Producer Cell and Packaging Cell for Retroviral Vector and
Preparation Method Thereof

FIELD

[01] The present disclosure relates to the field of viral vectors, in particular to the field of
retroviral vectors, in particular to lentiviral vectors; more particularly, it relates to a method for
preparing a retroviral, especially lentiviral vector, and relates to a producer/packaging cell for the

preparation of a retroviral, especially a lentiviral vector and to a method for preparing said cell.

BACKGROUND

[02] Retroviruses belong to RNA viruses and are enveloped double-stranded RNA viruses,
characterized primarily by their ability to "reverse transcribe" their genome from RNA to
DNA.Virions are typically about 100nm in diameter and contain a dimeric genome (with two
identical single positive-stranded RNAs) that forms a complex with a Nucleocapsid (NC) protein.
The genome is encapsulated in a protein capsid (CA) which further contains proteins with
enzymatic activities, i.e. reverse transcriptase (RT), integrase (IN) and protease (PR), which are
essential for viral infection. A matrix protein (MA) forms a layer outside the capsid, wherein the
layer interacts with an envelope which is a lipid bilayer derived from the host cell membrane and
surrounding the viral core particle. Anchored to the envelope is a viral envelope glycoprotein
(Env), which is responsible for recognizing specific receptors on the host cell and initiating the
infection process. The envelope protein is formed by two subunits, a transmembrane (TM)
subunit anchoring the protein into the lipid membrane and a surface (SU) subunit binding to the

cellular receptor, respectively.

[03] Gamma-retroviral vector is the most commonly used retroviral vector, accounting for 17.3%
of all the transfection methods used in clinical trial of gene therapy submitted for approval in
2017. Currently, there is increasing interest in lentiviral vectors derived from complex
retroviruses such as human immunodeficiency virus (HIV-1), from 2.9% of gene therapy clinical
trials in 2012 to 7.3% in 2017. This is because lentiviruses are capable of transducing non-
divided cells, which is a property distinguishing them from other virus vectors (including
gamma-retrovirus vectors). In addition, lentiviruses have a more favorable lineage of gene
insertion site than other retroviruses. The most attractive properties of retroviral and lentiviral

vectors are: as a gene delivery tool, the gene delivery capacity can reach 9 kb; less immune
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reaction in a patient and better clinically proved safety; high transduction efficiency in vivo and
in vitro; and the ability to permanently integrate foreign genes into the target cell genome,
resulting in long-lasting expression of the delivered genes.

[04] The prototype lentivirus vector system was developed based on the HIV-1 virus, which is
a well studied human pathogenic virus. In addition to HIV-1, other lentiviruses have also been
developed for use as a gene transfer vector (TV), but most of them have not reached a clinical
research stage, such as HIV-2, Simian immunodeficiency virus (SIV), or non-primate
lentiviruses, including feline immunodeficiency virus (FIV), bovine immunodeficiency virus
(BIV) or goat arthritis-encephalitis virus (CAEV). Only the vector based on equine infectious
anemia virus (EIAV) has been developed and reached clinical stage for the treatment of
Parkinson's disease (ProSavin).

[05] Mainly due to the safety problem caused by the pathogenicity of HIV-1 in human beings,
three generations of lentivirus vector systems are currently being developed. The first generation
of lentiviral vector system is represented by a three-plasmid system consisting of 3 plasmids, that
is, a packaging plasmid, an envelope plasmid, and a transfer vector plasmid having a viral
genome transcriptional cassette carrying a nucleic acid fragment of interest. The packaging
plasmid is derived from HIV-1 proviral genome, wherein the S'LTR thereof is replaced with
cytomegalovirus early promoter, the 3' LTR is replaced with simian virus-40 poly A (SV40
polyA) sequence, and the envelope gene env of HIV-1 is deleted. The packaging plasmid
expresses rev, vif, vpr, vpu and nef helper genes simultaneously. The deleted HIV-1 envelope
gene is replaced with VSV-G (an envelope protein gene of vesicular stomatitis virus), and
expressed by the envelope plasmid. The transfer vector plasmid having a viral genome
transcriptional cassette carrying a nucleic acid fragment of interest carries a 5' LTR of HIV-1,
and an entire 5' untranslated region, a 5' gag gene of about 300bp, a central polypurine tract (cppt)
fragment, as well as a Rev Response Element (RRE) fragment. The transfer vector plasmid is
used to clone the nucleic acid fragment of interest and provide viral genomic RNA during viral
assembly. The second-generation lentivirus vector system is obtained by modifying the first
generation, wherein all the helper genes (vif, vpr, vpu, and nef genes) of HIV-1 are deleted from
the packaging plasmid. The removal of these auxiliary genes does not affect the titer and
infectivity of the virus, and simultaneously increases the safety of the vector. The third-
generation lentivirus vector system consists of four plasmids, which removes the rev gene from
the packaging plasmid and places it separately in another packaging plasmid. Furthermore, the

third-generation lentiviral vector system has two more safety features: the first safety feature is
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construction of self-inactivating lentiviral transfer vector plasmid, that is, a U3 region of 3'LTR
in the viral genome transcriptional cassette is deleted, so that the lentiviral vector permanently
loses the enhancer and promoter fragments of the U3 region of 5' LTR and 3' LTR after
completion of the reverse transcription reaction, and so that even if all the viral proteins are
present at the time, the virus cannot be successfully packaged because the viral genomic RNA
cannot be transcribed. Therefore, the third-generation transfer vector plasmids is also called self-
inactivating (SIN) transfer vector plasmids. At the same time, deleting the U3 region also greatly
reduces the carcinogenicity of the vector gene inserted into the host cell. The second safety
feature is that the tat gene with transcriptional transactivation function is removed, and that the
viral genomic RNA is transcribed by replacing the enhancer and promoter sequence of U3 region
of 5' LTR with a heterologous promoter sequence, wherein the heterologous promoter cannot be
transcribed by itself when transcribing the lentiviral genomic RNA, thus further ensuring that the
lentivirus vector can only be packaged and transfected once. The third-generation lentiviral
system only retains gag, pol and rev gene sequences of the original HIV-1 genome, and thus the
third-generation lentiviral vector system is safer.

[06] Retroviral/lentiviral vectors can have different pseudotypes by replacement with different
heterologous envelope glycoproteins, for example, replacement with envelope protein of
lentivirus (such as human, ape, feline or bovine immunodeficiency virus, goat arthritis-
encephalitis virus, equine infectious anemia virus, etc.), envelope protein of retrovirus (such as
murine leukemia virus (10A1, 4070A), gibbon ape leukemia virus, feline leukemia virus
(RD114), amphotropic retrovirus, ecotropic retrovirus, baboon ape leukemia virus, etc.),
envelope protein of paramyxoviruses (such as measles virus, nipah virus, etc.), envelope protein
of rhabdoviruses (such as rabies virus, mokola virus, etc.), envelope protein of filoviruses (such
as Ebola Zaire virus, etc.), envelope protein of arenaviruses (such as lymphocytic
choriomeningitis virus, etc.), envelope protein of baculovirus, envelope protein of alphaviruses
(such as chikungunya virus, Ross River virus, Semliki Forest virus, Sindbis virus, Venezuelan
equine encephalitis virus, Western equine encephalitis virus, etc.), envelope protein of
Orthomyxoviruses (such as Influenza virus and Fowl plague virus, etc.), envelope protein of
Vesiculoviruses (such as Vesicular stomatitis virus, Chandipura virus and Piry virus, etc.). Most
lentiviral vectors are currently prepared by using the vesicular stomatitis virus envelope
glycoprotein (VSV-G), since this glycoprotein makes the lentiviral vector have a wide range of

transduction spectrum and a better stability during downstream processing.

[07] Currently most retroviral/lentiviral vectors are preferably prepared using mammalian cell



lines as host cells, wherein the most widely used are 293T or HEK293 cell lines as well as
derived cell lines screened or engineered therefrom. HEK293 cell line is a human renal epithelial
cell line transfected with adenovirus E1A gene; 293T cell is derived from HEK293 cell and
expresses SV40 large T antigen, and a plasmid containing an SV40 replication initiation site and
a promoter region can be replicated in 293T cell and maintain a high copy number in a period, so
that the protein expression of the gene carried by the plasmid is increased. Furthermore,
compared with HEK293 cell, 293T cell has a faster cell growth rate and higher transfection
efficiency. The above features of 293T cell bring about a higher efficiency for preparing virus
vectors. In addition, according to literature reports, the production/packaging cells for viral
vectors also include mammalian cells HepG2 cells, CHO cells, BHK cells, COS cells, NIH/3T3
cells, Vero cells, HT1080 cells, Te671 cells, CEM cells, NSO cells and PerC6 cells.

[08] At present, a method for preparing a retroviral/lentiviral vector generally involves
respectively introducing a gag gene, a pol gene, a rev gene (for lentiviral vector), an envelope
glycoprotein gene, and a viral genome transcriptional cassette carrying a nucleic acid fragment
of interest (comprising a promoter for transcribing and packaging into the retrovirus/lentivirus
RNA genome; various cis-acting sequences required for the packaging and transfection of
retroviral/lentiviral genome, such as 5' LTR, PBS, y packaging signal, cppt (for lentiviral vector),
RRE (for lentiviral vector), ppt and 3' LTR sequence, etc.; a nucleic acid fragment of interest to
be transduced, 3' polyA signal, etc.) into a mammalian host cell, usually a murine or human cell.
This can be achieved by transient transfection of the above construct (such as a plasmid)
containing the above gene into a host cell and then producing viral vectors for 24-72 hours and
harvesting them (transient production), or by stable integration of the above gene into a host cell

genome to form a stable producer cell line for continuous production (stable production).

[09] In transient production, the viral gene construct is introduced by a transfection plasmid,
wherein a cationic reagent that can form a complex with negatively charged DNA is used,
allowing it to be taken up by a cell via endocytosis. Polyethyleneimine (PEI) is one of the most
widely used and most efficient cationic reagents. At present, the method of PEI transfection is
mostly used for introducing the above construct clinically and industrially, but the main problem
of such a method is unstability, low titer and the like after process amplification. Other methods,
such as calcium phosphate precipitation, cationic liposome complexation, and non-liposome
transfection reagents, such as Lipofectamine and FuGENE®, may also be used. However, these
methods can only be used for small-scale production or only for research purposes, as they are

either difficult to scale up or too expensive. Alternatively, viral infection has also been
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developed and validated for producing retroviral/lentiviral vector, which uses baculovirus or
adenovirus to introduce lentiviral gene constructs. However, this method requires additional
downstream isolation of retroviral/lentiviral vector and baculovirus or adenovirus to meet
clinical-grade standard for virus production, and the process of preparing retroviral/lentiviral
vectors by using baculovirus or adenovirus is complicated and the final transfection titer is not
high compared to the method of plasmid DNA transfection. Alternatively, a technique of
continuous electroporation has also been developed for large-volume cell transfection. In
principle, it can also be used for transient transfection of retroviruses/lentiviruses, but this

technique is still limited by the scale-up capability and expensive equipment and consumables.

[10] Construction of stable retroviral/lentiviral producer cell lines relies on the integration of
viral gene constructs into the cell genome to allow constitutive or regulated expression. Usually,
gag, pol, rev (for lentiviral vectors) and env genes are firstly introduced into cells simultaneously
or sequentially and then cells in which the above genes are stably inserted into the genome and
highly expressed are selected by corresponding resistance screening and clonal selection, thus
packaging cell lines are established. Thereafter, a viral genome transcriptional cassette carrying a
nucleic acid fragment of interest is introduced to construct a viral vector-producer cell line
carrying the nucleic acid fragment of interest. This can be achieved directly by viral infection if
non-SIN (self-inactivating) vectors that can replicate after reverse transcription are used;
otherwise, in order to obtain a producer cell line in which a viral genome transcriptional cassette
carrying the nucleic acid fragment of interest is stably integrated into the genome of packaging
cells, it is necessary to perform plasmid chemical transfection followed by resistance screening
and clonal selection. An efficient method for quickly constructing a producer cell line which
stably produces a virus vector carrying a nucleic acid fragment of interest comprises the
following steps: inserting the lentiviral genome transcriptional cassette containing a (selectable)
marker gene into an original cell, and selecting the producer cell line in which the virus vector is
stably integrated and expressed at a high level and for a long term via the marker gene, and then
replacing the marker gene used for constructing the above producer cell line with a nucleic acid
fragment of interest by site-specific recombinase, such as FLP-FRT or Cre-lox recombinase
system. This method was demonstrated to allow establishing a producer cell line of human-
derived retroviral vector with a high-titer (Schucht, R., et al. (2006). "A new generation of
retroviral producer cells: predictable and stable virus production by Flp-mediated site-specific
integration of retroviral vectors." Mol Ther 14(2): 285-292.; Loew, R., et al. (2010). "A new

PG13-based packaging cell line for stable production of clinical-grade self-inactivating gamma-



retroviral vectors using targeted integration." Gene Ther 17(2): 272-280.). In addition, a platform
of viral vector packaging cell line or producer cell line for rapid replacement of nucleic acid
fragments of interest and/or envelope proteins can be developed by using similar principles.
Development of stable producer cell lines of retroviral/lentiviral vector is a time-consuming and
labor-intensive complex system engineer, which requires one year or more to fully develop and
characterize the cell line platform, and due to the complexity of the work, many of the published
work has ultimately failed to meet industrial needs due to issues such as titer, stability of cell
lines, culture adaptation, etc. However, as a compensation, once a stable virus producer cell line
is successfully developed and obtained, the stable virus producer cell line has irreplaceable
advantages in the aspects of process reliability, process scale-up capacity, production cost, safety
of virus product and the like in the fields of clinical and industrial applications compared with a
production process of transient transfection. Firstly, the production process of stable producer
cell line is more stable, and can provide a fully characterized production platform to produce
safer viral vectors with low batch-to-batch differences; secondly, the process is easier to be
scaled up, and will not lead to a rapid reduction of production titer along with the increase of
culture volume, as occurs in a transient production system; in addition, because no raw materials
or auxiliary materials such as DNA plasmids and transfection reagents are needed, there is no
need to establish an additional GMP production line for plasmid production; finally, the process
has higher unit yield and simpler quality control for production process. When expanding the
production scale, a production process based on the stable producer cell line will further
highlight its advantages in aspects of research and development, production, management,
operation and maintenance, costs and the like. These advantages are beneficial for facilitating the

technical and pharmaceutical industrialization in the fields of gene therapy and cell therapy.

[11] The use of stable producer cell lines to produce retroviral vectors has been in the scientific
research and clinical trials for over a decade. However, the establishment of a stable packaging
cell line and producer cell line of lentiviral vector remains challenging, since many HIV-1
encoded proteins, including rev, tat, nef, env, vpr, and PR proteases, are cytotoxic and can lead
to cell death, among which rev and PR proteases are still necessary in current packaging systems,
and the pseudotyped envelope protein VSV-G commonly used in lentiviral systems is also highly
cytotoxic. At the laboratory level, transient production by plasmid transfection is a common
solution to avoid cytotoxic proteins from affecting virus production. However, in the
development of a stable producer cell line of lentivirus, the expression of the above-mentioned

cytotoxic protein must be strictly controlled, for example, by using an inducible expression



system, otherwise all high-expressing cell lines will die and it is difficult to form a stable
producer cell line.

[12] The titer of retroviral/lentiviral vector in the pre-purified cell stock currently available is
from 10° to 107 infectious particles / mL. medium. However, the average amount of vector
required to treat a patient in clinical trial is at the level of 10" infectious particles per patient. In
addition, virus production is generally characterized by a low infectious particle/physical particle
ratio (less than 1:100); at the same time, these virus vectors are very sensitive and will lose their
infectivity rapidly in cell culture supernatants at 37 °C with a half-life of about 8-12 hours, which
further increases the demand for virus productivity. It is estimated that each patient requires
approximately 10-100L of culture volume to produce viral vectors based on the existing transient
transfection platform, and the existing production technology is difficult to be substantially
improved both in titer and process scale-up. Therefore, the performance of the current production
system of retroviral/lentiviral vector is far below therapeutic requirements, and the key to solve
the problem of productivity is to construct a more productive stable producer cell line and to

achieve the large-scale production process.

[13] However, it is quite technically difficult to construct a stable producer cell line of
retroviral/lentiviral vectors. The existing method for constructing a stable producer cell line
usually requires the introduction of a large number of resistance genes for simultaneous or
stepwise screening due to the low efficiency of stable gene insertion. Many screening processes
are carried out under serum-containing adherent culture conditions, and the screened cell line
may not be adapted to the suspension culture condition of serum-free medium, and thus does not
meet the technical development trend and safety requirements of the international
biopharmaceutical industry. In addition, during the construction of the producer cell line, due to
insufficient regulation and expression optimization of each reverse transcription/lentiviral
packaging gene, the final stable cell line or the virus titer is not high or there is a high leaky
expression, and the high leaky expression will lead to an unstable producer cell line and that the
cell growth quality is affected by the cytotoxicity caused by the leaky expression of the
packaging gene during cell culture expansion, and thus it is difficult to meet the requirement of
process scale-up.

[14] Thus, there is an urgent need in the art for an efficient method for constructing a stable
retroviral and lentiviral vector producer cell line, and a viral packaging/producer cell line

constructed based on this method.



SUMMARY

[15] The disclosure solves the problems by stably inserting gag, pol and rev (used for lentiviral
vectors) required by virus packaging into the genome of a host cell (such as 293T cell) through a
Sleeping Beauty (SB) transposon system combined with a PiggyBac (PB) transposon system,
and then developing an inducible and controllable virus producer system in combination with an
inducible expression system (such as a Tet-On system and/or a Cumate system).

[16] When using a retrovirus/lentiviral vector for transduction, the nucleic acid fragment of
interest needs to be loaded into the RNA genome packaged into the retrovirus/lentivirus. The
term "nucleic acid fragment of interest" may generally refer to a gene, such as a nucleic acid
sequence encoding a protein; it may be a functional ribonucleic acid (RNA), such as a small
interfering RNA (siRNA), a long non-coding RNA (LncRNA), a guide RNA (gRNA) of the
CRISPR gene editing system, a transfer RNA (tRNA), a Ribosomal RNA (rRNA) or other
coding sequences of functional RNAs; it may be other functional nucleic acid sequences, such as
homologous recombination sequences, DNA or RNA sequences capable of binding to proteins,
DNA or RNA sequences capable of binding to other nucleic acid fragments (e.g., primers or
probes); it may be any natural nucleic acid sequence or artificial nucleic acid sequence; it may
also be a combination of one or more of the above nucleic acid sequences; the nucleic acid
fragment of interest may also contain nucleic acid sequences for regulating gene expression,
such as a promoter, an enhancer, an insulator, a polyA signal, etc. The RNA genome of a
retrovirus and/or lentivirus refers to a ribonucleic acid fragment that can be packaged into a virus
when constructing a retroviral/lentiviral vector, and generally comprises sequences necessary for
virus packaging and transduction, such as a y packaging signal, a Long Terminal Repeat (LTR).
The RNA genome of lentivirus generally contains all 5'-untranslated regions, about 300bp of 5'-
gag gene, a central polypurine tract (cppt) fragment, and also contains a Rev Response Element
(RRE) fragment; the absence of one or more of these fragments may severely affect the
packaging or transduction efficiency of the lentivirus. In the preparation of retroviral/lentiviral
vectors, the RNA fragment of viral genome carrying the nucleic acid fragment of interest is
typically obtained by constructing a viral genome transcriptional cassette carrying the nucleic
acid fragment of interest, wherein the transcriptional cassette comprises a nucleic acid sequence
with a promoter function (which may be a retroviral/lentiviral LTR sequence or other
heterologous promoters), a DNA sequence corresponding to the RNA genome of the virus, and
typically comprises a polyA signal sequence that regulates the termination of transcription. In the

preparation of retrovirus/lentivirus vectors, a construct with the viral genome transcriptional
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cassette carrying a nucleic acid fragment of interest (e.g., the transcriptional cassette is
constructed into a transfer vector plasmid) is delivered into a host cell; and then through the
transcriptional molecular mechanism of the host cell, it is transcribed into a corresponding viral
genome RNA fragment that can be packaged into the viral vector and carries the nucleic acid
fragment of interest.

[17] In the present disclosure, the retrovirus includes, but is not limited to, lentiviruses such as
Murine Leukemia Virus (MLV), Human Immunodeficiency Virus (HIV), Equine Infectious
Anemia Virus (EIAV), Mouse Mammary Tumor Virus (MMTV), Rous Sarcoma Virus (RSV),
Fujinami sarcoma virus (FuSV), Moloney murine leukemia virus (Mo-MLV), FBR murine
sarcoma virus (FBR MSV), Moloney murine sarcoma virus (Mo-MSV), Abelson murine
leukemia virus (A-MLV), avian myelomatosis virus-29 (MC29), and Avian Encephalomyelitis
Virus (AEV), Simian immunodeficiency virus (SIV), Feline immunodeficiency virus (FIV),
Bovine immunodeficiency virus (BIV), Caprine arthritis-encephalitis virus (CAEV), Gibbon ape
leukemia virus, Feline leukemia virus, Amphotropic retrovirus, Ecotropic retrovirus, Baboon ape

leukemia virus, and all other viruses of retroviridae.

[18] Transposon refers to a DNA sequence that can change its position within the genome. The
transposon can produce or reverse mutations and alter the size of the cell genome. DNA
transposons can be translocated from one DNA site to another in a simple cut-and-paste manner
by the action of expressed transposase. Transposition is an accurate process in which the defined
DNA fragments, usually Direct Repeats (DR) at both ends of a transposon and Invert Repeats
(IR) linked to them, as well as Insert Sequences (IS), are cut out from one DNA molecule and

moved to another site in the same or a different DNA molecule or genome.

[19] The “Sleeping Beauty (SB) transposon system” consists of an SB transposase and a
transposon, which are capable of inserting specific DNA insertion sequences into the genome of
vertebrates. SB transposase can insert the transposon into a TA dinucleotide base pair in the
receptor DNA sequence. The insertion site can be located in another position of the same DNA
molecule (or chromosome) or in another DNA molecule (or chromosome). There are
approximately 200 million TA sites in the mammalian (including human) genome. The TA
insertion site is replicated during transposon integration. This replication of the TA sequence is a
marker of transposition and is used to determine the mechanism in some experiments. The SB
transposon consists of an insertion sequence of interest and an IR/DR sequence (itself containing
short direct repeats (DR) and inverted repeats (IR), for example, as shown in SEQ ID NO: 23 or

its complementary sequence) which is located at both ends for recognition by an SB transposase.
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The transposase can be encoded within the transposon, or the transposase can be provided by
another source. Wild-type and different variants of transposase, IR/DR sequences and
transposons in the SB transposon system are known in the art. The published plasmids
containing Sleeping Beauty transposon include: pT/HB (Addgene, #26555), pT2/HB (Addgene,
#26557), pT3 (Yant, S. R., et al. (2004). “Mutational analysis of the N-terminal DNA-binding
domain of sleeping beauty transposase: critical residues for DNA binding and hyperactivity in
mammalian cells." Mol Cell Biol 24(20): 9239-9247.) and the like. Variants of SB transposase
include, but are not limited to, SB10, SB11, SB100X (the coding sequence is shown in SEQ ID
NO: 30), and the like (see, e.g., WO9840510A1, W0O2003089618A2, W0O2009003671A2,
W02017046259A1, WO2017158029A1, etc., which are incorporated herein by reference). As
used herein, the term “Sleeping Beauty (SB) transposon system” may include an SB transposon
system containing wild-type and different variants of SB transposase and wild-type and different
variants of SB transposon.

[20] The “PiggyBac (PB) transposon system™ derived from Trichoplusia ni is composed of a
PB transposase and a transposon, and it can be transposed efficiently between vectors and
chromosomes through a cut-and-paste mechanism. In the process of transposition, PB
transposase recognizes the transposon-specific inverted terminal repeat (referred to as ITR for
short, wherein, 3'ITR is such as the sequence of SEQ ID NO: 24 or its complement sequence,
and 5'ITR is such as the sequence of SEQ ID NO: 25 or its complementary sequence) located at
both ends of the transposon vector, and effectively moves the inserted sequence between the
S'ITR and 3'ITR from the original site and effectively integrates it into the TTAA site of the
chromosome. The powerful activity of the PiggyBac transposon system allows the insertion
sequence of interest between two ITRs in the PB transposon vector to be easily moved into the
target genome. Wild-type and different variants (e.g., ePiggyBac, with the coding sequence as
set forth in SEQ ID NO: 31) of transposases and transposons in the PB transposon system are
known in the art. Information about the PiggyBac transposon system can be found, for example,
in patent documents such as US6218185B1, US6551825B1, US7105343B1, US2002173634A1,
US2010240133A1, W02006122442, W02010085699, W02010099296, W02010099301,
WO02012074758, US8592211, etc., and non-patent documents such as Lacoste, A., et al. (2009).
"An efficient and reversible transposable system for gene delivery and lineage-specific
differentiation in human embryonic stem cells." Cell Stem Cell 5(3): 332-342; Yusa, K., et al.
(2011). "A hyperactive piggyBac transposase for mammalian applications." Proc Natl Acad Sci
US A 108(4): 1531-1536 (the above documents are hereby incorporated by reference). As used
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herein, the term “Piggybac (PB) transposon system” can include a PB transposon system
containing wild-type and different variants of PB transposase and wild-type and different

variants of PB transposon.

[21] In the present disclosure, the inducible expression system is used to control the
transcription and expression of related genes in the nucleic acid construct introduced into the
host cell. Examples of inducible expression systems that may be used in the present disclosure
include, but are not limited to, a Tet-off inducible expression system in tetracycline inducible
system (see, e.g., Gossen, M. and H. Bujard (1992). "Tight control of gene expression in
mammalian cells by tetracycline-responsive promoters." Proc Natl Acad Sci U S A 89(12):
5547-5551; Yu, H., et al. (1996). "Inducible human immunodeficiency virus type 1 packaging
cell lines." J Virol 70(7): 4530-4537; Kaul, M., et al. (1998). "Regulated lentiviral packaging cell
line devoid of most viral cis-acting sequences." Virology 249(1): 167-174 (which are
incorporated by reference)), a Tet-On inducible expression system in tetracycline inducible
system (see, e.g., WO0075347A2, WO2007058527A2 (which are incorporated by reference), a
Cumate system (see, e.g., W0O02088346A2, W0O2006037215A1 (which are incorporated by
reference), a Cumate inducible expression system (see, Mullick, A., et al. (2006). "The cumate
gene-switch: a system for regulated expression in mammalian cells." BMC Biotechnol 6: 43;
W002088346A2, WO2006037215A1 (which are incorporated by reference)), or a combination
thereof. In one aspect, the inducible expression system for inducible expression is a Tet-On
inducible expression system or a Cumate inducible expression system. In another aspect, the
inducible expression system for inducible expression is a combination of the Tet-On inducible
expression system and the Cumate inducible expression system. In the Tet-On inducible
expression system, only in the presence of tetracycline or tetracycline derivatives such as
doxycycline (Dox), a reverse tetracycline controlled transactivator (rtTA) can bind to a TRE
response element (a nucleic acid sequence containing multiple copies of a contiguous TetO
operator sequence and a minimal promoter sequence, hereinafter referred to as a TRE) of Tet-On
inducible expression system to initiate the transcription of a regulated nucleic acid fragment
linked downstream. The currently used Tet-On inducible expression systems include the second-
generation Tet-On inducible expression system (Tet-On Advanced, Clontech, wherein the
transactivator rtTA and the Tet responsive element (TRE) are hereinafter referred to as rtTAagy
(encoding nucleic acid sequence: SEQ ID NO: 29) and TRE.4v (SEQ ID NO: 21), respectively),
and the third-generation Tet-On inducible expression system (Tet-On 3G, Clontech, wherein the

transactivator rtTA and the Tet responsive element (TRE) are hereinafter referred to as rtTAzg
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(encoding nucleic acid sequence: SEQ ID NO: 28) and TRE3G (SEQ ID NO: 19), respectively).
The transactivator rtTA and TRE in the second-generation and third-generation Tet-On inducible
expression systems can be used in combination, for example, rtTAagy can be used in combination
with TRE3g, and rtTAsg can also be used in combination with TRE.g. Cumate inducible
expression system is developed from Pseudomonas putida's p-cym operon, and it consists of a
CuO operator downstream of a TATA box of a promoter and a suppressor CymR protein which
can bind to the CuO operator depending on Cumate and derivatives thereof. In the absence of
Cumate, the CymR protein binds to the CuO operator to inhibit the transcription and expression
of the nucleic acid sequence of interest linked downstream; when the CymR protein binds to
Cumate, the affinity of the CymR protein to the CuO operator is reduced, and the CymR protein
and the CuO operator are separated, so that the transcription and expression of the nucleic acid
sequence of interest linked downstream are not inhibited. In the present disclosure, when the Tet-
On inducible expression system is used in combination with the Cumate inducible expression
system, a complex response element sequence is constructed, which contains multi-copy
continuous TetO operator sequences, a minimal promoter sequence containing a TATA box and
a CuO operator sequence. Wherein, a TRE.vCuO (SEQ ID NO: 22) complex response element
is designed based on the multi-copy continuous TetO operator sequences in the TREaqv sequence
of the second-generation Tet-On inducible expression system; a TRE3;GCuO complex response
element (SEQ ID NO: 20) is designed based on the multi-copy continuous TetO operator
sequences in the TRE3g sequence of the third-generation Tet-On inducible expression system.
When the Tet-On inducible expression system is used in combination with the Cumate inducible
expression system, a transactivator rtTA protein of the Tet-On inducible expression system and a
repressor CymR protein of the Cumate inducible expression system need to be simultaneously
expressed, wherein the Tet-On transactivator used can be 1tTAagy or 1tTAsg. Preferably, 1tTAsc
(SEQ ID NO: 28) and CymR (SEQ ID NO: 27) sequences optimized based on human coding
codons are used. In one aspect, the inducible expression system that can be used for the purpose
of the present disclosure may also include metal ion inducible, hormone inducible and
temperature inducible expression systems.

[22] In one aspect of the present disclosure, the transcription of one or more of gag and pol
genes (gag/pol in the Examples representing that gag and pol genes are located in the same
construct and expressed by frameshift), the rev gene, the coding sequence of the viral envelope
protein (e.g., VSV-G) and the viral genome transcription cassette carrying a nucleic acid

fragment of interest is under control by placing the genes or sequences under the control of an
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inducible expression system, preferably by placing the genes or sequences under the control of a
Tet-On and/or Cumate inducible expression system, more preferably under the dual control of
the Tet-On inducible expression system and the Cumate inducible expression system or under
the single control of the third-generation Tet-On inducible expression system. In one aspect of
the present disclosure, all the transcription of gag and pol genes, the rev gene, the coding
sequence of the viral envelope protein and the viral genome transcription cassette carrying a
nucleic acid fragment of interest is controlled by placing the genes or sequences under the
control of an inducible expression system, preferably by placing the genes or sequences under
the control of a Tet-On and/or Cumate inducible expression system, more preferably under the
dual control of the Tet-On inducible expression system and the Cumate inducible expression
system or under the single control of the third-generation Tet-On inducible expression system. In
one aspect of the present disclosure, among gag and pol genes, the rev gene, the coding sequence
of the viral envelope protein (VSV-G) and the viral genome transcription cassette carrying a
nucleic acid fragment of interest, the transcription of the rev gene and the coding sequence of the
viral envelope protein (VSV-G) is under control by placing the gene or the sequence under the
control of an inducible expression system, preferably by placing the gene or the sequence under
the control of a Tet-On and/or Cumate inducible expression system, more preferably under the
dual control of the Tet-On inducible expression system and the Cumate inducible expression
system or under the single control of the third-generation Tet-On inducible expression system.
[23] The expression level of the regulated nucleic acid fragment under induction condition and
the leaky expression level under non-induction condition are two important indicators for
evaluating the quality of an inducible expression system. A good inducible expression system
needs to have a higher induction expression and a lower leaky expression. The inventor finds
that the induction expression level and leaky expression level of the Tet-On inducible expression
system alone or the Tet-On and Cumate complex inducible expression system are affected by the
follwing factors: (1) the minimal promoter sequence in the TRE response element; (2) selection
of mutants of rtTA transactivator; (3) whether a spliceable intron sequence is linked between the
3" end of the response element of inducible system and the 5' end of the nucleic acid sequence of
interest to be regulated. The present disclosure designs and uses four response elements (TREaqy,
TRE3G, TRE.yCuO and TRE3GCuO) and two transactivators (rtTAagy and rtTAzg). The control
of the third-generation TRE3;G response element is more stringent than that of the second-
generation TRE.g4v response element, and the regulated nucleic acid fragment has a lower leaky

expression level, but a lower induction expression level as compared to TREagy. The control of
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the Tet-On and Cumate complex inducible expression system response elements of the present
disclosure, TREavCuO (SEQ ID NO: 22) and TRE3GCuO (SEQ ID NO: 20), is more stringent
than that of any response element in a single Tet-On inducible system, so that the leaky
expression level of the regulated nucleic acid fragment is significantly reduced, and the induction
expression level of the regulated nucleic acid fragment is also significantly reduced. Compared
with rtTAagv, the transactivator rtTAzg has similar transcriptional activation activity under
induction conditions, while, under non-induction conditions, the basic leaky transcription
activation activity of rtTAsc is lower. The intron linked to the 3' end of the promoter in the
expression plasmid can generally increase the stability of messenger RNA (mRNA) and increase
the efficiency of transport of the mRNA out of the nucleus (see Akef, A., et al. (2015). "Splicing
promotes the nuclear export of beta-globin mRNA by overcoming nuclear retention elements."
RNA 21(11): 1908-1920) and increase the expression of the regulated nucleic acid fragment. The
present inventor has found that linking a spliceable intron between the 3' end of the response
element and the 5' end of the regulated nucleic acid fragment in a single inducible expression
system can increase the induction expression of the regulated nucleic acid fragment, but also
significantly increase the leaky expression of the regulated nucleic acid fragment. In the Tet-On
and Cumate complex inducible system of the present disclosure, inserting a spliceable intron
sequence between the 3' end of the response element and the 5' end of the regulated nucleic acid
fragment can significantly increase the induction expression under inducible conditions without

significantly increasing the leaky expression under non-inducible conditions.

[24] When constructing a lentivirus producer cell line, it is necessary to balance the expression
levels, the relative ratio of the expression levels, the cytotoxicity of the expressed protein or the
transcribed nucleic acid, and the sequence of expression or transcription of the rev gene, the
VSV-G gene, gag and pol genes and the viral genome transcription cassette carrying a nucleic
acid fragment of interest, and thus it is necessary to optimize the promoter or inducible
expression system response element for each gene and the viral genome transcriptional cassette
carrying a nucleic acid fragment of interest. Among the lentiviral rev gene, VSV-G gene, gag
and pol genes to be expressed and the viral genome transcription cassette carrying a nucleic acid
fragment of interest, the rev and the membrane protein VSV-G are significantly cytotoxic, and
the rev also regulates the expression of gag and pol genes which generally contain RRE sequence,
so the strict control with an inducible expression system is required. The expression of gag and
pol genes does not have to be strictly regulated under the condition of rev being controlled, but

controlling the expression of gag and pol genes with an inducible expression system may further
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reduce viral titers of leaky expression under non-inducible conditions, especially where the
expression of rev and VSV-G is under control by a single Tet-On inducible expression system.
In view of the above, based on 4 response elements and presence or absence of a spliceable
intron sequence between the 3' end of the response element and the 5' end of the regulated
nucleic acid fragment, 8 regulatory sequences for lentiviral gene expression are designed and
tested in the present disclosure: TREa4v (wherein, the inducible system response element is a
TREag sequence (SEQ ID NO: 21) and there is no intron between the 3' end of the response
element and the 5' end of the regulated nucleic acid fragment), TRE.wCuO (wherein, the
inducible system response element is a TREagvCuO sequence (SEQ ID NO: 22) and there is no
intron between the 3' end of the response element and the 5' end of the regulated nucleic acid
fragment), TRE3G (wherein, the inducible system response element is a TRE3G sequence (SEQ
ID NO: 19) and there is no intron between the 3' end of the response element and the 5' end of
the regulated nucleic acid fragment), TRE3;cCuO (wherein, the inducible system response
element is a TRE3gCuO sequence (SEQ ID NO: 20) and there is no intron between the 3' end of
the response element and the 5' end of the regulated nucleic acid fragment), TREagy-intron
(wherein, the inducible system response element is a TREaq¢y sequence and a spliceable intron is
linked between the 3' end of the response element and the 5' end of the regulated nucleic acid
fragment), TREaqvCuO-intron (wherein, the inducible system response element is a TREa3vCuO
sequence, and a spliceable intron is linked between the 3' end of the response element and the 5'
end of the regulated nucleic acid fragment), TRE3g-intron (wherein, the inducible system
response element is a TRE3G sequence, and a spliceable intron is linked between the 3' end of the
response element and the 5' end of the regulated nucleic acid fragment), and TRE3gCuO-intron
(wherein, the inducible system response element is a TRE3;gCuO sequence, and a spliceable
intron is linked between the 3' end of the response element and the 5' end of the regulated nucleic
acid fragment), to optimize the optimal combination for regulating the expression of each gene
of the lentivirus. In the present disclosure, the intron between the 3' end of the response element
and the 5' end of the regulated nucleic acid fragment controlled by the response element may or
may not be directly linked to the response element and the regulated nucleic acid fragment
controlled by the response element, which can be adjusted by those skilled in the art according to
the disclosure as required; in the case of not being directly linked, those skilled in the art will
understand that the distance between the response element and the regulated nucleic acid
fragment controlled by the response element should not affect the control of transcription of the

regulated nucleic acid fragment by the response element. In one aspect of the present disclosure,
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in the case of a single Tet-On inducible regulatory system, the regulatory sequence of rev is
preferably TRE3g; the regulatory sequence of VSV-G is preferably TRE3;g-intron; the regulatory
sequence of gag and pol is preferably CMV promoter(or other eukaryotic promoter commonly
used in the art)-intron or TRE3G-intron, and more preferably TRE3g-intron; 1tTA transactivator is
preferably rtTAsc. Under the above conditions, transient transfection of the related plasmids can
reach 6.94E+05 RLU and 176 times of induction/leaky virus-producing titer ratio; compared
with the second-generation Tet-On system (4.64E+05 RLU, 7 times of induction/leaky titer
ratio), the virus-producing titer is improved by 49.6%, and the control of virus leaky expression
is improved by 25 times. In one aspect of the present disclosure, in the case of the Tet-On and
Cumate complex inducible regulation system, the regulatory sequence of rev is preferably
TREavCuO, TREagCuO-intron, TRE3G, TRE3;gCuO or TRE3cCuO-intron, more preferably
TRE3G, TRE3cCuO or TRE3;gCuO-intron, and still more preferably TREsg; the regulatory
sequence of VSV-G is preferably TREagyCuO, TREagyCuO-intron, TRE3G-intron or TRE3GCuO-
intron, more preferably TREzswCuO-intron, TRE3g-intron or TRE3GCuO-intron, and still more
preferably TRE3cCuO-intron; the regulatory sequence of gag and pol is preferably an intron-
containing regulatory sequence, including CMV promoter(or other eukaryotic promoters
commonly used in the art)-intron, TREag-intron, TREawCuO-intron, TREj3g-intron, or
TRE36CuO-intron, more preferably TRE3;gCuO-intron; the rtTA transactivator is preferably
rtTAsc. Under the above conditions, transient transfection of the related plasmids can reach
1.46E+06 RLU and 12032 times of induction/leaky virus-producing titer ratio; compared with
the second-generation Tet-On system (4.64E+05 RLU, 7 times of induction/leaky virus-
producing titer ratio), the titer is improved by 214.7%, and the control of virus leaky expression
is improved by 1719 times.

[25] There is no specific limitation on the selection of the above-mentioned spliceable intron
sequence linked between the 3' end of the response element and the 5' end of the regulated
nucleic acid fragment, and those skilled in the art will understand that any sequence capable of
performing RNA splicing in mammalian cells can achieve the above functions. Intron sequences
that may be selected include, but are not limited to, introns in common cloning vectors, such as a
rabbit B-globulin intron, a hybrid intron derived from human B-globulin and immunoglobulin
heavy chain intron, EF-1 o intron A, SV40 intron, a hybrid intron derived from adenovirus and
immunoglobulin heavy chain intron, a modified human cytomegalovirus intron, a hybrid intron
derived from chicken B-actin (CBA) and mouse microvirus (MMYV) intron, a chimera derived

from chicken B-actin and rabbit B-globulin intron, and a mP1 intron; or any intron of any gene of
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any eukaryote; or an artificial intron sequence designed based on the intron splicing rules. The
intron sequence used in the examples of the present disclosure may be, for example, the human
B-globulin intron sequence (BGI sequence) as set forth in SEQ ID NO: 26.

[26] In the present disclosure, gag and pol genes, the rev gene, the coding sequence of the viral
envelope protein (VSV-G) and the viral genome transcription cassette carrying a nucleic acid
fragment of interest are stably integrated into the host cell genome by using a transposon
system(s). In one aspect of the present disclosure, when one or more of gag and pol genes, the
rev gene, the coding sequence of the viral envelope protein (VSV-G) and/or the viral genome
transcription cassette carrying a nucleic acid fragment of interest are under the control of a Tet-
On and/or Cumate inducible expression system, gag and pol genes, the rev gene, the coding
sequence of the viral envelope protein (VSV-G), and the viral genome transcription cassette
carrying a nucleic acid fragment of interest, as well as the coding sequence of Tet-On
transactivator rtTA protein and/or the coding sequence of repressor CymR protein of the Cumate
operon, are integrated into the host cell genome by using a transposon system(s). In one aspect of
the disclosure, gag and pol genes, the rev gene, the coding sequence of the viral envelope protein
(VSV-G), the viral genome transcription cassette carrying a nucleic acid fragment of interest,
and the coding sequence of activator or repressor protein of an inducible expression system (for
example, the coding sequence of Tet-On transactivator protein and/or the coding sequence of
repressor CymR protein of the Cumate operon) are all integrated into the host cell genome at one
step by using SB transposon system or PB transposon system, to directly construct a producer
cell line for producing lentivirus. In one aspect of the disclosure, the genes and sequences
described above are introduced into host cells by using both SB and PB transposon systems. In a
preferred aspect of the disclosure, gag and pol genes, the rev gene, the coding sequence of the
viral envelope protein (VSV-G) and the viral genome transcription cassette carrying a nucleic
acid fragment of interest (and, in the case of using a Tet-On and/or Cumate inducible expression
system, the coding sequence of Tet-On transactivator protein and/or the coding sequence of
repressor CymR protein of the Cumate operon) are integrated into the host cell genome in two
separate steps. In the first step, one or more of gag and pol genes, the rev gene, the coding
sequence of the viral envelope protein (VSV-G) and the viral genome transcription cassette
carrying a nucleic acid fragment of interest (and, in the case of using a Tet-On and/or Cumate
inducible expression system, the coding sequence of Tet-On transactivator protein and/or the
coding sequence of repressor CymR protein of the Cumate operon) are integrated into the host

cell genome by using any one of the SB transposon system and the PB transposon system to
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construct a packaging cell line; and, in the second step, the remaining one or more of gag and pol
genes, the rev gene, the coding sequence of the viral envelope protein (VSV-G) and the viral
genome transcription cassette carrying a nucleic acid fragment of interest (and, in the case of
using a Tet-On and/or Cumate inducible expression system, the coding sequence of Tet-On
transactivator protein and/or the coding sequence of repressor CymR protein of the Cumate
operon) are integrated into the genome of the above packaging cell line by using the other
unused transposon system of the SB and PB transposon system, to construct a producer cell line.
In a preferred aspect of the disclosure, firstly, gag and pol genes, the rev gene, the coding
sequence of the viral envelope protein (VSV-G) (preferably, and the coding sequences of the
activator and/or repressor proteins of the inducible expression system, for example, in the case of
using a Tet-On and/or Cumate inducible expression system, the coding sequence of Tet-On
transactivator protein and/or the coding sequence of repressor CymR protein of the Cumate
operon) are integrated into the host cell genome by using any one of the SB transposon system
and the PB transposon system, to construct a packaging cell line; and, secondly, the viral genome
transcription cassette carrying a nucleic acid fragment of interest is integrated into the genome of
the above packaging cell line which is already integrated with gag and pol genes, the rev gene,
the coding sequence of the viral envelope protein (VSV-G) (preferably, and the coding
sequences of the activator and/or repressor proteins of the inducible expression system, for
example, in the case of using a Tet-On and/or Cumate inducible expression system, the coding
sequence of Tet-On transactivator protein and/or the coding sequence of repressor CymR protein
of the Cumate operon) in its genome by using the other unused transposon system of the SB and
PB transposon system, to construct a producer cell line. In this case, a lentiviral vector producer
cell line for preparing a lentiviral vector carrying a nucleic acid fragment of interest can be
constructed by the following steps: introducing a construct of the viral genome transcription
cassette carrying a nucleic acid fragment of interest into a constructed stable packaging cell
which is already integrated with gag and pol genes, the rev gene, the coding sequence of the viral
envelope protein (VSV-G) (preferably, and the coding sequences of the activator and/or
repressor proteins of the inducible expression system) in its genome, and then simply screening
for cell clones stably integrated with the construct in their genome. The present inventors have
found that if all of the above genes and sequences are sequentially integrated into the host cell
genome using only one transposon system (either SB system only or PB system only), upon
transfer of the latter one or more of the genes or sequences, the transposase may act on the

former one or more of the genes or sequences that have been introduced into the host cell and
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integrated into the host genome, thereby causing the former one or more of the genes or
sequences to be spliced out of the host genome, and thereby reducing the efficiency of preparing
a packaging/production cell line containing all genes and sequences. The inventors have found
that using different transposon systems to integrate the genes or sequences into the host cell
genome in two steps can effectively avoid the above-mentioned adverse effects. Thus, in the
present disclosure, using different transposon systems to integrate the genes or sequences into
the host cell genome in two steps means that, for example, firstly one or more of the genes or
sequences are integrated into the host cell genome by using the SB system, and then the
remaining one or more of the genes or sequences are integrated into the host cell genome by
using the PB system; or firstly one or more of the genes or sequences are integrated into the host
cell genome by using the PB system, and then the remaining one or more of the genes or
sequences are integrated into the host cell genome by using the SB system. In a preferred aspect
of the disclosure, firstly, gag and pol genes, the rev gene, the coding sequence of the viral
envelope protein (VSV-G) (preferably, and the coding sequences of the activator and/or
repressor proteins of the inducible expression system, for example, in the case of using a Tet-On
and/or Cumate inducible expression system, the coding sequence of Tet-On transactivator
protein and/or the coding sequence of repressor CymR protein of the Cumate operon) are
integrated into the host cell genome by using SB transposon system, to construct a packaging
cell; secondly, the viral genome transcription cassette carrying a nucleic acid fragment of interest
is integrated into the genome of the packaging cell which is already stably integrated with gag
and pol genes, the rev gene, the coding sequence of the viral envelope protein (VSV-G)
(preferably, and the coding sequences of the activator and/or repressor proteins of the inducible
expression system, for example, in the case of using a Tet-On and/or Cumate inducible
expression system, the coding sequence of Tet-On transactivator protein and/or the coding
sequence of repressor CymR protein of the Cumate operon) in its genome, by using PB
transposon system, to construct a producer cell.

[27] Unlike traditional transfection and screening methods for constructing stably transfected
cell lines, both PB and SB transposon systems have the function of actively integrating inserted
sequence fragments into the host cell genome. After optimization, a single transient transfection
can achieve an average successful stable integration efficiency of more than 40% in the cell
population under non-resistant screening conditions, and cell clones which stably integrate more
than 20 copies of inserted sequence fragments in the cell genome can be obtained in one

transfection operation, and multiple copies of inserted sequence fragments with different sizes
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and sequences can be integrated into the genome of cells in one operation. On the other hand, the
efficiency of integrating the inserted sequence fragments into the host cell genome by using PB
and SB transposon systems is related to the molar ratio of total transposon constructs and
transposase constructs at the time of introducing each transposon construct into the cell, the
amount of transposon construct introduced and the length of the inserted sequence fragments in
the transposon. In general, the transposon construct may be a DNA plasmid, a minicircle DNA, a
linear DNA fragment or a viral vector; the transposase construct may be a DNA plasmid, a
minicircle DNA, a linear DNA fragment, a viral vector, a RNA or a protein. When a DNA
plasmid is used as the construct for transposon and transposase, increasing the molar ratio of
transposon/transposase plasmid at the time of transient transfection to 5:1 or more can
significantly improve the efficiency of stable integration of the inserted sequence fragment in the
genome of cells. In addition, the integration efficiency of the transposon in cell genomes is
reduced along with the increase of the inserted sequence fragment length. There is a relatively
stable linear relationship between the two. In the operation of simultaneously integrating a
plurality of inserted sequence fragments in the cell genome, the copy number and molar ratio of
each inserted sequence fragment finally integrated into the cell genome can be controlled by
adjusting the added amount and relative molar ratio of each transposon construct according to
the length of the inserted sequence fragments. In one aspect of the disclosure, gag and pol genes,
the rev gene, the coding sequence of the viral envelope protein (VSV-G) (preferably, and the
coding sequences of the activator and/or repressor proteins of the inducible expression system,
for example, in the case of using a Tet-On and/or Cumate inducible expression system, the
coding sequence of Tet-On transactivator protein and/or the coding sequence of repressor CymR
protein of the Cumate operon) are first integrated into the host cell genome, preferably by using
the SB transposon system. In the construction process, the above packaging cell line is
constructed by transiently transfecting transposon plasmids containing the above genes and
protein-coding sequences and an SB transposase plasmid under conditions of the molar ratio of
the total transposon plasmids to the SB transposase plasmid being 5:1 or more, more preferably
10:1 to 40:1. The genome of constructed packaging cell line is stably integrated with at least one
copy of gag and pol genes, the rev gene, the coding sequence of the viral envelope protein (VSV-
G) (preferably, and the coding sequences of the activator and/or repressor proteins of the
inducible expression system, for example, in the case of using a Tet-On and/or Cumate inducible
expression system, the coding sequence of Tet-On transactivator protein and/or the coding

sequence of repressor CymR protein of the Cumate operon); preferably adjusting the copy
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number of gag and pol genes integrated into the host cell genome to 2 copies or more per cell,
and adjusting the copy ratio of gag and pol gene sequences to the coding sequence of VSV-G
protein integrated into the host cell genome to 1:1 to 3:1; more preferably, adjusting the copy
number of gag and pol genes integrated into the host cell genome to 4-6 copies per cell, and
adjusting the copy ratio of gag and pol gene sequences to the coding sequence of VSV-G protein
integrated into the host cell genome to 2:1 to 3:1. After the packaging cell line is constructed by
the SB transposon system, the viral genome transcription cassette carrying a nucleic acid
fragment of interest is integrated into the genome of the packaging cell line by using the PB
transposon system. In the construction process, a stable lentivirus producer cell line is
constructed by transiently transfecting a transposon plasmid containing the viral genome
transcriptional cassette carrying a nucleic acid fragment of interest and a PB transposase plasmid
under conditions of the molar ratio of the transposon plasmid to the PB transposase plasmid
being 5:1 or more, more preferably 10:1 to 40:1. At least one copy of the viral genome
transcription cassette carrying a nucleic acid fragment of interest is stably integrated in the
genome of constructed producer cell line. The method of constructing a producer cell line by
using the PB and SB double-transposon system has the following advantages: increasing the
copy number of the inserted genes, accurately adjusting the molar ratio of each inserted sequence
fragment integrated into the host cell genome, increasing the success rate of constructing and
screening an optimal high-yielding producer cell line, reducing the steps and time of cell

screening, reducing the number of resistance genes, and the like.

[28] In one aspect of the disclosure, gag gene, the pol gene, the rev gene, the coding sequence
of the viral envelope protein (VSV-G), the viral genome transcription cassette carrying a nucleic
acid fragment of interest, and the coding sequences of the activator and/or repressor proteins of
the inducible expression system (for example, the coding sequence of Tet-On transactivator rtTA
protein and/or the coding sequence of repressor CymR protein of the Cumate operon) are
respectively constructed in a different transposon construct; in one aspect of the disclosure, any
two of the above genes or sequence fragments are constructed in one transposon construct; in
one aspect of the disclosure, any three of the above genes or sequence fragments are constructed
in one transposon construct; in one aspect of the disclosure, any four of the above genes or
sequence fragments are constructed in one transposon construct; in one aspect of the disclosure,
any five of the above genes or sequence fragments are constructed in one transposon construct;
in one aspect of the disclosure, any six of the above genes or sequence fragments are constructed

in one transposon construct; in one aspect of the disclosure, all of the above genes or sequence
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fragments are constructed in one transposon construct. In order to reduce the possibility of
producing a replication-competent lentivirus (RCL) by the producer line and to facilitate
optimization of the copy number ratio of each viral packaging gene and sequence fragment
integrated in the host cell genome, gag gene and the pol gene are preferably constructed in the
same transposon construct, and the rev gene, the coding sequence of virus envelope protein
(VSV-G) and the viral genome transcription cassette carrying a nucleic acid fragment of interest
are respectively constructed in three independent transposon constructs; in the case of using the
Tet-On inducible expression system alone, the coding sequence of the Tet-On transactivator
rtTA protein is constructed in an independent transposon construct; in the case of using the
complex inducible expression system of Tet-On and Cumate, the coding sequence of the Tet-On
transactivator 1tTA protein and the coding sequence of the repressor CymR protein of the

Cumate operon are preferably constructed in the same transposon construct.

[29] In the present disclosure, one or more of the constructs having gag and pol genes, the rev
gene, the coding sequence of the viral envelope protein (VSV-G), the viral genome transcription
cassette carrying a nucleic acid fragment of interest, and the coding sequence of activator or
repressor protein of an inducible expression system (for example, the coding sequence of Tet-On
transactivator protein and/or the coding sequence of repressor CymR protein of the Cumate
operon) further carry a screening gene sequence. In the present disclosure, the screening gene
sequence is a screening gene sequence for eukaryotic cells. In one aspect of the disclosure, the
screening gene may be selected from, for example, a hygromycin resistance gene, a puromycin
resistance gene, a neomycin resistance gene, a blasticidin resistance gene, a bleomycin resistance
gene; or the screening gene is a metabolic-pathway screening gene, for example, selected from a
nucleic acid sequence encoding dihydrofolate reductase, glutamine synthetase and thymidine
kinase. In one aspect of the disclosure, the expression of the screening gene can be regulated by a
promoter, an internal ribosome entry site (IRES) or a P2A self-splicing polypeptide sequence,
preferably by a SV40 promoter. In one aspect of the disclosure, in the step of firstly integrating
gag and pol genes, the rev gene, the coding sequence of the viral envelope protein (VSV-G)
(preferably, and the coding sequences of the activator and/or repressor proteins of the inducible
expression system, for example, in the case of using a Tet-On and/or Cumate inducible
expression system, the coding sequence of Tet-On transactivator rtTA protein and/or the coding
sequence of repressor CymR protein of the Cumate operon) into the host cell genome by an SB
transposon system, one or more of the constructs may carry different screening gene sequences;

preferably, only one screening gene sequence is used, which can be located in any of the above
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construct, for example, in a construct having the coding sequences of the activator and/or
repressor proteins of the inducible expression system (for example, in the case of using a Tet-On
inducible expression system alone, the construct of the coding sequence of Tet-On transactivator
rtTA protein carries a screening gene sequence (for example, a hygromycin resistance gene
(HygroR)); or in the case of using a Tet-On and Cumate complex inducible expression system,
the construct having both the coding sequence of Tet-On transactivator rtTA protein and the
coding sequence of repressor CymR protein of the Cumate operon carries a screening gene
sequence (for example, a hygromycin resistance gene (HygroR)). Later, in the step of
construction of a producer cell line by integrating the viral genome transcription cassette
carrying a nucleic acid fragment of interest into the genome of the packaging cell line by using
PB transposon system, the construct of the viral genome transcription cassette carrying a nucleic
acid fragment of interest preferably carries another resistance gene sequence (e.g., puromycin
resistance gene (PuroR)) different from the previous one. In one aspect of the disclosure, the
construct of the coding sequence of the viral envelope protein (VSV-G) carries a third resistance
gene sequence (e.g., the blasticidin resistance gene (BSD)) that is different from the above two.
In one aspect of the disclosure, under conditions of sufficiently high-throughput monoclonal cell
screening, the constructs of the present disclosure may contain no screening gene, and stable
high-yielding packaging/producer cell lines can be screened solely by the virus-producing ability
of the monoclonal cells.

[30] In the present disclosure, the lentiviral genome transcriptional cassette carrying a nucleic
acid fragment of interest may be derived from a transfer vector plasmid of the second-generation
lentiviral vector such as pLVPRT-tTR-KRAB (Addgene, # 11648), pLenti CMVlight eGFP Puro
(w771-1) (Addgene, # 26431), or from a transfer vector plasmid of the third-generation lentiviral
vector such as pSLIK-Hygro (Addgene, #25737), pHIV-EGFP (Addgene, #21373). pSico

(Addgene, #11578), pRRLSIN.cPPT.PGK-GFP. WPRE (Addgene, #12252), Tet-pLKO-puro
(Addgene, #21915), pLenti-puro (Addgene, #39481), pLVUT-tTR-KRAB (Addgene, #11651)
and the like. Most of the viral genome transcriptional cassettes of the third-generation lentiviral
vector and the second-generation lentiviral vector share nucleic acid sequences that play key
roles in virus packaging and transduction, such as LTR, 5' non-encoding fragment, HIV-1 ¥
packaging signal, RRE, cPPT and part of gag sequences; and the main difference of the third-
generation lentiviral genome transcriptional cassette from the second-generation lentiviral
genome transcription cassette is that a constitutively active promoter such as CMV or RSV is

used to replace the U3 sequence which acts as a promoter in the 5' LTR sequence, and the U3
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sequence of the 3' -L'TR sequence is deleted, so that the lentiviral transfer vector becomes a SIN
(self-inactivating) vector. In the third-generation lentiviral genome transcriptional cassette, the
lentiviral genomic RNA is transcribed by CMV promoter in pSLIK-Hygro, pHIV-EGFP, pSico
vectors, while the lentiviral genomic RNA is transcribed by RSV promoter in
pRRLSIN.cPPT.PGK-GFP. WPRE, Tet-pLKO-puro, pLenti-puro. Compared with other third-
generation lentiviral transfer vector plasmids, the Tet-pLKO-puro and pLenti-puro do not
contain WPRE sequence in the lentiviral genome transcriptional cassettes. The lentiviral genome
transcriptional cassettes in the lentiviral transfer vector plasmids described above are all in
principle applicable to the method of constructing cell lines that are stable for lentiviral
production as described in the present disclosure. In one aspect of the disclosure, the sequence of
lentiviral genome transcriptional cassette used in the disclosure is designed based on the nucleic
acid sequence in the transfer vector plasmid of pRRLSIN.cPPT.PGK-GFP. WPRE (Addgene, #

12252), and a plasmid construct containing this sequence is constructed.

[31] The method for constructing a retrovirus/lentivirus producer cell line of the present
disclosure can also construct a virus producer cell line for rapidly replacing a nucleic acid
sequence of interest and/or an envelope protein, including but not limited to a rapid replacement
virus producer cell line constructed by using a site-specific recombination strategy. Site-specific
recombination, also known as conservative site-specific recombination, is a genetic
recombination in which DNA strand exchange occurs between fragment sequences with at least
a certain degree of homology. Many different genome modification strategies, such as
recombinase-mediated cassette exchange (RMCE), rely on site-directed recombination, which is
an advanced method for targeted introducing a transcriptional cassette or a nucleic acid fragment
of interest to specific sites in a predetermined genome. Site-specific recombination generally
consists of a site-specific recombinase (SSR) and a specific site sequence recognized by the site-
specific recombinase and subjected to homologous recombination. Based on amino acid
sequence homology and the correlation of recombinase catalytic mechanisms, most site-specific
recombinases can be classified as tyrosine (Tyr) recombinases or serine (Ser) recombinases.
Common tyrosine recombinases are Cre or FLP; and common serine recombinases are the
classical members such as gamma-delta and Tn3 catabolic enzymes and the newly discovered ¢
C31-, Bxbl-, and R4 integrases. The specific site sequence that binds to the site-specific
recombinase and is subjected to homologous recombination is generally 30 to 200 bases in
length, and is composed of two partially inverted and repeated symmetric sequences to which the

site-specific recombinase binds and an intermediate sequence flanked by the two partially
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inverted and repeated symmetric sequences and subjected to homologous recombination. Site-
specific recombination typically occurs between two identical specific site sequences, but there
are exceptions (e.g., at the attP and attB sites of the lambda phage integrase system). Cre-lox and
FLP-FRT site-specific recombination systems are commonly used mature systems for
recombinase-mediated cassette exchange. The Cre-lox system consists of a Cre recombinase and
a loxp sequence recognized by Cre; the FLP-FRT system consists of a flippase recombinase
(FLP) and a short flippase recognition target (FRT) recognized by the FLLP. The two site-specific
recombination systems can achieve the excision, insertion, translocation and inversion of a
nucleic acid sequence fragment of interest based on the number and direction of the recognition
site sequences of site-specific recombinases and the design strategy for nucleic acid mutation of
the same or different DNA molecules and recognition sites. In designing a recombinase-
mediated cassette exchange strategy, site-specific recombinase recognition sequences are
typically set at both ends of the nucleic acid sequence to be replaced (which may itself contain a
marker gene or be linked to a marker gene (the first marker gene)) (the first marker gene and the
nucleic acid sequence of interest to be replaced are both located between the two specific
recombinase recognition site sequences), and the cell line is screened based on the characteristics
of the first marker gene. The nucleic acid sequence of interest for replacement (preferably linked
to a second marker gene different from the first marker gene) is typically set in a vector (such as
a plasmid or virus vector), and also has site-specific recombinase recognition sequences at both
ends (the second marker gene and the nucleic acid sequence of interest for replacement are
located between the two specific recombinase recognition site sequences). When a vector
carrying a nucleic acid fragment of interest for replacement and a corresponding expression
vector for the site-specific recombinase (e.g., a plasmid, a virus vector, a RNA carrying the
coding sequence of site-specific recombinase, or a site recombinase protein) are simultaneously
delivered into a cell line screened based on the first marker gene, the original nucleic acid
fragment to be replaced is replaced with the nucleic acid fragment of interest for replacement
carrying the second marker gene under the catalysis of the site-specific recombinase. After
screening based on the characteristics of the second marker gene, a cell line of interest that
successfully completes recombinase-mediated cassette exchange can be obtained. A similar
strategy can be used to construct a rapid replacement virus-producer cell line for rapid
replacement of a nucleic acid fragment of interest and/or an envelope protein. For example, a
rapid replacement virus producer cell line is first constructed according to the method of the

present disclosure based on the original nucleic acid fragment (which may itself contain a marker
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gene or be linked to a marker gene (the first marker gene A)) and/or the coding sequence of
original envelope protein linked to a marker gene (the first marker gene B), wherein the site-
specific recombinase-recognition site sequence is set at both ends of the original nucleic acid
fragment (which may itself contain a marker gene or be linked to a marker gene), and/or at both
ends of the coding sequence of original envelope protein linked to a marker gene. When rapidly
replacing the nucleic acid fragment of interest and/or the coding sequence of the envelope
protein, a vector comprising the nucleic acid fragment of interest for replacement and/or the
coding sequence of the envelope protein for replacement (wherein, the nucleic acid fragment of
interest for replacement and/or the coding sequence of the envelope protein for replacement has
a specific recombinase-recognition site sequence at both ends and is linked to a marker gene (the
second marker gene)) and a corresponding site-specific recombinase-expression vector are
simultaneously delivered into the above rapid replacement virus-producer cell line, wherein the
maker gene (the second marker gene A) and the nucleic acid fragment of interest for replacement
are both located between two specific recombinase-recognition site sequences, anf/or the maker
gene (the second marker gene B) and the coding sequence of the envelope protein for
replacement are both located between two specific recombinase-recognition site sequences, and
the second marker gene (A and/or B) linked to the sequence for replacement is different from the
first marker gene (A and/or B) used in the producer cell line that has been constructed; and then
based on the second marker gene (A and/or B) linked to the nucleic acid fragment of interest for
replacement and/or the coding sequence of the envelope protein for replacement, a producer cell
line which successfully accomplishes recombinase-mediated cassette exchange and is capable of
producing a virus containing a novel nucleic acid fragment of interest and/or a novel envelope
protein is screened. The maker gene is for example a resistance gene sequence for a eukaryotic
cell selected from, for example, a hygromycin resistance gene, a puromycin resistance gene, a
neomycin resistance gene, a blasticidin resistance gene, a bleomycin resistance gene; or the
marker gene is for example a metabolic pathway screening gene selected from, for example, a
gene encoding a dihydrofolate reductase, a glutamine synthetase or a thymidine kinase; or the
marker gene is for example a fluorescent protein marker gene selected from, for example, a gene
sequence encoding a Green Fluorescent Protein (EGFP), a red fluorescent protein (dsRed), a
cherry fluorescent protein (mcherry), a cyan fluorescent protein (ECFP), a yellow fluorescent
protein (EYFP), and other mutated proteins derived from fluorescent proteins; or the marker
gene is for example a protease gene used for the detection of a reporter gene selected from, for

example, a gene sequence encoding a luciferase, a [(-galactosidase or a chloramphenical
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acetyltransferase; or the marker gene is, for example, any combination of the above marker

genes.

[32] In the present disclosure, host cells that can be used to construct the retrovirus/lentivirus
packaging cell line and producer cell line are mammalian cells. Examples of host cells suitable
for use in the present disclosure are 293T cells, HepG2 cells, CHO cells, BHK cells, HEK293
cells, COS cells, NIH/3T3 cells, Vero cells, HT1080 cells, Te671 cells, CEM cells, NSO cells or
PerC6 cells, as well as derivatives thereof. In one aspect, the host cell is a HEK293 cell or a cell
derived from HEK293 cell. In one aspect, the host cell is a 293T cell. In one aspect, the
producer/packaging cell can be cultured adherently or in suspension. In one aspect, the

producer/packaging cell can be cultured with serum or without serum.

[33] In the present disclosure, the tetracycline and derivatives thereof for the Tet-On inducible
expression system comprise compounds similar to tetracycline in structure which can bind to the
tetracycline-dependent transactivator rtTA described herein with an association constant Ka of at
least 10°° M; preferably, 10°M or more. The derivatives of tetracycline may be selected from, for
example, doxycycline (Dox), anhydrotetracycline (Atc), chlorotetracycline, oxytetracycline, and

deoxytetracycline.

[34] In the present disclosure, the Cumate functional analog which binds to the repressor
CymR and can be used in the Cumate inducible expression system, can be selected from, for
example, p-ethylbenzoic acid, p-propylbenzoic acid, p-isopropylbenzoic acid, p-isobutylbenzoic
acid, p-tert-butylbenzoic acid, p-n-dimethylaminobenzoic acid, p-n-ethylaminobenzoic acid, and

other Cumate functional analogs such as those described in U. S. patent No. 7,745,592.
[35] In one aspect, the disclosure provides the following items:

[36] Ttem 1. A method for preparing a producer cell for producing a retroviral vector carrying a
nucleic acid fragment of interest, comprising:

[37] integrating one or more but not all of sequences of gag and pol genes of a retrovirus, a
coding sequence of a viral envelope protein, and a viral genome transcriptional cassette sequence
carrying the nucleic acid fragment of interest into the genome of a host cell using a Sleeping
Beauty (SB) transposon system, and further integrating the remaining one or more of the
sequences of gag and pol genes of the retrovirus, the coding sequence of the viral envelope
protein, and the viral genome transcriptional cassette sequence carrying the nucleic acid
fragment of interest into the genome of the host cell using a PiggyBac (PB) transposon system,
or

[38] integrating one or more but not all of sequences of gag and pol genes of a retrovirus, a
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coding sequence of a viral envelope protein, and a viral genome transcriptional cassette sequence
carrying the nucleic acid fragment of interest into the genome of a host cell using a PB
transposon system, and further integrating the remaining one or more of the sequences of gag
and pol genes of the retrovirus, the coding sequence of the viral envelope protein, and the viral
genome transcriptional cassette sequence carrying the nucleic acid fragment of interest into the
genome of the host cell using a SB transposon system.

[39] TItem 2. A method for preparing a producer cell for producing a lentiviral vector carrying a
nucleic acid fragment of interest, comprising:

[40] integrating one or more but not all of sequences of gag, pol and rev genes of a lentivirus, a
coding sequence of a viral envelope protein, and a viral genome transcriptional cassette sequence
carrying the nucleic acid fragment of interest into the genome of a host cell using an SB
transposon system, and further integrating the remaining one or more of the sequences of gag,
pol and rev genes of the lentivirus, the coding sequence of the viral envelope protein, and the
viral genome transcriptional cassette sequence carrying the nucleic acid fragment of interest into
the genome of the host cell using a PB transposon system, or

[41] integrating one or more but not all of sequences of gag, pol and rev genes of a lentivirus, a
coding sequence of a viral envelope protein, and a viral genome transcriptional cassette sequence
carrying the nucleic acid fragment of interest into the genome of a host cell using a PB
transposon system, and further integrating the remaining one or more of the sequences of gag,
pol and rev genes of the lentivirus, the coding sequence of the viral envelope protein, and the
viral genome transcriptional cassette sequence carrying the nucleic acid fragment of interest into
the genome of the host cell using an SB transposon system.

[42] Ttem 3. The method of item 2, wherein the integrating of the sequences of gag, pol and rev
genes of the lentivirus and the coding sequence of the viral envelope protein into the genome of
the host cell is achieved using the SB transposon system, and the further integrating of the viral
genome transcriptional cassette sequence carrying the nucleic acid fragment of interest into the
genome of the host cell is achieved using the PB transposon system, or the integrating of the
sequences of gag, pol and rev genes of the lentivirus and the coding sequence of the viral
envelope protein into the genome of the host cell is achieved using the PB transposon system,
and the further integrating of the viral genome transcriptional cassette sequence carrying the
nucleic acid fragment of interest into the genome of the host cell is achieved using the SB

transposon system.
[43] TItem 4. The method of item 2, wherein the sequences of gag, pol and rev genes of the
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lentivirus, the coding sequence of the viral envelope protein, and the viral genome transcriptional
cassette sequence carrying the nucleic acid fragment of interest are located in two or more
constructs.

[44] Ttem 5. The method of item 4, wherein the sequences of gag and pol genes are located in
one construct, and the sequence of rev gene is located in another construct, and the coding
sequence of the viral envelope protein is located in a third construct, and the viral genome
transcriptional cassette sequence carrying the nucleic acid fragment of interest is located in a
fourth construct.

[45] Ttem 6. The method of item 2, wherein the gag, pol, and rev genes of the lentivirus are gag,
pol, and rev genes of HIV-1 virus.

[46] TItem 7. The method of item 2, wherein the viral envelope protein is selected from the
group consisting of feline leukemia virus (RD114) envelope protein, amphotropic retrovirus
envelope protein, ecotropic retrovirus envelope protein, Baboon ape leukemia virus envelope
protein, nipah virus envelope protein, Mokola virus envelope protein, Lymphocytic
choriomeningitis virus envelope protein, chikungunya virus envelope protein, Ross river virus
envelope protein, Semliki forest virus envelope protein, Sindbis virus envelope protein,
Venezuelan equine encephalitis virus envelope protein, Western equine encephalitis virus
envelope protein, influenza virus envelope protein, Fowl Plague Virus envelope protein,
Chandipura virus and Piry virus envelope protein, simian immunodeficiency virus envelope
protein, feline immunodeficiency virus envelope protein, equine infectious anemia virus
envelope protein, Ebola virus envelope protein, rabies virus envelope protein, baculovirus
envelope protein, hepatitis C virus envelope protein, feline endogenous retrovirus envelope
protein, measles virus envelope protein, murine leukemia virus facultative 4070A and 10A1,
Gibbon ape leukemia virus envelope protein, human immunodeficiency virus gpl20 and a
vesicular stomatitis virus glycoprotein (VSV-G).

[47] Ttem 8. The method of item 2, wherein the viral envelope protein is a vesicular stomatitis
virus glycoprotein (VSV-G).

[48] TItem 9. The method of item 2, wherein SB100X is used as a transposase in the SB system,
and/or ePiggyBac is used as a transposase in the PB system.

[49] TItem 10. The method of item 2, wherein the transcription of one or more of the gag, pol
and rev genes, the coding sequence of the viral envelope protein, and the viral genome
transcriptional cassette carrying the nucleic acid fragment of interest is controllable.

[S0] Ttem 11. The method of item 10, wherein the viral envelope protein is VSV-G and the
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transcription of the rev gene and the coding sequence of VSV-G is controllable.

[51] Ttem 12. The method of item 10, wherein the viral envelope protein is VSV-G and the
transcription of the gag, pol and rev genes and the coding sequence of VSV-G is controllable.
[52] Ttem 13. The method of item 10, wherein the controllable transcription is achieved by
placing the gene or sequence under the control of an inducible expression system.

[S3] Ttem 14. The method of item 13, wherein the inducible expression system is selected from
the group consisting of a tetracycline inducible expression system and a Cumate inducible
expression system.

[54] TItem 15. The method of item 14, wherein the gene or sequence is placed under a single
control of a Tet-On inducible expression system or under a dual control of a Tet-On inducible
expression system and a Cumate inducible expression system.

[55] Item 16. The method of item 15, wherein,

[S6] when under the single control of the Tet-On inducible expression system, the transcription
of rev is under the control of a TRE3g sequence, and/or the transcription of the coding sequence
of VSV-G is under the control of a TRE3;G-intron sequence, and/or the transcription of gag and
pol is under the control of a eukaryotic promoter-intron sequence or a TRE3G-intron sequence;
[57] when under the dual control of the Tet-On inducible expression system and the Cumate
inducible expression system, the transcription of rev is under the control of a TRE;»CuO
sequence, a TRE.CuO-intron sequence, a TRE3c sequence, a TRE3cCuO sequence or a
TRE36CuO-intron sequence, and/or the transcription of VSV-G is under the control of a
TREaawwCuO sequence, a TREavCuO-intron sequence, a TRE3G-intron sequence or a TRE3GCuO-
intron sequence, and/or the transcription of gag and pol is under the control of a eukaryotic
promoter-intron sequence, a TREaqgy-intron sequence, a TREyCuO-intron sequence, a TRE3-
intron sequence or a TRE3gCuO-intron sequence.

[58] Item 17. The method of item 16, wherein,

[59] when under the single control of the Tet-On inducible expression system, the transcription
of rev is under the control of a TRE3g sequence, and the transcription of the coding sequence of
VSV-G is under the control of a TRE3g-intron sequence, and the transcription of gag and pol is
under the control of a eukaryotic promoter-intron sequence or a TRE3g-intron sequence;

[60] when under the dual control of the Tet-On inducible expression system and the Cumate
inducible expression system, the transcription of rev is under the control of a TRE3G sequence or
a TRE3gCuO sequence, and the transcription of VSV-G is under the control of a TRE3GCuO-

intron sequence, and the transcription of gag and pol is under the control of a eukaryotic
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promoter-intron sequence or a TRE3gCuO-intron sequence.

[61] TItem 18. The method of item 17, wherein, when under the dual control of the Tet-On
inducible expression system and the Cumate inducible expression system, the transcription of rev
is under the control of a TRE3G sequence, and the transcription of VSV-G is under the control of
a TRE3gCuO-intron sequence, and the transcription of gag and pol is under the control of a
TRE36CuO-intron sequence; and the copy number of gag/pol gene inserted into the genome of
the host cell is 2-8 copies/cell, and the ratio of the copy number of gag/pol to VSV-G inserted
into the genome of the host cell is 1:1 to 4:1.

[62] Ttem 19. The method of item 18, wherein the copy number of gag/pol gene inserted into
the genome of the host cell is 4-6 copies/cell, and the ratio of the copy number of gag/pol to
VSV-G inserted into the genome of the host cell is 2:1 to 3:1.

[63] Item 20. The method of item 15, wherein a coding sequence of a Tet-On transactivator
protein, or a coding sequence of a Tet-On transactivator protein and a coding sequence of a
repressor CymR protein of Cumate operon, is/are integrated into the genome of the host cell
using an SB transposon system or a PB transposon system.

[64] Item 21. The method of item 20, wherein the Tet-On transactivator protein is rtTAsg.

[65] TItem 22. The method of item 15, wherein the sequences of gag, pol and rev genes of the
lentivirus, the coding sequence of the viral envelope protein, and the coding sequence of the Tet-
On transactivator protein, or the coding sequence of the Tet-On transactivator protein and the
coding sequence of the repressor CymR protein of Cumate operon are integrated into the genome
of the host cell using an SB transposon system, and then the viral genome transcriptional cassette
sequence carrying the nucleic acid fragment of interest is further integrated into the genome of

the host cell using a PB transposon system; or

[66] the sequences of gag, pol and rev genes of the lentivirus, the coding sequence of the viral
envelope protein, and the coding sequence of the Tet-On transactivator protein, or the coding
sequence of the Tet-On transactivator protein and the coding sequence of the repressor CymR
protein of Cumate operon are integrated into the genome of the host cell using a PB transposon
system, and then the viral genome transcriptional cassette sequence carrying the nucleic acid
fragment of interest is further integrated into the genome of the host cell using an SB transposon
system.

[67] TItem 23. A producer cell prepared by the method of any one of items 1-22.

[68] Item 24. The producer cell of item 23, wherein the producer cell was deposited at the

China General Microbiological Culture Collection Center (CGMCC) on April 13, 2020 with
31



CGMCC No. 19675.

[69] TItem 25. A producer cell for producing a retroviral vector carrying a nucleic acid fragment
of interest, wherein the producer cell is integrated in the genome thereof with a sequence of gag
and pol genes of a retrovirus, a coding sequence of a viral envelope protein, and a viral genome
transcriptional cassette sequence carrying the nucleic acid fragment of interest; wherein each of
the sequence of the gag and pol genes, the coding sequence of the viral envelope protein, and the
viral genome transcriptional cassette sequence carrying the nucleic acid fragment of interest has
IR/DR sequences for recognition by an SB transposase or ITR sequences for recognition by a PB
transposase at both ends thereof, and both the IR/DR sequences and the ITR sequences are

present in the producer cell.

[70] Ttem 26. The producer cell of item 25, wherein each of the sequence of the gag and pol
genes and the coding sequence of the viral envelope protein has IR/DR sequences for recognition
by an SB transposase at both ends thereof, and the viral genome transcriptional cassette sequence
carrying the nucleic acid fragment of interest has ITR sequences for recognition by a PB
transposase at both ends thereof, or each of the sequence of the gag and pol genes and the coding
sequence of the viral envelope protein has ITR sequences for recognition by a PB transposase at
both ends thereof, and the viral genome transcriptional cassette sequence carrying the nucleic
acid fragment of interest has IR/DR sequences for recognition by an SB transposase at both ends

thereof.

[71] Ttem 27. The producer cell of item 25, wherein the retrovirus is a lentivirus, and the
producer cell is further integrated in the genome thereof with a sequence of rev gene of a
lentivirus, and the sequence of the rev gene has IR/DR sequences for recognition by an SB

transposase or I'TR sequences for recognition by a PB transposase at both ends thereof.
[72] TItem 28. The producer cell of item 27, wherein the retrovirus is an HIV-1 virus.

[73] TItem 29. The producer cell of item 27, wherein each of the sequence of the gag and pol
genes, the sequence of the rev gene and the coding sequence of the viral envelope protein has
IR/DR sequences for recognition by an SB transposase at both ends thereof, and the viral
genome transcriptional cassette sequence carrying the nucleic acid fragment of interest has ITR
sequences for recognition by a PB transposase at both ends thereof; or each of the sequence of
the gag and pol genes, the sequence of the rev gene and the coding sequence of the viral
envelope protein has ITR sequences for recognition by a PB transposase at both ends thereof,
and the viral genome transcriptional cassette sequence carrying the nucleic acid fragment of

interest has IR/DR sequences for recognition by an SB transposase at both ends thereof.
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[74] Ttem 30. The producer cell of item 25, wherein the viral envelope protein is a vesicular
stomatitis virus glycoprotein (VSV-G).

[75] TItem 31. The producer cell of item 23 or item 25, wherein the nucleic acid fragment of
interest has recognition sequences for a site-specific recombinase system at both ends thereof
and/or the coding sequence of the envelope protein has recognition sequences for a site-specific
recombinase system at both ends thereof.

[76] TItem 32. A system for replacing a nucleic acid fragment of interest and/or an envelope
protein in a retroviral vector, comprising: the producer cell of item 31, a site-specific
recombinase system, and a nucleic acid fragment of interest and/or a coding sequence of an
envelope protein for replacement.

[77] Ttem 33. The system of item 32, wherein the site-specific recombinase system is FLP-FRT
or Cre-lox recombinase system.

[78] Item 34. The system of item 32, wherein the original nucleic acid fragment of interest in
the producer cell comprises or is linked to a marker gene and/or the coding sequence of the
original envelope protein in the producer cell is linked to a marker gene, and the marker gene
linked to the nucleic acid fragment of interest for replacement and/or to the coding sequence of
the envelope protein for replacement is different from the original marker gene in the producer
cell.

[79] TItem 35. The system of item 34, wherein the maker gene is a resistance gene sequence for
a eukaryotic cell, a metabolic pathway screening gene, a fluorescent protein marker gene, a

protease gene used for reporter gene detection, or any combination thereof.

[80] Ttem 36. The system of item 35, wherein the resistance gene sequence is selected from a
hygromycin resistance gene, a puromycin resistance gene, a neomycin resistance gene, a
blasticidin resistance gene, a bleomycin resistance gene.

[81] TItem 37. The system of item 35, wherein the metabolic pathway screening gene is selected

from a gene encoding dihydrofolate reductase, glutamine synthetase or thymidine kinase.

[82] Ttem 38. The system of item 35, wherein the fluorescent protein marker gene is selected
from a gene sequence encoding Green Fluorescent Protein (EGFP), red fluorescent protein
(dsRed), cherry fluorescent protein (mcherry), cyan fluorescent protein (ECFP), yellow
fluorescent protein (EYFP), and the derivatives thereof.

[83] Item 39. The system of item 35, wherein the protease gene used for reporter gene detection

is selected from a gene sequence encoding luciferase, [-galactosidase or chloramphenical

acetyltransferase.
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[84] Item 40. A method for replacing a nucleic acid fragment of interest and/or an envelope
protein in a retrovirus producer cell, comprising: providing the producer cell of item 31, and
replacing the original nucleic acid fragment of interest and/or a coding sequence of the original
envelope protein in the producer cell with a nucleic acid fragment of interest for replacement
and/or a coding sequence of an envelope protein for replacement using a site-specific
recombinase system.

[85] Item 41. The method of item 40, wherein the site-specific recombinase system is a FLP-

FRT or Cre-lox recombinase system.

[86] TItem 42. The method of item 40, wherein the original nucleic acid fragment of interest in
the producer cell comprises or is linked to a marker gene and/or the coding sequence of the
original envelope protein in the producer cell is linked to a marker gene, and the marker gene
linked to the nucleic acid fragment of interest for replacement and/or the coding sequence of the
envelope protein for replacement is different from the original marker gene in the producer cell.
[87] Ttem 43. The method of item 42, wherein the maker gene is a resistance gene sequence for
a eukaryotic cell, a metabolic pathway screening gene, a fluorescent protein marker gene, a
protease gene used for reporter gene detection, or any combination thereof.

[88] Item 44. The method of item 43, wherein the resistance gene sequence is selected from
hygromycin resistance gene, puromycin resistance gene, neomycin resistance gene, blasticidin
resistance gene, bleomycin resistance gene.

[89] TItem 45. The method of item 43, wherein the metabolic pathway screening gene is selected
from a gene encoding dihydrofolate reductase, glutamine synthetase or thymidine kinase.

[90] Ttem 46. The method of item 43, wherein the fluorescent protein marker gene is selected
from a gene sequence encoding Green Fluorescent Protein (EGFP), red fluorescent protein
(dsRed), cherry fluorescent protein (mcherry), cyan fluorescent protein (ECFP), yellow
fluorescent protein (EYFP), and the derivatives thereof.

[91] Ttem 47. The method of item 43, wherein the protease gene used for reporter gene
detection is selected from a gene sequence encoding luciferase, [-galactosidase or
chloramphenical acetyltransferase.

[92] TItem 48. A retrovirus producer cell obtained by the method for replacing a nucleic acid
fragment of interest and/or an envelope protein in a retrovirus producer cell of item 40.

[93] Item 49. A method for producing a retroviral vector carrying a nucleic acid fragment of

interest, comprising the following steps:

34



[94] adding an inducer(s) of the inducible expression system(s) to the producer cell of any one

of items 23-31 or the producer cell of item 48, and
[95] collecting and purifying the retroviral vector carrying the nucleic acid fragment of interest.

[96] Item 50. The method of item 49, wherein the inducer(s) is(are) tetracycline or a derivative

thereof and/or Cumate or a functional analogue thereof.

[97] Ttem 51. The method of item 50, wherein the tetracycline derivative is doxycycline.

[98] TItem 52. A retroviral vector carrying a nucleic acid fragment of interest prepared by the
method of item 49.

[99] TItem 53. Use of the producer cell of any one of items 23-31, the producer cell of item 48 or
the retroviral vector carrying a nucleic acid fragment of interest of item 52 in the preparation of a

reagent for delivering a nucleic acid fragment of interest into a cell.

[100] Ttem 54. A method for preparing a lentiviral vector packaging/producer cell, comprising:
introducing sequences of gag, pol and rev genes of a lentivirus and a coding sequence of a
vesicular stomatitis virus glycoprotein (VSV-G) into a host cell, wherein the transcription of one
or more of the gag, pol and rev genes and the coding sequence of VSV-G is under a single
control of a Tet-On inducible expression system or under a dual control of a Tet-On inducible
expression system and a Cumate inducible expression system, when under the single control of
the Tet-On inducible expression system, the transcription of rev is under the control of a TRE3g
sequence, and/or the transcription of the coding sequence of VSV-G is under the control of a
TRE3g-intron sequence, and/or the transcription of gag and pol is under the control of a
eukaryotic promoter-intron sequence or a TRE3g-intron sequence; when under the dual control of
the Tet-On inducible expression system and the Cumate inducible expression system, the
transcription of rev is under the control of a TREa4yCuO sequence, a TRE.4yCuO-intron sequence,
a TRE3g sequence, a TRE3cCuO sequence or a TRE3gCuO-intron sequence, and/or the
transcription of VSV-G is under the control of a TRE.vCuO sequence, a TRE¢wCuO-intron
sequence, a TRE3g-intron sequence or a TRE3gCuO-intron sequence, and/or the transcription of
gag and pol is under the control of a eukaryotic promoter-intron sequence, a TREagy-intron
sequence, a TREaqwCuO-intron sequence, a TREj3g-intron sequence or a TRE3gCuO-intron

sequence.

[101] Ttem 55. The method of item 54, wherein, when under the single control of the Tet-On
inducible expression system, the transcription of rev is under the control of a TRE3g sequence,
and the transcription of the coding sequence of VSV-G is under the control of a TRE3;g-intron

sequence, and the transcription of gag and pol is under the control of a eukaryotic promoter-
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intron sequence or a TREszg-intron sequence; when under the dual control of the Tet-On
inducible expression system and the Cumate inducible expression system, the transcription of rev
is under the control of a TRE3g sequence or a TRE3gCuO sequence, and the transcription of
VSV-G is under the control of a TRE3;gCuO-intron sequence, and the transcription of gag and
pol is under the control of a eukaryotic promoter-intron sequence or a TRE3gCuO-intron
sequence.

[102] Ttem 56. The method of item 54, wherein the sequences of the gag, pol and rev genes of
the lentivirus and the coding sequence of VSV-G are integrated into the genome of the host cell.
[103] Ttem 57. The method of item 56, wherein the sequences of the gag, pol and rev genes of
the lentivirus and the coding sequence of VSV-G are integrated into the genome of the host cell

by an SB or PB transposon system.

[104] Ttem 58. The method of item 56, wherein, when under the dual control of the Tet-On
inducible expression system and the Cumate inducible expression system, the transcription of rev
is under the control of a TRE3G sequence, and the transcription of VSV-G is under the control of
a TRE3gCuO-intron sequence, and the transcription of gag and pol is under the control of a
TRE36CuO-intron sequence; and the copy number of gag/pol gene inserted into the genome of
the host cell is 2-8 copies/cell, and the ratio of the copy number of gag/pol to VSV-G inserted
into the genome of the host cell is 1:1 to 4:1.

[105] Ttem 59. The method of item 58, wherein the copy number of gag/pol gene inserted into
the genome of the host cell is 4-6 copies/cell, and the ratio of the copy number of gag/pol to
VSV-G inserted into the genome of the host cell is 2:1 to 3:1.

[106] TItem 60. The method of item 56, wherein after the sequences of gag, pol and rev genes of
the lentivirus and the coding sequence of VSV-G being integrated into the genome of the host
cell by the SB or PB transposon system, a viral genome transcriptional cassette sequence
carrying a nucleic acid fragment of interest is further integrated into the genome of the host cell
by the same transposon system or is further introduced into the host cell using a transient

transfection method.

[107] Ttem 61. A lentiviral vector packaging/producer cell, comprising sequences of gag, pol and
rev genes of a lentivirus and a coding sequence of a vesicular stomatitis virus glycoprotein
(VSV-G), wherein the transcription of one or more of the gag, pol and rev genes and the coding
sequence of VSV-G is under a single control of a Tet-On inducible expression system or under a
dual control of a Tet-On inducible expression system and a Cumate inducible expression system,
when under the single control of the Tet-On inducible expression system, the transcription of rev
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is under the control of a TRE3G sequence, and/or the transcription of the coding sequence of
VSV-G is under the control of a TRE3g-intron sequence, and/or the transcription of gag and pol
is under the control of a eukaryotic promoter-intron sequence or a TRE3g-intron sequence; when
under the dual control of the Tet-On inducible expression system and the Cumate inducible
expression system, the transcription of rev is under the control of a TRE.qyCuO sequence, a
TREa¢wCuO-intron sequence, a TRE3G sequence, a TRE3cCuO sequence or a TRE3gCuO-intron
sequence, and/or the transcription of VSV-G is under the control of a TRE.4CuO sequence, a
TREagvCuO-intron sequence, a TRE3g-intron sequence or a TRE3gCuO-intron sequence, and/or
the transcription of gag and pol is under the control of a eukaryotic promoter-intron sequence, a
TREagv-intron sequence, a TREuwCuO-intron sequence, a TREszg-intron sequence or a
TRE3cCuO-intron sequence.

[108] Ttem 62. The lentiviral vector packaging/producer cell of item 61, wherein the sequence of
the gag gene and/or the sequence of the pol gene and/or the sequence of the rev gene of the
lentivirus and/or the coding sequence of the vesicular stomatitis virus glycoprotein (VSV-G) are
integrated into the genome of the packaging/producer cell.

[109] Ttem 63. The lentiviral vector packaging/producer cell of item 61, wherein, when under the
single control of the Tet-On inducible expression system, the transcription of rev is under the
control of a TRE3G sequence, and the transcription of the coding sequence of VSV-G is under the
control of a TRE3G-intron sequence, and the transcription of gag and pol is under the control of a
eukaryotic promoter-intron sequence or a TRE3g-intron sequence; when under the dual control of
the Tet-On inducible expression system and the Cumate inducible expression system, the
transcription of rev is under the control of a TRE3g sequence or a TRE3cCuO sequence, and the
transcription of VSV-G is under the control of a TRE3;gCuO-intron sequence, and the
transcription of gag and pol is under the control of a eukaryotic promoter-intron sequence or a
TRE3cCuO-intron sequence.

[110] Ttem 64. The lentiviral vector packaging/producer cell of item 61, wherein, when under the
dual control of the Tet-On inducible expression system and the Cumate inducible expression
system, the transcription of rev is under the control of a TRE3G sequence, and the transcription of
VSV-G is under the control of a TRE3gCuO-intron sequence, and the transcription of gag and
pol is under the control of a TRE3gCuO-intron sequence, and the copy number of gag/pol gene
inserted into the genome of the packaging/producer cell is 2-8 copies/cell, and the ratio of the
copy number of gag/pol to VSV-G inserted into the genome of the packaging/producer cell is 1:1
to 4:1.
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[111] Ttem 65. The lentiviral vector packaging/producer cell of item 64, wherein the copy
number of gag/pol gene inserted into the genome of the packaging/producer cell is 4-6
copies/cell, and the ratio of the copy number of gag/pol to VSV-G inserted into the genome of
the host cell is 2:1 to 3:1.

[112] Ttem 66. The lentiviral vector packaging/producer cell of item 61, wherein the
packaging/producer cell was deposited at the China General Microbiological Culture Collection

Center (CGMCC) on April 13, 2020 with CGMCC No. 19674.

[113] Ttem 67. A method for producing a lentiviral vector, comprising culturing the
packaging/producer cell of any one of items 61 to 66 under conditions suitable for producing a

lentiviral vector.

BRIEF DESCRIPTION OF THE DRAWINGS
[114] Fig. 1 shows a map of some plasmids used in the Examples.

[115] Fig. 2 shows the verification of the transposition specificity of the SB and PB transposon
systems in Example 2. The abscissa represents the cell passage number, and the ordinate
represents the EGFP-positive proportion of cells of various co-transfected combinations (Fig. 2A)
and the median fluorescence intensity (MFI) (Fig. 2B).

[116] Fig. 3 shows a flow chart for constructing a producer cell stably producing a lentiviral

vector in Example 2.

[117] Fig. 4 shows the results of the virus-producing ability of the stable lentivirus producer
cells constructed by different combinations of the SB and PB transposon systems in Example 2,
wherein the abscissa shows the number of the constructed producer cells and the ordinate shows

the RLU value of the Luciferase assay for determining the virus transfection titer.

[118] Fig. 5 shows the effect of different regulatory sequences on the virus-producing ability of
a single lentiviral packaging gene in Example 3. The figure shows the result of virus titer
detection, and the abscissa shows the names of different regulatory sequences to be detected; the
ordinate shows the RLU value in the Luciferase assay for the detection of viral transfection titre.
The detection results of induced virus-producing titer and non-induced leaky virus-producing
titer of rev (Fig. 5A), VSV-G (Fig. 5B) and gag/pol (Fig. 5C) under the control of different

regulatory sequences.

[119] Fig. 6 shows the expression of rev, VSV-G and gag/pol regulated by optimized
combinations of different regulatory sequences and comparison of induced virus-producing titer

and non-induced leaky virus-producing titers in Example 3. The figure shows the results of virus
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titer detection. The abscissa shows the combination of plasmids with different regulatory
sequences, the ordinate shows the RLU value in the Luciferase assay for the detection of virus
transfection titer.

[120] Fig. 7 shows the effect of the copy number of a single gene integrated into the host cell
genome on the virus-producing ability of cells in Example 4. The abscissa shows the molar ratio
of different plasmids when transfecting the cells, the left ordinate shows the RLU value of the
Luciferase assay for the detection of virus transfection titer, and the right ordinate shows the
average integrated copy number of the gene to be tested in the cell genome. Fig. 7A shows the
effect of the copy number of rtTA3g-CymR fragment integrated into genome on the virus-
producing ability, Fig. 7B shows the effect of the copy number of rev fragment integrated into
genome on the virus-producing ability, Fig. 7C shows the effect of the copy number of VSV-G
fragment integrated into genome on the virus-producing ability, and Fig. 7D shows the effect of
the copy number of gag/pol fragment integrated into genome on the virus-producing ability.
[121] Fig. 8 shows the effect of the copy number ratio of gag/pol and VSV-G fragments
integrated into the host cell genome on the virus-producing ability of cells in Example 4. The
abscissa shows the molar ratio of different plasmids when transfecting the cells, the left ordinate
shows the RLU value of the Luciferase assay for the detection of virus transfection titer, and the
right ordinate shows the copy number ratio of gag/pol and VSV-G fragments integrated into the

cell genome.

[122] Fig. 9 is a flowchart showing the construction, screening and suspension adaptation of the

EulLV293T3rd stable lentivirus packaging cell line in Example 5.

[123] Fig. 10 shows the screening process of SB16 monoclone (Fig. 10A) and SB28 monoclone
(Fig. 10B) and the screening results of 96-well plate, 24-well plate and 6-well plate in Example 5.
The abscissa shows the RLU ratio of the monoclonal cell to the Luciferase standard sample
(expressed as an exponent based on 2), and the ordinate shows the number of monoclonal cells in
each data interval. In the figure, the dotted line shows the average value of RLU ratios for all
monoclonal samples, and the box shows the monoclonal cell lines screened and obtained based
on the detection results.

[124] Fig. 11 shows the detection result of virus-producing ability of the monoclonal packaging
cell line adapted to suspension culture via the HT1080 cell Luciferase virus titer detection
method in Example 5. The abscissa shows the cell number to be detected, and the ordinate shows
the RLU value of the Luciferase assay corresponding to the virus transfection titer.

[125] Fig. 12 shows the effect of transient transfection of different lentivirus packaging gene
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plasmid combinations on the virus-producing titer of adherent cultured high-yielding monoclonal
packaging cell lines. The abscissa shows the combination of transiently transfected lentivirus

nn

packaging genes, wherein the "-" represents the non-induction condition, and "+" represents the
induction condition; the ordinate shows the RLU value of Luciferase assay corresponding to the
virus transfection titer; solid line represents the virus-producing titer of the positive control
obtained by transiently transfecting 293T cells; the dotted line represents the virus-producing
titer of the positive control for induced virus production by each cell.

[126] Fig. 13 shows the effect of transient transfection of different lentivirus packaging gene
plasmid combinations in Example 6 on the virus-producing titer of suspension cultured high-
yielding monoclonal packaging cell lines. The abscissa shows the combination of transiently

transfected lentivirus packaging genes, wherein the represents the non-induction condition,
and "+" represents the induction condition; the ordinate shows the RLU value of Luciferase
assay corresponding to the virus transfection titer; solid line represents the virus-producing titer
of the positive control obtained by transiently transfecting 293T cells; the dotted line represents
the virus-producing titer of the positive control for induced virus production by each cell.

[127] Fig. 14 shows the comparison between the virus-producing ability of the stable lentivirus
producer cell line constructed in Example 7 and carrying different nucleic acid fragments of
interest and the virus-producing ability obtained by transient transfection method. The abscissa

shows the number of the detected transfer-vector plasmid, and the ordinate shows the RLU value

of the Luciferase assay corresponding to the virus transfection titer.

[128] Fig. 15 shows the induced and leaky virus-producing titer of the stable lentivirus producer
cells constructed in Example 7 under serum-free suspension culture conditions. The abscissa
represents non-induction conditions, and "+" represents induction conditions; the ordinate shows

the RLU value of the Luciferase assay corresponding to the virus transfection titer.

DETAILED DESCRIPTION

[129] The following examples are provided to illustrate the technical solutions of the present
disclosure and shall not be construed as limiting the scope and spirit of the present disclosure.
Example 1: methods for constructing plasmids
[130] Molecular cloning techniques used in the following examples, such as PCR amplification
of DNA fragments, restriction enzyme digestion of DNA fragments, gel recovery of DNA
fragments, T4 DNA ligase ligation of two or more DNA fragments, transformation of ligation-

competent cells, plasmid miniprep and identification, are all well known in the art. The following
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reagents are involved in the examples below: PCR enzyme (Thermo, F-530S); restriction
enzyme (NEB); T4 DNA ligase (Invitrogen, 15224041); DNA fragment gel recovery kit (Omega,
D2500-02); plasmid mini kit (TITANGEN, DP 105-03); competent cells (XL-10 Gold, Hu
Nanfenghui Biotech Co., Ltd., JZ 011); the nucleic acid sequences as set forth in SEQ ID NO: 1
to SEQ ID NO: 18 were synthesized by GenScript and used in the construction of the plasmids
of the present disclosure, and the plasmid sequencing and identification was performed by
Invitrogen. Maps of some of the plasmids used in the following examples are shown in FIG. 1;
Table 1 shows the primer information for plasmid construction; Table 2 shows the element
composition of the sequences SEQ ID NO: 1 to SEQ ID NO: 31; Table 3 is a description of the
functional elements in the plasmids; Table 4 shows the numbers and corresponding names of the
plasmids constructed according to the present disclosure. The sequence information of functional
element adopted by each plasmid involved in the following examples is an example to carry out
the present disclosure, and those skilled in the art may expect that the effect of the present
disclosure can be achieved by replacing the sequence of functional element on the plasmid used
in the examples below with other sequences of element having similar biological functions,
including but not limited to backbone sequences (such as replication origin, resistance genes,
etc.), restriction site sequences, transposon repeat sequences, response element sequences of
inducible system, insulator sequences, promoter sequences, intron sequences, polyadenylation
signal (PolyA) sequences, different codon-optimized gene sequences, mutants of the above
sequences of functional elements and gene sequences, and the cloning positions, cloning
sequences and cloning directions of the sequences of functional elements and gene sequences.
The specific methods for constructing plasmids are as follows:

[131] 1. Construction of plasmids 18BF007 and 18BF(004: the synthetic sequences SEQ ID NO:
2 (2900bp) and SEQ ID NO: 3 (1386bp) were digested with Notl and AsiSI, and ligated to Notl
and AsiSI restriction sites of plasmid 18BF003 (SEQ ID NO: 1, 1893bp), respectively, to
construct plasmids 18BF007 and 18BF004, respectively.

[132] 2. Construction of plasmids 18BF011 and 18BF063: the 18BF007 plasmid was digested
by Mlul and Sphl; and a fragment of 1730bp was recovered by gel and ligated to Mlul and Sphl
restriction sites of plasmid 18BF003, to construct a plasmid 18BF011. The synthetic sequence
SEQ ID NO: 4 (915bp) was digested by Mlul and Clal and ligated to Mlul and Clal restriction
sites of 18BF007 to replace a CMV promoter, to construct a plasmid 18BF063.

[133] 3. Construction of plasmids 18BF072, 18BF071, 19BF249, 19BF248, 19BF247, 19BF246,
18BF070 and 18BF069: the rev gene fragment (380bp) was PCR-amplified using pRSV-Rev
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(Addgene, #12253) as a template, C-rev-F (SEQ ID NO: 34) and C-rev-R (SEQ ID NO: 35) as
primers, and then digested with Clal and Xhol and ligated to Clal and Xhol restriction sites of
plasmid 18BF063, to construct a plasmid 18BF(072. The synthetic sequences SEQIDNO:5
(887bp), SEQIDNO:6 (897bp) and SEQIDNO:7 (852bp) were digested by Mlul and Clal and
ligated to Mlul and Clal restriction sites of 18BF(072 to replace a TRE3cCuO-BGI fragment, and
thereby constructing plasmids 18BF071, 19BF249 and 19BF248, respectively. Plasmids
18BF072, 18BF071, 19BF249 and 19BF248 were digested with BstBI, and fragments of 4147bp
(18BF072), 4119bp (18BF071), 4129bp (19BF249) and 4084bp (19BF248) were recovered by
gel and ligated with T4 ligase to construct plasmids 19BF247, 19BF246, 18BF070 and 18BF069,

respectively.

[134] 4. Construction of plasmids 18BF068, 18BF067, 19BF245, 19BF244, 19BF243, 19BF242,
18BF066, 18BF065 and 19BF254: the VSV-G gene fragment (1565bp) was PCR-amplified
using pMD2.G (Addgene, #12259) as a template, C-VSVG-F (SEQ ID NO: 32) and C-VSVG-R
(SEQ ID NO: 33) as primers, and then digested with Clal and Xhol and ligated to Clal and Xhol
restriction sites of plasmid 18BF063, to construct a plasmid 18BF068. The synthetic sequences
SEQIDNO:5 (887bp), SEQIDNO:6 (897bp) and SEQIDNO:7 (852bp) were digested by Mlul
and Clal and ligated to Mlul and Clal restriction sites of 18BF068 to replace a TRE3cCuO-BGI
fragment, and thereby constructing plasmids 18BF067, 19BF245 and 19BF244, respectively.
Plasmid 18BF068 was digested with Clal and Xhol, and a 1550bp fragment was recovered by
gel and ligated to the Clal and Xhol sites of plasmids 19BF247, 19BF246, 18BF070 and
18BF069 to replace the rev gene, and thereby constructing plasmids 19BF243, 19BF242,
18BF066 and 18BF065, respectively. The synthetic sequence SEQ ID NO: 8 (887bp) was
digested by Spel and Pvull, and ligated to Avrll and Pmel restriction sites of plasmid 18BF068,
to construct a plasmid 19BF254.

[135] 5. Construction of plasmids 18BF074, 19BF131, 19BF130, 19BF251, 19BF250, 19BF126,
19BF129, 19BF128 and 18BF076: RRE fragment (400bp) was PCR-amplified using
pMDLg/pRRE (Addgene, #12251) as a template, C-RRE-F (SEQ ID NO:36) and C-RRE-R
(SEQ ID NO:37) as primers; gag/pol gene fragment (4336bp) was PCR-amplified using C-
GagPol-F (SEQ ID NO:38) and C-GagPol-R (SEQ ID NO:39) as primers; and then the above
two DNA fragments were respectively digested with Xbal/Xhol and EcoRI/Xbal, and ligated to
EcoRI and Xhol restriction sites of plasmid 18BF007 to construct a plasmid 18BF074. The
synthetic sequences SEQIDNO:4 (915bp), SEQIDNO:5 (887bp), SEQIDNO:6 (897bp) and
SEQIDNO:7 (852bp) were digested by Mlul and EcoRI and ligated to Mlul and EcoRI
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restriction sites of 18BF074 to replace a CMV-BGI fragment, and thereby constructing plasmids
19BF131, 19BF130, 19BF251 and 19BF250, respectively. Plasmids 18BF074, 19BF131,
19BF130 and 19BF250 were digested with BstBI, and fragments of 8758bp (18BF074), 8494bp
(18BF131), 8466bp (19BF130) and 8421bp (19BF250) were recovered by gel and ligated with
T4 ligase to construct plasmids 19BF126, 19BF129, 19BF128 and 18BF076, respectively.

[136] 6. Construction of plasmids 19BF257, 19BF256, 19BF075 and 19BF074: the synthetic
sequences SEQ ID NO: 9 (633bp) and SEQ ID NO: 10 (1496bp) were digested with the Clal and
Xhol and the Spel and Agel, respectively, and ligated in sequence to the Clal and Xhol
restriction sites and the Avrll and Agel restriction sites of the plasmid 18BF007 to construct a
plasmid 19BF073. The synthetic sequence SEQ ID NO: 11 (1979bp) was digested by Mlul and
Agel, and ligated to Mlul and Agel restriction sites of the 18BF007 plasmid to replace a CMV-
BGI-MCS-pA fragment, and thereby constructing a plasmid 18BF008. The synthetic sequences
SEQ ID NO: 12 (768bp) and SEQ ID NO: 13 (765bp) were respectively digested by Clal and
Xhol, and then respectively ligated to the Clal and Xhol restriction sites of plasmid 18BF008, to
construct plasmids 18BF085 and 18BF084 respectively. The synthetic sequence SEQ ID NO: 10
(1496bp) was digested by Spel and Agel, and then respectively ligated to AvrIl and Agel
restriction sites of plasmid 18BF085 and plasmid 18BF084, to construct plasmids 19BF257 and
19BF256 respectively. The plasmid 19BF073 was digested with Spel and Agel, and a fragment
of 3821bp was recovered by gel and respectively ligated to Avrll and Agel restriction sites of
plasmids 18BF085 and 18BF084 to construct plasmids 19BF075 and 19BF074 respectively.

[137] 7. Construction of plasmids 18BF019 and 18BF031: the synthetic sequences SEQ ID NO:
15 (1044bp) and SEQ ID NO: 14 (1320bp) were respectively digested by the BamHI and Xhol
and the Xhol and Bglll, and ligated to BamHI and BglII restriction sites of plasmid 18BF011 to
construct a plasmid 18BF019. The synthetic sequences SEQ ID NO: 16 (1806bp) and SEQ ID
NO: 14 (1320bp) were respectively digested by the BamHI and Xhol and the Xhol and BgllII,
and ligated to BamHI and BglII restriction sites of plasmid 18BF011 to construct a plasmid
18BFO031.

[138] 8. Construction of plasmids 18BF094, 19BF255, 18BF091, 18BF096 and 19BF252:
plasmids 18BF071 and 19BF254 were digested with Pacl and Avrll respectively, and the DNA
fragments of 1762bp and 3838bp were recovered by gel, and the two recovered fragments were
ligated to Pacl and Avrll restriction sites of plasmid 18BF004, to construct plasmids 18BF094
and 19BF255 respectively. The plasmid 18BF068 was digested with Pacl, Avrll and Pvul, and a
DNA fragment of 2975bp was recovered by gel, and the recovered fragment was ligated to the
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Pacl and Avrll restriction sites of plasmid 18BF004 to construct a plasmid 18BF091. The
plasmid 18BF074 was digested with Pacl and Pmel, and a DNA fragment of 6428bp was
recovered by gel and ligated to the Pacl and Pmel restriction sites of plasmid 18BF004 to
construct a plasmid 18BF096. The plasmid 19BF074 was digested with Spel and Pmel, and a
DNA fragment of 6513bp was recovered by gel and ligated to the Spel and Pmel restriction sites
of plasmid 18BF004 to construct a plasmid 19BF252.

[139] 9. Construction of plasmids 19BF081, 19BF217 and 19BF218: a PGK gene fragment
(706bp) was PCR-amplified by using pRRLSIN.cPPT.PGK-GFP. WPRE (Addgene, #12252) as
a template and hPGK-F (SEQ ID NO:40) and hPGK-R (SEQ ID NO:41) as primers; a luciferase
gene fragment (1728bp) was PCR-amplified by using pGL3-Basic (Promega, E1751) as a
template and Luc-F (SEQ ID NO:42) and Luc-R (SEQ ID NO:43) as primers; and then the above
two DNA fragments were respectively digested with the Mlul and BamHI (a fragment of 538bp
by gel-recovery) and the BamHI and Xhol, and ligated to Mlul and Xhol restriction sites of
plasmid 19BF126 to replace the original fragment of plasmid DNA, thereby constructing a
plasmid 18YYH26. The total RNA of HepG2 (ATCC HB-8065) cells and healthy human
peripheral mononuclear cells (PBMC) was extracted and purified by TRIzol (ThermoFisher
15596026); a cDNA library was prepared by using the mixed total RNA of HepG2 and PBMC as
a template according to the instruction of SuperScript IV (ThermoFisher 18090010); the gene
fragment of F8cHA was PCR-amplified by using the ¢cDNA library as a template and F8V1-
F(SEQ ID NO:44) and FSVIHA-R(SEQ ID NO:45) as primers (7116bp of PCR product in
length, 18bp to 7070bp of PCR product is identical to 172bp to 7224bp in NM_000132.3
sequence by DNA sequencing ); and then it is digested with Clal and Xhol and ligated to Clal
and Xhol restriction sites of plasmid 19BF126 to replace the original fragment of plasmid DNA,
thereby constructing a plasmid 19BF215. Two DNA fragments of 2317bp and 2154bp were
PCR-amplified by using plasmid 19BF215 as a template and using the F8VIF(SEQ ID NO:44)
and FP-BDDF8-R(SEQ ID NO:47) and the FP-BDDF8-F(SEQ ID NO:46) and F§VIHA-R(SEQ
ID NO:45) as primers respectively; the two DNA fragments were ligated by fusion PCR, and a
gene fragment of BDDF8cHA(4434bp) was PCR-amplified by using FSVIF(SEQ ID NO:44)
and F8VIHA-R(SEQ ID NO:45) as primers; and then it is digested with Clal and Xhol and
ligated to Clal and Xhol restriction sites of plasmid 19BF126 to replace the original fragment of
plasmid DNA, thereby constructing a plasmid 19BF216. The synthetic sequence SEQ ID NO: 18
(3610bp) was digested by Spel and Agel, and ligated to Spel and Agel restriction sites of
plasmid 18BF004, to construct a plasmid 19BF080. The synthetic sequence SEQ ID NO: 17

44



(1320bp) was digested by Xhol and BgllI, and ligated to Xho I and BamH I restriction sites of
plasmid 19BF080, to construct a plasmid 19BF214.Plasmids 18YYH26, 19BF215, and 19BF216
were digested with Pac I and Xho I, respectively, and the DNA fragments of 2272 bp, 7792 bp
and 5110 bp were recovered by gel, and the recovered fragments were ligated to the Pac I and
Xho T restriction sites of plasmid 19BF214, to construct plasmids 19BF081, 19BF217 and
19BF218, respectively.

[140] 10. Construction of plasmids 18BF022, 18BF033 and 19BF078: the synthetic sequence
SEQ ID NO: 17 (1320bp) was digested with Xho I and Bgl IT and ligated to the Xho I and Bgl II
restriction sites of plasmid 18BF007 to construct plasmid 18BF022. The plasmid 18BF022 was
digested with Mlu I, Age I and Pvu I, and a DNA fragment of 3052bp was recovered by gel and
ligated to the Mlu I and Age I restriction sites of plasmid 18BF004 to construct a plasmid
18BF033. The synthetic sequence SEQ ID NO: 18 (3610bp) was digested by Spe I and Age I,
and ligated to Spe I and Age I restriction sites of plasmid 18BF007 to replace the original
fragment of plasmid DNA, thereby constructing a plasmid 19BF077. The plasmid 19BF081 was
digested with Pac I and Nde I, and a DNA fragment of 3598bp was recovered by gel and ligated
to the Pac I and Nde I restriction sites of plasmid 19BF(077 to construct a plasmid 19BF(078.

[141] Table 1. Information for Primers

primer name | primer sequence (5'-3")

32 C-VSVG-F GCTCATCGATGCCACCATGAAGTGCCTTTTGTACTTAG

33 C-VSVG-R CAGGCTCGAGCTATTACTTTCCAAGTCGGTTCATC

34 C-rev-F CGATATCGATGCCACCATGGCAGGAAGAAGCGGA

35 C-rev-R CATGCTCGAGTTACTATTCTTTAGCTCCTGACTC

36 C-RRE-F CATGGATCTAGAAGGAGCTTTGTTCCTTG

37 C-RRE-R CAGGCTCGAGAAGCTTGTGTAATTGTTAATTTC

38 C-GagPol-F GCACGAATTCGCCACCATGGGTGCGAGAGCGTC

39 C-GagPol-R | GCAGTCTAGACTATTAATCCTCATCCTGTCTACTTG

40 hPGK-F CATACGCGTGCTTGATATCGAATTCCACG

41 hPGK-R CAGATGAACTTCAGGGTCAGCTTG

42 Luc-F TCAGGATCCATCTGCGATCTAAGTAAGCTTG

43 Luc-R TCAACTCGAGCTAGAATTACACGGCGATC

44 F8V1-F GTCAGATCGATGCCACCATGCAAATAGAG

45 CCTGCTCGAGTCATGCATAATCAGGCACGTCATAGGGGTAGCTGCCGTAG
F8§VIHA-R AGGTCCTGTG

46 FP-BDDF8-F | CCATTGAACCAAGAAGCTTCTCTCAAAACCCACCAGT

47 FP-BDDF8-R | ACTGGTGGGTTTTGAGAGAAGCTTCTTGGTTCAATGG

[142] Table 2. Description of sequence elements

Description of sequence elements

18BF003 pma-MCS plasmid sequence (1893bp)

NotI-IR/DR-HS41-CMV-BGI-MCS- hGHpA-HS4I-IR/DR-AsiSI (2900bp)

Notl- PB3'ITR-HS4I-MCS-HS41-PB5'ITR-AsiSI (1386bp)

W N —

MIul-TRE;6CuO-BGI-Clal-EcoRI (915bp)
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5 MIul-TRE;-BGI-Clal-EcoRI (887bp)

6 MIul-TRE4yCuO-BGI-Clal-EcoRI (897bp)

7 MIul-TRE4,-BGI-Clal-EcoR1 (852bp)

8 Spel-SV40p-optiBSD-SV40pA-Pvull-Agel (887bp)

9 Clal-optiCymR-Xhol (633bp)

10 Spel-SV40p-optiHygroR-SV40pA-Agel (1496bp)

11 MIul-CAGGS-BGI(C&R)-MCS-SV40pA-Agel (1979bp)

12 Clal-optirt TA3g-Xhol (768bp)

13 Clal-rtTA4v-Xhol (765bp)

14 Xhol-IRES-ECFP-Bgll1(1320bp)

15 BamHI-optiSB-Xhol (1044bp)

16 BamHI-optiPB-Xhol (1806bp)

17 Xhol-IRES-EGFP-Bglll (1320bp)

18 Spel-RSV-LTR-phi-Gag (334)-RRE-cppt-MCS-WPRE-ppt-LTR-SV40pA-SV40p-optiPuorR-
SV40pA-Agel (3610bp)

19 TRE;G response element sequence used in the present disclosure

20 TRE3;cCuO complex response element sequence used in the present disclosure

21 TRE,g response element sequence used in the present disclosure

22 TRE.¢CuO complex response element sequence designed in the present disclosure

23 IR/DR sequence of SB transposon

24 PB3'ITR sequence of PB transposon

25 PBS5'ITR sequence of PB transposon

26 intron sequence of human B-globulin (BGI)

27 nucleic acid sequence encoding CymR

28 nucleic acid sequence encoding rtTAsg

29 nucleic acid sequence encoding rtTAyqy

30 nucleic acid sequence encoding SB transposase

31 nucleic acid sequence encoding PB transposase

[143] Table 3. Description of functional elements of plasmids

Description of functions
IR/DR(L/R) inverted repeat (IR) and direct repeat (DR) of SB transposon system, SEQ ID NO: 23 or its
complementary sequence
, , inverted terminal repeat of PB transposon system (3 terminal/5 terminal), SEQ ID
PBITTR/PBSTTR NO:24/SEQ ID NO:25 or the complementary sequence thereof
HS41 4 core isolator sequence of chicken beta-globulin highly sensitive position
BGI intron sequence of human B-globulin, SEQ ID NO: 26
CMV strong expression promoter sequence of human cytomegalovirus
RSV promoter sequence of respiratory syncytial virus
MCS multiple cloning site of restriction enzyme
CAGGS chimeric promoter sequence of cytomegalovirus promoter enhancer part and chicken B-actin
promoter
BGI (C&R) chimeric intron sequence of chicken -actin and rabbit -globulin
TREscCuO response element sequence of Tet-On (based on TREsg) and Cumate complex inducible
expression system designed in the present disclosure, SEQ ID NO: 20
TRE,4,CuO response element sequence of Tet-On (based on TREu) and Cumate complex inducible
¥ expression system designed in the present disclosure, SEQ ID NO: 22
response element sequence of Tet-On inducible expression system, TREs;g. SEQ ID NO:19/
TRE36/TR Eaay TRII)SW SEQ ID NO?ZI ’ Y
SV40p Simian vacuolar virus 40 promoter sequence
hPGK promoter sequence derived from human phosphoglycerate kinase gene
IRES ribosome entry site sequence
gag/ pol gene sequence encoding type I HIV virus gag and pol (identical to Addgene#12251 sequence)
phi packaging signal sequence of lentiviral RNA genome
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RRE rev protein response element sequence
long terminal repeat sequence of lentivirus, sequence containing the cis-acting element

LTR required for reverse transcription replication, the 3'LTR sequence in the present disclosure
with deleted U3 sequence.
1-334bp sequence at the 5'terminal of HIV-1 gag protein coding sequence, containing 10 stop

gag (334) . . .
codons designed by point-mutations.

cppt central polypurine tract sequence

ppt polypurine tract sequence

VSV-G gene sequence encoding vesicular stomatitis virus G glycoprotein (with the same sequence as
Addgene, #12259)

rev gene sequence encoding rev protein (with the same sequence as Addgene, #12253)

WPRE post-transcriptional regulatory sequence of woodchuck hepatitis virus

optiPB codon-optimized gene sequence encoding PiggyBac (PB) transposase, SEQ ID NO: 31

optiSB codon-optimized gene sequence encoding Sleeping Beauty (SB) transposase, SEQ ID NO: 30

EGFP gene sequence encoding green fluorescent protein

ECFP Gene sequence encoding cyan fluorescent protein

Luciferase (Luc) Gene sequence encoding luciferase

polyA polyadenylation sequence of transcription terminator (hGHpA human growth factor

(hGHpA/SV40pA) | terminator/SV40pA simian vacuolar virus 40 terminator)

optiCymR codon-optimized coding sequence for repressor CymR protein of Cumate inducible expression
system, SEQ ID NO: 27

optirtTAsG codon-optimized coding sequence for Tet-On Inducible Expression System r1tTAsc

’ transactivator, SEQ ID NO: 28

1A, ;cg)ding sequence for Tet-On Inducible Expression System rtTAq, transactivator, SEQ ID NO:

optiBSD codon optimized sequence encoding blasticidin resistance gene

optiHygroR codon optimized sequence encoding hygromycin resistance gene

optiPuroR codon optimized sequence encoding puromycin resistance gene

F8cHA gene sequence encoding human coagulation factor 8 (with C-terminal HA tag, consistent with
NM 000132.3 sequence)

BDDFScHA gene sequence encoding human coagulation factor 8 with deletion of B protein domain(with
C-terminal HA tag)

[144] Table 4.Plasmid numbers and names
Plasmid name

18BF003 pma-MCS

18BF007 pmaSBT3-2xHS41-CMV-BGI-MCS

18BF004 pmaHPBT-2xHS41-MCS

18BFO11 pmaCMV-BGI-MCS

18BF063 pmaSBT3-2xHS41-TRE;GCuO-BGI-MCS

18BF072 pmaSBT3-2xHS41-TRE3;cCuO-BGl-rev

18BF071 pmaSBT3-2xHS41-TRE;g-BGl-rev

19BF249 pmaSBT3-2xHS41-TRE.4,CuO-BGl-rev

19BF248 pmaSBT3-2xHS41-TRE.4,-BGl-rev

19BF247 pmaSBT3-2xHS41-TRE3;gCuO-rev

19BF246 pmaSBT3-2xHS41-TREsg-rev

18BF070 pmaSBT3-2xHS41-TRE.4,CuO-rev

18BF069 pmaSBT3-2xHS41-TRE,q4,-rev

18BF068 pmaSBT3-2xHS4I-TRE;cCuO-BGI-VSVG

18BF067 pmaSBT3-2xHS41-TRE3;6-BGI-VSVG

19BF245 pmaSBT3-2xHS4I-TRE,4,CuO-BGI-VSVG

19BF244 pmaSBT3-2xHS41-TRE.4,-BGI-VSVG

19BF243 pmaSBT3-2xHS41-TRE3;cCuO-VSVG

19BF242 pmaSBT3-2xHS41-TRE;5-VSVG

18BF066 pmaSBT3-2xHS4I-TRE.4,CuO-VSVG

18BF065 pmaSBT3-2xHS4I-TRE,4,-VSVG
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19BF254 pmaSBT3-2xHS41-TRE3;CuO-BGI-VSVG-optiBSD

18BF074 pmaSBT3-2xHS41-CMV-BGI-gag/pol-RRE

19BF131 pmaSBT3-2xHS41-TRE;cCuO-BGI-gag/pol-RRE

19BF130 pmaSBT3-2xHS41-TRE;c-BGl-gag/pol-RRE

19BF251 pmaSBT3-2xHS41-TRE,4,CuO-BGI-gag/pol-RRE

19BF250 pmaSBT3-2xHS41-TRE,q,-BGl-gag/pol-RRE

19BF126 pmaSBT3-2xHS41-CMV-gag/pol-RRE

19BF129 pmaSBT3-2xHS4I-TRE;cCuO-gag/pol-RRE

19BF128 pmaSBT3-2xHS41-TRE;3g-gag/pol-RRE

18BF076 pmaSBT3-2xHS4I-TREg,-gag/pol-RRE

19BF073 pmaSBT3-2xHS41-CM V-BGI-optiCymR-optiHygroR

18BF008 pmaSBT3-2xHS41-CAGGS-BGI (C&R)-MCS

18BF085 pmaSBT3-2xHS41-CAGGS-BGI (C&R)-optirtTAsg

18BF084 pmaSBT3-2xHS41-CAGGS-BGI (C&R)-rtTAaav

19BF257 pmaSBT3-2xHS41-CAGGS-BGI (C&R)-optirt TAsg-optiHygroR
19BF256 pmaSBT3-2xHS41-CAGGS-BGI (C&R)-rtTAyg,-optiHygroR

19BF075 pmaSBT3-2xHS41-CAGGS-BGI (C&R)-optirtTA3g-CMV-BGl-optiCymR-optiHygroR
19BF074 pmaSBT3-2xHS41-CAGGS-BGI (C&R)-1tTA»4,-CMV-BGl-optiCymR-optiHygroR
18BF019 pmaCMV-BGl-optiSB-IRES-ECFP

18BF031 pmaCMV-BGl-optiPB-IRES-ECFP

18BF094 pmaHPBT-2xHS41-TRE36-BGI-rev

19BF255 pmaHPBT-2xHS4I-TRE3;6CuO-BGI-VSVG-optiBSD

18BF091 pmaHPBT-2xHS4I-TRE;cCuO-BGI-VSVG

18BF096 pmaHPBT-2xHS41-CMV-BGI-gag/pol-RRE

19BF252 pmaHPBT-2xHS41-CAGGS-BGI(C&R)-1tTA4,-CMV-BGI-optiCymR-optiHygroR
18YYH26 pmaSBT3-2xHS41-hPGK-Luc

19BF215 pmaSBT3-2xHS4I-CMV-F8cHA

19BF216 pmaSBT3-2xHS41-CMV-BDDF8cHA

19BF080 pmaHPBT-2xHS41-LVRSV-MCS-optiPuroR

19BF214 pmaHPBT-2xHS41-LVRSV-MCS-IRES-EGFP-optiPuroR

19BF081 pmaHPBT-2xHS41-LVRSV-hPGK-Luc-IRES-EGFP-optiPuroR
19BF217 pmaHPBT-2xHS4I-LVRSV-CMV-F8cHA-IRES-EGFP-PuroR
19BF218 pmaHPBT-2xHS4I-LVRSV-CMV-BDDF8cHA-IRES-EGFP-optiPuroR
18BF022 pmaSBT3-2xHS41-CMV-BGI-MCS-IRES-EGFP

18BF033 pmaHPBT-2xHS4I-CMV-BGI-MCS-IRES-EGFP

19BF077 pmaSBT3-2xHS41-LVRSV-MCS-optiPuroR

19BF078 pmaSTB3-2xHS41-LVRSV-hPGK-Luc-IRES-EGFP-optiPuroR

Example 2: Construction of lentivirus producer cell lines by using SB and PB double-

transposon system

[145] 1. Verification of the specificity of SB and PB transposon systems

[146] Before constructing a lentivirus producer cell line by using the SB and PB double-
transposon system, it is necessary to demostrate the specificity of the SB and PB transposon
system, that is, whether the SB and PB transposase can only recognize the respective transposon
binding sequence. The specificity verification experiment was carried out by transfecting SB/PB
transposon plasmid (18BF022/18BF033) and SB/PB transposase plasmid (18BF019/18BF031)
carrying EGFP into 293T cells, and then detecting the EGFP signal loss rate in 293T cells in

serial passage to evaluate whether the two sets of transposon systems can work in a cross way,

and the specific steps were as follows:
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[147] 293T cells (ATCC, CRL3216) were cultured at 37° C and 5% CO>, and the medium was
a DMEM complete medium (DMEM (Sigam, D6429) supplemented with 10% FBS (ExCell,
11H 116). 293T cells were seeded in a 6-well plate (Corning, 3516) at 8ES5 cells per well. After
24 hours of culture, a transfection reagent was prepared in accordance with the calcium
phosphate transfection protocol as described in "Molecular Cloning: A Laboratory Manual
(Fourth edition) Chapter15, Michael R. Green, Cold Spring Harbor Laboratory Press, 2012", and
200 pL of the transfection reagent containing 0.12mol/L calcium chloride, IXHEPES buffer and
5.5 g total plasmid was added into per well. Wherein the transposon plasmids of SB and PB
were 18BF022 and 18BF033, respectively, and the reporter genes were both EGFP. The SB and
PB transposase plasmids were 18BF019 and 18BF031, respectively. The transposon plasmid and
the transposase plasmid were co-transfected with calcium phosphate at a molar mass of 10:1. A
total of 6 co-transfection combinations were set up in the experiment, namely, (1) SB transposon
and SB transposase (18BF022+18BF019); (2) PB transposon and PB transposase
(18BF033+18BF031); (3) SB transposon and PB transposase (18BF022+18BF031); (4) PB
transposon and SB transposase (18BF033+18BF019); (5) SB transposon and empty plasmid
(18BF022+18BF003); (6) PB transposon and empty plasmid (18BF033+18BF003). After 6
hours of transfection, the medium was changed to a new DMEM complete medium. After 24
hours of transfection, the cells were digested with pancreatin (Sigam, T4799) and flow cytometry
(ACEA, NovoCyte3130) was used to detect the EGFP-positive proportion and the median
fluorescence intensity (MFI) of the cells, and this data was recorded as data for generation P1.
Then, the cells were cultured under the condition of no screening pressure and maintained for
passage every three days, the EGFP-positive proportion and the MFI value were detected by

flow cytometry for each passage, and a total of 5 consecutive passages were recorded.

[148] Fig. 2 shows the result of specificity verification of the SB and PB. The abscissa
represents the cell passage number, and the ordinate represents the EGFP-positive proportion of
cells of various co-transfected combinations (FIG. 2A) and the median fluorescence intensity
(MFI) (FIG. 2B). As shown in the figure: the EGFP-positive proportion in the P1 generation of
the 6 groups of samples after transfection is between 61.1% and 79.1%, and the MFI is between
32685 and 44827. Then during the continuous culture without screening pressure, the EGFP-
positive proportion rapidly decreases, but the decrease of EGFP in the SB experimental group
18BF022+18BF019 and the PB experimental group 18BF033+18BF031 significantly slowed
down after the P2 generation; the EGFP-positive proportion is stabilized at 31.3% (SB

experimental group) and 25.8% (PB experimental group) at P5 generation, and the MFI is
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stabilized at 18007(SB) and 9085 (PB). The EGFP-positive proportion and the MFI values of 4
experimental groups, namely an SB transposon and PB transposase cross-over group, a PB
transposon and SB transposase cross-over group, an SB transposon and empty plasmid, and a PB
transposon and empty plasmid, were continuously reduced; at the P5 generation, the EGFP-
positive proportion was decreased to about 0.5%, and the MFI was decreased to below 3000.
There was no significant difference in the results of the four groups. This result demonstrates
that the SB and PB transposon systems can efficiently and stably transfect mammalian cells, and

that both systems are specific.

[149] 2: Construction of lentivirus producer cell lines by using SB and PB double-transposon
system with different plasmid combinations

[150] In this example, by utilizing the characteristics of the SB and PB transposon systems that
can efficiently integrate gene fragments into the cell genome and do not interfere with each other,
the genes rev, VSV-G, gag/pol used for lentivirus packaging, the viral genome transcriptional
cassette carrying a nucleic acid fragment of interest, and the coding sequence of activator rtTA
and/or repressor CymR protein in the inducible expression system were combined in different
ways, and then were transfected by SB and/or PB transposon system for one time or two times;
and then the cells were screened to construct a producer cell line for stably producing a lentivirus
vector, wherein the experimental flow refers to FIG. 3. The combination described in this
example is only an example, and those skilled in the art can easily implement other combinations
through the method as shown in this example. In this example, the method for constructing a
stable lentivirus producer cell line of the present disclosure was developed and verified by using
the hPGK-Luciferase-IRES-EGFP sequence as a nucleic acid fragment of interest, which can be
any nucleic acid fragment of interest in principle without being limited by a specific nucleic acid

fragment of interest.

[151] The first round of transfection and screening experiment of cell lines: 293T cells were
seeded in a 60mm culture dish with 1.5E6 cells per culture dish and were cultured in 3ml
DMEM complete medium at 37°C and 5% COx> for 24 hours. Cells were transfected according to
the PEI method as follows: 500uL of transfection reagent was added to each 60mm culture dish
during transfection, wherein the transfection reagent contains 9.5ug of total plasmid; regarding
the amount of plasmid added in each experimental group, please refers to Table 5, and the mass
ratio of the total plasmid to PEI MAX (Polysciences, 24765-1) was 1:4; the plasmids and PEI
MAX were uniformly mixed, and added to the culture dish after standing for 15 minutes; after 3

hours of transfection, the culture medium was changed to a DMEM complete culture medium,
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and the transfection operation was completed. After 24 hours of transfection, the cells were
digested by pancreatin and were all seeded in a 100 mm petri dish (Corning, 430167). Cell drug-
screening was performed by the screening resistance as shown in Table 5, and continuous
screening was performed under the drug pressure for at least 3 passages until the cell line was
stable, wherein the screening concentration of hygromycin (Shenggong A600230-0001) was 200
ug/ml. After the cells grew stably, the drug was removed and the cells were introduced into a

DMEM complete medium for culture.

[152] The second round of transfection and screening experiment of cell lines: the 8 cell lines
constructed in the first round of transfection and screening experiment in Table 5, i. e., EuLV-F2
(deposited at the China General Microbiological Culture Collection Center (CGMCC, No. 3, No.
1 West Beichen Road, Chaoyang District, Beijing) on April 13, 2020 with CGMCC No. 19674),
EulV-F3, EulLV-F4, EuLV-F5, EulLV-F7, EulLV-F8, EulLV-F9 and FEuLV-F10, were
respectively seeded in 8 60mm culture dishes with 1.5E6 cells, and cultured for 24 hours. The
cells were transfected according to the PEI method, and the amount of plasmid added in each
experimental group was shown in Table 6. After 24 hours of transfection, the cells were digested
by pancreatin and were all seeded in a 100 mm culture dish. Cell drug-screening was performed
by the screening resistance as shown in Table 6, and continuous screening was performed under
the drug pressure for at least 3 passages until the cell line was stable, wherein the screening
concentration of puromycin (Aladdin P113126) was 2.5ug/ml, and the screening concentration
of Blasticidin (also known as Blasticidin S or Blastidin-S HCI, Aladdin B139600) was 10ug/ml.
After the cells grew stably, the drug was removed and the cells were introduced into a DMEM
complete medium for culture. 8 cell lines, EuLV-F2-S2, EuLV-F3-S3, EuLV-F4-S4, EuLLV-F5-
S5, EuLV-F7-S7, EuLV-F8-S8, EuLV-F9-S9 and EFuLV-F10-S10, were constructed in the
second round of transfection and screening experiment. Among them, the EulL.V-F2-S2 cell
strain was deposited at the China General Microbiological Culture Collection Center (CGMCC,
No. 3, No. 1 West Beichen Road, Chaoyang District, Beijing) on April 13, 2020 with CGMCC
No. 19675.

[153] The virus-producing capacity of the stable lentivirus producer cell line was detected by a
HT1080 cell Luciferase virus titer detection method. The 12 cell lines EuLV-NC-SB, EuLV-NC-
PB, EuLV-F1, EuLV-F2-S2, EuLLV-F3-S3, Eul.V-F4-S4, EulLV-F5-S5, EuL.V-F6, EuLV-F7-S7,
EulLV-F8-S8, EuLV-F9-S9 and EuLV-F10-S10 were seeded in a 6-well plate (Corning 3516)
with 8E+05 cells per well and cultured at 37 °C and 5% CO> in a DMEM complete medium.

After 24 hours of culture, the medium was changed to a DMEM complete medium containing an
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inducer of 1ug/ml DOX (doxycycline hydrochloride, Sangon Biotech (Shanghai), A600889),
200pg/ml Cumate (Aladdin, 1107765) and Smmol/L sodium butyrate (Sigma, 303410), to induce
virus production. The lentivirus produced by a transient transfection of plasmid in 293T cell was
set as a positive control, and the specific method was as follows: 293T cells were seeded at
8E+05 cells per well in a 6-well plate, and a transfection reagent (5 pg of total DNA, wherein the
molar ratio of 19BF081: pMD2.G (Addgene 12259): pMDLg/PRRE (Addgene 12251): pRSV-
Rev (Addgene 12253) =1:1:1:1, and the mass ratio of total DNA to PEI MAX was 1:4) was
added after 24 hours of culture. 2 hours after transfection, the inducer (final concentration of
Smmol/L sodium butyrate, 1pug/ml DOX, 200pug/ml Cumate) was added as above. The HT1080
cell Luciferase virus titer detection method was performed as follows: after 24 hours of adding
the inducer to the cells of the experimental group and the control group, HT1080 cells were
seeded into a 96-well plate (Corning 3916) with 1E4 cells per well in a DMEM complete
medium. After 48 hours of induction of virus production, the medium containing the lentivirus
was collected and centrifuged at 14000rpm for 10 minutes to collect the virus supernatant. 1 hour
before the addition of the virus samples, the medium of HT1080 cells was replaced with a
DMEM complete medium containing 8 pg/ml polybrene (Sigam, H9268). After that, 50 pL of
virus solution to be detected was added to each well of the 96-well plate, 50 ul. of DMEM
complete medium was added to a negative control well, and each sample and control was
provided with duplicate wells. After 48 hours of culture, relative light unit RLU of each well was
detected using a Steady-Glo® Luciferase Assay System (Promega, E2610) kit according to the
instruction (Promega, FB037), wherein the detection instrument was a fluorescence microplate

reader (Perkin Elmer Victor V).

[154] Fig. 4 shows the RLU value of virus transfection titer measured by the HT1080 cell
Luciferase virus titer detection method after the stable lentivirus producer cells constructed by
different combinations of SB, PB transposon systems and lentivirus packaging genes were
induced to produce viruses. The abscissa shows the cell line constructed by different
combinations of plasmids, and the ordinate shows the relative expression value RLU of
Luciferase after infecting HT1080 cells with the produced lentivirus. The results show that the
stable lentivirus producer cell line can be quickly constructed by using different SB and/or PB
transposons and different combinations of lentivirus packaging genes, and the virus titer can be
obviously detected after the stable cell line constructed by various combinations is induced;
whereas during transfection, no virus titer can be detected in the non-transposase control of NC-

SB and NC-PB cells after screening, and the RLU value was not significantly different from the
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background control NC. In constructing a stable lentivirus producer cell line, a packaging cell
containing the activator and/or repressor of an inducible expression system and the lentivirus
packaging genes rev, VSV-G, gag/pol is generally constructed first, and then based on said
packaging cell, a final stable lentivirus producer cell containing the lentiviral genome
transcriptional cassette carrying a nucleic acid fragment of interest is constructed. Since the
EuLLV-F2-S2 cells exhibit optimal packaging capacity of lentiviral vector (4.68E+05 RLU), a
stable lentivirus producer cell line was preferably constructed as follows in the present disclosure:
firstly, a lentiviral vector packaging cell line (EuLV cells) was constructed by an SB transposon
system, wherein the lentiviral vector packaging cell line contains the coding sequence of
transactivator rtTA of Tet-ON inducible system and/or the coding sequence of repressor CymR
of Cumate inducible system, and the lentivirus packaging gene rev, VSV-G, gag-pol gene; and
then the lentiviral genome transcriptional cassette carrying a nucleic acid fragment of interest
was stably inserted into the genome of the above lentiviral vector packaging cell line by a PB

transposon system, to construct a stable lentivirus producer cell line.

[155] Table 5.Plasmid information for the first round of cell transfection experiment in the cell

line construction

original | regulator | gag/pol | VSV-G rev transfer | transpos | empty total screenin
EulV cell line y (ng) (ng) (ng) vector ase plasmid plasmid g
element | 18BF074 | 18BF068 | 18BF071 | (ug) (ng) (ng) (ng) resistanc
) 19BF078 | 18BFO19 | 18BF003 e
19BF074
Fl 2931 0.68 337 049 0.34 3.63 0.55 045 9.50 Hygromy
2 2931 0.68 337 049 0.34 0.00 034 429 9.50 Hygromy
F3 2031 0.68 337 0.00 0.34 3.63 0.51 0.98 9.50 ?iigmmy
F4 23T 1 oes 337 0.00 034 0.00 030 4381 950 Leromy
Fs 2931 0.68 0.00 0.49 0.34 0.00 0.13 7.87 9.50 Hygromy
NC-SB | 293T 0.68 337 0.49 0.34 3.63 0.00 1.00 9.50 Iciizgromy
name of | original regulator | gag/pol VSV-G rev transfer transpos | empty total screenin
cell line cell line y (ng) (ng) (ng) vector ase plasmid plasmid g
EuLV element | 18BF096 | 18BF091 | 18BF094 | (ng) (ng) (ng) (ng) resistanc
o) 19BF081 | 18BFO31 | 18BF003 e
19BF252
F6 2031 1.34 2,66 0.96 0.67 2.87 0.66 0.34 9.50 Hygromy
7 2931 134 2,66 0.96 0.67 0.00 0.47 339 9.50 ?iigmmy
r8 293T 1.34 266 0.00 0.67 287 0.57 139 9.50 Hygromy
F9 293T 1.34 266 0.00 0.67 0.00 0.38 445 9.50 Hygromy
F10 2931 1.34 0.00 0.96 0.67 0.00 0.8 6.25 9.50 Hygromy
NCPB | 293T | . 266 0.96 0.67 287 0.00 1,00 9.50 iveromy
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[156] Table 6. Plasmid information for the second round of cell transfection in the cell line

construction
origina | regulator | gag/pol VSV-G rev transfer transposa | empty total screening
name 1 cell | yelement | (ug) (ng) (ng) vector se plasmid plasmid | resistance
EulLV line (ng) 18BF096 19BF255 18BF094 (ng) (ng) (ng) (ng)
EulV 19BF252 19BF081 18BF031 18BF003
F2-S2 F2 0.00 0.00 0.00 0.00 3.63 0.24 5.63 9.50 Puromycin
F3-S3 F3 0.00 0.00 0.49 0.00 0.00 0.05 8.97 9.50 Blasticidin
F4-S4 F4 0.00 0.00 1.03 0.00 3.08 0.31 5.08 9.50 Puromycin
F5-S5 F5 0.00 3.37 0.00 0.00 3.63 0.48 2.02 9.50 Puromycin
name of | origina | regulator | gag/pol VSV-G rev transfer transposa | empty total screening
cell line I cell | yelement | (ng) (ng) (ng) vector se plasmid plasmid | resistance
EulLV line (ng) 18BF074 19BF254 18BF071 (ng) (ng) (ng) (ng)
19BF074 19BF078 18BF019 18BF003
F7-S7 F7 0.00 0.00 0.00 0.00 2.87 0.17 6.47 9.50 Puromycin
F8-S8 F8 0.00 0.00 0.96 0.00 0.00 0.08 8.46 9.50 Blasticidin
F9-S9 F9 0.00 0.00 0.45 0.00 3.37 0.24 5.44 9.50 Puromycin
F10-S10 | FI10 0.00 2.66 0.00 0.00 2.87 0.34 3.63 9.50 Puromycin

Example 3: Optimization of induced expression of lentiviral genes rev, VSV-G and
gag/pol
[157] In this example, the induced expression of rev, VSV-G, and gag/pol genes was optimized.
The main optimization conditions include three main aspects: (1) the selection of transactivator
rtTA of the Tet-On inducible system; (2) the optimization of the inducible expression system
includes the single control optimization of TREaw and TRE3G response elements based on the
Tet-On inducible system and the complex control optimization of TRE;wwCuO and TRE3GCuO
response elements based on the Tet-On and Cumate complex inducible expression system; (3)
and whether a spliceable intron is linked between the 3' end of a promoter or a response element
of inducible expression system and the 5' end of the regulated nucleic acid sequence. Based on
the above three aspects, 8 combinations of inducible response element and intron and two Tet-
On transactivators rtTAaav and rtTAsc were designed and tested to regulate the expression of
lentivirus packaging genes gag/pol, VSV-G and rev, and the virus-producing titer and leaky titer
of lentivirus were optimized based on various conditions. Refer to Example 1 for detailed

information of plasmid construction, and the specific steps were as follows:
[158] 1. construction of 293 T-rtTAaqy-CymR and 293T-rtTA3g-CymR cells

[159] Regarding the experimental procedures of 293T cell culture, PEI transfection and
hygromycin screening, please refer to Example 2.293T cells were seeded at 1.5E+06 cells per
60mm culture dish, and cultured in DMEM (Sigam, D6429) complete medium supplemented
with 10% FBS (ExCell, 11H116) at 37°C and 5% COx. after 24 hours of culture, transfection was
carried out according to the PEI method, wherein the amount of total plasmid was 5.5ug. The

transfection was performed with plasmids 19BF074:18BF019 at a molar ratio of 10:1 to obtain
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293T-1tTAagv-CymR cells; and the transfection was performed with plasmids 19BF075:18BF019
at a molar ratio of 10:1 to obtain 293T-rtTA3c-CymR cells. After transfection, a screening of
200pg/ml hygromycin drug was performed for at least three passages. After the growth of cells
under the pressure of drug screening was consistent with that of the original 293T cells, the

following experiments were performed.

[160] 2. Screening and optimization of the gene expression regulation mode of rev, VSV-G and

gag/pol by a single plasmid replacement method
[161] TIn 293T-rtTAav-CymR and 293T-rtTA3g-CymR cells, 8 Rev plasmids, 8 VSV-G

plasmids, and 9 gag/pol plasmids constructed in Example 1 were used to replace the plasmid
pRSV-Rev (Addgene , #12253) expressing rev, the plasmid pMD2.G (Addgene, #12259)
expressing VSV-G, and the plasmid pMDLg/pRRE(Addgene, #12251) expressing gag/pol,
respectively; by using 19BF081 plasmid as a transfer vector plasmid of viral genome
transcriptional cassette carrying a nucleic acid fragment of interest, viruses were prepared by PEI
transient transfection in the presence or absence of DOX and Cumate inducers, and the virus-
producing titer and leaky titer were evaluated by the method of HT1080 cell Luciferase virus
titer detection. Under each experimental condition, only one test plasmid of inducible expression
was replaced, and the other co-transformed plasmids were non-inducible expression plasmids.
The eight rev test plasmids were 18BF072, 18BF071, 19BF249, 19BF248, 19BF247, 19BF246,
18BF070, and 18BF069; the eight VSV-G test plasmids were 18BF068, 18BF067, 19BF245,
19BF244, 19BF243, 19BF242, 18BF066 and 18BF065; the 9 gag/pol test plasmids were
18BF074, 19BF131, 19BF130, 19BF251, 19BF250, 19BF129, 19BF128, 18BF076 and 19BF126;
the positive controls were plasmids pMD2.G, pRSV-Rev and pMDLg/pRRE. The experimental
procedure was as follows:

[162] The screened stable 293 T-rtTAagy-CymR and 293 T-rtTA3g-CymR cells were seeded in a
24-well plate at 1.5E+05 cells per well, and the culture volume was 500 pL. After 24 hours of
culture, transfection was perfored according to the PEI method, and 50 ul of transfection mixture
was added to each well, which contained 0.8 pg of total plasmid and 3.2 pug of PEL In the 0.8 pg
of total plasmid, the molar ratio of corresponding plasmids of rev, VSV-G, gag/pol and 19BF081
was 1:1:1:1. The vector of the present disclosure was used to replace only pRSV-Rev plasmid in
the rev optimization experimental group, to replace only pMD2.G plasmid in the VSV-G
experimental group, to replace only pMDLg/pRRE plasmid in gag/pol experimental group;
pMD2.G, pRSV-Rev and pMDLg/pRRE plasmids were transfected in the positive control group

to prepare lentivirus. The plasmid and PEI were mixed well, allowed to stand for 15 minutes and
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added to a 24-well plate, and each sample was provided with duplicate wells. After 3 hours of
transfection, the medium was changed to a complete medium containing Smmol/L. sodium
butyrate, and then 1pg/ml DOX and 200pg/ml Cumate inducers were added to one of the
duplicate wells for each sample, which was set as an induction group; another well was added
with an equal amount of medium, which was set as a non-induction group. After 48 hours of
culture, the virus supernatant from each well was collected, and the RLU value of each sample
under induction and non-induction conditions was detected according to the Luciferase virus titer

detection method based on HT1080 cell in Example 2. The results were shown in FIG. 5.

[163] Fig. 5 shows Luciferase titer detection results of induced virus-producing titer and non-
induced leaky titer of the lentivirus packaging genes rev (Fig. 5A), VSV-G (Fig. 5B) and gag/pol
(Fig. 5C) in 293T-rtTAagyv-CymR or 293 T-rtTA3zg-CymR cells under the regulation of different
inducible expression system response elements and under the condition of whether a spliceable
intron is linked between the 3' end of the response element and the 5' end of the regulated nucleic
acid sequence.

[164] Based on the results of induced virus-producing titer and non-induced leaky titer, the
preferred regulatory elements for rev are TREawCuO(18BF070), TREaqyCuO-BGI (19BF249),
TRE3G6(19BF246), TRE3;gCuO(19BF247) and TRE3cCuO-BGI(18BF072), wherein TREsg,
TRE36CuO and TRE3gCuO-BGI are more preferred, and the corresponding average induced
RLU and induced/leaky virus-producing titer ratio in 293T-rtTAaqy-CymR and 293T-rtTAszg-
CymR cells are (1) TRE3g (19BF246): 6.80E+05 RLU, 135 times and 9.24E+05 RLU, 322 times;
(2) TRE3gCuO (19BF247): 6.34E+05 RLU, 275 times and 7.79E+05 RLU, 279 times; (3)
TRE3cCuO-BGI (18BF(072): 7.46E+05 RLU, 105 times and 4.96E+05 RLU, 68 times. Among
them, for Tet-On single inducible system, the preferred transactivator is rtTAszg, and the
preferred response element is TRE3G; for Tet-On and Cumate complex inducible system, the
preferred response element is TRE3g, TRE3GCuO and TRE3gCuO-BGI.

[165] Based on the results of induced virus-producing titer and non-induced leaky titer, the
preferred regulatory elements for VSV-G are TREawCuO(18BF066), TREaqCuO-BGI
(19BF245), TRE36-BGI(18BF067) and TRE3gCuO-BGI(18BF068) , and the corresponding

average induced RLU and induced/leaky virus-producing titer ratio in 293T- rtTAagy-CymR and
293T-rtTA3g-CymR cells are (1) TREawCuO (18BF066): 3.34E+05 RLU, 1323 times and
3.35E+05 RLU, 974 times; (2) TREawCuO-BGI (19BF245): 5.96E+05 RLU, 506 times and
4.62E+05 RLU, 886 times; (3) TRE3g-BGI (18BF067): 4.22E+05 RLU, 110 times and 4.27E+05
RLU, 629 times; and (4) TRE3cCuO-BGI (18BF068): 8.09E+05 RLU, 1539 times and 5.76E5
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RLU, 1260 times. Among them, for Tet-On single inducible system, the preferred transactivator
is rtTAszg, and the preferred response element is TRE3G-BGI; for Tet-On and Cumate complex
inducible system, the preferred response element is TREayCuO-BGI, TRE36-BGI, TRE36CuO-
BGI, and more preferably is TRE3;gCuO-BGI.

[166] Based on the results of induced virus-producing titer and non-induced leaky titer, under
the condition that no intron (BGI) sequence was linked between the 3' end of the response
element and the 5' end of gag/pol coding sequence, the detection titer was below 1000 RLU,
which was close to the background value, in the induction group and the non-induction group; in
the absence of introns downstream from the CMV promoter (19BF126), the detection titer also
decreased to 19.4% of that in the presence of introns (18BF074), indicating that the spliceable
intron sequence linked between the promoter and gag/pol coding sequence was an important
condition for high expression of gag/pol coding sequence. By transfection of gag/pol plasmid
containing introns, the average induced RLU and induced/leaky virus-producing titer in 293T-
rtTAagy-CymR and 293T-rtTAzc-CymR cells were (1) TRE.qv-BGI (19BF250): 8.60E+05 RLU,
87 times and 6.43E+05 RLU, 135 times; (2) TREavCuO-BGI (19BF251): 9.01E+05 RLU, 413
times and 6.21E+05 RLU, 326 times; (3) TRE3g-BGI (19BF130): 7.53E+05 RLU, 257 times and
7.16E+05 RLU, 333 times; and (4) TRE3;gCuO-BGI (19BF131): 8.22E+05 RLU, 641 times and
8.47E +0.5 RLU, 692 times; (5) CMV-BGI (18BF074): 1.28E+06 RUL and 1.10E+06 RLU.
Since the expression of gag/pol coding sequence is also regulated by the rev protein, the
regulation of gag/pol coding sequence was not necessary. Based on the above results, the
regulatory elements of gag/pol coding sequence were preferably CMV-BGI, TREa4-BGI,
TREaawwCuO-BGI, TRE36-BGI and TRE3cCuO-BGI. For Tet-On single inducible system, the
regulatory elements were preferably TRE3g-BGI and CMV-BGI; for Tet-On and Cumate
complex inducible system, the response elements were preferably CMV-BGI, TRE.w-BGI,
TREavCuO-BGI, TRE36-BGI and TRE3gCuO-BGI, more preferably CMV-BGI, TREqyCuO-
BGI, TRE36CuO-BGI, and still more preferably CMV-BGI and TRE3cCuO-BGI. With respect
to the above results regarding the selection of the promoter for gag/pol coding sequence, those
skilled in the art can reasonably expect that results similar to those of the CMV-BGI design can
be obtained when the transcription of gag/pol is regulated using a combination of other
eukaryotic promoters commonly used in the art (e.g., PGK, CAGGS, EFla, RSV, SV40, etc.)
other than the CMV promoter and other introns commonly used in the art other than BGI.

[167] 3. Comprehensive optimization of combinations of rev, VSV-G and gag/pol expression

plasmid based on the above preferred regulatory elements
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[168] According to the experimental results of the above single-plasmid-replacement method
for screening and optimization of rev, VSV-G and gag/pol gene expression, (1) rev: plasmids of
18BF072, 19BF247 and 19BF246; (2) VSV-G: plasmids of 18BF068 and 18BF067; (3) gag /pol:
plasmids of 18BF074, 19BF131, and 19BF130 were selected and combined as shown in Table 7
in 293T-rtTAav-CymR and 293T-rtTA36-CymR cells. According to the above method of
preparing lentivirus by transient transfection in a 24-well plate, virus was prepared in the
presence and absence of DOX and Cumate inducers, and the virus-producing titer and leaky titer
were estimated by the HT1080 cell Luciferase virus titer detection method. The experimental
conditions such as cell inoculation, the amount of plasmids and the molar ratio of each plasmid,
PEI transfection, transfection and liquid exchange, induction of virus-producing, and HT1080
cell Luciferase titer detection were the same as that in the single-plasmid-replacement screening

experiment of this Example, and the results were shown in FIG. 6.

[169] As shown in Fig. 6, based on the results of induced virus-producing titer and non-induced
leaky titer, the preferred plasmid combination for Tet-On single induction was rev:19BF246,
VSV-G:18BF067, and gag/pol:18BF074 or 19BF130. When 18BF074 plasmid was used, the
corresponding average induced RLU and induced/leaky virus-producing titer ratio in 293T-
rtTAagv-CymR and 293 T-rtTA3g-CymR cells were 6.83E+05 RLU, 45 times and 7.28E+ 05 RLU,
167 times; when 19BF130 plasmid was used, the corresponding average induced RLU and
induced/leaky virus-producing titer ratio in 293T-1tTAav-CymR and 293 T-rtTA3g-CymR cells
were 5.20E+05 RLU, 24 times and 6.94E+05 RLU, 176 times, respectively. The experimental
results showed that there was no significant difference in the average induced RLU and the
induced/leaky virus-producing titer ratio between 18BF074 plasmid and 19BF130 plasmid, and

rtTAsg can significantly reduce non-induced leakage compared to rtT Aaqv transactivator.

[170] As shown in Fig. 6, regarding the optimal combination of plasmids in the Tet-On and
Cumate complex inducible system, the three optimal average RLU values after induction were
from the plasmid combination of 19BF246+18BF068+19BF131, 19BF246+18BF068+18BF074
and 19BF247+18BF068+18BF074. When the 19BF246+18BF068+19BF131 plasmid
combination was used, the corresponding average induced RLU and induced/leaky virus-
producing titer ratio in 293T-rtTAagv-CymR and 293T-rtTAzg-CymR cells were 1.28E+06 RLU,
1935 times and 1.46E+06 RLU, 12032 times; when the 19BF246+18BF068+18BF074 plasmid
combination was used, the corresponding average induced RLU and induced/leaky virus-
producing titer ratio in 293 T-rtTAagv-CymR and 293T-rtTAzg-CymR cells were 8.75E+05 RLU,
262 times and 1.07E+06 RLU, 975 times; when the 19BF247+18BF068+18BF074 plasmid
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combination was used, the corresponding average induced RLU and induced/leaky virus-
producing titer in 293 T-rtTAagv-CymR and 293T-rtTAz6-CymR cells were 1.05E+06 RLU, 563
times and 1.09E+06 RLU, 839 times, respectively. Based on the above three sets of data and the
data shown in Fig. 2, the preferred plasmid for rev was 19BF246 or 19BF247, more preferably
19BF246; the preferred plasmid for VSV-G was 18BF068; the preferred plasmid for gag/pol was
19BF131 and 18BF074, more preferably 19BF131; the transactivator was preferably rtTAsg.

[171] Table 7. Transfection combinations of Rev, VSV-G and gag/pol expression plasmid

sample number rev VSV-G gag/pol GOI 3::::::; (()i:;;al molar ratio
19BF246+18BF067+18BF074 | 19BF246 18BF067 18BF074 19BF081 0.8 1:1:1:1
19BF246+18BF067+19BF130 | 19BF246 18BF067 19BF130 19BF081 0.8 1:1:1:1
19BF246+18BF067+19BF131 | 19BF246 18BF067 19BF131 19BF081 0.8 1:1:1:1
19BF246+18BF068+18BF074 | 19BF246 18BF068 18BF074 19BF081 0.8 1:1:1:1
19BF246+18BF068+19BF130 | 19BF246 18BF068 19BF130 19BF081 0.8 1:1:1:1
19BF246+18BF068+19BF131 | 19BF246 18BF068 19BF131 19BF081 0.8 1:1:1:1
aé 19BF247+18BF067+18BF074 | 19BF247 18BF067 18BF074 19BF081 0.8 1:1:1:1
& |L19BF247+18BF067+19BF130 | 19BF247 18BF067 19BF130 19BF081 0.8 1:1:1:1
_é 19BF247+18BF067+19BF131 | 19BF247 18BF067 19BF131 19BF081 0.8 1:1:1:1
g 19BF247+18BF068+18BF074 | 19BF247 18BF068 18BF074 19BF081 0.8 1:1:1:1
£ 19BF247+18BF068+19BF130 | 19BF247 18BF068 19BF130 19BF081 0.8 1:1:1:1
5'] 19BF247+18BF068+19BF131 | 19BF247 18BF068 19BF131 19BF081 0.8 1:1:1:1
Q 18BF072+18BF067+18BF074 | 18BF072 18BF067 18BF074 19BF081 0.8 1:1:1:1
18BF072+18BF067+19BF130 | 18BF072 18BF067 19BF130 19BF081 0.8 1:1:1:1
18BF072+18BF067+19BF131 | 18BF072 18BF067 19BF131 19BF081 0.8 1:1:1:1
18BF072+18BF068+18BF074 | 18BF072 18BF068 18BF074 19BF081 0.8 1:1:1:1
18BF072+18BF068+19BF130 | 18BF072 18BF068 19BF130 19BF081 0.8 1:1:1:1
18BF072+18BF068+19BF131 | 18BF072 18BF068 19BF131 19BF081 0.8 1:1:1:1
PC pRSV-Rev | pMD2.G pMDLg/pRRE | 19BF081 0.8 1:1:1:1
19BF246+18BF067+18BF074 | 19BF246 18BF067 18BF074 19BF081 0.8 1:1:1:1
19BF246+18BF067+19BF130 | 19BF246 18BF067 19BF130 19BF081 0.8 1:1:1:1
19BF246+18BF067+19BF131 | 19BF246 18BF067 19BF131 19BF081 0.8 1:1:1:1
19BF246+18BF068+18BF074 | 19BF246 18BF068 18BF074 19BF081 0.8 1:1:1:1
19BF246+18BF068+19BF130 | 19BF246 18BF068 19BF130 19BF081 0.8 1:1:1:1
19BF246+18BF068+19BF131 | 19BF246 18BF068 19BF131 19BF081 0.8 1:1:1:1
Qé 19BF247+18BF067+18BF074 | 19BF247 18BF067 18BF074 19BF081 0.8 1:1:1:1
& | 19BF247+18BF067+19BF130 | 19BF247 18BF067 19BF130 19BF081 0.8 1:1:1:1
& 19BF247+18BF067+19BF131 | 19BF247 18BF067 19BF131 19BF081 0.8 1:1:1:1
2 19BF247+18BF068+18BF074 | 19BF247 18BF068 18BF074 19BF081 0.8 1:1:1:1
= 19BF247+18BF068+19BF130 | 19BF247 18BF068 19BF130 19BF081 0.8 1:1:1:1
& 19BF247+18BF068+19BF131 | 19BF247 18BF068 19BF131 19BF081 0.8 1:1:1:1
<y 18BF072+18BF067+18BF074 | 18BF072 18BF067 18BF074 19BF081 0.8 1:1:1:1
18BF072+18BF067+19BF130 | 18BF072 18BF067 19BF130 19BF081 0.8 1:1:1:1
18BF072+18BF067+19BF131 | 18BF072 18BF067 19BF131 19BF081 0.8 1:1:1:1
18BF072+18BF068+18BF074 | 18BF072 18BF068 18BF074 19BF081 0.8 1:1:1:1
18BF072+18BF068+19BF130 | 18BF072 18BF068 19BF130 19BF081 0.8 1:1:1:1
18BF072+18BF068+19BF131 | 18BF072 18BF068 19BF131 19BF081 0.8 1:1:1:1
PC pRSV-Rev | pMD2.G pMDLg/pRRE | 19BF081 0.8 1:1:1:1

Example 4: Optimization of the ratio of stable integration of rtTA-CymR, rev, VSV-G

and gag/pol fragments in the cell genome
[172] High-efficiency production of lentivirus requires high expression level of viral gene after
induction and an appropriate relative expression ratio of each viral gene. The expression level of
each gene is mainly affected by the efficiency of the promoter or induction response element and

the copy number of integrated into the cell genome. The efficiency of the transposon system to
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stably integrate the nucleic acid fragment of interest into the cell genome is affected by the
length of gene fragment. The longer the nucleic acid fragment of interest is, the lower the
integration efficiency becomes. Therefore, according to the length of the nucleic acid fragment
of interest, the ratio of transposon plasmids during transient transfection when constructing a
stable cell line can be adjusted to optimize the integration ratio of each fragment. In this Example,
one preferred plasmid combination optimized in Example 3, 19BF075, 19BF246, 18BF068 and
19BF131 plasmids, was used as an example; firstly, by adjusting the molar ratio of rev, VSV-G
and gag/pol single packaging gene plasmids for transient transfection during the cell line
construction, the relationship between the amount of transfection plasmid added and the copy
number integrated into the host cell, and the virus-producing capability of the constructed cells,
were determined; then, by optimizing the molar ratio of single or multiple key genes for transient
transfection during the cell line construction, the optimal copy number of genome integration
and the optimal molar ratio of genome integration were determined. Based on the optimal ratio
of genome integration determined in this Example, and according to the virus-producing
efficiency of each promoter/response element shown in Example 3 or the compared expression-
efficiency of other promoters/response elements not included in the present disclosure, the
optimized insertion copy number and molar ratio of other plasmids or combinations can be

derived, and thus falling within the scope of the claims supported by this Example.

[173] 1. The effect of adjusting the ratio of single-gene insertion on the virus-producing ability
of packaging cell lines

[174] Regarding the experimental procedures of cell culture, PEI transfection and hygromycin
screening, please refer to Examples 2.293T cells were seeded at 1.5E+06 cells per 60mm culture
dish, and cultured in DMEM (Sigam, D6429) complete medium supplemented with 10% FBS
(ExCell, 11H116) at 37°C and 5% CO», After 24 hours of culture, transfection was performed by
PEI method and according to the contents of various plasmids as shown in Table 8 (the mass
ratio of PEI to DNA was 4:1). After transfection, a screening of 200pg/ml hygromycin drug was
performed for at least three passages until the cell line grew stably, and a total of 17 lentivirus
packaging cell lines from EuLLV-R1 to R17 were constructed. After the cell lines are stabilized,
referring to the method of preparing viruses in a 24-well plate in Example 3, EuLV-R1 to R17
cell lines were seeded in a 24-well plate with 1.5E+05 cells per well, and the 19BF081 plasmid
was used as a transfer vector plasmid and was transfected into the above EuLV-R1 to R17 cells
by PEI transient transfection (19BF081 plasmid: 0.28ug, empty plasmid 18BF003: 0.52ug, total
plasmid 0.80pg. The mass ratio of PEI and DNA was 4:1). After 6 hours of transfection, the
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medium was changed and inducers were added (final concentration of 1ug/ml DOX, 200ug/ml
Cumate and Smmol/L sodium butyrate) to induce virus-production. After 48 hours, the culture
supernatant was collected and the virus-producing titers of EuLLV-R1 to R17 cells were detected

by the HT1080 cell Luciferase virus titer detection method.
[175] EuLV-RI to R17 were seeded in a 24-well plate with 1.5E+05 cells per well. After 48

hours of culture, the cells were collected to extract genomic DNA and to absolutely quantify the
following items by qPCR: the copy numbers of rtTA and CymR genes integrated into the
genome of EuLLV-R1 to RS cell lines; the copy number of rev gene integrated into the genome of
EulLV-R1 and EulLLV-R6 to R9 cell lines; the copy number of VSV-G gene integrated into the
genome of EuLV-R1 and EuLLV-R10 to R13 cell lines; the copy numbers of gap/pol genes
integrated into the genome of EuLV-R1 and EulLV-R14 to R17 cell lines; and the specific
method was as follows. 1.0E+06 cells from each of the above cell lines were collected, and
genomic gDNA was extracted according to the instructions of the Genomic DNA Purification
Kit (TTANGEN, DP304-03), and the purified gDNA was adjusted to 50ng/ul with the elution
buffer in the kit. Plasmids 19BF074, 18BF072, 18BF068 and 18BF074 were used as standard
samples for HygroR (to detect the copy numbers of rtTA and CymR), rev, VSV-G, and gag/pol
genes, and diluted with deionized water to 47.9 ng/ul, 23.8 ng/ul, 30.0 ng/ul and 47.6 ng/ul,
respectively; under such concentrations, each plasmid corresponded to 5.0E+09 copy number per
microliter sample. The 4 standard samples were further diluted to 8.0E+06 copy number per
microliter, and then were diluted in two-fold gradient to 1.56E+04 copy number per microliter,
and the 10 diluted samples of the 4 standard samples were used as the qPCR standard curve of
each gene to be detected. 2 ul of the above cell gDNA sample and the qPCR standard curve
sample for each gene were added to qCPR reagent, and made up to 20 ul with water; wherein,
the qCPR reagent comprises 10 ul NovoStart Probe qPCR SuperMix and 0.4 ul ROX I dye
(Novoprotein Scientific Inc. E091-01A), and 0.4 ul each of the forward and reverse primers and
Tagman probe at a concentration of 10 uM (synthesized from General Biosystems (Anhui) Co.,
Ltd., the specific information for primers and probes was shown in Table 10, among which the
forward and reverse primers and probe of HygroR were: SEQ ID NO: 51 , SEQ ID NO:52, SEQ
ID NO:53, respectively; the forward and reverse primers and probe of rev were: SEQ ID NO:54,
SEQ ID NO:55, SEQ ID NO:56, respectively; the forward and reverse primers and probe for
VSV-G were: SEQ ID NO:57, SEQ ID NO:58, SEQ ID NO:59, respectively; the forward and
reverse primers and probe of gag/pol were: SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50,
respectively). PCR reaction was performed on a ABI 7900 real-time PCR detector under the AQ
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program and following the steps as follows: 95°C 5 minutes start, 95°C 30 seconds-60°C 30
seconds-72°C 30 seconds for 40 cycles, and 60°C 30 seconds. The copy number of the gene to
be tested in each sample was calculated based on the standard curve and the CT value of the
sample, and then the copy number of the gene per cell was calculated according to 6pg genomic

DNA per cell.

[176] The results were shown in Fig. 7. The abscissa showed the molar ratio of transfected 4
plasmids when constructing cells; the bar graph corresponded to the left ordinate which showed
the RLU value of induced virus-producing titer of each cell; the line graph corresponded to the
right ordinate which showed the copy numbers of HygroR (detecting copy numbers of rtTA and
CymR), rev, VSV-G or gag/pol fragments integrated into the genome of each cell. The results
showed that (1) increasing the copy numbers of rtTA3zg-CymR (experiment result of HygroR
probe) and rev fragment integrated into the cell genome had no significant effect on the virus-
producing capacity of EulLV packaging cell line (Fig. 7A and 7B). (2) When the copy number of
VSV-G integrated into the genome was increased from 1 copy per cell to 2 copies per cell, the
virus-producing titer increased significantly from 6.5E+05 RLU to 1.1E+06 RLU. However, as
the copy number of VSV-G integrated into the genome reached 4 or more copies per cell, the
virus-producing titer gradually decreased, and when the copy number integrated into the genome
reached 6 copies per cell, it dropped to 3.9E+05 RLU (Fig. 7C). It indicated that the cytotoxicity
of VSV-G after induced expression may increase with the increase of the copy number
integrated into the genome, thereby affecting the virus-producing ability of the EuLLV packaging
cell line. (3) The integrated copy number of gag/pol fragment positively affected the virus-
producing ability of the EuLV packaging cell line. The virus-producing titer increased with the
increase of the copy number of gag/pol inserted into genome, and reached the highest virus-
producing titer 1.6E+06 RLU when the copy number reached more than 4.7 copies per cell, and
the virus-producing capability cannot be further increased by continuously increasing the copy
number to 6 or more (Fig. 7D).

[177] 2. Further adjustment of the copy number and relative ratio of VSV-G and gag/pol
integrated into the genome to optimize the virus-producing ability of EuLV packaging cell line
[178] Based on the above results, the copy number and relative ratio of VSV-G and gag/pol
fragment integrated into the cell genome were the key to optimize the virus-producing ability of
EuLV packaging cell lines, and the total transfection and molar ratio of VSV-G and gag/pol
fragments needs to be further optimized. Consistent with the above method of constructing

EuLV packaging cell line using SB transposon system, EuLV-VGI to VG5 packaging cell lines

62



were further constructed based on the contents of each plasmid shown in Table 9. After each cell
line was screened by hygromycin to grow stably, by using the same method as the above-
mentioned method of preparing lentivirus in a 24-well plate, the virus was prepared with the
19BF081 plasmid as the plasmid of gene of interest and the luciferase virus titer was detected by
HT1080 cells; at the same time, by using the qPCR quantitative method described above, the
copy number of VSV-G and gag/pol fragments per cell integrated in the genomic DNA of each

cell line was detected and the results were shown in Fig. 8.

[179] The results were shown in Fig. 8. The abscissa showed the molar ratio of transfected 4
plasmids when constructing cells; the bar graph corresponded to the left ordinate which showed
the RLU value of induced virus-producing titer of each cell; the line graph corresponded to the
right ordinate which showed the ratio of copy numbers of gag/pol and VSV-G fragments
integrated into the cell genome, and the results were shown as follows. In EuLV-VG1 to VG5
cells, when the integrated copy number of gag/pol fragment in the cell genome reached 5.2
copies per cell and the ratio of the integrated copy number of gag/pol and VSV-G fragment in
the cell genome was 2.73 (EuLV-VG2), the maximum virus-producing titer of 2.8E+06 RLU
was reached. Further increasing the ratio of integrated copy number of gag/pol and VSV-G
fragments will reduce the virus-producing capacity of packaging cells. Based on the results, a
packaging cell line with high virus-producing titer can be obtained under the following
conditions: the copy number of gag/pol fragment integrated into the cell genome was 2 to 8
copies per cell; the copy number ratio of gag/pol and VSV-G fragments integrated into the cell
genome was between 1:1 and 4:1, and at least one copy of rtTA3g-CymR and rev fragments was
integrated into the cell genome; further preferably, a packaging cell line with high virus-
producing titer can be obtained under the following conditions: the copy number of gag/pol
fragment integrated into the cell genome was 4 to 6 copies per cell; the copy number ratio of
gag/pol and VSV-G fragments integrated into the cell genome was between 2:1 and 3:1, and at

least one copy of rtTA36-CymR and rev fragments was integrated into the cell genome.

[180] Table 8. Amount of each plasmid transiently transfected during the construction of

EuLLV-R1 to R17 packaging cell line

Transfection amount of each plasmid (ng)
cell molar 19BF075 | 19BF246 | 18BF068 | 19BF131 19BF019 | 18BF003 | amount
ratio of total

number .
plasmid

R1 1:1:1:1 0.7 0.3 0.4 0.7 0.2 2.7 5.0

R2 2:1:1:1 1.3 0.3 0.4 0.7 0.2 2.1 5.0

R3 3:1:1:1 2.0 0.3 0.4 0.7 0.3 1.3 5.0

R4 4:1:1:1 2.6 0.3 0.4 0.7 0.3 0.7 5.0

R5 5:1:1:1 3.3 0.3 0.4 0.7 04 0 5.0
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R6 1:2:1:1 0.7 0.6 04 0.7 0.2 2.4 5.0
R7 1:3:1:1 0.7 0.9 04 0.7 0.3 2 5.0
RS 1:4:1:1 0.7 1.2 04 0.7 0.3 1.7 5.0
R9 1:5:1:1 0.7 1.5 04 0.7 0.4 1.3 5.0
R10 1:1:2:1 0.7 0.3 0.8 0.7 0.2 2.3 5.0
R11 1:1:3:1 0.7 0.3 1.2 0.7 0.3 1.8 5.0
R12 1:1:4:1 0.7 0.3 1.7 0.7 0.3 1.3 5.0
R13 1:1:5:1 0.7 0.3 2.1 0.7 0.4 0.8 5.0
R14 1:1:1:2 0.7 0.3 0.4 1.3 0.2 2.1 5.0
R15 1:1:1:3 0.7 0.3 0.4 2.0 0.3 1.3 5.0
R16 1:1:1:4 0.7 0.3 0.4 2.6 0.3 0.7 5.0
R17 1:1:1:5 0.7 0.3 0.4 3.3 0.4 0 5.0
[181] Table 9. Amount of each plasmid transiently transfected during the construction of VG1
to VGO cell lines
Transfection amount of each plasmid (ng)
cell molar 19BF075 | 19BF246 | 18BF068 | 19BF131 | 19BF019 | 18BF003 | amount
ratio of  total
number .
plasmid
VGlI 3:3:1:12 0.8 04 0.2 32 0.3 0.1 5.0
VG2 3:3:2:12 0.8 04 0.3 3.1 0.3 0.1 5.0
VG3 3:3:3:12 0.8 04 0.5 3.0 04 0 5.0
VG4 3:3:4:12 0.7 0.3 0.6 2.9 0.4 0.1 5.0
VG5 3:3:5:12 0.7 0.3 0.8 2.8 0.4 0 5.0
[182] Table 10. Information of primers and Tagman probe sequences
purificati | 5' 3
name sequence (5' to 3") on modific | modific
method ation ation
48 Gag-tagman-F01 GGAGCTAGAACGATTCGCAGTTA PAGE
49 Gag-tagman-R01 TGATCCTGTCTGAAGGGATGGT PAGE
50 Gag-Probe-01 TCCTGGCCTGTTAGAAA HPLC FAM MGB
51 Hygro-tagman-FO1 TGCTCCGCATTGGTCTTGA PAGE
52 Hygro-tagman-R01 | CTTCGGACGATTGCATCACA PAGE
53 Hygro-Probe-01 ATGCTGCTTGGGCGC HPLC FAM MGB
54 REV-tagman-F01 AGGAATAGAAGAAGAAGGTGGAGAGA | PAGE
55 REV-tagman-R01 GCACAGGCTCCGCAGATC PAGE
56 REV-Probe-01 ATTCGATTAGTGAACGGATC HPLC FAM MGB
57 VSVG-tagman-FO1 | ATTGCCCGTCAAGCTCAGAT PAGE
58 VSVG-tagman-R01 | CCGTCTGCTTGAATAGCCTTGT PAGE
59 VSVG-Probe-01 TACAAGTCAAAATGCCCAAGAG HPLC FAM MGB

Example 5: construction of EuLV293T3rd lentivirus packaging cell line and screening of

high-throughput monoclones

[183]

The process of constructing EulLV293T3rd lentivirus packaging cell line was shown in

Fig. 9, including three steps: plasmid transfection and cell screening, monoclonal screening, and

suspension adaptation. The experimental details and results were described in detail as follows.

[184]

1. Construction of the initial EuLV293T3rd lentivirus packaging cell line by plasmid
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transfection and cell line screening

[185] The specific experimental method was as follows. Regarding the experimental
procedures of cell culture, PEI transfection and hygromycin screening, please refer to Examples
2,3 and 4.293T cells (ATCC, CRL3216) were seeded in a 60mm dish at 1.5E+06 cells per dish
and cultured at 37°C 5% CO> for 24 hours, wherein the medium was 3ml DMEM complete
medium (Sigma, D6429) supplemented with 10% FBS (ExCell, 11H116). Plasmid transfection
was performed by a PEI transfection method, wherein the amount of total plasmid was 5 pg, the
mass ratio of PEI to the total plasmid was 4:1; EuLLV293T3rd-SB16 cell was transfected and
constructed at the molar ratio of plasmids 19BF257:19BF246:18BF067:19BF130:18BF019
being 3:3:2:12:2; EuLV293T3rd-SB28 was transfected and constructed at the molar ratio of
plasmids 19BF075:19BF246:18BF068:19BF131:18BF019 being 3:3:2:12:2. After 24 hours of
transfection, the cells were all seeded into a 100mm culture dish for continuous culture, and 200
pg/ml hygromycin (Sangon Biotech A600230-0001) was added for screening. This screening
pressure was maintained for at least 3 passages of subculture until the cells were stable. The
judgment is based on: (1) the growth rate of the cells was the same as that of original 293T cells,
(2) the SB transposase expression plasmid 18BF019 substantially disappeared in the constructed
cells, which was characterized by the proportion of ECFP positive cells being reduced to less
than 1%, and (3) the proportion of live cells was more than 95%. Based on the above criteria, the
initial cell lines of EuLV293T3rd-SB16 (SB16 cells for short) regulated by the Tet-On single
inducible expression system and EulLV293T3rd-SB28 (SB28 cells for short) regulated by the

Tet-On and Cumate complex inducible expression system were obtained.

[186] 2. Screening of EuLV293T3rd-SB16 and EuLV293T3rd-SB28 high-yielding monoclonal
packaging cell line

[187] The specific experimental method was as follows. The screening process of SB16 and
SB28 high-yielding monoclonal cell lines was shown in Fig. 9. First, SB16 and SB28 cells were
seeded into 10 384-well plates with one cell per well by limiting dilution method for the first
round of screening. The screening criteria were: (1) There was one and only one monoclonal cell;
(2) The cell morphology was normal; (3) The cell growth rate was the same as that of the
original 293T cell. Then, when the cells were expanded to a 96-well plate, a 24-well plate, and a
6-well plate culture system, the induced virus-producing titer of each monoclonal cell was

detected by the HT1080 cell Luciferase virus titer detection method.

[188] Fig. 10 showed the virus-producing titer ratio of the monoclonal cell to the standard

sample at each screening stage. According to the HT1080 cell Luciferase virus detection method
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to detect the RLU value of monoclonal cell toxin production and count the number of
monoclonal cells in each interval from 0 to 100,000 according to the interval of 500, the abscissa
is the upper limit and standard of each interval The ratio of the RLU value of product detection
(represented by the logarithm of base 2), the ordinate is the number of monoclonal cells in each
statistical range. Fig. 10A showed the screening results of the SB16 cell line, and 94, 30, and 9
monoclonal cells were selected in the 96-well plate, 24-well plate and 6-well plate screening
steps, respectively. Fig. 10B showed the screening result of the SB28 cell line, and 87, 30, and 9
monoclonal cells were selected in the 96-well plate, 24-well plate and 6-well plate screening

steps, respectively. The specific steps of cell screening were as follows.

[189] Regarding the 384-well plate monoclonal screening, the specific experimental steps were
as follows. The SB16 and SB28 initial cells constructed above were cultured in a DMEM
complete medium at 37°C and 5% CO> to a monolayer of 70% confluence. By the limiting
dilution method, cells were seeded in a 384-well plate at the density of one cell per well, and 5
384-well plates for SB16 and SB28 cells, respectively. After seeding for 2 hours until the cells
adhered to the wall, sample wells with only one cell were observed and marked by an inverted
microscope (Olympus IX71), and other sample wells were discarded. The medium was changed
to a fresh DMEM complete medium on the 5th and 9th days after seeding; on the 10th day, the
monoclonal cells with a confluence greater than 50% were seeded into a 96-well plate at 2E+04
cells per well, and a total of 271 strains of SB16 monoclonal cells and 313 strains of SB28 cells
were obtained.

[190] Regarding the 96-well plate monoclonal screening, the specific experimental steps were
as follows. After culturing the cells obtained from the monoclonal screening step of 384-well
plate for 24 hours, the cells were seeded at SE+03 and 2.5E+04 cells per well in two new 96-well
plates, and used for the subculture and the induced virus-producing detection of lentivirus. In the
step of induced virus production of monoclonal cells, a positive control of lentivirus was
prepared by transiently transfecting 293T cells, and the method was as follows: 293T cells were
seeded into a 96-well plate at 2.5E+04 cells per well; after 24 hours of culture, the virus was
prepared by transient transfection of plasmids via the PEI method (the total DNA amount was
0.3 pg, wherein the molar ratio of plasmid 19BF081:pMD2.G:pMDLg/PRRE:pRSV-Rev was
1:1:1:1, and the mass ratio of total DNA to PEI MAX was 1:4). 2 hours after transfection, the
inducers (final concentration of 2mmol/L. sodium butyrate, 1pg/ml DOX, 200pug/ml Cumate)
were added, and the cells were subjected to further culture for 48 hours and contrifugation at

4500rpm for 15 minutes to collect supernatant virus. The method for inducing virus production
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by monoclonal cells in a 96-well plate was as follows: the above-mentioned monoclonal cells to
be tested, which were seeded at 2.5E+04 cells per well in a 96-well plate, were cultured for 24
hours, and then transfection reagents were added (the amount of total DNA was 0.3 pg, wherein
the amount of 19BF081 added was the same as the above positive control, the amount of
remaining plasmid was made up to 0.3ug with 18BF003, and the mass ratio of total DNA to PEI
MAX was 1:4). Afterwards, the method of inducing virus production and recovering the virus
supernatant was the same as the method of preparing the positive control. According to the
HT1080 cell Luciferase virus titer detection method described in Example 2, the RLU value of
the positive control and each sample of monoclonal cells for inducing virus production was
detected. Then, according to the results of Luciferase virus titer, the monoclonal cells with RLU
values higher than the positive control were selected in the order of from high RLU value to low
RLU value, to obtain 87 SB16 monoclonal cells and 94 SB28 monoclonal cells.

[191]

experimental steps were as follows. The screening process of high-yield monoclonal cells in 24-

Regarding the monoclonal screening in 24-well plate and 6-well plate, the specific

well plate and 6-well plate was substantially the same as the aforementioned monoclonal
screening in 96-well plate. During subculture, the seeding density of 24-well plate was 2E+04
cells per well, and that of 6-well plate was 2E+05 cells per well. In the step of inducing virus
production of monoclonal cells, the seeding density of 24-well plate was 1E+05 cells per well,
and the seeding density of 6-well plate was 8E+05 cells. When transfecting plasmids by the PEI
method, the amount of total DNA per well in a 24-well plate was 1.2 pg, and that in a 6-well
plate was 5 pg, and other transfection conditions such as the ratio of each plasmid and the ratio
of DNA to PEI were consistent with the above experimental method. According to the results of
the HT1080 cell Luciferase virus titer detection method, in the stage of monoclonal screening in
24-well plate, 30 high-yielding packaging cell lines were screened respectively from 87 SB16
and 94 SB28 monoclonal cells. In the monoclonal screening stage of 6-well plate, 9 strains of
SB16 and SB28 monoclonal high-yielding packaging cells were further screened from 30 strains
of cells respectively and the numbers of final screened monoclonal cells were shown in Table 11.
[192] Table 11. List of high-yielding packaging cell clone numbers
EuLV293T39-SB28 high-yielding clone number

FulV293T°"-SB16-3A5

FulV293T°".SB28-1A3

EulV293T°"-SB16-3C1

EulV293T3-SB28-1C2

Ful.V293T%-SB16-3C3

FulLV293T°"-SB28-1C3

Ful.V293T%-SB16-3C4

EulV293T°-SB28-1C4

EulV293T*-SB16-3D3

EulLV293T*"-SB28-1C6

EulV293T9-SB16-4A1

EulV293T°".SB28-2B5
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FulV293T°"-SB16-4A5 | EulLV293T°"4-SB28-2C3
EulV293T"-SB16-4B1 | EuLV293T°9-SB28-2C6
FulV293T"-SB16-4C4 | EuLV293T*"-SB28-2D1

[193] 3. Suspension adaptation of high-yielding EuL.V293T3rd monoclonal packaging cell and

detection of virus-packaging ability

[194] The specific experimental method was as follows. The 18 strains of monoclonal cells
obtained in Table 11 were seeded at SE+05 cells/ml and 20ml per bottle into a 125ml shake flask
(Corning 431143) for suspension adaptation, wherein the medium was Freestyle293
(Gibco®FreeStyle™ 293Expression Medium 12338018), the culture conditions were 37°C, 5%
COa», and shaked with a shaking distance of 1.9cm and a rotating speed of 140rpm. The cells
were subcultured when growing to 2.5E+06 cells/ml, and were cultured continuously until there
was no obvious cell cluster and the doubling time was less than 24 hours, to obtain the
suspension culture cell line of the above 18 strains of cell. The virus preparation method of the
suspension cultured SB16 and SB28 cell lines was as follows. After the above cells were
cultured in suspension to a density of 2.5E+06 cells/ml, the cells were harvested by
centrifugation at 1000 rpm for 3 minutes, resuspended in a fresh Freestyle293 medium and
adjusted to a cell density of 4E+06 cells/ml. The cell suspension was introduced to a 96-deep
well plate at 0.5ml per well, and 50uL. of PEI transfection reagent prepared in a DMEM medium
was added, wherein the PEI transfection reagent contained 7.5pug PEI MAX and 2.5ug total DNA
(containing 1ug 18BF081 and 1.5ug 18BF003). After mixed, the cells were further cultured on a
culture shaker, and the culture conditions were 37°C, 5% CO», and shaked with a shaking
distance of 1.0cm and a rotating speed of 1000rpm. After 2 hours, the inducers (final
concentration of 2mmol/L. sodium butyrate, 1pug/ml DOX, 200ug/ml Cumate) were added, and
the cells were subjected to further culture for 48 hours and contrifugation at 1500rpm for 15
minutes to collect supernatant virus. Afterwards, the virus titer was detected according to the
HT1080 cell Luciferase virus titer detection method as described in Example 2. The detection
result was shown in Fig. 11, wherein the abscissa showed the monoclonal number, and the
ordinate showed the detection result of titer, expressed in RLU. The results showed that all
monoclonal cells can adapt to serum-free suspension culture conditions. The virus-producing
titer of different monoclonal cells transiently transfected with 19BF081 plasmid under
suspension culture conditions was 9.96E+04 to 4.68E+06 RLU, with an average titer of
8.56E+05 RLU, and a median of 5.7E+05RLU.
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Example 6: Detection of optimization degree of EulLV293T3rd optimal virus-producing
packaging cell line
[195] At the time of packaging the lentivirus by transient transfection of transfer-vector
plasmid, the optimal virus-producing monoclonal packaging cell line screened in Example 5 was
co-transformed with other expression plasmids of rev, gag/pol, and VSV-G lentivirus packaging
genes regulated by a constitutively active promoter, to detect whether continuous increase of the
expression of virus packaging genes can further increase the virus-producing titer of packaging
cells, thereby determining whether each packaging gene fragment in the cell line reached
saturation and whether the relative proportion of each virus packaging gene fragment was
optimized. 6 high-yielding adherent cell lines and 5 high-yielding suspended cell lines were
selected from Example 5 for the above experiment. The names and numbers of the cell lines
were shown in Table 12.
[196] Table 12. The numbers of Eul.V293T3rd preferred high-yielding adherent cell lines and

suspension cell lines

Numbers of adherently | numbers of suspension
cultured high-yielding cell | cultured high-yielding cell
lines lines

1 Eul.V293T3rd-SB16-3A5 Sus-Eul.V293T3rd-SB16-3C3

2 FulL.V293T3rd-SB16-3C3 Sus-FulL.V293T3rd-SB16-3D3

3 Ful.V293T3rd-SB16-4A5 Sus-Ful.V293T3rd-SB16-4A5

4 Eul.V293T3rd-SB28-1A3 Sus-EulL.V293T3rd-SB28-1A3

5 FulLV293T3rd-SB28-1C2 Sus-Ful.V293T3rd-SB28-1C2

6 Eul.V293T3rd-SB28-2C6

[197] Experiment of supplementing lentivirus packaging gene of adherently cultured high-
yielding cell lines: The adherent high-yielding cell lines shown in Table 12 were cultured at
37°C, 5% CO», in a DMEM complete medium. Afterwards, each cell was seeded in different
wells of a 6-well plate at 8E+05 cells per well, and transfections were performed according to the
calcium phosphate transfection method in Example 2. During transfection, 200uL of transfection
reagent, containing 0.12mol/L. calcium chloride, 1XHEPES buffer, and 6.8ug total plasmid
amount, was added to each well. Table 13 showed the combination and amount of plasmids in
each experimental group, wherein the 18BF084 plasmid expressed the rtTAagy transactivator;
19BF081 was a transfer plasmid transcribing the lentiviral genome carrying the hPGK-
Luciferase-IRES-EGFP nucleic acid fragment of interest; pMD2.G (Addgene, 12259) expressed
VSV-G protein; pMDLg/pRRE expressed gag and pol protein; pRSV-Rev expressed rev protein.

After 6 hours of transfection, the medium was changed to a DMEM complete medium
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containing SmM sodium butyrate, and 1ug/ml DOX and 200pg/ml Cumate inducers were added
to the samples that need to be added with inducer according to Table 13. After 48 hours of
culture, the lentivirus-producing ability of each adherent cell line was detected according to the
HT1080 cell Luciferase virus titer detection method as described in Example 2, and the results
were shown in Fig. 12. The abscissa showed the transfection combination of plasmids in each
experimental group, and the ordinate showed the RLU value of Luciferase expression in the
infected HT1080 cells of corresponding experimental group. The dotted line in the figure
indicated the RLU value of induced virus-producing titer of the adherent cell line only
transiently transfected with the 19BF081 transfer plasmid under this condition, and the solid line
in the figure showed the positive control result of 293T. The results showed that the transfection
titers of the 6 packaging cells were between 9.9E+05 RLU and 5.8E+06 RLU when the lentivirus
packaging genes were not supplemented. After supplementing lentivirus packaging genes such
as rev, VSV-G and gag/pol, most high-yielding cell lines (such as EuLV293T3rd-SB28-1A3 and
EulLV293T3rd-SB28-1C2) did not increase their virus-producing titers significantly. The cells
with a greater increase in virus-producing ability were the cells with a lower initial virus-
producing titer. After further supplementation of rtTA, rev, VSV-G, gag/pol single gene or
multiple genes, most cell lines reduced the virus-producing titers, and only some cell lines
benefited from further supplementation of gag/pol genes, indicating that the proportion of
packaging genes in most of the selected cell lines has been fully optimized and further
supplementation of virus packaging genes will reduce the virus-producing titer of cell lines. In
addition, it also demonstrated the importance of the inserted copy number and expression level

of gag/pol to the cell line virus-producing titer.

[198] Experiment of supplementing lentivirus packaging gene of suspension culture high-
yielding cell lines: the suspended cell lines shown in Table 12 were cultured at 37°C, 8% COa, in
the medium of FreeStyle (Gibco ® FreeStyle™ 293 Expression Medium, 12338018), and shaked
with a shaking distance of 1.9cm and a rotating speed of 140rpm. Two hours before transfection,
each suspended cell line was seeded in a 96-well deep-well plate at 4E+06 cells per well with a
culture volume of 1 ml. The cells were transfected according to the PEI method in Example 5,
and 100 pL of transfection sample, containing 2.5 pg of total plasmid and 7.5 pg of PEI, was
added to each well during transfection. The amount of plasmid added in each experimental group
was shown in Table 14. After transfection, the deep-well plate was cultured in an environment
with a shaking distance of 1 mm and a rotating speed of 1000 rpm/min. After 3 hours of

transfection, the sodium butyrate with a final concentration of 2mM was added, and 1pg/ml
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DOX and 200pg/ml Cumate inducers were added to the samples that need to be added with
inducer according to Table 14. After 48 hours of further culture, the virus-producing ability of
each suspended cell was detected according to the HT1080 cell Luciferase virus titer detection
method as described in Example 2. The result was shown in FIG. 13. The abscissa showed the
transfection combination of plasmids in each experimental group, and the ordinate showed the
RLU value of Luciferase expression in the infected HT1080 cells of corresponding experimental
group. The dotted line in the figure indicated the RLU value of induced virus-producing titer of
the suspended cell line only transiently transfected with the 19BF081 transfer plasmid under this
condition, and the solid line in the figure showed the positive control result of 293T. The result
showed that the RLU values of the 5 suspended cell lines were between 8.9E+05 RLU and
4.0E+06 RLU when the lentivirus packaging genes were not supplemented. After supplementing
lentivirus packaging genes such as rev, VSV-G and gag/pol, most high-yielding cells did not
increase their virus-producing titers significantly. The cells with a greater increase in virus-
producing ability were the cells with a lower initial virus-producing titer. After further
supplementation of rtTA, rev, VSV-G, gag/pol single gene or multiple genes, most cell lines
reduced the virus-producing titers, and only some cell lines benefited from further
supplementation of gag/pol genes, indicating that the proportion of packaging genes in most of
the selected cell lines has been fully optimized and further supplementation of virus packaging

genes will reduce the virus-producing titer of cell lines.

[199] Table 13. Names and amounts of various plasmids in each experimental group in the

experiment of supplementing lentivirus packaging gene of adherently cultured high-yielding cell

lines
inducer amount of transfection plasmid (ug)
. DOX pRSV- | pMDLy/ amount
experimental group & 18BF084 pMD2.G Rev pRRE 18BF081 18BF003 of t‘otal
Cumate | 1® (ng) (ng) (ng) (ng) (ng) ﬂllz;m-d
1 negative control - 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 non-induction - 0.00 0.00 0.00 0.00 226 4.54 6.80
3 induction + 0.00 0.00 0.00 0.00 226 4.54 6.80
4 rtTA g + 2.26 0.00 0.00 0.00 2.26 228 6.80
5 VSV-G + 0.00 0.76 0.00 0.00 226 3.78 6.80
6 rev + 0.00 0.00 0.49 0.00 226 4.05 6.80
7 gag/pol + 0.00 0.00 0.00 1.03 226 3.51 6.80
8 VSV-G+rev + 0.00 0.76 0.49 0.00 226 3.29 6.80
9 VSV-G+gag/pol + 0.00 0.76 0.00 1.03 226 2.75 6.80
1 rev+ gag/pol + 0.00 0.00 0.49 1.03 2.26 3.02 6.80
11 VSV-Gitrev + 0.00 0.76 0.49 1.03 226 226 6.80
+gag/pol
12 YSV-Gtev 0.00 0.76 0.49 1.03 226 226 6.80
gag/pol
2037T- positive control of
adherent 293T | - 0.00 1.51 0.97 2.06 226 0.00 6.80
PC . L
transient transfection

71



[200] Table 14. Names and amounts of cplasmids in each experimental group in the experiment

of supplementing lentivirus packaging gene of suspension culture high-yielding cell lines

inducer amount of transfection plasmid (ug)

. amount of
experimental DOX 18BF084 | pMp2.G | PRSV- | PMDLg/p | eppogi | 18BF003 | total
group & (re) (re) Rev RRE (ng) (ng) plasmid

Cumate (ng) (ng) (ug)
1 negative control - 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 non-induction - 0.00 0.00 0.00 0.00 1.00 150 250
3 induction m 0.00 0.00 0.00 0.00 100 150 250
4 T A m 1.00 0.00 0.00 0.00 1.00 0.50 250
5 VSV-G m 0.00 0.25 0.00 0.00 100 125 250
6 rev m 0.00 0.00 0.15 0.00 100 135 250
7 gagipol n 0.00 0.00 0.00 034 1.00 116 2,50
g VSV-Grrev m 0.00 025 0.15 0.00 100 110 250
9 VSV-Greaglpol | + 0.00 0.25 0.00 034 1.00 0.91 250
] rev+ sag/pol T 0.00 0.00 0.15 034 100 101 250
1 VSV-Giey + 0.00 0.25 0.15 0.34 1.00 0.76 250
gag/pol
12 VSV-Grey 0.00 025 0.15 0.34 1.00 0.76 2,50
+gag/pol
positive control of
293T- | adherent  203T 0.00 0.50 0.30 0.70 1.00 0.00 250
PC transient
transfection

Example 7: Construction of a variety of lentivirus producer cell lines based on the high-

yielding packaging cell lines EulLV293T3rd-SB16-3D3 and Eul.LV293T3rd-SB28-1C2

[201] In this example, transfer-vector plasmids containing three different nucleic acid

fragments of interest were stably integrated into the genomes of EulLV293T3rd-SB16-3D3
(hereinafter referred to as 3D3) and EulLV293T3rd-SB28-1C2 (hereinafter referred to as 1C2)
packaging cells by the PB transposon system, and six lentivirus producer cell lines that stably
produce three different lentiviruses were screened and obtained respectively. The above three
transfer-vector plasmids of viral genome transcriptional cassette carrying a nucleic acid fragment
of interest were: (1) 19BF081 (hPGK-Luciferase-IRES-EGFP, the length of lentiviral genome
was 5.7kbp); (2) 19BF218 (the coagulation factor 8 sequence with the B protein domain deleted,
CMV-BDDF8cHA-IRES-EGFP, the length of lentiviral genome was 8.5 kbp); (3) 19BF217 (the
full length sequence of coagulation factor 8, CMV-F8cHA-IRES-EGFP, the length of lentiviral
genome was 11.2 kbp). In order to facilitate the detection of lentivirus-producing titer of the
above producer cell lines, the above nucleic acid fragments of interest were all linked with an
IRES-EGFP sequence, and regarding the detailed method of constructing plasmids, please refers
to Example 1. Afterwards, under adherent culture conditions, the virus-producing ability of these
stable lentivirus producer cell lines was compared with that of the cells obtained by the method
of transiently transfecting 293 T with the same transfer plasmid to produce lentivirus. Afterwards,
two types of cells constructed based on 3D3 and 1C2 and carrying the 19BF081 transfer vector

were subjected to suspension culture in serum-free medium, and under such conditions, the
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induced virus-producing titers and the leaky virus-producing titers under non-induced conditions
were detected. The method for constructing a stable lentivirus producer cell line of the present
disclosure can be used to construct a stable lentivirus producer cell line carrying any nucleic acid

fragment of interest.

[202] Based on 3D3 and 1C2 cells, a producer cell line for the stable production of three
different lentiviruses was constructed, and the specific steps were as follows. 3D3 and 1C2 cells
were seeded in a 6-well plate at 1.5E+06 cells per well in 3ml DMEM complete medium,
cultured at 37°C and 5% CO: for 24 hours, and then transfected by PEI method, wherein the
amount of total plasmid was 5.5ug, the molar ratio of transfer plasmid: PB transposase plasmid
(18BF031) was 10:1, and the amount of total PEI was 22 ug. The transfer plasmids were
19BF081, 19BF218 and 19BF217 respectively. 24 hours after transfection, 2.5 pg/ml puromycin
(Aladdin P113126) was added to screen for at least 3 passages until the cell line was stable. Six
lentivirus stable producer cell lines were obtained, namely 3D3-19BF081, 3D3-19BF218, 3D3-
19BF217, 1C2-19BF081, 1C2-19BF218 and 1C2-19BF217.

[203] The virus-producing ability of cells obtained by the method of stable lentivirus producer
cell line and that obtained by transient transfection method were compared, and the specific steps
were as follows. The above 6 kinds of obtained cells were seeded in a 6-well plate at 8E+05 cells
per well in a DMEM complete medium, and cultured at 37°C and 5% CO» for 24 hours, and then
the medium was changed to a fresh DMEM complete medium, and inducers (final concentration
of 2mmol/LL sodium butyrate, 1ug/ml DOX and 200pg/ml Cumate) were added. After an
additional 48 hours of culture, the virus supernatant was collected by centrifugation at 4500rpm
for 15 minutes. The method of preparing the virus by transiently transfecting 293T cells was the
same as the method of preparing the positive control lentivirus described in Example 5, wherein
the molar ratio of the transfer-vector plasmid: pMD2.G: pMDLg/PRRE: pRSV-Rev was 1:1:1:1,
and the transfer-vector plasmids were 19BF081, 19BF218 and 19BF217 respectively.

[204] The transfection titer of the above virus sample was detected based on the EGFP positive
rate method of HT1080 cells, and the specific steps were as follows. HT1080 cells (ATCC CCL-
121) were seeded in a 24-well plate (Corning 3524) at SE+04 cells per well under the same
culture conditions as 293T. After 24 hours, at least 3 wells were taken, digested with trypsin, and
counted; the other wells were changed to 500ul. of DMEM complete medium containing
8ug/mL polybrene (Sigma H9268). The virus solution was diluted to a variety of detection
concentrations with DMEM complete medium, and then 100 pL of the diluted virus solution was

added to the 24-well plate used for culturing HT1080 cells; a variety of dilution concentrations
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were detected for each virus sample; 100 u. of DMEM complete medium was added to the
negative control, mixed, and cultured for 48 hours. Afterwards, the EGFP positive rate in each
well was detected by flow cytometer (Aisen NovoCyte Flow Cytometer). A dilution with an
EGFP positive rate of 15%~30% was selected to calculate the lentivirus titer according to the
following formula. Lentivirus titer (TU/ml) = dilution factor x (cell count result of 24-well plate
x positive rate)/0.1ml. The experimental result was shown in Fig. 14. The results showed that the
virus-producing titer by the method of stable lentivirus producer cell line was significantly
higher than that by the method of transiently transfecting 293T cells. The virus-producing titers
of the six final producer cell lines constructed from 3D3 and 1C2 cells constructed based on two
different inducible expression strategies were all significantly higher than that of the
corresponding transiently transfected 293T positive control. The virus-producing titers of the
three 3D3 stable producer cell lines carrying 19BF081 (5.7kb), 19BF217 (11.2kb) and 19BF218
(8.5kb) transfer vectors were 1.11E6 TU(EGFP)/ml and 2.33E5 TU( EGFP)/ml and 1.05E6
TU(EGFP)/ml, which were 6.14 times, 8.27 times and 5.01 times higher than that of the
transiently transfected positive control, respectively; the virus-producing titers of the three stable
1C2 lentivirus producer cell lines carrying the above three transfer vectors were 1.59E6
TU(EGFP)/ml, 3.55E5 TU(EGFP)/ml and 1.81E6 TU(EGFP)/ml, which were 8.81 times, 12.6
times, and 8.62 times higher than that of the transiently transfected positive control. In addition,
the virus-producing titer of stable lentivirus producer cell line was up to 1 order of magnitude or
more higher than that of the transiently transfected control when expressing a long nucleic acid
fragment of interest, and thus had a wider range of industry applications, such as constructing a
lentivirus vector expressing full-length coagulation factor 8 when using gene therapy to treat

hemophilia (for example, 19BF217).
[205] The virus-producing titers and leaked-virus titers of 3D3-19BF081 and 1C2-19BF081

cells under suspension culture conditions were detected, and the specific steps were as follows.
According to the cell suspension adaptation method described in Example 5, 3D3-19BF081 and
1C2-19BF081 cells were adapted to suspension culture. When the suspended cells growed to
2.5E+06 cells/ml, the cells were harvested by centrifugation at 1000 rpm/min for 3 minutes, and
adjusted to a cell density of 4E+06 cells/ml with a fresh Freestyle293 medium. The cell
suspension was introduced to a 50ml centrifuge tube at Sml/tube, and an induction group added
with inducers (final concentration of 2mmol/L sodium butyrate, 1pg/ml DOX, 200pg/ml Cumate)
and a non-induction group added with DMEM medium were provided and cultured for 48 hours

on a shaker, and then the supernatant viruses were collected by centrifugation at 4500 rpm for 15
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minutes. The positive control was a virus prepared by transiently transfecting 293T cells cultured
in the same suspension culture condition, and the specific steps were as follows. Plasmid
transfection was performed by a PEI transfection method, wherein the amount of total plasmid
was 12.5ug, the mass ratio of PEI to the total plasmid was 4:1, and the molar ratio of plasmid
19BF081: pMD2.G:pMDLg/PRRE 1:pRSV-Rev was 1:1:1:1. After 6 hours of transfection,
sodium butyrate was added at a final concentration of 2mmol/L, and the culture was continued
until the virus sample was recovered by centrifugation. Afterward, the RLU value of each
sample was detected according to the HT1080 cell Luciferase virus titer detection method as
described in Example 2, and the results were shown in Fig. 15. The results showed that 3D3-
19BF081 and 1C2-19BF081 cells can be well adapted to the suspension culture condition,
reaching a virus-producing titer of 7.08E6 RLU and 1.08E7 RLU respectively after induction,
which were 3.72 times and 5.8 times than that of a virus prepared by transiently transfecting
suspended 293T cells. Under non-induction conditions, the RLU fluorescence values of the leaky
virus-producing titer of the two cells were substantially the same as the background RLU values
of the original cells and 293T cells without the 19BF081 vector. Based on the results of this
experiment, the ratios of induced/leaky virus-producing titer of 3D3-19BF(081 and 1C2-19BF081

cells were 5853 times and 41646 times, respectively.
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I/We claim:

1. A method for preparing a producer cell for producing a retroviral vector carrying a nucleic
acid fragment of interest, comprising:

integrating one or more but not all of, sequences of gag and pol genes of a retrovirus, a
coding sequence of a viral envelope protein, and a viral genome transcriptional cassette sequence
carrying the nucleic acid fragment of interest, into the genome of a host cell using a Sleeping
Beauty (SB) transposon system, and further

integrating the remaining one or more of, the sequences of gag and pol genes of the
retrovirus, the coding sequence of the viral envelope protein, and the viral genome
transcriptional cassette sequence carrying the nucleic acid fragment of interest, into the genome
of the host cell using a PiggyBac (PB) transposon system,

or

integrating one or more but not all of, sequences of gag and pol genes of a retrovirus, a
coding sequence of a viral envelope protein, and a viral genome transcriptional cassette sequence
carrying the nucleic acid fragment of interest, into the genome of a host cell using a PB
transposon system, and further

integrating the remaining one or more of, the sequences of gag and pol genes of the
retrovirus, the coding sequence of the viral envelope protein, and the viral genome
transcriptional cassette sequence carrying the nucleic acid fragment of interest, into the genome

of the host cell using an SB transposon system.

2. A method for preparing a producer cell for producing a lentiviral vector carrying a nucleic
acid fragment of interest, comprising:

integrating one or more but not all of, sequences of gag, pol and rev genes of a lentivirus, a
coding sequence of a viral envelope protein, and a viral genome transcriptional cassette sequence
carrying the nucleic acid fragment of interest, into the genome of a host cell using an SB
transposon system, and further

integrating the remaining one or more of, the sequences of gag, pol and rev genes of the
lentivirus, the coding sequence of the viral envelope protein, and the viral genome transcriptional
cassette sequence carrying the nucleic acid fragment of interest, into the genome of the host cell
using a PB transposon system,

or
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integrating one or more but not all of, sequences of gag, pol and rev genes of a lentivirus, a
coding sequence of a viral envelope protein, and a viral genome transcriptional cassette sequence
carrying the nucleic acid fragment of interest, into the genome of a host cell using a PB
transposon system, and further

integrating the remaining one or more of, the sequences of gag, pol and rev genes of the
lentivirus, the coding sequence of the viral envelope protein, and the viral genome transcriptional
cassette sequence carrying the nucleic acid fragment of interest, into the genome of the host cell

using a SB transposon system.

3. The method of claim 2, wherein the integrating of the sequences of gag, pol and rev genes
of the lentivirus and the coding sequence of the viral envelope protein into the genome of the
host cell is achieved using the SB transposon system, and the further integrating of the viral
genome transcriptional cassette sequence carrying the nucleic acid fragment of interest into the
genome of the host cell is achieved using the PB transposon system, or

the integrating of the sequences of gag, pol and rev genes of the lentivirus and the coding
sequence of the viral envelope protein into the genome of the host cell is achieved using the PB
transposon system, and the further integrating of the viral genome transcriptional cassette
sequence carrying the nucleic acid fragment of interest into the genome of the host cell is

achieved using the SB transposon system.

4. The method of claim 2, wherein the sequences of gag, pol and rev genes of the lentivirus,
the coding sequence of the viral envelope protein, and the viral genome transcriptional cassette

sequence carrying the nucleic acid fragment of interest are located in two or more constructs.

5. The method of claim 4, wherein the sequences of gag and pol genes are located in one
construct, and the sequence of rev gene is located in another construct, and the coding sequence
of the viral envelope protein is located in a third construct, and the viral genome transcriptional

cassette sequence carrying the nucleic acid fragment of interest is located in a fourth construct.

6. The method of claim 2, wherein the gag, pol, and rev genes of the lentivirus are gag, pol,

and rev genes of HIV-1 virus.

7. The method of claim 2, wherein the viral envelope protein is selected from the group
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consisting of feline leukemia virus (RD114) envelope protein, amphotropic retrovirus envelope
protein, ecotropic retrovirus envelope protein, Baboon ape leukemia virus envelope protein,
nipah virus envelope protein, Mokola virus envelope protein, Lymphocytic choriomeningitis
virus envelope protein, chikungunya virus envelope protein, Ross river virus envelope protein,
Semliki forest virus envelope protein, Sindbis virus envelope protein, Venezuelan equine
encephalitis virus envelope protein, Western equine encephalitis virus envelope protein,
influenza virus envelope protein, Fowl Plague Virus envelope protein, Chandipura virus and Piry
virus envelope protein, simian immunodeficiency virus envelope protein, feline
immunodeficiency virus envelope protein, equine infectious anemia virus envelope protein,
Ebola virus envelope protein, rabies virus envelope protein, baculovirus envelope protein,
hepatitis C virus envelope protein, feline endogenous retrovirus envelope protein, measles virus
envelope protein, murine leukemia virus facultative 4070A and 10A1, Gibbon ape leukemia
virus envelope protein, human immunodeficiency virus gpl120 and a vesicular stomatitis virus

glycoprotein (VSV-G).

8. The method of claim 2, wherein the viral envelope protein is a vesicular stomatitis virus

glycoprotein (VSV-G).

9. The method of claim 2, wherein SB100X is used as a transposase in the SB system, and/or

ePiggyBac is used as a transposase in the PB system.

10. The method of claim 2, wherein the transcription of one or more of the gag, pol and rev
genes, the coding sequence of the viral envelope protein, and the viral genome transcriptional

cassette carrying the nucleic acid fragment of interest is controllable.

11. The method of claim 10, wherein the viral envelope protein is VSV-G and the

transcription of the rev gene and the coding sequence of VSV-G is controllable.

12. The method of claim 10, wherein the viral envelope protein is VSV-G and the

transcription of the gag, pol and rev genes and the coding sequence of VSV-G is controllable.

13. The method of claim 10, wherein the controllable transcription is achieved by placing

the gene or sequence under the control of an inducible expression system.
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14. The method of claim 13, wherein the inducible expression system is selected from the
group consisting of a tetracycline inducible expression system and a Cumate inducible

expression system.

15. The method of claim 14, wherein the genes or sequences are placed under a single
control of a Tet-On inducible expression system or under a dual control of a Tet-On inducible

expression system and a Cumate inducible expression system.

16. The method of claim 15, wherein,

when under the single control of the Tet-On inducible expression system, the transcription of
rev is under the control of a TRE3g sequence, and/or the transcription of the coding sequence of
VSV-G is under the control of a TRE3g-intron sequence, and/or the transcription of gag and pol
is under the control of a eukaryotic promoter-intron sequence or a TRE3G-intron sequence;

when under the dual control of the Tet-On inducible expression system and the Cumate
inducible expression system, the transcription of rev is under the control of a TRE;»CuO
sequence, a TREawCuO-intron sequence, a TRE3c sequence, a TRE3cCuO sequence or a
TRE36CuO-intron sequence, and/or the transcription of VSV-G is under the control of a
TREa4vCuO sequence, a TREaqyCuO-intron sequence, a TRE3g-intron sequence or a TRE3gCuO-
intron sequence, and/or the transcription of gag and pol is under the control of a eukaryotic
promoter-intron sequence, a TREagy-intron sequence, a TRE swCuO-intron sequence, a TRE3G-

intron sequence or a TRE3gCuO-intron sequence.

17. The method of claim 16, wherein,

when under the single control of the Tet-On inducible expression system, the transcription of
rev is under the control of a TRE3G sequence, and the transcription of the coding sequence of
VSV-G is under the control of a TRE3Gg-intron sequence, and the transcription of gag and pol is
under the control of a eukaryotic promoter-intron sequence or a TRE3g-intron sequence;

when under the dual control of the Tet-On inducible expression system and the Cumate
inducible expression system, the transcription of rev is under the control of a TRE3G sequence or
a TRE3gCuO sequence, and the transcription of VSV-G is under the control of a TRE3GCuO-
intron sequence, and the transcription of gag and pol is under the control of a eukaryotic

promoter-intron sequence or a TRE3cCuO-intron sequence.
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18. The method of claim 17, wherein, when under the dual control of the Tet-On inducible
expression system and the Cumate inducible expression system, the transcription of rev is under
the control of a TRE3g sequence, and the transcription of VSV-G is under the control of a
TRE36CuO-intron sequence, and the transcription of gag and pol is under the control of a
TRE36CuO-intron sequence; and the copy number of gag/pol gene inserted into the genome of
the host cell is 2-8 copies/cell, and the ratio of the copy number of gag/pol to VSV-G inserted
into the genome of the host cell is 1:1 to 4:1.

19. The method of claim 18, wherein the copy number of gag/pol gene inserted into the
genome of the host cell is 4-6 copies/cell, and the ratio of the copy number of gag/pol to VSV-G

inserted into the genome of the host cell is 2:1 to 3:1.

20. The method of claim 15, wherein a coding sequence of a Tet-On transactivator protein,
or a coding sequence of a Tet-On transactivator protein and a coding sequence of a repressor
CymR protein of Cumate operon, is/are integrated into the genome of the host cell using an SB

transposon system or a PB transposon system.

21. The method of claim 20, wherein the Tet-On transactivator protein is rtTAsc.

22. The method of claim 15, wherein the sequences of gag, pol and rev genes of the
lentivirus, the coding sequence of the viral envelope protein, and the coding sequence of the Tet-
On transactivator protein, or the coding sequence of the Tet-On transactivator protein and the
coding sequence of the repressor CymR protein of Cumate operon are integrated into the genome
of the host cell using an SB transposon system, and then the viral genome transcriptional cassette
sequence carrying the nucleic acid fragment of interest is further integrated into the genome of
the host cell using a PB transposon system; or

the sequences of gag, pol and rev genes of the lentivirus, the coding sequence of the viral
envelope protein, and the coding sequence of the Tet-On transactivator protein, or the coding
sequence of the Tet-On transactivator protein and the coding sequence of the repressor CymR
protein of Cumate operon are integrated into the genome of the host cell using a PB transposon
system, and then the viral genome transcriptional cassette sequence carrying the nucleic acid

fragment of interest is further integrated into the genome of the host cell using an SB transposon
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system.

23. A producer cell prepared by the method of any one of claims 1-22.

24. The producer cell of claim 23, wherein the producer cell was deposited at the China
General Microbiological Culture Collection Center (CGMCC) on April 13, 2020 with CGMCC
No. 19675.

25. A producer cell for producing a retroviral vector carrying a nucleic acid fragment of
interest, wherein the producer cell is integrated in the genome thereof with a sequence of gag and
pol genes of a retrovirus, a coding sequence of a viral envelope protein, and a viral genome
transcriptional cassette sequence carrying the nucleic acid fragment of interest; and

wherein each of, the sequence of the gag and pol genes, the coding sequence of the viral
envelope protein, and the viral genome transcriptional cassette sequence carrying the nucleic
acid fragment of interest, has IR/DR sequences for recognition by an SB transposase or ITR
sequences for recognition by a PB transposase at both ends thereof, and both the IR/DR

sequences and the ITR sequences are present in the producer cell.

26. The producer cell of claim 25, wherein

each of, the sequence of the gag and pol genes and the coding sequence of the viral envelope
protein, has IR/DR sequences for recognition by an SB transposase at both ends thereof, and the
viral genome transcriptional cassette sequence carrying the nucleic acid fragment of interest has
ITR sequences for recognition by a PB transposase at both ends thereof, or

each of, the sequence of the gag and pol genes and the coding sequence of the viral envelope
protein, has ITR sequences for recognition by a PB transposase at both ends thereof, and the
viral genome transcriptional cassette sequence carrying the nucleic acid fragment of interest has

IR/DR sequences for recognition by an SB transposase at both ends thereof.

27. The producer cell of claim 25, wherein the retrovirus is a lentivirus, and the producer
cell is further integrated in the genome thereof with a sequence of rev gene of a lentivirus, and
the sequence of the rev gene has IR/DR sequences for recognition by an SB transposase or [TR

sequences for recognition by a PB transposase at both ends thereof.
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28. The producer cell of claim 27, wherein the retrovirus is an HIV-1 virus.

29. The producer cell of claim 27, wherein

each of, the sequence of the gag and pol genes, the sequence of the rev gene and the coding
sequence of the viral envelope protein, has IR/DR sequences for recognition by an SB
transposase at both ends thereof, and the viral genome transcriptional cassette sequence carrying
the nucleic acid fragment of interest has ITR sequences for recognition by a PB transposase at
both ends thereof; or

each of, the sequence of the gag and pol genes, the sequence of the rev gene and the coding
sequence of the viral envelope protein, has ITR sequences for recognition by a PB transposase at
both ends thereof, and the viral genome transcriptional cassette sequence carrying the nucleic
acid fragment of interest has IR/DR sequences for recognition by an SB transposase at both ends

thereof.

30. The producer cell of claim 25, wherein the viral envelope protein is a vesicular stomatitis

virus glycoprotein (VSV-G).

31. The producer cell of claim 23 or claim 25, wherein the nucleic acid fragment of interest
has recognition sequences for a site-specific recombinase system at both ends thereof and/or the
coding sequence of the envelope protein has recognition sequences for a site-specific

recombinase system at both ends thereof.

32. A system for replacing a nucleic acid fragment of interest and/or an envelope protein in a
retroviral vector, comprising: the producer cell of claim 31, a site-specific recombinase system,
and a nucleic acid fragment of interest and/or a coding sequence of an envelope protein for

replacement.

33. The system of claim 32, wherein the site-specific recombinase system is FLP-FRT or

Cre-lox recombinase system.

34. The system of claim 32, wherein the original nucleic acid fragment of interest in the
producer cell comprises or is linked to a marker gene and/or the coding sequence of the original

envelope protein in the producer cell is linked to a marker gene, and the marker gene linked to
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the nucleic acid fragment of interest for replacement and/or to the coding sequence of the

envelope protein for replacement is different from the original marker gene in the producer cell.

35. The system of claim 34, wherein the maker gene is a resistance gene sequence for a
eukaryotic cell, a metabolic pathway screening gene, a fluorescent protein marker gene, a

protease gene used for reporter gene detection, or any combination thereof.

36. The system of claim 35, wherein the resistance gene sequence is selected from a
hygromycin resistance gene, a puromycin resistance gene, a neomycin resistance gene, a

blasticidin resistance gene, a bleomycin resistance gene.

37. The system of claim 35, wherein the metabolic pathway screening gene is selected from

a gene encoding dihydrofolate reductase, glutamine synthetase or thymidine kinase.

38. The system of claim 35, wherein the fluorescent protein marker gene is selected from a
gene sequence encoding Green Fluorescent Protein (EGFP), red fluorescent protein (dsRed),
cherry fluorescent protein (mcherry), cyan fluorescent protein (ECFP), yellow fluorescent

protein (EYFP), and the derivatives thereof.

39. The system of claim 35, wherein the protease gene used for reporter gene detection is
selected from a gene sequence encoding luciferase, [(-galactosidase or chloramphenical

acetyltransferase.

40. A method for replacing a nucleic acid fragment of interest and/or an envelope protein in
a retrovirus producer cell, comprising: providing the producer cell of claim 31, and replacing the
original nucleic acid fragment of interest and/or a coding sequence of the original envelope
protein in the producer cell with a nucleic acid fragment of interest for replacement and/or a

coding sequence of an envelope protein for replacement using a site-specific recombinase system.

41. The method of claim 40, wherein the site-specific recombinase system is a FLP-FRT or

Cre-lox recombinase system.

42. The method of claim 40, wherein the original nucleic acid fragment of interest in the
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producer cell comprises or is linked to a marker gene and/or the coding sequence of the original
envelope protein in the producer cell is linked to a marker gene, and the marker gene linked to
the nucleic acid fragment of interest for replacement and/or the coding sequence of the envelope

protein for replacement is different from the original marker gene in the producer cell.

43. The method of claim 42, wherein the maker gene is a resistance gene sequence for a
eukaryotic cell, a metabolic pathway screening gene, a fluorescent protein marker gene, a

protease gene used for reporter gene detection, or any combination thereof.

44. The method of claim 43, wherein the resistance gene sequence is selected from
hygromycin resistance gene, puromycin resistance gene, neomycin resistance gene, blasticidin

resistance gene, bleomycin resistance gene.

45. The method of claim 43, wherein the metabolic pathway screening gene is selected from

a gene encoding dihydrofolate reductase, glutamine synthetase or thymidine kinase.

46. The method of claim 43, wherein the fluorescent protein marker gene is selected from a
gene sequence encoding Green Fluorescent Protein (EGFP), red fluorescent protein (dsRed),
cherry fluorescent protein (mcherry), cyan fluorescent protein (ECFP), yellow fluorescent

protein (EYFP), and the derivatives thereof.

47. The method of claim 43, wherein the protease gene used for reporter gene detection is
selected from a gene sequence encoding luciferase, P-galactosidase or chloramphenical

acetyltransferase.

48. A retrovirus producer cell obtained by the method for replacing a nucleic acid fragment

of interest and/or an envelope protein in a retrovirus producer cell of claim 40.

49. A method for producing a retroviral vector carrying a nucleic acid fragment of interest,
comprising the following steps:

adding an inducer(s) of the inducible expression system(s) to the producer cell of any one of
claims 23-31 or the producer cell of claim 48, and

collecting and purifying the retroviral vector carrying the nucleic acid fragment of interest.
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50. The method of claim 49, wherein the inducer(s) is(are) tetracycline or a derivative

thereof and/or Cumate or a functional analogue thereof.

51. The method of claim 50, wherein the tetracycline derivative is doxycycline.

52. A retroviral vector carrying a nucleic acid fragment of interest prepared by the method of

claim 49,

53. Use of the producer cell of any one of claims 23-31, the producer cell of claim 48 or the
retroviral vector carrying a nucleic acid fragment of interest of claim 52 in the preparation of a

reagent for delivering a nucleic acid fragment of interest into a cell.

54. A method for preparing a lentiviral vector packaging/producer cell, comprising:
introducing sequences of gag, pol and rev genes of a lentivirus and a coding sequence of a
vesicular stomatitis virus glycoprotein (VSV-G) into a host cell, wherein the transcription of one
or more of the gag, pol and rev genes and the coding sequence of VSV-G is under a single
control of a Tet-On inducible expression system or under a dual control of a Tet-On inducible
expression system and a Cumate inducible expression system, when under the single control of
the Tet-On inducible expression system, the transcription of rev is under the control of a TRE3g
sequence, and/or the transcription of the coding sequence of VSV-G is under the control of a
TREsg-intron sequence, and/or the transcription of gag and pol is under the control of a
eukaryotic promoter-intron sequence or a TRE3g-intron sequence; when under the dual control of
the Tet-On inducible expression system and the Cumate inducible expression system, the
transcription of rev is under the control of a TREa4¢yCuO sequence, a TREa4yCuO-intron sequence,
a TRE3g sequence, a TRE3cCuO sequence or a TRE3gCuO-intron sequence, and/or the
transcription of VSV-G is under the control of a TRE.vCuO sequence, a TRE¢wCuO-intron
sequence, a TRE3g-intron sequence or a TRE3gCuO-intron sequence, and/or the transcription of
gag and pol is under the control of a eukaryotic promoter-intron sequence, a TREagy-intron
sequence, a TREaqwCuO-intron sequence, a TREj3g-intron sequence or a TRE3gCuO-intron

sequence.

55. The method of claim 54, wherein, when under the single control of the Tet-On inducible
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expression system, the transcription of rev is under the control of a TRE3;G sequence, and the
transcription of the coding sequence of VSV-G is under the control of a TRE3G-intron sequence,
and the transcription of gag and pol is under the control of a eukaryotic promoter-intron
sequence or a TRE3g-intron sequence; when under the dual control of the Tet-On inducible
expression system and the Cumate inducible expression system, the transcription of rev is under
the control of a TRE3G sequence or a TRE3GCuO sequence, and the transcription of VSV-G is
under the control of a TRE3cCuO-intron sequence, and the transcription of gag and pol is under

the control of a eukaryotic promoter-intron sequence or a TRE3gCuO-intron sequence.

56. The method of claim 54, wherein the sequences of the gag, pol and rev genes of the

lentivirus and the coding sequence of VSV-G are integrated into the genome of the host cell.

57. The method of claim 56, wherein the sequences of the gag, pol and rev genes of the
lentivirus and the coding sequence of VSV-G are integrated into the genome of the host cell by

an SB or PB transposon system.

58. The method of claim 56, wherein, when under the dual control of the Tet-On inducible
expression system and the Cumate inducible expression system, the transcription of rev is under
the control of a TRE3g sequence, and the transcription of VSV-G is under the control of a
TRE3cCuO-intron sequence, and the transcription of gag and pol is under the control of a
TRE36CuO-intron sequence; and the copy number of gag/pol gene inserted into the genome of
the host cell is 2-8 copies/cell, and the ratio of the copy number of gag/pol to VSV-G inserted
into the genome of the host cell is 1:1 to 4:1.

59. The method of claim 58, wherein the copy number of gag/pol gene inserted into the
genome of the host cell is 4-6 copies/cell, and the ratio of the copy number of gag/pol to VSV-G
inserted into the genome of the host cell is 2:1 to 3:1.

60. The method of claim 56, wherein after the sequences of gag, pol and rev genes of the
lentivirus and the coding sequence of VSV-G being integrated into the genome of the host cell
by the SB or PB transposon system, a viral genome transcriptional cassette sequence carrying a
nucleic acid fragment of interest is further integrated into the genome of the host cell by the same

transposon system or is further introduced into the host cell using a transient transfection method.
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61. A lentiviral vector packaging/producer cell, comprising sequences of gag, pol and rev
genes of a lentivirus and a coding sequence of a vesicular stomatitis virus glycoprotein (VSV-G),
wherein the transcription of one or more of the gag, pol and rev genes and the coding sequence
of VSV-G is under a single control of a Tet-On inducible expression system or under a dual
control of a Tet-On inducible expression system and a Cumate inducible expression system,

when under the single control of the Tet-On inducible expression system, the transcription of
rev is under the control of a TRE3g sequence, and/or the transcription of the coding sequence of
VSV-G is under the control of a TRE3g-intron sequence, and/or the transcription of gag and pol
is under the control of a eukaryotic promoter-intron sequence or a TRE3G-intron sequence;

when under the dual control of the Tet-On inducible expression system and the Cumate
inducible expression system, the transcription of rev is under the control of a TRE;»CuO
sequence, a TREawCuO-intron sequence, a TRE3G sequence, a TRE3cCuO sequence or a
TRE36CuO-intron sequence, and/or the transcription of VSV-G is under the control of a
TREagvCuO sequence, a TREa¢yCuO-intron sequence, a TRE3g-intron sequence or a TRE3cCuO-
intron sequence, and/or the transcription of gag and pol is under the control of a eukaryotic
promoter-intron sequence, a TREagy-intron sequence, a TRE swCuO-intron sequence, a TRE3G-

intron sequence or a TRE3gCuO-intron sequence.

62. The lentiviral vector packaging/producer cell of claim 61, wherein the sequence of the
gag gene and/or the sequence of the pol gene and/or the sequence of the rev gene of the
lentivirus and/or the coding sequence of the vesicular stomatitis virus glycoprotein (VSV-G) are

integrated into the genome of the packaging/producer cell.

63. The lentiviral vector packaging/producer cell of claim 61, wherein, when under the
single control of the Tet-On inducible expression system, the transcription of rev is under the
control of a TRE3G sequence, and the transcription of the coding sequence of VSV-G is under the
control of a TRE3g-intron sequence, and the transcription of gag and pol is under the control of a
eukaryotic promoter-intron sequence or a TRE3g-intron sequence; when under the dual control of
the Tet-On inducible expression system and the Cumate inducible expression system, the
transcription of rev is under the control of a TRE3g sequence or a TRE3GCuO sequence, and the
transcription of VSV-G is under the control of a TRE3;gCuO-intron sequence, and the

transcription of gag and pol is under the control of a eukaryotic promoter-intron sequence or a
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TRE36CuO-intron sequence.

64. The lentiviral vector packaging/producer cell of claim 61, wherein, when under the dual
control of the Tet-On inducible expression system and the Cumate inducible expression system,
the transcription of rev is under the control of a TRE3G sequence, and the transcription of VSV-G
is under the control of a TRE3;GCuO-intron sequence, and the transcription of gag and pol is
under the control of a TRE3gCuO-intron sequence, and the copy number of gag/pol gene inserted
into the genome of the packaging/producer cell is 2-8 copies/cell, and the ratio of the copy
number of gag/pol to VSV-G inserted into the genome of the packaging/producer cell is 1:1 to
4:1.

65. The lentiviral vector packaging/producer cell of claim 64, wherein the copy number of
gag/pol gene inserted into the genome of the packaging/producer cell is 4-6 copies/cell, and the
ratio of the copy number of gag/pol to VSV-G inserted into the genome of the host cell is 2:1 to
3:1.

66. The lentiviral vector packaging/producer cell of claim 61, wherein the
packaging/producer cell was deposited at the China General Microbiological Culture Collection

Center (CGMCC) on April 13,2020 with CGMCC No. 19674.

67. A method for producing a lentiviral vector, comprising culturing the packaging/producer

cell of any one of claims 61 to 66 under conditions suitable for producing a lentiviral vector.
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