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ARGENT™ Regulated Transcription Retrovirus Kit

ARGENT™ Regulated Transcription Kits contain reagents for placing the transcription of a target
gene under the control of a small molecule “dimerizer”. The kits can be used to achieve tightly
regulated conditional expression of genes of interest, allowing gene function to be investigated in
vitro or in vivo. In the Retrovirus Kit described here, the regulatory system has been incorporated into
retroviral vectors. A _plasmid-based version is also available.
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Controlling Gene Expression Using Requlated Transcription

Overview

Activation of gene expression in eukaryotes is controlled by the induced binding of transcription factor
proteins to target genes. Transcription factors are bifunctional proteins that recognize specific DNA
sequences near target genes and then recruit the transcriptional machinery of the cell to activate
transcription. The two domains responsible for these activities, the DNA binding domain and the
transcriptional activation domain, are functionally separable and can reconstitute a sequence-
specific transcriptional activator even when expressed as individual proteins and brought together via
a noncovalent interaction.

This modular architecture has been exploited to develop a general method for controlling gene
transcription using small molecules. The strategy is based on the use of chemical inducers of
dimerization, or “dimerizers”, to induce the interaction of engineered proteins (1). A dimerizer is a
cell-permeant organic molecule with two separate motifs that each bind with high affinity to a specific
protein module. By fusing such modules to a DNA binding domain and an activation domain, the
reconstitution of a functional transcription factor, and therefore the expression of a target gene, can
be made absolutely dependent on the presence of dimerizer (see the figure).

In principle, the expression of any cloned gene can be brought under dimerizer control, by equipping
the gene with upstream sequences that are recognized by the engineered DNA binding domain.
Following introduction of the modified gene into cells that also express the engineered transcription
factor proteins, addition of dimerizer will lead to dose-dependent activation of target gene expression.
Because the transcription factor fusion proteins have no affinity for one another in the absence of
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dimerizer, regulation is characterized by an extremely low, usually undetectable, basal level of gene
expression. In addition, the highly potent activation domains incorporated into the system typically
lead to high maximal levels of induced gene expression, often in excess of levels obtained with
strong constitutive promoters/enhancers.

There are two classes of dimerizers. Homodimerizers incorporate two identical binding motifs,
whereas heterodimerizers have two different binding motifs, allowing the specific dimerization of two
different proteins when they are fused to two appropriate ligand binding domains. Regulated
transcription is usually accomplished using a heterodimerizer, as shown in the figure, since this
leads to the most efficient reconstitution of an active transcription factor. The ARGENT™ Regulated
Transcription Retrovirus Kit described here provides a heterodimerizer, vectors encoding the
engineered transcription factor fusion proteins, and target gene vectors into which genes of interest
can be inserted. The two components of the regulatory system— the engineered transcription
factors and the target gene cassette— are provided both as separate retroviral vectors, and a single,
“all-in-one” retroviral vector. A separate kit is available in which the constructs are instead provided
on plasmid vectors (see ARGENT Regulated Transcription Plasmid Kit).

Applications of the ARGENT Regulated Transcription Retrovirus Kit

The ability to control the transcription of specific genes using small molecules has broad utility in
biological research. Varying the expression level of a gene is a powerful way to study its function,
allowing the creation of inducible alleles in cell culture and in transgenic animals. By precisely
varying the expression level using the dose of ligand, detailed questions can be asked about the
physiological role of the gene, and the protein it encodes.

The ARGENT regulated transcription system has been used to achieve regulated gene expression in
a variety of contexts, including in transiently or stably transfected cells in culture (2-4), and in mice
and primates when delivered using adenovirus and adeno-associated virus (AAV) vectors (5, 6).
Under all conditions tested, the system has allowed tight, dose-dependent control of gene
expression. A complete list of publications describing the use of ARGENT regulated transcription
reagents can be found in the Regulation Kit Bibliography.

The retroviral reagents provided in this kit are based on those described in a recent publication in
Proceedings of the National Academy of Sciences (7). Incorporation of the regulatory system into
retroviral vectors was shown to allow its rapid, efficient and stable delivery to a broad range of cell
types, including those that are difficult to transfect. These characteristics make the system
particularly useful for the rapid generation of stable cell lines for the in vitro analysis of gene function.
However, the ligand provided with this kit, AP21967, is also suitable for in vivo use and has been
used successfully to achieve regulated gene expression in mice.

A key feature of regulation of transcription using the dimerizer system is the extremely low level of
basal expression in the absence of inducer. This is critical for applications where even minimal
“leakiness” (expression in the absence of inducer) is unacceptable. In the recent PNAS publication,
we used an all-in-one retroviral vector to generate stable cell lines inducibly expressing the highly
toxic diphtheria toxin A chain gene, suggesting that the system will be particularly suitable for
analysis of the many interesting genes that promote cell death, block the cell cycle, or are otherwise
toxic.

Tight, dimerizer-inducible control of gene expression also has applications in many areas of drug
discovery. For example, cell lines in which expression of a single gene can be chemically induced
may be useful in the configuration of targeted cell-based assays for small molecule drugs. The
reagents of the Retroviral Kit, and in particular the all-in-one vector, provide a rapid and efficient way
to generate such cell lines.
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Design of the kit components

Rapamycin and its analogs

The reagents in the ARGENT™ Regulated Transcription Retroviral Kit, like those of the other
ARGENT Kkits, are based on the human protein FKBP12 (FKBP, for FK506 binding protein) and its
small molecule ligands. FKBP is an abundant cytosolic protein that serves as the initial intracellular
receptor for the natural product immunosuppressive drugs FK506 and rapamycin. Both these drugs
act naturally as heterodimerizers, and both have been used to control transcription (2, 3), as has FK-
CsA, a cyclosporin-FK506 hybrid molecule (8). We have focused on the use of rapamycin, because it
has well understood chemistry and has favorable pharmacokinetic properties. Rapamycin functions
by binding with high affinity to FKBP, and then to the large PI3K homolog FRAP (RAFT, mTOR),
thereby acting as a heterodimerizer to join the two proteins together (9). To control transcription of a
target gene, a DNA binding domain is fused to one or more FKBP domains, and a transcriptional
activation domain is fused to a 93 amino acid portion of FRAP, termed FRB, that is sufficient for
binding the FKBP-rapamycin complex (10). Only in the presence of rapamycin are the two fusion
proteins dimerized and therefore capable of activating the transcription of a gene equipped with
binding sites for the DNA binding domain (2).

In some cases, the use of rapamycin may be compromised by its cell cycle inhibitory effects (the
result of inhibiting FRAP kinase activity, which in T cells leads to immunosuppression). To overcome
this limitation, we have engineered the system to function with non-immunosuppressive analogs of
rapamycin, which we call rapalogs. These compounds have been chemically modified so that they
no longer can bind to wild-type endogenous FRAP, greatly reducing immunosuppressive activity.

The compounds can however bind to a modified FRAP that contains a single designed amino acid
change (T2098L). Incorporation of this mutation into the FRB domain fused to the activation domain
allows a rapalog to be used to specifically heterodimerize the engineered transcription factor fusion
proteins without interfering with the activity of endogenous FRAP.

The redesigned rapamycin system forms the basis of this kit, which includes the mutant FRB
sequence, and a non—immunosuppressive rapalog, AP21967. It is important to note that the
redesigned system retains the ability to respond to rapamycin itself, as well as to AP21967.
Therefore experiments can be carried out with either ligand, as appropriate.

Transcription factor components

Since we are developing regulatory systems for use in human gene therapy, we have built our
transcription system using only human proteins to minimize the potential for immunogenicity in
clinical applications. The DNA binding domain we use is called ZFHD1, a composite human DNA
binding domain with novel DNA recognition specificity (11). ZFHD1 is composed of two zinc finger
domains from the human transcription factor Zif268, joined to a homeodomain derived from the
human transcription factor Oct-1. ZFHD1 binds with high affinity and specificity to a unique
composite DNA binding sequence, but not to Zif268 or Oct-1 binding sites. Typically, multiple copies
of the ZFHD1 binding site are included upstream of target genes to obtain robust gene activation.

The activation domain used in the first version of our system consisted of the carboxy terminal 191
amino acids from the p65 subunit of human NF-kB (12). In our system, this p65-derived domain
substantially outperforms the commonly used activation domain from the herpesvirus VP16 protein.
Since the level of activation of a target gene is directly proportional to the potency of the transcriptional
activation domain, we have invested significant effort in trying to identify even more potent domains.
We recently described a new activation domain consisting of the carboxy terminal 271 amino acids of
p65 fused to the activation domain from human Heat Shock Factor 1. Use of this stronger composite
activation domain, which we call S3H, led to significantly higher levels of gene activation in cells
transduced with the retroviral constructs (7). For this reason the vectors provided in this kit
incorporate the S3H activation domain.



Notes on the use of this kit

Use of the previous kit based on AP1510

This kit, along with the companion plasmid-based kit, replaces the original Regulated Transcription
kit that was based on the homodimerizer AP1510 and FKBP fusion proteins (13). We have found that
the rapamycin-based reagents significantly out-perform the original reagents in all applications
tested. In particular, the pharmacological properties of AP1510 preclude its use for in vivo studies,
whereas rapamycin and AP21967 are well suited to these applications. If you are already using the
AP1510-based kit, we will continue to provide dimerizer for in vitro experiments upon request.

Please note that rapamycin and AP21967 will not activate transcription from constructs generated
using the previous Kkit.

Regulating heterodimerization of proteins other than transcription factors

Regulated heterodimerization is generally applicable to the study of signaling pathway components
and other proteins that function through protein-protein interactions. However the kit described here
has been designed specifically for use in regulating target genes, and the genes encoding the
fusion proteins cannot readily be reconfigured for other uses. For applications other than regulated
transcription of target genes, please request the ARGENT™ Regulated Heterodimerization Kit.

Rapamycin analog AP22565

Please note that the rapalog provided in this kit, AP21967, is different from AP22565, the analog
used in our recent PNAS publication (7), although the two molecules are from the same chemical
class and are highly related. AP21967 can be used equivalently in all the applications described in
the paper.

Kit contents

This kit provides three retroviral vectors, each of which allows production of infectious retroviral
particles following transfection into an appropriate packaging cell line. The kit includes

» A transcription factor retroviral vector

* An empty target gene retroviral vector, for inserting the gene of interest

* An all-in-one retroviral vector containing transcription factor genes and the target gene cassette
» A shuttle vector to facilitate exchange of selectable markers in the all-in-one vector

* An aliquot of the rapalog AP21967

The transcription factor vector, pLoN,-RyS3H/ZF 3, expresses the transcription factor fusions from the
retroviral LTR and also contains an internal neo selection cassette. pLH-Z,I-PL is an empty target
gene vector containing a hygro selectable marker, the regulated promoter, and a polylinker, allowing
insertion of the target gene of interest. The all-in-one vector, LgN>-RyS3H/ZF2-PL, contains the LTR-
driven transcription factor fusions, a neo selectable marker and the regulated promoter with a
polylinker. The neo selectable marker cassette in this vector can be replaced with a different
selectable marker of interest using the fourth plasmid provided with the kit, pSV-PL-Ap.
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Transcription factor vector

pLzNz-RHS3HIZF3

Description

pL,N,-R,;S3H/ZF3 (9000 bp)

T ]
<
3 3 8
— o —_
x o £
3 IS a
w z m
v v v
9 65 | HSF1(5 9 S
o Z|FRB (221_551) (0559 |0 — 2 ZFHD1| 3x FKBPG
LTR S Psve  Neof LTR
Activation domain DNA binding domain
fusion fusion
amp’ ori

Not drawn to scale

The vector was constructed by inserting a transcription factor cassette between the EcoRI and
BamHI sites of pLXSN2, a derivative of pLXSN (Clontech) in which the pBR322 replication origin
is replaced by a pUC replication origin.

The transcription factor cassette is expressed from the retroviral LTR on a bicistronic transcript
and consists of:

* an activation domain fusion (RyS3H) which contains the FRB fragment of human FRAP
(Ry), fused to a highly potent chimeric activation domain called S3H. S3H consists of
amino acids 281 to 551 from the p65 subunit of human NFkB (S3) and amino acids 406-
530 from human heat shock factor 1(H). The FRB domain consists of amino acids 2021-
2113 of FRAP, in which the threonine at amino acid 2098 is mutated to leucine. This
mutation allows the protein to bind to rapamycin analogs (e.g. AP21967) which no longer
bind appreciably to endogenous FRAP. We have found the more potent S3H activation
domain (versus the original activation domain (2)) to be required for robust dimerizer-
dependent transcription in a retroviral context (7). We believe that this is due to the fact that
retroviral vectors integrate at low copy number and that transcription factor expression from
the retroviral LTR is not as strong as from the CMV enhancer/promoter present in plasmid
based vectors.

» a DNA binding domain fusion (ZF3) which consists of the ZFHD1 DNA binding domain (Z)
and three tandemly repeated copies of human FKBP12 (F3). To reduce the likelihood of
recombination during the retroviral life cycle the tandemly repeated FKBP domains are
encoded by open reading frames rendered non-identical by the incorporation of silent
mutations.

Both fusion proteins contain an amino-terminal nuclear localization signal (N,, from the human c-
myc gene).

The two coding regions are separated by an internal ribosome entry sequence (IRES) derived
from the encephalomyocarditis virus to allow translation of the second cistron (ZF3).

We have found the optimal configuration of the transcription factor fusions to be that in which
ZFHD1 is fused to three tandemly-reiterated FKBP12 domains and the p65 activation domain to a



single FRB domain. This configuration theoretically allows recruitment of up to 3 activation
domains per DNA binding site.
» pLyN,-RyS3H/ZF3 also contains an internal neo selection cassette consisting of a neo gene

2
(Neo )under the control of the simian virus 40 early promoter (PSVe).

Annotated Sequence
Raw sequence

Target gene vector
pLH-Z,I-PL

Description

pLH-Z,I-PL (5631 bp)
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* pLH-Z,,l-PL contains 12 ZFHD1 binding sites and a minimal human interleukin-2 gene promoter
(Z42l), upstream of a polylinker (PL) inserted downstream of an LTR-driven hygro resistance gene
(Hygro"). The Z;,I-PL cassette was isolated as an Mlul-Clal fragment from the pZ,| -PL-2 target
gene plasmid and inserted into pLH (2) such that transcription from the Z4,|1 promoter occurs in
the same direction as LTR-driven transcription.

» Insertion of the gene of interest into the polylinker places its expression under control of the
dimerizer-regulated transcription factors.

» We have found that the Z;,l promoter exhibits very low basal expression in retrovirally transduced
cells.

Annotated Sequence
Raw sequence
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All-in-one vector

pLeN2-RyS3H/ZF2-PL

Description

PLeN,-R,,S3H/ZF2-PL (9577 bp)
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pLsN2-RyS3H/ZF2-PL allows delivery of transcription factors and a regulatable target gene in the
same retroviral vector. It is essentially a modified version of pL,N,-RyS3H/ZF3 in which a target
gene can be placed under the control of a Z;,| promoter inserted between the neo gene and
3'LTR. The transcription factor cassette differs from that present in pL,N,-RyS3H/ZF3 in that the
DNA binding domain fusion contains two, rather than three FKBP repeats. The number of FKBPs
was reduced to minimize the size and complexity of the retroviral insert without significantly
affecting performance in cell types tested to date.

Target genes are inserted into a polylinker flanked by the Z4,| promoter and the SV40
polyadenylation sequence (pA). An internal polyadenylation sequence is required because
transcription from the Z4,| promoter is in the opposite direction to that of viral genomic RNA. The
empty target gene expression cassette (isolated as a Mlul - BamHI fragment from pZ4,I-PL-2 —
see the ARGENT™ Regulated Transcription Plasmid Kit) is located between the neo gene and
3'LTR. Despite the proximity of the Z4,l promoter to the viral LTR, target gene expression in the
absence of dimerizer is undetectable (see below). It is possible that this reflects a certain level of
antisense inhibition of basal target gene expression due to the vector configuration.

Annotated Sequence
Raw sequence
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Shuttle vector
pBS-SV-PL-Ap

Description

pBS-SV-PL-Ap (3545 bp)
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» pBS-SV-PL-Ap allows different selectable markers to be inserted into the all-in-one vector pL,No-
RnS3H/ZF3 to replace the neo gene. The coding region for the new selectable maker (e.g. hygro',
zeocin', CD8 or EFGP) is cloned into one of the sites in the polylinker (PL) so that its expression
is driven by the SV40 enhancer (Psye). The BamHI-Clal fragment containing the SV40 enhancer,
selectable marker and polyadenylation sequence for the target gene (Ap) is then inserted into
pL,.N»-RyS3H/ZF3 to replace the corresponding portion of that vector.

Annotated Sequence
Raw sequence

General vector information

Which vectors to use?

The ability to deliver the entire system in a single step whilst maintaining tight, highly inducible target
gene regulation means that pLgN,-RyS3H/ZF2-PL will often be the retroviral vector of choice.
However, pLgNo-RyS3H/ZF2-PL -based retroviruses are large and relatively complex and this results
in titers that are 100 fold lower than those of LXSN, the vector from which they are derived. If the
proposed target gene is relatively large (>2kb), or if high viral titer is an important consideration, it
may be preferable to use the two virus system in which the rapamycin-responsive transcription
factors and the regulatable target gene are delivered separately. We have successfully isolated
inducible clones by sequential infections with pLH-Z;,I-PL and pL,N,-RyS3H/ZF3 based retroviruses
followed by double selection for the hygro and neo markers (see below).

Generation of a human growth hormone control vector

To generate vectors containing a human growth hormone (hGH) target gene, replace the Miul-Clal
fragment from pLH-Z4,I-PL or pLgN,-RyS3H/ZF2-PL with the MIul-Clal fragment from the plasmid

10
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pZ42l-hGH-2 (from the ARGENT Regulation Transcription Plasmid Kit). Several kits are available for
the quantitation of hGH levels, including an RIA from Nichols Diagnostic (# 40-2155) and an ELISA
from Roche (# 1 585 878).

Retrovirus Production

Supernatants containing infectious retroviral particles can be generated by transient transfection of
retroviral plasmids into packaging cell lines (7). We have successfully used the Phoenix Ampho cell
line (available from Garry Nolan, Stanford University). Packaging cell lines are also available from
commercial sources such as Clontech.

In our hands, transient packaging of pL,N,-RyS3H/ZF3 and pLH-Z,,I-PL based plasmids gives
retroviral supernatants with titers of 10* cfu/ml (approximately 10 fold lower than that of LXSN
packaged under similar conditions). Titers of retroviral supernatants produced using pLgNo-
RuS3H/ZF2-PL based vectors are 10° cfu/ml (100 fold lower than that of LXSN). It is possible that
titers can be improved by optimization of the transient packaging protocol or by the generation of
stable producer clones.

Generation of inducible clones

G418-resistant clones can be picked for expansion approximately 10 days following infection with Lg-
based retroviruses. Of these, typically half give rise to highly inducible target gene expression with
negligible basal transcription (see below).

When using the two virus system, clones stably transduced with each retrovirus can be generated
sequentially. For example,

1. Infect cells with pL,N»-R4S3H/ZF3 to stably integrate the transcription factor expression cassette.

2. Screen individual clones by transiently transfecting the target gene of interest or an easily
assayed target gene (e.g. pZ4,I-hGH-2 from the ARGENT Regulated Transcription Plasmid Kit).

3. Select the clone with lowest background and highest AP21967-dependent induction.

4. Infect cells with the pLH-Z4,I-PL based retrovirus containing the target gene.

5. Screen individual clones for the lowest background and highest levels of AP21967-dependent
target gene expression.

Alternatively, a faster approach is to perform successive infections with pL,N»-RyS3H/ZF3- and pLH-
Z4,l-PL-derived retroviruses followed by double selection for hygromycin B and G418 resistance. In
our experience, between 10 and 15% of the doubly transduced clones isolated in this way exhibit
strongly inducible target gene expression.

Creating an all-in-one vector in a new vector backbone

For certain purposes it may be desirable to clone the transcription factor fusion proteins and target
gene cassette into a new vector backbone. This is best done in a sequential procedure that involves
first inserting a polylinker into the new vector backbone, followed by the transcription factor and target
gene cassettes (+ the selectable marker cassette). For example, to create a vector similar to pLgN»-
RyS3H/ZF2-PL in a new vector backbone:

1. Insert a polylinker containing EcoRI, BamHI and Miul sites into the new vector backbone, oriented
so that the EcoRI site is immediately downstream of the promoter provided by the vector.

2. Insert the transcription factor cassette from pL,N,-RyS3H/ZF3 as an EcoRI-BamHI fragment.

3. Clone the target gene into pLgN,-RyS3H/ZF2-PL.

4. Insert the Mlul-BamHI fragment containing the target gene cassette and the selectable marker
cassette into the vector already containing the transcription factor cassette.

Note that the strategy described above creates a slightly larger vector than pLgN,-RyS3H/ZF2-PL

since the DNA binding domain in pL,N,-RyS3H/ZF3 is fused to 3 FKBP domains rather than 2 FKBP
domains as in pLgN,-RyS3H/ZF2-PL. If size constraints require the use of the smaller configuration,

11


http://www.ariad.com/wt/page/kits_info
http://www.stanford.edu/group/nolan/retroviral_systems/phx.html
http://www.ariad.com/wt/page/kits_info

then a 2 domain version can easily be created by swapping the Notl-BamHI fragments of the two
vectors.

It may be necessary to make adjustments to this cloning strategy, if, for example, a downstream
polyadenylation sequence is not provided by the vector or if a selectable marker is not desired. Note,
however, that if adjustments are made, the optimal configuration of the components may need to be
reevaluated. For example, we have found that when the selectable marker cassette is omitted, the
preferred configuration is to have the target gene cassette in the same orientation as the
transcription factor cassette. Such a vector has the same performance as one in which the target
gene is in the opposite orientation but can be produced at significantly higher titer.

Antibodies to detect fusion proteins
Anti-p65 antibodies (Santa Cruz Biotechnology #sc-372) can be used to detect the R4S3H (~72 kDa)
activation domain fusion protein.

AP21967

Description

AP21967

AP21967 is a chemically modified derivative of rapamycin that can be used to induce
heterodimerization of FKBP and FRBr,q9g. -cOntaining fusion proteins. AP21967 is greater than
1000-fold less immunosuppressive than rapamycin as measured in an in vitro splenocyte
proliferation assay. In all studies to date, AP21967 is non-toxic to cells at up to 1 uM concentrations,
or mice at up to 30 mg/kg doses.

To date, AP21967 has only been tested in vitro and in mice. We do not yet know whether it crosses
the blood-brain barrier in mice or whether it works in yeast or any other model organisms.

AP21967 cannot be used to heterodimerize proteins containing a wild type FRB domain. If you have
already made constructs using the wild type FRB domain, you must use rapamycin as the
heterodimerizer.

Note, however, that the presence of the T2098L mutation in FRB has little or no detrimental effect on
the binding of rapamycin. Therefore, as noted earlier, rapamycin can also be used to dimerize fusion
proteins made using the reagents in this kit. Rapamycin is available commercially from Sigma (cat #
R0395) or Affinity BioReagents (cat # IR-022).

12



Reconstituting AP21967

AP21967 (molecular mass 1017.4 Da) is provided in lyophilized form which should be reconstituted
as a concentrated stock in an organic solvent. We recommend dissolving the lyophilized material in
absolute ethanol to make a 1 mM solution (e.g. dissolve 250 pg AP21967 in 246 pl ethanol). After
adding the appropriate volume of ice-cold ethanol, seal and vortex periodically over a period of a few
minutes to dissolve the compound. Keep on ice during dissolution to minimize evaporation.

Storage and handling of AP21967

Once dissolved, the stock solution can be kept at -20°C indefinitely, in a glass vial or a microfuge
tube. Further dilutions in ethanol can be similarly stored. At the bench, solutions in ethanol should
always be kept on ice, and opened for as short a time as possible, to prevent evaporation and
consequent changes in concentration.

Using AP21967 in vitro

Working concentrations of AP21967 can be obtained by adding compound directly from ethanol
stocks, or by diluting serially in culture medium just before use. In the latter case we recommend that
the highest concentration does not exceed 5 uM, to ensure complete solubility in the (aqueous)
medium. In either case, the final concentration of ethanol in the medium added to mammalian cells
should be kept below 0.5% (a 200-fold dilution of a 100% ethanol solution) to prevent detrimental
effects of the solvent on the cells.

Use of AP21967 in animals
Once preliminary in vitro experiments have been carried out successfully we will be happy to provide
quantities of AP21967 necessary for use in animals.

Expected results

The figure below shows the effects upon reporter gene expression of adding increasing amounts of
AP21967 to a pool of HT1080 cells (ATCC CCL-121) stably transduced with an all-in-one retrovirus
bearing a secreted alkaline phosphatase (SEAP) target gene. In the absence of dimerizer, target
gene expression is undetectable. Half-maximal induction occurs at ~4 nM and peak induction at 10-
30 nM AP21967. In initial experiments we recommend that AP21967 be tested across a broad range
of concentrations (e.g. 0.1 to 100 nM) to provide a complete dose-response profile.

250

H

200
150

100 v

SEAP Activity (RU)

50

o . ——
0.1 1 10 100

AP21967 (nM)
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In a separate experiment, 10 G418-resistant clones were isolated from a pool of cells transduced
with an all-in-one retroviral vector. Each clone was assayed for SEAP production alongside the
parental pool in the presence or absence of 100 nM rapalog. The results (below) reveal that half the
clones displayed inductions greater than or equal to the parental pool. Inducible clones can
therefore be isolated from retrovirally transduced cells at a high frequency.

O
500+
n

1 100 nM Rapalog
4004
300
200+
1004
0- — T T
5 6 7 8 9 10

T T
Pool 1 2 3 4

SEAP Activity (AU)

Clone Number

We have successfully demonstrated inducible regulation in a number of cell lines, including NIH 3T3
(murine fibroblasts), Ba/F3 (murine pre-B lymphocytes), C2C12 (murine myoblasts), and HT1080
(human fibrosarcoma cells) (7). In the presence of dimerizer, target gene expression is typically
induced at least 1000-fold — to absolute levels similar to those seen when expression of the same
target gene is driven directly from the retroviral LTR. The extremely low basal level of target gene
expression is illustrated by the ability to make stable cell lines that inducibly express the highly toxic
diphtheria toxin A chain gene (7). Using all-in-one vectors, stably transduced pools and clones
exhibiting tightly regulated, highly inducible target gene expression can typically be generated in two
to three weeks.

We anticipate that the performance of the system in various cell types will correlate with LTR activity
since the level of transcription factor expression appears to be an important factor in the level of
transcription that can be achieved. Although licensing restrictions prevent us from providing vectors
bearing an enhanced Green Fluorescent Protein (EGFP) reporter gene, we have found this control to
be particularly convenient for rapidly assessing the performance of the system in new cell types.
Plasmids containing the EGFP coding sequence can be obtained commercially from Clontech.

Conditions of use

Please bear in mind that these materials will be provided to you pursuant to a Material Transfer
Agreement (MTA). Our MTA contains, among other provisions, certain restrictions on the transfer to
others of our materials and any derivatives you create using or incorporating our materials. If you
wish to share the materials or derivatives with colleagues or collaborators, they must first complete
our MTA. Please also be aware that our Kits are not to be used in research funded by, or conducted
on behalf of, a commercial or for-profit entity. Those situations require a. commercial agreement.
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We certainly hope that you obtain interesting results and that they are presented and published
without delay. But please note that under the terms of the MTA, you need to give us advance notice of
any such presentations or publications, including talks, posters, and submissions of abstracts or
manuscripts for publication. Also, in the event of a patent filing, a copy of the patent application must
be provided to ARIAD. Advance notice is usually 4 weeks prior to submission, but please check your
MTA for specific details.

Please also be aware that the use of intellectual property or materials of others, in conjunction with
the Regulation Kit, may have additional ramifications. For example, if you plan to use a Regulation Kit
together with human embryonic stem cells from WiCell (WARF), we and you are required to execute
an additional MTA which will be provided to you.

We appreciate your cooperation in this regard.
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pL2N.-RyS3H/ZF3 Annotated Sequence

101
201
301
401
501
601

901
1001
1101
1201
1301
1401
1501

1601
1

1691
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1766
36

1841
61

1916
86

1991
111

2066
136

2141
161

2216
186

2291
211

2366
236

2441
261

2516
286

2591
311

2666
336

2741
361

2816
386

2891
411

2966
436

3041
461

3116
486

1 gaattgctagcaattgctagcaattgctagcaattcat accagat caccgaaaact gt cct ccaaat gt gt ccccct cacact cccaaatt cgeggget t
<--
ctgcctcttagaccact ctaccctattccccacact caccggagccaaageccgeggeccttecgtttctttgettttgaaagaccccaccegt aggt gge

aagct agct t aagt aacgccact t t gcaaggcat ggaaaaat acat aact gagaat agaaaagt t cagat caaggt caggaacaaagaaacagct gaat a
ccaaacaggat at ct gt ggt aagcggt t cct gcccegget cagggccaagaacagat gagacagcet gagt gat gggccaaacaggat at ct gt ggt aage
agt t cct gcccecgget cggggecaagaacagat ggt ccceagat geggt ccageect cageagt t t ct agt gaat cat cagat gt t t ccagggt geccea
aggacctgaaaatgaccctgtaccttatttgaactaaccaatcagt?ﬁﬁ%Ytgté;zitctgttcgcgcgcttccgctctccgagctcaataaaagagcc

cacaacccct cact cggcgegecagt ctt ccgat agact gcgt cgcccgggt acccgt at t cccaat aaagect ctt get gttt gcat ccgaat cgt ggt
>

ctcgcetgttccttgggagggt ct cct ct gagt gatt gact acccacgacgggggt ctttcatttgggggct cgt ccgggat tt ggagaccect gcccagg
<--

gaccaccgacccaccaccgggaggt aagct ggccagcaacttatct gt gt ct gt ccgattgtctagtgtctatgtttgatgttatgegectgegtctgta
ctagttagct aact agct ct gt at ct ggcggacccgt ggt ggaact gacgagt t ct gaacacccggccgcaaccct gggagacgt cccagggact tt ggg
ggccgtttttgtggecccgacct gaggaagggagt cgat gt ggaat ccgaccccgt caggat at gt ggt t ct ggt aggagacgagaacct aaaacagtt cc
cgcctecgtctgaatttttgetttcggttt ggaaccgaagecgegegt cttgt ct get gcageget gcageat cgttct gt gttgtct ct gt ct gact gt
gtttctgtatttgtctgaaaattagggccagactgttaccactcccttaagt?tgaccttaggtcactggaaagatgtcgagcggatcgctcacaaccag
t cggt agat gt caagaagagacgt t gggt t acct t ct gct ct gcagaat ggccaacct t t aacgt cggat ggccgcgagacggeacct t t aaccgagacce
tcat cacccaggtt aagat caaggt cttttcacct ggcccgeat ggacacccagaccaggt cccct acat cgt gacct gggaagect t ggettttgacce

ccctccct gggt caagecct tt gt acaccct aagect ccgectcctcttcct ccatccgececgt ctctceccectt gaacct cct cgtt cgaccccgect
--> EcoRl <-- c-nyc NLS
cgatcctccctttatccagecct cactccttct ct aggcgeccggaat t ccagaagccacc ATG GAC TAT CCT GCT GCC AAG AGG GIC AAG
M D Y P A A K R \% K
> <- -
TTG GAC TCT AGA ATC CTC TGG CAT GAG ATG TGG CAT GAA GGC CTG GAA GAG GCA TCT CGI TTG TAC TTT GGG GAA
L D S R | L W H E M W H E G L E E A S R L Y F G E

AGG AAC GTG AAA GGC ATG TTT GAG GTG CTG GAG CCC TTG CAT GCT ATG ATG GAA CGG GGC CCC CAG ACT CTG AAG
R N V K G M F E V L E P L H A M M E R G P Q T L K
FRB (T2098L)

GAA ACA TCC TTT AAT CAG GCC TAT GGT CGA GAT TTA ATG GAG GCC CAA GAG TGG TGC AGG AAG TAC ATG AAA TCA
E T S F N Q A Y G R D L M E A Q E W C R K Y M K S

> <- -
GGG AAT GTC AAG GAC CTC CTC CAA GCC TGG GAC CTC TAT TAT CAT GTG TTC CGA CGA ATC TCA AAG ACT AGA AGT
G N V K DL L Q A WD L Y Y HV F R R I S K T R S

GAG CCC ATG GAA TTT CAG TAC CTG CCA GAT ACA GAC GAT CGT CAC CGG ATT GAG GAG AAA CGT AAA AGG ACA TAT
E P M E F Q Y L P D T D D R H R | E E K R K R T Y

GAG ACC TTC AAG AGC ATC ATG AAG AAG AGT CCT TTC AGC GGA CCC ACC GAC CCC CGG CCT CCA CCT CGA CGC ATT
E T F K S | M K K S P F S G P T D P R P P P R R

GCT GIG CCT TCC CGC AGC TCA GCT TCT GIC CCC AAG CCA GCA CCC CAG CCC TAT CCC TTT ACG TCA TCC CTG
AV P S R S S A S V P K P A P Q P Y P T S S L

ACC ATC AAC TAT GAT GAG TTT CCC ACC ATG GIG TTT CCT TCT GGG CAG ATC AGC CAG
T | N Y D E F P T MV F P S G Q | S Q

p65 (281-551)
GCC CCT CCC CAA GTC CTG CCC CAG GCT CCA GOC CCT GCC CCT CCA GCC ATG GTA GCT CTG GCC CAG

F

GCC

A S A L A

TCA
A P P Q V L P Q A P A P A P A P A M V S A L A Q

ccc

P

GGG

G

|
AGC
S

TCG GCC TTG GCC CCG
P
GcC
A

CCA GCC CCT GIC CCA GTC CTA GCC CCA GGC CCT CCT CAG GCT GIG GCC CCA CCT GCC
P A P V P V L A P G P P Q A V A P P A

AAG CCC ACC CAG GCT
K P T Q A
AA

GGG GAA GGA ACG CTG TCA GAG GCC CTG CTG CAG CTG CAG TTT GAT GAT GAA GAC CTG
G E G T L S E A L L Q L Q F D D E D L

GCC TTG CTT GGC
A L L G N

AGC ACA GAC CCA GCT GIG TTC ACA GAC CTG GCA TCC GTC GAC AAC TCC GAG TTT CAG CAG CTG CTG AAC CAG GGC
s T b P AV F T DL A S V D N S E F Q Q L L N Q G
ATA CCT GTG GCC CCC CAC ACA ACT GAG CCC ATG CTG ATG GAG TAC CCT GAG GCT ATA ACT CGC CTA GTG ACA GGG
I P V A P H T T E P M L M E Y P E A I T R L V T G
GCC CAG AGG CCC CCC GAC CCA GCT CCT GCT CCA CTG GGG GCC CCG GGG CTC CCC AAT GGC CTC CTT TCA GGA GAT
A Q R P P D P A P A P L G A P G L P N G L L S G D
> <- -
GAA GAC TTC TCC TCC ATT GOG GAC ATG GAC TTC TCA GCC CTG CTG AGT CAG ATC AGC TCC ACT AGA GGC TTC AGC
E D F S S | A D M D F S A L L S QI S s T R G F s

GTG GAC ACC AGT GCOC CTG CTG GAC CTG TTC AGC CCC TCG GTG ACC GTG CCC GAC ATG AGC CTG CCT GAC CTT GAC
vV D T S A L L DL F S P S V T V P D M S L P D L D
HSF1 (406-529)
AGC AGC CTG GCC AGT ATC CAA GAG CTC CTG TCT CCC CAG GAG CCC COC AGG CCT COC GAG GCA GAG AAC AGC AGC
s s L A S I Q E L L S P Q E P P R P P E A E N S s

CCG GAT TCA GGG AAG CAG CTG GTG CAC TAC ACA GCG CAG CCG CTG TTC CTG CTG GAC CCC GGC TCC GIG GAC ACC
P D S G K Q L \% H Y T A Q P L F L L D P G s V D T

GGG AGC AAC GAC CTG CCG GTG CTG TTT GAG CTG GGA GAG GGC TCC TAC TTC TCC GAA GGG GAC GGC TTC GCC GAG

G S N D L P \% L F E L G E G S Y F S E G D G F A E
-->

GAC CCC ACC ATC TCC CTG CTG ACA GGC TCG GAG CCT CCC AAA GCC AAG GAC CCC ACT GIC TCC TAA taggatctccgg

D P T | S L L T G S E P P K A K D P T v § *

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

1690
10

1765
35

1840
60

1915
85

1990
110

2065
135

2140
160

2215
185

2290
210

2365
235

2440
260

2515
285

2590
310

2665
335

2740
360

2815
385

2890
410

2965
435

3040
460

3115
485

3193
507

3194 ttattttccaccatattgccgtcttttggcaat gt gagggcccggaaacctggccctgtcttcttgacgagcattcctaggggtctttccecctctcgeca 3293
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3294 aaggaat gcaaggt ct gt t gaat gt cgt gaaggaagcagt t cct ct ggaagct t ct t gaagacaaacaacgt ct gt agcgaccct t t gcaggcagcggaa
EMCV | RES

3394 ccccccacct ggcgacaggt gect ct gcggccaaaagecacgt gt at aagat acacct gcaaaggcggcacaaccccagt gccacgt t gt gagt t ggat a

3494 gtt gt ggaaagagt caaat ggct ct cct caagcgt at t caacaaggggct gaaggat gcccagaaggt accccat t gt at gggat ct gat ct ggggect ¢

3594 ggtgcacatgctttacatgtgtttagtcgaggttaaaaaacgt ctaggccccccgaaccacggggacgt ggttttcctttgaaaaacacgat gat aatac
<-- c-nyc NLS > <--
3694 ¢ ATG GAC TAT CCT GCT GCC AAG AGG GTC AAG TTG GAC TCT AGA GAA CGC CCA TAT CCT TGC CCT GIC GAG TCC
1 M D Y P A A K R \ K L D S R E R P Y A C P \% E S

3767 TGC GAT CGC CGC TTT TCT CGC TCG GAT GAG CTT ACC CGC CAT ATC CGC ATC CAC ACA GGC CAG AAG CCC TTC CAG
25C D R R F S R S D E L T R H | R | H T G Q K P F Q
Not |
3842 TGI CGA ATC TGC ATG CGI AAC TTC AGT CGI AGT GAC CAC CTT ACC ACC CAC ATC CGC ACC CAC ACA GGC_GGC GGC
50C R | cC M R N F S R S D H L T T H | R T H T G G G
ZFHD1
3917 CGC AGG AGG AAG AAA CGC ACC AGC ATA GAG ACC AAC ATC CGT GIG GCC TTA GAG AAG AGT TTC TTG GAG AAT CAA

75 R R R K K R T S | E T N R VvV A L E K S F L E N Q

3992 AAG CCT ACC TCG GAA GAG ATC ACT ATG ATT GCT GAT CAG CTC AAT ATG GAA AAA GAG GIG ATT CGT GIT TGG TTC
100K P T S E E | T Mo A D Q L N M E K E V I R V. W F
- <- -

4067 TGT AAC CGC CGC CAG AAA GAA AAA AGA ATC AAC ACT AGA GGA GIG CAG GIG GAA ACC ATC TCC CCG GGA GAC GGG
125C N R R Q K E K R 1 N T R G VvV Q VvV E T | S P G D G

4142 CGC ACC TTC CCC AAG CGC GGC CAG ACC TGC GIG GIG CAC TAC ACC GGG ATG CTT GAA GAT GGA AAG AAA TTT GAT

50 R T F P K R G Q T C V V H Y T G M L E D G K K F D
FKBP
4217 TCC TCC CGG GAC AGA AAC AAG CCC TTT AAG TTT ATG CTA GGC AAG CAG GAG GTG ATC CGA GGC TGG GAA GAA GGG
7S S R D R N K P F K F M L G K Q E V | R G W E E G
4292 GIT GCC CAG ATG AGT GIG GGT CAG AGA GCC AAA CTG ACT ATA TCT CCA GAT TAT GCC TAT GGT GCC ACT GGG CAC
20V A Q M S V G Q R A K L T | s P D Y A Y G A T G H
> <--

4367 CCA GGC ATC ATC CCA CCA CAT GCC ACT CTC GTC TTC GAT GTG GAG CTT CTA AAA CTG GAA ACT AGA GGC GIT CAG
25P G | | P P H A T L V F D V E L L K L E T R G V Q
4442 GTG GAA ACC ATC AGT CCA GGG GAT GGC CGA ACT TTT CCA AAG AGA GGG CAG ACT TGC GIC GIG CAT TAT ACT GGT
25%0v E T | S P G D G R T F P K R G Q T C V V H Y T G

4517 ATG CTG GAG GAT GGG AAA AAG TTC GAC TCT TCC AGA GAT CGG AAC AAA CCA TTC AAA TTC ATG CTC GGG AAA CAG
27M L E D G K K F D S S R D R N K P F K F M L G K Q
FKBP' (silent nutations)

4592 GAA GIT ATC CGC GGA TGG GAG GAG GGC GIG GCC CAG ATG TCC GTG GGC CAG CGC GCC AAG CTA ACC ATC TCC CCA

300 E VvV | R G W E E G VvV A Q M s V G Q R A K L T | S P

4667 GAC TAC GCC TAC GGA GCC ACC GGA CAC CCC GGI' ATC ATA CCC CCA CAC GCC ACC CTT GIG TTT GAC GIG GAA CTG

325D Y A Y G A T G H P G I | P P H A T L vV F D V E L
> <--

4742 CTT AAG CTA GAG ACT AGA GGC GTIG CAG GIC GAG ACC ATC AGC CCC GGC GAC GGBC CGC ACC TTT CCC AAG AGA GGC

350 L K L E T R G v Q VvV E T [ S p G D G R T F P K R G

4817 CAG ACT TGC GIG GIC CAC TAC ACC GGC ATG CTG GAG GAC GGC AAG AAG TTC GAC AGC AGC CGC GAC CGC AAC AAG

33 Q T C€C V V H Y T GG M L E D G K K F D S S R D R N K
FKBP' ' (silent nutations)

4892 CCC TTC AAG TTC ATG CTG GGC AAA CAG GAA GIG ATC CGC GGC TGG GAG GAA GGC GIG GCT CAG ATG AGC GIG GGG

400P F K F M L G K Q E V | R G W E E G V A Q M s V G

4967 CAG CGG GCC AAG CTG ACC ATC AGC CCC GAC TAT GOC TAC GGC GOC ACC GGC CAC CCC GGC ATC ATC CCC CCC CAC

425Q R A K L T I S P D Y A Y G A T G H P G I | P P H
--> BanH <-

5042 GCC ACC CTG GIG TTC GAC GIG GAG CTG CTG AAG CTG GAG ACT AGT TAA taaggat ccggct gt ggaat gt gt gt cagt t agggt

450A T L V F D V E L L K L E T s =

5126 gtggaaagtccccaggct ccccagcaggcagaagt at gcaaagcat gcat ct caatt agt cagcaaccaggt gt ggaaagt ccccaggct ccccagcagg
SV40 early pronoter
5226 cagaagt at gcaaagcat gcat ctcaattagtcagcaaccatagtcccgcccctaactccgcccatcccgeccctaactccgecccagttccgeccattct

5326 ccgccccatggetgactaattttttttatttat gcagaggccéaggccgcctcggcctctgagctattccagaagt agt gaggaggcttttttggaggcc
> <--
5426 taggcttttgcaaaaagcttgggcet gcaggt cgaggcggat ct gat caagagacaggat gaggatcgtttcge ATG ATT GAA CAA GAT GGA
1 M | E Q D G

5517 TTG CAC GCA GGI TCT CCG GCC GCT TGG GIG GAG AGG CTA TTC GGC TAT GAC TGG GCA CAA CAG ACA ATC GGC TGC
7L H A G S P A A W V E R L F G Y D wW A Q Q T | G C

5592 TCT GAT GCC GCC GIG TTC CGG CTG TCA GCG CAG GGG CGC CCG GIT CIT TTT GIC AAG ACC GAC CTG TCC GGTI GCC
32 S D A A V F R L s A Q G R P V L F VvV K T D L S G A

5667 CTG AAT GAA CTG CAG GAC GAG GCA GCG CGG CTA TCG TGG CTG GCC ACG ACG GGC GIT CCT TGC GCA GCT GIG CTC
57 L N E L Q b E A A R L S W L AT T G V P cC A A V L

5742 GAC GIT GIC ACT GAA GCG GGA AGG GAC TGG CTG CTA TTG GGC GAA GIG CCG GGG CAG GAT CTC CTG TCA TCT CAC

82D V V T E A G R D W L L L G E VvV P G Q D L L S S H

5817 CTT GCT CCT GCC GAG AAA GTA TCC ATC ATG GCT GAT GCA ATG CGG CGG CTG CAT ACG CTT GAT CCG GCT ACC TGC

107 L AP A E K V S | M A D A M R R L H T L D P A T C
Neo’

5892 CCA TTC GAC CAC CAA GCG AAA CAT CGC ATC GAG CGA GCA CGT ACT CGG ATG GAA GCC GGT CTT GIC GAT CAG GAT

132 P F D H Q A K H R 1 E R A R T R M E A G L v D Q D

5967 GAT CTG GAC GAA GAG CAT CAG GGG CTC GCG CCA GCC GAA CTG TTC GCC AGG CTC AAG GCG CGC ATG CCC GAC GGC
157 D L D E E H Q G L A P A E L F A R L K A R M P D G

6042 GAG GAT CTC GIC GIG ACC CAT GGC GAT GCC TGC TTG CCG AAT ATC ATG GIG GAA AAT GGC CGC TTT TCT GGA TTC
182 E D L v VvV T H G D A C L P N M V E N G R F S G F
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3393
3493
3593
3693

3766
24

3841
49

3916
74

3991
99

4066
124

4141
149

4216
174

4291
199

4366
224

4441
249

4516
274

4591
299

4666
324

4741
349

4816
374

4891
399

4966
424

5041
449

5125
465

5225
5325
5425
5516
5591
31

5666
56

5741
81

5816
106

5891
131

5966
156

6041
181

6116
206



6117 ATC GAC TGT GGC CGG CTG GGI GIG GCG GAC CGC TAT CAG GAC ATA GCG TTG GCT ACC CGI GAT ATT GCT GAA GAG 6191
207 | D C G R E E

L G VvV A D R Y Q D 1 A L AT R D

6192 CTT GGC GGC GAA TGG GCT GAC CGC TTC CTC GIG CTIT TAC GGT ATC GCC GCT CCC GAT TCG CAG CGC ATC GCC TTC
A F

232 L

6267 TAT CGC CTT CTT GAC GAG TTC TTC TGA gcgggact ct ggggt t cgat aaaat aaaagattttatttagt ct ccagaaaaaggggggaat ga
257 Y R L L D E F F *

6358
6458
6558
6658
6758
6858
6958
7058
7158
7258
7358
7458
7558
7658
7758
7858
7958
8058
8158
8258
8358
8458
8558
8658
8758
8858

G G E W A D R F L vV L Y G | A A P D § Q R
o> <--

aagaccccacct gt aggt t t ggcaagct agct t aagt aacgccat t tt gcaaggcat ggaaaaat acat aact gagaat agagaagt t cagat caaggt ¢

aggaacagat ggaacagct gaat at gggccaaacaggat at ct gt ggt aagcagt t cct gccccgget cagggccaagaacagat ggaacagct gaat at
MMV 3" UTR

gggccaaacaggat at ct gt ggt aagcagt t cct gccccgget cagggccaagaacagat ggt ccccagat gcggt ccagecct cageagt tt ct agaga

accat cagat gttt ccagggt gccccaaggacct gaaat gaccct gt gcctt attt gaact aaccaat cagttcgcettctcgettctgttcgegegettc

231

6266
256

6357
265

6457
6557
6657
6757

M.V Poly A signal

tgct ccccgaget caat aaaagagcccacaacccct cact cggggcgecagt cct ccgat t gact gagt cgcccgggt acccgt gt at ccaat aaaccct
cttgcagttgcatccgacttgtggtctcgetgttccttgggagggtctcctct gagt gatt gact accecgt cagcgggggtcettt (-:.';1t>t ctgcattaatg
aat cggccaacgcgcggggagaggeggt tt gegt att gggegetcttccgettcct cget cact gact cget gecget cggt cgtt cgget gcggegageg
gt at cagct cact caaaggcggt aat acggt t at ccacagaat caggggat aacgcaggaaagaacat gt gagcaaaaggccagcaaaaggccaggaacc
gt aaaaaggccgegtt gct ggegtttttccat agget ccgececcect gacgageat cacaaaaat cgacgct caagt cagaggt ggcgaaacccgacagg
act at aaagat accaggcgt tt ccccct ggaaget ccct cgt gecget ct cct gt t ccgaccct geccgettaccggat acct gt ccgectttctcecttcg
ggaagcgt ggcgetttct cat aget cacget gt aggt at ct cagt t cggt gt aggt cgt t cget ccaagcet ggget gt gt gcacgaaccccccgt t cage
ccgaccgct gcgect t at ccggt aact at cgt ct t gagt ccaacccggt aagacacgactt at cgccact ggcagcagecact ggt aacaggat t agcag
agcgaggt at gt aggcggt gct acagagt t ct t gaagt ggt ggcct aact acggct acact agaaggacagt at tt ggt at ct gcget ct gct gaageca
gttaccttcggaaaaagagttggt agct cttgat ccggcaaacaaaccaccgct ggt agcggt ggttttttt gttt gcaagcagcagattacgcgcagaa
aaaaaggat ct caagaagat cctttgatcttttctacggggt ct gacgct cagt ggaacgaaaact cacgttaagggattttggt cat gagattat caaa
aaggatcttcacctagatccttttgcggccggeccgcaaat caat ct aaagt at at at gagt aaactt ggt ct gacagt t accaat gct t aat cagt gagg
cacctatctcagcgatctgtctatttcgttcatccatagttgectgactccccgtcgt gt agat aact acgat acgggagggcettaccat ctggccccag
t gct gcaat gat accgcgagacccacgct caccggct ccagat t t at cagcaat aaaccagccagccggaagggccgagcgecagaagt ggt cct gcaact
ttatccgectccatccagtctattaattgttgccgggaaget agagt aagt agtt cgccagtt aat agtttgcgcaacgttgttgecattgetacaggca
tcgtggt gt cacgetcgtcgtttggtat ggettcatt caget ccggtt cccaacgat caaggcgagt t acat gat cccccat gt t gt gcaaaaaagcggt
tagctccttcggtcctccgat cgtt gt cagaagt aagt t ggccgeagt gt t at cact cat ggt t at ggcagcact gcat aattctcttact gt cat gcca
tccgtaagatgettttctgtgact ggt gagt act caaccaagt catt ct gagaat agt gt at gcggcgaccgagtt gct ctt gcccggegt caacacggg
at aat accgcgccacat agcagaact t t aaaagt gct cat cat t ggaaaacgtt ctt cggggcgaaaact ct caaggat ctt accget gt t gagat ccag
ttcgat gtaacccact cgt gcacccaactgatcttcagecatcttttactttcaccagegtttctgggt gagcaaaaacaggaaggcaaaat gccgcaaaa
aagggaat aagggcgacacggaaat gtt gaatactcatactcttcctttttcaatattatt gaagcatttat cagggttattgtctcat gagcggataca

tatttgaat gt atttagaaaaat aaacaaat aggggttccgcgcacat ttccccgaaaagt gccacct gacgt ct aagaaaccattattatcat gacatt

8958 aacct at aaaaat aggcgt at cacgaggccctttcgtcttcaa
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6857
6957
7057
7157
7257
7357
7457
7557
7657
7757
7857
7957
8057
8157
8257
8357
8457
8557
8657
8757
8857
8957
9000



pLH-Z,I-PL Annotated Sequence

<--
1 ctgcagcct gaat at gggccaaacaggat at ct gt ggt aagcagt t cct gccccggct cagggccaagaacagat ggaacagct gaat at gggccaaaca 100

101 ggat at ct gt ggt aagcagt t cct gcccecggcet cagggccaagaacagat ggt ccccagat geggt ccagecct cageagt tt ¢t agagaaccat cagat 200
201 gtttccagggtgccccaaggacct gaaat gaccct gt gccttatttg/gga/agcé;;cagttcgcttctcgcttctgttcgcgcgcttctgctccccga 300
301 gctcaat aaaagagcccacaacccct cact cggggegecagt cct ccgatt gact gagt cgcccgggt accegt gt at ccaat aaaccctcttgecagttg 400
401 catccgacttgtggtctcgetgttccttgggagggt ctcctctgagt gattgact acccgt cagegggggt ctttcaiitgggggctcgtccgggatcgg 500
501 gagacccct gcccagggaccaccgacccaccaccgggaggt aagctggc<c_a_gcaacttat ctgtgtctgtccgattgtctagtgtctatgactgatttta 600
601 tgcgcctgegtcggtact agtt aget aact aget ct gt at ct ggcggacccgt ggt ggaact gacgagt t ct gaacacccggcecgcaaccct gggagacg 700
701 tcccagggactttgggggecgtttttgtggcccgacct gaggaagggagt cgat gt ggaat ccgaccccgt caggat at gt ggt t ct ggt aggagacgag 800
801 aacctaaaacagttcccgectccgtctgaatttttgetttcggtttggaaccgaageecgegegtcttgtctgetgecageatcgttetgtgttgtctetgt 900
901 ctgactgtgtttctgtatttgtctgaaaattagggccagactgttaccactczcttaagtttgaccttagatcactggaaagatgtcgagcggctcgctc 1000
1001 acaaccagt cggt agat gt caagaagagacgtt gggttaccttct gct ct gcagaat ggccaacct tt aacgt cggat ggccgcgagacggcacctttaa 1100
1101 ccgagacct cat cacccaggtt aagat caaggt cttttcacct ggcccgeat ggacacccagaccaggt cccct acat cgt gacct gggaagecttgget 1200
1201 tttgacccccctccct gggt caagecctttgtacaccctaagect ccgect cctcttcttccatccgegeegt ctcteccecttgaacctectctttcga 1300
1301 ccccgcctcaatcctccctttatccagccctcactccttctctaggcgccggccggatcagcttgccagctggggcgccctctggtaaggttg_;g_]gaagcc 1400
1401 ctgcagat ct aaacacgat gat aat accat gaaaaagcct gaact caccgcgacgt ct gt cgagaagt t t ct gat cgaaaagt t cgacagegt ct ccgac 1500
1501 ctg <A:I'_G CAG CTC TCG GAG GGC GAA GAA TCT CGI GCT TTC AGC TTC GAT GITA GGA GGG CGT GGA TAT GIC CTG CGG 1575
1 M Q L S E G E E S R A F S F D \% G G R G Y \ L R 24

1576 GTA AAT AGC TGC GCC GAT GGI TTC TAC AAA GAT CGT TAT GIT TAT CGG CAC TTT GCA TCG GCC GCG CTC CCG ATT 1650
25v N S C A D G F Yy K D R Y V Y R H F A S A A L | 49

P
1651 CCG GAA GIG CTT GAC ATT GGG GAA TTT AGC GAG AGC CTG ACC TAT TGC ATC TCC CGC CGI GCA CAG GGI GIC ACG 1725
\

50 P E V L D 1 G E F S E S L T Y C | S R R A Q G T 74
1726 TTG CAA GAC CTG CCT GAA ACC GAA CTG CCC GCT GIT CTG CAG CCG GTC GCG GAG GCC ATG GAT GCG ATC GCT GCG 1800
75 L Q D L P E T E L P A V L Q P V. A E A M D A | A A 99

Hygr®
1801 GCC GAT CTT AGC CAG ACG AGC GGG TTC GGC CCA TTC GGA CCG CAA GGA ATC GGTI CAA TAC ACT ACA TGG CGT GAT 1875
100A D L S Q T S G F G P F G P Q G | G Q Yy T T W R D 124
1876 TTC ATA TGC GCG ATT GCT GAT CCC CAT GIG TAT CAC TGG CAA ACT GIG ATG GAC GAC ACC GIC AGT GCG TCC GIC 1950
125 F | c A | A D P H V Y H w Q T VvV M D D T V S A S V 149

1951 GCG CAG GCT CTC GAT GAG CTG ATG CTT TGG GCC GAG GAC TGC CCC GAA GTIC CGG CAC CTC GIG CAC GCG GAT TTC 2025
150 A Q A L D E L M L W A E D C P E V R H L v H A D F 174

2026 GGC TCC AAC AAT GIC CTG ACG GAC AAT GGC CGC ATA ACA GCG GTC ATT GAC TGG AGC GAG GCG ATG TTC GGG GAT 2100
175 G S N N V L T D N G R | T A V | D w S E A M F G D 199

2101 TCC CAA TAC GAG GIC GCC AAC ATC TTC TTC TGG AGG CCG TGG TTG GCT TGI ATG GAG CAG CAG ACG CGC TAC TTC 2175
2006 Q Y E VvV A N | F F W R P W L A C M E Q Q T R Y F 224

2176 GAG CGG AGG CAT CCG GAG CTT GCA GGA TCG CCG CGG CTC CGG GCG TAT ATG CTC CGC ATT GGI CTT GAC CAA CTC 2250
225 E R R H P E L A G S P R L R A Y M L R | G L D Q L 249

2251 TAT CAG AGC TTG GIT GAC GGC AAT TTC GAT GAT GCA GCT TGG GCG CAG GGI CGA TGC GAC GCA ATC GIC CGA TCC 2325
250 Y Q S L v D G N F b D A A W A Q G R C D A | vV R S 274

2326 GGA GCC GGG ACT GIC GGG CGT ACA CAA ATC GCC CGC AGA AGC GCG GCC GIC TGG ACC GAT GGC TGT GTA GAA GTA 2400
275 G A G T \Y G R T Q | A R R S A A \Y w T D G C \ E \ 299
> M ul
2401 CTC GCC GAT AGT GGA AAC CGA CGC CCC AGC ACT CGT CCG AGG GCA AAG GAA TAG agt agat gccgaccgggat ct at cgacg 2482
300 L A D S G N R R P S T R P R A K E * 317

2483 cgtgctagctaat gat gggcgcet cgagtaat gat gggecggt cgact aat gat gggegcet cgagt aat gat gggegt ct agct aat gat gggegcet cgagt. 2582
12x ZFHD1 sites

2583 aat gat gggcggt cgact aat gat gggcgct cgagt aat gat gggcgt ct agct aat gat gggcgct cgagt aat gat gggcggt cgact aat gat ggge 2682

<-- I L2 pronoter
2683 gct cgagtaat gat gggcgt ct agaacgcgaattttaacaacattttgacacccccataatatttttccagaattaacagtataaattgcatctcttgtt 2782
--> Hindl Il EcoRl

2783 caagagttccctatcactctctttaatcactactcacagtaacctcaactcctgccacaagcettgecctgcagcgggaattccact agt cgagatctcca 2882
2883 Sgglgt_aaaat aaaagattttatttagtctccagaaaaagggggg;ét-gaaagaccccacctgtaggtttggcaagctagcttaagt aacgccattttgca 2982
2983 aggcat ggaaaaat acat aact gagaat agagaagt t cagat caaggt caggaacagat ggaacagct gaat at gggccaaacaggat at ct gt ggt aag 3082
3083 cagttcctgccccgget cagggccaagaacagat ggaacagctgaa{\/g{\/’g-gggcégfcaggatatctgt ggt aagcagt t cct gccccgget cagggecca 3182
3183 agaacagat ggt ccccagat gcggt ccagccct cagcagt tt ct agagaaccat cagat gttt ccagggt gccccaaggacct gaaat gaccct gt gcct 3282
3283 tatttgaactaaccaatcagttcgcttctcgettctgttcgegegettctgetccccgaget caat aaaagagcccacaacccect cactcggggecgecag 3382
MMV Poly A signal
3383 tcctccgattgact gagt cgcccgggt acccgt gt at ccaat aaaccct cttgcagttgceat ccgacttgtggtctcgetgttccttgggagggtctcct 3482
3483 ctgagt gattgactacccgtcagcgggggtcttt-c-;tttccgacttgt ggt ct cgct gcct t gggagggt ct cct ct gagt gat t gact acccgt cagcg 3582

3583 ggggtcttcacatgcagcatgtatcaaaattaatttggttttttttcttaagtatttacattaaatggccatagttgcattaatgaatcggccaacgcge 3682

20



3683
3783
3883
3983
4083
4183
4283
4383
4483
4583
4683
4783
4883
4983
5083
5183
5283
5383
5483

ggggagaggeggttt gcgt at t ggcget ctt cegett cet cget cact gact cget geget cggt cgt t cgget gcggecgageggt at caget cact caa
aggcggt aat acggt t at ccacagaat caggggat aacgcaggaaagaacat gt gagcaaaaggccagcaaaaggccaggaaccgt aaaaaggecgegt t
gctggegtttttccatagget ccgeccccct gacgageat cacaaaaat cgacget caagt cagaggt ggcgaaacccgacaggact at aaagat accag
gcgtttccccct ggaaget cect cgt geget ctcct gt t ccgaccct gecget t accggat acct gt cecgectttctcectt cgggaagegt ggegettt
ctcat agct cacgct gt aggt at ct cagt t cggt gt aggt cgt t cgct ccaagcet ggget gt gt gcacgaaccccccgt t cagcccgaccget gegect t
at ccggt aact at cgt ct t gagt ccaacccggt aagacacgact t at cgccact ggcagcagccact ggt aacaggat t agcagagcgaggt at gt agge
ggt gct acagagt t ct t gaagt ggt ggcct aact acgget acact agaaggacagt at t t ggt at ct gcget ct gct gaagecagt t acct t cggaaaaa
gagt t ggt agct ct t gat ccggcaaacaaaccaccgcet ggt ageggt ggtttttttgtttgcaagcagcagat t acgcgcagaaaaaaaggat ct caaga
agatcctttgatcttttctacggggt ct gacgcet cagt ggaacgaaaact cacgttaagggattttggt cat gagatt at caaaaaggat cttcacct ag
atccttttaaattaaaaat gaagtttgcggccgcaaat caat ct aaagt at at at gagt aaact t ggt ct gacagt t accaat gct t aat cagt gaggca
cctatctcagcgatctgtctatttcgttcatccatagttgectgact cccegt cgt gt agat aact acgat acgggagggct t accat ct ggccccagt g
ct gcaat gat accgcgagacccacgct caccggcet ccagat t t at cagcaat aaaccagccagccggaagggccgagcegcagaagt ggt cct gcaacttt
atccgectccat ccagt ctatt aatt gt t gccgggaagct agagt aagt agt t cgccagt t aat agt t t gcgcaacgt t gt t gccat t gct acaggceat ¢
gt ggt gt cacgcet cgt cgt t t ggt at gget t cat t caget ccggt t cccaacgat caaggcgagt t acat gat cccccat gt t gt gcaaaaaageggtt a
gctccttcggt cct ccgat cgt t gt cagaagt aagt t ggccgeagt gt t at cact cat ggt t at ggcageact gcat aatt ctcttact gt cat gccat ¢
cgtaagatgcttttctgtgact ggt gagt act caaccaagt catt ct gagaat agt gt at gcggcgaccgagt t gct ct t gcccggegt caacacgggat
aat accgcgccacat agcagaact t t aaaagt gct cat cat t ggaaaacgt t ct t cggggcgaaaact ct caaggat ctt accgcet gt t gagat ccagt t
cgat gt aacccact cgt gcacccaact gat cttcagcatcttttactttcaccagegtttct gggt gagcaaaaacaggaaggcaaaat gccgcaaaaaa

gggaat aagggcgacacggaaat gt t gaat act catactcttcctttttcaatattattgaagcatttatcagggttattgtctcat gagcggat acata

5583 tttgaatgtatttagaaaaat aaacaaat aggggttccgcgcacatttc
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3782
3882
3982
4082
4182
4282
4382
4482
4582
4682
4782
4882
4982
5082
5182
5282
5382
5482
5582
5631



pLe¢N2-RyS3H/ZF2-PL Annotated Sequence

1 gaattgctagcaattgctagcaattgctagcaatt cat accagat caccgaaaact gt cct ccaaat gt gt ccccct cacact cccaaatt cgegggett 100
101 ct gcctcttagaccactctaccctattccccacactcaccggagccaaagccgcggcccttccgtttctttgctt<;_tgaaagaccccacccgtaggtggc 200
201 aagctagcttaagtaacgccactttgcaaggcat ggaaaaat acat aact gagaat agaaaagt t cagat caaggt caggaacaaagaaacagct gaata 300
301 ccaaacaggat at ct gt ggt aagcggt t cct gccccgget cagggccaagaacagat gagacagct gagt gat gggccaaacaggat at ct gt ggt aage 400
401 agttcctgccccgget cggggecaagaacagat ggt ccccagat geggt ccagecct cageagt tt ct agt gaat cat cagat gt t t ccagggt gcccea 500
501 aggacctgaaaat gaccctgtaccttatttgaactaaccaat cagtnt/bcl\g-c‘{tit chyt?t ctgttcgegegettccget ct ccgaget caat aaaagagec 600
601 cacaacccctcactcggcgegecagt cttccgat agact gcgt cgcccgggt accegt att cccaat aaagect cttget gttt geat ccgaatcgtggt 700
701 ctcgetgttccttgggagggt ctcctct gagt gatt gact acccacgacgggggt ctttca_t_t?gggggctcgtccgggatttggagacccctgcccagg 800
801 gaccaccgacccaccaccgggaggt aagct ggc<c;z;gcaacttat ctgtgtctgtccgattgtctagtgtctatgtttgatgttatgegectgegtctgta 900
901 ctagttagctaactagct ctgtat ct ggcggacccgt ggt ggaact gacgagt t ct gaacacccggcecgcaaccct gggagacgt cccagggactttggg 1000
1001 ggccgtttttgtggecccgacct gaggaagggagt cgat gt ggaat ccgaccecgt caggat at gt ggt t ct ggt aggagacgagaacct aaaacagttcc 1100
1101 cgcctccgtctgaatttttgetttcggtttggaaccgaagecgegegt ctt gtctget gcageget gcageatcgttcetgtgttgtctctgtctgactgt 1200
1201 gtttctgtatttgtctgaaaattagggccagactgttaccactcccttaagt’tttgaccttaggtcactggaaagatgtcgagcggatcgctcacaaccag 1300
1301 tcggtagat gt caagaagagacgt t gggt t accttct gct ct gcagaat ggccaacct tt aacgt cggat ggccgcgagacggceacct tt aaccgagacc 1400
1401 tcatcacccaggttaagatcaaggtcttttcacctggcccgeat ggacacccagaccaggt cccct acat cgt gacct gggaagecttggettttgacce 1500
1501 ccctccctgggt caageect ttgtacaccct aagect ccgectcctcettcctccatccgeceegtctctceccectt gaacct cetcgttcgacccecgect 1600

1601 cgatcctccctttatccageect cactccttctct aggcgcc_g_g>aattaattccagaagccacc ATG GAC <TAT CCTc(_s(r:)TYCGCAéLSAAG AGG GTC 1691
1 . - M D Y P A A K R \% 9

1692 AAG TTG GAC TCT AGA ATC CTC TGG CAT GAG ATG TGG CAT GAA GGC CTG GAA GAG
10 K L D S R 1 L W H E M W H E G L E E

TCT CGI TTG TAC TTT GGG 1766
S R L Y F G 34

1767 GAA AGG AAC GTG AAA GGC ATG TTT GAG GIG CTG GAG CCC TTG CAT GCT ATG ATG CGG GGC CCC CAG ACT CTG 1841
35E R N V K G M F E V L E P L H A M M R G P Q T L 59
FRB (T2098L)

GCA
A
GAA
E
1842 AAG GAA ACA TCC TTT AAT CAG GCC TAT GGT CGA GAT TTA ATG GAG GCC CAA GAG TGG TGC AGG AAG TAC ATG AAA 1916
60 K E T S F N Q A Y G R D L M E A Q E W C R K Y M K 84
CGA
R

CGA ATC TCA AAG ACT AGA 1991

1917 TCA GGG AAT GIC AAG GAC CTC CTC CAA GCC TGG GAC CTC TAT TAT CAT GIG TTC
8 F R 1 S K T R 109

58S G N V K D L L Q A W D L Y |y H VvV
<--

1992 AGI GAG CCC ATG GAA TTT CAG TAC CTG CCA GAT ACA GAC GAT CGI CAC CGG ATT GAG GAG AAA CGT AAA AGG ACA 2066

110 S E P M E F Q Y L P D T D D R H R | E E K R K R T 134

2067 TAT GAG ACC TTC AAG AGC ATC ATG AAG AAG AGT CCT TTC AGC GGA CCC ACC GAC CCC CGG CCT CCA CCT CGA cCcC 2141
136y E T F K S | M K K S P F s G P T D P R P P P R R 159

2142 ATT GCT GIG CCT TCC CGC AGC TCA GCT TCT GIC CCC AAG CCA GCA CCC CAG CCC TAT CCC TTT ACG TCA TCC CTG 2216
160 | A VvV P S R s s A S V P K P A P Q P Y P T S S L 184

TCG GCC TTG GCC 2291
S A L A 209

F

2217 AGC ACC ATC AAC TAT GAT GAG TTT CCC ACC ATG GIG TTT CCT TCT GGG CAG ATC AGC CAG GCC

18ss T | N Y D E F P T M V F P S G Q I S Q A

p65 (281-551)

2292 COG GCC CCT CCC CAA GTC CTG CCC CAG GCT CCA GCC CCT GOC CCT GCT CCA GOC ATG GTA TCA GCT CTG GCC CAG 2366
0P A P P Q V L P Q A P A P A P A P A M V S A L A Q 234
cce
P
GGG
G

AAG CCC ACC CAG 2441
K P T Q 259

GCC TTG CTT GGC 2516
A L L G 284

2367 GCC CCA GCC CCT GIC CCA GIC CTA GCC CCA GGC CCT CCT CAG GCT GIG GCC CCA CCT GCC
23 A P A P V P V L A P G P P Q A V A P P A

2442 GCT GGG GAA GGA ACG CTG TCA GAG GCC CTG CTG CAG CTG CAG TTT GAT GAT GAA GAC CTG
260A G E G T L S E A L L Q L Q F D D E D L

2517 AAC AGC ACA GAC CCA GCT GIG TTC ACA GAC CTG GCA TCC GIC GAC AAC TCC GAG TTT CAG CAG CTG CTG AAC CAG 2591
286 N S T D P A V F T D L A S VvV D N S E F Q Q L L N Q 309

2592 GGC ATA CCT GIG GCC CCC CAC ACA ACT GAG CCC ATG CTG ATG GAG TAC CCT GAG GCT ATA ACT CGC CTA GIG ACA 2666
310 G | P V A P H T T E P M L M E Y P E A | T R L v T 334

2667 GGG GCC CAG AGG CCC CCC GAC CCA GCT CCT GCT CCA CTG GGG GCC CCG GGG CTC CCC AAT GGC CTC CTT TCA GGA 2741
338G A Q R P P b P A P A P L G A P G L P N G L L S G 359

> <- -
2742 GAT GAA GAC TTC TCC TCC ATT GCG GAC ATG GAC TTC TCA GCC CTG CTG AGT CAG ATC AGC TCC ACT AGA GGC TTC 2816
360 D E D F S S | A D M D F S A L L S Q | S S T R G F 384

2817 AGC GTG GAC ACC AGT GCC CTG CTG GAC CTG TTC AGC CCC TCG GTG ACC GTG CCC GAC ATG AGC CTG CCT GAC CTT 2891
3ss v D T S A L L D L F S P S V T V P D M S L P D L 409
HSF1 (406-529)

2892 GAC AGC AGC CTG GCC AGT ATC CAA GAG CTC CTG TCT CCC CAG GAG COC COC AGG CCT CCC GAG GCA GAG AAC AGC 2966
40D S S L A S I Q E L L S P Q E P P R P P E A E N S 434

2967 AGC CCG GAT TCA GGG AAG CAG CTG GIG CAC TAC ACA GCG CAG CCG CTG TTC CTG CTG GAC CCC GGC TCC GIG GAC 3041
435 S P D S G K Q L v H Y T A Q P L F L L D P G S Vv D 459

3042 ACC GGG AGC AAC GAC CTG CCG GIG CTG TTT GAG CTG GGA GAG GGC TCC TAC TTC TCC GAA GGG GAC GGC TTC GCC 3116
460 T G S N D L P VvV L F E L G E G S Y F S E G D G F A 484

3117 GAG GAC CCC ACC ATC TCC CTG CTG ACA GGC TCG GAG CCT CCC AAA GCC AAG GAC CCC ACT GIC TCC TAA taggatct 3193
485 E D P T | S L L T G S E P P K A K D P T V s * 507
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3294
3394
3494
3594
3694
1
3768
24

3843

ccggttattttccaccatattgecgtcttttggcaat gt gagggcccggaaacct ggecctgtcttcttgacgageattcctaggggtctttcccctcte
gccaaaggaat gcaaggt ct gt t gaat gt cgt gaaggaagcagt t cct ct ggaagcet t ct t gaagacaaacaacgt ct gt agcgacccttt gcaggcage
ggaaccccccacct ggcgacaggt gect ct gcggccaaaagecacgt gE{Vg/azggzisacacct gcaaaggcggcacaaccccagt gccacgtt gt gagtt g
gat agt t gt ggaaagagt caaat ggct ct cct caagegt at t caacaaggggct gaaggat gcccagaaggt accccat t gt at gggat ct gat ct gggg
cctcggt gcacat gctttacat gt gt tct antcchz;\Lgsgt t aaaaaacgt ct agg:cccccgaacgacggggacgt ggttttcctttgaaaaacacgat gata

atacc ATG GAC TAT CCT GCT GCC AAG AGG GIC AAG TTG GAC TCT AGA GAA CGC CCA TAT GCT TGC CCT GIC GAG
M D Y P A A K R V K L D S R E R P Y A C P V E
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t aaggat ccggct gt ggaat gt gt gt cagt t agggt gt ggaaagt ccccaggct ccccagcaggcaga

4835 agt at gcaaagcat gcat ct caat t agt cagcaaccaggt gt ggaaagt ccccaggct ccccagcaggcagaagt at gcaaagcat gcat ct caat t agt

4935 cagc
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5518
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140 R
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165
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190

5818
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SV40 early pronoter

ccat agt cccgeccctaact ccgeccat cccgececct aact ccgeccagttccgeccattctcecgeecccat ggetgactaattttttttattta

e

t gcagaggccgaggccgect cggect ct gaget at t ccagaagt agt gaggaggettttttggaggect agget tttgcaaaaagcett ggget gcaggtc

gaggcggat ct gat caagagacaggat gaggat cgtttcgc ATG ATT GAA CAA GAT GGA TTG CAC GCA GGT TCT CCG GCC GCT
M | E A

w

TGG GIG GAG AGG CTA TTC GGC TAT GAC TGG
vV E R L F G Y D W

<- -

D G L H G S P A A

Q

GCA CAA CAG ACA ATC GGC
A Q Q T I G

TGC TCT GAT GCC GCC GIG TTC CGG CTG
S D A A V F R L

0D
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S A Q G R P V L F Vv
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A R L S W L A T T G
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W L L L G E Vv P G
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M A D A M R R L H
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| E R A R T R M E

CTC GCG CCA GCC GAA CTG TTC GCC AGG CTC
L A P A E L F A R L
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D A C L P N | M V E
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A D R Y Q D I A L A
TTC CTC GIG CTT TAC GGI ATC GCC GCT
F L vV L Y G | A A

P
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5968 TGA gcgggact ct ggggtt cgagatccgattttaccacatttgtagaggttttacttgetttaaaaaacctcccacacctccccct gaacct gaaacat
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Poly A signal
6067 aaaatgaatgcaattgttgttgttaacttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagcattttttt 6166
>

Sv40 late 3'UTR 4— -- d al Bgl Il EcoRl
6167 cactgcattctagttgtggtttgtccaaactcatcaatgtatcttatcatgtctgctcgaagcggecatcgatggagatctcgact agtggaattcccge 6266

<-- IL2 pronoter
6267 tgcagggcaagcttgtggcaggagttgaggttact gt gagt agt gatt aaagagagt gat agggaactcttgaacaagagatgcaatttatactgttaat 6366
>

6367 tctggaaaaat attat gggggt gt caaaat gtt gttaaaattcgcgttctagacgcccat cattact cgagcgeccat cattagt cgaccgcccatcatt 6466

6467 act cgagcgcccatcattagct agacgcccat cattact cgagcgeccat catt agt cgaccgeccat cattact cgagcgeccat cattaget agacge 6566
12x ZFHD1 sites M ul
6567 ccatcattactcgagcgcccatcattagtcgaccgeccatcattactcgagcgeccatcattagctagcacgegt cgaaatgaccgaccaagcgacgccc 6666

6667 aacctgccatcacgagatttcgattccaccgeccgecttctat gaaaggttgggettcggaatcgttttccgggacgcecgget ggat gatcctccagcgeg 6766
6767 gggat ct cat gct ggagat cccgcgattagt ccaatttgttaaagacaggat at cagt ggt ccaggctctagttttgact caacaat atcaccagctgaa 6866
6867 gcct at agagt acgagccat agat aaaat aaaagattttatttagtct ccagaaaaagggggg:a-t gaaagaccccacct gt aggttt ggcaagct agct 6966
6967 taagtaacgccattttgcaaggcat ggaaaaat acat aact gagaat agagaagt t cagat caaggt caggaacagat ggaacagct gaat at gggccaa 7066
7067 acaggat at ct gt ggt aagcagtt cct gccccggcet cagggccaagﬂa/gnga\ga?gggggagct gaat at gggccaaacaggat at ct gt ggt aagcagttc 7166
7167 ctgccccgget cagggccaagaacagat ggt ccccagat gcggt ccageccect cagcagttt ct agagaaccat cagat g}vztccagggt gccccaaggac 7266

M.V Poly A signal
7267 ctgaaatgaccctgtgccttatttgaactaaccaatcagttcgcttctcgettctgttcgegegettctgetccccgaget caat aaaagagcccacaac 7366

7367 ccctcactcggggegecagt cct ccgat t gact gagt cgcccgggt acccgt gt at ccaat aaaccct cttgcagt t gcat ccgactt gt ggt ctcgetg 7466
7467 ttccttgggagggtctcctctgagtgattgactacccgtcagcgggggtctttc_a_tictgcattaatgaatcggccaacgcgcggggagaggcggtttgc 7566
7567 gtattgggcgetcttcegettcctcget cactgact cget gecget cggt cgtt cgget gcggcgageggt at caget cact caaaggeggt aat acggtt 7666
7667 atccacagaat caggggat aacgcaggaaagaacat gt gagcaaaaggccagcaaaaggccaggaaccgt aaaaaggcecgegttgetggegtttttccat 7766
7767 aggctccgeccccct gacgagcat cacaaaaat cgacgct caagt cagaggt ggcgaaacccgacaggact at aaagat accaggcgtttccccct ggaa 7866
7867 gctccctcgtgegetctectgttccgaccet gccgettaccggat acct gt ccgectttctceccttcgggaagegt ggecgetttctcataget cacgetg 7966
7967 taggtatctcagttcggtgtaggtcgttcgetccaaget ggget gt gt gcacgaaccccccgtt cagcccgaccget gcgectt at ccggt aact at cgt 8066
8067 cttgagtccaacccggt aagacacgacttat cgccact ggcagcagecact ggt aacaggat t agcagagcgaggt at gt aggcggt gct acagagttct 8166
8167 tgaagtggtggcctaact acggct acact agaaggacagt attt ggt at ct gcget ct gct gaagecagt t acct t cggaaaaagagt t ggt agctcttg 8266
8267 atccggcaaacaaaccaccgct ggtageggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggat ct caagaagatcctttgatcttt 8366
8367 tctacggggt ctgacgct cagt ggaacgaaaact cacgttaagggattttggt cat gagatt at caaaaaggatcttcacctagatccttttgeggeccgg 8466
8467 ccgcaaat caat ct aaagt at at at gagt aaact t ggt ct gacagt t accaat gct t aat cagt gaggcacct at ct cagcgatctgtctatttcgttca 8566
8567 tccatagttgcctgactcccegt cgt gt agat aact acgat acgggagggctt accat ct ggccccagt gct gcaat gat accgcgagacccacgct cac 8666
8667 cggctccagatttatcagcaat aaaccagccagccggaagggccgagcgcagaagt ggt cct gcaactttat ccgect ccatccagtctattaattgttg 8766
8767 ccgggaagcet agagt aagt agtt cgccagttaat agtttgcgecaacgttgttgecattget acaggeat cgt ggt gt cacget cgtcgtttggt at ggct 8866
8867 tcattcagctccggttcccaacgat caaggcgagttacat gatcccccat gtt gt gcaaaaaageggttagcet ccttcggtcct ccgat cgttgtcagaa 8966
8967 gtaagttggccgeagt gttatcact catggttatggcagcactgcataattctcttactgtcatgecat ccgtaagatgettttctgtgactggtgagta 9066
9067 ctcaaccaagt cattct gagaat agt gt at gcggcgaccgagtt gct ctt gcccggegt caacacgggat aat accgcgccacat agcagaact tt aaaa 9166
9167 gtgctcatcattggaaaacgttcttcggggcgaaaact ct caaggat cttaccgct gttgagat ccagttcgat gt aacccact cgt gcacccaact gat 9266
9267 cttcagcatcttttactttcaccagcgtttctgggtgagcaaaaacaggaaggcaaaat gccgcaaaaaagggaat aagggcgacacggaaat gttgaat 9366
9367 actcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaata 9466
9467 ggggttccgegeacatttccccgaaaagt gccacct gacgt ct aagaaaccat t at t at cat gacat t aacct at aaaaat aggcgt at cacgaggecct 9566

9567 ttcgtcttcaa 9577
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pBS-SV-PL-Ap Annotated Sequence

1 gact ggaaagcgggcagt gagcgcaacgcaat t aat gt gagt t agct cact cat t aggcaccccaggctttacactttatgettccggetcgtatgttgt 100

101 gtggaattgtgagcggat aacaatttcacacaggaaacagct at gaccat gatt acgccaagct cgaaat t aaccct cact aaagggaacaaaagct gga 200
BarHI <--

201 gctccaccgeggt ggcggecegcet ct agaact agt ggat cccccgggcet gcaggaat t aat t cgccagcacagt ggt cgacct gt ggaat gt gt gt cagtt 300

301 agggt gt ggaaagt ccccaggct ccccagcaggcagaagt at gcaaagcat gcat ct caat t agt cagcaaccaggt gt ggaaagt ccccaggct cccca 400
SV40 early pronoter
401 gcaggcagaagt at gcaaagcat gcat ct caatt agt cagcaaccat agt cccgecccct aact ccgeccat cccgeccct aact ccgeccagttccgeece 500

501 attctccgccccatggctgactaattttttttatttatgcagaggcdgaggeccgect cggect ct gaget attccagaagt agt gaggaggettttttgg 600
--> Hindlll Xhol Nhel <--
601 aggcctaggcttttgcaaaaagcttgtctcgagcagetagecgattctaccatttttgtagaggttttacttgetttaaaaaacctcccacacctccecce 700
Poly A signal
701 tgaacctgaaacat aaaatgaatgcaattgttgttgttaacttgtttattgcagcttataatggttacaaat aaagcaatagcatcacaaatttcacaaa 800
SV40 [ate 3’ UTR --> d al
801 taaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttatcatgtctgctcgaagcggccatcgatggtacccaattcg 900
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