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TITLE OF THE INVENTION
*COMPOSITIONS AND METHODS FOR PRODUCING GENETICALLY MGDIFIED ANIMALS”

RELATED APPLICATIONS

[0001] This application claims pricrity to Australian Provisional Application
MNo. 2013904307 entitled "Compositions and Methods for Producing Genetically
Modified Animals” filed 7 November 2013, and to Australian Provisional Application
No. 2014802162 entitled "Compositions and Methods for Producing Genetically
Modified Animals” filed & June 2014, the contents of each of which are incorporated
herein by reference in their entirety.

FIELD OF THE INVENTION

[O002] This invention relates generally to methoeds and compositions for
producing non-human embryos with a disrupted or disruptable fertility gene, which
can be used as hosts for the development of donor pluripotent celis, including
genetically modified donor pluripotent cells, into germ cells and gametes. The
present invention also relates to methods and compositions for producing from such
smbryos chimeric nen-human animals with a disrupted fertility gene and for
breading the chimeric non-human animals with cognate non-human animals that
comprise a fertility gene that lacks a disruption to produce non-human animals
having substantially all gametes and/or germ cells derived from the donor
pluripotent cells.

BACKGROUND OF THE INVENTION

[O003] Mouse embryonic stem (E5) cells are pluripotent and can
contribute to all tissues of a mouse after blastocyst injection. They can also be
genetically manipulated with relative ease and have been used for the generation of
genetically modified mice after introduction of targeted mutations into the genome
(see e.g., Doetschman T ef af., 1987. Nature 330: 576-578}.

[0004] When introduced into the blastocyst embryonic environment
mouse ‘donor” ES cells with the genetic modification integrate into the inner cell
mass of the host blastocyst and differentiate into somatic and germ cell lineages,
avantually giving rise te meosaic mice known as chimeras. The differences in
chimerism are due to different amounts of contribution of the donor ES cells to the
blastocysts. The better the donor ES cells do in the blastocyst the more cells of the
embryo are derived fram the donor ES cells, which in turn enhances transmission of
the genetic medification into the germ line {(germ ling transmission).
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[0005] However, due to several complicating factors that are poorly
understocd, including (i) the requirement of donar ES cells to be in the right place
at the right time for integrating into the inner cell mass (ICM) developmental
process, (ii} the inherent (genetic and epigenetic) ability of donor ES cells to
become primordial germ cells and to subsequently develop into functional gametes,
and {iii) the competition between host and donor stem cells during embryonic
development in conventianal chimeras for the developmental niche to eventually
become gametes, the germ line contribution from donor ES cells in chimeras is
unpredictable and varies from 0% to 100%.

[0006] Accordingly, there is a need o improve germ line transmission of
genetically modified pluripotent cells such ES cells and to speed the generation of
pluripotent cells derived animals from chimeras,

SUMMARY OF THE INVENTION

[0007] The present invention stems in part from the determination that
germ line transmissipn of a donor pluripotent call (e.g., comprising a genetic
madification) comprising an endogenous fertility gene can be significantly enhanced
by disrupting the fartility gene in a pre-implantation nen-human embryg intge which
the donor pluripotent cell is introduced. Implantation and gestation of the embryo
in a suitable surrogate or foster non-human animal produces offspring including
chimeric non-human animals comprising endogenous germ cells or gametes that
comprise a disrupted fertility gene as well as chimeric non-human animals that
comprise germ cells or gametes derived from the donor pluripotent cell that do not
comprise a disruption in the fertility gene. When bred with a cognate non-human
animal that comprises an undisrupted fertility gene, the chimeric non-human
animals that comprise endogenous germ cells or gametes comprising a disrupted
fertility gene will have impaired ar inhibited fertility and those that comprise germ
cells or gametes derived fram the donor pluripatent cell will have normal or
unimpaired fertility, thereby enhancing the production of first litter offspring
comprising germ cells or gametes derived from the donor pluripotent cell.

[0008] Accardingly, in one aspedct, the present invention provides a pra-
implantation non-human host embryo comprising or consisting essentially of in its
germ line a disrupted fertility gene, The fertility gene that is disrupted may be on
any chromosome and in some embodiments, the fertility gene is Iocated on a sex
chromosome (e.g., X or Y chromosomae). In specific embodiments, the fertility gene
is located on the X chreamosame. The disruption of the fertility gene may be
heterdzygous or homozygous and in specific embodiments, both alleles of the

-2 -



10

15

20

25

30

WO 2015/066768 PCT/AU2014/050339

fertility gene are disrupted. Suitably, the disruption of the fertility gene inhibits
male fertility and in illustrative examples of this type, the disruption inhibits sperm
function or spermatogenesis. In specific embodiments, the fertility gene is GILZ.

[0009] Ina related aspect, the present invention provides a pre-
implantation non-human host embrye as broadly described above further
comprising a donar pluripotent cell that comprises a fertility gene lacking a
disruption thereof. In soma embodiments, the donor pluripotent cell is a stem cell
{e.g., selected from embryonic stem (ES) cells, epiblast stem cells, embryonic germ
cells, induced pluripotent stermn cells, genetically modified ES cells, genetically
modified epiblast stem cells, genetically modified embryonic germ (EG) cells,
genetically modified induced pluripotent stem (iPS) cells or a combination of any
two or more of these), Suitably, the pluripotent cell comprises a genetic
modification. In specific embadiments, the donor pluripotent cell is a male
pluripotent cell.

[001D] Another aspect of the present invention provides a non-human
host embrye comprising a disrupted fertility geng as broadly defined above and
aisewhere herein and a donor pluripotent cell that comprises a fertility gene lacking
a disruption thereof, In some embodiments, the donor pluripotent cell is a stem cell
(e.g., an ES cell) that suitably comprises a genetic modification. The donor
pluripotent cell is suitably a8 male pluripptent cell.

[0011] In yet another aspect of the presant invention, methods are
provided for generating non-human animals. These methods generally comprise or
consist essentially of introducing a pre-implantation non-human host embryo as
broadly defined above and elsewhere herein inte a pseudopregnant non-human
animal and gestating the pre-implantation non-human host embryo under
conditions suitable for development of the embryg, thareby generating a non-
human animal.

[0012] In a related aspect, the present invention provides a non-human
animal rasulting from these methods.

[0013] Still another aspect of the present invention provides a surrogate
or foster non-human animal comprising or consisting essentially of a non-human
host embryo as broadly defined above and elsewhere herein.

[0014] In another aspect of the present invention, methods are provided
for generating a chimeric non-human animal. These methods generally comprise or
consist essentially of introducing into a pseudopregnant non-human animal a pre-

implantation non-human host embryo as broadly defined above and elsewhere
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herein comprising a dongor pluripetent cell that comprises a fertility gene {acking a
disruption thereof and gestating the pre-implantation non-human host embryo
under conditions suitable for devealopmeant of the embryp, thereby generating a
chimeric non-human animal.

[0015] Ina related aspect, the present invention provides a chimeric non-
human animal resulting from thesa methods,

[0016] Yet another aspect of the present invention provides methods for
generating a non-human host embryo with a disrupted fertility gene. Thase
methods generally comprise or consist essentially of crossing: 1) a first animal
strain carrying a disruptable fertility gene; with 2} a second animal strain carrying
an infertility-activating transgene that comprises a gene that disrupts the
disruptable fertility gene, thereby genarating transganic nen-human host embryos
that comprise germ cells having a disrupted fertility gene. In some embodiments,
female members of the first animal strain are crossed with male members of the
second animal strain. As used herein, respective members of the first and second
animal strains are breeding partners of a breeding pair of non-human animals.

[0017] In still another aspect, the present invention provides & breeding
pair of nen-human animals, comprising: {1} a first bresding partner comprising a
disruptable fertility transgene that comprises a disruptable fertility gene as broadly
described above and elsewhere harein, which is disruptable by a fertility gene
disruptor molecule, wherein the disruptable fertility gene is operably connected to a
prometer, and (2} a second breeding parther comprising a disruptor transgene that
comprises a nucleotide sequence encoding the fertility gene disruptor molecule (Ma
disrupior nucleotide sequenca”), wherein the disrupter nuclectide sequence is
operably linked to a promoter. In some embodiments, the fertility gene disruptor
molecule is a8 recombinase and the disruptable fertility gene is operably connected
to recombinase recognition sites that mediate disrupticn of the disruptable fertility
gene in the presence of the recombinase. In other embodiments, the fertility gene
disruptor molecule is an inhibitory RNA molecule that inhibits the expression of the
disruptable fertility gene, suitably by antisense supprassion or RNA interference, In
still other embodiments, the fertility gene disruptor molecule is an antibody that is
immung-~interactive with a polypeptide product of the disruptable fertility gene.

[0018] In some embodiments, the disruptor nucleotide sequence is
conditionally expressible and in illustrative examples of this type, the disruptor
transgene comprisas an expression-modulating elemeant operably linked to the
disrupior nucleotide sequence, wherein the element conditionally inhibits
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expression of the disruptor nucleotide sequence. For example, the expression-
modulating element may inhibit transcription of the disruptor nuclectide sequence
under a first condition and disruption of the expression-modulating element may
permit or enhance transcription of the disrupter nuclectide sequence under a
second condition. In some embodiments, the expression-modulating element
comprises an inhibitor nucleotide sequence (e.g., a transcription terminator) that
inhibits expressian of the disruptor nucleotide sequence and that is operably linked
to recombinase recegnition sites, wherein the recombinase recognition sites
mediate disruption of the inhibitor nucleotide sequence in the presence of a
recombinase. In illustrative examples of this type, the first breeding partner
comprises an activator transgene that stimulates or enhances expression of the
disruptor nucleotide sequence, comprising a coding sequence for the recombinase,
operably connected to a promater,

[0019] In some embodiments, the first breeding partner is female and the
second breeding partner is male,

[0020] Suitably, the first breeding partner is homozygous for the activator
transgene and/or the second breeding partner is hamozygous for the disruptor
fransgene,

[0021] In a related aspect, the present invention provides a breeding pair
of non-human animals, comprising: (1) a first breeding partner comprising a
disruptable transgene that comprises a disruptable fertility gene that is operably
linked to a premoter and to recombinase recognition sites that mediate disruption
of the fertility gene in the presence of a recombinase; and (2} & second breeding
partner comprising a disruptor transgene that cemprises a disruptor nucleotida
sequence encoding a fertility gene disruptor molecule, which is operably connected
to a promoter, wherein the fertility gene disruptor molecule comprises the
recombinase. In some embodiments, the first breeding partner is female and the
second breeding partner is male.

[0022] In some embodiments, the first breeding partner is homozygous
for the disruptabla transgene and/or the second braeding partner is homozygous
for the disruptor transgene.

[0023] In some embodiments, the breeding pair of non-human animals
comprises: (1) a first breeding partner comprising a first disruptable transgene that
comprises a disruptable fertility gene operably connected to a promoter and to first
recombinase recognition sites, which mediate disruption of the disruptable fertility
gene in the presence of a first recombinase, and a first disruptor transgene that
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comprises a coding sequence for a second recombinase aperably linked to a
promater, wherein the second recombinase specifically recognizes second
recombinase recognition sites, and (2} a second breeding partner comprising a
second disruptable transgene that comprises a disruptable fertility gene operably
connected to a promoter and to second recombinase recognition sites, which
mediate disruption of the disruptable fertility gene in the presence of the second
recombinase, and a second disruptor transgene that comprises a coding sequence
for the first recombinase operably linked to a promoter, wherein the first
racombinase specifically recognizes the first recombinase recognition sites.
Suitably, the first breeding partner is homozygous for the first disruptable and first
disruptor transgenes and/or the second breeding partner is homozygous for the
second disruptable and second disruptor transgenes.

[0024] In another related aspect, the present invention provides a
breeding pair of non~human animals, compriging: (1} a first breeding partner
comprising a disruptable fertility gene; and (2) a second breeding parther
comprising a disruptor transgene that comprises a disruptor nucleotide sequence,
which is operably linked to a promoter, and which encodes an inhibitory RNA
molacule (e.g., antisense RNA, siRNA, shRNA, efc.) that inhibits expression of the
disruptable fertility gene. In some embaodiments, the disruptor nuclectide sequence
is conditionally expressible and in illustrative examples of this type, the disruptor
transgene comprises an expression-modulating element operably linked o the
disruptor nucleotide sequence, wherein the element conditionally inhibits
exprassion of the disruptor nucleotide sequence. For example, the expression-
modulating element may inhibit transcription of the disruptor nucleotide seguence
under a first condition and disruption of the expression-modulating element may
permit or enhance transcription of the disruptor nuclectide sequence under &
second condition. In some embodiments, the expression-madulating element
comprises an inhibitor nucleotide sequence (e.g., a transcription terminator) that
inhibits expression of the disruptor nucieotide seguence and that is operably linked
to recombinase recognition sites, wherein the recombinase recognition sites
mediate disruption of the inhibitor nucleotide sequence in the presence of a
recombinase. In illustrative examples of this type, the second breeding partner
comprises an activator transgene comprising a coding sequence for the
recombinase, operably connected to a promoter. The disruptable fertility gene of
the second breeding partner is suitably a wild-type gene. In some embodiments,
the first breeding partner is famale and the second breeding partner is male.
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[0025] Thus, in some embodiments, the breeding pair of non-human
animals comprises; (1} a first breeding partner comprising a disruptable fertility
gena operably connected o a promoter and an activator transgene that comprises
a coding sequence for a recombinase operably linked to a promoter; and (2) a
second breeding partner comprising a disruptor transgene that comprises a
disruptor nucleotide sequence encoding an inhibitory RNA molecule (e.g., antisense
RNA, siRNA, shRNA, etc.) that inhibits expression of the disruptable fartility gene,
wherein the disruptor nuclectide sequence is operably linked to a promoter and to
an expression-modulating element that comprises an inhibitor nuclectide sequence
(e.g., a transcription terminafor) that inhibits expression of the disruptor nucleotide
sequence in the absence of the recombinase and that is operably linked to
recombinase recognition sites that mediate disruption of the inhibitor nucleotide
sequence in the presence of the recombinase. Suitably, the first breeding partner is
homozygous for the activator transgene and/or the second breeding partner is
homozygous for the disruptor transgene. In some embodiments, the first breeding
partner is female and the second breeding partner is male.

[0026] In yet another related aspect, the present invention provides a
breeding pair of hon-human animalg, comprising: (1} a first breeding partner
comprising a disruptable fertility gene; and (2} a second breeding partner
comprising a disruptor transgene that comprises a disruptor nucleotide sequence,
which encodes an antibody that is immuno-interactive with a polypeptide product of
the disruptable fertility gene, and which is operably linked to a promoter. In some
embodiments, the disruptor nuclectide seguence is conditionally expressible and in
illustrative examples of this type, the disruptor transgene comprises an expression-
moduiating element operably linked to the disruptor nudlectide sequence, wherein
the element conditionally inhibits expression of the disruptor nucleotide sequence.
For example, the expression-modulating element may inhibit transcription of the
disruptor nucleotide sequence under a first condition and disruption of the
expression-modulating elament may permit or enhance transcription of the
disruptor nuclectide sequence under a second condition. In some embodiments, the
expression-modulating element comprises an inhibitor nucleotide sequence (e.g., a
transcription terminater) that inhibits expression of the disruptor nuclectide
sequence and that is operably linked to recombinase recognition sites, wherein the
recombinase recognition sites mediate disruption of the inhibitor nucleotide
sequence in the presence of a recombinase. In illustrative examples of this type,
the first breeding partner comprises an activator transgene comprising a coding
sequence for the recombinase, operably connected to a promoter. The disruptable
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fertility gene of the second breeding partner is suitably a wild-type gene. In some
embodiments, the first breeding partner is female and the second breeding partner
is male,

[0027] Thus, in some embodiments, the breeding pair of non-human
animals comprises: (1) a first breeding partner comprising a disruptable fertility
gene operably conneacted to a promoter and an activator transgene that comprises
a coding sequence for a recombinase operably linked to a promoter; and (2) a
sacond breeding partner comprising a disruptor transgene that comprises a
disruptor nuclectide sequence encoding an antibody that is imimuno-interactive with
a polypeptide product of the fertility gene, wherein the disruptor nucltectide
sequence is operably linked to a promoter and to an expression-madulating
alement that comprises an inhibitor nuclectide sequence (&.g., a transcription
terminator) that inhibits expression of the disruptor nucleotide sequence in the
absence of a recombinase and that is operably linked to recombinase recognition
sites that mediate disruption of the inhibitor nucleotide sequence in the presence of
the recombinase. Suitably, the first breeding partner is homozygous for the
activator transgene and/or the second breeding partner is homozygous for the
disruptor transgene. In some embodiments, the first breeding partner is female and
the second breeding partner is male,

[0G28] In another aspect, the present invention provides methods for
producing a non-human host embryo that comprises a disrupted fertility gene.
These methods gengrally comprise or consist essentially of: (a) mating a first
breeding partner of a breeding pair of non-human animals with a second breeding
partner of the breeding pair, as broadly described above and elsewhere herein; and
(b} praducing a pre-implantation non-human embryo from a female member of the
breeding pair, which embrye comprises in its germ line a disruption of the fertility
gena. In some embodiments, the methods further comprise culturing 2 non-human
host embryo under conditions that allow formation of the pre-implantation non-
human host embryo. In some embodiments, the first breeding partner is female
and the second breeding partner is male. In some embodiments, the methods
further comprise introducing a donor pluripotent cell as described for example
above and elsewhers herein into the pre-implantation non-human embryo.
Suitably, the pluripotent cell comprises a genetic modification. In specific
embodiments, the pluripotent cell is a male pluripotent cell.

[0029] Ina related aspect, the present invention provides a non-human
host embryo resulting from the above methods.

-8 -
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[0030] In yet another aspect, the present invention provides methods of
producing a chimeric non~-human animal. These methods generally comprise or
consist sssentially of: (1) transplanting a pre-implantation non-human embirye that
comprises in its germ line a disruption of a fertility gene as described for example
above and elsewhere herein and that further comprises a heterologous pluripotent
cell as described for example above and elsewhere herein; and (2) gestating the
nen-human hoest embryo of (1) under conditions suitable for development of the
ambryg, thereby generating a chimeric non-human animal with a disrupted fertility
gene and the genetic modification in its germ line. Suitably, the chimeric non-
human animal is a male chimeric non~-human animal.

[0031] Ina related aspect, the present invention provides a chimeric non-
human animal resulting from thesa methods,

[0032] Still another aspect of the present invention provides methods of
producing a non-human animal that comprises a genetic modification in its
genome, These methads generally comprise or consist essentially of: (1)
transplanting a pre-implantation non-human embryo that comprisas in its germ line
a disruption of a fertility gene as described for example above and elsewhere hergin
ang that further comprises a heterologous pluripotent cell as described for example
above and elsewhere herein; (2) gestating the non-human host embryo of (1)
under conditions suitable for developrnent of the embryo, thereby generating a
litter comprising chimeric non-human animal with a disrupted fertility gene and the
genetic modification in their germ line; (3) breeding a male chimeric non-human
animal from the litter with a cognate female non-human animal that comprises in
its genome the fertility gene lacking a disruption thereof, to produce a non-human
animal that comprises the genetic modification when the male chimeric non-human
animal comprises germ cells or gametes derived from the heterologous pluripotent
cell.

[0033] Ina related aspect, the present invention provides a non-human
animal comprising a genetic madification, which results from the above methods.

[0034] In another aspect, the present invention provides a non-human
animal (e.g., surrogate or foster non-human animal) having transplanted therein a
preimplantation non-human host embryo as broadly described above and elsewhere
herein.

[0035] Another aspect of the present invention provides a chimeric non-
human animal that is derived from a pre-implantation non-human host embryo as

broadly described above and elsewhere herein,
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BRIEF DESCRIPTION OF THE DRAWINGS

[0036] Figure 1 is a schematic overview of the Tsc22d3 conditional
Knockout targeting vector. Blue boxes: exons; neo: neomycin cassette for selection
in ES cells; FRT: recognition sequence for flp recombinase mediated nep removal;
loxP: recognition sequence for cre recombinase mediated exon deletion; amp:
Ampicillin resistance gene; ori: origin of replication.

[0037] Figure 2 is a schematic representation illustrating a targeted
ROSA26 Allele Variant A, Ubic: human Ubiguitin promoter; neo: neomycin cassette
for selection in ES cells; cre: Cre recombinase; STOP: transcriptional/translational
‘stop’ elemant; loxP: recognition sequence for Cre recombinase mediated STOP
deletion; pA: polyadenylation signal; disrupter element: any element that disrupts
the expression of a fertility gene or the function of its protein product {€.g9., shRNA,
antibody).

[0038] Figure 3 is a schematic representation illustrating a targeted
ROSAZ6 Allele Variant B. Ubic: human Ubiguitin promeoter; neg: neomycin cassetie
for selection in ES cells; cre: Cre recombinase; STOP: transcriptional/translational
‘stop’ element; loxP: recognition sequence for Cre recombinase mediated STOP
deletion; pA: polyadenylation signal; disruptor element: any element that disrupts
the expression of g fertility gene or the function of its protein product {g.9., shRNA,
antibody?d,

[0039] Figure 4 is a schematic representation showing a targeted ROSAZ6
Allete Variant A in Offspring. Ubic: human Ubiguitin promoter; neo: neomycin
cassette for selection in ES cells; cre: Cre recombinase; STOP:
transcriptional/translational “stop’ element; loxP: recognition saguence for Cre
recombinase mediated STOF deletion; pA: polyadenylation signal; disruptor
element: any element that disrupts the expression of a fertility gene or the function
of its protein product {2.g., shRNA, antibody).

[0040] Figure 5 is a photographic represaentation showing a non-limiting
example of first-litter offspring produced by on embodiment of the method of the
present invention. The pups shown in this figure are the complete litters of two
chimeras. The chimeras were generated based on Tsc22d3 conKO/conkQ
blastocysts. All pubs show a white coat colour which is expected for animals derived
from tha targeted ES cell.

[0041] Figure 6 is a photographic representation showing a represantative
example of a Southermn-Blot Analysis for genotyping. Biopsy samples were lysed and
digested with BamHI. The expected sizes are 17.5kb for a wi allele and 9.7kb for a
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targeted allele. AD45, AC46, AG49, AQS5, ADY7, AD78, ADES, ADB6, A0SE, ADS7Y,
AQSB, AQSS, ADB4 R Al74 were determined as wh/targeted; A047, AQ48, ADSQ,
AD76, AQ8O, ADGE7, ADBSB, A0G9, ARG, AD70 & AD7S were determined as wi/wt and
A0S5S4, AQ79 &ACG70 could not be determined.
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DETAILED DESCRIPTION OF THE INVENTION

1. Definitions

[0042] Unless defined otherwise, all technical and scientific terms used
hergin have the same meaning as commonly understood by those of ordinary skill
in the art to which the invention belongs. Although any methods and materials
similar or equivalent to those described herain can be used in the practice or
testing of the present invention, preferred methods and materials are described.
For the purposas of the presant invention, the following terms are defined below.

[0043] The articles "a” and "an” are used herein to refer to one or {0 more
than one (i.e. to at least one) of the grammatical object of the article. By way of
axample, "a fertility gene” means a single fertility gene or more than one fertility
gene.

[0044] As used herein, "and/or” refers to and encompasses any and all
possible combinations of one or more of the associated listed items, as well as the
lack of combinations when interpreted in the alternative {cor).

[0045] The term “antibady” is used to refer to any antibody-like molecule
that has an antigen binding regicn, and includes antibody fragments such as Fab',
Fab, F(ab'),, single domain antibodies (DARs]), Fv, scFv (single chain Fv), and the
like.

[0046] The term “antisense” refers to a nucleotide sequence whose
sequence of nuclectide residues is in reverse 5' to 3' orientation in relation to the
seguence of deoxynuclectide residues in a sense strand of a DNA duplex, A “sense
strand” of a DNA duplex refers to a strand in a DNA duplex which is transcribed by
a cell in its natural state into a “sense MRNA.” Thus an “antisense’ sequence is &
sequeance having the same seguence as the non-coding strand in a DNA duplex. The
term "antisense RNA" refers to 8 RNA transcript that is complementary to all or part
of a target primary transcript or mRNA and that blocks the expression of 3 target
gene by interfering with the processing, transport and/or translation of its primary
transcript or mRNA, The complementarity of an antisense RNA may be with any
part of the specific gene transcript, in other words, at the 5' non-coding sequence,
3 non-coding sequence, introns, or the coding sequence. In addition, as used
herein, antisense RNA may contain regions of ribozyme sequences that increase the
efficacy of antisgnse RNA to block gene expression. "Ribozyme” refers to a catalytic
RNA and includes sequence-specific endoribonucleases. "Antisense inhibition” refers

-12 -



10

15

20

25

30

WO 2015/066768 PCT/AU2014/050339

to the production of antisense RNA transcripts capable of preventing the expression
of the target protein,

[0047] The term “breeding” as used herain, means the union of male and
female gametes so that fertilization occurs. Such a union may be brought about by
mating {copulation) ar by in vitro or in vivo artificial methods. Such artificial
methods include, but are not limited to, artificial insemination, surgical assisted
artificial insemination, in vitro fertilization, intracytoplasmic sperm injection, zena
drilling, in vitro culture of fertilized cocytes, ovary transfer and ovary splitting.

[0048] “Cells”, “host cells”, “transformed host cells” and the like are
tarms that not only refer to the particular subject cell but to the progeny or
potential progeny of such a cell. Because certain moadifications may occur in
succeeding genarations due to either mutation or environmental influences, such
prageny may not, in fact, be identical to the parent cell, but are still included within
the scope of the term as used herein,

[0049] As used herein, the term “cis-acting sequence” or “cis-regulatory
region” or similar term shall ba taken to mean any sequence of nuclestides which is
derived from an expressible genetic sequence wherein the expression of the genetic
sequence is regulated, at least in part, by the sequence of nucleotides. Those
skilled in the art will be aware that a cis-regulatory region may be capable of
activating, silencing, enhancing, repressing or otherwise altering the level of
axprassion and/or call-type-specificity and/or developmental specificity of any
structural gene seguence.

[0050] By "coding sequence,” coding region and the like is meant any
nucleic acid sequence that contributes to the code for the polypeptide product of 3
gene. By contrast, the terms “non-coding sequence” and "non-coding region” refer
to any nucleic acid sequence that does not contribute to the code for the
polypeptide product of a gene.

[0051] The terms “construct” is used herein to refer to a gene or nucleic
acid sequence or segment comprising at least two nucleic acid sequences or
segments from species which do not combine those sequences or segments under
natural conditions, or which sequences or segments are positioned or linked in a
manner which doas not normally occur in the native genome or nucleome of the
untransformed host.

[0052] As used herein, “complementary” polynuclestides are those that
are capable of hybridizing via base pairing according to the standard Watson-Crick

complementarity rules. Specifically, purines will base pair with pyrimidines to form
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a combination of guanine paired with cytosine (G:C) and adenine paired with either
thyming (A:T) in the case of DNA, or adenine paired with uracil {A:U) in the case of
RNA. For example, the sequence "A-G-T binds to the complementary sequence " T-
C-A."” It is understood that two polynucleotides may hybridize to each other even if
they are not complefely or fully complementary {o each other, provided that each
has at least one region that is substantially complementary to the other. The terms
“complementary” or "complementarity,” as used herein, refer to the natural binding
of polynuclectides under permissive salt and temperature conditions by base-
pairing. Complementarity betvween two single-stranded molecules may be "partial,”
in which only some of the nucleotides bind, or it may be complete when total
complementarity exists between the single stranded molecules either along the full
length of the molecules or along a portion or region of the single stranded
molecules, The degree of complementarity between nucleic acid strands has
significant effects on the efficiency and strength of hybridization between nucleic
acid strands. As used herein, the terms “substantially complementary” or “partially
complementary” mean that two nucleic acid sequences are complementary at least
at about 50%, 60%, 70%, 80% or 90% of their nucleotides. In some
embodiments, the two nucleic acid seguences can be complementary at least at
about 85%, 90%, 95%, 96%, 97%, 98%, 99% or more of their nucleotides. The
terms “substantially complementary” and “partially complementary” can also mean
that two nucleic acid sequences can hybridize under high stringency conditions and
such conditions are well known in the art.

[CBO53] Throughout this spacification, unless the context requires

FF WY

otherwise, the words "comprise,” “comprises” and “comprising” will be understood
to imply the inclusion of a stated step or element or greup of steps or elements but
not the exclusion of any other step or element or group of steps or elements. Thus,
use of the term “comprising” and the like indicates that the listed elements are
required or mandatory, but that other elements are gptional and may or may not
be present. By “consisting of” is meant including, and limited to, whatever follows
the phrase “consisting of”. Thus, the phrase “consisting of” indicates that the listed
elements are required or mandatory, and that no other elemeants may be present.
By "consisting essentially of” is meant including any elements listed after the
phrase, and limited to other elements that do not interfare with or contribute to the
activity or action specified in the disclosure for the listed elements. Thus, the
phrase “consisting essentially of” indicates that the listed elements are required or
mandatory, but that other elements are optional and may or may net be present
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depending upon whether or not they affect the activity or action of the listed
elements.

[0054] "Constitutive promoter” refers to a promoter that directs
expression of an operably linked transcribable sequence in many or all tissues of an
organism.

[0055] The term “construct” refers to a recombinant genetic molecule
including one or more isolated nucleic acid sequences from different sources. As
used herein, the term “expression construct,” “recombinant construct” or
“regembinant DNA construct” refers to any recombinant nucleic acid molecule such
as a plasmid, cosmid, virus, autonomously replicating polynuclectide molecule,
phage, or linear or circular single-stranded or double-stranded DNA or RNA nucleic
acid molecule, derived from any source, capable of genomic integration or
autonomous replication, comprising a nucleic acid molecule where one or more
nucleic acid molecules have been aperably linked. An “exprassion construct”
genarally includes at least a contral sequence operably linked o a nucleotide
sequence of interest. In this manner, for example, plant promoters in operable
connection with the nuclectide sequences to be expressed are provided in
axpression constructs for expression in a plant, plant part, plant organ and/ar plant
cell. Methods are known for introducing constructs into a cell in such a manner that
a transcribable polynuclectide molecule is transcribed into a functional mRNA
molecule that is translated and therefore exprassed as a protein product,
Constructs may also be made to be capable of expressing inhibitory RNA molecules
in order, for example, to inhibit translation of a specific RNA molecule of interest.
For the practice of the present invention, conventional compositions and methods
for preparing and using constructs and host cells are well known to one skilled in
the art, see for example, Molecular Cloning: A Laboratory Manual, 3.sup.rd edition
Volumes 1, 2, and 3. 1. F. Sambraok, D. W. Russell, and N. Irwin, Cold Spring
Harbor Laboratory Press, 2000,

[0056] By “control element” or "control sequence” is meant nucleic acid
sequences (e.g., DNA) that influence the expression of an operably linked
nuclestide sequence (e.g., transcription, BRNA processing or stability, or translation
of the associated coding sequence). Regulatory sequences include enhancers,
promoters, translation leader sequences, introns, and polyadenylation signal
sequancas, Control elements or control sequences may be lpcated upstream (5
non-coding sequences), within, or downstream (3' non-coding sequences) of a
coding sequence. They include natural and synthetic sequences as well as

sequences which may be a combination of synthetic and natural sequences. For
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example, control sequences that are suitable for expression of an aperably linked
nuclectide sequence in prokaryotic cells include, for example, a promoter, and
optionally a cis-acting sequence such as an operator sequence and a ribosoms
binding site. Control sequences that are suitable for eukaryotic cells include
transcriptional control sequences such as promoters, polyadenylation signals,
transcriptional enhancers, transiational control sequences such as translational
enhancers and internal ribosome binding sites {IRES), nudleic acid sequences that
modulate RNA stability, as well as targeting sequences that target a product
encoded by a transcribed polynucleotide to an intracellular compartment within a
cel] or to the extracellular environment. Representative control sequences include
natural and synthetic sequences as well as seqguences which may be a combination
of synthetic and natural sequences.

[0057] By “corresponds to” or “corresponding to” is meant a nucleic acid
sequence that displays substantial sequence identity to a reference nucleir acid
sequence {(e.g., at least about 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68, 89, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83,
84, 85, 86, 97, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99% or even up to
100% sequence identity to all or a portion of the reference nucleic acid seqguence)
or an amina acid sequence that displays substantial sequence similarity or identity
to a reference amino acid sequence (e.g., at least 50, 51, 52, 53, 54, 55, 56, 57,
58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78,
79, 80, 81, 82, 83, 84, 85, 86, 97, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%
or even up to 100% sequence similarity or identity to all or a portion of the
reference amino acid sequence).

[O058] The terms “culture”, "cultured” and “culturing” are used herein
interchangeably, to refer to the process by which an embryo or pluripotent cells are
grown in vitro.

[0059] The terms “disruption” and “disrupted”, as applied to a nucleic
acid, are used interchangeably herein to refer to any genetic mudification that
decreases or eliminates expression and/or the functional activity of the nucleic acid
or an expression product thereof. For example, disruption of a gene includes within
its scope any genetic modification that decreases or eliminates expression of the
gene and/or the functional activity of a corresponding gene product {e.g., mRNA
and/or protein). Genetic modifications include complete or partial inactivation,
suppression, deletion, interruption, blockage, or down-regulation of a nucleic acid
(e.g., a gene). Hlustrative genetic modifications include, but are not limited to,

gene knockout, inactivation, mutation {e.g., insertion, deletion, point, or frameshift
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mutations that disrupt the expression or activity of the gene product), or use of
inhibitory nucleic acids (e.g., inhibitory RNAs such as sense or antisense RNAs,
molecules that mediate RNA interference such as siRNA, shRNA, miRNA; efc.),
inhibitory polypeptides (e.g., antibodies, polypeptide-binding partners, dominant
nggative polypeptides, enzymes efc.} or any other molecule that inhibits the
activity of the fertility gene or level or functional activity of an expression product of
the fertility gene.

[0060] “Dominant negative” refers to a gene product that adversely
affects, blocks or abrogates the function of a normal, wild-type geng product when
co-expressed with the wild type gene product within the same cell even when the
cell is heterozygous (wild-type and deminant negative). Expression of the dominant
nagative mutant generally results in a decrease in normal function of the wild-type
genea product.

[0061] As used herein an "early stage embrye” encompasses all
embryonic development stages that begin upon fertilization of an oocyte (/.2., a
fertilized pocyte) and extends through the 2-cell stage, the 4-cgll stage, the 3-cell
stage, and the morula (the 16 to 32-cell stage embryo). As defined herein, an early
stage embryo does not include the blastula stage of development. By "blastula” is
meant the embryonic development stage characterized by the development of a
hollow ball of cells surrounding a cavity called the blastgcoel. One of skill in the art
will recognize that the overall organization of the blastula will vary depending on
the organism. For instance, a "blastocyst” refers to a cleavage stage mammalian
embryn characterized by a hollow ball of cells made of guter trophoblast celis and
inner cell mass.

[0062] The terms "embryonic stem cell” and ES cell are used
interchangeably herein to refer to a cell that can give rise to many differentiated
cell types in an embryo or an adult, including the germ cealls. ES cglls encompass
early embryo-derived cultured cells characterizad in that such cells can proliferate
while maintaining anaplasticity (totipotency). Generally, embryonic stem cells are of
a cell line that is established by culturing cells of an inner cell mass that are
undifferentiated stem cells, existing inside the blastocyst in an €arly embryo of an
animal, so that the cells keep proliferating while maintaining their undifferentiated
state.

[0063] As used herain, the term “embryonic germ cell”, which is also
referred to as an EG cell, refers to a cultured cell derived from a primordial germ
cell, which is characterized in that it has ability almost equivalent to that of the
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above embryonic stem cell. The embryonic germ cells are of a cell line that is
established by culturing primordial germ cells obtained from an embryo several
days to several weeks after fertilization {for example, in the case of a mouse, an
approximately 8.5 days old embryo) so that the cells keep proliferating while
maintaining their undifferentiated state.

[0064] As used herein, the terms "encode”, “encoding” and the like refer
to the capacity of a nucleic acid to provide for another nucleic acid or a polypeptide.
For example, a nucleic acid sequence is said to "encode” a polypeptide if it can be
transcribed and/or translated to produce the polypeptide or if it can be processed
inte a form that can ba transcribed and/or translated to produce the polypeptide.
Such a nucleic acid sequence may include a coding sequence or both a coding
sequence and a non-coding sequancea, Thus, the terms “enpode”, “encoding” and
the like include an RNA product resulting from transcription of a DNA molecule, a
protein resulting from translation of an RNA molecule, a protein resulting from
transcription of a DNA mwolecule to form an RNA product and the subsequent
translation of the RNA product, or a protein resulting from transcription of a DNA
molecule to provide an RNA product, processing of the RNA product to provide a
processed RNA product (&.g., mRNA} and the subsequent translation of the
praocessed RNA product,

ifl

[O065] As used herein, an "endangered mammal” belongs to a population
of mammals which is at risk of becoming extinct because it is either few in
numbers, or threatened by changing environmantal or predation parameters, such
as elephants, large cats and non-human primates, including gray wolf, banded hare
wallaby, jaguar, Asian elephant, saiga antelope and northern white rhinogeros

(Ceratotherium sirmum cottoni).

[0066] The term "endogenous” in the context of a nucleic acid or protein
refers to a nucleic acid sequence or segment or ¢ an amino acid sequence or
segment that is normally found in a host organism or host cell.

[0067] The terms "endogenocus gametes” and "endogencus germ cells” as
used herein refer to gametes and germ cells "originating or produced from within” a
host embryo and exclude gametes and germ cells in the host embryo which are
derived from donor pluripotent cells.

[0068] The term “expression” with respect to a gene sequence refers to
transcription of the gene and, as appropriate, translation of the rasulting mRNA
transcript to a protein. Thus, as will be clear from the context, expression of a
coding sequence results from transcription and translation of the coding sequence.
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Conversely, expression of a non-coding sequence results from the transcription of
the non-coding sequence.

[0069] As used herein, a “fertility gene” refars 1o a gene that is involved
in preducing offspring or in the ability to conceive. Thus, disruption of a fertility
gens may diminish, impair or abrogate a non-human animal’s ability to conceive or
produce offspring, thereby leading to infertility, The resulting infertility can be
present in either male or female. Non-limiting examples of infertility include
azoospermia; genetic disorders associated with defactive spermatogenesis (e.g.,
Klingfelter's syndrome and gonadal dysgenesis}; cligespérmia, varicocele, and
other sperm disorders relating to impaired sperm functien including, but not limited
to, low sperm counts, sperm motility, and sperm morphology; and ovulatory
dysfunction (e.g., polveystic ovary syndrome (PCOS) or chronic anovulation). As
used hergin, a fertility gene that is disruptable (e.g., by a disruptor molecule) is
referred to as a “disruptable fertility gene”,

[0070] The terms “flanked by”, "flanking” and the like as they apply to
refationships between two or more nuclectide sequences in targeting constructs of
the invention do not require one of these nucleotide sequences to be located
directly adjacent to another nucleotide sequence, For example, three reference
nuclestide sequences (A, B and C} may be flanked by recombination target site
seguences, or recombination target sites sequences may be flanking these
refergnce sequences, even though reference sequence B is not directly adjacent to
these sites. Accordingly, the term “flanked by” is equivalent to being “in between”
the recombination sites and the term “flanking” is equivalent to the recombination
sites being upstream or downstream of a reference sequence,

[0071] “Functional gene” refers to a gene which produces a gene product
which carries out a definable function. In specific embodiments, the functional gene
is an endogenious gene,

[0072] The terms “gamete” and “gametes” are used interchangeably and
refer to secondary germ cells, including oocytes, ova, spermatozoa and sperm.

[0073] As used herein, the term “gene” refers to a nudeic acid molecule
capable of being used to produce mRNA, antisense RNA, siRNA, shRNA, miRNA, and
the like. Gengs may or may not be capable of being used te produce a functional
protein. Genes can include both coding and non-coding regions {&.g., introns,
regulatory elements, promoters, enhancers, termination sequences and 5 and 3’
untranslated regions).

-19 -



10

15

20

25

WO 2015/066768 PCT/AU2014/050339

[0074] The term “genetic modification” refers to a permanent or transient
genetic change induced in a cell following introduction of new nucleic acid (i.e.,
nucleic acid exogenous to the cell). Genetic change ("modification™) ¢an be
accomplished by incorporation of the new nucleic acid into the genome of the host
cell, or by transient or stable maintenance of the new nucleic acid as an
axtrachromosomal element. Whaere the cell is a eukaryotic cell, a permanent
genetic change can be achieved by introduction of the nudeic acid into the genome
of the cell. The genetic modification includes within its scope knock-in and knock-
out genetic changes.

[0078] The terms "germ cell”, “germ celis” and “germ ling” are used
interchangeably and refer to cells that give rise to gametes. These terms include
primardial garm cells, calls positive for alkaline phosphatase, primary ooacytes,
pogonia, spermatogonial stem cells, spermatogonia and primary spermatocytes.

[0076] The term “heterclogous” refers to objects {e.g., nucleic acid
molecules, polypaptides, cells, tissues, efc. ) that do not originate from within a
particular organism, fissue, or cell, For examplg, a “heterologous cell,” including a
“heterologous pluripotent cell,” refers to a cell that is not normally or naturally
found in an organism or tissue of an crganism,

[0077] The terms “heterologous polynuciectide”, “foreign polynucleotide”,
Taxogenous polynuclectide” and the like are used interchangeably herein to
describe genetic material that has been or is about to be artificially introduced into
a gengme of 3 host erganismy and that is transmitted to the progeny of that host.
The heterologous polynucleotide may include gene sequences found in an organism
inte which it is introduced or about to be introduced so long as the introduced
polynuclestide contains some modification (e.g., a point mutation, the presence of
a selectable marker gene, the presence of a loxP site, etc.) relative to the naturally-
occurring polynucleotide. A heterologous polynucteotide may comprise a nucleic
acid sequence that is capable of being transcribed into RNA and optionally,
translated and/or expressed under appropriate conditions, In some embodiments, it
is transcribed into a molecule that interferes with transcription or transiation {e.g.,
antisense moleculg) or mediates RNA interference (e.g., siRNA or shRNA}, In some
ambodiments, the heterglegous polynuclectide comprises a coding sequence for a
peptide or polypeptide. In some embodiments, the heterologous polynuclectide
comprises a targeting cassette for introducing a genetic medification into a
genome.
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[0078] The terms “heterologous polypeptide”, “foreign polypeptide” and
“exogenous polypeptide” are used interchangeably to refer to any peptide or

polypeptide which is encoded by a “heterslogous polynuclestide”, “foreign
polynucleotide” and “exogenous polynucleotide,” as defined abova.

[0079] The term “host cell” refers to a cell inte which a construct or
construct of the invention is introduced. Host cells of the invention include, but
need not be limited {o, bacterial, yeast, animal (including vertebrate animails},
insect and plant cells. Host cells can be unicellular, or can be grown in tissue culture
as Hquid cultures, monglayers or the like. Host cells may also be derived directly or
indirectly from tissues or may exist within an organism including animals. In
specific embodiments, the host cell is an animal host cell, particularly a vertebrate
animal host cell, including mammalian host cealls.

[008Q] Reference herein to "immuno-interactive” includes reference to
any interaction, reaction, or other form of association between molecules and in
particular where one of the molecules is, or mimics, a component of the immune
system.

[0081] The term “knock-in” generally refers to a heterologous or foreign
polynucleotide that has been insertad into a genome through homelogous
recombination. The knock-in polynuclectide may be a mutant form of a gene or
gene part that replaces the endogenous, wild-type gene or gene part, Such
mutations include insertions of hetarologous sequences, deletions, point mutations,
frameshift mutations and any other mutations that may prevent, disrupt or alter
normal gene expression. Thus, a "knock-in"” animal, as used herein, refers o a
genetically modified animal in which a hetarologous or foreign polynuclaotida is
inserted into the genome of an animal or in which a specific gene or part thereof of
an animal’'s genome is replaced by a foreign gene or DNA seguence. A “conditional
knock-in” includes within its scope a heterologous or foreign polynucieotide that has
bagn inserted into a genome through homologous recombination and that elicits an
activity (&.g., regulation of transcription or translation, production of a nuclentide
sequence incuding a coding and/or nan~coding sequence, &) at a designated
developmental stage or under particular environmeantal conditions. A “conditional
knock~-in vector” is a vector including a heterologous or foreign gene or part thereof
that can be inserted inte a genome through hemologous recombination and that
can elicit an activity (e.g., regulation of transcription or translation, production of a
nuclentide sequence including a coding and/or non-coding sequence, etc.) at a
designated developmental stage or under particular environmental conditions.
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[0082] By “knock-out” is meant the inactivation or disruption of a gene,
which decreases, abrogates or otherwise inhibits the level or functional activity of
an expression product of that gene. A “knock-out” animal refers to a genetically
maodified animal in which a gene is disrupted. A “conditional knock-out” refers to a
gene that is disrupted under specific conditions, such as a gene that is disrupted in
a tissue-specific or a temporal-specific pattern. A "conditional knock-out vector” is a
vector including a gene that can be disrupted under specific conditions.

[O083] By "marker geng” is meant a gene that imparts a distinct
phenotype to cells exprassing the marker gene and thus allows such transformed
cells tp be distinguished from cells that do not have the marker. A selectable
marker gene confers a trait for which one can “select” based on resistance to a
selective agent (e.g., an herbicide, antibiotic, radiation, heat, or other freatment
damaging to untransformed cells). A screenable marker gene (or reporter gene)
cenfers a trait that one can identify through observation or testing, /.e., by
‘screening’ {e.g., f-glucurenidase, luciferase, green fluorescent protein or other
activity not present in untransformed cglis).

[0084] The term, “microRNA” or "miRNAs” refer to small, noncoding RNA
molecules that have been found in a diverse array of eukaryotes, including plants.
MiRNA precursors share a characteristic secondary structure, forming short "hairpin’
RNAs. The term "miRNA” includes processed sequences as well as corresponding
lang primary transcripts (pri-miRNAS) and processed precursors (pre~-miRNAs).
enetic and biochemical studias have indicated that miRNAs are processed to their
mature forms by Dicer, an RNAse III family nuclease, and function through RNA-
mediated interference (RNAL and related pathways to regulate the expression of
target genes (Hannon, 2002, Nature 418, 244-251; Pasquinglli, et al., 2002, Annu.
Rev. Cell. Dev. Bipl. 18, 495-513). miRNAs may be configured {0 permit
sxperimental manipulation of gene expression in cells as synthetic silencing triggers
‘short hairpin RNAs” {shRNAs) {Paddison et al., 2002, Cancer Celf 2, 17-23].
Silencing by shRNAs involves the RNAI machinery and correlates with the
production of small interfering RNAs (siRNAs), which are a signature of RNAIL

[O085] As used herein, a "naturally-occurring” nucleic acid molecule refers
to @ RNA or DNA molecule having a nucleotide sequence that occurs in nature. For
example a naturally-occcurring nucleic acid molecule can encode a protein that

occurs in nature.
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[0086] The term “non-coding sequence” refers to any nucleic acid
seguence that does net contribute to the ¢ode for the polypeptide product of a
gene,

[0087] The term “non-human animal” means an animal excluding human,
and is intended to include any vertebrate such as mammals, birds, reptiles,
amphibians and fish, Suitable mammals include rodents, non-human primates,
equines such as horses, sheep, goats, lagemorphs such as rabbits, dogs, cats,
cattle, zao animals as well as endangered or exotic mammals, In some
embodiments, non-human animals are selected from the rodent family including rat
and mouse. In specific embodiments, the non-human animal is a mouse.

[0088] By "nucleome” is meant the total nucleic acid complement and
includes the geneme, extrachromosomal nucleic acid molecules and all RNA
moelecules such as mMRNA, heterogenous nuclear RNA (hnRNA), small nuclear RNA
{(snRNA), small nucleslar RNA {(snoRNA), small cytoplasmic RNA (s¢cRNA}, ribosomal
RNA (rRNA}, translational control RNA (tcRNA), transfer RNA (tRNA), eRNA,
massengear-RNA-interfering complemantary RNA (micRNA} or interference RNA
{(iRNA), chloroplast or plastid RNA (cpRNA) and mitochandrial RNA (mtRNA).

[0089] The terms “operably connected”, “operably linked”, “in operabla
linkage”, “in operable connection” and the like are used herein tn refer to linkage of
polynucleotide elements in a functional relationship. A nucleic acid is “operably
linked” when it is placed into a functional relationship with another nucleic acid
sequence, For instance, a recombinase recognition site is gperably connected to a
targeting cassette when it is sufficiently in close proximity to facilitate
recombination between the targeting cassette and a target site in the host cell
genome. In some embodiments, the recombinase recognition site is located no
maore than 10 kb, 9, kb, 8 kb, 7 kb, 6 kb, 5 kb, 4 kb, 3kb, 2kb, 1kb, 900 bp, 800
bp, 700 bp, 600 bp, 500 bp, 400 bp, 300 bp, 200 bp, 100 bp, 90 bp, 80 bp, 70 bp,
60 bp, 50 bp, 40 bp, 30 bp, 20 bp or 10 bp from the targeting cassatie. In other
embodiments, “operable connection” and the like refer to the placement of a
transcribable sequence under the reguiatory control of a promoter, which controls
the transcription and optionally translation of the sequence. In the construction of
heterologous promoter/transcribable sequence combinations, it is generally
desirable to position the genetic sequence or promoter at a distance from the gene
transcription start site that is approximately the same as the distance between that
genetic sequence or promoter and the gene it controls in its natural setting; i.e.,
the gene from which the genetic sequence or promater is derived, As is known in

the art, sorme variation in this distance can be accommodated without loss of
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function. Similarly, the desirable positioning of another control element with respect
to a heterologous nucleic acid sequence or gene o be placed under its control is
defined by the positigning of the element in its natural setting; i.e., the genss from
which it is derived. These terms also include within their scape operable linkages or
connections between a promoter and a transcribable sequence in which an
expression-modulating element is used to inhibit transcription of the transcribable
sequence under a first condition and in which disruption af the exprassion~
modulating element is used to permit or enhance franscription of the transcribable
sequence under a second condition.

(00207 As used herein, the term “post-transcriptional gene silencing”
(PTGS) refers to a form of gene silencing in which the inhibitory mechanism occurs
after transcription. This can result in either decreased steady-state level of a
specific RNA target or inhibition of translation {Tuschi et af., 2001, ChemBiochem: 2:
239-245). In the literature, the terms RNA interference (RNAi) and
posttranscriptional co-suppression are often used to indicate postiranscriptional
gene silencing.

[0091] The term “pluripotent” refers to the capability of a cell to
differentiate into a number of differentiated cell types that are present in an adult
organism {e.g., nen-human animal). A pluripotent cell is restricted in its
differentiation capability in comparison to a totipotent cell. Pluripotent cells include,
but are not restricted to, stem cells capable of differentiating into germ cells, such
as ES celis, epiblast stem cells {EpiSCs or epi stem cell}, embryonic germ (EG) celis
and induced pluripotent stem (iIPS) cells. The term “pluripotent cell” includes
genetically madified pluripotent cells.

[0092] The term “polynuciectide” or "nucleic acid” as used herein
designates mRNA, RNA, cRNA, cDNA, iIRNA, siRNA, shRNA, miRNA or DNA. The
term typically refers to oligonuciectides greater than 30 nugleotides in length.

[0093] “Polypeptide”, "peptide” and “protein” are used interchangeably
herein to rafer to a polymer of amine acid residues and to variants and synthetic
analogues of the sama. Thus, these terms apply to amino acid pelymers in which
ane or more aming acid residues is a synthetic non-naturaily occurring aming acid,
such as a chemical analogue of a corresponding naturally occurring amino acid, as
well as to naturally-occurring aming acid polymers.

[0094] The terms “progeny”, “progeny of the transgenic non-human
animal” and the like refer to any and all offspring of every generation subsequent to
the originally transformed non-human animals.
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[0095] By “promoter” is meant a region of DNA, which controls at least in
part the initiation and Jevel of transcription. Reference herein to a “promoter” is to
be taken in its broadest context and includes the transcriptional regulatory
saquences of a dassical genomic gene, including a TATA box and CCAAT box
sequences, as well as additional regulatory elements {i.e., activating sequences,
enhancers and silencers) that alter gene expression in response to developmaeantal
and/or environmental stimuli, or in a tissue-specific or celi-type-specific manner. A
promoter is usually, but not necessarily, positioned upstream or 5 of &
transcribable sequence {(&.g., d coding sequence or a sequence encoding a
functional RNA), the expression of which ii regulates. Furthermore, the regulatory
elements comprising a promoter are usually positioned within 2 kb of the start site
of transcription of the gene. Promoters according to the invention may contain
additional specific regulatory elements, located more distal te the start site to
further enhance expression in a cell, and/or to alter the timing or inducibility ef
expression of a structural gene to which it is operably connected. The term
“promoter” also includes within its scope inducible, repressible and constitutive
promoters as well as minimal promoters, Minimal promoters typically refer to
minimal expression control elements that are capable of initiating transcription of a
selected DNA sequence to which they are operably linked. In some examples, a
minimal promoter is not capable of initiating transcription in the absence of
additional regulatory elements {€.g., enhancers or other cis-acting regulatory
elements) above basal levels. A minimal promoter frequently consists of a TATA
box or TATA-like box. Numerous minimal gromoter sequernices are known in the
literature. For example, minimal promoters may be selected from a wide variety of
known sequences, including promoter regions from fos, CMV, SV40 and IL-2,
among many ¢others. lllustrative examples are provided which use a minimal CMV
promoter or a minimal IL2 gene promoter {(-72 to +45 with respect to the stast
site; Siebenlist, 1986).

[0086] As used herein, “rare or endangered species” include but are not
limited to any animal listad by any organization as being threatened or endangered,
or any animal whose population, or habitat is threatened, or any animal which is
desirably breed in captivity. For example, lists of endangered species may be found
at U.S. Fish and Wildlife Service, Endangered Species Pragram or listed in the
Endangered Species Act (ESA).

[C097] By “recombingse recognition site” {RRS} is meant & nucleic acid
site or sequence to which a recombinase binds or otherwise interacts. Such binding
or interaction may be direct or indirect.
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[0098] The term “regulatable promoter” refers to promoters that direct
gene axpression not constifutively, but in a temporally~ and/or spatially-regulated
manner, and include both tissue-specific and inducible promoters, It includes
natural and synthetic sequeances as well as sequences which may be a combination
of synthetic and natural sequences. Different promoters may direct the expression
of a gene in different tissues or cell types, or at different stages of development, or
in response to different environmental conditions. New promoters of various types
useful in host cells are constantly being discovered, Since in most cases the exact
boundaries of regulatory sequernces have not been completely defined, nucleic acid
fragments of different lengths may have identical promoter activity.

[0099] As used herein, the ferms "RNA interference” and "RNAI" refer tp a
sequence-specific process by which a target moleculs (e.g., a target gene, protein
or RNA) is downregulated viz downregulation of expression. Without being bound to
a specific mechanism, as currently understood by those of skill in the art, RNAI
inviolves degradation of RNA molecules, e.g., mRNA malecules within a cell,
catalyzed by an enzymatic, RNA~induced silencing compiex (RISC). RNAf occurs in
cells naturally to remove foreign RNAs {e.g., viral RNAs} friggered by dsRNA
fragments cleaved from longer dsRNA which direct the degradative mechanism {0
other RNA sequences having closely homologous sequences. As practiced as a
technology, RNAi can be initiated by human intervention to reduce or even silence
the expression of target genes using either exogenously synthesized dsRNA or
dsRNA transcribed in the cell {e.g., synthesized as a sequence that forms a short
hairpin structure}.

[0100] As used herein, the terms "small interfering RNA" and “short
interfering RNA" ("siRNA") refer to a short RNA molecule, generally a double-
stranded RNA molecule about 10-50 nucleotides in length (the term "nuclectides”
including nucleotide analpgs), preferably between about 15-25 nuclectides in
length. In most cases, the siRNAis 17, 18, 19, 20, 21, 22, 23, 24, or 25
nucleotides in length. Such siRNA can have overhanging ends (e.g., 3'-overhangs of
1, 2, or 3 nucleotides {or nucleotide analags). Such siRNA can mediate RNA
interference.

[0101] As used in connection with the present invention, the term
“shRNA” refers to an RNA molecule having a stem-loop structure, The stem-loop
structure includes twe mutually complemeantary sequences, where the respective
orientations and the degree of complementarity allow base pairing between the two
sequences. The mutually complementary sequences are linked by a loop region, the
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loop resulting from g lack of base pairing between nucleotides {(or nuclentide
analogs) within the loep regicen.

[0102] The term "sequence identity” as used herein refers to the extent
that sequences are identical on a nucleotide-by-nucleptide basis or an amino acid-
by-aming acid basis over a window of comparison. Thus, a “percentage of sequence
identity” is calculated by comparing two optimally aligned seguences over the
window of comparison, determining the number of positions at which the identical
nucleic acid base (e.g. A, T, C, &, I} or the identical aming acid residue {e.g. Ala,
Pro, Ser, Thr, Gly, Val, Leu, llg, Phe, Tyr, Trp, Lys, Arg, His, Asp, Glu, Asn, Gin, Cys
and Met) occurs in both sequences to vield the number of matched positions,
dividing the number of matched positions by the total number of positions in the
window of comparison (i.e. the window size)}, and multiplying the result by 100 fo
yield the percentage of sequence identity. For the purposes of the present
invention, “"sequence identity” will be understaod to mean the “match percentage”
calculatad by the DNASIS computer program (Version 2.5 for windows; available
from Hitachi Software engineering Co., Ltd., South San Francisco, California, USA)
using standard defaulfs as used in the reference manual accompanying the
software.

[0103] “Similarity” refers to the percentage number of amino acids that
are identical or constitute conservative substitutions as defined in Table 1,

TABLE 1
ORIGINAL RESIDUE EXEMPLARY SUBSTITUTIONS

Ala Ser

Arg Lys

Asn Gin, His
Asp Glu

Cys Ser

Gin Asn

Glu Asp

Gly Pro

Mis Asn, Gin
Ile Leu, Val
Leu He, val
Lys Arg, Gin, Glu
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ORIGINAL RESIDUE EXEMPLARY SUBSTITUTIONS

Met Lau, lle,

Phe Met, Leu, Tyr

Ser Thr

Thr Ser

Trp Tyr

Tyr Trp, Phe

Val lle, Leu

[0104] Similarity may be determined using seguence comparison
programs such as GAP {(Deveraux ef a/. 1984, Nucleic Acids Research 12, 387-395).
In this way, sequences of a similar or substantially different langth to those cited
herein might be compared by inserticn of gaps into the alignment, such gaps being
determined, for example, by the comparison algorithm used by GAP,

[0105] Terms used to describe sequence relationships between two or
maore polynucleotides or polypeptides include “reference sequence”, “comparison
window”, "sequeance identity”, "parcentages of sequance identity” and “substantial
identity”. A “reference sequence” is at least 12 but frequently 15 to 18 and often at
least 25 monomer units, inclusive of nucleotides and amino acid residues, in length.
Because two polynucleotides may each comprise (1) a sequence (J.e., only a
portion of the complete polynucleotide sequence) that is similar between the two
polynucleotides, and {(2) a sequence that is divergent between the two
polynuclectides, sequence comparisons between two {or more) polynuclectides are
typically performed by comparing sequences of the two polynucieotides over a
“comparison window” to identify and compare local regions of sequence similarity,
A *comparison window” refers to a conceptual segment of at least 6 contiguous
positions, usually about 50 to about 1040, more usually about 100 to about 150 in
which g sequence is compared to a reference sequence of the same number of
contiguous positions after the two sequences are optimally aligned. The comparison
window may comprise additions or deletions (i.e., gaps) of about 20% or less as
compared to the reference sequence (which does not comprise additions or
deletions) for optimal alignment of the two sequences. Optimal alignment of
sequences for aligning a comparison window may be conducted by computerized
implementations of algorithms (GAP, BESTFIT, FASTA, and TFASTA in the Wiscensin
Genetics Software Package Release 7.0, Genetics Computer Group, 575 Scignce
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Drive Madison, WI, USA} or by inspection and the best atignment (/.e., resulting in
the highest percentage homology over the comparison window) generated by any
of the various methods selected. Reference also may be made to the BLAST family
of programs as for example disclosed by Altschul ef af., 1997, Nucl. Acids Res.
25:3389. A detailed discussion of sequence analysis can be found in Unit 19.3 of
Ausubel et al., "Current Protocols in Molecular Biolegy,” John Wiley & Sons Ing,
1994-1998, Chapter 15.

[0106] The term “site-specific homologous recombination” refers to strand
exchange crossover events between nudleic acid sequences substantially similar in
nuclectide composition. These crossover events can take place betweesn sequences
contained in the targeting construct of the invention and endogencus genomic
nucleic acid sequences, In addition, it is possible that more than one site-specific
homologous recombination event can occur, which would result in a replacement
avent in which nucleic acid sequences contained within the targeting construct have
replaced specific sequences present within the eéndogensus genomic sequences,

[0107] The term “specifically” as applied to disruption of a geng or to
recegnition of recombinase recognition sites refers to disruption of that gene or to
recegnition of those recombinase recognition sites without substantially disruption
of another gene or substantial recognition of other recombinase recognition sites.
For example, an agent that specifically disrupts a fertility gene is one that exhibits a
specificity for that fertility gene of greater than about 2-fold, 5-fold, 10-fold, 20-
fold, 50-fold or greater than about 100-fold, 500-fold, 1000-fold with respect to
disruption of another fertility gene, or of a gene unrelated to fertility. In another
aexample, an agent that specifically recagnizes recognition sites of a speacified
recombinase is one that exhibits a specificity for those recognition sites of greater
than about 2-fold, 5-fold, 10-fold, 20-fold, 50-fold or greater than about 100-fold,
500-fold, 1000-fold with respect to specificity fur the recognition sites of ancther
recombinase.

[0108] “Stringency” as used herein, refers to the temperature and ionic
strength conditions, and presence or absence of certain organic solvents, during
hybridization and washing procedures. The higher the stringency, the higher will be
the degree of complementanty between immobilized target nucleotide sequences
and the labeled probe polynucdiestide sequences that remain hybridized to the
target after washing.

[0109] “Stringent conditions” refers to temperature and ionic conditions
under which only nucleotide sequences having a high frequency of complementary
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bases will hybridize, The stringency required is nucleotide sequence dependent and
depends upon the various components present during hybridization and subseguent
washes, and the time allowed for these processes. Generally, in order to maximize
the hybridization rate, non-stringent hybridization conditions are selected; about 20
to 25° C lower than the thermal melting point {Ty). The Ty, is the temperature at
which 50% of specific target seguence hybridizes to a perfectly complementary
probe in solution at a defined ionic strength and pH. Generally, in order to require
at least about 85% nucleotide complementarity of hybridized sequences, highly
stringent washing conditions are selected to be about 5 to 15° C lower than the Ty,
In order to require at least about 70% nudlentide complementarity of hybridized
sequences, moderately stringent washing conditions are selected to be about 15 to
307 C lower than the T,,. Highly permissive (Jow stringency} washing conditions
may be as low as 50° C below the T, allowing a high level of mismatching between
hybridized sequences. Those skilled in the art will recognize that other physicat and
chemical parameters in the hybridization and wash stages can alse be altered to
affect the cutcome of a detectable hybridization signal from a specific level of
seguence identity between target and prebe sequences,

[0110] The terms “targeting cassette”, "targeting construct” and the like
refer to a nucleic acid construct that facilitates disruption or insertion of a specific
nucleic acid sequence in the genome of an organism or host cell by homologous
recombination. Generally, the targeting cassetie comprisas: (1} af least one
homology region or homology arm having a sequence that is substantially identical
to or substantially complemeantary with a sequence present in a host cell
endogenpus gene locus, and (2) a targeting region which becomes integrated into
an host cell endogenous gene locus by homelogous recombination between a
targeting construct hemolegy ragion and the endogenous gene locus sequence, A
targeting region may comprise a sequence that is substantially homologous to an
endogenous gene sequence and/or may comprise in some embodiments a non-
homologous sequence, such as a selectable marker (e.g., neo, ik, gpt) or
heterologous polynuclectide, The terms "targeting cassette”, “targeting construct”
and the like do not necessarily indicate that the targeting region comprises a gene
which becomes integrated into the host genome, nor does it necessarily indicate
that the targeting region comprises a complete structural gene seqguence. As used
in the art, the terms “targeting cassette”, "targeting construct” and the like are
synonymous with the term “transgene” as used herein.

- 30 -



10

15

20

25

WO 2015/066768 PCT/AU2014/050339

[0111] The term “totipotent” refers to the capability of a cell to
differentiate into all of the cell types of an adult erganism (e.g., non-human
animal},

[0112] The term “transcribable nucleic acid sequence” or “transcribed
nucleic acid sequence” excludes the non-transcribed regulatory sequence that
drives transcription. Depending on the aspect of the invention, the transcribable
sequence may be derived in whole or in part from any source known to the art,
including a plant, a fungus, an animal, a bacterial genome or episome, eukaryeotic,
nuclaar or plasmid DNA, ¢DNA, viral DNA or chemically synthesized DNA, A
transcribable sequence may contain one or more modifications in either the coding
or the untranslated regions, which could affect the biological activity or the
chemical structure of the expression product, the rate of expression or the manner
of expression control. Such modifications include, but are not limited to, insertions,
deletions and substitutions of one or more nucleotides. The transcribable sequence
may contain an uninterruptad coding sequence or it may include dne or more
introns, bound by the appropriate splice junctions. The transcribable sequence may
also encode a fusion protein. In other ambodiments, the transcribable sequence
comprises non-coding regions only.

[0113] “Transfection” means the process during which a nucleic acid
molecule (e.g. a plasmid or DNA fragment) is inserted into a eukaryotic cell.
Typically, 2-50% of calls take up the plasmid and express the protein product for
~3 days without incorporating the plasmid DNA or DNA fragment into the cell’s
chromosomaes (= transient transfection). A small proportion of these cells will
aventually incorporate the plasmid DNA into their chromoasomes and parmanently
exprass the protein product (= stable transfection).

[0114] The term “transgene” is used herein to describe genetic material
that has been or is about o be artificially introduced intg a genome of a host
organism and that is transmitted to the progeny of that host. The transgene will
typically comprise a polynuclectide that contains non-coding and/or coding
sequences that usually but not necessarily impart or elicit an activity (e.g.,
regulation of transcription or translation, production of a nucleotide sequence
including a coding and/or non-coding sequence, efc. ). In some embodiments, the
transgene comprises a polynucieotide that is capable of being transcribed into RNA
and optionally, translated and/or expressed under appropriate conditions. In some
embodiments, it is transcribed into a molecule that interferes with transcription or
franslation {e.g., antisense molecule) ¢r mediates RNA interference (&.¢., siRNA or

shRNA). In some embodiments, the transgene comprises a coding sequence for a
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polypeptide. In some embodiments, the transgene comprises a targeting cassette
far introducing a genetic madification intp a genome, Any of various methods can
be used to introduce a transgene inte a non-human animal to produce a transgenic
animal. Such techniques are weli-known in the art and include, but are not limited
to, pronudear microinjection, viral infection and transformation of embryonic stem
cells and iPS cells. Methods for generating transgenic animals that can be used
include, but are not limited to, those described in J. P. Sundberg and T, Ichiki, Eds.,
Genetically Engineered Mice Handbook, CRC Press; 2006; M. H. Hofker and L. van
Deursen, Eds., Transgenic Mouse Methods and Protocols, Humana Press, 2002; A,
L. Joyner, Gene Targeting: A Practical Approach, Oxford University Press, 2000;
Manipulating the Mouse Embryo: A Laboratory Manual, 3rd edition, Cold Spring
Harbor Laboratory Press; 2002, ISBN-10: 0879695919; K. Turksen (Ed.),
Embryonic stem cells: methods and protocols in Metheds Mol Biol, 2002; 185,
Humana Press; Current Protocels in Stem Cell Biology, ISBN;: 978047015180;
Meyer ef al. FNAS USA, vol. 107 (34), 15022-15026.

[0115] As used herein, the term “transgenic” or “transformed” with
respect to a host cell, host part, host tissue or hast means a host cell, host part,
host tissue or host animal which comprises a genetic modification, which has been
introduced inta the nucleome, especially the genome, of a host cell, host part, host
tissue or host animal, typically by way of a transgene.

[0116] By “vector” is meant a nuclaic acid molecule, suitably a DNA
molecule derived, for example, from a plasmid, bactericphage, or plant virus, into
which a nucleic acid sequence may be inserted or cloned. A vector typically contains
ane or more unique restriction sites and may be capable of autonomous replication
in a defined host cell including a target cell or tissue or a progenitor cell or tissue
thereof, or be integrable with the genome of the defined host such that the cloned
sequence is reproducible. Accordingly, the vector may be an autonomously
replicating vector, i.e., a vector that exists as an extrachromosomal entity, the
replication of which is independent of chromosomal replication, e.g., a closed
circular plasmid, an extrachromosomal element, a minichromosome, or an artificial
chromosome. The vector may contain any means for assuring self-replication.
Alternatively, the vector may be one which, when introduced into the host cell, is
integrated into the genome and replicated together with the chromosome(s) into
which if has been integrated. A vector system may comprise a single vector or
plasmid, two or marg vectors or plasmids, which together contain the total DNA to
be introduced into the genome of the host call, or a transposon. The choice of the
vector will typically depend on the compatibility of the vector with the host cell into
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which the vector is t¢ be introduced. The vector may also include a marker such as
an antibictic resistance gene that can be used for identification of suitable
transformants, Examples of such resistance genes are well known to those of skill
in the art.

[€0117] The term “5' non-~-coding region” is used herein in its broadest
context to include all nuclectide sequences which are derived from the upstream
region of an expressibla gene, other than those sequences which encode amino acid
residues which comprise the polypeptidea product of the gene, wherein 5’ non-~
coding region confers or activates or otherwise facilitates, at least in part,
expression of the gene.

[0118] As used herein, the term "5’ untransiated region” or ™5 UTR”
refers to a sequence lpcated 3° of a promotar region and 5' of the downstream
coding region. Thus, such a sequence, while transcribed, is upstream (i.e., 5') of
the transiation initiation codon and therefore is generally not translated into a
partion of the polypeptide product.

[0119] The term "3' untransiated region” or "3' UTR" refers to a nucleotide
sequences downstream {i.e., 3') of a coding seguence. It extends from the first
nuclectide after the stop codon of a coding sequence to just before the polyl{A) tail
of the corresponding transcribed mRNA. The 3' UTR may contain sequences that
regulate translation efficiency, mRNA stability, mRNA targeting and/or
polyadenylation.

[6120] The term "wild-type” refers to a gene or gene product which has
the characteristics of that gene or gene product when isolated from a naturally
geeurring source. A wild-type gene is that which is most frequently observed in a
population and is thus arbitrarily designated the “normal” or “wild-type” form of the
gene. In contrast, the tarm "modified” “variant” or "mutant” refers to a gene or
gene product which displays modifications in sequence and or functional propertias
{i.e., altered characteristics) when compared to the wild-type gene or gene product.
It is noted that naturally-occurring mutants can be isclated; these are identified by
the fact that they have altered characteristics when compared to the wild-type geane
or gene product.

[0121] As used herein, underscoring or italicizing the name of a gene shall
indicate the gene, in contrast to its protein product, which is indicated in the
absence of any underscoring or italicizing. For example, "GILZ” shall mean the GILZ
gene, whereas “"GILZ" shall indicate the protein product of the "GILZ” gene.
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[0122] Each embodiment described herein is to be applied mutatis
mutandis to each and every embodiment unless specifically stated otherwise,

2. Abbreviations

[0123] The following abbreviations are used throughout the application:

dpc =days post coitum
ES cell =embryonic stem cell
api stem cell =epiblast stem cell
EG cell =embryonic germ cell
iPS cell =induced pluripotent stem cell
d =day
h =hour
s =seconds

3. Use of non-human embryos with a disrupted fertility gene for
ernthancing germ fine transmission of donor pluripotent cells

[0124] The present invention provides compositions and methods for
enhancing germ line transmission of donor pluripotent cells, including ones with
genetic modifications. Germ cells originating in non-human host embryos are
modified so that at least one gene that contributes to fertility {i.e., a fertility gene)
is disrupted. The modified non-human host embryos are then used to "host”
intreduced donor pluripotent cells that have a functional fertility gene {j.e., a
fertility gene that is not disrupted). Implantation and gestation of the resulting non-
human host embryo in a surrogate or foster non-human animal produces a litter
which usually includes two types of chimeric offspring: those that have endogenous
germ cells or gametes with a disrupted fertility gene, which are generally derived
from the non-human host embryo, and those that comprise germ cells or gametes
with a functional fertility gene, which are generally derived from the donor
pluripotent cell. When bred with cognate non-human animals that comprise a
functional fertility geneg, the chimeric non-human animals that comprise
endogenous germ cells or gametes having a disrupted fertility gene will have
impaired or inhibited fertility. By contrast, chimeric non-human animals that
comprise germ cells or gametes derived from the donor pluripotent cell will have
normal or unimpaired fertility, thereby enhancing the production of first litter
offspring comprising germ cadls or gametes derived from the donor pluripotent cell.

3.1Fertility. genes
[0128] Anvy suitable fertility gene or combination of fertility genes may be
disrupted to provide non-human host embryos as well ds derived non-human
- 34 -
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animals and offspring in agcordance with the present invention, Non-limiting
examples of fertility genes are listed in Table 2, together with illustrative mutations
{(which are presented in superscript) and allelic compositions that cause fertility
gene disruption and lead to infertility {e.g., male infertility}. Also presented in Table
2 are illustrative genetic backgrounds, in which disruption of these fertility genes
led to infertility {(e.g., male infertility).

TABLE 2: FERTILITY GENES AND ILLUSTRATIVE MUTATIONS LEADING TO INFERTILITY
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[0126] In other embodiments, the fertility gene is selected from
spermategenesis genes, illustrative examples of which include those disclosed in
US. Pat. Appl. Pub. 2005/0176943, the entire content of which are incorporated
herein by reference, Representative genes include those comprising transcripts with
nucleir acid sequences set out in SEG 1D NOs: 1 - 89 of this publication. Non-
limiting examples of these genes include AKAP110, Rbce728, Trim36, Noppl40,
ATR, HSpb, Spergen-1, arvisulfatase A, Drctnnbla, COCI4B, cystatin-related
epididymal spermatogenic protein, pregnancy-induced growth inhibitor, fatty acid
coenzyme A ligase, long chain, Fem, major 80,000 Mr fibrous sheath component,
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Glycerol phosphate dehydrogenase 1, mitochandrial, Lim domains containing 1,
eaz-t, pctp-1, testis-specific phosphoglycerate kinase, phospholipase C delta 4,
protamine 1, profamine 2, scot-tl, scot-t2, mitochondrial capsuie selenoprotein,
Sperizin, oppo 1, Gal beta-1, 3-GalNAc-specific GalNAc alpha-2, 6-sialyltransferase,
suppressor of fused homolog, t-actin 1, t-actin 2, t-complex Tcp-10a, tektin-t, teek
1, TB-2, tsec-1, tssk 1.2 substrate, serine/threpnine kinase 228 (spermicgenesis
associated), tsga2, Gapd-5, meichroacidin, halap-X, Ssecks, gsal, haspin, gsg3,
hiis1, shippol, and putative Iysophosphatidic acid acyltransferase.

[0127] In advantageous embodiments, the fertility gene is a gene located
on a sex chrompsome, In illustrative examples of this type, the fertility gene is
located on the X chromosome {f.e., a X-linked fertility gene) such as, but not
limited to, GILZ (TSC22d3).

[06128] The fertility gene may be disrupted using any suitable technique.
In some embodiments, disruption is carried out using a targeting construct in which
a portion of the fertility gene is operatively positioned between two flanking
portions of a targeting cassette, which are sufficiently homologous with regions of a
target site in the cellular genome to permit homologous recombination between the
fargeting cassette and the target site, For axample, the farget site may comprise
an exonic or coding sequence, or a control sequence (e.g., a promeoter), of the
fertility gene and in certain embodimeants, a disruptor sequence {&.g., marker gene)
is positioned by the flanking portiens of the targeting casseatte to disrupt ar replage
at least a portion of the fertility gene thersby rendering the fertility gene inactive
and thus non-functional. In illustrative examples of this type, one of the flanking
portions is substantially homologous to a portion of the 5" untransiated sequence of
the fertility gene, and the other substantially homologous to at least a portion of
the 3" untranslated sequence of the endogencus gene. In other illustrative
axamples, the flanking portions of the targeting cassette are substantially
homologous to regions of the fertility gene that border an intervening coding
sequence that encodes a domain of @ polypeptide encoded by the fertility gene,
which is required for fertility. In these embodiments, site-specific homologous
recombination between the targeting construct and the target site subsequently
results in replacement of at least a portion of the fertility gene with the marker
gene and disruption of the fertility gene.

[0129] In specific embodiments, a fertility gene is provided with
recombinase recognition sites {alse known as acceptor sequences) that are located
within or adjacent to that geneg, and that are recognized by a site-specific

recombinase protein that acts as a ferdility gene disruptor molecule by binding to
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and catalyzing site-specific recombination between the recombinase recognition
sites leading to disruption of that gene. The recombinase may catalyze intra- or
intermelecular recombination between the sites. For example in the case of intra-
molecular recombination, when two recombination sites having an identical
orientation exist within the same molecule, site-specific recombination between the
sites will excise a DNA sequence flanked by the sites (an excision reaction) whereas
in inter-molecular recombination, site~specific recombination between two
recombination recognition sites on different molecules will result in co-integration
{an insertion reaction). In ilfustrative examples of these embodiments, a transgene
comprising a site-specific recombinase coding sequence that is operably linked to a
promioter is used to conditionally disrupt the fertility gene. Iliustrative
recombinases, which are site-specific, incude Cre, modified Cre, Dre, Hp, FLP-wild
type {wh), FLP-L, FLPe, Fipo or phiC31. Nen-limiting examples of recombinase
recegnition sites include loxP, FRT, rax and atiP/B. Recombination may be effected
by any art-known method, .., the method of Daetschman ef al. (1987, Nature
330:576-578); the method of Thomas ef al. (1986, Celf 44:419-428); the Cre-loxP
recombination system {Sternberg and Hamilton, 1981, J. Mo/, Biol, 150:467-486;
Lakso ef al., 1992, Proc. Natl. Acad. Sci. USA 89:6232-6236); the FLP recombinase
system of Saccharomyces cergvisige (Q'Gorman et al., 1991, Science 251:1351-
1355; Lyznik et al., 1996, Nucleic Acids Res. 24(19):3784-3789); the Cre-loxP-
tetracycline control switch (Gossen and Bujard, 1992, Froc. Nall. Acad. Sci. USA
84:5547-51): and ligand-regulated recombinase system (Kellendonk et a/., 1999, 7.
Mol. Biol, 285:175-82). Desirably, the recombinase is highly active, e.g., the Cre-
loxP or the FLPe system, and has enhanced thermostability {Rodrguez et a/., 2000,
Nature Genetics 25:139-40). In specific embodiments, at least a portion of the
fartility gene {including its regulatory sequences, if appropriate) is flanked by either
loxP target sites, which are specifically recognized by a Cre recombinase, or FRT
target sites, which are specifically recognized by a FLP recombinase. An illustrative
example of a loxP target site sequence is

5 -ATAACTTCGTATAGCATACATTATACGAAG TTAT-3' [SEQ ID NO:1]. An illustrative
example of an FRT targeat site sequence is 5'-
GAAGTTCCTATTCCGAAGTTCCTATTCTCTAGTAAGTATAGGAACTTC -3 [SEQ ID NO:21.

[0130] In other ambodiments, the fertility gene disruptor molecule is an
expression product that inhibits expression of the fertility gene by RNA interference
{RNA{} or by post-transcriptional gene silencing (PTGS). In illustrative examples of
this type, the expression product is a RNA molecule {e.g., siRNA, shRNA, miRNA,
dsRNA efc.) that comprises a targeting region corresponding to a nuclectide
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sequence of the fertility gene and that attenuates or otherwise disrupts the
expression of the fertility gene. Non-limiting examples of such fertility genes are
listed in Table 2 and slsewheare herein.

[0131] In illustrative examples, the targeting sequence displays at least
60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,74, 75,76, 77, 78, 79, 80,
81, 82, 83, 84, B, 86, 87, B8, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99% identity
to a nucleotide sequence of the fertility gene. In other illustrative examples, the
targeting sequence hybridizes to a nuclectide sequence of the target gene under at
least low stringency conditions, more suitably under at least medium stringency
conditions and even more suitably under high stringency conditions. Reference
herein to low stringency conditions include and encompass from at least about 1%
v/v to at least about 15% v/v formamide and from at least about 1 M to at least
about 2 M salt for hybridization at 42° C, and at |least about 1 M to at Ieast about 2
M salt for washing at 42° C. Low stringency conditions alse may include 1% Bovine
Serum Albumin (BSA), 1 mM EDTA, 0.5 M NaHPO4 (pH 7.2), 7% SDS for
hybridization at 65° C, and (i} 2x85C, 0.1% SDS; or {ii} 0.5% BSA, 1 mM EDTA, 40
mM NaHPO, {pH 7.2), 5% SDS for washing at room temperature. Meadium
stringency conditions include and encompass from at least about 16% v/v to at
least about 30% v/v formamide and from at least about 0.5 M to at least about 0.9
M salt for hybridization at 42° C, and at least about 0.5 M to at least about 0.9 M
salt for washing at 42° C. Medium stringeancy conditions alse may include 1%
Bovine Serum Albumin {BSA), 1 mM EDTA, 0.5 M NaHPQ, (pH 7.2), 7% 5DS for
hybridization at 85° C, and {i} 2 x 8SC, 0.1% SDS; or (ii) 0.5% BSA, 1 mM EDTA,
40 mM NaHPQ4 (pH 7.2), 5% SDS for washing at 42° €. High stringency conditions
include and encompass from at teast about 31% v/v to at least about 50% v/v
formamide and from at least about 0.01 M to at least about 0,15 M salt for
hybridization at 42° C, and at least about 0.01 M to at least about 0.15 M salt for
washing at 42° C. High stringency conditions also may include 1% BSA, 1 mM
EDTA, 0.5 M NaHPO, (pH 7.2}, 7% SDS for hybridization at 65° C, and (i) 0.2 x
S8C, 0.1% SD&; or (ii) 0.5% BSA, 1mM EDTA, 40 mM NaMHPO, (pH 7.2), 1% 5DS
for washing at a temperature in excess of 65° C. Desirably, the targeting sequence
hybridizes to a nucleotide sequence of the fertility gene under physiological
conditions.

[0132] Other stringent conditions are well known in the art, A skilled
artisan will recognize that various factors can be manipulated to optimize the
specificity of the hybridization. Optimization of the stringency of the final washes
can serve to ensure a high degree of hybridization, For detailed examples, see
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Ausubel ef al., supra at pages 2.10.1 to 2.10.16 and Sambrook et al., supra at
sections 1.101 to 1.104.

[0133] Suitably, the targeting region has sequence identity with the sense
strand or antisense strand of the fertility gene. In certain embodiments, the RNA
molecule is unpolyadenylated, which gan lead to efficient reduction in expression of
the fertility gene, as described for example by Waterhouse ef g/, in U.5. Patent No.
6,423,885,

[0134] Typically, the length of the targeting ragion may vary from about
10 nucleotides {nt} up to a length equaling the length (in nucleotides) of the fertility
gene. Generally, the length of the targeting region is at least 10, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25 nt, usually at feast about 50 nt, more usually
at least about 100 nt, especially at least about 150 nt, more especially at least
about 200 nt, sven more especially at least about 500 nt. It is expected that there
is no upper limit to the total length of the targeting region, cther than the total
length of the fertility gene. However for practical reason {such as e.g,, stability of
the targeting constructs) it is expectad that the length of the targeting region
should not exceed 5000 nt, particularly should not exceed 2500 nt and could be
limited to about 1000 nt.

[6135] The RNA molecule may further comprise one or more other
targeting regions (e.g., from about 1 te about 10, or from about 1 to about 4, or
from about 1 to about 2 other targeting regions) sach of which has sequence
identity with a nucleotide sequence of the target gene. Generally, the targeting
regions are identical or share at least 60, 61, 62, 63, 64, 65, 66, 67, 68, 89, 70,
71,72, 73,74, 75, 76,77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 897, 98, 99% sequence identity with each other.

[0136] The RNA molecule may furthar comprise a reverse complement of
the targeting region. Typically, in these embodiments, the RNA molacule further
comprises a spacer sequence that spaces the targeting region from the reverse
complemeant. The spacer sequence may comprise a sequence of nucleotides of at
Irast about 100-500 nucleotides in length, or alternatively at least about 50-100
nucleotides in length and in a further alternative at least about 10-50 nucleotides in
length. Typically, the spacer seguence is a non-coding seguence, which in some
instances is an infron. In embediments in which the spacer sequence is a non-
intron spacer sequence, transcription of the nucleic acid sequence will produce an
RMA molecule that forms a hairpin or stem-loop structure in which the stem is
farmed by hybridization of the targeting region to the reverse complemeant and the
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loop is formed by the non-intron spacer sequence conngcting these “inverted
repeats’. Alternatively, in embodiments in which the spacer seguence is an intron
spacer sequence, the presence of intron/exon splice junction seguences on either
side of the intron sequence facilitates the removal of what would otherwise form a
loop structure and the resulting RNA will form a double-stranded RNA (dsRNA)
molecule, with optional overhanging 3' seqguences at one or both ends. Such a
dsRNA transcript is referred to herein as g "perfect hairpin®. The RNA molecules
may comprise a single hairpin or multiple hairpins including “buiges” of single-
stranded RNA occurring adiacent to regions of double-stranded RNA sequences,

[01327 Alternatively, a dsRNA molecule as described above can be
conveniently pbtained using an additional polynucleatide from which a further RNA
maolecule is producible, comprising the reverse complament of the targeting region.
In this embodiment, the reverse complement of the targeting region hybridizes to
the targeting region of the RNA molecule transcribed from the second
palynucleotide,

[0138] In another example, a dsRNA molecule as described above is
prepared using a second polynuclestide that comprises a duplex, wherein gne
strand of the duplex shares sequence identity with a nucleotide sequence of the
target gene and the other shares sequance identity with the complement of that
nuclectide sequence. In this embeodiment, the duplex is flanked by two promoters,
ong controlling the transcription of ane of the strands, and the other contrelling the
transcription of the complementary strand. Transcription of both strands produces a
pair of RNA molecules, each comprising a region that is complementary to a region
of the other, thereby producing a dsRNA malecule that inhibits the expression of
the fertility gene.

[0139] In ancther example, PTGS of the fertility gene is achieved using
the strategy by Glassman et af. described in U.S, Patent Application Publication No
2003/0036197. In this strategy, suitable nucleic acid sequences and their revarse
complement can be used to alter the expression of any hemologous, endogenous
farget RNA {i.e., comprising a transcript of the fertility geng) which is in proximity
to the suitable nucleic acid sequence and its reverse complement. The suitable
nucleic acid sequence and its reverse complement can be either unrelated to any
endaogenaus RNA in the host or ¢can be encoded by any nucdieic acid sequence in the
genome of the host provided that nucleic acid sequence does not encode any target
mRNA or any sequence that is substantially similar to the target RNA, Thusg, in
some embodiments of the present invention, the RNA molecule further comprises

two complementary RNA regions which are unrelated to any endogenous RNA in the
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hast cell and which are in proximity to the targeting region. In ather embodiments,
the RNA molecule further comprises two complementary RNA regions which are
encoded by any nucleic acid sequence in the genome of the host provided that the
saquence doas not have sequence identity with the nuclectide sequence of the
fertility gene, wherein the regions are in proximity to the targeting region. In the
above embodiments, one of the complemeantary RNA regions can be located
upstream of the targeting region and the other downstream of the targeting regian,
Alternatively, both the complementary regions can be located either upstream or
downstream of the targeting region or can be located within the fargeting region
itself.

[0140] In some embodiments, the RNA molecule is an antisense molecule
that is targeted fo a specific region of RNA encoded by the fertility gene, whigh is
critical for translation. The use of antisense molecules to decrease exprassion levels
of a pre-determined gene is known in the art. Antisense molecules may be
designed to correspond to full-length RNA transcribad from the fertility gene, or to
a fragment or portion thereof. This gene silencing effect can be enhanced by
transgenically over-producing both sense and antisense RNA of the fertility gene
coding sequence so that a high amount of dsRNA is produced as described for
example above {see, for example, Waterhouse et al. (1998) Proc Nat! Acad Sci USA
95:13959 13964).

[0141] In still other embodiments, the fertility gene disruptor molecule is
an antibody that is immuno-interactive with a polypeptide product of the fertility
gene. In non-limiting examples of this type, the polypeptide product is one that is
ancoded by a fertility gene listed in Table 2 and elsewhere hergin. Exemplary
antibodies for use in the practice of the present invention include monoclonal
antibodies, Fv, Fab, Fab' and F(ab'), immunoglobulin fragments, as well as
synthetic antibodies such as but not limited to single domain antibodies (DABs),
synthetic stabilized Fv fragments, e.g., single chain Fv fragments (scFv), disulfide
stabilized Fv fragments (dsFv), single variable region domains (dAbs) minibodies,
combibodies and multivalent antibodies such as diabodies and multi-scFv or
engineered human equivalents. Techniques for preparing and using various
antibody-based constructs and fragments are well known in the arf. Means for
preparing and characterizing antibodies are also well known in the art. In
illustrative examples, antibodies can be made by conventional immunization {e.g.,
polyclonal sera and hybridomas) with isclated, purified or recombinant peptides or
proteins corresponding to at least a portion of a polypeptide product of a fertility
gene, or as recombinant fragments correspending to at least a portion of a
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polypeptide product of a Tertility gene, usually expressed in Escherichia coli, after
sedection from phage display or ribosome display libraries {e.g., available from
Cambridge Antibody Technology, Biolnvent, Affitech and Biosite). Knowledge of the
antigen-binding regions (&.g., complementarity-determining regions) of such
antibodies can be used to prepare synthetic antibodies as described for example
above.

3.2 Systems for generating non-human embryos with a disrupted fertility gene

[0142] In accordance with the present invention, systems are used for
generating non-human host embryo with disrupted fertility genes. For example,
non-human embryos that comprise a disrupted fertility gene may be created by
crossing: 1) a first animal strain carrying a disruptable fertility gene ("conditional
infartility strain"}; with 2) a second animal strain carrying an infertility-activating
transgene that comprises a disruptor nuclectide sequence that codes for a fertility
gene disruptor molecule that disrupts the disruptable fertility gene {"infertility-
activating strain”}, thereby generating transgenic non-human host embryos that
comprise germ cells having a disrupted fertility gene. In some embodiments,
female members of the first animal strain are crossed with male members of the
second animal strain. As used herein, respective members of the first and second
animal strains are breeding partners of a breeding pair of non-human animals.

[0143] In some embodiments, the fertility gene of the conditional
infertilify strain is in the form of a transgene ("conditional inferfility transgene”) in
which it is operably linked to a promoter and to recombinase recognition sites that
permit disruption of the fertility gene in the presence of a recombinase. In these
ambodiments, the infertility-activating transgene comprises a coding sequeance for
the recombinase pperably linked to a promoter and the recombinase recognition
sites are usually located within or adjacent to the fertility gene and mediate
disruption of the fertility gene. In non-limiting examples of this type, the
recombinase encoded by the infertility-activating transgene of the infertility-
activating strain is Cre and the recombinase recognition sites included in the
conditional infertility transgene of the conditional infertility strain are loxP
saquences. In illustrative examples, crossing a female member of the conditional
infertility strain that is homozygous for the conditicnal infertility transgene with a
male mamber of the infertility-activating strain that is homazygous for the
infertility-activating transgene preduces non-human animal embryos with at least
some germ cells having a heterologous disruption of the fertility gene. In
advantageous examples, the fertility gene of the conditional infertility strain is
located on the X chromosome (i.e., a X-linked fertility gene) and crossing a female
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member of the conditional infertility strain that is homozygous for the conditional
infertility transgene with a male member of the infertility -activating strain that is
homazygous for the infertility-activating transgene produces non-human animal
embryos including male embryos with at least some germ cells having a
homozygous disruption of the fertility gene.

[0144] In other embodiments, non-human host embryos that comprise a
disrupted fertility gene are created by crossing: (1) a first animal strain carrying {(a)
a first conditional infertility transgene that comprises a first disruptable fertility
gene and (b} a first infertility-activating transgene that comprises a geng that
disrupts a second disruptable fertility gene ("first conditional infertility -activating
strain™); with (2) a second animal strain carrving {a) a second conditional infertility
fransgene that comprises the second disruptable fertility gene and (b) a sacond
infartility-activating transgene that comprises a gene that disrupts the first
disruptable fertility gene ("second conditional infertility-activating strain®), wherein
the first infartiity-activating transgene specifically disrupts the second disruptable
fertility gene and wherein the second infertility-activating transgene specifically
disrupts the first disruptable fertility gene, thereby generating transgenic non-
human host embryos that comprise germ cells having a disrupted fertility gene,
Except for the elements of the first and second conditional infertility transgenes
that mediate disruption of the first and second disruptable fertility genes in the
presence of the infertility-activating transgenes, the fertility genes of the
conditional infertility fransgenes are suitably the same or corresponding genes. In
these embodimeants, crossing a breeding partner of the first conditional infertility-
activating strain that is homozygous for the first conditional infertility transgens
and the first infertility-activating transgene with a breeding partner of the second
conditional infertility-activating strain that is homezygous for the second conditional
infertility transgene and the second infertility-activating transgene produces non-
human animal embryos with at least some germ cells having a homozygous
disruption of the fertility gene. In some embodiments, female members of the first
animal strain are crossed with male members of the second animal strain. In other
embodiments, male members of the first animal strain are crossed with female
members of the second animal strain.

[0145] In some embodiments, the first conditional infertility transgene
comprises the first disruptable fertility gene operably connected to a promoter and
to first recombinase recognition sites, which mediate disruption of the first
disruptable fertility gene in the presence of a first recombinase, and the first
infertility-activating transgene comprises a coding sequence for a second
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recombinase operably linked o a promeoter, wherein the second recombinase
specifically recognizes second recombinase recognition sites. The second conditional
infertility transgene suitably comprises the second disruptable ferdility gene
operably connected te a promoter and to secend recombinase recognition sites,
which mediate disruption of the second disruptable fertility gene in the presence of
the second recombinase, and the second infertility-activating transgene comprises
a coding sequence for the first recombinase operably linked to a promoter, wherein
the first recombinase specifically recognizes the first recombinase recegnition sites.
In Hustrative examples of this type, the second recombinase encoded by the first
infertility-activating transgene is FLP, the recombinase recognition sites included in
the first conditional infertility transgene are loxP sequences, the first recombinase
encoded by the second infertility-activating transgene is Cre, and the recombinase
recognition sites included in the second conditional infertility transgene are Frt
saquences. In other illustrative examples, the second recembinase encoded by the
first infertility-activating transgene is Cre, the recombinase recognition sites
included in the first conditional infertility transgene are Fri sequences, the first
recombiinase encoded by the second infertility-activating transgene is FLP, and the
recombinase recognition sites included in the second conditional infertility
transgene are loxP sequances.

[0146] In some embodiments, the second recombinase encoded by the
first infertility-activating transgene is FLP, the target sites included in the first
conditional infertility fransgene are loxP sequences, the first recombinase encoded
by the second infertility-activating transgeneg is Cre, and the target sites included in
the second conditional infertility transgene are Fri sequences. In these
embodiments, crossing a female member of the first conditional infertility-activating
strain that is homozygous for the first conditional infertility transgene and the first
infertility-activating transgene with a male member of the second conditional
infertility-activating strain that is homozygous for the second conditional infertility
transgenes and the second infertility-activating transgene produces non-human
animal embryos with at least some germ cells having a homozygous disruption of
the fertility gene.

[0147] In still other embodiments, non-human embryos that comprise a
disrupted fertility gene may be created by crossing: 1) a first animal strain carrying
a disruptable fertility gene {("¢onditional infertility strain”); with 2} a second animal
sirain carrying an infertility-activating transgene that comprises a disruptor
nuclectide sequence that codes for a fertility gene disruptor molecule that disrupts
the disruptable fertility gene ("infertility-activating strain"), wherein the fertility
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gene disruptor is selected from inhibitory nucleic acids {e.g., inhibitory RNAs such
as sense or antisense RNAs, molecules that mediate RNA interference such as
siRNA, shRNA, miRNA; afc.}, inhibitory polypeptides {(&.g., antibodies, polypeptide-
kinding partners, dominant negative polypeptides, enzymes etc.) or any other
molecule that inhibits the activity of the fertility gene or level or functional activity
of an expression product of the fertility gene. In these embodiments, the infertility-
activating transgene suitably comprises an exprassion-maodulating element operably
linked to the disruptor nuclectide sequence, wherein the slement conditionally
inhibits expression of the disruptor nucleotide sequence and the conditional
infertility strain carries an activator transgene that inhibits the activity of the
expression-modulating element, resuiting in expression of the disruptor nucleotide
sequence.

[0148] Thus, when a breeding partner of the conditional infertility strain is
crossed with a breeding partner of the infertility-activating strain, embryos will form
in which the activator transgene is expressed leading to inhibition of the
exprassion-modulating element and to de-inhibition of expressien of the disruptor
nucleotide sequence with production of the fertility gene disruptor molecule,
thereby resulting in disruption of the fertility gene. In these embodiments, crossing
a breeding partner of the conditional infertility strain that is homaozygous far the
activator transgene with a breeding partner of the infarfility-activating strain that is
homozygous for the infertility-activating transgene produces non-human animal
ambryos with at least some germ calls having a homozygous disruption of the
fertility gene.

[0148] In some embadiments, the expression-modulating element inhibits
transcription of the disruptor nucleotide sequence under a first condition and
disruption of the expression-modulating element may permit or enhance
transcription of the disruptor nucteotide sequence under a second condition. In
some embodiments, the expression-modulating element comprises an inhibitor
nuclectide sequence (&.g., a transcription terminator)} that inhibits expression of the
disruptor nucleotide sequence and that is operably linked to recombinase
recognition sites, wherein the recombinase recognition sites mediate disruption of
the inhibitor nucleotide sequence in the presence of a recombinase, In illustrative
examples of this type, the second breeding partner comprises an activator
transgene comprising a coding seguence for the recombingse, operably connected
to a promoter. The fertility gene of the second breeding partner is suitably a wild-
type gene. In some embodiments, the first breeding partner is male and the sgcond
breeding partner is female.
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[0150] In illustrative examples of this type, the disruptor nuclectide
sequence is exprassed conditionally by operably linking the disruptor nucleotide
sequence to an inducible transcriptional regulation system., Transactivators
produced from the activator transgene interact specifically with sequences
sngineered into requlatory elements operably connected to the disruptor nucleotide
sequence to induce transcription of that nucleotide sequence in the presence of an
expression preduct of the activator transgene. Thus, in these embadiments, the
activator transgene typically comprises a nucleic acid sequence encoding a
transcriptional inducer and the expression-modulating element comprises a a
binding site for the transcriptional inducer that is operably connected to the
promoter of the disruptar nucleotide sequence, whereby production of the
transcriptional inducer causes an increase or elevation in exprassion of the
disrupteor nuclectide sequence and in the level or functional activity of the fertility
gene disruptor melecule. In representative examples of this type, the
transcriptional inducer comprises (a) at least one transcriptional activation domain,
and (b) at least one DNA-binding domain that binds to, or otherwise interacts with,
the promoter which is operably connected to the disruptor nucleotide sequence and
with which the DNA-binding domain(s) interact(s) to activate transcription of the
disruptor nucleotide sequence. In operation, transcription of the activator transgene
results in the production of the transcriptional inducer which, in turn, interacts via
its DNA-binding domain{s)} with the promoter of the disrupter nuclectide sequence
and via its transcriptional activation domain with transcriptional machinery to
activate transcription of the disruptor nucdleotide sequence, which results in an
increase or elevation in the level or functional activity of the fertility gene disruptor
molecule.

[0151] Non-limiting examples of transcriptional activation domains include
the acid transactivation domain (TAD} of HSV1-VP16 {e.q., aming acids 406 to 488,
Triezenberg et al., 1988, Genes & Develppment 2:718-729; Triezenberg, 1995,
Current Opinions in Genetics and Development 5:180-196; or amino acids 413 to
490, Regier et al., 1993, Proc Nall Acad 5ci U 5 A. 90(3}:883-887; or amino acid
411 to 487; or amino acids 453-499; or amino acids 413 to 454; or aminoc acids
410 to 452, Walker et al., 1993, Mol Cell Biol. 13(9):5233-5244; amino acids 411
to 455, Nettelheck et af., 1998, Gene Ther. 5{12):1656-1664), the activation
domain of Oct-2 (e.g., amino acids 438 to 479, Tanaka et al., 1994, Mol Cell Biol.
14(2):6046-6055; or aminp acids 3 te 154, Das et al,, 1995, Nature.
374{6523):657-660}, the activation domain of SP1 {e.g., amino acids 340 to 485,
Courey and Tijan, 1988, Cell. 55(5):887-898), the activation domain of NFY (e.g.,
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amino acids 1 to 233, Li et al., 1992, J Biof Chem. 267{13):8984-8990; van
Hujisduijnen et al., 1990, EMBC J. 9(10):3119-3127; Sinha et al., 1995, Proc Natl

Acad 5ci U/ 5 A, 92(5):1624-1628; Coustry et al. 1995, J Biol Chern, 270(1):468-

475), the activation domain of ITFZ (e.g., aminc acids 2 {0 452, Seipel et a1, 1992,
EMBO J. 11(13):4961-4988), the activation domain of c-Myc {e.g., amino acids 1 to
262, Eilers et al. 1991, EMBO J, 10{1):133-141), the activation domain of CTF
{e.g., amino acids 399 to 499, Mermod et al., 1989, Cell 58{4):741-753; Das and
Herr, 1993, 1 Bip/ Chem 268(33):25026-25032) or the activation domain of P&5
(e.g., amino acids 286-550}. In some embodiments, the DNA-binding domain is
selacted from the DNA-binding domain of the Gald protein {e.g., amino acids 1 to
147, Chasman and Kornberg, 1990, Mo/ Celf Biol. 10{6):2916-2923), the DNA-
binding domain of the LexA protein {e.g., amino acids 1 to 81, Kim et a/., 1992,
Science 10;255(5041):203-206; or aminc acid 2-202; ar the whole LexA protein
e.g., amino acids 1 to 202, Brent and Ptashne, 1985, Celf 43(3 Pt 2):729-738), the
DNA-binding domain of the lac repressor {Lacl) protein {e.g., Brown et /., 1987,
Cefl 49(5):603-612; Fuerst et al., 1989, Proc Natl Acad Sci U 5 A. 86(8):2549-
25533, the DNA-binding domain of the tetracycline repressor (TetR) protein {e.g,
Gossen ef al., 1992, Proc Natl Acad 5ci U 5 A. 85(12):5547-5551; Dingermann ef
al., 1992, EMBO J. 11(4):1487-1492} or the DNA-binding domain of the ZFHD1
protein (e.g, Pomerantz ef al., 1995, Science 267(5194):83-86). If is genearally
advantageous to add a nuclear localization signal (NLS) to the 3’ end of the DNA-
binding domain.

[0152] The promaoter that is operably connected to the disruptor
nucleotide sequence suitably comprises a cis-acting sequence with which the
transcriptional inducer interacts. The ¢is-acting sequence comprises a binding
saquence for the transcriptional inducer and particularly for its DNA-binding
domain. The hinding sequence, therefore, depends on the choice of the DNA-
hinding domain of the transcription factor used for the expression system, and
includes, but is not limited to: {A) a binding sequence for the Gal4 protein such as
but not limited to: nucleotide sequence: 5'-CGGACAACTGTTGACCG-3' [SEQ ID
NQ:3] as for example described by Chasman and Kornberg (1990, supra); or
nucleotide sequence: 5-CGGAGGACTGTCCTCCG 3 [SEQ 1D NO:4]; or nucleotide
sequence: 5'-COGGAGTACTGTCCTCCG-3' [SEQ ID NO:5] as for example disclosed by
Giniger et al. (1988, Proc Natl Acad Sci U 5 A. B5(2):382-386); (B) a binding
sequence for the Gal4 protein such as but not limited to: nucleotide sequence: 5~
TACTGTATGTACATACAGTA-3 [SEQ ID NQ:6]; or the LexA operator as for example
disclosed by Brent and Ptashne {1984, Nature 312({5995):612-615}; (C) a fac
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operator such as but not limited to nucleotide sequence: 5'-
GAATTGTGAGGCTCACAATTC-3' [SEQ 1D NO; 7], to which the Lacl repressar protein
binds, as for example described by Fuerst ef a/. (1989, supra) and Simons &t af,
(1984, Froc Natf Acad 5ci U 5 A, 81(6):1624-1628); (D) a tetracycline operator (tet
0} such as but not limited to nucleotide sequence: 5'-
TCGAGTTTACCACTCCCTATCAGTGATAGAGAAAAGTGAAAG-3" [SEQ ID NO:B] to
which the tetracycline repressor (TetR) protein binds; (E) a binding sequence for
the ZFHD-1 protein such as but not limited to: nucleotide sequence: 5'-
TAATGATGGGCG-3' [SEQ ID NO:9] as for example described by Pomeranz et al.
(1985, supra); (F) a hinding sequence for the ¢-Myc protein such as but not limited
to: 5'-GOAAGCAGACCAGCTGGTCTGCITCC-3' [SEQ ID NO:10].

[0153] In other embodiments, conditional expression of the disruptor
nucleotide sequence is regulated by a recombinase system that is used to turm on
the expression of that sequence. In non-limiting examples of this type, the
recombinase system comprises an intervening sequence interposed between a
promoter and the disruptor nucleotide sequence, which suppresses or otherwise
disrupts the transcription of the disruptor nucleotide sequence from the promoter,
Suitably, the intervening seguence comprises a transcriptional terminator that
inhibits or otherwise suppresses transcription of downstream sequences. Desirably,
the intervening seguence comprises recombinase recognition sites that are
specifically recognized by a site specific recombinase encoded by the activator
transgene, to disrupt the intervening sequence in the presence of the recombinase
and to thereby render the disruptor nucleotide sequence in operable linkage with
the promoter and to permit transcription of that sequence. Alternatively, the
recombinase system comprises a split or divided transgene including an upstream
portion and a downstream portion of the disruptor nuclectide sequence and an
excisable intervening sequence, which is interposed between the upstream and
downstream portions. The upstream portion is operably connected {o a promoter
but the intervening sequence inhibits or otherwise supprasses transcription of the
downstream portion, thereby preventing expression of a functional fertility gene
disruptor molecule. Production of a site specific recombinase by expression of the
disruptor nucleotide sequenge excises the excisable intervening sequence to
thereby render a full-length transcribable disruptor nucleotide sequance which
permits production of a functional fertility gene disruptor melecule.

[0154] Thus, in some advantageous embodiments as noted above, the
crossings will result in the generation of non-human embryvos, which comprise in
their germ line a disruption of the fertility gene, in which suitably both alleles of the
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fertility gene are disrupted and in which fertility (e.g., spermatogeneasis or sperm
function} is inhibited.

[0155] The present inventiorn also extends to breeding pairs of non-human
animals as broadly described above and elsewhere herein.

3.3 Ronor pluripotent gells

[0186] Donor pluripotent cells are generally capable of differentiating into
germ g¢ealls, such as ES cells, epi stam cells, EG cells and iPS cells. In specific
embodiments, the pluripotent cell is an ES cell. Donor pluripotent cells may be
genetically modified and in illustrative examples of this type comprise a transgene.
The transgene can be introduced into a pluripotent cell using vectors that facilitate
introduction of the transgene inte the geneme of the pluripetent cell {e.g., by
random integration or homologous recombination), illustrative methods for which
are disclosed in Transgenic Mouse: Methods and Protocols (Hofker, MH., 2003.
Methods Mol Biol, 209:1-8), Advanced Protocols for &nimal Transgenesis {2011,
edited by 5. Pease and T. L. Saunders, Springer Protocols Handbooks} and
Transgenic Animals, Generation and Use {1997, edited by L.
M. Houdebine, Hardwood Academic Publishars),

[0187] A donor pluripotent cell may be a male pluripotent. cell {XY) or
farmnale pluripotent cell (XX}, or an XO pluripotent cell. In specific embodiments, the
donor pluripotent cell is a male pluripotent cell, Male (XY), famale (XX) and XO
pluripotent cells can be introduced into pre-implantation hast embryos using any
suitable technique.

[0158] Donor pluripotent cells from one species of nen-human mammal
can be introduced to a host of a different species of non-human mammal to
produce germ cells derived from the donor pluripotent cells, In illustrative examiples
of this type, the donor pluripotent cells are derived from non-human primates,
equines such as horses, sheep, goats, lagomorphs such as rabbits, dogs, cats,
cattle, zoo animals as well as endangered or exotic mammals. In some
embodiments, the donor pluripotent cells are iPS cells.

3.4 Non-human host embryos

[0159] Non-human host embryos that may be used for introducing
pluripotent cells include embryos of any non-human animal species, including non-
human mammals, such as non~-human primates and rodents. According to some
smbodiments of the present invention, the non-human host embryo is a rodent
embryo, particularly @ mouse or rat embryo. Generally, the non-human host

embryo is from the same species as the pluripotent cell. However, in some
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embodiments, the non-human host embryo is from a different animal species {e.g.,
different mammalian species} than the pluripptent cell. The non-human host
embryo into which the pluripotent cell is introduced is generally a pre-implantation
non-human host eambrye, including an embryo that is a 2-cell stage, a 4-cell stage,
a 8-cell stage, a 16-cell stage, a 32-cell stage, a 64-cell stage embryo, a morula or
a blastocyst. In some embodiments, the pre-implantation non-human host embryo
Is selected from a pre-morula stage, a morula stage, an uncompacted morula
stage, a compacted morula stage and a blastocyst stage embryo. In some
embodiments, the pre-implantation non-human host embryo is selected from the
embryoclogical age stages E1, E1.5, E2, E2.5, E3 and E3.5 for mouse embryos.
Suitably the pre-implantation non-human host embryc is selected from host
embryos having a developmental stage selected from a Theiler Stage 2 (T52), a
TS3, a T54, a TSS and a TS6, with referenice to the Theiler stages as described in
Theiler {1989} The House Mouse: Atlas of Mouse Development, by Theiler Springer-
Verlag, NY. In specific embodiments, the pre-implantation non-human host embryo
is selected from the Theiler stages TS3, TS4 and TS5. In other specific
embodiments, the pre-implantation non~-human host embryo is a morula. In still
other specific embodiments, the pre-implantation non-human host embryo is a
blastocyst.

[0160] Generally, oneormore(e.g., 1,2, 3,4,5,6,7,8,9, 10, 11, 12,
13, 14, 15, 16) doner pluripotent cells are introduced into a pre-implantation non-
human (e.g., mouse or rat) host embryo that is suitably a 2-cell stage, a 4-cell
stage, a 8-cell stage, a 16-cell stage, a 32-cell stage, a 64-cell stage embryo, a
morula or a blastocyst. In some embodiments, the host pre-implantation embryo is
a blastocyst and the number of donor pluripotent cells introduced is 6 to 12 cells. In
illustrative examples of this type, the host embryo is an 8-cell stage embryo and
the number of donor pluripotent cells is 2 o 10 cells.

3.5 Intn i f plurd i into

[0161] Any suitable method can be used to introduce a danor pluripotent
cell inte a pre-implantation non-human host embryo. Far example, groups of single
donor pluripotent cells are selected using a finely drawn-out glass needle (20-25
micrometer inside diameter) and introduced through the embryg's zona pellucida
for early-stage embryos and into the blastocysts cavity (blastocoel) using an
inverted microscope fitted with micre-manipulators for blastocysts. Approximately
9-10 stem celis (ES or iPS or epi stem cells) are injectad per blastocysts, or 8-cell
stage embryn, 6-9 stem cells per 4-cell stage embiry, and about & stem cells per
2-cell stage embryo. Stem cell injection may be assisted with a laser or piezo
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pulses drilled gpening the zona pellucida. (see Kraus et al., 2010, Genesis 48:394-
399). Alternatively, stem cells can be aggregated with morula or injected into early
stage embryos (g.g. 2-cell, 4-cell, 8-cell, pramorula or morula) with or without the
zona pellucida.

3.6 Gestation of embryos, chimeric animals and offspririg

[0162] Gestating the embryos under conditions suitable for development
of the embryos is performed according to standard methodology. The non-human
embryns including dongr pluripotent cells are implanted into pseudopregnant
females as known in the art (see, Manipulating the Mouse Embryo: A Laboratory
Manual, 3rd edition (A. Nagy et al. 2002, CSHL Press, ISBN-10: 0879695919; Nagy
et al., 1990, Development 110, 815-821; U.5. Pat. No. 7,576,259, 1.5, Pal. No.
7,659,442, U.S, Pat. No. 7,294,754, Kraus et al. 2010, Genesis 48, 394-399).
Briefly, in specific rodent embodiments, fertile female rodents between 6-8 weaks
of age are mated with vasectemized or sterile rodent males to induce a hormonal
state receptive to supporting artificially introduced rodent embryos. Such females
are termed pseudopregnant. At 2.5 dpc up to 15 of tha stem cell containing
blastocysts are introduced {implanted) into the uterine horn. For early stage
embryos and morula, such embryos are either culiured in vitre into blastocysts or
implanted inte 0.5 dpc or 1.5 dpc pseudopregnant females according to the embryo
stage info the oviduct.

[0163] Chimeric non-human animals developed from the implanted non-
human gmbryos develop to term after the transfer, birth being dependent upon
ambrya age at implantation and species. Two types of chimeric non-human animals
are produced by this process: those that comprise endogenous germ cells or
gametes with a disrupted fertility gene, which are generally derived from the non-
human host embryo, and those that comprise germ cells or gametes with a
functional fertility gene, which are generally derived from the donor pluripotent cell,

[0164] When these chimeric non-human animals are bred to generate
offspring with cognate non-human animals that comprise a functional fertility gene,
the chimeric non-human animals that comgrise endogenous germ cealls or gametes
having a disrupted fertility gene will have impaired or inhibited fertility, and thus
will not produce offspring or produce very few offspring. However, the chimeric
non-human animals that comprise germ cells or gametes derived from the donor
pluripotent cell will have normal or unimpaired fertility, thereby enhancing the
production of first litter offspring comprising germ cells or gametes derived from
the donor pluripotent cell,
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[0165] Standard analytical tools can be applied to test the identity of
sparm or offspring. Methods include, but are not limited to, sequencing, Southern
blot analysis, SNP analysis, PCR technologies as well as protein markers, coat color
markers, isozyme analysis {&.g., GPI, glucose phosphate isomerase isozyme
analysis) and detection of anv reporter genes or transgenes present in the stem
cells using standard methods well established in the art.

[0166] The gametes of the first litter offspring may be collected and used
far in vitro fertilization (IVF) or artificial insemination (Al). The gametes isolated
from the first litter offspring ¢an also be cryopreserved and stored using methods
knpwn in the art. Alternatively, the germ cells of the first litter offspring may be
collected, matured in vitro or in vivo and used for in vitro fertilization or artificial
insemination,

[6167] IVF methodology is well-established. See, for example, Nagy ef al.
(2002, Manipulating the Mouse Embryo: & Laboratory Manwual, 3rd edition, CSHL
Prass}. IVF generally comprisas collecting oocytes and sperm from a famale and a
male respectively, fertilizing oocytes from the famale with sperm from the male and
maintaining the resulting fertilized oocytes under suitable conditions for
development of the fertilized cocytes into embryons. Embryos may be harvested at
different stages. The famale may be superovulated before pocytes are collacted for
IVF. Fertilization may be achieved by IVF, intracytoplasmic sperm injection or zona
drilling. See, for example, Nagy et al. (2002, supra); Byers et al. (20086,
Theriogenoiogy 65:1716-26); Ostermeier ef al. (2008, PLOS One 3(7):e2792). IVF
can be a useful tool to increase the numbers of embryos obtained fram a single
female.

[0168] Intracytoplasmic sperm injection (ICS1) may be used to improve
fertilization rates or to achieve fertilization. The ICSI procedure involves removal of
the cumulus cells surrcunding oocytes and injection of the sperm or haploid
spermatids into the cocytes, ordinarily through a glass pipette (see, Kimura et a/.,
1995, Biol Reprod. 53(4):855-62). Spermatids, spermatogonial stem cells and male
germ cells can be differentiated in vitro and then used for ICSI (Marh et a/., 2003,
Biof Reprod 69(1):168-76; Movahedin et al., 2004, Andrologia 36(5):269-76;
Ogura et al., 1996, J Assist Reprod Genet. 13(5):4-31-4; Shinohara ef al., 2002,
Hum Reprod 17(12):3039-45; Chuma &f al., 2005, Development 132(13:117-22).

[0169] As an alternative to collecting mature cocytes for IVF from a
female, immature cocytes may be obtained and allowed to mature in vitro, a
technigue known as “in vitro maturation”. In ether embeodiments, follicles, e.g.,
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primary follicle or germ cells, may be isolated from the female and cultured in vitro
to abtain oocytes useful for fertilization. In mammals, only a small fraction of
immature cocytes develop into mature cocytes; the rest degensrate and die. By
isolating immature oocytes from animals and allowing them to mature in vitro, one
can obtain many more cocytes suitable for IVF from & given female in & short time
frame, Mammalian cocytes are known to undergo maturation in vitro. In the case of
mice, cattle and other mammals, in vitro matured cocytes have been fertilized in
vitro and given rise to normal healthy offspring when embryoes were transferred {o
an appropriate uterus {Schroeder et al., 1984, Dev. Biol. 102:493,; Sirard et a/.,
1988, Biol. Reprod. 39:546). In vitro maturation technigue is well known in the art.
See, for example, Chiu ef al. (2003, Human Reprod. 18: 408-416) and O'Brien ef
al. (2003, Biol. Reprod. 68:1682-18686).

[0170] Artificial insemination is a process of fertilizing, female animals by
manual injection or application of sperm. In such a precedure, male animals are not
requirgd at the time of insemination; stored sperm obtained from the animals ¢an
be used {(see, Wolfe, 1967, Lab Anim Care 17(4):426-32 and Sate et al., 2002, J
Assist Reprod Genet. 19(11}:523-30).

[0171] Other methods that can be used to generate tive offspring from the
first litter offspring including surgical cocyte retrieval, ovary transfer, ovary
splitting, ovary fragment transfer, i vitro maturation of cocytes, follicles,
spermatogonial stem cells, i witrg differentiation of germ cells, and in vitro
differentiation of primordial cells.

[0172] In some embodiments, gametes of a male first litter offspring are
collected. In other embodiments germ cells or spermatogonial pluripotent cells of
male first litter offspring are collected. In other embodiments gametes, germ cells
or spermatogonial pluripotent cells are cryopreserved. In other embodiments,
fermale first litter offspring are usad o produce offspring by breeding. In still other
embodimeants gametes of female first litker offspring are isolated. In illustrative
examples of this type, ovaries of the female first litter offspring are isolated. In
other itlustrative examples gametes or ovaries of female first likter offspring are
cryopreserved.

[0173] In order that the invention may be readily understood and put into
practical effect, particular preferrad embaodiments will now be described by way of
the following non-limiting examples.

- 87 -



10

15

20

30

WO 2015/066768 PCT/AU2014/050339

EXAMPLES
EXAMPLE 1

GENERATION OF CONDITIONAL GILZ {Tsc22d3) KNOCKOUT MICE

[0174] A targeting vector was constructed to flank exon 4
(ENSMUSECO000815383) of the mouse Tsc22d3 (ENSMUSGO0000031431) gene
with loxP sites via homolegous recombination. Cre-recombinase mediated
recombination of the loxP sites leads to the deletion of exon 4 {e.g., of transcript
Tsc22d3-006 with the following Vega accession No. QTTMUSTOG000045354), The
CDS of exon 4 codes for the complete sequence of the TSC22 (PF01166) domain. A
schematic overview of the targeting vector is shown in Figure 1.

[0175] A neomycin selection cassette {neo) for selection in ES cells was
inserted downstream of exon 4. The selaction cassette was flanked with FRT sites
to enable removal by FLP-mediated recombination. Individual loxP sites were
inserted upstream of exon 4 and downstream of the selection cassette. The 5' and
3' homology arms of the vector were approximately 8.0kb and 6.0kb, respectively.

[0176] The linearized targeting vector was electroporated into Bruce4 ES
cells. Neomycin resistant clones were selected and screened by Southern blot
analysis to identify correctly targeted clones. These clones were injected into
BALB/c blastocysts which were subsaquently transferred into pseudopregnant
CBBEF1 foster females. The resulting chimeras were crossed to C57BL/6 females.
Their offspring were selected by coat coler and further analyzed by Southern blot
analysis. The neomycin cassetie was removed by crossing targeted mice to a
CS578BL/6 FLPe-recombinase strain.

EXAMPLE 2

(GENERATION OF TARGETED MICE USING FEMALE Tsc22d3 CONDITIONAL KNOCKOUT
MICE AS BLASTOCYST DONORS

[O177] 21 to 25 day old Tsc22d3 conditional knockout female mice on a
C57BL/6 background are injected with pregnant mare serum. Two days later the
mice are injected with human c¢horionic gonadotropin and mated for 24 h to
C57BL/6 Cre-recombinase males. Six days after the first injection blastocysts are
axtracted from the Tsc22d3 conditional knockout famales. These blastocysts are
used as recipients for micrainjection of targeted BALB/¢ ES-cells and the
microinjected blastocysts arg transferred into pseudopregnant CBBGF1 foster
females. The resulting chimeras are crossed to BALB/c females. Male chimeras with
festis derived from blastocyst cells are expected o be sterile.
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EXAMPLE 3

GENERATION OF CONDITIONAL KNOCKOUT MICE AS BLASTOCYST DONORS

[0178] Conditional Knockout of a fertility gena ROSA26 Allela Variant A
contains a nucleotide sequence that codes for a disruptor molecule (e.g., shRNA
which has a transcript of a fertility gene as target, antibody directed against a
pratein that is encoded by a fertility gene, efc.). A floxed Stop cassette inhibits the
expression of the disruptor molecule. An illustrative targeting vector for making a
targeted ROSA26 Allele A is shown in Figure 2.

[0179] ROSA26 Allele Variant B contains the CBS for a Cre recombinase.
An non-limiting example of a targeting vector for making a targeted ROSAZE Allele
B is shown in Figure 3.

[0180] Breeding pariner one is homezygous for the RQSAZE Allele Variant

A,

[0181] Breeding partner fwo is homozygous for the ROSA26 Allele Variant
B.

[0182] Breeding partner one can be male pr female. Breeding parther two
vice versa.

[0183] The offspring from crossing Breeding partner ong with Breeding
partner two will result in embryos with one ROSA26 Allele Variant A and one
ROSAZ26 Allele Variant B, as for example shown in Figure 4. The recombinase of
ROSAZG Allele Variant B will remove the STOP cassette in ROSAZ6 Allele Variant A
and will thereby initiate the expression of the disruptor molecule. The disruptor
molecule will now lead to a functional knock-out of the targeted fertility gene.

EXAMPLE 4

INTRODUCTION OF PLURIPOTENT CELLS INTO EMBRYOS WITH TARGETED FERTILITY GENE
AND PRODUCTION OF FIRST-LITTER OFFSPRING
M i M

[0184] C57BL/6 Tsc22d3 conkO/conkO fermale mice or female wt cantrol
mice (BALB/c x C57BL/6 albino, agoutt in case of targeted Bruceq4 C57BL/6 ES-cells
and C57BL/6 in case of targeted BALB/c ES-cells) were injected with pregnant
mares serum {PMS) at 21-25 days of age. Two days later a subsequent injection of
human chorionic gonadotropin (HCG) was applied. On the same day the C57BL/6
Tsc22d3 conKO/conKO female mice or the wt BALB/c x C57BL/6 albino, agouti mice
(control) were mated to male mice with a knock-in (K1) of Cre recombinase in the
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ROSA26 locus (cre/cre) or male wt mice {control) respectively {the background of
the male control mice was C57BL/6 in case of targeted BALB/¢ ES-cells and BALB/c
in case of targeted Bruced CS7BL/6 ES-cells). On the following day the mating
partners were separated. The resulting blastocysts of the mating were harvested 3
days after the separation and used for injection of targeted BALB/c and Bruced
C57BL/6 ES cells. The modified blastocysts were transferred into CBB6F1 recipients.
About 9 weeks later the male chimeric offspring were mated to female BALB/c mice
in case of targeted BALB/c cells and to female C57VBL/6 mice in case of targeted
Bruced4 C57BL/6 cells. The offspring were assessed for coat color at 10 days of age
and genotyped at 21 days of age by Seuthern-Blot analysis.

Resulls

Injection of a targeted BALB/¢c ES-cell ling

[0185] Injected Tec22d3 KO/KOQ blastocysts were transferred into three
recipients and resulted in 16 chimeras of which 11 were male which were used for
further breeding. Five low percentage chimeras produced ne offspring. The
remaining six chimeras produced 181 pups in total. 146 of these animals were
assessed for coat color, 35 were not determined. All 146 assessed animals (100%)
had a white coat color as expectad for animals which were derived from targeted
BALB/c ES-cells (5eg, Figure 5).

[0186] Sixty-three of these 146 animals were genotyped with Southern
Blot Analysis {{see, Figure &, Southern Blot). Thirty-one (49%) animals were
determined as wi/targeted and 32 (51%) as wt/wt mice.

[0187] As a confrol the same BALB/c ES-cell line was also injected into wt
BALB/c x C57BL/6 albino blastocysts and transfarred into 14 recipients. This
resulted in a total of six chimeras of which five were male and one female. The 5
male chimeras produced a total of 155 pups. One-hundred and nineteen of these
animals were assessed for coat color. Sixty (50%) mice had a white coat color (ES
cell derived) and 59 (50%) an agouti coat color {blastocyst derived).

Injection of a targeted CS7BL/6 Bruced ES-cell line

[0188] Injected Tsc22d3 KO/KQ blastocysts were transferred into two
recipients and resulted in a total of three chimeras of which three weare male. The

chimeras produced ten pups in total. As the background of the Tsc22d3 KO/KO
blastocysts (which were used to generate the chimeras) is C57BL/6xBALB/c F1 and
the injected ES cells are on a Bruced C57BL/6 background, phenotyping based on
the coat color was not possible. Instead, eight mice were genotyped by Southern-

Blot analysis of which four (50%) were determined as wi/targeted and four (50%)
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as wt/wt mice. This gorrelates exactly with the ratio of wi/targeted mice vs, wt/wt
mice that is expected if the offspring of the chimeras are derived anly from the
targeted ES-cell,

[189] As a control, the same Bruced CR7BL/6 ES-cell ling was also
injected inte wt BALB/c x €57BL/6 albing, agouti blastocysts and transferred into 11
recipients. This resulted in a total of 13 chimeras of which eight were male and five
female. The eight male chimeras produced a total of 324 pups. One-hundred and
farty-nine of these animals were assessed for coat color. Fifty-two (35%) mice had
a black coat color (ES cell derived) and 87 (65%) an agouti coat color {blastocyst
derived).

[0190] Thus, use of Tsc22d3 KO/KO blastocysts as hosts of a genetically
modified ES-call lina significantly improves germ line transmission of the genetic
madification to progeny animals. Following this experiment, comparable
improvements in germ line transmission have been achieved for eight other ES-cell
lines carrying different genetic modifications.

[0191] The disclosure of every patent, patent application, and publication
cited herein is hereby incorporated hereain by reference in its entirety.

[6192] The citation of any reference herein should not be construed as an
admission that such reference is available as "Prior Art” {o the instant application.

[0193] Throughout the specification the aim has been to describe the
preferred embodiments of the invention without limiting the invention te any one
embodiment or specific collection of features, Those of skill in the art will therafore
appreciate that, in light of the instant disclosure, various modifications and changes
can be made in the particular embodiments exemplified without departing from the
scope of the present invention. Al such modifications and changes are intended to
be included within the scope of the appended claims.
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WHAT IS CLAIMED IS:
1. A pre-implantation non-human host embryo characterized by a

disruption of a fertility gene, the pre-implantation host embryo comprising a donor
pluripotent cell lacking a disruption of the fertility gene, wherein the fertility gene is
located on the X chromosome and wherein the disrupted fertility gene inhibits male
fertility.

2. A pre-implantation non-human host embryo according to claim 1,
wherein the non-human host embryo is male.

3. A pre-implantation non-human host embryo according to claim 1 or
claim 2, wherein the non-human host embryo is an 8-cell stage embryo or a
blastocyst.

4, A pre-implantation non-human host embryo according to any one of
claims 1 to 3, wherein the donor pluripotent cell further comprises a genetic
modification in its genome.

5. A pre-implantation non-human host embryo according to any one of
claims 1 to 4, wherein the pluripotent cell is a male pluripotent cell.

6. A pre-implantation non-human host embryo according to any one of
claims 1 to 5, wherein the pluripotent cell is a stem cell.

7. A pre-implantation non-human host embryo according to claim 6,
wherein the stem cell is an embryonic stem (ES) cell.

8. A pre-implantation non-human host embryo according to any one of
claim 1 to 7, wherein the fertility gene modulates spermatogenesis.

9. A pre-implantation non-human host embryo according to any one of
claims 1 to 8, wherein the fertility gene is GILZ.

10. A surrogate or foster non-human animal comprising a non-human
host embryo characterized by a disruption of a fertility gene, the host embryo
comprising a donor pluripotent cell lacking a disruption of the fertility gene, wherein
the fertility gene is located on the X chromosome and wherein the disrupted fertility
gene inhibits male fertility.

11. A method of producing a non-human host embryo that comprises a
disruption of a fertility gene and a donor pluripotent cell that comprises the fertility
gene lacking a disruption, the method comprising: crossing: 1) a first animal strain
carrying a conditional infertility transgene that comprises a disruptable fertility gene
("conditional infertility strain"), wherein the fertility gene is located on the X
chromosome, wherein disruption of the fertility gene inhibits male fertility and
wherein the first animal strain is homozygous for the conditional infertility

transgene; with 2) a second animal strain carrying an infertility-activating
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transgene that comprises a gene that disrupts the disruptable fertility gene
("infertility-activating strain"), wherein a female member of the first animal strain is
crossed with a male member of the second animal strain, thereby generating a
transgenic non-human host embryo that comprises germ cells having a disrupted
fertility gene; and 3) introducing into the transgenic non-human host embryo a
donor pluripotent cell that comprises the fertility gene lacking a disruption.

12. A method according to claim 11, wherein the non-human host
embryo is a male non-human host embryo.

13. A method of producing a non-human host embryo that comprises a
disruption of a fertility gene and a donor pluripotent cell that comprises the fertility
gene lacking a disruption, the method comprising: crossing: (1) a first breeding
partner comprising a first disruptable transgene that comprises a disruptable
fertility gene operably connected to a promoter and to first recombinase recognition
sites, which mediate disruption of the disruptable fertility gene in the presence of a
first recombinase, and a first disruptor transgene that comprises a coding sequence
for a second recombinase operably linked to a promoter, wherein the second
recombinase specifically recognizes second recombinase recognition sites, wherein
disruption of the fertility gene of the first disruptable transgene inhibits male
fertility and wherein the fertility gene is located on the X chromosome; with (2) a
second breeding partner comprising a second disruptable transgene that comprises
a disruptable fertility gene operably connected to a promoter and to second
recombinase recognition sites, which mediate disruption of the disruptable fertility
gene in the presence of the second recombinase, and a second disruptor transgene
that comprises a coding sequence for the first recombinase operably linked to a
promoter, wherein the first recombinase specifically recognizes the first
recombinase recognition sites, wherein disruption of the fertility gene of the second
disruptable transgene inhibits male fertility, wherein the fertility gene is located on
the X chromosome, wherein the fertility genes of the first and second disruptable
transgenes are the same or corresponding genes, wherein the first breeding partner
is female and the second breeding partner is male, and wherein the first breeding
partner is homozygous for the first disruptable and first disruptor transgenes and
the second breeding partner is homozygous for the second disruptable and second
disruptor transgenes, thereby generating a transgenic non-human host embryo that
comprises germ cells having a disrupted fertility gene; and 3) introducing into the
transgenic non-human host embryo a donor pluripotent cell that comprises the

fertility gene lacking a disruption.
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14. A method according to claim 13, wherein the first recombinase
recognition sites are loxP sites, the second recombinase is Cre, the second
recombinase recognition sites are Frt sites and the first recombinase is FLP.

15. A method according to claim 13 or claim 14, wherein the non-human
host embryo is a male non-human host embryo.

16. A system for improving germ line transmission of a donor pluripotent
cell, the system comprising:

a breeding pair of non-human animals, comprising: 1) a first breeding

partner comprising a fertility gene that is disruptable by a fertility gene

disruptor molecule (“a disruptable fertility gene”), wherein the disruptable
fertility gene is operably connected to a promoter, wherein the fertility gene
is located on the X chromosome and wherein disruption of the fertility gene
inhibits male fertility and wherein the first breeding partner is homozygous
for the disruptable fertility gene, and (2) a second breeding partner
comprising a disruptor transgene that comprises a nucleotide sequence
encoding the fertility gene disruptor molecule (“a disruptor nucleotide
sequence”), wherein the disruptor nucleotide sequence is operably linked to

a promoter, wherein the first breeding partner is female and the second

breeding partner is male; and

a donor pluripotent cell that comprises the fertility gene lacking a disruption.

17. A system according to claim 16, wherein the fertility gene disruptor is
a recombinase and the disruptable fertility gene is operably connected to
recombinase recognition sites that mediate disruption of the fertility gene in the
presence of the recombinase.

18. A system according to claim 16, wherein the fertility gene disruptor is
an inhibitory RNA molecule that inhibits the expression of the fertility gene, suitably
by antisense suppression or RNA interference.

19. A system according to claim 16, wherein the fertility gene disruptor is
an antibody that is immuno-interactive with a polypeptide product of the fertility
gene.

20. A system according to any one of claims 16 to 19, wherein the
disruptor nucleotide sequence is conditionally expressible.

21. A system according to claim 20, wherein the disruptor transgene
comprises an expression-modulating element operably linked to the disruptor
nucleotide sequence, wherein the element conditionally inhibits expression of the
disruptor nucleotide sequence.

22. A system according to claim 21, wherein the expression-modulating

element inhibits transcription of the disruptor nucleotide sequence under a first
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condition and disruption of the expression-modulating element permits or enhances
transcription of the disruptor nucleotide sequence under a second condition.

23. A system according to claim 21 or claim 22, wherein the expression-
modulating element comprises an inhibitor nucleotide sequence (e.g., a
transcription terminator) that inhibits expression of the disruptor nucleotide
sequence and that is operably linked to recombinase recognition sites, wherein the
recombinase recognition sites mediate disruption of the inhibitor nucleotide
sequence in the presence of a recombinase, and wherein the first breeding partner
comprises an activator transgene that comprises a coding sequence for the
recombinase, operably connected to a promoter.

24. A system according to claim 23, wherein the first breeding partner is
homozygous for the activator transgene.

25. A system according to any one of claims 16 to 24, wherein the
second breeding partner is homozygous for the disruptor transgene.

26. A system for improving germ line transmission of a donor pluripotent
cell, the system comprising:

a breeding pair of non-human animals, comprising: (1) a first breeding

partner comprising a first disruptable transgene that comprises a disruptable

fertility gene operably connected to a promoter and to first recombinase
recognition sites, which mediate disruption of the disruptable fertility gene in
the presence of a first recombinase, and a first disruptor transgene that

comprises a coding sequence for a second recombinase operably linked to a

promoter, wherein the second recombinase specifically recognizes second

recombinase recognition sites, wherein disruption of the fertility gene of the
first disruptable transgene inhibits male fertility and wherein the fertility
gene is located on the X chromosome, and (2) a second breeding partner
comprising a second disruptable transgene that comprises the disruptable
fertility gene operably connected to a promoter and to second recombinase
recognition sites, which mediate disruption of the disruptable fertility gene in
the presence of the second recombinase, and a second disruptor transgene
that comprises a coding sequence for the first recombinase operably linked
to a promoter, wherein the first recombinase specifically recognizes the first
recombinase recognition sites, wherein disruption of the fertility gene of the
second disruptable transgene inhibits male fertility, wherein the fertility gene
is located on the X chromosome, wherein the fertility genes of the first and
second disruptable transgenes are the same or corresponding genes,
wherein the first breeding partner is female and the second breeding partner

is male and wherein the first breeding partner is homozygous for the first
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disruptable and first disruptor transgenes and the second breeding partner is

homozygous for the second disruptable and second disruptor transgenes;

and

a donor pluripotent cell that comprises the fertility gene lacking a disruption.

27. A system according to claim 26, wherein the first recombinase
recognition sites are loxP sites, the second recombinase is Cre, the second
recombinase recognition sites are Frt sites and the first recombinase is FLP.

28. A non-human animal that is derived from a pre-implantation non-
human host embryo according to any one of claims 1 to 7.

29. A non-human animal according to claim 28, wherein the non-human
animal is a chimeric non-human animal.

30. A method of producing a non-human host embryo that comprises a
disruption of a fertility gene, the method comprising: crossing: 1) a first animal
strain carrying a conditional infertility transgene that comprises a disruptable
fertility gene ("conditional infertility strain"), wherein the fertility gene is located on
the X chromosome, and wherein disruption of the fertility gene inhibits male fertility
wherein the first animal strain is homozygous for the conditional infertility
transgene; with 2) a second animal strain carrying an infertility-activating
transgene that comprises a gene that disrupts the disruptable fertility gene
("infertility-activating strain"), wherein a female member of the first animal strain is
crossed with a male member of the second animal strain, thereby generating a
transgenic male non-human host embryo that comprises germ cells having a
disrupted fertility gene.

31. A method according to claim 30, wherein the second animal strain is
homozygous for the infertility-activating transgene.

32. A method of producing a non-human host embryo that comprises a
disruption of a fertility gene, the method comprising: crossing: (1) a first breeding
partner comprising a first disruptable transgene that comprises a disruptable
fertility gene operably connected to a promoter and to first recombinase recognition
sites, which mediate disruption of the disruptable fertility gene in the presence of a
first recombinase, and a first disruptor transgene that comprises a coding sequence
for a second recombinase operably linked to a promoter, wherein the second
recombinase specifically recognizes second recombinase recognition sites, wherein
disruption of the fertility gene of the first disruptable transgene inhibits male
fertility and wherein the fertility gene is located on the X chromosome; with (2) a
second breeding partner comprising a second disruptable transgene that comprises
a disruptable fertility gene operably connected to a promoter and to second

recombinase recognition sites, which mediate disruption of the disruptable fertility
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gene in the presence of the second recombinase, and a second disruptor transgene
that comprises a coding sequence for the first recombinase operably linked to a
promoter, wherein the first recombinase specifically recognizes the first
recombinase recognition sites, wherein disruption of the fertility gene of the second
disruptable transgene inhibits male fertility, wherein the fertility gene is located on
the X chromosome, wherein the fertility genes of the first and second disruptable
transgenes are the same or corresponding genes, wherein the first breeding partner
is female and the second breeding partner is male and wherein the first breeding
partner is homozygous for the first disruptable and first disruptor transgenes and
the second breeding partner is homozygous for the second disruptable and second
disruptor transgenes, thereby generating a transgenic non-human host embryo that
comprises germ cells having a disrupted fertility gene.

33. A method according to claim 32, wherein the first recombinase
recognition sites are loxP sites, the second recombinase is Cre, the second
recombinase recognition sites are Frt sites and the first recombinase is FLP.

34. A method according to claim 32 or claim 33, wherein the non-human
host embryo is a male non-human host embryo.

35. A system for improving germ line transmission of a donor pluripotent
cell, the system comprising:

a breeding pair of non-human animals, comprising: 1) a first breeding

partner comprising a fertility gene that is disruptable by a fertility gene

disruptor molecule (“a disruptable fertility gene”), wherein the disruptable
fertility gene is operably connected to a promoter, wherein the fertility gene
is located on the X chromosome, wherein disruption of the fertility gene
inhibits male fertility and wherein the first breeding partner is homozygous
for the disruptable fertility gene, and (2) a second breeding partner
comprising a disruptor transgene that comprises a nucleotide sequence
encoding the fertility gene disruptor molecule (“a disruptor nucleotide
sequence”), wherein the disruptor nucleotide sequence is operably linked to

a promoter, wherein the first breeding partner is female and the second

breeding partner is male, whereby crossing of the first breeding partner with

the second breeding partner generates a transgenic male non-human host
embryo that comprises germ cells having a disrupted fertility gene.

36. A system according to claim 35, wherein the second breeding partner
is homozygous for the disruptor transgene.

37. A system for producing a non-human host embryo that comprises a
disruption of a fertility gene, the system comprising: a breeding pair of non-human

animals, comprising: (1) a first breeding partner comprising a first disruptable
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transgene that comprises a disruptable fertility gene operably connected to a
promoter and to first recombinase recognition sites, which mediate disruption of the
disruptable fertility gene in the presence of a first recombinase, and a first disruptor
transgene that comprises a coding sequence for a second recombinase operably
linked to a promoter, wherein the second recombinase specifically recognizes
second recombinase recognition sites, wherein disruption of the fertility gene of the
first disruptable transgene inhibits male fertility and wherein the fertility gene is
located on the X chromosome, and (2) a second breeding partner comprising a
second disruptable transgene that comprises a disruptable fertility gene operably
connected to a promoter and to second recombinase recognition sites, which
mediate disruption of the disruptable fertility gene in the presence of the second
recombinase, and a second disruptor transgene that comprises a coding sequence
for the first recombinase operably linked to a promoter, wherein the first
recombinase specifically recognizes the first recombinase recognition sites, wherein
disruption of the fertility gene of the second disruptable transgene inhibits male
fertility and wherein the fertility gene is located on the X chromosome, wherein the
fertility genes of the first and second disruptable transgenes are the same or
corresponding genes, wherein the first breeding partner is female and the second
breeding partner is male and wherein the first breeding partner is homozygous for
the first disruptable and first disruptor transgenes and the second breeding partner
is homozygous for the second disruptable and second disruptor transgenes.

38. A system according to claim 37, wherein the first recombinase
recognition sites are loxP sites, the second recombinase is Cre, the second

recombinase recognition sites are Frt sites and the first recombinase is FLP.
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