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Introduction

Adenovirus based vectors are being developed in many
laboratories for use in gene therapy clinical trials (Cross
and Burmester, 2006; Kim et al., 2008; Shirakawa, 2008;
also see http://www.wiley.co.uk/genmed/clinical/), and in
China a recombinant adenoviral vector expressing p53,
marketed under the name gendicine, is in clinical use as a
cancer therapy (Peng, 2005). The use of adenovirus itself
as the basis of a gene therapy construct is limited due to
patients' strong immunogenic response against these
viruses and their gene products. To decrease the patient's
immunogenic response against adenovirus based
constructs, constructs are being made which do not express
any viral gene products. These constructs are known as
helper-dependent viruses (Alba et al., 2005; Jozkowicz
and Dulak, 2005; Xu et al., 2005). Because helper-
dependent vectors do not encode any viral gene products,
they require a helper virus, which does encode and express
viral proteins, for propagation and encapsidation into
infectious particles.

This manuscript describes the construction of a
prototype helper-dependent adenovirus based system
which can be easily modified for use as a cancer therapy.
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Abstract

Adenovirus holds great promise as a gene delivery system; it can hold large amounts of exogenous DNA and
can be chemically and genetically modified to improve targeting to specific cells and tissues. A recombinant
adenovirus construct expressing p53 is currently in clinical use as a cancer therapy in China. However, the use
of adenovirus constructs in therapy is limited due to patients' strong immune response against these viruses and
their gene products. To overcome this problem helper-dependent adenoviruses which do not express any viral
gene products have been developed. Because the helper-dependent viruses do not express any viral gene products,
a helper virus is required for their replication and encapsidation into infectious particles. This manuscript
describes the construction of a prototype helper-dependent adenovirus system built such that it can be easily
modified. The helper-dependent virus described here is built of a series of four cassettes, each with its own
function. Furthermore, each individual cassette can be removed and replaced with a cassette with a different
function. In this way, different helper-dependent viruses can be readily created. This type of system could be
very useful in cancer therapy: For example, libraries of different cassettes could be maintained, allowing rapid
assembly of constructs able to provide therapy for individual tumor types.

Key Words:  Adenovirus - helper-dependent - cancer gene therapy - ADMM - EVE

We refer to our helper-dependent constructs as adenovirus-
dependent molecular medicine (ADMM), and the helper
virus is referred to as EVE. Our ADMM construct consists
of two adenovirus inverted terminal repeats (ITRs) which
act as DNA replication origins, the adenovirus packaging
site which is required for encapsidation of the ADMM
DNA into infectious particles, and four cassettes. Each of
these cassettes has its own function. By building a vector
able to manifest multiple functions, a versatile vector with
high specificity and cancer killing ability can be created.
Moreover, each cassette can be removed and replaced with
a cassette with a different function, allowing ready
construction of ADMMs with specificity for different
tumor types.

The prototype ADMM described here contains
cassettes with the following functions: (1) expression of
a reporter gene, LacZ, under the control of a tetracycline
responsive promoter; (2) expression of a suicide gene,
HSV-TK, enabling killing of the host cell, also under the
control of a tetracycline responsive promoter; (3) spacer
DNA; and (4) expression of a transcription factor, tTA,
which binds to tetracycline responsive promoters in the
absence of tetracycline (Freundlieb et al., 1999) and
activates transcription.
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Materials and Methods

Materials
pGEM

®
-T Easy (Cat. No. A3600) was purchased from

Promega. The BD Adeno-XTM Expression System 1 kit
(Cat. No. K1650-1) was purchased from BD Bioscience
(Adeno-XTM Expression System 1 is now sold by
Clontech). pIRES (Cat. No. 631605) was purchased from
BD Biosciences (pIRES is now sold by Clontech). pEGFP-
N1 (Cat. No. 6085-1) was purchased from BD Biosciences
(pEGFP-N1 was sold by Clontech but EGFP has been
replaced by more highly optimized versions of green
fluorescent protein, such as ZsGreen1 and AcGFP1;
pEGFP-N1 Cat. No. 6085-1 is now discontinued). The
BDTM Tet-Off Gene Expression System (Cat. No. 630921)
was purchased from BD Biosciences (630921 has been
replaced by an improved Tet-Off Advanced Inducible
Gene Expression System, 630934, and is now sold by
Clontech). pxCANCre (Cat. No. 1675) was purchased
from Riken BioResource Center with the permission of
the depositor Izumu Saito. The Q-mateTM Inducible
Expression System was purchased from Q-BIOgene (Q-
mateTM Inducible Expression System is now sold by
Krackeler Scientific, Inc.). pTRE-Tight (Cat. No. 631059)
was purchased from Clontech. pCM-TK (Cat. No. 5953)
was purchased from Riken BioResource Center with the
permission of the depositor Hirofumi Hamada. FuGENE
6 was purchased from Roche Applied Science.
SuperScriptTM III reverse transcriptase was purchased from
Invitrogen.

Molecular Biology
Unless otherwise noted, standard molecular biology

techniques were used. Amplification of DNA sequences
used in the construction of EVE and ADMM was initially
performed using TaKaRa Ex TaqTM or TaKaRa LA
TaqTM (RR006 and RR042; Takara Bio Inc.), and the
amplicons were ligated into pGEM

®
-T Easy vectors.

However, during the construction of ADMM, Takara Bio.
Inc. introduced a new PCR polymerase named
PrimeSTAR (Cat. No. R044). This polymerase has an
extremely low mistake rate and was used in the
construction of ADMM after it became available.

Amplification with PrimeSTAR results in blunt ended
amplicons, consequently, these amplicons must be
phosphorylated and ligated into blunt-ended vectors.
Whenever PCR amplicons or DNA oligomers were
inserted into blunt-ended plasmid backbones, the inserts
were first phosphorylated (and the blunt-ended backbones
were dephosphorylated); the DNA oligomers and
amplicons were phosphorylated using polynucleotide
kinase (Cat. No. 2021; Takara Bio Inc.) according to the
manufacturer’s instructions. DNA oligomers were
purchased from Invitrogen. When constructing plasmids
of 20 kb or greater, ligations were performed using
TaKaRa DNA Ligation Kit LONG (Cat. No. 6024; Takara
Bio Inc.) according to the manufacturer's instructions.
Sequencing analysis was performed using an ABI Prism
3100 Genetic Analyzer (Applied Biosystems) according
to the manufacturer's instructions.

DNA less than 10 kb was purified using DNA

purification kits purchased from Qiagen and Promega.
Larger plasmids were purified using DNA purification
kits purchased from Qiagen. DNA fragments > 10 kb were
purified as follows: DNA fragments were separated by
electrophoresis through an agarose gel; the fragment of
interest was cut out of the gel; the gel was dissolved in
Membrane Binding Solution from Wizard®SV Gel and
PCR Clean-Up System (Promega); the dissolved gel
containing the DNA fragment of interest was applied to a
QIAprep Spin Miniprep column (Qiagen) and centrifuged
for 30 sec; the column was washed once with Buffer PB
and washed twice with Buffer PE; and the DNA was eluted
with 50 µl Buffer EB heated to 80˚C. Because the DNA
tended to be dilute after this purification, > 10 kb
restriction digest fragments were obtained from
approximately 2 µg of plasmid DNA.

Plasmids were propagated in Stbl3 cells purchased
from Invitrogen (Cat. No. C7373-03). These cells were
grown at 37˚C. If the plasmid of interest could not be
propagated at 37˚C, cells were grown at 32˚C. If the
plasmid of interest could not be propagated at 32˚C, cells
were grown at 28˚C: In general, larger, complicated
plasmids such as pEVE, pC4-H_Tight-LacZ, and
pADMM were propagated in cells grown at 28˚C.

Stuffer DNA
Genomes were scanned for sequences similar to 5'-

CCANNAGNNGGC-3' using BLAST (NCBI). Intergenic
regions containing positive hits were considered
acceptable candidates for stuffer DNA.

Construction of the helper adenovirus (EVE)
Construction of pBS_PITR_Pack-wt:

Oligomer 5'-TCACGTGAA-3' was annealed to itself
and then ligated into pGEM

®
-T Easy to generate

pGEM_closed. Oligomers 5'-GGCCGCTGGCCATTTT
CGCGGGAAAACTGAATA-3' and 5'-CTCTTATTCAG
TTTTCCCGCGAAAATGGCCAGC-3' were annealed
together and oligomers 5'-AGAGGAAGTGAAATCTGA
ATAATTTTGTGTTACTCATAGCGCGCG-3' and 5'-
TCGACGCGCGCTATGAGTAACACAAAATTATTCAG
ATTTCACTTC-3' were annealed together. pGEM_closed
was digested with NotI and SalI, and the annealed
oligomers were ligated into the pGEM_closed backbone
(triple ligation). Oligomers 5'-CTAGAACGCGTAATATT
TGTCTAGGGCCGCGGGG-3' and 5'-AAGTCCCCGC
GGCCCTAGACAAATATTACGCGTT-3' were annealed
together and oligomers 5'-ACTTTGACCGTTTACGTGG
AGACTCGGGATCCTTC-3' and 5'-CCGGGAAGG
ATCCCGAGTCTCCACGTAAACGGTCA-3' were
annealed together. pBS_KS+ was digested with XbaI and
XmaI, and the annealed oligomers were ligated into the
pBS_KS+ backbone (triple ligation). The pGEM_
oligomer construct was digested with ScaI and BssHII.
The pBS_oligomer construct was digested with ScaI and
MluI, and the insert from the pGEM_oligomer was ligated
into the pBS_oligomer backbone to generate pBS_Pack-
3'. The adenovirus inverted terminal repeat (ITR) and a
5' PacI site and the 5' portion of the adenovirus packaging
site was amplified from Adeno-X (Adeno-X is part of
the BD Adeno-XTM Expression System 1 kit) using primers
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5'-CCCCAGGCTTTACACTTTATGC-3' and 5'-
CTTTCGCTACCTTAGGACCGTTAT-3' and ligated into
pGEM

®
-T Easy to generate pGEM_PITR_Pack-5'

(pGEM_[PacI-Inverted Terminal Repeat]_[5' portion of
the wild type packaging site]). pGEM_PITR_Pack-5' was
digested with MscI and NotI. pBS-Pack-3' was digested
with MscI and NotI, and the PITR-Pack-5' insert was
ligated into the pBS-Pack-3' backbone to generate
pBS_PITR_Pack-wt_Ex (pBS_[PITR]_[wild type
packaging site]_[with extraneous sequences]). pBS_rKS
was constructed by digesting pBS_KS+ with BssHII and
ligating the BssHII fragment back into the parent
pBS_KS+ backbone, and selecting clones with the MCS
oriented in the reverse direction. pBS_rKS was digested
with KpnI, blunted and dephosphorylated, and a PacI site
(5'-TTACTACGTTAATTAACGATT-3') ligated into the
pBS_rKS backbone to generate pBS_rKS-PacI. pBS-
PITR_Pack-wt_Ex was digested with PacI and EcoRI.
pBS_rKS-PacI was digested with PacI and EcoRI, and
the PITR_Pack-wt insert was ligated into the pBS_rKS-
PacI backbone to generate pBS_PITR_Pack-wt. The

sequence of pBS_PITR_Pack-wt is shown in Figure 1.

Construction of pBS_PITR_L∆5L_SC (pBS_[PITR]_
[LoxP-Pack∆5-LoxP]_[PI-SceI_I-CeuI]):

pBS_PITR_Pack-wt was used to generate a sequence
containing a PITR and a shortened packaging site by PCR
amplification using primers 5'-GTCGAGGTGCCGTAA
AGCA-3' and 5'-GGATCCACGCGCTATGAGTAACAC
AAAA-3'. The amplicon was ligated into pGEM

®
-T Easy

to generate pGEM_PITR_Pack∆5. pGEM_PITR_Pack∆5
was digested with PacI and BamHI. pBS_rKS-PacI was
digested with PacI and BamHI, and the PITR_Pack∆5
insert was ligated into the pBS_rKS-PacI backbone to
generate pBS_PITR_Pack∆5. pBS_PITR_Pack∆5 was
digested with SgrAI, blunted and dephosphorylated, and
a loxP site (5'-ATAACTTCGTATAATGTATGCTATAC
GAAGTTAT-3') was ligated into the pBS_PITR_Pack∆5
backbone to generate pBS_PITR_LoxP-Pack∆5.
pBS_PITR_LoxP-Pack∆5 was digested with SpeI,
blunted and dephosphorylated, and a loxP site (5'-
ATAACTTCGT ATAATGTATGCTATACGAAGTTAT-

GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATC
AAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAG
TATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTC
AGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTAC
GATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTC
ACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGG
TCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAG
TAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTC
ACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTAC
ATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAG
AAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTAC
TGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTG
AGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGC
GCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACT
CTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTG
ATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAA
TGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTT
TCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATG
TATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTAA
ATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTT
TTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGACCGAGATA
GGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAAC
GTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAA
TCAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCC
CGATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCG
AAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACA
CCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAAC
TGTTGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGA
TGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAA
ACGACGGCCAGTGAGCGCGCAATTAACCCTCACTAAAGGGAACAAAAGCTGTTACTACGT
TAATTAACATCATCAATAATATACCTTATTTTGGATTGAAGCCAATATGATAATGAGGGG
GTGGAGTTTGTGACGTGGCGCGGGGCGTGGGAACGGGGCGGGTGACGTAGTAGTGTGGCG
GAAGTGTGATGTTGCAAGTGTGGCGGAACACATGTAAGCGACGGATGTGGCAAAAGTGAC
GTTTTTGGTGTGCGCCGGTGTACACAGGAAGTGACAATTTTCGCGCGGTTTTAGGCGGAT
GTTGTAGTAAATTTGGGCGTAACCGAGTAAGATTTGGCCATTTTCGCGGGAAAACTGAAT
AAGAGGAAGTGAAATCTGAATAATTTTGTGTTACTCATAGCGCGTAATATTTGTCTAGGG
CCGCGGGGACTTTGACCGTTTACGTGGAGACTCGGGATCCTTCCCGGGCTGCAGGAATTC
CTGCAGCCCGGGGGATCCACTAGTTCTAGAGCGGCCGCCACCGCGGTGGAGCTCCAATTC
GCCCTATAGTGAGTCGTATTACGCGCGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGT
GTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGGAGCATAAAGTGTAA
AGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGC
TTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAG
AGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGT
CGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGA
ATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCG
TAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAA
AAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTT
TCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCT
GTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCT
CAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCC
CGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTT
ATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGC
TACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTAT
CTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAA
ACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAA
AAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure 1. Putative Sequence of pBS_PITR_Pack-wt.
The ampicilin resistance gene is in blue; the PacI site is in green;
the inverted terminal repeat is in black; the packaging site is in
yellow; and the origin of replication is in cyan. During insertion
of the PacI site into the blunted KpnI site of pBS_rKS a "G"
residue was lost during the blunting reaction. (Sequence data is
best viewed by copying the sequence and pasting it into a
program such as Gene Construction Kit or into a word processing
program)

GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATC
AAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAG
TATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTC
AGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTAC
GATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTC
ACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGG
TCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAG
TAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTC
ACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTAC
ATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAG
AAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTAC
TGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTG
AGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGC
GCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACT
CTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTG
ATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAA
TGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTT
TCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATG
TATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTAA
ATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTT
TTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGACCGAGATA
GGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAAC
GTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAA
TCAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCC
CGATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCG
AAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACA
CCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAAC
TGTTGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGA
TGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAA
ACGACGGCCAGTGAGCGCGCGTAATACGACTCACTATAGGGCGAATTGGAGCTCCACCGC
GCGCAATTAACCCTCACTAAAGGGAACAAAAGCTGTTACTACGTTAATTAACATCATCAA
TAATATACCTTATTTTGGATTGAAGCCAATATGATAATGAGGGGGTGGAGTTTGTGACGT
GGCGCGGGGCGTGGGAACGGGGCGGGTGACGTAGTAGTGTGGCGGAAGTGTGATGTTGCA
AGTGTGGCGGAACACATGTAAGCGACGGATGTGGCAAAAGTGACGTTTTTGGTGTGCGCC
GGATAACTTCGTATAATGTATGCTATACGAAGTTATCCGGTGTACACAGGAAGTGACAAT
TTTCGCGCGGTTTTAGGCGGATGTTGTAGTAAATTTGGGCGTAACCGAGTAAGATTTGGC
CATTTTCGCGGGAAAACTGAATAAGAGGAAGTGAAATCTGAATAATTTTGTGTTACTCAT
AGCGCGTGGATCCACTAATAACTTCGTATAATGTATGCTATACGAAGTTATAGTTCTAGA
GCGGCCGCTCTAGAACTAGTGGATCCCCCGGGCTGCAGGAATTCATCTATGTCGGGTGCG
GAGAAAGAGGTAATGAAATGGCATCGACTCGAAGATCTGAATTTAACTATAACGGTCCTA
AGGTAGCGAAAGCTCAGATCCCAGCTTTTGTTCCCTTTAGTGAGGGTTAATTGCGCGCTT
GGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACA
CAACATACGAGCCGGGAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACT
CACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCT
GCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGC
TTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCA
CTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTG
AGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCA
TAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAA
CCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCC
TGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGC
GCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCT
GGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCG
TCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAG
GATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTA
CGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGG
AAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTT
TGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTT
TTCTAC

Figure 2. Putative Sequence of pBS_PITR_L∆5L_SC.
The ampicilin resistance gene is in blue; the PacI site is in green;
the inverted terminal repeat is in black; LoxP sites are in magneta;
the packaging site is in yellow; the PI-SceI and I-CeuI sites are
in green; and the origin of replication is in cyan. During insertion
of the second LoxP site into the blunted SpeI site of
pBS_PITR_LoxP-Pack∆5 a "G", a "C", and a "T" residue were
lost during the blunting reaction
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3') was ligated into the pBS_PITR_LoxP-Pack∆5
backbone to generate pBS_PITR_LoxP-Pack∆5-LoxP
(pBS_PITR_LP∆5L). A PI-SceI site was generated by
annealing together the oligomers 5'-
A AT T C AT C TAT G T C G G G T G C G G A G A A

AGAGGTAATGAAATGGCATCGACTCGAAGATCT-
3' and 5'-AGATCTTCGAGTCGATGCCATTTCATTA
CCTCTTTCTCCGCACCCGACATAGATG-3 ' .
pBS_KS+ was digested with EcoRI and EcoRV, and the
PI-SceI site was ligated into the pBS_KS+ backbone to

GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTA
CCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTC
ACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGT
TGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAG
AAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTC
TTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTG
ATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTA
TTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTT
TTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGC
GATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCG
AAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCT
TCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTGAGCGCGCAATTAACCCTCACTAAAGGGAACAAAAGCTGGGTACCGGG
CCCCCCCTCGAGCTAGCGTTTAAACGGGCCCTCTAGACTCGAGCGGCCGCCACGGGTGCATCATGAGCGGCCCTCCAAAAAAGAAGAGAAAGGTAGAAGACCCGGGCGGCCGCATGTCCAATTTACTGACCGTACACCAAAATTTGCCTG
CATTACCGGTCGATGCAACGAGTGATGAGGTTCGCAAGAACCTGATGGACATGTTCAGGGATCGCCAGGCGTTTTCTGAGCATACCTGGAAAATGCTTCTGTCCGTTTGCCGGTCGTGGGCGGCATGGTGCAAGTTGAATAACCGGAAAT
GGTTTCCCGCAGAACCTGAAGATGTTCGCGATTATCTTCTATATCTTCAGGCGCGCGGTCTGGCAGTAAAAACTATCCAGCAACATTTGGGCCAGCTAAACATGCTTCATCGTCGGTCCGGGCTGCCACGACCAAGTGACAGCAATGCTG
TTTCACTGGTTATGCGGCGGATCCGAAAAGAAAACGTTGATGCCGGTGAACGTGCAAAACAGGCTCTAGCGTTCGAACGCACTGATTTCGACCAGGTTCGTTCACTCATGGAAAATAGCGATCGCTGCCAGGATATACGTAATCTGGCAT
TTCTGGGGATTGCTTATAACACCCTGTTACGTATAGCCGAAATTGCCAGGATCAGGGTTAAAGATATCTCACGTACTGACGGTGGGAGAATGTTAATCCATATTGGCAGAACGAAAACGCTGGTTAGCACCGCAGGTGTAGAGAAGGCAC
TTAGCCTGGGGGTAACTAAACTGGTCGAGCGATGGATTTCCGTCTCTGGTGTAGCTGATGATCCGAATAACTACCTGTTTTGCCGGGTCAGAAAAAATGGTGTTGCCGCGCCATCTGCCACCAGCCAGCTATCAACTCGCGCCCTGGAAG
GGATTTTTGAAGCAACTCATCGATTGATTTACGGCGCTAAGGATGACTCTGGTCAGAGATACCTGGCCTGGTCTGGACACAGTGCCCGTGTCGGAGCCGCGCGAGATATGGCCCGCGCTGGAGTTTCAATACCGGAGATCATGCAAGCTG
GTGGCTGGACCAATGTAAATATTGTCATGAACTATATCCGTAACCTGGATAGTGAAACAGGGGCAATGGTGCGCCTGCTGGAAGATGGCGATTAGCCATTAAGCATCAATCACTAGTGAATTCGCGGCCATCGAATTCACGCGTCGAGCA
TGCATCTAGGGCGGCCAATTCCGCCCCTCTCCCCCCCACCCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATGTTATTTTCCACCATATTGCCGTCTTTTGGCAATGTG
AGGGCCCGGAAACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCGACCCTT
TGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAAAGCCACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTA
TTCAACAAGGGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTGCACATGCTTTACATGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTCCTTTGAAAA
ACACGATGATAAGCTTGCCACAACCCGGGATCCACCGGTCGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGA
GGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTT
CAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGG
CAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCA
GAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGA
CGAGCTGTACAAGTAAAGCGGCCGCGACTCTAGATCATAATCAGCCATACCACATTTGTAGAGGTTTTACTTGCTTTAAAAAACCTCCCACACCTCCCCCTGAACCTGAAACATAAAATGAATGCAATTGTTGTTGTTAACTTGTTTATT
GCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTAAATCAAGCTTATCGCGATACCGTCGACCTCGAGGGGGGGC
CGCCACCGCGGTGGAGCTCCAATTCGCCCTATAGTGAGTCGTATTACGCGCGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGGAGCATAAAGTGTAAAGCCT
GGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCT
CGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAA
AGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTC
CGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACC
GCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCT
ACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAG
GATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure 3. Putative Sequence of pBS_Cre-IRES-EGFP. The ampicilin resistance gene is in blue; the Cre and EGFP open
reading frames are in blue; IRES is in green; and the origin of replication is in cyan

GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTA
CCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTC
ACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGT
TGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAG
AAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTC
TTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTG
ATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTA
TTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTT
TTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGC
GATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCG
AAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCT
TCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTGAGCGCGCGTAATACGACTCACTATAGGGCGAATTGGAGCTCCACCGC
GCGCAATTAACCCTCACTAAAGGGAACAAAAGCTGttactacgTTAATTAACATCATCAATAATATACCTTATTTTGGATTGAAGCCAATATGATAATGAGGGGGTGGAGTTTGTGACGTGGCGCGGGGCGTGGGAACGGGGCGGGTGAC
GTAGTAGTGTGGCGGAAGTGTGATGTTGCAAGTGTGGCGGAACACATGTAAGCGACGGATGTGGCAAAAGTGACGTTTTTGGTGTGCGCCGGATAACTTCGTATAATGTATGCTATACGAAGTTATCCGGTGTACACAGGAAGTGACAAT
TTTCGCGCGGTTTTAGGCGGATGTTGTAGTAAATTTGGGCGTAACCGAGTAAGATTTGGCCATTTTCGCGGGAAAACTGAATAAGAGGAAGTGAAATCTGAATAATTTTGTGTTACTCATAGCGCGTGGATCCACTAATAACTTCGTATA
ATGTATGCTATACGAAGTTATAGTTCTAGAGCGGCCGCTCTAGAACTAGCGTTTCTAGTGATTCCAAACTCATCAATGTATCTTATCATGTCTGGATCTCGACCTCGAGAAGCTTCGTTACATAACTTACGGTAAATGGCCCGCCTGGCT
GACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGATGGAGTATATACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTC
CGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTACGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACACCAATGGGC
GTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAATACCCCCGCCCCGTTGACGCAAATGGGCAAGCTTGCCGGGTCGA
GGTAGGCGTGTACGGTGGGAGGCCTATATAAGCAACCGGTATAATCAAACAGACCAGATTGTCTGTTTGTTACCGGTGTTTAGTGAACCGGGCGCGCCTCATATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACAC
CGGGACCGATCCAGCCTCCAATTCGATTGGATCCACAGCCCCGGAGTGAGTTTCAACCCCGGAGCCGCGGACTTTTCGTCAGGCGAGGGACCCTGCAGCTCAAAGAGCGTTTGCCGCGCGCTTCTCGTCGCGTCCAAGACCCTCAAAGAT
TTTTGGCACTTCGTTGAGCGAGGCGATATCAGGAGAAGGAAATCGATAATCACTAGAAACGGGCCCTCTAGACTCGAGCGGCCGCCACGGGTGCATCATGAGCGGCCCTCCAAAAAAGAAGAGAAAGGTAGAAGACCCGGGCGGCCGCAT
GTCCAATTTACTGACCGTACACCAAAATTTGCCTGCATTACCGGTCGATGCAACGAGTGATGAGGTTCGCAAGAACCTGATGGACATGTTCAGGGATCGCCAGGCGTTTTCTGAGCATACCTGGAAAATGCTTCTGTCCGTTTGCCGGTC
GTGGGCGGCATGGTGCAAGTTGAATAACCGGAAATGGTTTCCCGCAGAACCTGAAGATGTTCGCGATTATCTTCTATATCTTCAGGCGCGCGGTCTGGCAGTAAAAACTATCCAGCAACATTTGGGCCAGCTAAACATGCTTCATCGTCG
GTCCGGGCTGCCACGACCAAGTGACAGCAATGCTGTTTCACTGGTTATGCGGCGGATCCGAAAAGAAAACGTTGATGCCGGTGAACGTGCAAAACAGGCTCTAGCGTTCGAACGCACTGATTTCGACCAGGTTCGTTCACTCATGGAAAA
TAGCGATCGCTGCCAGGATATACGTAATCTGGCATTTCTGGGGATTGCTTATAACACCCTGTTACGTATAGCCGAAATTGCCAGGATCAGGGTTAAAGATATCTCACGTACTGACGGTGGGAGAATGTTAATCCATATTGGCAGAACGAA
AACGCTGGTTAGCACCGCAGGTGTAGAGAAGGCACTTAGCCTGGGGGTAACTAAACTGGTCGAGCGATGGATTTCCGTCTCTGGTGTAGCTGATGATCCGAATAACTACCTGTTTTGCCGGGTCAGAAAAAATGGTGTTGCCGCGCCATC
TGCCACCAGCCAGCTATCAACTCGCGCCCTGGAAGGGATTTTTGAAGCAACTCATCGATTGATTTACGGCGCTAAGGATGACTCTGGTCAGAGATACCTGGCCTGGTCTGGACACAGTGCCCGTGTCGGAGCCGCGCGAGATATGGCCCG
CGCTGGAGTTTCAATACCGGAGATCATGCAAGCTGGTGGCTGGACCAATGTAAATATTGTCATGAACTATATCCGTAACCTGGATAGTGAAACAGGGGCAATGGTGCGCCTGCTGGAAGATGGCGATTAGCCATTAAGCATCAATCACTA
GTGAATTCGCGGCCATCGAATTCACGCGTCGAGCATGCATCTAGGGCGGCCAATTCCGCCCCTCTCCCCCCCACCCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATGT
TATTTTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGAAACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCTCTGGAAG
CTTCTTGAAGACAAACAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAAAGCCACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGATAG
TTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTGCACATGCTTTACATGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCC
CCCCGAACCACGGGGACGTGGTTTTCCTTTGAAAAACACGATGATAAGCTTGCCACAACCCGGGATCCACCGGTCGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTA
AACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGC
CGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGC
ATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAG
GACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAG
TTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAAAGCGGCCGCGACTCTAGATCATAATCAGCCATACCACATTTGTAGAGGTTTTACTTGCTTTAAAAAACCTCCCACACCTCCCCCTGAACCTGAAACATA
AAATGAATGCAATTGTTGTTGTTAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTAAATCA
AGCTTATCGCGATACCGTCGACCTCGAGGGGGGGCCGCCACCGCGGTGGGGGCTGCAGGAATTCATCTATGTCGGGTGCGGAGAAAGAGGTAATGAAATGGCATCGACTCGAAGATCTGAATTTAACTATAACGGTCCTAAGGTAGCGAA
AGCTCAGATCCCAGCTTTTGTTCCCTTTAGTGAGGGTTAATTGCGCGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGGAGCATAAAGTGTAAAGCCTGGGGT
GCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTC
ACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCC
GCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACC
CTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGC
GCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACT
AGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCT
CAAGAAGATCCTTTGATCTTTTCTAC

Figure 4. Putative Sequence of pBS_PITR-L∆5L-CoE-CIE-SC. The ampicilin resistance gene is in blue; the PacI site is
in green; the inverted terminal repeat is in black; LoxP sites are in magneta; the packaging site is in yellow; the CMV promoter is in
black and the TATA box is in green; the CymR binding site is in red; the E2 Late Leader is in cyan; the Cre and EGFP open reading
frames are in blue; IRES is in green; the PI-SceI and I-CeuI sites are in green; and the origin of replication is in cyan
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generate pBS_PI-SceI. An I-CeuI site was generated by
annealing together the oligomers 5'-GATCTGAATTTAA
CTATAACGGTCCTAAGGTAGCGAAAGCTCAGATC-
3' and 5'-GATCTGAGCTTTCGCTACCTTAGGACC
GTTATAGTTAAATTCA-3'. pBS_PI-SceI was digested
with KpnI, blunted, then digested with BglII, and the I-
CeuI site was ligated into the pBS_PI-SceI backbone to
generate pBS_SC. pBS_PITR_L∆5L was digested with
BssHII, blunted, and then digested with NotI. pBS_SC
was digested with AleI and NotI, and the PITR_L∆5L
insert was ligated into the pBS_SC backbone to generate
pBS_PITR_L∆5L_SC. The sequence of pBS_PITR_
L∆5L_SC is shown in Figure 2.

Construction of pBS_Cre-IRES-EGFP:
Previously we had constructed pBS_tTA-IRES-EGFP

as follows. The NheI site containing oligomer 5'-
TCGAGCTAGC-3' was annealed to itself. pBS_rKS was
digested with XhoI and dephosphorylated, and the NheI
containing oligomer was ligated into the pBS_rKS
backbone to generate pBS_rN: When ligated into the XhoI
site, the annealed NheI oligomers generate the sequence
5'-CTCGAGCTAGCTCGAG-3'. pIRES was digested
with EcoRI and SmaI. pBS_rN was digested with EcoRI
and SmaI, and the IRES sequence was ligated into the
pBS_rN backbone to generate pBS_IRES. pEGFP-N1 was
digested with SacI and AflII and blunted. pBS_KS+ was
digested with EcoRV and dephosphorylated, and the EGFP
sequence was ligated into the pBS_KS+ backbone to
generate pBS_EGFP. pBS_EGFP was digested with ClaI,
blunted, and recircularized. This construct was then
digested with SmaI and ApaI and blunted. pBS_IRES was
digested with SmaI and EagI, blunted and
dephosphorylated, and the EGFP insert was ligated into
the pBS_IRES backbone to generate pBS_IRES-EGFP.
The tTA sequence of pTet-Off (pTet-Off is part of the BDTM

Tet-Off Gene Expression System) was amplified using
primers 5'-ATCGATCCGTCAGATCGCCTGGAGAC-3'
and 5'-GATATCTTGTCCAAACTCATCAATGTATCTT
ATCA-3' and ligated into pGEM

®
-T Easy to generate

pGEM_tTA. pGEM_tTA was digested with NotI and
blunted. pBS_IRES-EGFP was digested with EcoRV, and
the tTA insert was ligated into the pBS_IRES-EGFP
backbone to generate pBS_tTA-IRES-EGFP.

pShuttleX was previously constructed by annealing
together the oligomers 5'-CTGGAATCTAGACTCGAGC
GGCCGCCACGGGTAC-3' and 5'-ACACGACCTTAG
ATCTGAGCTCGCCGGCGGTGCC-5' and ligating them

into BstXI-KpnI digested pShuttle2 (pShuttle2 is part of
the BD Adeno-XTM Expression System 1 kit).

pShuttle_Cre was previously constructed as follows.
Cre recombinase was amplified from pxCANCre using
primers 5'-CCCGGGTGCATCATGAGCGGCCC-3' and
5'-TCTAGAGCGCTTAATGGCTAATCGCCATCTTCC-
3', and the amplicon was digested with SmaI and XbaI.
pShuttleX was digested with BstXI and blunted, then
digested with XbaI and dephosphorylated, and the Cre
recombinase insert was ligated into the pShuttleX
backbone to generate pShuttle_Cre.

pShuttle_Cre was digested with NheI and AfeI.
pBS_tTA-IRES-EGFP was digested with NheI and
EcoRV, and the Cre insert was ligated into the pBS_(tTA)-
IRES-EGFP backbone to generate pBS_Cre recombinase-
IRES-EGFP (pBS_CIE). The sequence of pBS_CIE is
shown in Figure 3.

Construction of pBS_PITR_L∆5L_CoE_CIE_SC:
The E2 late leader was cloned as follows. HEK293

cells were transfected with an Adeno-X_EGFP: the
Adeno-X_EGFP was made according to the
manufacturer's instructions and transfected into cells using
FuGENE 6 according to the manufacturer’s instructions.
Total RNA was extracted using Isogen according to the
manufacturer’s instructions. cDNA was made using
SuperScript III according to the manufacturer's
instructions. The E2 Late Leader was amplified using
primers 5'-GGATCCACAGCCCCGGAGTGAGTT-3'
and 5'-ATCGATTTCCTTCTCCTGATATCGCCTC-3'
and ligated into pGEM

®
-T Easy to generate pGEM_E2.

The CMV-ML-CuO sequence from pCMV5CuO
(pCMV5CuO is part of the Q-mate

TM
 Inducible Expression

System) was amplified using primers 5'-CCAAACTCA
TCAATGTATCTTATCATG-3' and 5'-AAATTTCCTTT
ATTAGCCAGAGGTC-3' and ligated into pGEM

®
-T

Easy to generate pGEM_CMV-ML-CuO. pGEM_E2 was
digested with EcoRI and blunted. pGEM_CMV5-CuO
was digested with SacII, blunted and dephosphorylated,
and the E2 late leader was ligated into the pGEM_CMV-
(ML)-CuO backbone to generate pGEM_CoE
(pGEM_[CMV promoter]-[Cym operator][with the E2
Late Leader inserted]). pGEM_CoE was digested with
SpeI and blunted. pBS_CIE was digested with PmeI and
dephosphorylated, and the CoE sequence was ligated into
the pBS_CIE backbone to generate pBS_CoE-CIE.
pBS_CoE-CIE was digested with SacI and blunted, and
then digested with NheI. pBS_PITR_L∆5L_SC was

GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTGATCCTCCGGCGTTCAGCCTGTGCCACAGCCGACAGGATGGTGACCACCATTTGCCCCATATC
ACCGTCGGTACTGATCCCGTCGTCAATAAACCGAACCGCTACACCCTGAGCATCAAACTCTTTTATCAGTTGGATCATGTCGGCGGTGTCGCGGCCAAGACGGTCGAGCTTCTTCACCAGAATGACATCACCTTCCTCCACCTTCATCCT
CAGCAAATCCAGCCCTTCCCGATCTGTTGAACTGCCGGATGCCTTGTCGGTAAAGATGCGGTTAGCTTTTACCCCTGCATCTTTGAGCGCTGAGGTCTGCCTCGTGAAGAAGGTGTTGCTGACTCATACCAGGCCTGAATCGCCCCATCA
TCCAGCCAGAAAGTGAGGGAGCCACGGTTGATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCACGGAACGGTCTGCGTTGTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCGATTT
ATTCAACAAAGCCGCCGTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGAAAAA
GCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCAC
CATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTATTCATTCGTGATTGCGCCTGAGCGAGACGAA
ATACGCGATCGCTGTTAAAAGGACAATTACAAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGA
GTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGG
GCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTG
TATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTGCAATGTAACATCAGAGATTTTGAGACACATCTATGTCGGGTGCGGAGAAAGAGGTAATGAAATGGCACTAGACTCGAGCGGCCGCCACGT
TACTACGTTAATTAACGATTCAAGCTTAAGTAAGTGACTAGAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCA
TCTGCAGATCTGAATTTAACTATAACGGTCCTAAGGTAGCGAGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCA
GGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAA
AGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTC
GTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGG
TATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGT
AGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure 5. Putative Sequence of pSH_SPC. The kanamycin resistance gene is in blue; the PacI site is in green; the PI-SceI and
I-CeuI sites are in green; and the origin of replication is in cyan
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GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTA
CCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTC
ACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGT
TGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAG
AAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTC
TTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTG
ATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTA
TTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTT
TTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGC
GATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCG
AAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCT
TCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTGAGCGCGCGTAATACGACTCACTATAGGGCGAATTGGAGCTCCACCGC
GCGCAATTAACCCTCACTAAAGGGAACAAAAGCTGGTTACTACGTTAATTAACATCATCAATAATATACCTTATTTTGGATTGAAGCCAATATGATAATGAGGGGGTGGAGTTTGTGACGTGGCGCGGGGCGTGGGAACGGGGCGGGTGA
CGTAGTAGTGTGGCGGAAGTGTGATGTTGCAAGTGTGGCGGAACACATGTAAGCGACGGATGTGGCAAAAGTGACGTTTTTGGTGTGCGCCGGATAACTTCGTATAATGTATGCTATACGAAGTTATCCGGTGTACACAGGAAGTGACAA
TTTTCGCGCGGTTTTAGGCGGATGTTGTAGTAAATTTGGGCGTAACCGAGTAAGATTTGGCCATTTTCGCGGGAAAACTGAATAAGAGGAAGTGAAATCTGAATAATTTTGTGTTACTCATAGCGCGTGGATCCACTAATAACTTCGTAT
AATGTATGCTATACGAAGTTATAGTTCTAGAGCGGCCGCTCTAGAACTAGCGTTTCTAGTGATTCCAAACTCATCAATGTATCTTATCATGTCTGGATCTCGACCTCGAGAAGCTTCGTTACATAACTTACGGTAAATGGCCCGCCTGGC
TGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGATGGAGTATATACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGT
CCGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTACGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACACCAATGGG
CGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAATACCCCCGCCCCGTTGACGCAAATGGGCAAGCTTGCCGGGTCG
AGGTAGGCGTGTACGGTGGGAGGCCTATATAAGCAACCGGTATAATCAAACAGACCAGATTGTCTGTTTGTTACCGGTGTTTAGTGAACCGGGCGCGCCTCATATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACA
CCGGGACCGATCCAGCCTCCAATTCGATTGGATCCACAGCCCCGGAGTGAGTTTCAACCCCGGAGCCGCGGACTTTTCGTCAGGCGAGGGACCCTGCAGCTCAAAGAGCGTTTGCCGCGCGCTTCTCGTCGCGTCCAAGACCCTCAAAGA
TTTTTGGCACTTCGTTGAGCGAGGCGATATCAGGAGAAGGAAATCGATAATCACTAGAAACGGGCCCTCTAGACTCGAGCGGCCGCCACGGGTGCATCATGAGCGGCCCTCCAAAAAAGAAGAGAAAGGTAGAAGACCCGGGCGGCCGCA
TGTCCAATTTACTGACCGTACACCAAAATTTGCCTGCATTACCGGTCGATGCAACGAGTGATGAGGTTCGCAAGAACCTGATGGACATGTTCAGGGATCGCCAGGCGTTTTCTGAGCATACCTGGAAAATGCTTCTGTCCGTTTGCCGGT
CGTGGGCGGCATGGTGCAAGTTGAATAACCGGAAATGGTTTCCCGCAGAACCTGAAGATGTTCGCGATTATCTTCTATATCTTCAGGCGCGCGGTCTGGCAGTAAAAACTATCCAGCAACATTTGGGCCAGCTAAACATGCTTCATCGTC
GGTCCGGGCTGCCACGACCAAGTGACAGCAATGCTGTTTCACTGGTTATGCGGCGGATCCGAAAAGAAAACGTTGATGCCGGTGAACGTGCAAAACAGGCTCTAGCGTTCGAACGCACTGATTTCGACCAGGTTCGTTCACTCATGGAAA
ATAGCGATCGCTGCCAGGATATACGTAATCTGGCATTTCTGGGGATTGCTTATAACACCCTGTTACGTATAGCCGAAATTGCCAGGATCAGGGTTAAAGATATCTCACGTACTGACGGTGGGAGAATGTTAATCCATATTGGCAGAACGA
AAACGCTGGTTAGCACCGCAGGTGTAGAGAAGGCACTTAGCCTGGGGGTAACTAAACTGGTCGAGCGATGGATTTCCGTCTCTGGTGTAGCTGATGATCCGAATAACTACCTGTTTTGCCGGGTCAGAAAAAATGGTGTTGCCGCGCCAT
CTGCCACCAGCCAGCTATCAACTCGCGCCCTGGAAGGGATTTTTGAAGCAACTCATCGATTGATTTACGGCGCTAAGGATGACTCTGGTCAGAGATACCTGGCCTGGTCTGGACACAGTGCCCGTGTCGGAGCCGCGCGAGATATGGCCC
GCGCTGGAGTTTCAATACCGGAGATCATGCAAGCTGGTGGCTGGACCAATGTAAATATTGTCATGAACTATATCCGTAACCTGGATAGTGAAACAGGGGCAATGGTGCGCCTGCTGGAAGATGGCGATTAGCCATTAAGCATCAATCACT
AGTGAATTCGCGGCCATCGAATTCACGCGTCGAGCATGCATCTAGGGCGGCCAATTCCGCCCCTCTCCCCCCCACCCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATG
TTATTTTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGAAACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCTCTGGAA
GCTTCTTGAAGACAAACAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAAAGCCACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGATA
GTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTGCACATGCTTTACATGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGC
CCCCCGAACCACGGGGACGTGGTTTTCCTTTGAAAAACACGATGATAAGCTTGCCACAACCCGGGATCCACCGGTCGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGT
AAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAG
CCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCG
CATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGA
GGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGA
GTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAAAGCGGCCGCGACTCTAGATCATAATCAGCCATACCACATTTGTAGAGGTTTTACTTGCTTTAAAAAACCTCCCACACCTCCCCCTGAACCTGAAACAT
AAAATGAATGCAATTGTTGTTGTTAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTAAATC
AAGCTTATCGCGATACCGTCGACCTCGAGGGGGGGCCGCCACCGCGGTGGGGGCTGCAGGAATTCATCTATGTCGGGTGCGGAGAAAGAGGTAATGAAATGGCATCGACTCGAAGATCTGGGCGTGGTTAAGGGTGGGAAAGAATATATA
AGGTGGGGGTCTTATGTAGTTTTGTATCTGTTTTGCAGCAGCCGCCGCCGCCATGAGCACCAACTCGTTTGATGGAAGCATTGTGAGCTCATATTTGACAACGCGCATGCCCCCATGGGCCGGGGTGCGTCAGAATGTGATGGGCTCCAG
CATTGATGGTCGCCCCGTCCTGCCCGCAAACTCTACTACCTTGACCTACGAGACCGTGTCTGGAACGCCGTTGGAGACTGCAGCCTCCGCCGCCGCTTCAGCCGCTGCAGCCACCGCCCGCGGGATTGTGACTGACTTTGCTTTCCTGAG
CCCGCTTGCAAGCAGTGCAGCTTCCCGTTCATCCGCCCGCGATGACAAGTTGACGGCTCTTTTGGCACAATTGGATTCTTTGACCCGGGAACTTAATGTCGTTTCTCAGCAGCTGTTGGATCTGCGCCAGCAGGTTTCTGCCCTGAAGGC
TTCCTCCCCTCCCAATGCGGTTTAAAACATAAATAAAAAACCAGACTCTGTTTGGATTTGGATCAAGCAAGTGTCTTGCTGTCTTTATTTAGGGGTTTTGCGCGCGCGGTAGGCCCGGGACCAGCGGTCTCGGTCGTTGAGGGTCCTGTG
TATTTTTTCCAGGACGTGGTAAAGGTGACTCTGGATGTTCAGATACATGGGCATAAGCCCGTCTCTGGGGTGGAGGTAGCACCACTGCAGAGCTTCATGCTGCGGGGTGGTGTTGTAGATGATCCAGTCGTAGCAGGAGCGCTGGGCGTG
GTGCCTAAAAATGTCTTTCAGTAGCAAGCTGATTGCCAGGGGCAGGCCCTTGGTGTAAGTGTTTACAAAGCGGTTAAGCTGGGATGGGTGCATACGTGGGGATATGAGATGCATCTTGGACTGTATTTTTAGGTTGGCTATGTTCCCAGC
CATATCCCTCCGGGGATTCATGTTGTGCAGAACCACCAGCACAGTGTATCCGGTGCACTTGGGAAATTTGTCATGTAGCTTAGAAGGAAATGCGTGGAAGAACTTGGAGACGCCCTTGTGACCTCCAAGATTTTCCATGCATTCGTCCAT
AATGATGGCAATGGGCCCACGGGCGGCGGCCTGGGCGAAGATATTTCTGGGATCACTAACGTCATAGTTGTGTTCCAGGATGAGATCGTCATAGGCCATTTTTACAAAGCGCGGGCGGAGGGTGCCAGACTGCGGTATAATGGTTCCATC
CGGCCCAGGGGCGTAGTTACCCTCACAGATTTGCATTTCCCACGCTTTGAGTTCAGATGGGGGGATCATGTCTACCTGCGGGGCGATGAAGAAAACGGTTTCCGGGGTAGGGGAGATCAGCTGGGAAGAAAGCAGGTTCCTGAGCAGCTG
CGACTTACCGCAGCCGGTGGGCCCGTAAATCACACCTATTACCGGCTGCAACTGGTAGTTAAGAGAGCTGCAGCTGCCGTCATCCCTGAGCAGGGGGGCCACTTCGTTAAGCATGTCCCTGACTCGCATGTTTTCCCTGACCAAATCCGC
CAGAAGGCGCTCGCCGCCCAGCGATAGCAGTTCTTGCAAGGAAGCAAAGTTTTTCAACGGTTTGAGACCGTCCGCCGTAGGCATGCTTTTGAGCGTTTGACCAAGCAGTTCCAGGCGGTCCCACAGCTCGGTCACCTGCTCTACGGCATC
TCGATCCAGCATATCTCCTCGTTTCGCGGGTTGGGGCGGCTTTCGCTGTACGGCAGTAGTCGGTGCTCGTCCAGACGGGCCAGGGTCATGTCTTTCCACGGGCGCAGGGTCCTCGTCAGCGTAGTCTGGGTCACGGTGAAGGGGTGCGCT
CCGGGCTGCGCGCTGGCCAGGGTGCGCTTGAGGCTGGTCCTGCTGGTGCTGAAGCGCTGCCGGTCTTCGCCCTGCGCGTCGGCCAGGTAGCATTTGACCATGGTGTCATAGTCCAGCCCCTCCGCGGCGTGGCCCTTGGCGCGCAGCTTG
CCCTTGGAGGAGGCGCCGCACGAGGGGCAGTGCAGACTTTTGAGGGCGTAGAGCTTGGGCGCGAGAAATACCGATTCCGGGGAGTAGGCATCCGCGCCGCAGGCCCCGCAGACGGTCTCGCATTCCACGAGCCAGGTGAGCTCTGGCCGT
TCGGGGTCAAAAACCAGGTTTCCCCCATGCTTTTTGATGCGTTTCTTACCTCTGGTTTCCATGAGCCGGTGTCCACGCTCGGTGACGAAAAGGCTGTCCGTGTCCCCGTATACAGACTTGAGAGGCCTGTCCTCGAGCGGTGTTCCGCGG
TCCTCCTCGTATAGAAACTCGGACCACTCTGAGACAAAGGCTCGCGTCCAGGCCAGCACGAAGGAGGCTAAGTGGGAGGGGTAGCGGTCGTTGTCCACTAGGGGGTCCACTCGCTCCAGGGTGTGAAGACACATGTCGCCCTCTTCGGCA
TCAAGGAAGGTGATTGGTTTGTAGGTGTAGGCCACGTGACCGGGTGTTCCTGAAGGGGGGCTATAAAAGGGGGTGGGGGCGCGTTCGTCCTCACTCTCTTCCGCATCGCTGTCTGCGAGGGCCAGCTGTTGGGGTGAGTACTCCCTCTGA
AAAGCGGGCATGACTTCTGCGCTAAGATTGTCAGTTTCCAAAAACGAGGAGGATTTGATATTCACCTGGCCCGCGGTGATGCCTTTGAGGGTGGCCGCATCCATCTGGTCAGAAAAGACAATCTTTTTGTTGTCAAGCTTGGTGGCAAAC
GACCCGTAGAGGGCGTTGGACAGCAACTTGGCGATGGAGCGCAGGGTTTGGTTTTTGTCGCGATCGGCGCGCTCCTTGGCCGCGATGTTTAGCTGCACGTATTCGCGCGCAACGCACCGCCATTCGGGAAAGACGGTGGTGCGCTCGTCG
GGCACCAGGTGCACGCGCCAACCGCGGTTGTGCAGGGTGACAAGGTCAACGCTGGTGGCTACCTCTCCGCGTAGGCGCTCGTTGGTCCAGCAGAGGCGGCCGCCCTTGCGCGAGCAGAATGGCGGTAGGGGGTCTAGCTGCGTCTCGTCC
GGGGGGTCTGCGTCCACGGTAAAGACCCCGGGCAGCAGGCGCGCGTCGAAGTAGTCTATCTTGCATCCTTGCAAGTCTAGCGCCTGCTGCCATGCGCGGGCGGCAAGCGCGCGCTCGTATGGGTTGAGTGGGGGACCCCATGGCATGGGG
TGGGTGAGCGCGGAGGCGTACATGCCGCAAATGTCGTAAACGTAGAGGGGCTCTCTGAGTATTCCAAGATATGTAGGGTAGCATCTTCCACCGCGGATGCTGGCGCGCACGTAATCGTATAGTTCGTGCGAGGGAGCGAGGAGGTCGGGA
CCGAGGTTGCTACGGGCGGGCTGCTCTGCTCGGAAGACTATCTGCCTGAAGATGGCATGTGAGTTGGATGATATGGTTGGACGCTGGAAGACGTTGAAGCTGGCGTCTGTGAGACCTACCGCGTCACGCACGAAGGAGGCGTAGGAGTCG
CGCAGCTTGTTGACCAGCTCGGCGGTGACCTGCACGTCTAGGGCGCAGTAGTCCAGGGTTTCCTTGATGATGTCATACTTATCCTGTCCCTTTTTTTTCCACAGCTCGCGGTTGAGGACAAACTCTTCGCGGTCTTTCCAGTACTCTTGG
ATCGGAAACCCGTCGGCCTCCGAACGGTAAGAGCCTAGCATGTAGAACTGGTTGACGGCCTGGTAGGCGCAGCATCCCTTTTCTACGGGTAGCGCGTATGCCTGCGCGGCCTTCCGGAGCGAGGTGTGGGTGAGCGCAAAGGTGTCCCTG
ACCATGACTTTGAGGTACTGGTATTTGAAGTCAGTGTCGTCGCATCCGCCCTGCTCCCAGAGCAAAAAGTCCGTGCGCTTTTTGGAACGCGGATTTGGCAGGGCGAAGGTGACATCGTTGAAGAGTATCTTTCCCGCGCGAGGCATAAAG
TTGCGTGTGATGCGGAAGGGTCCCGGCACCTCGGAACGGTTGTTAATTACCTGGGCGGCGAGCACGATCTCGTCAAAGCCGTTGATGTTGTGGCCCACAATGTAAAGTTCCAAGAAGCGCGGGATGCCCTTGATGGAAGGCAATTTTTTA
AGTTCCTCGTAGGTGAGCTCTTCAGGGGAGCTGAGCCCGTGCTCTGAAAGGGCCCAGTCTGCAAGATGAGGGTTGGAAGCGACGAATGAGCTCCACAGGTCACGGGCCATTAGCATTTGCAGGTGGTCGCGAAAGGTCCTAAACTGGCGA
CCTATGGCCATTTTTTCTGGGGTGATGCAGTAGAAGGTAAGCGGGTCTTGTTCCCAGCGGTCCCATCCAAGGTTCGCGGCTAGGTCTCGCGCGGCAGTCACTAGAGGCTCATCTCCGCCGAACTTCATGACCAGCATGAAGGGCACGAGC
TGCTTCCCAAAGGCCCCCATCCAAGTATAGGTCTCTACATCGTAGGTGACAAAGAGACGCTCGGTGCGAGGATGCGAGCCGATCGGGAAGAACTGGATCTCCCGCCACCAATTGGAGGAGTGGCTATTGATGTGGTGAAAGTAGAAGTCC
CTGCGACGGGCCGAACACTCGTGCTGGCTTTTGTAAAAACGTGCGCAGTACTGGCAGCGGTGCACGGGCTGTACATCCTGCACGAGGTTGACCTGACGACCGCGCACAAGGAAGCAGAGTGGGAATTTGAGCCCCTCGCCTGGCGGGTTT
GGCTGGTGGTCTTCTACTTCGGCTGCTTGTCCTTGACCGTCTGGCTGCTCGAGGGGAGTTACGGTGGATCGGACCACCACGCCGCGCGAGCCCAAAGTCCAGATGTCCGCGCGCGGCGGTCGGAGCTTGATGACAACATCGCGCAGATGG
GAGCTGTCCATGGTCTGGAGCTCCCGCGGCGTCAGGTCAGGCGGGAGCTCCTGCAGGTTTACCTCGCATAGACGGGTCAGGGCGCGGGCTAGATCCAGGTGATACCTAATTTCCAGGGGCTGGTTGGTGGCGGCGTCGATGGCTTGCAAG
AGGCCGCATCCCCGCGGCGCGACTACGGTACCGCGCGGCGGGCGGTGGGCCGCGGGGGTGTCCTTGGATGATGCATCTAAAAGCGGTGACGCGGGCGAGCCCCCGGAGGTAGGGGGGGCTCCGGACCCGCCGGGAGAGGGGGCAGGGGCA
CGTCGGCGCCGCGCGCGGGCAGGAGCTGGTGCTGCGCGCGTAGGTTGCTGGCGAACGCGACGACGCGGCGGTTGATCTCCTGAATCTGGCGCCTCTGCGTGAAGACGACGGGCCCGGTGAGCTTGAACCTGAAAGAGAGTTCGACAGAAT
CAATTTCGGTGTCGTTGACGGCGGCCTGGCGCAAAATCTCCTGCACGTCTCCTGAGTTGTCTTGATAGGCGATCTCGGCCATGAACTGCTCGATCTCTTCCTCCTGGAGATCTCCGCGTCCGGCTCGCTCCACGGTGGCGGCGAGGTCGT
TGGAAATGCGGGCCATGAGCTGCGAGAAGGCGTTGAGGCCTCCCTCGTTCCAGACGCGGCTGTAGACCACGCCCCCTTCGGCATCGCGGGCGCGCATGACCACCTGCGCGAGATTGAGCTCCACGTGCCGGGCGAAGACGGCGTAGTTTC
GCAGGCGCTGAAAGAGGTAGTTGAGGGTGGTGGCGGTGTGTTCTGCCACGAAGAAGTACATAACCCAGCGTCGCAACGTGGATTCGTTGATATCCCCCAAGGCCTCAAGGCGCTCCATGGCCTCGTAGAAGTCCACGGCGAAGTTGAAAA
ACTGGGAGTTGCGCGCCGACACGGTTAACTCCTCCTCCAGAAGACGGATGAGCTCGGCGACAGTGTCGCGCACCTCGCGCTCAAAGGCTACAGGGGCCTCTTCTTCTTCTTCAATCTCCTCTTCCATAAGGGCCTCCCCTTCTTCTTCTT
CTGGCGGCGGTGGGGGAGGGGGGACACGGCGGCGACGACGGCGCACCGGGAGGCGGTCGACAAAGCGCTCGATCATCTCCCCGCGGCGACGGCGCATGGTCTCGGTGACGGCGCGGCCGTTCTCGCGGGGGCGCAGTTGGAAGACGCCGC
CCGTCATGTCCCGGTTATGGGTTGGCGGGGGGCTGCCATGCGGCAGGGATACGGCGCTAACGATGCATCTCAACAATTGTTGTGTAGGTACTCCGCCGCCGAGGGACCTGAGCGAGTCCGCATCGACCGGATCGGAAAACCTCTCGAGAA
AGGCGTCTAACCAGTCACAGTCGCAAGGTAGGCTGAGCACCGTGGCGGGCGGCAGCGGGCGGCGGTCGGGGTTGTTTCTGGCGGAGGTGCTGCTGATGATGTAATTAAAGTAGGCGGTCTTGAGACGGCGGATGGTCGACAGAAGCACCA
TGTCCTTGGGTCCGGCCTGCTGAATGCGCAGGCGGTCGGCCATGCCCCAGGCTTCGTTTTGACATCGGCGCAGGTCTTTGTAGTAGTCTTGCATGAGCCTTTCTACCGGCACTTCTTCTTCTCCTTCCTCTTGTCCTGCATCTCTTGCAT
CTATCGCTGCGGCGGCGGCGGAGTTTGGCCGTAGGTGGCGCCCTCTTCCTCCCATGCGTGTGACCCCGAAGCCCCTCATCGGCTGAAGCAGGGCTAGGTCGGCGACAACGCGCTCGGCTAATATGGCCTGCTGCACCTGCGTGAGGGTAG
ACTGGAAGTCATCCATGTCCACAAAGCGGTGGTATGCGCCCGTGTTGATGGTGTAAGTGCAGTTGGCCATAACGGACCAGTTAACGGTCTGGTGACCCGGCTGCGAGAGCTCGGTGTACCTGAGACGCGAGTAAGCCCTCGAGTCAAATA
CGTAGTCGTTGCAAGTCCGCACCAGGTACTGGTATCCCACCAAAAAGTGCGGCGGCGGCTGGCGGTAGAGGGGCCAGCGTAGGGTGGCCGGGGCTCCGGGGGCGAGATCTTCCAACATAAGGCGATGATATCCGTAGATGTACCTGGACA
TCCAGGTGATGCCGGCGGCGGTGGTGGAGGCGCGCGGAAAGTCGCGGACGCGGTTCCAGATGTTGCGCAGCGGCAAAAAGTGCTCCATGGTCGGGACGCTCTGGCCGGTCAGGCGCGCGCAATCGTTGACGCTCTAGCGTGCAAAAGGAG
AGCCTGTAAGCGGGCACTCTTCCGTGGTCTGGTGGATAAATTCGCAAGGGTATCATGGCGGACGACCGGGGTTCGAGCCCCGTATCCGGCCGTCCGCCGTGATCCATGCGGTTACCGCCCGCGTGTCGAACCCAGGTGTGCGACGTCAGA
CAACGGGGGAGTGCTCCTTTTGGCTTCCTTCCAGGCGCGGCGGCTGCTGCGCTAGCTTTTTTGGCCACTGGCCGCGCGCAGCGTAAGCGGTTAGGCTGGAAAGCGAAAGCATTAAGTGGCTCGCTCCCTGTAGCCGGAGGGTTATTTTCC
AAGGGTTGAGTCGCGGGACCCCCGGTTCGAGTCTCGGACCGGCCGGACTGCGGCGAACGGGGGTTTGCCTCCCCGTCATGCAAGACCCCGCTTGCAAATTCCTCCGGAAACAGGGACGAGCCCCTTTTTTGCTTTTCCCAGATGCATCCG
GTGCTGCGGCAGATGCGCCCCCCTCCTCAGCAGCGGCAAGAGCAAGAGCAGCGGCAGACATGCAGGGCACCCTCCCCTCCTCCTACCGCGTCAGGAGGGGCGACATCCGCGGTTGACGCGGCAGCAGATGGTGATTACGAACCCCCGCGG
CGCCGGGCCCGGCACTACCTGGACTTGGAGGAGGGCGAGGGCCTGGCGCGGCTAGGAGCGCCCTCTCCTGAGCGGCACCCAAGGGTGCAGCTGAAGCGTGATACGCGTGAGGCGTACGTGCCGCGGCAGAACCTGTTTCGCGACCGCGAG
GGAGAGGAGCCCGAGGAGATGCGGGATCGAAAGTTCCACGCAGGGCGCGAGCTGCGGCATGGCCTGAATCGCGAGCGGTTGCTGCGCGAGGAGGACTTTGAGCCCGACGCGCGAACCGGGATTAGTCCCGCGCGCGCACACGTGGCGGCC
GCCGACCTGGTAACCGCATACGAGCAGACGGTGAACCAGGAGATTAACTTTCAAAAAAGCTTTAACAACCACGTGCGTACGCTTGTGGCGCGCGAGGAGGTGGCTATAGGACTGATGCATCTGTGGGACTTTGTAAGCGCGCTGGAGCAA
AACCCAAATAGCAAGCCGCTCATGGCGCAGCTGTTCCTTATAGTGCAGCACAGCAGGGACAACGAGGCATTCAGGGATGCGCTGCTAAACATAGTAGAGCCCGAGGGCCGCTGGCTGCTCGATTTGATAAACATCCTGCAGAGCATAGTG
GTGCAGGAGCGCAGCTTGAGCCTGGCTGACAAGGTGGCCGCCATCAACTATTCCATGCTTAGCCTGGGCAAGTTTTACGCCCGCAAGATATACCATACCCCTTACGTTCCCATAGACAAGGAGGTAAAGATCGAGGGGTTCTACATGCGC
ATGGCGCTGAAGGTGCTTACCTTGAGCGACGACCTGGGCGTTTATCGCAACGAGCGCATCCACAAGGCCGTGAGCGTGAGCCGGCGGCGCGAGCTCAGCGACCGCGAGCTGATGCACAGCCTGCAAAGGGCCCTGGCTGGCACGGGCAGC
GGCGATAGAGAGGCCGAGTCCTACTTTGACGCGGGCGCTGACCTGCGCTGGGCCCCAAGCCGACGCGCCCTGGAGGCAGCTGGGGCCGGACCTGGGCTGGCGGTGGCACCCGCGCGCGCTGGCAACGTCGGCGGCGTGGAGGAATATGAC
GAGGACGATGAGTACGAGCCAGAGGACGGCGAGTACTAAGCGGTGATGTTTCTGATCAGATGATGCAAGACGCAACGGACCCGGCGGTGCGGGCGGCGCTGCAGAGCCAGCCGTCCGGCCTTAACTCCACGGACGACTGGCGCCAGGTCA
TGGACCGCATCATGTCGCTGACTGCGCGCAATCCTGACGCGTTCCGGCAGCAGCCGCAGGCCAACCGGCTCTCCGCAATTCTGGAAGCGGTGGTCCCGGCGCGCGCAAACCCCACGCACGAGAAGGTGCTGGCGATCGTAAACGCGCTGG
CCGAAAACAGGGCCATCCGGCCCGACGAGGCCGGCCTGGTCTACGACGCGCTGCTTCAGCGCGTGGCTCGTTACAACAGCGGCAACGTGCAGACCAACCTGGACCGGCTGGTGGGGGATGTGCGCGAGGCCGTGGCGCAGCGTGAGCGCG
CGCAGCAGCAGGGCAACCTGGGCTCCATGGTTGCACTAAACGCCTTCCTGAGTACACAGCCCGCCAACGTGCCGCGGGGACAGGAGGACTACACCAACTTTGTGAGCGCACTGCGGCTAATGGTGACTGAGACACCGCAAAGTGAGGTGT
ACCAGTCTGGGCCAGACTATTTTTTCCAGACCAGTAGACAAGGCCTGCAGACCGTAAACCTGAGCCAGGCTTTCAAAAACTTGCAGGGGCTGTGGGGGGTGCGGGCTCCCACAGGCGACCGCGCGACCGTGTCTAGCTTGCTGACGCCCA
ACTCGCGCCTGTTGCTGCTGCTAATAGCGCCCTTCACGGACAGTGGCAGCGTGTCCCGGGACACATACCTAGGTCACTTGCTGACACTGTACCGCGAGGCCATAGGTCAGGCGCATGTGGACGAGCATACTTTCCAGGAGATTACAAGTG
TCAGCCGCGCGCTGGGGCAGGAGGACACGGGCAGCCTGGAGGCAACCCTAAACTACCTGCTGACCAACCGGCGGCAGAAGATCCCCTCGTTGCACAGTTTAAACAGCGAGGAGGAGCGCATTTTGCGCTACGTGCAGCAGAGCGTGAGCC
TTAACCTGATGCGCGACGGGGTAACGCCCAGCGTGGCGCTGGACATGACCGCGCGCAACATGGAACCGGGCATGTATGCCTCAAACCGGCCGTTTATCAACCGCCTAATGGACTACTTGCATCGCGCGGCCGCCGTGAACCCCGAGTATT
TCACCAATGCCATCTTGAACCCGCACTGGCTACCGCCCCCTGGTTTCTACACCGGGGGATTCGAGGTGCCCGAGGGTAACGATGGATTCCTCTGGGACGACATAGACGACAGCGTGTTTTCCCCGCAACCGCAGACCCTGCTAGAGTTGC
AACAGCGCGAGCAGGCAGAGGCGGCGCTGCGAAAGGAAAGCTTCCGCAGGCCAAGCAGCTTGTCCGATCTAGGCGCTGCGGCCCCGCGGTCAGATGCTAGTAGCCCATTTCCAAGCTTGATAGGGTCTCTTACCAGCACTCGCACCACCC

Figure 6. Putative Sequence of pEVE
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Construction of a Multi-Functional Helper-Dependent Adenovirus Based System for Cancer Gene Therapy
GCCCGCGCCTGCTGGGCGAGGAGGAGTACCTAAACAACTCGCTGCTGCAGCCGCAGCGCGAAAAAAACCTGCCTCCGGCATTTCCCAACAACGGGATAGAGAGCCTAGTGGACAAGATGAGTAGATGGAAGACGTACGCGCAGGAGCACA
GGGACGTGCCAGGCCCGCGCCCGCCCACCCGTCGTCAAAGGCACGACCGTCAGCGGGGTCTGGTGTGGGAGGACGATGACTCGGCAGACGACAGCAGCGTCCTGGATTTGGGAGGGAGTGGCAACCCGTTTGCGCACCTTCGCCCCAGGC
TGGGGAGAATGTTTTAAAAAAAAAAAAAGCATGATGCAAAATAAAAAACTCACCAAGGCCATGGCACCGAGCGTTGGTTTTCTTGTATTCCCCTTAGTATGCGGCGCGCGGCGATGTATGAGGAAGGTCCTCCTCCCTCCTACGAGAGTG
GGTGAGCGCGGCGCCAGTGGCGGCGGCGCTGGGTTCTCCCTTCGATGCTCCCCTGGACCCGCCGTTTGTGCCTCCGCGGTACCTGCGGCCTACCGGGGGGAGAAACAGCATCCGTTACTCTGAGTTGGCACCCCTATTCGACACCACCC
GTGTGTACCTGGTGGACAACAAGTCAACGGATGTGGCATCCCTGAACTACCAGAACGACCACAGCAACTTTCTGACCACGGTCATTCAAAACAATGACTACAGCCCGGGGGAGGCAAGCACACAGACCATCAATCTTGACGACCGGTCGC
ACTGGGGCGGCGACCTGAAAACCATCCTGCATACCAACATGCCAAATGTGAACGAGTTCATGTTTACCAATAAGTTTAAGGCGCGGGTGATGGTGTCGCGCTTGCCTACTAAGGACAATCAGGTGGAGCTGAAATACGAGTGGGTGGAGT
TCACGCTGCCCGAGGGCAACTACTCCGAGACCATGACCATAGACCTTATGAACAACGCGATCGTGGAGCACTACTTGAAAGTGGGCAGACAGAACGGGGTTCTGGAAAGCGACATCGGGGTAAAGTTTGACACCCGCAACTTCAGACTGG
GGTTTGACCCCGTCACTGGTCTTGTCATGCCTGGGGTATATACAAACGAAGCCTTCCATCCAGACATCATTTTGCTGCCAGGATGCGGGGTGGACTTCACCCACAGCCGCCTGAGCAACTTGTTGGGCATCCGCAAGCGGCAACCCTTCC
AGGAGGGCTTTAGGATCACCTACGATGATCTGGAGGGTGGTAACATTCCCGCACTGTTGGATGTGGACGCCTACCAGGCGAGCTTGAAAGATGACACCGAACAGGGCGGGGGTGGCGCAGGCGGCAGCAACAGCAGTGGCAGCGGCGCGG
AAGAGAACTCCAACGCGGCAGCCGCGGCAATGCAGCCGGTGGAGGACATGAACGATCATGCCATTCGCGGCGACACCTTTGCCACACGGGCTGAGGAGAAGCGCGCTGAGGCCGAAGCAGCGGCCGAAGCTGCCGCCCCCGCTGCGCAAC
CCGAGGTCGAGAAGCCTCAGAAGAAACCGGTGATCAAACCCCTGACAGAGGACAGCAAGAAACGCAGTTACAACCTAATAAGCAATGACAGCACCTTCACCCAGTACCGCAGCTGGTACCTTGCATACAACTACGGCGACCCTCAGACCG
GAATCCGCTCATGGACCCTGCTTTGCACTCCTGACGTAACCTGCGGCTCGGAGCAGGTCTACTGGTCGTTGCCAGACATGATGCAAGACCCCGTGACCTTCCGCTCCACGCGCCAGATCAGCAACTTTCCGGTGGTGGGCGCCGAGCTGT
TGCCCGTGCACTCCAAGAGCTTCTACAACGACCAGGCCGTCTACTCCCAACTCATCCGCCAGTTTACCTCTCTGACCCACGTGTTCAATCGCTTTCCCGAGAACCAGATTTTGGCGCGCCCGCCAGCCCCCACCATCACCACCGTCAGTG
AAAACGTTCCTGCTCTCACAGATCACGGGACGCTACCGCTGCGCAACAGCATCGGAGGAGTCCAGCGAGTGACCATTACTGACGCCAGACGCCGCACCTGCCCCTACGTTTACAAGGCCCTGGGCATAGTCTCGCCGCGCGTCCTATCGA
GCCGCACTTTTTGAGCAAGCATGTCCATCCTTATATCGCCCAGCAATAACACAGGCTGGGGCCTGCGCTTCCCAAGCAAGATGTTTGGCGGGGCCAAGAAGCGCTCCGACCAACACCCAGTGCGCGTGCGCGGGCACTACCGCGCGCCCT
GGGGCGCGCACAAACGCGGCCGCACTGGGCGCACCACCGTCGATGACGCCATCGACGCGGTGGTGGAGGAGGCGCGCAACTACACGCCCACGCCGCCACCAGTGTCCACAGTGGACGCGGCCATTCAGACCGTGGTGCGCGGAGCCCGGC
GCTATGCTAAAATGAAGAGACGGCGGAGGCGCGTAGCACGTCGCCACCGCCGCCGACCCGGCACTGCCGCCCAACGCGCGGCGGCGGCCCTGCTTAACCGCGCACGTCGCACCGGCCGACGGGCGGCCATGCGGGCCGCTCGAAGGCTGG
CCGCGGGTATTGTCACTGTGCCCCCCAGGTCCAGGCGACGAGCGGCCGCCGCAGCAGCCGCGGCCATTAGTGCTATGACTCAGGGTCGCAGGGGCAACGTGTATTGGGTGCGCGACTCGGTTAGCGGCCTGCGCGTGCCCGTGCGCACCC
GCCCCCCGCGCAACTAGATTGCAAGAAAAAACTACTTAGACTCGTACTGTTGTATGTATCCAGCGGCGGCGGCGCGCAACGAAGCTATGTCCAAGCGCAAAATCAAAGAAGAGATGCTCCAGGTCATCGCGCCGGAGATCTATGGCCCCC
CGAAGAAGGAAGAGCAGGATTACAAGCCCCGAAAGCTAAAGCGGGTCAAAAAGAAAAAGAAAGATGATGATGATGAACTTGACGACGAGGTGGAACTGCTGCACGCTACCGCGCCCAGGCGACGGGTACAGTGGAAAGGTCGACGCGTAA
AACGTGTTTTGCGACCCGGCACCACCGTAGTCTTTACGCCCGGTGAGCGCTCCACCCGCACCTACAAGCGCGTGTATGATGAGGTGTACGGCGACGAGGACCTGCTTGAGCAGGCCAACGAGCGCCTCGGGGAGTTTGCCTACGGAAAGC
GGCATAAGGACATGCTGGCGTTGCCGCTGGACGAGGGCAACCCAACACCTAGCCTAAAGCCCGTAACACTGCAGCAGGTGCTGCCCGCGCTTGCACCGTCCGAAGAAAAGCGCGGCCTAAAGCGCGAGTCTGGTGACTTGGCACCCACCG
TGCAGCTGATGGTACCCAAGCGCCAGCGACTGGAAGATGTCTTGGAAAAAATGACCGTGGAACCTGGGCTGGAGCCCGAGGTCCGCGTGCGGCCAATCAAGCAGGTGGCGCCGGGACTGGGCGTGCAGACCGTGGACGTTCAGATACCCA
CTACCAGTAGCACCAGTATTGCCACCGCCACAGAGGGCATGGAGACACAAACGTCCCCGGTTGCCTCAGCGGTGGCGGATGCCGCGGTGCAGGCGGTCGCTGCGGCCGCGTCCAAGACCTCTACGGAGGTGCAAACGGACCCGTGGATGT
TTCGCGTTTCAGCCCCCCGGCGCCCGCGCCGTTCGAGGAAGTACGGCGCCGCCAGCGCGCTACTGCCCGAATATGCCCTACATCCTTCCATTGCGCCTACCCCCGGCTATCGTGGCTACACCTACCGCCCCAGAAGACGAGCAACTACCC
GACGCCGAACCACCACTGGAACCCGCCGCCGCCGTCGCCGTCGCCAGCCCGTGCTGGCCCCGATTTCCGTGCGCAGGGTGGCTCGCGAAGGAGGCAGGACCCTGGTGCTGCCAACAGCGCGCTACCACCCCAGCATCGTTTAAAAGCCGG
TCTTTGTGGTTCTTGCAGATATGGCCCTCACCTGCCGCCTCCGTTTCCCGGTGCCGGGATTCCGAGGAAGAATGCACCGTAGGAGGGGCATGGCCGGCCACGGCCTGACGGGCGGCATGCGTCGTGCGCACCACCGGCGGCGGCGCGCGT
CGCACCGTCGCATGCGCGGCGGTATCCTGCCCCTCCTTATTCCACTGATCGCCGCGGCGATTGGCGCCGTGCCCGGAATTGCATCCGTGGCCTTGCAGGCGCAGAGACACTGATTAAAAACAAGTTGCATGTGGAAAAATCAAAATAAAA
AGTCTGGACTCTCACGCTCGCTTGGTCCTGTAACTATTTTGTAGAATGGAAGACATCAACTTTGCGTCTCTGGCCCCGCGACACGGCTCGCGCCCGTTCATGGGAAACTGGCAAGATATCGGCACCAGCAATATGAGCGGTGGCGCCTTC
AGCTGGGGCTCGCTGTGGAGCGGCATTAAAAATTTCGGTTCCACCGTTAAGAACTATGGCAGCAAGGCCTGGAACAGCAGCACAGGCCAGATGCTGAGGGATAAGTTGAAAGAGCAAAATTTCCAACAAAAGGTGGTAGATGGCCTGGCC
TCTGGCATTAGCGGGGTGGTGGACCTGGCCAACCAGGCAGTGCAAAATAAGATTAACAGTAAGCTTGATCCCCGCCCTCCCGTAGAGGAGCCTCCACCGGCCGTGGAGACAGTGTCTCCAGAGGGGCGTGGCGAAAAGCGTCCGCGCCCC
GACAGGGAAGAAACTCTGGTGACGCAAATAGACGAGCCTCCCTCGTACGAGGAGGCACTAAAGCAAGGCCTGCCCACCACCCGTCCCATCGCGCCCATGGCTACCGGAGTGCTGGGCCAGCACACACCCGTAACGCTGGACCTGCCTCCC
CCCGCCGACACCCAGCAGAAACCTGTGCTGCCAGGCCCGACCGCCGTTGTTGTAACCCGTCCTAGCCGCGCGTCCCTGCGCCGCGCCGCCAGCGGTCCGCGATCGTTGCGGCCCGTAGCCAGTGGCAACTGGCAAAGCACACTGAACAGC
ATCGTGGGTCTGGGGGTGCAATCCCTGAAGCGCCGACGATGCTTCTGATAGCTAACGTGTCGTATGTGTGTCATGTATGCGTCCATGTCGCCGCCAGAGGAGCTGCTGAGCCGCCGCGCGCCCGCTTTCCAAGATGGCTACCCCTTCGAT
GATGCCGCAGTGGTCTTACATGCACATCTCGGGCCAGGACGCCTCGGAGTACCTGAGCCCCGGGCTGGTGCAGTTTGCCCGCGCCACCGAGACGTACTTCAGCCTGAATAACAAGTTTAGAAACCCCACGGTGGCGCCTACGCACGACGT
GACCACAGACCGGTCCCAGCGTTTGACGCTGCGGTTCATCCCTGTGGACCGTGAGGATACTGCGTACTCGTACAAGGCGCGGTTCACCCTAGCTGTGGGTGATAACCGTGTGCTGGACATGGCTTCCACGTACTTTGACATCCGCGGCGT
GCTGGACAGGGGCCCTACTTTTAAGCCCTACTCTGGCACTGCCTACAACGCCCTGGCTCCCAAGGGTGCCCCAAATCCTTGCGAATGGGATGAAGCTGCTACTGCTCTTGAAATAAACCTAGAAGAAGAGGACGATGACAACGAAGACGA
AGTAGACGAGCAAGCTGAGCAGCAAAAAACTCACGTATTTGGGCAGGCGCCTTATTCTGGTATAAATATTACAAAGGAGGGTATTCAAATAGGTGTCGAAGGTCAAACACCTAAATATGCCGATAAAACATTTCAACCTGAACCTCAAAT
AGGAGAATCTCAGTGGTACGAAACAGAAATTAATCATGCAGCTGGGAGAGTCCTAAAAAAGACTACCCCAATGAAACCATGTTACGGTTCATATGCAAAACCCACAAATGAAAATGGAGGGCAAGGCATTCTTGTAAAGCAACAAAATGG
AAAGCTAGAAAGTCAAGTGGAAATGCAATTTTTCTCAACTACTGAGGCAGCCGCAGGCAATGGTGATAACTTGACTCCTAAAGTGGTATTGTACAGTGAAGATGTAGATATAGAAACCCCAGACACTCATATTTCTTACATGCCCACTAT
TAAGGAAGGTAACTCACGAGAACTAATGGGCCAACAATCTATGCCCAACAGGCCTAATTACATTGCTTTTAGGGACAATTTTATTGGTCTAATGTATTACAACAGCACGGGTAATATGGGTGTTCTGGCGGGCCAAGCATCGCAGTTGAA
TGCTGTTGTAGATTTGCAAGACAGAAACACAGAGCTTTCATACCAGCTTTTGCTTGATTCCATTGGTGATAGAACCAGGTACTTTTCTATGTGGAATCAGGCTGTTGACAGCTATGATCCAGATGTTAGAATTATTGAAAATCATGGAAC
TGAAGATGAACTTCCAAATTACTGCTTTCCACTGGGAGGTGTGATTAATACAGAGACTCTTACCAAGGTAAAACCTAAAACAGGTCAGGAAAATGGATGGGAAAAAGATGCTACAGAATTTTCAGATAAAAATGAAATAAGAGTTGGAAA
TAATTTTGCCATGGAAATCAATCTAAATGCCAACCTGTGGAGAAATTTCCTGTACTCCAACATAGCGCTGTATTTGCCCGACAAGCTAAAGTACAGTCCTTCCAACGTAAAAATTTCTGATAACCCAAACACCTACGACTACATGAACAA
GCGAGTGGTGGCTCCCGGGCTAGTGGACTGCTACATTAACCTTGGAGCACGCTGGTCCCTTGACTATATGGACAACGTCAACCCATTTAACCACCACCGCAATGCTGGCCTGCGCTACCGCTCAATGTTGCTGGGCAATGGTCGCTATGT
GCCCTTCCACATCCAGGTGCCTCAGAAGTTCTTTGCCATTAAAAACCTCCTTCTCCTGCCGGGCTCATACACCTACGAGTGGAACTTCAGGAAGGATGTTAACATGGTTCTGCAGAGCTCCCTAGGAAATGACCTAAGGGTTGACGGAGC
CAGCATTAAGTTTGATAGCATTTGCCTTTACGCCACCTTCTTCCCCATGGCCCACAACACCGCCTCCACGCTTGAGGCCATGCTTAGAAACGACACCAACGACCAGTCCTTTAACGACTATCTCTCCGCCGCCAACATGCTCTACCCTAT
ACCCGCCAACGCTACCAACGTGCCCATATCCATCCCCTCCCGCAACTGGGCGGCTTTCCGCGGCTGGGCCTTCACGCGCCTTAAGACTAAGGAAACCCCATCACTGGGCTCGGGCTACGACCCTTATTACACCTACTCTGGCTCTATACC
CTACCTAGATGGAACCTTTTACCTCAACCACACCTTTAAGAAGGTGGCCATTACCTTTGACTCTTCTGTCAGCTGGCCTGGCAATGACCGCCTGCTTACCCCCAACGAGTTTGAAATTAAGCGCTCAGTTGACGGGGAGGGTTACAACGT
TGCCCAGTGTAACATGACCAAAGACTGGTTCCTGGTACAAATGCTAGCTAACTATAACATTGGCTACCAGGGCTTCTATATCCCAGAGAGCTACAAGGACCGCATGTACTCCTTCTTTAGAAACTTCCAGCCCATGAGCCGTCAGGTGGT
GGATGATACTAAATACAAGGACTACCAACAGGTGGGCATCCTACACCAACACAACAACTCTGGATTTGTTGGCTACCTTGCCCCCACCATGCGCGAAGGACAGGCCTACCCTGCTAACTTCCCCTATCCGCTTATAGGCAAGACCGCAGT
TGACAGCATTACCCAGAAAAAGTTTCTTTGCGATCGCACCCTTTGGCGCATCCCATTCTCCAGTAACTTTATGTCCATGGGCGCACTCACAGACCTGGGCCAAAACCTTCTCTACGCCAACTCCGCCCACGCGCTAGACATGACTTTTGA
GGTGGATCCCATGGACGAGCCCACCCTTCTTTATGTTTTGTTTGAAGTCTTTGACGTGGTCCGTGTGCACCAGCCGCACCGCGGCGTCATCGAAACCGTGTACCTGCGCACGCCCTTCTCGGCCGGCAACGCCACAACATAAAGAAGCAA
GCAACATCAACAACAGCTGCCGCCATGGGCTCCAGTGAGCAGGAACTGAAAGCCATTGTCAAAGATCTTGGTTGTGGGCCATATTTTTTGGGCACCTATGACAAGCGCTTTCCAGGCTTTGTTTCTCCACACAAGCTCGCCTGCGCCATA
GTCAATACGGCCGGTCGCGAGACTGGGGGCGTACACTGGATGGCCTTTGCCTGGAACCCGCACTCAAAAACATGCTACCTCTTTGAGCCCTTTGGCTTTTCTGACCAGCGACTCAAGCAGGTTTACCAGTTTGAGTACGAGTCACTCCTG
CGCCGTAGCGCCATTGCTTCTTCCCCCGACCGCTGTATAACGCTGGAAAAGTCCACCCAAAGCGTACAGGGGCCCAACTCGGCCGCCTGTGGACTATTCTGCTGCATGTTTCTCCACGCCTTTGCCAACTGGCCCCAAACTCCCATGGAT
CACAACCCCACCATGAACCTTATTACCGGGGTACCCAACTCCATGCTCAACAGTCCCCAGGTACAGCCCACCCTGCGTCGCAACCAGGAACAGCTCTACAGCTTCCTGGAGCGCCACTCGCCCTACTTCCGCAGCCACAGTGCGCAGATT
AGGAGCGCCACTTCTTTTTGTCACTTGAAAAACATGTAAAAATAATGTACTAGAGACACTTTCAATAAAGGCAAATGCTTTTATTTGTACACTCTCGGGTGATTATTTACCCCCACCCTTGCCGTCTGCGCCGTTTAAAAATCAAAGGGG
TTCTGCCGCGCATCGCTATGCGCCACTGGCAGGGACACGTTGCGATACTGGTGTTTAGTGCTCCACTTAAACTCAGGCACAACCATCCGCGGCAGCTCGGTGAAGTTTTCACTCCACAGGCTGCGCACCATCACCAACGCGTTTAGCAGG
TCGGGCGCCGATATCTTGAAGTCGCAGTTGGGGCCTCCGCCCTGCGCGCGCGAGTTGCGATACACAGGGTTGCAGCACTGGAACACTATCAGCGCCGGGTGGTGCACGCTGGCCAGCACGCTCTTGTCGGAGATCAGATCCGCGTCCAGG
TCCTCCGCGTTGCTCAGGGCGAACGGAGTCAACTTTGGTAGCTGCCTTCCCAAAAAGGGCGCGTGCCCAGGCTTTGAGTTGCACTCGCACCGTAGTGGCATCAAAAGGTGACCGTGCCCGGTCTGGGCGTTAGGATACAGCGCCTGCATA
AAAGCCTTGATCTGCTTAAAAGCCACCTGAGCCTTTGCGCCTTCAGAGAAGAACATGCCGCAAGACTTGCCGGAAAACTGATTGGCCGGACAGGCCGCGTCGTGCACGCAGCACCTTGCGTCGGTGTTGGAGATCTGCACCACATTTCGG
CCCCACCGGTTCTTCACGATCTTGGCCTTGCTAGACTGCTCCTTCAGCGCGCGCTGCCCGTTTTCGCTCGTCACATCCATTTCAATCACGTGCTCCTTATTTATCATAATGCTTCCGTGTAGACACTTAAGCTCGCCTTCGATCTCAGCG
CAGCGGTGCAGCCACAACGCGCAGCCCGTGGGCTCGTGATGCTTGTAGGTCACCTCTGCAAACGACTGCAGGTACGCCTGCAGGAATCGCCCCATCATCGTCACAAAGGTCTTGTTGCTGGTGAAGGTCAGCTGCAACCCGCGGTGCTCC
TCGTTCAGCCAGGTCTTGCATACGGCCGCCAGAGCTTCCACTTGGTCAGGCAGTAGTTTGAAGTTCGCCTTTAGATCGTTATCCACGTGGTACTTGTCCATCAGCGCGCGCGCAGCCTCCATGCCCTTCTCCCACGCAGACACGATCGGC
ACACTCAGCGGGTTCATCACCGTAATTTCACTTTCCGCTTCGCTGGGCTCTTCCTCTTCCTCTTGCGTCCGCATACCACGCGCCACTGGGTCGTCTTCATTCAGCCGCCGCACTGTGCGCTTACCTCCTTTGCCATGCTTGATTAGCACC
GGTGGGTTGCTGAAACCCACCATTTGTAGCGCCACATCTTCTCTTTCTTCCTCGCTGTCCACGATTACCTCTGGTGATGGCGGGCGCTCGGGCTTGGGAGAAGGGCGCTTCTTTTTCTTCTTGGGCGCAATGGCCAAATCCGCCGCCGAG
GTCGATGGCCGCGGGCTGGGTGTGCGCGGCACCAGCGCGTCTTGTGATGAGTCTTCCTCGTCCTCGGACTCGATACGCCGCCTCATCCGCTTTTTTGGGGGCGCCCGGGGAGGCGGCGGCGACGGGGACGGGGACGACACGTCCTCCATG
GTTGGGGGACGTCGCGCCGCACCGCGTCCGCGCTCGGGGGTGGTTTCGCGCTGCTCCTCTTCCCGACTGGCCATTTCCTTCTCCTATAGGCAGAAAAAGATCATGGAGTCAGTCGAGAAGAAGGACAGCCTAACCGCCCCCTCTGAGTTC
GCCACCACCGCCTCCACCGATGCCGCCAACGCGCCTACCACCTTCCCCGTCGAGGCACCCCCGCTTGAGGAGGAGGAAGTGATTATCGAGCAGGACCCAGGTTTTGTAAGCGAAGACGACGAGGACCGCTCAGTACCAACAGAGGATAAA
AAGCAAGACCAGGACAACGCAGAGGCAAACGAGGAACAAGTCGGGCGGGGGGACGAAAGGCATGGCGACTACCTAGATGTGGGAGACGACGTGCTGTTGAAGCATCTGCAGCGCCAGTGCGCCATTATCTGCGACGCGTTGCAAGAGCGC
AGCGATGTGCCCCTCGCCATAGCGGATGTCAGCCTTGCCTACGAACGCCACCTATTCTCACCGCGCGTACCCCCCAAACGCCAAGAAAACGGCACATGCGAGCCCAACCCGCGCCTCAACTTCTACCCCGTATTTGCCGTGCCAGAGGTG
CTTGCCACCTATCACATCTTTTTCCAAAACTGCAAGATACCCCTATCCTGCCGTGCCAACCGCAGCCGAGCGGACAAGCAGCTGGCCTTGCGGCAGGGCGCTGTCATACCTGATATCGCCTCGCTCAACGAAGTGCCAAAAATCTTTGAG
GGTCTTGGACGCGACGAGAAGCGCGCGGCAAACGCTCTGCAACAGGAAAACAGCGAAAATGAAAGTCACTCTGGAGTGTTGGTGGAACTCGAGGGTGACAACGCGCGCCTAGCCGTACTAAAACGCAGCATCGAGGTCACCCACTTTGCC
TACCCGGCACTTAACCTACCCCCCAAGGTCATGAGCACAGTCATGAGTGAGCTGATCGTGCGCCGTGCGCAGCCCCTGGAGAGGGATGCAAATTTGCAAGAACAAACAGAGGAGGGCCTACCCGCAGTTGGCGACGAGCAGCTAGCGCGC
TGGCTTCAAACGCGCGAGCCTGCCGACTTGGAGGAGCGACGCAAACTAATGATGGCCGCAGTGCTCGTTACCGTGGAGCTTGAGTGCATGCAGCGGTTCTTTGCTGACCCGGAGATGCAGCGCAAGCTAGAGGAAACATTGCACTACACC
TTTCGACAGGGCTACGTACGCCAGGCCTGCAAGATCTCCAACGTGGAGCTCTGCAACCTGGTCTCCTACCTTGGAATTTTGCACGAAAACCGCCTTGGGCAAAACGTGCTTCATTCCACGCTCAAGGGCGAGGCGCGCCGCGACTACGTC
CGCGACTGCGTTTACTTATTTCTATGCTACACCTGGCAGACGGCCATGGGCGTTTGGCAGCAGTGCTTGGAGGAGTGCAACCTCAAGGAGCTGCAGAAACTGCTAAAGCAAAACTTGAAGGACCTATGGACGGCCTTCAACGAGCGCTCC
GTGGCCGCGCACCTGGCGGACATCATTTTCCCCGAACGCCTGCTTAAAACCCTGCAACAGGGTCTGCCAGACTTCACCAGTCAAAGCATGTTGCAGAACTTTAGGAACTTTATCCTAGAGCGCTCAGGAATCTTGCCCGCCACCTGCTGT
GCACTTCCTAGCGACTTTGTGCCCATTAAGTACCGCGAATGCCCTCCGCCGCTTTGGGGCCACTGCTACCTTCTGCAGCTAGCCAACTACCTTGCCTACCACTCTGACATAATGGAAGACGTGAGCGGTGACGGTCTACTGGAGTGTCAC
TGTCGCTGCAACCTATGCACCCCGCACCGCTCCCTGGTTTGCAATTCGCAGCTGCTTAACGAAAGTCAAATTATCGGTACCTTTGAGCTGCAGGGTCCCTCGCCTGACGAAAAGTCCGCGGCTCCGGGGTTGAAACTCACTCCGGGGCTG
TGGACGTCGGCTTACCTTCGCAAATTTGTACCTGAGGACTACCACGCCCACGAGATTAGGTTCTACGAAGACCAATCCCGCCCGCCTAATGCGGAGCTTACCGCCTGCGTCATTACCCAGGGCCACATTCTTGGCCAATTGCAAGCCATC
AACAAAGCCCGCCAAGAGTTTCTGCTACGAAAGGGACGGGGGGTTTACTTGGACCCCCAGTCCGGCGAGGAGCTCAACCCAATCCCCCCGCCGCCGCAGCCCTATCAGCAGCAGCCGCGGGCCCTTGCTTCCCAGGATGGCACCCAAAAA
GAAGCTGCAGCTGCCGCCGCCACCCACGGACGAGGAGGAATACTGGGACAGTCAGGCAGAGGAGGTTTTGGACGAGGAGGAGGAGGACATGATGGAAGACTGGGAGAGCCTAGACGAGGAAGCTTCCGAGGTCGAAGAGGTGTCAGACGA
AACACCGTCACCCTCGGTCGCATTCCCCTCGCCGGCGCCCCAGAAATCGGCAACCGGTTCCAGCATGGCTACAACCTCCGCTCCTCAGGCGCCGCCGGCACTGCCCGTTCGCCGACCCAACCGTAGATGGGACACCACTGGAACCAGGGC
CGGTAAGTCCAAGCAGCCGCCGCCGTTAGCCCAAGAGCAACAACAGCGCCAAGGCTACCGCTCATGGCGCGGGCACAAGAACGCCATAGTTGCTTGCTTGCAAGACTGTGGGGGCAACATCTCCTTCGCCCGCCGCTTTCTTCTCTACCA
TCACGGCGTGGCCTTCCCCCGTAACATCCTGCATTACTACCGTCATCTCTACAGCCCATACTGCACCGGCGGCAGCGGCAGCAACAGCAGCGGCCACACAGAAGCAAAGGCGACCGGATAGCAAGACTCTGACAAAGCCCAAGAAATCCA
CAGCGGCGGCAGCAGCAGGAGGAGGAGCGCTGCGTCTGGCGCCCAACGAACCCGTATCGACCCGCGAGCTTAGAAACAGGATTTTTCCCACTCTGTATGCTATATTTCAACAGAGCAGGGGCCAAGAACAAGAGCTGAAAATAAAAAACA
GGTCTCTGCGATCCCTCACCCGCAGCTGCCTGTATCACAAAAGCGAAGATCAGCTTCGGCGCACGCTGGAAGACGCGGAGGCTCTCTTCAGTAAATACTGCGCGCTGACTCTTAAGGACTAGTTTCGCGCCCTTTCTCAAATTTAAGCGC
GAAAACTACGTCATCTCCAGCGGCCACACCCGGCGCCAGCACCTGTTGTCAGCGCCATTATGAGCAAGGAAATTCCCACGCCCTACATGTGGAGTTACCAGCCACAAATGGGACTTGCGGCTGGAGCTGCCCAAGACTACTCAACCCGAA
TAAACTACATGAGCGCGGGACCCCACATGATATCCCGGGTCAACGGAATACGCGCCCACCGAAACCGAATTCTCCTGGAACAGGCGGCTATTACCACCACACCTCGTAATAACCTTAATCCCCGTAGTTGGCCCGCTGCCCTGGTGTACC
AGGAAAGTCCCGCTCCCACCACTGTGGTACTTCCCAGAGACGCCCAGGCCGAAGTTCAGATGACTAACTCAGGGGCGCAGCTTGCGGGCGGCTTTCGTCACAGGGTGCGGTCGCCCGGGCAGGGTATAACTCACCTGACAATCAGAGGGC
GAGGTATTCAGCTCAACGACGAGTCGGTGAGCTCCTCGCTTGGTCTCCGTCCGGACGGGACATTTCAGATCGGCGGCGCCGGCCGCTCTTCATTCACGCCTCGTCAGGCAATCCTAACTCTGCAGACCTCGTCCTCTGAGCCGCGCTCTG
GAGGCATTGGAACTCTGCAATTTATTGAGGAGTTTGTGCCATCGGTCTACTTTAACCCCTTCTCGGGACCTCCCGGCCACTATCCGGATCAATTTATTCCTAACTTTGACGCGGTAAAGGACTCGGCGGACGGCTACGACTGAATGTTAT
AAGTTCCTGTCCATCCGCACCCACTATCTTCATGTTGTTGCAGATGAAGCGCGCAAGACCGTCTGAAGATACCTTCAACCCCGTGTATCCATATGACACGGAAACCGGTCCTCCAACTGTGCCTTTTCTTACTCCTCCCTTTGTATCCCC
CAATGGGTTTCAAGAGAGTCCCCCTGGGGTACTCTCTTTGCGCCTATCCGAACCTCTAGTTACCTCCAATGGCATGCTTGCGCTCAAAATGGGCAACGGCCTCTCTCTGGACGAGGCCGGCAACCTTACCTCCCAAAATGTAACCACTGT
GAGCCCACCTCTCAAAAAAACCAAGTCAAACATAAACCTGGAAATATCTGCACCCCTCACAGTTACCTCAGAAGCCCTAACTGTGGCTGCCGCCGCACCTCTAATGGTCGCGGGCAACACACTCACCATGCAATCACAGGCCCCGCTAAC
CGTGCACGACTCCAAACTTAGCATTGCCACCCAAGGACCCCTCACAGTGTCAGAAGGAAAGCTAGCCCTGCAAACATCAGGCCCCCTCACCACCACCGATAGCAGTACCCTTACTATCACTGCCTCACCCCCTCTAACTACTGCCACTGG
TAGCTTGGGCATTGACTTGAAAGAGCCCATTTATACACAAAATGGAAAACTAGGACTAAAGTACGGGGCTCCTTTGCATGTAACAGACGACCTAAACACTTTGACCGTAGCAACTGGTCCAGGTGTGACTATTAATAATACTTCCTTGCA
AACTAAAGTTACTGGAGCCTTGGGTTTTGATTCACAAGGCAATATGCAACTTAATGTAGCAGGAGGACTAAGGATTGATTCTCAAAACAGACGCCTTATACTTGATGTTAGTTATCCGTTTGATGCTCAAAACCAACTAAATCTAAGACT
AGGACAGGGCCCTCTTTTTATAAACTCAGCCCACAACTTGGATATTAACTACAACAAAGGCCTTTACTTGTTTACAGCTTCAAACAATTCCAAAAAGCTTGAGGTTAACCTAAGCACTGCCAAGGGGTTGATGTTTGACGCTACAGCCAT
AGCCATTAATGCAGGAGATGGGCTTGAATTTGGTTCACCTAATGCACCAAACACAAATCCCCTCAAAACAAAAATTGGCCATGGCCTAGAATTTGATTCAAACAAGGCTATGGTTCCTAAACTAGGAACTGGCCTTAGTTTTGACAGCAC
AGGTGCCATTACAGTAGGAAACAAAAATAATGATAAGCTAACTTTGTGGACCACACCAGCTCCATCTCCTAACTGTAGACTAAATGCAGAGAAAGATGCTAAACTCACTTTGGTCTTAACAAAATGTGGCAGTCAAATACTTGCTACAGT
TTCAGTTTTGGCTGTTAAAGGCAGTTTGGCTCCAATATCTGGAACAGTTCAAAGTGCTCATCTTATTATAAGATTTGACGAAAATGGAGTGCTACTAAACAATTCCTTCCTGGACCCAGAATATTGGAACTTTAGAAATGGAGATCTTAC
TGAAGGCACAGCCTATACAAACGCTGTTGGATTTATGCCTAACCTATCAGCTTATCCAAAATCTCACGGTAAAACTGCCAAAAGTAACATTGTCAGTCAAGTTTACTTAAACGGAGACAAAACTAAACCTGTAACACTAACCATTACACT
AAACGGTACACAGGAAACAGGAGACACAACTCCAAGTGCATACTCTATGTCATTTTCATGGGACTGGTCTGGCCACAACTACATTAATGAAATATTTGCCACATCCTCTTACACTTTTTCATACATTGCCCAAGAATAAAGAATCGTTTG
TGTTATGTTTCAACGTGTTTATTTTTCAATTGCAGAAAATTTCAAGTCATTTTTCATTCAGTAGTATAGCCCCACCACCACATAGCTTATACAGATCACCGTACCTTAATCAAACTCACAGAACCCTAGTATTCAACCTGCCACCTCCCT
CCCAACACACAGAGTACACAGTCCTTTCTCCCCGGCTGGCCTTAAAAAGCATCATATCATGGGTAACAGACATATTCTTAGGTGTTATATTCCACACGGTTTCCTGTCGAGCCAAACGCTCATCAGTGATATTAATAAACTCCCCGGGCA
GCTCACTTAAGTTCATGTCGCTGTCCAGCTGCTGAGCCACAGGCTGCTGTCCAACTTGCGGTTGCTTAACGGGCGGCGAAGGAGAAGTCCACGCCTACATGGGGGTAGAGTCATAATCGTGCATCAGGATAGGGCGGTGGTGCTGCAGCA

Figure 6 (contined). Putative Sequence of pEVE
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GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATC
AAAAAGGATCTTCACCTAGATCCTTTTGATCCTCCGGCGTTCAGCCTGTGCCACAGCCGA
CAGGATGGTGACCACCATTTGCCCCATATCACCGTCGGTACTGATCCCGTCGTCAATAAA
CCGAACCGCTACACCCTGAGCATCAAACTCTTTTATCAGTTGGATCATGTCGGCGGTGTC
GCGGCCAAGACGGTCGAGCTTCTTCACCAGAATGACATCACCTTCCTCCACCTTCATCCT
CAGCAAATCCAGCCCTTCCCGATCTGTTGAACTGCCGGATGCCTTGTCGGTAAAGATGCG
GTTAGCTTTTACCCCTGCATCTTTGAGCGCTGAGGTCTGCCTCGTGAAGAAGGTGTTGCT
GACTCATACCAGGCCTGAATCGCCCCATCATCCAGCCAGAAAGTGAGGGAGCCACGGTTG
ATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCACGGAA
CGGTCTGCGTTGTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCGATTT
ATTCAACAAAGCCGCCGTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAAT
TAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATAT
CAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCAC
CGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAA
CATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCAC
CATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTT
GTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTAT
TCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGACAATTAC
AAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCAC
CTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGA
GTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATT
CCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGC
CATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTCGCAC
CTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGG
AATTTAATCGCGGCCTCGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTG
TATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTG
CAATCCCGGGCCCTGCAGGCCTCAGCGGCCGCTCTTCATTTAAATGTTAACATTAAAATC
AGAAATTATTACCCCTACGCGACATTAACATTACTTCTGGTTTAAACGGCGCGCCGCGAT
CGCGGCCTGGGCTACCTTAAGAGAGCCGGCCACATCAGAGATTTTGAGACACATTACCCT
GTTATCCCTAGGTAGCGAAAGCTCAGATCACCCATAATACCCATAATAGCTGTTTGCCAA
CCCATAATACCCATAATAGCTGTTTGCCAGATCTGAATTCATCTATGTCGGGTGCGGAGA
AAGAGGTAATGAAATGGCATTATGGGTATTATGGGTCTGCATTAATGAATCGGCCATAAC
TATAACGGTCCTAAGGTAGCGAAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCT
TCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCA
GCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAAC
ATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTT
TTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGG
CGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGC
TCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGC
GTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCC
AAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAAC
TATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGT
AACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCT
AACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACC
TTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGT
TTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTG
ATCTTTTCTAC

Figure 7. Putative Sequence of pSH_PSPSC. The
kanamycin resistance gene is in blue; the I-PpoI, I-SceI, PI-
PspI, PI-SceI and I-CeuI sites are in green (the PI-PspI site
inserted in duplicate); and the origin of replication is in cyan.
After digestion of pSH_CS with BsrDI, a "G" residue was lost
during the blunting reaction. After digestion of pSH_PSPS with
FauI, a "C" residue was lost during the blunting reaction

GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATC
AAAAAGGATCTTCACCTAGATCCTTTTGATCCTCCGGCGTTCAGCCTGTGCCACAGCCGA
CAGGATGGTGACCACCATTTGCCCCATATCACCGTCGGTACTGATCCCGTCGTCAATAAA
CCGAACCGCTACACCCTGAGCATCAAACTCTTTTATCAGTTGGATCATGTCGGCGGTGTC
GCGGCCAAGACGGTCGAGCTTCTTCACCAGAATGACATCACCTTCCTCCACCTTCATCCT
CAGCAAATCCAGCCCTTCCCGATCTGTTGAACTGCCGGATGCCTTGTCGGTAAAGATGCG
GTTAGCTTTTACCCCTGCATCTTTGAGCGCTGAGGTCTGCCTCGTGAAGAAGGTGTTGCT
GACTCATACCAGGCCTGAATCGCCCCATCATCCAGCCAGAAAGTGAGGGAGCCACGGTTG
ATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCACGGAA
CGGTCTGCGTTGTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCGATTT
ATTCAACAAAGCCGCCGTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAAT
TAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATAT
CAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCAC
CGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAA
CATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCAC
CATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTT
GTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTAT
TCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGACAATTAC
AAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCAC
CTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGA
GTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATT
CCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGC
CATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTCGCAC
CTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGG
AATTTAATCGCGGCCTCGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTG
TATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTG
CAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTGTTGAATAAATCGAACTTTTG
CTGAGTTGAAGGATCAGATCACGCATCTTCCCGACAACGCAGACCGTTCCGTGGCAAAGC
AAAAGTTCAAAATCACCAACTGGTCCACCTACAACAAAGCTCTCATCAACCGTGGCTCCC
TCACTTTCTGGCTGGATGATGGGGCGATTCAGGCCTGGTATGAGTCAGCAACACCTTCTT
CACGAGGCAGACCTCAGCGCTAGATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAG
CGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCC
CCGAAAAGTGCCACCTGACGTAACTATAACGGTCCTAAGGTAGCGAAAGCTCAGATCGTG
TCTCAAAATCTCTGATGTGGCCGGCCAGGCCGCGATCGCGGCGCGCCGTTTAAACCAGAA
GTAATGTTAATGTCGCGTAGGGGTAATAATTTCTGATTTTAATGTTAACATTTAAATGAA
GAGCGGCCGCTGAGGCCTGCAGGGCCCGATCTGAATTCATCTATGTCGGGTGCGGAGAAA
GAGGTAATGAAATGGCATTATGGGTATTATGGGTCTGCATTAATGAATCGGCCAACGCGC
GGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCG
CTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATC
CACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAG
GAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCA
TCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCA
GGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGG
ATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAG
GTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGT
TCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACA
CGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGG
CGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATT
TGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATC
CGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCG
CAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure 8. Putative Sequence of pSHCB. The kanamycin
resistance gene is in blue; the PI-Scei and I-CeuI sites are in
green; the sequences obtained from pSH_CST-BsrDI are in cyan;
and the origin of replication is also in cyan

digested with SpeI and SmaI, and the CoE-CIE insert was
ligated into the pBS_PITR_L∆5L_SC backbone to
generate pBS_PITR_L∆5L_CoE-CIE_SC. The sequence
is shown in Figure 4.

Construction of pSH_SPC:
pShuttle2 was digested with EcoRI and SapI, blunted

and dephosphorylated, and an I-CeuI site (5'-
TAACTATAACGGTCCTAAGGTAGCGA-3') was
ligated into the pShuttle backbone. This construct was then
digested with BstXI and KpnI, blunted and
dephosphorylated, and a PacI site (5'-GTTACTACGTTA
ATTAACGATT-3') was ligated into the backbone. This
construct was then digested with DraIII and XbaI, blunted

GCGCGCGAATAAACTGCTGCCGCCGCCGCTCCGTCCTGCAGGAATACAACATGGCAGTGGTCTCCTCAGCGATGATTCGCACCGCCCGCAGCATAAGGCGCCTTGTCCTCCGGGCACAGCAGCGCACCCTGATCTCACTTAAATCAGCAC
AGTAACTGCAGCACAGCACCACAATATTGTTCAAAATCCCACAGTGCAAGGCGCTGTATCCAAAGCTCATGGCGGGGACCACAGAACCCACGTGGCCATCATACCACAAGCGCAGGTAGATTAAGTGGCGACCCCTCATAAACACGCTGG
ACATAAACATTACCTCTTTTGGCATGTTGTAATTCACCACCTCCCGGTACCATATAAACCTCTGATTAAACATGGCGCCATCCACCACCATCCTAAACCAGCTGGCCAAAACCTGCCCGCCGGCTATACACTGCAGGGAACCGGGACTGG
AACAATGACAGTGGAGAGCCCAGGACTCGTAACCATGGATCATCATGCTCGTCATGATATCAATGTTGGCACAACACAGGCACACGTGCATACACTTCCTCAGGATTACAAGCTCCTCCCGCGTTAGAACCATATCCCAGGGAACAACCC
ATTCCTGAATCAGCGTAAATCCCACACTGCAGGGAAGACCTCGCACGTAACTCACGTTGTGCATTGTCAAAGTGTTACATTCGGGCAGCAGCGGATGATCCTCCAGTATGGTAGCGCGGGTTTCTGTCTCAAAAGGAGGTAGACGATCCC
TACTGTACGGAGTGCGCCGAGACAACCGAGATCGTGTTGGTCGTAGTGTCATGCCAAATGGAACGCCGGACGTAGTCATATTTCCTGAAGCAAAACCAGGTGCGGGCGTGACAAACAGATCTGCGTCTCCGGTCTCGCCGCTTAGATCGC
TCTGTGTAGTAGTTGTAGTATATCCACTCTCTCAAAGCATCCAGGCGCCCCCTGGCTTCGGGTTCTATGTAAACTCCTTCATGCGCCGCTGCCCTGATAACATCCACCACCGCAGAATAAGCCACACCCAGCCAACCTACACATTCGTTC
TGCGAGTCACACACGGGAGGAGCGGGAAGAGCTGGAAGAACCATGTTTTTTTTTTTATTCCAAAAGATTATCCAAAACCTCAAAATGAAGATCTATTAAGTGAACGCGCTCCCCTCCGGTGGCGTGGTCAAACTCTACAGCCAAAGAACA
GATAATGGCATTTGTAAGATGTTGCACAATGGCTTCCAAAAGGCAAACGGCCCTCACGTCCAAGTGGACGTAAAGGCTAAACCCTTCAGGGTGAATCTCCTCTATAAACATTCCAGCACCTTCAACCATGCCCAAATAATTCTCATCTCG
CCACCTTCTCAATATATCTCTAAGCAAATCCCGAATATTAAGTCCGGCCATTGTAAAAATCTGCTCCAGAGCGCCCTCCACCTTCAGCCTCAAGCAGCGAATCATGATTGCAAAAATTCAGGTTCCTCACAGACCTGTATAAGATTCAAA
AGCGGAACATTAACAAAAATACCGCGATCCCGTAGGTCCCTTCGCAGGGCCAGCTGAACATAATCGTGCAGGTCTGCACGGACCAGCGCGGCCACTTCCCCGCCAGGAACCATGACAAAAGAACCCACACTGATTATGACACGCATACTC
GGAGCTATGCTAACCAGCGTAGCCCCGATGTAAGCTTGTTGCATGGGCGGCGATATAAAATGCAAGGTGCTGCTCAAAAAATCAGGCAAAGCCTCGCGCAAAAAAGAAAGCACATCGTAGTCATGCTCATGCAGATAAAGGCAGGTAAGC
TCCGGAACCACCACAGAAAAAGACACCATTTTTCTCTCAAACATGTCTGCGGGTTTCTGCATAAACACAAAATAAAATAACAAAAAAACATTTAAACATTAGAAGCCTGTCTTACAACAGGAAAAACAACCCTTATAAGCATAAGACGGA
CTACGGCCATGCCGGCGTGACCGTAAAAAAACTGGTCACCGTGATTAAAAAGCACCACCGACAGCTCCTCGGTCATGTCCGGAGTCATAATGTAAGACTCGGTAAACACATCAGGTTGATTCACATCGGTCAGTGCTAAAAAGCGACCGA
AATAGCCCGGGGGAATACATACCCGCAGGCGTAGAGACAACATTACAGCCCCCATAGGAGGTATAACAAAATTAATAGGAGAGAAAAACACATAAACACCTGAAAAACCCTCCTGCCTAGGCAAAATAGCACCCTCCCGCTCCAGAACAA
CATACAGCGCTTCCACAGCGGCAGCCATAACAGTCAGCCTTACCAGTAAAAAAGAAAACCTATTAAAAAAACACCACTCGACACGGCACCAGCTCAATCAGTCACAGTGTAAAAAAGGGCCAAGTGCAGAGCGAGTATATATAGGACTAA
AAAATGACGTAACGGTTAAAGTCCACAAAAAACACCCAGAAAACCGCACGCGAACCTACGCCCAGAAACGAAAGCCAAAAAACCCACAACTTCCTCAAATCGTCACTTCCGTTTTCCCACGTTACGTCACTTCCCATTTTAAGAAAACTA
CAATTCCCAACACATACAAGTTACTCCGCCCTAAAACCTACGTCACCCGCCCCGTTCCCACGCCCCGCGCCACGTCACAAACTCCACCCCCTCATTATCATATTGGCTTCAATCCAAAATAAGGTATATTATTGATGATGTTACATCGTT
AATTAACGATTCAAGCTTAAGTAAGTGACTAGAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCTGCAGAT
CTGAATTTAACTATAACGGTCCTAAGGTAGCGAAAGCTCAGATCCCAGCTTTTGTTCCCTTTAGTGAGGGTTAATTGCGCGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACAT
ACGAGCCGGGAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGG
TTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAA
AGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCC
TGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTG
TGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGA
GTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTG
CAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure 6 (cont). Putative Sequence of pEVE. The ampicilin resistance gene is in blue; the PacI sites are in green; the inverted
terminal repeats are in black; LoxP sites are in magneta; the packaging site is in yellow; the CMV promoter is in black and the TATA
box is in green; the CymR binding site is in red; the E2 Late Leader is in cyan; the Cre and EGFP open reading frames are in blue;
IRES is in green; the PI-SceI and I-CeuI sites are in green; and the origin of replication is in cyan. The sequence between the PI-SceI
site and the 3' inverted terminal repeat are viral sequences from Adeno-X: Adeno-X has not been sequenced in its entirety; Adeno-
X sequences were obtained from the BD Sciences web site
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and dephosphorylated, and a PI-SceI site (5'-ATCTATGT
CGGGTGCGGAGAAAGAGGTAATGAAATGGCA-3')
was ligated into the backbone to generate pSH_SPC. The
sequence of pSH_SPC is shown in Figure 5.

Construction of pSH_AdX:
pAdeno-X_EGFP was digested with PI-SceI and PacI.

pSH_SPC was digested with PI-SceI and PacI, and the
AdX sequence was ligated into the pSH_SPC backbone
to generate pSH_AdX.

Construction of pEVE:
pSH_AdX was digested with PI-SceI and I-CeuI.

pBS_PITR_L∆5L_CoE-CIE_SC was digested with PI-
SceI and I-CeuI, and the AdX sequence was ligated into
the pBS_PITR_L∆5L_CoE-CIE_SC backbone to generate
pEVE. The sequence of pEVE is shown in Figure 6.

Construction of the helper adenovirus-dependent vector
(ADMM)

During construction of ADMM, newly cloned DNA
was sequenced in its entirety. However, in the later stages
of construction, only ligation junctions were sequenced
and restriction digestion (primarily with SacI) was used
assess the constructs.

GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATC
AAAAAGGATCTTCACCTAGATCCTTTTGATCCTCCGGCGTTCAGCCTGTGCCACAGCCGA
CAGGATGGTGACCACCATTTGCCCCATATCACCGTCGGTACTGATCCCGTCGTCAATAAA
CCGAACCGCTACACCCTGAGCATCAAACTCTTTTATCAGTTGGATCATGTCGGCGGTGTC
GCGGCCAAGACGGTCGAGCTTCTTCACCAGAATGACATCACCTTCCTCCACCTTCATCCT
CAGCAAATCCAGCCCTTCCCGATCTGTTGAACTGCCGGATGCCTTGTCGGTAAAGATGCG
GTTAGCTTTTACCCCTGCATCTTTGAGCGCTGAGGTCTGCCTCGTGAAGAAGGTGTTGCT
GACTCATACCAGGCCTGAATCGCCCCATCATCCAGCCAGAAAGTGAGGGAGCCACGGTTG
ATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCACGGAA
CGGTCTGCGTTGTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCGATTT
ATTCAACAAAGCCGCCGTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAAT
TAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATAT
CAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCAC
CGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAA
CATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCAC
CATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTT
GTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTAT
TCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGACAATTAC
AAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCAC
CTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGA
GTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATT
CCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGC
CATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTCGCAC
CTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGG
AATTTAATCGCGGCCTCGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTG
TATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTG
CAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTGTTGAATAAATCGAACTTTTG
CTGAGTTGAAGGATCAGATCACGCATCTTCCCGACAACGCAGACCGTTCCGTGGCAAAGC
AAAAGTTCAAAATCACCAACTGGTCCACCTACAACAAAGCTCTCATCAACCGTGGCTCCC
TCACTTTCTGGCTGGATGATGGGGCGATTCAGGCCTGGTATGAGTCAGCAACACCTTCTT
CACGAGGCAGACCTCAGCGCTAGATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAG
CGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCC
CCGAAAAGTGCCACCTGACGTAACTATAACGGTCCTAAGGTAGCGAAAGCTCAGATCGTG
TCTCAAAATCTCTGATGTGGCCGGCCAGGCCGCGATCGCGGCGCGCCGTTTAAACCAGAA
GTAATGTTAATGTCGCGTAGGGGTAATAATTTCTGATTTTAATGTTGGTTTAAACCAATT
GGTTTAAACCAATTAACATTTAAATGAAGAGCGGCCGCTGAGGCCTGCAGGGCCCGATCT
GAATTCATCTATGTCGGGTGCGGAGAAAGAGGTAATGAAATGGCATTATGGGTATTATGG
GTCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTT
CCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAG
CTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACA
TGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTT
TCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGC
GAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCT
CTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCG
TGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCA
AGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACT
ATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTA
ACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTA
ACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCT
TCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTT
TTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGA
TCTTTTCTAC

GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATC
AAAAAGGATCTTCACCTAGATCCTTTTGATCCTCCGGCGTTCAGCCTGTGCCACAGCCGA
CAGGATGGTGACCACCATTTGCCCCATATCACCGTCGGTACTGATCCCGTCGTCAATAAA
CCGAACCGCTACACCCTGAGCATCAAACTCTTTTATCAGTTGGATCATGTCGGCGGTGTC
GCGGCCAAGACGGTCGAGCTTCTTCACCAGAATGACATCACCTTCCTCCACCTTCATCCT
CAGCAAATCCAGCCCTTCCCGATCTGTTGAACTGCCGGATGCCTTGTCGGTAAAGATGCG
GTTAGCTTTTACCCCTGCATCTTTGAGCGCTGAGGTCTGCCTCGTGAAGAAGGTGTTGCT
GACTCATACCAGGCCTGAATCGCCCCATCATCCAGCCAGAAAGTGAGGGAGCCACGGTTG
ATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCACGGAA
CGGTCTGCGTTGTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCGATTT
ATTCAACAAAGCCGCCGTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAAT
TAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATAT
CAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCAC
CGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAA
CATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCAC
CATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTT
GTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTAT
TCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGACAATTAC
AAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCAC
CTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGA
GTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATT
CCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGC
CATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTCGCAC
CTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGG
AATTTAATCGCGGCCTCGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTG
TATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTG
CAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTGTTGAATAAATCGAACTTTTG
CTGAGTTGAAGGATCAGATCACGCATCTTCCCGACAACGCAGACCGTTCCGTGGCAAAGC
AAAAGTTCAAAATCACCAACTGGTCCACCTACAACAAAGCTCTCATCAACCGTGGCTCCC
TCACTTTCTGGCTGGATGATGGGGCGATTCAGGCCTGGTATGAGTCAGCAACACCTTCTT
CACGAGGCAGACCTCAGCGCTAGATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAG
CGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCC
CCGAAAAGTGCCACCTGACGTAACTATAACGGTCCTAAGGTAGCGAAAGCTCAGATCGTG
TCTCAAAATCTCTGATGTGGCCGGCCAGGCCGCGATCGCTGATTTGTTTAAACTGATATT
TAAATTCTGATCCACGTGTGAATTGGTTAACCAAAAGACACGTGGATTACTATTTAAATA
TTAGTTTAAACTGATTACGAAGAGCTGAGGCCTGCAGGGCCCGGGCATTGCACAAGATAA
AAATATATCATCATGGATCTGAATTCATCTATGTCGGGTGCGGAGAAAGAGGTAATGAAA
TGGCATTATGGGTATTATGGGTCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGG
TTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCG
GCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGG
GGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAA
GGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCG
ACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCC
TGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGC
CTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTC
GGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCG
CTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCC
ACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGA
GTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGC
TCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAAC
CACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGG
ATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure 10. Putative Sequence of pSHcnB. The kanamycin
resistance gene is in blue; the PI-Scei and I-CeuI sites are in
green; the inserted oligomers are in cyan; and the origin of
replication is also in cyan

Figure 9. Putative Sequence of pSHPB. The kanamycin
resistance gene is in blue; the PI-Scei and I-CeuI sites are in
green; the sequences obtained from pSH_CST-BsrDI are in cyan;
the PmeI site contained within this sequence is in black; the
PmeI sites inserted into the HpaI site of pSHCB are also in
black; and the origin of replication is in cyan

Construction of pSH_PSPSC:
pShuttle2 was digested with XbaI and SpeI and

recircularized to generate pSH_CS. The oligomers 5'-GG
CCGGCCAGGCCGCGATCGCGGCGCGCCGTTTAA
ACCAGAAGTAATGTTAATGTCGCGTAGGGGTAAT
AA-3' and 5'-CTACGCGACATTAACATTACTTCTGG
TTTAAACGGCGCGCCGCGATCGCGGCCTGGCCGG
CC-3' were annealed together, and the oligomers 5'-TTT
CTGATTTTAATGTTAACATTTAAATGAAGAGCGGC
CGCTGAGGCCTGCAGGGCCCGGG-3' and 5'-CCCG
GGCCCTGCAGGCCTCAGCGGCCGCTCTTCATTTAA
ATGTTAACATTAAAATCAGAAATTATTACCC-3'
were annealed together. pSH_CS was digested with BsrDI,
blunted and dephosphorylated, and the oligomers were
ligated into the pSH_CS backbone (triple ligation) to
generate pSH_CST-BsrDI. pSH_CST-BsrDI was digested
with BglII, blunted and dephosphorylated, and a PI-PspI
site (5'-ACCCATAATACCCATAATAGCTGTTTGCCA-
3') was ligated into the pSH_CST-BsrDI backbone to
generate pSH_CPS. pSH_CPS was digested with FseI,
blunted and dephosphorylated, and an I-PpoI site (5'-
GCTACCTTAAGAGAGCCGG-3') was ligated into the
pSH_CPS backbone to generate pSH_PCPS. pSH_PCPS
was digested with DraIII and I-CeuI, blunted and
dephosphorylated, and an I-SceI site (5'-ATTACCCTGT
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GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTA
CCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTC
ACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGT
TGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAG
AAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTC
TTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTG
ATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTA
TTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGGAAATTGTAAG
CGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACT
ATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAG
AGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCCAT
TCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGGCC
AGTGAATTGTAATACGACTCACTATAGGGCGAATTGGGCCCGACGTCGCATGCTCCCGGCCGCCATGGCGGCCGCGGGAATTCGATTGGACACTGACATGGACTGAAGGAGTAGAAAAAAAGCGTGGGGGCCCTCCAGCAGCCCTTATCA
TCACCTGCCAGCCACCTGCCTCAGGCTGGGCAGGCTGCACCCTGGGCTTTCTGCTATTGGCTTCCCAGATCCCTGGAACTCCAGCTGGGGCCCTGGGCTGTGGTCTGACTTGATCCAGAATTTAATGAGTAGAAGGAATGGAAGAAGGCT
CATTCCCCCAGCCCTGGACACAGACAGCAGACACAGAGGCCTCCAGCACAGTGAAGCCTGTGGAGCAGTCCCCTCCAGAATGCAACCTTGTAGGAGGGCAGCACCATGGGCCAGCAACTCAGGCTCTTTGAGATCTGACCCAACTCCTGG
CACGTTGGAGATGTCCCATAGACCAGTGTTGAATGAATGGGACTGTGTCTGGCTGGCCGTAGGAGAAGGAGTGTTCAGTGGTGCGCCGTATCCCAACCCGAGGCCACAAAATGCTTCCAATGGCAAAGGAATATGAGAAAAGTGCGTGGC
CCTCCTGTCAGCTGCATAAAGAGAGACTCCCCCATCCAGTGTATCCAGGCCATTGCGGAAAACAGGGCCGATGCTGTGACCCTTGATGGTGGTTTCATATACGAGGCAGGCCTGGCCCCCTACAAACTGCGACCTGTAGCGGCGGAAGTC
TACGGGACCGAAAGACAGCCACGAACTCACTATTATGCCGTGGCTGTGGTGAAGAAGGGCGGCAGCTTTCAGCTGAACGAACTGCAAGGTCTGAAGTCCTGCCACACAGGCCTTCGCAGGACCGCTGGATGGAATGTCCCTATAGGGACA
CTTCGTCCATTCTTGAATTGGACGGGTCCACCTGAGCCCATTGAGGCAGCTGTGGCCAGGTTCTTCTCAGCCAGCTGTGTTCCCGGTGCAGATAAAGGACAGTTCCCCAACCTGTGTCGCCTGTGTGCGGGGACAGGGGAAAACAAATGT
GCCTTCTCCTCCCAGGAACCGTACTTCAGCTACTCTGGTGCCTTCAAGTGTCTGAGAGACGGGGCTGGAGACGTGGCTTTTATCAGAGAGAGCACAGTGTTTGAGGACCTGTCAGACGAGGCTGAAAGGGACGAGTATGAGTTACTCTGC
CCAGACAACACTCGGAAGCCAGTGGACAAGTTCAAAGACTGCCATCTGGCCCGGGTCCCTTCTCATGCCGTTGTGGCACGAAGTGTGAATGGCAAGGAGGATGCCATCTGGAATCTTCTCCGCCAGGCACAGGAAAAGTTTGGAAAGGAC
AAGTCACCGAAATTCCAGCTCTTTGGCTCCCCTAGTGGGCAGAAAGATCTGCTGTTCAAGGACTCTGCCATTGGGTTTTCGAGGGTGCCCCCGAGGATAGATTCTGGGCTGTACCTTGGCTCCGGCTACTTCACTGCCATCCAGAACTTG
AGGAAAAGTGAGGAGGAAGTGGCTGCCCGGCGTGCGCGGGTCGTGTGGTGTGCGGTGGGCGAGCAGGAGCTGCGCAAGTGTAACCAGTGGAGTGGCTTGAGCGAAGGCAGCGTGACCTGCTCCTCGGCCTCCACCACAGAGGACTGCATC
GCCCTGGTGCTGAAAGGAGAAGCTGATGCCATGAGTTTGGATGGAGGATATGTGTACACTGCAGGCAAATGTGGTTTGGTGCCTGTCCTGGCAGAGAACTACAAATCCCAACAAAGCAGTGACCCTGATCCTAACTGTGTGGATAGACCT
GTGGAAGGATATCTTGCTGTGGCGGTGGTTAGGAGATCAGACACTAGCCTTACCTGGAACTCTGTGAAAGGCAAGAAGTCCTGCCACACCGCCGTGGACAGGACTGCAGGCTGGAATATCCCCATGGGCCTGCTCTTCAACCAGACGGGC
TCCTGCAAATTTGATGAATATTTCAGTCAAAGCTGTGCCCCTGGGTCTGACCCGAGATCTAATCTCTGTGCTCTGTGTATTGGCGACGAGCAGGGTGAGAATAAGTGCGTGCCCAACAGCAACGAGAGATACTACGGCTACACTGGGGCT
TTCCGGTGCCTGGCTGAGAATGCTGGAGACGTTGCATTTGTGAAAGATGTCACTGTCTTGCAGAACACTGATGGAAATAACAATGAGGCATGGGCTAAGGATTTGAAGCTGGCAGACTTTGCGCTGCTGTGCCTCGATGGCAAACGGAAG
CCTGTGACTGAGGCTAGAAGCTGCCATCTTGCCATGGCCCCGAATCATGCCGTGGTGTCTCGGATGGATAAGGTGGAACGCCTGAAACAGGTGTTGCTCCACCAACAGGCTAAATTTGGGAGAAATGGATCTGACTGCCCGGACAAGTTT
TGCTTATTCCAGTCTGAAACCAAAAACCTTCTGTTCAATGACAACACTGAGTGTCTGGCCAGACTCCATGGCAAAACAACATATGAAAAATATTTGGGACCACAGTATGTCGCAGGCATTACTAATCTGAAAAAGTGCTCAACCTCCCCC
CTCCTGGAAGCCTGTGAATTCCTCAGGAAGTAAAACCGAAGAAGATGGCCCAGCTCCCCAAGAAAGCCTCAGCCATTCACTGCCCCCAGCTCTTCTCCCCAGGTGTGTTGGGGCCTTGGCCTCCCCTGCTGAAGGTGGGGATTGCCCATC
CATCTGCTTACAATTCCCTGCTGTCGTCTTAGAATCACTAGTGAATTCGCGGCCGCCTGCAGGTCGACCATATGGGAGAGCTCCCAACGCGTTGGATGCATAGCTTGAGTATTCTATAGTGTCACCTAAATAGCTTGGCGTAATCATGGT
CATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAA
ACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAA
TACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAA
GTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCT
CACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAG
CAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTA
GCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure 11. Putative Sequence of pGEM_gamma-lactoferrin (pGEM_gLF). The ampicillin resistance gene is in blue;
the Gene Racer primer used to clone the 5' end of gLF is in yellow; the primers used to clone sub-gLF are in red; the ORF of gamma-
lactoferrin is in blue; and the origin of replication is in cyan

TATCCCTA-3') was ligated into the pSH_PCPS backbone
to generate pSH_PSPS. pSH_PSPS was digested with
FauI, blunted and dephosphorylated, and an I-CeuI site
(5'-TAACTATAACGGTCCTAAGGTAGCGA-3') was
ligated into the pSH_PSPS backbone to generate
pSH_PSPSC. The sequence of pSH_PSPSC is shown in
Figure 7.

Construction of pSHCB:
pSH_CST-BsrDI was digested with DraIII and SmaI

and blunted. pSH_CS was digested with BglII, blunted
and dephosphorylated, and the insert from pSH_CST-
BsrDI was ligated into the pSH_CS backbone to generate
pSHCB. The sequence of pSHCB is shown in Figure 8.

Construction of pSHPB:
pSHCB was digested with HpaI and dephosphorylated,

and a PmeI site (5'-AATTGGTTTAAACC-3') was
inserted into the pSHCB backbone to generate pSHPB.
The sequence of pSHPB is shown in Figure 9.

Construction of pSHcnB:
The oligomers 5'-GTGTCTCAAAATCTCTGATGTG

GCCGGCCAGGCCGCGATCGCTGATTTGTTTAAAC
TGATATTTAAATTCTGATCCACGTGTGAATTGGTT
AACC-3' and 5'-CAATTCACACGTGGATCAGAATTT
AAATATCAGTTTAAACAAATCAGCGATCGCGGCCT
GGCCGGCCACATCAGAGATTTTGAGACAC-3' were
annealed together, and the oligomers 5'-AAAAGACACG
TGGATTACTATTTAAATATTAGTTTAAACTGATTAC
GAAGAGCTGAGGCCTGCAGGGCCCGGGCATTGCA
CAAGATAAAAATATATCATCATG-3' and 5'-CATGAT
GATATATTTTTATCTTGTGCAATGCCCGGGCCCTGC
AGGCCTCAGCTCTTCGTAATCAGTTTAAACTAAT
ATTTAAATAGTAATCCACGTGTCTTTTGGTTAAC-
3' were annealed together. pSH_CS was digested with

BglII, blunted and dephosphorylated, and the annealed
oligomers were ligated into the pSH_CS backbone (triple
ligation) to generate pSHcnB. The sequence of pSHcnB
is shown in Figure 10.

Construction of pSHCB_gSTOP, pSHPB_gSTOP, and
pSHcnP_gSTOP:

We had previously cloned a putative intracellular form
of lactoferrin which we named gamma-lactoferrin (gLF)
(Alexander et al., 2007). Briefly, the cap-selective 5'-
RACE procedure using Invitrogen's GeneRacer Kit was
carried out according to the manufacturer's instructions:
Total RNA was extracted from MRC5 cells using the
Isogen RNA extraction procedure, dephosphorylated,
treated with tobacco acid pyrophosphate, and an RNA
oligonucleotide of known sequence (supplied in the Gene
Racer Kit) was ligated to the 5' end of the RNA. The RNA
was then reverse transcribed using a human lactoferrin
specific primer (5'-ATCCTCCTTGCCATTCACAC-3').
Finally, the 5' region of the RNA was amplified using
standard (Left primer, supplied by Invitrogen, 5'-
CGACTGGAGCACGAGGACACTGA-3'; Right primer,
anneals to lactoferrin, 5'-GCCAGATGGCAGTCTTTGA-
3') and nested PCR (Nested left primer, supplied by
Invitrogen, 5'-GGACACTGACATGGCTGAAGGAGT
A-3'; Nested right primer, anneals to lactoferrin, 5'-
TTGTCCACTGGCTTCCGAGTGTTGTC-3') and
ligated into pGEM

®
-T Easy (pGEM_5'gLF). The 5' region

was sequenced using an ABI Prism 3100 Genetic Analyzer
(Applied Biosystems) according to the manufacturer's
instructions. Nearly full length gLF was amplified using
5'-CTCCAGCAGCCCTTATCATC-3' (the left primer
binds to the 5' UTR of gamma-lactoferrin) and 5'-CTAAG
ACGACAGCAGGGAATTG-3' (the right primer binds
to the 3' UTR of gamma-lactoferrin) and ligated into
pGEM

®
-T Easy (pGEM_sub-gLF) and sequenced. Full
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length gLF was generated by digesting pGEM_5'gLF with
AatII and TthIII and ligating the 5'gLF sequence into AatII
and TthIII digested pGEM_sub-gLF. The sequence of
pGEM_gLF is shown in Figure 11.

pGEM_gLF was digested with SpeI and SalI, blunted
and recircularized. The recircularized plasmid was
digested with NotI, blunted and dephosphorylated, and a
PmeI site (5'-AATTGGTTTAAACC-3') was ligated into
the backbone to generate pGEM_PLF. pGEM_PLF was
digested with PmeI and TthIII and blunted. pSHCB was
digested with PmeI and dephosphorylated, and the STOP
sequence from gLF was ligated into the pSHCB backbone
to generate pSHCB_gSTOP. The sequence of pSHCB_
gSTOP is shown in Figure 12.

pSHCB_gSTOP was digested with HpaI and
dephosphorylated, and a PmeI site was ligated into the
pSHCB_gSTOP backbone to generate pSHPB_gSTOP.
The sequence of pSHPB_gSTOP is shown in Figure 13.

pSHPB_gSTOP was digested with AscI and SwaI and
blunted. pSHcnB was digested with PmlI and
dephosphorylated, and the gSTOP sequence ligated into
the pSHcnB backbone to generate pSHcnP_gSTOP. The
sequence of pSHcnP_gSTOP is shown in Figure 14.

Construction of pSHcnB_Ins50:
Stuffer DNA 50 was amplified from chicken genomic

DNA using 5'-AGAGAAAGGGAAGGAACTTGTCAT-
3' and 5'-CATTAGCGGCAGCACCG-3'. pSHcnB was
digested with SwaI and dephosphorylated, and the stuffer
DNA 50 amplicon was ligated into the pSHcnB backbone
to generate pSHcnB_Ins50. The sequence of
pSHcnB_Ins50 is shown in Figure 15.

Construction of pSHcnB_Ins50G:
Stuffer DNA G-3016 (InsG-3016) was amplified from

rat genomic DNA using 5'-GGGCACTCCATACCAAC
CA-3' and 5'-GGACCCAGCAGCCTTTCAT-3'.
pSHcnB_Ins50 was digested with SacII, blunted and
dephosphorylated, and the InsG-3016 amplicon was
ligated into the pSHcnB_Ins50 backbone to generate
pSHcnB_Ins50G. The sequence of pSHcnB_Ins50G is
shown in Figure 16.

Construction of pRcnSS:
pBS_KS+ was digested with BamHI, blunted and

GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATC
AAAAAGGATCTTCACCTAGATCCTTTTGATCCTCCGGCGTTCAGCCTGTGCCACAGCCGA
CAGGATGGTGACCACCATTTGCCCCATATCACCGTCGGTACTGATCCCGTCGTCAATAAA
CCGAACCGCTACACCCTGAGCATCAAACTCTTTTATCAGTTGGATCATGTCGGCGGTGTC
GCGGCCAAGACGGTCGAGCTTCTTCACCAGAATGACATCACCTTCCTCCACCTTCATCCT
CAGCAAATCCAGCCCTTCCCGATCTGTTGAACTGCCGGATGCCTTGTCGGTAAAGATGCG
GTTAGCTTTTACCCCTGCATCTTTGAGCGCTGAGGTCTGCCTCGTGAAGAAGGTGTTGCT
GACTCATACCAGGCCTGAATCGCCCCATCATCCAGCCAGAAAGTGAGGGAGCCACGGTTG
ATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCACGGAA
CGGTCTGCGTTGTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCGATTT
ATTCAACAAAGCCGCCGTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAAT
TAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATAT
CAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCAC
CGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAA
CATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCAC
CATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTT
GTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTAT
TCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGACAATTAC
AAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCAC
CTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGA
GTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATT
CCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGC
CATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTCGCAC
CTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGG
AATTTAATCGCGGCCTCGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTG
TATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTG
CAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTGTTGAATAAATCGAACTTTTG
CTGAGTTGAAGGATCAGATCACGCATCTTCCCGACAACGCAGACCGTTCCGTGGCAAAGC
AAAAGTTCAAAATCACCAACTGGTCCACCTACAACAAAGCTCTCATCAACCGTGGCTCCC
TCACTTTCTGGCTGGATGATGGGGCGATTCAGGCCTGGTATGAGTCAGCAACACCTTCTT
CACGAGGCAGACCTCAGCGCTAGATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAG
CGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCC
CCGAAAAGTGCCACCTGACGTAACTATAACGGTCCTAAGGTAGCGAAAGCTCAGATCGTG
TCTCAAAATCTCTGATGTGGCCGGCCAGGCCGCGATCGCGGCGCGCCGTTTAAACCGGCC
GCGGGAATTCGATTGGACACTGACATGGACTGAAGGAGTAGAAAAAAAGCGTGGGGGCCC
TCCAGCAGCCCTTATCATCACCTGCCAGCCACCTGCCTCAGGCTGGGCAGGCTGCACCCT
GGGCTTTCTGCTATTGGCTTCCCAGATCCCTGGAACTCCAGCTGGGGCCCTGGGCTGTGG
TCTGACTTGATCCAGAATTTAATGAGTAGAAGGAATGGAAGAAGGCTCATTCCCCCAGCC
CTGGACACAGACAGCAGACACAGAGGCCTCCAGCACAGTGAAGCCTGTGGAGCAGTCCCC
TCCAGAATGCAACCTTGTAGGAGGGCAGCACCATGGGCCAGCAACTCAGGCTCTTTGAGA
TCTGACCCAACTCCTGGCACGTTGGAGATGTCCCATAGACCAGTGTTGAATGAATGGGAC
TGAAACCAGAAGTAATGTTAATGTCGCGTAGGGGTAATAATTTCTGATTTTAATGTTAAC
ATTTAAATGAAGAGCGGCCGCTGAGGCCTGCAGGGCCCGATCTGAATTCATCTATGTCGG
GTGCGGAGAAAGAGGTAATGAAATGGCATTATGGGTATTATGGGTCTGCATTAATGAATC
GGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACT
GACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTA
ATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAG
CAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCC
CCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTA
TAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTG
CCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGC
TCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCAC
GAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAAC
CCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCG
AGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGA
AGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGT
AGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAG
CAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure 12. Putative Sequence of pSHCB_gSTOP.  The
kanamycin resistance gene is in blue; the PI-Scei and I-CeuI
sites are in green; the Gene Racer primer used to clone the 5'
end of gLF is in yellow; the gSTOP sequence is in red (the first
9 bases of the gLF ORF are in blue); and the origin of replication
is in cyan

GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATC
AAAAAGGATCTTCACCTAGATCCTTTTGATCCTCCGGCGTTCAGCCTGTGCCACAGCCGA
CAGGATGGTGACCACCATTTGCCCCATATCACCGTCGGTACTGATCCCGTCGTCAATAAA
CCGAACCGCTACACCCTGAGCATCAAACTCTTTTATCAGTTGGATCATGTCGGCGGTGTC
GCGGCCAAGACGGTCGAGCTTCTTCACCAGAATGACATCACCTTCCTCCACCTTCATCCT
CAGCAAATCCAGCCCTTCCCGATCTGTTGAACTGCCGGATGCCTTGTCGGTAAAGATGCG
GTTAGCTTTTACCCCTGCATCTTTGAGCGCTGAGGTCTGCCTCGTGAAGAAGGTGTTGCT
GACTCATACCAGGCCTGAATCGCCCCATCATCCAGCCAGAAAGTGAGGGAGCCACGGTTG
ATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCACGGAA
CGGTCTGCGTTGTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCGATTT
ATTCAACAAAGCCGCCGTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAAT
TAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATAT
CAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCAC
CGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAA
CATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCAC
CATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTT
GTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTAT
TCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGACAATTAC
AAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCAC
CTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGA
GTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATT
CCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGC
CATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTCGCAC
CTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGG
AATTTAATCGCGGCCTCGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTG
TATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTG
CAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTGTTGAATAAATCGAACTTTTG
CTGAGTTGAAGGATCAGATCACGCATCTTCCCGACAACGCAGACCGTTCCGTGGCAAAGC
AAAAGTTCAAAATCACCAACTGGTCCACCTACAACAAAGCTCTCATCAACCGTGGCTCCC
TCACTTTCTGGCTGGATGATGGGGCGATTCAGGCCTGGTATGAGTCAGCAACACCTTCTT
CACGAGGCAGACCTCAGCGCTAGATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAG
CGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCC
CCGAAAAGTGCCACCTGACGTAACTATAACGGTCCTAAGGTAGCGAAAGCTCAGATCGTG
TCTCAAAATCTCTGATGTGGCCGGCCAGGCCGCGATCGCGGCGCGCCGTTTAAACCGGCC
GCGGGAATTCGATTGGACACTGACATGGACTGAAGGAGTAGAAAAAAAGCGTGGGGGCCC
TCCAGCAGCCCTTATCATCACCTGCCAGCCACCTGCCTCAGGCTGGGCAGGCTGCACCCT
GGGCTTTCTGCTATTGGCTTCCCAGATCCCTGGAACTCCAGCTGGGGCCCTGGGCTGTGG
TCTGACTTGATCCAGAATTTAATGAGTAGAAGGAATGGAAGAAGGCTCATTCCCCCAGCC
CTGGACACAGACAGCAGACACAGAGGCCTCCAGCACAGTGAAGCCTGTGGAGCAGTCCCC
TCCAGAATGCAACCTTGTAGGAGGGCAGCACCATGGGCCAGCAACTCAGGCTCTTTGAGA
TCTGACCCAACTCCTGGCACGTTGGAGATGTCCCATAGACCAGTGTTGAATGAATGGGAC
TGAAACCAGAAGTAATGTTAATGTCGCGTAGGGGTAATAATTTCTGATTTTAATGTTGGT
TTAAACCAATTAATTGGTTTAAACCAACATTTAAATGAAGAGCGGCCGCTGAGGCCTGCA
GGGCCCGATCTGAATTCATCTATGTCGGGTGCGGAGAAAGAGGTAATGAAATGGCATTAT
GGGTATTATGGGTCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTAT
TGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCG
AGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGC
AGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTT
GCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAG
TCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTC
CCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCC
TTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGT
CGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTT
ATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGC
AGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAA
GTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAA
GCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGG
TAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGA
AGATCCTTTGATCTTTTCTAC

Figure 13. Putative Sequence of pSHPB_gSTOP. The
kanamycin resistance gene is in blue; the PI-Scei and I-CeuI
sites are in green; the Gene Racer primer used to clone the 5'
end of gLF is in yellow; the gSTOP sequence is in red (the first
9 bases of the gLF ORF are in blue); the PmeI sites inserted into
the HpaI site are in black; and the origin of replication is in
cyan
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GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATC
AAAAAGGATCTTCACCTAGATCCTTTTGATCCTCCGGCGTTCAGCCTGTGCCACAGCCGA
CAGGATGGTGACCACCATTTGCCCCATATCACCGTCGGTACTGATCCCGTCGTCAATAAA
CCGAACCGCTACACCCTGAGCATCAAACTCTTTTATCAGTTGGATCATGTCGGCGGTGTC
GCGGCCAAGACGGTCGAGCTTCTTCACCAGAATGACATCACCTTCCTCCACCTTCATCCT
CAGCAAATCCAGCCCTTCCCGATCTGTTGAACTGCCGGATGCCTTGTCGGTAAAGATGCG
GTTAGCTTTTACCCCTGCATCTTTGAGCGCTGAGGTCTGCCTCGTGAAGAAGGTGTTGCT
GACTCATACCAGGCCTGAATCGCCCCATCATCCAGCCAGAAAGTGAGGGAGCCACGGTTG
ATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCACGGAA
CGGTCTGCGTTGTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCGATTT
ATTCAACAAAGCCGCCGTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAAT
TAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATAT
CAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCAC
CGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAA
CATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCAC
CATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTT
GTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTAT
TCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGACAATTAC
AAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCAC
CTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGA
GTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATT
CCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGC
CATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTCGCAC
CTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGG
AATTTAATCGCGGCCTCGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTG
TATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTG
CAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTGTTGAATAAATCGAACTTTTG
CTGAGTTGAAGGATCAGATCACGCATCTTCCCGACAACGCAGACCGTTCCGTGGCAAAGC
AAAAGTTCAAAATCACCAACTGGTCCACCTACAACAAAGCTCTCATCAACCGTGGCTCCC
TCACTTTCTGGCTGGATGATGGGGCGATTCAGGCCTGGTATGAGTCAGCAACACCTTCTT
CACGAGGCAGACCTCAGCGCTAGATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAG
CGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCC
CCGAAAAGTGCCACCTGACGTAACTATAACGGTCCTAAGGTAGCGAAAGCTCAGATCGTG
TCTCAAAATCTCTGATGTGGCCGGCCAGGCCGCGATCGCTGATTTGTTTAAACTGATATT
TAGAGAAAGGGAAGGAACTTGTCATAAAAAAAGGAAAATTCAGTGCAGTGTGCTGCAATA
AAAGAATATGACCGCTATAAAACTTTATAGGGTATAAATTTCTGAAGGTTAAGGAACTAA
ACGGCTGTAAAGCAAACAGTGCAAGAAAACTTTCAGGAACTCCTAAATTACTACAACGAC
TTGGGAATGTGGGGAAACCCAACGCGTAAATGCTCTTATTTCTGCTTCGGTCGCATATAA
AGTTCCCTTCTTTATTCTTGTTTTGTTTTGTTTTGTTTTGCTTTGCTTTTTCCTAACGGA
GGGGGGAGTTAAAAAATAAGAGATAAGTTGGGGGGAGAGAAAAGGTGGGGAGGGACTTTG
GCTAATTTATTCTTCTCCTGCAGTTGCCGTGAAAATCCCGCACTCTGGATGATACCCTTT
GTTCTTTTTTTTTTTTCCCTTTTCTTTCTTTTTTTCTCTCTCTCTCTTTTTTTTTTCTTT
CTCTTTCTTTAAAGCAATTCCAGGCTGCCAGAATGCAGAGCCGTGCACACAACAACACAC
CCAGGGGCACCCCCGCACTCACACACTCCAAGTTCTGGCGAGACGTCTGGGCTTGGGAAG
CTCTTTATCGGTTTACAGCCCTGGCCTTCCCCCTCCAGAGCAGAATGACCAATTGTTTAG
TCTCGGAATTTGAAACAATAGTGGTTTTCAAAAGCAACCCCATTTTGTCTCTTTTATTGC
TAGCAGAGCGGCTGGATGATGGGGCTCTCGGAGCGCAACACTCCAACGCTGCGAAGAGAG
GAGGACGAAGTCCATTTTTCTTTTCCTTGCCCTCTCCCTTCCCCACCTCCCTTCCTTGGC
AGCTCCATGCCCCCCAAACCCAACTCTGCCCCGCACGGAGACCCCCTGCACCCCCAGCAG
CGCTGCAGTACCACGCTTGGCCGCGAGGTGGCGCCATTGCTCCACGATTGACGCGCGCCC
CCCGCGCCCCGCGGCGGTTCTCCGCGCAACACCTTGATTTCATTAGCGGCAGCACCGAAA
TATTAGTTTAAACTGATTACGAAGAGCTGAGGCCTGCAGGGCCCGGGCATTGCACAAGAT
AAAAATATATCATCATGGATCTGAATTCATCTATGTCGGGTGCGGAGAAAGAGGTAATGA
AATGGCATTATGGGTATTATGGGTCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGC
GGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTT
CGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCA
GGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAA
AAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAAT
CGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCC
CCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCC
GCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGT
TCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGAC
CGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCG
CCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACA
GAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGC
GCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAA
ACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAA
GGATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure 15. Putative Sequence of pSHCB_Ins50. The
kanamycin resistance gene is in blue; the PI-Scei and I-CeuI
sites are in green; Ins50 is in magneta; and the origin of
replication is in cyan

GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATC
AAAAAGGATCTTCACCTAGATCCTTTTGATCCTCCGGCGTTCAGCCTGTGCCACAGCCGA
CAGGATGGTGACCACCATTTGCCCCATATCACCGTCGGTACTGATCCCGTCGTCAATAAA
CCGAACCGCTACACCCTGAGCATCAAACTCTTTTATCAGTTGGATCATGTCGGCGGTGTC
GCGGCCAAGACGGTCGAGCTTCTTCACCAGAATGACATCACCTTCCTCCACCTTCATCCT
CAGCAAATCCAGCCCTTCCCGATCTGTTGAACTGCCGGATGCCTTGTCGGTAAAGATGCG
GTTAGCTTTTACCCCTGCATCTTTGAGCGCTGAGGTCTGCCTCGTGAAGAAGGTGTTGCT
GACTCATACCAGGCCTGAATCGCCCCATCATCCAGCCAGAAAGTGAGGGAGCCACGGTTG
ATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCACGGAA
CGGTCTGCGTTGTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCGATTT
ATTCAACAAAGCCGCCGTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAAT
TAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATAT
CAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCAC
CGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAA
CATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCAC
CATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTT
GTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTAT
TCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGACAATTAC
AAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCAC
CTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGA
GTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATT
CCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGC
CATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTCGCAC
CTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGG
AATTTAATCGCGGCCTCGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTG
TATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTG
CAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTGTTGAATAAATCGAACTTTTG
CTGAGTTGAAGGATCAGATCACGCATCTTCCCGACAACGCAGACCGTTCCGTGGCAAAGC
AAAAGTTCAAAATCACCAACTGGTCCACCTACAACAAAGCTCTCATCAACCGTGGCTCCC
TCACTTTCTGGCTGGATGATGGGGCGATTCAGGCCTGGTATGAGTCAGCAACACCTTCTT
CACGAGGCAGACCTCAGCGCTAGATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAG
CGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCC
CCGAAAAGTGCCACCTGACGTAACTATAACGGTCCTAAGGTAGCGAAAGCTCAGATCGTG
TCTCAAAATCTCTGATGTGGCCGGCCAGGCCGCGATCGCTGATTTGTTTAAACTGATATT
TAAATTCTGATCCACAAATGTTGGTTTAAACCAATTAATTGGTTTAAACCAACATTAAAA
TCAGAAATTATTACCCCTACGCGACATTAACATTACTTCTGGTTTCAGTCCCATTCATTC
AACACTGGTCTATGGGACATCTCCAACGTGCCAGGAGTTGGGTCAGATCTCAAAGAGCCT
GAGTTGCTGGCCCATGGTGCTGCCCTCCTACAAGGTTGCATTCTGGAGGGGACTGCTCCA
CAGGCTTCACTGTGCTGGAGGCCTCTGTGTCTGCTGTCTGTGTCCAGGGCTGGGGGAATG
AGCCTTCTTCCATTCCTTCTACTCATTAAATTCTGGATCAAGTCAGACCACAGCCCAGGG
CCCCAGCTGGAGTTCCAGGGATCTGGGAAGCCAATAGCAGAAAGCCCAGGGTGCAGCCTG
CCCAGCCTGAGGCAGGTGGCTGGCAGGTGATGATAAGGGCTGCTGGAGGGCCCCCACGCT
TTTTTTCTACTCCTTCAGTCCATGTCAGTGTCCAATCGAATTCCCGCGGCCGGTTTAAAC
GGCGCGGTGGATTACTATTTAAATATTAGTTTAAACTGATTACGAAGAGCTGAGGCCTGC
AGGGCCCGGGCATTGCACAAGATAAAAATATATCATCATGGATCTGAATTCATCTATGTC
GGGTGCGGAGAAAGAGGTAATGAAATGGCATTATGGGTATTATGGGTCTGCATTAATGAA
TCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCA
CTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGG
TAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCC
AGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCC
CCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGAC
TATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCC
TGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATA
GCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGC
ACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCA
ACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAG
CGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTA
GAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTG
GTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGC
AGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure 14. Putative Sequence of pSHcnP_gSTOP. The
kanamycin resistance gene is in blue; the PI-SceI and I-CeuI
sites are in green; the PmeI sites inserted into the HpaI site are
in black; the gSTOP sequence is in red (the first 9 bases of the
gLF ORF are in blue); the Gene Racer primer used to clone the
5' end of gLF is in yellow; and the origin of replication is in
cyan

dephosphorylated, and an I-CeuI site (5'-TAACTATAAC
GGTCCTAAGGTAGCGA-3') was ligated into the
pBS_KS+ backbone to generate pBSC. mSTOP was
amplified from mouse genomic DNA using 5'-TTTTTG
AAATGGCTCGTTGC-3' and 5'-TGGTAACCGTATC
GGTACAAGAT-3'. pBSC was digested with SmaI and
dephosphorylated, and the mSTOP amplicon was ligated
into the pBSC backbone to generate pBSCsma_mSTOP.
pBSCsma_mSTOP was digested with PstI and NotI and
blunted. pSHcnB was digested with I-CeuI, blunted and
dephosphorylated, and the I-CeuI-mSTOP insert was
ligated into the pSHcnB backbone to generate pRcnSx.
pGEM_closed was digested with NcoI, blunted and
dephosphorylated, and a PI-SceI site (5'-
ATCTATGTCGGGTGCGGAGAAAGAGGTAATGAA
ATGGCA-3') was ligated into the pGEM_closed
backbone to generate pGPS. dSTOP was amplified from
human genomic DNA using 5'-CCTTAGGTAGATGCC
GTAAGACAA-3' and 5'-AGCAAGACCGAGCCTTTA-
3'. pGPS was digested with NotI, blunted and
dephosphorylated, and the dSTOP amplicon was ligated

into the pGPS backbone to generate pGPS_dSTOP.
pGPS_dSTOP was digested with ApaI and BstXI and
blunted. pRcnSx was digested with PI-SceI, blunted and
dephosphorylated, and the PI-SceI-dSTOP insert was
ligated into the pRcnSx backbone to generate pRcnSS.
The sequence of pRcnSS is shown in Figure 17.

Construction of pRcnSS_Ins57-111:
Stuffer DNA 57-111 was amplified from chicken

genomic DNA using primers 5'-TGCCAATCCATCAAG
TTCCAT-3' and 5'-TGTCCAGCCTCATATCCAGTCA-
3'. RcnSS was digested with PmlI and dephos-phorylated,
and the stuffer DNA 57-111 amplicon was ligated into
the pRcnSS backbone. The sequence of pRcnSS_Ins57-
111 is shown in Figure 18.

Construction of pSH_PPS50G-111s_PSPSC_PITR:
The 3' PacI-ITR sequence (PITR) of Adeno-X was

amplified from EVE using primers 5'-TTACTCCGCCCT
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AAAACCTAC-3' and 5'-GCTATTGCTTTATTTGTAAC
CATT-3'. pSHcnB was digested with SwaI and
dephosphorylated, and the PITR amplicon was ligated into
the pSHcnB backbone to generate pSHcnB_PITR-3'.
pSHcnB_PITR-3' was digested with PmeI. pSH_PSPSC
was digested with PciI, blunted and dephosphorylated,
and the PITR insert was ligated into the pSH_PSPSC
backbone to generate pSH_PSPSC_PITR. pBS_PITR_
Pack-wt was digested with BssHII and SmaI and blunted.
pSH_PSPSC_PITR was digested with SwaI and
dephosphorylated, and the PITR insert was ligated into
the pSH_PSPSC_PITR backbone to generate pSH_PP_

PSPSC_PITR. pSHcnP_gSTOP was digested with PmeI.
pSH_PP_PSPSC_PITR was digested with BamHI,
blunted and dephosphorylated, and the gSTOP insert was
ligated into the pSH_PP_PSPSC_PITR backbone to
generate pSH_PPS_PSPSC_PITR. pSHcnB_Ins50G was
digested with PmeI. pSH_PPS_PSPSC_PITR was
digested with HpaI and dephosphorylated, and the Ins50G
insert was ligated into the pSH_PPS_PSPSC_PITR
backbone to generate pSH_PPS50G_PSPSC_PITR.
pRcnSS_Ins57-111 was digested with PI-SceI, blunted and
dephosphorylated, and an I-PpoI site (5'-GCTACCTTA
AGAGAGCCGG-3') was ligated into the pRcnSS_Ins57-

GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTGATCCTCCGGCGTTCAGCCTGTGCCACAGCCGACAGGATGGTGACCACCATTTGCCCCATATC
ACCGTCGGTACTGATCCCGTCGTCAATAAACCGAACCGCTACACCCTGAGCATCAAACTCTTTTATCAGTTGGATCATGTCGGCGGTGTCGCGGCCAAGACGGTCGAGCTTCTTCACCAGAATGACATCACCTTCCTCCACCTTCATCCT
CAGCAAATCCAGCCCTTCCCGATCTGTTGAACTGCCGGATGCCTTGTCGGTAAAGATGCGGTTAGCTTTTACCCCTGCATCTTTGAGCGCTGAGGTCTGCCTCGTGAAGAAGGTGTTGCTGACTCATACCAGGCCTGAATCGCCCCATCA
TCCAGCCAGAAAGTGAGGGAGCCACGGTTGATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCACGGAACGGTCTGCGTTGTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCGATTT
ATTCAACAAAGCCGCCGTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGAAAAA
GCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCAC
CATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTATTCATTCGTGATTGCGCCTGAGCGAGACGAA
ATACGCGATCGCTGTTAAAAGGACAATTACAAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGA
GTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGG
GCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTG
TATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTGCAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTGTTGAATAAATCGAACTTTTGCTGAGTTGAAGGATCAGATCACGCATCTTC
CCGACAACGCAGACCGTTCCGTGGCAAAGCAAAAGTTCAAAATCACCAACTGGTCCACCTACAACAAAGCTCTCATCAACCGTGGCTCCCTCACTTTCTGGCTGGATGATGGGGCGATTCAGGCCTGGTATGAGTCAGCAACACCTTCTT
CACGAGGCAGACCTCAGCGCTAGATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTAACTATAAC
GGTCGCCCTGGTAACCGTATCGGTACAAGATGTAAACTTAGCTCAAGAGTTTACACATGAAGTAGTGAGGTGTTAGCCTGAGGGAGCCTCAGGCCGGCCACTGGAACCTTCTCTTGTGATTGCAATCTGTGTTTTCTTCAGAGGCAGACA
TGGACAGAGCTTAAATCACTGGCAATAAGGAACATATTTCTGGAGCAGAAGGTACCCTAGTAAGCCAGCACTGCCAAGGGACACTCAGCCCTAAGGAGCAGGCCCAGCTTGAACCTGTGAGGCCTCTCATGCCTGGGGCAGAGTCTTAAT
GAgatACAAACATGAGGTCAAATCAGGCTTCCTGTTTGCCCGCACAAAAGTGGAGTCTGTATTTGGTGCTAGAATCCCAGCTGGGGTTTTGGTGACAGATCCAGGGTCCCTCATTTGGAAACAATATAATGCAACGTCAGAAGTTGCTTT
CATCTATAATTGCAACGAGCCATTTCAAAAAGGGGGATCTAACTATAACGGTCCTAAGGTAGCGAATCCACTAGTTCTAGAGCGGCCGGTAGCGAAAGCTCAGATCGTGTCTCAAAATCTCTGATGTGGCCGGCCAGGCCGCGATCGCTG
ATTTGTTTAAACTGATATTTAAATTCTGATCCACGTGTGAATTGGTTAACCAAAAGACACGTGGATTACTATTTAAATATTAGTTTAAACTGATTACGAAGAGCTGAGGCCTGCAGGGCCCGGGCATTGCACAAGATAAAAATATATCAT
CATGGATCTGAATTCATCTATGTCGGCGACGTCGCATGCTCCCGGCCGCCATGATCTATGTCGGGTGCGGAGAAAGAGGTAATGAAATGGCACATGGCGGCCCCTTAGGTAGATGCCGTAAGACAAGTGGAGGCTGCACTGGGCTGGGGA
GGTGTGACACCTGGGCTTTCACTGTGCCCCTCCCACTGCCTAGGTCCTGATGCCCATCACAGCCCTTTCTGCTGCGGCCTGGGACCTTCCCCTCCCGGTGCTGCAGGGAGCTCCGCACTCACGCATTTAGGTCACTAATGTGCAGCGCTG
GGGAGTGCCCTCTGAGCACCCGAGAAATTACTTTGGTTATGGAACTGACAATTGTTTCCTTCCTTCTACTCCTTCCTTCTGTTTGGCTGACATTTCCCTCTCAAACCCTCTGACACAGGGTTCCATCAGGAGCACCGCACCCCTCCACAA
CCCTCTGCCACGGAAGGTGTGCGAATGCCCCATCTCCTCCTCACAACCCTGTGGACCCATGGTTAGGCCGTTTCTTTAAGTGAAGAAACTAAGTCTCATAAAGGCTCGGTCTTGCTGGCCGCCTGCAGGTCGACCATATGGGAGAGCTCC
CAAGGAGAAAGAGGTAATGAAATGGCATTATGGGTATTATGGGTCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGC
GAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCC
CTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCC
CTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACC
CGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGA
AGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure 17. Putative Sequence of pRcnSS. The kanamycin resistance gene is in blue; mSTOP is in magneta; the PI-SceI and I-
CeuI sites are in green; dSTOP is in yellow; and the origin of replication is in cyan. After digestion of pBS_KS+ with BamHI, a "G"
residue was lost during the blunting reaction

GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTGATCCTCCGGCGTTCAGCCTGTGCCACAGCCGACAGGATGGTGACCACCATTTGCCCCATATC
ACCGTCGGTACTGATCCCGTCGTCAATAAACCGAACCGCTACACCCTGAGCATCAAACTCTTTTATCAGTTGGATCATGTCGGCGGTGTCGCGGCCAAGACGGTCGAGCTTCTTCACCAGAATGACATCACCTTCCTCCACCTTCATCCT
CAGCAAATCCAGCCCTTCCCGATCTGTTGAACTGCCGGATGCCTTGTCGGTAAAGATGCGGTTAGCTTTTACCCCTGCATCTTTGAGCGCTGAGGTCTGCCTCGTGAAGAAGGTGTTGCTGACTCATACCAGGCCTGAATCGCCCCATCA
TCCAGCCAGAAAGTGAGGGAGCCACGGTTGATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCACGGAACGGTCTGCGTTGTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCGATTT
ATTCAACAAAGCCGCCGTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGAAAAA
GCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCAC
CATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTATTCATTCGTGATTGCGCCTGAGCGAGACGAA
ATACGCGATCGCTGTTAAAAGGACAATTACAAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGA
GTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGG
GCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTG
TATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTGCAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTGTTGAATAAATCGAACTTTTGCTGAGTTGAAGGATCAGATCACGCATCTTC
CCGACAACGCAGACCGTTCCGTGGCAAAGCAAAAGTTCAAAATCACCAACTGGTCCACCTACAACAAAGCTCTCATCAACCGTGGCTCCCTCACTTTCTGGCTGGATGATGGGGCGATTCAGGCCTGGTATGAGTCAGCAACACCTTCTT
CACGAGGCAGACCTCAGCGCTAGATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTAACTATAAC
GGTCCTAAGGTAGCGAAAGCTCAGATCGTGTCTCAAAATCTCTGATGTGGCCGGCCAGGCCGCGATCGCTGATTTGTTTAAACTGATATTTAGAGAAAGGGAAGGAACTTGTCATAAAAAAAGGAAAATTCAGTGCAGTGTGCTGCAATA
AAAGAATATGACCGCTATAAAACTTTATAGGGTATAAATTTCTGAAGGTTAAGGAACTAAACGGCTGTAAAGCAAACAGTGCAAGAAAACTTTCAGGAACTCCTAAATTACTACAACGACTTGGGAATGTGGGGAAACCCAACGCGTAAA
TGCTCTTATTTCTGCTTCGGTCGCATATAAAGTTCCCTTCTTTATTCTTGTTTTGTTTTGTTTTGTTTTGCTTTGCTTTTTCCTAACGGAGGGGGGAGTTAAAAAATAAGAGATAAGTTGGGGGGAGAGAAAAGGTGGGGAGGGACTTTG
GCTAATTTATTCTTCTCCTGCAGTTGCCGTGAAAATCCCGCACTCTGGATGATACCCTTTGTTCTTTTTTTTTTTTCCCTTTTCTTTCTTTTTTTCTCTCTCTCTCTTTTTTTTTTCTTTCTCTTTCTTTAAAGCAATTCCAGGCTGCCA
GAATGCAGAGCCGTGCACACAACAACACACCCAGGGGCACCCCCGCACTCACACACTCCAAGTTCTGGCGAGACGTCTGGGCTTGGGAAGCTCTTTATCGGTTTACAGCCCTGGCCTTCCCCCTCCAGAGCAGAATGACCAATTGTTTAG
TCTCGGAATTTGAAACAATAGTGGTTTTCAAAAGCAACCCCATTTTGTCTCTTTTATTGCTAGCAGAGCGGCTGGATGATGGGGCTCTCGGAGCGCAACACTCCAACGCTGCGAAGAGAGGAGGACGAAGTCCATTTTTCTTTTCCTTGC
CCTCTCCCTTCCCCACCTCCCTTCCTTGGCAGCTCCATGCCCCCCAAACCCAACTCTGCCCCGCACGGAGACCCCCTGCACCCCCAGCAGCGCTGCAGTACCACGCTTGGCCGCGAGGTGGCGCCATTGCTCCACGATTGACGCGCGCCC
CCCGCGCCCCGGACCCAGCAGCCTTTCATGAGCTGACCTGGCTTCCTCCCTCTCTTCTGTCCTCTCTAGTGTTGGAGTGCTTATTTCAGAAACATCTCCACAATTCTGGGTTGCCCTCCCCTGCCCCCATTTAGATCTTTATCAGAAAGC
CTGTAGCTCTCAGACATCTCCGTCTTCGAGGCTCTGGAACTGGGAAGGACATGCCCCAGGATGATTCCAAGGTTCCCTTCCAATGGCTTAAAGGAACCATAAGAGCCAGGGCTGAGCCTCTCCATGGAAGAATAGGCTAGGCTAGGCATC
CAGATCAGGTAAGGACCCCCACATTACTAGATATAATTAATAAAGACAAACATTTAAAATATCACTATGGCACTTCGTTATTATTGCTTTGTTTCTGATATATACATATATATGTATATCATATGCACATACATATACATATACACATAC
ATATACACATACACATACATATACACATACACATATACATATACACATACATATACGCATACACATACATATACACATACATATACACATATACATATACACACATACACACATACACATACATATACACATACACATATACATATACAC
ATACACATACATATACACATACACATATGTACATACACATACATATACACATTCACATACATATACACATACATATACATATACACATACATATACACATATACATACATATACACATACACATACATATACACATACACATATTTATAC
ACATACACATATTTGAGACAAAGTCTTACAATATAGGGTAGGCTTGTCTGGAACTTTCACTAATACTCTTGTCTCAGACTCTCATGTGCCAGGATTATTATAGCATCAGCCATCATCCACGACCACCATGAAGGTTTGTCAAATTTGAGA
AGCCTGACTAATGTAAGCAGAAAGGAGATTTCTGAACCAGGCATGGTAGGGCACACCTGTTATGCACCAGAGGCTGAGAAAATGACGTTTTCTGTCTGGTGCTTTGCTAACACATAAAATATATAACATTTTTCTAGATTATCTTTTCTG
ACGTCTCCAACACATACATATATCACTCATCATTTTATTCTACACTTTAAGGTGCCATACATACATACATACATACATACATACATACATATGTACATACATTTGCTTATTCATTAGCCATGTGGACTCTAGCCCAGGCTGACCTCAAAC
CCTCCATGTTCTGGAAAATGATCCTGAACTTCTGGTCCTCCTACTTCTGCCTCTTTAGTGCTGGGAATGCAGGTGTGTACCACCACACCCAGTTTCTATGGCACTGGGGGTGGAACTCAGGACTTTGTGCCTGGTAAACATACATTCTGC
AAACTGAGCTACAAGCCCAGCCCGATATATTTGTATCTAAGATAAGGTCTAGGGATTTTGGGGAGGTTGGCCTGGGGCTCCTGAGCTATAGTTGTCTTCCTGCCTCAGTTTCCCATGTAGTTAGAACTGTAAGTGTCGCTTACTGCAACC
AGCTTTTTATATTCTCATCTTTCCGTTTTATATAGTATATAAATCTGTTATTTACTGTTTTAACGTTGAGAAAATCATTTACTTACTATGTTGTGCAAGGGAGTGTCACATCCTGCTTGGTGGCAGATGTCTTTATCTGCTAAGCTGTCT
TGCTGGCCCTTCAAATTTTTCTTTTTTGTCCATTATTTATTCTGTTTTACATCCATAACTGTCCTTTTTGTGCTCTATATTTCTAGAATGTGCACTCTCTGTGTGTACATGGTTCTGCAGACCGCTGTTGTAGTTGAGGCATCTGGAACG
TGTGAGCGTGCGCCCCCTGGTGGTTAGTCTATTGTTTTACTTAGCCAAACTATGGCCTATTAAAACTCTGGTTTTAGTTGCCAAACAGGCTAGCCTGTGGCTTCGAGAGAAAGAAGCTGAGTTCCAGGGAAATAAGGTGACAGCCAATCT
CTTGTCACCCACAAGCAGAGCCTGAGACAAGAGGTTCTTCTCAAGACCCTTGGGGCTGGGAGGAGGCTTCCAGATCTAATATGTCAGTCCTAGGGCATTTGAGGAGAAAGCATGGATGGGAGAAATTCCATCTTCGCCCGAGTGCCTCTC
CCCAGCAAAGTCTGCACCCATCTGACTGGGAATGCCTGCGGCTGCATTAGGTCAGTAAGTGGCAGTGTAACAGCAAGGACAGTCCTTCCCCAACCATGGCAGTGATGAGGACTGGGTAACAATGGTTCCTCAGCCTCTCTTTGCCAATAC
CCTCAGGCACCCTCCGTCTCTAAGAAGTATGTCTGCTCAACAACCCCCAACTTCTTGGGTTTTTTTTTAACATTGATTTTATTTTATATGCATGAGTGCTTCCCCTGCATGTGTGTATGTGCATCATGTGCACGACGGTAAGAAGAGAGT
GTCAGATCCCCCCTAGAACTGGAGATGTGAATGCTTGTGAACCACTATGTGAGCATGCTGGACACTGCACCCAGGTCTTCTGAAAGAGCAGCCAGGACTTCTAACCACTTAGCAGTCCAGCTTTTTTTTTTCTCAAATTTTTTTCCTTGA
AACTACTTCTCTGCAGTTTGCTACTGGAGTTGAGGTTAGTGTGTGCTAGGTCTCCACAGAAAAGGGCTCACACATGGAGGACCTTGGCCATCACCTGCCTCTGTAGATAAAATTTTGTTGGACCGATCTTGTATATTTGTTTCAAGACAG
GGTTTCTCTGTGCAGCCCTGGATGTCCTGGAACTCACTTCAGGCTGGCCTCTAACTCACAGAGGTCTGCCTGTGTCTGCCTCTTTTTTTTTCTCCTCTTTCTTTCTTTCTTTCTTTCCTTCTTTCTTTTTTAAAAGATGTATTTATTTAT
ATGAGTACACTGTCACTTTCTTCAGACACACCAGAAGAGGGCACCAGATCTCATTAGCCACCATGTGGTTGTTGGGAATTGAACTCGGGGCCTCTGGAAAACTCTTAACCACTGAGCCATCTCTCCAGCCCCTGTCTGCCTCCTGAGTGC
TGGGACTTAAGGTGTGCTCCAGAACTACCCAGCCATGCCTGTCTTTTACATGGTTGTCTGTTTGCTTTTGTGCAATGGCAGTGGTGGGGAAGATGAACCCCACAGCTACTGTGCTGTCACAGAGATTAAACGCATGCTCTCCATCCAGTG
TAGAAACTGCTGACCCCTTGTACCGTGTCCCCCAGACACTGAGTCGTGAGCATCTTTCGGTGTCATTTGCTTCACCAGGGTGGTTGGTATGGAGTGCCCGGCGGTTCTCCGCGCAACACCTTGATTTCATTAGCGGCAGCACCGAAATAT
TAGTTTAAACTGATTACGAAGAGCTGAGGCCTGCAGGGCCCGGGCATTGCACAAGATAAAAATATATCATCATGGATCTGAATTCATCTATGTCGGGTGCGGAGAAAGAGGTAATGAAATGGCATTATGGGTATTATGGGTCTGCATTAA
TGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGG
GATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACA
GGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCG
GTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGC
AGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACC
ACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure 16. Putative Sequence of pSHcnB_Ins50G. The kanamycin resistance gene is in blue; the PI-Scei and I-CeuI sites
are in green; Ins50 is in magneta; InsG-3016 is in yellow; and the origin of replication is in cyan
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111 backbone to generate pRcnP_Ins57-111. pRcnP_
Ins57-111 was digested with I-CeuI, blunted, and then
digested with I-PpoI. pSH_PPS50G_PSPSC_PITR was
digested with PmeI and I-PpoI, and the Ins57-111 insert
was ligated into the pSH_PPS50G_PSPSC_PITR
backbone to generate pSH_PPS50G-111_PSPSC_PITR.
pSH_PPS50G-111_PSPSC_PITR was digested with SpeI
and recircularized to generate pSH_PPS50G-111s_
PSPSC_PITR. The sequence of pSH_PPS50G-
111s_PSPSC_PITR is shown in Figure 19.

Construction of pØØ_PSPSC:
pSH_PSPSC was digested with SmaI and PciI.

pBS_KS+ was digested with ApoI and blunted, then
digested with PciI, and the PSPSC insert was ligated into
the pBS backbone to generate pØØ_PSPSC. The sequence
of pØØ_PSPSC is shown in Figure 20.

Construction of the C-I cassette:
The LacZ ORF was amplified from pShuttle_LacZ

(pShuttle_LacZ is part of the BD Adeno-XTM Expression
System 1 kit) using primers 5'-CGAGGGGGGATCGA
AAGAG-3' and 5'-ATGTAGCCAAATCGGGAAAAAC
G-3'. pSHPB_gSTOP was digested with SwaI and
dephosphorylated, and the LacZ amplicon was ligated into
the pSHPB_gSTOP backbone to generate pSHPB_

gSTOP_LacZ. The poly(A) addition signal of rat
glutathione S-transferase pi subclass (GST-P) was
amplified from rat genomic DNA using primers 5'-CAGA
CTAATAAAGTTTGTAAGGCA-3' and 5'-GATCACA
GCATTTGGGAGA-3'. pBS was digested with EcoRV
and dephosphorylated, and the GSTP poly(A) addition
signal was ligated into the pBS backbone to generate
pBS_(rGSTP)pA. pBS_(rGSTP)pA was digested with
SalI and SacII and blunted. pSHCB_gSTOP_LacZ was
digested with NotI, blunted and dephosphorylated, and
the (rGSTP)pA insert was ligated into the pSHPB_
gSTOP_LacZ backbone to generate pSHPB_gSTOP_
LacZ-pA. pTRE-Tight was digested with XhoI and EcoRI
and blunted. pSHPB_gSTOP_LacZ-pA was digested with
AscI, blunted and dephosphorylated, and the TRE-Tight
promoter was ligated into the pSHPB_gSTOP_LacZ-pA
backbone to generate pSHPB_Tight_gSTOP_LacZ-pA.
pSHPB_Tight_gSTOP_LacZ-pA was digested with I-
CeuI, blunted and dephosphorylated, and an I-PpoI site
(5'-GCTACCTTAAGAGAGCCGG-3') was ligated into
the pSHPB_Tight_gSTOP_LacZ-pA backbone to generate
pSHP_Tight_gSTOP_LacZ-pA. pSHP_Tight_gSTOP_
LacZ-pA was digested with PI-SceI, blunted and
dephosphorylated, and an I-SceI site (5'-TAGGGATTACC
CTGTTATCCCTACAGGGTAAT-3') was ligated into the
pSHP_Tight_gSTOP_LacZ-pA backbone to generate

GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTGATCCTCCGGCGTTCAGCCTGTGCCACAGCCGACAGGATGGTGACCACCATTTGCCCCATATC
ACCGTCGGTACTGATCCCGTCGTCAATAAACCGAACCGCTACACCCTGAGCATCAAACTCTTTTATCAGTTGGATCATGTCGGCGGTGTCGCGGCCAAGACGGTCGAGCTTCTTCACCAGAATGACATCACCTTCCTCCACCTTCATCCT
CAGCAAATCCAGCCCTTCCCGATCTGTTGAACTGCCGGATGCCTTGTCGGTAAAGATGCGGTTAGCTTTTACCCCTGCATCTTTGAGCGCTGAGGTCTGCCTCGTGAAGAAGGTGTTGCTGACTCATACCAGGCCTGAATCGCCCCATCA
TCCAGCCAGAAAGTGAGGGAGCCACGGTTGATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCACGGAACGGTCTGCGTTGTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCGATTT
ATTCAACAAAGCCGCCGTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGAAAAA
GCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCAC
CATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTATTCATTCGTGATTGCGCCTGAGCGAGACGAA
ATACGCGATCGCTGTTAAAAGGACAATTACAAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGA
GTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGG
GCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTG
TATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTGCAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTGTTGAATAAATCGAACTTTTGCTGAGTTGAAGGATCAGATCACGCATCTTC
CCGACAACGCAGACCGTTCCGTGGCAAAGCAAAAGTTCAAAATCACCAACTGGTCCACCTACAACAAAGCTCTCATCAACCGTGGCTCCCTCACTTTCTGGCTGGATGATGGGGCGATTCAGGCCTGGTATGAGTCAGCAACACCTTCTT
CACGAGGCAGACCTCAGCGCTAGATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTAACTATAAC
GGTCGCCCTGGTAACCGTATCGGTACAAGATGTAAACTTAGCTCAAGAGTTTACACATGAAGTAGTGAGGTGTTAGCCTGAGGGAGCCTCAGGCCGGCCACTGGAACCTTCTCTTGTGATTGCAATCTGTGTTTTCTTCAGAGGCAGACA
TGGACAGAGCTTAAATCACTGGCAATAAGGAACATATTTCTGGAGCAGAAGGTACCCTAGTAAGCCAGCACTGCCAAGGGACACTCAGCCCTAAGGAGCAGGCCCAGCTTGAACCTGTGAGGCCTCTCATGCCTGGGGCAGAGTCTTAAT
GAGATACAAACATGAGGTCAAATCAGGCTTCCTGTTTGCCCGCACAAAAGTGGAGTCTGTATTTGGTGCTAGAATCCCAGCTGGGGTTTTGGTGACAGATCCAGGGTCCCTCATTTGGAAACAATATAATGCAACGTCAGAAGTTGCTTT
CATCTATAATTGCAACGAGCCATTTCAAAAAGGGGGATCTAACTATAACGGTCCTAAGGTAGCGAATCCACTAGTTCTAGAGCGGCCGGTAGCGAAAGCTCAGATCGTGTCTCAAAATCTCTGATGTGGCCGGCCAGGCCGCGATCGCTG
ATTTGTTTAAACTGATATTTAAATTCTGATCCACTGCCAATCCATCAAGTTCCATAGCTTGAAACCTGTTGTGTAAAGGCACCTAGGAGAATGAGGTAGACAGGAAGGAGATTCATCTGCTGCCCCAAGCAGAAAGCTTCTTCAGTTTCC
CTTGTCTCTTAGGTTTTCTCCTTTTGCCTAGTGGCAAGCGGGCAGGGGAGTGTGTGTTGTGGGTGCCATGCTCCTAGCCTCACCTATGCTTATCAGCGGCTCACATTAGAGCTACTGGATCCTGGTATCTGTTCTCCCTTGGGGTTTTAC
AGTCAGATTACAGTTAACCGGTCTTGCATTTCAAACCACAAAGGTCCTGTGGCTTCACCAAAGCAATCCTAGTCTGTGTCTTAACACTTCTGCCCATGTTTCAGTGAGTTATCTTATCCCTCCACAGAGGAATGCACATTTCAGTGCAGA
AGGATCCAAACTGTAGCATTCACACAAATGCTAGTTCACAGAGAGGAGAAATAGAAAAAGTAGAGCTTTGTTCCAATTTAGTTTTCAGTCATTGATATAGACTTGGTGGGATTTTCATGTACAAGAAATGCACAAAAATTCCTAAGTCAC
TACAATTTTGAAAATGTGTTTCATTATGTAGAGTAATCTTCAAGACTACTGTCCACAGAATTCTAAACACTTAATACCTTTAAGGGACTTAAGTATGTTGTGGCCTCATAAGGAGTGAGAATCTTTGTGATTCGAGCCAAAAAGGAAAAC
TGTGTACTGTAAAATTTTGTACCAGAAGAAGTGGGGAAAAAAAAAAAAAAAAAAAGGATTTGAGATCTAAAAACAGTCCTCAGATGTATCATTTTAGCCAGTTTAAAGTTTATTGTTGCATTTAATTAAAACATTGAATAATATTATATA
CATATTTATGACTAAAAACAAAAGCAAAGCAACCTATATCTTTTGACAAAAATAGTTCAGCTAAAAGAATCTTGATCAATTCTCTCATTCTCATTGACATTACCTTTGCATCTACAGATGGATAATTGCTTTCCCATTTAATTAATAAAA
GGTTAAAATATTCAATGAAGAAAAAAATGTGCATATTCAATACCAATTATGGTGTCAAATTTCAGACTAGTAAGTCCACAGATTAGGACTCCTACATTCTAATATAACCCATAGAGTTCTGGTTATATACAGATGACAAAAGGAAAGAAT
AGATGAGTAAAAGCAATTTTTAATAATCATATTTATTCCCATTCTTAAGAACAGAGAAGGAAAAGAAAATCACACCAAGTTTTAGCAAAGTATGCTTTTGTTTGCACATTTCTAGTTATTCTGTGAATTTCTTCACATTACCACTACCTT
ATCCACTTTCCAGTCTTGCTAGATAGTATGAAAGTATAGACATCTTGATGCTATGGCTGCAACACTCAAGGCAACATTAGTCAGCTCTTGAACACAGACTTCAAGCATGGAAAGAAGGAAACTATAGCAAATTTACTGACAATGCAAATC
ACAGAAGATGGAAAAAATCTGTTTCCTTGACAACATGACTACCCTAGAGGATAGGTTTTTGTTATTTATTTTGTTTGTTATATATGTTTGTTTTTGGTGAGGAGGGTCTGGAAGATGGAGGATTTTGATAAATGAGGTTTGAATAATAGC
ATATTGAAATCAGTATAATATATATTTTTGTACATATTATCACTTCTTTTTGATACCTGACACTACAGTCTGAAATGGAGCACTCCTAGTGGTTGAGTTCAATTCTAGTTATGAAAGTCTATTTTGATACATTTCTTCCTTGCCAATAGA
AGCCAGCTAATAAGCTGAGGCTGTCTGCTATTAATTAAAGTATGTTCCACTAAAAACCTGAAGCACAAATACATGGTAGCAGAGCATGTTCTGTATGCTGTTCCTCCTCATGCGATAAGCAGTGCATTTCCTCAATGGATGCACATTGCT
TACATTTTTAGAGCTATTAAGCTGGGATAATTATGGAACAATCTAGGCAATGCTCAATAGCCCATGCAGACGCCTGACAGGGCATGTTGTCTCTTAATTAGGAATCTGAATGCCTAATGCTTGTATATTAACTAAAATAATTGGATAGAT
GTTTTACATTTTCTTCACTTTTACTGACAACCAAGCAAGGGACCACACGAATCAGCTTATCTTCTCAAAACATCTCATTTCATTTGCACATTCTAGGTCACCTAATATGTTTTTTTTGGTTTTTTTTTTAAGTGGGATTTTTAAGAGAAT
TGGTGCTAGTTACTGTGTAAACATATTAAAAGATGCTCCTCAGTGAGCCCAGCAGTTTTAAGCTTTCTCATTCCCATGCTATCATAACCTACACAGTGTAATTACCTGACTGTATCTTTTTAGCTCCTCAGAAGACAGTTAAAATTGCAA
TAGTCGTTATCGTTTTTTATTGTTTCTAAGTGCCGATAATGGGATACATATTGTTACAAAGTCAGTTCTGATACCATACTAGGACAATTTGCTATCAATAATGTGAAAATTTTCTCTGCACTGTACAAAGCTGCTTTCCATAAAATGCAG
AAGTTTTCCAAGGGCTTTCTGGATGGGACTCCAAAGCCCTGGCTACAGAGGAGAGGTCTTCATGAACATCCCTAACTGCCTTTCACCTTCACTTACTTACTGGGTTTACTTTCTCCTGCAAGTAAACCCAGTGCTTCCTATGATACCATC
CTTAACCCCATTTCCATAAGTGAAATACCATTCATGTCCTATCAAAAATAATTTTTAAAAAAGTTACAAAATTCCCCTGGGCACCTTGTTTGTACAACTGGGCCTGGAATGAGCGACTCCTTTAATCCATGCCTGCTATGTATGTGAGGA
GTACTGTACTCACCAATATATACATTGTTTATATTTAGGATGTCTGATAAATGTGTTTATTCACAACTATTAGTATAAAAGCTCCTTTAAAAGCAACAAATTGCTCTCTATTAGTAATGTGCATAATGACCTATTTCCATAAACATTTTT
AGTATGAGAAATTTTAATGTGCAAAACCCTGCAGACATTTTATGGAAATCTGACTGTATTCTGCAGAAGTGCATCACAGTCATATTTTCTTCTCTAATATTTTGAGAGGTGAATTACTTTCCTTCTGATATGTAGTATGAAAGAAGCAGC
CTGGCACACGAAAAAGGAAAATGAGTCTTAATGTGTTTCTGTCTTGCTAATGTATACTTGTTTGATTGATGTAAGGATTTTTTTTGGCAGAAAACATACAACCCCTGTTTTGTTTTGTGGTGGTTGTTGTTTTCTTTCTTGAATATTTAT
TTTAAAAGTGTGATGGAGGTTTTATAAAAGCTCTTTCAATGCAGTCATAAGGGAAAAGAATAATAACAGAATGTCTTTACGGTCAAAAGGATGAATAGATCTTATTTTGTTGTACTGGAACTTTTCCTGATTTCTATACCTACATGCAGG
TTTAAGTATGTAAAATCATATTCGCAAAATATTTTGATGCTTTTTTAGAGGCACGGCTTCAGAAATTAGCCTGAGGAGTTTAAACCTGTCTTAGCTTTATGCTTTTGTTTAAAAATCATCAAGCAAGTCATTGATACTGTATAGAATCTT
AACTGTACTTCTCAATGTAATGCACAACATGCTTCCTGAACAATACGAGATGTTTCTATGTCAACTTACTTTAGCTTTGAAGCAAATAAGGCCTTTCTTTCTGCCATGAAGAGCTTAAAGCTTGTAAACTATCAACAATTCCCATAAAAG
TTTGTAAAAATAGCCTAACTAGTGTCAGGTGCCAATCACCTCCATTGTGTGAGTAGTTCTGCTAAAATTCTGTGGGAAAGGCCAGCAAGGTTTTAGTCTGAATTAGGCTAATGGCACAAACAAGTGAAGGAAGTAGTAATAAAAAATGTC
TATAGATCTAACATGGAAAAAAAATGTTCAGTCTTTCAACTCTGCTTTGAAGATACTGTAAGCAGTCTGTGTTAGGAAAACACTGCCCAAGGTTAAAGCACAGGCAGAGCACGCCTCTGAGTTCAATACTGCCTTTGACAATAATTGTAC
AAATTTTGAAAAATTGCCTGGGTGATATTTTTTAATCTGAATTTAAAAGATATTCACATGTAGCATGTTTAACCCATCCCTAATGTATGCAGAGAATAATTTTTAGCTTTATGAAATGCTCTGCAGATGTATGGGGGAAAACAAACAAAC
AAACATGTGAGGTGTCAAAGAAGTGAAAAAGATTAAAATATAAACATCCTTTGGGATATCTAGGAGAAAAGCAGGTCCCCATATTTCTGATTTTGTCCCACAAAAGTTGATGCCCTTTGCAGTATCCATATGTTCTGTTTGAAAACTGAG
TAATATATCCCAACTGGAATGAAAATCTAAATTAAACCCTACATTGTTGAGGAGATTTGTGGAGTAGAAATATAGACATGGATCATCATCTTAGTTAGGCAGTCATTTAATTTTTAGCATGTGCCGCTGACTTCTGTGGTCTTTGACAGA
GAAATGGTTATAAACTTGCTCAACAGCTTGACTGGATATGAGGCTGGACAGTGGATTACTATTTAAATATTAGTTTAAACTGATTACGAAGAGCTGAGGCCTGCAGGGCCCGGGCATTGCACAAGATAAAAATATATCATCATGGATCTG
AATTCATCTATGTCGGCGACGTCGCATGCTCCCGGCCGCCATGATCTATGTCGGGTGCGGAGAAAGAGGTAATGAAATGGCACATGGCGGCCCCTTAGGTAGATGCCGTAAGACAAGTGGAGGCTGCACTGGGCTGGGGAGGTGTGACAC
CTGGGCTTTCACTGTGCCCCTCCCACTGCCTAGGTCCTGATGCCCATCACAGCCCTTTCTGCTGCGGCCTGGGACCTTCCCCTCCCGGTGCTGCAGGGAGCTCCGCACTCACGCATTTAGGTCACTAATGTGCAGCGCTGGGGAGTGCCC
TCTGAGCACCCGAGAAATTACTTTGGTTATGGAACTGACAATTGTTTCCTTCCTTCTACTCCTTCCTTCTGTTTGGCTGACATTTCCCTCTCAAACCCTCTGACACAGGGTTCCATCAGGAGCACCGCACCCCTCCACAACCCTCTGCCA
CGGAAGGTGTGCGAATGCCCCATCTCCTCCTCACAACCCTGTGGACCCATGGTTAGGCCGTTTCTTTAAGTGAAGAAACTAAGTCTCATAAAGGCTCGGTCTTGCTTCGACCATATGGGAGAGCTCCCAAGGAGAAAGAGGTAATGAAAT
GGCATTATGGGTATTATGGGTCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAG
GCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGA
CGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCT
CATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCA
CTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGA
GTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure 18. Putative Sequence of pRcnSS_Ins57-111. The kanamycin resistance gene is in blue; the PI-Scei and I-CeuI sites
are in green; mSTOP is in magenta; Ins57-111 is in cyan; dSTOP is in yellow; and the origin of replication is in cyan
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pSHPS_Tight_gSTOP_LacZ-pA. Stuffer DNA 52 was
amplified from chicken genomic DNA using primers 5'-
TCATAGGGTTGTTGGGTTGTTT-3' and 5'-ATCCTCT
TCTCACTGCTGCTACT-3'. pBS was digested with
EcoRV and dephosphorylated, and the stuffer DNA 52
amplicon was ligated into the pBS backbone to generate
pBS_Ins52. pBS_Ins52 was digested with EcoRI and
HindIII and blunted. pSHPS_Tight_gSTOP_LacZ-pA was
digested with PstI, blunted and dephosphorylated, and the
Ins52 insert was ligated into the pSHPS_Tight_gSTOP_
LacZ-pA backbone to generate pSHPS_Tight_gSTOP_

LacZ-pA_Ins52. pSHPS_Tight_gSTOP_LacZ-pA_Ins52
was digested with PmeI (to remove the gSTOP sequence)
and recircularized to generate pC-I_Tight-LacZ. The
sequence of pC-I_Tight-LacZ is shown in Figure 21.

Construction of the C-II cassette:
The HSVTK ORF was amplified from pCM-TK using

primers 5'-TCTAGATTGGTGGCGTGAAACTCCC-3'
and 5'-GTCGACGGTTCCTTCCGGTATTGTCTCC-3'
and ligated into pGEM

®
-T Easy to generate

pGEM_HSVTK. pGEM_HSVTK was digested with

GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTGATCCTCCGGCGTTCAGCCTGTGCCACAGCCGACAGGATGGTGACCACCATTTGCCCCATATC
ACCGTCGGTACTGATCCCGTCGTCAATAAACCGAACCGCTACACCCTGAGCATCAAACTCTTTTATCAGTTGGATCATGTCGGCGGTGTCGCGGCCAAGACGGTCGAGCTTCTTCACCAGAATGACATCACCTTCCTCCACCTTCATCCT
CAGCAAATCCAGCCCTTCCCGATCTGTTGAACTGCCGGATGCCTTGTCGGTAAAGATGCGGTTAGCTTTTACCCCTGCATCTTTGAGCGCTGAGGTCTGCCTCGTGAAGAAGGTGTTGCTGACTCATACCAGGCCTGAATCGCCCCATCA
TCCAGCCAGAAAGTGAGGGAGCCACGGTTGATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCACGGAACGGTCTGCGTTGTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCGATTT
ATTCAACAAAGCCGCCGTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGAAAAA
GCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCAC
CATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTATTCATTCGTGATTGCGCCTGAGCGAGACGAA
ATACGCGATCGCTGTTAAAAGGACAATTACAAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGA
GTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGG
GCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTG
TATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTGCAATCCCGGGCCCTGCAGGCCTCAGCGGCCGCTCTTCATTTCGCGCAATTAACCCTCACTAAAGGGAACAAAAGCTGTTACTACGTTAAT
TAACATCATCAATAATATACCTTATTTTGGATTGAAGCCAATATGATAATGAGGGGGTGGAGTTTGTGACGTGGCGCGGGGCGTGGGAACGGGGCGGGTGACGTAGTAGTGTGGCGGAAGTGTGATGTTGCAAGTGTGGCGGAACACATG
TAAGCGACGGATGTGGCAAAAGTGACGTTTTTGGTGTGCGCCGGTGTACACAGGAAGTGACAATTTTCGCGCGGTTTTAGGCGGATGTTGTAGTAAATTTGGGCGTAACCGAGTAAGATTTGGCCATTTTCGCGGGAAAACTGAATAAGA
GGAAGTGAAATCTGAATAATTTTGTGTTACTCATAGCGCGTAATATTTGTCTAGGGCCGCGGGGACTTTGACCGTTTACGTGGAGACTCGGGATCAAACCGGCCGCGGGAATTCGATTGGACACTGACATGGACTGAAGGAGTAGAAAAA
AAGCGTGGGGGCCCTCCAGCAGCCCTTATCATCACCTGCCAGCCACCTGCCTCAGGCTGGGCAGGCTGCACCCTGGGCTTTCTGCTATTGGCTTCCCAGATCCCTGGAACTCCAGCTGGGGCCCTGGGCTGTGGTCTGACTTGATCCAGA
ATTTAATGAGTAGAAGGAATGGAAGAAGGCTCATTCCCCCAGCCCTGGACACAGACAGCAGACACAGAGGCCTCCAGCACAGTGAAGCCTGTGGAGCAGTCCCCTCCAGAATGCAACCTTGTAGGAGGGCAGCACCATGGGCCAGCAACT
CAGGCTCTTTGAGATCTGACCCAACTCCTGGCACGTTGGAGATGTCCCATAGACCAGTGTTGAATGAATGGGACTGAAACCAGAAGTAATGTTAATGTCGCGTAGGGGTAATAATTTCTGATTTTAATGTTGGTTTGATCCTTCCCAAAT
GTTAAACTGATATTTAGAGAAAGGGAAGGAACTTGTCATAAAAAAAGGAAAATTCAGTGCAGTGTGCTGCAATAAAAGAATATGACCGCTATAAAACTTTATAGGGTATAAATTTCTGAAGGTTAAGGAACTAAACGGCTGTAAAGCAAA
CAGTGCAAGAAAACTTTCAGGAACTCCTAAATTACTACAACGACTTGGGAATGTGGGGAAACCCAACGCGTAAATGCTCTTATTTCTGCTTCGGTCGCATATAAAGTTCCCTTCTTTATTCTTGTTTTGTTTTGTTTTGTTTTGCTTTGC
TTTTTCCTAACGGAGGGGGGAGTTAAAAAATAAGAGATAAGTTGGGGGGAGAGAAAAGGTGGGGAGGGACTTTGGCTAATTTATTCTTCTCCTGCAGTTGCCGTGAAAATCCCGCACTCTGGATGATACCCTTTGTTCTTTTTTTTTTTT
CCCTTTTCTTTCTTTTTTTCTCTCTCTCTCTTTTTTTTTTCTTTCTCTTTCTTTAAAGCAATTCCAGGCTGCCAGAATGCAGAGCCGTGCACACAACAACACACCCAGGGGCACCCCCGCACTCACACACTCCAAGTTCTGGCGAGACGT
CTGGGCTTGGGAAGCTCTTTATCGGTTTACAGCCCTGGCCTTCCCCCTCCAGAGCAGAATGACCAATTGTTTAGTCTCGGAATTTGAAACAATAGTGGTTTTCAAAAGCAACCCCATTTTGTCTCTTTTATTGCTAGCAGAGCGGCTGGA
TGATGGGGCTCTCGGAGCGCAACACTCCAACGCTGCGAAGAGAGGAGGACGAAGTCCATTTTTCTTTTCCTTGCCCTCTCCCTTCCCCACCTCCCTTCCTTGGCAGCTCCATGCCCCCCAAACCCAACTCTGCCCCGCACGGAGACCCCC
TGCACCCCCAGCAGCGCTGCAGTACCACGCTTGGCCGCGAGGTGGCGCCATTGCTCCACGATTGACGCGCGCCCCCCGCGCCCCGGACCCAGCAGCCTTTCATGAGCTGACCTGGCTTCCTCCCTCTCTTCTGTCCTCTCTAGTGTTGGA
GTGCTTATTTCAGAAACATCTCCACAATTCTGGGTTGCCCTCCCCTGCCCCCATTTAGATCTTTATCAGAAAGCCTGTAGCTCTCAGACATCTCCGTCTTCGAGGCTCTGGAACTGGGAAGGACATGCCCCAGGATGATTCCAAGGTTCC
CTTCCAATGGCTTAAAGGAACCATAAGAGCCAGGGCTGAGCCTCTCCATGGAAGAATAGGCTAGGCTAGGCATCCAGATCAGGTAAGGACCCCCACATTACTAGATATAATTAATAAAGACAAACATTTAAAATATCACTATGGCACTTC
GTTATTATTGCTTTGTTTCTGATATATACATATATATGTATATCATATGCACATACATATACATATACACATACATATACACATACACATACATATACACATACACATATACATATACACATACATATACGCATACACATACATATACAC
ATACATATACACATATACATATACACACATACACACATACACATACATATACACATACACATATACATATACACATACACATACATATACACATACACATATGTACATACACATACATATACACATTCACATACATATACACATACATAT
ACATATACACATACATATACACATATACATACATATACACATACACATACATATACACATACACATATTTATACACATACACATATTTGAGACAAAGTCTTACAATATAGGGTAGGCTTGTCTGGAACTTTCACTAATACTCTTGTCTCA
GACTCTCATGTGCCAGGATTATTATAGCATCAGCCATCATCCACGACCACCATGAAGGTTTGTCAAATTTGAGAAGCCTGACTAATGTAAGCAGAAAGGAGATTTCTGAACCAGGCATGGTAGGGCACACCTGTTATGCACCAGAGGCTG
AGAAAATGACGTTTTCTGTCTGGTGCTTTGCTAACACATAAAATATATAACATTTTTCTAGATTATCTTTTCTGACGTCTCCAACACATACATATATCACTCATCATTTTATTCTACACTTTAAGGTGCCATACATACATACATACATAC
ATACATACATACATATGTACATACATTTGCTTATTCATTAGCCATGTGGACTCTAGCCCAGGCTGACCTCAAACCCTCCATGTTCTGGAAAATGATCCTGAACTTCTGGTCCTCCTACTTCTGCCTCTTTAGTGCTGGGAATGCAGGTGT
GTACCACCACACCCAGTTTCTATGGCACTGGGGGTGGAACTCAGGACTTTGTGCCTGGTAAACATACATTCTGCAAACTGAGCTACAAGCCCAGCCCGATATATTTGTATCTAAGATAAGGTCTAGGGATTTTGGGGAGGTTGGCCTGGG
GCTCCTGAGCTATAGTTGTCTTCCTGCCTCAGTTTCCCATGTAGTTAGAACTGTAAGTGTCGCTTACTGCAACCAGCTTTTTATATTCTCATCTTTCCGTTTTATATAGTATATAAATCTGTTATTTACTGTTTTAACGTTGAGAAAATC
ATTTACTTACTATGTTGTGCAAGGGAGTGTCACATCCTGCTTGGTGGCAGATGTCTTTATCTGCTAAGCTGTCTTGCTGGCCCTTCAAATTTTTCTTTTTTGTCCATTATTTATTCTGTTTTACATCCATAACTGTCCTTTTTGTGCTCT
ATATTTCTAGAATGTGCACTCTCTGTGTGTACATGGTTCTGCAGACCGCTGTTGTAGTTGAGGCATCTGGAACGTGTGAGCGTGCGCCCCCTGGTGGTTAGTCTATTGTTTTACTTAGCCAAACTATGGCCTATTAAAACTCTGGTTTTA
GTTGCCAAACAGGCTAGCCTGTGGCTTCGAGAGAAAGAAGCTGAGTTCCAGGGAAATAAGGTGACAGCCAATCTCTTGTCACCCACAAGCAGAGCCTGAGACAAGAGGTTCTTCTCAAGACCCTTGGGGCTGGGAGGAGGCTTCCAGATC
TAATATGTCAGTCCTAGGGCATTTGAGGAGAAAGCATGGATGGGAGAAATTCCATCTTCGCCCGAGTGCCTCTCCCCAGCAAAGTCTGCACCCATCTGACTGGGAATGCCTGCGGCTGCATTAGGTCAGTAAGTGGCAGTGTAACAGCAA
GGACAGTCCTTCCCCAACCATGGCAGTGATGAGGACTGGGTAACAATGGTTCCTCAGCCTCTCTTTGCCAATACCCTCAGGCACCCTCCGTCTCTAAGAAGTATGTCTGCTCAACAACCCCCAACTTCTTGGGTTTTTTTTTAACATTGA
TTTTATTTTATATGCATGAGTGCTTCCCCTGCATGTGTGTATGTGCATCATGTGCACGACGGTAAGAAGAGAGTGTCAGATCCCCCCTAGAACTGGAGATGTGAATGCTTGTGAACCACTATGTGAGCATGCTGGACACTGCACCCAGGT
CTTCTGAAAGAGCAGCCAGGACTTCTAACCACTTAGCAGTCCAGCTTTTTTTTTTCTCAAATTTTTTTCCTTGAAACTACTTCTCTGCAGTTTGCTACTGGAGTTGAGGTTAGTGTGTGCTAGGTCTCCACAGAAAAGGGCTCACACATG
GAGGACCTTGGCCATCACCTGCCTCTGTAGATAAAATTTTGTTGGACCGATCTTGTATATTTGTTTCAAGACAGGGTTTCTCTGTGCAGCCCTGGATGTCCTGGAACTCACTTCAGGCTGGCCTCTAACTCACAGAGGTCTGCCTGTGTC
TGCCTCTTTTTTTTTCTCCTCTTTCTTTCTTTCTTTCTTTCCTTCTTTCTTTTTTAAAAGATGTATTTATTTATATGAGTACACTGTCACTTTCTTCAGACACACCAGAAGAGGGCACCAGATCTCATTAGCCACCATGTGGTTGTTGGG
AATTGAACTCGGGGCCTCTGGAAAACTCTTAACCACTGAGCCATCTCTCCAGCCCCTGTCTGCCTCCTGAGTGCTGGGACTTAAGGTGTGCTCCAGAACTACCCAGCCATGCCTGTCTTTTACATGGTTGTCTGTTTGCTTTTGTGCAAT
GGCAGTGGTGGGGAAGATGAACCCCACAGCTACTGTGCTGTCACAGAGATTAAACGCATGCTCTCCATCCAGTGTAGAAACTGCTGACCCCTTGTACCGTGTCCCCCAGACACTGAGTCGTGAGCATCTTTCGGTGTCATTTGCTTCACC
AGGGTGGTTGGTATGGAGTGCCCGGCGGTTCTCCGCGCAACACCTTGATTTCATTAGCGGCAGCACCGAAATATTAGTTTAACATTAAAATCAGAAATTATTACCCCTACGCGACATTAACATTACTTCTGGTTTGGTAGCGAATCCACT
AGTGTCAGGTGCCAATCACCTCCATTGTGTGAGTAGTTCTGCTAAAATTCTGTGGGAAAGGCCAGCAAGGTTTTAGTCTGAATTAGGCTAATGGCACAAACAAGTGAAGGAAGTAGTAATAAAAAATGTCTATAGATCTAACATGGAAAA
AAAATGTTCAGTCTTTCAACTCTGCTTTGAAGATACTGTAAGCAGTCTGTGTTAGGAAAACACTGCCCAAGGTTAAAGCACAGGCAGAGCACGCCTCTGAGTTCAATACTGCCTTTGACAATAATTGTACAAATTTTGAAAAATTGCCTG
GGTGATATTTTTTAATCTGAATTTAAAAGATATTCACATGTAGCATGTTTAACCCATCCCTAATGTATGCAGAGAATAATTTTTAGCTTTATGAAATGCTCTGCAGATGTATGGGGGAAAACAAACAAACAAACATGTGAGGTGTCAAAG
AAGTGAAAAAGATTAAAATATAAACATCCTTTGGGATATCTAGGAGAAAAGCAGGTCCCCATATTTCTGATTTTGTCCCACAAAAGTTGATGCCCTTTGCAGTATCCATATGTTCTGTTTGAAAACTGAGTAATATATCCCAACTGGAAT
GAAAATCTAAATTAAACCCTACATTGTTGAGGAGATTTGTGGAGTAGAAATATAGACATGGATCATCATCTTAGTTAGGCAGTCATTTAATTTTTAGCATGTGCCGCTGACTTCTGTGGTCTTTGACAGAGAAATGGTTATAAACTTGCT
CAACAGCTTGACTGGATATGAGGCTGGACAGTGGATTACTATTTAAATATTAGTTTAAACTGATTACGAAGAGCTGAGGCCTGCAGGGCCCGGGCATTGCACAAGATAAAAATATATCATCATGGATCTGAATTCATCTATGTCGGCGAC
GTCGCATGCTCCCGGCCGCCATGATCTATGTCGGGCTACCTTAAGAGAGCCGGCCACATCAGAGATTTTGAGACACATTACCCTGTTATCCCTAGGTAGCGAAAGCTCAGATCACCCATAATACCCATAATAGCTGTTTGCCAACCCATA
ATACCCATAATAGCTGTTTGCCAGATCTGAATTCATCTATGTCGGGTGCGGAGAAAGAGGTAATGAAATGGCATTATGGGTATTATGGGTCTGCATTAATGAATCGGCCATAACTATAACGGTCCTAAGGTAGCGAAACGCGCGGGGAGA
GGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGAAA
CTGATATTTTTACTCCGCCCTAAAACCTACGTCACCCGCCCCGTTCCCACGCCCCGCGCCACGTCACAAACTCCACCCCCTCATTATCATATTGGCTTCAATCCAAAATAAGGTATATTATTGATGATGTTACATCGTTAATTAACGATT
CAAGCTTAAGTAAGTGACTAGAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCAAATATTAGTTTCATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCT
CCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGC
CTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGA
GTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGC
TCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure 19. Putative Sequence of pSH_PPS50G-111s_PSPSC_PITR. The kanamycin resistance gene is in blue; the PacI
sites are in green; the inverted terminal repeats are in black, the packaging site is in yellow; the Gene Racer primer used to clone the
5' end of gLF is also in yellow; the gSTOP sequence is in red (the first 9 bases of the gLF ORF are in blue); Ins50G is in magenta;
Ins57-111s is in cyan; the I-PpoI, I-SceI, PI-PspI, PI-Scei and I-CeuI sites are in green; and the origin of replication is in cyan

GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTA
CCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTC
ACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGT
TGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAG
AAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTC
TTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTG
ATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTA
TTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTAAATTGTAAGCGTTAATATTTTGTTAAAATTGGGCCCTGCAGGCCTCAGCGGCCGCTCTTCA
TTTAAATGTTAACATTAAAATCAGAAATTATTACCCCTACGCGACATTAACATTACTTCTGGTTTAAACGGCGCGCCGCGATCGCGGCCTGGGCTACCTTAAGAGAGCCGGCCACATCAGAGATTTTGAGACACATTACCCTGTTATCCC
TAGGTAGCGAAAGCTCAGATCACCCATAATACCCATAATAGCTGTTTGCCAACCCATAATACCCATAATAGCTGTTTGCCAGATCTGAATTCATCTATGTCGGGTGCGGAGAAAGAGGTAATGAAATGGCATTATGGGTATTATGGGTCT
GCATTAATGAATCGGCCATAACTATAACGGTCCTAAGGTAGCGAAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTC
AAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAA
TCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCT
TTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATC
GCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAA
AAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure 20. Putative Sequence of pØØ_PSPSC. The ampicilin resistance gene is in blue; the I-PpoI, I-SceI, PI-PspI, PI-Scei
and I-CeuI sites are in green; and the origin of replication is in cyan
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EcoRI and blunted. pSHCB was digested with SwaI and
dephosphorylated, and the HSVTK was ligated into the
pSHCB backbone to generate pSHCB_HSVTK. The
poly(A) addition signal of rat guanylate kinase 1 was
amplified from rat genomic DNA using primers 5'-
ACATCTATTCTCCCTGGGCTATTT-3' and 5'-TCC
TTCCTGGCAAGTGGTGT-3'. pBS_KS+ was digested
with EcoRV and dephosphorylated, and the guanylate
kinase 1 poly(A) addition signal was ligated into the pBS
backbone to generate pBS_(rGUK)pA. pBS_(rGUK)pA
was digested with EcoRI and HindIII and blunted.
pSHCB_HSVTK was digested with NotI, blunted and
dephosphorylated, and the (rGUK)pA insert was ligated
into the pSHCB_HSVTK backbone to generate
pSHCB_HSPTK-pA. pTRE-Tight was digested with XhoI
and EcoRI and blunted. pSHCB_stopHSVTK-pA was
digested with AscI, blunted and dephosphorylated, and
the TRE-Tight promoter was ligated into the
pSHCB_HSVTK-pA backbone to generate pSHCB_
Tight-HSVTK-pA. Stuffer DNA 53 was amplified from
chicken genomic DNA using primers 5'-AACCGTCCA
CCTACCACCAAC-3' and 5'-CTGTCAGCCTCATTTC
ACAAGATT-3'. pBS_KS+ was digested with EcoRV and
dephosphorylated, and the stuffer DNA 53 amplicon was
ligated into the pBS backbone to generate pBS_Ins53.

pBS_Ins53 was digested with SmaI and SalI and blunted.
pSHCB_Tight-HSVTK-pA was digested with FseI,
blunted and dephosphorylated, and the Ins53 insert was
ligated into the pSHCB_Tight-HSVTK-pA backbone to
generate pSHCB_Ins53_Tight-HSVTK-pA. pSHCB_
Ins53_Tight-HSVTK-pA was digested with I-CeuI,
blunted and dephosphorylated, and a PI-PspI site (5'-
ACCCATAATACCCATAATAGCTGTTTGCCA-3') was
ligated into the pSHCB_Ins53_Tight-HSVTK-pA
backbone to generate pSHP_Ins53_Tight-HSVTK-pA.
pSHP_Ins53_Tight-HSVTK-pA was digested with PI-
SceI, blunted and dephosphorylated, and an I-SceI site
(5'-ATTACCCTGTTATCCCTA-3') was ligated into the
pSHP_Ins53_Tight-HSVTK-pA backbone to generate
pSHPS_Ins53_Tight-HSVTK-pA. pSHPS_Ins53_Tight-
HSVTK-pA was digested with HpaI and PmeI and
recircularized to generate pC-II_Tight-HSVTK. The
sequence of pC-II_Tight-HSVTK is shown in Figure 22.

Construction of the C-III cassette:
Stuffer DNA 56 was amplified from Chicken DNA

using primers 5'-AGGCTGAATAAGACAGTAGTGG
TGA-3' and 5'-GTTTCGGAAGTGCCTGCTAAG-3'.
pSHcnB was digested with PmlI and dephosphorylated,
and the stuffer DNA 56 amplicon was ligated into the

GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTGATCCTCCGGCGTTCAGCCTGTGCCACAGCCGACAGGATGGTGACCACCATTTGCCCCATATC
ACCGTCGGTACTGATCCCGTCGTCAATAAACCGAACCGCTACACCCTGAGCATCAAACTCTTTTATCAGTTGGATCATGTCGGCGGTGTCGCGGCCAAGACGGTCGAGCTTCTTCACCAGAATGACATCACCTTCCTCCACCTTCATCCT
CAGCAAATCCAGCCCTTCCCGATCTGTTGAACTGCCGGATGCCTTGTCGGTAAAGATGCGGTTAGCTTTTACCCCTGCATCTTTGAGCGCTGAGGTCTGCCTCGTGAAGAAGGTGTTGCTGACTCATACCAGGCCTGAATCGCCCCATCA
TCCAGCCAGAAAGTGAGGGAGCCACGGTTGATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCACGGAACGGTCTGCGTTGTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCGATTT
ATTCAACAAAGCCGCCGTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGAAAAA
GCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCAC
CATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTATTCATTCGTGATTGCGCCTGAGCGAGACGAA
ATACGCGATCGCTGTTAAAAGGACAATTACAAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGA
GTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGG
GCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTG
TATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTGCAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTGTTGAATAAATCGAACTTTTGCTGAGTTGAAGGATCAGATCACGCATCTTC
CCGACAACGCAGACCGTTCCGTGGCAAAGCAAAAGTTCAAAATCACCAACTGGTCCACCTACAACAAAGCTCTCATCAACCGTGGCTCCCTCACTTTCTGGCTGGATGATGGGGCGATTCAGGCCTGGTATGAGTCAGCAACACCTTCTT
CACGAGGCAGACCTCAGCGCTAGATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTAACTATAAC
GGTCGCTACCTTAAGAGAGCCGGGGTAGCGAAAGCTCAGATCGTGTCTCAAAATCTCTGATGTGGCCGGCCAGGCCGCGATCGCGGCGCGTCGAGTTTACTCCCTATCAGTGATAGAGAACGTATGTCGAGTTTACTCCCTATCAGTGAT
AGAGAACGATGTCGAGTTTACTCCCTATCAGTGATAGAGAACGTATGTCGAGTTTACTCCCTATCAGTGATAGAGAACGTATGTCGAGTTTACTCCCTATCAGTGATAGAGAACGTATGTCGAGTTTATCCCTATCAGTGATAGAGAACG
TATGTCGAGTTTACTCCCTATCAGTGATAGAGAACGTATGTCGAGGTAGGCGTGTACGGTGGGAGGCCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGAATTCGCGCCGTTTAAACCAACATTTCGAGGGGGGATC
GAAAGAGCCTGCTAAAGCAAAAAAGAAGTCACCATGTCGTTTACTTTGACCAACAAGAACGTGATTTTCGTTGCCGGTCTGGGAGGCATTGGTCTGGACACCAGCAAGGAGCTGCTCAAGCGCGATCCCGTCGTTTTACAACGTCGTGAC
TGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCTTTGCCTGGTTTCCGGCA
CCAGAAGCGGTGCCGGAAAGCTGGCTGGAGTGCGATCTTCCTGAGGCCGATACTGTCGTCGTCCCCTCAAACTGGCAGATGCACGGTTACGATGCGCCCATCTACACCAACGTGACCTATCCCATTACGGTCAATCCGCCGTTTGTTCCC
ACGGAGAATCCGACGGGTTGTTACTCGCTCACATTTAATGTTGATGAAAGCTGGCTACAGGAAGGCCAGACGCGAATTATTTTTGATGGCGTTAACTCGGCGTTTCATCTGTGGTGCAACGGGCGCTGGGTCGGTTACGGCCAGGACAGT
CGTTTGCCGTCTGAATTTGACCTGAGCGCATTTTTACGCGCCGGAGAAAACCGCCTCGCGGTGATGGTGCTGCGCTGGAGTGACGGCAGTTATCTGGAAGATCAGGATATGTGGCGGATGAGCGGCATTTTCCGTGACGTCTCGTTGCTG
CATAAACCGACTACACAAATCAGCGATTTCCATGTTGCCACTCGCTTTAATGATGATTTCAGCCGCGCTGTACTGGAGGCTGAAGTTCAGATGTGCGGCGAGTTGCGTGACTACCTACGGGTAACAGTTTCTTTATGGCAGGGTGAAACG
CAGGTCGCCAGCGGCACCGCGCCTTTCGGCGGTGAAATTATCGATGAGCGTGGTGGTTATGCCGATCGCGTCACACTACGTCTGAACGTCGAAAACCCGAAACTGTGGAGCGCCGAAATCCCGAATCTCTATCGTGCGGTGGTTGAACTG
CACACCGCCGACGGCACGCTGATTGAAGCAGAAGCCTGCGATGTCGGTTTCCGCGAGGTGCGGATTGAAAATGGTCTGCTGCTGCTGAACGGCAAGCCGTTGCTGATTCGAGGCGTTAACCGTCACGAGCATCATCCTCTGCATGGTCAG
GTCATGGATGAGCAGACGATGGTGCAGGATATCCTGCTGATGAAGCAGAACAACTTTAACGCCGTGCGCTGTTCGCATTATCCGAACCATCCGCTGTGGTACACGCTGTGCGACCGCTACGGCCTGTATGTGGTGGATGAAGCCAATATT
GAAACCCACGGCATGGTGCCAATGAATCGTCTGACCGATGATCCGCGCTGGCTACCGGCGATGAGCGAACGCGTAACGCGAATGGTGCAGCGCGATCGTAATCACCCGAGTGTGATCATCTGGTCGCTGGGGAATGAATCAGGCCACGGC
GCTAATCACGACGCGCTGTATCGCTGGATCAAATCTGTCGATCCTTCCCGCCCGGTGCAGTATGAAGGCGGCGGAGCCGACACCACGGCCACCGATATTATTTGCCCGATGTACGCGCGCGTGGATGAAGACCAGCCCTTCCCGGCTGTG
CCGAAATGGTCCATCAAAAAATGGCTTTCGCTACCTGGAGAGACGCGCCCGCTGATCCTTTGCGAATACGCCCACGCGATGGGTAACAGTCTTGGCGGTTTCGCTAAATACTGGCAGGCGTTTCGTCAGTATCCCCGTTTACAGGGCGGC
TTCGTCTGGGACTGGGTGGATCAGTCGCTGATTAAATATGATGAAAACGGCAACCCGTGGTCGGCTTACGGCGGTGATTTTGGCGATACGCCGAACGATCGCCAGTTCTGTATGAACGGTCTGGTCTTTGCCGACCGCACGCCGCATCCA
GCGCTGACGGAAGCAAAACACCAGCAGCAGTTTTTCCAGTTCCGTTTATCCGGGCAAACCATCGAAGTGACCAGCGAATACCTGTTCCGTCATAGCGATAACGAGCTCCTGCACTGGATGGTGGCGCTGGATGGTAAGCCGCTGGCAAGC
GGTGAAGTGCCTCTGGATGTCGCTCCACAAGGTAAACAGTTGATTGAACTGCCTGAACTACCGCAGCCGGAGAGCGCCGGGCAACTCTGGCTCACAGTACGCGTAGTGCAACCGAACGCGACCGCATGGTCAGAAGCCGGGCACATCAGC
GCCTGGCAGCAGTGGCGTCTGGCGGAAAACCTCAGTGTGACGCTCCCCGCCGCGTCCCACGCCATCCCGCATCTGACCACCAGCGAAATGGATTTTTGCATCGAGCTGGGTAATAAGCGTTGGCAATTTAACCGCCAGTCAGGCTTTCTT
TCACAGATGTGGATTGGCGATAAAAAACAACTGCTGACGCCGCTGCGCGATCAGTTCACCCGTGCACCGCTGGATAACGACATTGGCGTAAGTGAAGCGACCCGCATTGACCCTAACGCCTGGGTCGAACGCTGGAAGGCGGCGGGCCAT
TACCAGGCCGAAGCAGCGTTGTTGCAGTGCACGGCAGATACACTTGCTGATGCGGTGCTGATTACGACCGCTCACGCGTGGCAGCATCAGGGGAAAACCTTATTTATCAGCCGGAAAACCTACCGGATTGATGGTAGTGGTCAAATGGCG
ATTACCGTTGATGTTGAAGTGGCGAGCGATACACCGCATCCGGCGCGGATTGGCCTGAACTGCCAGCTGGCGCAGGTAGCAGAGCGGGTAAACTGGCTCGGATTAGGGCCGCAAGAAAACTATCCCGACCGCCTTACTGCCGCCTGTTTT
GACCGCTGGGATCTGCCATTGTCAGACATGTATACCCCGTACGTCTTCCCGAGCGAAAACGGTCTGCGCTGCGGGACGCGCGAATTGAATTATGGCCCACACCAGTGGCGCGGCGACTTCCAGTTCAACATCAGCCGCTACAGTCAACAG
CAACTGATGGAAACCAGCCATCGCCATCTGCTGCACGCGGAAGAAGGCACATGGCTGAATATCGACGGTTTCCATATGGGGATTGGTGGCGACGACTCCTGGAGCCCGTCAGTATCGGCGGAATTACAGCTGAGCGCCGGTCGCTACCAT
TACCAGTTGGTCTGGTGTCAAAAATAATAATAACCGGGCAGGCCATGTCTGCCCGTATTTCGCGTAAGGAAATCCATTATGTACTATTTAAAAAACACAAACTTTTGGATGTTCGGTTTATTCTTTTTCTTTTACTTTTTTATCATGGGA
GCCTACTTCCCGTTTTTCCCGATTTGGCTACATAAATGAAGAGCGGCCTCGACGGTATCGATAAGCTTGATCAGACTAATAAAGTTTGTAAGGCAGAGGTGCCTTGGCTGCTGTTTCCTAGTGAAAGGGGCTCTGGGAACTTCAGGCTGG
GAAAGGGTAGAAGACCAGAAAGCTTACACACAAGGGTGGGACCAGGACATCTTCCTGCTTAGTATATGCTGACCTTTTGAAACAGAAAGGTGTGTGTGTGTGTGTGTGGTGGATAGGAAGTAAAATAAACCAGCATCTAATGAAGAGGGT
TTCATGTTGATTTGCCAGTCAGTCCCAGGAACACTCAGCACCTGGGTGCAGGCCTGGTAGAGGATTATAAACTATTCAAAGGGCCTCTGCTTGGCTGGCGATGCATGAGTGTCAATCTCCCAAATGCTGTGATCATCGAATTCCAATTCG
ATTCATAGGGTTGTTGGGTTGTTTTAAAAGGAACCTTAAATCACCTATTTTCAACCTCTGCCATGGGCAGGGATACCTTGCACTACATCAAGTTGCCCAAAACTCAATcctACCTGGcctTGAACACTTCCAGGGAGGGAGCATCCATGA
TTTCTCTGGGAAACCTGTTCCACAATCTCACCACCTTCCTAGTAAATGGTTTATTCCTTATATCTAATGTTAATCTCTTATCTTTTAGTTTAAAAATGTTATGTCTTGTCATATCACTGCATTCCATGGTAAAATGTCCCTCTCCGTCTT
TCCAGTTGACCTCTGTAAGTACTGGAAGACTGCTATAAGGTCTTCTTCTATAGCCTTCTCCCCATAACACAATCCTCAACTCTCCTAGCCTGTTTTCATACAAAAGATGTTTCTCGACCATTTTCTTGGTCCTCCTCTGGACCAACTCTA
AAAGATCTAGGAGTTCCTCTAAGAGAACTAAGAGAAGAGATCTAAGAAAAACTCTAAGGGTTTCTTATGCCAGGATAAAGCTGAACTCAGTACTTCAGATGGGATATCATGAGAGCAGAGTGGAGAGGGAGAATCACCTTACTTGACCTA
CCAACCTTATTTCTTTTGATGCATTCCAGATTGGATTTCTGGGCACGCATTTTTGGCTTAAGCTCAGTTCTTCATTGACCAGTACTGCCAAATCCTTCTCCATTGGGTTGATCTCAGTTGACTCATTTTACAGCCTGTATTCATGTTCAA
GATTGCCTTGGCACAGATGCAGGACCTTGCACTTAGTCTTCGTGAGTTTCATGTGGATCCATTTCTCAAGCCTGTCCAGGTCCCACTAGATGGCATTCCTTCCATTTATTGTGCCACCTTCACCATTCAACTTGGTATGATGTACACATT
TTCTGAGGATGAACTCAATCTCACTGTTTTGTCACAGATACAGAAGTTAAATTGCACTGATTCCTATCCcTGAGATATACCACTTGTCACTAGTCTCAATCTGAACATCAAATCATCAACCAGTTCTTTGAATGTGACCATCTAGCTGGC
CTCTTTCCCACCTAGTGGCTCATCTATCAAATTCTCGTCTCTCTATTGTATTGAAAAGAATGTTGTGTGGAACAATATCTAATATTTTGCACAAGTTCAGGTAGATTACATCATTTGTTTTTCCCTTATCCACCAATACTGTAACTCTGC
AGTAGCAGGCCACTATAAAGGTAGAGCCTCAAGTAACTGTTAGTGTGAGACTGGACAACACCCAAGAGACAATTAAGTCACATGGAGGAGCCTGGTGTCCTTTCTCTTAAATTGACTGATGTCTCAACCAGCCCTGGAAAAATCTAGAAC
AATGCTCAAGAAAACTTTAAGTCATGAGAAGGGGCCTGGTGTCACTTTCTTCAATTTCACAGGTGTTCGTTGTCTCAACCAGTCCTGGAAGTGGAGCCAATTACTGTTCCAAACAGGGACTAGGGGGGCCAACCTTTCCTTTTTTCCTTT
GATTCTATAAATAGAGGCTAGAGAGGCCAGCTCAGTCTTTTTTGCTGCTGCTAATCCTCTTCTCACTGCTGCTACTATCAAGCTGGGCCCGATCTGAATTCATCTATGTCGGTAGGGATTACCCTGTTATCCCTACAGGGTAATGGAGAA
AGAGGTAATGAAATGGCATTATGGGTATTATGGGTCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTAT
CAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGC
ATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAA
GCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGAC
ACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTA
CCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure 21. Putative Sequence of pC-I_Tight-LacZ. The kanamycin resistance gene is in blue; the I-PpoI site is in green; the
TRE-Tight promoter is in black, the TATA box is in green; the LacZ ORF is in blue; the sequence containing the (rGSTP)pA is in
red; Ins52 is in yellow; the I-SceI site is in gren; and the origin of replication is in cyan
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pShcnB backbone to generate pSHcnB_Ins56.
pSHcnB_Ins56 was digested with I-CeuI, blunted and
dephosphorylated, and a PI-PspI site (5'-
ACCCATAATAC CCATAATAGCTGTTTGCCA-3')
was ligated into the pSHcnB_Ins56 backbone to
generate pSHP_Ins56. pSHP_56 was digested with PacI,
blunted, and recircularized to generate pC-III_Ins56. The
sequence of pC-III_Ins56 is shown in Figure 23.

Construction of the C-IV cassette:
The tTA ORF was amplified from pTet-Off using

primers 5'-ATCGATCCGTCAGATCGCCTGGAGAC-
3' and 5'-
GATATCTTGTCCAAACTCATCAATGTATCT
TATCA-3' and the amplicon was ligated into pGEM

®
-T

Easy to generate pGEM_tTA. pGEM_tTA was digested
with SpeI and EcoRV and blunted. pSHCB was digested
with SwaI and dephosphorylated, and the tTA insert was
ligated into the pSHCB backbone to generate

pSHCB_tTA. The poly(A) addition signal of rat glucokinase
was amplified from rat genomic DNA with primers 5'-
GCAGGAATCATCTCCAACACTC-3' and 5'-
TGTTCACCCGAAGGCATATTA-3'. pBS_KS+ was
digested with EcoRV and dephosphorylated, and the
glucokinase poly(A) addition signal was ligated into the
pBS backbone to generate pBS_(rGck)pA. pBS_(rGck)pA
was digested with EcoRI and HindIII and blunted.
pSHCB_tTA was digested with NotI, blunted and
dephosphorylated, and the (rGck)pA insert was ligated into
the pSHCB_tTA backbone to generate pSHCB_tTA-pA.
pTRE2hyg (pTRE2hyg is part of the BD

TM
 Tet-Off Gene

Expression System) was digested with XhoI and EcoRI.
pBS_rN was digested with XhoI and EcoRI, and the TRE
insert was ligated into the pBS_rN backbone to generate
pBS_rN_TRE. pBS_rN_TRE was digested with XhoI and
EcoRi and blunted. pSHCB_tTA-pA was digested with AscI,
blunted and dephosphorylated, and the TRE insert was
ligated into the pSHCB_tTA-pA backbone to generate

GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTGATCCTCCGGCGTTCAGCCTGTGCCACAGCCGACAGGATGGTGACCACCATTTGCCCCATATC
ACCGTCGGTACTGATCCCGTCGTCAATAAACCGAACCGCTACACCCTGAGCATCAAACTCTTTTATCAGTTGGATCATGTCGGCGGTGTCGCGGCCAAGACGGTCGAGCTTCTTCACCAGAATGACATCACCTTCCTCCACCTTCATCCT
CAGCAAATCCAGCCCTTCCCGATCTGTTGAACTGCCGGATGCCTTGTCGGTAAAGATGCGGTTAGCTTTTACCCCTGCATCTTTGAGCGCTGAGGTCTGCCTCGTGAAGAAGGTGTTGCTGACTCATACCAGGCCTGAATCGCCCCATCA
TCCAGCCAGAAAGTGAGGGAGCCACGGTTGATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCACGGAACGGTCTGCGTTGTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCGATTT
ATTCAACAAAGCCGCCGTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGAAAAA
GCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCAC
CATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTATTCATTCGTGATTGCGCCTGAGCGAGACGAA
ATACGCGATCGCTGTTAAAAGGACAATTACAAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGA
GTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGG
GCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTG
TATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTGCAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTGTTGAATAAATCGAACTTTTGCTGAGTTGAAGGATCAGATCACGCATCTTC
CCGACAACGCAGACCGTTCCGTGGCAAAGCAAAAGTTCAAAATCACCAACTGGTCCACCTACAACAAAGCTCTCATCAACCGTGGCTCCCTCACTTTCTGGCTGGATGATGGGGCGATTCAGGCCTGGTATGAGTCAGCAACACCTTCTT
CACGAGGCAGACCTCAGCGCTAGATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTAACTATAAC
GGTCTGGCAAACAGCTATTATGGGTATTATGGGTGGTAGCGAAAGCTCAGATCGTGTCTCAAAATCTCTGATGTGGGGGCTGCAGGAATTCGATAACCGTCCACCTACCACCAACATTTCCCACTAAACCATGTCTCTCAGTACAATACC
TAAATGTTTCTTGAGCACCTCCAGGGTTGATGACTCCACCACCTGCCTGGGCAGCCCATTCTGCTGTCTGACCATTCTCTCAAAGAAGAATTTTTCCTAACATCCAACCTGAATCTTCTCTGGTACAACTTCAGGCCATCCCCTCTAGTC
CTGTTGCTAGCGTCTCACCCCGATTATCAGAGCAAGAGGAGATTCTTAGATATTATGTATACCTGATGTGATATTAAGAAACAGCCATTCAAATGTTGGTCTGACCAGCTTATTACAAATCCTAGATGGTAAGGGGAAGGGAAGGTGGCG
ACCATTATGAATTAGGGTGATGGGGAAGGGAAAGCAGGAGATAGGAAAGGTAGGAAAAGAGCAAGAATTACATGAAGCAGGGATAGTCACCACCAAGATCCATCAGCATCCGACTGCACACCGTTCTGGTGGCCCAAGGCCAATTCAGGA
ACAAAAATGCAGGAGAGAACAGCACAGAGTGGCTGCCCTTAGGCAGCAAGCAGGTACAGACAGGGCAGGCCCAAGAGAGTCTGTAAGCAGGGAGGCATCACGTCATGAGGCATCTCATATCAGACACCTAACATCTTGGATGTAGGTCCC
TTTTTTATCCTTCTTCTTCTGCCAGTGTGGCATTCCTGGGCACTTTGGTAAGAGTCACATGTAGAGATGGTCATATCCCTCGAGATGAGCCCACACAAAAGGCTGTTTCCTGGCCATTAAGATACTACCTATCTCTCTCTCGATACCCCT
GGCCTGCAGACCTCCAGACAAAAGATTTTTCCAACTTTGACCAGGACTTGCCTGGACTTGTCCATCTGCATTCCTCAGCAAGCTTTGAGACAAAGGTGCAAAAGGAATAACCTCTCACAGATAGTTACATGGGAGAAGAAACCCACTGGC
ACCTCATCACAGCCTCTCTTCAGGTACCTGTAGAGGGTGATAAGGTCACCCGTAAGCCTTCTCTTCTCCAGACTAAACAATTCCAGCTCCATCAGATGCTTTTCATAAGACTTTATTTATAAGACTAATTCCAGCTCCATCAGATGATTT
TCATAAGACATAAGACTGCTCCAGACCCCTCACCGGCTTTGTTACCCTTCTCTGAACACACTCCAGAGCCTCAGTGTATTTCTGGTACTCAGGGGCCTAAAACTGAACACAGCACTCAAGGTGTGGCCTCACCAGTGCTGAGTACAGAGG
GATGATCACTTCCCTGCTCCTGCTGGCAGCACTGTTTCTGATACAAGCCAGGACGTCAGTGGTCTTCTTGGCTGCCTGGGCACACTGCTGAGCACTGACCAGCACCCCCGGCTCCTTTGCCTCCACACAGCCAGCCTGCCCTAAGCCTGC
AGTATTGCCTGCGGTTGTTGTGGCCAAAGTGCAGCACCTGGCACTTGGTCTTCTTCAACTTGATCCCACTGGCCTCAGCCCAGCTATGCAGCCTGTCCAGATTGCTCTGTAGGACCTTCCTACCCCCAGGCAGATTGGCACTTCCTCCCA
TCTTGGTGTCATCTGCAAACTTACTAAGGGTGCACTCAATGCCCTCATCCAGGTCATCAGTAAAGATATTAAACAGGACAGGCTGCACTTCTGACCCCTGGGGAGCACCACTTGTGACCGGTCACTGCCTGGATTTAACTCCATTCACCA
CCACCCTCTGGACCTGGCCATGCAGCCACTTCTTTACCCAGCCAAGAGTGTACCTGTCCAATGCACGGACTGCCAGCTTCTCCAGGAGAATACACTGTGGGAGACAATGTCAAAGGCTTTGCTGAAGTTTGGGACTTAAATTATTAGAAT
TTCAAAGGTAGTTAGAATTTGAATATTAGAATGTCTCAAAAATATGTTTTATATTTGAAATAAAATAAAATAAAATACATGTTGTCTATGTTTATATTGATAATAGAGTGACAGTGATGGATTTGTGAACTTACTTTTTTTTTTTCCCCA
AAAAATCTTTCCTTTAGAAGAATTCTAACAATGTTAGAAACTCATTTTCCTGCCCACTGTTTAGAAAAAGTTCACAAAATAAAAACAACATTTCGAAACGACAATGTATCTATAGTAAAGCTCAGCTCCAGGGCAGCTTCCACCCACCGA
AAAAATAAGTGGCTGTGGGGATGATAATTTTCGTAGTCTTTGAAACTTAGAGTAAGAAGAATGCCTGCTGTGCACTCCAGAGGAGCTGGTGAAGAAAGCTGTCATGGCCACAGGACAGAGGAGGTGGGACGCCGAGGACGCTGTCCGTAA
GTGCCCGTGTCCGCGGCTCCTGCTGGAGCGGCCCCGTGCGGGCGCAGAGCGGGCAAGGGCGGAACCTCCCGCTCCCTGCAACCTCGTCACATCCCACTAGATGGCACTACTGATCCACAGCAGCTGCTGGCGAGCCCCAGCCGCCACTGA
CGGAGCAGTCTCAAGTCACCGGTTTTGTTTTTCCCTGTTACAGCAGCACGCGCTTACAGAAAAGCCTAAGAGAAAACAAAACGAATCAAACAAACAAACAAACAAACAAACAAAAAAAAACTCCTCCCCCCAAAAATCACAAAAAGAACA
ACAACAAAAACCACCCGAAGTTTTTCAAAGGATTATAGAGATAGGATATGTCACTCCTTCTTCTTCCTCTTCTTCTCCTTCTTTTTTTAATCATAAAATGCCCAGCTCCCTCAGCCTTTTTCCACAGGAGAGGTGCTCCAGCTCTCCAGT
CATCTGCCCAGCTCTCCTTTGGATCTGGTCCACCAGCCCCACATCTTTCTTCTGCTGGGGGTCCCAGGCCTGGATGCAGTACTGCAAATGGGGCCTCACAGGGGGAGAATAGAGGAGAAAAATCATCTCTCCCTCATGGCCACAACTCTT
TTGATGCATCCCAGGGTCCTGTTGGCCTACCAGGCTGCAAGTGCAAAGTGCTAGTCCATGTTCAGCTTTTTGTCCACCAGTATCCCCAAGTCATTCTACACAGGGCTGCTCTCTGTAGGTTCTTCTCCCAGTCTGTACACATATCTGGGA
TTTTCCTGACCTAAGTGCAGCACCTTGCACTTGGCCTTGTTGAACCTCATTAGGTCCTCATGGTCTCACTTTTTCAAGCTTGTTCAGATCCCTTTGGATGGCATCCCTTCCTTCTGTTGTACCAACGCTAATCTTGGCGTCATCAGCAAA
CTTGCTGAGGGAGCACTCAGTCCTGCTGTCTATGTCACTGATAAAGATGTTGAAGAGCACTGGTCCCAAGACGGATCGATAGGGGACAGTACTCCCCGGTGGTCCCCACCTGGATGTAGAGCAATGGGAACTGAAAATCTAGTGAATATT
AATATCAGTTTGTATGGAAGGGTTACCACTAAAGAGAATATCTAGAGTCACTGTCAGCAGAATGTGTGGAAATAATAGCTGGACTACTACAAGATAGTTGAAAATTTAGTATGTGATTTAATTTTTCTTTTTGACATTTTCTTGTGAGTG
GTTCTGGGTAAGATAATCTCCTTATGACAGGGAGTTTCCAATCTTCTGGCTTGCCTGGGCTACACTGAAAGAAGAGGTATTGTCTTAGGCAACATATAAAATATATAATATGGTTAGTGTATATAAGCAACAAAGCTTCTTCTATTTTTA
TTAGAACGTAAAAAAAGAGAGAGCAACAGCATAAAACCTGTGGGATATTTCACCTTGTTTTTGTGCAACTAATTCATCAGTCTGACTCAGTGACAGTGGTTGCCATTCTTAGTGAGCTCTCGAGGTGTACATCAGGGATTTTTGATGAAC
TTTTATTCTTTCTGTGCTTCATCCTTGAAAATAGTTTTCACAAATCTACATACTGCCAAAAGTACTGCATCGAGGTCTGGGGCCCCCAACACAGGCGAGACGTGGAGCTTTTGGAGAGGGTCCAGAGGAGGGCCATGAGGGTGATCCAAG
AGATGAACATCTCTCCTATGAAGACAAGCTGAAGGAACTGGGCTTGTCCAGCCTGGAGAAGAGAAGGCTGCAAGGAGATCTCATTGCAGTCTTCCAATATTTAAATGGAGTTTATAAACATGAGGGAAATAAACTTTTTACATGGGATAG
GACTAGCGGGAATGGTTTTAAACTAACACAAGGGAGATTTAGATTAGATGCTAGGGGGAATTTTTTTTACTGACAGAGTGGTGAGGCACCGGCACATAGAATCATAGAATCATAGAATCACAAAGGTTGGAAAAGACCCACAGGATCATC
CAGTCCAACCATTCGCCCATCACCAATGGTTCTCGCTAAACCATGTCCCTCAACACAACATCCAAACGCTCTTTGAACACCTCCAGGGTCGGTGACTCCACCACCTCTCTGGGCAGCCCATTCCAGTGCCTGACCACCCTATCAGAGAAG
TAATATTTCCTAATGTCCAGCCTGAACCTTCCCTGGCACAGCTTGAAGCCATTCCCTCTAGTCCTATCACTAGTCACACGAGAGAAGAGGCTGACCCCCAGCTCACTACAACCTCCCTTCAGGTAGTTATAGAGAGCAATGAGGTGTCCC
CTGAGCCTCTTCTTCTCCAGACTGAACAAACGAGCACTATAAATTGTACAGCAGAGGTGCTCAGTGAATGAGGCAGAGCAAACACCAAAACTTGATGGCTTGTACACAGCGGTTTATTTAAGAACCAGTGGGACCAGATTATCTCCCTCC
CCAGGTCACTTCCCCACACACATTTTGTTCAGTGTGTCTGCACTTTTCAGCGGAGGTAATATCTGGCCCAGGGTCAGGCAGAAAGTCCTGTTAGAGTGTGCTGTGCAGTTGCTCACAGTTACCAGTCTTGGGCATTACTGGCTGAGGTCC
CTGGGTGTCCTCAGCTTTCATGCCACTGCTTTAACCCCGTTTGCACACTGTGTGGACTCTCACTAGTGTATAATCTCTGTGGTACTGCAGACTCCAAACTGGACACTGTGTTTCCGATCCAGACCCACAACTTCCCAAGTGGGTCACTCC
CTGACCTTCAGCATTCCCTTCCAGATGCAGTATTTTACATTCACCTTTGCTCCACACCTGGAGGTTCATGAAGAACCTATCGGTCCACTGCATGCACGCTTGCAACCAGGAGCCTAGTGTCTCTGGATGTGTATGCTCTGCATACAACAG
CATGCAGAAGCAGTCATCTGATGGGCAAGAAAAAAATCAAAGGTGTTCAGCCTTCTCCTGAAGGCTGTAATCAATCAAGTCATCTGCTCTGCCAGAGAAGTTGAACTCTATGAGTCTCAGAGCCTCAAAATAAATTCCTCTGTTGTGTGG
CAAACTGATCAGTAGCGGTAGACACCAGCTGTGAGTATTACACTGTCTCAGGAGTACATTTCTCCAACCTCTGAAAAATCTTGTGAAATGAGGCTGACAGATCAAGCTTATCGATACCGTCGACCAGGCCGCGATCGCGGCGCGTCGAGT
TTACTCCCTATCAGTGATAGAGAACGTATGTCGAGTTTACTCCCTATCAGTGATAGAGAACGATGTCGAGTTTACTCCCTATCAGTGATAGAGAACGTATGTCGAGTTTACTCCCTATCAGTGATAGAGAACGTATGTCGAGTTTACTCC
CTATCAGTGATAGAGAACGTATGTCGAGTTTATCCCTATCAGTGATAGAGAACGTATGTCGAGTTTACTCCCTATCAGTGATAGAGAACGTATGTCGAGGTAGGCGTGTACGGTGGGAGGCCTATATAAGCAGAGCTCGTTTAGTGAACC
GTCAGATCGCCTGGAGAATTCGCGCCGTTTAACATTTAATTCGATTTCTAGATTGGTGGCGTGAAACTCCCGCACCTCTTCGGCAAGCGCCTTGTAGAAGCGCGTATGGCTTCGTACCCCTGCCATCAACACGCGTCTGCGTTCGACCAG
GCTGCGCGTTCTCGCGGCCATAGCAACCGACGTACGGCGTTGCGCCCTCGCCGGCAGCAAGAAGCCACGGAAGTCCGCCTGGAGCAGAAAATGCCCACGCTACTGCGGGTTTATATAGACGGTCCTCACGGGATGGGGAAAACCACCACC
ACGCAACTGCTGGTGGCCCTGGGTTCGCGCGACGATATCGTCTACGTACCCGAGCCGATGACTTACTGGCAGGTGCTGGGGGCTTCCGAGACAATCGCGAACATCTACACCACACAACACCGCCTCGACCAGGGTGAGATATCGGCCGGG
GACGCGGCGGTGGTAATGACAAGCGCCCAGATAACAATGGGCATGCCTTATGCCGTGACCGACGCCGTTCTGGCTCCTCATATCGGGGGGGAGGCTGGGAGCTCACATGCCCCGCCCCCGGCCCTCACCCTCATCTTCGACCGCCATCCC
ATCGCCGCCCTCCTGTGCTACCCGGCCGCGCGATACCTTATGGGCAGCATGACCCCCCAGGCCGTGCTGGCGTTCGTGGCCCTCATCCCGCCGACCTTGCCCGGCACAAACATCGTGTTGGGGGCCCTTCCGGAGGACAGACACATCGAC
CGCCTGGCCAAACGCCAGCGCCCCGGCGAGCGGCTTGACCTGGCTATGCTGGCCGCGATTCGCCGCGTTTACGGGCTGCTTGCCAATACGGTGCGGTATCTGCAGGGCGGCGGGTCGTGGCGGGAGGATTGGGGACAGCTTTCGGGGACG
GCCGTGCCGCCCCAGGGTGCCGAGCCCCAGAGCAACGCGGGCCCACGACCCCATATCGGGGACACGTTATTTACCCTGTTTCGGGCCCCCGAGTTGCTGGCCCCCAACGGCGACCTGTACAACGTGTTTGCCTGGGCCTTGGACGTCTTG
GCCAAACGCCTCCGTCCCATGCACGTCTTTATCCTGGATTACGACCAATCGCCCGCCGGCTGCCGGGACGCCCTGCTGCAACTTACCTCCGGGATGGTCCAGACCCACGTCACCACCCCCGGCTCCATACCGACGATCTGCGACCTGGCG
CGCACGTTTGCCCGGGAGATGGGGGAGGCTAACTGAAACACGGAAGGAGACAATACCGGAAGGAACCGTCGACAATCACTAGTGAATTAAATGAAGAGCGGCCAATTCGATACATCTATTCTCCCTGGGCTATTTGTGTTCCTCTCCGTT
CCTCCTGCTGGAGCGGGACTGACATTCTAATAAAGTAATTACTGAGTTGTAGTGTCACAGCCCTCCAAACTGGGCTTACGGCCCCTGGCTGCCTACCCCTACCTGGTCAGAGCAAACGAGGGCTGCCAAGGGGACTCAGCATAGGTGTCT
GGTGGCCCTTGTCCCTGCCCACATCCGGGGTCCACCAGTCATCAGAATGCTGGCTAGGGTTGCTTGTGTTCTCATCTTCCCCTAGGAGCAGTCACCTGAGACACTCAGCGTAGGCTGGAATGGACAACTAGTGCTGCTGCCTCTTTGCAG
TTTGTGAGCCATTTGGGGACTCAGGGACAGACACCACTTGCCAGGAAGGAATCAAGCTGGCCGCTGAGGCCTGCAGGGCCCGATCTGAATTCATCTATGTCGGATTACCCTGTAGGGATAACAGGGTAATCCCTAGGAGAAAGAGGTAAT
GAAATGGCATTATGGGTATTATGGGTCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACT
CAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAA
ATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGC
TTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTAT
CGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAA
AAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure 22. Putative Sequence of pC-II_Tight-HSVTK. The kanamycin resistance gene is in blue; the PI-PspI site is in
green; Ins53 is in yellow; the TRE-Tight promoter is in black, the TATA box is in green; the HSVTK ORF is blue; the sequence
containing the (rGUK)pA is in red; the I-SceI site is in green; and the origin of replication is in cyan
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pSHCB_TRE-tTA-pA. pSHCB_ TRE-tTA-pA was
digested with HpaI and PmeI and dephosphorylated, and
the sequence 5'-GAAGTTCCTATACTTTCTAGA
GAATAGGAACTTC-3' was ligated into the
pSHCB_TRE-tTA-pA backbone  to generate pSH_TRE-
tTA-pA. pSH_TRE-tTA-pA was digested with I-CeuI,
blunted and dephosphorylated, and an I-CeuI site was
ligated into the pSH_TRE-tTA-pA backbone (I-CeuI sites
in the reverse orientation were selected) to generate
pSHC_TRE-tTA-pA. pSHC_TRE-tTA-pA was digested
with PI-SceI, blunted and dephosphorylated, and a PI-
SceI site was ligated into the pSHC_TRE-tTA-pA

backbone (PI-SceI sites in the reverse orientation were
selected) to generate pSHCS_TRE-tTA-pA. Part A of
stuffer DNA 54 was amplified from chicken genomic DNA
using primers 5'-GGCGGCTGCCTCTTCATA-3' and 5'-
TCCACATTGAGAAGGGACCATAC-3'. pBS_KS+ was
digested with EcoRV and dephosphorylated, and part A
of stuffer DNA 54 was ligated into the pBS backbone to
generate pBS_Ins54a. Part B of stuffer DNA 54 was
amplified from chicken genomic DNA using primers 5'-
AGGCTGTCTGTTGGCAGTCTTT-3' and 5'-CGTCTG
TTTCCCAGGTGCTC-3'. pBS_KS+ was digested with
EcoRV and dephosphorylated, and part B of stuffer DNA

Figure 23. Putative Sequence of pC-III_Ins56. The kanamycin resistance gene is in blue; the PI-PspI site is in green; Ins56
is in yellow; the PI-SceI site is in green; and the origin of replication is in cyan

GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTGATCCTCCGGCGTTCAGCCTGTGCCACAGCCGACAGGATGGTGACCACCATTTGCCCCATATC
ACCGTCGGTACTGATCCCGTCGTCAATAAACCGAACCGCTACACCCTGAGCATCAAACTCTTTTATCAGTTGGATCATGTCGGCGGTGTCGCGGCCAAGACGGTCGAGCTTCTTCACCAGAATGACATCACCTTCCTCCACCTTCATCCT
CAGCAAATCCAGCCCTTCCCGATCTGTTGAACTGCCGGATGCCTTGTCGGTAAAGATGCGGTTAGCTTTTACCCCTGCATCTTTGAGCGCTGAGGTCTGCCTCGTGAAGAAGGTGTTGCTGACTCATACCAGGCCTGAATCGCCCCATCA
TCCAGCCAGAAAGTGAGGGAGCCACGGTTGATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCACGGAACGGTCTGCGTTGTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCGATTT
ATTCAACAAAGCCGCCGTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGAAAAA
GCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCAC
CATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTATTCATTCGTGATTGCGCCTGAGCGAGACGAA
ATACGCGATCGCTGTTAAAAGGACAATTACAAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGA
GTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGG
GCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTG
TATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTGCAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTGTTGAATAAATCGAACTTTTGCTGAGTTGAAGGATCAGATCACGCATCTTC
CCGACAACGCAGACCGTTCCGTGGCAAAGCAAAAGTTCAAAATCACCAACTGGTCCACCTACAACAAAGCTCTCATCAACCGTGGCTCCCTCACTTTCTGGCTGGATGATGGGGCGATTCAGGCCTGGTATGAGTCAGCAACACCTTCTT
CACGAGGCAGACCTCAGCGCTAGATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTAACTATAAC
GGTCACCCATAATACCCATAATAGCTGTTTGCCAACCCATAATACCCATAATAGCTGTTTGCCAGGTAGCGAAAGCTCAGATCGTGTCTCAAAATCTCTGATGTGGCCGGCCAGGCCGCGATCGCTGATTTGTTTAAACTGATATTTAAA
TTCTGATCCACGTTTCGGAAGTGCCTGCTAAGGGTCCTGTTCTTTGGGTCCTCCGTAAATGTTTCATCCAAAGCAGTTCATTCTCTCTTCTACCACCTGACATTATTTCCTGTACTGAAGCACAGCTCTAAGTGGGGGCCAAACCAAGGG
GAGAAAAGCCTCTTTAGTGCACTTAAGTCCATGGGAATGGAGAAGAACCACTCGTAAGCTCTTGTAGAAGCTCTTTGATTTTGATGATCAGCTCTCTTAGGCATTCAGAACTGGGGTATAAGCTCTTTAGGGAAGCATTTTTTAGTGGAA
GGATTTAAGTACTACTGGCTGATATGTCTGTTGGCAGGATCCCAAGAGCTGGCTGGAAGAGGCCTCTACTGCGAAGGAAATGCTGAAATAAGACTTTTATAACTTGCATAGCAGCTCCTTAAGGGCTGAGAAGACTCCACAGGGAAGAAG
CGAGTGGGATGTAGCTAGGAGGAAATTCCTTGTTGGACTTGAGCTCTGAAAGTAAATGAATGAGCCTGGTTTTATCTAGGCATGGCTCAAATAACATTGCATCTGGGCATTGTTTTACTCAGACAGGACCGGAAAGGGACAGTGTGCTCT
CGATTGTTGCCATGAAGTACAGTGGGAAAGACAATAGCGTGCTTATCGGACTTACAAGAGTTTTGTTTTTCACCTCTAAACAGCTTTACCGACTACTGGAAATGAAAGGAAAGGCTGAAATGTGTGAATATGAATGTAATTCTTGGTGGT
TTCAGCCCAGGTCTTAGTGAAGGCCAAATAGGACTGCCTTCATTCTCTGTCTCCACGGTTAGCCCGGCATACTGCATGACTGGGCTCCAGGTTCTTGGCTTCAGGCTATGCTTTTGCAGTGTTGACTTCAGCAGAGGCCATGGTTGATCT
TGGATCTGGGCCATTTCAAGGTCTTTGTTGTCTGTATGGCACTGAAAGGCACCATCACTTTGTTAAATAAGTCAGTACTAGAAGTCCTTTAGGCCAGTCCTACTGATGATCTAGCCTGACCTTTACATGGTTCACCAGCTAACTGGGTCA
AGGCACCCTGTATCTGTAGACATAGGACTGAAGGTGCAACTTAGAAGAGGTATATGTCCATGTCTGCTATCCCACAAGTAACTCCTAGGTCGCGCAGCGGGCTTAGCTGGTACTAGGGCAGATCCCTGGGCCCTCTGTATTGCAGCAAGG
TCCTTCTGGGCTGGGGACGGGCAGTGTTCATGCACCAAAAGGGAGCAGAAGATGGCTTTTCCTGAGCGCTGCCTTTGCCTGTACGTATGCTGGCCCACAGCCAGGATGGAAACTCTGTCCTCGTGAGCAGAGAGTGAGCTGGGAGGGGCG
AGAGGCAGTGGGGCCCAGGAGCAGAGGGGTTGAAATAAAGGCAGCGACCTACACAAAGAGCAGCCCCTGGGTTCTTCACGCATTGCTGGCACGTGGGTGTGGGCACAGGTCATTCCTGGATATGTGACAGAAGATAAGAGTAGAAGGCAA
AAGGAAGGATGCTGGGCAACTACATTAGGTGTTGTTTGGCTCTGCAGTCCCTGAAGTGGGATCTGTGAATTCTGGCTAGGGCTGTGGTCTGGCAGTAGTAAGGCAGATACTGCTGCGTGGGCAGTCGGAGGGGCATTACTTTATTTTTAG
CCATGCCATCCTTAAATGAAGCAGGTCTGGGCTCCTTTGTAAGTCAGTATTGCTAATGCTGACAGAGGTTTGTTTCATGGGTCTTGTTCCTTCCAGCTGAGAGCTATCAATCTGGTTTGGAGGCTGTAGTAAGATAGGCTCTGTGCACAG
ATGCTTGCAGCCATCCCTGGCTATCCTCATTAGGCATCACAGTGTGTAATTGGATTTGCTGAACAATCTGGCGTTTGAGGTGCTCATCTGGTTCAGGTTTTGTCTTGGTTAGGTGTCTGTAGAAGACTGCGTGGTGGAAAACCTTGGGGA
AGCACTCAGAAGAGTCCCTTCTGGGGACTGGCAACCCACTGGAAAGGCTGTTTCAGAGGACATGGATTTACTGCTGTTCATAGCCAGAATTGTTTTAAATGGCTAGGGACTCTGCGTTTTAACTATTTTCCCTTTAGGAATAAAGGTGGT
GAAGGGTTTCTGTGATCCTTCCACATTTAAATGTTCTGTAGGATGCCCCCCATTTGTTAAGTCATTTAGGCAGATGTGTAGGTCTGTGTGCAAGCTGCCATCCTTCCAGCACAGCCCTTTGGTTTCCAGCACAGTGTATCGTTTCCTCGT
GGGAAGTCAGAGCGGGACTGTGTGCGACACAGCCTCACATCTAATTGAAGACAGTGGGCTTTGAGCATACACTTAAAATTAAACACCTGCCTAGGTGTTTCCCTCATCACAAGCGGTCTCGCACACACAGTGGTATTCTGTTGGATCATT
TTATATCAGCGATATCCTTGAACAGCACTTTCCTCTTCATATCCTGTGAGACTCCTTGCCAAGGTCTTGCTGACGAGGCACAGTCCTGCGAGCAGTTCAGGTGAGATGCTTTCACCGCCCTGGTATTTTGCTAGCCCCGTGAATAGGCAT
GCATCTGCGAATGATTAAATCAACCCATCAGGGTGTCATCTGGAGAGGAACAAACGCTGAGCTTGCTTTGCGGGCGGGGGGAGGATCAGATCCCCCTCTGTATTTTCTGCTGAAAGCTCTTCCCCTCTGCAGATGTGCAGCTGCCGGCGT
TCCTTGCCAAGAGGCAGCCGTGACTTACAGAGCTGGGAACATGCACACATCTGTTTGCAGAGGAGAGCAGGGAAGAGGCCTGCTTCTCCTGTCCTGGGGGATTATGTTCTCATGATAGAGAGCGCCAATTTTCATGGAGGGAAACGGCGA
ATTTCTCAGGGCAGCGCGAGGGCACTTCATAAATACGAGTTCTGTTGGTAGTGTCAGCCATACAGCGCCTTCCTCAGTTAAAAAGGAAAGAATTCCCAAAGACTTCTCAGACAGTTGGAGCTTTTTCTTTAGAAACACTAAGCCCCCCTG
CACGTAGATCTGTATTCCGCACACAGAACTGGGTATTTCAGCTGCCAAACATGCTGTGAGCATAGGCTGTGTGGCTCCTTGTAGGTAAGAGCTGAGTCTTGGATCACCCAGAGCTTGTTGGGGCTCTTCTGAAATTAGCATCTGGCCAAA
ACCAGATTTGAGGTATCGTTCACTGTCTGCTATAGTCAGTGGGATCTTTTCCATGAATTCAGTGAGCTTGGGATCAGCGAGCTGTAACCGAGAATCTGTTTTTCCCTGCCTTGACATGTTAGGCTGTGTGCATAGTAATTTGTGGCCCAG
TTCTGCAGGCATCCTGAAAAGAGATGTGTAAGGCGTTGAGCTTTTTCCAGATGATGTAAGAAACCCTGATCTTGCTGGCTGCCCTTTTTCAGCTATGTCAAACTCGGAGAAAAGTTTCCTACTGGGAAATCGACACACGCTGTTGTTGGC
TTTTTTGTTGTTGTTGTTTTTGGGTTTTTTTTCATCAGATTTCTCTTTCCCCTGAGATTACTTTGAGTGACTCCAAGTTGAAGTCCTGCCTTGGCGTCACCTCTCACATAAAACAATCCTGTACTTTTGTTGGTGGAAGACACTGCCACT
TCTGCTGTGCTAAAGCTTGTCCCGTCGGTGTCCTCATGTTTGCGCAGCAAGAAGCTTCCCTTGTAGGATGGTGGGTGGGAAACAAAGGTTTCCCCTGTTAAATTCCTGAATTTCTCCACTGGACAAAGAGAGGCGCTTTGGGGCATGTTT
CAGGGAAAAACAAGGCTACCTCTAAAAGCCTCACATTTTGTAAAACATTCAAGATTTGATGAGGTTACTTTTAAATAATATATTCTGGTCTGTATATTGTTTAACGTGCCATCTGCATAATGCTTGCTTGCTTGGGGCAAAACTGTTTTT
CTCATCCAAAGGAATCTGGAAGCATTGTCTGAACAAAGGACATGCCCTGCTGGAGCGGTGAAGCACTTCAGCTCCAAGGGGCGATCACCGCAGGAGCACAAATCCCAGCTTTTCTGTGCTTCATAGAATCATGGAATGGTTTGGGTTGGA
AGGGACCTTTAAGATCATGTAGGTCCAACCCCCTGCTATAGGCAGGGACAGCTCCCTCTAGACCAGGTTGCTCAAAGCCCCATCCAGACTGGCCTTGAATGCCTCCAAGGAGGGGGCATCCACAACCTCTCTAGGCAACCTGTTCCAGTG
TCTCACCACCCTCACAGTAAAGAATTTCTTCGTAATATCTAGTCTAAACCTACCCTCTTGCAGTTTTGCCTTTAACCTGCTGCTCACACTTCTCTTGTTGCAACCCAGGATACGGTTGGCCTTCTGTGCTTCGTACCAAACTGTTCACGC
ATGCTGATGATCCCAGTCCCTCTGCTAATTCACACTCCATTCAGCCCTCTGCTCAGGTTGTTGGTTGTTTTTTATAAACTTCAGATTCCATGTAAAGATACTTTTTGGAACAATCAAGCCTGATCTTGGACTACATTACTTAAAAATAGA
AAGAAAAAAGGCATTTTCAAAGAGGGGCTGGAAACAGTTCATCGCCAGCCCATTCTTTTTTTTTTTTGCTGATGGGCTTAAGTAGTTGAGCTGTCGTGCTGTTTCTCTTGCACATGTAACTCATTCTTTTTTAATTCGTGAACAGTATTT
TGCAATAGAGGAGATTTTGGTACGATTACCCACGAAATGCTTGAATGCAGAATTAAGCAGAAGATTGTATAATGCAAGTTTTCTTCAGCAGTTGCTTCAGCGTGTCAGCAGGACTTGGTGATAGGCTGATGAAGCACAGCAGGATGTATC
TGGATGAGGTCACCAGAAAAACAAATTCTAAAGGGAGAGCTTAAGCCCTTCAGAATCTAGTTACATTTTACTAGGAGATGACATTTTAAACTCGAGAACCTAACTTTGTATGCTTCCTTCAGTGTGCACCAAACGCTTCCTTGAATCACT
TTTTCTGGGCACACCGTATCTGATTGTACTGAACGTCTCAAAAGCAGTTTCAGTTGATCTGAAACCATAAGAAATGTATTCACTCAGCAAATCTATTTGTGATTGCTTAGTTTTATGGGATAGCTGTATTCTCAAGAGCCGTGCACCTCT
AATATTTCCTTTGCTTAGGAAGGCATGTTAAAAAAAACCCTTCTTGCTAGCCTGTTTTACTGCTGAAATTTCCCTCCTGCCATGTTTTTCTTTTTAATACAAATGGAACGAACCCGCTAAGAGAAGCAGACGGCAGATTTTTATTAAGTA
AACGCTATCCAGTATGAATGTTTGAATTACTACATGTGGAAGAGATGGGAAGAAGAATGCCTACTCGAATGCCAAACATTTTTCATACCAGCCAAGAAGTAAATCAAGTATAGCATTGCATAAGCTCATCTGCTTGAAGGAAATGTTTGG
GGAATTTACCCTAAAACATTGAGTTTGGGCTTAGTTTGCCAGTAATGTCCATAGCCGTGCTCTTTTCAGTAAATCTGACCTATTGAAAGATCTGTTTTGTTCAGCCATGGATAACTGAAGCAACACCTCTGTACAAAGCAGGTGGTTCTG
GGGAGGCATACCTCCCTAAGTGGCCAGTTAGTAGGTTATCTAATCTAGCGGGTGTGTTTATTTGTTAAACTTACTGTCTTCTGGAGGGAGATTTATGGAAGAGCCTCTTTCCTGGGCTGAGCCCTTTGAGCTGAGTTTGTAAAGCTTATA
TTTTTGGGGGGCAAGGAAAATGGGAACTTCACGGAGGAAGCTGTGGATCACTGGGGCATTACAGCATTGTCCTAGGATGGCCACCTCCCTCCTAGTGTTGGTGATCTGCTTTGGGAGGCCTCATCTCTTGTCCTACAGGAAACATTTGGA
CTTCCTGATGCCACAGGGAAATCTGTAGGACTTGTTCCCCCCAGTAGAGGCTTAATGGGGATGAGCTGAGGGGGCTTTGCTGAGGCTTCTGTGGACCTGTGCGTGTTGGTGAGGAGCAGAAGCAAGGTGAATATGGAGGATTGTGTGCAG
TACAAGCCACACCATGCCTCACATCAGTGCCTTGAGCAGGGCTGATTTTACCTCGCATTGGTCTGGAACAGCAAATGTTTATGACTGAAGATGAAAAAGAATGGTATTTACCGAATTGTCCAAGGGATAGGGGCTTCTGCTATGGGTCTG
GCTCCAAAAGACTCCTACTTGGTAGTTTGTTTTGGGTGCTGTAAAATACGCCCTTGTGAAATGCTTTCAGTGCTGGCTGCTCTGAAGAAATGTGCTTTTCTTGTGCGCAATAAACAGCATTGGGGCCCCATCCAGGACAACACTGAAACA
TCTTGGGTGGAGCATGCCCTTGTGGTTACCCTGGAATACAAAACTTGGATGCACTTTCTCTGGGTTGGAAGCTTCTATTAGGGAAGCTCCGCTTCAGTTATGAGATAAGGGCTCAGTGGAGGAAGTCGTGCATGGGTTCCCTGCTTGTGC
TCCCTTATCAGACAGTTTGGTGCACGTGAAAGAGAGTAAACAGTGGAAATTAAAAGACTCGTAGAGTACATATTGCCTTTAGCACATCCCTTGGAGAAGAGCTGTGAATAATATGTGCCCATTTGAGAAATTTCCAGTTTCTAGGTTTTC
TGCCATGAGAAACCAAGAAGATGCTCTCACTAATTTTCAGTACTTTTTGAACCCTGATCTCTTTGAAAGTGGAATAAATTTGGGAAGAAAATATTTTCTTCTTCTGATACTGTAGTGAAAATGTACACCATCCACCAGTATTTGCCAAGG
CAGTCTTCCTGATGGCCTCCCTGATTCCTTTCCCTGAACTGCTGGAGTTTATTAGGCACTGCTGAACCACGGAGGAAGAAGGACAGTGTGAACGTGTTAGCAATAGCATCATTTTGTGTCTTGCAGTAGCAGACATTTTTTCTGCTCACT
TGCTGATCAGTTGGAGTTTTTAGAAGATGAAAGGGAAAAAACCACAGTCTACTGGAAAAACTGACTGCCTGTGGCAGGGGGGTTGGAACTTGTTGATCCTTGAGATCCCTTCCAACCCAAGCCTCTCTGTGATTCTATGAAAGGTGCTCA
GTAATGGTGTTTTAAAAGGGAGAGAGTTTTGCAACTTCTTGCTTGTTTGTTTGATGTTTCACAAAGGAAATGAGAGTGAATTCTTTGTTTTGCTGTCACTGATGACAGATGATCGTCTGGTGGTGCAGGCTGGGAGGGACTGCAGGAGGT
TCCAGCCTCCTCGCTAAAGCGGGCTCAGCTCTGTGTTCAGAGCAGGTTTCTCATGTTGGGTCTTCAGAAAACTGCGGAGATGGAGGCTGCAGTACTGTTCCCATGCTTTATGATCCTCCTGGTGAAAAAAAACAAACAAAGCCTTTTTCT
TAGGTCAGATCTCTGTCTTGTTTCCAGCTGTGTGCATTGTTTCTCCTCCCACCTGAGAGAGAGGCACCCAAGGATGTGGTTTCATGTCATTCCCTGCGCTGCACCAAGCTTTGCATTACAAGGGGTGGCGCGTTCAGAAAGTCATTGCAG
ACTGTGGGAACCTGGGTCTCAAAGAGATTGGGACGTGCAGGCAGCAGCCCAGCTCCCACTTGGACATGCTCAGGTGCATCACAGGGTTGGTCTCCCCCTCTGCTGAGCTGCTGGGGCATGATGAAGCCCTTTAGACTGTGTCTGAACTCA
TGGTTCTTCTGGGAGTGCCTTCTTCAGGACCATGCCCCGTTATCTCAGCCATCTCCATGGTAGCAAGTTGTGCCAACTCAACTTGGCACTGAGCTGCGCAGACGTGTGGGCTGAGTGCCAGAGTCCTCAAGGTATGTCAGTGCATGAAGG
TGCAGACAGATGGTCTTCTTGGTTTTCCAGAGGTACTTAGGCAGAGACTCCTGTTGCAATTAGTGAGAAAGGAGTGAGCGCTTATGGGGGCAGCGAGCCGCACAGAGAGCAGCAGGGCAGAGGAGGAAGAGCTGTTCTCCCCCAGGATTT
GGGGTTGGCTTTTCCCCCTTTTATTGGCCAGGAGCGCAGTGACCCACGTAACCACAGGGTTGGGGCCAGCTCCCTCCCCCTGCTTCCTTTCCCTGGCAGGGAACAGGCGCTCAGATTTCCTCCCTAGCGCAGGCGGATGGGGATGGCGGC
TCTCGGCTACATTCCTTTTGGTACAAAAGAAAAGGAAAAACTGCTCTCCATGCAGGCAGATGGCTGACTGTTTCCTGGCAGCTCCACTGCACTGTCTTTTTTCCTATTGTCCTGACACACACACACATACACAGAGAGCAGCTTTCCTCC
TGGAAAAATAAATAAATGCAAGAGGTTGGTGGGGTTTTTTTGTTGTTGTTGCTTAGGGGTTGCTTTTTTTTTTGTTGTTGTTAAAGCTGTGCAGATTTCCTCCTCGTGATGGGTCATCTTTGGCAGCCCACACTGCGCCTGGCCTGGGCT
TTGCAAGAAAGGCTGAGCGGTGCGGTGGCGTGTGCTGTGCTGTGCTGCGCTTGGAAGGTCTCAGTAAGAAATGGGATCTGCAGTAAGCAGATCTGCGTTTGCAATGCCTTAGGTATGCAGGAGGGAGGCGAGGGGAAGTGGGGTCTCCAG
AACCAAAAGGCAATCCCCAGGAGGCTCTCTGAGCTGAGAGGGTGACGCTCAGAGGTAAGCTGTGGGCAGGTCGTGGGTTTGGGAAGCTCTGAGGTCTGCTGGAGCACACAGCTGGTGCTCCAAGGCCAGGGTGATGGGCGCTGCAGGAAG
CTGCGTGTTGGACCCTCCTCGGGAGGGGAAGCAGTCAGCATCCTGCAGGGTGAAGGCCACCGAAGGAGATATTCGCTGAGGCTCGGTTTATCTTCCCCAATGATAACTTATTTTGGAAGAATTGTGAGTTCTTCATTTTCATGTTCTCAT
TTCCTTTCCCAATGTGAGACAATTTGTCTTCCTGCCAGGAAACTCTTTGCAGAGTTGGTCCTTGAAGGGAGCTCTTTCGATCTCACTTGTGCTAGAATATCAGAGGTTATCTCACTGCACTGAAAATTAATTCCAGTGTTGTTCATGGTC
TGAATGCTCTGTTTTAGGGACAGGTTGTTTCCTAGGTTGTCAAATGTTTGACTTCCTTACAAGCTTAACAATAACTCTGAATTCTTTCCAGTTCTTTTTACACTAGAAGCGATTTACTGTCGTAGTAGGACTGGTGTATTCATAATATTT
GTAGCATTCCAATCAGAGGAATGAAAAAAGCTACACCAGTTGGCTATACTGGTAGAAATGTGCTATGTCAATAGAGCTTGGTCTTTGTTGGAGATGGTGCCAGTTCTACCGTATCTGTTAGGAATCCTGCCTGTCCTTGTGGCTGATGGG
CTGTTCTGCTGGCAGATGTTTGCTAGTGTAAATCTGGTCCATATTTCTGTTGCTTTATTCCATATTGATTGTGGTTGTCTTGTATGTGGGTAATTTCAAAGCCAAAGAAAACAGGTATGGAGTGCTGGCCGCACTGATGTCATCAGCAAG
CTTGCGTTTGCTTCAGGAACACAGGATTCACCACTACTGTCTTATTCAGCCTGTGGATTACTATTTAAATATTAGTTTAAACTGATTACGAAGAGCTGAGGCCTGCAGGGCCCGGGCATTGCACAAGATAAAAATATATCATCATGGATC
TGAATTCATCTATGTCGGGTGCGGAGAAAGAGGTAATGAAATGGCATTATGGGTATTATGGGTCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGC
TCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTT
TTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGA
TACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAAC
TATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTT
GGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTG
ATCTTTTCTAC
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Construction of a Multi-Functional Helper-Dependent Adenovirus Based System for Cancer Gene Therapy
GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTGATCCTCCGGCGTTCAGCCTGTGCCACAGCCGACAGGATGGTGACCACCATTTGCCCCATATC
ACCGTCGGTACTGATCCCGTCGTCAATAAACCGAACCGCTACACCCTGAGCATCAAACTCTTTTATCAGTTGGATCATGTCGGCGGTGTCGCGGCCAAGACGGTCGAGCTTCTTCACCAGAATGACATCACCTTCCTCCACCTTCATCCT
CAGCAAATCCAGCCCTTCCCGATCTGTTGAACTGCCGGATGCCTTGTCGGTAAAGATGCGGTTAGCTTTTACCCCTGCATCTTTGAGCGCTGAGGTCTGCCTCGTGAAGAAGGTGTTGCTGACTCATACCAGGCCTGAATCGCCCCATCA
TCCAGCCAGAAAGTGAGGGAGCCACGGTTGATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGCCACGGAACGGTCTGCGTTGTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGTTCGATTT
ATTCAACAAAGCCGCCGTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGAAAAA
GCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCAC
CATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTATTCATTCGTGATTGCGCCTGAGCGAGACGAA
ATACGCGATCGCTGTTAAAAGGACAATTACAAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGA
GTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGG
GCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTG
TATTACTGTTTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTGCAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTGTTGAATAAATCGAACTTTTGCTGAGTTGAAGGATCAGATCACGCATCTTC
CCGACAACGCAGACCGTTCCGTGGCAAAGCAAAAGTTCAAAATCACCAACTGGTCCACCTACAACAAAGCTCTCATCAACCGTGGCTCCCTCACTTTCTGGCTGGATGATGGGGCGATTCAGGCCTGGTATGAGTCAGCAACACCTTCTT
CACGAGGCAGACCTCAGCGCTAGATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTAACTATAAC
GGTCTCGCTACCTTAGGACCGTTATAGTTAGGTAGCGAAAGCTCAGATCGTGTCTCAAAATCTCTGATGTGGCCAGCTTGATGGCGGCTGCCTCTTCATATGGCCTCTCACACTCCTCCTCCCCTTTCATGAATCTCGATCAGCCTCTAC
TCTTTAGTTGCCATTAATGTTTCCTAAGGCTTGCTGTTGTTTCCCTACTGCCTGTACTGGAGGTGGTCATTTTGTAAGGACGGCAACAAGAAGCGTTGCTAGTGAGTCGTAGGATGGCAGCTGGAAGCGTTACTGCTTGGCCACGAGATG
GCACCGTAACCTAAGAACCGAGCAGGCTAATAAGGGTGTGTTGTGAGGTCGGCTTCTCTGGCACTAGCAGGGACAGACGTTAAACATGATAAAAACTTAACTTCCTAGGATTTGAGCGAGTTAAGAGACAATCTGGGCGATAGCACTCTT
CCTGTCTCTAACAAAACCAAAATACACAAAACCAAATGAAATTTTAACCAAAACACCGTGTCTGTTAATAGATAATTAAGGACAGGCAGCCTTCACTGGCACTTCAGAGTACTGAAGTTGTTGCGATGTCCCTGTGTTACCAAATGGTGC
TGGTTCTTTGCTTGTAAGCCCCTGAGTTTGACTGCCTGCTCTTTCAACGTTGCAGCAACCTGTGATGAAGAGGGATTTCTCTTCGTTTTTCATTCTTATGGGCTATTCTAAAACAAGGAGATGGAGGGGGGAGAAAGGATTGAGCAGTCT
CACCTGCAGAAGTTAACCACCTTTAATGAACTGCATGATACAAAATATTAAGGCTGTCTGTTGGCAGTCTTTAACTCAATGCACTAGTGCTGCCAAATACTGTATTTTCTATTTTCTTCTTGGACGTGGATCCAAGTGTGCTACAGTAAC
TGAAATCTGGCTTATTGTAATTTGCTGAAGTATGGTCCCTTCTCAATGTGGAAGGCTGTGGATGCCCCCTCCTTGGAAGCATTCAAGGCCAGTCTGGATGGGGCTTTGAGCAACCTGGTGTAGAGGGAGGTGTCCCTGCCTATAGCAGGG
CGTTTGAACTAGATGATCTTAAAGATCCCTTCCAAACCATTCCATGACTCTATGAAGTAACTAGCTCTTGATAAGCTGATGATCTGTTAGGCCAAGAACCTCTACATTTCGGCTCTGTGCTAGGGAAACTGCTCGTCCCTTGAAAAGATC
CATGCTGTAGGAGAGAACACTGCAAAGGACTGGGGCTCTTCTTTTTACATACCTCTCAGAAAACCTTGTCAGTGCACTCTTGCACATTTGTTTTATTGTGCTTTGCTCCTGCAAAGCTGGTCGGTACCCCACTTGACACCCAATCCTTCT
AGAGCAAGTAATTCCTTAAAGACAAAGTATCATAGAATTTGAATAAAAATTCTTACCAAGAGCAGAATAAAATATGAAACCATTTCATAAAAGTAATCTAGAAGGGACAAAACACACACAAACAACCCTACCTTTGCTACTGCATGTAGC
TTCCTGTCTCTTTAAAAAAGAAATGTAGGTGCTTGTCTTTTTATACTGAAATTACCCAATTTCTGCTTATACTGATGATACTAATTGCTTCACAGGGTCTTAAAAAAGAATGTGCAGCTGAAAAAAAACCTTCTGAAAGTGTAGTATGGC
TTTGCTATGTTTCCCACGTGGAAGCAGTCCAAAAGTAGTGCTTAATGTGACAAAACACAATAACTAGTGGCCTGATAAGCAAATATTTCCCTATTTCACTTCCTTCTTTCAAAAGCACTTGGCAATGTAAAATTTCTTTGGGACTCTTTG
AACTATTTATTTGAAAAACTTATTTTTTTAAAAAAGGCAATCTAGAGCACCTGGGAAACAGACGATCGAATTGGCCAGGCCGCGATCGCGGCGCGTCGAGCTAGCTCGAGTTTACCACTCCCTATCAGTGATAGAGAAAAGTGAAAGTCG
AGTTTACCACTCCCTATCAGTGATAGAGAAAAGTGAAAGTCGAGTTTACCACTCCCTATCAGTGATAGAGAAAAGTGAAAGTCGAGTTTACCACTCCCTATCAGTGATAGAGAAAAGTGAAAGTCGAGTTTACCACTCCCTATCAGTGAT
AGAGAAAAGTGAAAGTCGAGTTTACCACTCCCTATCAGTGATAGAGAAAAGTGAAAGTCGAGTTTACCACTCCCTATCAGTGATAGAGAAAAGTGAAAGTCGAGCTCGGTACCCGGGTCGAGGTAGGCGTGTACGGTGGGAGGCCTATAT
AAGCAGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCCGCGGCCCCGAATTCGCGCCGTTTGAAGTTCCTATACTTTCTAGAGAATAGGAACT
TCAACATTTCTAGTGATTATCGATCCGTCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCCGCGGCCCCGAATTCATATGTCTAGATTAGATAAAAGTAAAGTGATTAACAGC
GCATTAGAGCTGCTTAATGAGGTCGGAATCGAAGGTTTAACAACCCGTAAACTCGCCCAGAAGCTAGGTGTAGAGCAGCCTACATTGTATTGGCATGTAAAAAATAAGCGGGCTTTGCTCGACGCCTTAGCCATTGAGATGTTAGATAGG
CACCATACTCACTTTTGCCCTTTAGAAGGGGAAAGCTGGCAAGATTTTTTACGTAATAACGCTAAAAGTTTTAGATGTGCTTTACTAAGTCATCGCGATGGAGCAAAAGTACATTTAGGTACACGGCCTACAGAAAAACAGTATGAAACT
CTCGAAAATCAATTAGCCTTTTTATGCCAACAAGGTTTTTCACTAGAGAATGCATTATATGCACTCAGCGCTGTGGGGCATTTTACTTTAGGTTGCGTATTGGAAGATCAAGAGCATCAAGTCGCTAAAGAAGAAAGGGAAACACCTACT
ACTGATAGTATGCCGCCATTATTACGACAAGCTATCGAATTATTTGATCACCAAGGTGCAGAGCCAGCCTTCTTATTCGGCCTTGAATTGATCATATGCGGATTAGAAAAACAACTTAAATGTGAAAGTGGGTCCGCGTACAGCCGCGCG
CGTACGAAAAACAATTACGGGTCTACCATCGAGGGCCTGCTCGATCTCCCGGACGACGACGCCCCCGAAGAGGCGGGGCTGGCGGCTCCGCGCCTGTCCTTTCTCCCCGCGGGACACACGCGCAGACTGTCGACGGCCCCCCCGACCGAT
GTCAGCCTGGGGGACGAGCTCCACTTAGACGGCGAGGACGTGGCGATGGCGCATGCCGACGCGCTAGACGATTTCGATCTGGACATGTTGGGGGACGGGGATTCCCCGGGTCCGGGATTTACCCCCCACGACTCCGCCCCCTACGGCGCT
CTGGATATGGCCGACTTCGAGTTTGAGCAGATGTTTACCGATGCCCTTGGAATTGACGAGTACGGTGGGTAGGGGGCGCGAGGATCCAGACATGATAAGATACATTGATGAGTTTGGACAAGATAAATGAAGAGCGGCAATTCGATGCAG
GAATCATCTCCAACACTCAGGTCCCTGACCCAGGAGGAAGAAGCCACCCTCAGTGTCCCTCCAAGAGACCACCCAGGTCCTTCTCTCCCTCGTTCCCAAATGCCAGCCTCTCTACCTGGGACTGTGGGGGAGTTTTTATAAATATTTAAA
ACTACTTCAACATGGCCTGTCCGTTGTTCTTTGGCCTCCGTGGTGGTGACAGCAAAGAAACATCACTGATATACACAGATACTCCCTAAATTGGCTGTGTCTCTATTTGCTGTGCCCTGCACCACCACCACCCACCCCCCTGCCCCCAAC
ACTATTCCCCGGGGTGTGTGTGAGAGGTAGGCTGTAGGAACAGGAATGAAGTGACCTGGGGGGACACTGAATACCCCTGCTGGGCCCAGACAACCCCTCCCCCCAAGCTGCCCTTGCAACAGGGAGGTGCTGCTCCGGTCAGGGGTGGGG
GAGGGGTCGGTTCAGCTCTAGGATGGTCTCAGCCGCATTCTATCTCAGAACCAGGGAGGAAGCAGGAAGGGCCAAGGTTAGGAGTTGTTGAGCAATTTCTAAGGTCCCTCCAGAGGCTCTGGTAGATGACATCACTAGCAAAGGGCTTAA
TCTATGCAGCATTAATATGCCTTCGGGTGAACAATCAAGCTGGCCGCTGAGGCCTGCAGGGCCCGATCTGAATTCATCTATGTCGGGTGCTGCCATTTCATTACCTCTTTCTCCGCACCCGACATAGATGGAGAAAGAGGTAATGAAATG
GCATTATGGGTATTATGGGTCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGG
CGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGAC
GCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTC
ATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCAC
TGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAG
TTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC

Figure 24. Putative Sequence of pC-IV_TRE-tTA. The kanamycin resistance gene is in blue; the PI-SceI site is in green;
Ins54 is in yellow; the TRE promoter is in black, the TATA box is in green; the tTA ORF is in blue; the sequence containing the
(rGck)pA is in red; the I-CeuI site is in green; and the origin of replication is in cyan. After digestion of pSHCB_tTA with NotI, a "C"
residue was lost during the blunting reaction

54 was ligated into the pBS backbone to generate
pBS_Ins54b. pBS_Ins54b was digested with BamHI.
pBS_Ins54a was digested with BamHI and
dephosphorylated, and the Ins54b insert was ligated into
the pBS_Ins54a backbone to generate pBS_Ins54.
pBS_Ins54 was digested with HindIII and EcoRI and
blunted. pSHCS_TRE-tTA-pA was digested with NaeI and
dephosphorylated, and the Ins54 insert was ligated into
the pSHCS_TRE-tTA-pA backbone to generate
pSHCS_Ins54_TRE-tTA-pA. pSHCS_Ins54_TRE-tTA-
pA was digested with PacI, blunted, and recircularized to
generate pC-IV_TRE-tTA. The sequence of pC-IV_TRE-
tTA is shown in Figure 24.

Construction of pC4-H_Tight-LacZ:
pSH_PSPSC was digested with SmaI and PciI.

pBS_KS+ was digested with ApoI and blunted, and the
PSPSC insert was ligated into the pBS_KS+ backbone to
generate pØØ_PSPSC. pC-IV_TRE-tTA was digested
with PI-SceI and I-CeuI. pØØ_PSPSC was digested with
PI-SceI and I-CeuI, and the C-IV_TRE-tTA insert was
ligated into the pØØ_PSPSC backbone to generate
pØØ_PSPS_tTA. pC-II_Tight-HSVTK was digested with
I-SceI and PI-PspI. pØØ_PSPS_tTA was digested with I-
SceI and PI-PspI, and the C-II_Tight-HSVTK insert was
ligated into the pØØ_PSPS_tTA backbone to generate
pØØ_PS_HSV_PS_tTA. pC-III_Ins56 was digested with
PI-PspI and PI-SceI. pØØ_PS_HSV_56_tTA was digested
with PI-PspI and PI-SceI, and the C-III_Ins56 insert was
ligated into the pØØ_PS_HSV_56_tTA backbone to

generate pØØ_PS_HSV_56_tTA. pC-I_Tight-LacZ was
digested with I-PpoI and I-SceI. pØØ_PS_HSV_56_tTA
was digested with I-PpoI and I-SceI, and the C-I_Tight-
LacZ insert was ligated into the pØØ_PS_HSV_56_tTA
backbone to generate pC4-H_Tight-LacZ (pØØ_LacZ_
HSV_56_tTA).

Construction of pADMM:
pC4-H_Tight-LacZ was digested with I-PpoI and I-

CeuI. pSH_PPS50G-111s_PSPSC_PITR was digested
with I-PpoI and I-CeuI, and the LacZ_HSV_56_tTA insert
was ligated into the pSH_PPS50G-111s_PSPSC_PITR
backbone to generate pADMM-H_Tight-LacZ.

Computer analysis
Trace files generated by the ABI Prism 3100 Genetic

Analyzer were viewed using 4Peaks software (A.
Griekspoor and Tom Groothuis, mekentosj.com). DNA
sequences were aligned using ClustalW (Larkin et al.,
2007) (http://www.ebi.ac.uk/clustalw). Primers were
designed using Primer Premier (Premier Biosoft
International: www.premierbiosoft.com/index.html).

Results and Discussion

Vector Construction
During construction of pBS_PITR_Pack-wt: After

pBS_rKS was digested with KpnI, a "G" residue was lost
during the blunting reaction; this loss had no effect on the
function of the construct. During construction of
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pBS_PITR_L∆5L_SC: After digestion of pBS_PITR_
LoxP-Pack∆5 with SpeI, a "G" residue, a "C" residue,
and a "T" residue were lost during the blunting reaction;
these losses had no effect on the function of the construct.
During construction of pSH_PSPSC: After pSH_CS was
digested with BsrDI, a "G" residue was lost during the
blunting reaction; this loss had no effect on the function
of the construct. During construction of pSH_PSPSC:
After digestion of pSH_PSPS with FauI, a "C" residue
was lost during the blunting reaction; this loss had no effect
on the function of the construct. During construction of
pRcnSS: After digestion of pBS_KS+ with BamHI, a "G"
residue was lost during blunting reaction; this loss had no
effect on the function of the construct. During construction
of the C-IV cassette (pC-IV_TRE-tTA): After digestion
of pSHCB_tTA with NotI, a "C" residue was lost during
the blunting reaction; this loss had no effect on the function
of the construct.

During construction of ADMM, the most stable
constructs often had the PI-PspI site inserted in duplicate;
the reason for this is unknown. During digestion of 5'-
CTCGAGCTAGCTCGAG-3' containing sequences
(pBS_rN and pBS_rN_TRE) with XhoI, only one of the
XhoI sites was digested; the reason for this is unknown.
During construction of the C-IV cassette (pC-IV_TRE-
tTA), insertion of GAAGTTCCTATACTTTCTAGAGAA
TAGGAACTTC is not necessary and can be omitted.

EVE
EVE is based on Adeno-X which is a replication

incompetent, ∆E1/∆E3, human adenoviral type 5 genome
(Mizuguchi and Kay, 1998). Successful generation of
helper adenovirus-dependent vectors (ADMM) requires
removal of the helper virus (EVE) from the ADMM
preparation. To achieve this goal, we modified the
packaging site of EVE, inserted loxP sites on the 5' and 3'
sides of the packaging site, and inserted a regulatable
expression cassette based on the Q-mateTM Inducible
Expression System which expresses Cre recombinase and
enhanced green fluorescent protein (EGFP).

Due to patients’ strong immune response against
adenovirus and its gene products and because helper
adenoviruses do express adenovirus gene products,
contamination of helper-dependent virus preparations by
the helper virus is one of the limiting factors in the use of
these preparations in gene therapy. The most common
method of removing the helper virus is by flanking the
packaging site of the helper virus with LoxP sites and
propagating the helper-dependent virus in Cre
recombinase expressing packaging cells (such as HEK293
cells transfected with a Cre recombinase expression
cassette) infected with helper virus: The Cre recombinase
excises the floxed packaging site from the helper virus
and removal of the packaging site severely limits
encapsidation of the helper virus into infectious particles,
but the helper virus retains the ability to express all the
viral proteins required for propagation of the helper-
dependent virus and its encapsidation into infectious
particles (since the packaging site of the helper-dependent
virus is not flanked by LoxP sites, its packing site is not
removed by Cre recombinase). The expression of high

levels of Cre recombinase, however, is detrimental to most
cells, resulting in chromosomal aberrations (Loonstra et
al., 2001). Therefore, we constructed EVE to express Cre
recombinase. This allows high levels of Cre recombinase
to be expressed during propagation of ADMM, resulting
in efficient removal of EVE from ADMM preparations,
but the packaging cell is not damaged prior to propagation
of ADMM.

During the later stages of infection adenoviruses
express proteins which inhibit Cap-dependent translation
(Cuesta et al., 2000; Cuesta et al., 2004), but translation
of adenoviral gene products continues via ribosomal
binding to sequences in adenoviral mRNA known as leader
sequences (Xi et al., 2004). Therefore, we constructed
EVE such that the mRNA for Cre recombinase contained
the adenoviral E2 late leader sequence.

Since EVE expresses Cre recombinase and also has
its packaging site flanked by LoxP sites, Cre recombinase
expression by EVE must be off when EVE is being
propagated. We chose the Q-mateTM Inducible
Expression System (Krackeler Scientific, Inc.) to regulate
Cre recombinase expression by EVE. Therefore, we
constructed EVE with a CymR binding site between the
CMV promoter and the Cre recombinase sequence. When
EVE is propagated in CymR expressing cells, CymR binds
to the CymR binding site contained in EVE and blocks
CMV driven transcription of Cre recombinase, keeping
the packaging site of EVE intact and allowing EVE to
become encapsidated into infectious particles.

EVE was constructed such that EVE contamination
of ADMM preparations could be monitored using EGFP.
This was done by inserting an internal ribosomal entry
site (IRES) followed by an ORF coding for EGPF
downstream of the Cre recombinase ORF. Infection of
cells which do not express CymR by EVE results in
expression of EGFP.

Recombination between EVE and ADMM can remove
LoxP sites from EVE resulting in encapsidation of EVE.
To reduce recombination between EVE and ADMM, we
attempted to create a packaging site in EVE that contained
less DNA than the packaging site in ADMM. Initially we
generated a wild type packaging site and 3 different variant
packaging sites with portions of the packaging sequence
deleted. The variants were generated by amplification of
the wild type packaging site sequence with the following
primer pairs: Pack-∆6, 5'-GTCCCATTCGCCATTCAG
G-3' and 5'-GGATCCGCGGCCCTAGACAAATA-3';
Pack-∆5, 5'-GTCGAGGTGCCGTAAAGCA-3' and 5'-
GGATCCACGCGCTATGAGTAACACAAAA-3'; and
Pack-∆3, 5'-GTCCCATTCGCCATTCAGG-3' and 5'-
GGATCCGGCCAAATCTTACTCGGTTAC-3 '
(constructs not shown). The EVEs containing Pack-wt,
Pack-∆6, and Pack∆5 were able to propagate in the
HEK293_CymR packaging cell line, but the EVE
containing Pack-∆3 did not propagate in the
HEK293_CymR packaging cell line (data not shown).
Therefore, the EVE described in this manuscript contains
Pack∆5.

When propagating plasmids containing both a floxed
packaging site and the Cre Recombinase coding region
in E. coli, it is imperative that the E. coli be grown at
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28˚C or less. Also, the cultures should be harvested while
they are still in the log phase of growth. Finally, after
harvesting, the plasmids must be screened to confirme
that the packaging site has not been lost.

ADMM
We have found that plasmids containing certain

sequences are extremely difficult to propagate in E. coli.
One possible explanation is that these sequences code for
toxic peptides. We, therefore, inserted sequences which
we call STOP sequences into four plasmids (generating
pSHCB_STOP, pSHPB_STOP, pSHcnP_STOP, and
pRcnSS: all based on pShuttle2) and used these plasmids
as recipients of hard-to-propagate DNA sequences. The
STOP sequences were obtained from human and mouse
DNA; they contain a number of ATG codons followed by
STOP codons, making translation of downstream ORFs a
rare event.

A STOP sequence is incorporated into the ADMM
described here (ADMM-H_Tight-LacZ) just downstream
of the packaging site. This is because the adenovirus E1
promoter overlaps the packaging site sequence (Kovesdi
et al., 1987), indicating that the packaging site itself can
have gene promoter activity.

Enhancer-blocking insulators block interaction
between a promoter and distal enhancer elements, and
CCCTC-binding factor (CTCF) is the major protein
implicated in establishment of insulators in vertebrates
(Gaszner and Felsenfeld, 2006; Wallace and Felsenfeld,
2007). We scanned the chicken genome and the rat GSTP
locus for putative CTCF binding sites (Kim et al., 2007;
Xie et al., 2007). Intergenetic sequences with putative
CTCF binding sites were used as stuffer DNA in ADMM-
H_Tight-LacZ. Only Ins57-111s has no putative CTCF
binding sites: The putative CTCF binding sites in Ins57-
111 were lost after shortening Ins57-111 to generate Ins57-
111s.

Stuffer DNA is also used to constrain the size of
ADMM constructs. Type 5 human adenoviruses are not
efficiently encapsidated if they are less than approximately
75% or more than approximately 105% of the wild type
genome length (Bett et al., 1993; Parks and Graham,
1997): the genome length of type 5 human adenoviruses
is approximately 36 kb. The length of ADMM-H_Tight-
LacZ is approximately 33,945 bp; note that this ADMM
construct itself has not been sequenced in its entirety:
during construction of ADMM-H_Tight-LacZ, all newly
cloned DNA was completely sequenced, however, in the
later stages of construction, only ligation junctions were
sequenced and restriction digestion was used assess the
constructs.

ADMM-H_Tight-LacZ consists of 2 inverted terminal
repeats (ITRs), a packaging site, and four cassettes: a LacZ
expressing cassette, an HSV-TK expressing cassette, a
large stuffer cassette, and a tTA expressing cassette.
Digestion with PacI removes the entire ADMM-H_Tight-
LacZ sequence from the carrier plasmid, resulting in a
sequence which can propagate and be encapsidated into
infectious adenovirus type 5 particles when transfected
into packaging HEK293 cells which have been infected
with EVE.

The tTA expressing cassette is modeled on the
tetracycline responsive system originally developed by
Hermann Bujard (Freundlieb et al., 1999). In ADMM-
H_Tight-LacZ, the transcriptional activator tTA is itself
under the control of the tetracycline responsive element
(TRE), therefore, once tTA begins to be expressed in the
absence of tetracycline, a positive feedback loop is
established resulting in high expression levels of tTA.
These high levels in turn result in robust expression of
LacZ and HSV-TK, which are under the control of another
tTA/tetracycline responsive element TRE-Tight. Because
of these high expression levels, ADMM-H_Tight-LacZ
is propagated in the presence of tetracycline (data not
shown).

Importantly, ADMMs are built of a series of cassettes,
and these cassettes can be changed. Therefore, different
pathways can be targeted. For example, by utilizing
different promoters and different positive and negative
feedback loops, ADMM activity can be targeted to cells
which do not express p53 (most human tumors) or cells
which overexpress glutathione S-transferases (in the case
of tumors resistant to chemotherapy), thereby specifically
targeting ADMM activity to different kinds of tumors.
One possibility is that libraries of different cassettes could
be maintained. In this case, ADMM constructs able to
respond to individual tumor types could be assembled in
as little as a few weeks, making ADMM a practical cancer
therapy given today's technology.

Propagation of EVE and ADMM in vitro
EVE is propagated in HEK293 cells expressing the

cumate repressor protein CymR: CymR represses
expression of Cre recombinase by the helper virus,
allowing the helper virus to propagate normally.

ADMMs are propagated in HEK293 cells (not
expressing CymR) which are also infected with helper
virus. In the absence of CymR expression, Cre
recombinase is expressed by EVE and catalyses excision
of the packaging site out of the EVE genome.
Consequently, the helper virus is not efficiently
encapsidated and, therefore, not purified along with
ADMM. However, EVE without its packaging site is still
able to express all of the viral proteins required for
propagation of ADMM and its encapsidation into infectous
particles (data not shown). EGFP expressed by EVE is
used to help monitor helper virus contamination of ADMM
preparations.

Naming Conventions
In addition to ADMM-H_Tight-LacZ, we have

generated ADMMs which express human delta-lactoferrin
(∆LF) (Mariller et al., 2007; Siebert and Huang, 1997)
under the control of the human actin promoter. In this
construct, the TRE-Tight-HSVTK sequence was removed
from cassette pC-II by digestion of pC-II_Tight-HSVTK
with SalI followed by recircularization, and the TRE-tTA
was removed from pC-IV by digestion of
pSHCS_Ins54_TRE-tTA-pA with NheI and PacI followed
by blunting and recircularization. (Also, in the ∆LF
construct, the TRE-tight promoter was replaced with the
human actin promoter.) This construct is named pADMM-
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54_AP-∆LF. We also have a series of constructs in which
the TRE-Tight-HSVTK sequence was removed from
cassette pC-II_HSVTK, but cassette pC-IV_TRE-tTA was
not altered. These ADMMs are named pADMM-
53_XXX: for example, pADMM-53_LacZ. Finally, we
constructed an ADMM in which the TRE-Tight-
[downstream ORF] sequence has been removed from
cassette pC-I, but the C-II, C-III, and C-IV cassettes were
not altered. This construct is named pADMM-52_Tight-
HSVTK. In sum, we have four series of pADMMs which
we named the pADMM-52, pADMM-53, pADMM-54,
and pADMM-H series.
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