PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6.

(11) International Publication Number:

WO 99/23238

C12N 15/90, 1/21 // (C12N 1/21, C12R Al
1:19) (43) International Publication Date: 14 May 1999 (14.05.99)
(21) International Application Number: PCT/US98/11151 | (81) Designated States: AU, CA, JP, MX, European patent (AT,

(22) International Filing Date: 3 June 1998 (03.06.98)

(30) Priority Data:

08/962,313 31 October 1997 (31.10.97) uS

(71) Applicant: AMGEN INC. [US/US]; Amgen Center, 1850
Dehavilland Drive, Thousand Oaks, CA 91320 (US).

(72) Inventor: WOYCHIK, Richard; 24642 Maidstone Lane,
Beechwood, OH 44122 (US).

(74) Agent: CLOUGH, David, W.; Marshall, O’Toole, Gerstein,
Murray & Borun, 6300 Sears Tower, 233 South Wacker
Drive, Chicago, IL 60606 (US).

BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU,
MC, NL, PT, SE).

Published

With international search report.

(54) Title: EFFICIENT CONSTRUCTION OF VECTORS FOR GENE TARGETING USING PHAGE-PLASMID RECOMBINATION

(57) Abstract

plasmids.

A method for producing gene targeting constructs in bacteria by way of homologous recombination between bacterial phage and




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
CI
CM
CN
CU
CZ
DE
DK
EE

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cote d’Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
1L
IS
IT
JP
KE
KG
KP

KR
KZ
LC
LI

LK
LR

FOR THE PURPOSES OF INFORMATION ONLY

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Ireland

Tsrael

Tceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
SZ
™
TG
TJ)
™
TR
TT
UA
UG
us
UZ
VN
YU
W

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




WO 99/23238 PCT/US98/11151
-1 -

EFFICIENT CONSTRUCTION OF VECTORS FOR GENE TARGETING USING PHAGE-PLASMID
RECOMBINATION
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Background of the Invention

One of the most useful approaches for studying the functions
of specific genes (including their health related functions) is to examine the
effects of mutations within those genes (i.e., the phenotype of the mutation).
This approach involves correlating mutations within specific genes with the
phenotypes or disease conditions that result from those mutations. This has
been particularly fruitful in recent years with the identification of genes for
such diseases as cystic fibrosis (Snouwaert et al., Science, 257:1083 (1992)),
obesity (Zhang et al, Nature, 372: 425 (1994)), polycystic kidney disease
(Moyer et al., Science, 264:1329 (1994)), breast cancer [Miki er al., Science,
266:66-71 (1994); Tavtigian et al., Nat. Genet., 12:333-337 (1996)], and
other diseases. In these cases, the function of the implicated genes was not
apparent solely from their DNA sequence but rather was defined by a disease
condition associated with mutations in the genes.

A particularly productive approach to understanding the function
of a particular gene in animals involves the disruption of the gene’s function
which is colloquially referred to as a "targeted mutagenesis”. One common
form of targeted mutagenesis involves generating “gene knockouts".
Typically, a gene knockout involves disrupting a gene in the germline of an
animal at an early embryonic stage. (See, Thomas er al., Cell, 51:503
(1987).) Once established in the germline, it is possible to determine the
effect of the mutation on the animal in both the heterozygous and homozygous
states by appropriate breeding of mice having the germline mutation.

Among the many examples of the use of knockout technology
utilized to investigate gene function are U.S. Patent Nos. 5,625,122 and
5,530,178 to Mak, T. which describe the production of mice having a
disrupted gene encoding lymphocyte-specific tyrosine kinase p56* and Lyt-2,
respectively. Silva er al., Science, 257:201 (1992) produced mice having a
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disrupted o-Calcium Calmodulin kinase II gene («CaMKII gene) which
resulted in animals having an abnormal fear response and aggressive behavior.
(See, also, Chen et al., Science, 266:291 [1994]). Wang er al., Science,
269:1108 (1995) demonstrated that the disruption in mice of the C/EPBa gene
which encodes a basic leucine zipper transcription factor results in impaired
energy homeostasis in the mutant animals. Knudsen er al., Science, 270:960
(1995) demonstrated that disruption of the BAX gene in mice results in
lymphoid hyperplasia and male germ cell death.

The most common approach to producing knockout animals
involves the disruption of a target gene by inserting into the target gene
(usually in embryonic stem cells), via homologous recombination, a DNA
construct encoding a selectable marker gene flanked by DNA sequences
homologous to part of the target gene. When properly designed, the DNA
construct effectively integrates into and disrupts the targeted gene thereby
preventing expression of an active gene product encoded by that gene.

Homologous recombination involves recombination between two
genetic elements (either extrachromosomally, intrachromosomally, or between
an extrachromosomal element and a chromosomal locus) via homologous
DNA sequences, which results in the physical exchange of DNA between the
genetic element. Homologous recombination is not limited to mammalian
cells but also occurs in bacterial cells, yeast cells, in the slime mold
Dictyostelium discoideum and in other organisms. For a review of
homologous recombination in mammalian cells, see Bollag ez al., Ann. Rev.
Genet., 23:199-225 (1989) (incorporated herein by reference). For a review
of homologous recombination in fungal cells, see Orr-Weaver et al.,
Microbiol. Reviews, 49:33-58 (1985) incorporated herein by reference.

As is illustrated by the foregoing, gene knockout technology has
often been used in mice and has allowed the identification of the function of
numerous genes and, in some cases, ascertainment of their roles in disease.

Much may be learned about the function of human genes from studies of

PCT/US98/11151
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mouse genetics because the vast majority of genes in humans have
homologous counterparts in the mouse. Because of this high level of
homology between the species, it is now possible to define the function of
individual human genes and to elucidate their roles in health and disease by
making targeted germline mutations in selected genes‘ in the mouse. The
phenotype of the resulting mutant mice can be used to help define the
phenotype in humans.

With the increasing awareness that mouse mutations can provide
such useful insights about the function of genes from humans, a great deal of
interest is developing to systematicaliy generate mutations within genes in
mice that correspond to those genes which are being isolated and characterized
as part of various genome initiatives such as the Human Genome Project. The
problem with utilizing these procedures for large-scale mutagenesis
experiments is that the technologies for generating transgenic animals and
targeted mutations are currently very tedious, expensive, and labor intensive.

One of the biggest problems with the efficient generation of
targeted mutations is the generation of the targeting construct. Targeting
constructs are typically prepared by isolating genomic clones containing the
region of interest, developing restriction maps, frequently engineering
restriction sites into the clones, and manually cutting and pasting fragments
to engineer the construct. See, e.g., Mak, T. U.S. Patent Nos. 5,625,122 and
5,530,178; Joyner et al., Nature, 338:153-156 (1989); Thomas et al., supra;
Silva er al., supra, Chen et al., supra; Wang et al., supra; and Knudsen et
al., supra. This process can take a single highly skilled individual at least
several weeks, often several months, to complete. Thus, in order to more
rapidly and efficiently elucidate the functions of a variety of genes and to
understand their role in health and disease, there exists a need to develop
more efficient methods for the production of targeting constructs which do not
require detailed restriction mapping and certain other complex molecular

engineering steps.
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Summary of the Invention

The invention is directed to methods for producing gene
targeting constructs by way of homologous recombination between
bacteriophage and plasmids. More particularly, the invention is directed to
methods for producing gene targeting constructs in bacteria by way of single
homologous recombination events. The method comprises the steps of
preparing a probe plasmid comprising a suppressor tRNA gene, preferably a
bacterial replication origin and a probe DNA, the probe DNA comprising at
least a portion of a gene (e.g., exon) to be targeted. The probe plasmid is
introduced into a population of homologous recombination pmﬁcienf,
suppressor-free bacterial host cells.

The method further comprises preparing a target phage
comprising at least one suppressible mutation in a gene necessary for phage
growth and a target DNA, the target DNA comprising a portion of a genomic
region to be targeted and which is homologous to all or part of the probe
DNA of the probe plasmid. The population of bacterial cells containing the
probe plasmid is then infected with the target phage phage and probe plasmid
are allowed to recombine via their homologous DNA. Recombinant phage
may then be isolated by virtue of their ability to grow on a suppressor-free
host cell by virtue of its incorporation of the suppressor tRNA gene from the
probe plasmid into the target phage.

Preferably, the probe DNA of the probe plasmids comprises at
least about 20 nucleotides to about 40 nucleotides of probe DNA. A preferred
suppressor tRNA gene for the practice of the present invention is SupF, an
amber suppressor. The probe plasmid of the present invention may further
comprise a marker cassette, the marker cassette comprising the suppressor
{RNA gene and a mammalian cell selectable marker with the marker cassette
being flanked on at least one side by probe DNA. Preferably, the marker
cassette is flanked on both sides by at least about 20 nucleotides to 40

nucleotides or more of probe DNA. A preferred mammalian cell selectable
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marker for the practice of the present invention is the neo gene. However,
other reporter genes such as those that confer antibiotic resistance to cells
expressing the gene or marker genes which allow chemical or physical
detection are also contemplated as being within the scope of the present
invention. The mammalian cell selectable marker is preferably, operatively
linked to a promoter capable of allowing expression of the selectable marker
gene in embryonic stem cells. A preferred promoter, according to the present
invention, is the phophoglycerate kinase (PGK) promoter although other
promoters which may function in embryonic stem cells are well known in the
art and fall within the scope of the present invention. Preferred bacteria
phage for practice of the present invention is a lambda phage, although other
bacteriophage may be used in the practice of the invention.

The invention is also directed to methods for producing
targeting constructs by way of double recombination. The method comprises
the steps of preparing a circular probe plasmid/ specific engineered fragment
(SEF) comprising a marker cassette, the marker cassette comprising a
suppressor tRNA gene and a mammalian selectable marker, the marker
cassette being flanked on each side by probe DNA homologous to a gene to
be targeted, and linker DNA, the linker DNA serving to link the probe DNA
flanking the marker cassette so as to form a circular plasmid. The circular
probe plasmid is then introduced into a population of recombination proficient
suppressor-free bacterial host cells. The method further comprises preparing
a target phage. The target phage comprises at least one suppressible (e.g.,
amber) mutation in a gene necessary for phage growth and a target DNA
comprising a portion of a genomic region to be targeted. The target DNA
comprises DNA sequences homologous to all or part of probe DNA on the
circular probe plasmid. The target phage is then used to infect the population
of bacterial cells containing the probe plasmid/SEF and the phage and plasmid
are allowed to recombine via their homologous DNA. The phage produced

PCT/US98/11151
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by homologus recombination in the infected cells are then isolated, as
described above, for use as targeting constructs.

Preferably, the probe DNA of the circular probe plasmid each
comprises more than about 40 bp of probe DNA. In a preferred embodiment
of the present invention, the suppressor tRNA gene is SupF. A preferred
mammalian cell selectable marker for the practices of the invention is a neo
gene, although other markers which confer, for example, antibiotic resistance
or which are chemically or physically detectable are also contemplated as
falling within the scope of the present invention. The mammalian cell
selectable markers are preferably operatively linked to a promoter capable of
driving expression of the marker gene in an embryonic stem cell. A preferred
promoter for the practice of the invention is the phosphoglycerate kinase
promoter (PGK), although other promoters which are capable of driving
expression of a gene in embryonic stem cells are also within the scope of the
invention. A preferred phage for the practice of the present invention is a
lambda phage.

The invention is also directed to targeting constructs produced
by or obtainable by the methods of the present invention.

Another aspect of the present invention is directed to a method
for producing or obtaining targeting constructs comprising culturing under
suitable nutrient and environmental conditions a population of homologous
recombination proficient bacterial cells comprising a target phage of the
invention and a probe plasmid or probe plasmid/SEF of the present invention
and isolating the phage resulting from homologous recombination between the

target phage and the respective plasmids.

Brief Description of the Drawings

Figure 1 depicts schematically the probe plasmid TANTg737-
1.2 and Syrinx 2A (Tg737-17).

PCT/US98/11151
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Figure 2 depicts schematically, homologous recombination
between TAN13 and a target phage containing homologous target sequences
and a strategy for the single step selection for isolation of recombinant phage
(targeting constructs).

Figure 3 shows the plasmid pBS/wAN/Neo used for double
homologous recombination.

Figure 4 shows the SEF 71ANTg737 SEF-1.

Figure 5 depicts recombination products resulting from single
homologous recombination and double homologous recombination.

Figure 6 shows the SEF 7Tg737 SEF-2.

Detailed Description

In one of its aspects, the present invention is directed to
methods for producing targeting constructs for the purpose of introducing into
the genome of an animal, a disruption at a particular genetic locus (i.e., a
targeted mutation). The targeting constructs of the present invention may also
be used to introduce into a genomic locus another functional gene ("knock in")
or to otherwise alter the function or expression of a gene, for example, by
knocking in a foreign promoter so as to place it in operative linkage with a
gene in a chromosomal locus. The targeting construct is inserted into the
appropriate genome location by taking advantage of the cell’s ability to
mediate homologous recombination between homologous sequences in the
targeting construct and the sequences in the genomic region or gene of
interest.

Unlike traditional methods for constructing targeting constructs,
the practice of the present invention does not require detailed restriction maps
or extensive DNA sequence information in order to prepare targeting
constructs. Because such detailed information is not required to prepare
targeting constructs according to the present invention, vectors may be

produced more quickly and effectively than previously employed methods.
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More specifically, targeted mutagenesis of a gene refers to an
alteration (e.g., partial or complete inactivation) of normal production or
structure of the polypeptide encoded by the targeted gene of a single cell,
selected cells or all of the cells of an animal (or in culture) by introducing an
appropriate targeting construct into a site in the gene to be disrupted.

Targeted mutagenesis may also refer to "knocking in" a gene
which means replacing one gene with all or part of another gene for the
purpose of determining, for example, whether two genes are functionally
equivalent (see, e.g., Hanks er al., Science, 269:679 (1995), incorporated
herein by reference), although other applications are possible. For example,
transcriptional regulatory sequences (elements) such as promoters may be
knocked in to a region of a genome so as to become operatively linked to a
structural gene thereby controlling expression of structural gene. In some
cases the transcriptional regulatory sequence may be knocked into regions
flanking the structural gene and yet still be positioned in operation linkage
with the gene.

In most cases, targeting constructs are constructed so as to
include at least a portion of a gene to be disrupted. Typically, the portion of
the gene included in the targeting construct is interrupted by insertion of a
marker sequence (usually a selectable marker) that disrupts the reading frame
of the interrupted gene so as to preclude expression of an active gene product.
This most often causes a knock out or inactivation of a gene. An exemplary
selectable marker is the neo” gene under the control of a promoter that
functions in the embryonic cells into which the marker is introduced. For
example, the phosphoglycerate kinase promoter (PGK) may be used to control
expression of the neo gene thereby rendering the cells expressing the neo”
gene resistant to G418, although other promoters capable of driving expression
of the selectable marker in ES cells may also be used.

Prior to the present invention, the preparation of targeting

constructs typically involved detailed restriction mapping in order to identify
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convenient restriction sites in the gene fragment to be used to "cut and paste”
DNA fragments to ultimately generate a targeting vector. However, mapping
frequently reveals that convenient restriction sites are not available and
therefore, they must be engineered into various components of the targeting
constructs. According to the present invention, detailed mapping and
sequence information are not required in order to prepare targeting constructs
which results in a significant saving of time and effort in preparing targeting
constructs.

When such targeting constructs are introduced into embryonic

stem cells, they can recombine with the target gene in the cell via the

homologous sequences in both the construct and in the gene genomic region -

to be disrupted. As discussed above, the result of the homologous
recombination event is often the insertion of a marker sequence into the
targeted gene, thereby disrupting the gene. Similarly, targeting constructs
designed for knocking in genes can recombine at the homologous genomic site
by homologous recombination and will result in the introduction of all or a
portion of a gene into that locus. Techniques for knocking in genes are
described in detail in Hanks er al., Science, 269:679 (1995) which is
incorporated herein by reference.

In order to introduce the targeting construct into the germliné
of an animal, the targeting construct is first introduced into an undifferentiated
totipotent cell termed an embryonic stem (ES) cell wherein the construct can
recombine with the selected genomic region via their homologous sequences.
ES cells are derived from an embryo or blastocyst of the same species as the
developing embryo into which they are to be introduced. ES cells are
typically selected for their ability to integrate into the inner cell mass and
contribute to the germ line of an individual when introduced into the mammal
in an embryo at the blastocyst stage of development. Thus, any ES cell line
having this capability is suitable for use in the practice of the present

invention.

PCT/US98/11151



10

15

20

25

30

WO 99/23238

- 10 -

The cells are cultured and prepared for introduction of the
targeting construct using methods well known to the skilled artisan. (See,
e.g., Robertson, E.J. ed. "Teratocarcinomas and Embryonic Stem Cells, a
Practical Approach”, IRL Press, Washington D.C. [1987]; Bradley er al.,
Current Topics in Devel. Biol. 20:357-371 [1986]; by Hogan er al. in
"Manipulating the Mouse Embryo": A Laboratory Manual, Cold Spring
Harbor Laboratory Press, Cold Spring Harbor New York [1986]; Thomas et
al., Cell, 51:503 [1987]; Koller et al., Proc. Natl. Acad. Sci. USA, 88:10730
[1991]; Dorin et al., Transgenic Res., 1:101 [1992]; and Veis et al., Cell,
75:229 [1993] all of which are incorporated herein by reference). The
targeting construct may be introduced into ES cells by any one of several
methods known in the art including electroporation, calcium phosphate co-
precipitation, retroviral infection, microinjection, lipofection and other
methods. Insertion of the targeting construct into the targeted gene is typically
detected by selecting cells for expression of the marker gene contained in the
targeting construct which, as described above, is typically under the control
of a promoter which is functional in the target cell type (i.e., promoters which
function in embryonic stem cells). ES cells expressing the marker sequence
are then isolated and expanded.

The ES cells having the disruption are then introduced into an
early-stage mouse embryo (e.g., blastocyst) (see, e.g., Robertson, supra,
Bradley, supra, and Monsour et al., Nature, 336:348 (1988)) incorporated
herein by reference. Blastocysts and other early stage embryos used for this
purpose are obtained by flushing the uterus of pregnant animals for example,
by the methods described in Robertson et al., supra and Bradley et al., supra.
The suitable stage of development for the blastocyst is species dependent,
however, for mice it is about 3.5 days post-fertilization.

While any embryo of the right age/stage of development is
suitable for implantation of the modified ES cell, preferred most embryos are

male and have genes coding for a coat color or other phenotypic marker that
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is different from the coat color or other phenotypic marker encoded by the ES
cell genes. In this way, the offspring can be screened easily for the presence
of the targeted mutation by looking for mosaic coat color (e.g. agouti) or the
other phenotypic markers (indicating that the ES cell was incorporated into the
developing embryo). Thus, for example, if the ES cell line carries the genes
for white fur, the host embryos selected will preferably carry genes for black
or agouti fur.

An alternate method of preparing an embryo containing ES cells
that possess the targeting construct is to generate "aggregation chimeras". A
morula of the proper developmental stage (about 2 1/2 days post-fertilization
for mice) is isolated. The zona pellucida can be removed by treating the
morula with a solution of mild acid for about 30 seconds, thereby exposing
the "clump" of cells that comprise the morula. Certain types of ES cells such
as the R1 cell line for mice can then be co-cultured with the morula cells,
forming an aggregation chimera embryo of morula and ES cells, (Joynef,
A.L., "Gene Targeting", The Practical Approach Series, JRL Press Oxford
University Press, New York, 1993, incorporated herein by reference).

A refinement of the aggregation chimera embryo method can
be used to generate an embryo comprised of essentially only those ES cells
containing the knockout construct. In this technique, a very early stage zygote
(e.g., a two-cell stage zygote for mice) is given a mild electric shock. This
shock serves to fuse the nuclei of the cells in the zygote thereby generating a
single nucleus that has two-fold (or more) the DNA of a naturally occurring
zygote of the same developmental stage. These zygotic cells are excluded
from the developing embryo proper, and contribute only to forming accessory
embryonic structures such as the extra-embryonic membrane. Therefore,
when ES cells are co-cultured with the zygotic cells, the developing embryo
is comprised exclusively of ES cells, (see Joyner, A.L., supra).

After the ES cells have been incorporated into the aggregation

chimera or into the blastocyst, the embryos may be implanted into the uterus
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of a pseudopregnant foster mother. While any foster mother may be used,
preferred foster mothers are typically selected for their ability to breed and
reproduce well, and for their ability to care for their young. Such foster
mothers are typically prepared by mating with vasectomized males of the same
species. The pseudopregnant stage of the foster mother is important for
successful implantation, and it is species dependent. For mice, this stage is
about 2-3 days of pseudopregnancy.

Offspring that are born to the foster mother may be screened
initially for mosaic coat color or another phenotypic marker (where the
phenotype selection strategy has been employed). In addition, or as an
alternative, chromosomal DNA obtained from tail tissue of the offspring may
be screened for the presénce of the targeted mutation using Southern blots
and/or PCR. The offspring that are positive for homologous recombination
at the targeted locus will typically be a mosaic of wild-type cells derived from
the host embryo and heterozygous cells derived from injected ES cells (i.e.,
chimeric offspring). Chimeric offspring are crossed with wild-type partners
to generate offspring that are heterozygous for the targeted mutations, i.e., all
of their cells are heterozygous for the mutation.

Methods for producing transgenic mammals, including rabbits,
pigs, and rats, using micro-injection are described in Hamer er al., Nature
315:680-683 (1985).

If animals homozygous for the targeted mutation are desired,
they can be prepared by crossing animals heterozygous for the targeted
mutation. Mammals homozygous for the disruption may be identified by
Southern blotting of equivalent amounts of genomic DNA from mammals that
are the product of this cross, as well as mammals of the same species that are
known heterozygotes, and wild-type mammals. Alternatively, specific
restriction fragment length polymorphisms can be detected which co-segregate

with the mutant locus. Probes to screen the Southern blots for the presence
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of the targeting construct in the genomic DNA can be designed as described
below.

Other means of identifying and characterizing the offspring
having a disrupted gene are also available. For example, Northern blots can
be used to probe mRNA obtained from various tissues of the offspring for the
presence or absence of transcripts. Differences in the length of the transcripts
encoded by the targeted gene can also be detected. In addition, Western blots
can be used to assess the level of expression of the targeted gene by probing
the Western blot with an antibody against the protein encoded by the targeted
gene. Protein for the Western blot may be isolated from tissues where this
gene is normally expressed. Finally, in situ analysis (such as fixing the cells
and labeling with antibody or nucleic acid probe) and/or FACS (fluorescence
activated cell sorting) analysis of various cells from the offspring can be
conducted using suitable antibodies to look for the presence or absence of the
gene product.

While the foregoing discussion describes the use of targeting
constructs to introduce DNA into a genomic locus via homologous
recombination, the process of homologous recombination may also, according
to the present invention, be used to prepare the targeting constructs
themselves.

The methods of the present invention exploit certain aspects of
the wvx screening procedure described by Seed (Nucleic Acid Res. 11:2427-
2445, 1980) and allows the rapid generation of target vectors for the
introduction of mutations into mice, without the necessity of a detailed
restriction map and with limited DNA sequence informatibn. The methods of
the present invention take advantage of the ability of DNA sequences in a
plasmid to recombine with homologous DNA in a bacteriophage ("phage”)
with the resulting insertion of at least a portion of plasmid-born DNA into the

phage.
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By way of overview, the invention is directed to a method for
preparing targeting constructs by preparing a "probe" plasmid construct
comprising DNA homologous to a gene to be targeted (probe DNA), a
suppressor t-RNA gene and preferably a gene encoding a mammalian
selectable marker. A target phage having DNA comprising at least a portion
of a gene to be disrupted and which has homology to the DNA in the "probe"
plasmid and one or more suppressible mutations in genes important for growth
of the phage is also prepared. The probe plasmid is then introduced into a
population of recombination competent bacterial cells. The population of cells
containing the probe plasmid is then infected with the target phage. The
target phage and the probe plasmid can then recombine via their
aforementioned homologous DNAs which results in the insertion of probe
plasmid sequences into the homologous region of the phage insert via their
homologous sequences. The recombined phage can then be isolated, amplified
and used as a targeting construct for mammalian cells.

In another aspect of the invention, a probe plasmid is prepared
in which "probe" DNA comprising a portion of a cDNA or genomic DNA to
be targeted are inserted into a small plasmid containing a suppressor t-RNA
gene. Exemplary plasmids include 7VX (Seed, supra), *AN13 (Sambrook
et al., Molecular Cloning: A Laboratory Manual, section p. 1.19, Cold
Spring Harbor Laboratories (1989)), and 7AN7 (Lutz et al., Proc. Natl.
Acad. Sci. USA, 84:4379 (1987) and Ausubel et al., p. 5.0.1-5.11.2
(incorporated herein by reference)). Methods for producing cDNA libraries
from which to obtain the relevant cDNA are well known in the art and are
described in Sambrook ez al., p. 8.2-8.93 (incorporated herein by reference).
The probe plasmid may also comprise a marker for selection in mammalian
cells (e.g., embryonic stem cells). The mammalian marker may allow
biochemical selection, e.g., by conferring resistance to an antibiotic, e.g., or
physical selection, e.g., expression of a fluorescent protein luciferase, or other

markers whose expression may be detected by physical means. Preferably,

PCT/US98/11151



10

15

20

25

WO 99/23238

=15 -

the selectable marker is flanked on each end by probe DNA. Such flanking
probe DNA is preferably at least about 20 to about 40 bp in length. The
probe plasmid is then introduced into recombination-proficient bacterial cells
(suppressor-less) by, for example, electroporation.  Other methods for
introducing plasmids into cells are described in Sambrook et al., supra and are
well known in the art. Probe plasmids for use in preparing targeting
constructs for knocking in promoter sequences, for example, comprise a
marker cassette in which the selectable marker and the suppressor t-RNA gene
are in §' juxtaposition to the DNA to be knocked in. Alternatively, probe
plasmids called specific engineered fragments (SEF) may be constructed which
comprise the selectable markers and 40 or more base pairs of probe DNA
flanking each side of a spacer or linker DNA. Such SEFs are useful for
generating target constructs by double homologous recombination.

The population of bacterial cells containing the probe plasmid
is then infected with target phage containing the genomic site to be targeted.
An amber mutation in a gene or genes of the phage that regulate lytic growth
is important. The target phage may be obtained from a genomic library
prepared by methods well known in the art and described in detail in
Sambrook ez al., p. 9.2-9.58 or Ausubel ef al., p. 5.0.1-5.11.2, both of which
are incorporated herein by reference. Preferably, the vector phage also has
an amber suppressible mutation in a gene which, when the mutation
suppressed, is readily detectable, e.g., genes for lytic growth or an lacZ
encoding (-galactosidase.

Cells containing the probe plasmid are then infected with a
target phage such as those described above, after which the probe plasmid
recombines with the target phage by homologous recombination between their
homologous sequences. Only those phage that incorporate the gene via
homologous recombination with the probe plasmid will be able to grow on

suppressor-free host cells and can thus be readily isolated. Insertion of
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plasmid sequences including the selectable marker into phage interrupts the
gene sequence carried by the target phage.

DNA isolated from these newly generated phage can then be
used as targeting constructs to introduce targeted mutations, for example, in

ES cells using methods described above. The examples set out below use the

mouse Tg737 gene as a model to test how efficiently the targeting constructs -

could be generated by homologous recombination in bacteria.

Example 1 describes the production of targeting constructs by
single homologous recombination.

Example 2 describes the production of targeting vectors by
double homologous recombination using probe plasmids referred to as specific
engineered fragments.

The approach is illustrated with reference to particular plasmids
and particular phage. However, other plasmids having similar characteristics
including suppressor genes and the ability to carry fragments of genomic or
cDNA and other appropriate selectable markers may be used. Similarly,
different phage may also be used so long as it contains appropriate
suppressible mutations which may be complemented by the t-RNA suppressor
genes provided by the plasmid.

EXAMPLE 1

Generation of Targeting Vectors by Single
Homologous Recombination in Bacterial Host Cells

A model system was used to demonstrate that targeting vector
can be prepared by taking advantage of the fact that homologous
recombination can occur between target phage and probe plasmids in bacterial
cells. Asa model gene, the mouse 7g737 was utilized (Moyer et al., Science,
264:1329 (1994) incorporated herein by reference).

To generate a target phage comprising a lambda phage bearing
amber mutations, a 17 kb Sall insert of a wild-type genomic clone containing

a portion of the mouse 7g737 gene (including exon II of the genes), (target
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gene) was subcloned into Syrinx 2A phage arms (Lutz er al., Proc. Natl.
Acad. Sci. USA, 84:4379 [1987] incorporated herein by reference) and the
phage was packaged using methods well known in the art (see Figure 1).
Although a 17 kb portion of the Tg737 gene was used in this example, the size
of the gene used in the target phage may vary. Preferred sizes are from about
15 kb-20 kb. Further, the insert need not be a portion of a genomic DNA,
but may also be a portion of a cDNA. Syrinx 2A phage, a lambda phage
vector, carries multiple cloning sites and a rap gene, which is required for
efficient phage-plasmid recombination. The Syrinx 2A phage has amber
mutations in the lambda A, B, and S genes which are essential for lytic
growth and therefore, the frequency of spontaneous reversion is very low.
The resulting phage carrying the target Tg737 DNA is called Syrinx 2A
(Tg737-17).

In order to prepare a probe plasmid, a 1.2 kb EcoRI genomic
fragment of the Tg737 gene including the ATG containing exon II of Tg737
(probe DNA) was isolated from the cloned genomic sequences and inserted in
the 7AN13 plasmid (see Sambrook et al., supra and Lutz er al., supra) to
generate the probe plasmid TANTg737-1.2 (see Fig. 1); stretches of sequence
as short as 20-40 bp can also be used for these experiments. Probe DNA may
also be derived from a cDNA as well as a genomic DNA. The wANI13
plasmid is a high copy number miniplasmid which is designed for efficient
recombination screening and includes a supF gene capable of producing a
suppressor t-RNA capable of suppressing the amber mutation found in the
Syrinx 2A (Tg737-1.2).

Plasmid tANTg737 plasmid was then introduced into E. coli
MC1061 (sup0) by electroporation (see Sambrook ez al., p. 1.74-1.75). The
resulting population of E. coli containing TANTg737-1.2 was then infected
with Syrinx 2A (Tg737-17) using routine methods (see Sambrook ez al., p. 2.6
et seq.) and homologous recombination was allowed to occur between Syrinx

2A (Tg737-17) and TANTg737-1.2
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As depicted in Fig 2, homologous recombination between the
target phage [Syrinx 2A(7g737-17)] and the probe plasmid (rAN Tg737-1.2)
results in the integration of the supF gene into Tg737 gene segment of the
target phage via its homologous Tg737 sequences and in the duplication of the
probe DNA. The integration of supF gene into the recombinant phage was
established by the production of active 8-galactosidase in LG75 cells (sup0,
LacZAM).

- Integration of the probe DNA into homologous DNA in the
target phage occurs by what is referred to as single homologous recombination
and, as described above, results in the duplication of the probe plasmid
sequences at the recombination site in the target phage. When the targeting
construct having the duplication is introduced into the target genomic site in
mammalian cells, the presence of such duplicated sequence may allow
alternative splicing to occur after transcription of the disrupted gene thereby
splicing out the disruption. However, the possibility of such alternative
splicing may be minimized by preparing probe plasmids having a genomic or
cDNA fragment of at least 20-40 bp that occur within the open reading frame
of a single exon. This will cause a duplication of a part of the exon. The
reading frame will shift and cause a disruption in gene expression if the size
of the duplicated region is chosen carefully (i.e., not a multiple of 3 bp).

A simple one-step genetic selection was developed for detection
of phage which have undergone homologous recombination with probe
plasmid and is illustrated schematically in Fig 2. Two criteria were used to
establish that true homologous recombination had occurred.

First, integration of supF gene carried by the probe plasmid into
target phage carried by the target phage generates recombinant phage which
can grow in suppressor-less (or Sup®) host cells and by suppressing the amber
mutation in genes for lytic growth and in the $-galactosidase of the phage

thereby allowing the production of active B-galactosidase. These phage are
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easily detected by their ability to give rise to blue plaques when plated on
suppressor-less, LacZAM cells such as E. coli LG75.

Second, homologous recombination is a reversible process. The
frequency of reversal of homologous recombination event has been estimated
to be on the order of 107 to 10° per generation. The frequency of excision of
plasmid sequences was detected by propagation of recombinant phage in
recombination-proficient host cells. The phages that have lost the SupF gene
can only grow in supF" (E. coli LE392) host cells but not in SupF- host cells
(LGT5).

Finally, homologous recombination was finally confirmed by
restriction mapping using EcoRI, BamHI, Sall, HindIII, Xbal or Sacl. Based
on this analysis and the known restriction map of 7AN13 were shown to arise
from homologous recombination between the target phage Syrinx 2A (Tg737-
17) and the probe plasmid 7AN13 (7g737-1.2).

These studies establish that targeting constructs can be
efficiently generated by single homologous recombination in bacteria
according to the methods of the present invention, without the extensive DNA
sequence information and without the detailed restriction mapping normally

required by standard methods.

EXAMPLE 2

Double Homologous Recombination in Bacteria

As discussed above, targeting constructs generated by single
homologous recombination have a duplication of sequences (portion of
genomic or cDNA corresponding to region to be disrupted) at the insertion
site in the target phage. However, it is possible to generate probe plasmids
which are used for generating targeting constructs by double homologous
recombination which do not result in duplicated target sequences.

By way of example, a plasmid, pBS/mAN/neo, which contains
the SupF gene and neo” gene is constructed as outlined in Fig 4 by inserting
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a SupF gene, a colEl gene and a neo” gene into the multiple cloning site of
the plasmid pBluescript (Stratagene, La Jolla, CA). This plasmid is used as
template to produce a plasmid/specific engineered fragment using chimeric
primers in a PCR reaction. The chimeric primers preferably contain more
than 40 bases of sequence corresponding to the 5' and 3' ends of exon II of
the Tg737 gene and preferably 20 bases of sequences corresponding to the 5'
of the SupF gene and the 3' end of the functional neo” gene of pBS/wAN/neo.
Exemplary primers include,
CAAATGATGGAAAATGTTCATCTGGCACCAGAAACAGATG
(SEQ ID NO: 1)
CTCAGTATCATAGGCTGGGTTGTAGTCGTTGAAACCAGAG
(SEQ ID NO: 2)
Circularization of the 2.5 kb PCR generated fragment is achieved by cloning
in a T/A vector or by ligation with synthetic linker and thereby generating a
plasmid, 77g737SEF1 (Tg737SEF1).

The plasmid Tg737 SEF1 is then introduced into E. coli strain
[Mc1061cp3] and the bacterial cells containing 7g737SEF1 are then infected
with Syrinx 2A (Tg737-17) to recombine with the phage as described in
Example 1. Recombinant phage are then selected according to the method set
out in Example 1. The phage selected with this procedure can result from
both single and double homologous recombination. Selection of recombinant
phage resulting from double homologous recombination is accomplished by
a scheme outlined in Fig. 5. Briefly, as illustrated in Figure 5, recombinant
phage may be grown under non-selective conditions. Phage having undergone
a single homologous recombination event and the resulting duplication of
probe sequences will undergo a spontaneous excision of the duplicated
sequences which also results in the loss of the SupF gene. Phage are then
plated on suppressor-less host cells wherein only the phage having undergone
the double homologous recombination event will retain the SupF gene and its

flanking probe DNA and will grow on the suppressorless cells.
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For selection of double homologous recombination, a large
plasmid, #7g737SEF2, derived from 7Tg737SEF1 is constructed by inserting
the 8.6 kb BamHI fragment of the "stuffer" region of Syrinx 2A into the
unique BamHI site of «Tg737SEF1 (Fig.9). The integration of the
wTg737SEF2 plasmid into the target phage can occur by either single
homologous recombination, in which case the entire plasmid will integrate, or
by double homologous recombination, where only the SupF-neo cassette will
integrate into the target via the homologous. The single homologous
recombination event will be selected against because the integrated plasmid
will make a phage genome too large to package into a single phage head.
Therefore only the double homologous recombination event will be selected
for.

As discussed in detail above, the foregoing examples
demonstrate that targeting constructs may be produced efficiently, according
to the present invention. Without detailed DNA sequence information or
restriction mapping, thereby eliminating a critical bottle-neck in the generation
of targeted mutations in amber. The foregoing examples are presented by way
of illustration and are not intended to limit the scope of the invention as set

out in the claims.
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CLAIMS
WHAT IS CLAIMED IS:
1. A method for producing gene targeting constructs in

bacteria by single homologous recombination, the method comprising the steps
of:

a) preparing a probe plasmid comprising a
suppressor t-RNA gene and a probe DNA, said probe DNA comprising at
Jeast a portion of an exon of a gene to be targeted;

b) introducing the probe plasmid of step a) into a
population of homologous recombination proficient suppressor-free bacterial
host cells;

) preparing a target phage, said target phage
comprising at least one suppressible mutation in a gene necessary for phage
growth and a target DNA comprising a portion of a genomic region to be
targeted and wherein said target DNA is homologous to all or part of the
probe DNA of step a);

d) infecting the population of bacterial cells of step
b) with the phage of step c), allowing recombination between the probe DNA
and the target DNA;

e) allowing homologous recombination between the
probe plasmid and the target phage; and

) isolating phage produced in step d).

2. The method of claim 1 wherein the probe plasmid

comprises from about 20 to about 40 bp of probe DNA.

3. The method of claim 1 wherein the suppressor tRNA
gene is SupF.
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4. The method of claim 1 wherein the probe plasmid
further comprises a marker cassette, said marker cassette comprising said

suppressor t-RNA gene and a mammalian cell selectable marker and wherein

- said marker cassette is flanked on at least one side by probe DNA.

5. The method of claim 4 wherein the mammalian cell

selectable marker is a neo gene.

6. The method of claim 5 wherein the neo gene is
operatively linked to a promoter which allows expression of said neo gene in

embryonic stem cells.

7. The method of claim 1 wherein the phage is a lambda
phage.

8. The method of claim 1 wherein said suppressible

mutation in said phage is an amber mutation.

9. The method of claim 1 step a) wherein the probe

sequence comprises from about 15 to 20 kb of genomic DNA.

10. The method of claim 4 wherein said probe DNA
flanking said marker cassette comprises from at least about 20 bp to about 40
bp.

11. The method of claim 1 wherein said target DNA
comprises from about 15 kb to about 20 kb.

12. A method for producing targeting constructs by double

homologous recombination, the method comprising the steps of:
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a) preparing a circular probe plasmid comprising a
marker cassette and said marker cassette comprising a suppressor t-RNA gene,
a mammalian cell selectable marker, said marker cassette flanked on each side
by probe DNA homologous to a gene to be targeted and a linker DNA, said
linker DNA linking the probe DNA flanking said marker cassette so as to
form a circular plasmid,;

b) introducing the probe plasmid of step 1 into a
population of recombination proficient suppressor-free bacterial host cells;

c) preparing a target phage, said target phage
comprising at least one suppressible mutation in a gene necessary for phage
growth, and a target DNA comprising a portion of a genomic region to be
targeted and wherein said target sequence is homologous to all or part of the
probe DNA of step a);

d) infecting the population of bacterial cells of step
b) with the bacteriophage of step c), thereby allowing recombination between
the probe DNA and the target DNA;

e) isolating phage produced in step d).

13. The method of claim 12 wherein said probe DNA

comprises from about at least 40 to about 100 nucleotides.

14.  The method of claim 12 wherein said probe DNA each

comprise from about at least 20 to about 40 nucleotides.

15.  The method of claim 12 wherein said suppressor t-RNA
gene is SupF.

16. The method of claim 12 wherein the mammalian cell

selectable marker is a neo” gene.
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17. The method of claim 15 wherein said neo gene is

operatively linked to a promoter capable of directing expression of the neo

gene in embryonic stem cells.

18.  The method of claim 16 wherein the promoter is the

phosphoglycerate kinase promoter.

19.  The method of claim 12 wherein the phage is a lambda
phage.

20. The method of claim 12 wherein the supprcssiblé

mutations are amber mutations.

21. A targeting construct obtainable by the method of claim
1 or 12.

22. A targeting construct produced by the methods of claims
1 or2.

23. A method for obtaining a targeting construct, the method
comprising culturing under suitable nutrient and environmental conditions, a
population of homologous recombination proficient bacterial cells comprising
target phage and a probe plasmid and isolating therefrom, phage resulting

from homologous recombination between the target phage and probe plasmid.

24.  The method of claim 23 wherein the probe plasmid is
a plasmid/SEF.
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