versus the
shuttle plasmids pAcBac-Helper and pAcBac-MbPyIRS-RC2wt. The pAcBac shuttle
plasmids contained the same cargo as the pIDT and pHelper plasmids, but in the plasmid
backbone that can undergo recombination with a bacmid to produce recombinant
baculovirus.

After 72 hours, the cells packaging rAAV show similar numbers of fluorescent
cells, indicating that the cells were infected by similar amounts of input AAV, and that the
input virus recombinant genome undergoes replication, transcription, and translation at
similar rates (Figure 2.4). However, cells infected with AAV harvested from those
packaging cells and produced using the pAcBac shuttle plasmids exhibit far less
fluorescence than cells infected with the same volume of AAV produced with the original
VADER plasmid system (Figure 2.5), and far fewer new cells seemed to be infected with
that harvested AAV (Figure 2.4).

VADER plasmids pAcBac shuttle plasmids

Packaging

Infection
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Figure 2.4. Cells packaging rAAYV and cells infected with harvested lysate. Cells
were imaged 72 hours after being infected with rAAV-GFP and transfected with either
the original VADER plasmids or pAcBac shuttle plasmids. Packaging cells were lysed,
and new cells were infected with that lysate and imaged after 48 hours.
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Figure 2.5. GFP fluorescence of cells infected with lysate from cells packaging AAV.
New cells were infected with lysate from cells that were infected with rAAV-GFP and
transfected with either the original VADER plasmids or with the pAcBac shuttle plasmids.
Cells were imaged and lysed after 48 hours, and GFP fluorescence measurements were
taken.

In order to determine which plasmid (pAcBac-Helper or pAcBac-MbPyIRS-
RC2wt) is at fault for reducing the amount of rAAV produced via transient transfection, I
infected packaging cells with rAAV-GFP and then transfected with the following pairs of
plasmids: pHelper and pIDT-MbPyIRS-RC2wt, pAcBacl-Helper and pIDT-MbPyIRS-
RC2wt, pHelper and pAcBac-MbPyIRS-RC2wt, and pAcBacl-Helper and pAcBac-
MbPyIRS-RC2wt (Figure 2.6). I compared the fluorescence of cells which were infected
with lysate from the packaging cells (Figure 2.7). The packaging cells which were
transfected with pAcBac-MbPyIRS-RC2wt produced much less AAV, regardless of which

helper plasmid they received, than cells transfected with pIDT-MbPyIRS-RC2wt (based
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on the results from cells infected with their lysate). An anti-AAV western blot of lysate
from packaging cells shows that much less capsid protein is produced when the AAV genes
are provided in the pAcBac backbone (Figure 2.8).

pIDT-RC2 + pIDT-RC2 + pAcBac-RC2 + pAcBac-RC2 +
pAcBac-Helper pHelper pAcBac-Helper

Packaging

Infection

Figure 2.6. Determining the source of limited rAAYV production. Cells were infected
with TAAV-GFP and transfected with AdHelper and RC2 from either one of the original
VADER plasmids or one of the pAcBac shuttle plasmids. After 72 hours, cells were imaged
and lysed, and new cells were infected with that lysate. These cells were imaged and lysed
after 48 hours, and GFP fluorescence measurements were taken.
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Figure 2.7. GFP fluorescence of cells to test the source of limited rAAV production.
Cells were infected with lysate from packaging cells transfected with combinations of the
original VADER plasmids and the pAcBac shuttle plasmids to determine the source of
reduced rAAV production. After 48 hours, cells were imaged and lysed, and GFP
fluorescence was measured.

pIDT-RC2 pAcBac-RC2
pAcBac- pAcBac-
pHelper Helper pHelper  Helper

.. o » VP3

Figure 2.8. Anti-AAV western blot. An anti-VP western blot was performed on lysate
from cells packaging rAAV.

To solve this problem of capsid protein limitation, I cloned out the Cap genes from
AAV2 and placed them under the control of the strong constitutive CMV promoter in a
pAcBac shuttle plasmid to maximize production of capsid proteins. I also added the Ul
snRNP consensus binding splice site to improve the transcription efficiency of the Cap
genes. | cloned Rep in separately, keeping these genes under the control of their
endogenous p5 and pl9 promoters to create the final plasmid pAcBacl-Rep-CMV-
CapWT-CSS-CMV-MbPyIRS (see Appendix for construct map and sequence). I found
that overexpressing Cap genes form the CMV promoter rescued the production of capsid
proteins (Figure 2.9) and also rescued the production of infectious virus (Figure 2.10,

Figure 2.11).
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Figure 2.9. Anti-AAYV western blot. An anti-AAV western blot was performed on cells
packaging rAAV using the VADER plasmids, the original pAcBac shuttle plasmids, or the
optimized pAcBac shuttle plasmids.

VADER plasmids

KX | 355

Packaging
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Figure 2.10. Transfecting cells with optimized plasmids. Cells were infected with rAAV
and transfected with the VADER plasmids (pHelper and pIDT-RC2-MbPyIRS), the
original pAcBac shuttle plasmids (pAcBac-Helper and pAcBacl-RC2-MbPyIRS), or the
optimized pAcBac shuttle plasmids (pAcBac-Helper and pAcBacl-Rep-CMV-CapWT-
CSS-CMV-MbPyIRS). After 72 hours, the packaging cells were imaged and lysed, and
new cells were infected with that lysate. These cells were imaged after 48 hours.
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Figure 2.11. GFP fluorescence of cells to test the efficacy of the optimized pAcBac
shuttle plasmids. New cells were infected with lysate from cells packaging AAV. After
48 hours, these cells were imaged and lysed, and GFP fluorescence was taken.

I then compared the production of rAAV produced by cells that were infected with
rAAV-mCherry and which received AdHelper, Rep, and Cap via the following different
methods: transfection with the original VADER plasmid system, transfection with my
optimized pAcBac shuttle plasmids, or infection with P1 baculovirus produced from those
optimized pAcBac plasmids. Based on images of cells infected with the same volume of
lysate from the cells that packaged the rAAV (Figure 2.12), and based on mCherry
fluorescence of the cells infected with that lysate (Figure 2.13), it appears that transfection
with the optimized pAcBac plasmids produced a similar amount of AAV as transfection
with the original VADER plasmids. However, infection with the optimized P1

baculoviruses vastly improved the amount of AAV produced, increasing mCherry

fluorescence by 5-fold.
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Figure 2.12. Cells packaging rAAYV and cells infected with rAAV-containing lysate.
Cells were infected with rAAV-mCherry and transfected with the original VADER
plasmids, transfected with the optimized pAcBac shuttle plasmids, or infected with
baculovirus made from the optimized pAcBac shuttle plasmids. After 72 hours, the
packaging cells were imaged and lysed, and new cells were infected with the lysate. These
cells were imaged after 48 hours.
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Figure 2.13. mCherry fluorescence of cells infected with rAAV-containing lysate.
Cells were infected with rAAV produced by packaging cells to test the effectiveness of the
optimized shuttle plasmids and the baculovirus produced from those shuttle plasmids. After
48 hours, these cells were imaged and lysed, and mCherry fluorescence was taken.

2.2.3 Comparing pAcBac vectors to original VADER plasmids for stop codon suppression

In the original VADER protocol, rAAV is packaged into wild type capsids, and it
is only during the positive selection itself that viral capsids containing AzK are produced.

It is therefore necessary to determine whether the baculovirus infection system will
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outperform VADER’s original transient transfection system in producing more output
rAAV.

I compared the amount of output virus produced in cells infected by rAAV-
mCherry-PytR and either infected with P1 baculovirus produced using the plasmids
pAcBacl-Helper and pAcBacl-Rep-CMV-Cap454TAG-CSS-CMV-MbPyIRS  or
transfected with pHelper and pIDT-MbPylRS-RC2-454TAG. Instead of AzK, which is an
excellent selection handle for VADER but a suboptimal substrate for MbPyIRS, I used
BocK as the UAA for this experiment, as bio-conjugation was not required and as BocK is
a superior substrate for the synthetase (Figure 2.14). Surprisingly, the 454TAG version of
the optimized baculovirus did not lead to an increase in the amount of infectious AAV

produced (Figure 2.15).
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Figure 2.14. Structures of BocK (1) and AzK (2). BocK was used as the unnatural amino
acid in all experiments in this chapter.
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Figure 2.15. Cells packaging rAAV with either wild type or stop codon-containing
capsids and cells infected with rAAV-containing lysate. Cells were infected with rAAV
and either transfected with plasmids or infected with baculovirus. Top set of images: wild
type capsids. Bottom set of images: T454TAG capsids.

An anti-AAV western blot on lysate from cells packaging new AAV after being
infected with rAAV-mCherry-PytR and either infected with baculovirus or transfected with
either set of plasmids shows that there is still insufficient capsid protein produced when the
capsid proteins contain a TAG codon at position 454, even when those genes are being
expressed from the highly active CMV promoter (Figure 2.16). It will be necessary to solve

the problem of continued capsid protein limitation to move forward with baculovirus-

assisted selections like this in the future.
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Figure 2.16. Anti-AAV western to determine whether 454TAG capsid proteins are
limiting. An anti-AAV western blot was performed on cells infected with rAAV-mCherry
and either transfected with the optimized pAcBac shuttle plasmids or infected with the
optimized baculovirus.

2.2.4 The source of the improved AAV production

I developed these baculovirus delivery vectors to solve the problem of limited AAV
production during the positive selection step in VADER, a problem which has two sources.
First, PEI limits AAV entry into the cell. Second, transient transfection delivers DNA to
cells in a highly heterogeneous fashion, so that most cells will not receive all the DNA they
need to produce more rAAV. Providing the other necessary genes (AdHelper, Rep, and
Cap) via baculovirus infection instead of by transient transfection should allow researchers
to provide these genes in a much more homogenous manner; it should furthermore also
allow improved AAV entry into the packaging cells. More host cells should therefore be

involved in packaging AAV.
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Figure 2.17. Flow cytometry analysis of cells producing rAAV-mCherry. Cells were
infected with rAAV-mCherry and either infected with baculovirus or transfected with
plasmids to deliver the other genes to make AAV. These cells were harvested and analyzed
by FACS to determine the percent fluorescent cells.

To determine whether it is indeed the case that more host cells receive all of the
necessary genes to package rAAV, I infected HEK-293T cells with rAAV-mCherry-PytR
at 0.01 MOI and provided AdHelper, Rep, and Cap in one of the following manners:
infection of P1 baculovirus (pAcBac-Helper and either pAcBac-Rep-CMV-CapWT-CSS-
MbPyIRS  or pAcBac-Rep-CMV-Cap454TAG-CSS-MbPyIRS), transfection with

baculovirus shuttle plasmids (with either wild type Cap or 454TAG Cap), or transfection

with the original VADER plasmids (pHelper and either pIDT-MbPyIRS-RC2wt or pIDT-
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MbPyIRS-RC2-454TAGQG). I analyzed these packaging cells by FACS and found that there
were at least 15x more fluorescent cells in treatments where the host cells had been infected
by baculovirus, as opposed to having been transfected with plasmids and PEI (Figure 2.17).
These cells are fluorescent because they received all the necessary genes for amplifying
the rAAV genome: the mCherry cargo; Rep, which replicates the cargo between the ITRs,
making it available for transcription to produce the fluorescent protein; and AdHelper,
without which Rep proteins are not active. This result indicates that one of the sources of
increased rAAV production is more cells receiving all of the necessary genes to amplify
rAAV.
2.3 Conclusions

The results of these experiments demonstrate that infection with baculovirus is a
much more efficient method to amplify rAAV during and between positive selections than
is transient transfection. Not only does far less input AAV need to be added during the
positive selection when co-infecting with baculovirus, but the other genes (AdHelper, Rep,
and Cap) are provided much more homogenously, so that more cells can be involved in
packaging rAAV. This improvement will allow researchers to reamplify rAAV between
rounds of selection and to ensure that each potential hit can be accessed during directed
evolution. This technique promises to allow access to complex selection systems involving
large genetic cargos (such as the CRISPR-Cas system) due to the vast capacity of
baculovirus.

2.3.1 Ongoing work and future directions

Because there is not sufficient UAA-containing capsid protein produced using the

CMV-Cap baculovirus vectors, it is still necessary to optimize the expression of stop
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codon-containing capsid proteins with this baculovirus vector. Future work will also
involve using baculovirus to reamplify AAV between rounds of selection to proceed with
directed evolution experiments more quickly.
2.4 Acknowledgements

Dr. Rachel Kelemen trained me to make rAAV and gave me access to her plasmid
and primer stocks. Dr. Yunan Zheng trained me to make recombinant baculovirus.
2.5 Experimental Procedures

2.5.1. Strains and cell lines

Clonings and plasmid propagations were performed in electrocompetent DH10B E.
coli cells. Bacmid transposition was performed in chemically competent DH10Bac cells
(Invitrogen).

Sf9 cells (Thermo Fisher) were maintained at 27°C in Sf-900 III serum free medium
(Gibco), in suspension. HEK-293T (ATCC) cells were maintained at 37°C and 5% CO; in
DMEM-high glycose (HyClone) supplemented with 10% fetal bovine serum (Corning) and
antibiotic-antimycotic (100 U/mL of penicillin, 100 pg/mL of streptomycin, and 0.25
ug/uL of Fungizone).

2.5.2. Plasmids

All plasmid maps and sequences can be found in the Appendix.

The plasmids pAAV-GFP+1xEcYtR, pAAV-mCherry+1xMmPytR, pHelper,
pIDT-MbPyIRS-RC2wt, pIDT-MbPyIRS-RC2-454TAG, pAcBacl-Helper, pAcBacl-
MbPyIRS-RC2wt, and pAcBacl-MbPylRS-RC2-454TAG were propagated from Dr.

Rachel Kelemen’s stocks.
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To construct the pAcBacl-Rep-CMV-CapWT-CSS-CMV-MbPyIRS and
pAcBacl-Rep-CMV-Cap454TAG-CSS-CMV-MbPyIRS constructs, the consensus splice
donor site (CSS) was added to the 5’ end of the Cap genes from, downstream of the
transcription start site, with the primers Consensus-splice-donor-site-sequence-F. This
cassette was amplified with the primers Nhel-p40-F and Cap-Sall-R, and this construct was
cloned into the pIDT backbone (pIDTSMART-MbPyIRS) using the Nhel and Sall cut sites
to produce the plasmid pIDTSMART-CMV-CAP-CSS. The cassette, along with the CMV
promoter and Bgh polyA sequence, was cut with the Spel and AvrlI cut sites, and cloned
into pAcBac-MbPyIRS-RC2, which had been cut with Avrll. Rep was then amplified with
the primers Sbfl-Rep-F and Notl-Rep-R and cloned into both the wild type and the
454TAG constructs using the Sbfl and NotlI cut sites.

2.5.3. Unnatural amino acids

The N2-Boc-L-Lysine used in these experiments was purchased from Chem-Impex
International (catalog number 00363).

2.5.4. Producing recombinant baculovirus

The pAcBacl shuttle plasmids were chemically transformed into DH10Bac cells
(Invitrogen) and grown for 48 hours on LB agar containing 50pg/mL kanamycin, 7ug/mL
gentamicin, 10pg/mL tetracycline, 100pg/mL X-gal, and 40pg/mL IPTG. One white
colony per construct was chosen and streaked out on fresh medium. After 48 hours of
additional growth, one white colony per construct was cultured overnight in LB with
kanamycin, gentamicin, and tetracycline. The bacmids were miniprepped according to

Invitrogen’s Bac-to-Bac Expression protocol.
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To prepare PO recombinant baculovirus, 4pg of miniprepped bacmid was
transfected into adherent Sf9 cells using X-tremeGENE transfection reagent (Sigma-
Aldrich). After 96 hours, the media containing PO virus was harvested and stored at 4°C
away from light. P1 recombinant baculovirus was prepared by infecting shaking flasks of
S19 cells with PO virus. After 72 hours, the cultures were spun to pellet out the Sf9 cells,
and the supernatant was spun for 60 minutes at 39,800g to pellet the P1 virus. The virus
was resuspended in 10% DMSO in PBS and flash-frozen for storage at -80°C. It was titered
using the Clontech BacPAK™ Baculovirus Rapid Titer Kit.

2.5.5. Preparing recombinant AAV

To produce rAAV with wild-type capsids, the following plasmids were transfected
into HEK-293T cells using PEI (Sigma): pHelper, pIDT-MbPyIRS-RC2wt, and either
pAAV-Cargo-GFP+1xEcYtR or pAAV-Cargo-mCherry+1xMmPytR. After 72 hours,
cells were harvested by scraping and pelleted, saving the culture media. The cell pellets
were resuspended in PBS with 300mM NacCl, freeze-thawed twice in a dry ice/ethanol bath
and a 37°C water bath to lyse virus-containing cells, and then spun to pellet the cell
fragments. The supernatant was then added back to the culture media, and this lysate was
incubated at room temperature for 30 minutes with Pierce Universal Nuclease to degrade
any unpackaged nucleic acids. After incubation with nuclease, PEG was added to the lysate
to 11.5%, and the lysate was precipitated overnight at 4°C. The precipitated lysate was
spun to pellet the virus, resuspended in PBS, and flash frozen for storage at -80°C. Infective
titer for rAAV containing the fluorescent reporters GFP or mCherry was determined by

FACS after infecting HEK-293T cells with rAAV, using sodium butyrate.
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To harvest AAV produced on a small scale (in a 12-well plate), cells were lysed
with CelLytic™ M (Sigma-Aldrich) with 0.00001% Pierce Universal Nuclease. The
resultant lysate was flash-frozen and stored at -80°C.

2.5.6. Determining the effects of addition of PEI on AAV infection

HEK-293T cells were infected with either 1 or 5 MOI of rAAV-GFP. Cells also
received PEI at the same time as infection with AAV, 4 hours after infection, or not at all.
After 48 hours, cells were imaged and lysed, and GFP fluorescence was measured.

2.5.7. Comparing pAcBac shuttle plasmids to original rAAV production plasmids

HEK-293T cells were infected with 5 MOI rAAV-GFP. After 4 hours, cells were
transfected with one of the following pairs of plasmids: pHelper and pIDT-MbPyIRS-RC2;
pAcBacl-Helper and pAcBacl-MbPyIRS-RC2wt; or pAcBacl-Helper and pAcBacl-Rep-
CMV-CapWT-CSS-CMV-MbPyIRS. The infected and transfected cells were imaged and
lysed 72 hours later. Western blots were performed on the lysate with the B1 anti-VP
antibody which binds to the C terminus of the capsid proteins. 10% of the lysate was used
to infect new HEK-293T cells. 48 hours later, infected cells were imaged and lysed, and
GFP fluorescence was measured.

2.5.8. Comparing transfection to infection with baculovirus

HEK-293T cells were infected with 5 MOI rAAV-GFP. Cells that were infected
with baculovirus were infected simultaneously with 100 MOI P1 virus prepared from the
shuttle plasmids pAcBacl-Helper and either pAcBacl-Rep-CMV-CapWT-CSS-CMV-
MbPyIRS or pAcBacl-Rep-CMV-Cap454TAG-CSS-CMV-MbPyIRS. Cells that were
transfected were transfected 4 hours later with one of the following pairs of plasmids:

pHelper and either pIDT-MbPyIRS-RC2 or pIDT-MbPyIRS-RC2-454TAG; pAcBacl-
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Helper and either pAcBacl-Rep-CMV-CapWT-CSS-CMV-MbPyIRS or pAcBacl-Rep-
CMV-Cap454TAG-CSS-CMV-MbPyIRS. To test the production of rAAV containing a
UAA in the capsid, No-Boc-L-Lysine (BocK) was added to the cell media to a final
concentration of 1.0 mM. 72 hours later, cells were imaged and lysed. 10% of that lysate
was used to infect new HEK-293T cells, and an anti-VP western blot was also performed
on the lysate. After 48 hours, the infected cells were imaged and lysed, and GFP

fluorescence was measured.
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Chapter 3

Development of an alternate selection handle to evolve tRNAs
in mammalian cells
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3.1 Introduction

The concepts of directed evolution, especially the difficulties of performing
selections directly in mammalian cells, have been outlined in detail in Chapter 1. Chapter
2 outlined the use of viruses as DNA delivery vectors to perform selections in mammalian
cells. This chapter focuses on the use of an alternative selection handle in a viral protein to
allow the evolution of tRNAs to incorporate UA As that are not tolerated in the AAV capsid.

3.1.1 VADER as a solution for evolving small gene products

The development of directed evolution schemes in mammalian cells has historically
been limited by the constraints of delivering DNA to mammalian cells. Several selection
schemes have been developed recently for mammalian cells that use viruses to deliver
library members to the host cells, but these techniques have relied on error-prone
replication to generate variation in library members.! Somatic hypermuation is a
technique that also solves the problem of delivering DNA to cells, as it does not require
continued supplemental DNA delivery to cells for the selection process to occur.* While
these selection schemes work well for large gene products such as GPCRs and transcription
factors, they are unsuitable for the evolution of small gene products because the random
mutation rate necessary to drive variation in small genes such as tRNAs would be too high
to permit the continued function of essential genes, as deleterious missense and nonsense
mutations would accumulate in the viral or cellular genome. A new selection scheme is
needed to evolve small gene products such as tRNAs.

VADER is a technique which solves the problem of delivering library members to
mammalian host cells while not relying on random mutagenesis to generate variation in

the library members.’> Since the selection scheme does not make use of random
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mutagenesis, it can be used to perform directed evolution on tRNAs, which could not be
accessed via somatic hypermutation or existing available virus-based selection systems.
VADER is a powerful technique that has yielded multiple improved tRNAs that install
lysine variants in response to TAG codons. These tRNAs improve the efficiency of UAA
incorporation in mammalian cells through their enhanced activities and are excellent tools
for the scientific community working on stop codon suppression.

3.1.2 The limitations of VADER: the AAV capsid

As it currently stands, the VADER scheme works well for evolving tRNAs to install
UAAs that fit into the AAV capsid. However, the AAV capsid does not tolerate the
incorporation of all UAAs. The AAV capsid is composed of 60 individual proteins that fit
tightly and rigidly together. It is easy to perturb the complex manner in which the capsid
proteins fit together, which results in unassembled capsids and no functional virions.®7 It
is also easy to modify the capsid protein structure in such a way that they can no longer
perform the functions necessary for viral infectivity, such as by disrupting VP1’s
phospholipase activity that is necessary for endosomal escape or encapsulating the single-

stranded DNA genome.3!!

If a UAA does not fit into the capsid correctly, it could destroy
the capsid’s ability to assemble or the virion’s ability to infect a cell. It is therefore not
possible to use these UAAs as reactive handles in VADER for the bio-orthogonal
pulldown, so researchers cannot perform directed evolution on the tRNAs to install these
UAAs into proteins in mammalian cells.

5-hydroxy-L-tryptophan (SHTP, Figure 3.1) is one such UAA that is not tolerated

in the AAV capsid (Figure 3.2), even at position 454, which is a highly permissive site for

BocK and AzK incorporation.!? It is likely that the shape of this UAA perturbs the assembly
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of the capsid, even though residues in this position should be surface-exposed and not
involved in the inter-protein junctions. Installing SHTP at position 454 does not result in
infective virions, so it is not possible to use this UAA in VADER. This situation is
unfortunate, because SHTP is a useful bioconjugation handle.!*~!> The chemical biology
community would benefit from the ability to evolve a tryptophanyl tRNA (WtR) to
improve the incorporation of SHTP in proteins in mammalian cells for the purposes of site-
specific labeling. It is necessary to modify the VADER technique to access the WtR for

the purposes of directed evolution.

HO
O

/ OH
HN NH,

Figure 3.1. Structure of S-hydroxytryptophan (5-HTP). SHTP is one of the UAAs that
is not tolerated in the AAV capsid.

TA54TGA

+5HTP
-5HTP

Figure 3.2. Incorporation of SHTP into the AAV2 capsid. AAV2 does not tolerate SHTP
in its capsid, as evidenced by the lack of production of infectious virus even when provided
with the UAA.
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Delicate capsid assembly is not the only limitation to successful virion assembly
during the VADER process. Capsid proteins are required at an extremely high level in
order to produce enough virus to capture during selections. As I showed in Chapter 2 of
this dissertation, production of capsid proteins containing UAAs is a limiting factor in
being able to produce infectious virus in the VADER process. Being able to install a UAA
into a protein selection handle which is required at much lower levels than are the capsid
proteins would free researchers from the constraint of needing to produce such high levels
of protein using tRNAs which may not yet be as active as native tRNAs. The ideal selection
handle for UAAs such as SHTP would be flexible, so in order to eliminate worries about
structural perturbation, and it would be a catalytic protein, so that it would be required at
much lower levels.

3.1.3 The ideal selection handle: Assembly Activating Protein

One protein in the AAV proteome that satisfies the requirements of being a
structurally flexible catalyst is Assembly Activating Protein (AAP). The gene that codes
for this protein is located within the Cap ORF, but within an alternate reading frame with
a CTG start codon (Figure 3.3).'® During AAV2 replication, AAP is localized in the host
nucleolus and targets newly-synthesized Cap proteins to that location, where capsid
assembly takes place.!® AAP’s highly structured N- and C-termini are relatively conserved
between different AAV serotypes.!”!® The termini of AAP likely interact with the capsid
proteins and act as scaffolds to promote capsid protein interaction along the axis of 2-fold

symmetry. '8
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1,000 2,000 3,000 4,000

Rep 52 i VP3
Rep 40 AAP
Rep 78 VP2
Rep 68 VP1

Figure 3.3. Structure of the AAV genome. The Cap gene in the AAV genome contains
the genes for the three capsid proteins VP1, VP2, and VP3, as well as the gene for AAP in
a different reading frame.

While AAP is required for AAV2 capsid assembly, it is likely needed at much lower
levels than are the capsid proteins, as AAP acts catalytically to assemble proteins into the
viral capsid.'®!” AAP’s CTG start codon is relatively weak, which is another clue
indicating that this protein is needed at lower levels. AAP interacts closely with the capsid
proteins during the assembly process, but its termini are not as structurally rigid as the
AAV capsid itself, and there are several threonine/serine rich regions in the protein that are
quite flexible.!® This protein is therefore a strong candidate for the structurally flexible

catalyst that would tolerate the incorporation of SHTP.

3.1.4 A selection platform based on AAP

As described above, the gene that codes for AAP sits within the ORF for the capsid
proteins, but in an alternative reading frame. This genetic organization permits a way to
silence the expression of AAP without silencing the expression of the capsid proteins: the
AAPstop60 platform.??! A mutation in reside 64 of AAP from TCA to TGA results in an
S64TGA mutation in AAP (Figure 3.4). As AAP’s gene is in a different reading frame than
the genes for the capsid proteins, there is a silent GTC to GTG mutation at residue 239 of

the VP proteins. Use of the AAPstop60 system has allowed researchers to silence AAP
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without perturbing the expression of the capsid protein and to demonstrate that AAP is

required to for the production of infectious AAV2 capsids.?

1,000 2,000 3,000 4,000
Rep 52 j VP3
Rep 40 X AAP
Rep 78 VP2
Rep 68 VP1

Figure 3.4. The structure of the AAPstop60 genome. A point mutation produces a
S64TGA mutation in AAP while resulting in a silent mutation in the VP genes because
these genes are in different reading frames within the same ORF.

This system will be useful for developing an AAP-based selection scheme. It is
possible to silence the endogenous AAP in the AAV2 genome with this S64TGA mutation
and then provide supplemental AAP in trans with a blank codon mutation of choice, as
well as a tRNA that can suppress that blank codon. In this manner, it is possible to tie the
production of infectious AAV2 to the tRNA’s ability to incorporate a UAA into AAP
during translation.

In order to make use of AAP in selection schemes to evolve tRNAs, it is necessary
to find an optimum location to position a stop codon in the gene for AAP, where the UAA
will be introduced. The structures of the termini of AAP are highly conserved between
AAV serotypes,'® which indicates that these exact structures are essential for the protein’s
capsid assembly functions. Since these regions are essential, requiring the incorporation of
a UAA in the N-terminus might prove to be a stringent selection, which could benefit the

evolution of a highly active tRNA. If these regions are too structurally rigid to permit the

incorporation of a UAA such as SHTP, there are flexible regions downstream of the N-
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terminus that are rich in threonine and serine residues, which tolerate large insertions which
the AAV capsid does not.!”!8 These T/S-rich regions might be ideal candidate regions to
incorporate SHTP into AAP.

In this chapter, I present a modified selection scheme in which I use AAP as a
selection handle to evolve mutant WtRs to incorporate SHTP in proteins in mammalian
cells. I silence the expression of AAP from the AAV2 genome using the AAPstop60
method, and I provide wild-type AAP back in trans to demonstrate that it is possible to
rescue production of infectious AAV using this supplemental AAP. I optimize the location
of a TAG stop codon in AAP and show that UAA-containing AAP can still facilitate the
production of infectious AAV2. By changing this TAG stop codon to TGA, I am able to
incorporate SHTP into AAP using the Escherichia coli tryptophanyl tRNA (EcWtR) with
a UCA anticodon. Finally, I am able to use this platform to subject a library of EcWtR
variants to positive selection and identify hits that incorporate SHTP into proteins in
mammalian cells at a highly improved level.

3.2 Results and Discussion

3.2.1 Producing infectious AAV with TAG-containing AAP

To determine whether it is possible to produce infectious AAV when there is a stop
codon in AAP, I transfected cells with plasmids containing an AAV2 genome with an
S64TGA mutation in AAP that is silent in the Cap genes and provided supplemental either
wild type or L12TAG AAP in trans under the control of the strong CMV promoter. The
AAV produced in this way has wild type capsids, but its production depends on UAA

incorporation (in this case, BocK) into AAP. I compared these results to those achieved
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with the VADER plasmid system, which relies on a T454TAG mutation in the capsid

proteins (Figure 3.5).

RC2-AAPstop60 + RC2-AAPstop60 +
RC2 454TAG RC2 454TAG RC2-AAPstop60 CMV-AAP-L12TAG CMV-AAP-L12TAG

Wild type RC2 + BocK - BocK + CMV-AAP-WT +BocK -BocK

Packaging

Infection B

Figure 3.5. Producing AAV dependent on supplemental AAP. AAV was produced
using the AAPstop60 system, providing supplemental AAP in trans. Production of AAV
in this way was comparted to production of AAV using the RC2-454TAG system from
VADER. After 72 hours, the packaging cells were imaged and lysed, and new cells were
infected with the lysate. These cells were imaged after 48 hours.

The plasmid system producing rAAV using Cap genes with the T454TAG mutation
produced 7.44% of the infectious virus when supplemented with BocK as did the plasmid
system using wild type Cap genes, as measured by fluorescence imaging and GFP
fluorescence. When wild type AAP was provided in trans along with the AAPstop60
system, cells produced 57.5% of the infectious virus as made with wild type AAV2 genes
(Figure 3.6). With the L12TAG in AAP, cells only produced 6.39% of the virus as they
had with supplemental wild type AAP, which is not an improvement over the Cap
T454TAG system. Even though AAP is likely used catalytically in capsid assembly, it
appears that the low levels of UAA-containing AAP produced using this system were not

sufficient to assembly infectious AAV capsids at levels approaching that when wild type

AAP is provided.
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Figure 3.6. GFP fluorescence of cells infected with AAV produced using the
AAPstop60 system. Cells were infected with rAAV produced by packaging cells to test
the effectiveness of the AAPstop60 plus supplemental AAP to produce rAAV with wild
type capsids. After 48 hours, these cells were imaged and lysed, and GFP fluorescence was
taken.

3.2.2 Determining the optimum site for a TAG mutation in AAP

While it is possible to produce some infectious AAV by installing a UAA in the N-
terminus of AAP, there may be other locations within the protein that are better suited to
UAA incorporation. To that end, I created supplemental AAP variants with TAG mutations
in the flexible T/S-rich regions in the protein, as these regions are highly tolerant of

mutations and insertions,!” while the termini of the protein are much more conserved
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between serotypes and are not mutation-tolerant.!”!® The mutations tested with
supplemental AAP provided in trans were: TT8TAG, T97TAG, T110TAG, T124TAG, and

T177TAG (Figure 3.7).

AAP T78TAG AAP T97TAG AAP T110TAG AAP T124TAG  AAP T177TAG

+BocK

AAPstop60 only WT AAP

8 v e . i <
h . bt | .....
i : gl - iy

Figure 3.7. Producing AAV using AAP with TAG mutations. AAV was produced using
the AAPstop60 system, providing supplemental AAP with TAG stop codons in different
locations in the T/S rich regions. These cells were infected with lysate from cells that
packaged rAAV and were imaged after 48 hours post-infection.

For the T78TAG, T97TAG, T110TAG, and T124TAG mutations, the amount of
infectious AAV produced with the addition of BocK was approximately equal to that
produced when wild type AAP was provided, as evidenced by fluorescence images and
GFP fluorescence readings (Figure 3.8). AAP with the T177TAG mutation produced
negligible amounts of infectious virus. These surprising and encouraging results indicate

that it is possible to tie the production of infectious AAV dependent on stop codon

suppression in AAP and still achieve reasonably high AAYV titers.
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Figure 3.8. GFP fluorescence of cells infected with AAV produced with AAP TAG
variants. Cells were infected with rAAV produced by packaging cells to determine the
optimum site for a TAG mutation. After 48 hours, these cells were imaged, and GFP
fluorescence was taken.

3.2.3 Incorporating 5-hydroxytryptophan into AAP

Having determined that it is possible to make the production of AAV dependent on
stop codon suppression in AAP, I moved to test whether it was possible to make the
production of AAV dependent on the incorporation of 5-hydroxytrypophan in AAP. The
AAV capsid does not tolerate SHTP incorporation, but because AAP tolerates mutations
and insertions in its highly flexible T/S rich regions, it is likely that it would tolerate the
mutation of one amino acid to SHTP at one of these sites: T97TGA, T110TGA, and

T124TGA (Figure 3.9).
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Figure 3.9. Infection of cells with virus produced using AAP with TGA mutations.
AAV was produced using the AAPstop60 system, with supplemental AAP TGA mutants
provided on the same plasmid for improved DNA delivery. The above cells were infected
with lysate from cells that packaged rAAV and were imaged after 48 hours post-infection.

In this experiment, I provided supplemental AAP on the same plasmid as the mutant
RC2-AAPstop60 AAV genome. Addition of wild type AAP rescued infective AAV
production to wild type levels in this case, while it had not done so when provided on a
different plasmid in trans in the previous experiments with AAPtag, likely due to the
random delivery of DNA which occurs with transient transfection. The stop codon in the
supplemental AAP was changed to TGA, as the EcWtR anticodon for stop codon
suppression is UCA. Here, infective AAV production reached only approximately 10% of
that achieved with wild type AAP, which is reasonable to expect because TGA suppression
is not as efficient as TAG suppression. All three TGA mutants tested performed similarly
in the presence of SHTP, with little AAV production in the absence of SHTP (Figure 3.10).

Since all three mutants performed similarly well, I chose to move forward with the

T97TGA mutant in selections for more efficient tryptophanyl tRNAs.
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Figure 3.10. GFP fluorescence of cells infected with AAV produced with AAP TGA
variants. Cells were infected with rAAV produced by packaging cells to determine
whether AAP could tolerate insertion of SHTP at various sites. After 48 hours, these cells
were imaged, and GFP fluorescence was taken.

3.2.4 Mock selections to determine if VADER is possible with AAP as a selection handle

Before proceeding with selections on real libraries to evolve the E. coli
tryptophanyl tRNA, it was necessary to test the selection parameters with a mock selection.

To that end, I infected HEK-293T cells with rAAV containing as cargo GFP and the
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MmPytR with a CUA anticodon at an MOI of 5 and rAAV containing as cargo mCherry
and the EcCWtR with a UCA anticodon at an MOI of 0.05 for a ratio of 100:1 PytR to WtR.
I provided SHTP in the cell media and the other genes necessary to make AAV via transient
transfection, as established in the original VADER protocol, with the plasmids pHelper
and pIDTSMART-RC2-AAPstop60-CMV-AAP97tga-CMV-WRS. The WRS should not
charge the PytR, and the PytR should not incorporate any amino acid at the TGA stop
codon in AAP. In the mock selection, the PytR mimics any inactive tRNA library member,
while the WtR should be active.

The production of virus in each round of this selection scheme depends on the
incorporation of SHTP into AAP, but not into the capsid of the virus, as the structure of the
viral capsid does not permit the disruption caused by the introduction of 5-HTP. Therefore,
the viral capsids produced from this selection scheme are wild type capsids, and it is not
possible to perform a pulldown to capture viruses that contain only active but not cross-
reactive tRNAs. This version of the VADER selection scheme will rely only on positive
selections to continuously enrich active tRNAs.

After harvesting the output virus from one round of the mock selection, I infected
cells with the output virus as well as the original input virus and analyzed the ratio of green
to red cells by flow cytometry. This ratio will indicate the ratio of PytR to WtR, as the
genes for fluorescent reporter and tRNA are packaged together in the genome of the rAAV.
The ratio of green to red cells from the input virus was 101:1, which demonstrates that the
original calculations for infections were accurate. For the output virus, the ratio of green to
red cells was 0.823:1, for a 121-fold enrichment of mCherry and WtR-containing rAAV

(Figure 3.11). This result indicates that it is possible to achieve at least 100-fold enrichment
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of active tRNAs after just one round of positive selection, which will allow researchers to

evolve the previously un-evolvable WtR in mammalian cells.

Green/red ratio 101/1 0.823/1

Input to positive selection Positive selection Output from positive selection

Figure 3.11. Enrichment of WtR+mCherry over PytR+GFP in a mock selection. An
inactive tRNA (PytR) was provided to cells at an MOI 100 times that of the active tRNA
(WtR). These tRNAs underwent a mock selection in HEK-293T cells. The resulting output
virus was used to infect new cells. Cells infected with the input and output virus mixes
were analyzed by FACS to determine the ratio of green (PytR) to red (WtR) viruses.
3.3 Conclusion

With this result in hand, it will be possible to evolve libraries of WtR variants to
efficiently install SHTP in proteins in mammalian cells. The selection scheme here will
only involve positive selections, but with over 100-fold enrichments of active tRNAs over
inactive ones, repeated rounds of positive selection should yield highly active WtR
variants. This tool should enable researchers to achieve high yields of SHTP-containing

proteins, which aid the development of novel bioconjugation chemistries.

3.3.1 Ongoing work and future directions

A library of WtR variants with mutations in the acceptor stem has been developed
and will be subject to selection via the method developed here. Because there is no negative
selection step in this selection scheme, all selections will be repeated without adding SHTP,
so that if a tRNA variant is cross-reactive with a native aaRS and canonical amino acid, it

has the opportunity to be charged with that amino acid as well. High-throughput
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sequencing will make it possible to distinguish between variants that are active but not
cross-reactive and variants that are active and cross-reactive.

AAP can also be used for a variety of future applications for selections in
mammalian cells. For example, split halves of AAP can be fused to bait and potential prey
proteins in a two-hybrid system. Since AAP can tolerate the insertions of large proteins in
its Thr/Ser rich regions,!” it is likely that it will still perform its functions with the addition
of the associated bait and prey proteins in this region. This two-hybrid selection can use
the production of AAV as the reporter to screen the mammalian proteome for binding
partners.

3.4 Acknowledgments

Dr. Rachel Kelemen and Dr. James Italia gave me access to their plasmid stocks.
Dr. Kelemen also trained me to perform selections using rAAV. Rachel Huang provided
invaluable assistance in constructing the WtR library that will be used for future selections.
3.5 Experimental Procedures

3.5.1. Strains and cell lines

Clonings and plasmid propagations were performed in electrocompetent DH10B E.
coli cells.

HEK-293T (ATCC) cells were maintained as described in Chapter 2.
3.5.2. Plasmids

All plasmid maps and sequences can be found in the Appendix.

The plasmids pAAV-GFP+IxMmPytR, pAAV-GFP+1xEcWtRtga, pAAV-

mCherry+1xEcWtRtga, pIDTSMART-8xPytR-ITR-GFP, pHelper, pIDTSMART-
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MbPyIRS-RC2wt, and pIDTSMART-MbPyIRS-RC2-454TAG were propagated from Dr.
Rachel Kelemen’s stocks.

To construct pIDTSMART-MbPyIRS-RC2-AAPstop60, I introduced the mutation
into the Cap gene using the primers AAPstop60-F and AAPstop60-R. I amplified this Cap
containing the mutant gene for AAP using the terminal primers RC2int-HindIII-F and
RC2-SbfI-R and cloned it back into the vector using the HindIII and SbfI cut sites.

I introduced a Kozak sequence to the 5° end of the gene for AAP and amplified the
construct using the primers Nhel-Kozak-AAP-WT-F and Xhol-AAP-R. To generate
pIDTSMART-CMV-AAPwt, I cloned the resulting cassette into a pIDT vector using the
Nhel and Xhol restriction sites. I used mutagenesis primers to generate the following
variants for the pIDTSMART-CMV-AAP plasmid: L12TAG, T78TAG, T97TAG,
T110TAG, T124TAG, T177TAG, T97TGA, T110TGA, and T124TGA.

To generate pIDTSMART-MbPyIRS-RC2-AAPstop60-CMV-AAP (both wild
type and T97TGA variants), I cut the plasmids pIDTSMART-CMV-AAP (either wild type
AAP or T97TGA) and pIDTSMART-MbPyIRS-RC2-AAPstop60 with Nhel and Sphl and
ligated the AAP construct into the AAPstop60 vector.

The E. coli tryptophanyl aaRS was amplified out of pPBK-MCS-EcWRS from Dr.
James Italia’s stock using the primers AvrII-CMV-WRS-F and Spel-WRS-R. It was then
cloned into the vector pIDTSMART-MbPyIRS-RC2-AAPstop60-CMV-AAP-97TGA
which had been cut with AvrlIl.

3.5.3. Unnatural amino acids

BocK was purchased from Chem-Impex International (catalog number 00363).

SHTP was purchased from Chem-Impex International (catalog number 00607).
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3.5.4 Preparing recombinant AAV

For details on producing recombinant AAV, see Chapter 2 of this thesis.

3.5.5 Producing infectious AAV with TAG-containing AAP

To determine whether it is possible to produce infectious AAV whose packaging
depends on stop codon suppression in AAP, HEK-293T cells were transfected with the
following sets of plasmids: pHelper and pIDTSMART-MbPyIRS-RC2wt; pHelper,
pIDTSMART-MbPyIRS-RC2-454TAG, and pAAV-mCherry+1xMmPytR; pHelper,
pIDTSMART-MbPyIRS-RC2-AAPstop60, and pIDTSMART-AAPwt; or pHelper,
pIDTSMART-MbPyIRS-RC2-AAPstop60, pIDTSMART-AAP-LI2TAG, and pAAV-
mCherry+1xMmPytR. N2-Boc-L-Lysine (BocK) was added to the cell media to test the
UAA-dependence of AAP production. Cells were lysed with CelLytic™ M (Sigma-
Aldrich) with 0.00001% Pierce Universal Nuclease. The resultant lysate was flash-frozen
and stored at -80°C. Lysate was thawed and used to infect new HEK-293T cells with
sodium butyrate to 1.0 mM. After 48 hours, cells were imaged and lysed, and GFP
fluorescence was measured.

3.5.6 Determining the optimum site for a TAG mutation in AAP

To find an improved location for the TAG mutation in AAP, cells were transfected
with the following sets of plasmids: pHelper and pIDTSMART-MbPyIRS-RC2wt; pHelper
and pIDTSMART-MbPyIRS-RC2-AAPstop60; pHelper, pIDTSMART-MbPyIRS-RC2-
AAPstop60, and pIDTSMART-AAPwt; or pHelper, pAAV-Cargo-GFP+1xMmPytR,
pIDTSMART-MbPyIRS-RC2-AAPstop60, and pIDTSMART-AAPtag with one of the
following mutations: T78TAG, T97TAG, T110TAG, T124TAG, or T177TAG. Ng-Boc-

L-Lysine (BocK) was added to the cell media to test the UAA-dependence of AAP
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production. Cells were lysed with CelLytic™ M (Sigma-Aldrich) with 0.00001% Pierce
Universal Nuclease. The resultant lysate was flash-frozen and stored at -80°C. Lysate was
thawed and used to infect new HEK-293T cells with sodium butyrate to 1.0 mM. After 48
hours, cells were imaged and lysed, and GFP fluorescence was measured.

3.5.7 Incorporating 5-hydroxytryptophan into AAP

Cells were transfected with the following sets of plasmids: pHelper and
pIDTSMART-MbPyIRS-RC2wt; pHelper, pIDTSMART-MbPyIRS-RC2-AAPstop60,
and pIDTSMART-AAPwt; pHelper, pAAV-GFP+1xExWtRtga, and pIDTSMART-RC2-
AAPstop60-CMV-AAP-CMV-WRS with one of the following mutations in AAP:
T97TGA, T110TGA, or T124TGA. 5-hydroxy-L-tryptophan (SHTP) was added to the cell
media to test the UAA-dependence of AAP production. Cells were lysed with CelLytic™
M (Sigma-Aldrich) with 0.00001% Pierce Universal Nuclease. The resultant lysate was
flash-frozen and stored at -80°C. Lysate was thawed and used to infect new HEK-293T
cells with sodium butyrate to 1.0 mM. After 48 hours, cells were imaged and lysed, and
GFP fluorescence was measured.

3.5.8 Mock selections to determine if VADER is possible with AAP as a selection handle

HEK-293T cells were simultaneously infected with 5 MOI of rAAV-GFP-PytR and
0.05 MOI of rAAV-mCherry-WtR. These cells were transfected with pHelper and
pIDTSMART -RC2-AAPstop60-CMV-AAP-CMV-WRS, and SHTP was added to the cell
media to 1.0 mM. Output virus was harvested, PEG precipitated, and flash frozen for
storage at -80°C.

Fresh HEK-293T cells were infected with the input virus (calculated to deliver

rAAV-GFP-PytR and rAAV-mCherry-WtR to the selection cells at a ratio of 100:1) or the
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virus harvested after selection, with sodium butyrate to 1.0 mM. These infected cells were
analyzed using flow cytometry to determine the ratio of green to red cells, which would
correspond to the ratio of cells infected by rAAV-GFP-PytR to cells infected by rAAV-

mCherry-WtR.
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Chapter 4

Development of an optimized baculovirus vector for
incorporation of lysine analogs
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4.1 Introduction

Chapter 2 of this thesis examined improvements to the VADER selection protocol
using baculovirus vectors. This chapter will focus on the development of optimized
baculovirus vectors to improve the incorporation of a variety of UAAs in mammalian cells,
using tRNAs evolved using the VADER selection platform.

4.1.1 Different methods to deliver genetic code expansion machinery to mammalian cells

There are multiple vector types for expressing the machinery needed to install
UAAs in proteins in mammalian cells. Each vector has benefits and drawbacks to its use,
especially in the context of delivering small gene products such as tRNAs, which may be
required at higher copy numbers to improve stop codon suppression.

4.1.1a Transient transfection

Because mammalian cells exhibit poor transformation efficiency,! the most
commonly used method to deliver DNA to mammalian cells is transient transfection.
Transfection is a simple procedure to perform in mammalian cells, as the only materials
required are purified plasmids and transfection reagents. Researchers can deliver the
orthogonal aaRS/tRNA pair and the gene of interest containing a stop codon, using one or
two plasmids, and achieve relatively high transfection efficiencies. However, if the
experiment requires more extensive genetic cargo, such as any work involving the
CRISPR-Cas system, it may be necessary to use additional plasmids to deliver all of the
cargo to the host cells. Since transfection efficiency drops with each additional plasmid
used, and since DNA distribution to host cell nuclei during transient transfection is highly
heterogeneous,” ™ using this method may not result in optimum UAA incorporation in the

target protein.
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4.1.1b AAV

Viral vectors are attractive delivery vehicles for transducing mammalian cells. It is
possible to infect cells with precise copy numbers of viruses, making delivery of DNA
much more homogenous than with transient transfection. Modern molecular biology
techniques have rendered facile the production of high titers of recombinant viruses for use
in complex experiments.

AAV is one of the most popular viral vectors for use in research and clinical
applications. This virus exhibits low immunogenicity due to its small size, as well as low
cytotoxicity because it cannot replicate without co-infection of a helper virus.>”’” AAV is
therefore an excellent choice for a DNA delivery vector due to this favorable biosafety
profile for researchers and patients. Its single-stranded DNA genome is relatively stable,
but it is small at approximately 5 kb, in comparison to other viruses used to deliver DNA
to mammalian cells.® AAV’s capsid is rigid and cannot tolerate inclusion of additional
genetic material, so if an experiment requires the delivery of large amounts of genetic
cargo, it will be necessary to use multiple rAAV vectors.*!°

One additional drawback to using AAV as a vector is particularly problematic for
genetic code expansion experiments. Replication of AAV’s single-stranded DNA genome
relies on Rep proteins binding to the ITRs.!!'2 RNA sequences in the AAV genome can
fold in on themselves to make hairpins, and Rep proteins can “mistake” these hairpins for
the 5° ITR and truncate the genome during replication.!*'* These truncations can excise
key components of the rAAV cargo, and are much more likely to occur when the cargo
contains tRNAs for use in stop codon suppression or sgRNAs for use in CRSIPR

experiments. While AAV is an excellent vector for delivering proteins of interest to
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mammalian cells, its tendency towards truncation with RNA cargos limits its use for
genetic code expansion applications.
4.1.1c Lentivirus

Lentiviral vectors have increased in popularity as DNA delivery vehicles due to
their large cargo capacity and ability to integrate into the mammalian genome. Retroviruses
use reverse transcriptase to replicate their RNA genomes, so the DNA daughter strands can
integrate into genomic DNA to produce stable cell lines. This feature is attractive for
researchers because stably integrated genes can offer more homogenous and robust
expression than can transient transfection. Since lentiviruses such as HIV-1 are highly
pathogenic to humans, it is essential for researcher safety that all vectors used be
replication-deficient. Recombinant lentivirus vectors are typically pseudotyped with VSV-
G instead of the viral envelope protein Env to expand the viral tropism.!®> Third-generation
lentivirus vectors split the replication-deficient HIV-1 genome into four plasmids to reduce
the probability of recombination that could create replication-competent viruses.'® While
this third-generation system is safer for human researchers and patients receiving these
vectors for gene therapies, it faces the same limitation of decreased transfection efficiency
yielding lower viral titers than systems that rely on fewer plasmids.

Lentivirus has been used for genetic code expansion applications in mammalian
cells. Expression of UAA-containing proteins appears to improve when the lentiviral
vectors are used to stably integrate the aaRS/tRNA pair into the genome than when the

17-19 but genomic integration can lead to

cargo is delivered via transient transfection.,
disruption of essential host cell genes. Additionally, the risk of recombination in

lentiviruses is still high with their single-stranded RNA genomes,?® so it may be difficult

73



to reliably produce recombinant lentivirus containing tRNA cassettes to use for genetic
code expansion.
4.1.1d Baculovirus

Baculovirus vectors solve the problems posed by transient transfection and by AAV
and lentivirus vectors. As is the case with AAV and lentivirus, infection with baculovirus
results in much more homogenous transgene expression than does transient transfection.?!
Baculovirus is an insect virus that has been pseudotyped with VSV-G to allow it to infect

mammalian cells;?>2*

its genome is silent in human cells, so it is safe for researchers to
use.? These features also make baculovirus a useful vector for in vivo applications.
Unlike AAV, baculovirus has a large genome with a potentially unlimited cargo
capacity because of the mechanism of genome packaging involves continuous assembly of
capsid proteins around the DNA until it is fully enclosed.?®?” This massive cargo capacity
allows researchers to produce recombinant baculovirus containing all of the genes needed
for complex experiments, including genetic code expansion. Baculovirus’s large, double-
stranded DNA genome is quite stable and can carry highly repetitive cassettes of tRNAs
without any evidence of recombination.?! Because the virus genome itself is quite large
(approximately 134 kb), it is not practical to clone transgenes directly into it.2° Instead,
transgenes can be cloned into shuttle plasmids which are transformed into DH10Bac cells
to undergo recombination with a bacmid that contains the rest of the baculovirus
genome.?$? Researchers can choose to transfect the shuttle plasmids directly into host

cells, which is a convenient procedure, or to produce infective baculovirus, which will

transduce cells more homogenously. These features (large and stable genome, safe use, and
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flexibility of use) make baculovirus an ideal vector to deliver the genetic machinery needed
for unnatural amino acid incorporation in mammalian cells.

4.1.2 A new baculovirus vector for the pyrrolysyl system

Previous work has produced baculovirus vectors for tyrosyl and pyrrolysyl systems
to incorporate tyrosine and lysine derivatives in proteins in mammalian cells.?!** The
baculovirus vector pAcBac3 in particular optimizes incorporation of O-methyltyrosine
(Figure 4.1) over the original pAcBac2 system, with 20 copies of the suppressor tyrosyl
tRNA (YtR) and UbiC promoter for the aaRS (Figure 4.2).2! Since the pyrrolysyl system
is popular for genetic code expansion applications in mammalian cells (due to the ease of
evolving synthetases in bacteria that will be naturally orthogonal in eukaryotes),?%3! it
would be beneficial for the scientific community to have an optimized baculovirus vector

for the pyrrolysyl system.

O

OH

\O NH2

Figure 4.1. Structure of O-methyltyrosine. The baculovirus vector pAcBac3 was able to
significantly improve the incorporation of O-methyltyrosine in proteins in mammalian
cells.
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Figure 4.2. Map of pAcBac3 baculovirus vector.?! 20 copies of the tRNA cassette
(distributed over three locations within the vector, one of which contains 16 tandem repeats
of the tRNA) rescues incorporation of O-methyltyrosine in mammalian cells.

As previously discussed, the VADER selection scheme has yielded tRNAs that
install lysine variants in response to TAG stop codons much more efficiently.>> Two of
these variants, A2 and HTS25, have activities that improve the incorporation of AzK
several-fold over that of the wild type PytR, in experiments where they are delivered via
transient transfection (HTS25: unpublished data). Since infection by baculovirus results in
much more homogenous host cell transduction than does transient transfection,?! a
baculovirus vector carrying these improved PytR variants would improve stop codon-
containing transgene expression both by increased DNA delivery to the nucleus and by

enhanced tRNA activity. This enhanced baculovirus vector will be highly beneficial to the

scientific community.
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Even though baculovirus vectors have the potential to be the standard vector for
mammalian genetic code expansion, their use has not been broadly adopted by researchers
in this field. The development of a baculovirus vector that contains evolved PytR variants,
as well as genes for an evolved synthetase and stop codon-containing protein of interest
that can be easily exchanged via molecular cloning, has the potential to popularize the use
of these versatile vectors.

In this chapter, I demonstrate that delivering tRNAs by infecting cells with
baculovirus allows researchers to deliver low copy numbers of tRNAs to cells and to see
improved activity in an evolved PytR variant that is not evident when the cells receive more
copies of the tRNAs. In addition, I develop an enhanced baculovirus vector using another,
more efficient PytR variant. I determine the optimum promoter to use with the MbPyIRS
and whether a nuclear export sequence improves UAA incorporation in this system.
Finally, I demonstrate that this vector can be used with a number of different evolved
MDbPyIRS variants to incorporate a variety of UAAs into proteins in mammalian cells.

4.2 Results and Discussion

4.2.1 Comparing A2 PytR variant to wild type PytR

Previously, Kelemen et al. evolved a PytR variant A2 that outperforms the wild
type PytR by 300%, as demonstrated via transient transfection in HEK-293T cells.** While
this demonstrated improvement is considerable, it is possible that A2’s actual improved
efficiency would be even more evident were the tRNAs delivered at lower copy numbers.
With transient transfection, cells that receive DNA may receive hundreds of copies of the
tRNA, and the difference in performance between tRNAs may not be evident when there

are so many copies of a less efficient tRNA. I generated baculovirus vectors to carry the
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tRNAs so that I could precisely control the copy numbers delivered to cells, as well as
ensure a homogenous distribution of infected cells.

While infective titer by FACS is more precise than by using the Clontech
BacPAK™ Baculovirus Rapid Titer Kit, meaning that it is possible to deliver precise copy
numbers of baculovirus to target cells, there is still variation in expression of the genes
these viruses encode. To control for this variation in gene expression from the MTH-
mCherry and tRNA containing viruses, | analyzed all GFP expression data by comparing
it to the mCherry expression data for that particular treatment. Results are therefore given
as normalized GFP and mCherry fluorescence in RFU, and also as GFP/mCherry ratios.

Expression of eGFP from the pAcBac-CMV-MbPyIRS-CMV-GFPtag39 virus
reached approximately 10% that of wild type eGFP expression from pAcBac-CMV-
MbPyIRS-CMV-GFPwt. For cells infected with baculovirus containing MTH-mCherry,
mCherry expression increased approximately linearly as MOI increased, for both PytR and
A2 virus (Figure 4.3). In cells infected with wild type PytR virus, GFP expression
continued to increase with MOI up to the maximum MOI of 20 (Figure 4.4). For A2 virus,
GFP expression plateaued at approximately 400 RFU with infection from 5-20 MOI,
indicating that even at low copy numbers (20-80 copy numbers, with 4xtRNA per virus),
this tRNA has maximized its ability to incorporate BocK at TAG codons in mammalian

cells.
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Figure 4.3. mCherry fluorescence of cells infected with baculovirus. HEK-293T cells
were infected with 100 MOI of GFP-containing virus (either wild type GFP or GFP39tag)
and varying MOIs of viruses containing 4 copies of a tRNA cassette (wild type PytR or
A2) and mCherry expressed from the zinc metallothionine promoter. After 48 hours, cells
were imaged and lysed, and mCherry and GFP fluorescence was taken.

4500 -
4000
3500
3000
2500
2000
1500
1000
500

B WT Avg
B0 tRNA Avg
@ PytR Avg
@A2 Avg

Normalized GFP Fluprescence (RFU)

500 - WT 0MOI 3MOI 5MOI 10 MOI20 MOI 20 MOI
tRNA  Virus Virus Virus Virus+ Virus -
Virus BocK BocK

A

79



500 -

=)
(¥
&€ 400 - %
]
S
o 300 -
(]
o &0 tRNA Avg
>
L 200 1 @ PytR Avg
[T
(U]
mA2 Av
S 100 - &
Q
N
s
E o
2 OMOlI 3MOI 5MOl 10 MOl 20 MOI 20 MOI

-100 - tRNA Virus Virus Virus  Virus+ Virus -
Virus BocK BocK

(B)

Figure 4.4. GFP fluorescence of cells infected with baculovirus. HEK-293T cells were
infected with 100 MOI of GFP-containing virus (either wild type GFP or GFP39tag) and
varying MOIs of viruses containing 4 copies of a tRNA cassette (wild type PytR or A2)
and mCherry expressed from the zinc metallothionine promoter. After 48 hours, cells were
imaged and lysed, and mCherry and GFP fluorescence was taken. (A) GFP fluorescence
of all treatments. (B) GFP fluorescence of cells that received GFP39tag virus and tRNA
viruses.
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Figure 4.5. Comparison of GFP/mCherry ratios of A2 and wild type PytR. For each
tRNA at each MOI, ratios were taken of average GFP values and average mCherry values.
The ratio of these ratios (A2/wild type) at each MOI is provided here.
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Comparing GFP/mCherry values for each virus at each MOI demonstrates the
superiority of the A2 tRNA. The ratio between A2’s and the wild type PytR’s
GFP/mCherry ratios is highest at MOI of 3 and decreases as MOI increases (Figure 4.5),
which indicates that as copy number decreases, the heightened efficiency of this evolved
tRNA becomes more important. At MOI of 3, the ratio between A2’s and the wild type
PytR’s GFP/mCherry ratios is 17.4, which shows an improvement far beyond the 3-fold
improvement previously suspected for A2 when the comparisons were made by delivering
the tRNAs via transient transfection.

4.2.2 Designing an optimized PytR baculovorus vector

While infection via baculovirus allows for exquisite copy number control and
homogenous DNA delivery, most applications for stop codon suppression in mammalian
cells make use of transient transfection, as this method requires less time and labor than
does preparing baculovirus vectors. Therefore, I set out to design a baculovirus vector that
makes use of our highest-performing PytR, HTS25, that was developed using the VADER
selection scheme. Each of these viral vectors contains an mCherry-TAG-GFP construct,
which allows each vector to act as its own internal control for fluorescence expression.

In the pAcBac3 vector optimized for TAG suppression and O-methyltyrosine
(OMeY) incorporation, putting the synthetase under the control of the weaker promoter
UbiC (as opposed to the strong promoter CMV) predictably decreased synthetase
expression, but substantially improved the expression of eGFPtag39.2! To determine which
promoter would enable the expression of more GFP in this vector, I compared
GFP/mCherry ratios in cells transfected with either pAcBac-CMV-MbPyIRS-CAG-

mCherry-TAG-GFP-4xHTS25 or pAcBac-UbiC-MbPyIRS-CAG-mCherry-TAG-GFP-
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4xHTS25 (Figure 4.6). These vectors only contained one tRNA cassette due to cloning site
restrictions after cloning in the different promoters. The GFP/mCherry ratio for the vector
with the CMV promoter was 2.3x higher than that of the vector with the UbiC promoter,
demonstrating that unlike with the tyrosyl vector, having the synthetase under the control
of the stronger promoter in the pyrrolysyl vector improves stop codon suppression.

I cloned in an extra copy of the tRNA cassette into the vector with the CMV
promoter, and made a similar construct using the wild type PytR, so that each vector had
eight copies of its respective tRNA. The GFP/mCherry ratio for the 8xPytR vector was
slightly lower than that for the 4xHTS25 vector, which demonstrates that even by transient
transfection, which delivers high copy numbers of the DNA to cells, that cells needed twice
as much of the wild type PytR to make as much GFP as the cells that received HTS25 did.
The 8xHST25 vector performed 1.4x better than did the 8xPytR. It is likely that the
differences between these vectors will be more extreme when they are packaged into

baculoviruses and infected at low MOI.
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Figure 4.6. Comparison of GFP/mCherry ratios of HTS25 and wild type PytR. HEK-
293T cells were transfected with pAcBac vectors containing the mCherry-TAG-GFP
cassette and the MbPyIRS under control of either the CMV or the UbiC promoter. These
vectors contained 4 or 8 copies of the HTS25 tRNA, or 8 copies of the wild type PytR. One
of the 8xHTS25 vectors also contained an MbPylRs with a nuclear export sequence (nes)
on its N-terminus. (A) mCherry fluorescence of lysate of infected cells. (B) GFP
fluorescence of infected cell lysate. (C) Comparison of mCherry/GFP ratios between cells
infected with each vector.

While the differences between the wild type PytR and the HTS25 variant are
evident even by transfection, the nuclear export sequence on the N-terminus of the
MbPyIRS did not make a substantial improvement to BocK incorporation when these

vectors were delivered by transient transfection. Many small differences between
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performance of these synthetases may have masked because of the high copy numbers
delivered to each cell in transfection experiments, so it is possible that the NES may offer
a substantial improvement to BocK incorporation once baculovirus is produced using these
vectors and used to infect mammalian cells.

4.2.3 Incorporating other optimized synthetases

There have been a variety of pyrrolysyl synthetase variants that have been
optimized to charge lysine variants of various sizes and characteristics for different uses. I
made pAcBac vectors with some of these MbPyIRS variants to demonstrate the versatility
of these vectors for incorporating such diverse UAAs.

The NBK RS developed by the Schultz lab can be used to incorporate photocaged
lysine variants. I replaced the wild type MbPyIRS with the NBK-RS to produce pAcBac-
CMV-NBK-MbPyIRS-CAG-mCherry-TAG-GFP-8xHST25 and  compared  the
incorporation of the photocaged lysine PCK (Figure 4.7) between cells transfected with
this plasmid and its wild type MbPyIRS counterpart. The GFP/mCherry ratios were 4.4x
higher with the NBK-RS vector than with the wild type RS, and there was negligible GFP
expression from either vector in the absence of PCK (Figures 4.8, 4.9). This NBK-RS
pAcBac vector with the evolved tRNA cassettes is therefore a highly useful tool for

incorporating photocaged lysine UAAs in mammalian cells.
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Figure 4.7. Structure of the photocaged lysine PCK.
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Figure 4.8. Comparison of NBK-MbPyIRS and wild type MbPyIRS to charge PCK.
HEK-293T were transfected with pAcBac-CMV-NBK-MbPyIRS-CAG-mCherry-TAG-
GFP-8xHST25 or pAcBac-CMV-MbPyIRS-CAG-mCherry-TAG-GFP-8xHST25. Cells
were imaged after 72 hours.
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Figure 4.9. Comparison of GFP/mCherry ratios for NBK-RS and the wild type
MbPyIRS. HEK-293T cells were transfected with pAcBac vectors containing the
mCherry-TAG-GFP cassette and either the wild type MbPyIRS or the NBK-RS. Cells were
imaged and lysed after 72 hours, then GFP and mCherry fluorescence were taken. (A)
mCherry fluorescence of lysate of infected cells. (B) GFP fluorescence of infected cell
lysate. (C) Comparison of mCherry/GFP ratios between cells infected with either the wild
type synthetase or the NBK-RS.

Diazirine lysine (DiazK; Figure 4.10) is another photocaged amino acid for which
an MbPyIRS has been evolved. Unlike its NBK counterpart, pAcBac-CMV-DiazK-
MbPyIRS-CAG-mCherry-TAG-GFP-8xHST25 did not result in higher GFP expression
than the vector with the wild type MbPyIRS (Figure 4.11). Rather, GFP/mCherry ratio for
the wild type synthetase was 7.6x higher than that for the DiazK synthetase (Figure 4.12).
It is possible that in the context of this vector, the DiazK synthetase was not expressed

optimally for DiazK incorporation, and that using a different promoter for this gene would

improve synthetase function.
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Figure 4.10. Structure of DiazK.

DiazK-RS

+ DiazK

- DiazK

Figure 4.11. Comparison of DiazK-MbPyIRS and wild type MbPyIRS to charge
DiazK. HEK-293T were transfected with pAcBac-CMV-DiazK-MbPyIRS-CAG-
mCherry-TAG-GFP-8xHST25 or pAcBac-CMV-MbPyIRS-CAG-mCherry-TAG-GFP-
8xHST25. Cells were imaged after 72 hours.
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Figure 4.12. Comparison of GFP/mCherry ratios for DiazK-RS and the wild type
MbPyIRS. HEK-293T cells were transfected with pAcBac vectors containing the
mCherry-TAG-GFP cassette and either the wild type MbPyIRS or the DiazK-RS. Cells
were imaged and lysed after 72 hours, then GFP and mCherry fluorescence were taken.
(A) mCherry fluorescence of lysate of infected cells. (B) GFP fluorescence of infected cell
lysate. (C) Comparison of mCherry/GFP ratios between cells infected with either the wild
type synthetase or the DiazK-RS.

Ne-acetyl-L-lysine (AcK) is a UAA whose incorporation in mammalian cells at the
point of translation mimics the posttranslational acetylation of lysine (Figure 4.13). There
is an MbPyIRS variant selected for incorporation of AcK. In this backbone, however, it did
not incorporate AcK at a level that improved GFP expression more than did the wild type
synthetase (Figure 4.14). Both synthetases incorporated GFP at a negligible level (Figure

4.15). The context of this vector may also require further optimization for use with this
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synthetase, such as using a different promoter for the synthetase as the tyrosyl RS requires

in pAcBac3.?!
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Figure 4.13. Structure of AcK.
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Figure 4.14. Comparison of AcK-MbPyIRS and wild type MbPyIRS to charge AcK.
HEK-293T were transfected with pAcBac-CMV-AcK-MbPyIRS-CAG-mCherry-TAG-
GFP-8xHST25 or pAcBac-CMV-MbPyIRS-CAG-mCherry-TAG-GFP-8xHST25. Cells
were imaged after 72 hours.
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Figure 4.15. Comparison of GFP/mCherry ratios for AcK-RS and the wild type
MbPyIRS. HEK-293T cells were transfected with pAcBac vectors containing the
mCherry-TAG-GFP cassette and either the wild type MbPyIRS or the AcK-RS. Cells were
imaged and lysed after 72 hours, then GFP and mCherry fluorescence were taken. (A)
mCherry fluorescence of lysate of infected cells. (B) GFP fluorescence of infected cell
lysate. (C) Comparison of mCherry/GFP ratios between cells infected with either the wild
type synthetase or the AcK-RS.

There is a MbPyIRS variant (the biotin-lysine variant, or Biotin-K) that is a
polyspecific synthetase capable of charging a number of diverse lysine variants, including
those too large for most synthetases. I compared the performance of this synthetase with
that of the wild type MbPyIRS at incorporating azidolysine (AzK; Figure 2.14) and cyclo-
octyne lysine (SCOK; Figure 4.16). The wild type synthetase outperformed the Biotin-K
synthetase at incorporating AzK into the mCherry-TAG-GFP construct (Figure 4.17), with

a GFP/mCherry ratio 1.4x that of the Biotin-K’s GFP/mCherry ratio. With SCOK,
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however, the Biotin-K synthetase had a GFP/mCherry ratio an impressive 53x that of the
wild type synthetase’s GFP/mCherry ratio (Figure 4.18). The wild type synthetase did not
charge SCOK well, as evidenced by the little GFP fluorescence in cells transfected with
the wild type synthetase pAcBac construct and provided with SCOK. This wild type
synthetase does not have an active site large enough to accommodate large amino acids
such as SCOK, but the Biotin-K synthetase’s evolved active site is. The Biotin-K
synthetase did charge AzK, and did produce an appreciable amount of GFP, but its activity
was not as high as the wild type synthetase’s. This variation in performance is to be
expected in a polyspecific synthetase, especially one with a substrate range as large as that

of the Biotin-K synthetase, as it is not possible for a synthetase to optimally charge such

0 ()

HN O

different UAAs with equal efficiency.

NH,” “COOH

Figure 4.16. Structure of cyclo-octyne lysine (SCOK).
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Figure 4.17. Comparison of BiotinK-MbPyIRS and wild type MbPyIRS to charge
AzK and SCOK. HEK-293T were transfected with pAcBac-CMV-BiotinK-MbPyIRS-
CAG-mCherry-TAG-GFP-8xHST25 or pAcBac-CMV-MbPyIRS-CAG-mCherry-TAG-
GFP-8xHST?25. Cells were imaged after 72 hours.
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Figure 4.18. Comparison of GFP/mCherry ratios for AcK-RS and the wild type
MbPyIRS. HEK-293T cells were transfected with pAcBac vectors containing the
mCherry-TAG-GFP cassette and either the wild type MbPyIRS or the AcK-RS. Cells were
imaged and lysed after 72 hours, then GFP and mCherry fluorescence were taken. (A)
mCherry fluorescence of lysate of infected cells. (B) GFP fluorescence of infected cell
lysate. (C) Comparison of mCherry/GFP ratios between cells infected with either the wild
type synthetase or the BiotinK-RS, for each UAA.

4.3 Conclusion

These experiments demonstrate the power of baculovirus vectors for incorporating
UAAs into proteins in mammalian cells. These vectors, when made into P1 baculovirus,
can deliver aaRS/tRNA pairs to mammalian cells with exquisite control over copy number.
Transduction by virus allows the homogeneous distribution of DNA across the population
of cells, which is useful in in vivo experiments, as well as delivery of low copy numbers of
virus to each cell, which here allows the true elucidation of the improved efficiency of an
evolved tRNA. Even though the superiority of this evolved tRNA is most evident in
infection experiments, these pAcBac vectors are also useful when they are delivered via
transient transfection. The NES appended to the N-terminus of the synthetase unfortunately
does not boost stop codon suppression by a measurable amount with transfection, when
many small differences in efficiencies between constructs are masked. HTS25’s superiority
over the wild type PytR in suppressing TAG codons is evident even in these transfection

experiments, as eight copies of the wild type PytR are required for the same amount of stop
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codon suppression as provided by four copies of HTS25. These vectors can be used for a
variety of experiments, as the synthetase in the vector can be easily swapped for one
specifically suited to the experiment. Overall, these pAcBac vectors present a useful tool
for the chemical biology community to use in experiments involving lysine variants and
TAG suppression in mammalian cells.
4.4 Acknowledgments

Dr. Yunan Zheng gave me access to her plasmid stocks and trained me to prepare
recombinant baculovirus. Dr. Sarah Erickson gave me access to her plasmid stocks and
stores of UAAs. Dr. Renpeng Gu gave me access to the stock of plasmid containing the
DiazK-RS.
4.5 Materials and Methods

4.5.1. Strains and cell lines

Plasmid propagations were performed as described in Chapter 2 of this thesis. Sf9
cells and HEK-293T cells were maintained as described in Chapter 2.

4.5.2. Plasmids

All plasmid maps and sequences can be found in the Appendix.

The plasmids pAcBac-CMV-MbPyIRS-CMV-GFPwt and pAcBac-CMV-
MbPyIRS-CMV-GFP39tag were propagated from Dr. Rachel Kelemen’s stocks.

To construct pAcBac-4xPytRwt-MTH-mCherry and pAcBac-4xA2-MTH-
mCherry, pAcBac-4xPytRwt and pAcBac-4xA2 (both from Dr. Kelemen’s stocks) were
cut with Sbfl and Notl. An MTH-mCherry g-block was amplified with the primers MTH-
mCherry-Sbfl-F and MTH-mCherry-NotI-R, and this cassette was cloned into the pAcBac

plasmids.
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The mCherry-TAG-GFP construct consists of a wild type mCherry protein,
followed by a flexible linker containing a stop codon (Gly-Gly-Ser-TAG-Gly-Gly-Ser),
and then a wild type EGFP protein. To produce this construct, the N-terminus of the
flexible linker was added to wild type EGFP using the primer Nhel-linker-EGFP-F, with
the reverse terminal primer GFP-EcoRI-6xHis-R. This fragment was cloned into pAcBacl-
GFPwt using the EcoRI and Nhel sites to produce the intermediate plasmid pAcBacl-
GFPwt+linker. The mCherry component of the construct was amplified with the primers
Nhel-Kozak-mCherry-F and mCherry-linker-Avrll-R, which added a Kozak sequence to
the 5’ end of the DNA fragment and the other half of the linker to the C-terminus of
mCherry. The intermediate plasmid pAcBacl-GFPwt+linker and this second DNA
fragment were digested with Nhel and Avrll, and the mCherry half of the construct was
cloned into these sites, destroying the Nhel and AvrlI cut sites in the linker and producing
the plasmid pAcBac-mCherry-TAG-GFP. The mCherry-TAG-GFP construct can be cut,
intact, from the plasmid using the Nhel and EcoRI cut sites for ease of future clonings.

To produce pAcBac-CMV-MbPyIRS-CAG-mCherry-TAG-GFP-4xHTS25 and
pAcBac-CMV-MbPyIRS-CAG-mCherry-TAG-GFP-4xPytRwt, a number of intermediate
plasmids were generated before arriving at the final constructs. I digested pIDT-4xHTS25
and pIDT-4xPytRwt with Avrll and Nhel. I digested pAcBac-CMV-MbPyIRS-WPRE-
CAG-GFPtag39Avrlldel-WPRE with Avrll and cloned the 4xHTS25 and 4xPytRwt
cassettes in using those cut sites to generate the intermediate plasmids pAcBac-CMV-
MbPyIRS-CAG-GFPtagAvrlldel-4xHTS25 and pAcBac-CMV-MbPyIRS-CAG-
GFPtagAvrlldel-4xPytRwt. To add a second tRNA cassette to bring the total tRNA copy

number in each plasmid to 8, I digested the intermediate plasmids with Spel, which is
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compatable with both Avrll and Nhel, allowing me to produce the plasmids pAcBac-CM V-
MbPyIRS-CAG-GFPtagAvrlldel-8xHTS25 and pAcBac-CMV-MbPyIRS-CAG-
GFPtagAvrlldel-8xPytRwt.

It was necessary to replace the GFPtag construct with the mCherry-TAG-GFP
construct so that there would be an internal fluorescent control in all experiments using
these plasmids. Sfil sites were added to either end of the mCherry-TAG-GFP-WPRE
construct using the primers Gibson-mCherry-F and Gibson-WPRE-R. The intermediate
plasmids pAcBac-CMV-MbPyIRS-CAG-GFPtagAvrlldel-4xHTS25, pAcBac-CMV-
MbPyIRS-CAG-GFPtagAvrlldel-4xPytRwt, pAcBac-CMV-MbPyIRS-CAG-
GFPtagAvrlldel-8xHTS25, and pAcBac-CMV-MbPyIRS-CAG-GFPtagAvrlldel-
8xPytRwt were all digested with Sfil to remove the GFPtag construct, and the mCherry-
TAG-GFP-WPRE construct was added to each of these plasmids using Gibson assembly
to produce pAcBac-CMV-MbPyIRS-CAG-mCherry-TAG-GFP-4xHTS25, pAcBac-
CMV-MbPylRS-CAG-mCherry-TAG-GFP-4xPytR, pAcBac-CMV-MbPyIRS-CAG-
mCherry-TAG-GFP-8xHTS25, and pAcBac-CMV-MbPyIRS-CAG-mCherry-TAG-GFP-
8xPytR.

pAcBac-UbiC-MbPyIRS-CAG-mCherry-TAG-GFP-4xHTS25 were produced by
digesting pAcBac-CMV-MbPyIRS-CAG-mCherry-TAG-GFP-4xHTS25 with Spel and
Sacl, and using Gibson assembly with a UbiC fragment amplified with the primers Gibson-
UbiC-F and Gibson-Ubic-R.

The nuclear export sequence was added to the N-terminus of the MbPyIRS to
produce NES-MbPyIRS using the primers Nhel-Lemke-NES-MbPyIRS-F and MbPyIRS-

WPRE-Xhol-R. The point mutations to produce the Biotin-K MbPyIRS were introduced
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using the internal primers L274A-F, L274A-mut-R, V370R-F, V730R-mut-R, C313V-
M315Y-F, and C313V-M315Y-mut-R; and the terminal primers MbPylRS-Nterm-F and
MbPyIRS-Cterm-R.

4.5.3 Unnatural amino acids

PCK was synthesized as previously described.>® DiazK was purchased from
SiChem (catalog number SC-8034). AcK was purchased from Thermo Fisher Scientific
(catalog number AAJ613906). AzK was purchased from Iris Biotech (catalog number
HAA1625). SCOK was purchased from SiChem (catalog number SC-8000).

4.5.4 Producing recombinant baculovirus

Recombinant baculoviruses were produced as described in detail in Chapter 2 of
this thesis.

4.5.5 Comparing A2 PytR variant to wild type PytR

HEK-293T cells were infected with either pAcBac-CMV-MbPyIRS-CMV-GFPwt
or pAcBac-CMV-MbPyIRS-CMV-GFPtag39 P1 virus at 100 MOI. Cells that received
GFPtag39 virus received either pAcBac-4xPytRwt-MTH-mCherry or pAcBac-4xA2-
MTH-mCherry P1 virus at the following MOIs: 0, 3, 5, 10, or 20. BocK was also added to
the cell media of wells that received GFPtag39 and tRNA virus. No BocK controls wells
received GFPtag39 virus and either tRNA virus at MOI 20.

4.5.6 Designing an optimized PytR baculovorus vector

To determine whether the CMV or UbiC promoter for the MbPyIRS is optimum
for enhancing the incorporation of lysine variants at TAG codons, pAcBac-CMV-

MbPyIRS-CAG-mCherry-TAG-GFP-4xHTS25 was compared with pAcBac-UbiC-
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MbPyIRS-CAG-mCherry-TAG-GFP-4xHTS25 via transient transfection, with and
without the addition of BocK to the cell media.

To demonstrate the improvement of the HTS25 PytR over the wild type PytR, I
compared pAcBac-CMV-MbPyIRS-CAG-mCherry-TAG-GFP-8xPytR to pAcBac-CMV-
MbPyIRS-CAG-mCherry-TAG-GFP-8xHST25 via transient transfection, with and
without the addition of BocK to the cell media. I also compared pAcBac-CMV-MbPyIRS-
CAG-mCherry-TAG-GFP-8xHST25 to pAcBac-CMV-NES-MbPyIRS-CAG-mCherry-
TAG-GFP-8xHST25 via transient transfection to determine whether the Lemke nuclear
export sequence improved the incorporation of BocK and therefore GFP expression.

4.5.7 Incorporating other optimized synthetases

I compared pAcBac-CMV-NBK-MbPyIRS-CAG-mCherry-TAG-GFP-8xHST25
to the same vector with the wild type synthetase via transient transfection with a
photocaged lysine (PCK) as the substrate. I also tested pAcBac-CMV-DiazK-MbPyIRS-
CAG-mCherry-TAG-GFP-8xHST25 with DiazK, pAcBac-CMV-AcK-MbPyIRS-CAG-
mCherry-TAG-GFP-8xHST25 with AcK, and pAcBac-CMV-BiotinK-MbPylRS-CAG-

mCherry-TAG-GFP-8xHST25 with azidolysine (AzK) and cyclo-octyne lysine (SCOK).
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Chapter 5

A virus-based two-hybrid selection scheme to probe the
mammalian interactome
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5.1 Introduction

The prior chapters of this thesis focused on enhancing selection schemes for the
directed evolution of tRNAs and optimizing viral vectors for genetic code expansion in
mammalian cells. This chapter deals with using AAV-based selection schemes to develop
a high-throughput two-hybrid assay for detecting binding partners in the mammalian
proteome.

5.1.1 Two-hybrid selection

Many cellular processes are controlled by protein-protein interactions (PPIs).
Typical cellular functions, such as growth and differentiation, or signal transduction, rely
on PPIs.!? Parasites and pathogens also manipulate PPIs to gain access to cells and
replicate.’ Understanding the interactome in mammalian cells can help researchers to better
understand our physiology and how to treat diseases when the underlying causes involve

interactions between proteins.

Figure 5.1. Overview of a two-hybrid assay. In a two-hybrid system, a DNA binding
domain (typically Gal4) fused to a bait protein binds to the UASg region of the GAL1
promoter. The bait protein associates with the prey protein, which is fused to the VP16
transcription activator. VP16 binds to the promoter of the reporter gene, which is then
transcribed. (Image designed using BioRender.)

In a two-hybrid experiment, cells are transformed with plasmids containing a DNA

binding domain fused to a bait protein of interest, a transcription activator fused to a prey

protein (or one member of a library of proteins), and a reporter gene that cannot be
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expressed unless the DNA binding domain binds to an area upstream of the gene and the
transcription activator is recruited. The DNA binding domain will bind the region upstream
of the reporter gene, but the transcription activator will not be recruited unless the bait and
prey proteins physically associate. Transcription of the reporter gene is thus tied to the
interaction of the bait and prey proteins (Figure 5.1). Typically, the DNA binding domain
used is the Gal4 DNA binding domain (the N-terminus of the GAL4 protein, which binds
to the UASG in the GAL1 promoter).* The Herpesvirus protein VP16 is a popular
transcription activator.’

5.1.2 Yeast two-hybrid systems

The most commonly used two-hybrid system is the yeast two-hybrid system.®’
Yeast cells exhibit a number of advantages over bacteria and mammalian cells for use in
two-hybrid experiments,’ although two-hybrid protocols exist for each of those cell types.®
19 Transformation efficiency in yeast cells is good, and since yeast cells amplify and
maintain plasmids, recovering plasmids from them after a screen or a selection is simple.
Two-hybrid screens can be performed easily in yeast cells grown on X-gal with LacZ as
the reporter gene, turning colonies blue if the bait and prey proteins associate. Selections
are also straightforward using this system: growing an auxotrophic strain on media lacking
a particular essential amino acid like histidine and using a gene such as HIS3 as the reporter
protein will only result in cell survival and colony growth if the bait and prey proteins
interact. Since Saccharomyces cerevisiae is a eukaryote, mammalian bait and prey proteins
are more likely to be translated and folded properly than if the selection process took place
in bacteria. These features of the yeast two-hybrid system are attractive to researchers

investigating the eukaryotic interactome.
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While working with yeast is advantageous in many respects, yeast two-hybrid
systems also present problems when working with the mammalian interactome. Even
though yeast are eukaryotes, they are evolutionarily divergent from mammals, and many
mammalian proteins will not fold correctly in yeast due to lack of appropriate chaperones.
Additionally, certain PPIs may depend on post-translational modifications or other
interactome-dependent changes that are not possible when the proteins are removed from
their native context. Performing two-hybrid experiments directly in mammalian cells
would resolve these challenges.

5.1.3. Mammalian two-hybrid systems

Mammalian two-hybrid systems exist that allow detection of protein binding
partners in their native cellular contexts. In these systems, three plasmids are typically used
to deliver the necessary genetic cargo to the cells for the assay: the Gal4-bait protein fusion,
the VP16-prey protein fusion, and the reporter gene downstream of the UASg region of the
GALI1 promoter.!? This system is limited by the efficiency of transient transfection, as not
all cells will receive all three plasmids necessary to undergo the two-hybrid assay. One
solution could be a two-plasmid system in which the reporter gene and the bait/Gal4
binding domain are on the same plasmid and the VP16/prey fusion are on a different
plasmid. Unfortunately, it is not possible to control DNA delivery in transient transfection
across a large population in a single dish, so this method renders impossible the delivery
of library of prey proteins so that each cell only receives one library member. Without the
ability to deliver a single prey library member per cell, it is not possible to scan the

proteome for binding partners in a two-hybrid assay.
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A newer method using microarrays addresses this problem of extremely low-
throughput pairwise selections. Cell array protein-protein interaction assay (CAPPIA)
makes use of robotically printed microarrays and an autofluorescent reporter to deliver
DNA individually to cells deposited on a slide.!! This system permits testing of a library
of prey proteins using transient transfection, which would be impossible in a larger plate
where the researcher cannot control the delivery of individual plasmids. While CAPPIA
addresses this problem, its implementation is also limited. While the authors of this method
claim that CAPPIA is high throughput, they only tested a library of 160 prey proteins. That
library size may be an improvement upon what an individual researcher can test manually,
but under 200 proteins does not approach the size and complexity of the mammalian
proteome that a researcher may want to screen. To have a truly high throughput library, it
will be necessary to test several orders of magnitude more proteins that the CAPPIA system
has been used for thus far. Additionally, performing CAPPIA requires the use of a robot,
which not every lab has the means to purchase. A mammalian two-hybrid system should
be as high-throughput and accessible as its yeast counterparts.

5.1.4. Developing high throughput two-hybrid systems for mammalian cells

In order to develop a truly high throughput mammalian two-hybrid system, it will
be necessary to deliver the library of prey proteins to the host cells in a manner that ensures
that each host cell receives only one library member. The delivery technique that works
best for mammalian cells that meets that criterion is viral infection. As previously
discussed, recombinant viruses are easy to produce and titer, which allows researchers to

exert exquisite control over the copy number of viruses delivered to their host cells. Doing
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so allows a researcher to perform a selection or screen in a large plate of cells, much like a
bacterial or yeast selection, without the need for expensive robotics.

Recombinant AAV possesses a number of features that make it amenable to being
used for two-hybrid selections in mammalian cells. It is possible to make VP2/VP3-only
or VP3-only AAV capsids, but VP1 is required to produce infective virus.!>!3 It is also
possible to knock out VP1 expression from the AAV2 genome and place transcription of
VP1 under control of a separate promoter, which is a technique that has been used
successfully to install UAAs into only VP1 and not VP2 or VP3 (unpublished data).
Separating the genes for the proteins in this way can allow researchers to place VPI
transcription, and hence the production of infectious virus, under the control of a promoter
in a two-hybrid system. VP1 and the packaging of infectious virus becomes the reporter
for a prey library member binding to the bait protein. While AAV is a small virus with a
limited cargo capacity,'* the large majority of the human proteome is less than 1300 amino
acids in length,'> which is the upper limit for the size of a prey protein that can be fused to
VP16 and have the gene for this fusion fit within the AAV capsid. Infectious virus will
contain packaged DNA, which will include the gene for the prey protein whose association
with the bait protein prompted transcription of VP1. The genetic cargo of these reporter
viruses can be characterized to determine which library members are hits. rAAV can
potentially be both an excellent delivery vector and a reporter for a high throughput
mammalian two-hybrid system.

Screens such as CIPPIA and selections such as metabolics-based yeast two-hybrid
systems are certainly useful for identifying protein binding partners, but this goal is not the

only one that can be achieved with a selection system. Other selection schemes have
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evolved promoters in bacteria and yeast to improve production of a protein of interest.!6-1
If a consistent bait and prey protein pair can be maintained, the sequences of promoters can
be randomized and evolved to maximize reporter gene transcription.

Here, I present a two-hybrid selection scheme for use in mammalian cells. I
demonstrate that existing two-hybrid assays using secreted alkaline phosphatase (SEAP)
can be modified to use a fluorescent reporter. I then demonstrate that it is possible to place
VP1 under control of the two-hybrid system such that production of infectious virus
becomes the reporter. This system will allow researchers to develop a high throughput
selection using AAV as both a vector to deliver library members and a reporter from which
the sequence of a hit can be retrieved. I also demonstrate that this AAV-based two-hybrid
system produces different quantities of virus depending on the strength of the promoter
upstream of VP1. This AAV two-hybrid system can also therefore be used in the future to
evolve minimal promoters for general synthetic biology uses.

5.2 Results and Discussion

5.2.1 Producing GFP with the use of two-hybrid binding partners

To test the generalized applicability of Matchmaker Mammalian Assay (Takara)
protocol, I determined whether I could use a two-hybrid assay to express a reporter protein
of interest (in this case, SEAP and eGFP). The Gal4 binding domain binds to GAL1 binding
sites upstream of DNA to be transcribed, and the herpesvirus protein VP16 AD interacts
with host transcription factors to induce transcription. With the Matchmaker assay, a fusion
of the DNA binding domain GAL4 and the mouse p53 protein can bind to the fusion of the
herpesvirus protein VP16 AD and the SV40 large T-antigen through the association of p53

and the T-antigen. To provide a control, VP16 AD is fused to the polyoma virus coat
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protein (CP), which does not bind to p53. In addition to this test, in which GAL4 and VP16
must associate in the cell, I also provided a GAL4-VP16 fusion protein to determine the
maximum level at which eGFP can be expressed using this system (when these proteins

are constantly bound).
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Figure 5.2. Luminescence of cells testing the two-hybrid Mammalian Matchmaker
Assay. HEK-293T cells were transfected with plasmids to test this two-hybrid assay.
After 72 hours, the SEAP detection assay was performed with CSPD as the substrate.
With the luminescence assay, cells produced much more SEAP when they received
pM-53 and pVP16-T than when they received pM-53 and pVP16-CP or either pM-53 or
pVP16-T alone (Figure 5.2). This result demonstrates that the two-hybrid system functions
well in HEK-293T cells. While this system works well, luminescence assays are not as
facile to perform as are fluorescence measurements, and so I replaced SEAP with GFP in

the reporter plasmid to determine whether this system worked equally well for this reporter

protein (Figure 5.3).
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Figure 5.3. GFP fluorescence of cells using the two-hybrid system. SEAP was replaced
with GFP in the Mammalian Matchmaker Assay, and this system was tested alongside a
Gal4-VP16 fusion, with a constitutively expressed GFP as a control.

The vector pAcBacl-GFPwt acted as a control here, as transfection of this vector
in mammalian cells results in high levels of expression of eGFP (Figure 5.3a). Transfection
with the two-hybrid system of plasmids resulted in much lower levels of GFP production,
as expected. Unlike the luminescence assay, there was not a large difference between the

levels of GFP produced did not differ between treatments with pM-53 and pVP16-T, pM-

53 and pVP16-CP, pM-53 alone, and pVP16-T alone (Figure 5.3b). However, the treatment
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with the GAL4-VP16 fusion construct resulted in higher levels of GFP production,
indicating that it is possible to differentiate between levels of association between the two-
hybrid proteins based on this assay.

5.2.2 Testing the effects of minimal promoters on GFP production with a two-hybrid system

The original pGS5 vector controls the transcription of the reporter protein (originally
SEAP, which I swapped with GFP for convenience) with 5 consecutive GAL4 DNA
binding domains and a Kozak sequence. To improve production of the reporter protein, I
added different minimal promoters upstream of the Kozak sequence with the intention of
improving transcription of the reporter protein gene. I tested 3 different minimal promoters:
a TATA box, a YB-TATA box, and a minimal CMV synthetic promoter (see the appendix
for promoter sequences). For these experiments, I used the GAL4-VP16 fusion construct
to maximize transcription while testing which minimal promoter performed best.

In these experiments, the vector pAcBacl acted as a control. Cells transfected with
this plasmid produced much more GFP, which is expected because GFP is expressed
constitutively from the CMV promoter in that vector. The YB-TATA and minCMV
promoters performed better than the original construct, which lacked any promoter, as well
as the TATA promoter (Figure 5.4). There was 4.6x as much fluorescence from cells which
received GFP under the control of the minCMV promoter as from cells which received the
original construct. Importantly, there was negligible fluorescence in the absence of the
GAL4-VP16 fusion construct from all of the pG5-GFP plasmids tested. This system can
be reliably used for two-hybrid selections, as even a small amount of leakiness from the

promoter can cause false positives in a screen for protein binding partners.
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Figure 5.4. Comparison of GFP fluorescence using minimal promoters. HEK-293T
cells were transfected with Gal4-VP16 and GFP expressed from different minimal
promoters. After 72 hours, cells were imaged and lysed, and GFP fluorescence was
measured. (A) Including fluorescence from cells transfected with pAcBacl. (B) Only
including fluorescence from cells using the two-hybrid system.
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5.2.3 Producing rAAV dependent on two-hybrid selection

In order to create a system in which AAV can be used in a screen for mammalian
protein binding partners, it is necessary for the production of AAV to be dependent on the
association of Gal4 and VP16. To produce such a system, I used a construct in which VP1
is deleted from the genome of AAV and re-introduced under the control of the CMV
promoter. In this case, I replaced GFP with VPI in the pG5-minCV plasmid, so that
transcription of VP1 was under the control of the five Gal4 binding domains and the
synthetic minimal CMV promoter. In order for infectious AAV to be produced, the Gal4-
VP16 construct must be present promote transcription of VP1, which is required for AAV

to be infectious.
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Figure 5.5. mCherry fluorescence of cells infected with rAAV-containing lysate. Cells
were infected with rAAV produced by packaging cells to test the production of infectious
virus when VP1 expression is controlled by Gal4-VP16. After 48 hours, these cells were
imaged and lysed, and mCherry fluorescence was taken.
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Production of AAV with the construct in which VP1 is deleted from the genome
and then reintroduced on a CMV promoter (RC2-VP1del-CMV-VPI1) was 61.7% of that
produced from the wild type AAV2 genome (RC2wt), as measured by mCherry
fluorescence of cells infected with lysate from HEK-293T cells packaging virus (Figure
5.5). When VP1 is provided on the pG5-minCMV-VPI plasmid, and the rest of the AAV
genome (RC2-VPldel) and GAL4-VP16 are provided on a different plasmid, mCherry
fluorescence is 47.5% that from the RC2-VP1del-CMV-VP1 construct. This result
indicates that a substantial quantity of output virus can be produced from this system.

There was negligible virus produced when only minCMV-VP1 was provided, as
expected, since this treatment does not provide Rep, which is necessary for AAV DNA
replication, or VP2 and VP3, which are necessary to produce the majority of the AAV
capsid. Importantly, negligible infectious virus was produced when minCMV-VP1 was not
provided, indicating that the production of VPI from the minCMV promoter is indeed
essential to produce infectious AAV and that the output of this virus can be used to

determine whether GAL4 and VP16 are associated (Figure 5.6).

RC2-VP1-del- RC2-VP1-del-GAL4- RC2-VP1-del-GAL4-
WT RC2 CMV-VP1 VP16 + minCMV-VP1 minCMV-VP1 only VP16 only

¢ &

Packaging

Infection #43

Figure 5.6. Cells packaging rAAYV and cells infected with rAAV-containing lysate.
Cells were infected with rAAV-mCherry and transfected plasmids to test the conditionality
VP1 production dependent on Gal4-VP16 binding to the minCMV synthetic minimal
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promoter. After 72 hours, the packaging cells were imaged and lysed, and new cells were
infected with the lysate. These cells were imaged after 48 hours.

5.3 Conclusion

It is difficult to perform two-hybrid selections involving libraries of proteins in
mammalian cells due to the technical challenge of being able to provide only one library
member per cell. This virus-based system can circumvent that challenge and fill a gap in
the available technology to enable high-throughput two-hybrid selections. Putting an
essential viral protein, VP1, under the control of the GAL1 promoter enables infectious
AAV to act as both a DNA delivery vector and the two-hybrid reporter. The platform
presented here will be a valuable new application of directed evolution technology.
5.3.1 Future directions

This two-hybrid system, using VP1 as the output protein for the production of
infectious AAV, has the potential to be a highly responsive selection system. One could
provide a construct in which a bait protein is fused to GAL4 to cells via transient
transfection, and also infect the cells with rAAV in which the genome is a library of
proteins fused to VP16. With the two-hybrid selection system in which production of VP1
is tied to the association of GAL4 and VP16, infectious output virus would only be
produced if the protein contained in the rAAV genome could bind to the bait protein. This
system would allow researchers to scan the human proteome for binding partners of
particular bait proteins of interest.

While transcription of VP1 from the minCMV promoter led to the production of a
respectable quantity of AAV, the fluorescence output (and therefore likely infectious AAV
production) was less than half that which was produced when VP1 was under the control

of the larger CMV promoter. The difference between the activities of the typical CMV and
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the minimal promoters was even more stark with GFP expressed constitutively or from the
two-hybrid system. There appears to be a dynamic range in the activity of these promoters
sufficient for the evolution of more active minimal promoters. The two-hybrid system,
using infectious AAV as the reporter, would allow for this selection to be done with relative
ease.

5.4. Materials and Methods

5.4.1 Strains and cell lines

Plasmid propagations were performed as described in Chapter 2 of this thesis.
HEK-293T cells were maintained as described in Chapter 2.

5.4.2. Plasmids

All plasmid maps and sequences can be found in the Appendix.

pHelper, pAAV-mCherry+1xMmPytR, pIDTSMART-MbPyIRS-RC2wt,
pIDTSMART-MbPyIRS-RC2-VP1del, and pIDTSMART-RC2-VP1del-CMV-VP1wt
were propagated from Dr. Rachel Kelemen’s stocks. pAcBacl-GFPwt was propagated
from Dr. Yunan Zheng’s stocks.

pG5-SEAP, pM53, pVP16-T, and pVP16-CP were part of the Matchmaker
Mammalian Assay kit (Takara).

pECE-Gal4-VP16 was accessed from Addgene (plasmid #71728).

To produce pG5-GFP, eGFP was amplified from pAcBacl-GFPwt using the
terminal primers Xbal-eGFP-R and Sphl-Kozak-GFP-F, which also appended a Kozak
sequence to the 5° end of the gene for GFP. pG5-SEAP was digested with Xbal and Sphl,
and GFP was cloned into the plasmid using these cut sites. The TATA sequence was

appended to the 5° end of the GFP construct using the primer TATA-GFP-F. The YB
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TATA sequence was added to the 5’ end of the GFP construct using YB-TATA-GFP-F,
and the minimal CMV promoter was added to the GFP construct using min-CMV-GFP-F.
Each of these constructs was amplified using the reverse primer Kpnl-GFP-R because pG5-
GFP cannot be cut with Xbal due to DNA methylation that was not present in the context
of pG5-SEAP. pG5-GFP was cut with Kpnl and Sphl, and the GFP constructs were cloned
in to produce pG5-TATA-GFP, pG5-YBTATA-GFP, and pG5-minCMV-GFP.

The VP1-only construct was amplified out of pIDTSMART-RC2-VP1del-CMV-
VP1wt using the terminal primers Sphl-VP1-only-F and Xbal-VP1-only-R. The TATA,
YB TATA, and minCMV sequences were appended to the 5’ end of the VP1 construct
using the respective forward primers SphI-TATA-VP1-only-F, SphI-YBTATA-VP1-only-
F, and Sphl-minCMV-VP1-only-F. These constructs were cloned into the pG5 backbone
by digesting pG5-SEAP with Sphl and Xbal and ligating in the digested VP1 constructs to
produce pG5-VP1, pG5-TATA-VP1, pG5-YBTATA-VP1, and pG5-minCMV-VP1.

The Gal4-VP16 construct was amplified out of pECE-Gal4-VP16 using the
terminal primers Sbfl-Gal4-VP16-F and Avrll-Gal4-VP16-R. pIDTSMART-MbPyIRS-
RC2-VP1del was digested with Sbfl and Avrll, and the Gal4-VP16 construct was cloned
in to produce pIDTSMART-RC2-VP1del-Gal4-VP16.

5.4.3 Preparing recombinant AAV

Recombinant AAV was produced as described in detail in Chapter 2 of this thesis.

5.4.4 Producing GFP with the use of two-hybrid binding partners

The following plasmids were transfected into HEK-293T cells to test the
Matchmaker luminescence assay: pG5-SEAP with pM-53 and pVP-16T, pG5-SEAP with

pM-53 and pVP-16CP, pG5-SEAP with pM-53 only, and pG5-SEAP with pVP16-T only.
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Cells were lysed with CelLytic™ M (Sigma-Aldrich) with 0.00001% Pierce Universal
Nuclease. Lysate luminescence was measured using the GreatEscAPe™ SEAP
Chemiluminescence Detection Kit with CSPD as the substrate.

To determine whether it was possible to drive production of a protein of interest by
relying on two-hybrid selection, the following plasmids were transfected into HEK-293T
cells: pG5-GFP with pM-53 and pVP-16T, pG5-GFP with pM-53 and pVP-16CP, pG5-
GFP with pM-53 only, pG5-GFP with pVP16-T only, pG5-GFP with pECE-GAL4-VP16,
and pAcBacl-GFPwt as a control. Cells were lysed with CelLytic™ M (Sigma-Aldrich)
with 0.00001% Pierce Universal Nuclease, and GFP fluorescence was measured.

5.4.5 Testing the effects of different minimal promoters on GFP production with a two-

hybrid system

The following plasmids were transfected into HEK-293T cells to test whether
certain minimal promoters could enhance the production of GFP while still maintaining
dependence on this two-hybrid system: pG5-GFP alone, pG5-GFP with pECE-GAL4-
VP16, pGS5-TATA-GFP alone, pG5-TATA-GFP with pECE-GAL4-VP16, pGS5-
YBTATA-GFP alone, pG5-YBTATA-GFP with pECE-GAL4-VP16, pG5-minCMV-GFP
alone, pG5-minCMV-GFP with pECE-GAL4-VP16, and pAcBacl-GFPwt as a control.
Cells were lysed with CelLytic™ M (Sigma-Aldrich) with 0.00001% Pierce Universal
Nuclease, and GFP fluorescence was measured.

5.4.6 Producing rAAV dependent on two-hybrid selection

To determine whether it is possible to tie AAV production to this two-hybrid
system, these plasmids were transfected into HEK-293T cells, along with pHelper:

pIDTSMART-MbPyIRS-RC2wt only, pIDTSMART-RC2-VP1del-CMV-VP1 only,
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pIDTSMART-RC2-VP1del-GAL4-VP16 and pG5-minCMV-VPI1, pG5-minCMV-VP1
only, and pIDTSMART-RC2-VP1ldel-GAL4-VP16 only. rAAV-mCherry-PytR was
delivered via infection at 5 MOI, 4 hours before transfection. Cells were lysed with
CelLytic™ M (Sigma-Aldrich) with 0.00001% Pierce Universal Nuclease. The resultant
lysate was flash-frozen and stored at -80°C. Lysate was thawed and used to infect new
HEK-293T cells with sodium butyrate to 1.0 mM. After 48 hours, cells were imaged and

lysed, and mCherry fluorescence was measured.

118



5.5 References

(1)
)
3)
4
)
(6)
(7)
®)
©)

(10)
(1)

(12)
(13)

(14)
(15)

(16)
(17)

(18)
(19)

Loregian, A.; Palu, G. J. Cell. Physiol. 2005, 204 (3), 750.

Arkin, M. R.; Whitty, A. Curr. Opin. Chem. Biol. 2009, 13 (3), 284.

Loregian, A.; Marsden, H. S.; Palu, G. Rev. Med. Virol. 2002, 12 (4), 239.
Keegan, L.; Gill, G.; Ptashne, M. Science (80-. ). 1986, 231 (4739), 699.

Fields, S.; Sternglanz, R. Trends in Genetics. Elsevier Current Trends August 1,
1994, pp 286-292.

Fields, S.; Song, O. K. Nature 1989, 340 (6230), 245.

Fields, S. Methods 1993, 5 (2), 116.

Karimova, G.; Pidoux, J.; Ullmann, A.; Ladant, D. Proc. Natl. Acad. Sci. U. S. A.
1998, 95 (10), 5752.

Finkel, T.; Duc, J.; Fearon, E. R.; Dang, C. V.; Tomaselli, G. F. J. Biol. Chem.
1993, 268 (1), 5.

Patricio, D.; Fardilha, M. Drug Discov. Today 2020, 25 (4), 764.

Fiebitz, A.; Nyarsik, L.; Haendler, B.; Hu, Y.-H.; Wagner, F.; Thamm, S.;
Lehrach, H.; Janitz, M.; Vanhecke, D. BMC Genomics 2008, 9.

Girod, A.; Wobus, C. E.; Zadori, Z.; Ried, M.; Leike, K.; Tijssen, P.;
Kleinschmidt, J. A.; Hallek, M. J. Gen. Virol. 2002, 83 (5), 973.

Grieger, J. C.; Johnson, J. S.; Gurda-Whitaker, B.; Agbandje-McKenna, M.;
Samulski, R. J. J. Virol. 2007, 81 (15), 7833.

Srivastava, A.; Lusby, E. W.; Berns, K. L. J. Virol. 1983, 45 (2).

Zhuang, Yonlong; Ma, Fei; Li-Ling, Jesse; Xu, Xiaofeng; Li, Y. Mol. Biol. Evol.
2003, 20 (12), 1978.

Yona, A. H.; Alm, E. J.; Gore, J. Nat. Commun. 2018, 9 (1), 1.

Yokobayashi, Y.; Weiss, R.; Arnold, F. H. Proc. Natl. Acad. Sci. U. S. 4. 2002, 99
(26), 16587.

Tyo, K. E. J.; Nevoigt, E.; Stephanopoulos, G. Academic Press, 2011; Vol. 497, pp
135-155.

Alper, H.; Fischer, C.; Nevoigt, E.; Stephanopoulos, G. Proc. Natl. Acad. Sci. U. S.
A. 2005, 102 (36), 12678.

119



Appendix I

Plasmid maps and sequences

List of plasmid sequences

Chapter 2 Plasmids......oooeiiiiiiiniiiiiiiiiiiiiiiiiiiiiiieiiietiiisciestcrsscsessoenscnnass 122
PAAV-GFPHIXECYtR. ... 122
PAAV-mCherry+1xXMmPytR. ... 125
PHEID . e 128
PIDT-MDbPYIRS-RC2. ..., 133
PACBAC-HEIPET. ...t e 138
PACBac-MbPYIRS-RC2.... ... e 145
PIDTSMART-CMV-CAP-CSS...oiii e, 151
pAcBacl-Rep-CMV-Cap-CSS-CMV-MbPyYIRS...........c.ooiiii 154

Chapter 3 Plasmids......oooeiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiiiiriiistctsscsescosnscnnses 161
PAAV-GFPHIXECYtR. ..o 161
PAAV-GFPHIXMMPYtR. ... 162
PAAV-GFPHIXECWIR . ... 165
PIDTSMART-8XPytR-ITR-GFP... ..o 169
PHEID . e 173
PIDTSMART-MDBPYIRS-RC2. ... 174
PIDTSMART-CMV-AAP. ... 176
pIDTSMART-RC2-AAPstop60-CMV-AAP-CMV-WRS............ooooiiiinn 181
pIDTSMART-RC2-AAPstop60-CMV-AAP.......oooiiiiii, 187

Chapter 4 plasmids.......ccooeiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiriiteterercssstoessosnscsnnss 191
pAcBac-CMV-MbPYIRS-CMV-GFP........c.ccooiiiiiiii, 191
PACBac-4xPYtR . ... 198
pAcBac-4xPytR-MTH-MCherry.........ccooiiiiiiiiii e 203
PACBacl-GFPWHHINKET. ... 208
pAcBacl-mCherry-TAG-GFP.........cooiii 213
PIDTSMART-4XUO6MmMPYtR.......coiii 218
pAcBac-CMV-MbPyIRS-WPRE-CAG-GFPtag39Avrlldel-WPRE............... 220
pAcBac-CMV-MbPyIRS-CAG-GFPtagAvrlldel-4xPytR.....................c.. 226
pAcBac-CMV-MbPyIRS-CAG-GFPtagAvrlldel-8xPytR...................c.. 233
pAcBac-CMV-MbPyIRS-CAG-mCherry-TAG-GFP-4xHTS25................... 240
pAcBac-UbiC-MbPyIRS-CAG-mCherry-TAG-GFP-4xHTS25................... 247
pAcBac-CMV-MbPyIRS-CAG-mCherry-TAG-GFP-8xPytR..................... 254

120



Chapter 5 plasmidS.....cccoeeiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieriiesteesscssscsnssonns 264

PGS -SE AP . . 264
PGS-GEP .. 267
PGS-TATA-GFP....o e 270
PGSV P 273
PGS-TATA-VP L. o, 276
PGS-YBTATA-VP L., 279
PECE-GALA4-VP16. ... 282
PV oS3 285
PV P 0. 289
PIDTSMART-MDBPYIRS-RC2...c.oiiiiiiii e 290
pIDTSMART-RC2-VP1del-CMV-VPIwt......c.cooiiiiiiiiiiiiiiiii 292
pIDTSMART-RC2-VP1del-GAL4-VP16.......ccccoiiiiiiiiiiiiiiiii 292
PHEID . e 301
PAAV-GFPHIXMmMPYtR. ... 302
PACBaCT-GFPWL. ... 303

121



Chapter 2 Plasmids

pAAV-ITR-GFP+1xEcYtR

pAAV-ITR-GFP-1xU6EcYtR

5899 bp

Sequence color-coding key

Feature Color
Left ITR text
U6 promoter text
EcYtR text
polyT text
CMV promoter text
Chicken beta globin intron l
GFP text
Poly-A -:
Right ITR text
F1 Ori
Amp R
ColE1
Sequence

cctgcaggcagctgcgcgctecgectecgectcactgaggccgeccgggcaaagecccgggegt
cgggcgacctttggtcgccecggectcagtgagcgagecgagcgecgcagagagggagtgge
caactccatcactaggggttcctgcggeccgcacgcgtectecgeggteccagtagtgatcga
cactgctcgatccgctecgcaccectaggtcgggcaggaagagggectattteccatgat
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tccttcatatttgcatatacgatacaaggctgttagagagataattagaattaatttga
ctgtaaacacaaagatattagtacaaaatacgtgacgtagaaagtaataatttcttggg
tagtttgcagttttaaaattatgttttaaaatggactatcatatgcttaccgtaacttg
aaagtatttcgatttcttggctttatatatcttgtggaaaggacgaaacaccggtgggg
ttcccgagcggccaaagggagcagactctaaatctgeccgtcacagacttecgaaggtteg
aatccttcccccaccattttttgectagecggatcgacgagagcagcgcgactggatetgt
cgcccgtctcaaacgcaaccctccggecggtecgcatatcattcaggacgagectcagact
ccagcgtaacacgcgtggagctagttattaatagtaatcaattacggggtcattagttce
atagcccatatatggagttccgcgttacataacttacggtaaatggcccgecctggectga
ccgcccaacgacccccgcccattgacgtcaataatgacgtatgttcccatagtaacgtce
aatagggactttccattgacgtcaatgggtggagtatttacggtaaactgcccacttgg
cagtacatcaagtgtatcatatgccaagtacgccccctattgacgtcaatgacggtaaa
tggcccgcctggcattatgecccagtacatgaccttatgggactttcecctacttggcagta
catctacgtattagtcatcgctattaccatggtgatgcggttttggcagtacatcaatg
ggcgtggatagcggtttgactcacggggatttccaagtctccaccccattgacgtcaat
gggagtttgttttgcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgcec
ccattgacgcaaatgggcggtaggcgtgtacggtgggaggtctatataagcagagctcg
tttagtgaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaa
gacaccgggaccgatccagcctccecgeggatt

tcgattgaattctga

ggatcctctagagtcgacctgcagaagcttgectcgagcagege

tgctcgagagatct
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BB EEEEEEeEEEgEeE et yat tt tgtaggtaaccacgtgcggaccgageggecyg
caggaacccctagtgatggagttggccactcecctctctgegegetegetegetcactga
ggccgggcgaccaaaggtcgcccgacgecccgggectttgececcgggecggectcagtgageg
agcgagcgcgcagctgecctgcaggggcgcctgatgeggtattttctececttacgecatcetg
tgcggtatttcacaccgcatacgtcaaagcaaccatagtilelefefe(efelohdepst-Tolo]elc(elo(oF-]
ttaagcgcggcgggtgtggtggttacgcgcagecgtgaccgctacacttgeccagegecect
agcgcccgctecectttecgetttecttececcttectttetegecacgttegecggettteccee
gtcaagctctaaatcgggggctccctttagggttccgatttagtgectttacggcaccte
gaccccaaaaaacttgatttgggtgatggttcacgtagtgggccatcgccctgatagac
ggtttttcgccctttgacgttggagtccacgttctttaatagtggactecttgttccaaa
ctggaacaacactcaaccctatctcgggctattcttttgatttataagggattttgccg
atttcggcctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattttaa
EEEELE AL Elelepdad-Te-ERAddt at ggtgcactctcagtacaatctgctctgatgecg
catagttaagccagccccgacacccgccaacacccgctgacgecgecctgacgggettgt
ctgctcccggcatccgcttacagacaagctgtgaccgtctececgggagetgcatgtgtea
gaggttttcaccgtcatcaccgaaacgcgcgagacgaaagggcctcgtgatacgecctat
ttttataggttaatgtcatgataataatggtttcttagacgtcaggtggcacttttcgg
ggaaatgtgcgcggaacccctatttgtttatttttctaaatacattcaaatatgtatcce
gctcatgagacaataaccctgataaatgcttcaataatattgaaaaaggaagagtiEiderl
gtattcaacatttccgtgtcgcccttattcececttttttgecggcattttgecttecctgtt
tttgctcacccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacg
agtgggttacatcgaactggatctcaacagcggtaagatccttgagagttttcgecccg
aagaacgttttccaatgatgagcacttttaaagttctgctatgtggcgcggtattatcce
cgtattgacgccgggcaagagcaactcggtcgccgcatacactattctcagaatgactt
ggttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaat
tatgcagtgctgccataaccatgagtgataacactgcggccaacttacttctgacaacg
atcggaggaccgaaggagctaaccgcttttttgcacaacatgggggatcatgtaactcg
ccttgatcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacacca
cgatgcctgtagcaatggcaacaacgttgcgcaaactattaactggcgaactacttact
ctagcttcccggcaacaattaatagactggatggaggcggataaagttgcaggaccact
tctgcgctcggcccttcecggectggetggtttattgectgataaatctggageccggtgage
gtgggtctcgcggtatcattgcagcactggggccagatggtaagccctcececgtategta
gttatctacacgacggggagtcaggcaactatggatgaacgaaatagacagatcgctga
gataggtgcctcactgattaagcattggtaaccaagtttactcatatatac
tttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatccttttt
gataatctcatgaccaaaatcccttaacgtgagttttcgttccactgagcgtcagaccce
cgtagaaaagatcaaaggatcttcttgagatcctttttttctgecgecgtaatctgetget
tgcaaacaaaaaaaccaccgctaccagcggtggtttgtttgeccggatcaagagctacca
actctttttccgaaggtaactggcttcagcagagcgcagataccaaatactgteccttet
agtgtagccgtagttaggccaccacttcaagaactctgtagcaccgcctacatacctcg
ctctgctaatcctgttaccagtggctgctgccagtggcgataagtcgtgtcttacecggg
ttggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggtte
gtgcacacagcccagcttggagcgaacgacctacaccgaactgagatacctacagecgtg
agctatgagaaagcgccacgcttcccgaagggagaaaggcggacaggtatccggtaage
ggcagggtcggaacaggagagcgcacgagggagcttccagggggaaacgectggtatcet
ttatagtcctgtcgggtttcgccacctctgacttgagegtecgatttttgtgatgetegt
caggggggcggagcctatggaaaaacgccagcaacgcggectttttacggttecctggece
ttttgctggccttttgctcacatgt
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pAAV- mCherry+1xMmPytR

pAAV-ITR-mCherry-1xU6MmPytR

5847 bp

Sequence color-coding key

Feature Color
Left ITR text
U6 promoter text
MmPytR text
polyT text
CMV promoter text
Chicken beta globin intron -:
mCherry text
Poly-A -:
Right ITR text
Fl Ori E
Amp R
ColEl textj]
Sequence

cctgcaggcagctgecgcgectecgectecgectcactgaggccgeccgggcaaageccgggegt
cgggcgacctttggtcgccecggectcagtgagcgagecgagcgecgcagagagggagtgge
caactccatcactaggggttcctgcggecgcacgcgtectecgeggteccagtagtgatcga
cactgctcgatccgctecgcaccectaggtcgggcaggaagagggectattteccatgat
tccttcatatttgcatatacgatacaaggctgttagagagataattagaattaatttga
ctgtaaacacaaagatattagtacaaaatacgtgacgtagaaagtaataatttcttggg
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tagtttgcagttttaaaattatgttttaaaatggactatcatatgcttaccgtaacttg
aaagtatttcgatttcttggctttatatatcttgtggaaaggacgaaacaccggaaacc
tgatcatgtagatcgaacggactctaaatccgttcageccgggttagattccecggggttt
ccgttttttgctagcggatcgacgagagcagcgcgactggatctgtcgececcgtectcaaa
cgcaaccctccggecggtecgcatatcattcaggacgagecctcagactccagecgtaacacyg
cgtggagctagttattaatagtaatcaattacggggtcattagttcatagcccatatat
ggagttccgcgttacataacttacggtaaatggcccgcctggctgaccgcccaacgacc
cccgcccattgacgtcaataatgacgtatgttcccatagtaacgtcaatagggactttce
cattgacgtcaatgggtggagtatttacggtaaactgcccacttggcagtacatcaagt
gtatcatatgccaagtacgccccctattgacgtcaatgacggtaaatggcccgecctgge
attatgcccagtacatgaccttatgggactttcctacttggcagtacatctacgtatta
gtcatcgctattaccatggtgatgcggttttggcagtacatcaatgggcgtggatagcg
gtttgactcacggggatttccaagtctccaccccattgacgtcaatgggagtttgtttt
gcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgccccattgacgcaaa
tgggcggtaggcgtgtacggtgggaggtctatataagcagagctcgtttagtgaaccgt
cagatcgcctggagacgccatccacgctgttttgacctccatagaagacaccgggaccg
atccagcctcecgeggatt

tcgaacatcgattgaattct

ggatcctctagagtcgacctgcag
aagcttgcctcgagcagcgctgctcgagagatcet

ctgattttgtaggtaacc

acgtgcggaccgagcggccgce
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cgcgctcgctcgctcactgaggccgggcgaccaaaggtcgecccgacgececcgggetttge
ccgggcggcctcagtgagcgagcgagcgcgcagctgectgcaggggecgectgatgeggt
attttctccttacgcatctgtgcggtatttcacaccgcatacgtcaaagcaaccatagt
acgcgccctgtagcggcgcattaagecgecggecgggtgtggtggttacgecgcagegtgacce
gctacacttgccagcgccctagecgececgetecctttegetttetteeccttectttetege
cacgttcgccggctttcccecgtcaagectctaaatcgggggecteccectttagggttecgat
ttagtgctttacggcacctcgaccccaaaaaacttgatttgggtgatggttcacgtagt
gggccatcgccctgatagacggtttttcgecctttgacgttggagtccacgttectttaa
tagtggactcttgttccaaactggaacaacactcaaccctatctcgggctattettttg
atttataagggattttgccgatttcggcctattggttaaaaaatgagctgatttaacaa
aaatttaacgcgaattttaacaaaatattaacgtttacaatttplidefeadelot-Tehlotlot-To|
tacaatctgctctgatgccgcatagttaagccagccccgacacccgccaacacccgcetg
acgcgccctgacgggcttgtctgectceccggecateccgettacagacaagectgtgaccgte
tccgggagctgcatgtgtcagaggttttcaccgtcatcaccgaaacgcgcgagacgaaa
gggcctcgtgatacgcctatttttataggttaatgtcatgataataatggtttcttaga
cgtcaggtggcacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaa
atacattcaaatatgtatccgctcatgagacaataaccctgataaatgcttcaataata
e EEEETETelepda t gagtattcaacatttccgtgtecgeccttattecececttttttyg
cggcattttgccttecctgtttttgctcacccagaaacgctggtgaaagtaaaagatgcet
gaagatcagttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaagat
ccttgagagttttcgccccgaagaacgttttccaatgatgagcacttttaaagttctge
tatgtggcgcggtattatcccgtattgacgccgggcaagagcaactcggtcgeccgecata
cactattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacgga
tggcatgacagtaagagaattatgcagtgctgccataaccatgagtgataacactgcgg
ccaacttacttctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaac
atgggggatcatgtaactcgccttgatcgttgggaaccggagctgaatgaagccatacc
aaacgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaactat
taactggcgaactacttactctagcttcccggcaacaattaatagactggatggaggceg
gataaagttgcaggaccacttctgcgctcggccctteccggetggetggtttattgetga
taaatctggagccggtgagcgtgggtctcgecggtatcattgcagcactggggccagatg
gtaagccctcccgtatcgtagttatctacacgacggggagtcaggcaactatggatgaa
cgaaatagacagatcgctgagataggtgcctcactgattaagcattggtaalejdeydetTet:]
ccaagtttactcatatatactttagattgatttaaaacttcatttttaatttaaaagga
tctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagtttteg
ttccactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatecetttttt
tctgcgcgtaatctgctgcttgcaaacaaaaaaaccaccgctaccagecggtggtttgtt
tgccggatcaagagctaccaactctttttccgaaggtaactggecttcagcagagcgcag
ataccaaatactgtccttctagtgtagccgtagttaggccaccacttcaagaactectgt
agcaccgcctacatacctcgctctgctaatcctgttaccagtggctgetgccagtggeg
ataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcgg
tcgggctgaacggggggttcgtgcacacagcccagecttggagcgaacgacctacaccga
actgagatacctacagcgtgagctatgagaaagcgccacgcttcccgaagggagaaagg
cggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttcceca
gggggaaacgcctggtatctttatagtcctgtcgggtttecgeccacctectgacttgageg
tcgatttttgtgatgctcgtcaggggggcggagecctatggaaaaacgccagcaacgcgg,
cctttttacggttcctggeccttttgetggeccttttgetcacatgt
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pHelper

peta-lactamase
Wy
)
Koy
R /

pHelper
11635 bp

Sequence color-coding key

Feature Color

E2A text

E4 text

VA text

ColE1 ori text

Beta-lactamase | text
F1 ori r

Sequence

ggtacccaactccatgcttaacagtccccaggtacagecccaccctgcgtecgcaaccagg
aacagctctacagcttcctggagcgccactcgcectacttcecgcagccacagtgcgecag
attaggagcgccacttctttttgtcacttgaaaaacatgtaaaaataatgtactaggag
acactttcaataaaggcaaatgtttttatttgtacactctcgggtgattatttaccccce
cacccttgccgtctgegecgtttaaaaatcaaaggggttectgeccgegecatecgectatgeg
ccactggcagggacacgttgcgatactggtgtttagtgctccacttaaactcaggcaca
accatccgcggcagctcggtgaagttttcactccacaggctgecgcaccatcaccaacgce
gtttagcaggtcgggcgccgatatcttgaagtcgcagttggggeccteccgeecctgegege
gcgagttgcgatacacagggttgcagcactggaacactatcagcgeccgggtggtgecacg
ctggccagcacgctcttgtcggagatcagatccgecgteccaggtectececgegttgetcecag
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ggcgaacggagtcaactttggtagctgccttecccaaaaagggtgcatgcccaggectttg
agttgcactcgcaccgtagtggcatcagaaggtgaccgtgcccggtctgggegttagga
tacagcgcctgcatgaaagccttgatctgecttaaaageccacctgagecctttgegectte
agagaagaacatgccgcaagacttgccggaaaactgattggeccggacaggccgegtcat
gcacgcagcaccttgcgtcggtgttggagatctgcaccacatttcggeccccaccggtte
ttcacgatcttggccttgctagactgcteccttcagegegegetgeccecgttttegetegt
cacatccatttcaatcacgtgctccttatttatcataatgctcccgtgtagacacttaa
gctcgccttcgatctcagecgcagecggtgcageccacaacgecgcagceccgtgggectegtgg
tgcttgtaggttacctctgcaaacgactgcaggtacgcctgcaggaatcgccccatcat
cgtcacaaaggtcttgttgctggtgaaggtcagctgcaacccgecggtgctecctegttta
gccaggtcttgcatacggccgccagagcttccacttggtcaggcagtagettgaagttt
gcctttagatcgttatccacgtggtacttgtccatcaacgcgecgecgcagecteccatgece
cttctcccacgcagacacgatcggcaggctcagecgggtttatcaccgtgetttcacttt
ccgcttcactggactctteccttttectecttgegtecgecataccececgegecactgggteg
tcttcattcageccgccgcaccgtgecgecttacctececttgecgtgettgattagecaccgg
tgggttgctgaaacccaccatttgtagcgccacatcttctetttecttectegetgteca
cgatcacctctggggatggcgggcgctcgggecttgggagaggggecgettetttttettt
ttggacgcaatggccaaatccgccgtcgaggtcgatggeccgegggetgggtgtgegegg
caccagcgcatcttgtgacgagtcttcttecgtcctecggactcgagacgeccgectcagec
gcttttttgggggcgcgcggggaggcggcggcgacggcgacggggacgacacgtecectece
atggttggtggacgtcgcgccgcaccgcgtccgecgectecgggggtggtttecgegetgete
ctcttceccgactggeccattteccttectecctataggcagaaaaagatcatggagtcagteg
agaaggaggacagcctaaccgccccctttgagttecgeccaccaccgecteccaccgatgece
gccaacgcgcctaccaccttececececgtecgaggcacceccecgettgaggaggaggaagtgat
tatcgagcaggacccaggttttgtaagcgaagacgacgaggatcgctcagtaccaacag
aggataaaaagcaagaccaggacgacgcagaggcaaacgaggaacaagtcgggcggggg
gaccaaaggcatggcgactacctagatgtgggagacgacgtgctgttgaagcatctgceca
gcgccagtgcgccattatctgcgacgcgttgcaagagecgcagcgatgtgecectecgeca
tagcggatgtcagccttgcctacgaacgccacctgttectcaccgecgecgtacecceccaaa
cgccaagaaaacggcacatgcgagcccaacccgcgcectcaacttctaccececgtatttge
cgtgccagaggtgcttgccacctatcacatctttttccaaaactgcaagatacccctat
cctgccgtgccaaccgcageccgagcggacaagcagectggecttgecggcagggegectgte
atacctgatatcgcctcgctcgacgaagtgccaaaaatctttgagggtcttggacgega
cgagaaacgcgcggcaaacgctctgcaacaagaaaacagcgaaaatgaaagtcactgtg
gagtgctggtggaacttgagggtgacaacgcgcgcctagccgtgctgaaacgcagcate
gaggtcacccactttgcctacccggcacttaacctacccecccaaggttatgagcacagt
catgagcgagctgatcgtgcgeccgtgcacgaccecctggagagggatgcaaacttgcaag
aacaaaccgaggagggcctacccgcagttggcgatgagcagectggecgegetggettgag
acgcgcgagcctgccgacttggaggagcgacgcaagctaatgatggccgcagtgecttgt
taccgtggagcttgagtgcatgcagecggttctttgetgacccggagatgcagcgcaagce
tagaggaaacgttgcactacacctttcgccagggctacgtgcgccaggecctgcaaaatt
tccaacgtggagctctgcaacctggtctcctaccttggaattttgcacgaaaaccgect
cgggcaaaacgtgcttcattccacgctcaagggcgaggcgcgccgecgactacgtecegeg
actgcgtttacttatttctgtgctacacctggcaaacggccatgggcgtgtggcagcaa
tgcctggaggagcgcaacctaaaggagctgcagaagctgctaaagcaaaacttgaagga
cctatggacggccttcaacgagcgctccgtggeccgegcacctggecggacattatecttece
ccgaacgcctgcttaaaaccctgcaacagggtctgeccagacttcaccagtcaaagecatg
ttgcaaaactttaggaactttatcctagagcgttcaggaattctgecccgecacctgetg
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tgcgcttcctagcgactttgtgcccattaagtaccgtgaatgcecctececgecgetttggg
gtcactgctaccttctgcagctagccaactaccttgcctaccacteccgacatcatggaa
gacgtgagcggtgacggcctactggagtgtcactgtcgctgcaacctatgcaccececgea
ccgctccectggtctgcaattcgcaactgcttagcgaaagtcaaattatcggtacctttg
agctgcagggtccctcgecctgacgaaaagtccgeggctcecggggttgaaactcacteceg
gggctgtggacgtcggcttaccttcgcaaatttgtacctgaggactaccacgcccacga
gattaggttctacgaagaccaatcccgcccgccaaatgcggagecttaccgecctgegtea
ttacccagggccacatccttggccaattgcaagccatcaacaaagcccgeccaagagttt
ctgctacgaaagggacggggggtttacctggacccccagtccggcgaggagctcaaccce
aatcccccecgecgeccgcagecctatcagcagecgcgggececttgetteccaggatggea
cccaaaaagaagctgcagctgccgccgeccgeccacccacggacgaggaggaatactggga
cagtcaggcagaggaggttttggacgaggaggaggagatgatggaagactgggacagcc
tagacgaagcttccgaggccgaagaggtgtcagacgaaacaccgtcaccctecggtegea
ttccecectecgecggegecccagaaattggcaaccgttecccagecatecgectacaacctecge
tcctcaggcgccgecggcactgecctgttecgeccgacccaaccgtagatgggacaccactg
gaaccagggccggtaagtctaagcagccgccgeccgttagecccaagagcaacaacagcgce
caaggctaccgctcgtggcgcgggcacaagaacgccatagttgettgettgcaagactg
tgggggcaacatctccttcgeccecgeccgetttettectctaccatcacggecgtggecttece
cccgtaacatcctgcattactaccgtcatctctacageccecctactgcaccggecggcagce
ggcagcggcagcaacagcagcggtcacacagaagcaaaggcgaccggatagcaagacte
tgacaaagcccaagaaatccacagcggcggcagcagcaggaggaggagcgctgegtetg
gcgcccaacgaacccgtatcgacccgcgagcttagaaataggatttttceccactectgta
tgctatatttcaacaaagcaggggccaagaacaagagctgaaaataaaaaacaggtctc
tgcgctccecctcacccgcagetgecctgtatcacaaaagcgaagatcagettecggegecacg
ctggaagacgcggaggctctcttcagcaaatactgcgecgectgactcttaaggactagtt
tcgcgeccctttectcaaatttaagecgecgaaaactacgtcatctccagecggecacaceccgg
cgccagcacctgtcgtcagcgeccattatgagcaaggaaattcccacgecctacatgtgg
agttaccagccacaaatgggacttgcggctggagctgcccaagactactcaacccgaat
aaactacatgagcgcgggaccccacatgatatcccgggtcaacggaatccgecgeccacce
gaaaccgaattctcctcgaacaggcggctattaccaccacacctcgtaataaccttaat
cccecgtagttggeccecgectgecctggtgtaccaggaaagtceccecgeteccaccactgtggt
acttcccagagacgcccaggccgaagttcagatgactaactcaggggecgcagcttgegg
gcggctttecgtcacagggtgcggtcgecccgggegttttagggecggagtaacttgecatgt
attgggaattgtagtttttttaaaatgggaagtgacgtatcgtgggaaaacggaagtga
agatttgaggaagttgtgggttttttggctttcgtttctgggcgtaggttcgecgtgecgg
ttttctgggtgttttttgtggactttaaccgttacgtcattttttagtcctatatatac
tcgctctgtacttggccctttttacactgtgactgattgagectggtgeccgtgtecgagtg
gtgttttttaataggtttttttactggtaaggctgactgttatggctgccgctgtggaa
gcgctgtatgttgttctggagcgggagggtgctattttgecctaggcaggagggttttte
aggtgtttatgtgtttttctctcctattaattttgttatacctcctatgggggectgtaa
tgttgtctctacgcctgecgggtatgtattcccececgggectatttecggtecgetttttagea
ctgaccgatgttaaccaacctgatgtgtttaccgagtcttacattatgactccggacat
gaccgaggaactgtcggtggtgctttttaatcacggtgaccagtttttttacggtcacg
ccggcatggccgtagtccgtcttatgecttataagggttgtttttecctgttgtaagacag
gcttctaatgtttaaatgtttttttttttgttattttattttgtgtttaatgcaggaac
ccgcagacatgtttgagagaaaaatggtgtctttttctgtggtggttccggaacttacc
tgcctttatctgcatgagcatgactacgatgtgecttgecttttttgecgecgaggetttgece
tgattttttgagcagcaccttgcattttatatcgccgecccatgcaacaagcttacatag
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gggctacgctggttagcatagctccgagtatgcgtgtcataatcagtgtgggttectttt
gtcatggttcctggcggggaagtggeccgecgectggtecgtgcagacctgcacgattatgt
tcagctggccctgcgaagggacctacgggatcgeggtatttttgttaatgttecegettt
tgaatcttatacaggtctgtgaggaacctgaatttttgcaatcatgattcgectgettga
ggctgaaggtggagggcgctctggagcagatttttacaatggccggacttaatattcgg
gatttgcttagagacatattgataaggtggcgagatgaaaattatttgggcatggttga
aggtgctggaatgtttatagaggagattcaccctgaagggtttagectttacgtccact
tggacgtgagggcagtttgccttttggaagccattgtgcaacatcttacaaatgccatt
atctgttctttggctgtagagtttgaccacgccaccggaggggagcgecgttcacttaat
agatcttcattttgaggttttggataatcttttggaataaaaaaaaaaaaacatggttc
ttccagctcttececcgectectecegtgtgtgactecgcagaacgaatgtgtaggttggetg
ggtgtggcttattctgcggtggtggatgttatcagggcagcggcgcatgaaggagttta
catagaacccgaagccagggggcgcctggatgctttgagagagtggatatactacaact
actacacagagcgagctaagcgacgagaccggagacgcagatctgtttgtcacgecccge
acctggttttgcttcaggaaatatgactacgtccggecgttccatttggcatgacactac
gaccaacacgatctcggttgtctcggcgcactccgtacagtagggatcgectacctecet
tttgagacagagacccgcgctaccatactggaggatcatccgctgectgececcgaatgtaa
cactttgacaatgcacaacgtgagttacgtgcgaggtcttccctgcagtgtgggattta
cgctgattcaggaatgggttgttccctgggatatggttctgacgcgggaggagettgta
atcctgaggaagtgtatgcacgtgtgcctgtgttgtgccaacattgatatcatgacgag
catgatgatccatggttacgagtcctgggctctccactgtcattgttccagtececcggtt
ccctgcagtgcatageccggecgggcaggttttggeccagetggtttaggatggtggtggat
ggcgccatgtttaatcagaggtttatatggtaccgggaggtggtgaattacaacatgcce
aaaagaggtaatgtttatgtccagcgtgtttatgaggggtcgccacttaatctacctge
gcttgtggtatgatggccacgtgggttctgtggtecccegeccatgagetttggatacage
gccttgcactgtgggattttgaacaatattgtggtgctgtgectgcagttactgtgetga
tttaagtgagatcagggtgcgctgctgtgecccggaggacaaggecgtctcatgectgeggg
cggtgcgaatcatcgctgaggagaccactgccatgttgtattcctgcaggacggagcgg
cggcggcagcagtttattcgcgcgctgectgcagcaccaccgecctatectgatgcacga
ttatgactctacccccatgtaggecgtggacttcecececttecgeccgeccgttgagcaaccgce
aagttggacagcagcctgtggctcagcagctggacagcgacatgaacttaagcgagctg
cccggggagtttattaatatcactgatgagecgtttggectcgacaggaaaccgtgtggaa
tataacacctaagaatatgtctgttacccatgatatgatgctttttaaggccagccggg
gagaaaggactgtgtactctgtgtgttgggagggaggtggcaggttgaatactagggtt
ctgtgagtttgattaaggtacggtgatcaatataagctatgtggtggtggggctatact
actgaatgaaaaatgacttgaaattttctgcaattgaaaaataaacacgttgaaacata
acatgcaacaggttcacgattctttattcctgggcaatgtaggagaaggtgtaagagtt
ggtagcaaaagtttcagtggtgtattttccactttcccaggaccatgtaaaagacatag
agtaagtgcttacctcgctagtttctgtggattcactagaatcgatgtaggatgttgec
cctcctgacgcggtaggagaaggggagggtgecctgcatgtectgeccgetgectecttgete
ttgccgctgectgaggaggggggcgcatctgccgcagcaccggatgcatctgggaaaagce
aaaaaaggggctcgtccctgttteccggaggaatttgcaagcggggtcttgcatgacggg
gaggcaaacccccgttecgecgcagteccggeccggecccgagactcgaaccgggggtectge
gactcaacccttggaaaataaccctccggctacagggagcgageccacttaatgettteg
ctttccagcctaaccgcttacgccgegegeggccagtggccaaaaaagctagcgcagea
gccgccgcgcecctggaaggaagccaaaaggagcgctceccecececgttgtectgacgtegecacac
ctgggttcgacacgcgggcggtaaccgcatggatcacggcggacggccggatccggggt
tcgaaccccggtcgteccgeccatgataceccttgecgaatttatccaccagaccacggaaga
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gtgcccgcttacaggctcectecttttgcacggtctagagecgtcaacgactgcgcacgecect
caccggccagagcgtcccgaccatggagcactttttgecgectgegcaacatctggaacc
gcgtccgcgacttteccgecgecgectceccaccaccgecgcecggcatcacctggatgteccagg
tacatctacggattacgtcgacgtttaaaccatatgatcagctcactcaaaggcggtaa
tacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccag
caaaaggccaggaaccgtaaaaaggccgcgttgectggegtttttccataggecteccgecce
ccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggac
tataaagataccaggcgtttcccecctggaagecteccctegtgegetectectgttecgacce
ctgccgcttaccggatacctgtccgectttectececttegggaagecgtggegetttetea
tagctcacgctgtaggtatctcagttcggtgtaggtcgttcgetccaagectgggetgtg
tgcacgaacccccecgttcagceccgaccgctgegecttateccggtaactatecgtettgag
tccaacccggtaagacacgacttatcgccactggcagcagccactggtaacaggattag
cagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacgget
acactagaagaacagtatttggtatctgcgctctgctgaagccagttaccttcggaaaa
agagttggtagctcttgatccggcaaacaaaccaccgctggtagecggtggtttttttgt
ttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatctttt
ctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgaga
ttatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaat
ctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcac
ctatctcagcgatctgtctatttcgttcatccatagttgcctgactcccecgtecgtgtag
ataactacgatacgggagggcttaccatctggccccagtgctgcaatgataccgcgaga
cccacgctcaccggctccagatttatcagcaataaaccagccagccggaagggccgagce
gcagaagtggtcctgcaactttatccgcctccatccagtctattaattgttgeccgggaa
gctagagtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgctacagg
catcgtggtgtcacgctcgtcgtttggtatggcttcattcagectccggttcccaacgat
caaggcgagttacatgatcccccatgttgtgcaaaaaagcggttagctccttcggtect
ccgatcgttgtcagaagtaagttggccgcagtgttatcactcatggttatggcagcact
gcataattctcttactgtcatgccatccgtaagatgcttttctgtgactggtgagtact
caaccaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgcccggecgtca
atacgggataataccgcgccacatagcagaactttaaaagtgctcatcattggaaaacg
ttcttcggggcgaaaactctcaaggatcttaccgctgttgagatccagttcgatgtaac
ccactcgtgcacccaactgatcttcagcatcttttactttcaccagcgtttctgggtga
gcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttg
aatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctca
tgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgcgcaca
tttccccgaaaagtgeccacce
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8990 bp

Sequence color-coding key

Feature Color

Rep text

Cap text

CMV promoter | text

T7 promoter text

MbPyIRS text
Bgh polyA -:

KanR text

Sequence: Wild type RC2

cccgtgtaaaacgacggccagtttatctagtcagcttgattctagetgatcgtggacceg
gaaggtgagccagtgagttgattgcagtccagttacgctggagtctgaggctcgtectg
aatgatatgcgaccgccggagggttgcgtttgagacgggcgacagatccagtcgecgetg
ctctcgtcgatccgctagggcggecgctctagaactagtggatccecccggaagatcaga
agttcctattccgaagttcctattctctagaaagtataggaacttctgatcectgecgecage
cgccatgccggggttttacgagattgtgattaaggtccccagecgaccttgacgagcate
tgcccggcatttctgacagectttgtgaactgggtggccgagaaggaatgggagttgecg
ccagattctgacatggatctgaatctgattgagcaggcacccctgaccgtggccgagaa
gctgcagcgcgactttctgacggaatggcgeccgtgtgagtaaggecccecggaggeecttt
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tctttgtgcaatttgagaagggagagagctacttccacatgcacgtgctcgtggaaacc
accggggtgaaatccatggttttgggacgtttcctgagtcagattcgcgaaaaactgat
tcagagaatttaccgcgggatcgagccgactttgccaaactggttecgeggtcacaaaga
ccagaaatggcgccggaggcgggaacaaggtggtggatgagtgctacatccccaattac
ttgctccccaaaacccagcctgagctccagtgggecgtggactaatatggaacagtattt
aagcgcctgtttgaatctcacggagcgtaaacggttggtggecgcagcatctgacgcacg
tgtcgcagacgcaggagcagaacaaagagaatcagaatcccaattctgatgecgecggtg
atcagatcaaaaacttcagccaggtacatggagctggtcgggtggectecgtggacaaggg
gattacctcggagaagcagtggatccaggaggaccaggcctcatacatctcecttcaatg
cggcctccaactcgcggtcccaaatcaaggctgecttggacaatgecgggaaagattatg
agcctgactaaaaccgcccccgactacctggtgggccagcagecccgtggaggacattte
cagcaatcggatttataaaattttggaactaaacgggtacgatccccaatatgcggcett
ccgtctttctgggatgggccacgaaaaagttcggcaagaggaacaccatctggetgttt
gggcctgcaactaccgggaagaccaacatcgcggaggccatagecccacactgtgecectt
ctacgggtgcgtaaactggaccaatgagaactttcccttcaacgactgtgtcgacaaga
tggtgatctggtgggaggaggggaagatgaccgccaaggtcgtggagtcggeccaaagcec
attctcggaggaagcaaggtgcgcgtggaccagaaatgcaagtcctcggeccagataga
cccgactcccgtgatcgtcacctccaacaccaacatgtgecgecgtgattgacgggaact
caacgaccttcgaacaccagcagccgttgcaagaccggatgttcaaatttgaactcacc
cgccgtctggatcatgactttgggaaggtcaccaagcaggaagtcaaagacttttteceg
gtgggcaaaggatcacgtggttgaggtggagcatgaattctacgtcaaaaagggtggag
ccaagaaaagacccgcccccagtgacgcagatataagtgagecccaaacgggtgegegag
tcagttgcgcagccatcgacgtcagacgcggaagcttcgatcaactacgcagacaggta
ccaaaacaaatgttctcgtcacgtgggcatgaatctgatgctgtttccctgcagacaat
gcgagagaatgaatcagaattcaaatatctgcttcactcacggacagaaagactgttta
gagtgctttcccgtgtcagaatctcaaccecgtttctgtcgtcaaaaaggegtatcagaa
actgtgctacattcatcatatcatgggaaaggtgccagacgcttgcactgcctgecgate
tggtcaatgtggatttggatgactgcatctttgaacaataaatgatttaaatcaggtat
ggctgccgatggttatcttccagattggctcgaggacactctctctgaaggaataagac
agtggtggaagctcaaacctggcccaccaccaccaaagcccgcagagcggcataaggac
gacagcaggggtcttgtgcttcctgggtacaagtacctcggacccttcaacggactcga
caagggagagccggtcaacgaggcagacgccgcggccctcgagcacgacaaagectacg
accggcagctcgacagcggagacaacccgtacctcaagtacaaccacgccgacgcggag
tttcaggagcgccttaaagaagatacgtcttttgggggcaacctcggacgagcagtcectt
ccaggcgaaaaagagggttcttgaacctctgggcctggttgaggaacctgttaagacgg
ctccgggaaaaaagaggccggtagagcactctcctgtggagccagacteccteccteggga
accggaaaggcgggccagcagcctgcaagaaaaagattgaattttggtcagactggaga
cgcagactcagtacctgacccccagcctctcggacagccaccagcageccccctetggte
tgggaactaatacgatggctacaggcagtggcgcaccaatggcagacaataacgagggc
gccgacggagtgggtaattcctcgggaaattggcattgecgattccacatggatgggcga
cagagtcatcaccaccagcacccgaacctgggccctgcccacctacaacaaccacctcet
acaaacaaatttccagccaatcaggagcctcgaacgacaatcactactttggctacage
accccttgggggtattttgacttcaacagattccactgccacttttcaccacgtgactg
gcaaagactcatcaacaacaactggggattccgacccaagagactcaacttcaagctct
ttaacattcaagtcaaagaggtcacgcagaatgacggtacgacgacgattgccaataac
cttaccagcacggttcaggtgtttactgactcggagtaccagctcccgtacgtcectecgg
ctcggcgcatcaaggatgcctcccgeccgttecccagcagacgtecttcatggtgecacagt
atggatacctcaccctgaacaacgggagtcaggcagtaggacgctcttcattttactge
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ctggagtactttccttctcagatgctgecgtaccggaaacaactttaccttcagectacac
ttttgaggacgttcctttccacagcagctacgctcacageccagagtctggaccgtctcea
tgaatcctctcatcgaccagtacctgtattacttgagcagaacaaacactccaagtgga
accaccacgcagtcaaggcttcagttttctcaggccggagecgagtgacattcgggacca
gtctaggaactggcttcctggaccctgttaccgccagcagecgagtatcaaagacatctg
cggataacaacaacagtgaatactcgtggactggagctaccaagtaccacctcaatggce
agagactctctggtgaatccgggcccggeccatggcaagccacaaggacgatgaagaaaa
gttttttcctcagagcggggttctcatctttgggaagcaaggctcagagaaaacaaatg
tggacattgaaaaggtcatgattacagacgaagaggaaatcaggacaaccaatcccgtg
gctacggagcagtatggttctgtatctaccaacctccagagaggcaacagacaagcagc
taccgcagatgtcaacacacaaggcgttcttccaggcatggtcectggcaggacagagatg
tgtaccttcaggggcccatctgggcaaagattccacacacggacggacattttcacccce
tctccectecatgggtggattcggacttaaacaccctecteccacagattectcatcaagaa
caccccggtacctgcgaatccttcgaccaccttcagtgecggcaaagtttgettecttea
tcacacagtactccacgggacaggtcagcgtggagatcgagtgggagctgcagaaggaa
aacagcaaacgctggaatcccgaaattcagtacacttccaactacaacaagtctgttaa
tgtggactttactgtggacactaatggcgtgtattcagagcctcgccccattggecacca
gatacctgactcgtaatctgtaattgcttgttaatcaataaaccgtttaattcgtttca
gttgaactttggtctctgcgtatttctttcttatctagttteccatggectacgtagataa
gtagcatggcgggttaatcattaactacagcccgggcgtttaaacagecgggecggagggg
tggagtcgtgacgtgaattacgtcatagggttagggaggtcctgtattagaggtcacgt
gagtgttttgcgacattttgcgacaccatgtggtctcgctgggggggggggeccgagtg
agcacgcagggtctccattttgaagcgggaggtttgaacgagcgctggcgcgctcactg
gccgtcgttttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgecet
tgcagcacatcccecctttecgeccagectggecgtaatagcgaagaggecccgcaccgategece
cttcccatgcatcggeccgcaaatacctgcaggatcecgttttgecgectgettecgecgatgta
cgggccagatatacgcgttgacattgattattgactagttattaatagtaatcaattac
ggggtcattagttcatagcccatatatggagttccgcgttacataacttacggtaaatg
gcccgcecctggectgaccgecccaacgaccecccgeccattgacgtcaataatgacgtatgtt
cccatagtaacgccaatagggactttccattgacgtcaatgggtggactatttacggta
aactgcccacttggcagtacatcaagtgtatcatatgccaagtacgcccectattgacg
tcaatgacggtaaatggcccgecctggcattatgecccagtacatgaccttatgggacttt
cctacttggcagtacatctacgtattagtcatcgctattaccatggtgatgecggttttg
gcagtacatcaatgggcgtggatagcggtttgactcacggggatttccaagtctccacc
ccattgacgtcaatgggagtttgttttggcaccaaaatcaacgggactttccaaaatgt
cgtaacaactccgccccattgacgcaaatgggcggtaggegtgtacggtgggaggtcta
tataagcagagctctctggctaactagagaacccactgcttactggcttatcgaaatta
atacgactcactatagggagacccaagctggctagcgccaccatggataaaaaaccatt
agatgttttaatatctgcgaccgggctctggatgtccaggactggcacgctccacaaaa
tcaagcaccatgaggtctcaagaagtaaaatatacattgaaatggcgtgtggagaccat
cttgttgtgaataattccaggagttgtagaacagccagagcattcagacatcataagta
cagaaaaacctgcaaacgatgtagggtttcggacgaggatatcaataattttctcacaa
gatcaaccgaaagcaaaaacagtgtgaaagttagggtagtttctgctccaaaggtcaaa
aaagctatgccgaaatcagtttcaagggctccgaagcctctggaaaattctgtttcectge
aaaggcatcaacgaacacatccagatctgtaccttcgcctgcaaaatcaactccaaatt
cgtctgttcccgcatcggectecctgectecttcacttacaagaagccagecttgatagggtt
gaggctctcttaagtccagaggataaaatttctctaaatatggcaaagcctttcaggga
acttgagcctgaacttgtgacaagaagaaaaaacgattttcagcggctctataccaatg
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gaattcaacgcgttaagtcgactttaactcgagtctagagggcccgtttaaaccce
gctgatcagcctcgactgtgeccttctagttgeccageccatectgttgtttgececteececee
gtgccttccttgaccctggaaggtgccactcccactgtcectttectaataaaatgagga
aattgcatcgcattgtctgagtaggtgtcattctattctggggggtggggtggggcagg
acagcaagggggaggattgggaagacaatagcaggcatgctggggatgcggtgggectcet
atggcttctgaggcggaaagaaccctaggggtgcgagcggatcgagcagtgtcgatcac
tactggaccgcgagctgtgctgcgacccgtgatcttacggcattatacgtatgatcggt
ccacgatcagctagattatctagtcagcttgatgtcatagctgtttcctgaggctcaat
actgaccatttaaatcatacctgacctccatagcagaaagtcaaaagcctccgaccgga
ggcttttgacttgatcggcacgtaagaggttccaactttcaccataatgaaataagatc
actaccgggcgtattttttgagttatcgagattttcaggagctaaggaagctaaaatga
gccatattcaacgggaaacgtcttgcttgaagccgcgattaaattccaacatggatget
gatttatatgggtataaatgggctcgcgataatgtcgggcaatcaggtgcgacaatcta
tcgattgtatgggaagcccgatgcgccagagttgtttctgaaacatggcaaaggtageg
ttgccaatgatgttacagatgagatggtcaggctaaactggctgacggaatttatgecct
cttccgaccatcaagcattttatccgtactcctgatgatgcatggttactcaccactge
gatcccagggaaaacagcattccaggtattagaagaatatcctgattcaggtgaaaata
ttgttgatgcgctggcagtgttcctgecgeccggttgcattcgattecctgtttgtaattgt
ccttttaacggcgatcgcgtatttcgtctcgectcaggcgcaatcacgaatgaataacgg
tttggttggtgcgagtgattttgatgacgagcgtaatggctggcctgttgaacaagtcet
ggaaagaaatgcataaactcttgccattctcaccggattcagtcgtcactcatggtgat
ttctcacttgataaccttatttttgacgaggggaaattaataggttgtattgatgttgg
acgagtcggaatcgcagaccgataccaggatcttgccatcctatggaactgectcecggtg
agttttctccttcattacagaaacggctttttcaaaaatatggtattgataatcctgat
atgaataaattgcagtttcacttgatgctcgatgagtttttctaatgaggacctaaatg
taatcacctggctcaccttcgggtgggecctttctgegttgectggegttttteccatagge
tccgeccceccctgacgagcatcacaaaaatcgatgectcaagtcagaggtggcgaaacccg
acaggactataaagataccaggcgtttcccecctggaagctececctegtgegetctectgt
tccgaccctgeccgecttaccggatacctgtecgectttecteccttegggaagegtggege
tttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttcgetccaagetg
ggctgtgtgcacgaacccccecgttcagecccgaccgectgegecttatccggtaactateg
tcttgagtccaacccggtaagacacgacttatcgccactggcagcagccactggtaaca
ggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggecctaac
tacggctacactagaagaacagtatttggtatctgcgctctgctgaagccagttaccte
ggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggttt
ttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttga
ttttctaccgaagaaaggccca
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The sequence for RC2-454TAG is identical except the sequence for Cap is:
atggctgccgatggttatcttccagattggctcgaggacactctctctgaaggaataag
acagtggtggaagctcaaacctggcccaccaccaccaaagcccgcagagecggcataagg
acgacagcaggggtcttgtgcttcctgggtacaagtacctcggacccttcaacggacte
gacaagggagagccggtcaacgaggcagacgccgcggccctcgagcacgacaaagecta
cgaccggcagctcgacagcggagacaacccgtacctcaagtacaaccacgccgacgcgg
agtttcaggagcgccttaaagaagatacgtcttttgggggcaacctcggacgagcagte
ttccaggcgaaaaagagggttcttgaacctctgggectggttgaggaacctgttaagac
ggctccgggaaaaaagaggccggtagagcactctecectgtggageccagactecectectegg
gaaccggaaaggcgggccagcagcctgcaagaaaaagattgaattttggtcagactgga
gacgcagactcagtacctgacccccagecctctcggacageccaccagcagececcctetgg
tctgggaactaatacgatggctacaggcagtggcgcaccaatggcagacaataacgagg
gcgccgacggagtgggtaattcctcgggaaattggcattgecgattccacatggatggge
gacagagtcatcaccaccagcTAGcgaacctgggccctgecccacctacaacaaccacct
ctacaaacaaatttccagccaatcaggagcctcgaacgacaatcactactttggctaca
gcaccccttgggggtattttgacttcaacagattccactgccacttttcaccacgtgac
tggcaaagactcatcaacaacaactggggattccgacccaagagactcaacttcaagcet
ctttaacattcaagtcaaagaggtcacgcagaatgacggtacgacgacgattgccaata
accttaccagcacggttcaggtgtttactgactcggagtaccagctccecgtacgtecte
ggctcggcgcatcaaggatgcctccecgecgttceccagcagacgtcttcatggtgceccaca
gtatggatacctcaccctgaacaacgggagtcaggcagtaggacgctcttcattttact
gcctggagtacttteccttectcagatgectgecgtaccggaaacaactttaccttcagcetac
acttttgaggacgttcctttccacagcagctacgctcacagccagagtctggaccgtet
catgaatcctctcatcgaccagtacctgtattacttgagcagaacaaacactccaagtg
gaaccaccacgcagtcaaggcttcagttttctcaggccggagcgagtgacattcgggac
cagtctaggaactggcttcctggaccctgttaccgeccagcagcgagtatcaaagacatc
tgcggataacaacaacagtgaatactcgtggactggagctaccaagtaccacctcaatg
gcagagactctctggtgaatccgggcccggccatggcaagccacaaggacgatgaagaa
aagttttttcctcagagcggggttctcatctttgggaagcaaggctcagagaaaacaaa
tgtggacattgaaaaggtcatgattacagacgaagaggaaatcaggacaaccaatcccg
tggctacggagcagtatggttctgtatctaccaacctccagagaggcaacagacaagca
gctaccgcagatgtcaacacacaaggcgttcttccaggcatggtctggcaggacagaga
tgtgtaccttcaggggcccatctgggcaaagattccacacacggacggacattttcacc
cctctccectcatgggtggattcggacttaaacacccteccteccacagattctcatcaag
aacaccccggtacctgcgaatccttcgaccaccttcagtgcggcaaagtttgecttectt
catcacacagtactccacgggacaggtcagcgtggagatcgagtgggagctgcagaagg
aaaacagcaaacgctggaatcccgaaattcagtacacttccaactacaacaagtctgtt
aatgtggactttactgtggacactaatggcgtgtattcagagcctcgccccattggecac
cagatacctgactcgtaatctgtaa
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ttctctgtcacagaatgaaaatttttctgtcatctcttecgttattaatgtttgtaattg
actgaatatcaacgcttatttgcagcctgaatggcgaatgggacgcgccctgtagecgge
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gcattaagcgcggcgggtgtggtggttacgcgcagecgtgaccgctacacttgeccagege
cctagcgcccgctectttegetttettececttectttetegecacgttegeecggettte
cccgtcaagctctaaatcgggggcteccectttagggtteccgatttagtgectttacggcecac
ctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggccatcgecctgata
gacggtttttcgccctttgacgttggagtccacgttctttaatagtggactettgttece
aaactggaacaacactcaaccctatctcggtctattcttttgatttataagggattttg
ccgatttcggcctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattt
taacaaaatattaacgtttacaatttcaggtggcacttttcggggaaatgtgcgcggaa
cccctatttgtttatttttctaaatacattcaaatatgtatccgctcatgagacaataa
ccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttccg
tgtcgcccttattecececttttttgeggcattttgecttectgtttttgectcacccagaaa
cgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggttacatcgaa
ctggatctcaacagcggtaagatccttgagagttttcgeccccgaagaacgtttteccaat
gatgagcacttttaaagttctgctatgtggcgcggtattatccecgtattgacgeccggge
aagagcaactcggtcgccgcatacactattctcagaatgacttggttgagtactcacca
gtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccat
aaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaagg
agctaaccgcttttttgcacaacatgggggatcatgtaactcgccttgatcgttgggaa
ccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgtagcaat
ggcaacaacgttgcgcaaactattaactggcgaactacttactctagcttcccggecaac
aattaatagactggatggaggcggataaagttgcaggaccacttctgcgctcggececctt
ccggctggctggtttattgectgataaatctggageccggtgagegtgggtctecgeggtat
cattgcagcactggggccagatggtaagccctccecgtatcgtagttatctacacgacgg
ggagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactg
attaagcattggtaactgtcagaccaagtttactcatatatactttagattgatttaaa
acttcatttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgacca
aaatcccttaacgtgagttttcgttccactgagecgtcagaccccgtagaaaagatcaaa
ggatcttcttgagatcctttttttctgcgecgtaatctgectgecttgcaaacaaaaaaacc
accgctaccagcggtggtttgtttgccggatcaagagctaccaactcttttteccgaagg
taactggcttcagcagagcgcagataccaaatactgtccttctagtgtagccgtagtta
ggccaccacttcaagaactctgtagcaccgcctacatacctcgctctgctaatcetgtt
accagtggctgctgccagtggcgataagtcgtgtcttaccgggttggactcaagacgat
agttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacacagecccage
ttggagcgaacgacctacaccgaactgagatacctacagcgtgagcattgagaaagcge
cacgcttcccgaagggagaaaggcggacaggtatccggtaagecggcagggtcggaacag
gagagcgcacgagggagcttccagggggaaacgcctggtatctttatagtcctgteggg
tttcgccacctctgacttgagcgtcgatttttgtgatgectecgtcaggggggecggagect
atggaaaaacgccagcaacgcggcctttttacggttcectggecttttgectggeettttg
ctcacatgttctttcctgecgttatccecctgattectgtggataaccgtattaccgeecttt
gagtgagctgataccgctcgccgcagccgaacgaccgagcgcagcgagtcagtgagcga
ggaagcggaagagcgcctgatgcggtattttcteccttacgcatctgtgecggtatttcac
accgcagaccagccgcgtaacctggcaaaatcggttacggttgagtaataaatggatgce
cctgcgtaagcgggtgtgggcggacaataaagtcttaaactgaacaaaatagatctaaa
ctatgacaataaagtcttaaactagacagaatagttgtaaactgaaatcagtccagtta
tgctgtgaaaaagcatactggacttttgttatggctaaagcaaactcttcattttctga
agtgcaaattgcccgtcgtattaaagaggggcgtggccaagggcatggtaaagactata
ttcgcggecgttgtgacaatttaccgaacaactccgecggeccgggaageccgatecteggett
gaacgaattgttaggtggcggtacttgggtcgatatcaaagtgcatcacttctteccegt
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atgcccaactttgtatagagagccactgcgggatcgtcaccgtaatctgettgcacgta
gatcacataagcaccaagcgcgttggcctcatgecttgaggagattgatgagecgeggtgg
caatgccctgecctcecggtgctecgecggagactgcgagatcatagatatagatcectcacta
cgcggctgctcaaacctgggcagaacgtaagccgcgagagcgccaacaaccgettettg
gtcgaaggcagcaagcgcgatgaatgtcttactacggagcaagttcccgaggtaatecgg
agtccggctgatgttgggagtaggtggctacgtctccgaactcacgaccgaaaagatca
agagcagcccgcatggatttgacttggtcagggccgagectacatgtgcgaatgatgcece
catacttgagccacctaactttgttttagggcgactgccctgctgegtaacatcgttge
tgctgcgtaacatcgttgectgectccataacatcaaacatcgacccacggcgtaacgege
ttgctgcttggatgcccgaggcatagactgtacaaaaaaacagtcataacaagccatga
aaaccgccactgcgccgttaccaccgctgecgttcggtcaaggttctggaccagttgegt
gagcgcatacgctacttgcattacagtttacgaaccgaacaggcttatgtcaactgggt
tcgtgecttcatcecgtttccacggtgtgecgtcacccggcaaccttgggcagcagcgaag
tcgaggcatttctgtecctggctggcgaacgagcgcaaggtttecggtctccacgecategt
caggcattggcggccttgctgttcecttctacggcaaggtgetgtgcacggatectgecectg
gcttcaggagatcggtagacctcggeccgtecgeggecgecttgececggtggtgetgaccecgg
atgaagtggttcgcatcctcggttttctggaaggcgagcatcgtttgttecgeccaggac
tctagctatagttctagtggttggctacgtacccgta gc
ttaatgcgccgctacagggcgecgtggggatacceccctagagecccagetggttetttece
gcctcagaagccatagagcccaccgcatccccagecatge
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cgaccgcaccctgtgacgaaagccgcccg
caagctgcgcccctgagttagtcatctgaacttcggecctgggegtectectgggaagtace
acagtggtgggagcgggactttcctggtacaccagggcagcgggccaactacggggatt
aaggttattacgaggtgtggtggtaatagccgcctgttcgaggagaattcggttteggt
gggcgcggattccgttgacccgggatatcatgtggggtcccgecgetcatgtagtttatt
cgggttgagtagtcttgggcagctccagccgcaagtcccatttgtggectggtaactcca
catgtagggcgtgggaatttccttgctcataatggcgctgacgacaggtgctggegecg
ggtgtggccgctggagatgacgtagttttcgcgcttaaatttgagaaagggcgcgaaac
tagtccttaagagtcagcgcgcagtatttgctgaagagagccteccgegtettccagegt
gcgccgaagctgatcttcgettttgtgatacaggcagctgecgggtgagggagcgcagag




acctgttttttattttcagctcttgttcttggcccctgetttgttgaaatatagecatac
agagtgggaaaaatcctatttctaagctcgcgggtcgatacgggttecgttgggecgecag
acgcagcgctcctcecctecctgetgetgecgecgectgtggatttettgggetttgtcagag
tcttgctatccggtcgecctttgecttectgtgtgaccgectgectgttgectgecgetgecget
gccgccggtgcagtaggggctgtagagatgacggtagtaatgcaggatgttacgggggal
aggccacgccgtgatggtagagaagaaagcggcgggcgaaggagatgttgcccccacag
tcttgcaagcaagcaactatggcgttcttgtgccecgegeccacgageggtagecttggeg
ctgttgttgctcttgggctaacggcggcggectgecttagacttaccggececctggttecag
tggtgtcccatctacggttgggtcggcgaacaggcagtgeccggecggecgectgaggageg
gaggttgtagcgatgctgggaacggttgccaatttctggggcgecggecgaggggaatge
gaccgagggtgacggtgtttcgtctgacacctecttecggecctcggaagettegtectagge
tgtcccagtcttccatcatctcctecctecctecgteccaaaacctectetgectgactgtece
cagtattcctcctcgtececgtgggtggecggecggecggcagectgcagettetttttgggtge
catcctgggaagcaagggcccgcggctgectgatagggectgeggeggecggggggattggg
ttgagctcctcgccggactgggggtccaggtaaaccceccecgteccctttegtagecagaaa
ctcttggcgggctttgttgatggcttgcaattggccaaggatgtggccctgggtaatga
cgcaggcggtaagctccgcatttggcgggcgggattggtecttecgtagaacctaatcteg
tgggcgtggtagtcctcaggtacaaatttgcgaaggtaagccgacgtccacagececccgg
agtgagtttcaaccccggageccgeggacttttegtcaggecgagggaccctgcagetcaa
aggtaccgataatttgactttcgctaagcagttgcgaattgcagaccagggagcggtge
ggggtgcataggttgcagcgacagtgacactccagtaggccgtcaccgectcacgtette
catgatgtcggagtggtaggcaaggtagttggctagectgcagaaggtagcagtgacccce
aaagcggcggagggcattcacggtacttaatgggcacaaagtcgctaggaagcgcacag
caggtggcgggcagaattcctgaacgctctaggataaagttcctaaagttttgcaacat
gctttgactggtgaagtctggcagaccctgttgcagggttttaagcaggegttcggggal
agataatgtccgccaggtgcgcggccacggagcgctecgttgaaggececgteccataggtece
ttcaagttttgctttagcagcttctgcagctcctttaggttgcgctcctccaggcattg
ctgccacacgcccatggccgtttgccaggtgtagcacagaaataagtaaacgcagtcge
ggacgtagtcgcggcgcgcctcecgeccttgagegtggaatgaagcacgttttgececgagg
cggttttcgtgcaaaattccaaggtaggagaccaggttgcagagctccacgttggaaat
tttgcaggcctggcgcacgtageccctggcgaaaggtgtagtgcaacgtttecctectaget
tgcgctgcatctccgggtcagcaaagaaccgctgcatgcactcaagctccacggtaaca
agcactgcggccatcattagecttgcgtcgecteccteccaagtecggcaggectegegegtete
aagccagcgcgccagctgctcatcgeccaactgecgggtaggeccteccteggtttgttett
gcaagtttgcatccctctccaggggtecgtgcacggcgcacgatcagectecgectcatgact
gtgctcataaccttggggggtaggttaagtgccgggtaggcaaagtgggtgacctcgat
gctgcgtttcagcacggctaggcgcgecgttgtcaccctcaagttccaccagecactecac
agtgactttcattttcgctgttttcttgttgcagagcgtttgeccgecgegtttctegtceg
cgtccaagaccctcaaagatttttggcacttcgtcgagecgaggcgatatcaggtatgac
agcgccctgccgcaaggccagctgecttgtecgeteggetgeggttggcacggcaggatal
ggggtatcttgcagttttggaaaaagatgtgataggtggcaagcacctctggcacggcea
aatacggggtagaagttgaggcgcgggttgggctcgcatgtgeccgttttecttggegttt
ggggggtacgcgcggtgagaacaggtggcgttcgtaggcaaggectgacatcecgectatgg
cgaggggcacatcgctgcgctcttgcaacgecgtcgcagataatggecgcactggegetge
agatgcttcaacagcacgtcgtctcccacatctaggtagtcgeccatgecctttggteccce
ccgcccgacttgttcctecgtttgectctgegtecgtecctggtettgetttttatectetg
ttggtactgagcgatcctcgtcgtcttcgecttacaaaacctgggtectgectegataatce
acttcctcctcctcaagecgggggtgectcgacggggaaggtggtaggecgegttggegge
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atcggtggaggcggtggtggcgaactcaaagggggcggttaggctgtcctecttetecga
ctgactccatgatctttttctgecctataggagaaggaaatggccagtcgggaagaggag
cagcgcgaaaccacccccgagcgcggacgcggtgecggecgecgacgtccaccaaccatgga
ggacgtgtcgtccccgtcgececgtecgecgeccgectecececcgegecgeccccaaaaaagcgge
tgaggcggcgtctcgagtccgaggacgaagaagactcgtcacaagatgcgectggtgecg
cgcacacccagcccgcggccatcgacctcgacggecggatttggeccattgegtccaaaaa
gaaaaagaagcgcccctctcccaagecccgagecgecccgeccatccccagaggtgategtgg
acagcgaggaagaaagagaagatgtggcgctacaaatggtgggtttcagcaacccaccg
gtgctaatcaagcacggcaagggaggtaagcgcacggtgcggcggctgaatgaagacga
cccagtggcgcggggtatgcggacgcaagaggaaaaggaagagtccagtgaagcggaaa
gtgaaagcacggtgataaacccgctgagcctgccgatcgtgtctgegtgggagaaggge
atggaggctgcgcgcgcgttgatggacaagtaccacgtggataacgatctaaaggcaaa
cttcaagctactgcctgaccaagtggaagctctggcggccgtatgcaagacctggctaa
acgaggagcaccgcgggttgcagctgaccttcaccagcaacaagacctttgtgacgatg
atggggcgattcctgcaggcgtacctgcagtcgtttgcagaggtaacctacaagcacca
cgagcccacgggctgcgecgttgtggctgcaccgectgecgectgagatcgaaggcgagcectta
agtgtctacacgggagcattatgataaataaggagcacgtgattgaaatggatgtgacg
agcgaaaacgggcagcgcgcgctgaaggagcagtctagcaaggccaagatcgtgaagaa
ccggtggggccgaaatgtggtgcagatctccaacaccgacgcaaggtgctgcgtgecatg
acgcggcctgtccggccaatcagttttccggcaagtcttgeggcatgttettectetgaa
ggcgcaaaggctcaggtggcttttaagcagatcaaggctttcatgcaggcgctgtatcce
taacgcccagaccgggcacggtcaccttctgatgccactacggtgcgagtgcaactcaa
agcctgggcatgcaccctttttgggaaggcagctaccaaagttgactccgttcgecctg
agcaacgcggaggacctggacgcggatctgatctccgacaagagcgtgctggccagegt
gcaccacccggcgctgatagtgttccagtgctgcaaccctgtgtatcgcaactecgegeg
cgcagggcggaggccccaactgcgacttcaagatatcggcgcccgacctgctaaacgeg
ttggtgatggtgcgcagcctgtggagtgaaaacttcaccgagctgccgecggatggttgt
gcctgagtttaagtggagcactaaacaccagtatcgcaacgtgtccctgeccagtggege
atagcgatgcgcggcagaacccctttgatttttaaacggcgcagacggcaagggtgggg
ggtaaataatcacccgagagtgtacaaataaaaacatttgcctttattgaaagtgtctc
ctagtacattatttttacatgtttttcaagtgacaaaaagaagtggcgctcctaatctg
cgcactgtggctgcggaagtagggcgagtggcgctccaggaagctgtagagctgttect
ggttgcgacgcagggtgggctgtacctggggactgttaagcatggagttgggtacciefefe
gccgcggtccgtatactccggaatattaatagiiselidecrole - oRs - oo -Rule R o= F-Yole:
atctcgcaaataaataagtattttactgttttcgtaacagttttgtaataaaaaaacct
ataaatattccggattattcataccgtcccaccatcgggcgcgaactcctaaaaaaccqg
ccaccatgaagtgccttttgtacttagcctttttattcattggggtgaattgcaagttc
accatagtttttccacacaaccaaaaaggaaactggaaaaatgttccttctaattacca
ttattgcccgtcaagctcagatttaaattggcataatgacttaataggcacageccttac
aagtcaaaatgcccaagagtcacaaggctattcaagcagacggttggatgtgtcatget
tccaaatgggtcactacttgtgatttccgctggtatggaccgaagtatataacacattc
catccgatccttcactccatctgtagaacaatgcaaggaaagcattgaacaaacgaaac
aaggaacttggctgaatccaggcttccctecctcaaagttgtggatatgcaactgtgacg
gatgccgaagcagtgattgtccaggtgactcctcaccatgtgctggttgatgaatacac
aggagaatgggttgattcacagttcatcaacggaaaatgcagcaattacatatgcccca
ctgtccataactctacaacctggcattctgactataaggtcaaagggctatgtgattct
aacctcatttccatggacatcaccttcttctcagaggacggagagctatcatcecctggg
aaaggagggcacagggttcagaagtaactactttgcttatgaaactggaggcaaggcct
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gcaaaatgcaatactgcaagcattggggagtcagactcccatcaggtgtctggttcgag
atggctgataaggatctctttgctgcagccagattccctgaatgcccagaagggtcaag
tatctctgctccatctcagacctcagtggatgtaagtctaattcaggacgttgagagga
tcttggattattccctctgeccaagaaacctggagcaaaatcagagecgggtcttccaatce
tctccagtggatctcagctatcttgectcctaaaaacccaggaaccggtecctgetttcac
cataatcaatggtaccctaaaatactttgagaccagatacatcagagtcgatattgctg
ctccaatcctctcaagaatggtcggaatgatcagtggaactaccacagaaagggaactg
tgggatgactgggcaccatatgaagacgtggaaattggacccaatggagttctgaggac
cagttcaggatataagtttcctttatacatgattggacatggtatgttggactccgatc
ttcatcttagctcaaaggctcaggtgttcgaacatcctcacattcaagacgectgcttcg
caacttcctgatgatgagagtttattttttggtgatactgggctatccaaaaatccaat
cgagcttgtagaaggttggttcagtagttggaaaagctctattgcctecttttttecttta
tcatagggttaatcattggactattcttggttctccgagttggtatccatctttgcatt
aaattaaagcacaccaagaaaagacagatttatacagacatagagatgaaccgacttgg
cEElCpeEiseEiggccaggccggeccaagcttgtcgagaagtactagaggatcataatcage
cataccacatttgtagaggttttacttgcttt

gatctgatcact
gcttgagcctaggagatccgiEllofel-Tef-Rst- -Te e roE-Y-h o) of=Te i oh Aol of-F-Y- T o] k=N b o sh o o A o]
tttttaattttcgtattagcttacgacgctacacccagttcccatctattttgtcactc
ttccctaaataatccttaaaaactccatttccacccctcccagttcccaactattttgt
ofefefelefeLYeElgCcggggcatttttcttectgttatgtttttaatcaaacatectgecaact
ccatgtgacaaaccgtcatcttcggctacttt
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Sequence: wild type RC2

ttctctgtcacagaatgaaaatttttctgtcatctcttcgttattaatgtttgtaattg
actgaatatcaacgcttatttgcagcctgaatggcgaatgggacgcgccctgtagcgge
gcattaagcgcggcgggtgtggtggttacgcgcagecgtgaccgctacacttgeccagege
cctagcgcccgctectttecgetttetteeccttectttetegecacgttegeecggettte
cccgtcaagctctaaatcgggggcteccectttagggtteccgatttagtgectttacggcecac
ctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggccatcgecctgata
gacggtttttcgccctttgacgttggagtccacgttctttaatagtggactettgttece
aaactggaacaacactcaaccctatctcggtctattcttttgatttataagggattttg
ccgatttcggcctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattt
taacaaaatattaacgtttacaatttcaggtggcacttttcggggaaatgtgcgcggaa
cccctatttgtttatttttctaaatacattcaaatatgtatccgctcatgagacaataa
ccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttccg
tgtcgcccttattecececttttttgeggcattttgecttectgtttttgectcacccagaaa
cgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggttacatcgaa
ctggatctcaacagcggtaagatccttgagagttttcgeccccgaagaacgtttteccaat
gatgagcacttttaaagttctgctatgtggcgcggtattatccecgtattgacgeccggge
aagagcaactcggtcgccgcatacactattctcagaatgacttggttgagtactcacca
gtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccat
aaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaagg
agctaaccgcttttttgcacaacatgggggatcatgtaactcgccttgatcgttgggaa
ccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgtagcaat
ggcaacaacgttgcgcaaactattaactggcgaactacttactctagcttcccggecaac
aattaatagactggatggaggcggataaagttgcaggaccacttctgcgctcggeecctt
ccggctggctggtttattgectgataaatctggagccggtgagegtgggtctecgeggtat
cattgcagcactggggccagatggtaagccctccecgtatcgtagttatctacacgacgg
ggagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactg
attaagcattggtaactgtcagaccaagtttactcatatatactttagattgatttaaa
acttcatttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgacca
aaatcccttaacgtgagttttcgttccactgagecgtcagaccccgtagaaaagatcaaa
ggatcttcttgagatcctttttttctgcgecgtaatctgectgecttgcaaacaaaaaaacc
accgctaccagcggtggtttgtttgccggatcaagagctaccaactcttttteccgaagg
taactggcttcagcagagcgcagataccaaatactgtccttctagtgtagccgtagtta
ggccaccacttcaagaactctgtagcaccgcctacatacctcgctctgctaatcetgtt
accagtggctgctgccagtggcgataagtcgtgtcttaccgggttggactcaagacgat
agttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacacagecccage
ttggagcgaacgacctacaccgaactgagatacctacagcgtgagcattgagaaagcge
cacgcttcccgaagggagaaaggcggacaggtatccggtaagecggcagggtcggaacag
gagagcgcacgagggagcttccagggggaaacgcctggtatctttatagtcctgteggg
tttcgccacctctgacttgagcgtcgatttttgtgatgectecgtcaggggggecggagect
atggaaaaacgccagcaacgcggcctttttacggttcectggecttttgectggeecttttg
ctcacatgttctttcctgecgttatccecctgattectgtggataaccgtattaccgecttt
gagtgagctgataccgctcgccgcagccgaacgaccgagcecgcagcgagtcagtgagcga
ggaagcggaagagcgcctgatgcggtattttcteccttacgcatctgtgeggtatttcac
accgcagaccagccgcgtaacctggcaaaatcggttacggttgagtaataaatggatge
cctgcgtaagcgggtgtgggcggacaataaagtcttaaactgaacaaaatagatctaaa
ctatgacaataaagtcttaaactagacagaatagttgtaaactgaaatcagtccagtta
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tgctgtgaaaaagcatactggacttttgttatggctaaagcaaactcttcattttctga
agtgcaaattgcccgtcgtattaaagaggggcgtggccaagggcatggtaaagactata
ttcgcggecgttgtgacaatttaccgaacaactccgecggeccgggaageccgatecteggett
gaacgaattgttaggtggcggtacttgggtcgatatcaaagtgcatcacttctteccegt
atgcccaactttgtatagagagccactgcgggatcgtcaccgtaatctgettgcacgta
gatcacataagcaccaagcgcgttggcctcatgecttgaggagattgatgagecgeggtgg
caatgccctgecctcecggtgctecgecggagactgcgagatcatagatatagatectcacta
cgcggctgctcaaacctgggcagaacgtaagccgcgagagcgccaacaaccgettettg
gtcgaaggcagcaagcgcgatgaatgtcttactacggagcaagttcccgaggtaatecgg
agtccggctgatgttgggagtaggtggctacgtctccgaactcacgaccgaaaagatca
agagcagcccgcatggatttgacttggtcagggccgagectacatgtgcgaatgatgcece
catacttgagccacctaactttgttttagggcgactgccctgctgegtaacatcgttge
tgctgcgtaacatcgttgectgectccataacatcaaacatcgacccacggecgtaacgege
ttgctgcttggatgcccgaggcatagactgtacaaaaaaacagtcataacaagccatga
aaaccgccactgcgccgttaccaccgctgecgttcggtcaaggttctggaccagttgegt
gagcgcatacgctacttgcattacagtttacgaaccgaacaggcttatgtcaactgggt
tcgtgecttcatcecgtttccacggtgtgecgtcacccggcaaccttgggcagcagcgaag
tcgaggcatttctgtecctggctggcgaacgagcgcaaggtttecggtcteccacgecategt
caggcattggcggccttgctgttecttctacggcaaggtgetgtgcacggatctgcectg
gcttcaggagatcggtagacctcggeccgtecgeggecgecttgeceggtggtgetgaccecgg
atgaagtggttcgcatcctcggttttctggaaggcgagcatcgtttgttecgeccaggac
tctagctatagttctagtggttggctacgtacccgta_gc
ttaatgcgccgctacagggcgecgtggggatacceccctagagecccagetggttetttece
gcctcagaagccatagagcccaccgcatccccagcatgectgectattgtecttecccaate
ctcccecttgetgtectgecccacceccaccececccagaatagaatgacacctactcagac
aatgcgatgcaatttcctcattttattaggaaaggacagtgggagtggcaccttccagg
gtcaaggaaggcacgggggaggggcaaacaacagatggctggcaactagaaggcacagt
cgaggctgatcagcgggtttaaacgggccctctagactcgagttaaagtcgacttaacg
cgttgaattc
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ggtggcgctagccagcttgggtctcecce
atttcgataagccagtaagcagtgggttctctagttagccaga

ele[gqdct agaccaagtgacgatcacagcgatccacaaacaagaaccgcgacccaaatcece
cggctgcgacggaactagctgtgccacacccggcgcgtceccttatataatcatcggegtt

caccgccccacggagatccctccgcagaatcgeccgagaagggactacttttecctegect
gttccgctctctggaaagaaaaccagtgccctagagtcacccaagtcccgtecctaaaat
gtccttctgctgatactggggttctaaggccgagtcttatgagcagcgggccgectgtcece
tgagcgtccgggcggaaggatcaggacgctcgctgcgecccttecgtectgacgtggcageg

aacggccactagtcaataatcaatgtcaacgcgtatatctggcccgtacatcgcgaage
agcgcaaaacggatcctgcaggtatttgcggeccgatgcatgggaagggcgatcggtgeg
ggcctcttcgectattacgccagectggcgaaagggggatgtgectgcaaggecgattaagtt
gggtaacgccagggttttcccagtcacgacgttgtaaaacgacggccagtgagcgcgcec
agcgctcgttcaaacctcccgecttcaaaatggagaccctgegtgectcactegggecccece
ccccecccagcgagaccacatggtgtcgcaaaatgtcgcaaaacactcacgtgacctctaa
tacaggacctccctaaccctatgacgtaattcacgtcacgactccaccccteccgeccge
tgtttaaacgcccgggctgtagttaatgattaacccgeccatgctacttatctacgtage
catggaaactagataagaaagaaatacgcagagaccaaagttcaactgaaacgaattaa
acggtttattgattaacaagcaaphstzlefIef-has-Tels-lopslol-To(chstcRlehsle o puls(elol- Rl oo
gcgaggctctgaatacacgccattagtgtccacagtaaagtccacattaacagacttgt
tgtagttggaagtgtactgaatttcgggattccagecgtttgectgttttecttctgecage
tcccactcgatctccacgctgacctgtcccgtggagtactgtgtgatgaaggaagcaaa
ctttgccgcactgaaggtggtcgaaggattcgcaggtaccggggtgttcttgatgagaa
tctgtggaggagggtgtttaagtccgaatccacccatgaggggagaggggtgaaaatgt
ccgtccgtgtgtggaatctttgcccagatgggcccctgaaggtacacatctetgtectg
ccagaccatgcctggaagaacgccttgtgtgttgacatctgcggtagectgecttgtetgt
tgcctctctggaggttggtagatacagaaccatactgctccgtagccacgggattggtt
gtcctgatttcctcttecgtctgtaatcatgaccttttcaatgtccacatttgttttete
tgagccttgcttcccaaagatgagaaccccgctctgaggaaaaaacttttecttcategt
ccttgtggcttgccatggccgggecccggattcaccagagagtctctgecattgaggtgg
tacttggtagctccagtccacgagtattcactgttgttgttatccgcagatgtcectttga
tactcgctgctggcggtaacagggtccaggaagccagttcctagactggtcccgaatgt
cactcgctccggcctgagaaaactgaagccttgactgegtggtggttccacttggagtg
tttgttctgctcaagtaatacaggtactggtcgatgagaggattcatgagacggtccag
actctggctgtgagcgtagctgctgtggaaaggaacgtcctcaaaagtgtagctgaagg
taaagttgtttccggtacgcagcatctgagaaggaaagtactccaggcagtaaaatgaa
gagcgtcctactgcctgactcececgttgttcagggtgaggtatccatactgtggcaccat
gaagacgtctgctgggaacggcgggaggcatccttgatgcgeccgagccgaggacgtacg
ggagctggtactccgagtcagtaaacacctgaaccgtgctggtaaggttattggcaatce
gtcgtcgtaccgtcattctgcgtgacctctttgacttgaatgttaaagagcttgaagtt
gagtctcttgggtcggaatccccagttgttgttgatgagtectttgeccagtcacgtggty
aaaagtggcagtggaatctgttgaagtcaaaatacccccaaggggtgctgtagccaaag
tagtgattgtcgttcgaggctcctgattggectggaaatttgtttgtagaggtggttgtt
gtaggtgggcagggcccaggttcgggtgectggtggtgatgactctgtcgeccatceccaty
tggaatcgcaatgccaatttcccgaggaattacccactcecgtecggegecctegttattg
tctgccattggtgcgccactgecctgtagccatcgtattagttcccagaccagagggggce
tgctggtggctgtccgagaggctgggggtcaggtactgagtctgecgtcteccagtectgac

148



caaaattcaatctttttcttgcaggctgctggcccgeccttteccggttecccgaggaggag
tctggctccacaggagagtgctctaccggectcttttttecccggagececgtcttaacagg
ttcctcaaccaggcccagaggttcaagaaccctectttttecgectggaagactgetegtce
cgaggttgcccccaaaagacgtatcttctttaaggecgectecctgaaactcecgegtecggeg
tggttgtacttgaggtacgggttgtctcecgetgtecgagectgeccggtecgtaggetttgte
gtgctcgagggccgcggcgtctgecctcgttgaccggctctececttgtecgagtecegttga
agggtccgaggtacttgtacccaggaagcacaagacccctgectgtecgteccttatgecge
tctgcgggectttggtggtggtgggccaggtttgagecttccaccactgtecttattectte
agagagagtgtcctcgagccaatctggaagataaccatcggcagccatilelojdef-Rad -t
oAt tattgttcaaagatgcagtcatccaaatccacattgaccagatcgcaggcagt
gcaagcgtctggcacctttcccatgatatgatgaatgtagcacagtttctgatacgect
ttttgacgacagaaacgggttgagattctgacacgggaaagcactctaaacagtctttce
tgtccgtgagtgaagcagatatttgaattctgattcattctctcgcattgtctgecaggg
aaacagcatcagattcatgcccacgtgacgagaacatttgttttggtacctgtctgegt
agttgatcgaagcttccgcgtctgacgtcgatggectgecgcaactgactcgegcacccgt
ttgggctcacttatatctgcgtcactgggggcgggtcttttcttggctccaccettttt
gacgtagaattcatgctccacctcaaccacgtgatcctttgcccaccggaaaaagtctt
tgacttcctgcttggtgaccttcccaaagtcatgatccagacggcgggtgagttcaaat
ttgaacatccggtcttgcaacggctgctggtgttcgaaggtcgttgagttcccgtcaat
cacggcgcacatgttggtgttggaggtgacgatcacgggagtcgggtctatctgggceccg
aggacttgcatttctggtccacgcgcaccttgcttcctccgagaatggectttggecgac
tccacgaccttggcggtcatcttccecctecctcccaccagatcaccatcttgtecgacacal
gtcgttgaagggaaagttctcattggtccagtttacgcacccgtagaagggcacagtgt
gggctatggcctccgcgatgttggtcttcccggtagttgcaggecccaaacageccagatg
gtgttcctcttgccgaactttttcgtggecccatcccagaaagacggaageccgcatattg
gggatcgtacccgtttagttccaaaattttataaatccgattgctggaaatgtcctcca
cgggctgctggcccaccaggtagtcgggggcggttttagtcaggectcataatctttece
gcattgtccaaggcagccttgatttgggaccgcgagttggaggccgcattgaaggagat
gtatgaggcctggtcctcctggatccactgecttctccgaggtaatcceccttgtccacga
gccacccgaccagctccatgtacctggctgaagtttttgatctgatcaccggecgcatca
gaattgggattctgattctctttgttctgctcctgecgtctgcgacacgtgecgtcagatg
ctgcgccaccaaccgtttacgctccgtgagattcaaacaggcgcttaaatactgttcca
tattagtccacgcccactggagctcaggctgggttttggggagcaagtaattggggatg
tagcactcatccaccaccttgttcccgectccggegeccatttectggtetttgtgaccge
gaaccagtttggcaaagtcggctcgatcccgcggtaaattctctgaatcagtttttege
gaatctgactcaggaaacgtcccaaaaccatggatttcaccccggtggtttccacgage
acgtgcatgtggaagtagctctctcccttctcaaattgcacaaagaaaagggcctccgg
ggccttactcacacggcgccattccgtcagaaagtcgcgectgcagecttctecggeccacgg
tcaggggtgcctgctcaatcagattcagatccatgtcagaatctggcggcaactcccat
tccttctcggccacccagttcacaaagctgtcagaaatgccgggcagatgectecgtcaag
gtcgctggggaccttaatcacaatctcgtaaaaccccggcat(sfefelefefohulelelefof-Tet-Rlof-]
gaagttcctatactttctagagaataggaacttcggaataggaacttctgatcttecgg
gggatccactagttctagagcggccgcggtccgtatacteccggaatattaatagatcat
ggagataattaaaatgataaccatctcgcaaataaataagtattttactgttttcgtaa
cagttttgtaataaaaaaacctataaatattccggattattcataccgtcccaccatcg

atgaagtgccttttgtacttagcctttttatt
cattggggtgaattgcaagttcaccatagtttttccacacaaccaaaaaggaaactgga

aaaatgttccttctaattaccattattgcccgtcaagctcagatttaaattggcataat
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gacttaataggcacagccttacaagtcaaaatgcccaagagtcacaaggctattcaage
agacggttggatgtgtcatgcttccaaatgggtcactacttgtgatttcecgetggtaty
gaccgaagtatataacacattccatccgatccttcactccatctgtagaacaatgcaag
gaaagcattgaacaaacgaaacaaggaacttggctgaatccaggcttccctectcaaag
ttgtggatatgcaactgtgacggatgccgaagcagtgattgtccaggtgactcctcacce
atgtgctggttgatgaatacacaggagaatgggttgattcacagttcatcaacggaaaa
tgcagcaattacatatgccccactgtccataactctacaacctggcattctgactataa
ggtcaaagggctatgtgattctaacctcatttccatggacatcaccttcttectcagagq
acggagagctatcatccctgggaaaggagggcacagggttcagaagtaactactttget
tatgaaactggaggcaaggcctgcaaaatgcaatactgcaagcattggggagtcagact
cccatcaggtgtctggttcgagatggctgataaggatctctttgctgcagccagattcece
ctgaatgcccagaagggtcaagtatctctgctccatctcagacctcagtggatgtaagt
ctaattcaggacgttgagaggatcttggattattccctctgccaagaaacctggagcaa
aatcagagcgggtcttccaatctctccagtggatctcagctatcttgctectaaaaacce
caggaaccggtcctgctttcaccataatcaatggtaccctaaaatactttgagaccaga
tacatcagagtcgatattgctgctccaatcctctcaagaatggtcggaatgatcagtgg
aactaccacagaaagggaactgtgggatgactgggcaccatatgaagacgtggaaattg
gacccaatggagttctgaggaccagttcaggatataagtttcctttatacatgattgga
catggtatgttggactccgatcttcatcttagctcaaaggctcaggtgttcgaacatcce
tcacattcaagacgctgcttcgcaacttcctgatgatgagagtttattttttggtgata
ctgggctatccaaaaatccaatcgagcttgtagaaggttggttcagtagttggaaaagc
tctattgcctcttttttectttatcatagggttaatcattggactattcttggttcteccg
agttggtatccatctttgcattaaattaaagcacaccaagaaaagacagatttatacag
acatagagatgaaccgacttggaaagtgataalsfelefer-Yele(elelele(olol-F-To [chshdorAelef-ToL-E-]
gtactagaggatcataatcagccataccacatttgtagaggttttacttgctttEEERE]
acctcccacacctccccctgaacctgaaacataaaatgaatgcaattgttgttgttaac
ttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaa
taaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatctt
S g gat ctgatcactgottgagoctaggagatoc gL LIS ELIR-LEE:
ctagttccaaactattttgtcatttttaattttcgtattagcttacgacgctacaccca
gttcccatctattttgtcactcttccctaaataatccttaaaaactccatttccacccce
tcccagttcccaactattttgtccgcccacalsfelsfelefeor-k sk vk ook ol st loo) ey s st-Rule ) oh ol o
ttaatcaaacatcctgccaactccatgtgacaaaccgtcatcttcggctacttt

The sequence for RC2-454TAG in this plasmid is identical except the sequence for Cap
has the same substitution as in pIDT-MbPyIRS-RC2-454TAG.

150



pIDTSMART-CMV-CAP-CSS

WA
o®*

e)&\
o v

0

W\
)910‘“

ues\,o’) \
3122

pIDTSMART-CMV-Cap-CSS
5618 bp

500

9115 jueys UOTY

9
TS Jouoq ao17ds S"°
1

J

Sequence color-coding key

Feature Color
CMV promoter text
T7 promoter text
Transcription start site text
Consensus splice donor site | text
Cap text
Bgh polyA
KanR

Sequence: wild type Cap

cccgtgtaaaacgacggccagtttatctagtcagcttgattctagetgatcgtggaccecg
gaaggtgagccagtgagttgattgcagtccagttacgctggagtctgaggctcgtectg
aatgatatgcgaccgccggagggttgcgtttgagacgggcgacagatccagtcgecgetg
ctctcgtcgatccgctagggcggecgcaaatacctgcaggatcegttttgegetgettce
gcgatgtacgggccagatatacgcgttgacattgattattgactagttattaatagtaa
tcaattacggggtcattagttcatagcccatatatggagttccgecgttacataacttac
ggtaaatggcccgcctggctgaccgecccaacgaccecccgeccattgacgtcaataatga
cgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggactat
ttacggtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgeccccce
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tattgacgtcaatgacggtaaatggcccgecctggcattatgcccagtacatgaccttat
gggactttcctacttggcagtacatctacgtattagtcatcgctattaccatggtgatg
cggttttggcagtacatcaatgggcgtggatagcggtttgactcacggggatttccaag
tctccaccccattgacgtcaatgggagtttgttttggcaccaaaatcaacgggactttce
caaaatgtcgtaacaactccgccccattgacgcaaatgggcggtaggecgtgtacggtgg
gaggtctatataagcagagctctctggctaactagagaacccactgcttactggcttat
cgaaattaatacgactcactatagggagacccaagctggctagcagttgcgcagccatc
gacgtcagacgcggaagcttcgatcaactacgcagacaggtaagtaaacaaatgttctce
gtcacgtgggcatgaatctgatgctgtttccctgcagacaatgcgagagaatgaatcag
aattcaaatatctgcttcactcacggacagaaagactgtttagagtgctttccecgtgte
agaatctcaacccgtttctgtcgtcaaaaaggcgtatcagaaactgtgctacattcatce
atatcatgggaaaggtgccagacgcttgcactgcctgcgatctggtcaatgtggatttg
gatgactgcatctttgaacaataaatgatttaaatcaggtatggctgccgatggttatce
ttccagattggctcgaggacactctctctgaaggaataagacagtggtggaagctcaaa
cctggcccaccaccaccaaagcccgcagagcggcataaggacgacagcaggggtettgt
gcttcctgggtacaagtacctcggacccttcaacggactcgacaagggagagccggtca
acgaggcagacgccgcggccctcgagcacgacaaagcctacgaccggcagctcgacage
ggagacaacccgtacctcaagtacaaccacgccgacgcggagtttcaggagcgecttaa
agaagatacgtcttttgggggcaacctcggacgagcagtcttccaggcgaaaaagaggg
ttcttgaacctctgggcctggttgaggaacctgttaagacggctccgggaaaaaagagg
ccggtagagcactctcctgtggagccagactcctecctcgggaaccggaaaggcgggcca
gcagcctgcaagaaaaagattgaattttggtcagactggagacgcagactcagtacctg
acccccagcctctcggacagccaccagcagccccctectggtctgggaactaatacgatg
gctacaggcagtggcgcaccaatggcagacaataacgagggcgccgacggagtgggtaa
ttcctcgggaaattggcattgcgattccacatggatgggcgacagagtcatcaccacca
gcacccgaacctgggccctgcccacctacaacaaccacctctacaaacaaatttccage
caatcaggagcctcgaacgacaatcactactttggctacagcaccccttgggggtattt
tgacttcaacagattccactgccacttttcaccacgtgactggcaaagactcatcaaca
acaactggggattccgacccaagagactcaacttcaagctctttaacattcaagtcaaa
gaggtcacgcagaatgacggtacgacgacgattgccaataaccttaccagcacggttca
ggtgtttactgactcggagtaccagctcccgtacgtcctecggectecggecgecatcaaggat
gcctceccgecgttecccagcagacgtettcatggtgeccacagtatggatacctcaccecctg
aacaacgggagtcaggcagtaggacgctcttcattttactgcctggagtactttcecttce
tcagatgctgcgtaccggaaacaactttaccttcagctacacttttgaggacgttectt
tccacagcagctacgctcacagccagagtctggaccgtctcatgaatcctectcatcgac
cagtacctgtattacttgagcagaacaaacactccaagtggaaccaccacgcagtcaag
gcttcagttttctcaggccggagecgagtgacattcgggaccagtctaggaactggette
ctggaccctgttaccgccagcagcgagtatcaaagacatctgcggataacaacaacagt
gaatactcgtggactggagctaccaagtaccacctcaatggcagagactctctggtgaa
tccgggcccggccatggcaagccacaaggacgatgaagaaaagttttttectcagageg
gggttctcatctttgggaagcaaggctcagagaaaacaaatgtggacattgaaaaggtc
atgattacagacgaagaggaaatcaggacaaccaatcccgtggctacggagcagtatgg
ttctgtatctaccaacctccagagaggcaacagacaagcagctaccgcagatgtcaaca
cacaaggcgttcttccaggcatggtctggcaggacagagatgtgtaccttcaggggcecce
atctgggcaaagattccacacacggacggacattttcacccctcteccecctcatgggtgg
attcggacttaaacaccctcctccacagattctcatcaagaacaccccggtacctgega
atccttcgaccaccttcagtgcggcaaagtttgcttccttcatcacacagtacteccacg
ggacaggtcagcgtggagatcgagtgggagctgcagaaggaaaacagcaaacgctggaa
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tcccgaaattcagtacacttccaactacaacaagtctgttaatgtggactttactgtgg
acactaatggcgtgtattcagagcctcgccccattggcaccagatacctgactcgtaat
ctgtaattgctgtcgactttaactcgagtctagagggcccgtttaaaccecgetgatcag
cctcga

cttct
gaggcggaaagaaccctaggggtgcgagcggatcgagcagtgtcgatcactactggacc
gcgagctgtgctgcgacccgtgatcttacggcattatacgtatgatcggtccacgatca
gctagattatctagtcagcttgatgtcatagctgtttcctgaggctcaatactgaccat
ttaaatcatacctgacctccatagcagaaagtcaaaagcctccgaccggaggcttttga
cttgatcggcacgtaagaggttccaactttcaccataatgaaataagatcactaccggg
cgtattttttgagttatcgagattttcaggagctaaggaagctaaa

ggacctaaatgtaatcacct
ggctcaccttcgggtgggecctttectgegttgetggegtttttccataggectecgecccee
ctgacgagcatcacaaaaatcgatgctcaagtcagaggtggcgaaacccgacaggacta
taaagataccaggcgtttcccecctggaagectececctegtgegetectectgttecgacecet
gccgcttaccggatacctgtcecgectttectececttegggaagecgtggegetttetecata
gctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaagetgggctgtgtg
cacgaaccccccgttcagceccgaccgctgegecttateccggtaactatecgtettgagtce
caacccggtaagacacgacttatcgccactggcagcagccactggtaacaggattagceca
gagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggctac
actagaagaacagtatttggtatctgcgctctgctgaagccagttacctcggaaaaaga
gttggtagctcttgatccggcaaacaaaccaccgctggtageggtggtttttttgtttg
caagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgattttctacc
gaagaaaggccca

The sequence for RC2-454TAG in this plasmid is identical except the sequence for Cap
has the same substitution as in pIDT-MbPyIRS-RC2-454TAG.
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pAcBacl-Rep-CMV-Cap-CSS-CMV-MbPyIRS
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Sequence color-coding key

Feature Color
M13 ori text
AmpR text
ColE1 ori text
Tn7R text
GentamicinR text
HSV tk PolyA text |
Bgh polyA text
WPRE text |
MbPyIRS text
T7 promoter
CMV promoter
Rep
Polyhedrin promoter
L21 sequence
VSV-G text
SV40 late polyA [
CMV promoter
T7 promoter text
Transcription start site text

Consensus Splice Donor Site
Cap
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Bgh polyA
Tn7L

Sequence: wild type Cap

ctgaatggcgaatgggacgcgccctgtagecggcgcattaagecgecggecgggtgtggtggt
tacgcgcagcgtgaccgctacacttgccagcgccctagecgecccgectectttegetttet
tccettectttetegecacgttecgeccggetttecececegtcaagectctaaatecgggggete
cctttagggttccgatttagtgctttacggcacctcgaccccaaaaaacttgattaggg
tgatggttcacgtagtgggccatcgeccctgatagacggtttttecgecectttgacgttgg
agtccacgttctttaatagtggactcttgttccaaactggaacaacactcaaccctatce
tcggtctattcttttgatttataagggattttgecgatttcggectattggttaaaaaa
tgagctgatttaacaaaaatttaacgcgaattttaacaaaatattaacgtttacaattt
caggtggcacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaaata
cattcaaatatgtatccgctcatgagacaataaccctgataaatgcttcaataatattg
aaaaaggaagagtatgagtattcaacatttccgtgtcgccecttattceccttttttgegg
cattttgccttcctgtttttgctcacccagaaacgctggtgaaagtaaaagatgctgaa
gatcagttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatcct
tgagagttttcgccccgaagaacgttttccaatgatgagcacttttaaagttctgectat
gtggcgcggtattatcccgtattgacgccgggcaagagcaactcggtcgeccgcatacac
tattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatgg
catgacagtaagagaattatgcagtgctgccataaccatgagtgataacactgcggcca
acttacttctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaacatg
ggggatcatgtaactcgccttgatcgttgggaaccggagctgaatgaagccataccaaa
cgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaactattaa
ctggcgaactacttactctagcttcccggcaacaattaatagactggatggaggcggat
aaagttgcaggaccacttctgcgctcggeccectteccggectggectggtttattgetgataa
atctggagccggtgagcgtgggtctcgecggtatcattgcagcactggggeccagatggta
agccctcccecgtatcgtagttatctacacgacggggagtcaggcaactatggatgaacga
aatagacagatcgctgagataggtgcctcactgattaagcattggtaactgtcagacca
agtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatct
aggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttttegtte
cactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcectttttttet
gcgcgtaatctgctgecttgcaaacaaaaaaaccaccgctaccagecggtggtttgtttge
cggatcaagagctaccaactctttttccgaaggtaactggcttcagcagagcgcagata
ccaaatactgtccttctagtgtagccgtagttaggccaccacttcaagaactctgtage
accgcctacatacctcgctctgctaatcctgttaccagtggectgectgccagtggecgata
agtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcg
ggctgaacggggggttcgtgcacacagcccagcttggagcgaacgacctacaccgaact
gagatacctacagcgtgagcattgagaaagcgccacgcttcccgaagggagaaaggcgg
acaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccaggg
ggaaacgcctggtatctttatagtcctgtcgggtttcgeccacctectgacttgagegteg
atttttgtgatgctcgtcaggggggcggagcctatggaaaaacgccagcaacgcggcect
ttttacggttcctggecttttgctggecttttgetcacatgttetttectgegttatece
cctgattctgtggataaccgtattaccgcctttgagtgagctgataccgectcgecgcag
ccgaacgaccgagcgcagcgagtcagtgagcgaggaagcggaagagcgcecctgatgeggt
attttctccttacgcatctgtgecggtatttcacaccgcagaccageccgecgtaacctgge
aaaatcggttacggttgagtaataaatggatgccctgcgtaagecgggtgtgggecggaca
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ataaagtcttaaactgaacaaaatagatctaaactatgacaataaagtcttaaactaga
cagaatagttgtaaactgaaatcagtccagttatgctgtgaaaaagcatactggacttt
tgttatggctaaagcaaactcttcattttctgaagtgcaaattgcccgtecgtattaaag
aggggcgtggccaagggcatggtaaagactatattcgecggcgttgtgacaatttaccga
acaactccgcggccgggaagccgatctecggecttgaacgaattgttaggtggecggtactt
gggtcgatatcaaagtgcatcacttcttcccgtatgcccaactttgtatagagagccac
tgcgggatcgtcaccgtaatctgcttgcacgtagatcacataagcaccaagcgcgttgg
cctcatgcttgaggagattgatgagcgcggtggcaatgccctgeccteccggtgectecgecg
gagactgcgagatcatagatatagatctcactacgcggctgctcaaacctgggcagaac
gtaagccgcgagagcgccaacaaccgcttcttggtcgaaggcagcaagecgcgatgaatg
tcttactacggagcaagttcccgaggtaatcggagtccggectgatgttgggagtaggtg
gctacgtctccgaactcacgaccgaaaagatcaagagcagcccgcatggatttgacttg
gtcagggccgagcctacatgtgcgaatgatgcccatacttgagccacctaactttgttt
tagggcgactgeccctgectgegtaacatcgttgectgectgecgtaacategttgetgeteca
taacatcaaacatcgacccacggcgtaacgcgcttgctgettggatgeccgaggcatag
actgtacaaaaaaacagtcataacaagccatgaaaaccgccactgcgeccgttaccaccg
ctgcgttcggtcaaggttctggaccagttgcgtgagcgcatacgctacttgcattacag
tttacgaaccgaacaggcttatgtcaactgggttcgtgccttcatccgttteccacggtg
tgcgtcacccggcaaccttgggcagcagcgaagtcgaggcatttctgtecctggetggeg
aacgagcgcaaggtttcggtctccacgcatcgtcaggcattggecggececttgetgttcett
ctacggcaaggtgctgtgcacggatctgccctggecttcaggagatcggtagacctegge
cgtcgcggcgcttgeccggtggtgetgaccccggatgaagtggttecgecateccteggtttt
ctggaaggcgagcatcgtttgttcgecccaggactctagctatagttctagtggttgget
acgtacccgtagtggetatggeagggettgdgcttaatgegecgctacagggegegtyy
ggataccccctagagccccagectggttetttecgecctcagaag

tcgaggctgatcagcgggtttaaacgg
gccctctagactcgagttaaagtcgac

gtcgacttaacgcgttgaattc
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atttttatccacccggaagatctgttttgaaagttcagtatcattattaatacccattc
tctccacgtattccgeccggaataaggataggagactttatctccagaaaaccececggtet
acgaaaaatttcgtaatatcacgttcgagtttaccgaggtagtcttctctatcattggt
atagagccgctgaaaatcgttttttcttcttgtcacaagttcaggctcaagttccectga
aaggctttgccatatttagagaaattttatcctctggacttaagagagcctcaacccta
tcaagctggcttcttgtaagtgaaggagcaggagccgatgcgggaacagacgaatttgg
agttgattttgcaggcgaaggtacagatctggatgtgttcgttgatgecctttgcagaaa
cagaattttccagaggcttcggagcccttgaaactgatttcggcatagecttttttgacce
tttggagcagaaactaccctaactttcacactgtttttgetttcggttgatcttgtgag
aaaattattgatatcctcgtccgaaaccctacatcgtttgcaggtttttectgtacttat
gatgtctgaatgctctggctgttctacaactcctggaattattcacaacaagatggtct
ccacacgccatttcaatgtatattttacttcttgagacctcatggtgcttgattttgtg
gagcgtgccagtcctggacatccagagcccggtcgcagatattaaaacatctaatggtt
ttttatccatggtggcgctagccagecttgggtcteccecce

gataagccagtaagcagtgggttctctagttagccagalsfzlsfehslesclohshszhst-hot-Io = [elohs
cccaccgtacacgcctaccgcccatttgecgtcaatggggcggagttgttacgacatttt
ggaaagtcccgttgattttggtgccaaaacaaactcccattgacgtcaatggggtggag
acttggaaatccccgtgagtcaaaccgctatccacgcccattgatgtactgccaaaacc
gcatcaccatggtaatagcgatgactaatacgtagatgtactgccaagtaggaaagtcc
cataaggtcatgtactgggcataatgccaggcgggccatttaccgtcattgacgtcaat
agggggcgtacttggcatatgatacacttgatgtactgccaagtgggcagtttaccgta
aatagtccacccattgacgtcaatggaaagtccctattggcgttactatgggaacatac
gtcattattgacgtcaatgggcgggggtcgttgggcggtcagccaggcgggeccatttac
cgtaagttatgtaacgcggaactccatatatgggctatgaactaatgaccccgtaattg
attactattaataactagtcaataatcaatgtcaacisfefsyst-Rst-Rleide(eclefelolont-Tot-Rle]e|
cgaagcagcgcaaaacggatcctgcagggctctagaactagtggatcccccggaagatce
agaagttcctattccgaagttcctattctctagaaagtataggaacttctgatctgege
Elefefelelelela t gccggggttttacgagattgtgattaaggtccccagecgaccttgacgage
atctgcccggcatttctgacagctttgtgaactgggtggccgagaaggaatgggagttg
ccgccagattctgacatggatctgaatctgattgagcaggcacccctgaccgtggeccgal
gaagctgcagcgcgactttctgacggaatggcgccgtgtgagtaaggccccggaggecce
ttttctttgtgcaatttgagaagggagagagctacttccacatgcacgtgctcgtggaa
accaccggggtgaaatccatggttttgggacgtttcctgagtcagattcgcgaaaaact
gattcagagaatttaccgcgggatcgagccgactttgccaaactggttcgecggtcacaa
agaccagaaatggcgccggaggcgggaacaaggtggtggatgagtgctacatccccaat
tacttgctccccaaaacccagcctgagctccagtgggecgtggactaatatggaacagtal
tttaagcgcctgtttgaatctcacggagcgtaaacggttggtggcgcagcatctgacge
acgtgtcgcagacgcaggagcagaacaaagagaatcagaatcccaattctgatgecgecg
gtgatcagatcaaaaacttcagccaggtacatggagctggtcgggtggctcgtggacaa
ggggattacctcggagaagcagtggatccaggaggaccaggcctcatacatctccttca
atgcggcctccaactcgcggtcccaaatcaaggctgeccttggacaatgcgggaaagatt
atgagcctgactaaaaccgcccccgactacctggtgggccagcagecccgtggaggacat
ttccagcaatcggatttataaaattttggaactaaacgggtacgatccccaatatgcgg
cttccgtctttctgggatgggccacgaaaaagttcggcaagaggaacaccatctggcetg
tttgggcctgcaactaccgggaagaccaacatcgcggaggccatagcccacactgtgece
cttctacgggtgcgtaaactggaccaatgagaactttcccttcaacgactgtgtcgaca
agatggtgatctggtgggaggaggggaagatgaccgccaaggtcgtggagtcggccaaa
gccattctcggaggaagcaaggtgcgcgtggaccagaaatgcaagtcctecggecccagat
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agacccgactcccgtgatcgtcacctccaacaccaacatgtgcgeccgtgattgacggga
actcaacgaccttcgaacaccagcagccgttgcaagaccggatgttcaaatttgaactc
acccgccgtctggatcatgactttgggaaggtcaccaagcaggaagtcaaagacttttt
ccggtgggcaaaggatcacgtggttgaggtggagcatgaattctacgtcaaaaagggtg
gagccaagaaaagacccgcccccagtgacgcagatataagtgagcccaaacgggtgege
gagtcagttgcgcagccatcgacgtcagacgcggaagcttcgatcaactacgcagacag
gtaccaaaacaaatgttctcgtcacgtgggcatgaatctgatgctgtttccctgcagac
aatgcgagagaatgaatcagaattcaaatatctgcttcactcacggacagaaagactgt
ttagagtgctttcccgtgtcagaatctcaacccgtttctgtcgtcaaaaaggcgtatcal
gaaactgtgctacattcatcatatcatgggaaaggtgccagacgcttgcactgcctgceg
atctggtcaatgtggatttggatgactgcatctttgaacaataafideindd-t--kder-Nele)
tatggctgccgatggttatcttccagattggctcgaggacactctctectgagecggecge
ggtccgtatactccggaatattaatagEideridefcr-Ior-hdt-hshA-t-t-t-h e r-hot-Y-[elof-h S o ole:
gcaaataaataagtattttactgttttcgtaacagttttgtaataaaaaaacctataaa
tattccggattattcataccgtcccaccatcgggcgcgaactcctaaaaaaccgccacce
atgaagtgccttttgtacttagcctttttattcattggggtgaattgcaagttcaccat
agtttttccacacaaccaaaaaggaaactggaaaaatgttccttctaattaccattatt
gcccgtcaagctcagatttaaattggcataatgacttaataggcacageccttacaagte
aaaatgcccaagagtcacaaggctattcaagcagacggttggatgtgtcatgcttccaa
atgggtcactacttgtgatttccgctggtatggaccgaagtatataacacattccatcce
gatccttcactccatctgtagaacaatgcaaggaaagcattgaacaaacgaaacaagga
acttggctgaatccaggcttccctecctcaaagttgtggatatgcaactgtgacggatge
cgaagcagtgattgtccaggtgactcctcaccatgtgctggttgatgaatacacaggag
aatgggttgattcacagttcatcaacggaaaatgcagcaattacatatgccccactgtce
cataactctacaacctggcattctgactataaggtcaaagggctatgtgattctaacct
catttccatggacatcaccttcttctcagaggacggagagctatcatccctgggaaagg
agggcacagggttcagaagtaactactttgcttatgaaactggaggcaaggcctgcaaa
atgcaatactgcaagcattggggagtcagactcccatcaggtgtctggttcgagatgge
tgataaggatctctttgctgcagccagattccctgaatgcccagaagggtcaagtatet
ctgctccatctcagacctcagtggatgtaagtctaattcaggacgttgagaggatcttg
gattattccctctgccaagaaacctggagcaaaatcagagcgggtcttccaatctcetece
agtggatctcagctatcttgctcctaaaaacccaggaaccggtecctgetttcaccataa
tcaatggtaccctaaaatactttgagaccagatacatcagagtcgatattgctgctcca
atcctctcaagaatggtcggaatgatcagtggaactaccacagaaagggaactgtggga
tgactgggcaccatatgaagacgtggaaattggacccaatggagttctgaggaccagtt
caggatataagtttcctttatacatgattggacatggtatgttggactccgatcttcat
cttagctcaaaggctcaggtgttcgaacatcctcacattcaagacgctgcttcgcaact
tcctgatgatgagagtttattttttggtgatactgggctatccaaaaatccaatcgagce
ttgtagaaggttggttcagtagttggaaaagctctattgecctcttttttctttatcata
gggttaatcattggactattcttggttctccgagttggtatccatctttgcattaaatt
aaagcacaccaagaaaagacagatttatacagacatagagatgaaccgacttggaaagt
gataaggccaggccggccaagcttgtcgagaagtactagaggatcataatcagccatac
cacatttgtagaggttttacttgctt tEEEEEEIcleldelololcler-IolohelololclohuoforoToloh o o]
aacataaaatgaatgcaattgttgttgttaacttgtttattgcagcttataatggttac
aaataaagcaatagcatcacaaatttcacaaataaagcatttttttcactgcattctag
ttgtggtttgtccaaactcatcaatgtatcttatcatgtctgleideider-Rlot-Tefule(e)hule|
Blefeictagttattaatagtaatcaattacggggtcattagttcatagcccatatatggag
ttccgcgttacataacttacggtaaatggcccgecctggctgaccgecccaacgacceccecg
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tctggctaactagagaa
cccactgcttactggcttatcgaaat gggagacccaagctgg
ctagcagttgcgcagccatcgacgtcagacgcggaagcttcgatcaactacgcaga

aaacaaatgttctcgtcacgtgggcatgaatctgatgctgtttccctgcagac
aatgcgagagaatgaatcagaattcaaatatctgcttcactcacggacagaaagactgt
ttagagtgctttcccgtgtcagaatctcaacccgtttectgtecgtcaaaaaggcgtatca
gaaactgtgctacattcatcatatcatgggaaaggtgccagacgcttgcactgectgeg
atctggtcaatgtggatttggatgactgcatctttgaacaataaatgatttaaatcagg
t
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ttgctgtcgactttaactcgagtctagagggcc
cgtttaaacccgctgatcagcctcgal

cttctgaggcggaaagaaccctaggagatccq

gcggggcatttttcttcectgtta
tgtttttaatcaaacatcctgccaactccatgtgacaaaccgtcatcttecggctacttt
ttctctgtcacagaatgaaaatttttctgtcatctcttcgttattaatgtttgtaattg
actgaatatcaacgcttatttgcagc

The sequence for RC2-454TAG in this plasmid is identical except the sequence for Cap
has the same substitution as in pIDT-MbPyIRS-RC2-454TAG.
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Chapter 3 Plasmids

pAAV-ITR-GFP+1xEcYtR

pAAV-ITR-GFP-1xU6EcYtR

5899 bp

The sequence for this plasmid is identical to the pAAV-ITR-GFP-1xEcYtR found in the
Chapter 2 section of this appendix.
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pAAV-GFP+1xMmPytR

pAAV-GFP+1xMmPytR

5886 bp

Sequence color-coding key

Feature Color
Left ITR text
U6 promoter text
MmPytR text
polyT text
CMV promoter text
Chicken beta globin intron -:
GFP text
Poly-A -:
Right ITR text
F1 Ori
Amp R
ColE1
Sequence

cctgcaggcagctgcgegctecgetecgectcactgaggeccgeccgggcaaagececcgggegt
cgggcgacctttggtcgccecggectcagtgagcgagecgagcgecgcagagagggagtgge
caactccatcactaggggttcctgcggeccgcacgcgtectecgeggteccagtagtgatcga
cactgctcgatccgctecgcaccectaggtcgggcaggaagagggectattteccatgat
tccttcatatttgcatatacgatacaaggctgttagagagataattagaattaatttga
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ctgtaaacacaaagatattagtacaaaatacgtgacgtagaaagtaataatttcttggg
tagtttgcagttttaaaattatgttttaaaatggactatcatatgcttaccgtaacttg
aaagtatttcgatttcttggctttatatatcttgtggaaaggacgaaacaccggaaacc
tgatcatgtagatcgaacggactctaaatccgttcageccgggttagattccecggggttt
ccgttttttgctagcggatcgacgagagcagcgcgactggatctgtcgececcgtcetcaaa
cgcaaccctccggecggtecgcatatcattcaggacgagecctcagactccagecgtaacacyg
cgtggagctagttattaatagtaatcaattacggggtcattagttcatagcccatatat
ggagttccgcgttacataacttacggtaaatggcccgecctggctgaccgcccaacgacc
cccgcccattgacgtcaataatgacgtatgttcccatagtaacgtcaatagggactttce
cattgacgtcaatgggtggagtatttacggtaaactgcccacttggcagtacatcaagt
gtatcatatgccaagtacgccccctattgacgtcaatgacggtaaatggcccgecctgge
attatgcccagtacatgaccttatgggactttcctacttggcagtacatctacgtatta
gtcatcgctattaccatggtgatgcggttttggcagtacatcaatgggcgtggatagcg
gtttgactcacggggatttccaagtctccaccccattgacgtcaatgggagtttgtttt
gcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgccccattgacgcaaa
tgggcggtaggcgtgtacggtgggaggtctatataagcagagctcgtttagtgaaccgt
cagatcgcctggagacgccatccacgctgttttgacctccatagaagacaccgggaccg
atccagcctccecgeggatt

tcgaacatcgattgaattct

ggatcctctagagtcgacctgcag
aagcttgcctcgagcagcgctgctcgagagatcet
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acgtgcggaccgagcggccgcaggaacccctagtgatggagttggeccactcectctetg
cgcgctcgctcgctcactgaggccgggcgaccaaaggtcgecccgacgecccgggetttge
ccgggcggcctcagtgagcgagcgagcgcgcagctgecctgcaggggecgectgatgeggt
attttctccttacgcatctgtgcggtatttcacaccgcatacgtcaaagcaaccatagt
acgcgccctgtagcggcgcattaagecgecggecgggtgtggtggttacgecgcagegtgacce
gctacacttgccagcgccctagecgecccgetectttegetttetteeccttectttetege
cacgttcgccggctttcccecgtcaagctctaaatcgggggecteccectttagggttecgat
ttagtgctttacggcacctcgaccccaaaaaacttgatttgggtgatggttcacgtagt
gggccatcgccctgatagacggtttttcgecctttgacgttggagtccacgttectttaa
tagtggactcttgttccaaactggaacaacactcaaccctatctcgggctattettttg
atttataagggattttgccgatttcggcctattggttaaaaaatgagctgatttaacaa
aaatttaacgcgaattttaacaaaatattaacgtttacaatttpdidefepdelot-Tehlotulot-o|
tacaatctgctctgatgccgcatagttaagccagccccgacacccgccaacacccgcetg
acgcgccctgacgggcttgtctgectceccggecateccgettacagacaagectgtgaccgte
tccgggagctgcatgtgtcagaggttttcaccgtcatcaccgaaacgcgcgagacgaaa
gggcctcgtgatacgcctatttttataggttaatgtcatgataataatggtttcttaga
cgtcaggtggcacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaa
atacattcaaatatgtatccgctcatgagacaataaccctgataaatgcttcaataata
e EEEEIeETelegda t gagtat tcaacatttccgtgtecgeccttattecececttttttyg
cggcattttgccttecctgtttttgctcacccagaaacgctggtgaaagtaaaagatgcet
gaagatcagttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaagat
ccttgagagttttcgccccgaagaacgttttccaatgatgagcacttttaaagttctge
tatgtggcgcggtattatcccgtattgacgccgggcaagagcaactcggtcgeccgcata
cactattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacgga
tggcatgacagtaagagaattatgcagtgctgccataaccatgagtgataacactgcgg
ccaacttacttctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaac
atgggggatcatgtaactcgccttgatcgttgggaaccggagctgaatgaagccatacc
aaacgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaactat
taactggcgaactacttactctagcttcccggcaacaattaatagactggatggaggceg
gataaagttgcaggaccacttctgcgctcggeccctteccggetggetggtttattgetga
taaatctggagccggtgagcgtgggtctcgecggtatcattgcagcactggggccagatg
gtaagccctcccgtatcgtagttatctacacgacggggagtcaggcaactatggatgaa
cgaaatagacagatcgctgagataggtgcctcactgattaagcattggtaalejdeydettet:]
ccaagtttactcatatatactttagattgatttaaaacttcatttttaatttaaaagga
tctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagtttteg
ttccactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatecetttttt
tctgcgcgtaatctgctgcttgcaaacaaaaaaaccaccgctaccagcggtggtttgtt
tgccggatcaagagctaccaactctttttccgaaggtaactggecttcagcagagcgcag
ataccaaatactgtccttctagtgtagccgtagttaggccaccacttcaagaactctgt
agcaccgcctacatacctcgctctgctaatcctgttaccagtggctgetgccagtggeg
ataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcgg
tcgggctgaacggggggttcgtgcacacagcccagecttggagcgaacgacctacaccga
actgagatacctacagcgtgagctatgagaaagcgccacgcttcccgaagggagaaagg
cggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttcceca
gggggaaacgcctggtatctttatagtcctgtcgggtttecgeccacctectgacttgageg
tcgatttttgtgatgctcgtcaggggggcggagcctatggaaaaacgccagcaacgcgg,
cctttttacggttcctggeccttttgetggeccttttgetcacatgt
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pAAV-GFP+1xEcWtR

4500

PAAV-GFP+1xEcWtR

5935 bp

- e

8,
%
CargVR\

Sequence color-coding key

Feature Color
Left ITR text
U6 promoter text
EcWtR text
polyT text
CMV promoter text
Chicken beta globin intron -:
GFP text
Poly-A -:
Right ITR text
F1 Ori
Amp R
ColE1
Sequence

cctgcaggcagctgcgcgectecgctecgectcactgaggccgeccgggcaaagecccgggegt
cgggcgacctttggtcgccecggectcagtgagecgagecgagcgegcagagagggagtgge
caactccatcactaggggttcctgcggeccgcacgcgtectecgeggteccagtagtgatcga
cactgctcgatccgctecgcaccectaggtcgggcaggaagagggectattteccatgat
tccttcatatttgcatatacgatacaaggctgttagagagataattagaattaatttga
ctgtaaacacaaagatattagtacaaaatacgtgacgtagaaagtaataatttcttggg
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tagtttgcagttttaaaattatgttttaaaatggactatcatatgcttaccgtaacttg
aaagtatttcgatttcttggctttatatatcttgtggaaaggacgaaacaccaggggcg
tagttcaattggtagagcaccggtcttcaaaaccgggtgttgggagttcgagtctctcece
gcccctgccattttttgectagecggatcgacgagagcagcgcgactggatetgtegecceg
tctcaaacgcaaccctcecggcggtcgcatatcattcaggacgagcctcagactccageg
taacacgcgtggagctagttattaatagtaatcaattacggggtcattagttcatagcecc
catatatggagttccgcgttacataacttacggtaaatggcccgcctggctgaccgeccc
aacgacccccgcccattgacgtcaataatgacgtatgttcccatagtaacgtcaatagg
gactttccattgacgtcaatgggtggagtatttacggtaaactgcccacttggcagtac
atcaagtgtatcatatgccaagtacgccccctattgacgtcaatgacggtaaatggccc
gcctggcattatgcccagtacatgaccttatgggactttcctacttggcagtacatcta
cgtattagtcatcgctattaccatggtgatgcggttttggcagtacatcaatgggcgtg
gatagcggtttgactcacggggatttccaagtctccaccccattgacgtcaatgggagt
ttgttttgcaccaaaatcaacgggactttccaaaatgtcgtaacaactccgccccattg
acgcaaatgggcggtaggcgtgtacggtgggaggtctatataagcagagctcgtttagt
gaaccgtcagatcgcctggagacgccatccacgctgttttgacctccatagaagacacc
gggaccgatccagcctccecgeggatt

tcgaacatcgatt

ggatcctctagagtcgacctgcagaagcttgecctcgagcagegetgeteg

ctgattttgtaggtaaccacgtgcggaccgagcggccgce
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gcgaccaaaggtcgcccgacgcccgggctttgececcgggecggectcagtgagegagegag
cgcgcagctgcctgcaggggcgcctgatgeggtattttecteccttacgcatectgtgeggt
atttcacaccgcatacgtcaaagcaaccatagtflefefefelelolehloyst-Ye ofe (o ole oF-Roh H-F-e [0
gcggcgggtgtggtggttacgcgcagecgtgaccgctacacttgeccagecgecctagecgec
cgctcctttcgetttecttcecttectttectecgeccacgttegecggetttececcgtcaag
ctctaaatcgggggctccctttagggttccgatttagtgetttacggcacctcgacccecce
aaaaaacttgatttgggtgatggttcacgtagtgggccatcgccctgatagacggtttt
tcgccctttgacgttggagtccacgttectttaatagtggactecttgttccaaactggaa
caacactcaaccctatctcgggctattcttttgatttataagggattttgeccgattteg
gcctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattttaacaaaat
cla-Elefeiad-lel-Eidadt at ggtgcactctcagtacaatctgectctgatgeccgcatagt
taagccagccccgacacccgccaacacccgctgacgecgecctgacgggettgtetgetce
ccggcatccgcttacagacaagctgtgaccgtctccgggagectgcatgtgtcagaggtt
ttcaccgtcatcaccgaaacgcgcgagacgaaagggcctcgtgatacgectatttttat
aggttaatgtcatgataataatggtttcttagacgtcaggtggcacttttcggggaaat
gtgcgcggaacccctatttgtttatttttctaaatacattcaaatatgtatececgetcat
gagacaataaccctgataaatgcttcaataatattgaaaaaggaagagtiider-Tepst-uule:
aacatttccgtgtcgcccttattcececttttttgecggcattttgecttecctgtttttget
cacccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtggg
ttacatcgaactggatctcaacagcggtaagatccttgagagttttcgeccccgaagaac
gttttccaatgatgagcacttttaaagttctgctatgtggcgcggtattatcccgtatt
gacgccgggcaagagcaactcggtcgeccgcatacactattctcagaatgacttggttga
gtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgca
gtgctgccataaccatgagtgataacactgcggccaacttacttctgacaacgatcgga
ggaccgaaggagctaaccgcttttttgcacaacatgggggatcatgtaactcgeccttga
tcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatge
ctgtagcaatggcaacaacgttgcgcaaactattaactggcgaactacttactctagcet
tcccggcaacaattaatagactggatggaggcggataaagttgcaggaccacttctgeg
ctcggcccttccggectggectggtttattgectgataaatctggageccggtgagegtgggt
ctcgcggtatcattgcagcactggggccagatggtaagccctcececgtatcgtagttate
tacacgacggggagtcaggcaactatggatgaacgaaatagacagatcgctgagatagg
tgcctcactgattaagcattggtaaccaagtttactcatatatactttaga
ttgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcctttttgataat
ctcatgaccaaaatcccttaacgtgagttttcgttccactgagecgtcagacccecgtaga
aaagatcaaaggatcttcttgagatcctttttttctgecgegtaatctgctgettgcaaa
caaaaaaaccaccgctaccagcggtggtttgtttgccggatcaagagctaccaactctt
tttccgaaggtaactggcttcagcagagcgcagataccaaatactgteccttctagtgta
gccgtagttaggccaccacttcaagaactctgtagcaccgcctacatacctcecgectetge
taatcctgttaccagtggctgctgccagtggcgataagtcgtgtcttaccgggttggac
tcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggttecgtgcac
acagcccagcttggagcgaacgacctacaccgaactgagatacctacagcgtgagctat
gagaaagcgccacgcttcccgaagggagaaaggcggacaggtatccggtaagcggcagg
gtcggaacaggagagcgcacgagggagcttccagggggaaacgcctggtatctttatag
tcctgtcgggtttcgeccacctctgacttgagegtcgatttttgtgatgectecgtcagggg
ggcggagcctatggaaaaacgccagcaacgcggectttttacggttcectggecttttge
tggccttttgctcacatgt
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The mCherry sequence for the mCherry-containing version of this plasmid is:
atggtgagcaagggcgaggagctgttcaccggggtggtgecccatcectggtcgagctgga
cggcgacgtaaacggccacaagttcagcgtgtccggcgagggcgagggcgatgeccacct
acggcaagctgaccctgaagttcatctgcaccaccggcaagctgeccecgtgecctggecce
accctcgtgaccaccctgacctacggcgtgcagtgecttcageccgctaccecgaccacat
gaagcagcacgacttcttcaagtccgccatgecccgaaggctacgtccaggagcgcacca
tcttcttcaaggacgacggcaactacaagacccgcgccgaggtgaagttcgagggecgac
accctggtgaaccgcatcgagctgaagggcatcgacttcaaggaggacggcaacatccect
ggggcacaagctggagtacaactacaacagccacaacgtctatatcatggccgacaagce
agaagaacggcatcaaggtgaacttcaagatccgccacaacatcgaggacggcagcegtg
cagctcgccgaccactaccagcagaacacccccatcggcgacggecccecgtgetgetgece
cgacaaccactacctgagcacccagtccgccctgagcaaagaccccaacgagaagcgcg
atcacatggtcctgctggagttcgtgaccgccgecgggatcactctecggecatggacgag
ctgtacaagtactcagatctcgagctcaagtag
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pIDTSMART-8xPytR-ITR-GFP

o= LTAdul

pIDTSMART-8xPytR-ITR-GFP
7750 bp

i U %
o A PIT-c o Tue

MmPy1T-C %4

/7/,,%’17

4000

Sequence color-coding key

Feature Color
ITR text
Poly-A text
GFP text
Chicken beta globin intron | text
CMV promoter text
ITR text |
MmPylT-c text
U6 fext |
KanR text
Sequence

cccgtgtaaaacgacggccagtttatctagtcagcttgattctagetgatcgtggaccecg
gaaggtgagccagtgagttgattgcagtccagttacgctggagtctgaggctcgtectg
aatgatatgcgaccgccggagggttgcgtttgagacgggcgacagatccagtcgecgetg
ctctcgtcgatccgctaggactatggttgetttgacgtatgecggtgtgaaataccgcac
agatgcgtaaggagaaaataccgcatcaggcgcccctgcaggcagctgecgegectegete
gctcactgaggccgcccgggcaaagcccgggecgtecgggecgacctttggtegecececggect
cagtgagcgagcgagcgcgcagagagggagtggccaactccatcactaggggttectge
ggccgctcggteccgcacgtggttacctacaaaatcagaaggacagggaagggagcagtg
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gttcacgcctgtaatcccagcaatttgggaggccaaggtgggtagatcacctgagatta
ggagttggagaccagcctggccaatatggtgaaaccccgtctctaccaaaaaaacaaaa
attagctgagcctggtcatgcatgcctggaatcccaacaactcgggaggectgaggcagg
agaatcgcttgaacccaggaggcggagattgcagtgagccaagattgtgeccactgcact
ccagcttggttcccaatagaccccgcaggeccctacaggttgtecttecccaacttgeccecet
tgctccataccacccceccctceccaccccataatattatagaaggacacctagtcagacaaa
atgatgcaacttaattttattaggacaaggctggtgggcactggagtggcaacttccag
ggccaggagaggcactggggaggggtcacagggatgccacccgtagatctctecgagecag
cgctgctcgaggcaagcttctgcaggtcgactctagaggatccctacttgagctcgaga
tctgagtacttgtacagctcgtccatgeccgagagtgatcccggecggecggtcacgaactce
cagcaggaccatgtgatcgcgcttctecgttggggtetttgectcagggecggactgggtge
tcaggtagtggttgtcgggcagcagcacggggccgtcgeccgatgggggtgttectgetgg
tagtggtcggcgagctgcacgctgcecgtcctecgatgttgtggecggatecttgaagttcac
cttgatgccgttcttctgecttgtcggccatgatatagacgttgtggectgttgtagttgt
actccagcttgtgccccaggatgttgcecgtcectecttgaagtcgatgececttcageteg
atgcggttcaccagggtgtcgccctcgaacttcaccteggegegggtecttgtagttgece
gtcgtccttgaagaagatggtgcgctcctggacgtagecttegggcatggcggacttga
agaagtcgtgctgcttcatgtggtcggggtagecggctgaagcactgcacgeccgtaggte
agggtggtcacgagggtgggccagggcacgggcagcttgeccggtggtgcagatgaactt
cagggtcagcttgccgtaggtggcatcgccctecgeccctecgeccggacacgectgaacttgt
ggccgtttacgtcgeccgteccagetcgaccaggatgggcaccaccccggtgaacagcetcece
tcgcccecttgectcaccattcagaattcaatcgatgttcgaatcccaattctttgecaaag
tgatgggccagcacacagaccagcacgttgcccaggagctgtgggaggaagataagagg
tatgaacatgattagcaaaagggcctagcttggactcagaataatccagecttatccca
accataaaataaaagcagaatggtagctggattgtagctgctattagcaatatgaaacc
tcttacatcagttacaatttatatgcagaaatatttatatgcagaaatattgctattge
cttaacccagaaattatcactgttattctttagaatggtgcaaagaggcatgatacatt
gtatcattattgccctgaaagaaagagattagggaaagtattagaaataagataaacaa
aaaagtatattaaaagaagaaagcattttttgtgggcctatagactctataggcggtac
ttacgtcactcttggcacggggaatccgcgttccaatgcaccgttecccggeccgggatte
gaatccgcggaggctggatcggteccecggtgtettectatggaggtcaaaacagegtggat
ggcgtctccaggcgatctgacggttcactaaacgagctctgcttatatagacctcccac
cgtacacgcctaccgcccatttgcgtcaatggggcggagttgttacgacattttggaaa
gtcccgttgattttggtgcaaaacaaactcccattgacgtcaatggggtggagacttgg
aaatccccgtgagtcaaaccgctatccacgcccattgatgtactgccaaaaccgcatca
ccatggtaatagcgatgactaatacgtagatgtactgccaagtaggaaagtcccataag
gtcatgtactgggcataatgccaggcgggccatttaccgtcattgacgtcaataggggg
cgtacttggcatatgatacacttgatgtactgccaagtgggcagtttaccgtaaatact
ccacccattgacgtcaatggaaagtccctattgacgttactatgggaacatacgtcatt
attgacgtcaatgggcgggggtcgttgggcggtcagccaggcgggccatttaccgtaag
ttatgtaacgcggaactccatatatgggctatgaactaatgaccccgtaattgattact
attaataactagctccacgcgtgcggecgce

gagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgecgttgectggegttttte
cataggctccgcceccectgacgagcatcacaaaaatcgacgctcaagtcagaggtggeg
aaacccgagctagcaaaaaa
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cctag
caaaaaacggaaaccccgggaatctaacccggctgaacggatttagagtccgttcgatce

tacatgatcaggtttcc

cctagcaaaaaacggaaa
ccccgggaatctaacccggctgaacggatttagagtccgttcgatctacatgatcaggt

cctagcaaaaaacggaaaccccgggaatcta
acccggctgaacggatttagagtccgttcgatctacatgatcaggtttcce

cctagcaaaaaacggaaaccccgggaatctaacccggctgaacg
gatttagagtccgttcgatctacatgatcaggtttcc

cctagcaaaaaacggaaaccccgggaatctaacccggectgaacggatttagagtceg
ttcgatctacatgatcaggtttcc

acggaaaccccgggaatctaacccggctgaacggatttagagtccgttcgatctacatg
atcaggtttcc

cctagcaaaaaacggaaaccccgg
gaatctaacccggctgaacggatttagagtccgttcgatctacatgatcaggtttcc

cctaggggtgcgagcggatcgagcagtgtcgatcact
actggaccgcgagctgtgctgcgacccgtgatcttacggcattatacgtatgatcggte
cacgatcagctagattatctagtcagcttgatgtcatagctgtttcctgaggctcaata
ctgaccatttaaatcatacctgacctccatagcagaaagtcaaaagcctccgaccggag
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gcttttgacttgatcggcacgtaagaggttccaactttcaccataatgaaataagatca
ctaccgggcgtattttttgagttatcgagattttcaggagctaaggaagctaaaatgag
ccatattcaacgggaaacgtcttgcttgaagccgcgattaaattccaacatggatgctg
atttatatgggtataaatgggctcgcgataatgtcgggcaatcaggtgcgacaatctat
cgattgtatgggaagcccgatgcgccagagttgtttctgaaacatggcaaaggtagcgt
tgccaatgatgttacagatgagatggtcaggctaaactggctgacggaatttatgecctc
ttccgaccatcaagcattttatccgtactcctgatgatgcatggttactcaccactgeg
atcccagggaaaacagcattccaggtattagaagaatatcctgattcaggtgaaaatat
tgttgatgcgctggcagtgttcctgegecggttgcattcgattectgtttgtaattgte
cttttaacggcgatcgcgtatttcgtctcgectcaggcgcaatcacgaatgaataacggt
ttggttggtgcgagtgattttgatgacgagcgtaatggctggcctgttgaacaagtctg
gaaagaaatgcataaactcttgccattctcaccggattcagtcgtcactcatggtgatt
tctcacttgataaccttatttttgacgaggggaaattaataggttgtattgatgttgga
cgagtcggaatcgcagaccgataccaggatcttgccatcctatggaactgcctecggtga
gttttctccttcattacagaaacggctttttcaaaaatatggtattgataatcctgata
tgaataaattgcagtttcacttgatgctcgatgagtttttctaatgaggacctaaatgt
aatcacctggctcaccttcgggtgggecctttectgecgttgetggegtttttccatagget
ccgcccecccectgacgagcatcacaaaaatcgatgctcaagtcagaggtggcgaaacccga
caggactataaagataccaggcgtttccccctggaagectececctegtgegeteteectgtt
ccgaccctgeccgcttaccggatacctgtcececgectttecteccecttecgggaagegtggeget
ttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttcgectccaagetgg
gctgtgtgcacgaacccccecgttcagecccgaccgectgegecttatecggtaactategt
cttgagtccaacccggtaagacacgacttatcgccactggcagcagccactggtaacag
gattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaact
acggctacactagaagaacagtatttggtatctgcgctctgectgaagccagttacctceg
gaaaaagagttggtagctcttgatccggcaaacaaaccaccgctggtageggtggtttt
tttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgat
tttctaccgaagaaaggccca
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pHelper

peta-lactamase
o
)
()
) /

pHelper
11635 bp

The sequence for this plasmid is identical to the pHelper found in the Chapter 2 section of
this appendix.
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pIDTSMART-MbPyIRS-RC2

pIDTSMART-MbPy1RS-RC2

8990 bp

The sequence for this plasmid is identical to the pIDTSMART-MbPyIRS-RC2wt and
pIDTSMART-MbPyIRS-RC2-454TAG found in the Chapter 2 section of this appendix.

The sequence for the Cap gene for pIDTSMART-MbPyIRS-RC2-AAPstop60 is:

atggctgccgatggttatcttccagattggctcgaggacactctctctgaaggaataag
acagtggtggaagctcaaacctggcccaccaccaccaaagcccgcagagecggcataagg
acgacagcaggggtcttgtgcttcctgggtacaagtacctcggacccttcaacggacte
gacaagggagagccggtcaacgaggcagacgccgcggccctcgagcacgacaaagecta
cgaccggcagctcgacagcggagacaacccgtacctcaagtacaaccacgccgacgcgg
agtttcaggagcgccttaaagaagatacgtcttttgggggcaacctcggacgagcagte
ttccaggcgaaaaagagggttcttgaacctctgggectggttgaggaacctgttaagac
ggctccgggaaaaaagaggccggtagagcactctecectgtggageccagactecectectegg
gaaccggaaaggcgggccagcagcctgcaagaaaaagattgaattttggtcagactgga
gacgcagactcagtacctgacccccagecctctcggacageccaccagcagececctetgg
tctgggaactaatacgatggctacaggcagtggcgcaccaatggcagacaataacgagg
gcgccgacggagtgggtaattcctcgggaaattggcattgecgattccacatggatggge
gacagagtGatcaccaccagcacccgaacctgggccctgecccacctacaacaaccacct
ctacaaacaaatttccagccaatcaggagcctcgaacgacaatcactactttggctaca
gcaccccttgggggtattttgacttcaacagattccactgccacttttcaccacgtgac
tggcaaagactcatcaacaacaactggggattccgacccaagagactcaacttcaagcet
ctttaacattcaagtcaaagaggtcacgcagaatgacggtacgacgacgattgccaata
accttaccagcacggttcaggtgtttactgactcggagtaccagctccecgtacgtecte
ggctcggcgcatcaaggatgcctcccgecgttceccagcagacgtcttcatggtgccaca
gtatggatacctcaccctgaacaacgggagtcaggcagtaggacgctcttcattttact
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gcctggagtacttteccttectcagatgectgecgtaccggaaacaactttaccttcagcetac
acttttgaggacgttcctttccacagcagctacgctcacagccagagtctggaccgtet
catgaatcctctcatcgaccagtacctgtattacttgagcagaacaaacactccaagtg
gaaccaccacgcagtcaaggcttcagttttctcaggccggagcgagtgacattcgggac
cagtctaggaactggcttcctggaccctgttaccgeccagcagcgagtatcaaagacatc
tgcggataacaacaacagtgaatactcgtggactggagctaccaagtaccacctcaatg
gcagagactctctggtgaatccgggcccggccatggcaagccacaaggacgatgaagaa
aagttttttcctcagagcggggttctcatctttgggaagcaaggctcagagaaaacaaa
tgtggacattgaaaaggtcatgattacagacgaagaggaaatcaggacaaccaatcccg
tggctacggagcagtatggttctgtatctaccaacctccagagaggcaacagacaagca
gctaccgcagatgtcaacacacaaggcgttcttccaggcatggtctggcaggacagaga
tgtgtaccttcaggggcccatctgggcaaagattccacacacggacggacattttcacc
cctctccectcatgggtggattcggacttaaacacccteccteccacagattctcatcaag
aacaccccggtacctgcgaatccttcgaccaccttcagtgcggcaaagtttgecttectt
catcacacagtactccacgggacaggtcagcgtggagatcgagtgggagctgcagaagg
aaaacagcaaacgctggaatcccgaaattcagtacacttccaactacaacaagtctgtt
aatgtggactttactgtggacactaatggcgtgtattcagagcctcgccccattggecac
cagatacctgactcgtaatctgtaa
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pIDTSMART-CMV-AAP

pIDTSMART-CMV-AAP
3656 bp

oter 4

fls
|

j=3

§§
g5
&~
2R

A ~_
k¢ oa

Sequence color-coding key

Feature Color
CMV text
T7 promoter text
Kozak sequence | text
AAP text
Bgh polyA text
KanR -:

Sequence

cccgtgtaaaacgacggccagtttatctagtcagcttgattctagetgatcgtggaccecg
gaaggtgagccagtgagttgattgcagtccagttacgctggagtctgaggctcgtectg
aatgatatgcgaccgccggagggttgcgtttgagacgggcgacagatccagtcgecgetg
ctctcgtcgatccgctagggcggecgcaaatacctgcaggatcecgttttgegetgette
gcgatgtacgggccagatatacgcgttgacattgattattgactagttattaatagtat
agttcatagcccatatatggagttccgcgttacataacttacggtaaatggcccgectg
gctgaccgcccaacgacccccgcccattgacgtcaataatgacgtatgttcccatagta
acgccaatagggactttccattgacgtcaatgggtggactatttacggtaaactgccca
cttggcagtacatcaagtgtatcatatgccaagtacgcccecctattgacgtcaatgacg
gtaaatggcccgcctggcattatgcccagtacatgaccttatgggactttectacttgg
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cagtacatctacgtattagtcatcgctattaccatggtgatgecggttttggcagtacat
caatgggcgtggatagcggtttgactcacggggatttccaagtctccaccccattgacg
tcaatgggagtttgttttggcaccaaaatcaacgggactttccaaaatgtcgtaacaac
tccgccecccattgacgcaaatgggecggtaggecgtgtacggtgggaggtctatataagcag
agctctctggctaactagagaacccactgcttactggcttatcgaaattaatacgactce
actatagggagacccaagctggctagcgccgccaccctggagacgcagactcagtaccect
gacccccagcctctcggacageccaccagcagececcctectggtctgggaactaatacgat
ggctacaggcagtggcgcaccaatggcagacaataacgagggcgccgacggagtgggta
attcctcgggaaattggcattgcgattccacatggatgggcgacagagtcatcaccacc
agcacccgaacctgggccctgecccacctacaacaaccacctctacaaacaaatttecag
ccaatcaggagcctcgaacgacaatcactactttggctacagcaccccttgggggtatt
ttgacttcaacagattccactgccacttttcaccacgtgactggcaaagactcatcaac
aacaactggggattccgacccaagagactcaacttcaagctctttaacattcaagtcaa
agaggtcacgcagaatgacggtacgacgacgattgccaataaccttaccagcacggttce
aggtgtttactgactcggagtaccagctcccgtacgtecctcggetecggecgcatcaagga
tgcctccecgecgttecccagcagacgtecttcatggtgeccacagtatggatacctecaccecet
gactcgagtcgagtctagagggcccgtttaaacccgectgatcagectecgactgtgeett
ctagttgccagccatctgttgtttgcccctecccececgtgecttecttgaccctggaaggt
gccactcccactgtcctttcctaataaaatgaggaaattgcatcgcattgtctgagtag
gtgtcattctattctggggggtggggtggggcaggacagcaagggggaggattgggaag
acaatagcaggcatgctggggatgcggtgggctcectatggecttectgaggecggaaagaacce
ctaggggtgcgagcggatcgagcagtgtcgatcactactggaccgcgagectgtgctgeg
acccgtgatcttacggcattatacgtatgatcggtccacgatcagctagattatctagt
cagcttgatgtcatagctgtttcctgaggctcaatactgaccatttaaatcatacctga
cctccatagcagaaagtcaaaagcctccgaccggaggcttttgacttgatcggcacgta
agaggttccaactttcaccataatgaaataagatcactaccgggcgtattttttgagtt
atcgagattttcaggagctaaggaagctaaa

ggacctaaatgtaatcacctggctcaccttcgggt
gggcctttctgecgttgectggecgttttteccataggctcecgececcectgacgagcatcaca
aaaatcgatgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcg
tttccececectggaagctecectecgtgegectectectgtteccgacecctgecgettacecggata
cctgtccgectttecteccecttecgggaagegtggegetttectcatagetcacgetgtaggt
atctcagttcggtgtaggtcgttcgctccaagctgggectgtgtgcacgaacccecegtt
cagcccgaccgctgcgccttatccggtaactatecgtcttgagtccaacccggtaagaca
cgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtag
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gcggtgctacagagttcttgaagtggtggcctaactacggctacactagaagaacagta
tttggtatctgcgctctgctgaagccagttacctcggaaaaagagttggtagctcttga
tccggcaaacaaaccaccgctggtagecggtggtttttttgtttgcaagcagcagattac
gcgcagaaaaaaaggatctcaagaagatcctttgattttctaccgaagaaaggccca

The sequence for the A4P gene for pIDTSMART-CMV-AAP-L12TAG is:
ctggagacgcagactcagtacctgacccccagctagtcggacagccaccagcagccccce
tctggtctgggaactaatacgatggctacaggcagtggcgcaccaatggcagacaataa
cgagggcgccgacggagtgggtaattcctcgggaaattggcattgecgattccacatgga
tgggcgacagagtcatcaccaccagcacccgaacctgggccctgcccacctacaacaac
cacctctacaaacaaatttccagccaatcaggagcctcgaacgacaatcactactttgg
ctacagcaccccttgggggtattttgacttcaacagattccactgeccacttttcaccac
gtgactggcaaagactcatcaacaacaactggggattccgacccaagagactcaacttce
aagctctttaacattcaagtcaaagaggtcacgcagaatgacggtacgacgacgattgce
caataaccttaccagcacggttcaggtgtttactgactcggagtaccagctcccgtacg
tcctcggectecggcgcatcaaggatgectececcgeccgtteccagcagacgtettcatggtg
ccacagtatggatacctcaccctga

The sequence for the A4P gene for pIDTSMART-CMV-AAP-T78TAG is:
ctggagacgcagactcagtacctgacccccagcctctcggacagccaccagcagccccce
tctggtctgggaactaatacgatggctacaggcagtggcgcaccaatggcagacaataa
cgagggcgccgacggagtgggtaattcctcgggaaattggcattgecgattccacatgga
tgggcgacagagtcatcaccaccagcacccgaacctgggccctgcccacctacaTAGac
cacctctacaaacaaatttccagccaatcaggagcctcgaacgacaatcactactttgg
ctacagcaccccttgggggtattttgacttcaacagattccactgccacttttcaccac
gtgactggcaaagactcatcaacaacaactggggattccgacccaagagactcaacttce
aagctctttaacattcaagtcaaagaggtcacgcagaatgacggtacgacgacgattgce
caataaccttaccagcacggttcaggtgtttactgactcggagtaccagctccecgtacg
tcctcggectecggcgcatcaaggatgectececcgececgtteccagcagacgtettcatggtg
ccacagtatggatacctcaccctga

The sequence for the A4P gene for pIDTSMART-CMV-AAP-T97TAG is:
ctggagacgcagactcagtacctgacccccagcctctcggacagccaccagcagccccce
tctggtctgggaactaatacgatggctacaggcagtggcgcaccaatggcagacaataa
cgagggcgccgacggagtgggtaattcctcgggaaattggcattgecgattccacatgga
tgggcgacagagtcatcaccaccagcacccgaacctgggccctgcccacctacaacaac
cacctctacaaacaaatttccagccaatcaggagcctcgaacgacaatcactTAGttgg
ctacagcaccccttgggggtattttgacttcaacagattccactgeccacttttcaccac
gtgactggcaaagactcatcaacaacaactggggattccgacccaagagactcaacttce
aagctctttaacattcaagtcaaagaggtcacgcagaatgacggtacgacgacgattgce
caataaccttaccagcacggttcaggtgtttactgactcggagtaccagctcccgtacg
tcctcggectecggcgcatcaaggatgectececcgeccgtteccagcagacgtettcatggtg
ccacagtatggatacctcaccctga

The sequence for the A4P gene for pIDTSMART-CMV-AAP-T110TAG is:

ctggagacgcagactcagtacctgacccccagcctctcggacagccaccagcagccccce
tctggtctgggaactaatacgatggctacaggcagtggcgcaccaatggcagacaataa
cgagggcgccgacggagtgggtaattcctcgggaaattggcattgecgattccacatgga
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tgggcgacagagtcatcaccaccagcacccgaacctgggccctgcccacctacaacaac
cacctctacaaacaaatttccagccaatcaggagcctcgaacgacaatcactactttgg
ctacagcaccccttgggggtattttgacttcaTAGgattccactgccacttttcaccac
gtgactggcaaagactcatcaacaacaactggggattccgacccaagagactcaacttce
aagctctttaacattcaagtcaaagaggtcacgcagaatgacggtacgacgacgattgce
caataaccttaccagcacggttcaggtgtttactgactcggagtaccagctccecgtacg
tcctcggectecggcgcatcaaggatgectececcgececgtteccagcagacgtettcatggtg
ccacagtatggatacctcaccctga

The sequence for the A4P gene for pIDTSMART-CMV-AAP-T124TAG is:
ctggagacgcagactcagtacctgacccccagcctctcggacagccaccagcagccccce
tctggtctgggaactaatacgatggctacaggcagtggcgcaccaatggcagacaataa
cgagggcgccgacggagtgggtaattcctcgggaaattggcattgecgattccacatgga
tgggcgacagagtcatcaccaccagcacccgaacctgggccctgcccacctacaacaac
cacctctacaaacaaatttccagccaatcaggagcctcgaacgacaatcactactttgg
ctacagcaccccttgggggtattttgacttcaacagattccactgccacttttcaccac
gtgactggcaaagacTAGtcaacaacaactggggattccgacccaagagactcaacttce
aagctctttaacattcaagtcaaagaggtcacgcagaatgacggtacgacgacgattgce
caataaccttaccagcacggttcaggtgtttactgactcggagtaccagctcccgtacg
tcctcggectecggcgcatcaaggatgectececcgececgtteccagcagacgtettcatggtg
ccacagtatggatacctcaccctga

The sequence for the A4P gene for pIDTSMART-CMV-AAP-T177TAG is:
ctggagacgcagactcagtacctgacccccagcctctcggacagccaccagcagccccce
tctggtctgggaactaatacgatggctacaggcagtggcgcaccaatggcagacaataa
cgagggcgccgacggagtgggtaattcctcgggaaattggcattgecgattccacatgga
tgggcgacagagtcatcaccaccagcacccgaacctgggccctgcccacctacaacaac
cacctctacaaacaaatttccagccaatcaggagcctcgaacgacaatcactactttgg
ctacagcaccccttgggggtattttgacttcaacagattccactgccacttttcaccac
gtgactggcaaagactcatcaacaacaactggggattccgacccaagagactcaacttce
aagctctttaacattcaagtcaaagaggtcacgcagaatgacggtacgacgacgattgce
caataaccttaccagcacggttcaggtgtttactgactcggagtaccagctcccgtTAG
tcctcggectecggcgcatcaaggatgectececcgeccgtteccagcagacgtettcatggtg
ccacagtatggatacctcaccctga

The sequence for the A4P gene for pIDTSMART-CMV-AAP-T97TGA is:
ctggagacgcagactcagtacctgacccccagcctctcggacagccaccagcagccccce
tctggtctgggaactaatacgatggctacaggcagtggcgcaccaatggcagacaataa
cgagggcgccgacggagtgggtaattcctcgggaaattggcattgecgattccacatgga
tgggcgacagagtcatcaccaccagcacccgaacctgggccctgcccacctacaacaac
cacctctacaaacaaatttccagccaatcaggagcctcgaacgacaatcactTGAttgg
ctacagcaccccttgggggtattttgacttcaacagattccactgccacttttcaccac
gtgactggcaaagactcatcaacaacaactggggattccgacccaagagactcaacttce
aagctctttaacattcaagtcaaagaggtcacgcagaatgacggtacgacgacgattgce
caataaccttaccagcacggttcaggtgtttactgactcggagtaccagctccecgtacg
tcctcggectecggcgcatcaaggatgectececcgececgtteccagcagacgtettcatggtg
ccacagtatggatacctcaccctga
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The sequence for the A4P gene for pIDTSMART-CMV-AAP-T110TGA is:
ctggagacgcagactcagtacctgacccccagcctctcggacagccaccagcagccccce
tctggtctgggaactaatacgatggctacaggcagtggcgcaccaatggcagacaataa
cgagggcgccgacggagtgggtaattcctcgggaaattggcattgecgattccacatgga
tgggcgacagagtcatcaccaccagcacccgaacctgggccctgcccacctacaacaac
cacctctacaaacaaatttccagccaatcaggagcctcgaacgacaatcactactttgg
ctacagcaccccttgggggtattttgacttcaTGAgattccactgeccacttttcaccac
gtgactggcaaagactcatcaacaacaactggggattccgacccaagagactcaacttce
aagctctttaacattcaagtcaaagaggtcacgcagaatgacggtacgacgacgattgce
caataaccttaccagcacggttcaggtgtttactgactcggagtaccagctccecgtacg
tcctcggectecggcgcatcaaggatgectececcgececgtteccagcagacgtettcatggtg
ccacagtatggatacctcaccctga

The sequence for the A4P gene for pIDTSMART-CMV-AAP-T124TGA is:
ctggagacgcagactcagtacctgacccccagcctctcggacagccaccagcagccccce
tctggtctgggaactaatacgatggctacaggcagtggcgcaccaatggcagacaataa
cgagggcgccgacggagtgggtaattcctcgggaaattggcattgecgattccacatgga
tgggcgacagagtcatcaccaccagcacccgaacctgggccctgcccacctacaacaac
cacctctacaaacaaatttccagccaatcaggagcctcgaacgacaatcactactttgg
ctacagcaccccttgggggtattttgacttcaacagattccactgccacttttcaccac
gtgactggcaaagacTGAtcaacaacaactggggattccgacccaagagactcaacttce
aagctctttaacattcaagtcaaagaggtcacgcagaatgacggtacgacgacgattgce
caataaccttaccagcacggttcaggtgtttactgactcggagtaccagctccecgtacg
tcctcggectecggcgcatcaaggatgectececcgececgtteccagcagacgtettcatggtg
ccacagtatggatacctcaccctga
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pIDTSMART-RC2-AAPstop60-CMV-AAP-CMV-WRS

é pIDTSMART-CMV-AAP-RC2 AAPstop60-CMV-AAP-CMV-WRS
10880 bp
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Sequence for AAP-97TGA

cccgtgtaaaacgacggccagtttatctagtcagcttgattctagetgatcgtggaccecg
gaaggtgagccagtgagttgattgcagtccagttacgctggagtctgaggctcgtectg
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aatgatatgcgaccgccggagggttgcgtttgagacgggcgacagatccagtcgecgetg
ctctcgtcgatccgctagggcggecgctctagaactagtggatccecccggaagatcaga
agttcctattccgaagttcctattctctagaaagtataggaacttctgatctgegecage
cgccatgccggggttttacgagattgtgattaaggtccccagcgaccttgacgagcatce
tgcccggcatttctgacagetttgtgaactgggtggeccgagaaggaatgggagttgeceg
ccagattctgacatggatctgaatctgattgagcaggcacccctgaccgtggccgagaa
gctgcagcgcgactttctgacggaatggcgccgtgtgagtaaggceccecggaggecettt
tctttgtgcaatttgagaagggagagagctacttccacatgcacgtgctcgtggaaacc
accggggtgaaatccatggttttgggacgtttcctgagtcagattcgcgaaaaactgat
tcagagaatttaccgcgggatcgagccgactttgccaaactggttcgeggtcacaaaga
ccagaaatggcgccggaggcgggaacaaggtggtggatgagtgctacatccccaattac
ttgctccccaaaacccagcctgagctccagtgggecgtggactaatatggaacagtattt
aagcgcctgtttgaatctcacggagcgtaaacggttggtggecgcagcatctgacgcacg
tgtcgcagacgcaggagcagaacaaagagaatcagaatcccaattctgatgecgecggtg
atcagatcaaaaacttcagccaggtacatggagctggtcgggtggectecgtggacaaggg
gattacctcggagaagcagtggatccaggaggaccaggcctcatacatctcecttcaatg
cggcctccaactcgcggtcccaaatcaaggctgecttggacaatgecgggaaagattatg
agcctgactaaaaccgcccccgactacctggtgggccagcagecccgtggaggacattte
cagcaatcggatttataaaattttggaactaaacgggtacgatccccaatatgcggcett
ccgtctttctgggatgggccacgaaaaagttcggcaagaggaacaccatctggetgttt
gggcctgcaactaccgggaagaccaacatcgcggaggccatagecccacactgtgecectt
ctacgggtgcgtaaactggaccaatgagaactttcccttcaacgactgtgtcgacaaga
tggtgatctggtgggaggaggggaagatgaccgccaaggtcgtggagtcggeccaaagcece
attctcggaggaagcaaggtgcgcgtggaccagaaatgcaagtcctcggeccagataga
cccgactccecgtgatcgtcacctccaacaccaacatgtgegecgtgattgacgggaact
caacgaccttcgaacaccagcagccgttgcaagaccggatgttcaaatttgaactcacc
cgccgtctggatcatgactttgggaaggtcaccaagcaggaagtcaaagacttttteceg
gtgggcaaaggatcacgtggttgaggtggagcatgaattctacgtcaaaaagggtggag
ccaagaaaagacccgcccccagtgacgcagatataagtgagecccaaacgggtgegegag
tcagttgcgcagccatcgacgtcagacgcggaagcttcgatcaactacgcagacaggta
ccaaaacaaatgttctcgtcacgtgggcatgaatctgatgctgtttccctgcagacaat
gcgagagaatgaatcagaattcaaatatctgcttcactcacggacagaaagactgttta
gagtgctttcccgtgtcagaatctcaaccecgtttctgtcgtcaaaaaggegtatcagaa
actgtgctacattcatcatatcatgggaaaggtgccagacgcttgcactgcctgecgate
tggtcaatgtggatttggatgactgcatctttgaacaataaatgatttaaatcaggtat
ggctgccgatggttatcttccagattggctcgaggacactctctctgaaggaataagac
agtggtggaagctcaaacctggcccaccaccaccaaagcccgcagagcggcataaggac
gacagcaggggtcttgtgcttcctgggtacaagtacctcggacccttcaacggactcga
caagggagagccggtcaacgaggcagacgccgcggccctcgagcacgacaaagectacg
accggcagctcgacagcggagacaacccgtacctcaagtacaaccacgccgacgcggag
tttcaggagcgccttaaagaagatacgtcttttgggggcaacctcggacgagcagtctt
ccaggcgaaaaagagggttcttgaacctctgggcctggttgaggaacctgttaagacgg
ctccgggaaaaaagaggccggtagagcactctcctgtggagccagacteccteccteggga
accggaaaggcgggccagcagcctgcaagaaaaagattgaattttggtcagactggaga
cgcagactcagtacctgacccccagcctctcggacagccaccagcageccccctetggte
tgggaactaatacgatggctacaggcagtggcgcaccaatggcagacaataacgagggc
gccgacggagtgggtaattcctcgggaaattggcattgecgattccacatggatgggcga
cagagtgatcaccaccagcacccgaacctgggccctgcccacctacaacaaccacctcet
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acaaacaaatttccagccaatcaggagcctcgaacgacaatcactactttggctacage
accccttgggggtattttgacttcaacagattccactgccacttttcaccacgtgactg
gcaaagactcatcaacaacaactggggattccgacccaagagactcaacttcaagctct
ttaacattcaagtcaaagaggtcacgcagaatgacggtacgacgacgattgccaataac
cttaccagcacggttcaggtgtttactgactcggagtaccagctcccgtacgtecectecgg
ctcggcgcatcaaggatgcctcccgeccgttecccagcagacgtecttcatggtgecacagt
atggatacctcaccctgaacaacgggagtcaggcagtaggacgctcttcattttactge
ctggagtactttccttctcagatgctgecgtaccggaaacaactttaccttcagectacac
ttttgaggacgttcctttccacagcagctacgctcacagccagagtctggaccgtctca
tgaatcctctcatcgaccagtacctgtattacttgagcagaacaaacactccaagtgga
accaccacgcagtcaaggcttcagttttctcaggccggagcgagtgacattcgggacca
gtctaggaactggcttcctggaccctgttaccgccagcagcgagtatcaaagacatctg
cggataacaacaacagtgaatactcgtggactggagctaccaagtaccacctcaatggce
agagactctctggtgaatccgggcccggccatggcaagccacaaggacgatgaagaaaa
gttttttcctcagagcggggttctcatctttgggaagcaaggctcagagaaaacaaatg
tggacattgaaaaggtcatgattacagacgaagaggaaatcaggacaaccaatcccgtg
gctacggagcagtatggttctgtatctaccaacctccagagaggcaacagacaagcagce
taccgcagatgtcaacacacaaggcgttcttccaggcatggtctggcaggacagagatg
tgtaccttcaggggcccatctgggcaaagattccacacacggacggacattttcacccce
tctccectcatgggtggattcggacttaaacaccctccteccacagattctcatcaagaa
caccccggtacctgcgaatccttcgaccaccttcagtgecggcaaagtttgettecttca
tcacacagtactccacgggacaggtcagcgtggagatcgagtgggagctgcagaaggaa
aacagcaaacgctggaatcccgaaattcagtacacttccaactacaacaagtctgttaa
tgtggactttactgtggacactaatggcgtgtattcagagcctcgeccccattggecacca
gatacctgactcgtaatctgtaattgcttgttaatcaataaaccgtttaattcgtttca
gttgaactttggtctctgcgtatttctttcttatctagttteccatggectacgtagataa
gtagcatggcgggttaatcattaactacagcccgggcgtttaaacagecgggecggagggg
tggagtcgtgacgtgaattacgtcatagggttagggaggtcctgtattagaggtcacgt
gagtgttttgcgacattttgcgacaccatgtggtctcgectgggggggggggeccgagtg
agcacgcagggtctccattttgaagcgggaggtttgaacgagcgctggcgcgctcactg
gccgtcgttttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgecect
tgcagcacatcccecctttecgeccagectggecgtaatagcgaagaggecccgcaccgategece
cttcccatgcatcggeccgcaaatacctgcaggatcecgttttgecgectgettecgecgatgta
cgggccagatatacgcgttgacattgattattgactagttattaatagtaatcaattac
ggggtcattagttcatagcccatatatggagttccgcgttacataacttacggtaaatg
gcccgcecctggectgaccgecccaacgaccecccgeccattgacgtcaataatgacgtatgtt
cccatagtaacgccaatagggactttccattgacgtcaatgggtggactatttacggta
aactgcccacttggcagtacatcaagtgtatcatatgccaagtacgcccectattgacg
tcaatgacggtaaatggcccgecctggcattatgecccagtacatgaccttatgggacttt
cctacttggcagtacatctacgtattagtcatcgctattaccatggtgatgecggttttg
gcagtacatcaatgggcgtggatagcggtttgactcacggggatttccaagtctccacc
ccattgacgtcaatgggagtttgttttggcaccaaaatcaacgggactttccaaaatgt
cgtaacaactccgccccattgacgcaaatgggcggtaggegtgtacggtgggaggtcta
tataagcagagctctctggctaactagagaacccactgcttactggcttatcgaaatta
atacgactcactatagggagacccaagctggctagcgccgeccacc
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ctcgagtcgagtctagagggcccgtttaaacccgctgatcagecctecgac
tgtgccttctagttgccagccatctgttgtttgecccctecceccgtgecttecttgacce
tggaaggtgccactcccactgtcctttcctaataaaatgaggaaattgcatcgecattgt

ctgagtaggtgtcattctattctggggggtggggtggggcaggacagcaagggggagga
ttgggaagacaatagcaggcatgctggggatgcggtgggctctatggcttctgaggcgg

aaagaaccctagg

agagaacccactgcttactggcttatcgaaattaatacgactcactatagggagaccca
agctggctagcgccacc

gaattcaacgcgttaagtcgacEizhde-t-lelehslehslefs oy s-To]

aaaatttgtgaaagattgactggtattcttaactatgttgctccttttacgctatgtgg
atacgctgctttaatgcctttgtatcatgctattgcttccecgtatggetttcattttet
cctccttgtataaatcctggttgctgtctectttatgaggagttgtggeccecgttgtcagg
caacgtggcgtggtgtgcactgtgtttgctgacgcaacccccactggttggggcattge
caccacctgtcagctcctttccgggactttcgectttceccectecectattgeccacggegg
aactcatcgccgcctgeccttgecccgectgetggacaggggectecggetgttgggcactgac
aattccgtggtgttgtcggggaaatcatcgtecctttececttggectgetecgectgtgttge
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cacctggattctgcgcgggacgtccttctgctacgtceccttecggececctcaatccagegg
accttccttcccgecggectgetgeccggectectgeggectettecgegtettecgecttege
cctcagacgagtcggatctccctttgggccgcctcccc g eydefef-Toavst-t-Toaoolef-Yoyule;
tagagggcccgtttaaacccgectgatcagcctcgaeadepdefolodsh ol st-Topohofelofol-Ye (ofol-1d
ctgttgtttgcccctecceccegtgecttecttgaccctggaaggtgeccactecccactgte
ctttcctaataaaatgaggaaattgcatcgcattgtctgagtaggtgtcattctattct

gggg9ggtggggtggggcaggacagcaagggggaggattgggaagacaatagcaggcatg
(ehdefelefer-Rulle(efe[epulelefeleddehk-Rlefe o C taggggtgcgagcggatcgagcagtgtecgatceca
ctactggaccgcgagctgtgctgcgacccgtgatcttacggcattatacgtatgatcgg
tccacgatcagctagattatctagtcagcttgatgtcatagectgtttecctgaggctcaa
tactgaccatttaaatcatacctgacctccatagcagaaagtcaaaagcctccgaccgg
aggcttttgacttgatcggcacgtaagaggttccaactttcaccataatgaaataagat
cactaccgggcgtattttttgagttatcgagattttcaggagctaaggaagctaaaEide
agccatattcaacgggaaacgtcttgcttgaagccgcgattaaattccaacatggatge
tgatttatatgggtataaatgggctcgcgataatgtcgggcaatcaggtgcgacaatct
atcgattgtatgggaagcccgatgcgccagagttgtttctgaaacatggcaaaggtage
gttgccaatgatgttacagatgagatggtcaggctaaactggctgacggaatttatgcc
tcttccgaccatcaagcattttatccgtactcctgatgatgcatggttactcaccactg
cgatcccagggaaaacagcattccaggtattagaagaatatcctgattcaggtgaaaat
attgttgatgcgctggcagtgttcctgcgccggttgcattcgattecctgtttgtaattyg
tccttttaacggcgatcgcgtatttcgtctcgectcaggcgcaatcacgaatgaataacg
gtttggttggtgcgagtgattttgatgacgagcgtaatggctggcctgttgaacaagtce
tggaaagaaatgcataaactcttgccattctcaccggattcagtcgtcactcatggtga
tttctcacttgataaccttatttttgacgaggggaaattaataggttgtattgatgttg
gacgagtcggaatcgcagaccgataccaggatcttgccatcctatggaactgcctecggt
gagttttctccttcattacagaaacggctttttcaaaaatatggtattgataatcctga
tatgaataaattgcagtttcacttgatgctcgatgagtttttctaatgalsfet-Telekst-Er-14
gtaatcacctggctcaccttcgggtgggcectttectgecgttgetggegtttttccatagg
ctccgcceccectgacgagcatcacaaaaatcgatgectcaagtcagaggtggcgaaaccce
gacaggactataaagataccaggcgtttcccecctggaagecteccectegtgegetetectg
ttccgaccctgecgecttaccggatacctgtececgectttetececttegggaagegtggeg
ctttctcatagctcacgctgtaggtatctcagttecggtgtaggtecgttegecteccaaget
gggctgtgtgcacgaacccccecgttcagecccgaccgectgecgecttateccggtaactate
gtcttgagtccaacccggtaagacacgacttatcgccactggcagcagccactggtaac
aggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaa
ctacggctacactagaagaacagtatttggtatctgcgctctgctgaagccagttacct
cggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctggtagecggtggtt
tttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttg
attttctaccgaagaaaggccca

The sequence for the A4P gene for pIDTSMART-RC2-AAPstop60-CMV-AAP110TGA-
CMV-WRS is:
ctggagacgcagactcagtacctgacccccagcctctcggacagccaccagcagccccece
tctggtctgggaactaatacgatggctacaggcagtggcgcaccaatggcagacaataa
cgagggcgccgacggagtgggtaattcctcgggaaattggcattgecgattccacatgga
tgggcgacagagtcatcaccaccagcacccgaacctgggccctgcccacctacaacaac
cacctctacaaacaaatttccagccaatcaggagcctcgaacgacaatcactactttgg
ctacagcaccccttgggggtattttgacttcaTGAgattccactgeccacttttcaccac

185



gtgactggcaaagactcatcaacaacaactggggattccgacccaagagactcaacttce
aagctctttaacattcaagtcaaagaggtcacgcagaatgacggtacgacgacgattgce
caataaccttaccagcacggttcaggtgtttactgactcggagtaccagctccecgtacg
tcctcggectecggcgcatcaaggatgectececcgececgtteccagcagacgtettcatggtg
ccacagtatggatacctcaccctga

The sequence for the A4P gene for pIDTSMART-RC2-AAPstop60-CMV-AAP124TGA-
CMV-WRS is:
ctggagacgcagactcagtacctgacccccagcctctcggacagccaccagcagccccece
tctggtctgggaactaatacgatggctacaggcagtggcgcaccaatggcagacaataa
cgagggcgccgacggagtgggtaattcctcgggaaattggcattgecgattccacatgga
tgggcgacagagtcatcaccaccagcacccgaacctgggccctgcccacctacaacaac
cacctctacaaacaaatttccagccaatcaggagcctcgaacgacaatcactactttgg
ctacagcaccccttgggggtattttgacttcaacagattccactgccacttttcaccac
gtgactggcaaagacTGAtcaacaacaactggggattccgacccaagagactcaacttce
aagctctttaacattcaagtcaaagaggtcacgcagaatgacggtacgacgacgattgce
caataaccttaccagcacggttcaggtgtttactgactcggagtaccagctcccgtacg
tcctcggectecggcgcatcaaggatgectececcgececgtteccagcagacgtettcatggtg
ccacagtatggatacctcaccctga
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pIDTSMART-RC2-AAPstop60-CMV-AAP

pIDTSMART-RC2 AAPstop60-CMV-AAP

8326 bp

Sequence color-coding key

Feature Color
Rep text
Cap — AAPstop60 | text
CMV text
T7 promoter text

Kozak sequence | text

AAP text |

Bgh polyA text
KanR -:
Sequence for wild type AAP

cccgtgtaaaacgacggccagtttatctagtcagcttgattctagetgatcgtggaccecg
gaaggtgagccagtgagttgattgcagtccagttacgctggagtctgaggctcgtectg
aatgatatgcgaccgccggagggttgcgtttgagacgggcgacagatccagtcgecgetg
ctctcgtcgatccgctagggcggecgctctagaactagtggatccecccggaagatcaga
agttcctattccgaagttcctattctctagaaagtataggaacttctgatcectgecgecage
cgccatgccggggttttacgagattgtgattaaggtccccagecgaccttgacgagcecate
tgcccggcatttctgacagectttgtgaactgggtggccgagaaggaatgggagttgcecg
ccagattctgacatggatctgaatctgattgagcaggcacccctgaccgtggccgagaa
gctgcagcgcgactttctgacggaatggcgeccgtgtgagtaaggeccccggaggeecttt
tctttgtgcaatttgagaagggagagagctacttccacatgcacgtgctcgtggaaacc
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accggggtgaaatccatggttttgggacgtttcctgagtcagattcgcgaaaaactgat
tcagagaatttaccgcgggatcgagccgactttgccaaactggttecgeggtcacaaaga
ccagaaatggcgccggaggcgggaacaaggtggtggatgagtgctacatccccaattac
ttgctccccaaaacccagcctgagctccagtgggecgtggactaatatggaacagtattt
aagcgcctgtttgaatctcacggagcgtaaacggttggtggecgcagcatctgacgcacg
tgtcgcagacgcaggagcagaacaaagagaatcagaatcccaattctgatgecgecggtg
atcagatcaaaaacttcagccaggtacatggagctggtcgggtggectcecgtggacaaggg
gattacctcggagaagcagtggatccaggaggaccaggcctcatacatctcecttcaatg
cggcctccaactcgcggtcccaaatcaaggctgecttggacaatgecgggaaagattatg
agcctgactaaaaccgcccccgactacctggtgggccagcagecccgtggaggacattte
cagcaatcggatttataaaattttggaactaaacgggtacgatccccaatatgcggcett
ccgtctttctgggatgggccacgaaaaagttcggcaagaggaacaccatctggetgttt
gggcctgcaactaccgggaagaccaacatcgcggaggccatagecccacactgtgecectt
ctacgggtgcgtaaactggaccaatgagaactttcccttcaacgactgtgtcgacaaga
tggtgatctggtgggaggaggggaagatgaccgccaaggtcgtggagtcggeccaaagcece
attctcggaggaagcaaggtgcgcgtggaccagaaatgcaagtcctcggeccagataga
cccgactccecgtgatcgtcacctccaacaccaacatgtgecgecgtgattgacgggaact
caacgaccttcgaacaccagcagccgttgcaagaccggatgttcaaatttgaactcacc
cgccgtctggatcatgactttgggaaggtcaccaagcaggaagtcaaagacttttteceg
gtgggcaaaggatcacgtggttgaggtggagcatgaattctacgtcaaaaagggtggag
ccaagaaaagacccgcccccagtgacgcagatataagtgagecccaaacgggtgegegag
tcagttgcgcagccatcgacgtcagacgcggaagcttcgatcaactacgcagacaggta
ccaaaacaaatgttctcgtcacgtgggcatgaatctgatgctgtttccctgcagacaat
gcgagagaatgaatcagaattcaaatatctgcttcactcacggacagaaagactgttta
gagtgctttcccgtgtcagaatctcaaccecgtttctgtcgtcaaaaaggegtatcagaa
actgtgctacattcatcatatcatgggaaaggtgccagacgcttgcactgcctgecgate
tggtcaatgtggatttggatgactgcatctttgaacaataaatgatttaaatcaggtat
ggctgccgatggttatcttccagattggctcgaggacactctctctgaaggaataagac
agtggtggaagctcaaacctggcccaccaccaccaaagcccgcagagcggcataaggac
gacagcaggggtcttgtgcttcctgggtacaagtacctcggacccttcaacggactcga
caagggagagccggtcaacgaggcagacgccgcggccctcgagcacgacaaagectacg
accggcagctcgacagcggagacaacccgtacctcaagtacaaccacgccgacgcggag
tttcaggagcgccttaaagaagatacgtcttttgggggcaacctcggacgagcagtcectt
ccaggcgaaaaagagggttcttgaacctctgggcctggttgaggaacctgttaagacgg
ctccgggaaaaaagaggccggtagagcactctcctgtggagccagacteccteccteggga
accggaaaggcgggccagcagcctgcaagaaaaagattgaattttggtcagactggaga
cgcagactcagtacctgacccccagcctctcggacagccaccagcagecccctetggte
tgggaactaatacgatggctacaggcagtggcgcaccaatggcagacaataacgagggc
gccgacggagtgggtaattcctcgggaaattggcattgecgattccacatggatgggega
cagagtgatcaccaccagcacccgaacctgggccctgcccacctacaacaaccacctcet
acaaacaaatttccagccaatcaggagcctcgaacgacaatcactactttggctacage
accccttgggggtattttgacttcaacagattccactgccacttttcaccacgtgactg
gcaaagactcatcaacaacaactggggattccgacccaagagactcaacttcaagctct
ttaacattcaagtcaaagaggtcacgcagaatgacggtacgacgacgattgccaataac
cttaccagcacggttcaggtgtttactgactcggagtaccagctcccgtacgtcectecgg
ctcggcgcatcaaggatgcctcccgeccgttecccagcagacgtecttcatggtgecacagt
atggatacctcaccctgaacaacgggagtcaggcagtaggacgctcttcattttactge
ctggagtactttccttctcagatgctgecgtaccggaaacaactttaccttcagectacac
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ttttgaggacgttcctttccacagcagctacgctcacagccagagtctggaccgtctca
tgaatcctctcatcgaccagtacctgtattacttgagcagaacaaacactccaagtgga
accaccacgcagtcaaggcttcagttttctcaggccggagcgagtgacattcgggacca
gtctaggaactggcttcctggaccctgttaccgeccagcagcgagtatcaaagacatctg
cggataacaacaacagtgaatactcgtggactggagctaccaagtaccacctcaatggce
agagactctctggtgaatccgggcccggccatggcaagccacaaggacgatgaagaaaa
gttttttcctcagagcggggttctcatctttgggaagcaaggctcagagaaaacaaatg
tggacattgaaaaggtcatgattacagacgaagaggaaatcaggacaaccaatcccgtg
gctacggagcagtatggttctgtatctaccaacctccagagaggcaacagacaagcagce
taccgcagatgtcaacacacaaggcgttcttccaggcatggtctggcaggacagagatg
tgtaccttcaggggcccatctgggcaaagattccacacacggacggacattttcacccce
tctcecectcatgggtggattcggacttaaacaccctccteccacagattctcatcaagaa
caccccggtacctgcgaatccttcgaccaccttcagtgecggcaaagtttgettecttca
tcacacagtactccacgggacaggtcagcgtggagatcgagtgggagctgcagaaggaa
aacagcaaacgctggaatcccgaaattcagtacacttccaactacaacaagtctgttaa
tgtggactttactgtggacactaatggcgtgtattcagagcctcgeccccattggcacca
gatacctgactcgtaatctgtaattgcttgttaatcaataaaccgtttaattcgtttca
gttgaactttggtctctgcgtatttctttcttatctagtttccatggectacgtagataa
gtagcatggcgggttaatcattaactacagcccgggcgtttaaacagecgggecggagggg
tggagtcgtgacgtgaattacgtcatagggttagggaggtcctgtattagaggtcacgt
gagtgttttgcgacattttgcgacaccatgtggtctcgctgggggggggggeccgagtg
agcacgcagggtctccattttgaagcgggaggtttgaacgagcgctggcgcgctcactg
gccgtcgttttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgecet
tgcagcacatcccecctttecgeccagectggecgtaatagcgaagaggecccgcaccgategece
cttcccatgcatcggccgcaaatacctgcaggatcecgttttgecgectgettecgecgatgta
cgggccagatatacgcgttgacattgattattgactagttattaatagtaatcaattac
ggggtcattagttcatagcccatatatggagttccgcgttacataacttacggtaaatg
gcccgcecctggectgaccgecccaacgaccecccgeccattgacgtcaataatgacgtatgtt
cccatagtaacgccaatagggactttccattgacgtcaatgggtggactatttacggta
aactgcccacttggcagtacatcaagtgtatcatatgccaagtacgcccectattgacg
tcaatgacggtaaatggcccgecctggcattatgecccagtacatgaccttatgggacttt
cctacttggcagtacatctacgtattagtcatcgctattaccatggtgatgecggttttg
gcagtacatcaatgggcgtggatagcggtttgactcacggggatttccaagtctccacc
ccattgacgtcaatgggagtttgttttggcaccaaaatcaacgggactttccaaaatgt
cgtaacaactccgccccattgacgcaaatgggcggtaggegtgtacggtgggaggtceta
tataagcagagctctctggctaactagagaacccactgcttactggcttatcgaaatta
atacgactcactatagggagacccaagctggctagcgccgeccacc

ctcgagtcgagtctagagggcccgtttaaacccgctgatcagectecga
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ctgtgccttctagttgccagccatctgttgtttgeccecctececececgtgecttecttgacce
ctggaaggtgccactcccactgtcctttcctaataaaatgaggaaattgcatcgcattg
tctgagtaggtgtcattctattctggggggtggggtggggcaggacagcaagggggagg
attgggaagacaatagcaggcatgctggggatgcggtgggctctatggcttctgaggeg
gaaagaaccctaggggtgcgagcggatcgagcagtgtcgatcactactggaccgcgage
tgtgctgcgacccgtgatcttacggcattatacgtatgatcggtccacgatcagctaga
ttatctagtcagcttgatgtcatagctgtttcctgaggctcaatactgaccatttaaat
catacctgacctccatagcagaaagtcaaaagcctccgaccggaggcttttgacttgat
cggcacgtaagaggttccaactttcaccataatgaaataagatcactaccgggcgtatt
ttttgagttatcgagattttcaggagctaaggaagctaaa

ggacctaaatgtaatcacctggctca
ccttcgggtgggcctttectgecgttgetggegtttttccataggetecgeecceecctgacg
agcatcacaaaaatcgatgctcaagtcagaggtggcgaaacccgacaggactataaaga
taccaggcgtttccececctggaagecteccctegtgegetetectgtteccgacecectgecget
taccggatacctgtccgectttctececttecgggaagecgtggegetttetcatagectcac
gctgtaggtatctcagttcggtgtaggtcgttcgctccaagetgggctgtgtgecacgaa
cccecceccecgttcagecccgaccgctgegecttateccggtaactatecgtettgagtccaaccce
ggtaagacacgacttatcgccactggcagcagccactggtaacaggattagcagagcga
ggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggctacactaga
agaacagtatttggtatctgcgctctgctgaagccagttacctcggaaaaagagttggt
agctcttgatccggcaaacaaaccaccgctggtagecggtggtttttttgtttgecaagea
gcagattacgcgcagaaaaaaaggatctcaagaagatcctttgattttctaccgaagaa
aggccca

The sequence for the AAP gene for pIDTSMART-RC2-AAPstop60-CMV-AAP-97TGA
is:

ctggagacgcagactcagtacctgacccccagcctctcggacagccaccagcagccccece
tctggtctgggaactaatacgatggctacaggcagtggcgcaccaatggcagacaataa
cgagggcgccgacggagtgggtaattcctcgggaaattggcattgecgattccacatgga
tgggcgacagagtcatcaccaccagcacccgaacctgggccctgcccacctacaacaac
cacctctacaaacaaatttccagccaatcaggagcctcgaacgacaatcactTGAttgg
ctacagcaccccttgggggtattttgacttcaacagattccactgccacttttcaccac
gtgactggcaaagactcatcaacaacaactggggattccgacccaagagactcaacttce
aagctctttaacattcaagtcaaagaggtcacgcagaatgacggtacgacgacgattgce
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caataaccttaccagcacggttcaggtgtttactgactcggagtaccagctccecgtacg
tcctcggectecggcgcatcaaggatgectececcgececgtteccagcagacgtettcatggtg
ccacagtatggatacctcaccctga

191



Chapter 4 Plasmids

pAcBac-CMV-MbPyIRS-CMV-GFP

4::1 SV40 late poly,
R

pAcBac1-CMV-MbPy1RS-CMV-GFP
11551 bp

Sequence color-coding key

Feature Color
M13 origin text
AmpR text
ColE1 origin text
Tn7R text
GentamicinR text
HSV tk PolyA text |
Bgh polyA text
WPRE
MbPyIRS
T7 promoter
CMV promoter
CMV Promoter
T7 promoter
EGFP
WPRE
Bgh polyA

Polyhedrin Promoter
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L21 sequence text
VSV-G text
SV40 late polyA text
Tn7L text

Sequence for wild type EGFP

ctgaatggcgaatgggacgcgccctgtagcggcgcattaagecgecggecgggtgtggtggt
tacgcgcagcgtgaccgctacacttgccagcgccctagecgecccgectectttegetttet
tccettectttetegecacgttecgeccggetttececcegtcaagectctaaatecgggggete
cctttagggttccgatttagtgctttacggcacctcgaccccaaaaaacttgattaggg
tgatggttcacgtagtgggccatcgeccctgatagacggtttttegecectttgacgttgg
agtccacgttctttaatagtggactcttgttccaaactggaacaacactcaaccctatce
tcggtctattcttttgatttataagggattttgecgatttcggectattggttaaaaaa
tgagctgatttaacaaaaatttaacgcgaattttaacaaaatattaacgtttacaattt
caggtggcacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaaata
cattcaaatatgtatccgctcatgagacaataaccctgataaatgcttcaataatattg
aaaaaggaagagtatgagtattcaacatttccgtgtcgccecttattceccttttttgegg
cattttgccttcctgtttttgctcacccagaaacgctggtgaaagtaaaagatgctgaa
gatcagttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatcct
tgagagttttcgccccgaagaacgttttccaatgatgagcacttttaaagttctgectat
gtggcgcggtattatcccgtattgacgccgggcaagagcaactcggtcgeccgcatacac
tattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatgg
catgacagtaagagaattatgcagtgctgccataaccatgagtgataacactgcggcca
acttacttctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaacatg
ggggatcatgtaactcgccttgatcgttgggaaccggagctgaatgaagccataccaaa
cgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaactattaa
ctggcgaactacttactctagcttcccggcaacaattaatagactggatggaggcggat
aaagttgcaggaccacttctgcgctcggccectteccggectggectggtttattgectgataa
atctggagccggtgagcgtgggtctcgecggtatcattgcagcactggggeccagatggta
agccctcccgtatcgtagttatctacacgacggggagtcaggcaactatggatgaacga
aatagacagatcgctgagataggtgcctcactgattaagcattggtaactgtcagacca
agtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatct
aggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttttegtte
cactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcectttttttcet
gcgcgtaatctgctgecttgcaaacaaaaaaaccaccgctaccagecggtggtttgtttge
cggatcaagagctaccaactctttttccgaaggtaactggcttcagcagagcgcagata
ccaaatactgtccttctagtgtagccgtagttaggccaccacttcaagaactctgtage
accgcctacatacctcgctctgctaatcctgttaccagtggectgectgccagtggecgata
agtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcg
ggctgaacggggggttcgtgcacacagcccagcttggagcgaacgacctacaccgaact
gagatacctacagcgtgagcattgagaaagcgccacgcttcccgaagggagaaaggcgg
acaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccaggg
ggaaacgcctggtatctttatagtcctgtcgggtttcgeccacctectgacttgagegteg
atttttgtgatgctcgtcaggggggcggagcctatggaaaaacgccagcaacgcggcect
ttttacggttcctggecttttgectggecttttgetcacatgttetttectgegttatece
cctgattctgtggataaccgtattaccgcctttgagtgagctgataccgectcgecgcag
ccgaacgaccgagcgcagcgagtcagtgagcgaggaagcggaagagcgcctgatgeggt
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attttctccttacgcatctgtgecggtatttcacaccgcagaccageccgecgtaacctgge
aaaatcggttacggttgagtaataaatggatgccctgecgtaagecgggtgtgggecggaca
ataaagtcttaaactgaacaaaatagatctaaactatgacaataaagtcttaaactaga
cagaatagttgtaaactgaaatcagtccagttatgctgtgaaaaagcatactggacttt
tgttatggctaaagcaaactcttcattttctgaagtgcaaattgcccgtcecgtattaaag
aggggcgtggccaagggcatggtaaagactatattcgecggcgttgtgacaatttaccga
acaactccgcggccgggaagccgatctcggecttgaacgaattgttaggtggecggtactt
gggtcgatatcaaagtgcatcacttcttccecgtatgecccaactttgtatagagagecac
tgcgggatcgtcaccgtaatctgcttgcacgtagatcacataagcaccaagcgecgttgg
cctcatgcttgaggagattgatgagcgcggtggcaatgccctgeccteccggtgetecgecg
gagactgcgagatcatagatatagatctcactacgcggctgctcaaacctgggcagaac
gtaagccgcgagagcgccaacaaccgcttcttggtcgaaggcagcaagcgcgatgaatg
tcttactacggagcaagttcccgaggtaatcggagtccggectgatgttgggagtaggtg
gctacgtctccgaactcacgaccgaaaagatcaagagcagcccgcatggatttgacttg
gtcagggccgagcctacatgtgcgaatgatgcccatacttgagccacctaactttgttt
tagggcgactgccctgetgecgtaacatcgttgetgectgegtaacatecgttgetgectececa
taacatcaaacatcgacccacggcgtaacgcgcttgctgettggatgeccgaggcatag
actgtacaaaaaaacagtcataacaagccatgaaaaccgccactgcgeccgttaccaccg
ctgcgttcggtcaaggttctggaccagttgcgtgagcgcatacgctacttgcattacag
tttacgaaccgaacaggcttatgtcaactgggttcgtgccttcateccgttteccacggtg
tgcgtcacccggcaaccttgggcagcagcgaagtcgaggcatttectgtecctggetggeg
aacgagcgcaaggtttcggtctccacgcatcgtcaggcattggecggececttgetgttett
ctacggcaaggtgctgtgcacggatctgccctggcttcaggagatcggtagacctecgge
cgtcgcggcgcttgeccggtggtgetgacccecggatgaagtggttecgecateccteggtttt
ctggaaggcgagcatcgtttgttcgecccaggactctagctatagttctagtggttgget
acgtacccgta gcttaatgcgccgctacagggcgecgtgg
ggataccccctagagccccagctggttecttteccgectcagaagecatagagecccaccge
atccccagcatgcctgctattgtecttecccaateccteccececcttgetgtectgecccacce
caccccccagaatagaatgacacctactcagacaatgcgatgcaatttecctcattttat
taggaaaggacagtgggagtggcaccttccagggtcaaggaaggcacgggggaggggca
aacaacagatggctggcaactagaaggcacagtcgaggctgatcagcgggtttaaacgg
gccctctagactcgagttaaagtcgtce

gtcgtcttaacgcgttgaattcttacagattgg
ttgaaatcccattatagtaagattcggaccttgatgccctcttaatgtttttaaagecg
tgcataaccttgagcaagcgttcaagaccaaaacctgcacctatccatggtttgtcaat
accccattctctatcaagagaaactggcccgacgactgccgaagaaagctccaggtecece
cgtgcattatatcaagagtatccccaaagaccatacaggaatctcctacgatttcgaag
tcgatttccagatagtccagaaactctttgatgagagcttcaagattttcccgagtaca
tcccgaacccatctgacagaagttcaccatagtaaattcttccaggtgectectttgecegt
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cagactctttccggtaacaaggtccgacttcgaaaatttttattgggecctggtaaaatce
ctatcgagttttcgcagatagttgtaaagagtcggggcaagcattggcctcaagcagag
atttttatccacccggaagatctgttttgaaagttcagtatcattattaatacccattc
tctccacgtattccgeccggaataaggataggagactttatctccagaaaaccececggtet
acgaaaaatttcgtaatatcacgttcgagtttaccgaggtagtcttctctatcattggt
atagagccgctgaaaatcgttttttcttcttgtcacaagttcaggctcaagtteccectga
aaggctttgccatatttagagaaattttatcctctggacttaagagagcctcaacccta
tcaagctggcttcttgtaagtgaaggagcaggagccgatgcgggaacagacgaatttgg
agttgattttgcaggcgaaggtacagatctggatgtgttcgttgatgecctttgcagaaa
cagaattttccagaggcttcggagcccttgaaactgatttcggcatagecttttttgacce
tttggagcagaaactaccctaactttcacactgtttttgetttcggttgatcttgtgag
aaaattattgatatcctcgtccgaaaccctacatcgtttgcaggtttttectgtacttat
gatgtctgaatgctctggctgttctacaactcctggaattattcacaacaagatggtct
ccacacgccatttcaatgtatattttacttcttgagacctcatggtgcttgattttgtg
gagcgtgccagtcctggacatccagagcccggtcgcagatattaaaacatctaatggtt
ttttatccatggtggcgctagtcagecttgggtctccce
gataagccagtaagcagtgggttctctagttagccagalsfzlsfehsleslclolshszhst-hot=lo = [elohs
cccaccgtacacgcctaccgcccatttgecgtcaatggggcggagttgttacgacatttt
ggaaagtcccgttgattttggtgccaaaacaaactcccattgacgtcaatggggtggag
acttggaaatccccgtgagtcaaaccgctatccacgcccattgatgtactgccaaaacc
gcatcaccatggtaatagcgatgactaatacgtagatgtactgccaagtaggaaagtcc
cataaggtcatgtactgggcataatgccaggcgggccatttaccgtcattgacgtcaat
agggggcgtacttggcatatgatacacttgatgtactgccaagtgggcagtttaccgta
aatagtccacccattgacgtcaatggaaagtccctattggcgttactatgggaacatac
gtcattattgacgtcaatgggcgggggtcgttgggcggtcagccaggcgggeccatttac
cgtaagttatgtaacgcggaactccatatatgggctatgaactaatgaccccgtaattg
SoeCib Bt baataatgctagcaataatectgcaggattat tESlIgRsd
aatagtaatcaattacggggtcattagttcatagcccatatatggagttccgecgttaca
taacttacggtaaatggcccgcctggctgaccgcccaacgaccceccgeccattgacgte
aataatgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatggg
tggactatttacggtaaactgcccacttggcagtacatcaagtgtatcatatgccaagt
acgccccctattgacgtcaatgacggtaaatggcccgecctggcattatgecccagtacat
gaccttatgggactttcctacttggcagtacatctacgtattagtcatcgctattacca
tggtgatgcggttttggcagtacatcaatgggcgtggatagcggtttgactcacgggga
tttccaagtctccaccccattgacgtcaatgggagtttgttttggcaccaaaatcaacg
ggactttccaaaatgtcgtaacaactccgccccattgacgcaaatgggcggtaggegtg
IX=lele[egdefelof-e[eqler t-Rut-Rut-F-Re[ok-Yo-Ye[edle - CCCgggaactagagaacccactgcttac
tggcttatcgaaatpEldleleEladdelladdAd:1gggagacccggtaagctggatagecgecg
atggtgagcaagggcgaggagctgttcaccggggtggtgecccatecctggtecgag
ctggacggcgacgtaaacggccacaagttcagecgtgtccggcgagggcgagggegatge
cacttacggcaagctgaccctgaagttcatctgcaccaccggcaagctgecccgtgececct
ggcccaccctecgtgaccaccctgacctacggcgtgcagtgettcageccgectaccececgac
cacatgaagcagcacgacttcttcaagtccgccatgcccgaaggctacgtccaggagceg
caccatcttcttcaaggacgacggcaactacaagacccgcgccgaggtgaagttcgagg
gcgacaccctggtgaaccgcatcgagctgaagggcatcgacttcaaggaggacggcaac
atcctggggcacaagctggagtacaactacaacagccacaacgtctatatcatggccga
caagcagaagaacggcatcaaggtgaacttcaagatccgccacaacatcgaggacggca
gcgtgcagctcgccgaccactaccagcagaacacccccatcggecgacggeccecgtgetg
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ctgcccgacaaccactacctgagcacccagtccgccctgagcaaagaccccaacgagaa
gcgcgatcacatggtcctgctggagttcgtgaccgccgeccgggatcactctecggecatgg
acgagctgtacaaggggcccttcgaacaaaaactcatctcagaagaggatctgaatatg
of-hot-Tefee ey Hot-Rulof-R HoL-Yolot-RfeL-Yelol-hA ke -1t a0 aat tcaacgcgt taagtcgacaatce
aacctctggattacaaaatttgtgaaagattgactggtattcttaactatgttgctccect
tttacgctatgtggatacgctgctttaatgcctttgtatcatgctattgecttcecegtat
ggctttcattttctccteccttgtataaatcctggttgetgtectetttatgaggagttgt
ggcccgttgtcaggcaacgtggecgtggtgtgcactgtgtttgctgacgcaacceccact
ggttggggcattgccaccacctgtcagctcctttccgggactttecgetttececcectece
tattgccacggcggaactcatcgeccgecctgeccttgeccgetgectggacaggggectegge
tgttgggcactgacaattccgtggtgttgtcggggaaatcatcgtectttcecttggetg
ctcgcctgtgttgccacctggattctgegecgggacgtecttetgectacgtecececttegge
cctcaatccagcggaccttecctteccecgeggectgectgecggetetgeggectetteecge
gtcttcgccttcgeccctcagacgagtcggatctecectttgggececgectecececgegacga
ctttaactcgagtctagagggcccgtttaaacccgectgatcagectcga

attattgcggccgcggtecgt

atactccggaatattaatag

aactcctaaaaaaccgccaccatgaagt
gccttttgtacttagecctttttattcattggggtgaattgcaagttcaccatagttttt
ccacacaaccaaaaaggaaactggaaaaatgttccttctaattaccattattgcccgtc
aagctcagatttaaattggcataatgacttaataggcacagccttacaagtcaaaatgc
ccaagagtcacaaggctattcaagcagacggttggatgtgtcatgcttccaaatgggtc
actacttgtgatttccgctggtatggaccgaagtatataacacattccatccgatcctt
cactccatctgtagaacaatgcaaggaaagcattgaacaaacgaaacaaggaacttggc
tgaatccaggcttccctcctcaaagttgtggatatgcaactgtgacggatgccgaagca
gtgattgtccaggtgactcctcaccatgtgctggttgatgaatacacaggagaatgggt
tgattcacagttcatcaacggaaaatgcagcaattacatatgccccactgtccataact
ctacaacctggcattctgactataaggtcaaagggctatgtgattctaacctcatttcc
atggacatcaccttcttctcagaggacggagagctatcatccctgggaaaggagggcac
agggttcagaagtaactactttgcttatgaaactggaggcaaggcctgcaaaatgcaat
actgcaagcattggggagtcagactcccatcaggtgtctggttcgagatggctgataag
gatctctttgctgcagccagattccctgaatgcccagaagggtcaagtatctctgetcecce
atctcagacctcagtggatgtaagtctaattcaggacgttgagaggatcttggattatt
ccctctgccaagaaacctggagcaaaatcagagcgggtcttccaatctctccagtggat
ctcagctatcttgctcctaaaaacccaggaaccggtcctgctttcaccataatcaatgg
taccctaaaatactttgagaccagatacatcagagtcgatattgctgctccaatcctct
caagaatggtcggaatgatcagtggaactaccacagaaagggaactgtgggatgactgg
gcaccatatgaagacgtggaaattggacccaatggagttctgaggaccagttcaggata
taagtttcctttatacatgattggacatggtatgttggactccgatcttcatcttaget
caaaggctcaggtgttcgaacatcctcacattcaagacgctgcttcgcaacttcctgat
gatgagagtttattttttggtgatactgggctatccaaaaatccaatcgagcttgtaga
aggttggttcagtagttggaaaagctctattgcctcttttttctttatcatagggttaa
tcattggactattcttggttctccgagttggtatccatctttgcattaaattaaagcac
accaagaaaagacagatttatacagacatagagatgaaccgacttggaaagtgataagg
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ccaggccggccaagcttgtcgagaagtactagaggatcataatcagccataccacattt
gtagaggttttacttgctttaaaaaacctcccacacctcceccctgaacctgaaacataa
aatgaatgcaattgttgttgttaacttgtttattgcagcttataatggttacaaataaa
gcaatagcatcacaaatttcacaaataaagcatttttttcactgcattctagttgtggt
ttgtccaaactcatcaatgtatcttatcatgtctggatctgatcactgecttgagectag
gagatccgaaccagataagtgaaatctagttccaaactattttgtcatttttaatttte
gtattagcttacgacgctacacccagttcccatctattttgtcactctteccctaaataa
tccttaaaaactccatttccacccctecccagtteccaactattttgtecgeccacageg
gggcatttttcttcctgttatgtttttaatcaaacatcctgccaactccatgtgacaaa
ccgtcatcttcggctactttttctctgtcacagaatgaaaatttttctgtcatctettce
gttattaatgtttgtaattgactgaatatcaacgcttatttgcage

The sequence for GFP-39tag is:
atggtgagcaagggcgaggagctgttcaccggggtggtgecccatcectggtcgagctgga
cggcgacgtaaacggccacaagttcagcgtgtccggcgagggcgagggcgatgeccactt
agggcaagctgaccctgaagttcatctgcaccaccggcaagctgeccecgtgecctggecce
accctcgtgaccaccctgacctacggcgtgcagtgecttcageccgctaccecgaccacat
gaagcagcacgacttcttcaagtccgccatgecccgaaggctacgtccaggagcgcacca
tcttcttcaaggacgacggcaactacaagacccgcgccgaggtgaagttcgagggecgac
accctggtgaaccgcatcgagctgaagggcatcgacttcaaggaggacggcaacatccect
ggggcacaagctggagtacaactacaacagccacaacgtctatatcatggccgacaagce
agaagaacggcatcaaggtgaacttcaagatccgccacaacatcgaggacggcagcegtg
cagctcgccgaccactaccagcagaacacccccatcggcgacggecccecgtgetgetgece
cgacaaccactacctgagcacccagtccgccctgagcaaagaccccaacgagaagcgcg
atcacatggtcctgctggagttcgtgaccgccgeccgggatcactctecggecatggacgag
ctgtacaaggggcccttcgaacaaaaactcatctcagaagaggatctgaatatgcatac
cggtcatcatcaccatcaccattgataa
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pAcBac-4xPytR

pAcBac_4xPytR
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Sequence color-coding key

Feature Color
M13 origin text
AmpR text
ColE1 origin text
Tn7R text
GentamicinR text
HSV tk PolyA
Bgh polyA
WPRE
T7 promoter
CMV promoter

Polyhedrin Promoter
L21 sequence
VSV-G
SV40 late polyA
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Sequence of 4xPytR-A2 variant

ttctctgtcacagaatgaaaatttttctgtcatctcttcgttattaatgtttgtaattg
actgaatatcaacgcttatttgcagcctgaatggcgaatgggacgcgccctgtagcgge
gcattaagcgcggcgggtgtggtggttacgcgcagecgtgaccgctacacttgeccagege
cctagcgcccgctectttecgetttetteeccttectttetegecacgttegeecggettte
cccgtcaagctctaaatcgggggcteccectttagggtteccgatttagtgectttacggcecac
ctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggccatcgecctgata
gacggtttttcgccctttgacgttggagtccacgttctttaatagtggactettgttece
aaactggaacaacactcaaccctatctcggtctattcttttgatttataagggattttg
ccgatttcggcctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattt
taacaaaatattaacgtttacaatttcaggtggcacttttcggggaaatgtgcgcggaa
cccctatttgtttatttttctaaatacattcaaatatgtatccgctcatgagacaataa
ccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttccg
tgtcgcccttattecececttttttgeggcattttgecttectgtttttgectcacccagaaa
cgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggttacatcgaa
ctggatctcaacagcggtaagatccttgagagttttcgeccccgaagaacgtttteccaat
gatgagcacttttaaagttctgctatgtggcgcggtattatccecgtattgacgeccggge
aagagcaactcggtcgccgcatacactattctcagaatgacttggttgagtactcacca
gtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccat
aaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaagg
agctaaccgcttttttgcacaacatgggggatcatgtaactcgccttgatcgttgggaa
ccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgtagcaat
ggcaacaacgttgcgcaaactattaactggcgaactacttactctagcttcccggecaac
aattaatagactggatggaggcggataaagttgcaggaccacttctgcgctcggeecctt
ccggctggctggtttattgectgataaatctggagccggtgagegtgggtctecgeggtat
cattgcagcactggggccagatggtaagccctccecgtatcgtagttatctacacgacgg
ggagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactg
attaagcattggtaactgtcagaccaagtttactcatatatactttagattgatttaaa
acttcatttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgacca
aaatcccttaacgtgagttttcgttccactgagecgtcagaccccgtagaaaagatcaaa
ggatcttcttgagatcctttttttctgcgecgtaatctgectgecttgcaaacaaaaaaacc
accgctaccagcggtggtttgtttgccggatcaagagctaccaactctttttccgaagg
taactggcttcagcagagcgcagataccaaatactgtccttctagtgtagccgtagtta
ggccaccacttcaagaactctgtagcaccgcctacatacctcgctctgctaatcetgtt
accagtggctgctgccagtggcgataagtcgtgtcttaccgggttggactcaagacgat
agttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacacagecccage
ttggagcgaacgacctacaccgaactgagatacctacagcgtgagcattgagaaagcge
cacgcttcccgaagggagaaaggcggacaggtatccggtaagecggcagggtcggaacag
gagagcgcacgagggagcttccagggggaaacgcctggtatctttatagtcctgteggg
tttcgccacctctgacttgagcgtcgatttttgtgatgectecgtcaggggggecggagect
atggaaaaacgccagcaacgcggcctttttacggttcectggecttttgectggeettttg
ctcacatgttctttcctgecgttatccecctgattectgtggataaccgtattaccgecttt
gagtgagctgataccgctcgccgcagccgaacgaccgagcecgcagcgagtcagtgagcga
ggaagcggaagagcgcctgatgcggtattttcteccttacgcatctgtgeggtatttcac
accgcagaccagccgcgtaacctggcaaaatcggttacggttgagtaataaatggatge
cctgcgtaagcgggtgtgggcggacaataaagtcttaaactgaacaaaatagatctaaa
ctatgacaataaagtcttaaactagacagaatagttgtaaactgaaatcagtccagtta
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tgctgtgaaaaagcatactggacttttgttatggctaaagcaaactcttcattttctga
agtgcaaattgcccgtcgtattaaagaggggcgtggccaagggcatggtaaagactata
ttcgcggecgttgtgacaatttaccgaacaactccgecggeccgggaageccgatecteggett
gaacgaattgttaggtggcggtacttgggtcgatatcaaagtgcatcacttctteccegt
atgcccaactttgtatagagagccactgcgggatcgtcaccgtaatctgettgcacgta
gatcacataagcaccaagcgcgttggcctcatgecttgaggagattgatgagecgeggtgg
caatgccctgecctcecggtgctecgecggagactgcgagatcatagatatagatectcacta
cgcggctgctcaaacctgggcagaacgtaagccgcgagagcgccaacaaccgettettg
gtcgaaggcagcaagcgcgatgaatgtcttactacggagcaagttcccgaggtaatecgg
agtccggctgatgttgggagtaggtggctacgtctccgaactcacgaccgaaaagatca
agagcagcccgcatggatttgacttggtcagggccgagectacatgtgcgaatgatgcece
catacttgagccacctaactttgttttagggcgactgccctgctgegtaacatcgttge
tgctgcgtaacatcgttgectgectccataacatcaaacatcgacccacggecgtaacgege
ttgctgcttggatgcccgaggcatagactgtacaaaaaaacagtcataacaagccatga
aaaccgccactgcgccgttaccaccgctgecgttcggtcaaggttctggaccagttgegt
gagcgcatacgctacttgcattacagtttacgaaccgaacaggcttatgtcaactgggt
tcgtgecttcatcecgtttccacggtgtgecgtcacccggcaaccttgggcagcagcgaag
tcgaggcatttctgtecctggctggcgaacgagcgcaaggtttecggtcteccacgecategt
caggcattggcggccttgctgttecttctacggcaaggtgetgtgcacggatctgcectg
gcttcaggagatcggtagacctcggeccgtecgeggecgecttgececggtggtgetgaccecgg
atgaagtggttcgcatcctcggttttctggaaggcgagcatcgtttgttecgeccaggac
tctagctatagttctagtggttggctacgtacccgta_gc
ttaatgcgccgctacagggcgecgtggggatacceccctagagecccagetggttetttece
gcctcagaagccatagagcccaccgcatccccagcatgectgectattgtettecccaate
ctcccecttgetgtectgecccacceccaccececccagaatagaatgacacctactcagac
aatgcgatgcaatttcctcattttattaggaaaggacagtgggagtggcaccttccagg
gtcaaggaaggcacgggggaggggcaaacaacagatggctggcaactagaaggcacagt
cgaggctgatcagcgggtttaaacgggccctctagactcgagttaaagtcgac

taacgcgttgaattccaccacactggactagtggatccgagctcggtaccaagecttaag
tttaaacgctagccagcttgggtctccctatagtgagtcgtattaatttcgataagcca
gtaagcagtgggttctctagttagccaga
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gcgtatatctggcccgtacatcgcgaagcage
gcaaaacggatcctgcaggtatttgcggccgecggteccgtatactccggaatattaatag

atcatggagataattaaaatgataaccatctcgcaaataaataagtattttactgtttt
cgtaacagttttgtaataaaaaaacctataaatattccggattattcataccgtcccac
catcgggcgcgaactcctaaaaaaccgccaccatgaagtgeccttttgtacttagecttt
ttattcattggggtgaattgcaagttcaccatagtttttccacacaaccaaaaaggaaa
ctggaaaaatgttccttctaattaccattattgcccgtcaagectcagatttaaattgge
ataatgacttaataggcacagccttacaagtcaaaatgcccaagagtcacaaggctatt
caagcagacggttggatgtgtcatgcttccaaatgggtcactacttgtgatttccgetg
gtatggaccgaagtatataacacattccatccgatccttcactccatctgtagaacaat
gcaaggaaagcattgaacaaacgaaacaaggaacttggctgaatccaggcttcecctect
caaagttgtggatatgcaactgtgacggatgccgaagcagtgattgtccaggtgactcc
tcaccatgtgctggttgatgaatacacaggagaatgggttgattcacagttcatcaacgq
gaaaatgcagcaattacatatgccccactgtccataactctacaacctggcattctgac
tataaggtcaaagggctatgtgattctaacctcatttccatggacatcaccttecttetce
agaggacggagagctatcatccctgggaaaggagggcacagggttcagaagtaactact
ttgcttatgaaactggaggcaaggcctgcaaaatgcaatactgcaagcattggggagtc
agactcccatcaggtgtctggttcgagatggctgataaggatctctttgectgcageccag
attccctgaatgcccagaagggtcaagtatctctgcteccatctcagacctcagtggatg
taagtctaattcaggacgttgagaggatcttggattattccctctgccaagaaacctgg
agcaaaatcagagcgggtcttccaatctctccagtggatctcagctatecttgctectaa
aaacccaggaaccggtcctgctttcaccataatcaatggtaccctaaaatactttgaga
ccagatacatcagagtcgatattgctgctccaatcctctcaagaatggtcggaatgatce
agtggaactaccacagaaagggaactgtgggatgactgggcaccatatgaagacgtgga
aattggacccaatggagttctgaggaccagttcaggatataagtttcctttatacatga
ttggacatggtatgttggactccgatcttcatcttagctcaaaggctcaggtgttcgaa
catcctcacattcaagacgctgcttcgcaacttcctgatgatgagagtttattttttgg
tgatactgggctatccaaaaatccaatcgagcttgtagaaggttggttcagtagttgga
aaagctctattgcctcttttttctttatcatagggttaatcattggactattcttggtt
ctccgagttggtatccatctttgcattaaattaaagcacaccaagaaaagacagattta
tacagacatagagatgaaccgacttggaaagtgataa(sfefelef-Yelsfolelefele]ot-F-Ye[ch A len o
gagaagtactagaggatcataatcagccataccacatttgtagaggttttacttgettt
aaaaaacctcccacacctccccctgaacctgaaacataaaatgaatgcaattgttgttg
ttaacttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttc
acaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgt
cidodu-hdeAkepdedde gat ctgatcactgcttgagcctagcaaaaaacgaggaccccggg
aatctaacccggctgaacggatttagagtccgttcgatctacatgatcaggtcccce

cccgaggtacccctagcaaaaaacgaggaccccgggaatctaa
cccggctgaacggatttagagtccgttcgatctacatgatcaggtecccecce
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-cccgaggtacccctagc aaaaaacgaggaccccgggaatctaacccgget

gaacggatttagagtccgttcgatctacatgatcaggtcccce

cccgaggtacccecctagcaaaaaacgaggaccccgggaatctaacccggctgaacgga

tttagagtccgttcgatctacatgatcaggtcccce

ggtacccctaggagatccg

gcggggcatttttcttcctgttatgtttttaatcaaacatcctgeccaacte
catgtgacaaaccgtcatcttcggctacttt

The sequence for the wild type PytR is:

ggaaacctgatcatgtagatcgaacggactctaaatccgttcagccgggttagattccecce
ggggtttccg
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| Tn7L | text |

Sequence of 4xPytR-A2 variant

ttctctgtcacagaatgaaaatttttctgtcatctcttcgttattaatgtttgtaattg
actgaatatcaacgcttatttgcagcctgaatggcgaatgggacgcgccctgtagcgge
gcattaagcgcggcgggtgtggtggttacgcgcagecgtgaccgctacacttgeccagege
cctagcgcccgctectttecgetttetteeccttectttetegecacgttegeecggettte
cccgtcaagctctaaatcgggggcteccectttagggtteccgatttagtgectttacggcecac
ctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggccatcgecctgata
gacggtttttcgccctttgacgttggagtccacgttctttaatagtggactettgttece
aaactggaacaacactcaaccctatctcggtctattcttttgatttataagggattttg
ccgatttcggcctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattt
taacaaaatattaacgtttacaatttcaggtggcacttttcggggaaatgtgcgcggaa
cccctatttgtttatttttctaaatacattcaaatatgtatccgctcatgagacaataa
ccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttccg
tgtcgcccttattecececttttttgeggcattttgecttectgtttttgectcacccagaaa
cgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggttacatcgaa
ctggatctcaacagcggtaagatccttgagagttttcgeccccgaagaacgtttteccaat
gatgagcacttttaaagttctgctatgtggcgcggtattatccecgtattgacgeccggge
aagagcaactcggtcgccgcatacactattctcagaatgacttggttgagtactcacca
gtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccat
aaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaagg
agctaaccgcttttttgcacaacatgggggatcatgtaactcgccttgatcgttgggaa
ccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgtagcaat
ggcaacaacgttgcgcaaactattaactggcgaactacttactctagcttcccggecaac
aattaatagactggatggaggcggataaagttgcaggaccacttctgcgctcggeecctt
ccggctggctggtttattgectgataaatctggagccggtgagegtgggtctecgeggtat
cattgcagcactggggccagatggtaagccctccecgtatcgtagttatctacacgacgg
ggagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactg
attaagcattggtaactgtcagaccaagtttactcatatatactttagattgatttaaa
acttcatttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgacca
aaatcccttaacgtgagttttcgttccactgagecgtcagaccccgtagaaaagatcaaa
ggatcttcttgagatcctttttttctgcgecgtaatctgectgecttgcaaacaaaaaaacc
accgctaccagcggtggtttgtttgccggatcaagagctaccaactctttttccgaagg
taactggcttcagcagagcgcagataccaaatactgtccttctagtgtagccgtagtta
ggccaccacttcaagaactctgtagcaccgcctacatacctcgctctgctaatcetgtt
accagtggctgctgccagtggcgataagtcgtgtcttaccgggttggactcaagacgat
agttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacacagecccage
ttggagcgaacgacctacaccgaactgagatacctacagcgtgagcattgagaaagcge
cacgcttcccgaagggagaaaggcggacaggtatccggtaagecggcagggtcggaacag
gagagcgcacgagggagcttccagggggaaacgcctggtatctttatagtcctgteggg
tttcgccacctctgacttgagcgtcgatttttgtgatgectecgtcaggggggecggagect
atggaaaaacgccagcaacgcggcctttttacggttcectggecttttgectggeettttg
ctcacatgttctttcctgecgttatccecctgattectgtggataaccgtattaccgecttt
gagtgagctgataccgctcgccgcagccgaacgaccgagcgcagcgagtcagtgagcga
ggaagcggaagagcgcctgatgcggtattttcteccttacgcatctgtgecggtatttcac
accgcagaccagccgcgtaacctggcaaaatcggttacggttgagtaataaatggatge
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cctgcgtaagcgggtgtgggcggacaataaagtcttaaactgaacaaaatagatctaaa
ctatgacaataaagtcttaaactagacagaatagttgtaaactgaaatcagtccagtta
tgctgtgaaaaagcatactggacttttgttatggctaaagcaaactcttcattttctga
agtgcaaattgcccgtcgtattaaagaggggcgtggccaagggcatggtaaagactata
ttcgcggecgttgtgacaatttaccgaacaactccgecggeccgggaageccgatecteggett
gaacgaattgttaggtggcggtacttgggtcgatatcaaagtgcatcacttctteccegt
atgcccaactttgtatagagagccactgcgggatcgtcaccgtaatctgettgcacgta
gatcacataagcaccaagcgcgttggcctcatgecttgaggagattgatgagecgeggtgg
caatgccctgecctcecggtgctecgecggagactgecgagatcatagatatagatectcacta
cgcggctgctcaaacctgggcagaacgtaagccgcgagagcgccaacaaccgcettettg
gtcgaaggcagcaagcgcgatgaatgtcttactacggagcaagttcccgaggtaatecgg
agtccggctgatgttgggagtaggtggctacgtctccgaactcacgaccgaaaagatca
agagcagcccgcatggatttgacttggtcagggccgagectacatgtgcgaatgatgcece
catacttgagccacctaactttgttttagggcgactgccctgctgegtaacatcgttge
tgctgcgtaacatcgttgectgectccataacatcaaacatcgacccacggecgtaacgege
ttgctgcttggatgcccgaggcatagactgtacaaaaaaacagtcataacaagccatga
aaaccgccactgcgccgttaccaccgctgecgttcggtcaaggttctggaccagttgegt
gagcgcatacgctacttgcattacagtttacgaaccgaacaggcttatgtcaactgggt
tcgtgecttcatcecgtttccacggtgtgecgtcacccggcaaccttgggcagcagcgaag
tcgaggcatttctgtecctggctggcgaacgagcgcaaggtttecggtcteccacgecategt
caggcattggcggccttgctgttcecttctacggcaaggtgetgtgcacggatectgecectg
gcttcaggagatcggtagacctcggeccgtecgeggecgecttgececggtggtgetgaccecgg
atgaagtggttcgcatcctcggttttctggaaggcgagcatcgtttgttecgeccaggac
tctagctatagttctagtggttggctacgtacccgta_gc
ttaatgcgccgctacagggcgecgtggggatacceccctagagecccagetggttetttece
gcctcagaagccatagagcccaccgcatccccagcatgectgectattgtettececcaate
ctcccecttgetgtectgecccacceccaccececccagaatagaatgacacctactcagac
aatgcgatgcaatttcctcattttattaggaaaggacagtgggagtggcaccttccagg
gtcaaggaaggcacgggggaggggcaaacaacagatggctggcaactagaaggcacagt
cgaggctgatcagcgggtttaaacgggccctctagactcgagttaaagtcgac

taacgcgttgaattccaccacactggactagtggatccgagctcggtaccaagecttaag
tttaaacgctagccagcttgggtctccctatagtgagtcgtattaatttcgataagcca
gtaagcagtgggttctctagttagccaga
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gcgtatatctggcccgtacatcgcgaagcage
s[eF-T-E-Y-lefe (s I-hdeled ke [of-YefeiaCCat ggCtcgagatcccgggtgatcaagtcttcgteggg
cccgattattcataccgtcccaccatcgggcgcggatctcgagectcaagettccgggaa
ctgtcccggtccgagecgcagatcctttgecgectcagtececgtgggecgtgeggagagggge
gtgactcagagcggaggcgtgtgcaggcggtatcccacgtgcaggaagagggacgcttg
cagtctgcgggacgtgtgcagtctgcgggggcgtatgcaggtggtgggcaacctgggeg
gaccttttgcgctcgccccaaatcctteccctectataaaggcagegectectgcacgecttet
ctccatcacgccttctecctagegectegggtttectgtgtttcatecgetectcageecggte
tggatcatggtgagcaagggcgaggaggataacatggccatcatc
aaggagttcatgcgcttcaaggtgcacatggagggctccgtgaacggccacgagttcga
gatcgagggcgagggcgagggccgcccctacgagggcacccagaccgccaagctgaagg
tgaccaagggtggccccctgcccttecgecctgggacatcctgteccecctcagttcatgtac
ggctccaaggcctacgtgaagcaccccgccgacatccccgactacttgaagectgtectt
ccccgagggcttcaagtgggagcgecgtgatgaacttcgaggacggecggcecgtggtgaccg
tgacccaggactcctccctgcaagacggcgagttcatctacaaggtgaagctgcgcggce
accaacttcccctccgacggccccgtaatgcagaagaagaccatgggctgggaggectce
ctccgagcggatgtaccccgaggacggcgccctgaagggcgagatcaagcagaggctga
agctgaaggacggcggccactacgacgctgaggtcaagaccacctacaaggccaagaag
cccgtgcagctgcccggcgcctacaacgtcaacatcaagttggacatcacctcecccacaa
cgaggactacaccatcgtggaacagtacgaacgcgccgagggccgccactccaccggcg
gcatggacgagctgtacaagtaa[aaadeateaasaaaaaacctcccacaccteccee
tgaacctgaaacataaaatgaatgcaattgttgttgttaacttgtttattgcagcttat
aatggttacaaataaagcaatagcatcacaaatttcacaaataaagcatttttttcact
gcattctagttgtggtttgtccaaactcatcaatgtatcttatcatgtctgielefefeyst-Reis
tgcggccgcggtccgtatactccggaatattaatagEidef-ideler-IeRt-Rit-F-E-F-R e f-Ru!
aaccatctcgcaaataaataagtattttactgttttcgtaacagttttgtaataaaaaa
acctataaatattccggattattcataccgtcccaccatcgggcgcgitleadelat-r-r - -1
accgccacc
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ggccaggccggccaagcttgtcgagaagtactagaggatcataat
cagccataccacatttgtagaggttttacttgcttt

cactgcttgagcctagcaaaaaacgaggaccccgggaatctaacccggectgaacggatt
tagagtccgttcgatctacatgatcaggtcccecggtgtttecgtecctttccacaagatat
ataaagccaagaaatcgaaatactttcaagttacggtaagcatatgatagtccatttta
aaacataattttaaaactgcaaactacccaagaaattattactttctacgtcacgtatt
ttgtactaatatctttgtgtttacagtcaaattaattctaattatctctctaacagect
tgtatcgtatatgcaaatatgaaggaatcatgggaaataggccctcttcctgececgagg
tacccctagcaaaaaacgaggaccccgggaatctaacccggctgaacggatttagagtce
cgttcgatctacatgatcaggtccccggtgtttcgtcctttccacaagatatataaage
caagaaatcgaaatactttcaagttacggtaagcatatgatagtccattttaaaacata
attttaaaactgcaaactacccaagaaattattactttctacgtcacgtattttgtact
aatatctttgtgtttacagtcaaattaattctaattatctctctaacagccttgtatcg
tatatgcaaatatgaaggaatcatgggaaataggccctcttcctgeccgaggtaccecet
agcaaaaaacgaggaccccgggaatctaacccggctgaacggatttagagteccgttcga
tctacatgatcaggtcceccggtgtttcgtectttccacaagatatataaageccaagaaa
tcgaaatactttcaagttacggtaagcatatgatagtccattttaaaacataattttaa
aactgcaaactacccaagaaattattactttctacgtcacgtattttgtactaatatct
ttgtgtttacagtcaaattaattctaattatctctctaacagccttgtatcgtatatge
aaatatgaaggaatcatgggaaataggccctcttcctgecccgaggtaccectagcaaaa
aacgaggaccccgggaatctaacccggctgaacggatttagagtccgttecgatctacat
gatcaggtccccggtgtttcgtcctttccacaagatatataaagccaagaaatcgaaat
actttcaagttacggtaagcatatgatagtccattttaaaacataattttaaaactgca
aactacccaagaaattattactttctacgtcacgtattttgtactaatatctttgtgtt
tacagtcaaattaattctaattatctctctaacagccttgtatcgtatatgcaaatatg
aaggaatcatgggaaataggeccctettcctgeccgaggtaccecctaggagateccgaace
agataagtgaaatctagttccaaactattttgtcatttttaattttcgtattagcttac
gacgctacacccagttcccatctattttgtcactcttccctaaataatccttaaaaact
ccatttccacccctcccagttecccaactattttgteccgecccacageggggecatttttet
tcctgttatgtttttaatcaaacatcctgeccaactccatgtgacaaaccgtcatctteg
gctacttt

The sequence for the wild type PytR is:

ggaaacctgatcatgtagatcgaacggactctaaatccgttcagccgggttagattccecce
ggggtttccg
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Sequence

ttctctgtcacagaatgaaaatttttctgtcatctcttcgttattaatgtttgtaattg
actgaatatcaacgcttatttgcagcctgaatggcgaatgggacgcgccctgtagcgge
gcattaagcgcggcgggtgtggtggttacgcgcagecgtgaccgctacacttgeccagege
cctagcgcccgctectttecgetttetteeccttectttetegecacgttegeecggettte
cccgtcaagctctaaatcgggggcteccectttagggtteccgatttagtgectttacggcecac
ctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggccatcgecctgata
gacggtttttcgccctttgacgttggagtccacgttctttaatagtggactettgttece
aaactggaacaacactcaaccctatctcggtctattcttttgatttataagggattttg
ccgatttcggcctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattt
taacaaaatattaacgtttacaatttcaggtggcacttttcggggaaatgtgcgcggaa
cccctatttgtttatttttctaaatacattcaaatatgtatccgctcatgagacaataa
ccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttccg
tgtcgcccttattecececttttttgeggcattttgecttectgtttttgectcacccagaaa
cgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggttacatcgaa
ctggatctcaacagcggtaagatccttgagagttttcgeccccgaagaacgtttteccaat
gatgagcacttttaaagttctgctatgtggcgcggtattatccecgtattgacgeccggge
aagagcaactcggtcgccgcatacactattctcagaatgacttggttgagtactcacca
gtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccat
aaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaagg
agctaaccgcttttttgcacaacatgggggatcatgtaactcgccttgatcgttgggaa
ccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgtagcaat
ggcaacaacgttgcgcaaactattaactggcgaactacttactctagcttcccggecaac
aattaatagactggatggaggcggataaagttgcaggaccacttctgcgctcggeecctt
ccggctggctggtttattgectgataaatctggagccggtgagegtgggtctecgeggtat
cattgcagcactggggccagatggtaagccctccecgtatcgtagttatctacacgacgg
ggagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactg
attaagcattggtaactgtcagaccaagtttactcatatatactttagattgatttaaa
acttcatttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgacca
aaatcccttaacgtgagttttcgttccactgagecgtcagaccccgtagaaaagatcaaa
ggatcttcttgagatcctttttttctgcgecgtaatctgectgecttgcaaacaaaaaaacc
accgctaccagcggtggtttgtttgccggatcaagagctaccaactcttttteccgaagg
taactggcttcagcagagcgcagataccaaatactgtccttctagtgtagccgtagtta
ggccaccacttcaagaactctgtagcaccgcctacatacctcgctctgctaatcetgtt
accagtggctgctgccagtggcgataagtcgtgtcttaccgggttggactcaagacgat
agttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacacagecccage
ttggagcgaacgacctacaccgaactgagatacctacagcgtgagcattgagaaagcge
cacgcttcccgaagggagaaaggcggacaggtatccggtaagecggcagggtcggaacag
gagagcgcacgagggagcttccagggggaaacgcctggtatctttatagtcctgteggg
tttcgccacctctgacttgagcgtcgatttttgtgatgectecgtcaggggggecggagect
atggaaaaacgccagcaacgcggcctttttacggttcectggecttttgectggeecttttg
ctcacatgttctttcctgecgttatccecctgattectgtggataaccgtattaccgecttt
gagtgagctgataccgctcgccgcagccgaacgaccgagcecgcagcgagtcagtgagcga
ggaagcggaagagcgcctgatgcggtattttcteccttacgcatctgtgecggtatttcac
accgcagaccagccgcgtaacctggcaaaatcggttacggttgagtaataaatggatge
cctgcgtaagcgggtgtgggcggacaataaagtcttaaactgaacaaaatagatctaaa
ctatgacaataaagtcttaaactagacagaatagttgtaaactgaaatcagtccagtta
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tgctgtgaaaaagcatactggacttttgttatggctaaagcaaactcttcattttctga
agtgcaaattgcccgtcgtattaaagaggggcgtggccaagggcatggtaaagactata
ttcgcggecgttgtgacaatttaccgaacaactccgecggeccgggaageccgatecteggett
gaacgaattgttaggtggcggtacttgggtcgatatcaaagtgcatcacttctteccegt
atgcccaactttgtatagagagccactgcgggatcgtcaccgtaatctgettgcacgta
gatcacataagcaccaagcgcgttggcctcatgecttgaggagattgatgagecgeggtgg
caatgccctgecctcecggtgctecgecggagactgcgagatcatagatatagatectcacta
cgcggctgctcaaacctgggcagaacgtaagccgcgagagcgccaacaaccgettettg
gtcgaaggcagcaagcgcgatgaatgtcttactacggagcaagttcccgaggtaatecgg
agtccggctgatgttgggagtaggtggctacgtctccgaactcacgaccgaaaagatca
agagcagcccgcatggatttgacttggtcagggccgagectacatgtgcgaatgatgcece
catacttgagccacctaactttgttttagggcgactgccctgctgegtaacatcgttge
tgctgcgtaacatcgttgectgectccataacatcaaacatcgacccacggecgtaacgege
ttgctgcttggatgcccgaggcatagactgtacaaaaaaacagtcataacaagccatga
aaaccgccactgcgccgttaccaccgctgecgttcggtcaaggttctggaccagttgegt
gagcgcatacgctacttgcattacagtttacgaaccgaacaggcttatgtcaactgggt
tcgtgecttcatcecgtttccacggtgtgecgtcacccggcaaccttgggcagcagcgaag
tcgaggcatttctgtecctggctggcgaacgagcgcaaggtttecggtcteccacgecategt
caggcattggcggccttgctgttecttctacggcaaggtgetgtgcacggatctgcectg
gcttcaggagatcggtagacctcggeccgtecgeggecgecttgececggtggtgetgaccecgg
atgaagtggttcgcatcctcggttttctggaaggcgagcatcgtttgttecgeccaggac
tctagctatagttctagtggttggcctacgtacccgta_g
cttaatgcgccgctacagggcgcgtggggatacccecctagagcecccagectggttettte
cgcctcagaagccatagagcccaccgcatccccagcatgectgectattgtectteccaat
cctccececttgetgtecctgecccaccccacceccccagaatagaatgacacctactcaga
caatgcgatgcaatttcctcattttattaggaaaggacagtgggagtggcaccttccag
ggtcaaggaaggcacgggggaggggcaaacaacagatggctggcaactagaaggcacag
tcgaggctgatcagcgggtttaaacgggccctctagactcgagttaaagtcgac

ttaacgcgttggaattcctcattaatggtgatggtgatgatgaccggtatgcatattca
gatcctcttctgagatgagtttttgttcgaagggcccecttgtacagctcgteccatgecg
agagtgatcccggcggcggtcacgaactccagcaggaccatgtgatcgcgecttetegtt
ggggtctttgctcagggcggactgggtgctcaggtagtggttgtcgggcagcagcacgg
ggccgtcgeccgatgggggtgttectgetggtagtggtcggecgagectgcacgectgecgtece
tcgatgttgtggcggatcttgaagttcaccttgatgeccgttecttectgettgtecggecat
gatatagacgttgtggctgttgtagttgtactccagcttgtgccccaggatgttgecgt
cctccttgaagtcgatgecccttcagetcgatgecggttcaccagggtgtecgeccctecgaac
ttcacctcggcgcgggtecttgtagttgecgtegtccttgaagaagatggtgegetectg
gacgtagccttcgggcatggcggacttgaagaagtcgtgectgcttcatgtggtecggggt
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agcggctgaagcactgcacgccgtaggtcagggtggtcacgagggtgggccagggcacg
ggcagcttgccggtggtgcagatgaacttcagggtcagecttgeccgtaggtggcatcgece
ctcgccctecgeccggacacgctgaacttgtggecgtttacgtecgecgteccagetecgacceca
ggatgggcaccaccccggtgaacagctcctcgcccttgctcac_ctag
ccagcttgggtctecccpEis=lspdszlepdoleisciad-lat t tcgataagccagtaagcagtggg
ttctctagttagccagalstlefehdehudelolshst-Rut-Rut-Tor-Toloh dofolot-Tolole ysk-Tox-Tole(oloh st-Tolo]o o;
ccatttgcgtcaatggggcggagttgttacgacattttggaaagtcccgttgattttgg
tgccaaaacaaactcccattgacgtcaatggggtggagacttggaaatccccgtgagtce
aaaccgctatccacgcccattgatgtactgccaaaaccgcatcaccatggtaatagcga
tgactaatacgtagatgtactgccaagtaggaaagtcccataaggtcatgtactgggca
taatgccaggcgggccatttaccgtcattgacgtcaatagggggcgtacttggcatatg
atacacttgatgtactgccaagtgggcagtttaccgtaaatagtccacccattgacgtce

aatggaaagtccctattggcgttactatgggaacatacgtcattattgacgtcaatggg
cgggggtcgttgggcggtcagccaggcgggccatttaccgtaagttatgtaacgcggaa
ctccatatatgggctatgaactaatgaccccgtaattgattactattaataactagtca
ci-Ehdel-hdepdel--lelgcgtatatctggcccgtacatcgcgaagcagecgcaaaacggate

attaaaatgataaccatctcgcaaataaataagtattttactgttttcgtaacagtttt
gtaataaaaaaacctataaatattccggattattcataccgtcccaccatcgggcgcga
clojdeloft-E-EX-E:-Tefe]e[efot-Ieflela t gaagtgccttttgtacttagectttttattcattggg
gtgaattgcaagttcaccatagtttttccacacaaccaaaaaggaaactggaaaaatgt
tccttctaattaccattattgecccgtcaagctcagatttaaattggcataatgacttaa
taggcacagccttacaagtcaaaatgcccaagagtcacaaggctattcaagcagacggt
tggatgtgtcatgcttccaaatgggtcactacttgtgatttccgctggtatggaccgaa
gtatataacacattccatccgatccttcactccatctgtagaacaatgcaaggaaagca
ttgaacaaacgaaacaaggaacttggctgaatccaggcttccctcctcaaagttgtgga
tatgcaactgtgacggatgccgaagcagtgattgtccaggtgactcctcaccatgtget
ggttgatgaatacacaggagaatgggttgattcacagttcatcaacggaaaatgcagca
attacatatgccccactgtccataactctacaacctggcattctgactataaggtcaaa
gggctatgtgattctaacctcatttccatggacatcaccttcttctcagaggacggaga
gctatcatccctgggaaaggagggcacagggttcagaagtaactactttgcttatgaaa
ctggaggcaaggcctgcaaaatgcaatactgcaagcattggggagtcagactcccatca
ggtgtctggttcgagatggctgataaggatctctttgectgcageccagattcecctgaatg
cccagaagggtcaagtatctctgctccatctcagacctcagtggatgtaagtctaattce
aggacgttgagaggatcttggattattccctctgccaagaaacctggagcaaaatcaga
gcgggtcttccaatctctccagtggatctcagectatecttgectecctaaaaacccaggaac
cggtcctgctttcaccataatcaatggtaccctaaaatactttgagaccagatacatca
gagtcgatattgctgctccaatcctctcaagaatggtcggaatgatcagtggaactacce
acagaaagggaactgtgggatgactgggcaccatatgaagacgtggaaattggacccaa
tggagttctgaggaccagttcaggatataagtttcctttatacatgattggacatggta
tgttggactccgatcttcatcttagectcaaaggctcaggtgttcgaacatcctcacatt
caagacgctgcttcgcaacttcctgatgatgagagtttattttttggtgatactggget
atccaaaaatccaatcgagcttgtagaaggttggttcagtagttggaaaagctctattg
cctcttttttctttatcatagggttaatcattggactattecttggttcteccgagttggt
atccatctttgcattaaattaaagcacaccaagaaaagacagatttatacagacataga
gatgaaccgacttggaaagtgataaggccaggccggccaagcttgtcgagaagtactag
aggatcataatcagccataccacatttgtagaggttttacttgettt
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gatctgatcactgcttgagcctaggagatccg

gcggggcatttttcttcectgttatgtttttaatca
aacatcctgccaactccatgtgacaaaccgtcatcttcggctacttt
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Sequence

ttctctgtcacagaatgaaaatttttctgtcatctcttcgttattaatgtttgtaattg
actgaatatcaacgcttatttgcagcctgaatggcgaatgggacgcgccctgtagcgge
gcattaagcgcggcgggtgtggtggttacgcgcagecgtgaccgctacacttgeccagege
cctagcgcccgctectttecgetttetteeccttectttetegecacgttegeecggettte
cccgtcaagctctaaatcgggggcteccectttagggtteccgatttagtgectttacggcecac
ctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggccatcgecctgata
gacggtttttcgccctttgacgttggagtccacgttctttaatagtggactettgttece
aaactggaacaacactcaaccctatctcggtctattcttttgatttataagggattttg
ccgatttcggcctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattt
taacaaaatattaacgtttacaatttcaggtggcacttttcggggaaatgtgcgcggaa
cccctatttgtttatttttctaaatacattcaaatatgtatccgctcatgagacaataa
ccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttccg
tgtcgcccttattecececttttttgeggcattttgecttectgtttttgectcacccagaaa
cgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggttacatcgaa
ctggatctcaacagcggtaagatccttgagagttttcgeccccgaagaacgtttteccaat
gatgagcacttttaaagttctgctatgtggcgcggtattatccecgtattgacgeccggge
aagagcaactcggtcgccgcatacactattctcagaatgacttggttgagtactcacca
gtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccat
aaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaagg
agctaaccgcttttttgcacaacatgggggatcatgtaactcgccttgatcgttgggaa
ccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgtagcaat
ggcaacaacgttgcgcaaactattaactggcgaactacttactctagcttcccggecaac
aattaatagactggatggaggcggataaagttgcaggaccacttctgcgctcggeecctt
ccggctggctggtttattgectgataaatctggagccggtgagegtgggtctecgeggtat
cattgcagcactggggccagatggtaagccctccecgtatcgtagttatctacacgacgg
ggagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactg
attaagcattggtaactgtcagaccaagtttactcatatatactttagattgatttaaa
acttcatttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgacca
aaatcccttaacgtgagttttcgttccactgagecgtcagaccccgtagaaaagatcaaa
ggatcttcttgagatcctttttttctgcgecgtaatctgectgecttgcaaacaaaaaaacc
accgctaccagcggtggtttgtttgccggatcaagagctaccaactcttttteccgaagg
taactggcttcagcagagcgcagataccaaatactgtccttctagtgtagccgtagtta
ggccaccacttcaagaactctgtagcaccgcctacatacctcgctctgctaatcetgtt
accagtggctgctgccagtggcgataagtcgtgtcttaccgggttggactcaagacgat
agttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacacagecccage
ttggagcgaacgacctacaccgaactgagatacctacagcgtgagcattgagaaagcge
cacgcttcccgaagggagaaaggcggacaggtatccggtaagecggcagggtcggaacag
gagagcgcacgagggagcttccagggggaaacgcctggtatctttatagtcctgteggg
tttcgccacctctgacttgagcgtcgatttttgtgatgectecgtcaggggggecggagect
atggaaaaacgccagcaacgcggcctttttacggttcectggecttttgectggeecttttg
ctcacatgttctttcctgecgttatccecctgattectgtggataaccgtattaccgecttt
gagtgagctgataccgctcgccgcagccgaacgaccgagcecgcagcgagtcagtgagcga
ggaagcggaagagcgcctgatgcggtattttcteccttacgcatctgtgecggtatttcac
accgcagaccagccgcgtaacctggcaaaatcggttacggttgagtaataaatggatge
cctgcgtaagcgggtgtgggcggacaataaagtcttaaactgaacaaaatagatctaaa
ctatgacaataaagtcttaaactagacagaatagttgtaaactgaaatcagtccagtta
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tgctgtgaaaaagcatactggacttttgttatggctaaagcaaactcttcattttctga
agtgcaaattgcccgtcgtattaaagaggggcgtggccaagggcatggtaaagactata
ttcgcggecgttgtgacaatttaccgaacaactccgecggeccgggaageccgatecteggett
gaacgaattgttaggtggcggtacttgggtcgatatcaaagtgcatcacttctteccegt
atgcccaactttgtatagagagccactgcgggatcgtcaccgtaatctgettgcacgta
gatcacataagcaccaagcgcgttggcctcatgecttgaggagattgatgagecgeggtgg
caatgccctgecctcecggtgctecgecggagactgcgagatcatagatatagatectcacta
cgcggctgctcaaacctgggcagaacgtaagccgcgagagcgccaacaaccgettettg
gtcgaaggcagcaagcgcgatgaatgtcttactacggagcaagttcccgaggtaatecgg
agtccggctgatgttgggagtaggtggctacgtctccgaactcacgaccgaaaagatca
agagcagcccgcatggatttgacttggtcagggccgagectacatgtgcgaatgatgcece
catacttgagccacctaactttgttttagggcgactgccctgctgegtaacatcgttge
tgctgcgtaacatcgttgectgectccataacatcaaacatcgacccacggecgtaacgege
ttgctgcttggatgcccgaggcatagactgtacaaaaaaacagtcataacaagccatga
aaaccgccactgcgccgttaccaccgctgecgttcggtcaaggttctggaccagttgegt
gagcgcatacgctacttgcattacagtttacgaaccgaacaggcttatgtcaactgggt
tcgtgecttcatcecgtttccacggtgtgecgtcacccggcaaccttgggcagcagcgaag
tcgaggcatttctgtecctggctggcgaacgagcgcaaggtttecggtcteccacgecategt
caggcattggcggccttgctgttecttctacggcaaggtgetgtgcacggatctgcectg
gcttcaggagatcggtagacctcggeccgtecgeggecgecttgeceggtggtgetgaccecgg
atgaagtggttcgcatcctcggttttctggaaggcgagcatcgtttgttecgeccaggac
tctagctatagttctagtggttggcctacgtacccgta_g
cttaatgcgccgctacagggcgcgtggggatacccecctagagcecccagectggttettte
cgcctcagaagccatagagcccaccgcatccccagcatgectgectattgtectteccaat
cctccececttgetgtecctgecccaccccacceccccagaatagaatgacacctactcaga
caatgcgatgcaatttcctcattttattaggaaaggacagtgggagtggcaccttccag
ggtcaaggaaggcacgggggaggggcaaacaacagatggctggcaactagaaggcacag
tcgaggctgatcagcgggtttaaacgggccctctagactcgagttaaagtcgac

ttaacgcgttgaattctcattaatggtgatggtgatgatgaccggtatgcatattcaga
tcctcttctgagatgagtttttgttcgaagggceccecttgtacagctecgtecatgeccgag
agtgatcccggcggcggtcacgaactccagcaggaccatgtgatcgcgcttetegttgg
ggtctttgctcagggcggactgggtgctcaggtagtggttgtcgggcagcagcacgggg
ccgtcgccgatgggggtgttctgetggtagtggtcggcgagetgcacgectgecgtecte
gatgttgtggcggatcttgaagttcaccttgatgccgttcttctgettgtcggecatga
tatagacgttgtggctgttgtagttgtactccagcttgtgccccaggatgttgeccgtcece
tccttgaagtcgatgecccttcagetcgatgecggttcaccagggtgtecgecctecgaactt
cacctcggcgcgggtcttgtagttgecgtegtccttgaagaagatggtgegetectgga
cgtagccttcgggcatggcggacttgaagaagtcgtgectgcttcatgtggtecggggtag
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cggctgaagcactgcacgccgtaggtcagggtggtcacgagggtgggccagggcacggg
cagcttgccggtggtgcagatgaacttcagggtcagcttgeccgtaggtggcatecgecect

cgccctcgccggacacgctgaacttgtggecgtttacgtecgecgteccagetecgaccagg
atgggcaccaccccggtgaacagctcctcgececttgctcacgagggageccgecctaaga
gccgcccttgtacagctcgtccatgecgeccggtggagtggecggeccteggecgegttegt
actgttccacgatggtgtagtcctcgttgtgggaggtgatgtccaacttgatgttgacg
ttgtaggcgccgggcagectgcacgggcttettggeccttgtaggtggtecttgacctcage
gtcgtagtggccgccgtceccttcagettcagectectgettgatectecgeeccttcagggege
cgtcctcggggtacatccgectcggaggaggecctecccagecccatggtettettetgeatt
acggggccgtcggaggggaagttggtgccgcgcagecttcaccttgtagatgaactecgece
gtcctgcagggaggagtcctgggtcacggtcaccacgeccgccgtcctcgaagttcatceca
cgcgctcccacttgaagccctcggggaaggacagcttcaagtagtecggggatgtcggeg
gggtgcttcacgtaggccttggagccgtacatgaactgaggggacaggatgtcccagge
gaagggcagggggccacccttggtcaccttcagecttggcggtctgggtgecctegtagg
ggcggccctcgeccctecgecctecgatctcgaactegtggececgttcacggagecectececatg
tgcaccttgaagcgcatgaactccttgatgatggccatgttatcctecctegeececttget
caccatggtggcggcgctagccagcttgggtctcecce

ataagccagtaagcagtgggttctctagttagccagalefzlefehslehslslchas-Ror-Ror-Te-loloksle
ccaccgtacacgcctaccgcccatttgecgtcaatggggcggagttgttacgacattttg
gaaagtcccgttgattttggtgccaaaacaaactcccattgacgtcaatggggtggaga
cttggaaatccccgtgagtcaaaccgctatccacgecccattgatgtactgccaaaaccgqg
catcaccatggtaatagcgatgactaatacgtagatgtactgccaagtaggaaagtccc
ataaggtcatgtactgggcataatgccaggcgggccatttaccgtcattgacgtcaata
gggggcgtacttggcatatgatacacttgatgtactgccaagtgggcagtttaccgtaa
atagtccacccattgacgtcaatggaaagtccctattggcgttactatgggaacatacg
tcattattgacgtcaatgggcgggggtcgttgggcggtcagccaggcgggccatttacce
gtaagttatgtaacgcggaactccatatatgggctatgaactaatgaccccgtaattga
ttactattaataactagtcaataatcaatgtcaacisfeleast-Rt-Rleaslelelolololepst:-Tor-Rulo]elo!
gaagcagcgcaaaacggatcctgcaggtatttgcggccgecggteccgtatactcecggaat
ElaERkleatcatggagataattaaaatgataaccatctcgcaaataaataagtatttt
actgttttcgtaacagttttgtaataaaaaaacctataaatattccggattattcatac
cgtcccaccatcgggcgcgaactcctaaaaaaccgccaccatgaagtgeccttttgtact
tagcctttttattcattggggtgaattgcaagttcaccatagtttttccacacaaccaa
aaaggaaactggaaaaatgttccttctaattaccattattgcccgtcaagctcagattt
aaattggcataatgacttaataggcacagccttacaagtcaaaatgcccaagagtcaca
aggctattcaagcagacggttggatgtgtcatgcttccaaatgggtcactacttgtgat
ttccgctggtatggaccgaagtatataacacattccatccgatcecttcactccatetgt
agaacaatgcaaggaaagcattgaacaaacgaaacaaggaacttggctgaatccaggcect
tccctcctcaaagttgtggatatgcaactgtgacggatgccgaagcagtgattgtceccag
gtgactcctcaccatgtgctggttgatgaatacacaggagaatgggttgattcacagtt
catcaacggaaaatgcagcaattacatatgccccactgtccataactctacaacctgge
attctgactataaggtcaaagggctatgtgattctaacctcatttccatggacatcacc
ttcttctcagaggacggagagctatcatccctgggaaaggagggcacagggttcagaag
taactactttgcttatgaaactggaggcaaggcctgcaaaatgcaatactgcaagcatt
ggggagtcagactcccatcaggtgtctggttcgagatggctgataaggatctctttget
gcagccagattccctgaatgcccagaagggtcaagtatctectgecteccatctcagaccte
agtggatgtaagtctaattcaggacgttgagaggatcttggattattccctctgecaag
aaacctggagcaaaatcagagcgggtcttccaatctctccagtggatctcagectatcectt
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gctcctaaaaacccaggaaccggtcctgetttcaccataatcaatggtaccctaaaatal
ctttgagaccagatacatcagagtcgatattgctgctccaatcctctcaagaatggtcg
gaatgatcagtggaactaccacagaaagggaactgtgggatgactgggcaccatatgaa
gacgtggaaattggacccaatggagttctgaggaccagttcaggatataagtttccttt
atacatgattggacatggtatgttggactccgatcttcatcttagctcaaaggctcagg
tgttcgaacatcctcacattcaagacgctgcttcgcaacttcctgatgatgagagtttal
ttttttggtgatactgggctatccaaaaatccaatcgagcttgtagaaggttggttcag
tagttggaaaagctctattgcctcttttttctttatcatagggttaatcattggactat
tcttggttctccgagttggtatccatctttgcattaaattaaagcacaccaagaaaagal
cagatttatacagacatagagatgaaccgacttggaaagtgataajsfsfeler-Xefelefoleleo]ler-]
agcttgtcgagaagtactagaggatcataatcagccataccacatttgtagaggtttta
cttgctttaaaaaacctcccacacctccececctgaacctgaaacataaaatgaatgcaat
tgttgttgttaacttgtttattgcagcttataatggttacaaataaagcaatagcatca
caaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactc
atcaatgtatcttatcatgtctggatctgatcactgcttgagcctaggagatccg

gcggggcatttttet
tcctgttatgtttttaatcaaacatcctgccaactccatgtgacaaaccgtcatctteg
gctacttt
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pIDTSMART-4xU6MmPytR

pIDTSMART-4xU6MmPytR

3406 bp

Sequence color-coding key

Feature | Color
MmPytR | text
18[8 text
KanR text

Sequence for HTS25 construct

cccgtgtaaaacgacggccagtttatctagtcagcttgattctagetgatcgtggaccecg
gaaggtgagccagtgagttgattgcagtccagttacgctggagtctgaggctcgtectg
aatgatatgcgaccgccggagggttgcgtttgagacgggcgacagatccagtcgecgetg
ctctcgtcgatccgctagcaaaaaacgggcagcccgggaatctaacccggctgaacgga
tttagagtccgttcgatctacatgatcageccgcccggtgtttecgtecttteccacaagat
atataaagccaagaaatcgaaatactttcaagttacggtaagcatatgatagtccattt
taaaacataattttaaaactgcaaactacccaagaaattattactttctacgtcacgta
ttttgtactaatatctttgtgtttacagtcaaattaattctaattatctctctaacagc
cttgtatcgtatatgcaaatatgaaggaatcatgggaaataggccctcttcctgeccga
ggtacccctagcaaaaaacgggcagcccgggaatctaacccggectgaacggatttagag
tccgttcgatctacatgatcagccgeccggtgtttegteccttteccacaagatatataaa
gccaagaaatcgaaatactttcaagttacggtaagcatatgatagtccattttaaaaca
taattttaaaactgcaaactacccaagaaattattactttctacgtcacgtattttgta
ctaatatctttgtgtttacagtcaaattaattctaattatctctctaacagccttgtat
cgtatatgcaaatatgaaggaatcatgggaaataggccctcttcctgecccgaggtacce
ctagcaaaaaacgggcagcccgggaatctaacccggctgaacggatttagagtceccgttce
gatctacatgatcagccgccecggtgtttcgtecctttccacaagatatataaagccaaga
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aatcgaaatactttcaagttacggtaagcatatgatagtccattttaaaacataatttt
aaaactgcaaactacccaagaaattattactttctacgtcacgtattttgtactaatat
ctttgtgtttacagtcaaattaattctaattatctctctaacagccttgtatcgtatat
gcaaatatgaaggaatcatgggaaataggccctcttcctgeccgaggtaccecctagcaa
aaaacgggcagcccgggaatctaacccggctgaacggatttagagteccgttecgatcectac
atgatcagccgcccggtgtttcgtecctttccacaagatatataaagccaagaaatcgaa
atactttcaagttacggtaagcatatgatagtccattttaaaacataattttaaaactg
caaactacccaagaaattattactttctacgtcacgtattttgtactaatatctttgtg
tttacagtcaaattaattctaattatctctctaacagccttgtatcgtatatgcaaata
tgaaggaatcatgggaaataggccctcttecctgeccgaggtacccctaggggtgecgage
ggatcgagcagtgtcgatcactactggaccgcgagctgtgctgcgacccgtgatecttac
ggcattatacgtatgatcggtccacgatcagctagattatctagtcagcttgatgtcat
agctgtttcctgaggctcaatactgaccatttaaatcatacctgacctccatagcagaa
agtcaaaagcctccgaccggaggcttttgacttgatcggcacgtaagaggttccaactt
tcaccataatgaaataagatcactaccgggcgtattttttgagttatcgagattttcag
gagctaaggaagctaaaatgagccatattcaacgggaaacgtcttgcttgaagccgecga
ttaaattccaacatggatgctgatttatatgggtataaatgggctcgcgataatgtcgg
gcaatcaggtgcgacaatctatcgattgtatgggaagcccgatgcgccagagttgttte
tgaaacatggcaaaggtagcgttgccaatgatgttacagatgagatggtcaggctaaac
tggctgacggaatttatgcctcttccgaccatcaagcattttatccgtactcctgatga
tgcatggttactcaccactgcgatcccagggaaaacagcattccaggtattagaagaat
atcctgattcaggtgaaaatattgttgatgcgctggcagtgttcctgecgecggttgecat
tcgattcctgtttgtaattgtccttttaacggcgatcgecgtatttecgtectecgetcagge
gcaatcacgaatgaataacggtttggttggtgcgagtgattttgatgacgagcgtaatg
gctggcctgttgaacaagtctggaaagaaatgcataaactcttgeccattctcaccggat
tcagtcgtcactcatggtgatttctcacttgataaccttatttttgacgaggggaaatt
aataggttgtattgatgttggacgagtcggaatcgcagaccgataccaggatcttgcca
tcctatggaactgcctcggtgagttttctecttcattacagaaacggectttttcaaaaa
tatggtattgataatcctgatatgaataaattgcagtttcacttgatgctcgatgagtt
tttctaatgaggacctaaatgtaatcacctggctcaccttcgggtgggectttetgegt
tgctggcgtttttccataggctccgececcectgacgagcatcacaaaaatcgatgetceca
agtcagaggtggcgaaacccgacaggactataaagataccaggcgtttceccectggaag
ctccctecgtgecgectctectgttccgacecctgecgecttaccggatacctgteecgecttte
tccecttcgggaagegtggecgectttctcatagetcacgetgtaggtatectcagttecggtg
taggtcgttcgectccaagctgggectgtgtgcacgaaccceccecgttcagececcgaccgetg
cgccttatccggtaactatcgtcttgagtccaacccggtaagacacgacttatcgecac
tggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagag
ttcttgaagtggtggcctaactacggctacactagaagaacagtatttggtatctgcge
tctgctgaagccagttacctcggaaaaagagttggtagctcttgatccggcaaacaaac
caccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaag
gatctcaagaagatcctttgattttctaccgaagaaaggccca

The sequence for the wild type PytR is:

ggaaacctgatcatgtagatcgaacggactctaaatccgttcagccgggttagattcecce
ggggtttccg
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pAcBac-CMV-MbPyIRS-WPRE-CAG-GFPtag39Avrildel-WPRE
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Sequence color-coding key

Feature Color
M13 origin text
AmpR text
ColE1 origin text
Tn7R text
GentamicinR text
HSV tk PolyA text |
Bgh polyA text
WPRE text |
MbPyIRS text
T7 promoter

CMV promoter
Polyhedrin Promoter
L21 sequence

VSV-G
SV40 late polyA text
CAG promoter l:
EGFP-39tag
WPRE text
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rb-beta globin terminator | fext
Tn7L text

Sequence

ctgaatggcgaatgggacgcgccctgtagecggcgcattaagecgecggecgggtgtggtggt
tacgcgcagcgtgaccgctacacttgccagcgccctagecgecccgectectttegetttet
tccettectttetegecacgttecgeccggetttecececegtcaagectctaaatecgggggete
cctttagggttccgatttagtgctttacggcacctcgaccccaaaaaacttgattaggg
tgatggttcacgtagtgggccatcgeccctgatagacggtttttegecectttgacgttgg
agtccacgttctttaatagtggactcttgttccaaactggaacaacactcaaccctatce
tcggtctattcttttgatttataagggattttgecgatttcggectattggttaaaaaa
tgagctgatttaacaaaaatttaacgcgaattttaacaaaatattaacgtttacaattt
caggtggcacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaaata
cattcaaatatgtatccgctcatgagacaataaccctgataaatgcttcaataatattg
aaaaaggaagagtatgagtattcaacatttccgtgtcgccecttattceccttttttgegg
cattttgccttcctgtttttgctcacccagaaacgctggtgaaagtaaaagatgctgaa
gatcagttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatcct
tgagagttttcgccccgaagaacgttttccaatgatgagcacttttaaagttctgectat
gtggcgcggtattatcccgtattgacgccgggcaagagcaactcggtcgeccgcatacac
tattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatgg
catgacagtaagagaattatgcagtgctgccataaccatgagtgataacactgcggcca
acttacttctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaacatg
ggggatcatgtaactcgccttgatcgttgggaaccggagctgaatgaagccataccaaa
cgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaactattaa
ctggcgaactacttactctagcttcccggcaacaattaatagactggatggaggcggat
aaagttgcaggaccacttctgcgctcggeccectteccggectggectggtttattgetgataa
atctggagccggtgagcgtgggtctcgecggtatcattgcagcactggggeccagatggta
agccctcccecgtatcgtagttatctacacgacggggagtcaggcaactatggatgaacga
aatagacagatcgctgagataggtgcctcactgattaagcattggtaactgtcagacca
agtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatct
aggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttttegtte
cactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcectttttttet
gcgcgtaatctgctgecttgcaaacaaaaaaaccaccgctaccagecggtggtttgtttge
cggatcaagagctaccaactctttttccgaaggtaactggcttcagcagagcgcagata
ccaaatactgtccttctagtgtagccgtagttaggccaccacttcaagaactctgtage
accgcctacatacctcgctctgctaatcctgttaccagtggectgectgccagtggecgata
agtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcg
ggctgaacggggggttcgtgcacacagcccagcttggagcgaacgacctacaccgaact
gagatacctacagcgtgagcattgagaaagcgccacgcttcccgaagggagaaaggcgg
acaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccaggg
ggaaacgcctggtatctttatagtcctgtcgggtttcgeccacctectgacttgagegteg
atttttgtgatgctcgtcaggggggcggagcctatggaaaaacgccagcaacgcggcect
ttttacggttcctggecttttgectggecttttgetcacatgttetttectgegttatece
cctgattctgtggataaccgtattaccgcctttgagtgagctgataccgectecgecgcag
ccgaacgaccgagcgcagcgagtcagtgagcgaggaagcggaagagcgcecctgatgeggt
attttctccttacgcatctgtgecggtatttcacaccgcagaccageccgecgtaacctgge
aaaatcggttacggttgagtaataaatggatgccctgecgtaagecgggtgtgggecggaca
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ataaagtcttaaactgaacaaaatagatctaaactatgacaataaagtcttaaactaga
cagaatagttgtaaactgaaatcagtccagttatgctgtgaaaaagcatactggacttt
tgttatggctaaagcaaactcttcattttctgaagtgcaaattgcccgtcecgtattaaag
aggggcgtggccaagggcatggtaaagactatattcgecggcgttgtgacaatttaccga
acaactccgcggccgggaagccgatctecggecttgaacgaattgttaggtggecggtactt
gggtcgatatcaaagtgcatcacttcttccecgtatgecccaactttgtatagagagecac
tgcgggatcgtcaccgtaatctgecttgcacgtagatcacataagcaccaagcgecgttgg
cctcatgcttgaggagattgatgagcgcggtggcaatgccctgeccteccggtgetecgecg
gagactgcgagatcatagatatagatctcactacgcggctgctcaaacctgggcagaac
gtaagccgcgagagcgccaacaaccgcttcttggtcgaaggcagcaagcgcgatgaatg
tcttactacggagcaagttcccgaggtaatcggagtccggetgatgttgggagtaggtg
gctacgtctccgaactcacgaccgaaaagatcaagagcagcccgcatggatttgacttg
gtcagggccgagcctacatgtgcgaatgatgcccatacttgagccacctaactttgttt
tagggcgactgccctgetgecgtaacatcgttgetgectgegtaacatecgttgetgctececa
taacatcaaacatcgacccacggcgtaacgcgcttgctgettggatgeccgaggcatag
actgtacaaaaaaacagtcataacaagccatgaaaaccgccactgcgeccgttaccaccg
ctgcgttcggtcaaggttctggaccagttgcgtgagcgcatacgctacttgcattacag
tttacgaaccgaacaggcttatgtcaactgggttcgtgccttcatccgttteccacggtg
tgcgtcacccggcaaccttgggcagcagcgaagtcgaggcatttectgtecctggetggeg
aacgagcgcaaggtttcggtctccacgcatcgtcaggcattggecggececttgetgttcett
ctacggcaaggtgctgtgcacggatctgccctggcttcaggagatcggtagacctecgge
cgtcgcggcgcttgeccggtggtgetgacccecggatgaagtggttegecateccteggtttt
ctggaaggcgagcatcgtttgttcgecccaggactctagctatagttctagtggttgget
acgtacccgtagtggetatggeagggettgdgcttaatgegecgctacagggegegtyy
ggataccccctagagccccagctggttecttteccgectcagaagecatagagecccaccge
atccccagcatgcctgctattgtecttecccaatecctecececcttgetgtectgecccacce
caccccccagaatagaatgacacctactcagacaatgcgatgcaatttecctcattttat
taggaaaggacagtgggagtggcaccttccagggtcaaggaaggcacgggggaggggca
aacaacagatggctggcaactagaaggcacagtcgaggctgatcagcgggtttaaacgg
gccctctagactcgagttaaagtcgac

gtcgacttaacgcgttgaattcttacagattgg
ttgaaatcccattatagtaagattcggaccttgatgccctcttaatgtttttaaageccg
tgcataaccttgagcaagcgttcaagaccaaaacctgcacctatccatggtttgtcaat
accccattctctatcaagagaaactggcccgacgactgccgaagaaagctccaggtecece
cgtgcattatatcaagagtatccccaaagaccatacaggaatctcctacgatttcgaag
tcgatttccagatagtccagaaactctttgatgagagcttcaagattttcccgagtaca
tcccgaacccatctgacagaagttcaccatagtaaattcttccaggtgectectttgecgt
cagactctttccggtaacaaggtccgacttcgaaaatttttattgggecctggtaaaatce
ctatcgagttttcgcagatagttgtaaagagtcggggcaagcattggcctcaagcagag
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atttttatccacccggaagatctgttttgaaagttcagtatcattattaatacccattc
tctccacgtattccgeccggaataaggataggagactttatctccagaaaaccececggtet
acgaaaaatttcgtaatatcacgttcgagtttaccgaggtagtcttctctatcattggt
atagagccgctgaaaatcgttttttcttcttgtcacaagttcaggctcaagtteccectga
aaggctttgccatatttagagaaattttatcctctggacttaagagagcctcaacccta
tcaagctggcttcttgtaagtgaaggagcaggagccgatgcgggaacagacgaatttgg
agttgattttgcaggcgaaggtacagatctggatgtgttcgttgatgecctttgcagaaa
cagaattttccagaggcttcggagcccttgaaactgatttcggcatagecttttttgacce
tttggagcagaaactaccctaactttcacactgtttttgetttcggttgatcttgtgag
aaaattattgatatcctcgtccgaaaccctacatcgtttgcaggtttttectgtacttat
gatgtctgaatgctctggctgttctacaactcctggaattattcacaacaagatggtct
ccacacgccatttcaatgtatattttacttcttgagacctcatggtgcttgattttgtg
gagcgtgccagtcctggacatccagagcccggtcgcagatattaaaacatctaatggtt
ttttatccatggtggcgctagccagecttgggtcteccce

gataagccagtaagcagtgggttctctagttagccagalsfzlsfehslesclohshszhst-hot-Io = [elohs
cccaccgtacacgcctaccgcccatttgecgtcaatggggcggagttgttacgacatttt
ggaaagtcccgttgattttggtgccaaaacaaactcccattgacgtcaatggggtggag
acttggaaatccccgtgagtcaaaccgctatccacgcccattgatgtactgccaaaacc
gcatcaccatggtaatagcgatgactaatacgtagatgtactgccaagtaggaaagtcc
cataaggtcatgtactgggcataatgccaggcgggccatttaccgtcattgacgtcaat
agggggcgtacttggcatatgatacacttgatgtactgccaagtgggcagtttaccgta
aatagtccacccattgacgtcaatggaaagtccctattggcgttactatgggaacatac
gtcattattgacgtcaatgggcgggggtcgttgggcggtcagccaggcgggeccatttac
cgtaagttatgtaacgcggaactccatatatgggctatgaactaatgaccccgtaattg
clascleadscinscEisccictagtcaataatcaatgtcaacgegtatatctggececgtacatceg
cgaagcagcgcaaaacggatcctgcaggtatttgcggeccgcggtccgtatacteccggaa
priadcERleatcatggagataattaaaatgataaccatctcgcaaataaataagtattt
tactgttttcgtaacagttttgtaataaaaaaacctataaatattccggattattcata
ccgtcccaccatcgggcgcgaactcctaaaaaaccgccaccatgaagtgecttttgtac
ttagcctttttattcattggggtgaattgcaagttcaccatagtttttccacacaacca
aaaaggaaactggaaaaatgttccttctaattaccattattgcccgtcaagctcagatt
taaattggcataatgacttaataggcacagccttacaagtcaaaatgcccaagagtcac
aaggctattcaagcagacggttggatgtgtcatgcttccaaatgggtcactacttgtga
tttccgctggtatggaccgaagtatataacacattccatccgatccttcactceccatcetg
tagaacaatgcaaggaaagcattgaacaaacgaaacaaggaacttggctgaatccaggce
ttccctcctcaaagttgtggatatgcaactgtgacggatgccgaagcagtgattgtcca
ggtgactcctcaccatgtgctggttgatgaatacacaggagaatgggttgattcacagt
tcatcaacggaaaatgcagcaattacatatgccccactgtccataactctacaacctgg
cattctgactataaggtcaaagggctatgtgattctaacctcatttccatggacatcac
cttcttctcagaggacggagagctatcatccctgggaaaggagggcacagggttcagaa
gtaactactttgcttatgaaactggaggcaaggcctgcaaaatgcaatactgcaagcat
tggggagtcagactcccatcaggtgtctggttcgagatggctgataaggatctetttge
tgcagccagattccctgaatgcccagaagggtcaagtatctctgectccatctcagacct
cagtggatgtaagtctaattcaggacgttgagaggatcttggattattccctctgceccaa
gaaacctggagcaaaatcagagcgggtcttccaatctctccagtggatctcagectatcet
tgctcctaaaaacccaggaaccggtcctgectttcaccataatcaatggtaccctaaaat
actttgagaccagatacatcagagtcgatattgctgctccaatcctctcaagaatggtc
ggaatgatcagtggaactaccacagaaagggaactgtgggatgactgggcaccatatga
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agacgtggaaattggacccaatggagttctgaggaccagttcaggatataagtttcctt
tatacatgattggacatggtatgttggactccgatcttcatcttagctcaaaggctcag
gtgttcgaacatcctcacattcaagacgctgcttcgcaacttcctgatgatgagagttt
attttttggtgatactgggctatccaaaaatccaatcgagcttgtagaaggttggttca
gtagttggaaaagctctattgcctcttttttctttatcatagggttaatcattggacta
ttcttggttctccgagttggtatccatctttgcattaaattaaagcacaccaagaaaag
acagatttatacagacatagagatgaaccgacttggaaagtgataajeydeler-Tet-F-Xeyst-Toaul
agaggatcataatcagccataccacatttgtagaggttttacttgctttaaaaaacctc
ccacacctcccecctgaacctgaaacataaaatgaatgcaattgttgttgttaacttgtt
tattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaag
catttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttatcat
gtctggatctgatcactgcttgag




gaattcaacgcgttaagtcgacaatcaacctctggattacaaaatttgtgaaagattga
ctggtattcttaactatgttgctccttttacgctatgtggatacgctgctttaatgect
ttgtatcatgctattgcttcccgtatggctttcattttctecctecttgtataaatectg
gttgctgtctctttatgaggagttgtggcccgttgtcaggcaacgtggecgtggtgtgea
ctgtgtttgctgacgcaacccccactggttggggcattgccaccacctgtcagetecett
tccgggactttecgetttecececctecctattgeccacggecggaactcatecgecgectgect
tgcccgctgectggacaggggctcggetgttgggcactgacaattcecgtggtgttgtegg
ggaaatcatcgtccttteccttggctgctcgectgtgttgecacctggattctgegeggg
acgtccttctgctacgtccecttcggeccctcaatccageggaccttecttececgeggecet
gctgccggctectgecggecctectteccgegtecttegecttegecctcagacgagtecggatet
ccctttgggeccgecctecececgecggectggeccggecgecagcacagtggtecgatecgaccaa
tgccctggctcacaaataccactgagatctttttccctctgccaaaaattatggggaca
tcatgaagccccttgagcatctgacttctggctaataaaggaaatttattttcattgcea
atagtgtgttggaattttttgtgtctctcactcggaaggacatatgggagggcaaatca
tttaaaacatcagaatgagtatttggtttagagtttggcaacatatgcccatatgctgg
ctgccatgaacaaaggttggctataaagaggtcatcagtatatgaaacagcccecctget
gtccattccttattccatagaaaagccttgacttgaggttagattttttttatattttg
ttttgtgttatttttttctttaacatccctaaaattttccttacatgttttactagcca
gatttttcctcctctecctgactactcccagtcatagectgtcectecttetettatggaga
tccctcgacctgececctaggagatccgaaccagataagtgaaatctagttccaaactatt
ttgtcatttttaattttcgtattagcttacgacgctacacccagttcccatctattttg
tcactcttccctaaataatccttaaaaactccatttccaccectecccagtteccaacta
ttttgtccgecccacagcggggcatttttecttectgttatgtttttaatcaaacatectg
ccaactccatgtgacaaaccgtcatcttcggctactttttctctgtcacagaatgaaaa
tttttctgtcatctcttecgttattaatgtttgtaattgactgaatatcaacgecttattt
gcagc
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pAcBac-CMV-MbPyIRS-CAG-GFPtagAvrlldel-4xPytR

jnator
xer® Tn7L
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o

14255 bp

Sequence color-coding key

Feature Color
M13 origin text
AmpR text
ColE1 origin text
Tn7R text
GentamicinR text
HSV tk PolyA text |
Bgh polyA text
WPRE text |
MbPyIRS text
T7 promoter -:
UbiC promoter

Polyhedrin Promoter
L21 sequence

VSV-G
SV40 late polyA text
CAG promoter .E
GFP39tag
WPRE text
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rb-beta globin terminator | fext
U6 text

MmPytR text

Tn7L text

Sequence for HTS25 construct

ctgaatggcgaatgggacgcgccctgtagcggcgcattaagecgecggecgggtgtggtggt
tacgcgcagcgtgaccgctacacttgccagcgccctagecgecccgectectttegetttet
tccettectttetegecacgttecgeccggetttececcegtcaagectctaaatecgggggete
cctttagggttccgatttagtgctttacggcacctcgaccccaaaaaacttgattaggg
tgatggttcacgtagtgggccatcgccctgatagacggtttttegecectttgacgttgg
agtccacgttctttaatagtggactcttgttccaaactggaacaacactcaaccctatce
tcggtctattcttttgatttataagggattttgecgatttcggectattggttaaaaaa
tgagctgatttaacaaaaatttaacgcgaattttaacaaaatattaacgtttacaattt
caggtggcacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaaata
cattcaaatatgtatccgctcatgagacaataaccctgataaatgcttcaataatattg
aaaaaggaagagtatgagtattcaacatttccgtgtcgccecttattceccttttttgegg
cattttgccttcctgtttttgctcacccagaaacgctggtgaaagtaaaagatgctgaa
gatcagttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatcct
tgagagttttcgcceccgaagaacgttttccaatgatgagcacttttaaagttctgectat
gtggcgcggtattatcccgtattgacgccgggcaagagcaactcggtcgeccgcatacac
tattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatgg
catgacagtaagagaattatgcagtgctgccataaccatgagtgataacactgcggcca
acttacttctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaacatg
ggggatcatgtaactcgccttgatcgttgggaaccggagctgaatgaagccataccaaa
cgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaactattaa
ctggcgaactacttactctagcttcccggcaacaattaatagactggatggaggcggat
aaagttgcaggaccacttctgcgctcggccectteccggectggectggtttattgectgataa
atctggagccggtgagcgtgggtctcgecggtatcattgcagcactggggeccagatggta
agccctcccgtatcgtagttatctacacgacggggagtcaggcaactatggatgaacga
aatagacagatcgctgagataggtgcctcactgattaagcattggtaactgtcagacca
agtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatct
aggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttttegtte
cactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcectttttttcet
gcgcgtaatctgctgecttgcaaacaaaaaaaccaccgctaccagecggtggtttgtttge
cggatcaagagctaccaactctttttccgaaggtaactggcttcagcagagcgcagata
ccaaatactgtccttctagtgtagccgtagttaggccaccacttcaagaactctgtage
accgcctacatacctcgctctgctaatcctgttaccagtggectgectgccagtggecgata
agtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcg
ggctgaacggggggttcgtgcacacagcccagcttggagcgaacgacctacaccgaact
gagatacctacagcgtgagcattgagaaagcgccacgcttcccgaagggagaaaggcgg
acaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccaggg
ggaaacgcctggtatctttatagtcctgtcgggtttcgeccacctectgacttgagegteg
atttttgtgatgctcgtcaggggggcggagcctatggaaaaacgccagcaacgcggcect
ttttacggttcctggecttttgectggecttttgetcacatgttetttectgegttatece
cctgattctgtggataaccgtattaccgcctttgagtgagctgataccgectcgecgcag
ccgaacgaccgagcgcagcgagtcagtgagcgaggaagcggaagagcgcctgatgeggt
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attttctccttacgcatctgtgecggtatttcacaccgcagaccageccgecgtaacctgge
aaaatcggttacggttgagtaataaatggatgccctgecgtaagecgggtgtgggecggaca
ataaagtcttaaactgaacaaaatagatctaaactatgacaataaagtcttaaactaga
cagaatagttgtaaactgaaatcagtccagttatgctgtgaaaaagcatactggacttt
tgttatggctaaagcaaactcttcattttctgaagtgcaaattgcccgtcecgtattaaag
aggggcgtggccaagggcatggtaaagactatattcgecggcgttgtgacaatttaccga
acaactccgcggccgggaagccgatctecggecttgaacgaattgttaggtggecggtactt
gggtcgatatcaaagtgcatcacttcttccecgtatgecccaactttgtatagagagecac
tgcgggatcgtcaccgtaatctgcttgcacgtagatcacataagcaccaagcgecgttgg
cctcatgcttgaggagattgatgagcgcggtggcaatgccctgeccteccggtgetecgecg
gagactgcgagatcatagatatagatctcactacgcggctgctcaaacctgggcagaac
gtaagccgcgagagcgccaacaaccgcttcttggtcgaaggcagcaagcgcgatgaatg
tcttactacggagcaagttcccgaggtaatcggagtccggectgatgttgggagtaggtg
gctacgtctccgaactcacgaccgaaaagatcaagagcagcccgcatggatttgacttg
gtcagggccgagcctacatgtgcgaatgatgcccatacttgagccacctaactttgttt
tagggcgactgccctgetgecgtaacatcgttgetgectgecgtaacatecgttgetgecteca
taacatcaaacatcgacccacggcgtaacgcgcttgctgettggatgeccgaggcatag
actgtacaaaaaaacagtcataacaagccatgaaaaccgccactgcgeccgttaccaccg
ctgcgttcggtcaaggttctggaccagttgcgtgagcgcatacgctacttgcattacag
tttacgaaccgaacaggcttatgtcaactgggttcgtgccttcateccgttteccacggtg
tgcgtcacccggcaaccttgggcagcagcgaagtcgaggcatttectgtecctggetggeg
aacgagcgcaaggtttcggtctccacgcatcgtcaggcattggecggececttgetgttett
ctacggcaaggtgctgtgcacggatctgccctggcttcaggagatcggtagacctecgge
cgtcgcggcgcttgeccggtggtgetgacccecggatgaagtggttegecateccteggtttt
ctggaaggcgagcatcgtttgttcgecccaggactctagctatagttctagtggttgget
acgtacccgta gcttaatgcgccgctacagggcgecgtgg
ggataccccctagagccccagctggttecttteccgectcagaagecatagagecccaccge
atccccagcatgcctgctattgtecttecccaateccteccececcttgetgtectgecccacce
caccccccagaatagaatgacacctactcagacaatgcgatgcaatttecctcattttat
taggaaaggacagtgggagtggcaccttccagggtcaaggaaggcacgggggaggggca
aacaacagatggctggcaactagaaggcacagtcgaggctgatcagcgggtttaaacgg
gccctctagactcgagttaaagtcgac

gtcgacttaacgcgttgaattcttacagattgg
ttgaaatcccattatagtaagattcggaccttgatgccctcttaatgtttttaaagecg
tgcataaccttgagcaagcgttcaagaccaaaacctgcacctatccatggtttgtcaat
accccattctctatcaagagaaactggcccgacgactgccgaagaaagctccaggtecece
cgtgcattatatcaagagtatccccaaagaccatacaggaatctcctacgatttcgaag
tcgatttccagatagtccagaaactctttgatgagagcttcaagattttcccgagtaca
tcccgaacccatctgacagaagttcaccatagtaaattcttccaggtgectectttgecegt
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cagactctttccggtaacaaggtccgacttcgaaaatttttattgggecctggtaaaatce
ctatcgagttttcgcagatagttgtaaagagtcggggcaagcattggcctcaagcagag
atttttatccacccggaagatctgttttgaaagttcagtatcattattaatacccattc
tctccacgtattccgeccggaataaggataggagactttatctccagaaaaccececggtet
acgaaaaatttcgtaatatcacgttcgagtttaccgaggtagtcttctctatcattggt
atagagccgctgaaaatcgttttttcttcttgtcacaagttcaggctcaagtteccectga
aaggctttgccatatttagagaaattttatcctctggacttaagagagcctcaacccta
tcaagctggcttcttgtaagtgaaggagcaggagccgatgcgggaacagacgaatttgg
agttgattttgcaggcgaaggtacagatctggatgtgttcgttgatgecctttgcagaaa
cagaattttccagaggcttcggagcccttgaaactgatttcggcatagecttttttgacce
tttggagcagaaactaccctaactttcacactgtttttgectttcggttgatcttgtgag
aaaattattgatatcctcgtccgaaaccctacatcgtttgcaggtttttectgtacttat
gatgtctgaatgctctggctgttctacaactcctggaattattcacaacaagatggtct
ccacacgccatttcaatgtatattttacttcttgagacctcatggtgcttgattttgtg
gagcgtgccagtcctggacatccagagcccggtcgcagatattaaaacatctaatggtt
ttttatccatggtggcgctageccagecttgggtcteccce
gataagccagtaagcagtgggttctctagttagccagalsfzlsfehsleslclolshszhst-hot=lo = [elohs
cccaccgtacacgcctaccgcccatttgecgtcaatggggcggagttgttacgacatttt
ggaaagtcccgttgattttggtgccaaaacaaactcccattgacgtcaatggggtggag
acttggaaatccccgtgagtcaaaccgctatccacgcccattgatgtactgccaaaacc
gcatcaccatggtaatagcgatgactaatacgtagatgtactgccaagtaggaaagtcc
cataaggtcatgtactgggcataatgccaggcgggccatttaccgtcattgacgtcaat
agggggcgtacttggcatatgatacacttgatgtactgccaagtgggcagtttaccgta
aatagtccacccattgacgtcaatggaaagtccctattggcgttactatgggaacatac
gtcattattgacgtcaatgggcgggggtcgttgggcggtcagccaggcgggeccatttac
cgtaagttatgtaacgcggaactccatatatgggctatgaactaatgaccccgtaattg
ctagtcaataatcaatgtcaacgcgtatatctggcccgtacatcg
cgaagcagcgcaaaacggatcctgcaggtatttgcggeccgcggtccgtatactecggaa
priacERleatcatggagataattaaaatgataaccatctcgcaaataaataagtattt
tactgttttcgtaacagttttgtaataaaaaaacctataaatattccggattattcata
ccgtcccaccatcgggcgcgaactcctaaaaaaccgccaccatgaagtgecttttgtac
ttagcctttttattcattggggtgaattgcaagttcaccatagtttttccacacaacca
aaaaggaaactggaaaaatgttccttctaattaccattattgcccgtcaagctcagatt
taaattggcataatgacttaataggcacagccttacaagtcaaaatgcccaagagtcac
aaggctattcaagcagacggttggatgtgtcatgcttccaaatgggtcactacttgtga
tttccgctggtatggaccgaagtatataacacattccatccgateccttcacteccatcectg
tagaacaatgcaaggaaagcattgaacaaacgaaacaaggaacttggctgaatccaggce
ttccctcctcaaagttgtggatatgcaactgtgacggatgccgaagcagtgattgtcca
ggtgactcctcaccatgtgctggttgatgaatacacaggagaatgggttgattcacagt
tcatcaacggaaaatgcagcaattacatatgccccactgtccataactctacaacctgg
cattctgactataaggtcaaagggctatgtgattctaacctcatttccatggacatcac
cttcttctcagaggacggagagctatcatccctgggaaaggagggcacagggttcagaa
gtaactactttgcttatgaaactggaggcaaggcctgcaaaatgcaatactgcaagcat
tggggagtcagactcccatcaggtgtctggttcgagatggctgataaggatctetttge
tgcagccagattccctgaatgcccagaagggtcaagtatctctgectccatctcagacct
cagtggatgtaagtctaattcaggacgttgagaggatcttggattattccctctgeccaa
gaaacctggagcaaaatcagagcgggtcttccaatctctccagtggatctcagectatcet
tgctcctaaaaacccaggaaccggtcctgectttcaccataatcaatggtaccctaaaat
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actttgagaccagatacatcagagtcgatattgctgctccaatcctctcaagaatggtc
ggaatgatcagtggaactaccacagaaagggaactgtgggatgactgggcaccatatga
agacgtggaaattggacccaatggagttctgaggaccagttcaggatataagtttcctt
tatacatgattggacatggtatgttggactccgatcttcatcttagctcaaaggctcag
gtgttcgaacatcctcacattcaagacgctgcttcgcaacttcctgatgatgagagttt
attttttggtgatactgggctatccaaaaatccaatcgagcttgtagaaggttggttca
gtagttggaaaagctctattgcctcttttttctttatcatagggttaatcattggacta
ttcttggttctccgagttggtatccatctttgcattaaattaaagcacaccaagaaaag
acagatttatacagacatagagatgaaccgacttggaaagtgataajeydeler-Tet-F-Xeyst-Toaul
agaggatcataatcagccataccacatttgtagaggttttacttgctttaaaaaacctc
ccacacctcccecctgaacctgaaacataaaatgaatgcaattgttgttgttaacttgtt
tattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaag
catttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttatcat
gtctggatctgatcactgcttgag
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a
gaattcaacgcgttaagtcgacaatcaacctctggattacaaaatttgtgaaagattga
ctggtattcttaactatgttgctccttttacgctatgtggatacgctgctttaatgcect
ttgtatcatgctattgcttcccgtatggctttcattttctecctecttgtataaatectg
gttgctgtctctttatgaggagttgtggcccgttgtcaggcaacgtggecgtggtgtgea
ctgtgtttgctgacgcaacccccactggttggggcattgccaccacctgtcagetecett
tccgggactttegetttecececctecctattgeccacggecggaactcatecgecgectgect
tgcccgctgectggacaggggctcggetgttgggcactgacaattcegtggtgttgtegg
ggaaatcatcgtcctttccttggctgctcgectgtgttgecacctggattctgegeggg
acgtccttctgctacgtccecttcggeccctcaatccageggaccttecttececgeggecet
gctgccggctectgecggecctectteccgegtecttegecttegecctcagacgagtecggatet
ccctttgggeccgecctecececgecggectggeccggecgecagcacagtggtecgatecgaccaa
tgccctggctcacaaataccactgagatctttttcecctctgccaaaaattatggggaca
tcatgaagccccttgagcatctgacttctggctaataaaggaaatttattttcattgeca
atagtgtgttggaattttttgtgtctctcactcggaaggacatatgggagggcaaatca
tttaaaacatcagaatgagtatttggtttagagtttggcaacatatgcccatatgctgg
ctgccatgaacaaaggttggctataaagaggtcatcagtatatgaaacagccccctget
gtccattccttattccatagaaaagccttgacttgaggttagattttttttatattttg
ttttgtgttatttttttctttaacatccctaaaattttccttacatgttttactagcca
gatttttcctcctctcctgactactcccagtcatagectgtecctettectettatggaga
tccctcgacctgececctaggggtacctcgggcaggaagagggectatttecccatgattee
ttcatatttgcatatacgatacaaggctgttagagagataattagaattaatttgactg
taaacacaaagatattagtacaaaatacgtgacgtagaaagtaataatttcttgggtag
tttgcagttttaaaattatgttttaaaatggactatcatatgcttaccgtaacttgaaa
gtatttcgatttcttggctttatatatcttgtggaaaggacgaaacaccgggcggctga
tcatgtagatcgaacggactctaaatccgttcagccgggttagattcccgggectgeceg
ttttttgctaggggtacctcgggcaggaagagggcctatttcccatgatteccttcatat
ttgcatatacgatacaaggctgttagagagataattagaattaatttgactgtaaacac
aaagatattagtacaaaatacgtgacgtagaaagtaataatttcttgggtagtttgcag
ttttaaaattatgttttaaaatggactatcatatgcttaccgtaacttgaaagtatttc
gatttcttggctttatatatcttgtggaaaggacgaaacaccgggcggctgatcatgta
gatcgaacggactctaaatccgttcagccgggttagattcccgggetgececcgttttttg
ctaggggtacctcgggcaggaagagggcctatttcccatgatteccttcatatttgecata
tacgatacaaggctgttagagagataattagaattaatttgactgtaaacacaaagata
ttagtacaaaatacgtgacgtagaaagtaataatttcttgggtagtttgcagttttaaa
attatgttttaaaatggactatcatatgcttaccgtaacttgaaagtatttcgatttct
tggctttatatatcttgtggaaaggacgaaacaccgggcggctgatcatgtagatcgaa
cggactctaaatccgttcagccgggttagattcccgggectgecegttttttgectagggg
tacctcgggcaggaagagggcctatttcccatgattccttcatatttgcatatacgata
caaggctgttagagagataattagaattaatttgactgtaaacacaaagatattagtac
aaaatacgtgacgtagaaagtaataatttcttgggtagtttgcagttttaaaattatgt
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tttaaaatggactatcatatgcttaccgtaacttgaaagtatttcgatttcttggettt
atatatcttgtggaaaggacgaaacaccgggcggctgatcatgtagatcgaacggactc
taaatccgttcagccgggttagattcccgggetgecececgttttttgetaggagatcecgaa
ccagataagtgaaatctagttccaaactattttgtcatttttaattttcgtattagctt
acgacgctacacccagttcccatctattttgtcactcttccctaaataatccttaaaaa
ctccatttccacccctecccagttecccaactattttgteccgeccacagecggggecattttt
cttcctgttatgtttttaatcaaacatcctgccaactccatgtgacaaaccgtcatcett
cggctactttttctctgtcacagaatgaaaatttttctgtcatctcttcgttattaatg
tttgtaattgactgaatatcaacgcttatttgcagce

The sequence for the wild type PytR is:

ggaaacctgatcatgtagatcgaacggactctaaatccgttcagccgggttagattecce
ggggtttccg
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pAcBac-CMV-MbPyIRS-CAG-GFPtagAvrlldel-8xPytR

MmPy1T-c,U6,MmPy1T-c, Tn7L M13 origin
MmPy1T-c, U6
ué
MmPy1T-c

ColEl origin

Tn7R
+1

+1

15643 bp ( +1

T7 promoter
L21 sequence
Polyhedrin Promoter

U6 MmPy1T-c, U6
MmPy1T-c MmPy1T-c
U6, MmPy1T-c, U6

Sequence color-coding key

Feature Color
M13 origin text
AmpR text
ColE1 origin text
Tn7R text
GentamicinR text
HSV tk PolyA
Bgh polyA text
WPRE
MbPyIRS
T7 promoter
UbiC promoter
Polyhedrin Promoter
L21 sequence
VSV-G
SV40 late polyA
CAG promoter
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GFP39tag text |
WPRE text
rb-beta globin terminator | fext
U6 text
MmPytR text
Tn7L text

Sequence for HTS25 construct

ctgaatggcgaatgggacgcgccctgtagcggcgcattaagecgecggecgggtgtggtggt
tacgcgcagcgtgaccgctacacttgccagcgccctagecgecccgectectttegetttet
tccettectttetegecacgttecgeccggetttececececgtcaagectctaaatecgggggete
cctttagggttccgatttagtgctttacggcacctcgaccccaaaaaacttgattaggg
tgatggttcacgtagtgggccatcgccctgatagacggtttttegecectttgacgttgg
agtccacgttctttaatagtggactcttgttccaaactggaacaacactcaaccctatce
tcggtctattcttttgatttataagggattttgeccgatttcggectattggttaaaaaa
tgagctgatttaacaaaaatttaacgcgaattttaacaaaatattaacgtttacaattt
caggtggcacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaaata
cattcaaatatgtatccgctcatgagacaataaccctgataaatgcttcaataatattg
aaaaaggaagagtatgagtattcaacatttccgtgtcgccecttattcccttttttgegg
cattttgccttcctgtttttgctcacccagaaacgctggtgaaagtaaaagatgctgaa
gatcagttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatcct
tgagagttttcgccccgaagaacgttttccaatgatgagcacttttaaagttctgcectat
gtggcgcggtattatcccgtattgacgccgggcaagagcaactcggtcgeccgcatacac
tattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatgg
catgacagtaagagaattatgcagtgctgccataaccatgagtgataacactgcggcca
acttacttctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaacatg
ggggatcatgtaactcgccttgatcgttgggaaccggagctgaatgaagccataccaaa
cgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaactattaa
ctggcgaactacttactctagcttcccggcaacaattaatagactggatggaggcggat
aaagttgcaggaccacttctgcgctcggccectteccggectggectggtttattgectgataa
atctggagccggtgagcgtgggtctcgecggtatcattgcagcactggggeccagatggta
agccctcccgtatcgtagttatctacacgacggggagtcaggcaactatggatgaacga
aatagacagatcgctgagataggtgcctcactgattaagcattggtaactgtcagacca
agtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatct
aggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttttegtte
cactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcectttttttet
gcgcgtaatctgctgcttgcaaacaaaaaaaccaccgctaccagcggtggtttgtttge
cggatcaagagctaccaactctttttccgaaggtaactggcttcagcagagcgcagata
ccaaatactgtccttctagtgtagccgtagttaggccaccacttcaagaactctgtage
accgcctacatacctcgectctgctaatcctgttaccagtggectgectgeccagtggegata
agtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcageggtceg
ggctgaacggggggttcgtgcacacagcccagcttggagcgaacgacctacaccgaact
gagatacctacagcgtgagcattgagaaagcgccacgcttcccgaagggagaaaggcgg
acaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccaggg
ggaaacgcctggtatctttatagtcctgtcgggtttcgccacctctgacttgagecgteg
atttttgtgatgctcgtcaggggggcggagcctatggaaaaacgccagcaacgcggcect
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ttttacggttcctggecttttgctggecttttgetcacatgttetttectgegttatec
cctgattctgtggataaccgtattaccgcctttgagtgagctgataccgectecgecgcag
ccgaacgaccgagcgcagcgagtcagtgagcgaggaagcggaagagcgcectgatgeggt
attttctccttacgcatctgtgecggtatttcacaccgcagaccageccgecgtaacctgge
aaaatcggttacggttgagtaataaatggatgccctgcgtaagecgggtgtgggecggaca
ataaagtcttaaactgaacaaaatagatctaaactatgacaataaagtcttaaactaga
cagaatagttgtaaactgaaatcagtccagttatgctgtgaaaaagcatactggacttt
tgttatggctaaagcaaactcttcattttctgaagtgcaaattgcccgtcecgtattaaag
aggggcgtggccaagggcatggtaaagactatattcgecggcgttgtgacaatttaccga
acaactccgcggccgggaagccgatctecggecttgaacgaattgttaggtggecggtactt
gggtcgatatcaaagtgcatcacttcttccecgtatgecccaactttgtatagagagecac
tgcgggatcgtcaccgtaatctgcttgcacgtagatcacataagcaccaagcgecgttgg
cctcatgcttgaggagattgatgagcgcggtggcaatgccctgeccteccggtgetecgecg
gagactgcgagatcatagatatagatctcactacgcggctgctcaaacctgggcagaac
gtaagccgcgagagcgccaacaaccgcttcttggtcgaaggcagcaagcgcgatgaatg
tcttactacggagcaagttcccgaggtaatcggagtccggetgatgttgggagtaggtg
gctacgtctccgaactcacgaccgaaaagatcaagagcagcccgcatggatttgacttg
gtcagggccgagcctacatgtgcgaatgatgcccatacttgagccacctaactttgttt
tagggcgactgccctgetgecgtaacatcgttgetgectgegtaacategttgetgctececa
taacatcaaacatcgacccacggcgtaacgcgcttgctgettggatgeccgaggcatag
actgtacaaaaaaacagtcataacaagccatgaaaaccgccactgcgeccgttaccaccg
ctgcgttcggtcaaggttctggaccagttgcgtgagcgcatacgctacttgcattacag
tttacgaaccgaacaggcttatgtcaactgggttcgtgccttcateccgttteccacggtg
tgcgtcacccggcaaccttgggcagcagcgaagtcgaggcatttectgtecctggetggeg
aacgagcgcaaggtttcggtctccacgcatcgtcaggcattggecggececttgetgttett
ctacggcaaggtgctgtgcacggatctgccctggcttcaggagatcggtagacctecgge
cgtcgcggcgcttgeccggtggtgetgacccecggatgaagtggttecgecateccteggtttt
ctggaaggcgagcatcgtttgttcgecccaggactctagctatagttctagtggttgget
acgtacccgtagtggetatggeagggettgdgcttaatgegecgctacagggegegtyy
ggataccccctagagccccagctggttecttteccgectcagaagecatagagecccaccge
atccccagcatgcctgctattgtecttecccaateccteccececcttgetgtectgecccacce
caccccccagaatagaatgacacctactcagacaatgcgatgcaatttecctcattttat
taggaaaggacagtgggagtggcaccttccagggtcaaggaaggcacgggggaggggca
aacaacagatggctggcaactagaaggcacagtcgaggctgatcagcgggtttaaacgg
gccctctagactcgagttaaagtcgac

gtcgacttaacgcgttgaattcttacagattgg
ttgaaatcccattatagtaagattcggaccttgatgccctcttaatgtttttaaagecg
tgcataaccttgagcaagcgttcaagaccaaaacctgcacctatccatggtttgtcaat
accccattctctatcaagagaaactggcccgacgactgccgaagaaagctccaggtecece
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cgtgcattatatcaagagtatccccaaagaccatacaggaatctcctacgatttcgaag
tcgatttccagatagtccagaaactctttgatgagagcttcaagattttcccgagtaca
tcccgaacccatctgacagaagttcaccatagtaaattcttccaggtgectectttgecegt
cagactctttccggtaacaaggtccgacttcgaaaatttttattgggecctggtaaaatce
ctatcgagttttcgcagatagttgtaaagagtcggggcaagcattggcctcaagcagag
atttttatccacccggaagatctgttttgaaagttcagtatcattattaatacccattc
tctccacgtattccgeccggaataaggataggagactttatctccagaaaaccececggtcet
acgaaaaatttcgtaatatcacgttcgagtttaccgaggtagtcttctctatcattggt
atagagccgctgaaaatcgttttttcttcttgtcacaagttcaggctcaagtteccctga
aaggctttgccatatttagagaaattttatcctctggacttaagagagcctcaacccta
tcaagctggcttcttgtaagtgaaggagcaggagccgatgcgggaacagacgaatttgg
agttgattttgcaggcgaaggtacagatctggatgtgttcgttgatgecctttgcagaaa
cagaattttccagaggcttcggagcccttgaaactgatttcggcatagecttttttgacce
tttggagcagaaactaccctaactttcacactgtttttgectttcggttgatcttgtgag
aaaattattgatatcctcgtccgaaaccctacatcgtttgcaggtttttectgtacttat
gatgtctgaatgctctggctgttctacaactcctggaattattcacaacaagatggtct
ccacacgccatttcaatgtatattttacttcttgagacctcatggtgcttgattttgtg
gagcgtgccagtcctggacatccagagcccggtcgcagatattaaaacatctaatggtt
ttttatccatggtggcgctageccagecttgggtcteccce

gataagccagtaagcagtgggttctctagttagccagalsfzlsfehslesclolshst-hst-hot-Io = [eloks
cccaccgtacacgcctaccgcccatttgecgtcaatggggcggagttgttacgacatttt
ggaaagtcccgttgattttggtgccaaaacaaactcccattgacgtcaatggggtggag
acttggaaatccccgtgagtcaaaccgctatccacgcccattgatgtactgccaaaacce
gcatcaccatggtaatagcgatgactaatacgtagatgtactgccaagtaggaaagtcc
cataaggtcatgtactgggcataatgccaggcgggccatttaccgtcattgacgtcaat
agggggcgtacttggcatatgatacacttgatgtactgccaagtgggcagtttaccgta
aatagtccacccattgacgtcaatggaaagtccctattggcgttactatgggaacatac
gtcattattgacgtcaatgggcgggggtcgttgggcggtcagccaggcgggeccatttac
cgtaagttatgtaacgcggaactccatatatgggctatgaactaatgaccccgtaattg
clasloA LR ICc t agcaaaaaacgggcagcccgggaatctaaccecggctgaacgga
tttagagtccgttcgatctacatgatcagccgcccggtgtttecgtectttccacaagat
atataaagccaagaaatcgaaatactttcaagttacggtaagcatatgatagtccattt
taaaacataattttaaaactgcaaactacccaagaaattattactttctacgtcacgta
ttttgtactaatatctttgtgtttacagtcaaattaattctaattatctctctaacage
cttgtatcgtatatgcaaatatgaaggaatcatgggaaataggccctcttcctgceccga
ggtacccctagcaaaaaacgggcagcccgggaatctaacccggctgaacggatttagag
tccgttcgatctacatgatcagccgeccggtgtttegtecctttccacaagatatataaa
gccaagaaatcgaaatactttcaagttacggtaagcatatgatagtccattttaaaaca
taattttaaaactgcaaactacccaagaaattattactttctacgtcacgtattttgta
ctaatatctttgtgtttacagtcaaattaattctaattatctctctaacagccttgtat
cgtatatgcaaatatgaaggaatcatgggaaataggccctcttcctgecccgaggtaccecce
ctagcaaaaaacgggcagcccgggaatctaacccggctgaacggatttagagtecegtte
gatctacatgatcagccgcccggtgtttcgtectttccacaagatatataaageccaaga
aatcgaaatactttcaagttacggtaagcatatgatagtccattttaaaacataatttt
aaaactgcaaactacccaagaaattattactttctacgtcacgtattttgtactaatat
ctttgtgtttacagtcaaattaattctaattatctctctaacagccttgtatcgtatat
gcaaatatgaaggaatcatgggaaataggccctcttcctgcccgaggtaccectagcaa
aaaacgggcagcccgggaatctaacccggctgaacggatttagagtccgttcgatctac
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atgatcagccgcccggtgtttecgtecctttccacaagatatataaagccaagaaatcgaa
atactttcaagttacggtaagcatatgatagtccattttaaaacataattttaaaactg
caaactacccaagaaattattactttctacgtcacgtattttgtactaatatctttgtg
tttacagtcaaattaattctaattatctctctaacagccttgtatcgtatatgcaaata
tgaaggaatcatgggaaataggccctcttcctgeccgaggtacccctagtcaataatca
atgtcaacgcgtatatctggcccgtacatcgcgaagcagcgcaaaacggatcctgcagg
tatttgcggccgcggteccgtatacteccggaatattaatagiEideridefsr-Torht-E-R s o-T-F-F-]
tgataaccatctcgcaaataaataagtattttactgttttcgtaacagttttgtaataa
aaaaacctataaatattccggattattcataccgtcccaccatcgggcgcgaactecta
aaaaaccgccaccatgaagtgccttttgtacttagecctttttattcattggggtgaatt
gcaagttcaccatagtttttccacacaaccaaaaaggaaactggaaaaatgttccttet
aattaccattattgcccgtcaagctcagatttaaattggcataatgacttaataggcac
agccttacaagtcaaaatgcccaagagtcacaaggctattcaagcagacggttggatgt
gtcatgcttccaaatgggtcactacttgtgatttccgectggtatggaccgaagtatata
acacattccatccgatccttcactccatctgtagaacaatgcaaggaaagcattgaaca
aacgaaacaaggaacttggctgaatccaggcttccctectcaaagttgtggatatgcaa
ctgtgacggatgccgaagcagtgattgtccaggtgactcctcaccatgtgectggttgat
gaatacacaggagaatgggttgattcacagttcatcaacggaaaatgcagcaattacat
atgccccactgtccataactctacaacctggcattctgactataaggtcaaagggctat
gtgattctaacctcatttccatggacatcaccttcttctcagaggacggagagctatca
tccctgggaaaggagggcacagggttcagaagtaactactttgecttatgaaactggagg
caaggcctgcaaaatgcaatactgcaagcattggggagtcagactcccatcaggtgtcet
ggttcgagatggctgataaggatctctttgctgcagccagatteccctgaatgeccagaa
gggtcaagtatctctgctccatctcagacctcagtggatgtaagtctaattcaggacgt
tgagaggatcttggattattccctctgccaagaaacctggagcaaaatcagagcgggtce
ttccaatctctccagtggatctcagctatcttgectcctaaaaacccaggaaccggtect
gctttcaccataatcaatggtaccctaaaatactttgagaccagatacatcagagtcga
tattgctgctccaatcctctcaagaatggtcggaatgatcagtggaactaccacagaaa
gggaactgtgggatgactgggcaccatatgaagacgtggaaattggacccaatggagtt
ctgaggaccagttcaggatataagtttcctttatacatgattggacatggtatgttgga
ctccgatcttcatcttagctcaaaggctcaggtgttcgaacatcctcacattcaagacg
ctgcttcgcaacttcctgatgatgagagtttattttttggtgatactgggctatccaaa
aatccaatcgagcttgtagaaggttggttcagtagttggaaaagctctattgcectettt
tttctttatcatagggttaatcattggactattcttggttctccgagttggtatccatc
tttgcattaaattaaagcacaccaagaaaagacagatttatacagacatagagatgaac
olelaadesEEEl e It Cgagaagtactagaggatcataatcageccataccacatt
tgtagaggttttacttgctttaaaaaacctcccacacctcccecctgaacctgaaacata
aaatgaatgcaattgttgttgttaacttgtttattgcagcttataatggttacaaataa
agcaatagcatcacaaatttcacaaataaagcatttttttcactgcattctagttgtgg
tttgtccaaactcatcaatgtatcttatcatgtctggatctgatcactgcttgag

237



gaattcaacgcgttaagtcgacaatcaacctctggat
tacaaaatttgtgaaagattgactggtattcttaactatgttgctccttttacgctatg
tggatacgctgctttaatgcctttgtatcatgctattgcttcccgtatggectttcattt
tctcctececttgtataaatcctggttgectgtectectttatgaggagttgtggeccecgttgte
aggcaacgtggcgtggtgtgcactgtgtttgctgacgcaacccccactggttggggcat
tgccaccacctgtcagctccttteccgggactttegetttecececectecctattgecacgg
cggaactcatcgccgecctgecttgeccecgectgetggacaggggectecggetgttgggecact
gacaattccgtggtgttgtcggggaaatcatcgtccttteccttggetgctcgeectgtgt
tgccacctggattctgcgcgggacgtccttctgetacgteccttecggecctcaatecag
cggaccttccttcececgecggectgetgeccggetectgeggectettecgegtettegecett
cgccctcagacgagtcggatctececctttgggecgectececcgeggectggecggecgcece
agcacagtggtcgatcgaccaatgccctggctcacaaataccactgagatctttttecee
tctgccaaaaattatggggacatcatgaagccccttgagcatctgacttectggctaata
aaggaaatttattttcattgcaatagtgtgttggaattttttgtgtctctcactcggaa
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ggacatatgggagggcaaatcatttaaaacatcagaatgagtatttggtttagagtttg
gcaacatatgcccatatgctggctgccatgaacaaaggttggctataaagaggtcatca
gtatatgaaacagccccctgctgtccattccttattccatagaaaageccttgacttgag
gttagattttttttatattttgttttgtgttatttttttctttaacatccctaaaattt
tccttacatgttttactagccagatttttecctecctctecctgactactececcagtcatage
tgtccctettectettatggagateccctecgacctgececctaggggtacctecgggcaggaag
agggcctatttcccatgattccttcatatttgcatatacgatacaaggctgttagagag
ataattagaattaatttgactgtaaacacaaagatattagtacaaaatacgtgacgtag
aaagtaataatttcttgggtagtttgcagttttaaaattatgttttaaaatggactatc
atatgcttaccgtaacttgaaagtatttcgatttcttggctttatatatcttgtggaaa
ggacgaaacaccgggcggctgatcatgtagatcgaacggactctaaatccgttcagecg
ggttagattcccgggctgccecgttttttgectaggggtacctcgggcaggaagagggcect
atttcccatgattccttcatatttgcatatacgatacaaggctgttagagagataatta
gaattaatttgactgtaaacacaaagatattagtacaaaatacgtgacgtagaaagtaa
taatttcttgggtagtttgcagttttaaaattatgttttaaaatggactatcatatgct
taccgtaacttgaaagtatttcgatttcttggctttatatatcttgtggaaaggacgaa
acaccgggcggctgatcatgtagatcgaacggactctaaatccgttcagecgggttaga
ttccecgggctgecegttttttgectaggggtacctcgggcaggaagagggectatttecee
atgattccttcatatttgcatatacgatacaaggctgttagagagataattagaattaa
tttgactgtaaacacaaagatattagtacaaaatacgtgacgtagaaagtaataatttc
ttgggtagtttgcagttttaaaattatgttttaaaatggactatcatatgcttaccgta
acttgaaagtatttcgatttcttggctttatatatcttgtggaaaggacgaaacaccgg
gcggctgatcatgtagatcgaacggactctaaatccgttcagccgggttagattceecgg
gctgccecgttttttgectaggggtacctcgggcaggaagagggecctatttecccatgatte
cttcatatttgcatatacgatacaaggctgttagagagataattagaattaatttgact
gtaaacacaaagatattagtacaaaatacgtgacgtagaaagtaataatttcttgggta
gtttgcagttttaaaattatgttttaaaatggactatcatatgcttaccgtaacttgaa
agtatttcgatttcttggctttatatatcttgtggaaaggacgaaacaccgggcggctg
atcatgtagatcgaacggactctaaatccgttcagccgggttagattcccgggetgecce
gttttttgctaggagatccgaaccagataagtgaaatctagttccaaactattttgtca
tttttaattttcgtattagcttacgacgctacacccagttcccatctattttgtcactce
ttccctaaataatccttaaaaactccatttccaccecctecccagtteccaactattttgt
ccgcccacagcggggcatttttecttectgttatgtttttaatcaaacatecctgecaact
ccatgtgacaaaccgtcatcttcggctactttttctctgtcacagaatgaaaatttttce
tgtcatctcttcgttattaatgtttgtaattgactgaatatcaacgcttatttgcage

The sequence for the wild type PytR is:

ggaaacctgatcatgtagatcgaacggactctaaatccgttcagccgggttagattccecce
ggggtttccg
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MmPytR text
Tn7L text

Sequence

ctgaatggcgaatgggacgcgccctgtagecggcgcattaagecgecggecgggtgtggtggt
tacgcgcagcgtgaccgctacacttgccagcgccctagecgecccgectectttegetttet
tccettectttetegecacgttecgeccggetttecececegtcaagectctaaatecgggggete
cctttagggttccgatttagtgctttacggcacctcgaccccaaaaaacttgattaggg
tgatggttcacgtagtgggccatcgeccctgatagacggtttttecgecectttgacgttgg
agtccacgttctttaatagtggactcttgttccaaactggaacaacactcaaccctatce
tcggtctattcttttgatttataagggattttgecgatttcggectattggttaaaaaa
tgagctgatttaacaaaaatttaacgcgaattttaacaaaatattaacgtttacaattt
caggtggcacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaaata
cattcaaatatgtatccgctcatgagacaataaccctgataaatgcttcaataatattg
aaaaaggaagagtatgagtattcaacatttccgtgtcgccecttattceccttttttgegg
cattttgccttcctgtttttgctcacccagaaacgctggtgaaagtaaaagatgctgaa
gatcagttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatcct
tgagagttttcgccccgaagaacgttttccaatgatgagcacttttaaagttctgectat
gtggcgcggtattatcccgtattgacgccgggcaagagcaactcggtcgeccgcatacac
tattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatgg
catgacagtaagagaattatgcagtgctgccataaccatgagtgataacactgcggcca
acttacttctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaacatg
ggggatcatgtaactcgccttgatcgttgggaaccggagctgaatgaagccataccaaa
cgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaactattaa
ctggcgaactacttactctagcttcccggcaacaattaatagactggatggaggcggat
aaagttgcaggaccacttctgcgctcggeccectteccggectggectggtttattgetgataa
atctggagccggtgagcgtgggtctcgecggtatcattgcagcactggggeccagatggta
agccctcccgtatcgtagttatctacacgacggggagtcaggcaactatggatgaacga
aatagacagatcgctgagataggtgcctcactgattaagcattggtaactgtcagacca
agtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatct
aggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttttegtte
cactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcetttttttet
gcgcgtaatctgctgecttgcaaacaaaaaaaccaccgctaccagecggtggtttgtttge
cggatcaagagctaccaactctttttccgaaggtaactggcttcagcagagcgcagata
ccaaatactgtccttctagtgtagccgtagttaggccaccacttcaagaactctgtage
accgcctacatacctcgctctgctaatcctgttaccagtggectgectgccagtggecgata
agtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcg
ggctgaacggggggttcgtgcacacagcccagcttggagcgaacgacctacaccgaact
gagatacctacagcgtgagcattgagaaagcgccacgcttcccgaagggagaaaggcgg
acaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccaggg
ggaaacgcctggtatctttatagtcctgtcgggtttcgeccacctectgacttgagegteg
atttttgtgatgctcgtcaggggggcggagcctatggaaaaacgccagcaacgcggcect
ttttacggttcctggecttttgectggecttttgetcacatgttetttectgegttatece
cctgattctgtggataaccgtattaccgcctttgagtgagctgataccgectecgecgcag
ccgaacgaccgagcgcagcgagtcagtgagcgaggaagcggaagagcgcectgatgeggt
attttctccttacgcatctgtgecggtatttcacaccgcagaccageccgecgtaacctgge
aaaatcggttacggttgagtaataaatggatgccctgcgtaagecgggtgtgggecggaca
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ataaagtcttaaactgaacaaaatagatctaaactatgacaataaagtcttaaactaga
cagaatagttgtaaactgaaatcagtccagttatgctgtgaaaaagcatactggacttt
tgttatggctaaagcaaactcttcattttctgaagtgcaaattgcccgtcecgtattaaag
aggggcgtggccaagggcatggtaaagactatattcgecggcgttgtgacaatttaccga
acaactccgcggccgggaagccgatctecggecttgaacgaattgttaggtggecggtactt
gggtcgatatcaaagtgcatcacttcttccecgtatgecccaactttgtatagagagecac
tgcgggatcgtcaccgtaatctgecttgcacgtagatcacataagcaccaagecgecgttgg
cctcatgcttgaggagattgatgagcgcggtggcaatgccctgeccteccggtgetecgecg
gagactgcgagatcatagatatagatctcactacgcggctgctcaaacctgggcagaac
gtaagccgcgagagcgccaacaaccgcttcttggtcgaaggcagcaagcgcgatgaatg
tcttactacggagcaagttcccgaggtaatcggagtccggectgatgttgggagtaggtg
gctacgtctccgaactcacgaccgaaaagatcaagagcagcccgcatggatttgacttg
gtcagggccgagcctacatgtgcgaatgatgcccatacttgagccacctaactttgttt
tagggcgactgccctgetgecgtaacatcgttgetgectgegtaacatecgttgetgctececa
taacatcaaacatcgacccacggcgtaacgcgcttgctgettggatgeccgaggcatag
actgtacaaaaaaacagtcataacaagccatgaaaaccgccactgcgeccgttaccaccg
ctgcgttcggtcaaggttctggaccagttgcgtgagcgcatacgctacttgcattacag
tttacgaaccgaacaggcttatgtcaactgggttcgtgccttcatccgttteccacggtg
tgcgtcacccggcaaccttgggcagcagcgaagtcgaggcatttectgtecctggetggeg
aacgagcgcaaggtttcggtctccacgcatcgtcaggcattggecggcecttgetgttcett
ctacggcaaggtgctgtgcacggatctgccctggcttcaggagatcggtagacctecgge
cgtcgcggcgcttgeccggtggtgetgaccccggatgaagtggttecgecateccteggtttt
ctggaaggcgagcatcgtttgttcgecccaggactctagctatagttctagtggttgget
acgtacccgtagtggetatggeagggettgdgcttaatgegecgctacagggegegtyy
ggataccccctagagccccagctggttecttteccgectcagaagecatagagecccaccge
atccccagcatgcctgctattgtecttecccaateccteccececcttgetgtecctgecccacce
caccccccagaatagaatgacacctactcagacaatgcgatgcaatttecctcattttat
taggaaaggacagtgggagtggcaccttccagggtcaaggaaggcacgggggaggggca
aacaacagatggctggcaactagaaggcacagtcgaggctgatcagcgggtttaaacgg
gccctctagactcgagttaaagtcgac

gtcgacttaacgcgttgaattcttacagattgg
ttgaaatcccattatagtaagattcggaccttgatgccctcttaatgtttttaaagcecg
tgcataaccttgagcaagcgttcaagaccaaaacctgcacctatccatggtttgtcaat
accccattctctatcaagagaaactggcccgacgactgccgaagaaagctccaggtecece
cgtgcattatatcaagagtatccccaaagaccatacaggaatctcctacgatttcgaag
tcgatttccagatagtccagaaactctttgatgagagcttcaagattttcccgagtaca
tcccgaacccatctgacagaagttcaccatagtaaattcttccaggtgectectttgecegt
cagactctttccggtaacaaggtccgacttcgaaaatttttattgggecctggtaaaatce
ctatcgagttttcgcagatagttgtaaagagtcggggcaagcattggcctcaagcagag
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atttttatccacccggaagatctgttttgaaagttcagtatcattattaatacccattc
tctccacgtattccgeccggaataaggataggagactttatctccagaaaaccececggtcet
acgaaaaatttcgtaatatcacgttcgagtttaccgaggtagtcttctctatcattggt
atagagccgctgaaaatcgttttttcttcttgtcacaagttcaggctcaagtteccctga
aaggctttgccatatttagagaaattttatcctctggacttaagagagcctcaacccta
tcaagctggcttcttgtaagtgaaggagcaggagccgatgcgggaacagacgaatttgg
agttgattttgcaggcgaaggtacagatctggatgtgttcgttgatgecctttgcagaaa
cagaattttccagaggcttcggagcccttgaaactgatttcggcatagecttttttgacce
tttggagcagaaactaccctaactttcacactgtttttgetttcggttgatcttgtgag
aaaattattgatatcctcgtccgaaaccctacatcgtttgcaggtttttectgtacttat
gatgtctgaatgctctggctgttctacaactcctggaattattcacaacaagatggtct
ccacacgccatttcaatgtatattttacttcttgagacctcatggtgcttgattttgtg
gagcgtgccagtcctggacatccagagcccggtcgcagatattaaaacatctaatggtt
ttttatccatggtggcgctagccagecttgggtcteccce

gataagccagtaagcagtgggttctctagttagccagalsfzlsfehslesclolshst-hat-hot-Io = ook
cccaccgtacacgcctaccgcccatttgecgtcaatggggcggagttgttacgacatttt
ggaaagtcccgttgattttggtgccaaaacaaactcccattgacgtcaatggggtggag
acttggaaatccccgtgagtcaaaccgctatccacgcccattgatgtactgccaaaacc
gcatcaccatggtaatagcgatgactaatacgtagatgtactgccaagtaggaaagtcc
cataaggtcatgtactgggcataatgccaggcgggccatttaccgtcattgacgtcaat
agggggcgtacttggcatatgatacacttgatgtactgccaagtgggcagtttaccgta
aatagtccacccattgacgtcaatggaaagtccctattggcgttactatgggaacatac
gtcattattgacgtcaatgggcgggggtcgttgggcggtcagccaggcgggeccatttac
cgtaagttatgtaacgcggaactccatatatgggctatgaactaatgaccccgtaattg
clascleadscinscEisccictagtcaataatcaatgtcaacgegtatatctggececgtacatceg
cgaagcagcgcaaaacggatcctgcaggtatttgcggeccgcggtccgtatacteccggaa
priadcERleatcatggagataattaaaatgataaccatctcgcaaataaataagtattt
tactgttttcgtaacagttttgtaataaaaaaacctataaatattccggattattcata
ccgtcccaccatcgggcgcgaactcctaaaaaaccgccaccatgaagtgecttttgtac
ttagcctttttattcattggggtgaattgcaagttcaccatagtttttccacacaacca
aaaaggaaactggaaaaatgttccttctaattaccattattgcccgtcaagctcagatt
taaattggcataatgacttaataggcacagccttacaagtcaaaatgcccaagagtcac
aaggctattcaagcagacggttggatgtgtcatgcttccaaatgggtcactacttgtga
tttccgctggtatggaccgaagtatataacacattccatccgateccttcacteccatcetg
tagaacaatgcaaggaaagcattgaacaaacgaaacaaggaacttggctgaatccaggce
ttccctcctcaaagttgtggatatgcaactgtgacggatgccgaagcagtgattgtcca
ggtgactcctcaccatgtgctggttgatgaatacacaggagaatgggttgattcacagt
tcatcaacggaaaatgcagcaattacatatgccccactgtccataactctacaacctgg
cattctgactataaggtcaaagggctatgtgattctaacctcatttccatggacatcac
cttcttctcagaggacggagagctatcatccctgggaaaggagggcacagggttcagaa
gtaactactttgcttatgaaactggaggcaaggcctgcaaaatgcaatactgcaagcat
tggggagtcagactcccatcaggtgtctggttcgagatggctgataaggatctetttge
tgcagccagattccctgaatgcccagaagggtcaagtatctctgectccatctcagacct
cagtggatgtaagtctaattcaggacgttgagaggatcttggattattccctctgceccaa
gaaacctggagcaaaatcagagcgggtcttccaatctctccagtggatctcagectatcet
tgctcctaaaaacccaggaaccggtcctgectttcaccataatcaatggtaccctaaaat
actttgagaccagatacatcagagtcgatattgctgctccaatcctctcaagaatggtce
ggaatgatcagtggaactaccacagaaagggaactgtgggatgactgggcaccatatga
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agacgtggaaattggacccaatggagttctgaggaccagttcaggatataagtttcctt
tatacatgattggacatggtatgttggactccgatcttcatcttagctcaaaggctcag
gtgttcgaacatcctcacattcaagacgctgcttcgcaacttcctgatgatgagagttt
attttttggtgatactgggctatccaaaaatccaatcgagcttgtagaaggttggttca
gtagttggaaaagctctattgcctcttttttctttatcatagggttaatcattggacta
ttcttggttctccgagttggtatccatctttgcattaaattaaagcacaccaagaaaag
acagatttatacagacatagagatgaaccgacttggaaagtgataajeydeler-Tet-F-Xeyst-Toaul
agaggatcataatcagccataccacatttgtagaggttttacttgctttaaaaaacctc
ccacacctcccecctgaacctgaaacataaaatgaatgcaattgttgttgttaacttgtt
tattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaag
catttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttatcat
gtctggatctgatcactgcttgag

aggccacc




gaattcaacgcgttaagtcgacaatcaacctctgg
attacaaaatttgtgaaagattgactggtattcttaactatgttgctccttttacgcta
tgtggatacgctgctttaatgcctttgtatcatgctattgecttccecgtatggetttecat
tttctcctececttgtataaatcctggttgectgtctectttatgaggagttgtggeececgttg
tcaggcaacgtggcgtggtgtgcactgtgtttgctgacgcaacccccactggttgggge
attgccaccacctgtcagctccttteccgggactttecgetttecceccectecctattgecac
ggcggaactcatcgccgecctgecttgceccgectgetggacaggggctecggetgttgggea
ctgacaattccgtggtgttgtcggggaaatcatcgtccttteccttggetgectecgectgt
gttgccacctggattctgcgcgggacgtccttectgectacgteccecttecggecctcaatece
agcggaccttccttecececgeggectgectgecggetetgeggectettececgegtettegece
ttcgccctcagacgagtcggatctecectttgggecgecctecececgecggectggececggecg
ccagcacagtggtcgatcgaccaatgccctggctcacaaataccactgagatcttttte
cctctgccaaaaattatggggacatcatgaagccccttgagcatctgacttctggctaa
taaaggaaatttattttcattgcaatagtgtgttggaattttttgtgtctctcactcgg
aaggacatatgggagggcaaatcatttaaaacatcagaatgagtatttggtttagagtt
tggcaacatatgcccatatgctggctgccatgaacaaaggttggctataaagaggtcat
cagtatatgaaacagccccctgctgtccattccttattccatagaaaageccttgacttg
aggttagattttttttatattttgttttgtgttatttttttctttaacatccctaaaat
tttccttacatgttttactagccagatttttcctecctctecctgactactecccagtcata
gectgtcecctettetettatggagateccctecgacectgecectaggggtacctecgggecagga
agagggcctatttcccatgattccttcatatttgcatatacgatacaaggctgttagag
agataattagaattaatttgactgtaaacacaaagatattagtacaaaatacgtgacgt
agaaagtaataatttcttgggtagtttgcagttttaaaattatgttttaaaatggacta
tcatatgcttaccgtaacttgaaagtatttcgatttecttggctttatatatcttgtgga
aaggacgaaacaccgggcggctgatcatgtagatcgaacggactctaaatccgttcage
cgggttagattcccgggctgccecgttttttgetaggggtacctcgggcaggaagagggce
ctatttcccatgattccttcatatttgcatatacgatacaaggctgttagagagataat
tagaattaatttgactgtaaacacaaagatattagtacaaaatacgtgacgtagaaagt
aataatttcttgggtagtttgcagttttaaaattatgttttaaaatggactatcatatg
cttaccgtaacttgaaagtatttcgatttcttggctttatatatcttgtggaaaggacg
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aaacaccgggcggctgatcatgtagatcgaacggactctaaatccgttcagecgggtta
gattcccgggctgeccecgttttttgectaggggtacctecgggcaggaagagggectattte
ccatgattccttcatatttgcatatacgatacaaggctgttagagagataattagaatt
aatttgactgtaaacacaaagatattagtacaaaatacgtgacgtagaaagtaataatt
tcttgggtagtttgcagttttaaaattatgttttaaaatggactatcatatgcttaccg
taacttgaaagtatttcgatttcttggctttatatatcttgtggaaaggacgaaacacc
gggcggctgatcatgtagatcgaacggactctaaatccgttcageccgggttagattecce
gggctgcccgttttttgectaggggtacctcgggcaggaagagggcctattteccatgat
tccttcatatttgcatatacgatacaaggctgttagagagataattagaattaatttga
ctgtaaacacaaagatattagtacaaaatacgtgacgtagaaagtaataatttcttggg
tagtttgcagttttaaaattatgttttaaaatggactatcatatgcttaccgtaacttg
aaagtatttcgatttcttggctttatatatcttgtggaaaggacgaaacaccgggcggce
tgatcatgtagatcgaacggactctaaatccgttcageccgggttagattccecgggetge
ccgttttttgctaggagatccgaaccagataagtgaaatctagttccaaactattttgt
catttttaattttcgtattagcttacgacgctacacccagttcccatctattttgtcac
tcttccctaaataatccttaaaaactccatttccaccecctecccagtteccaactatttt
gtccgcccacagcggggcatttttecttectgttatgtttttaatcaaacatectgecaa
ctccatgtgacaaaccgtcatcttcggctactttttctctgtcacagaatgaaaatttt
tctgtcatctcttcgttattaatgtttgtaattgactgaatatcaacgcttatttgcag
c
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pAcBac-UbiC-MbPyIRS-CAG-mCherry-TAG-GFP-4xHTS25
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AmpR text
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MmPytR text
Tn7L text

Sequence

ctgaatggcgaatgggacgcgccctgtagecggcgcattaagecgecggecgggtgtggtggt
tacgcgcagcgtgaccgctacacttgccagcgccctagecgecccgectectttegetttet
tccettectttetegecacgttecgeccggetttecececegtcaagectctaaatecgggggete
cctttagggttccgatttagtgctttacggcacctcgaccccaaaaaacttgattaggg
tgatggttcacgtagtgggccatcgeccctgatagacggtttttegecectttgacgttgg
agtccacgttctttaatagtggactcttgttccaaactggaacaacactcaaccctatce
tcggtctattcttttgatttataagggattttgecgatttcggectattggttaaaaaa
tgagctgatttaacaaaaatttaacgcgaattttaacaaaatattaacgtttacaattt
caggtggcacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaaata
cattcaaatatgtatccgctcatgagacaataaccctgataaatgcttcaataatattg
aaaaaggaagagtatgagtattcaacatttccgtgtcgccecttattceccttttttgegg
cattttgccttcctgtttttgctcacccagaaacgctggtgaaagtaaaagatgctgaa
gatcagttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatcct
tgagagttttcgccccgaagaacgttttccaatgatgagcacttttaaagttctgectat
gtggcgcggtattatcccgtattgacgccgggcaagagcaactcggtcgeccgcatacac
tattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatgg
catgacagtaagagaattatgcagtgctgccataaccatgagtgataacactgcggcca
acttacttctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaacatg
ggggatcatgtaactcgccttgatcgttgggaaccggagctgaatgaagccataccaaa
cgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaactattaa
ctggcgaactacttactctagcttcccggcaacaattaatagactggatggaggcggat
aaagttgcaggaccacttctgcgctcggeccectteccggectggectggtttattgetgataa
atctggagccggtgagcgtgggtctcgecggtatcattgcagcactggggeccagatggta
agccctcccecgtatcgtagttatctacacgacggggagtcaggcaactatggatgaacga
aatagacagatcgctgagataggtgcctcactgattaagcattggtaactgtcagacca
agtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatct
aggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttttegtte
cactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcectttttttet
gcgcgtaatctgctgecttgcaaacaaaaaaaccaccgctaccagecggtggtttgtttge
cggatcaagagctaccaactctttttccgaaggtaactggcttcagcagagcgcagata
ccaaatactgtccttctagtgtagccgtagttaggccaccacttcaagaactctgtage
accgcctacatacctcgctctgctaatcctgttaccagtggectgectgccagtggecgata
agtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcg
ggctgaacggggggttcgtgcacacagcccagcttggagcgaacgacctacaccgaact
gagatacctacagcgtgagcattgagaaagcgccacgcttcccgaagggagaaaggcgg
acaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccaggg
ggaaacgcctggtatctttatagtcctgtcgggtttcgeccacctectgacttgagegteg
atttttgtgatgctcgtcaggggggcggagcctatggaaaaacgccagcaacgcggcect
ttttacggttcctggecttttgectggecttttgetcacatgttetttectgegttatece
cctgattctgtggataaccgtattaccgcctttgagtgagctgataccgectcgecgcag
ccgaacgaccgagcgcagcgagtcagtgagcgaggaagcggaagagcgcecctgatgeggt
attttctccttacgcatctgtgecggtatttcacaccgcagaccageccgecgtaacctgge
aaaatcggttacggttgagtaataaatggatgccctgcgtaagecgggtgtgggecggaca
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ataaagtcttaaactgaacaaaatagatctaaactatgacaataaagtcttaaactaga
cagaatagttgtaaactgaaatcagtccagttatgctgtgaaaaagcatactggacttt
tgttatggctaaagcaaactcttcattttctgaagtgcaaattgcccgtcecgtattaaag
aggggcgtggccaagggcatggtaaagactatattcgecggcgttgtgacaatttaccga
acaactccgcggccgggaagccgatctecggecttgaacgaattgttaggtggecggtactt
gggtcgatatcaaagtgcatcacttcttccecgtatgecccaactttgtatagagagecac
tgcgggatcgtcaccgtaatctgecttgcacgtagatcacataagcaccaagcgecgttgg
cctcatgcttgaggagattgatgagcgcggtggcaatgccctgeccteccggtgetecgecg
gagactgcgagatcatagatatagatctcactacgcggctgctcaaacctgggcagaac
gtaagccgcgagagcgccaacaaccgcttcttggtcgaaggcagcaagcgcgatgaatg
tcttactacggagcaagttcccgaggtaatcggagtccggetgatgttgggagtaggtg
gctacgtctccgaactcacgaccgaaaagatcaagagcagcccgcatggatttgacttg
gtcagggccgagcctacatgtgcgaatgatgcccatacttgagccacctaactttgttt
tagggcgactgccctgetgecgtaacatcgttgetgectgecgtaacatecgttgetgctececa
taacatcaaacatcgacccacggcgtaacgcgcttgctgettggatgeccgaggcatag
actgtacaaaaaaacagtcataacaagccatgaaaaccgccactgcgeccgttaccaccg
ctgcgttcggtcaaggttctggaccagttgcgtgagcgcatacgctacttgcattacag
tttacgaaccgaacaggcttatgtcaactgggttcgtgccttcatccgttteccacggtg
tgcgtcacccggcaaccttgggcagcagcgaagtcgaggcatttctgtecctggetggeg
aacgagcgcaaggtttcggtctccacgcatcgtcaggcattggecggececttgetgttcett
ctacggcaaggtgctgtgcacggatctgccctggcttcaggagatcggtagacctecgge
cgtcgcggcgcttgeccggtggtgetgaccccggatgaagtggttecgecateccteggtttt
ctggaaggcgagcatcgtttgttcgecccaggactctagctatagttctagtggttgget
acgtacccgtagtggetatggeagggettgdgcttaatgegecgctacagggegegtyy
ggataccccctagagccccagctggttecttteccgectcagaagecatagagecccaccge
atccccagcatgcctgctattgtecttecccaateccteccececcttgetgtecctgecccacce
caccccccagaatagaatgacacctactcagacaatgcgatgcaatttecctcattttat
taggaaaggacagtgggagtggcaccttccagggtcaaggaaggcacgggggaggggca
aacaacagatggctggcaactagaaggcacagtcgaggctgatcagcgggtttaaacgg
gccctctagactcgagttaaagtcgac

gtcgacttaacgcgttgaattcttacagattgg
ttgaaatcccattatagtaagattcggaccttgatgccctcttaatgtttttaaageccg
tgcataaccttgagcaagcgttcaagaccaaaacctgcacctatccatggtttgtcaat
accccattctctatcaagagaaactggcccgacgactgccgaagaaagctccaggtecece
cgtgcattatatcaagagtatccccaaagaccatacaggaatctcctacgatttcgaag
tcgatttccagatagtccagaaactctttgatgagagcttcaagattttcccgagtaca
tcccgaacccatctgacagaagttcaccatagtaaattcttccaggtgectectttgecgt
cagactctttccggtaacaaggtccgacttcgaaaatttttattgggecctggtaaaatce
ctatcgagttttcgcagatagttgtaaagagtcggggcaagcattggcctcaagcagag
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atttttatccacccggaagatctgttttgaaagttcagtatcattattaatacccattce
tctccacgtattccgeccggaataaggataggagactttatctccagaaaaccececggtet
acgaaaaatttcgtaatatcacgttcgagtttaccgaggtagtcttctctatcattggt
atagagccgctgaaaatcgttttttcttcttgtcacaagttcaggctcaagtteccctga
aaggctttgccatatttagagaaattttatcctctggacttaagagagcctcaacccta
tcaagctggcttcttgtaagtgaaggagcaggagccgatgcgggaacagacgaatttgg
agttgattttgcaggcgaaggtacagatctggatgtgttcgttgatgecctttgcagaaa
cagaattttccagaggcttcggagcccttgaaactgatttcggcatagettttttgacce
tttggagcagaaactaccctaactttcacactgtttttgetttcggttgatcttgtgag
aaaattattgatatcctcgtccgaaaccctacatcgtttgcaggtttttectgtacttat
gatgtctgaatgctctggctgttctacaactcctggaattattcacaacaagatggtct
ccacacgccatttcaatgtatattttacttcttgagacctcatggtgcttgattttgtg
gagcgtgccagtcctggacatccagagcccggtcgcagatattaaaacatctaatggtt
ttttatccatggtggcgctageccagecttgggtcteccecce

acagcgatccacaaacaagaaccgcgacccaaatcccggectgcgacggaactagctgtg
ccacacccggcgcgteccttatataatcatcggecgttcaccgecccacggagatecectece
gcagaatcgccgagaagggactacttttcctcgectgtteccgetectectggaaagaaaac
cagtgccctagagtcacccaagtcccgtcctaaaatgteccttectgetgatactggggtt
ctaaggccgagtcttatgagcagcgggccgctgtcctgagecgteccgggcggaaggatca
ggacgctcgctgcgcccttecgtectgacgtggcagecgectecgeccgtgaggaggggggecgcec
(efefefefe(e oo o [efe [olol oRc Ko elolele [ofolofolo (s cTe[efoflelac tagtcaataatcaatgtcaacgcgt
atatctggcccgtacatcgcgaagcagcgcaaaacggatcctgcaggtatttgeggecg
cggtccgtatactccggaatattaatagiEidel-idelct-Tef-Rt--Rit-F-F-F-R ol R ot-F-Tolol-Rulod !
cgcaaataaataagtattttactgttttcgtaacagttttgtaataaaaaaacctataa
atattccggattattcataccgtcccaccatcgggcgcgaactcctaaaaaaccgecac
catgaagtgccttttgtacttagcctttttattcattggggtgaattgcaagttcacca
tagtttttccacacaaccaaaaaggaaactggaaaaatgttccttctaattaccattat
tgcccgtcaagctcagatttaaattggcataatgacttaataggcacagccttacaagt
caaaatgcccaagagtcacaaggctattcaagcagacggttggatgtgtcatgcttccal
aatgggtcactacttgtgatttccgctggtatggaccgaagtatataacacattccatc
cgatccttcactccatctgtagaacaatgcaaggaaagcattgaacaaacgaaacaagg
aacttggctgaatccaggcttccctecctcaaagttgtggatatgcaactgtgacggatg
ccgaagcagtgattgtccaggtgactcctcaccatgtgctggttgatgaatacacaggal
gaatgggttgattcacagttcatcaacggaaaatgcagcaattacatatgccccactgt
ccataactctacaacctggcattctgactataaggtcaaagggctatgtgattctaacc
tcatttccatggacatcaccttcttctcagaggacggagagctatcatccctgggaaag
gagggcacagggttcagaagtaactactttgcttatgaaactggaggcaaggcctgcaa
aatgcaatactgcaagcattggggagtcagactcccatcaggtgtctggttcgagatgg
ctgataaggatctctttgctgcagccagattccctgaatgcccagaagggtcaagtate
tctgctccatctcagacctcagtggatgtaagtctaattcaggacgttgagaggatctt
ggattattccctctgccaagaaacctggagcaaaatcagagcgggtcttccaatctecte
cagtggatctcagctatcttgctcctaaaaacccaggaaccggtecctgetttcaccata
atcaatggtaccctaaaatactttgagaccagatacatcagagtcgatattgctgectcc
aatcctctcaagaatggtcggaatgatcagtggaactaccacagaaagggaactgtggg
atgactgggcaccatatgaagacgtggaaattggacccaatggagttctgaggaccagt
tcaggatataagtttcctttatacatgattggacatggtatgttggactccgatcttcal
tcttagctcaaaggctcaggtgttcgaacatcctcacattcaagacgctgcttecgcaac
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ttcctgatgatgagagtttattttttggtgatactgggctatccaaaaatccaatcgag
cttgtagaaggttggttcagtagttggaaaagctctattgcctcttttttctttatcat
agggttaatcattggactattcttggttctccgagttggtatccatctttgcattaaat
taaagcacaccaagaaaagacagatttatacagacatagagatgaaccgacttggaaag
eEAEElgtcgagaagtactagaggatcataatcageccataccacatttgtagaggtttt
acttgctttaaaaaacctcccacacctccccctgaacctgaaacataaaatgaatgcaa
ttgttgttgttaacttgtttattgcagcttataatggttacaaataaagcaatagcatc
acaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaact
catcaatgtatcttatcatgtctggatctgatcactgcttgag

aggccacc




gaattcaacgcgttaa
gtcgacaatcaacctctggattacaaaatttgtgaaagattgactggtattcttaacta
tgttgctccttttacgctatgtggatacgctgctttaatgcctttgtatcatgectattg
cttcccgtatggctttcattttctecctecttgtataaatecctggttgetgtetetttat
gaggagttgtggcccgttgtcaggcaacgtggcgtggtgtgcactgtgtttgctgacge
aacccccactggttggggcattgccaccacctgtcagectecctttcecgggactttecgett
tcceccectecctattgecacggeggaactcatecgecgectgecttgececgetgectggaca
ggggctcggctgttgggcactgacaattccgtggtgttgtcggggaaatcatcgtectt
tccttggectgctcgecctgtgttgecacctggattctgegegggacgtecttetgectacg
tccecttecggecctcaatccageggaccttecttececgeggectgectgecggetetgegg
cctcttcecgegtecttegecttegecctcagacgagtecggateteecectttgggeecgecte
cccgcggectggeccggeccgecagcacagtggtecgatcgaccaatgecctggetecacaaa
taccactgagatctttttccctctgccaaaaattatggggacatcatgaagcceccttga
gcatctgacttctggctaataaaggaaatttattttcattgcaatagtgtgttggaatt
ttttgtgtctctcactcggaaggacatatgggagggcaaatcatttaaaacatcagaat
gagtatttggtttagagtttggcaacatatgcccatatgctggctgccatgaacaaagg
ttggctataaagaggtcatcagtatatgaaacagccccctgctgtccattceccttattcece
atagaaaagccttgacttgaggttagattttttttatattttgttttgtgttatttttt
tctttaacatccctaaaattttccttacatgttttactagccagatttttcctectete
ctgactactcccagtecatagetgtececctettetettatggagateccectecgacctgeect
aggggtacctcgggcaggaagagggcctatttcccatgatteccttcatatttgcatata
cgatacaaggctgttagagagataattagaattaatttgactgtaaacacaaagatatt
agtacaaaatacgtgacgtagaaagtaataatttcttgggtagtttgcagttttaaaat
tatgttttaaaatggactatcatatgcttaccgtaacttgaaagtatttcgatttcttg
gctttatatatcttgtggaaaggacgaaacaccgggcggctgatcatgtagatcgaacg
gactctaaatccgttcagccgggttagattcccgggctgecegttttttgectaggggta
cctcgggcaggaagagggcctatttcccatgatteccttcatatttgcatatacgataca
aggctgttagagagataattagaattaatttgactgtaaacacaaagatattagtacaa
aatacgtgacgtagaaagtaataatttcttgggtagtttgcagttttaaaattatgttt
taaaatggactatcatatgcttaccgtaacttgaaagtatttcgatttcttggectttat
atatcttgtggaaaggacgaaacaccgggcggctgatcatgtagatcgaacggactcta
aatccgttcagccgggttagattcccgggectgececcgttttttgetaggggtaccteggg
caggaagagggcctatttcccatgattccttcatatttgcatatacgatacaaggectgt
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tagagagataattagaattaatttgactgtaaacacaaagatattagtacaaaatacgt
gacgtagaaagtaataatttcttgggtagtttgcagttttaaaattatgttttaaaatg
gactatcatatgcttaccgtaacttgaaagtatttcgatttcttggctttatatatctt
gtggaaaggacgaaacaccgggcggctgatcatgtagatcgaacggactctaaatccgt
tcagccgggttagattcccgggctgecegttttttgectaggggtacctecgggcaggaag
agggcctatttcccatgattccttcatatttgcatatacgatacaaggctgttagagag
ataattagaattaatttgactgtaaacacaaagatattagtacaaaatacgtgacgtag
aaagtaataatttcttgggtagtttgcagttttaaaattatgttttaaaatggactatc
atatgcttaccgtaacttgaaagtatttcgatttcttggctttatatatcttgtggaaa
ggacgaaacaccgggcggctgatcatgtagatcgaacggactctaaatccgttcagecg
ggttagattcccgggctgeccecgttttttgectaggagatccgaaccagataagtgaaate
tagttccaaactattttgtcatttttaattttcgtattagcttacgacgctacacccag
ttcccatctattttgtcactcttccctaaataatccttaaaaactccattteccaccecet
cccagttcccaactattttgtccgcccacageggggcatttttettectgttatgtttt
taatcaaacatcctgccaactccatgtgacaaaccgtcatcttcggctactttttetet
gtcacagaatgaaaatttttctgtcatctcttcgttattaatgtttgtaattgactgaa
tatcaacgcttatttgcagce
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| Tn7L | text |

Sequence of HTS25 variant

ctgaatggcgaatgggacgcgccctgtagcggcgcattaagecgecggecgggtgtggtggt
tacgcgcagcgtgaccgctacacttgccagcgccctagecgecccgectectttegetttet
tccettectttetegecacgttecgeccggettteccecegtcaagectctaaatecgggggete
cctttagggttccgatttagtgctttacggcacctcgaccccaaaaaacttgattaggg
tgatggttcacgtagtgggccatcgccctgatagacggtttttegecectttgacgttgg
agtccacgttctttaatagtggactcttgttccaaactggaacaacactcaaccctatce
tcggtctattcttttgatttataagggattttgecgatttcggectattggttaaaaaa
tgagctgatttaacaaaaatttaacgcgaattttaacaaaatattaacgtttacaattt
caggtggcacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaaata
cattcaaatatgtatccgctcatgagacaataaccctgataaatgcttcaataatattg
aaaaaggaagagtatgagtattcaacatttccgtgtcgccecttattceccttttttgegg
cattttgccttcctgtttttgctcacccagaaacgctggtgaaagtaaaagatgctgaa
gatcagttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatcct
tgagagttttcgccccgaagaacgttttccaatgatgagcacttttaaagttctgectat
gtggcgcggtattatcccgtattgacgccgggcaagagcaactcggtcgeccgcatacac
tattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatgg
catgacagtaagagaattatgcagtgctgccataaccatgagtgataacactgcggcca
acttacttctgacaacgatcggaggaccgaaggagctaaccgcttttttgcacaacatg
ggggatcatgtaactcgccttgatcgttgggaaccggagctgaatgaagccataccaaa
cgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaactattaa
ctggcgaactacttactctagcttcccggcaacaattaatagactggatggaggcggat
aaagttgcaggaccacttctgcgctcggccectteccggectggectggtttattgectgataa
atctggagccggtgagcgtgggtctcgecggtatcattgcagcactggggeccagatggta
agccctcccecgtatcgtagttatctacacgacggggagtcaggcaactatggatgaacga
aatagacagatcgctgagataggtgcctcactgattaagcattggtaactgtcagacca
agtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatct
aggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttttegtte
cactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcectttttttet
gcgcgtaatctgctgecttgcaaacaaaaaaaccaccgctaccagecggtggtttgtttge
cggatcaagagctaccaactctttttccgaaggtaactggcttcagcagagcgcagata
ccaaatactgtccttctagtgtagccgtagttaggccaccacttcaagaactctgtage
accgcctacatacctcgctctgctaatcctgttaccagtggectgectgccagtggecgata
agtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcg
ggctgaacggggggttcgtgcacacagcccagcttggagcgaacgacctacaccgaact
gagatacctacagcgtgagcattgagaaagcgccacgcttcccgaagggagaaaggcgg
acaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccaggg
ggaaacgcctggtatctttatagtcctgtcgggtttcgeccacctectgacttgagegteg
atttttgtgatgctcgtcaggggggcggagcctatggaaaaacgccagcaacgcggcect
ttttacggttcctggecttttgectggecttttgetcacatgttetttectgegttatec
cctgattctgtggataaccgtattaccgcctttgagtgagctgataccgectecgecgcag
ccgaacgaccgagcgcagcgagtcagtgagcgaggaagcggaagagcgcctgatgeggt
attttctccttacgcatctgtgecggtatttcacaccgcagaccageccgecgtaacctgge
aaaatcggttacggttgagtaataaatggatgccctgecgtaagecgggtgtgggecggaca
ataaagtcttaaactgaacaaaatagatctaaactatgacaataaagtcttaaactaga
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cagaatagttgtaaactgaaatcagtccagttatgctgtgaaaaagcatactggacttt
tgttatggctaaagcaaactcttcattttctgaagtgcaaattgcccgtcecgtattaaag
aggggcgtggccaagggcatggtaaagactatattcgecggcgttgtgacaatttaccga
acaactccgcggccgggaagccgatctecggecttgaacgaattgttaggtggecggtactt
gggtcgatatcaaagtgcatcacttcttccecgtatgecccaactttgtatagagagecac
tgcgggatcgtcaccgtaatctgcttgcacgtagatcacataagcaccaagcgecgttgg
cctcatgcttgaggagattgatgagcgcggtggcaatgccctgeccteccggtgetecgecg
gagactgcgagatcatagatatagatctcactacgcggctgctcaaacctgggcagaac
gtaagccgcgagagcgccaacaaccgcttcttggtcgaaggcagcaagcgcgatgaatg
tcttactacggagcaagttcccgaggtaatcggagtccggectgatgttgggagtaggtg
gctacgtctccgaactcacgaccgaaaagatcaagagcagcccgcatggatttgacttg
gtcagggccgagcctacatgtgcgaatgatgcccatacttgagccacctaactttgttt
tagggcgactgccctgetgecgtaacatcgttgetgectgegtaacatecgttgetgcteca
taacatcaaacatcgacccacggcgtaacgcgcttgctgettggatgeccgaggcatag
actgtacaaaaaaacagtcataacaagccatgaaaaccgccactgcgeccgttaccaccg
ctgcgttcggtcaaggttctggaccagttgcgtgagcgcatacgctacttgcattacag
tttacgaaccgaacaggcttatgtcaactgggttcgtgccttcatccgttteccacggtg
tgcgtcacccggcaaccttgggcagcagcgaagtcgaggcatttctgtecctggetggeg
aacgagcgcaaggtttcggtctccacgcatcgtcaggcattggecggececttgetgttett
ctacggcaaggtgctgtgcacggatctgccctggcttcaggagatcggtagacctecgge
cgtcgcggcgcttgeccggtggtgetgaccccggatgaagtggttegecateccteggtttt
ctggaaggcgagcatcgtttgttcgecccaggactctagctatagttctagtggttgget
acgtacccgta gcttaatgcgccgctacagggcgegtgg
ggataccccctagagccccagctggttecttteccgectcagaagecatagagecccaccge
atccccagcatgcctgctattgtecttecccaateccteccececcttgetgtectgecccacce
caccccccagaatagaatgacacctactcagacaatgcgatgcaatttecctcattttat
taggaaaggacagtgggagtggcaccttccagggtcaaggaaggcacgggggaggggca
aacaacagatggctggcaactagaaggcacagtcgaggctgatcagcgggtttaaacgg
gccctctagactcgagttaaagtcgac

gtcgacttaacgcgttgaattcttacagattgg
ttgaaatcccattatagtaagattcggaccttgatgccctcttaatgtttttaaagecg
tgcataaccttgagcaagcgttcaagaccaaaacctgcacctatccatggtttgtcaat
accccattctctatcaagagaaactggcccgacgactgccgaagaaagctccaggtecece
cgtgcattatatcaagagtatccccaaagaccatacaggaatctcctacgatttcgaag
tcgatttccagatagtccagaaactctttgatgagagcttcaagattttcccgagtaca
tcccgaacccatctgacagaagttcaccatagtaaattcttccaggtgectectttgecgt
cagactctttccggtaacaaggtccgacttcgaaaatttttattgggecctggtaaaatce
ctatcgagttttcgcagatagttgtaaagagtcggggcaagcattggcctcaagcagag
atttttatccacccggaagatctgttttgaaagttcagtatcattattaatacccattc
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tctccacgtattccgeccggaataaggataggagactttatctccagaaaaccececggtcet
acgaaaaatttcgtaatatcacgttcgagtttaccgaggtagtcttctctatcattggt
atagagccgctgaaaatcgttttttcttcttgtcacaagttcaggctcaagtteccectga
aaggctttgccatatttagagaaattttatcctctggacttaagagagcctcaacccta
tcaagctggcttcttgtaagtgaaggagcaggagccgatgcgggaacagacgaatttgg
agttgattttgcaggcgaaggtacagatctggatgtgttcgttgatgecctttgcagaaa
cagaattttccagaggcttcggagcccttgaaactgatttcggcatagecttttttgacce
tttggagcagaaactaccctaactttcacactgtttttgetttcggttgatcttgtgag
aaaattattgatatcctcgtccgaaaccctacatcgtttgcaggtttttectgtacttat
gatgtctgaatgctctggctgttctacaactcctggaattattcacaacaagatggtct
ccacacgccatttcaatgtatattttacttcttgagacctcatggtgcttgattttgtg
gagcgtgccagtcctggacatccagagcccggtcgcagatattaaaacatctaatggtt
ttttatccatggtggcgctageccagecttgggtcteccecce

gataagccagtaagcagtgggttctctagttagccagalsfzlsfehslesclolshst-hst-hot-Io = [eloks
cccaccgtacacgcctaccgcccatttgecgtcaatggggcggagttgttacgacatttt
ggaaagtcccgttgattttggtgccaaaacaaactcccattgacgtcaatggggtggag
acttggaaatccccgtgagtcaaaccgctatccacgcccattgatgtactgccaaaacce
gcatcaccatggtaatagcgatgactaatacgtagatgtactgccaagtaggaaagtcc
cataaggtcatgtactgggcataatgccaggcgggccatttaccgtcattgacgtcaat
agggggcgtacttggcatatgatacacttgatgtactgccaagtgggcagtttaccgta
aatagtccacccattgacgtcaatggaaagtccctattggcgttactatgggaacatac
gtcattattgacgtcaatgggcgggggtcgttgggcggtcagccaggcgggeccatttac
cgtaagttatgtaacgcggaactccatatatgggctatgaactaatgaccccgtaattg
claslod-ALERkIc t agcaaaaaacgggcagcccgggaatctaaccecggectgaacgga
tttagagtccgttcgatctacatgatcagccgcccggtgtttecgtectttccacaagat
atataaagccaagaaatcgaaatactttcaagttacggtaagcatatgatagtccattt
taaaacataattttaaaactgcaaactacccaagaaattattactttctacgtcacgta
ttttgtactaatatctttgtgtttacagtcaaattaattctaattatctctctaacage
cttgtatcgtatatgcaaatatgaaggaatcatgggaaataggccctcttcctgececcga
ggtacccctagcaaaaaacgggcagcccgggaatctaacccggctgaacggatttagag
tccgttcgatctacatgatcagccgecccggtgtttegtecctttccacaagatatataaa
gccaagaaatcgaaatactttcaagttacggtaagcatatgatagtccattttaaaaca
taattttaaaactgcaaactacccaagaaattattactttctacgtcacgtattttgta
ctaatatctttgtgtttacagtcaaattaattctaattatctctctaacageccttgtat
cgtatatgcaaatatgaaggaatcatgggaaataggccctcttcctgecccgaggtaccce
ctagcaaaaaacgggcagcccgggaatctaacccggctgaacggatttagagtcegtte
gatctacatgatcagccgcccggtgtttcgtectttccacaagatatataaagccaaga
aatcgaaatactttcaagttacggtaagcatatgatagtccattttaaaacataatttt
aaaactgcaaactacccaagaaattattactttctacgtcacgtattttgtactaatat
ctttgtgtttacagtcaaattaattctaattatctctctaacagccttgtatcgtatat
gcaaatatgaaggaatcatgggaaataggccctcttcctgcccgaggtaccectagcaa
aaaacgggcagcccgggaatctaacccggctgaacggatttagagtccgttcgatctac
atgatcagccgcccggtgtttcgtcctttccacaagatatataaagccaagaaatcgaa
atactttcaagttacggtaagcatatgatagtccattttaaaacataattttaaaactg
caaactacccaagaaattattactttctacgtcacgtattttgtactaatatctttgtg
tttacagtcaaattaattctaattatctctctaacagccttgtatcgtatatgcaaata
tgaaggaatcatgggaaataggccctcttecctgeccgaggtacccctagtcaataatceca
atgtcaacgcgtatatctggcccgtacatcgcgaagcagcgcaaaacggatecctgecagg
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tatttgcggccgcggteccgtatacteccggaatattaatagiEideridefsr-TorRht-E-R s o-T-F-F-]
tgataaccatctcgcaaataaataagtattttactgttttcgtaacagttttgtaataa
aaaaacctataaatattccggattattcataccgtcccaccatcgggcgcgaactecta
aaaaaccgccaccatgaagtgccttttgtacttagecctttttattcattggggtgaatt
gcaagttcaccatagtttttccacacaaccaaaaaggaaactggaaaaatgttccttet
aattaccattattgcccgtcaagctcagatttaaattggcataatgacttaataggcac
agccttacaagtcaaaatgcccaagagtcacaaggctattcaagcagacggttggatgt
gtcatgcttccaaatgggtcactacttgtgatttccgectggtatggaccgaagtatata
acacattccatccgatccttcactccatctgtagaacaatgcaaggaaagcattgaaca
aacgaaacaaggaacttggctgaatccaggcttccctectcaaagttgtggatatgcaa
ctgtgacggatgccgaagcagtgattgtccaggtgactcctcaccatgtgectggttgat
gaatacacaggagaatgggttgattcacagttcatcaacggaaaatgcagcaattacat
atgccccactgtccataactctacaacctggcattctgactataaggtcaaagggctat
gtgattctaacctcatttccatggacatcaccttcttctcagaggacggagagctatca
tccctgggaaaggagggcacagggttcagaagtaactactttgecttatgaaactggagg
caaggcctgcaaaatgcaatactgcaagcattggggagtcagactcccatcaggtgtcet
ggttcgagatggctgataaggatctctttgctgcagccagatteccctgaatgeccagaa
gggtcaagtatctctgctccatctcagacctcagtggatgtaagtctaattcaggacgt
tgagaggatcttggattattccctctgccaagaaacctggagcaaaatcagagecgggtce
ttccaatctctccagtggatctcagctatcttgectecctaaaaacccaggaaccggtect
gctttcaccataatcaatggtaccctaaaatactttgagaccagatacatcagagtcga
tattgctgctccaatcctctcaagaatggtcggaatgatcagtggaactaccacagaaa
gggaactgtgggatgactgggcaccatatgaagacgtggaaattggacccaatggagtt
ctgaggaccagttcaggatataagtttcctttatacatgattggacatggtatgttgga
ctccgatcttcatcttagctcaaaggctcaggtgttcgaacatcctcacattcaagacg
ctgcttcgcaacttcctgatgatgagagtttattttttggtgatactgggctatccaaa
aatccaatcgagcttgtagaaggttggttcagtagttggaaaagctctattgcectettt
tttctttatcatagggttaatcattggactattcttggttctccgagttggtatccatce
tttgcattaaattaaagcacaccaagaaaagacagatttatacagacatagagatgaac
olelaadesEEEl e It Cgagaagtactagaggatcataatcageccataccacatt
tgtagaggttttacttgctttaaaaaacctcccacacctcccecctgaacctgaaacata
aaatgaatgcaattgttgttgttaacttgtttattgcagcttataatggttacaaataa
agcaatagcatcacaaatttcacaaataaagcatttttttcactgcattctagttgtgg
tttgtccaaactcatcaatgtatcttatcatgtctggatctgatcactgcttgag
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gaat
tcaacgcgttaagtcgacaatcaacctctggattacaaaatttgtgaaagattgactgg
tattcttaactatgttgctccttttacgctatgtggatacgctgectttaatgeectttgt
atcatgctattgcttcccgtatggctttcattttctcectecttgtataaatectggttg
ctgtctctttatgaggagttgtggcccgttgtcaggcaacgtggecgtggtgtgcactgt
gtttgctgacgcaacccccactggttggggcattgccaccacctgtcagetecttteeg
ggactttcgctttccececctececctattgeccacggecggaactcatecgecgectgecttgece
cgctgctggacaggggctcggctgttgggcactgacaattccgtggtgttgtcggggaa
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atcatcgtcctttcecttggectgectecgectgtgttgecacctggattctgegegggacgt
ccttctgctacgtccecttcggecctcaatccageggaccttecttececgeggectgetg
ccggctctgecggecctecttececgegtecttegecttegecctcagacgagtecggateteecet
ttgggccgccteccececgecggectggeccggeccgecagcacagtggtecgatcgaccaatgeo
ctggctcacaaataccactgagatctttttccctctgccaaaaattatggggacatcat
gaagccccttgagcatctgacttctggctaataaaggaaatttattttcattgcaatag
tgtgttggaattttttgtgtctctcactcggaaggacatatgggagggcaaatcattta
aaacatcagaatgagtatttggtttagagtttggcaacatatgcccatatgctggctgce
catgaacaaaggttggctataaagaggtcatcagtatatgaaacagccccctgctgtcce
attccttattccatagaaaagccttgacttgaggttagattttttttatattttgtttt
gtgttatttttttctttaacatccctaaaattttccttacatgttttactagccagatt
tttcctcctctectgactactecccagtcatagectgtecctettetettatggagatecce
tcgacctgcecctaggggtacctcgggcaggaagagggectatttcccatgattecttea
tatttgcatatacgatacaaggctgttagagagataattagaattaatttgactgtaaa
cacaaagatattagtacaaaatacgtgacgtagaaagtaataatttcttgggtagtttg
cagttttaaaattatgttttaaaatggactatcatatgcttaccgtaacttgaaagtat
ttcgatttcttggctttatatatcttgtggaaaggacgaaacaccgggcggctgatcat
gtagatcgaacggactctaaatccgttcagccgggttagattcccgggectgecegtttt
ttgctaggggtacctcgggcaggaagagggcctatttcccatgatteccttcatatttge
atatacgatacaaggctgttagagagataattagaattaatttgactgtaaacacaaag
atattagtacaaaatacgtgacgtagaaagtaataatttcttgggtagtttgcagtttt
aaaattatgttttaaaatggactatcatatgcttaccgtaacttgaaagtatttcgatt
tcttggctttatatatcttgtggaaaggacgaaacaccgggcggctgatcatgtagatce
gaacggactctaaatccgttcagccgggttagattcccgggetgececcgttttttgetag
gggtacctcgggcaggaagagggcctatttcccatgatteccttcatatttgecatatacg
atacaaggctgttagagagataattagaattaatttgactgtaaacacaaagatattag
tacaaaatacgtgacgtagaaagtaataatttcttgggtagtttgcagttttaaaatta
tgttttaaaatggactatcatatgcttaccgtaacttgaaagtatttcgatttcttgge
tttatatatcttgtggaaaggacgaaacaccgggcggctgatcatgtagatcgaacgga
ctctaaatccgttcagccgggttagattcccgggectgececgttttttgetaggggtacce
tcgggcaggaagagggcctatttcccatgattccttcatatttgcatatacgatacaag
gctgttagagagataattagaattaatttgactgtaaacacaaagatattagtacaaaa
tacgtgacgtagaaagtaataatttcttgggtagtttgcagttttaaaattatgtttta
aaatggactatcatatgcttaccgtaacttgaaagtatttcgatttcttggctttatat
atcttgtggaaaggacgaaacaccgggcggctgatcatgtagatcgaacggactctaaa
tccgttcageccgggttagattecccgggetgececgttttttgetaggagatccgaaccag
ataagtgaaatctagttccaaactattttgtcatttttaattttcgtattagcttacga
cgctacacccagttcccatctattttgtcactcttccctaaataatccttaaaaactcece
atttccacccctcccagttecccaactattttgteccgeccacagecggggecatttttette
ctgttatgtttttaatcaaacatcctgccaactccatgtgacaaaccgtcatcttecgge
tactttttctctgtcacagaatgaaaatttttctgtcatctcttcgttattaatgtttg
taattgactgaatatcaacgcttatttgcagce

The sequence for the wild type PytR is:
ggaaacctgatcatgtagatcgaacggactctaaatccgttcagccgggttagattccece

ggggtttccg

The sequence for the NES-MbPyIRS is:

260



atggcctgcccagtgccecttcagttgectececgetggagagactgacecctcgacgataa
aaaaccattagatgttttaatatctgcgaccgggctctggatgtccaggactggcacge
tccacaaaatcaagcaccatgaggtctcaagaagtaaaatatacattgaaatggcgtgt
ggagaccatcttgttgtgaataattccaggagttgtagaacagccagagcattcagaca
tcataagtacagaaaaacctgcaaacgatgtagggtttcggacgaggatatcaataatt
ttctcacaagatcaaccgaaagcaaaaacagtgtgaaagttagggtagtttctgctcca
aaggtcaaaaaagctatgccgaaatcagtttcaagggctccgaagcctctggaaaatte
tgtttctgcaaaggcatcaacgaacacatccagatctgtaccttcgcctgcaaaatcaa
ctccaaattcgtctgttccecgcatcggectectgetecttcacttacaagaageccagett
gatagggttgaggctctcttaagtccagaggataaaatttctctaaatatggcaaagcc
tttcagggaacttgagcctgaacttgtgacaagaagaaaaaacgattttcagcggectcet
ataccaatgatagagaagactacctcggtaaactcgaacgtgatattacgaaatttttce
gtagaccggggttttctggagataaagtctcctatccttattccggcggaatacgtgga
gagaatgggtattaataatgatactgaactttcaaaacagatcttccgggtggataaaa
atctctgcttgaggccaatgcttgccccgactctttacaactatctgecgaaaactecgat
aggattttaccaggcccaataaaaattttcgaagtcggaccttgttaccggaaagagtce
tgacggcaaagagcacctggaagaatttactatggtgaacttctgtcagatgggttcgg
gatgtactcgggaaaatcttgaagctctcatcaaagagtttctggactatctggaaatce
gacttcgaaatcgtaggagattcctgtatggtctttggggatactcttgatataatgceca
cggggacctggagctttcttcggcagtcgtcgggccagtttectettgatagagaatggg
gtattgacaaaccatggataggtgcaggttttggtcttgaacgcttgctcaaggttatg
cacggctttaaaaacattaagagggcatcaaggtccgaatcttactataatgggatttc
aaccaatctgtaa

The sequence for NBK-RS is:
atggataaaaaaccattagatgttttaatatctgcgaccgggctctggatgtccaggac
tggcacgctccacaaaatcaagcaccatgaggtctcaagaagtaaaatatacattgaaa
tggcgtgtggagaccatcttgttgtgaataattccaggagttgtagaacagccagagceca
ttcagacatcataagtacagaaaaacctgcaaacgatgtagggtttcggacgaggatat
caataattttctcacaagatcaaccgaaagcaaaaacagtgtgaaagttagggtagttt
ctgctccaaaggtcaaaaaagctatgccgaaatcagtttcaagggctccgaagectctg
gaaaattctgtttctgcaaaggcatcaacgaacacatccagatctgtaccttcgectge
aaaatcaactccaaattcgtctgttcccgcatcggectectgetecttcacttacaagaa
gccagcttgatagggttgaggctctcttaagtccagaggataaaatttctctaaatatg
gcaaagcctttcagggaacttgagcctgaacttgtgacaagaagaaaaaacgattttca
gcggctctataccaatgatagagaagactacctcggtaaactcgaacgtgatattacga
aatttttcgtagaccggggttttctggagataaagtctcctatccttattcecggcggaa
tacgtggagagatttggtattaataatgatactgaactttcaaaacagatcttccgggt
ggataaaaatctctgcttgaggccaatgcttagcccgactctttgcaactatatgecgaa
aactcgataggattttaccaggcccaataaaaattttcgaagtcggaccttgttaccgg
aaagagtctgacggcaaagagcacctggaagaatttactatggtgaacttctgtcagat
gggttcgggatgtactcgggaaaatcttgaagctctcatcaaagagtttctggactatce
tggaaatcgacttcgaaatcgtaggagattcctgtatggtcectttggggatactcttgat
ataatgcacggggacctggagctttcttcggcagtcgtcgggccagtttetettgatag
agaatggggtattgacaaaccatggataggtgcaggttttggtcttgaacgcttgctca
aggttatgcacggctttaaaaacattaagagggcatcaaggtccgaatcttactataat
gggatttcaaccaatctgtaa
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The sequence for CouK-RS is:
atggataaaaaaccattagatgttttaatatctgcgaccgggctctggatgtccaggac
tggcacgctccacaaaatcaagcaccatgaggtctcaagaagtaaaatatacattgaaa
tggcgtgtggagaccatcttgttgtgaataattccaggagttgtagaacagccagagceca
ttcagacatcataagtacagaaaaacctgcaaacgatgtagggtttcggacgaggatat
caataattttctcacaagatcaaccgaaagcaaaaacagtgtgaaagttagggtagttt
ctgctccaaaggtcaaaaaagctatgccgaaatcagtttcaagggctccgaagectctg
gaaaattctgtttctgcaaaggcatcaacgaacacatccagatctgtaccttcgectge
aaaatcaactccaaattcgtctgttcccgcatcggectectgetecttcacttacaagaa
gccagcttgatagggttgaggctctcttaagtccagaggataaaatttctctaaatatg
gcaaagcctttcagggaacttgagcctgaacttgtgacaagaagaaaaaacgattttca
gcggctctataccaatgatagagaagactacctcggtaaactcgaacgtgatattacga
aatttttcgtagaccggggttttctggagataaagtctcctatccttattcecggcggaa
tacgtggagagaatgggtattaataatgatactgaactttcaaaacagatcttccgggt
ggataaaaatctctgcttgaggccaatgcttgccccgactcttgccaactatatgecgaa
aactcgataggattttaccaggcccaataaaaattttcgaagtcggaccttgttaccgg
aaagagtctgacggcaaagagcacctggaagaatttactatggtgaacttctgtcagat
gggttcgggatgtactcgggaaaatcttgaagctctcatcaaagagtttctggactatce
tggaaatcgacttcgaaatcgtaggagattcctgtatggtectttggggatactcttgat
ataatgcacggggacctggagctttcttcggcagtcgtcgggccagtttetettgatag
agaatggggtattgacaaaccatggataggtgcaggttttggtcttgaacgcttgctca
aggttatgcacggctttaaaaacattaagagggcatcaaggtccgaatcttactataat
gggatttcaaccaatctgtaa

The sequence for AcK-RS is:
atggataaaaaaccattagatgttttaatatctgcgaccgggctctggatgtccaggac
tggcacgctccacaaaatcaagcaccatgaggtctcaagaagtaaaatatacattgaaa
tggcgtgtggagaccatcttgttgtgaataattccaggagttgtagaacagccagagceca
ttcagacatcataagtacagaaaaacctgcaaacgatgtagggtttcgggtgaggatat
caataattttctcacaagatcaaccgaaagcaaaaacagtgtgaaagttagggtagttt
ctgctccaaaggtcaaaaaagctatgccgaaatcagtttcaagggctccgaagectctg
gaaaattctgtttctgcaaaggcatcaacgaacacatccagatctgtaccttcgectge
aaaatcaactccaaattcgtctgttcccgcatcggectectgetecttcacttacaagaa
gccagcttgatagggttgaggctctcttaagtccagaggataaaatttctctaaatatg
gcaaagcctttcagggaacttgagcctgaacttgtgacaagaagaaaaaacgattttca
gcggctctataccaatgatagagaagactacctcggtaaactcgaacgtgatattacga
aatttttcgtagaccggggttttctggagataaagtctcctatccttattcecggcggaa
tacgtggagagaatgggtattaataatgatactgaactttcaaaacagatcttccgggt
ggataaaaatctctgcttgaggccaatggtggccccgactatttttaactatgecgegaa
aactcgataggattttaccaggcccaataaaaattttcgaagtcggaccttgttaccgg
aaagagtctgacggcaaagagcacctggaagaatttactatggtgaacttctttcagat
gggttcgggatgtactcgggaaaatcttgaagctctcatcaaagagtttctggactatce
tggaaatcgacttcgaaatcgtaggagattcctgtatggtctttggggatactcttgat
ataatgcacggggacctggagctttcttcggcagtcgtcgggccagtttectettgatag
agaatggggtattgacaaaccatggataggtgcaggttttggtcttgaacgcttgctca
aggttatgcacggctttaaaaacattaagagggcatcaaggtccgaatcttactataat
gggatttcaaccaatctgtaa
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The sequence for BiotinK-RS is:
atggataaaaaaccattagatgttttaatatctgcgaccgggctctggatgtccaggac
tggcacgctccacaaaatcaagcaccatgaggtctcaagaagtaaaatatacattgaaa
tggcgtgtggagaccatcttgttgtgaataattccaggagttgtagaacagccagagceca
ttcagacatcataagtacagaaaaacctgcaaacgatgtagggtttcggacgaggatat
caataattttctcacaagatcaaccgaaagcaaaaacagtgtgaaagttagggtagttt
ctgctccaaaggtcaaaaaagctatgccgaaatcagtttcaagggctccgaagectctg
gaaaattctgtttctgcaaaggcatcaacgaacacatccagatctgtaccttcgectge
aaaatcaactccaaattcgtctgttcccgcatcggectectgetecttcacttacaagaa
gccagcttgatagggttgaggctctcttaagtccagaggataaaatttctctaaatatg
gcaaagcctttcagggaacttgagcctgaacttgtgacaagaagaaaaaacgattttca
gcggctctataccaatgatagagaagactacctcggtaaactcgaacgtgatattacga
aatttttcgtagaccggggttttctggagataaagtctcctatccttattcecggcggaa
tacgtggagagaatgggtattaataatgatactgaactttcaaaacagatcttccgggt
ggataaaaatctctgcttgaggccaatgcttgccccgactcttgcgaactatgtgegaa
aactcgataggattttaccaggcccaataaaaattttcgaagtcggaccttgttaccgg
aaagagtctgacggcaaagagcacctggaagaatttactatggtgaacttcgtgcagta
tggttcgggatgtactcgggaaaatcttgaagctctcatcaaagagtttctggactatc
tggaaatcgacttcgaaatcgtaggagattcctgtatggtctttggggatactcttgat
ataatgcacggggacctggagctttcttcggcagtcgtcgggccacgttectettgatag
agaatggggtattgacaaaccatggataggtgcaggttttggtcttgaacgcttgctca
aggttatgcacggctttaaaaacattaagagggcatcaaggtccgaatcttactataat
gggatttcaaccaatctgtaa

The sequence for DiazK-RS is:

atggataaaaaaccattagatgttttaatatctgcgaccgggctctggatgtccaggac
tggcacgctccacaaaatcaagcaccatgaggtctcaagaagtaaaatatacattgaaa
tggcgtgtggagaccatcttgttgtgaataattccaggagttgtagaacagccagagceca
ttcagacatcataagtacagaaaaacctgcaaacgatgtagggtttcggacgaggatat
caataattttctcacaagatcaaccgaaagcaaaaacagtgtgaaagttagggtagttt
ctgctccaaaggtcaaaaaagctatgccgaaatcagtttcaagggctccgaagectctg
gaaaattctgtttctgcaaaggcatcaacgaacacatccagatctgtaccttcgectge
aaaatcaactccaaattcgtctgttcccgcatcggectectgetecttcacttacaagaa
gccagcttgatagggttgaggctctcttaagtccagaggataaaatttctctaaatatg
gcaaagcctttcagggaacttgagcctgaacttgtgacaagaagaaaaaacgattttca
gcggctctataccaatgatagagaagactacctcggtaaactcgaacgtgatattacga
aatttttcgtagaccggggttttctggagataaagtctcctatccttattcecggcggaa
tacgtggagagaatgggtattaataatgatactgaactttcaaaacagatcttccgggt
ggataaaaatctctgcttgaggccaatgcttgccccgactctgtataactatatgecgaa
aactcgataggattttaccaggcccaataaaaattttcgaagtcggaccttgttaccgg
aaagagtctgacggcaaagagcacctggaagaatttactatggtgaacttcgctcagat
gggttcgggatgtactcgggaaaatcttgaagctctcatcaaagagtttctggactatce
tggaaatcgacttcgaaatcgtaggagattcctgtatggtctttggggatactcttgat
ataatgcacggggacctggagctttcttcggcagtcgtcgggccagtttectettgatag
agaatggggtattgacaaaccatggataggtgcaggttttggtcttgaacgcttgctca
aggttatgcacggctttaaaaacattaagagggcatcaaggtccgaatcttactataat
gggatttcaaccaatctataa
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Chapter S Plasmids

GS5-SEAP

pG5-SEAP

4468 bp

Sequence color-coding key

Feature Color
GPI anchor | text
SEAP text
GAL text
GAL text
Ori text
Sequence

caatgtatcttatcatgtctgctcgaagcggeccggecgcecccgactctagagtaacceg
ggtgcgcggcgtcggtggtgccggecggggggcgeccaggtecgcaggecggtgtagggetec
aggcaggcggcgaaggccatgacgtgcgctatgaaggtctgctcctgcacgeccgtgaac
caggtgcgcctgcgggccgcgcgcgaacaccgccacgtecctecgectgegtgggtetett
cgtccaggggcactgctgactgctgccgatactcggggecteccecgetctegetecteggta
acatccggccgggcgeccgteccttgagcacatagecctggaccgttteccgtataggaggac
cgtgtaggccttcctgteccecgggecttgeccaggggccagecccgaagatggagectececcte
gcagggggtagcctccgaaggagaagacgtgggagtggtcggcagtgacgaggctcage
gtgtcctcctecgectggtgagetggeccecgecctectcaatggegtecgtcgaacatgategt
ctcagtcagtgcccggtaagccctgctttcatgatgaccatggtcgatgcgaccaccct
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ccacgaagaggaagaagccgcgggggttecctgctcagcaggecgcagggcagectetgte
atctccatcagggaggggtccagtgtggagtctcggtggatctcgtatttcatgtectcce
aggctcaaagagacccatgagatgggtcacagacgggtccagggaagcctgcatgaget
cagtgcggttccacacataccgggcaccctggcgecttecgeccageccattectgcaccaga
ttcttccecgteccagectggtecccaccttggectgtagtcatctgggtactcagggtetgg
ggttcccatgcgaaacatgtactttcggectccacctaggatcacgtcaatgtccatgt
tggagatgagctgcgtagcgatgtcctggcaccecctecctggecgggecgaggcaggcacg
tcggcgtccgagtaccagttgecggttcaccgtgtgggecgtaggtgecggectggegagge
gtgctgcactcgtgtggtggttaccactcccactgacttcecctgetttecttggececgat
tcatcacggagatgacctcgttgccgecgtgtecgtgttgcactggttaaagcgggegget
gcactcaagccaatggtctggaagttgcccttgacccecgcacaggtaggecgtggetgt
ggctccactgtctggcacatgtttgtctacattgtatgtcttggacagagccacatatg
ggaagcggtccatggccaggggtatctcaggccccagtttgtcecttettetgecetttt
aggatcctggcagctgtcaccgtagacacccccatcccatcgeccaggaagatgatgag
gttcttggcggctgtctgtgcaggctgcagecttecttggecggcacccagggecctecggetg
cctcgecggttccagaagteccgggttetectectcaactgggatgatgeccagggagage
tgtagcctcaggcccagcagcagcagcagcagcagcatgetagagtecgacggatecggag
tactgtcctccgagcggagtactgtectecgagecggagtactgtcctccgageggagtac
tgtcctccgagecggagtactgtccteccgageggatcccecgggaattagettggegtaat
catggtcatagctgtttcctgtgtgaaattgttatccgctcacaattccacacaacata
cgagccggaagcataaagtgtaaagcctggggtgcctaatgagtgagctaactcacatt
aattgcgttgcgctcactgcccgectttccagtcgggaaacctgtecgtgeccagectgeatt
aatgaatcggccaacgcgcggggagaggcggtttgegtattgggegetetteecgettece
tcgctcactgactcgectgcgctecggtecgttecggetgecggecgageggtatcagectcactce
aaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgag
caaaaggccagcaaaaggccaggaaccgtaaaaaggccgecgttgectggegtttttecat
aggctccgcccccecctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaa
cccgacaggactataaagataccaggcgtttcccecctggaagectecectegtgegetete
ctgttccgaccctgeccgecttaccggatacctgteccgecttteteccecttcgggaagegtg
gcgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtecgttecgectcecaa
gctgggctgtgtgcacgaacccccecgttcagecccgaccgectgegecttateccggtaact
atcgtcttgagtccaacccggtaagacacgacttatcgccactggcagcagccactggt
aacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcecc
taactacggctacactagaagaacagtatttggtatctgcgctctgctgaagccagtta
ccttcggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctggtageggt
ggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcc
tttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattt
tggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagt
tttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaat
cagtgaggcacctatctcagcgatctgtctatttcgttcatccatagttgcctgactcecc
ccgtcgtgtagataactacgatacgggagggcttaccatctggccccagtgetgcaatg
ataccgcgagacccacgctcaccggctccagatttatcagcaataaaccagccagecgg
aagggccgagcgcagaagtggtcctgcaactttatccgeccteccatccagtctattaatt
gttgccgggaagctagagtaagtagttcgccagttaatagtttgecgcaacgttgttgece
attgctacaggcatcgtggtgtcacgctcgtecgtttggtatggecttcattcagetecgg
ttcccaacgatcaaggcgagttacatgatcccccatgttgtgcaaaaaagcggttaget
ccttcggtccteccgatcgttgtcagaagtaagttggeccgcagtgttatcactcatggtt
atggcagcactgcataattctcttactgtcatgccatccgtaagatgecttttectgtgac
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tggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctett
gcccggcgtcaatacgggataataccgcgccacatagcagaactttaaaagtgctcatce
attggaaaacgttcttcggggcgaaaactctcaaggatcttaccgectgttgagatccag
ttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccageg
tttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgaca
cggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcaggg
ttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaatagggg
ttccgcgcacatttcecccgaaaagtgccacctgacgtctaagaaaccattattatecatg
acattaacctataaaaataggcgtatcacgaggccctttcgtctcgegegtttecggtga
tgacggtgaaaacctctgacacatgcagctcccggagacggtcacagecttgtctgtaag
cggatgccgggagcagacaagcccgtcagggecgegtcagegggtgttggegggtgtegg
ggctggcttaactatgcggcatcagagcagattgtactgagagtgcaccatatgcggtg
tgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgccattcgccattca
ggctgcgcaactgttgggaagggcgatcggtgecgggecctecttecgectattacgecagetg
gcgaaagggggatgtgctgcaaggcgattaagttgggtaacgccagggttttecccagte
acgacgttgtaaaacgacggccagtgaattcgagctcggtaccttgttgttaacttgtt
tattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaag
catttttttcactgcattctagttgtggtttgtccaaactcat
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Sequence color-coding key

Feature Color
eGFP text
Kozak sequence | text
GAL text
GAL text
Ori text
Sequence

caatgtatcttatcatgtctgctcgaagcggccggeccgeccccgactctagatcattaat
ggtgatggtgatgatgaccggtatgcatattcagatcctcttctgagatgagtttttgt
tcgaagggccccttgtacagctcgteccatgeccgagagtgateccecggecggeggtcacgaa
ctccagcaggaccatgtgatcgecgecttectecgttggggtectttgectcagggeggactggg
tgctcaggtagtggttgtcgggcagcagcacggggeccgtecgecgatgggggtgttetge
tggtagtggtcggcgagctgcacgctgececgtectegatgttgtggeggatecttgaagtt
caccttgatgccgttcttctgecttgtcggeccatgatatagacgttgtggectgttgtagt
tgtactccagcttgtgccccaggatgttgecgtecteccttgaagtecgatgececcttcage
tcgatgcggttcaccagggtgtcgccctcgaacttcacctcggegegggtettgtagtt
gccgtcgteccttgaagaagatggtgecgectecctggacgtageccttecgggcatggeggact
tgaagaagtcgtgctgcttcatgtggtcggggtagecggctgaagcactgcacgecgtag
gtcagggtggtcacgagggtgggccagggcacgggcagcttgccggtggtgcagatgaa
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cttcagggtcagcttgccgtaggtggcatcgccctecgeccctecgeccggacacgctgaact
tgtggccgtttacgtcgccgtccagectcgaccaggatgggcaccaccccggtgaacagce
tcctecgececttgectcaccatggtggecggecgectageccagecggtggecggegecatgetagag
tcgacggatcggagtactgtcctccgagecggagtactgtectecgagecggagtactgtece
tccgagcggagtactgteccteccgageggagtactgteccteccgageggatcceccgggaat
tagcttggcgtaatcatggtcatagectgtttectgtgtgaaattgttatccgectcacaa
ttccacacaacatacgagccggaagcataaagtgtaaagecctggggtgcctaatgagtg
agctaactcacattaattgcgttgcgctcactgcccgecttteccagtcgggaaacctgte
gtgccagctgcattaatgaatcggccaacgcgcggggagaggcggtttgegtattggge
gctcttccgecttecctecgetcactgactecgetgecgectecggtecgttecggetgecggegageg
gtatcagctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcagg
aaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttge
tggcgtt

gaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactce
acgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaa
attaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagt
taccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttcatccat
agttgcctgactcceccgtecgtgtagataactacgatacgggagggcttaccatctggece
ccagtgctgcaatgataccgcgagacccacgctcaccggctccagatttatcagcaata
aaccagccagccggaagggccgagcgcagaagtggtcectgcaactttatecgectecat
ccagtctattaattgttgccgggaagctagagtaagtagttcgccagttaatagtttge
gcaacgttgttgccattgctacaggcatcgtggtgtcacgectecgtegtttggtatgget
tcattcagctccggttcccaacgatcaaggcgagttacatgatccecccatgttgtgcaa
aaaagcggttagctccttcggteccteccgatcgttgtcagaagtaagttggcecgecagtgt
tatcactcatggttatggcagcactgcataattctcttactgtcatgccatccgtaaga
tgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggeg
accgagttgctcttgcccggcgtcaatacgggataataccgcgccacatagcagaactt
taaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccg
ctgttgagatccagttcgatgtaacccactcgtgcacccaactgatcttcagcatecttt
tactttcaccagcgtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagg
gaataagggcgacacggaaatgttgaatactcatactcttcctttttcaatattattga
agcatttatcagggttattgtctcatgagcggatacatatttgaatgtatttagaaaaa
taaacaaataggggttccgcgcacatttccccgaaaagtgccacctgacgtctaagaaa
ccattattatcatgacattaacctataaaaataggcgtatcacgaggccctttcgtctce
gcgcgtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtcac
agcttgtctgtaagcggatgccgggagcagacaagcccgtcagggecgegtcagegggtg
ttggcgggtgtcggggctggcttaactatgcggcatcagagcagattgtactgagagtg
caccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcg
ccattcgccattcaggctgcgcaactgttgggaagggcgatcggtgecgggectettege
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tattacgccagctggcgaaagggggatgtgctgcaaggcgattaagttgggtaacgcca
gggttttcccagtcacgacgttgtaaaacgacggccagtgaattcgagctcggtacctt
gttgttaacttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaa
tttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcat
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pGS-TATA-GFP

|

pG5-TATA-GFP

GAL )
GAL
GAL |
TATA )
T7 promoter D
Kozak sequence

3636 bp

Sequence color-coding key

Feature Color
eGFP text
Kozak sequence | text
T7 promoter text
TATA box text
GAL text
Ori text |
Sequence

gtacctcaatggtgatggtgatgatgaccggtatgcatattcagatcctcttctgagat
gagtttttgttcgaagggcccecttgtacagctcgtccatgccgagagtgatececggegg
cggtcacgaactccagcaggaccatgtgatcgcgcttectegttggggtectttgetcagg
gcggactgggtgctcaggtagtggttgtcgggcagcagcacggggeccgtegecgatggg
ggtgttctgctggtagtggtcggcgagctgcacgectgecgtectecgatgttgtggegga
tcttgaagttcaccttgatgccgttecttetgettgtecggeccatgatatagacgttgtgg
ctgttgtagttgtactccagcttgtgccccaggatgttgeccgteccteccttgaagtegat
gcccttcagctcgatgcggttcaccagggtgtcgececctecgaacttcacctecggegeggg
tcttgtagttgeccgtecgteccttgaagaagatggtgegetectggacgtagecttecggge
atggcggacttgaagaagtcgtgctgcttcatgtggtcggggtagecggctgaagcactg
cacgccgtaggtcagggtggtcacgagggtgggccagggcacgggcagcttgeccggtgg
tgcagatgaacttcagggtcagcttgccgtaggtggcatcgeccctegecctegecggac
acgctgaacttgtggccgtttacgtcgccgtccagctcgaccaggatgggcaccacccce
ggtgaacagctcctcgecccttgetcaccatggtggecggegetagecagettgggtetece
ctatagtgagtcgtattaatttcttttataaatgcatgctagagtcgacggatcggagt
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actgtcctccgagcggagtactgtcctcgagcggagtactgtccteccgagecggagtact
gtcctccgagecggagtactgtecctccgagecggatececcgggaattagecttggegtaate
atggtcatagctgtttcctgtgtgaaattgttatccgctcacaattccacacaacatac
gagccggaagcataaagtgtaaagcctggggtgecctaatgagtgagctaactcacatta
attgcgttgcgctcactgcccgectttccagtecgggaaacctgtegtgecagetgcatta
atgaatcggccaacgcgcggggagaggcggtttgecgtattgggecgetecttecegettecet
cgctcactgactcgctgecgectecggtegttecggectgeggecgagecggtatcagetcactea
aaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagc
aaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgetggegtt

ttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggatttt
ggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagtt
ttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatc
agtgaggcacctatctcagcgatctgtctatttcgttcatccatagttgecctgacteccecce
cgtcgtgtagataactacgatacgggagggcttaccatctggccccagtgctgcaatga
taccgcgagacccacgctcaccggctccagatttatcagcaataaaccagccagccgga
agggccgagcgcagaagtggtcctgcaactttatcecgectccatccagtctattaattg
ttgccgggaagctagagtaagtagttcgccagttaatagtttgegcaacgttgttgeca
ttgctacaggcatcgtggtgtcacgctcgtecgtttggtatggecttcattcagectececggt
tcccaacgatcaaggcgagttacatgatcccccatgttgtgcaaaaaagecggttagcetce
cttcggtccteccgatecgttgtcagaagtaagttggecgcagtgttatcactcatggtta
tggcagcactgcataattctcttactgtcatgccatccgtaagatgecttttectgtgact
ggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgectettg
cccggcgtcaatacgggataataccgcgccacatagcagaactttaaaagtgctcatca
ttggaaaacgttcttcggggcgaaaactctcaaggatcttaccgectgttgagatccagt
tcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccagegt
ttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacac
ggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggt
tattgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggt
tccgcgcacatttcceccgaaaagtgeccacctgacgtctaagaaaccattattatcatga
cattaacctataaaaataggcgtatcacgaggccctttcgtctecgegegtttecggtgat
gacggtgaaaacctctgacacatgcagctcccggagacggtcacagecttgtectgtaage
ggatgccgggagcagacaagcccgtcagggcgcgtcagecgggtgttggegggtgteggg
gctggcttaactatgcggcatcagagcagattgtactgagagtgcaccatatgecggtgt
gaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgccattcgeccattcag
gctgcgcaactgttgggaagggcgatcggtgecgggectcttegetattacgecagetgg
cgaaagggggatgtgctgcaaggcgattaagttgggtaacgccagggttttcccagtca
cgacgttgtaaaacgacggccagtgaattcgagctcg
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The sequence for the YBTATA minimal promoter is:
tctagagggtatataatgggggcca

The sequence for the minCMV minimal promoter is:
Gtaggcgtgtacggtgggaggtctatataagcagagctcgtttagtgaaccgtcagatc
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pG5-VP1

pG5-VP1

5285 bp

Sequence color-coding key

Feature | Color
VPI1 text
GAL text

Ori text

Sequence

caatgtatcttatcatgtctgctcgaagcggccggeccgeccccgactctagagectgtagt
taatgattaacccgccatgctacttatctacgtagccatggaaactagataagaaagaa
atacgcagagaccaaagttcaactgaaacgaattaaacggtttattgattaacaagcaa
ttacagattacgagtcaggtatctggtgccaatggggcgaggctctgaatacacgccat
tagtgtccacagtaaagtccacattaacagacttgttgtagttggaagtgtactgaatt
tcgggattccagcgtttgctgtttteccttectgcagetecccactecgatecteccacgectgac
ctgtcccgtggagtactgtgtgatgaaggaagcaaactttgccgcactgaaggtggteg
aaggattcgcaggtaccggggtgttcttgatgagaatctgtggaggagggtgtttaagt
ccgaatccacccatgaggggagaggggtgaaaatgtccgtcecgtgtgtggaatetttge
ccagatgggcccctgaaggtacacatctectgtcctgeccagaccatgecctggaagaacgce
cttgtgtgttgacatctgcggtagctgcttgtctgttgecctctectggaggttggtagat
acagaaccatactgctccgtagccacgggattggttgtcctgatttcctettegtetgt
aatcatgaccttttcaatgtccacatttgttttctctgageccttgettcccaaagatga
gaaccccgctctgaggaaaaaacttttcttcatecgteccttgtggecttgecatggecggg
cccggattcaccagagagtctctgeccattgaggtggtacttggtagcteccagteccacga
gtattcactgttgttgttatccgcagatgtctttgatactcgctgctggcggtaacagg
gtccaggaagccagttcctagactggtcccgaatgtcactecgecteccggectgagaaaac
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tgaagccttgactgcgtggtggttccacttggagtgtttgttctgctcaagtaatacag
gtactggtcgatgagaggattcatgagacggtccagactctggctgtgagcgtagectge
tgtggaaaggaacgtcctcaaaagtgtagctgaaggtaaagttgtttccggtacgcage
atctgagaaggaaagtactccaggcagtaaaatgaagagcgtcctactgcctgactccce
gttgttcagggtgaggtatccatactgtggcaccatgaagacgtctgctgggaacggcg
ggaggcatccttgatgcgccgagccgaggacgtacgggagctggtactccgagtcagta
aacacctgaaccgtgctggtaaggttattggcaatcgtcgtcgtaccgtcattctgegt
gacctctttgacttgaatgttaaagagcttgaagttgagtctcttgggtcggaatcccce
agttgttgttgatgagtctttgccagtcacgtggtgaaaagtggcagtggaatctgttg
aagtcaaaatacccccaaggggtgctgtagccaaagtagtgattgtcgttcgaggetcce
tgattggctggaaatttgtttgtagaggtggttgttgtaggtgggcagggcccaggttc
gggtgctggtggtgatgactctgtcgccgagccatgtggaatcgcaatgccaatttecce
gaggaattacccactccgtcggcgecectegttattgtctgecgagtggtgegecactgece
tgtagcgagggtattagttccgagaccagagggggctgctggtggectgtccgagagget
gggggtcaggtactgagtctgcgtctccagtctgaccaaaattcaatctttttcttgea
ggctgctggcccgecttteccggttcccgaggaggagtctggecteccacaggagagtgete
taccggcctecttttttcccggagecggtcttaacaggttecctcaaccaggecccagaggtt
caagaaccctctttttcgecctggaagactgctecgtccgaggttgeccccaaaagacgta
tcttctttaaggcgctcctgaaactccgegtecggegtggttgtacttgaggtacgggtt
gtctccgctgtcgagectgeccggtegtaggetttgtegtgetecgagggeccgeggegtetg
cctcgttgaccggctctecececttgtcgagteccgttgaagggtccgaggtacttgtaccca
ggaagcacaagacccctgctgtcgtccttatgeccgectctgecgggetttggtggtggtgg
gccaggtttgagcttccaccactgtcttattccttcagagagagtgtecctcgagecaat
ctggaagataaccatcggcagccatgcatgctagagtcgacggatcggagtactgtccet
ccgagcggagtactgtcctcgagcggagtactgtcctccgagecggagtactgtcectecg
agcggagtactgtcctccgagcggatcceccgggaattagettggecgtaatcatggtecat
agctgtttcctgtgtgaaattgttatccgctcacaattccacacaacatacgagccgga
agcataaagtgtaaagcctggggtgcctaatgagtgagctaactcacattaattgegtt
gcgctcactgcccgectttccagtcgggaaacctgtegtgecagetgcattaatgaatceg
gccaacgcgcggggagaggcggtttgecgtattgggecgectecttcecgettecectegetecact
gactcgctgcgctcggtecgttcggectgecggcgagecggtatcagetcactcaaaggeggt
aatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggcc
agcaaaaggccaggaaccgtaaaaaggccgecgttgectggegtttttccataggectececge
ccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacagg
actataaagataccaggcgtttcccecctggaagctececctegtgegetectectgttecga
ccctgccgecttaccggatacctgteccgectttecteccttecgggaagegtggegetttet
catagctcacgctgtaggtatctcagttcggtgtaggtcgttcgectccaagectgggcetg
tgtgcacgaaccccececgttcagecccgaccgectgegecttatcecggtaactategtettg
agtccaacccggtaagacacgacttatcgccactggcagcagccactggtaacaggatt
agcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacgg
ctacactagaagaacagtatttggtatctgcgctctgctgaagccagttaccttecggaa
aaagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggttttttt
gtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatctt
ttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatga
gattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatca
atctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggce
acctatctcagcgatctgtctatttcgttcatccatagttgectgactceccegtegtgt
agataactacgatacgggagggcttaccatctggccccagtgctgcaatgataccgcga
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gacccacgctcaccggctccagatttatcagcaataaaccagccagccggaagggecga
gcgcagaagtggtcctgcaactttatccgectccatccagtctattaattgttgececggg
aagctagagtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgctaca
ggcatcgtggtgtcacgctcgtcgtttggtatggcttcattcagctcecggttececcaacg
atcaaggcgagttacatgatcccccatgttgtgcaaaaaagcggttagectecectteggte
ctccgatcgttgtcagaagtaagttggeccgcagtgttatcactcatggttatggcagea
ctgcataattctcttactgtcatgccatccgtaagatgcttttectgtgactggtgagta
ctcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgeccecggegt
caatacgggataataccgcgccacatagcagaactttaaaagtgctcatcattggaaaa
cgttcttcggggcgaaaactctcaaggatcttaccgctgttgagatccagttcgatgta
acccactcgtgcacccaactgatcttcagcatcttttactttcaccagegtttectgggt
gagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgt
tgaatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtet
catgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgcgceca
catttccccgaaaagtgccacctgacgtctaagaaaccattattatcatgacattaacc
tataaaaataggcgtatcacgaggccctttcgtctecgegegtttecggtgatgacggtga
aaacctctgacacatgcagctcccggagacggtcacagcttgtectgtaagcggatgecg
ggagcagacaagcccgtcagggcgcgtcagecgggtgttggecgggtgteggggectggett
aactatgcggcatcagagcagattgtactgagagtgcaccatatgcggtgtgaaatacc
gcacagatgcgtaaggagaaaataccgcatcaggcgccattcgeccattcaggctgegea
actgttgggaagggcgatcggtgcgggecctcttecgectattacgeccagetggecgaaaggg
ggatgtgctgcaaggcgattaagttgggtaacgccagggttttecccagtcacgacgttg
taaaacgacggccagtgaattcgagctcggtaccttgttgttaacttgtttattgcage
ttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagcattttttt
cactgcattctagttgtggtttgtccaaactcat
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pGS-TATA-VP1

pG5-TATA-VP1

5297 bp

Sequence color-coding key

Feature | Color
VP1 text
TATA box | text
GAL text
Ori text
Sequence

caatgtatcttatcatgtctgctcgaagcggccggeccgeccccgactctagagectgtagt
taatgattaacccgccatgctacttatctacgtagccatggaaactagataagaaagaa
atacgcagagaccaaagttcaactgaaacgaattaaacggtttattgattaacaagcaa
ttacagattacgagtcaggtatctggtgccaatggggcgaggctctgaatacacgccat
tagtgtccacagtaaagtccacattaacagacttgttgtagttggaagtgtactgaatt
tcgggattccagcgtttgctgtttteccttectgcagetecccactecgatecteccacgetgac
ctgtcccgtggagtactgtgtgatgaaggaagcaaactttgccgcactgaaggtggteg
aaggattcgcaggtaccggggtgttcttgatgagaatctgtggaggagggtgtttaagt
ccgaatccacccatgaggggagaggggtgaaaatgtccgtccgtgtgtggaatetttge
ccagatgggcccctgaaggtacacatctctgtcctgecagaccatgecctggaagaacgce
cttgtgtgttgacatctgcggtagctgcttgtctgttgecctctectggaggttggtagat
acagaaccatactgctccgtagccacgggattggttgtcctgatttcctettecgtetgt
aatcatgaccttttcaatgtccacatttgttttctctgageccttgettcccaaagatga
gaaccccgctctgaggaaaaaacttttcttcatecgteccttgtggecttgecatggecggg
cccggattcaccagagagtctctgeccattgaggtggtacttggtagcteccagteccacga
gtattcactgttgttgttatccgcagatgtctttgatactcgctgctggcggtaacagg
gtccaggaagccagttcctagactggtcccgaatgtcactecgecteccggectgagaaaac
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tgaagccttgactgcgtggtggttccacttggagtgtttgttctgctcaagtaatacag
gtactggtcgatgagaggattcatgagacggtccagactctggctgtgagcgtagectge
tgtggaaaggaacgtcctcaaaagtgtagctgaaggtaaagttgtttccggtacgcage
atctgagaaggaaagtactccaggcagtaaaatgaagagcgtcctactgcctgactccce
gttgttcagggtgaggtatccatactgtggcaccatgaagacgtctgctgggaacggcg
ggaggcatccttgatgcgccgagccgaggacgtacgggagctggtactccgagtcagta
aacacctgaaccgtgctggtaaggttattggcaatcgtcgtcgtaccgtcattctgegt
gacctctttgacttgaatgttaaagagcttgaagttgagtctcttgggtcggaatcccce
agttgttgttgatgagtctttgccagtcacgtggtgaaaagtggcagtggaatctgttg
aagtcaaaatacccccaaggggtgctgtagccaaagtagtgattgtcgttcgaggetcce
tgattggctggaaatttgtttgtagaggtggttgttgtaggtgggcagggcccaggttc
gggtgctggtggtgatgactctgtcgccgagccatgtggaatcgcaatgccaatttecce
gaggaattacccactccgtcggcgecectegttattgtctgecgagtggtgegecactgece
tgtagcgagggtattagttccgagaccagagggggctgctggtggectgtccgagagget
gggggtcaggtactgagtctgcgtctccagtctgaccaaaattcaatctttttcttgea
ggctgctggcccgecttteccggttcccgaggaggagtctggecteccacaggagagtgete
taccggcctecttttttcccggagecggtcttaacaggttecctcaaccaggecccagaggtt
caagaaccctctttttcgecctggaagactgctecgtccgaggttgeccccaaaagacgta
tcttctttaaggcgctcctgaaactccgegtecggegtggttgtacttgaggtacgggtt
gtctccgctgtcgagectgeccggtegtaggetttgtegtgetecgagggeccgeggegtetg
cctcgttgaccggctctecececttgtcgagteccgttgaagggtccgaggtacttgtaccca
ggaagcacaagacccctgctgtcgtccttatgeccgectctgecgggetttggtggtggtgg
gccaggtttgagcttccaccactgtcttattccttcagagagagtgtecctcgagecaat
ctggaagataaccatcggcagccatatttcttttatagcatgctagagtcgacggatcg
gagtactgtcctccgagcggagtactgtcctcgagecggagtactgtccteccgageggag
tactgtcctccgagcggagtactgtecctccgageggatecceccgggaattagettggegt
aatcatggtcatagctgtttcctgtgtgaaattgttatccgctcacaattccacacaac
atacgagccggaagcataaagtgtaaagcctggggtgecctaatgagtgagctaactcac
attaattgcgttgcgctcactgccecgecttteccagtcgggaaacctgtecgtgeccagetge
attaatgaatcggccaacgcgcggggagaggcggtttgecgtattgggegetetteceget
tcctcgctcactgactecgectgegeteggtegtteggectgeggecgagecggtatcagetea
ctcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgt
gagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgecgttgectggegttttte
cataggctccgccccecctgacgagcatcacaaaaatcgacgctcaagtcagaggtggeg
aaacccgacaggactataaagataccaggcgtttccccctggaagectccectecgtgeget
ctcctgttccgaccectgecgecttaccggatacctgtececgectttetecececttecgggaage
gtggcgctttctcatagctcacgctgtaggtatctcagttecggtgtaggtegttegete
caagctgggctgtgtgcacgaaccccccgttcagecccgaccgectgegecttatececggta
actatcgtcttgagtccaacccggtaagacacgacttatcgccactggcagcageccact
ggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtg
gcctaactacggctacactagaagaacagtatttggtatctgcgectctgectgaagceccag
ttaccttcggaaaaagagttggtagctcttgatccggcaaacaaaccaccgectggtage
ggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaaga
tcctttgatcttttctacggggtctgacgectcagtggaacgaaaactcacgttaaggga
ttttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatga
agttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgctt
aatcagtgaggcacctatctcagcgatctgtctatttcgttcatccatagttgectgac
tccececgtecgtgtagataactacgatacgggagggcttaccatctggccccagtgectgea

277



atgataccgcgagacccacgctcaccggctccagatttatcagcaataaaccageccage
cggaagggccgagcgcagaagtggtcctgcaactttatccgectccatccagtctatta
attgttgccgggaagctagagtaagtagttcgccagttaatagtttgecgcaacgttgtt
gccattgctacaggcatcgtggtgtcacgctcgtecgtttggtatggecttcattcagetce
cggttcccaacgatcaaggcgagttacatgatcccccatgttgtgcaaaaaagcggtta
gctccttcggtccteccgatcgttgtcagaagtaagttggecgcagtgttatcactecatg
gttatggcagcactgcataattctcttactgtcatgccatccgtaagatgcttttetgt
gactggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttget
cttgcccggecgtcaatacgggataataccgcgccacatagcagaactttaaaagtgcectce
atcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgectgttgagate
cagttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcacca
gcgtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcg
acacggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatca
gggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaatag
gggttccgcgcacatttccccgaaaagtgccacctgacgtctaagaaaccattattate
atgacattaacctataaaaataggcgtatcacgaggccctttcgtectegegegtttegg
tgatgacggtgaaaacctctgacacatgcagctcccggagacggtcacagecttgtetgt
aagcggatgccgggagcagacaagcccgtcagggecgecgtcagegggtgttggegggtgt
cggggctggcttaactatgcggcatcagagcagattgtactgagagtgcaccatatgeg
gtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgccattcgecat
tcaggctgcgcaactgttgggaagggcgatcggtgegggectecttegetattacgecag
ctggcgaaagggggatgtgctgcaaggcgattaagttgggtaacgccagggttttecca
gtcacgacgttgtaaaacgacggccagtgaattcgagctcggtaccttgttgttaactt
gtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaata
aagcatttttttcactgcattctagttgtggtttgtccaaactcat
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pG5-YBTATA-VP1
5129 bp

Sequence color-coding key

Feature | Color

GAL text
Ori text
VP1 text

YBTATA | text

Sequence

ctagagtcgacggatcggagtactgtcctccgagecggagtactgtectcgagecggagta
ctgtcctcecgagcggagtactgtcctccgagecggagtactgtectecgageggatececece
gggaattagcttggcgtaatcatggtcatagctgtttcctgtgtgaaattgttatcecge
tcacaattccacacaacatacgagccggaagcataaagtgtaaagcctggggtgcctaa
tgagtgagctaactcacattaattgcgttgcgctcactgecccgettteccagtcgggaaa
cctgtcgtgccagectgcattaatgaatcggccaacgcgcggggagaggcggtttgegta
ttgggcgctcttcecgettectegetcactgactegetgecgectecggtegtteggetgegg
cgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatcaggggataa
cgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggcecg
cgttgctggcgtttttccataggcteccgecceccctgacgagcatcacaaaaatcgacge
tcaagtcagaggtggcgaaacccgacaggactataaagataccaggcgtttccececctgg
aagctccctcgtgcgctctecctgtteccgaccctgeccgecttaccggatacctgtececgect
ttctcccttcgggaagegtggecgetttctcatagectcacgectgtaggtatctcagtteg
gtgtaggtcgttcgctccaagctgggctgtgtgcacgaacccceccgttcagecccgaccg
ctgcgccttatccggtaactatcgtcttgagtccaacccggtaagacacgacttatcge
cactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctaca
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gagttcttgaagtggtggcctaactacggctacactagaagaacagtatttggtatctg
cgctctgctgaagccagttaccttcggaaaaagagttggtagctcttgatccggcaaac
aaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgcagaaaa
aaaggatctcaagaagatcctttgatcttttctacggggtctgacgctcagtggaacga
aaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatcc
ttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtct
gacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttegtte
atccatagttgcctgactccececgtecgtgtagataactacgatacgggagggcttaccat
ctggccccagtgctgcaatgataccgcgagacccacgctcaccggctccagatttatceca
gcaataaaccagccagccggaagggccgagcgcagaagtggtecctgcaactttateecge
ctccatccagtctattaattgttgccgggaagctagagtaagtagttcgeccagttaata
gtttgcgcaacgttgttgccattgctacaggcatcgtggtgtcacgctcgtegtttggt
atggcttcattcagctccggttcccaacgatcaaggcgagttacatgatcceccatgtt
gtgcaaaaaagcggttagctccttcggtecctececgatecgttgtcagaagtaagttggecg
cagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgccatcc
gtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtat
gcggcgaccgagttgctcttgecccggecgtcaatacgggataataccgecgeccacatagea
gaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatce
ttaccgctgttgagatccagttcgatgtaacccactcgtgcacccaactgatcttcage
atcttttactttcaccagcgtttctgggtgagcaaaaacaggaaggcaaaatgccgcaa
aaaagggaataagggcgacacggaaatgttgaatactcatactcttcctttttcaatat
tattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtattta
gaaaaataaacaaataggggttccgcgcacatttccccgaaaagtgccacctgacgtet
aagaaaccattattatcatgacattaacctataaaaataggcgtatcacgaggcccecttt
cgtctcgecgegtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagac
ggtcacagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggegegtcag
cgggtgttggcgggtgtcggggctggcttaactatgecggcatcagagcagattgtactg
agagtgcaccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcat
caggcgccattcgccattcaggctgecgcaactgttgggaagggcgatcggtgecgggect
cttcgctattacgccagectggcgaaagggggatgtgctgcaaggcgattaagttgggta
acgccagggttttcccagtcacgacgttgtaaaacgacggccagtgaattcgctgtagt
taatgattaacccgccatgctacttatctacgtagccatggaaactagataagaaagaa
atacgcagagaccaaagttcaactgaaacgaattaaacggtttattgattaacaagcaa
ttacagattacgagtcaggtatctggtgccaatggggcgaggctctgaatacacgccat
tagtgtccacagtaaagtccacattaacagacttgttgtagttggaagtgtactgaatt
tcgggattccagcgtttgctgtttteccttectgcagectecccactecgatcteccacgetgac
ctgtcccgtggagtactgtgtgatgaaggaagcaaactttgccgcactgaaggtggtceg
aaggattcgcaggtaccggggtgttcttgatgagaatctgtggaggagggtgtttaagt
ccgaatccacccatgaggggagaggggtgaaaatgtccgtccgtgtgtggaatctttge
ccagatgggcccctgaaggtacacatctctgtecctgeccagaccatgecctggaagaacge
cttgtgtgttgacatctgcggtagctgcttgtctgttgecctectectggaggttggtagat
acagaaccatactgctccgtagccacgggattggttgtcctgatttecctecttecgtetgt
aatcatgaccttttcaatgtccacatttgttttctctgageccttgecttcccaaagatga
gaaccccgctctgaggaaaaaacttttcttcatecgteccttgtggettgecatggecggg
cccggattcaccagagagtctctgccattgaggtggtacttggtagctccagtccacga
gtattcactgttgttgttatccgcagatgtctttgatactcgctgctggcggtaacagg
gtccaggaagccagttcctagactggtcccgaatgtcactcgcteccggectgagaaaac
tgaagccttgactgcgtggtggttccacttggagtgtttgttctgctcaagtaatacag
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gtactggtcgatgagaggattcatgagacggtccagactctggctgtgagcgtagctge
tgtggaaaggaacgtcctcaaaagtgtagctgaaggtaaagttgtttccggtacgcagce
atctgagaaggaaagtactccaggcagtaaaatgaagagcgtcctactgcctgactccce
gttgttcagggtgaggtatccatactgtggcaccatgaagacgtctgectgggaacggcg
ggaggcatccttgatgcgccgageccgaggacgtacgggagctggtactccgagtcagta
aacacctgaaccgtgctggtaaggttattggcaatcgtcgtecgtaccgtcattetgegt
gacctctttgacttgaatgttaaagagcttgaagttgagtctcttgggtcggaatcccce
agttgttgttgatgagtctttgccagtcacgtggtgaaaagtggcagtggaatctgttg
aagtcaaaatacccccaaggggtgctgtagccaaagtagtgattgtecgttcgaggcetcece
tgattggctggaaatttgtttgtagaggtggttgttgtaggtgggcagggcccaggttce
gggtgctggtggtgatgactctgtcgccgagccatgtggaatcgcaatgccaatttecce
gaggaattacccactccgtcggcgeccctegttattgtectgecgagtggtgecgecactgece
tgtagcgagggtattagttccgagaccagagggggctgectggtggectgteccgagagget
gggggtcaggtactgagtctgcgtctccagtctgaccaaaattcaatctttttettgea
ggctgctggcccgecttteccggttecccgaggaggagtectggecteccacaggagagtgete
taccggcctecttttttceccggageggtecttaacaggttecctcaaccaggecccagaggtt
caagaaccctctttttcgcctggaagactgctcgteccgaggttgecccccaaaagacgta
tcttctttaaggcgctcctgaaacteccgecgtecggegtggttgtacttgaggtacgggtt
gtctccgectgtcgagectgeccggtegtaggetttgtegtgetecgagggecgecggegtetg
cctcgttgaccggctctecececttgtcgagteccgttgaagggteccgaggtacttgtacccea
ggaagcacaagacccctgctgtcgtccttatgecgetetgegggetttggtggtggtgg
gccaggtttgagcttccaccactgtcttatteccttcagagagagtgtecctcgagccaat
ctggaagataaccatcggcagccattggcccccattatataccctctagagecatg

The sequence for the minCMV minimal promoter is:
gatctgacggttcactaaacgagctctgcttatatagacctcccaccgtacacgecctac
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Sequence color-coding key

Feature Color
SV40 poly(A) signal text
Ori text
AmpR text
AmpR promoter text
SV40 promoter text
GAL4 DNA binding domain -:
VP16 AD text
HSV TK poly(A) signal -:
Sequence

taagtaatgatcataatcagccatatcacatctgtagaggttttacttgctttaaaaaa
cctcccacacctccececctgaacctgaaacataaaatgaatgcaattgttgttgttaact
tgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaat
aaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatctta
tcatgtctggatcctctacgccggacgcatcgtggecggcatcaccggecgccacaggtg
cggttgctggcgcctatatcgeccgacatcaccgatggggaagatcgggctcecgeccacttce
gggctcatgagcgcttgtttcggcgtgggtatggtggcaggecceccgtggecgggggact
gttgggcgccatctccttgcatgcaccattcecttgeggecggeggtgctcaacggcectcea
acctactactgggctgcttcctaatgcaggagtcgcataagggagagegtgeggtgtga
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aataccgcacagatgcgtaaggagaaaataccgcatcaggcgctctteccgettectege
tcactgactcgctgcgctcggtecgttcggetgecggecgageggtatcagctcactcaaag
gcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaa
aggccagcaaaaggccaggaaccgtaaaaaggccgcgttgetggegtttttccatagge
tccgeccceccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaaccceg
acaggactataaagataccaggcgtttcccecctggaagcteccctegtgegetectectgt
tccgaccctgccgecttaccggatacctgtecgectttecteccttegggaagegtggege
tttctcaatgctcacgctgtaggtatctcagttcggtgtaggtcgttcgetccaagetg
ggctgtgtgcacgaacccccecgttcagecccgaccgetgegecttatccggtaactateg
tcttgagtccaacccggtaagacacgacttatcgccactggcagcagccactggtaaca
ggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggecctaac
tacggctacactagaaggacagtatttggtatctgcgctctgctgaagccagttacctt
cggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtt
tttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttg
atcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggt
catgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagtttta
aatcaatctaaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcag
tgaggcacctatctcagcgatctgtctatttegttcatccatagttgectgactecceg
tcgtgtagataactacgatacgggagggcttaccatctggccccagtgctgcaatgata
ccgcgagacccacgctcaccggctccagatttatcagcaataaaccagccagccggaag
ggccgagcgcagaagtggtcctgcaactttatccgectccatccagtctattaattgtt
gccgggaagctagagtaagtagttcgccagttaatagtttgecgcaacgttgttgecatt
gctgcaggcatcgtggtgtcacgctcgtecgtttggtatggecttcattcageteccggtte
ccaacgatcaaggcgagttacatgatcccccatgttgtgcaaaaaagcggttagctcect
tcggtccteccgatecgttgtcagaagtaagttggecgcagtgttatcactcatggttatg
gcagcactgcataattctcttactgtcatgccatccgtaagatgecttttetgtgactgg
tgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgec
cggcgtcaacacgggataataccgcgccacatagcagaactttaaaagtgctcatcatt
ggaaaacgttcttcggggcgaaaactctcaaggatcttaccgectgttgagatccagtte
gatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccagecgttt
ctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacgg
aaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggtta
ttgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttc
cgcgcacatttccccgaaaagtgeccacctgcttectgaggcggaaagaaccagctgtgga
atgtgtgtcagttagggtgtggaaagtccccaggectcecccagecaggcagaagtatgcaa
agcatgcatctcaattagtcagcaaccaggtgtggaaagtccccaggctccccagcagg
cagaagtatgcaaagcatgcatctcaattagtcagcaaccatagtcccgcccctaactc
cgcccatcccgcccctaacteccgecccagtteccgeccattecteccgecccatggetgacta
attttttttatttatgcagaggccgaggccgcctcggecctctgagctattccagaagta
gtgaagaggcttttttggaggagatctaagcttgaagcaagcctecctgaaag

ccggaattcccggggatctgg
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cagcctgggggacgagctccacttagacggcgaggacgtggcgatggcgcatgeccgacg
cgctagacgatttcgatctggacatgttgggggacggggattccccgggtccgggattt
accccccacgactccgecccectacggcgctctggatatggeccgacttecgagtttgagea
gatgtttaccgatgcccttggaattgacgagtacggtgggtagggggcgcgaccggacce
cgcatccccecgtectgggttttecectececcgtececcggttegtatccacaataaacacga
gcacatacattacaaaaacctgcggttgtcgtctgattatttggtggatccgggggaga
tgggggaggctaactgaaacacggaaggagacaataccggaaggaacccgcgctatgal

ataaacgcggg
gttcggtcccagggctggcactctgtcgatacceccaccgagacecccattggggecaata
cgcccgcgtttetteccttttececccacceccaccececccaagttecgggtgaaggeccaggge
tcgcagccaacgtcggggcggcaggecctgccatagccactggececcgtgggttaggga
cggggtcccccatggggaatggtttatggttegtgggggttattattttgggegttgeg
tggggtcaggtccacgacccaagcttgtcgacggtaccccggggaattcgagctctaga
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Sequence color-coding key

Feature Color
SV40 ori text
GAL4 DNA binding domain | text
p33 text
SV40 poly(A) signal text
T7 promoter text
Ori
AmpR text
AmpR promoter text
Sequence

tcacgaggccctttcgtectegegegtttecggtgatgacggtgaaaacctectgacacatg
cagctcccggagacggtcacagcttgtctgtaagcggatgccgggagcagacaagceccg
tcagggcgcgtcagcgggtgttggcgggtgtcggggctggecttaactatgcggecatcag
agcagattgtactgagagtgcaccatatggacatattgtcgttagaacgcggctacaat
taatacataaccttatgtatcatacacatacgatttaggtgacactatagaactcgatg
tggaatgtgtgtcagttagggtgtggaaagtccccaggctccccagcaggcagaagtat
gcaaagcatgcatctcaattagtcagcaaggaaagtccccaggctccccagcaggcaga
agtatgcaaagcatgcatctcaattagtcagcaaccatagtcccgccecctaacteccgece
catcccgccectaactccgeccagtteccgeccattctececgecccatggetgactaattt
tttttatttatgcagaggccgaggccgecctcggectctgagectattccagaagtagtga
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agaggcttttttggaggagatctaagctagcctcctgaaagatgaagctactgtecttet
atcgaacaagcatgcgatatttgccgacttaaaaagctcaagtgctccaaagaaaaacc
gaagtgcgccaagtgtctgaagaacaactgggagtgtcgctactctcccaaaaccaaaa
ggtctccgctgactagggcacatctgacagaagtggaatcaaggctagaaagactggaa
cagctatttctactgatttttcctcgagaagaccttgacatgattttgaaaatggattce
tttacaggatataaaagcattgttaacaggattatttgtacaagataatgtgaataaag
atgccgtcacagatagattggcttcagtggagactgatatgcctctaacattgagacag
catagaataagtgcgacatcatcatcggaagagagtagtaacaaaggtcaaagacagtt
gactgtatcgccggaattcecctgt

ctgcctctgcatcccggatecgte
gacgcgtctgcagaagcttctagataagtaatgatcataatcagccatatcacatctgt
agaggttttacttgctttaaaaaacctcccacacctceccecctgaacctgaaacataaaa
tgaatgcaattgttgttgttaacttgtttattgcagcttataatggttacaaataaagc
aatagcatcacaaatttcacaaataaagcatttttttcactgcattctagttgtggttt
gtccaaactcatcaatgtatcttatcatgtctggatctgeccggtctecctatagtgagt
cgtattaatttcgataagccaggttaacctgcattaatgaatcggccaacgcgecgggga
gaggcggtttgcgtattgggcgctctteccgecttectecgectcactgactecgectgegeteg
gtcgttcggctgecggcgagecggtatcagectcactcaaaggcggtaatacggttateccac
agaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccagga
accgtaaaaaggccgcgttgectggegtttttccataggeteccgecccececectgacgageat
cacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagatacca
ggcgtttccececctggaagctecectegtgegetetectgtteccgaccctgecgettaccg
gatacctgtccgecctttctecececttecgggaagegtggegetttectcatagetcacgetgt
aggtatctcagttcggtgtaggtcgttcgctccaagctgggectgtgtgcacgaaccccce
cgttcagcccgaccgctgecgecttatccggtaactatecgtecttgagtccaacccggtaa
gacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtat
gtaggcggtgctacagagttcttgaagtggtggcctaactacggctacactagaagaac
agtatttggtatctgcgctctgctgaagccagttaccttcggaaaaagagttggtaget
cttgatccggcaaacaaaccaccgctggtageggtggtttttttgtttgcaagcagcag
attacgcgcagaaaaaaaggatctcaagaagatcctttgatcttttctacggggtcectga
cgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaagga
tcttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatat
gagtaaacttggtctgacag
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cacatttccccgaaaag
tgccacctgacgtctaagaaaccattattatcatgacattaacctataaaaataggcgt
a
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pVP16
3271 bp

Sequence color-coding key

Feature Color
SV40 early Promoter/Enhancer text
SV40 large T-antigen nuclear localization signal | text
VP16-AD text
Multiple cloning site text
pUC Ori text
AmpR text |
Sequence

tatgtatcatacacatacgatttaggtgacactatagaactcgatgtggaatgtgtgtc
agttagggtgtggaaagtccccaggctccccagcaggcagaagtatgcaaagcatgcecat
ctcaattagtcagcaaggaaagtccccaggctccccagcaggcagaagtatgcaaagceca
tgcatctcaattagtcagcaaccatagtcccgeccecctaactccgeccatececcgeccecta
actccgcccagttcecgeccattecteccgeccccatggectgactaattttttttatttatge
agaggccgaggccgcctcggecctctgagctattccagaagtagtgaagaggettttttg
gaggagatctaagctagcgccgccaccatgggccctaaaaagaagcgtaaagtcgcececce
cccgaccgatgtcagcctgggggacgagctccacttagacggecgaggacgtggcgatgg
cgcatgccgacgcgctagacgatttcgatctggacatgttgggggacggggattecccecceg
ggtccgggatttaccccccacgacteccgececcctacggecgetctggatatggecgactt
cgagtttgagcagatgtttaccgatgcccttggaattgacgagtacggtggggaattcce
cggggatccgtcgacgcgtctgcagaagcttctagataagtaatgatcataatcagcca
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tatcacatctgtagaggttttacttgctttaaaaaacctcccacacctccececctgaacce
tgaaacataaaatgaatgcaattgttgttgttaacttgtttattgcagcttataatggt
tacaaataaagcaatagcatcacaaatttcacaaataaagcatttttttcactgcattc
tagttgtggtttgtccaaactcatcaatgtatcttatcatgtctggatctgccggtctce
cctatagtgagtcgtattaatttcgataagccaggttaacctgcattaatgaatcggec
aacgcgcggggagaggcggtttgcgtattgggcgctctteccgettecctegectcactgac
tcgctgcgctecggtcgttcggectgecggecgageggtatcagectcactcaaaggcggtaat
acggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagc
aaaaggccaggaaccgtaaaaaggccgcgttgctggegtttttccataggctcecgeccce
cctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggact
ataaagataccaggcgtttccccctggaagectcecctegtgecgectcectecctgtteccgaccce
tgccgcttaccggatacctgtccgectttectececcttcgggaagegtggegetttecteat
agctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaagectgggectgtgt
gcacgaaccccccgttcagcccgaccgectgegecttatccggtaactatecgtecttgagt
ccaacccggtaagacacgacttatcgccactggcagcagccactggtaacaggattagce
agagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggcta
cactagaagaacagtatttggtatctgcgctctgctgaagccagttaccttcggaaaaa
gagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtt
tgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatetttte
tacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagat
tatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatc
taaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacc
tatctcagcgatctgtctatttcgttcatccat

actcttcctttttcaatattattgaagcatttatcagggttattgtctcat
gagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgcgcacat
ttccccgaaaagtgccacctgacgtctaagaaaccattattatcatgacattaacctat
aaaaataggcgtatcacgaggccctttcgtctcgecgegttteggtgatgacggtgaaaa
cctctgacacatgcagctcccggagacggtcacagecttgtctgtaageggatgecggga
gcagacaagcccgtcagggcgcgtcagecgggtgttggecgggtgtcggggectggettaac
tatgcggcatcagagcagattgtactgagagtgcaccatatggacatattgtcgttaga
acgcggctacaattaatacataacct
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pIDT-MbPyIRS-RC2

pIDTSMART-MbPy1RS-RC2

8990 bp

The sequence for the wild type RC2 sequence can be found in the Chapter 2 Plasmids
section of this appendix.

The sequence for the VP1del Cap gene is:

CTCgctgccgatggttatcttccagattggctcgaggacactctctctgaaggaataag
acagtggtggaagctcaaacctggcccaccaccaccaaagcccgcagagcecggcataagg
acgacagcaggggtcttgtgcttcctgggtacaagtacctcggacccttcaacggacte
gacaagggagagccggtcaacgaggcagacgccgcggccctcgagcacgacaaagecta
cgaccggcagctcgacagcggagacaacccgtacctcaagtacaaccacgccgacgcgg
agtttcaggagcgccttaaagaagatacgtcttttgggggcaacctcggacgagcagte
ttccaggcgaaaaagagggttcttgaacctctgggectggttgaggaacctgttaagac
ggctccgggaaaaaagaggccggtagagcactctecectgtggageccagactecetectegg
gaaccggaaaggcgggccagcagcctgcaagaaaaagattgaattttggtcagactgga
gacgcagactcagtacctgacccccagecctctcggacageccaccagcagececcctetgg
tctgggaactaatacgatggctacaggcagtggcgcaccaatggcagacaataacgagg
gcgccgacggagtgggtaattcctcgggaaattggcattgecgattccacatggatggge
gacagagtcatcaccaccagcacccgaacctgggccctgecccacctacaacaaccacct
ctacaaacaaatttccagccaatcaggagcctcgaacgacaatcactactttggctaca
gcaccccttgggggtattttgacttcaacagattccactgccacttttcaccacgtgac
tggcaaagactcatcaacaacaactggggattccgacccaagagactcaacttcaagcet
ctttaacattcaagtcaaagaggtcacgcagaatgacggtacgacgacgattgccaata
accttaccagcacggttcaggtgtttactgactcggagtaccagctccecgtacgtecte
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ggctcggcgcatcaaggatgcctccecgecgttceccagcagacgtcttcatggtgceccaca
gtatggatacctcaccctgaacaacgggagtcaggcagtaggacgctcttcattttact
gcctggagtacttteccttectcagatgectgecgtaccggaaacaactttaccttcagcetac
acttttgaggacgttcctttccacagcagctacgctcacagccagagtctggaccgtet
catgaatcctctcatcgaccagtacctgtattacttgagcagaacaaacactccaagtg
gaaccaccacgcagtcaaggcttcagttttctcaggccggagcgagtgacattcgggac
cagtctaggaactggcttcctggaccctgttaccgeccagcagcgagtatcaaagacatc
tgcggataacaacaacagtgaatactcgtggactggagctaccaagtaccacctcaatg
gcagagactctctggtgaatccgggcccggccatggcaagccacaaggacgatgaagaa
aagttttttcctcagagcggggttctcatctttgggaagcaaggctcagagaaaacaaa
tgtggacattgaaaaggtcatgattacagacgaagaggaaatcaggacaaccaatcccg
tggctacggagcagtatggttctgtatctaccaacctccagagaggcaacagacaagca
gctaccgcagatgtcaacacacaaggcgttcttccaggcatggtctggcaggacagaga
tgtgtaccttcaggggcccatctgggcaaagattccacacacggacggacattttcacc
cctctccectcatgggtggattcggacttaaacacccteccteccacagattctcatcaag
aacaccccggtacctgcgaatccttcgaccaccttcagtgcggcaaagtttgecttectt
catcacacagtactccacgggacaggtcagcgtggagatcgagtgggagctgcagaagg
aaaacagcaaacgctggaatcccgaaattcagtacacttccaactacaacaagtctgtt
aatgtggactttactgtggacactaatggcgtgtattcagagcctcgccccattggecac
cagatacctgactcgtaatctgtaa
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pIDTSMART-RC2-VP1del-CMV-VP1wt

pIDTSMART-RC2wt (VP1del)-CMV-VP1wt

9744 bp

Sequence color-coding key

Feature Color
Rep text
Cap (VPldel) | text
CMV promoter | text
T7 promoter text
VPI1 wild type | text

KanR -:

Sequence

cccgtgtaaaacgacggccagtttatctagtcagcttgattctagetgatcgtggaccg
gaaggtgagccagtgagttgattgcagtccagttacgctggagtctgaggctcgtectg
aatgatatgcgaccgccggagggttgcgtttgagacgggcgacagatccagtcgecgetg
ctctcgtcgatccgctagggcggecgctctagaactagtggatccecccggaagatcaga
agttcctattccgaagttcctattctctagaaagtataggaacttctgatectgecgecage
cgccatgccggggttttacgagattgtgattaaggtccccagecgaccttgacgagcecate
tgcccggcatttctgacagectttgtgaactgggtggccgagaaggaatgggagttgecg
ccagattctgacatggatctgaatctgattgagcaggcacccctgaccgtggccgagaa
gctgcagcgcgactttctgacggaatggcgeccgtgtgagtaaggeccccggaggeecttt
tctttgtgcaatttgagaagggagagagctacttccacatgcacgtgctcgtggaaacc
accggggtgaaatccatggttttgggacgtttcctgagtcagattcgcgaaaaactgat
tcagagaatttaccgcgggatcgagccgactttgccaaactggttcgecggtcacaaaga
ccagaaatggcgccggaggcgggaacaaggtggtggatgagtgctacatccccaattac
ttgctccccaaaacccagecctgagctccagtgggecgtggactaatatggaacagtattt
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aagcgcctgtttgaatctcacggagcgtaaacggttggtggecgcagcatctgacgcacg
tgtcgcagacgcaggagcagaacaaagagaatcagaatcccaattctgatgecgecggtg
atcagatcaaaaacttcagccaggtacatggagctggtcgggtggectcecgtggacaaggg
gattacctcggagaagcagtggatccaggaggaccaggcctcatacatctcecttcaatg
cggcctccaactcgcggtcccaaatcaaggctgecttggacaatgecgggaaagattatg
agcctgactaaaaccgcccccgactacctggtgggccagcagecccgtggaggacattte
cagcaatcggatttataaaattttggaactaaacgggtacgatccccaatatgcggcett
ccgtctttctgggatgggccacgaaaaagttcggcaagaggaacaccatctggetgttt
gggcctgcaactaccgggaagaccaacatcgcggaggccatagecccacactgtgecectt
ctacgggtgcgtaaactggaccaatgagaactttcccttcaacgactgtgtcgacaaga
tggtgatctggtgggaggaggggaagatgaccgccaaggtcgtggagtcggeccaaagcece
attctcggaggaagcaaggtgcgcgtggaccagaaatgcaagtcctcggeccagataga
cccgactccecgtgatcgtcacctccaacaccaacatgtgegecgtgattgacgggaact
caacgaccttcgaacaccagcagccgttgcaagaccggatgttcaaatttgaactcacc
cgccgtctggatcatgactttgggaaggtcaccaagcaggaagtcaaagacttttteceg
gtgggcaaaggatcacgtggttgaggtggagcatgaattctacgtcaaaaagggtggag
ccaagaaaagacccgcccccagtgacgcagatataagtgagecccaaacgggtgegegag
tcagttgcgcagccatcgacgtcagacgcggaagcttcgatcaactacgcagacaggta
ccaaaacaaatgttctcgtcacgtgggcatgaatctgatgctgtttccctgcagacaat
gcgagagaatgaatcagaattcaaatatctgcttcactcacggacagaaagactgttta
gagtgctttcccgtgtcagaatctcaaccecgtttctgtcgtcaaaaaggegtatcagaa
actgtgctacattcatcatatcatgggaaaggtgccagacgcttgcactgcctgecgate
tggtcaatgtggatttggatgactgcatctttgaacaataaatgatttaaatcaggtct
cgctgccgatggttatcttccagattggctcgaggacactctctctgaaggaataagac
agtggtggaagctcaaacctggcccaccaccaccaaagcccgcagagcggcataaggac
gacagcaggggtcttgtgcttcctgggtacaagtacctcggacccttcaacggactcga
caagggagagccggtcaacgaggcagacgccgcggccctcgagcacgacaaagectacg
accggcagctcgacagcggagacaacccgtacctcaagtacaaccacgccgacgcggag
tttcaggagcgccttaaagaagatacgtcttttgggggcaacctcggacgagcagtctt
ccaggcgaaaaagagggttcttgaacctctgggcctggttgaggaacctgttaagacgg
ctccgggaaaaaagaggccggtagagcactctcctgtggagccagacteccteccteggga
accggaaaggcgggccagcagcctgcaagaaaaagattgaattttggtcagactggaga
cgcagactcagtacctgacccccagcctctcggacagccaccagcagecceccctetggte
tgggaactaatacgatggctacaggcagtggcgcaccaatggcagacaataacgagggc
gccgacggagtgggtaattcctcgggaaattggcattgecgattccacatggatgggcecga
cagagtcatcaccaccagcacccgaacctgggccctgcccacctacaacaaccacctcet
acaaacaaatttccagccaatcaggagcctcgaacgacaatcactactttggctacage
accccttgggggtattttgacttcaacagattccactgccacttttcaccacgtgactg
gcaaagactcatcaacaacaactggggattccgacccaagagactcaacttcaagctct
ttaacattcaagtcaaagaggtcacgcagaatgacggtacgacgacgattgccaataac
cttaccagcacggttcaggtgtttactgactcggagtaccagctcccgtacgtcectcgg
ctcggcgcatcaaggatgcctcccgeccgttecccagcagacgtecttcatggtgecacagt
atggatacctcaccctgaacaacgggagtcaggcagtaggacgctcttcattttactge
ctggagtactttccttctcagatgctgecgtaccggaaacaactttaccttcagectacac
ttttgaggacgttcctttccacagcagctacgctcacagccagagtctggaccgtctca
tgaatcctctcatcgaccagtacctgtattacttgagcagaacaaacactccaagtgga
accaccacgcagtcaaggcttcagttttctcaggccggagcgagtgacattcgggacca
gtctaggaactggcttcctggaccctgttaccgeccagcagcgagtatcaaagacatctg
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cggataacaacaacagtgaatactcgtggactggagctaccaagtaccacctcaatggce
agagactctctggtgaatccgggcccggeccatggcaagccacaaggacgatgaagaaaa
gttttttcctcagagcggggttctcatctttgggaagcaaggctcagagaaaacaaatg
tggacattgaaaaggtcatgattacagacgaagaggaaatcaggacaaccaatcccgtg
gctacggagcagtatggttctgtatctaccaacctccagagaggcaacagacaagcagc
taccgcagatgtcaacacacaaggcgttcttccaggcatggtcectggcaggacagagatg
tgtaccttcaggggcccatctgggcaaagattccacacacggacggacattttcacccce
tctccectecatgggtggattcggacttaaacaccctecteccacagattectcatcaagaa
caccccggtacctgcgaatccttcgaccaccttcagtgecggcaaagtttgettecttea
tcacacagtactccacgggacaggtcagcgtggagatcgagtgggagctgcagaaggaa
aacagcaaacgctggaatcccgaaattcagtacacttccaactacaacaagtctgttaa
tgtggactttactgtggacactaatggcgtgtattcagagcctcgecccattggcacca
gatacctgactcgtaatctgtaattgcttgttaatcaataaaccgtttaattcgtttca
gttgaactttggtctctgcgtatttctttcttatctagttteccatggectacgtagataa
gtagcatggcgggttaatcattaactacagcccgggcgtttaaacagecgggecggagggg
tggagtcgtgacgtgaattacgtcatagggttagggaggtcctgtattagaggtcacgt
gagtgttttgcgacattttgcgacaccatgtggtctcgctgggggggggggeccgagtg
agcacgcagggtctccattttgaagcgggaggtttgaacgagcgctggcgcgctcactg
gccgtcgttttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgecect
tgcagcacatcccecctttecgeccagectggecgtaatagcgaagaggecccgcaccgategece
cttcccatgcatcggeccgcaaatacctgcaggatcecgttttgecgectgettecgecgatgta
cgggccagatatacgcgttgacattgattattgactagttattaatagtaatcaattac
ggggtcattagttcatagcccatatatggagttccgcgttacataacttacggtaaatg
gcccgcecctggectgaccgecccaacgaccecccgeccattgacgtcaataatgacgtatgtt
cccatagtaacgccaatagggactttccattgacgtcaatgggtggactatttacggta
aactgcccacttggcagtacatcaagtgtatcatatgccaagtacgcccectattgacg
tcaatgacggtaaatggcccgecctggcattatgecccagtacatgaccttatgggacttt
cctacttggcagtacatctacgtattagtcatcgctattaccatggtgatgecggttttg
gcagtacatcaatgggcgtggatagcggtttgactcacggggatttccaagtcteccacc
ccattgacgtcaatgggagtttgttttggcaccaaaatcaacgggactttccaaaatgt
cgtaacaactccgccccattgacgcaaatgggcggtaggegtgtacggtgggaggtcta
tataagcagagctctctggctaactagagaacccactgcttactggcttatcgaaatta
atacgactcactatagggagacccaagctggctagcatggctgccgatggttatecttce
agattggctcgaggacactctctctgaaggaataagacagtggtggaagctcaaacctg
gcccaccaccaccaaagcccgcagagcggcataaggacgacagcaggggtecttgtgett
cctgggtacaagtacctcggacccttcaacggactcgacaagggagagccggtcaacga
ggcagacgccgcggccctcgagcacgacaaagcctacgaccggcagctcgacagcggag
acaacccgtacctcaagtacaaccacgccgacgcggagtttcaggagcgccttaaagaa
gatacgtcttttgggggcaacctcggacgagcagtcttccaggcgaaaaagagggttct
tgaacctctgggcctggttgaggaacctgttaagaccgctccgggaaaaaagaggccgg
tagagcactctcctgtggagccagactcctcctcgggaaccggaaaggcgggccagcag
cctgcaagaaaaagattgaattttggtcagactggagacgcagactcagtacctgaccc
ccagcctctcggacagccaccagcagccccctectggtctecggaactaataccectecgeta
caggcagtggcgcaccactcgcagacaataacgagggcgccgacggagtgggtaattcc
tcgggaaattggcattgcgattccacatggctcggcgacagagtcatcaccaccagcac
ccgaacctgggccctgcccacctacaacaaccacctctacaaacaaatttccagccaat
caggagcctcgaacgacaatcactactttggctacagcaccccttgggggtattttgac
ttcaacagattccactgccacttttcaccacgtgactggcaaagactcatcaacaacaa
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ctggggattccgacccaagagactcaacttcaagctctttaacattcaagtcaaagagg
tcacgcagaatgacggtacgacgacgattgccaataaccttaccagcacggttcaggtg
tttactgactcggagtaccagctcccgtacgtcctecggectcggecgcatcaaggatgect
cccgccgttcccagcagacgtcttcatggtgeccacagtatggatacctcaccctgaaca
acgggagtcaggcagtaggacgctcttcattttactgcctggagtactttccttctcag
atgctgcgtaccggaaacaactttaccttcagctacacttttgaggacgttcctttcca
cagcagctacgctcacagccagagtctggaccgtctcatgaatcctctcatcgaccagt
acctgtattacttgagcagaacaaacactccaagtggaaccaccacgcagtcaaggctt
cagttttctcaggccggagcgagtgacattcgggaccagtctaggaactggcttecctgg
accctgttaccgccagcagcgagtatcaaagacatctgcggataacaacaacagtgaat
actcgtggactggagctaccaagtaccacctcaatggcagagactctctggtgaatccg
ggcccggccatggcaagccacaaggacgatgaagaaaagttttttecctcagageggggt
tctcatctttgggaagcaaggctcagagaaaacaaatgtggacattgaaaaggtcatga
ttacagacgaagaggaaatcaggacaaccaatcccgtggctacggagcagtatggttct
gtatctaccaacctccagagaggcaacagacaagcagctaccgcagatgtcaacacaca
aggcgttcttccaggcatggtctggcaggacagagatgtgtaccttcaggggcccatct
gggcaaagattccacacacggacggacattttcacccctctccecctcatgggtggattce
ggacttaaacaccctcctccacagattctcatcaagaacaccccggtacctgcgaatcce
ttcgaccaccttcagtgcggcaaagtttgcttccttcatcacacagtactccacgggac
aggtcagcgtggagatcgagtgggagctgcagaaggaaaacagcaaacgctggaatccc
gaaattcagtacacttccaactacaacaagtctgttaatgtggactttactgtggacac
taatggcgtgtattcagagcctcgccccattggcaccagatacctgactcgtaatctgt
aattgcttgttaatcaataaaccgtttaattcgtttcagttgaactttggtctctgecgt
atttctttcttatctagtttccatggctacgtagataagtagcatggcgggttaatcat
taactacagccctaggggtgcgagcggatcgagcagtgtcgatcactactggaccgcga
gctgtgctgcgacccgtgatcttacggcattatacgtatgatcggtccacgatcagcta
gattatctagtcagcttgatgtcatagctgtttcctgaggctcaatactgaccatttaa
atcatacctgacctccatagcagaaagtcaaaagcctccgaccggaggcttttgacttg
atcggcacgtaagaggttccaactttcaccataatgaaataagatcactaccgggcgta
ttttttgagttatcgagattttcaggagctaaggaagctaaa

ggacctaaatgtaatcacctggcet
caccttcgggtgggcctttectgecgttgetggegtttttccataggetecgececceecctga
cgagcatcacaaaaatcgatgctcaagtcagaggtggcgaaacccgacaggactataaa
gataccaggcgtttcccecctggaagecteccctegtgegetectectgttecgaccetgecg
cttaccggatacctgtccgectttectececcttecgggaagegtggegetttetcatagete
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acgctgtaggtatctcagttcggtgtaggtcgttcgctccaagetgggctgtgtgecacg
aaccccccgttcagecccgaccgectgecgecttateccggtaactatecgtettgagtecaac
ccggtaagacacgacttatcgccactggcagcagccactggtaacaggattagcagagc
gaggtatgtaggcggtgctacagagttcttgaagtggtggecctaactacggctacacta
gaagaacagtatttggtatctgcgctctgctgaagccagttacctcggaaaaagagttg
gtagctcttgatccggcaaacaaaccaccgctggtageggtggtttttttgtttgecaag
cagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgattttctaccgaag
aaaggccca
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pIDTSMART-RC2-VP1del-GAL4-VP16

&nay

pIDTSMART-RC2wt (VP1del)-GAL4-VP16
8526 bp
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Sequence color-coding key

Feature Color
Rep text
Cap (VP1del) text
SV40 promoter text
Gal4 text
ULA48 (VP16) text
HSV TK poly(A) signal -:
SV40 poly(A) signal text
KanR -:

Sequence

cccgtgtaaaacgacggccagtttatctagtcagcttgattctagetgatcgtggaccecg
gaaggtgagccagtgagttgattgcagtccagttacgctggagtctgaggctcgtectg
aatgatatgcgaccgccggagggttgcgtttgagacgggcgacagatccagtcgecgetg
ctctcgtcgatccgctagggcggecgctctagaactagtggatccecccggaagatcaga
agttcctattccgaagttcctattctctagaaagtataggaacttctgatctgecgecage
cgccatgccggggttttacgagattgtgattaaggtccccagecgaccttgacgagcate
tgcccggcatttctgacagectttgtgaactgggtggccgagaaggaatgggagttgecg
ccagattctgacatggatctgaatctgattgagcaggcacccctgaccgtggccgagaa
gctgcagcgcgactttctgacggaatggcgeccgtgtgagtaaggecccecggaggeecttt
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tctttgtgcaatttgagaagggagagagctacttccacatgcacgtgctcgtggaaacc
accggggtgaaatccatggttttgggacgtttcctgagtcagattcgcgaaaaactgat
tcagagaatttaccgcgggatcgagccgactttgccaaactggttecgeggtcacaaaga
ccagaaatggcgccggaggcgggaacaaggtggtggatgagtgctacatccccaattac
ttgctccccaaaacccagcctgagctccagtgggecgtggactaatatggaacagtattt
aagcgcctgtttgaatctcacggagcgtaaacggttggtggecgcagcatctgacgcacg
tgtcgcagacgcaggagcagaacaaagagaatcagaatcccaattctgatgecgecggtg
atcagatcaaaaacttcagccaggtacatggagctggtcgggtggectecgtggacaaggg
gattacctcggagaagcagtggatccaggaggaccaggcctcatacatctcecttcaatg
cggcctccaactcgcggtcccaaatcaaggctgecttggacaatgecgggaaagattatg
agcctgactaaaaccgcccccgactacctggtgggccagcagecccgtggaggacattte
cagcaatcggatttataaaattttggaactaaacgggtacgatccccaatatgcggcett
ccgtctttctgggatgggccacgaaaaagttcggcaagaggaacaccatctggetgttt
gggcctgcaactaccgggaagaccaacatcgcggaggccatagecccacactgtgecectt
ctacgggtgcgtaaactggaccaatgagaactttcccttcaacgactgtgtcgacaaga
tggtgatctggtgggaggaggggaagatgaccgccaaggtcgtggagtcggeccaaagcec
attctcggaggaagcaaggtgcgcgtggaccagaaatgcaagtcctcggeccagataga
cccgactcccgtgatcgtcacctccaacaccaacatgtgecgecgtgattgacgggaact
caacgaccttcgaacaccagcagccgttgcaagaccggatgttcaaatttgaactcacc
cgccgtctggatcatgactttgggaaggtcaccaagcaggaagtcaaagacttttteceg
gtgggcaaaggatcacgtggttgaggtggagcatgaattctacgtcaaaaagggtggag
ccaagaaaagacccgcccccagtgacgcagatataagtgagecccaaacgggtgegegag
tcagttgcgcagccatcgacgtcagacgcggaagcttcgatcaactacgcagacaggta
ccaaaacaaatgttctcgtcacgtgggcatgaatctgatgctgtttccctgcagacaat
gcgagagaatgaatcagaattcaaatatctgcttcactcacggacagaaagactgttta
gagtgctttcccgtgtcagaatctcaaccecgtttctgtcgtcaaaaaggegtatcagaa
actgtgctacattcatcatatcatgggaaaggtgccagacgcttgcactgcctgecgate
tggtcaatgtggatttggatgactgcatctttgaacaataaatgatttaaatcaggtct
cgctgccgatggttatcttccagattggctcgaggacactctctctgaaggaataagac
agtggtggaagctcaaacctggcccaccaccaccaaagcccgcagagcggcataaggac
gacagcaggggtcttgtgcttcctgggtacaagtacctcggacccttcaacggactcga
caagggagagccggtcaacgaggcagacgccgcggccctcgagcacgacaaagectacg
accggcagctcgacagcggagacaacccgtacctcaagtacaaccacgccgacgcggag
tttcaggagcgccttaaagaagatacgtcttttgggggcaacctcggacgagcagtcectt
ccaggcgaaaaagagggttcttgaacctctgggcctggttgaggaacctgttaagacgg
ctccgggaaaaaagaggccggtagagcactctcctgtggagccagacteccteccteggga
accggaaaggcgggccagcagcctgcaagaaaaagattgaattttggtcagactggaga
cgcagactcagtacctgacccccagcctctcggacagccaccagcageccccctetggte
tgggaactaatacgatggctacaggcagtggcgcaccaatggcagacaataacgagggc
gccgacggagtgggtaattcctcgggaaattggcattgecgattccacatggatgggcga
cagagtcatcaccaccagcacccgaacctgggccctgcccacctacaacaaccacctcet
acaaacaaatttccagccaatcaggagcctcgaacgacaatcactactttggctacage
accccttgggggtattttgacttcaacagattccactgccacttttcaccacgtgactg
gcaaagactcatcaacaacaactggggattccgacccaagagactcaacttcaagctct
ttaacattcaagtcaaagaggtcacgcagaatgacggtacgacgacgattgccaataac
cttaccagcacggttcaggtgtttactgactcggagtaccagctcccgtacgtcectecgg
ctcggcgcatcaaggatgcctcccgeccgttecccagcagacgtecttcatggtgecacagt
atggatacctcaccctgaacaacgggagtcaggcagtaggacgctcttcattttactge
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ctggagtactttccttctcagatgctgecgtaccggaaacaactttaccttcagectacac
ttttgaggacgttcctttccacagcagctacgctcacagccagagtctggaccgtctcea
tgaatcctctcatcgaccagtacctgtattacttgagcagaacaaacactccaagtgga
accaccacgcagtcaaggcttcagttttctcaggccggagcgagtgacattcgggacca
gtctaggaactggcttcctggaccctgttaccgeccagcagcgagtatcaaagacatctg
cggataacaacaacagtgaatactcgtggactggagctaccaagtaccacctcaatggce
agagactctctggtgaatccgggcccggccatggcaagccacaaggacgatgaagaaaa
gttttttcctcagagcggggttctcatctttgggaagcaaggctcagagaaaacaaatg
tggacattgaaaaggtcatgattacagacgaagaggaaatcaggacaaccaatcccgtg
gctacggagcagtatggttctgtatctaccaacctccagagaggcaacagacaagcagc
taccgcagatgtcaacacacaaggcgttcttccaggcatggtctggcaggacagagatg
tgtaccttcaggggcccatctgggcaaagattccacacacggacggacattttcacccce
tctccectcatgggtggattcggacttaaacaccctccteccacagattctcatcaagaa
caccccggtacctgcgaatccttcgaccaccttcagtgecggcaaagtttgettecttcea
tcacacagtactccacgggacaggtcagcgtggagatcgagtgggagctgcagaaggaa
aacagcaaacgctggaatcccgaaattcagtacacttccaactacaacaagtctgttaa
tgtggactttactgtggacactaatggcgtgtattcagagcctcgccccattggecacca
gatacctgactcgtaatctgtaattgcttgttaatcaataaaccgtttaattcgtttca
gttgaactttggtctctgcgtatttctttcttatctagttteccatggectacgtagataa
gtagcatggcgggttaatcattaactacagcccgggcgtttaaacagecgggecggagggg
tggagtcgtgacgtgaattacgtcatagggttagggaggtcctgtattagaggtcacgt
gagtgttttgcgacattttgcgacaccatgtggtctcgctgggggggggggeccgagtg
agcacgcagggtctccattttgaagcgggaggtttgaacgagcgctggcgcgctcactg
gccgtcgttttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgecet
tgcagcacatcccecctttecgeccagectggecgtaatagcgaagaggecccgcaccgategece
cttcccatgcatcggeccgcaaatacctgcaggggtgtggaaagtccccaggectecceccag
caggcagaagtatgcaaagcatgcatctcaattagtcagcaaccaggtgtggaaagtcc
ccaggctccccagcaggcagaagtatgcaaagcatgcatctcaattagtcagcaaccat
agtcccgcccecctaacteccgecccateccecgececctaacteccgeccagttecgeccattete
cgccccatggctgactaattttttttatttatgcagaggeccgaggecgecteggectet
gagctattccagaagtagtgaagaggcttttttggaggagatctaagcttgaagcaagce
ctcctgaaagatgaagctactgtcttctatcgaacaagcatgcgatatttgeccgactta
aaaagctcaagtgctccaaagaaaaaccgaagtgcgccaagtgtctgaagaacaactgg
gagtgtcgctactctcccaaaaccaaaaggtcteccgctgactagggcacatctgacaga
agtggaatcaaggctagaaagactggaacagctatttctactgatttttecctcgagaag
accttgacatgattttgaaaatggattctttacaggatataaaagcattgttaacagga
ttatttgtacaagataatgtgaataaagatgccgtcacagatagattggcttcagtgga
gactgatatgcctctaacattgagacagcatagaataagtgcgacatcatcatcggaag
agagtagtaacaaaggtcaaagacagttgactgtatcgccggaattceccggggatetgg
gcccccecceccgaccgatgtcagectgggggacgagectccacttagacggecgaggacgtgge
gatggcgcatgccgacgcgctagacgatttcgatctggacatgttgggggacggggatt
cccecgggtceccgggatttaccececccacgactcecgeccecctacggegetctggatatggece
gacttcgagtttgagcagatgtttaccgatgcccttggaattgacgagtacggtgggta
gggggcgcgaccggacccgcatccecececgtectgggttttecececteccgtececcggttegt
atccacaataaacacgagcacatacattacaaaaacctgcggttgtcgtctgattattt
ggtggatccgggggagatgggggaggctaactgaaacacggaaggagacaataccggaa
ggaacccgcgctatga
ataaacgcggggttcggtcccagggctggcactctgtcgataccccaccgaga

299



ccccattggggccaatacgcccgegtttcttecttttecccaccccacceecccaagtte
gggtgaaggcccagggctcgcagccaacgtcggggecggcaggcectgecatagecactg
gccececgtgggttagggacggggtccecccatggggaatggtttatggttecgtgggggtta
ttattttgggcgttgecgtggggtcaggtccacgacccaagcttgtcgacggtaccecgg
ggaattcgagctctagattaagtaatgatcataatcagccatatcacatctgtagaggt
tttacttgctttaaaaaacctcccacacctcccectgaacctgaaacataaaatgaatg
caattgttgttgttaacttgtttattgcagcttataatggttacaaataaagcaatagc
atcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaa
actcatcaatgtatcttatcatgtctggatccctaggggtgcgagcggatcgagcagtg
tcgatcactactggaccgcgagctgtgectgcgacccgtgatcttacggcattatacgta
tgatcggtccacgatcagctagattatctagtcagecttgatgtcatagctgtttecctga
ggctcaatactgaccatttaaatcatacctgacctccatagcagaaagtcaaaagcctce
cgaccggaggcttttgacttgatcggcacgtaagaggttccaactttcaccataatgaa
ataagatcactaccgggcgtattttttgagttatcgagattttcaggagctaaggaagce
taaa

gga
cctaaatgtaatcacctggctcaccttcgggtgggecctttectgegttgetggegttttt
ccataggctccgccceccctgacgagcatcacaaaaatcgatgctcaagtcagaggtgge
gaaacccgacaggactataaagataccaggcgtttcccecctggaagectececctegtgege
tctcctgtteccgaccectgeccgettaccggatacctgtecgectttetececttecgggaag
cgtggcgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtegtteget
ccaagctgggctgtgtgcacgaacccccecgttcageccgaccgectgecgecttatececggt
aactatcgtcttgagtccaacccggtaagacacgacttatcgccactggcagcagceccac
tggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggt
ggcctaactacggctacactagaagaacagtatttggtatctgecgectctgctgaagcca
gttacctcggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctggtage
ggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaaga
tcctttgattttctaccgaagaaaggccca
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pHelper

peta-lactamase
Wy
)
Koy
R /

pHelper
11635 bp

The sequence for this plasmid is the same as the pHelper sequence found in the Chapter 2
Plasmids section of this appendix.
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pAAV-mCherry+1xMmPytR

pAAV-ITR-mCherry-1xU6MmPytR

5847 bp

The sequence for this plasmid is the same as the pAAV-mCherry+1xMmPytR sequence
found in the Chapter 2 Plasmids section of this appendix.
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pAcBacl-GFPwt

| sV40 late poly,
~ Tn7L

}, sv40 Early PUlyA

pAcBac1-GFP
8778 bp

Gentamicin
Bgh po1ya )
HSV tk PolyA !

Sequence color-coding key

Feature Color
M13 origin text
AmpR text
ColE1 origin text
Tn7R text
GentamicinR text
HSV tk PolyA text |
Bgh polyA text
WPRE text |
EGFPwt text
T7 promoter
CMV promoter
Polyhedrin Promoter
L21 sequence
VSV-G
SV40 late polyA text
Tn7L il
Sequence

ttctctgtcacagaatgaaaatttttctgtcatctcttecgttattaatgtttgtaattg
actgaatatcaacgcttatttgcagcctgaatggcgaatgggacgcgccctgtagegge
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gcattaagcgcggcgggtgtggtggttacgcgcagecgtgaccgctacacttgeccagege
cctagcgcccgctectttegetttettececttectttetegecacgttegeecggettte
cccgtcaagctctaaatcgggggcteccectttagggtteccgatttagtgectttacggcecac
ctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggccatcgecctgata
gacggtttttcgccctttgacgttggagtccacgttctttaatagtggactettgttece
aaactggaacaacactcaaccctatctcggtctattcttttgatttataagggattttg
ccgatttcggcctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattt
taacaaaatattaacgtttacaatttcaggtggcacttttcggggaaatgtgcgcggaa
cccctatttgtttatttttctaaatacattcaaatatgtatccgctcatgagacaataa
ccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttccg
tgtcgcccttattecececttttttgeggcattttgecttectgtttttgectcacccagaaa
cgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggttacatcgaa
ctggatctcaacagcggtaagatccttgagagttttcgeccccgaagaacgtttteccaat
gatgagcacttttaaagttctgctatgtggcgcggtattatccecgtattgacgeccggge
aagagcaactcggtcgccgcatacactattctcagaatgacttggttgagtactcacca
gtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccat
aaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaagg
agctaaccgcttttttgcacaacatgggggatcatgtaactcgccttgatcgttgggaa
ccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgtagcaat
ggcaacaacgttgcgcaaactattaactggcgaactacttactctagcttcccggecaac
aattaatagactggatggaggcggataaagttgcaggaccacttctgcgctcggececctt
ccggctggctggtttattgectgataaatctggageccggtgagegtgggtctecgeggtat
cattgcagcactggggccagatggtaagccctccecgtatcgtagttatctacacgacgg
ggagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactg
attaagcattggtaactgtcagaccaagtttactcatatatactttagattgatttaaa
acttcatttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgacca
aaatcccttaacgtgagttttcgttccactgagecgtcagaccccgtagaaaagatcaaa
ggatcttcttgagatcctttttttctgcgecgtaatctgectgecttgcaaacaaaaaaacc
accgctaccagcggtggtttgtttgeccggatcaagagctaccaactctttttccgaagg
taactggcttcagcagagcgcagataccaaatactgtccttctagtgtagccgtagtta
ggccaccacttcaagaactctgtagcaccgcctacatacctcgctctgctaatcetgtt
accagtggctgctgccagtggcgataagtcgtgtcttaccgggttggactcaagacgat
agttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacacagecccage
ttggagcgaacgacctacaccgaactgagatacctacagcgtgagcattgagaaagcge
cacgcttcccgaagggagaaaggcggacaggtatccggtaagecggcagggtcggaacag
gagagcgcacgagggagcttccagggggaaacgcctggtatctttatagtcctgteggg
tttcgccacctctgacttgagcgtcgatttttgtgatgectecgtcaggggggecggagect
atggaaaaacgccagcaacgcggcctttttacggttcectggecttttgectggeettttg
ctcacatgttctttcctgecgttatccecctgattectgtggataaccgtattaccgeecttt
gagtgagctgataccgctcgccgcagccgaacgaccgagcgcagcgagtcagtgagcga
ggaagcggaagagcgcctgatgcggtattttcteccttacgcatctgtgecggtatttcac
accgcagaccagccgcgtaacctggcaaaatcggttacggttgagtaataaatggatgce
cctgcgtaagcgggtgtgggcggacaataaagtcttaaactgaacaaaatagatctaaa
ctatgacaataaagtcttaaactagacagaatagttgtaaactgaaatcagtccagtta
tgctgtgaaaaagcatactggacttttgttatggctaaagcaaactcttcattttctga
agtgcaaattgcccgtcgtattaaagaggggcgtggccaagggcatggtaaagactata
ttcgcggecgttgtgacaatttaccgaacaactccgecggeccgggaageccgatecteggett
gaacgaattgttaggtggcggtacttgggtcgatatcaaagtgcatcacttctteccegt
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atgcccaactttgtatagagagccactgcgggatcgtcaccgtaatctgettgcacgta
gatcacataagcaccaagcgcgttggcctcatgecttgaggagattgatgagecgeggtgg
caatgccctgecctcecggtgctecgecggagactgcgagatcatagatatagatcectcacta
cgcggctgctcaaacctgggcagaacgtaagccgcgagagcgccaacaaccgettettg
gtcgaaggcagcaagcgcgatgaatgtcttactacggagcaagttcccgaggtaatecgg
agtccggctgatgttgggagtaggtggctacgtctccgaactcacgaccgaaaagatca
agagcagcccgcatggatttgacttggtcagggccgagectacatgtgcgaatgatgcece
catacttgagccacctaactttgttttagggcgactgccctgctgegtaacatcgttge
tgctgcgtaacatcgttgectgectccataacatcaaacatcgacccacggcgtaacgege
ttgctgcttggatgcccgaggcatagactgtacaaaaaaacagtcataacaagccatga
aaaccgccactgcgccgttaccaccgctgecgttcggtcaaggttctggaccagttgegt
gagcgcatacgctacttgcattacagtttacgaaccgaacaggcttatgtcaactgggt
tcgtgecttcatcecgtttccacggtgtgecgtcacccggcaaccttgggcagcagcgaag
tcgaggcatttctgtecctggctggcgaacgagcgcaaggtttecggtctccacgecategt
caggcattggcggccttgctgttcecttctacggcaaggtgetgtgcacggatectgecectg
gcttcaggagatcggtagacctcggeccgtecgeggecgecttgececggtggtgetgaccecgg
atgaagtggttcgcatcctcggttttctggaaggcgagcatcgtttgttecgeccaggac
tctagctatagttctagtggttggcctacgtacccgta g
cttaatgcgccgctacagggcgcgtggggatacccecctagagccccagectggttettte
cgcctcagaagccatagagcccaccgcatccccagcatgectgectattgtectteccaat
cctcceccecttgetgtecctgecccaccccacceccccagaatagaatgacacctactcaga
caatgcgatgcaatttcctcattttattaggaaaggacagtgggagtggcaccttccag
ggtcaaggaaggcacgggggaggggcaaacaacagatggctggcaactagaaggcacag
tcgaggctgatcagcgggtttaaacgggccctctagactcgagttaaagtcgac

ttaacgcgttgaattctcattaatggtgatggtgatgatgaccggtatgcatattcaga
tcctcttctgagatgagtttttgttcgaagggceccecttgtacagctecgtecatgeccgag
agtgatcccggcggcggtcacgaactccagcaggaccatgtgatcgcgecttetegttgg
ggtctttgctcagggcggactgggtgctcaggtagtggttgtcgggcagcagcacgggg
ccgtcgccgatgggggtgttctgetggtagtggtcggcgagetgcacgectgecgtecte
gatgttgtggcggatcttgaagttcaccttgatgccgttcttctgettgtcggecatga
tatagacgttgtggctgttgtagttgtactccagcttgtgccccaggatgttgeccgtcece
tccttgaagtcgatgecccttcagetcgatgecggttcaccagggtgtecgecctecgaactt
cacctcggcgcgggtcttgtagttgecgtecgtccttgaagaagatggtgegetectgga
cgtagccttcgggcatggcggacttgaagaagtcgtgectgcttcatgtggtecggggtag
cggctgaagcactgcacgccgtaggtcagggtggtcacgagggtgggccagggcacggg
cagcttgccggtggtgcagatgaacttcagggtcagcttgeccgtaggtggcatecgecect
cgccctcgccggacacgctgaacttgtggecgtttacgtecgecgteccagetecgaccagg
atgggcaccaccccggtgaacagctcctecgecccttgetcaccatggtggecggegetage
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cagcttgggtctccc atttcgataagccagtaagcagtgggt
IHeadeat:-Teplt:-Tefelet:-Iet:lgagctctgcttatatagacctcccaccgtacacgecctaccgec
catttgcgtcaatggggcggagttgttacgacattttggaaagtcccgttgattttggt
gccaaaacaaactcccattgacgtcaatggggtggagacttggaaatccccgtgagtca
aaccgctatccacgcccattgatgtactgccaaaaccgcatcaccatggtaatagcgat
gactaatacgtagatgtactgccaagtaggaaagtcccataaggtcatgtactgggcat

aatgccaggcgggccatttaccgtcattgacgtcaatagggggcgtacttggcatatga
tacacttgatgtactgccaagtgggcagtttaccgtaaatagtccacccattgacgtca
atggaaagtccctattggcgttactatgggaacatacgtcattattgacgtcaatgggc
gggggtcgttgggcggtcagccaggcgggccatttaccgtaagttatgtaacgcggaac
tccatatatgggctatgaactaatgaccccgtaattgattactattaataactagtcaa
el ERdegdelcEleigcgtatatctggecccgtacatcgecgaagcagegcaaaacggatece
tgcaggtatttgcggccgcggtccgtatacteccggaatattaatagiEidefzidefsr-Ier-Rt-F:-1
ttaaaatgataaccatctcgcaaataaataagtattttactgttttcgtaacagttttg
taataaaaaaacctataaatattccggattattcataccgtcccaccatcgggcgcgaa
ctcctaaaaaaccgccaccatgaagtgeccttttgtacttagecctttttattcattgggg
tgaattgcaagttcaccatagtttttccacacaaccaaaaaggaaactggaaaaatgtt
ccttctaattaccattattgcccgtcaagctcagatttaaattggcataatgacttaat
aggcacagccttacaagtcaaaatgcccaagagtcacaaggctattcaagcagacggtt
ggatgtgtcatgcttccaaatgggtcactacttgtgatttccgectggtatggaccgaag
tatataacacattccatccgatccttcactccatctgtagaacaatgcaaggaaagcat
tgaacaaacgaaacaaggaacttggctgaatccaggcttccctecctcaaagttgtggat
atgcaactgtgacggatgccgaagcagtgattgtccaggtgactecctcaccatgtgcetg
gttgatgaatacacaggagaatgggttgattcacagttcatcaacggaaaatgcagcaa
ttacatatgccccactgtccataactctacaacctggcattctgactataaggtcaaag
ggctatgtgattctaacctcatttccatggacatcaccttecttctcagaggacggagag
ctatcatccctgggaaaggagggcacagggttcagaagtaactactttgcttatgaaac
tggaggcaaggcctgcaaaatgcaatactgcaagcattggggagtcagactcccatcag
gtgtctggttcgagatggctgataaggatctctttgectgcagccagattcecctgaatge
ccagaagggtcaagtatctctgctccatctcagacctcagtggatgtaagtctaattca
ggacgttgagaggatcttggattattccctctgccaagaaacctggagcaaaatcagag
cgggtcttccaatctctccagtggatctcagctatcttgctcctaaaaacccaggaacc
ggtcctgctttcaccataatcaatggtaccctaaaatactttgagaccagatacatcag
agtcgatattgctgctccaatcctctcaagaatggtcggaatgatcagtggaactacca
cagaaagggaactgtgggatgactgggcaccatatgaagacgtggaaattggacccaat
ggagttctgaggaccagttcaggatataagtttcctttatacatgattggacatggtat
gttggactccgatcttcatcttagctcaaaggctcaggtgttcgaacatcctcacatte
aagacgctgcttcgcaacttcctgatgatgagagtttattttttggtgatactgggcta
tccaaaaatccaatcgagcttgtagaaggttggttcagtagttggaaaagctctattge
ctcttttttctttatcatagggttaatcattggactattcttggttctccgagttggta
tccatctttgcattaaattaaagcacaccaagaaaagacagatttatacagacatagag
Eikerot-Yelofe eloj e e Yo g e ARl gCCaggccggccaagct tgtcgagaagtactaga
ggatcataatcagccataccacatttgtagaggttttacttgctttaaaaaacctccca
cacctcccecctgaacctgaaacataaaatgaatgcaattgttgttgttaacttgtttat
tgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagcat
ttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttatcatgtc
tggatctgatcactgcttgagcctaggagatccg
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_gc ggggcatttttcttcctgttatgtttttaatcaa

acatcctgccaactccatgtgacaaaccgtcatcttcggctacttt
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Appendix II

Oligonucleotide primers

Chapter 2 primers

Primer name

Oligonucleotide sequence (5' =2 3')

Consensus-
splice-donor-
site-sequence-F

CGCGGAAGCTTCGATCAACTACGCAGACAGGTAAGTAAACAAATGT
TCTCGTCACGTGGG

ATTATTAGCTAGCAGTTGCGCAGCCATCGACGTCAGACCGGAAGCT

Nhel-p40-F TCGATCAACTACG

Cap-Sall-R ATTATTAGTCGACTTACAGATTACGAGTCAGGTATCTGGCAATGG

Sbfl-Rep-F AATTAATTCCTGCAGGCTCTAGAACTAGTGGATCCCCCGGAAGATC
AATTAATTGCGGCCGCTCAGAGAGAGTGTCCTCGAGCC

Notl-Rep-R AATCTGG

308




Chapter 3 primers

Primer name

Oligonucleotide sequence (5' =2 3')

AAPstop60-F GGATGGGCGACAGAGTGATCACCACCAGCACC
AAPstop60-R GGTGCTGGTGGTGATCACTCTGTCGCCCATCC
RC2int-HindIlI-F | CGTCAGACGCGGAAGCTTCGATCAAC
RC2-Sbfl-R GCAAATACCTGCAGGATCCGTTTTGCGCTG

Nhel-Kozak-AAP-
WT-F

ATTATTGCTAGCGCCGCCACCATGGCCTAGCTGGAGACGCAGAC
TCAGTACCTGACC

Xhol-AAP-R

ATTATTCTCGAGTCAGGGTGAGGTATCCATACTGTGGCACC

AAP-LI2TAG-F

CCTGACCCCCAGCTAGTCGGACAGCC

AAP-LI2TAG-R

GGTGGCTGTCCGACTAGCTGGGGGTCAGG

AAP-T78TAG-F

GGGCCCTGCCCACCTACATAGACCACCTCTACAAACAAATTTCC

AAP-T78TAG-R

GTTTGTAGAGGTGGTCTATGTAGGTGGGCAGGGCCCAGGTTCGG
G

AAP-T124TAG-F

CCACGTGACTGGCAAAGACTAGTCAACAACAACTGGGG

AAP-T124TAG-R

CCAGTTGTTGTTGACTAGTCTTTGCCAGTCACGTGGTG

AAP-T177TAG-F

GTACCAGCTCCCGTTAGTCCTCGGCTCGGCGCA

AAP-T177TAG-R

CCGAGCCGAGGACTAACGGGAGCTGGTACTCCG

AAP-T97TAG-F

CGAACGACAATCACTTAGTTGGCTACAGCACCCCTTGG

AAP-T97TAG-R

GGGGTGCTGTAGCCAACTAAGTGATTGTCGTTCGAGG

AAP-T110TAG-F

GGGTATTTTGACTTCATAGGATTCCACTGCCACTTTTC

AAP-T110TAG-R

GTGGCAGTGGAATCCTATGAAGTCAAAATACCCC

AAP-T78TGA-F

GGGCCCTGCCCACCTACATGAACCACCTCTACAAACAAATTTCC

AAP-T78TGA-R

GTTTGTAGAGGTGGTTCATGTAGGTGGGCAGGGCCCAGGTTCGG
G

AAP-T97TGA-F

CGAACGACAATCACTTGATTGGTAACAGCACCCCTTGG

AAP-T97TGA-R

GGGGTGCTGTAGCCAATCAAGTGATTGTCGTTCGAGG

AAP-T110TGA-R

GTGGCAGTGGAATCTCATGAAGTCAAAATACCCC

AAP-T110TGA-F

GGGTATTTTGACTTAATGAGATTCCACTGCCACTTTTC

AAP-T124TGA-F

CCACGTGACTGGCAAAGACTGATCAACAACAACTGGGG

AAP-T124TGA-R

CCAGTTGTTGTTGATCAGTCTTTGCCAGTCACGTGGTG

AvrlI-CMV-WRS-
F

ATTATTCCTAGGTTATTAATAGTAATCAATTACGGGGTCATTAG
TTCATAGCCC

Spel-WRS-R

AATAATACTAGTCCATAGAGCCCACCGCATCCCCAGC
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Chapter 4 primers

Primer name

Oligonucleotide sequence (5' =2 3')

MTH-mCherry-Sbfl-F

ATTATTCCTGCAGGACCATGGCTCGAGATCCCGGGTGATC

MTH-mCherry-Notl-R

AATAATGCGGCCAGACATGATAAGATACATTGATGAGTTTG
GACAAACC

Nhel-linker-EGFP-F

TAATAATGCTAGCAGGGCGGCTCCGTGAGCAAGGGCGAGGA
GCTGTTCACCGGG

GFP-EcoRI-6xHis-R

ATTATTGAATTCCTCATTAATGGTGATGGTGATGATGACCG
G

Nhel-Kozak-mCherry-
F

ATTATTGCTAGCGCCGCCACCATGGTGAGCAAGGGCGAGGA
GG

mCherry-linker-Avrll-
R

TAATAATCCTAGGAGCCGCCCTTGTACAGCTCGTCCATGCC
GCCGGTGGAGTGG

Gibson-mCherry-F

GTTATTGTGCTGTCTCATCATTTTGGCAAAGAATTGGCCAA
GGAGGCCACCATGGTGAGC

Gibson-WPRE-R

GTCGATCGACCACTGTGCTGGCGGCCGGCCAGGCCGCGGGG
AGG

Gibson-UbiC-F

CCAGTAAGCAGTGGGTTCTCTAGTTAGCCAGAGAGCTCTAG
ACCAAGTGACGATCACAGC

Gibson-Ubic-R

GTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAG
TGGCCTCCGCGCCGG

Nhel-Lemke-NES-
MbPyIRS-F

ATTATTGCTAGCGCCACCATGGCCTGCCCAGTGCCCCTTCA
GTTGCCTCCGCTGGAGAGACTGACCCTCGACGATAAAAAAC
CATTAGATGTTTTAATATCTGCGACCGG

MbPyIRS-WPRE-
Xhol-R

AATAATCTCGAGTTAAAGTCGACGCGGGG

GCTTGCCCCGACTCTTGCCAACTATGTGCGAAAACTCGATA

L274A-F GGATTTTACCAGGCCC
CCATGGTTTGTCAATACCCCATTCTCTATCAAGAGACCGTG
L274A-mut-R GCCCGACGACTGC
CTTCGGCAGTCGTCGGGCCACGGTCTCTTGATAGAGAATGG
V370R-F GGTATTGACAAACCATG
CCATGGTTTGTCAATACCCCATTCTCTATCAAGAGACCGTG
V730R-mut-R GCCCGACGACTGC

C313V-M315Y-F

GAGCACCTGGAAGAATTTACTATGGTGAACTTCGTGCAGTA
CGGTTCGGGATGTACTCGGGAAAATCTTG

C313V-M315Y-mut-R

CAAGATTTTCCCGAGTACATCCCGAACCGTACTGCACGAAG
TTCACCATAGTAAATTC

MbPyIRS-Nterm-F

ATTATTGCTAGCGCCACCAATGGATAAAAAACCATTAG

MbPyIRS-Cterm-R

AATAATGAATTCTTACAGATTGGTTGAAATCCCATTATAGT
AAGATTCGGACC
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Chapter 5 primers

Primer name

Oligonucleotide sequence (5' =2 3')

Xbal-eGFP-R

AATAATTCTAGATCATTAATGGTGATGGTGATGGTGATGATGA
CCGG

Sphl-Kozak-GFP-F

ATTATTGCATGCGCCGCCACCGCTGGCTAGCGCCGCCACCATG
GTGAGCAAGGGCG

TATA-GFP-F

ATTATTGCATGCATTTATAAAAGAAATTAATACGACTCACTAT
AGGGAGACCCAAGCTGG

YB-TATA-GFP-F

ATTATTGCATGCATTTCTAGAGGGTATATAATGGGGGCCAAAA
TTAATACGACTCACTATAGGGAGACCCAAGCTGGC

min-CMV-GFP-F

ATTATTGCATGCATTGTAGGCGTGTACGGTGGGAGGTGTATAT
AAGCAGAGCTCGTTTAGTGAACCGTCAGATCAAATTAATACGA
CTCACTATAGGGACCAAGCTGG

Kpnl-GFP-R

AATAATGGTACCTCAATGGTGATGGTGATGATGACCGGTATGC

Sphl-VP1-only-F

ATTATTGCATGCATGGCTGCCGATGGTTATCTTCCAGATTG

Xbal-VP1-only-R

AATAATTCTAGATGTAGTTAATGATTAACCCGCCATGCTACTT
ATCTACG

SphI-TATA-VP1-
only-F

ATTATTGCATGCTATAAAAGAAATATGGCTGCCGATGGTTATC
TTCCAGATTG

Sphl-YBTATA-
VPI1-only-F

TATTGCATGCTCTAGAGGGTATATAATGGGGGCCAATGGCTGC
CGATGGTTATCTTCCAG

Sphl-minCMV-
VPI1-only-F

ATTATTGCATGCGTAGGCGTGTACGGTGGGAGGTCTATATAAG
CAGAGCTCGTTTAGTGAACCGTCAGATCATGGCTGCCGATGGT
TATCTTCCAGATT

Sbfl-Gal4-VP16-F

ATTATTCCTGCAGGGGTGTGGAAAGTCCCCAGGCTCCCC

Avrll-Gal4-VP16-
R

AATAATCCTAGGGATCCAGACATGATAAGATACATTGATGAGT
TTGGACAAACC
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