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DESCRIPTION OF THE INVENTION

RETROVIRAL RECOMBINATION ASSAYS AND USES THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to United States Provisional Patent Application
Serial No. 60/143,015, entitled “Measuring Genetic Recombination in HIV?”, filed July 9,
1999, and to United States Provisional Patent Application Serial No. 60/164, 626, entitled
“Translentiviral Vectors and Transduction of Eukaryotic Cells Therewith™, filed

November 10, 1999, each of which applications is herein incorporated by reference in its

entirety including all drawings.

BACKGROUND OF THE INVENTION

The following description includes information that may be useful 1n
understanding the present invention. It is not an admission that any of the information
provided herein is prior art, or relevant, to the presently claimed inventions, or that any
publication specifically or implicitly referenced 1s prior art.

This application relates to retroviral gene therapy vector design, safety, and quality
assurance.

Retroviruses are characterized by a unique replication strategy in which the
genome is RNA, and is reverse transcribed into a linear double-stranded DNA, which 1s
subsequently integrated into a host cell genome. From this “provirus” 1s spawned copies
of the retroviral genomic RNA for encapsidation into virion particles that are then
exported out of the cell to start the viral life cycle anew. The virion particles are
manufactured in the cell according to genetic specifications encoded within the proviral
genome.

All known retroviral genomes contain three major coding domains that direct
virion production and replication: gag, which directs the synthesis of structural proteins
that form the matrix, the capsid, and the nucleoprotein structures; pol, which contains the

information for the reverse transcriptase and integrase enzymes; and env, from which are
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derived the surface and transmembrane components of the viral envelope glycoprotein.
An additional smaller coding domain present in all retroviruses 1s pro, which encodes a
protease enzyme that is recruited to the inside of the virion to effect maturation ot fusion
polyprotein products therein. The lentivirus subfamily of retroviruses further encodes pro,
which 1s a part of pol (PR, RT, IN).

Retroviruses may generally be divided into two classes: simple and complex,
depending on the organization and representation of the genome. Complex retroviruses, in
contrast to simple retroviruses, encode additional accessory and regulatory proteins that
may be derived from differentially spliced messages coming from the genome. Complex
retroviruses may further be divided into additional subgroups, among which are the
lentiviruses.

In nature, lentiviruses are known to cause disease, principally by killing or
inducing loss of function of specific cells and tissues. One of the most well characterized
lentiviruses is HIV, the causative agent of Acquired Immuno Deficiency Syndrome
(AIDS) in humans. A comprehensive description of different retroviruses, their biology,
and genetic organization may be found in Coffin et al., eds., Retroviruses, Cold Spring
Harbor Laboratory Press, New York (1997), of which the skilled artisan 1s aware.

Man-made retroviral vectors including HIV-based lentiviral vectors exist and ofter
significant utility in being able to transduce a variety of nondividing tissue cells and
sustain expression of transgenes in vivo. Akkina et al. (1996) J. Virol. 70: 2581-2585;
Naldini et al. (1996) Science 272:263-267. Such tissues include but are not limited to
brain, liver, muscle, and hematopoietic stem cells. Lentiviral vectors in particular hold
great promise for gene therapy, and clinical trials to evaluate their safety and efficacy for
treating certain human disease are being considered.

However, despite the advances and the promise these vectors hold, satety concerns
still exist. Replication incompetent retroviral vectors can potentially recombine to form
replication competent retroviruses (RCRs). This possibility, especially in the instance of
pathogenic lentiviruses, should be minimized to maximize safety. To date, lentiviral
vector systems have partially addressed this issue by expressing the essential viral genes

on separate genetic elements (so-called “split-function”) vectors. Naldini et al., supra;
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Kafri et al. (1999) J. Virol. 73:576-84; Wu et al. (1997) EMBO, vol. 16, no. 16, pp. 5113-
5122. Nevertheless, the possibility still exists that RCRs can form from these split
function systems, and current in vitro cell culture and animal model systems are limited in
their ability to monitor and evaluate this.

A retroviral assay system that can sensitively monitor genetic recombination

events 1s therefore needed.

SUMMARY OF THE INVENTION

= - e U S,

The 1nvention features methods, systems, and indicator cells that provide for a
sensitive determination of retroviral recombination and/or the potential for production of
RCR or the emergence in vivo of potentially pathogenic viral forms.

The recombinants can contain one or more retroviral genetic determinants, e.g.,
gag, pol, env, tat, and /or rev, which can originate from one or more packaging constructs
such as 1s generally used 1n split function retroviral packaging systems. Env is usually
supplied 1n 1ts own construct. Nucleic acids that encode the packaging component of the
vector particles are generally not efficiently packaged into retroviral virion. The principal
function of the packaging construct(s) 1s to package/encapsidate and help transfer a gene-
transfer construct. These packaging constructs supply in trans the necessary structural and
enzymatic retroviral proteins. “SIN” vectors are self-inactivating vectors that have, for
example, deleted U3 sequence 1n the 3° LTR. Upon one round of replication, these
changes are copied into both the 5’ and 3’ LTRs, thereby producing a less transcriptionally
active provirus.

The invention can measure recombination events that unite one or more of the
necessary genetic determinants contained within a wide variety of packaging and gene-
transfer constructs. The result 1s detected by the establishment of a new, “recombinant”
structure that contains genetic elements or portions thereof that were formerly found
separately 1n the packaging and gene transfer construct components of the system. It 1s
possible, although less likely so 1n the mstance of SIN vector use, that these recombinant

nucleic acids can then be packaged and mobilized to other cells because the recombinant
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nucleic acids contain, and thereby may encode, at least some of the necessary components
for replication and mobilization.

Because the functional retroviral gag-pol genetic structure 1s required for any type
of RCR or viral DNA mobilization, monitoring for its presence in the form of a retroviral
genetic recombinant allows a means to assess the risk of a retroviral/lentiviral vector
creating an RCR event. As such, the invention provides a basis to measure the safety of
vector stocks for use in gene transfer by using gag and pol, and niore specifically gag-pol,
as a surrogate marker for RCR.

Thus, 1n a first aspect the invention features a method of detecting a retroviral
genetic recombinant, preferably a recombinant having gag and pol functions which can be
complemented by helper function(s) supplied by or to the cell, and which helper
function(s) facilitate propagation of the recombinant to permit the recombinant’s
detection. This detection can take place using any one of a variety of biochemical,
diagnostic, and/or functional assays that can identify the recombinant. Preferably, the
assay makes used of the gag and pol functions contained within the recombinant, and a
marker gene to facilitate the detection.

By “gag and pol functions™ 1s meant to either a gag-pol fusion arrangement or to
the supply of the individual gag and pol elements separated from one another. Some
retroviruses, e.g., lentiviruses are characterized by the former, and others, e.g.,
spumaviruses, by the latter. By “gag function” 1s meant a viral packaging function
sufficient to produce a virion or virus-like-particle that 1s capable of encapsidating a
retroviral genome. Such gag function does not necessitate expression of the entire gag
sequence (Accola and Gottlinger (2000) J. Virol. 74:5395). By “pol function™ 1s meant any
one of the activities (enzymatic or non-enzymatic) or combinations of activities provided
by protease (PR), reverse transcriptase (RT), and integrase (IN). These functions may be
provided by the expression of the entire pol gene (PR, RT, IN), or by separate expression
of the individual components thereof.

By “retroviral genetic recombinant” (hereinafter “recombinant™) 1s meant a species
of retrovirus that has undergone a nucleic acid recombination event, €.g., between one or

more nucleic acid strands or constructs, e.g., packaging and vector constructs of split
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function retroviral systems. The retroviral genetic recombinants of the invention may, in
addition to, and as a consequence of being derived from the events described above, also
contain man-made or artificial sequences, including heterologous sequences such as
reporter/marker gene sequences and mutations introduced into coding and non-coding
regions.

“Propagating” or “propagated” refers to the ability of the recombinant to integrate
and duplicate in the host cell, e.g., as part of a mitosis event, and/or to support viral
replication and mobilization, e.g., using various helper functions that are supplied by or to
the host cell. “Helper functions” are used to help facilitate propagation of the recombinant
when the recombinant is one that is incapable or inefficient at replicating, packaging,
and/or infecting by itself Examples of helper functions include but are not limited to the
retroviral env gene product and pseudotypes thereof, and/or the retroviral tat and rev gene
products. Depending on the embodiment, various helper functions can be provided
individually or in combination. Usually, although not necessarily, these helper functions
will originate from a different nucleic acid strand 1n the cell relative to the recombinant
strand, although each may ultimately share the feature of being integrated into the host
genome. This 1s usually a consequence of the “split function™ aspect of most retroviral
systems that 1s directed to “disarming” viruses and promoting biological containment and
safety.

“Providing a cell suspected of having said recombinant” embraces any manner 1n
which the introduction or establishment of such recombinant can occur, including but not
limited to infection, transfection, transduction, and transformation, as those techniques are
commonly understood. The recombinant may be formed in the cell itself, e.g., from
different or related genetic elements present on different nucleic strands, at a step
upstream to this, e.g., in another cell from which the intact recombinant 1s then transterred
to the present cell, e.g., via mobilization, or formed 1n a virion particle. However, exactly
how the recombinant is formed is not intended to be limiting of the invention.

The term “mobilization” is broad. It can relate to the packaging and/or export of a
nucleic acid sequence, usually to another cell. The nucleic acid sequence 1s preferably

either a retroviral genetic recombinant nucleic acid sequence or a marker gene tlanked by
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sequences that facilitate its mobilization and expression, e.g., packaging into a retroviral-
like particle, reverse transcription, integration, and promoter-specific expression. The
packaged nucleic acid may be contained within a retroviral virion, virus like particle, or
capsid structure, which may also be isolated and assayed, e.g., extracellularly as a viral
supernatant. Usually, although not always, the packaging of the nucleic acid 1s facilitated
by a viral packaging signal. For transfer/mobilization into another cell the nucleic acid
sequence will also preferably contain cis-acting signals that facilitate reverse transcription
and integration. If the mobilized nucleic acid is the marker gene, the flanking sequences
will also preferably contain a promoter for the expression of the marker gene. The
promoter may be an inducible promoter or a constitutive promoter. A pretferred
embodiment for the latter 1s the human phosphoglycerate kinase gene promoter, “pGK™.
See Michelson et al. (1985) PNAS 82:20, pp. 6965-6969 and GenBank accession M11958.

By “determining the presence of said retroviral genetic recombinant™ can mean any
assay that can detect mobilization or a recombinant, including but not limited to e.g.,
hybridization assays, i.e., fluorescent in situ hybridizatioﬁ (FISH), antigen-detection (e.g.,
ELISA), polymerase chain reaction (PCR), genetic marker response/mobilization, and/or
recombinant mobilization. One or more such assays can be used together or
independently in making the determination. The features of the individual cells used in
the method, and at each step (where multiple steps requiring multiple, sometimes difterent,
cells are undertaken), may vary depending on the precise embodiment. An example 1s
illustrated by use of the claim term “optionally’” which is meant to denote that various
embodiments are possible, some which utilize (and therefore require) a marker gene
present in the cell, and those that do not require such a marker gene’s presence. An
example of the latter is when the assay relies solely on antigen-detection, PCR, or marker
or gene mobilization to a second cell that may or may not contain such a marker.

The individual embodiments noted are not necessarily mutually exclusive, and may
be combined in certain other embodiments. Thus, in some embodiments both the marker
gene and one or more other ways of determining the presence of the recombinant are used,

e.g2., PCR and antigen-detection. In other preferred embodiments the marker 1s used and
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must be present in the recited cell, e.g., to denote the presence of and/or enrich for
recombinants from among a greater population of non-recombinants, e.g., in a viral stock.

In preferred embodiments, the retroviral genetic recombinant 1s integrated into a
cellular chromosome and propagated or capable of propagation along with the cell, e.g., as
a provirus. The marker gene, 1f it 1s present in the cell, 1s preferably also integrated.

While the recombinant may harbor any one of a number of retroviral sequences,
e.g., coding and/or cis-acting sequences, other sequences including heterologous
sequences may also be included. Examples of retroviral coding sequences include gag,
pro, rt, in, pol, gag-pol, gag-pro, tat, rev, env, vpr, vpu, and vif. “Cis-acting” sequences
include those that possess functions in addition to or separate from coding sequences, €.g.,
promoters, enhancers, frame-shift signals, polyadenylation signals, primer binding
recognition sites (PBRs), LTRs, portions thereof, etc. Heterologous sequences may
include reporter genes and inducer or repressor molecules, e.g., that can activate or repress
a marker gene.

Preferably, the recombinant contains at least a gag sequence and at least some pol
sequence, or derivative sequences thereof. Derivative sequences may include mutations
consisting of silent mutations, stop codons, deletions, and/or insertions. The recombinant
may also consist, at least in part, of a synthetic sequence, e.g., one having silent mutations
in one or more codons, or with stronger or weaker codon usage in the target host than the
natural retroviral coding sequence. By “gag and pol functions” 1s not necessarily meant
“functional gag-pol”. The latter term denotes coding sequence function and activity
whereas the former can denote inactive presence, €.g., when 1n mutated format or when
otherwise incapable of being propagated 1n the absence of “functional gag-pol” or
functional gag and functional pol.

In embodiments wherein a mobilization 1s used to determine the presence of the
recombinant, that mobilization may be of the recombinant itself and/or of a marker gene.
For this, the marker gene preferably has a retroviral packaging sequence, a promter, and
ﬂanking LTR elements, like the recombinant. The promoter may be an inducible

promoter or a constitutive promoter.
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Mobilization may be fostered by the in trans supply of an env gene or pseudotype
thereof. The env gene may have previously been introduced to the cell, but preferably 1s
introduced immediately prior to a desired mobilization event, e.g., 1n the preferred form of
a pseudotyping agent such as a VSV-G protein, however introduced. “Pseudotyping” i1s a
commonly understood term of art used to denote the combining of heterologous envelope
species and/or other retroviral components, which may allow for modified function over
the wild-type retrovirus, e.g, the ability to infect or replicate in a broader or narrower host
cell range.

In especially preferred embodiments, the marker gene 1s a selectable marker gene,
preferably one that encodes antibiotic resistance, preferably resistance to an antibiotic, and
most preferably resistance to the antibiotic puromycin. In other aspects and embodiments,
the marker gene can be synonymous with a reporter gene, e.g., luciferase, green
fluorescent protein (GFP), or B-galactosidase. Preferably the marker gene 1s affixed to a
promoter, inducible or constitutive, that 1s used to drive expression of the gene within a
host cell.

In a second aspect, the invention features a method for detecting a retroviral
genetic recombinant having gag and pol functions. The method includes providing the
recombinant in a cell as described for the first aspect, and additionally includes a marker
gene in the cell that can be mobilized 1n the presence of the recombinant and one or more
helper functions as described previously to thereby facilitate detection of the recombinant.

In one preferred embodiment, the marker gene and recombinant are integrated into
the host genome, with each capable of expressing a gene. Preferably, the gene expressed
by either, including the recombinant, may be detected using an assay. The assay for
detecting the recombinant’s expressed gene can include, but 1s not limited, to FISH, PCR,
antigen detection, Tat transfer, Gag transfer, and nucleic acid or gene mobilization.

In a preferred embodiment, the recombinant includes one or more retroviral coding
and cis-acting sequences, with the coding sequences preferably encoding one or more
members selected from the group: gag, pro, pol, gag-pol, gag-pro, and derivatives thereof.
Derivatives may include mutations such as insertions, deletions, silent mutations, and stop

codon 1mtroduction.
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In other embodiments, the recombinant has genetic elements that are used to
mobilize itself and/or another nucleic acid sequence, e.g., a marker gene provided in the
host cell.

Preferably, helper functions as described above are used to help facilitate
propagation of the recombinant. These can include, for example, the retroviral env gene
product and pseudotypes thereof, and/or the retroviral tat and rev genes. Thus, various
helper functions can also be provided in combination, e.g., by providing each of env, tat,
and rev where appropriate.

In preferred embodiments, the marker is, once again, integrated into the host cell
genome, €.g, into one or more of its chromosomes. For this, the host cell is assumed to be
a eukaryotic host cell, preferably a mammalian cell, and preferably one capable of being
infected or otherwise supporting replication of the subject recombinant. This may require
helper functions.

Preferably the marker gene is a selective marker gene, more preterably an
antibiotic resistance gene, and most preferably a gene encoding resistance to the antibiotic
puromycin. The gene is capable of expression from a constitutive or inducible promoter,
which is preferably provided and operatively attached. The marker gene 1s further
preferably flanked by cis-acting sequences that provide for its encapsidation, reverse
transcription, integration, and/or expression.

In another aspect, the invention features a method for detecting a retroviral genetic
recombinant in a cell that also includes a marker gene that is responsive to the presence of
the recombinant within that cell. The method includes measuring the response of the
marker gene to thereby detect the recombinant.

In preferred embodiments, the marker gene response 1s the result of a specific gene
product encoded by the recombinant. This gene product may be a retroviral gene, e.g., tat
or rev, or else one that encodes a heterologous inducer or repressor protein. In any event,
the gene product influences marker gene expression, preferably through the presence ot a

corresponding cis-acting promoter and/or other response elements.
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In preferred embodiments that may further build on one or more of the above
embodiments, the marker gene i1s also a mobilizable marker gene, meaning that i1t can be
mobilized.

The marker marker gene can be a reporter gene or a selective marker gene.
Preferably it is a selective marker gene, more preferably an antibiotic resistance gene, and
most preferably a puromycin resistance gene. The marker preferably has an expression
that 1s controlled by a promoter that i1s present, whether inducible or constitutive.

In another aspect, the invention features a retroviral assay system for detecting a
retroviral genetic recombinant having gag and pol functions. The system features

a cell suspected of containing the recombinant, propagation of which is facilitated
in the presence of one or more helper functions. The system further features a means tfor
detecting the recombinant. The means mncludes, but 1s not limited to expressing a_marker
gene that 1s also present in the cell. Preferably, the marker gene 1s responsive to the
presence of the recombinant, preferably to a gene product encoded therein. Additionally or
alternatively, the means for detecting the recombinant can include mobilizing the marker
gene, mobilizing the recombinant; and/or assaying for a product encoded or otherwise
produced by the recombinant or said marker gene.

Preferably, the recombinant derives from a retroviral vector, and more preterably
from a lentiviral vector, which 1s a preferred embodiment for all the aspects. The
lentiviral-based vector may include, but 1s not limited to, HIV-1, SIV, HIV-2, FIV, EIAV,
BIV, CAEV, and OVINE.

Preferably, as with the foregoing aspects, the one or more helper functions 1s
further included to allow or help propagate the recombinant. The helper functions that can
be used include, but are not limited to, env and pseudotypes thereof.

Preferably, the means for detecting the retroviral genetic recombinant is the
expression of a marker gene that is responsive to the presence of the retroviral genetic
recombinant. The means may further include detecting one or more genes expressed by
the recombinant.

In preferred embodiments, the marker gene encodes a product that can be selected

for under one or more environmental conditions. Preferably, the marker gene 1s an
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antibiotic resistance gene, and more preferably one that encodes resistance against
puromycin.

Preferred embodiments for the assay system include components that perform or
assist in performing PCR, FISH, antigen-detection, Tat transfer, Gag transfer, and gene
mobilization, or any other biochemical assay.

In another aspect, the invention features an indicator cell for indicating the
presence of a retroviral recombinant, an RCR event, and/or a wild-type retrovirus. The
cell has an integrated marker gene, preferably a selectable marker gene. Preferably the
marker gene is responsive to the presence of one or more genetic elements encoded by the
retrovirus, €.g., tat, or a heterologous inducer or repressor protein. The marker gene may
also be capable of mobilization as described above, and to that end may include cis-acting
elements suitable for accomplishing or facilitating such.

In some embodiments, the indicator cell may also include helper functions, e.g.,
env or a pseudotype thereof, when the retrovirus is one incapable of replicating,
packaging, and/or infecting by itself. Such helper functions may be heterologously
engineered into the cell. In another embodiment, tat is built into the cell to assist retroviral
expression, replication, and/or packaging.

The indicator cell is preferably an immortalized mammalian cell, more preferably
one that is capable of propagating an animal retrovirus, preferably a lentivirus, more
preferably a human lentivirus, and most preferably a human HIV lentivirus. The indicator
cell can be HeLa, 293T, a hematopoietic stem cell, or a derivative thereof. Most
preferably, the cell 1s a 293T cell.

Preferably, the selectable marker gene of the indicator cell 1s an antibiotic
resistance gene, preferably one that encodes a product that is resistant to puromycin.

In another aspect, the invention features a method, retroviral assay system, or
indicator cell of any of the preceding aspects and embodiments that 1s further used to
evaluate the risk of producing a replication-competent retrovirus from a retroviral vector.
For this, the starting product may be a retroviral recombinant, e.g., one lacking one or
more functional members selected from gag, pro, rt, int, env, tat, rev, and/or other gene(s).

By complementing the lacking function in trans, one can test the relative risk of a vector

11
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for achieving replication-competence, especially in vivo. In this aspect, the invention may
further feature a method, system, or cell used for determining the risk of producing a
replication-competent retrovirus (RCR) from a test vector particle. This aspect may
include any one or more of the embodiments described previously.

In one preferred embodiment, the method, system, or cell includes providing a cell
with a selectable marker gene having an expression that is activated or enhanced 1n
response to a protein encoded by a recombinant. The selectable marker gene encodes a
product which can be selected for in a growth media for said cell under a defined
environmental condition. The method, system, or cell may also include features that
facilitate contacting the cell with a test vector particle that i1s potentially capable of
producing the recombinant in the cell and then selecting for the expression of the
selectable marker gene in the environmental condition to thereby determine the risk of the
test vector particle producing a replication competent retrovirus.

As used herein, a “retrovirus’ 1s any ribonucleic acid sequence that may be reverse
transcribed into double stranded DNA and subsequently integrated into a host cell
genome. Although the invention in principle applies to all retroviruses, preterred
retroviruses and vector systems for use with the invention include the lentiviruses, most
preferably those selected from the group consisting of HIV-1, SIV, HIV-2, FIV, EIAV,
BIV, CAEV, and OVINE. The genomes for these lentiviruses, including the locations of
the cis and trans elements contained therein, are all well known and available 1n the art,
e.g., as found in GenBank. Although especially preferred for the invention 1s the use of
HIV-1 (see Table 1, below, for genetics), other systems may be similarly designed, and
with similar effect. It is further anticipated that various designs of vector systems having
heterologous coding and cis elements (combining elements from different retroviral
species) may also be successfullly employed using the various aspects of the invention, and
implemented without undue experimentation.

By “replication-competent retrovirus ” (RCR) is meant one that can replicate.
Three genes: gag, pol, and env are thought to be essential to wild-type retrovirus
replication. One form of an RCR would include env on a common nucleic acid sequence

with gag and pol. In addition, multiple “cis-acting” (noncoding) elements are generally
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thought to be necessary, e.g., long terminal repeat (LTR) sequences, a retroviral packaging
signal (¥), a polyadenylation signal, a promoter or promoters for expressing the genes
(usually within the 5° LTR sequence), a transfer RNA binding site (PBS), a polypurine
tract (PPT) that facilitates initiation of first and second-strand DNA synthesis, a repeated
R region that is required for transfer of DNA synthesis between templates; and short,
partially inverted repeats that are located at the termini of the viral LTRs and that are
required for integration. It is also possible that an RCR could be produced, especially
through recombination in vivo, that does not contain env. Retrovirus particles can be
pseudotyped with non-env protein that mediates infection. (See, €.g., Endres et al.,
“Targeting of HIV- and SIV-infected cells by CD4-chemokine receptor pseudotypes”,
Science. 278:1462-1464; Mebatsion et al. (1997) “A CXCR4/CD4 pseudotype
rhabdovirus that selectively infects HIV-1 envelope protein-expressing cells”, Cell.
90:841-847; Schnell et al. (1997) “Construction of a novel virus that targets HIV-1-
infected cells and controls HIV-1 infection”, Cell, 90:849-857.) It 1s conceivable that
cellular ligand-receptor interactions could mediate infection/entry or retroviral particles.
As used herein, regardless of whether the RCR contains env on a single strand, an RCR
will be symbolically depicted as LTR-¥-gag-pol-env-LTR, although this 1s not limiting to
the definition of RCR. When integrated into a host cell, this structure constitutes one form
of a “provirus.”

By “test vector particle” is preferably meant a retroviral virion, virus-itke particle,
or retroviral vector particle bearing a nucleic acid construct that 1s suspected of possessing,
or having the potential to generate, a recombinant in an infected host cell. The test vector
particle may be present as part of a larger heterogenous population, and may have a
minority representation in that population. The test vector particle 1s preferably capable of
infecting a host cell. In preferred embodiments, that cell harbors a selective marker gene.
Preferably, if the test vector particle is able to form a recombinant nucleic acid species,
that species is the product of genetic recombination involving one or more constructs, €.g.,
packaging and gene-transfer vector constructs. Preferably, the test vector particle reflects
a potential recombination event between such constructs, and it 1s a purpose of the assay to

test for this. It is not necessary that the packaging and vector constructs from which the
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test vector particle derives have homologous sequences, €.g., gag coding sequences. In
some embodiments, one or more mutations 1s present in the retroviral sequence of a
recombinant, including but not limited to internal stop codons, silent mutations and/or
deletions within the gag and gag-pol sequences of either of these constructs.

A “gene-transfer vector” or “gene-transfer construct™ as used herein does not
require gag, pol, and env, and need only contain the “cis” signals noted above, or
equivalents thereof, for vector packaging, reverse transcript<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>